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A large number of patients suffering from asthma or chronic obstructive pulmonary disease (COPD)
can show overlapping features of both diseases. Several subjects affected by asthma-COPD overlap (ACO)
may be at a severe stage, poorly responsive to triple therapy including inhaled corticosteroids, long-acting
B2 agonists and muscarinic antagonists. This review tries to explore whether omalizumab can be used in
poorly controlled severe ACO patients. According to the few studies available, omalizumab may improve
asthma outcomes in ACO, although the magnitude of improvements may be lower in comparison to
those obtained in subjects affected only by severe asthma. Omalizumab, by acting on IgE, might improve
the eosinophilic pattern which is characteristic of the ACO asthma inflammation component. It can be
hypothesized that a prevalence of Th1/Th17 airway inflammation pathways can modulate a lower response
to anti-IgE while a Th2 pattern can lead to a higher effectiveness to omalizumab in ACO. High levels of
IgE, FeNO and blood eosinophil count may be markers of a better response to omalizumab. In conclusion,
on the basis of the few studies available, omalizumab could be effective in poorly-controlled severe ACO,

although to a reduced extent in comparison to patients affected only by asthma.

Asthma and COPD seem to be a result of different
mechanisms triggered by different pathogeneses
and, although they show different features and
symptoms of airway inflammation and obstruction,
there are also patients with both asthma and COPD
features. This disease association is generally known
as asthma-COPD overlap syndrome (ACOS).
However, the term “syndrome” that usually refers to
an idiopathic pathology with common features (e.g.
clinical symptoms, test findings etc.), is nowadays

considered inappropriate in this context. As a result,
GINA/GOLD guidelines have recommended that the
term “syndrome” be abandoned and replaced with
“asthma and COPD overlap (ACO)” (1, 2). As stated
by the above said guidelines, ACO is characterized
by persistent airflow limitation with several features
usually associated with asthma and other characteristics
which are typically connected with COPD. According
to other authors (ERS definition), key ACO features
include persistent airflow limitation in symptomatic
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individuals aged 40 years or more, a well-documented
history of asthma in childhood or early adulthood and
a significant exposure history to cigarette or biomass
smoke (3). As a matter of fact, the term ACO refers
to several phenotypes, such as eosinophilic COPD,
severe asthma with incomplete airflow reversibility
and asthma associated with smoking. In fact, some
COPD patients have sputum eosinophilia and are
more responsive to corticosteroids, whereas some
asthmatic smokers have a neutrophilic pattern which
can make the disease less responsive to ICS (4, 5).

It has been estimated that 15-50% of patients with
obstructive airway diseases and aged over 50 years
may show a combination of criteria for both asthma
and COPD (1, 2). Other authors assert that asthma
and COPD can overlap in 27-28% of asthmatics
(6, 7), doubling in patients aged over 65 years (8).
However, ACO frequency can vary from 11.9% to
48.3% according to the different diagnostic criteria
used (9), thus highlighting the existence of divergent
ACO definitions. Asthma and COPD overlapping can
lead to a greater health impairment than that observed
in individuals with either asthma or COPD. In fact,
ACO is characterized by a lower lung function, more
frequent exacerbations and hospitalizations, a worse
health-related quality of life, more comorbidities and
higher healthcare costs than asthma or COPD alone
(6,7). Therefore, a multidrug treatment is necessary in
ACO severe forms the asthmatic component of which
indicates omalizumab as a possible further therapeutic
option for these patients.

ACO TREATMENTS

The best ACO therapeutic approach is still
debated. The coexistence of asthma and COPD is
still an exclusion criterion to be included in clinical
trials, therefore, the effects of COPD/asthma
medications in ACO are unknown. Existing treatment
suggestions for this disease are fundamentally given
only by opinion leaders. Different COPD guidelines
(Canadian, Finnish, Australian and Spanish) (4)
suggest that, along with long-acting 2 agonists
(LABA) and long-acting muscarinic antagonists
(LAMA), inhaled corticosteroids (ICSs) should also
be considered when COPD is associated with asthma.

GINA/GOLD guidelines (1, 2) advocate the use of
ICSs instead of LABA monotherapy, especially in
patients showing mostly asthmatic features; whereas
subjects with mainly COPD characteristics should
be treated with LABAs and/or LAMAs + ICSs but
not with ICS alone. Consequently, ACO patients
should be given either ICSs associated with LABAs,
LAMAs, or both for symptomatic relief. In fact,
one study has recently provided clinical evidence
that ACO patients with mild-to-moderate airflow
limitations show a greater lung function response
after 3 months of ICS/LABA combination treatment
in comparison to patients with only COPD (10).
Another recent study, involving COPD patients with
an asthma history - showing a persistent airflow
limitation not fully reversible - also highlighted
a significant response to budesonide alone after 6
months, confirming that ICS therapy is fundamental
in ACO patients (11).

We have no clear indications about the treatment
to be used in ACO at a severe stage and poorly
responsive to triple therapy (LABA, LAMA and
ICS). A recent research has categorized most
subjects with ACO as GOLD grade B; only a low
number of them has been classified as grade C or D,
namely, at high risk for exacerbations and therefore
with a possible greater disease severity (12). On
the contrary, according to other authors, over 50%
of ACO subjects may be at a severe stage (11) and
may benefit from omalizumab. A further study has
stated that approximately 39% of ACO patients, who
smoked >10 pack years and had blood eosinophil
counts >300 cells, showed an advanced form of
the disease characterized by a greater number of
serious exacerbations (13). As a result, ACO may be
considered as a form of severe asthma. Only Spanish
COPD guidelines, in case of poorly controlled
ACO, suggest adding theophylline or PDE4 in
case no control is obtained with a triple therapy
(14). No mention of using omalizumab is made
for these patients with an inadequately controlled
disease, despite the use of ICSs and LABA/LAMA.
Further guidelines do not give any indications
on the possibility of using omalizumab in ACO.
Omalizumab is a well-known monoclonal antibody
blocking IgE recommended in severe persistent
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allergic asthma, with a greater effectiveness in
subjects with eosinophilic airway inflammation
(15). It has shown to reduce exacerbation risks, to
improve symptoms and quality of life both in trials
and real-life studies (16). Omalizumab could also
give the same results with ACO patients._

RATIONALE TO USING OMALIZUMAB IN ACO

Theoretically, adding omalizumab may further
improve the outcomes in unstable severe asthma-
COPD overlap by improving asthmatic/allergic
aspects even if the association with COPD may lead
to consider it as irreversible and untreatable.

Most ACO patients with a significant number
of severe exacerbations were characterized by a
smoking history >10 pack years and, above all, by
blood eosinophil counts >300 cells (13). Fractional
exhaled nitric oxide (FeNO), a noninvasive marker
of eosinophilic airway inflammation, was higher
also in patients with moderate/severe ACO than
in the COPD group with the same disease severity
(17). Furthermore, in a recent study, conducted on
127 subjects with ACO, FeNO levels, total serum
IgE and induced sputum eosinophils were higher in
patients with a greater ACO severity predicting an
efficacy of ICS in the treatment of severe patients
(11). These higher levels of asthma/eosinophilic
inflammation (especially of IgE levels) would predict
a positive response also to omalizumab in the above-
mentioned patients. Therefore, anti-IgE therapy does
have a role in treating severe ACO, showing a clear
asthmatic inflammation and the inefficacy of all
other treatments which were supposed to maintain a
good disease control.

High levels of IgE, blood eosinophils and
FeNO may be markers indicating a possible
omalizumab treatment for severe uncontrolled ACO.
Nowadays, total serum IgE levels associated with
perennial allergen sensitizations guide omalizumab
prescriptions (1). High levels of total IgE may be
predictive of a better response to treatment (18).
FeNO measurement is an easy, noninvasive, and
sensitive method for differentiating ACO from
COPD (17). Furthermore, in severe asthma, blood
eosinophil counts are related to an increased

response to omalizumab (15). Additionally,
treating the eosinophilic COPD phenotype with a
monoclonal antibody blocking interleukin-5 (such
as mepolizumab, which is an anti-eosinophilic
therapy) reduces the number of moderate/severe
exacerbations (19). Therefore, blood eosinophils,
IgE and FeNO, should be used to phenotype severe
ACO and choose the most suitable therapy.

STUDIES ANALYZING OMALIZUMAB
EFFECTIVENESS IN ACO

To date, very few studies have tested omalizumab
effectiveness in  ACO. Only four articles
experimenting omalizumab were found in PubMed
(Table I), one of which considered 10 patients
characterized by airway obstruction partially
reversible after bronchodilator, hyperinflation,
clinical and laboratory findings suggestive of ACO
(20). After 12 months of omalizumab treatment,
patients showed an improvement in dyspnea,
wheezing, bronchial hyperresponsiveness and a
reduction of total serum IgE, FeNO, eosinophils,

neutrophils, macrophages, eosinophil cationic
peptide (ECP) values and serum I1L-4 levels.
Other authors reported reduced asthma

exacerbations and improved asthma control after a
1-year omalizumab treatment in 3 patients affected
by ACO (21).

In further real-life studies, a long-term treatment
(>30 months) proved to be effective also in 14 severe
asthmatics with concomitant COPD, although the
magnitude of the effect was lower when compared
to a group of younger subjects (22). In particular,
FEV| increased from 57.7% to 70% and ACT
from 11 to 19. Furthermore, 35% of them did not
show any exacerbations during the last year of
treatment. Whereas, in younger subjects, ACT was
approximately 24, 77% of whom did not experience
any exacerbations after omalizumab.

Another recent research observed that a 6-month
treatment led to a marked improvement of asthma
control and of a health-related quality of life
(HRQoL) in individuals with severe allergic asthma
and overlapping COPD diagnosed by using different
criteria (23). In fact, this significant improvement
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was observed in subjects with a physician’s previous
ACO diagnosis (17 patients) when compared to the
others. This was also observed in individuals with
a post-bronchodilator FEV  <80% (55 patients) and
even in smokers (11 subjects) compared to patients
with post-bronchodilator FEV, >80% (17 subjects).
However, according to this research, omalizumab
treatment did not improve lung function (FEV , FVC
or FEV /FVC ratio) in subjects with severe allergic
asthma and overlapping COPD.

All these 4 studies (summarized in Table I),
although carried out with a limited number of
patients, seem to confirm a real-life anti-IgE
treatment efficacy for these subjects, thus suggesting

Table 1. Studies supporting omalizumab effectiveness in ACO.

that this drug may be useful in the management of
poorly controlled severe ACO.

POSSIBLE ACTIONS OF OMALIZUMAB IN ACO

In asthma-COPD overlap, the inflammatory
pattern is characterized by a Thl- and Th17-driven
processes with increased numbers of cytotoxic
CD8+ lymphocytes, neutrophils, and TGF-
B-induced fibrosis of the airways associated also
with an increased number of eosinophils, Th2 or
ILC2 cells (1). Therefore, a variable mixture of two
main airway inflammatory patterns (Th1/Th17 and
Th2) may characterize ACO subjects. As already

First Author Study design Number of patients Months of Main Results
follow-up
|Pulmonary
symptoms (dyspnea,
. Observational wheezing, br(?nchial
Yalcin 2016 [20] retrospective study 10 12 hyperresponsiveness)
LIgE, FENO, sIL-4,
ECP, eosinophils,
neutrophils
Case reports |Exacerbations
Tat 2016 [21] (retrospective study) 12 |Hospitalizations
1 Asthma control
Observational
retrospective TFEV %

Sposato 2016 [22] study (compared 14 39 (mean) TACT
to younger severe |Exacerbations
asthmatics)

17 (previous
physician’s
Multicenter non- diagnosis of asthma-
interventional COPD overlap)
observational study 55 (with post- =FEV %

Maltby 2017 [23] (ACO, established bronchodilator 6 1 Asthma Control
with different FEV >80%) TQuality of life
criteria, compared to | 11 (ever smokers
severe asthmatics) with post-

bronchodilator
FEV >80%)
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stated, continuous smoking in asthma may lead to
a progressive altered baseline airway inflammation
with increased neutrophils (compared with non-
smokers or younger patients) (5) overlapping/
covering the eosinophilic asthma pattern in time.
A greater prevalence in neutrophilic inflammation
can be responsible for an un-treatability or at
least an under-responsitivity to anti-inflammatory
treatment (2, 4, 5) and probably also to anti-IgE
therapy. In fact, smokers with asthma showed a
prevalent neutrophilic airway inflammation and
cigarette smoking impaired the efficacy of ICS (5,
24). Furthermore, asthmatics with non-eosinophilic
airway inflammation highlighted a reduced response
to inhaled corticosteroids when compared to subjects
with eosinophilic inflammation (25).

IgE plays a central role in allergic asthma,
therefore omalizumab, by blocking IgE, is able to
interfere/reduce Th2 cytokines production. Today,
it has also become clear that omalizumab is more
effective in patients with active eosinophilic airway
inflammation (7). In fact, a retrospective analysis
divided severe asthmatics into patients with and
without type 2 inflammation based on median splits of
blood eosinophil counts, serum periostin and FENO
levels (26). Such analysis showed that patients with
biomarker levels greater than the median had higher
reductions in asthma exacerbations with Omalizumab
therapy, compared with those with levels lower
than median (26). Further studies highlighted an
eosinophilic anti-inflammatory action of omalizumab
showing that it could induce eosinophil apoptosis and
down-regulation of some inflammatory cytokines such
as [L-2 and IL-13 (27). Another paper highlighted that
omalizumab reduced IgE-stimulated synthesis and
secretion of pro-inflammatory cytokines (IL-6, IL-8
and tumor necrosis factor) synthesized by human
airway smooth muscle cells (28). Furthermore, patients
with moderate to severe allergic asthma, showed that
circulating 1L-13, IL-5, IL-8 and eosinophil count
decreased significantly after 16 weeks of omalizumab
treatment (29) which may act on the Th2 mediated
airway asthmatic inflammatory component in
ACO subjects. Depending on the prevalence of the
neutrophilic or eosinophilic inflammatory pattern,
omalizumab response may be more or less marked in

ACO. In fact, in elderly asthmatics, whose neutrophil
counts are higher (30), the anti-IgE showed a reduced
response in comparison to younger subjects (22).
Furthermore, in severe smoking asthmatics, who have
a more important neutrophilic airway inflammation,
omalizumab improves asthma control and quality of
life but not lung function, contrarily to what has been
observed in severe non-smoking asthmatics (23).
Subjects with ACO showed a reduced clinical and
functional response to omalizumab when compared to
younger (18-39 years) severe asthmatics (22) whose
eosinophilic inflammation may be higher.

CONCLUSION

According to the few studies in literature,
omalizumab may have a role in treating severe
ACO. Acting on IgE, it may improve ACO asthmatic
component. Probably, a prevalence of Th1/Th17
airway inflammatory pathways can modulate a lower
response to anti-IgE while a Th2 pattern can lead
to a higher effectiveness to omalizumab in ACO.
Therefore, a treatment with omalizumab may be
efficientin poorly controlled severe ACO phenotypes,
even if to a reduced extent in comparison to patients
affected only by asthma. High levels of IgE, FENO
and blood eosinophil count may be markers of a
better response to omalizumab. Therefore, this
treatment may be a further therapeutic opportunity
to be considered for patients with poorly controlled
severe asthma associated with COPD.
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Molds include all species of microscopic fungi, the spores of which are small molecules, ubiquitous,
mostly found in soil with higher rainfall and high humidity, in the atmosphere of urban and rural settings
and in decaying vegetation. They originate from pathogenic fungi and have a crucial role in inflammatory
response, causing a broad range of diseases. Immune suppressed subjects may develop mycoses caused by
opportunistic common pathogenic fungi. Mast cells (MCs) are immune cells involved in the pathophysiology
of infected skin, lung, and organs, where there is an increase of angiogenesis. Airways fungi infections can
induce allergic lung disease mediated by MCs and other immune cells. In addition, fungal infection may
cause and/or aggravate asthma inflammation. Spores are able to navigate in the airways of the lung and can
be recognized trough toll-like receptor (TLR) signaling by the innate immune cells including MCs. Activated
MC:s release preformed mediators including histamine, proteases (tryptase, chimase), pro-inflammatory
cytokines/chemokines and they also generate arachidonic acid products. MCs activated by fungi provoke
an increases of PGD2 levels and lead to hypersensitivity diseases which present signs such as irritation of the
respiratory tract and eyes, recurrent sinusitis, bronchitis, cough and neurological manifestations including
fatigue, nausea, headaches and brain fog. Therefore, fungi activate the innate immune response through the
TLRs, leading to the release of myeloid differentiation factor 88 (MyD88) which, with a series of cascade
reactions, induces the stimulation of AP-1 and NF-kB with subsequent activation of inflammatory IL-1
family members. Here, we report that fungi can activate MCs to secrete pro-inflammatory cytokines which
may be inhibited by IL-37, a new anti-inflammatory IL-1 family member.

The vast majority of genes found in the human of years ago before the appearance of animals that
body are mainly microbes, such as bacteria, viruses had to develop sophisticated mechanisms of defense
and fungi. Molds are a large number of fungal species against these infectious agents. Molds are a group
which appeared on our planet hundreds of millions of fungi called Hyphomycetes that play an important
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role in the pathogenesis of plants, animals and
humans, and are eukaryotic, saprophytic organisms.
Mold exposure to immune compromised subjects
may lead to an increased risk of lung infection, and
the exposure to fungi during the first year of life may
increase the risk of childhood asthma. Inhalation is
considered the primary way that people are exposed
to fungi, along with skin and diet. However, molds
are generally not harmful to healthy humans.
According to the Centers for Disease Control and
Prevention, some of the most common indoor
molds are Cladosporium, Penicillium, Aspergillus,
Alternaria, Stachybotrys chartarum.

Aspergillus is the most common fungus group in
our environment and can cause several pathological
disorders; however, in individuals with normal
functioning of the immune system, infections caused
by Aspergillus are relatively unusual (1). Conidies,
with aerodynamic properties, are structures capable
of resisting adverse environments, allowing fungi to
reproduce and settle in the airways. Therefore, fungi
participate in the etiology of respiratory tract allergic
disease (2). Subjects living in moldy environments
show an increase of 30-40% of allergy and respiratory
diseases.

In the United States, Aspergillosis is the
second cause of fungi infection and includes
more than 185 species (3). For examples, the
most commonly isolated and pathogenic are: A.
Sfumigatus, A. flavus and A. niger; while others are
less pathogenic such as A. clavatus, A. glaucus,
A. nidulans, A. oryzae, A. terreus, A. ustus and
A. versicolor (4). After Candida, which causes
opportunistic mycosis (and MCs are the first immune
cells to recognize it), Aspergillus species can cause
different clinical situations such as opportunistic
infections, allergy, and toxicity. Aspergillus is the
most commonly isolated in invasive infections (5).

Mold—induced asthma and allergy are
characterized by an augmentation of MCs and
eosinophils, which generate many inflammatory
mediators demonstrating to be potential effectors
cells in the pathogenesis of these disorders (6).

Epithelium Toll-like receptors (TLRs) react with
fungi, generating inflammatory cytokine transcription
and translation (7). The host responds to fungal

invasions with self-defense mechanisms such as
pattern recognition receptors (PRRs), pathogen-
associated molecular patterns (PAMPs) and TLRs (8).

The Toll (which in German means extraordinary)
gene was discovered by Jules Hoffmann (Nobel
Prize) in the fruit fly (Drosophila melanogaster) and
is essential for immune defenses. TLR-dependent
pathways are very important for host defense against
fungi and bacterial pathogens.

It is clear that phagocytes have a mechanism that
can recognize mold on their surface, now known
as PRRs, which have been reported to be involved
in antifungal responses in immune cells. The PRR
family consist of TLRs and several other molecules.

TLRs go from TLR1 to TLR13 proteins, most of
which are externally expressed on the cell membrane;
whereas TLR3, TLR7, TLR8, TLR9, TLRI1I,
TLR12 and TLR13 are expressed intracellularly on
endoplasmic reticulum, endosomes, phagosomes,
and lysosomes. Excluding TLR3, all TLRs are
involved in the activation of myeloid differentiation
factor 88 (MyD88). Therefore, TLRs utilize MyD88
and the adaptor molecule IL-1 receptor-associated
kinase (IRAK) complex to transduce intracellular
signals.

The phosphorylation cascade engages IRAK4,
TRAF6 and TAK which activate both NF- B
and MAPK, essential for cell proliferation and
inflammation.

TLR, which was first described in fruit flies by
Hoffman and Beutler (2011 Nobel Prize awarded
in Physiology) is utilized by APC cells to initiate
a bridge between innate and adaptive immunity.
TLRs recognize the pathogens and begin the
immune response by activating chemotherapeutic
molecules and intervening in phagocytic cells
and MCs that produce inflammation. TLRs are
expressed by different human cells, including MCs
and macrophages, and recognize microbes, mold,
macromolecules and cytokines, leading to early
detection of infections. TLR is an adjuvant for the
stimulation of adaptive T-cell activity and regulation
of CD8+ T cells. It behaves differently when they
need to detect pathogen-associated molecules
(PAMPs) and endogenous endocrine molecules
(DAMPs) (9). For example, the stimulation of
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TLR2 and TLR4 leads to an increase in the release
of inflammatory cytokines and plays a major role in
inflammatory disorders.

Therefore, pro-inflammatory TLR signaling
pathway leads to the generation of inflammatory
cytokines and chemokines, including TNF and
interferon regulatory factors (IRFs), via NF-
kB activation. TLR has been detected in many
pathologies characterized by primary immune
deficiency and infectious diseases. Mold infections,
as well as bacterial infections, are associated with
a defect of NF-kB and TLR3 deficiency which can
lead to infection by herpes simplex.

Intracellular TLRs (excluding TLR3) recognize
the invasion agent and amplify the signal through
MyD88 which is important for the generation of
cytokines and the elimination of infectious agents;
while transmembrane TLRs (TLR4 and TLR2)
recognize LPS and peptidoglycan (10). However,
the inhibition of MyD88, IRAK4 and NF-kB may
have a therapeutic effect on inflammatory diseases.

Cytokines and mold

Cytokines are a family of structurally- and
functionally-related proteins that exhibit pleiotropic
effects on the growth and function of a variety of cell
types (11-12). Cytokines are key mediators of the host
defense against mold provoking chronic inflammatory
diseases (13). Cytokines play their biological effect
through their trans-membrane receptors located on the
cellular outer membrane triggering signal pathways.

Genetic factors, the environment and the
characteristics of the fungus cause the allergic reaction,
which may differ from one subject to another; this
allergy is mediated by pro-inflammatory cytokines.
Several mold diseases are favored by a type 1 cytokine
profile associated with a type 2 cytokine. Fungi
(such as Aspergillus, Candidiasis, etc.) can provoke
allergy by increasing the levels of IgE and therefore
the number of MCs involved in a bronchospasmic
reaction with an increases of IL-4, IL-5, IL-1, IL-2
(modest production) and IFNy; while IL-10 and IL-
37 (of which we will speak below) released have a
beneficial anti-inflammatory effect.

The interaction between human macrophages and
MCsisofconsiderableinterest since many macrophage

products can potentially activate MCs and vice versa.
The recruitment of MCs into fungus-infected tissue
is a crucial feature of allergic inflammation where
cytokines and chemokines are generated. Therefore,
fungus are involved in allergic fungal asthma which
is a relevant chronic disorder mediated by MCs and
other cell types and causes fibrotic remodeling of
bronchi, smooth muscle increase and inflammatory
cell infiltration, causing long-term morbidity (14).

Epidemiological studies in industrialized countries
have shown that some molds such as Cladosporium
herbarum, are involved in severe and persistent
asthma.

The most commonly studied fungus, such as
Aspergillus, Alternaria, Botrytis, Cladosporium,
Epicoccum, Fusarium, and Penicillium species, can
cause an allergic reaction and in open environments
more fungal spores of Ascomycota can be found.
In addition, fungal proteins are the main adjuvant
factors capable of inducing a Th2 response resulting
in inflammation.

It is well documented that IL-1 plays an
important role in host defense versus microbes and
inflammation acting through two types of receptors:
IL-1R1 (stimulatory type 1), and IL-1R2 (suppressive
type 2). In general, mold has an interaction with the
human immune system leading to the activation
of innate immune cells following the release of
pro-inflammatory cytokines including IL-1 family
members.

IL-1 family members react against pathogens and
promote an innate immune response, however, many
of them are also highly inflammatory cytokines (15).
IL-1 is found in individuals with mold inflammation
and immunological disorders and is thought to
contribute to leukocyte migration, tissue remodeling,
pain, arachidonic acid cascade (thromboxane and
PGE2 synthesis in macrophages) activation and
inflammation (16-17).

IL-1 is mitogenic for mesangial cells in the
kidney, and glial cells in the brain, and activates
keratinocytes, osteoclasts and MCs, increases
fibroblast proliferation, and the synthesis of collagens
and glucosaminoglycans.

IL-1 also plays an important role in the THI1
response, and requires cleavage into an active mature
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molecule by the intracellular cysteine protease called
caspase-1 [also known as IL-1beta-converting enzyme
(ICE)]. IL-1P shares with IL-18 significant primary
amino acid sequences and induces gene expression
and synthesis of TNF, Fas ligand, and several
cytokines/chemokines (18). It has been reported that
IL-1 activates MCs and promotes the generation
of chemokines and therefore the cell recruitment
influencing allergic mediator release (19).

MCs and mold

MCs have a complex immunomodulatory effect
and their study has been increased in recent years. MCs
develop and mature CD34" pluripotent progenitor
cells under the influence of IL-3, IL-6 and SCF (20).

MCs respond to many different stimuli and are
usually associated to immediate hypersensitivity and
allergic disorders, as well as in certain protective
immune responses to microbes and fungi which bind
TLRs and lead to the production of de novo synthesis
of pro-inflammatory cytokines.

MCs also generate growth factors, leukotrienes,
prostaglandins, and NO. They can be activated by IL-
1, IL-33, IL-9, tryptase, and certain neuropeptides; on
the other hand, cytokines such as IL-33 and IL-1 may
activate MCs without degranulation (21).

MCs are present in tissues, and particularly on
the skin where they play the role of “sentinels” and
come into contact with fungi, and participate in both
the initial and the late immune phases producing
cytokines and granular proteins.

MCs generate unique cellular responses through
their receptor-mediated pathways. They express
receptors for the chemokine family which signal
through G-coupled receptors (GPCRs) on MC
membrane (22).

Moreover, MCs activated with Candida albicans
in vitro release IL-8 which is a chemokine that attracts
neutrophils.

Therefore, MCs can generate IL-1 and TNF which
may regulate the production of eotaxin which cannot
be considered specific chemoattractant (23-24).

In the light of new research on inflammation, we
propose 1L-37, an inhibitor of the inflammatory IL-1
family members, as a cytokine that could help mold-
induced disease therapies.

1L-37 as a potential inhibitor of inflammation
induced by mold

We and other Authors recently reported that
IL-37 may inhibit allergy, atherosclerosis and skin
inflammation. Other authors published that IL-
37 reduced the inflammatory reaction in arthritis,
autoimmunity, and cancer. Inhibitors of inflammatory
IL-1 family member activity, such as IL-37, may be
useful as TH1 immunosuppressive agents (25-26).

In recent years, according to published
international consensus, using IL-37 as an inhibitor
has revealed a significant reduction of inflammation
mediated by macrophages and other immune
cells (27-29). IL-37 (or IL-1F7) exerts an anti-
inflammatory effect by binding IL-18 receptor alpha
(IL-18Ra) chain, and directly inhibits MyD88 (28).

IL-37 therapy is still in the embryonic stage, but
we suggest that this interleukin, along with other
appropriated therapies, may inhibit inflammatory Th1
cytokines in response to various stimulus including
fungus and bacteria. This anti-inflammatory
cytokine prevents inflammation induced by IL-1,
IL-6, IL-18, IL-32 and IL-33, and it is involved in
the improvement of inflammation due to de novo
synthesis mediators generated by MC activation,
reducing acute and systemic inflammatory diseases.
IL-37 increases the anti-inflammatory IL-10 and
owns pleiotropic effects, with significant reduction
of inflammatory severity.

We propose IL-37 as a good candidate in clinical
medicine to treat a broad spectrum of inflammatory
diseases mediated by immune cells including
macrophages and MCs, reducing the complications
and mortality.

Here, we report for the first time that IL-37 can
improve the physio-pathogenesis of inflammatory
diseases mediated by molds, describing a new
concept of inhibition and cure.
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Osteoporosis is characterized by reduced bone mineral density (BMD) and changes in bone
morphometry, which increases the risk of fracture. However, the lack of proper models of significant
osteoporosis limits our study of related medications and fracture mechanisms. The objective of this
study was to determine whether a combination of ovariectomy (OVX) and glucocorticoid injection was
appropriate for establishing an osteoporosis animal model. Female Sprague-Dawley rats were divided
into sham, an OVX group, a glucocorticoid injection osteoporosis (GIO) group, and an OVX + GIO
group. All animals were sacrificed in their 26" week and their spines and bilateral femurs were harvested
and analyzed. Their bone quality elements, including BMD, trabecular bone architecture, and cortical
bone thickness were analyzed via micro-CT, and mechanical strength of the spines was measured with
a Universal testing machine, TO-101G. Femur neck and total femur mean BMD (g/cm2) in the OVX +
GIO group (0.307, 0.439) was significantly lower than the sham group (0.518, 0.644) and the GIO group
(0.485, 0.587). Femur neck cortical bone thickness (cm) in OVX + GIO group (0.369) were significantly
less than those in the OVX group (0.421) or the GIO group (0.510). Furthermore, the OVX + GIO
group had significantly lower mechanical strength than the other groups in the spine. In conclusion,
OVX combined glucocorticoid injection could induce significant bone loss that had poorer bone quality
and less mechanical strength than simple OVX or glucocorticoid injection had, without significantly
increased mortality. Therefore, OVX + GIO might be an appropriate osteoporosis animal model.

According to the criteria of WHO, human and vertebral fracture that can lead to severe

osteoporosis (OP) is defined as a bone mineral
density that is 2.5 standard deviations (SD) or
more under the average BMD of young female (1).
The reduced BMD and weakened bone structure
elevated the risk of osteoporotic femoral fracture

symptoms and increase mortality both in men and
women (2). Therefore, increasing attention has been
paid to the medications that prevent and treat OP (3,
4). To evaluate the efficacy of OP medications and
analyze the fracture mechanisms, it is critical to use
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proper animal disease models.

Widely  used OP  models included
immobilization model, ovariectomy (OVX) OP
model and glucocorticoid-induced osteoporosis
(GIO) model. OVX model has an advantage of
reproducing postmenopausal OP to some extent
but has limitations in inducing bone loss in long
bones epiphysis, distal tibial metaphysis, and caud
al vertebra (5). Moreover, the GIO model has a
limited effect in inducing trabecular bone loss and
requires a long injecting period (6). To establish an
appropriate animal disease model, the feasibility of
a combination of OVX and glucocorticoid injection
in rats (7, 8), rabbits (9, 10) and sheep (11) have
been probed in previous studies.

To further evaluate the efficacy and safety
of this OP model, we induced OP in rats by
injecting glucocorticoid steroid after OVX and
compared their BMD, bone histomorphometry, and
mechanical strength with the rats which received
OVX or GIO only.

Rats

7 weeks

GIO 5 weeks

7 weeks

\j \/
Sham  GIO OVX OVX + GIO

(¢ J

Y

Sacrifice

Fig. 1. Flow chart of the experiment.

MATERIALS AND METHODS

This study was carried out at the Preclinical Testing
Laboratory in the Biomedical Research Institute of our
institution after approval by the Seoul National University
Institutional Animal Care and Use Committees. (IACUC No.
11-0216). A total of 48 7-week-old female Sprague-Dawley
(SD) rats were divided into 4 groups: sham group, OVX
group, GIO group, and OVX + GIO group. All rats were
housed in a semi-Specific Pathogen Free animal facility.
They had free access to solid compress feed and filtered tap
water and were kept in cages under a controlled temperature
(22+5°C) and humidity (50+5%) and an alternating 12-h
light/dark cycle.

After one week of stabilization period in which the
health conditions of the animal were evaluated and their
microbe was monitored, 26 rats had bilateral OVX. After
a rat was intraperitoneally anesthetized with 0.35 ml of
diluted Zoletil (20 mg/kg) and 0.05 mL of Rompun (2 mg/
kg) (12), its fur on the bilateral-dorsal areca was shaved and
the area was sterilized with 10% betadine solution. A skin
incision of 1.5 cm was made on the dorsolateral surface to
access to the peritoneal cavity. After exposing the ovary, a
ligature was tied with silk at the medial side of the ovary
with another vicryl ligature tied between the ovary and the
silk ligature. The exposed ovary was carefully removed
via electrocauterization between the two ligatures. The
remaining uterine horn was placed back in the peritoneum,
and the peritoneum, musculature, and skin were sutured
layer by layer. The same procedure was performed on the
contralateral side. In the sham group, only skin and fascia
were incised without exposing ovary. Seven weeks after
OVX, the remaining rats were randomly divided into an
OVX group and an OVX + GIO group. The rats in the OVX
+ GIO group and GIO group were intramuscularly injected
with diluted dexamethasone 0.125 mg/kg (dexamethasone
0.1 ml diluted in 0.5 ml of saline) on their thigh twice a week
for 5 weeks. Meanwhile, no additional intervention was
implemented on rats in the OVX group and sham group.

The operated animals were intramuscularly injected
with metacam (Meloxicam 5mg/ml, Labiana Life Science
S.A.) 0.3 ml and intraperitoneally injected with cefazolin
(Cefazolin Sodium 1g) 0.5 ml after the operation. All animals
were kept for additional 7 weeks after all interventions had
been carried out and were sacrificed in their 26th week with
CO, (Fig. 1).
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Micro-CT analysis

After harvesting specimens including lumbar spine
1 to 5 and femurs from both sides, micro-CT (SkyScan
1173) images were taken for all specimens at 130 kV and
30 pA with an aluminum filter (1 mm). BMD values of
lumbar vertebral bodies, femur neck, femur head, and
trochanter were compared between groups. Additionally,
bone morphological parameters including bone surface/
volume ratio (BS/BV), percent bone volume (BV/TV),
trabecular pattern factor (Tb.Pf), structure model index
(SMI), trabecular thickness (Tb.Th), trabecular number
(Tb.N), trabecular separation (Tb.Sp), and degree of
anisotropy (DA) in the same regions were analyzed.
To compare cortical bone thickness, the thickness in
femur neck and proximal femur shaft were measured.
In both regions, the first slice was chosen at the cross-
section image that showed no cancellous bone, with two
additional slices located distal to the first one. The three
slices were separated from each other for 20 slices (Fig.
2). The average cortical bones thickness of the three slices
was estimated as the mean value of a sample.

Fig. 2. The measurement of the thickness of femur shaft.

Histology

Specimens were organized to include the full spine
or femur length and were fixed in formalin for 5 days.
The sectioned tissues were dehydrated in 100% alcohol
after 6 h of washing with water and were then stirred
in methacrylate-based chemical curing resin for 2 days.
These tissues were stirred and embedded in dissolved
benzoyl peroxide. Embedded blocks were then trimmed.
These blocks were cut along the specimen’s longitudinal
axis with EXAKT (Norderstedt, Germany; BS-3000N).
Afterward, 4-mm thick sections were made along the
sagittal plane to include the top and bottom parts of the
specimen. These sections were then ground and attached
to an acrylic slide using an EXAKT grinding machine
(4110). After staining with hematoxylin and eosin, bone
morphology was observed with a light microscope.

Biomechanical testing

After removing soft tissues, spinous processes,
postzygapophyses, prezygapophyses and diapophyses
from vertebrae, the remaining bodies were used for the
biomechanical test. Biomechanical properties of vertebral
bodies were detected with a material testing machine
(Universal testing machine, TO-101G) at a crosshead
speed of 1 mm/min and a cross-section area of 50.27 mm?2.
The dorsal side of the vertebral body was kept upward.

Statistical analysis
One-way analysis of variance (ANOVA) was
performed with the Bonferroni test for post hoc analysis
if the four groups showed normal distribution. In the case
of non-normal distribution, Kruskal-Wallis test was used.
Statistical significance was considered when p-value was
less than 0.05. All statistical analyses were performed

with SPSS software (version 18.0, IBM)
RESULTS

Mortality

The mortality was 0% in the sham group and the
GIO group. Two rats (2/13) in the OVX group and
3 rats (3/13) in the OVX + GIO group died before
the terminal time point. Four of the 5 rats died
immediately after surgery. The remaining rat died at 3
weeks after steroid injection. Accordingly, the steroid
injection caused an additional mortality of 10%.
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Micro-CT results

BMD. Using lumbar mean BMD of the sham
group as a baseline, BMD values of the OVX, GIO,
and OVX + GIO groups were 83%, 70.5%, and
67.5%, respectively. The OVX + GIO group and
GIO group had significantly lower BMD values than
the sham group and the OVX group (OVX + GIO _vs
sham, p <0.0001; OVX + GIO vs OVX, p <0.0001;
GIO vs sham, p <0.0001; GIO vs OVX, p <0.001).
The OVX group had significantly (p <0.0001) lower
BMD value than the sham group (Table I).

Using femur mean BMD of the sham group
as a baseline, BMD values of the OVX, GIO, and
OVX + GIO groups were 78.1%, 91.1%, and 68.2%,
respectively. BMD value of femur in the OVX +GIO
group was significantly lower than that of the sham
group and the GIO group (both p < 0.0001). BMD
value of the OVX group was significantly lower than

Table 1. Bone mineral density of the lumbar spine.

that of the sham group (p = 0.026) and lower than
the GIO group without statistical significance (p =
0.368) (Table II). Femur head BMD of the OVX +
GIO group was significantly lower than that of other
groups (all p < 0.0001). Femur head BMD of the
OVX group was significantly lower than that of the
sham group (p = 0.005). Femur neck BMD values
of the OVX + GIO group and the OVX group were
significantly lower than those of the sham group and
the GIO group (all p < 0.0001). Femur trochanter
BMD values of the OVX + GIO, OVX, and GIO
groups were significantly lower than that of the
sham group (all p < 0.0001). However, there was
no significant difference in femur trochanter BMD
among OVX + GIO, OVX, and GIO groups.

Bone histomorphometric analysis
Vertebrae. In lumbar spine, BV/TV of the OVX

Bone mineral density (lumbar, g/cm?)

Group (n) Mean (SD), %
Sham (21) 0.566 (0.072), 100
OVX (21) 0.470 (0.076), 83.0
GIO (33) 0.399 (0.063), 70.5*"

OVX + GIO (21)

0.384 (0.057), 67.8 **

OVX: ovariectomy; GIO: glucocorticoid induced osteoporosis.
*p < 0.05, compared to sham group ; #p < 0.05, compared to OVX group

Table II. Bone mineral density of the femur.

Bone mineral density (g/cmz), Mean (SD)

Group (n)
Head Neck Trochanter Total, %
Sham (10) 0.876 (0.101) 0.518 (0.036) 0.538 (0.052) 0.644 (0.18), 100
OVX (7) 0.768 (0.082) 0.317 (0.047)* 0.426 (0.087) 0.503 (0.21), 78.1
GIO (21) 0.819 (0.030) 0.485 (0.048)" 0.449 (0.043) 0.587 (0.17), 91.1
OVX + GIO (14) 0.605 (0.049)*"%  0.307 (0.064)** 0.451 (0.067) 0.439 (0.13), 68.2*

OVX: ovariectomy; GIO: glucocorticoid induced osteoporosis.
*p < 0.05 compared with sham group, #p < 0.05, compared to OVX group; & p < 0.05, compared to GIO group
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+ GIO group was significantly lower than that of the
other three groups (all p < 0.0001). BV/TV of the
OVX group and the GIO group were significantly
lower than that of the sham group (both p < 0.0001)
(Table III). Tb.N values were significantly lower in
the OVX + GIO and OVX groups than those in the
sham and GIO groups (all p < 0.0001). Tb.Sp value

Table 1. Micro-CT results of lumbar spine.

was significantly higher in the OVX group than that
in the sham and GIO groups (p = 0.035, p = 0.027,
respectively). Tb.Th values in GIO and OVX + GIO
groups were significantly lower than those in sham
and OVX groups.

BS/BV and Tb.Pf were significantly higher in
the OVX + GIO and GIO groups than those of the

Group(N) Sham (21) OVX (21) GIO (33) OVX + GIO (21)

BV/TV (%) 54.4 (8.3) 37.0 (8.1)* 36.4 (6.6)* 25.7 (6.0)¥**
BS/BV (mm™) 16.7 (2.9) 20.0 (3.6)* 27.3 (3.4)* 26.2 (3.0)*"
Th.Pf 2.79 (2.5) 1.54 (2.6)* 4.81 (2.2)* 5.0 2.1)*

SMI 0.59 (0.85) 1.47 (0.53)* 1.5 (0.24)* 2.0 (0.22)**

Tb.Th (mm) 0.195 (0.05) 0.178 (0.04) 0.128 (0.02)** 0.139 (0.02)*"

Th.N 2.84 (0.41) 2.11 (0.36)* 2.83 (0.28)" 1.84 (0.32)**
Th.Sp (mm) 0.253 (0.14) 0.338 (0.15) 0.259 (0.02) 0.328 (0.05)
DA 0.362 (0.15) 0.448 (0.15) 0.377 (0.11) 0.445 (0.09)

OVX: ovariectomy; GIO: glucocorticoid induced osteoporosis; BV/TV: percent bone volume; BS/BV: bone surface/
volume ratio; Tb.Pf: trabecular pattern factor; SMI: structure model index; Th.Th: trabecular thickness; Th.N: trabecular
number; Tb.Sp: trabecular separation; DA: degree of anisotropy.
*p < 0.05 compared with sham group ; #p < 0.05, compared to OVX group, ; & p < 0.05, compared to GIO group
The data are presented as mean (SD).

Table IV. Micro-CT results of femur head.

Group (N) Sham (21) OVX (21) GIO (33) OVX + GIO (21)

BV/TV (%) 60.3 (4.8) 48.1 (8.0)* 56.3 (5.2)" 33.8 (4.4)%"
BS/BV (mm™) 27.1 (3.3) 29.3 (3.6) 26.7 (2.9) 36.3 (3.9)
Th.Pf -12.1 (6.7) -5.7 (4.9)* -6.9 (2.9)* 1.2 (1.9)*
SMI -0.47 (0.64) 0.13 (0.69) 0.05 (0.63) 1.0 (0.21)**

Th.Th (mm) 0.14 (0.01) 0.13 (0.01) 0.14 (0.01) 0.12 (0.01)**

Tb.N 4.41 (0.52) 3.63 (0.47)* 3.98 (0.28)* 2.84 (0.29)*"

Tb.Sp (mm) 0.14 (0.01) 0.18 (0.02)* 0.15 (0.10)" 0.20 (0.03)*"
DA 0.48 (0.07) 0.47 (0.07) 0.47 (0.07) 0.46 (0.08)

OVX: ovariectomy; GIO: glucocorticoid induced osteoporosis; BV/TV: percent bone volume; BS/BV: bone surface/
volume ratio; Tb.Pf: trabecularpattern factor; SMI: structure model index, Th.Th: trabecular thickness,; Tb.N: trabecular
number; Tb.Sp. trabecular separation; DA: degree of anisotropy.
*p < 0.05 compared with sham group ; #p < 0.05, compared to OVX group, ; & p < 0.05, compared to GIO group
The data are presented as mean (SD).
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Fig. 3. Reconstructed micro-CT images of lumbar spine.
The OVX+GIO group showed significantly less trabecular
bone volume, number, and connectivity with wider
trabeculae separation in vertebral bodies than the other
three groups. The GIO group showed significantly less
trabecular bone in vertebral bodies than the sham group
or the OVX group.

sham group and the OVX group (all p <0.0001). BS/
BV and Tb.Pf of the OVX group were significantly
higher than those of the sham group (BS/BV, p =
0.008; Tb.Pf, p < 0.0001). SMI was significantly
higher in the OVX + GIO group than that in the
other three groups (p < 0.0001, p =0.010, p = 0.008,
respectively).

As can be seen in the representative CT cross-
sectional and 3D images of the spines, trabecular
bone of the OVX + GIO group was also rare in the
central portion of the vertebral body (Fig. 3).

Femur. In femur head, the OVX + GIO group had
the lowest BV/TV, Tb.Th, and Tb.N, and the highest
Tb.Sp, SMI, and Tb.Pf. No significant difference was
observed among all groups in DA. (Table IV, Fig. 4)

In femur neck, OVX + GIO and OVX groups
had significantly lower BV/TV and Tb.N than the
other groups. (Table V, Fig. 4). However, DA in
OVX + GIO group was significantly lower than
sham and GIO groups. Femur neck cortical bone

thickness was in the following order: sham group >
GIO group > OVX group > OVX + GIO group, the
differences between all groups were all significant
(all p <0.0001).

In femur trochanter, OVX + GIO group had the
lowest BV/TV than the other three groups, but the
differences between the three OP models were not
significant. And OVX + GIO group had the lowest
Tb.Th and Tb.Pf than the other two models (Table
VI, Fig. 2).

Femur shaft cortical thickness of the OVX
+ GIO group was significantly thinner than that
of the sham group and the GIO group (both p <
0.0001). The thickness of the OVX group was also
significantly (p = 0.008) thinner than that of the
sham group. But the difference between GIO and
sham groups was not significant (Table VII).

In representative femur CT cross-sectional and
3D images, cortical bone thickness and trabecular
bone connectivity were decreased the most in the
OVX + GIO group, followed by OVX and GIO

(Fig. 2).

Biomechanical results

In the vertical compression test for lumbar spine,
the maximal compressive strength of the sham group
and the GIO group were significantly higher than
that of the OVX + GIO group (both p < 0.0001) and

OVX + GIO

Sham ovX GIO

Fig. 4. Reconstructed micro-CT images of femur. The
OVX~+GIO group and the OVX group showed significantly
less trabecular bone volume, number, and connectivity
with wider trabecular separation than the other three
groups in trochanter, neck, and head. The OVX group and
the GIO group showed significantly less trabecular bone
than the sham group in trochanter.
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Table V. Micro-CT results of femur neck.

Group (N) Sham (21) OVX (21) GIO (33) OVX + GIO (21)

BV/TV (%) 24.0 (3.4) 11.8 (5.7)* 20.7 (4.4)" 9.5 (4.1)**

BS/BV (mm™) 44.4 (3.1) 46.6 (7.7) 44.0 (4.4) 53.2(7.4)%
Tb.Pf 9.77 (2.7) 17.3 (4.3) * 12.1 3.2)" 17.2 (4.0) **
SMI 1.69 (0.23) 2.30 (0.28) ** 1.95 (0.23) * 2.25(0.20) **
Th.Th (mm) 0.10 (0.01) 0.11 (0.02) 0.11 (0.01) 0.097 (0.01)*
Th.N 2.30(0.29) 1.06 (0.38) * 1.88 (0.33) ** 0.96 (0.34) **
Th.Sp (mm) 0.23 (0.03) 0.31 (0.05) * 0.26 (0.33) 0.33 (0.05) **
DA 0.64 (0.04) 0.60 (0.03) 0.64 (0.08) 0.54 (0.08) **

OVX: ovariectomy; GIO: glucocorticoid induced osteoporosis; BV/TV: percent bone volume; BS/BV: bone surface/
volume ratio, Tb.Pf: trabecular pattern factor; SMI: structure model index; Tb.Th: trabecular thickness, Tb.N: trabecular

number; Tb.Sp. trabecular separation; DA: degree of anisotropy.
*p < 0.05 compared with sham group; #p < 0.05, compared to OVX group,; & p < 0.05, compared to GIO group

The data are presented as mean (SD).

Table V1. Micro-CT results of femur trochanter.

Group (N) Sham (21) OVX (21) GIO (33) OVX + GIO (21)

BV/TV (%) 28.8 (3.0) 20.9 (4.1) * 21.4 (4.2) * 19.6 (2.8) *
BS/BV (mm™) 30.4 (3.1) 30.5 (3.5) 30.0 (3.2) 35.6 (3.9) *¢
Tb.Pf 4.91 (1.9) 6.77 (2.9) 6.77 (1.9) 9.78 (1.9) *¢
SMI 1.37 (0.26) 1.66 (0.55) 1.70 (0.28) 1.94 (0.20) *
Tb.Th (mm) 0.13 (0.01) 0.14 (0.01) 0.14 (0.01) 0.13 (0.01)"
Tb.N 2.19 (0.35) 1.47 (0.37) * 1.53 (0.30) * 1.51 (0.16) *

Tb.Sp (mm) 0.29 (0.04) 0.35 (0.05) 0.34 (0.06) 0.39 (0.28)
DA 0.52 (0.09) 0.53 (0.10) 0.58 (0.08) 0.55 (0.08)*%

OVX: ovariectomy, GIO: glucocorticoid induced osteoporosis; BV/TV: percent bone volume; BS/BV: bone surface/
volume ratio; Th.Pf: trabecular pattern factor; SMI: structure model index; Th.Th: trabecular thickness; Th.N: trabecular

number; Tb.Sp: trabecular separation; DA: degree of anisotropy.
* p < 0.05 compared with sham group ; #p < 0.05, compared to OVX group; & p < 0.05, compared to GIO group

The data are presented as mean (SD).

the OVX group (p <0.0001, p =0.004, respectively).
However, there was no significant difference in
maximal compressive strength between the GIO
group and the sham group (Table VIII).

Histological results
Undecalcified histological sections of the lumbar
spines showed that the OVX group had significantly

less trabecular bone thickness, connectivity, and
cortical bone thickness than the sham group. The
GIO group showed thinner trabecular bone thickness
and less connectivity than the sham group. However,
there was no significant difference in cortical bone
thickness between the two groups. The OVX + GIO
group showed significant decreases in trabecular bone
thickness, connectivity, and cortical bone thickness
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Sham OoVvX GIO OVX + GIO

X 100

Fig. 5. a) Hematoxylin and Eosin (H&E) stained sections prepared from undecalcified vertebral body and femur. The OVX
group had significantly thinner trabecular and cortical bone than the sham group. The GIO group showed less connectivity
in trabecular bone thickness compared to the sham group. The OVX + GIO group had significantly thinner trabecular and
cortical bone thickness and less trabecular bone connectivity than the OVX and GIO groups. b) The OVX+GIO group
and the OVX group showed significantly lower cortical bone thickness and lower trabecular bone connectivity than the
GIO or sham group. The GIO group had no significant difference in cortical bone thickness compared to the sham group.

Table VII. Cortical thickness of femur.

Cortical thickness, Mean (SD)

Group (n)
Neck (cm) Shaft (cm)
Sham (10) 0.550 (0.023) 0.780 (0.057)
OVX (7) 0.421 (0.015) * 0.683 (0.060) *
GIO (18) 0.510 (0.025) ** 0.721 (0.050)
OVX + GIO (14) 0.369 (0.022) ** 0.612 (0.054) **

OVX: ovariectomy; GIO: glucocorticoid induced osteoporosis

*p < 0.05 compared with sham group; #p < 0.05, compared to OVX group; & p < 0.05, compared to GIO group. Femur
neck cortical thickness was in the following order: sham group > GIO group > OVX group > OVX +GIO group (all p
< 0.05). In femur shaft cortical thickness, the OVX + GIO group showed significantly lower value than the sham group
and the GIO group (both p < 0.0001). The OVX group showed significantly lower value than the sham group (p = 0.008).
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Table VIII. Biomechanical results.
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Vertical Compression Test, Mean (SD)

Group (n) ) 5
Load (N) Compressive Strength (N/mm®)
Sham (21) 175.8 (51.2) 3.50 (1.01)
OVX (21) 124.5 (53.2) * 2.48 (1.06) *
GIO (21) 188.9 (51.5)" 3.76 (1.02)"
OVX + GIO (21) 114.0 (28.8) *& 2.27 (0.57) **

OVX: ovariectomy,; GIO: glucocorticoid induced osteoporosis

* p < 0.05 comparedd with sham group, # p < 0.05, comparedd to OVX group ; & p < 0.05, comparedd
to GIO group. The OVX + GIO group (both p < 0.0001) and the OVX group (p <0.0001 and p = 0.004,
respectively) had significantly lower maximal compressive strength than the sham group and the GIO group.

compared to the other three groups (Fig. 5a).

Undecalcified histological sections of femur also
showed that the OVX + GIO group had significant
decreases in cortical bone thickness and trabecular
bone connectivity compared to the other three
groups. The OVX group showed less cortical bone
thickness and trabecular bone connectivity than the
sham group. However, the change in cortical bone
thickness in the GIO group compared to that of the
sham group was insignificant (Fig. 5b).

DISCUSSION

In OP studies, two methods were widely used to
establish the OP animal model. One is via relatively
increasing bone resorption, such as OVX, limb
immobilization, and dietary calcium restriction. The
other one is by relatively decreasing bone formation,
such as the senile model and glucocorticoid injection
(9, 13). OVX and glucocorticoid injection have their
own mechanisms but both have limitations in their
efficacy oninducing OP. OVX causes cancellous bone
loss in proximal tibia (14), lumbar vertebra (15), and
femoral head and neck (16, 17), but has limitations
in inducing bone loss in long bone epiphyses, distal
tibia metaphysis, and caudal vertebrae (5, 18, 19).
Glucocorticoid injection induces bone loss via a
dual mechanism, which decreases bone formation
and increases bone resorption simultaneously (20).
However, it took 90 days oral intake of prednisone to

induce bone loss in lower limb cortical bone, without
significant change in trabecular bone (6). Therefore,
to establish an appropriate animal OP model that
had significant BMD reduction and impaired
bone structure, we combined the two methods and
evaluated its feasibility.

The criteria of osteoporosis for rat is still absent,
therefore, in this study we referred to a previous
study that deemed a reduction of 25% of BMD as
a criteria of osteoporosis (21). In our study, OVX
only induced OP in femur neck, and glucocorticoid
only induced OP in the lumbar spine. Compared to
the treatments, OVX + glucocorticoid injections
induced significant bone loss and OP in spine, femur
neck, and total femur. Accordingly, simple OVX or
glucocorticoid injection only induced osteopenia
or mild OP while OVX + glucocorticoid injection
induced significant bone loss and OP.

Besides decreased BMD, OP is also characterized
by the alteration of trabecular bone architecture (22).
Architecture changes in osteoporotic trabecular
bone include decreases in BV/TV, Tb.N, Tb.Th and
DA, and increases in Tb.Sp, Tb.Pf and SMI (23, 24)
. In our study, OVX + GIO had the most delicate
bone structure among the three models. It could
be observed that bone structural change followed
different patterns in different OP models. The GIO
had thinner Tb.Th while significantly more Tb.N
than the OVX model. OVX + GIO had similar Tb.Th
to GIO and similar Tb.N to the OVX model, which
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indicated OVX + GIO maintained the characteristics
of both models and had significant OP. The
characteristics obvious in vertebrae might be a result
of vertebrae having a higher ratio of trabeculae than
femur.

Cortical bone loss could be observed via
measuring thickness of femur neck cortical bone,
which was significantly lower in the OVX + GIO and
OVX groups than that in the sham and GIO groups
in our study. After OVX, endosteal bone resorption
and periosteal bone formation can both increase and
expand the bone marrow cavity and decrease bone
thickness (25). Chronical use of glucocorticoid
induces cortical porosity and endosteal thinning (26).
In this study, the significantly thinner bone in OVX
+ GIO and OVX groups than that GIO indicated that
OVX induced more severe cortical bone loss than
GIO. The fractional cortical thinning in the GIO
group could be explained by the relatively short
injection period. It has been reported that four weeks
of administration of high dose glucocorticoid could
not induce significant cortical bone mass change,
and 8 weeks of administration could only induce
cortical osteopenia (27, 28). However, an overdose
of glucocorticoid injection can cause subchondral
bone necrosis and increase mortality (29, 30).
Therefore, modulating the dosage and other factors,
including classes of glucocorticoid, animal species
and strains, administration route and period, is
critical to optimize the animal model.

Inthe biomechanical test, the compressive strength
was lowest in the OVX+ GIO group, followed by
OVX group, and the GIO group showed the highest
compressive strength. This might be related to the
fact that one of the significant risk factors of fracture
is an anisotropic trabecular structure (24) . According
to the micro-CT results, OVX + GIO and OVX
groups had significantly more anisotropic structure
than the GIO group, which might be the reason
for the GIO group having the highest compressive
strength. However, it was somehow different from
the results of previous studies, which showed GIO
had higher fracture risk than primary osteoporosis,
even though they had similar areal BMD (31). Such
inconsistency might be attributed to the limited
dosage and administration period of dexamethasone

used in our study. Which also indicated the necessity
of modulating the proper dosage.

In our study, we used skeletal immature rats
that carry some confounding factors. However,
performing OVX and prednisolone administration
on skeletally immature rats could bring a low peak
bone mass that is a high risk factor for human OP
(5). Also, the combination of OVX and GIO brought
significant bone loss that was presented in bone
histomorphometry, BMD and mechanical strength.
Therefore, this model might be more appropriate for
studying endocrine, environmental and nutritional
factors that influence the peak bone mass.(5)

One limitation in interpreting the results was
the absence of a criteria of osteoporosis in rats.
However, the BMD and bone architecture have
been proved to be related to bone quality (32), and
additionally, we observed a significantly reduced
mechanical strength in rat vertebrae. Therefore, we
believe the combination of OVX and GIO caused
significant and substantial bone loss, which made the
animal model appropriate for studying osteoporosis.
Also, another limitation was that the intramuscularly
injected volume (0.6 ml/rat) was higher than the
recommended maximum volume (0.2 ml/site) (33),
which should be noticed in further study.

Two previous studies also indicated the viability
of inducing OP via the combination of OVX and
glucocorticoid injection (34, 35). The dosages of
dexamethasone in the studies were 0.3mg/kg and
0.6mg/kg, respectively, and the injections were
implemented twice a week for 1 to 3 months. The
dosage in our study was 0.125mg/kg and was injected
for 5 weeks, which also induced significant OP in
rat femur and lumbar. Therefore, 0.125 mg/kg might
be also an applicable dosage for inducing OP in this
model, without significantly increased mortality.
Additionally, the results of our study indicated
that even though no continuous glucocorticoid was
injected, the bone loss did not recover during the
resting period of 7 weeks. It allows testing efficacy
of medications without or with minimal interference
from glucocorticoid that was injected to induce OP,
which was critical in pre-clinical studies.

In conclusion, compared to mild bone loss
induced by simple OVX or glucocorticoid injection,
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a combination of the two treatments could induce
severe bone loss without significantly increased
mortality. The dosage of dexamethasone used in this
study seemed to be relatively safe and efficacious,
but further research is still needed to optimize the
dosage. The OVX + GIO model has advantages
such as better control of steroid intake than oral
prednisolone administration, easy manipulation,
and inducing more certain and repeatable bone
loss. Therefore, the OVX + GIO model could be
considered as a safe and effective osteoporosis
animal model.
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CONCOMITANT ASSESSMENT OF DNA OXIDATION AND BONE RESORPTION OVER
A RAPID BODY MASS REDUCTION PERIOD IN FEMALE JUDOKAS
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The purpose of this study was to concomitantly determine oxidative DNA damage and bone resorption
following a rapid body mass reduction in association with energy restriction and exercise training,
considering 17f-estradiol level, in female collegiate judokas. Eighteen nationally ranked university
female judokas were enrolled as participants in this study. All participants continuously managed to
reduce their body mass 8 days just before a competition. To detect cumulative effects of oxidative DNA
damage and bone resorption, urinary samples were collected in the morning on three different days (Day
1=the beginning of body mass reduction; Day 4=mid-term of body mass reduction; Day 7=the day before
the competition) for the later analysis of 8-hydroxy-2’- deoxyguanosine (8-OHdG) as well as cross-linked
N-terminal telopeptides of Type I collagen (NTx). Urinary 8-OHdG and NTx levels were determined
with high performance liquid chromatography and enzyme-linked immunosorbent assay, respectively.
No significant alterations were observed in urinary 8-OHdG or NTx levels over a rapid body mass
reduction period. The findings of the present study indicate that female judokas appear to have relatively
less oxidative DNA damage determined by quantification of 8-OHdG and bone resorption over a rapid
body mass reduction period, potentially due to the enhanced endogenous defense responses (training
adaptation). These data can provide athletes and coaches with valuable information in considering an
optimal body mass management program to avoid detrimental physiological and biological conditions.

Female judokas who have ‘weight class’ manage to It has generally been accepted that high-

endurance and/or eccentric exercise,

acutely reduce body mass (typically 5~10%, less than
5 days) based on rapid body mass loss procedures (1).
In this regard, the important thing for the players is to
reduce their body mass with no decrease of their fat-
free mass to avoid the reduction of physical strength
(1). Rapid body mass loss practices are most often
combined with intense exercise training, including
food and fluid restriction, exercise with rubber or
plastic suits and even vomiting, which may lead to the
negative effects on athletes’ performance (2).

intensity
including unaccustomed exercise, appear to result
in the alterations of the antioxidant defense systems
followed by oxidative DNA damage (3). On the
other hand, there may be protective effects of regular
exercise training in association with the up-regulation
of endogenous antioxidant defense and repair systems
(4, 5), which is represented by previous data that
trained athletes have less oxidative DNA damage than
untrained individuals (4).
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The 8-hydroxy-2’-deoxyguanosine (8-OHdQG),
which was originally introduced by Kasai and
Nishimura in 1984, has been established as a
sensitive biomarker of DNA damage induced by
the hydroxyl radical attack at the C8 position of
the nucleobase guanine or its nucleoside guanosine
(6). Moreover, 8-OHdG has been recognized as
a promutagenic lesion as this lesion induces G
(guanine): C (cytosine) to T (thymine): A (adenine)
transversion unless repaired prior to replication (3).
In this respect, urinary 8-OHdG excretion has been
considered to reflect the balance of oxidative DNA
damage and repair from all cells in vivo (whole body
level) (3).

Previous studies have reported effects of
17B-estradiol (one of the sex steroid hormones, a
potential role of endogenous antioxidant to cell) on
oxidative DNA damage, thus suggesting potential
differences between follicular and luteal phases
(7, 8). For instance, Kapiszewska et al. (7) have
shown endogenous DNA damage in lymphocytes
in association with the fluctuation of 17p-estradiol
concentration in the follicular phase in healthy young
women. Furthermore, Matsumoto et al. (8) observed
increased tendency of urinary 8-OHdG levels during
follicular phase, though statistical difference was not
found. To sum up, it remains to be elucidated whether
there are potential protective effects of 17p-estradiol
concentration on oxidative DNA damage during a
rapid body mass loss associated with acute caloric
restriction and exercise training (9).

Judo, one of the weight bearing sports, has been
recognized to increase bone formation (10). In
contrast, acute and chronic body mass loss has been
considered to increase bone resorption demonstrated
by several biomarkers such as urinary cross-linked
N-terminal telopeptides of Type I collagen (NTx)
and urinary pyridinoline and deoxypyridinoline
levels (11). As demonstrated by Zanker and Swaine
(12), significant bone resorption may happen when a
magnitude of energy restriction exceeds more than
50 % for 3 days. In line with the above-mentioned
information, 17B-estradiol is a primary mediator of
periosteal bone growth in women, which implies
that 17B-estradiol may have an influence on bone
strength and growth (13). Furthermore, 17p-estradiol

concentration may have an influence on bone
resorption during a rapid body mass reduction
period (14). Moreover, Morris et al. (15) highlighted
less exercise-induced osteogenic benefits in rowing
training associated with low estrogen excretion.

Taken collectively, it remains inconclusive
whether rapid body mass loss induced by caloric
restriction combined with exercise training results in
oxidative DNA damage determined by quantification
of 8-OHdG and bone resorption, potentially in
response to 17B-estradiol concentration. Accordingly,
the purpose of this study was to concomitantly
assess whole body DNA damage accounted for by
8-OHdG and bone resorption during a period of
rapid body mass reduction in female judokas. It was
hypothesized that female judokas would have less
oxidative DNA damage determined by quantification
of 8-OHdG and bone resorption over a rapid body
mass reduction period due to potential impacts of
training adaptation including endogenous steroid
hormonal concentration.

MATERIALS AND METHODS

Experimental design for the problem

A critical barrier to make progress on physiological
research in female judo athletes is the lack of a well-
designed field study (the reality of the situation before a
competition) that elucidates acute and chronic alterations
in oxidative stress and bone turnover parameters in the
athletes who are engaged in a body mass management
program. Conducting such a field study could detect
practical points ofabody mass management on endogenous
adaptive responses. Accordingly, a repeated measures
design was used in the current research experiment for
each participant over a rapid body mass reduction period
as it controlled for all potential sources of variability,
which was statistically effective and powerful (16).

Participants

Following a screening process, a total of eighteen
female athletes were enrolled in the study and participated
in a competition (September 2014). The inclusion criteria
were that all participants had regular menstrual cycles
(ranged from 25 to 34 days) without intake of any steroid
contraceptives or major medical problems (i.e., endocrine
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abnormality) at the time of the study. The participants who
were nationally ranked university female judokas had a
judo training (aerobic and anaerobic components) volume
of 12 to 15 hours per week (> 7 years), having competitive
experience in regional and national tournaments. The
weight class for each participant ranged from 48 to 70
kilograms. The range of athletes’ technical levels was
between 1st and 2nd Dan black belt. At the beginning of
the study, all participants provided urine samples (second
voided urine), followed by anthropometric measurements
(height, body mass and percent body fat). The physical
characteristics of the eighteen participants are as follows;
age: 19.9+1.4 years, height: 161.2+4.9 cm, body mass:
67.7£17.8 kg, body mass index: 25.845.5 kg/m? body
fat: 28.146.9 %, body surface area: 1.708+0.209 m?
Body mass and percent body fat were digitally measured
with bioelectrical impedance analysis (InBody 270,
Fujitex Corporation, Tokyo, Japan) on a calibrated scale
with the participants barefooted and wearing underwear.
All participants continuously managed to reduce their
body mass 8 days prior to a competition. This study was
conducted in accordance with the guidelines proposed in
the declaration of Helsinki. The experimental procedures
were approved by the University Research Ethics
Committee. All participants gave their written informed
consent before participating in this study.

Experimental procedures

A body mass reduction period had a total of 8 days,
including 7 consecutive days of judo-specific exercise
training. The exercise training lasted approximately
2.5 h per day. The training for each day (Days 1-6)
consisted of 20 min warm-up, 60 min judo-specific
skill training (fachiwaza and newaza), 40 min combat-
simulated training (randori), and 20 min cool-down,
including a rest interspersed over the training. On Day 7
all athletes headed to the competition venue and on the
same day each athlete had approximately 30 to 60 min of
preconditioning light exercise. The above-mentioned judo
training was identical on each day except for Day 7. Day
8 was the day of competition. During the training period
at the dojo (the place where judo athletes have exercise
training), environmental conditions were recorded in
the training place every 60 min with a combination
of a thermometer, hygrometer and heat stress WBGT
(Wet Bulb Globe Temperature) meter (WBGT-203A,

Kyoto Electronics Manufacturing Co., Ltd., Tokyo,
Japan) (17). Consequently, the averaged ranges in
ambient temperature, relative humidity and WBGT were
27.142.1°C, 56.2+4.4% and 26.7+1.6°C, respectively.
The average of the training load was determined on
each day based on ratings of perceived exertion (RPE)
along with a 6-20 scale (18), which resulted in 16.1+£2.0
(mean + SD) (range 14-19). While food restriction diet
was self-selected, all participants were asked to use the
similar dietary restriction procedures during the practice
period prior to the competition. The participants were
also instructed to record body mass and dietary intake
as accurately as possible throughout the study. Percent
energy restriction was consequently calculated between
Day 1 and Day 7 on the basis of the athletes’ total daily
caloric intake. In the present study, the compliance rate
of each participant was high throughout the observation
period to carry out overall assessment.

In order to reduce the variability of excreted analyte
induced by diurnal rhythms, the second voided morning
urine samples were collected (19) on three different days
(Day 1= the beginning of body mass reduction; Day 4=
mid-term of body mass reduction; Day 7= the day before
the competition) for later analysis of urinary 8-OHdG as
well as urinary NTx excretion. The samples were stored
at —80°C.

Quantification of urinary 8-OHdG level

Urinary 8-OHdG levels were quantified by using
high performance liquid chromatography (HPLC) with
electrochemical detection (ECD) based on a protocol
described by Nakano et al. (20). In brief, the detection
of urinary 8-OHdG was performed with the two-column-
switching HPLC method. The HPLC system was set up by
two pumps, an autoinjector, two analytic reversed-phase
columns, a column oven, a valve unit, an electrochemical
detector and an integrator. The electrochemical detector
was activated at +370 mV versus an Ag-AgCl reference
electrode. The main mobile phase was processed with
1000 ml of 30 mM phosphate buffer (pH 6.9) containing
ethylenediamine tetraacetic acid, disodium salt (200 mg/1)
and 20.8 ml of tetrahydrofuran. During the analyzing
process, 400 ul of HPLC mobile-phase was added to 100
pl of urine, which was centrifuged at 10,000 rpm for 5
min, followed by 35 pl of the mixture injected into the
HPLC system.
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Determination of the level of wurinary cross-linked
N-terminal telopeptides of Type I collagen (NTx)

One of the valid bone resorption markers, which
is urinary NTx, was determined with an enzyme-
linked immunosorbent assay previously demonstrated
by Hanson et al. (21). This assay was performed at the
basis of a monoclonal antibody (MoAb) IHIl which
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Fig. 1. Change in body mass (kg) over an experimental
period (*Significantly different from Day 1) (A). All
data are expressed as mean = SD. The relationship of
body mass (kg) with urinary 8-OHdG (ng/mg creatinine)
(B) and NTx (nmole bone collagen equivalents/mmole
creatinine) (C) levels at all time points (Days 1, 4 and
7). (Day 1=the beginning of body mass reduction; Day
4=mid-term of body mass reduction; Day 7=the day
before the competition)

recognizes an epitope embodied in the N-telopeptide
pyridino-line cross-linking domain of human type I
collagen. The epitope is uniquely enriched in bone
collagen in comparison with other tissue collagens. The
peptide-antigen-coated microtiter plates were utilized in
the inhibition assay with incubation of MoAb IHIl with
buffered urine samples in the wells, followed by a goat
antimouse secondary antibody conjugated to horseradish
peroxidase and tetramethylbenzidine as chromogenic
substrate. This assay was calibrated with standard
amounts of human bone collagen digested with bacterial
collagenase. Consequently, the results were determined as
nmol bone collagen equivalents per mmol creatinine.

Measurement of 17f-estradiol level

Urinary ~ 17B-estradiol ~ was  analyzed  with
radioimmunoassay as conducted by previous study (22).
An aliquot of 0.5 ml of the spot urinary sample was
hydrolyzed by heating with 0.075 ml of HCI for 60 min
at 100°C. After 17p-estradiol were extracted with 4 ml
of ether, the extract was washed with 0.5 ml of distilled
water, evaporating to dryness under nitrogen. The dried
extract was dissolved in 0.1 ml of benzenemethanol
mixture, applying to a Sephadex LH-20 microcolumn.

The column was eluted with the same solvent.

Assessment of hydration status

Urinary osmolality and specific gravity were assessed
with an osmometer (OM-6060, ARKRAY, Inc., Kyoto,
Japan) and a hand-held refractometer (Master-URC/Ja,
ATAGO Co., Ltd., Tokyo, Japan), respectively.

Statistical analyses

A one-way analysis of variance (ANOVA) with
repeated measures was used to explore any significant
differences for all dependent variables by using a
statistical package (Statistica V5.1, Statsoft, Tulsa, OK,
USA). Moreover, a two-way repeated measure ANOVA
was performed to detect any significances for percentage
change in urinary biomarkers. Effect sizes for #-test and
ANOVA were calculated with Cohen’s d and omega-
squared (w?), respectively. Interpretation of the effect size
Cohen’s d and ®” was as follows: 0.2 < d < 0.5 = small
effect, 0.5 < d < 0.8 = medium effect, and d > 0.8 = large
effect; 0.01 < ®? < 0.06 = small effect, 0.06 < ®><0.14 =
medium effect, and w? > 0.14 = large effect, respectively
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Fig. 2. Urinary levels of 8-OHdG (ng/mg creatinine) (A), NTx (nmole bone collagen equivalents/mmole creatinine) (B) and
17p-estradiol (ng/mg creatinine) (C) at three different time points (Days 1, 4 and 7). The percent change in urinary 8-OHdG,
NTx and 17f-estradiol levels (D) over a rapid body mass reduction period. All data are shown as mean + SD. (Day 1=the
beginning of body mass reduction, Day 4=mid-term of body mass reduction, Day 7=the day before the competition)

(16). Pearson’s correlation analysis was conducted
between urinary 17B-estradiol, 8-OHdG and NTx levels.
The overall alpha levels were set at p < 0.05. All data are
shown as mean = standard deviation (SD).

RESULTS

Significant reduction of body mass was observed
between Day 1 and Day 7 [3.4+1.7% (mean + SD)]
with a result of relatively moderate energy restriction
(< 30 %) and exercise training (p < 0.001, Cohen’s
d = 0.12, Fig. 1A). Regarding the relationship of
body mass with urinary 8-OHdG and NTx levels,
no significant correlations were found (p = 0.311, r?
= 0.023, Fig. 1B; p = 0.917, r* = 0.0002, Fig. 1C,
respectively).

A one-way ANOVA revealed no significant
alterations in urinary 8-OHdG (p = 0.115, ®* = 0.13,
Fig. 2A) or NTx levels (p = 0.427, *=0.01, Fig. 2B)
over the rapid body mass reduction period. Moreover,
similar hormonal fluctuations concerning urinary

17B-estradiol levels (ng/mg creatinine) were detected
(p=0.204, ®*=0.07, Fig. 2C). With respect to percent
change in urinary 8-OHdG, NTx and 17p-estradiol
levels, a two-way ANOVA demonstrated no main
effects for day (p = 0.064, ®* = 0.10) and urinary
biomarker (p = 0.248, »? = 0.03) or interaction (p =
0.068, ®*>=0.07, Fig. 2D).

In terms of the relationship of urinary 17f-estradiol
with urinary 8-OHdG and NTx levels, there were no
significances (p=0.773,r>=0.002 forurinary 8-OHdG,
Fig. 3A; p = 0.560, r* = 0.007 for urinary NTx, Fig.
3B, respectively). Furthermore, no significant relation
was recognized between urinary 8-OHdG and NTx
levels (p =0.917, 2= 0.033, Fig. 3C).

Hydration status demonstrated by urinary
osmolality and specific gravity was similar
throughout the body mass reduction period (p =
0.244, »* = 0.05, Fig. 4A; p = 0.248, ©* = 0.05, Fig.
4B, respectively). Significant correlations were noted
between urinary osmolality and specific gravity in
overall urine samples (p < 0.001, r> = 0.537, Fig.
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4C). Additionally, no significant main effects for day
(p = 0.064, ®* = 0.09) and urinary hydration marker
(p =0.405, ®* = 0.01) or interaction (p = 0.075, ®* =
0.09, Fig. 4D) were represented concerning percent
change in urinary osmolality and urinary specific
gravity.

Practical applications
Regarding athletes’ health issues, developing an
appropriate body mass management program (e.g.,
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mg creatinine) and NTx levels (nmole bone collagen
equivalents/mmole creatinine) (C) in urine at all time
points (Days 1, 4 and 7). (Day 1=the beginning of body
mass reduction; Day 4=mid-term of body mass reduction;
Day 7=the day before the competition)

considering 17f-estradiol concentration based on
menstrual cycle phases) can result in better athletic
performance (2, 13). In this regard, the results of
the current study were preliminary data to explore
whether the potential impact of 17B-estradiol
on oxidative DNA damage and bone resorption
was causative or an epiphenomenon, taking into
consideration the optimal maintenance of skeletal
muscle mass and bone mineral density. However,
further comprehensive biochemical approaches
could shed light on the effects of rapid body
mass reduction associated with caloric restriction
and exercise training on cellular and molecular
mechanisms such as autophagy which relates to
DNA oxidation accounted for by 8-OHdG output and
contributes to gluconeogenesis, B-oxidation of fatty
acids and to ketone body formation during periods
of energy deprivation. Accordingly, developmental
cellular and molecular assessment of DNA and bone
turnover in relation to oxidative stress based on
biochemical markers to work in practice may offer
the potential clues to advanced tactics for athletes
and coaches to prepare for a competition with the
practical body mass management program.

DISCUSSION

The main findings of the present study were that
no significant alterations were observed at the urinary
8-OHdG and NTx levels even when body mass
was significantly decreased. Furthermore, urinary
17B-estradiol concentration was not significantly
correlated with urinary 8-OHdG or NTx excretion.
To our knowledge, this is the first study that has
concurrently evaluated oxidative DNA damage
determined by quantification of 8-OHdG and bone
resorption, including the potential implication
of 17B-estradiol levels, over a rapid body mass
reduction period, combined with caloric restriction
and exercise training in female judokas.

Most judokas try to restrict their diet and reduce
fluid intake to fit into their weight class during short-
term body mass reduction preceding their weigh-in
as the weigh-in date gets closer (23). Previous data
have represented a significant trend for higher-level
judokas to be more aggressive in their body mass loss
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Fig. 4. Urinary osmolality (mOsm/kg H,0) (A) and urine specific gravity (g/ml) (B) at three different time points (Days 1,
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gravity (g/ml) (C) at all time points (Days 1, 4 and 7). The dotted lines show cutoff points for indication of adequate hydration
status. The percent change in urinary osmolality and specific gravity (D) over a rapid body mass reduction period. (Day
1=the beginning of body mass reduction; Day 4=mid-term of body mass reduction; Day 7=the day before the competition)

process (2). The findings of the present study also
showed a significant body mass loss, which could
be due to insufficient energy intake and dehydration
(electrolyte losses) associated with exercise training
observed in female judokas as shown by previous
studies (2, 24, 25). In this respect, management of
rapid body mass loss in female judokas has become
a concern in considering health issues such as energy
imbalance derived from eating disorders (2). Thus,
the detailed eating patterns during a rapid body mass
reduction period are needed to be monitored and
characterized.

The mechanism by which body mass loss results
in oxidative DNA damage has been unclear. For
example, Lee et al. (26) found no effects of short-
term fasting on oxidative stress-induced DNA
damage accounted for by urinary 8-OHdG excretion
in healthy women (average fasting period: 7.2
days, average percent loss of body mass: 6.3%). In
addition to the aforementioned research, Finaud et al.

(24) showed that energy restriction combined with
intense exercise training may lead to body mass loss,
increasing the antioxidant capacity of judokas before
the beginning of the competition. Loft and Poulsen
(27) demonstrated that body mass loss could be
linked to oxidative DNA damage through increased
mitochondrial production of reactive oxygen species
in the cells, thereby resulting in greater magnitude
of oxidative stress. The results of the current study
did not show significant changes of urinary 8-OHdG
excretion over a rapid body mass reduction period.
It may have maintained the balance between
oxidative damage and repair to DNA, which could
be attributed to enhanced antioxidant defense system
by a long-term judo training (aerobic and anaerobic
components) as demonstrated by previous studies
that regular exercise augments antioxidant capacity,
upregulating antioxidative enzymes (3, 5). However,
those phenomena cannot be concluded as it was not
possible for us to conduct direct quantification of
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any indicator of fitness level due to time and cost
constraints in the present study. In this regard, the
detailed relationship of antioxidant capacity with
body mass reduction and exercise training is still
inconclusive.

Previous data have demonstrated the effects
of 17pB-estradiol on oxidative DNA damage, thus
implying potential disparity between follicular and
luteal phases (7, 8). However, no significant relation
between urinary 8-OHdG and 17B-estradiol were
depicted in the present study, which is not in line with
previous studies. For example, Kapiszewska et al. (7)
observed endogenous DNA damage in lymphocytes
with the alteration of 17B-estradiol concentration
in the follicular phase in healthy young women.
Moreover, Matsumoto et al. (8) noted increased trend
of urinary 8-OHdG levels during the follicular phase,
while there were no statistical differences. To some
extent, those discrepancies with regard to the effects
of 17B-estradiol on oxidative DNA damage may have
been due to inter- and intra-individual variability
regarding the status of endogenous antioxidant
capacity. However, it remains unclear whether the
potential impact of 17B-estradiol on oxidative DNA
damage is causative or an epiphenomenon.

Body mass reduction has been demonstrated to
result in acute as well as chronic increases in bone
resorption (10). However, the certain mechanisms
by which bone resorption augments remain to
be determined. Because of the measurement,
the cross-linked peptides largely stemmed from
bone degradation, urinary NTx level, has been
recognized as a more sensitive marker of bone
resorption compared with previously demonstrated
markers, such as hydroxyproline, pyridinoline and
deoxypyridinoline (21). In addition, urinary NTx
level has been shown as a more responsive marker
to physical activity (11) compared to urinary
pyridinoline and deoxypyridinoline levels (21). In
the present study, no significant alterations were
observed concerning urinary NTx level during a body
mass reduction procedure with energy restriction and
exercise training. One possible explanation for this
phenomenon in the bone resorption marker could
be due to relatively moderate energy restriction (<
30%) with the averaged percent change of —3.4+1.7

% (mean £ SD) in body mass. According to Zanker
and Swaine (12), a greater magnitude of energy
restriction (more than 50% for 3 days) may be needed
to induce a significant bone resorption. Another
plausible explanation is that the timing of urine
sampling collection may not have been appropriate
for detecting changes in the bone resorption markers
(i.e., first or second voided morning urine vs 24
urine sampling). While the function of sex steroid
hormones on bone remodeling balance has been
demonstrated, little information about the effects
of 17B-estradiol on urinary NTx is available (14).
Though no significant correlations between urinary
17B-estradiol and NTx excretion were found during
a rapid body mass reduction period in the present
study, further investigation is warranted to explore
potential mechanism to clarify.

In the current study, urinary specific gravity was
significantly correlated with urinary osmolality,
which was supported by previous results (28). As
shown by the National Athletic Trainers’ Association
guidelines (29), the pre-exercise values for urine
specific gravity implies that most athletes started
training with the values between 1.021 and 1.030g/
ml, which is regarded as a significant level of
dehydration (equivalent to —3 to —5% body mass
change). Some athletes initiated training in a state
of serious dehydration, which is defined as urine
specific gravity > 1.030g/ml, which is equal to a
value for urine osmolality of more than 900 mOsm/
kg H,O (a cutoff point for indication of adequate
hydration status) (29). Therefore, one possibility
for the results of the current study could in part be
due to a result of dehydration caused by insufficient
fluid intake as a consequence of athletes’ typical
body mass loss practices (25). In light of the
relationship between DNA oxidation and hydration
status, there were significant correlations between
urinary osmolality and 8-OHdG excretion in this
study. However, precise causality cannot be ruled
out, although dehydration condition may have led to
DNA oxidation state or vice versa.

Concerning the technical considerations of the
study, the second voided morning urine samples
were collected to reduce the variability of excreted
analyte induced by diurnal rhythms for the analysis
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of oxidative stress and bone resorption in the current
study (19), including hormonal and hydration
status, as it was practical and feasible for the
coaches, athletes and researchers (29). In line with
those procedures, the application of the creatinine-
adjustment has been recommended for physiological
values in using spot urine compared to 12-h or
24-h urinary samples to reduce wvariability and
avoid miscalculations (29). Especially, creatinine-
adjustment for urinary 8-OHdG measurement of spot
urine has been used as a valid method under certain
circumstances (i.e., repeated measurements on the
same individual). However, it should be considered
doubtful when creatinine excretion can be thought
to change in the same individual or in comparison
with the different group (5). With respect to the
above-mentioned information, Cheuvront et al. (30)
have recently suggested the difficulty in evaluating
hydration status based on spot urine concentrations.
Thus, hydration condition was concurrently assessed
with two urinary markers, urine specific gravity and
urine osmolality, including body mass change, to
establish a better determination of hydration status
in the present study.

In conclusion, the results of the current study
suggest that female judokas appear to have
relatively less oxidative DNA damage determined
by quantification of 8-OHdG and bone resorption
regardless of 17B-estradiol levels during a rapid
body mass reduction period, combined with energy
restriction and exercise training. However, a degree
of oxidative stress and bone turnover may depend on
inter- and intra-individual variability related to energy
deficiency, training adaptation and hormonal kinetics.
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Some recent reports suggested that elderly and female patients did not benefit from implantation of
the second internal thoracic artery (ITA) during coronary artery bypass surgery (CABG). Macrophages,
among other cells, were described to be involved in both atherosclerosis and aortocoronary grafts failure.
The aim of the study was to examine the age and gender association with different distribution of CD68"
cells within the layers of ITA wall. This study involved 158 consecutive patients (95 male and 63 female),
with the mean age of 64.5+£9.5 years, who underwent elective CABG procedures. During surgery, the
surplus distal segments of ITA were harvested for immunohistochemical analysis. The number and
distribution of CD68" cells was calculated and plotted against the age and gender of the study participants.
CD68" cells were present in all of the harvested ITA fragments (median 44), more in women (55) than
in men (42) (p<0.001). However, this difference was of statistical significance exclusively in the funica
intima. Approximately 70% of macrophages were found in the tunica adventitia. The total number of
CD68" cells the in arterial wall as well as in the tunica intima and adventitia correlated positively with the
age of patients (r=0.544, r=501 and r=0.462, respectively). The lack of significant advantages of the use of
two thoracic arteries, in elderly patients and women, might have resulted from the larger population of
CD68" cells in their walls, especially the tunica intima. However, this result from immunohistochemical
analysis needs validation in long-term clinical research on a larger cohort of patients.

Coronary artery bypass grafting (CABG) is a CABG procedures was implantation of the left internal
method of choice in treatment of diffuse coronary artery thoracic artery (LITA) to the left anterior descending
disease (CAD) to achieve alleviation of anginal pain artery (LAD) (2, 3). This strategy was proven to be
and notable increase in functional capacity (1). Many optimal, in terms not only of clinical improvement,
years ago, it was established that the gold standard for but also long-term, favorable angiographic outcome
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(3). It is estimated that approximately 90% of those
grafts function appropriately, many years after
primary surgery (4-6). Thus, the next step was to
find optimal grafts, to improve myocardial perfusion
through the other coronary areas (7, 8). The natural
clinical scenario was more common application of
the second arterial graft (ie, right internal thoracic
artery, RITA) (9). Interestingly, while outcomes of
the observations, performed at several independent
surgical centers, showed additional benefits from
bilateral internal thoracic artery (ITA) implantation, an
international, multicenter Arterial Revascularization
Trial (ART) study failed to confirm previous findings
(10, 11). Other reports stressed that the largest clinical
beneficiaries of CABG procedures with bilateral
ITA grafts were young and male patients (12, 13).
Mohammadi et al. showed that the additional survival
benefit of using a second ITA decreased gradually with
age, and was lost after the age of 60 (12). Attia and
colleagues proved that although bilateral ITA grafting
was associated with better survival than single ITA
grafting, it was less effective in women (13).

To date, many studies have been carried out to
find cells and molecules, of paramount importance in
atherosclerosis development in the grafts, eventually
leading to their complete obstruction. The key
pathogenic feature of lesions, at this early stage of
atherosclerosis, is the maturation of monocytes,
which migrate into arteries to form foam cells or lipid-
laden macrophages (14). They can be identified by the
expression of CD68, a glycoprotein that binds to low-
density lipoprotein (15). Previously, our team proved
that the patients with CD68- positive cells in the funica
intima of saphenous vein grafts had a significantly
higher number of graft stenoses than the subjects
without them in this vascular layer (16). Moreover,
it was shown that arteries, even with ITA applied as
aortocoronary grafts, undergo age-related changes
that can be the cause of ongoing atherosclerosis, such
as increase in thickness of the tunica intima as well as
degeneration of the elastic skeleton (17). Pre-existing
morphological changes in the ITA segment, prior to
the implantation to the coronary artery of the recipient,
may predispose to its preterm failure and unfavorable
long-term outcome.

The main purpose of this study was to examine

whether age and gender, that may have negative
impact on long-term outcomes of CABG with ITA
grafts, are associated with different distribution of
CD68" cells within the layers of ITA wall.

MATERIALS AND METHODS

Patients

This study involved 158 consecutive patients [(95
male (60.1%) and 63 female (39.9%)] with the mean age
of 64.549.5 years (range 41-86 years) with diffuse CAD
who underwent elective CABG procedures in the years
2008 and 2010. The most important preoperative data
are outlined in Table I. The study was approved by Local
Bioethics Committee (No. 1201/08 and 385/12). Each
study participant signed informed consent to donate a
surplus distal segment of ITA harvested intraoperatively.

Material preparation

During CABG procedure, the surplus distal segments
of ITA (approximately 1 cm long) were harvested
with their surrounding tissue (a pedicle technique) for
immunohistochemical analysis. All the vessel samples
were fixed in Bouin’s solution, embedded in paraffin and
cut into 5-6 pum thin cross sections by semiautomatic
rotation microtome (Leica RM 2145, Leica Microsystems,
Nussloch, Germany).

Immunohistochemical analysis

All the immunohistochemical analyses employed
the StreptABComplex/HRP method modified by
addition of biotinylated tyramine (Dako Catalyzed
Signal Amlification System, Peroxidase, K1500, Dako,
Copenhagen, Denmark). The preparation for analyses
was previously described in detail (16). Eventually,
sections were incubated with monoclonal anti-CD68
antibody (dilution 1:100, M0814, Dako). Additionally, an
eliminating assay with following specific antibodies for
lymphocyte subpopulations such as anti-CD20cy (1:400
dilution, M0755, Dako), anti-CD3 (1:50 dilution, M7254,
Dako), anti-CD8 (1:100 dilution, M7103, Dako) and anti-
CD30 (1:40 dilution, M0751, Dako) was carried out.

Samples, prepared in that way, were observed, with
their immunohistochemical reactions analyzed under
brightfield microscope-Olympus BX 50 (OLYMPUS
Optical Europe, Germany) equipped with Mirax-Midi
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scanner (Carl Zeiss Microlmaging GmbH, Germany),
coupled with Pannoramic Viewer, version 1.15.4, software
(3DHISTECH Ltd., Budapest, Hungary).

Immunohistochemical expression of CD6S8, the
macrophage specific protein, was analysed on transverse
sections of the blood vessels. Firstly, the number of cells
expressing this antigen throughout the vessel wall was
analysed, followed by the analysis of specific sections,
the tunica intima, the tunica media and the tunica
adventitia. Additionally, the diameters of the CD68* cells
were calculated using immersion magnification (100x).
For every segment of ITA analysed, at least 10 sections
were considered, with the results contributing to a sample
average.

Immunohistochemical evaluation of protein expression
was carried out by two experienced histologists, through blind
sample analysis, based on encoded numbers corresponding
to the basic rules of positive and negative control. The
negative controls were carried out in the same way as in the
experimental sample, with the exclusion of primary antibody,
replaced with normal mouse serum or PBS.

Electron microscopy

For transmission electron microscopy (TEM), ITA
samples were fixed in 2.5% glutaraldehyde in phosphate
buffer (0.05 M, pH 7.4) and then prepared in steps
described previously (16). Eventually, ultrathin sections
were mounted on mesh nickel grids, counterstained with
uranyl acetate and lead citrate and examined using a
JEM-1010 (JEOL, Tokyo, Japan) transmission electron
microscope. In TEM, typical ultrastructural features of
macrophages were assessed. Special attention was paid to
cell membrane and cytoplasmic organelles.

Postoperative period and assessment of clinical results

After surgery, patients were treated at the Intensive
Postoperative Care Unit (IPCU) for 24-48 hours then
they were referred to a surgical ward. In this period
special attention was paid to any signs of ischemia in
the electrocardiography and laboratory studies (creatine
kinase isoenzyme MB (CK-MB), troponin I). Just before
discharge, echocardiography was performed and new
regional disturbances in regional myocardial contractility
were recorded. Following hospitalization, CABG subjects
were usually transferred to the rehabilitation centers.

All patients were followed-up in the outpatient

clinic and regular clinical and electrocardiographic
assessments were performed. If they reported recurrence
or deterioration of coronary artery disease symptoms,
they were transferred to the catheterization laboratory for
the check-out coronary angiography. All native vessels
and implanted aortocoronary bypass grafts were carefully
analyzed.

Data management and statistical analysis

Before the analysis, continuous variables were tested
with Shapiro-Wilk test, in order to determine their
coherence to the normal distribution. If their distribution
fitted the normal distribution criteria, they were presented
as a mean =+ standard deviation. Continuous variables,
with distribution different than normal (e.g. percentage
of CD68" cells in specific layers of vessels) were shown
as a median (25" percentile, 75™ percentile). Categorical
variables (including dichotomic variables), were shown
as numbers with their contribution in percentage (n %).
They were compared (male vs female patients) by means
of Yates corrected chi-squared test, whereas multiple
range test was used to compare the number of CD68*
cells in different ITA layers. Correlation of the brightfield
analysis results and the age of patients undergoing the
procedure, was tested with the Pearson correlation test
(for continuous variables in normal distribution). The
degree of correlation was interpreter with the use of a
scale suggested by Salkin, where r value between 0.8
and 1.0 (or -0.8 and -1.0) indicated strong correlation,
between 0.6 and 0.8 medium correlation and between 0.4
to 0.6 low, or no correlation. Probability of survival was
estimated according to the Kaplan-Meier curves.

P value less than 0.05 was taken as statistically
significant. The analysis was carried out with Statistica 10.0
Package for Windows (StatSoft, Inc., Tulsa, OK, USA).

RESULTS

Overall number of CD68" cells

Presence of CD68" cells was confirmed in all of
the collected arterial samples, with their numbers
between 4 and 95 (median 44 (24; 60). Morphological
features of CD68* cells, such as a diameter exceeding
20 um, as well as applied eliminating assay for
lymphocytes (see Methods section) enabled to
identify these cells as macrophages.
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The study of correlation between patient age and
total number of CD68" cells in transverse sections of
ITA walls is directly proportionate, with intermediate
correlation efficient (r=0.554) (Figs. 1 and 2).
Moreover, median (25th percentile; 75th percentile)
of CD68" cell number in transverse sections of female

B. PEREK ET AL.

vessels [55 (41; 76)] was significantly higher than in
those collected from males (42 (21; 50))(p<0.001).

Distribution of CD68* cells
In the segments of ITA, approximately 70% of
macrophages were found in the tunica adventitia.

Correlation age vs. CDGE+
CD68+=-18.13 + 0.798 * age
r=10.544

70

CD&8+ cells [n]

55

60 65 70 75 80 85
age pears

Fig. 1. Correlation between the age of CABG patients and overall number of CD68" cells in the cross-sections of ITA.

Fig. 2. Cross-section showing CD68 immunostaining of ITA. The ITA segment was obtained from a 74-year-old man.
CD68" cells were seen only in the tunica media and tunica adventitia.
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The detailed data regarding distribution of CD68*
cells is outlined in Table II. Multiple range analysis
showed that the number of cells was significantly
lower in the tunica intima and media.

Closer analysis also showed that the sections in
which there was no observable presence of CD68*

cells in the inner membrane of IMA came from
significantly younger patients (55.0£10.1 years
old) than those samples harvested which exhibited
the presence of CD68" cells (62.8+9.2 years old).
The total number of cells in the tunica intima of
IMA, showed significant correlation with the age of

Correlation age vs. CDB8+ intima
Int CDG&+ = -13.97 + 0.359 * age
r=0.501

g T
w 5 o 8 & 8

CD&8+ cells inthe tunica intima [n]

=

:
e

40 45 50 55

60 65 70 75 80
age [years]

"o__95% confidence

Fig. 3. Correlation between age of CABG patients and the number of macrophages within the tunica intima of ITA.

Fig. 4. Typical localization of CD68* cells in the tunica adventitia of ITA. Most CD68-postitve cells were noted in the
proximity of the tunica adventitia vessels (vasa vasorum, arrows) or within their lumen (arrowhead).
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patients (r=0.501; p<0.05) (Fig. 3).

CD68™ positive cells were present in the tunica
media of 141 IMA transverse sections (89.2%).
Patients who did not exhibit CD68* cell presence were
significantly younger (55.3+3.4 years old) than those
who showed the presence of those cells (62.3£9.9
years old; p<0.001). Despite that, the analysis of age
correlation showed very weak correlation between

the number of CD68" cells in the tunica media of
IMA and the age of patients (r=0.208; Spearman R
test)

CD68* cells were present in all of the sample
sections, in the region of the tunica adventitia.
The biggest concentration of those cells occurred
in the nearest proximity of vasa vasorum (Fig. 4).
The absolute number of CD68* cells in the tunica

Table 1. The most important preoperative data in male and female patients.

Variable! Males Females
N=95 N=63
Obesity (BMI > 30) 30 (31.6) 32 (50.8)*
Arterial hypertension 67 (70.5) 36 (57.1)
Diabetes treated with insulin 18 (18.9) 23 (36.5)*
Hypelipidemia 38 (40.0) 25(39.7)
Renal failure? 11 (11.6) 7 (11.1)
Neurological events before surgery? 10 (10.5) 2(3.2)
Active smokers 50 (52.6) 30 (47.6)

"P<0.05 females vs males

Ivariables are expressed as the numbers (n) and percentages, *defined as glomerular filtration rate was below 60mL/
min/1,73m?; 3 included transient ischemic attacks (TIAs) and central nervous system strokes. BMI: body mass index.

Correlation age vs. CD68+ adventitia
CD68+ adventitia =-19.50 + 0.811 * age
r=10.462

-
=

CDG8+ cells in the tunica adventitia [n]
8 8 & 8 2

-
=

=

45 50 55

o
=

age [years]

60 65 70 75 80

"o, 95% confidence

Fig. 5. Correlation between the age of CABG subjects and the number of CD68" cells in the tunica adventitia of ITA.
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Fig. 6. Microelectrophotography of the subendothelial
layer of ITA. In the subendothelial layer of ITA, a cell of
characteristics proprietary for macrophages is present.
In numerous cytoplasmic protrusions (arrows), clathrin-
coated vesicles, constructed from cellular membrane, can
be observed (B, double headed arrow). Large nucleus
of irregular outline is located centrally (white star).
Cytoplasm, rich in polysomes, contains numerous vesicles
of varying electron density (frame C-white arrows), as well
as vacuoles (C — triangles). The presence of lysosomes (A)
and phagocytic vacuoles (D) is an ultrastructural indicator
of macrophages’ phagocytic activity. Collagen fibres in
longitudinal section were indicated by a black star.

adventitia of IMA increased together with patient
age (r=0.462; p<0.05) (Fig. 5).

CD68" cell in female ITA segments

In all of the analysed vessels harvested from
female patients, CD68" cell presence was confirmed
throughout the layers, with the biggest amount always

present in the tunica adventitia. When comparing the
number of those cells between the sexes, the only
significant variation was observed in the tunica intima
(Table III).

In the tunica intima and tunica media, there
were cells equipped with ultrastructures typical for
macrophages with pronounced phagocytic activity
(Fig. 6). Folded cellular membrane with irregular
outline forms various cytoplasmic protrusions, inside
which numerous caveolae and clathrin-coated vesicles
are present. The cytoplasm, rich in cellular organelles,
contained both vesicles of varying electron density
and non-membranous aggregations of electron-dense
material. Lysosomes, both primary and mature, were
also observed in the cytoplasm, showing significant
heterogeneity of size and shape. Sizable phagocytic
vacuoles were also present. Large, euchromatin nuclei
of irregular outline were positioned centrally in the
cytoplasm. In the nucleus, presence of one or two
nucleoli was determined.

In-hospital and late outcomes

All patients enrolled in the study survived the
early postoperative period. In 8 CABG subjects any
symptoms and signs of myocardial ischemia were
noted. However, in the emergent angiography no
cases of left internal mammary occlusion or stenosis
were diagnosed. Five of them had critical stenoses of
non-bypassed coronary arteries while in the others
venous aortocoronary grafts were occluded.

The mean follow-up lasted 6.5+1.7 years and was
completed by 97.5% of patients (154/158). From those
154 subjects, in which the follow-up was completed,
12 (7.8%) died throughout this period, including seven
because of cardiac reasons [acute coronary syndrome
(n=5) and progressive congestive heart failure (n=2)].
The one-, three- and five-year probability of survival
following CABG was 96.7+1.3%, 95.2+1.7% and
93.3+1.9%, respectively (Fig. 7).

Check-out coronary angiography was necessary in
22 patients whereas only in 3 of them significant lesions
(obstructing more than 70% of the vessel lumen) in
the ITA were found. Two of them were females (70
and 72 years old at the time of operation) and one a
77-year-old man. A total number and distribution of
CD68* cells are presented in Table IV. Due to a small
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Table I1. Number and distribution of CD68* cells in the layers of ITA.

B. PEREK ET AL.

Vascular layers

Absolute number

Rate

Tunica intima 53, 14)# 0.13 (0.03, 0.16)
Tunica media 42,9 0.17 (0.06, 0.22)
Tunica adventitia 28 (18, 45)* 0.69 (0.56, 0.80)*

#variables are expressed as a median (25th percentile, 75th percentile); *p<0.001 tunica adventitia vs tunica media/intima.

Table II1. Number of CD68* cells in the layers of ITA in men and in women.

CD68" cells numbert#

Men Women
Vascular layers [n=95] [n=63]
Tunica intima 4@3,11) 10 (3, 17)*
Tunica media 4(2,9) 5(2,13)
Tunica adventitia 27 (17, 39) 35 (20, 42)

#variables are expressed as a median (25th percentile, 75 percentile); *p<0.05 male vs female patients

Table IV. Total number and distribution of CD68" cells in ITA segments harvested from patients who had ITA graft
occlusion in check-out angiography.

Female, 70-y Female, 72-y Male, 77-y
Total number 64 72 61
Tunica intima [n (rate)] 16 (0.25) 20 (0.28) 18 (0.30)
Tunica media [n (rate)] 18 (0.28) 21 (0.29) 17 (0.28)
Tunica adventitia [n (rate)] 30 (0.47) 31(0.43) 26 (0.42)
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Fig. 7. Probability of survival after CABG.

number of patients with significant lesions in ITA,
no statistical analysis was possible. However, a total
number of CD68-postive cells as well as number and
rate of them in the tunica intima and the tunica media
were higher than medians for the whole group.

DISCUSSION

Macrophages located in the wall of blood vessels
participate, though not alone, in the manufacturing
processes of neointima and atherosclerotic plaques.
It was previously proven in the SV studies, that
their location in the inner membranes, not their
total number, is a factor of the most unfavourable
prognosis (16). The authors of the current study
have found no reports of the number and placement
of macrophages in the wall of ITA. The most
important result of this study is that the age and
sex correlate with the number and distribution of
macrophages, which may account for the clinical
results mentioned earlier (12, 13). The value of
these findings would be even more significant, if
they were used as a reference and related to clinical
trials. However, in the case of ITA it is very difficult,
as few of the bypasses that use this graft show the
characteristics of atherosclerotic degeneration and,
if so, they occur after many years. Therefore, to
carry out such study is practically impossible as

the present study was performed in just one cardiac
surgical centre.

Monocytes and later macrophages can penetrate
the vessel wall from the direction of the vessel
lumen as well as vasa vasorum. One of the most
characteristic features of the ITA which can affect
its resistance to atherosclerosis, is the fact that its
internal elastic lamina is tight and forms a barrier,
much more difficult to overcome than that of other
vessels routinely used in coronary bypass surgeries,
such as the radial artery or the greater saphenous
vein (18). On the other hand, vasa vasorum
penetrate the medial venous vascular membrane
while in the arteries they do not reach it (19).

Increase in the number of CD68" cells with
ageing of CABG subjects is a novel observation of
the current study. So, do older people (e.g. after the
age of 70) with more CD68* cell population have
a higher risk of failure of even such grafts as ITA?
Today, there is no hard scientific evidence resulting
from the analysis of clinical trials that could
confirm the present observations, although there
are individual indications that the elderly are not
the beneficiaries of the use of two internal thoracic
arteries (12). If, on the other hand, we assume that
the macrophages in the vascular wall, regardless
of the type of vessel, are a result of repeated
microlesions (20), the fact that older people exhibit



800 B. PEREK ET AL.

higher number of CD68* cells should not be a
surprise. This could explain why the number of
CD68" cells in the tunica media correlated directly
to the age of the patients. In addition, there is
also scientific evidence from ITA autopsy studies
which indicates an ageing-dependent change in its
histological structure (21). Elastic laminae which
are a barrier to migrant cells (22) are not overly
persistent and are subject to age changes. With
age, there are increasing numbers of fenestrations
(seen in people over 60 years of age) with the mean
number of elastic laminae decreasing (23). To date,
very few cases of atherosclerosis in the wall of ITA
have been described and, if it was present, was
always accompanied by damage and fragmentation
of the elastic laminae (24). Therefore, there are
indications that the wall of ITA in the elderly
becomes more permeable for cells and thus more
susceptible to the formation of plaques. The current
observation indicating a greater number of CD68*
cells in the tunica media of the ITA with age may be
a confirmation of the post-mortem research reports
quoted above (21). Of course, the reference of this
observation to clinical and angiographic results is
very difficult, since after 20 years, more than 90%
of the ITA grafts are still not obstructed. Hence, the
obstruction of these kind of bypasses, even many
years after the surgery, is not a common clinical
problem. In addition, many older subjects of CABG
do not survive (often not due to cardiac issues) long
enough to exhibit possible obstruction of the ITA
bypass.

Numerous clinical studies on the assessment
of surgical CAD treatment indicate much worse
results in women. This applies not only to survival
in long-term observation but also to serious adverse
events (13, 25, 26). This could be explained
in many ways. Women treated with CABG are
generally older than men (27). Moreover, they are
a high-risk group with numerous co-morbidities
(28). Presenting less common symptoms, CAD is
often diagnosed and treated in its later stages (29,
30). Finally, it was proven that females had much
smaller coronary arteries than males, even after
taking mass, or surface of the body into account. It
cannot be excluded that a larger representation of

the CD68" cells in the wall of the bypass, especially
in the inner membrane, before their implantation
is one of the possible factors responsible for the
earlier bypass failure and worse clinical outcomes
in females. Furthermore, the fact that women
subjected to CABG and qualified for the current
study were older than men cannot be omitted. As
previously mentioned, the number of CD68" cells
in the wall of the ITA increases with age.

Our group’s research has confirmed the validity
of'the current trend, that arterial bypasses, especially
using the ITA, should be used commonly in CABG
treatments, especially in young people (31, 32).
The representation of macrophages, important cells
involved in degenerative processes, is the smallest
in the younger population, with their especially low
population present in the tunica intima.

The aim of CABG surgery is a good, long-term,
clinical result supported by imaging studies that
show patency of the bypass several years after the
operation. There are indications that this goal may
be achieved with the use of ITA. Subjects with
CD68" cells present only in the tunica adventitia of
the ITA were not rare and were younger than those
who exhibited presence of those cells in layers
located closer to the lumen of the vessel. In the
future, it would be ideal to trace the natural history
in patients with and without the CD68" cells of the
tunica media and intima of the ITA

We are aware of the limitations of our study.
Either age- or gender-based results are univariate
observations with their obvious disadvantages. It is
possible that the observed differences in cell counts
are also attributed to factors other than gender alone,
but it would be difficult to prove this. Moreover,
only 3 patients reached angiographic end-point
(occlusion of ITA graft throughout the follow-up
period). Thus, it was not possible to compare the
results of histological study. Additionally, check-
out coronary angiography was performed only
on patients with obvious clinical deterioration.
We cannot exclude that asymptomatic patients
(ie., without anginal pain), particularly those with
insulin-treated diabetes, had also exhibited ITA
occlusion.

More abundant population of CD68* cells in
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the walls of ITA, especially in the tunica intima,
among women and elderly patients might be one
of the causes for the lack of significant advantage
of the use of that artery in CABG in these groups.
However, this result of immunohistochemical
analysis needs to be validated with long-term
clinical studies on a larger cohort of patients
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Spinal cord ischemia-reperfusion injury (IRI) results in overproduction of reactive oxygen species
leading to tissue oxidative stress which impacts the neuronal network in the spinal cord as well as glial
cells. We investigated the expression of Nuclear factor erythroid 2-related factor 2 (Nrf2) in neurons
and glial cells after occlusion of the abdominal aorta followed by IRI as well as the time-dependent
expression of Nrf2 in the same cells. The experimental method of transient aortic occlusion was carried
out on rats by cross-clamping of the abdominal aorta for 45 minutes. The animals used for this study
were sacrificed 1 h, 6 h, and 48 h after reperfusion to determine time-related changes of Nrf2 expression,
as well as changes of astrocyte activity in the spinal cord. Immunofluorescence results showed an increase
in the staining intensity of Nrf2 expression in the neurons following ischemia with highest intensity 48 h
post-reperfusion and an increase in a number of reactive astrocytes. Western blot analysis showed that
Nrf2 protein expression increased in a cytoplasmic and nuclear fraction as early as 1 h after reperfusion
and remained active 48 h after, resulting in increased expression of the main Nrf2 target gene HO-1.
In conclusion, substances that enhance expression of Nrf2 may have the potential to prevent cellular
damage to the spinal cord caused by IRI.

The spinal cord is exceptionally vulnerable to
ischemic injury caused by a variety of abnormalities,
such as thoracoabdominal aortic — aneurysm,
atherosclerosis, embolism, cardiac arrest and iatrogenic
causes such as surgery (1). Aortic cross-clamping during
thoracoabdominal aortic aneurysm surgery additionally
causes spinal cord ischemia followed by reperfusion
which finally leads to ischemia-reperfusion injury (IRI)
of the spinal cord tissue. IRI impacts neurons and

glial cells in the spinal cord causing reversible or even
irreversible cell damage (2). Transient ischemia in the
spinal cord, lasting more than 30 min, is manifested
as alteration or loss of motor function of the lower
extremity. Such severe and unpredictable neurological
complications include diverse neurological disorders,
such as paraparesis or even paraplegia (3).

Although the exact pathophysiological mechanism
that underlies spinal cord ischemia-reperfusion injury
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is not fully understood, it seems that oxidative stress
and inflammatory response play a significant role
in the progression of tissue damage. Spinal cord
ischemia followed by reperfusion results in a sudden
burst of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) that aggravate tissue injury.
Overproduction of these compounds overcomes
endogenous anti-oxidant defense in a state of oxidative
stress, causing oxidative damage to lipids, proteins, and
DNA, and thus disruption of standard cell functions
(4, 5). Oxidative stress is accompanied with an
inflammatory response characterized by infiltration
of inflammatory cells (macrophages, lymphocytes,
neutrophils) to the injured tissue, which produces more
ROS and RNS (6, 7).

To maintain redox balance, synthesis of
antioxidant enzymes is increased. This is under
control of Keap1/Nrf2/ARE signaling pathway, and
heme oxygenase 1 (HO-1) is one of the most studied
downstream proteins activated by it. The three
cellular components involved in this pathway at the
transcriptional level are Kelch-like ECH-associated
protein 1 (Keapl), nuclear factor erythroid 2-related
factor 2 (Nrf2), and antioxidant response elements
(ARE). Research indicates that the Keap1/Nrf2/ARE
signaling pathway is responsible for “turning on”
the adaptive response against oxidative stress (8).
Recent studies have shown that the Nrf2 pathway
plays an essential protective role in a state of IRI of
the brain, but few data are published on Nrf2 and
spinal cord IRI (9-11). Furthermore, the expression
of Nrf2 in different cells of the spinal cord, as well as
time-related expression of Nrf2 in acute happening
(1 h post-ischemia reperfusion) and up to 48 h of
reperfusion, are not well known.

This study aims to determine the localization and
expression of Nrf2 in neurons and glial cells after
occlusion of the abdominal aorta followed by IRI, as
well as the time-dependent expression of Nrf2 in the
same cells.

MATERIALS AND METHODS

Animals
Thirty-two male Wistar rats (10-12 weeks old) were
used in accordance with the protocols approved by the Ethics

Committee of the Faculty of Medicine, University of Rijeka.
The rats were housed two per cage in controlled conditions of
temperature and humidity, exposed to a 12-h light/dark cycle
with free access to food and water. During procedures, all
efforts were made to minimize the suffering of the animals.

Spinal cord ischemia-reperfusion injury procedure and
study design

The abdominal aorta was cross-clamped for 45 min to
produce transient spinal cord ischemia in lumbar segments.
Animals were anesthetized with ip injections of ketamine
hydrochloride (0.1 mg/g body weight) and xylazine
hydrochloride (0.02 mg/g body weight). The ip injection
of cephalosporin (10 mg/kg) was administered before
skin incision. Postoperative analgesia was provided with
tramadol for 12 h; 150 U/kg of heparin was administered
sc to all animals immediately before the procedure (the
detailed procedure is described in our previous work (12).

Rats were randomly divided into two groups: (1)
ischemia-reperfusion injury (IRI) group and (2) control
(sham) group. The IRI group included 24 rats which
were divided into three subgroups based on time post-
reperfusion as follows: 1 h, 6 h, and 48 h. Each subgroup
consisted of 8 animals. The sham group included eight rats
subjected to anesthesia and laparotomy without ischemia
and served as control.

At 1 h, 6 h or 48 h post-reperfusion animals were
anesthetized, perfused transcardially with 0.9% saline
and 4% paraformaldehyde (PFA) in 0.1 M phosphate-
buffered saline (pH 7.4), and sacrificed. The spinal cord
was extracted whole, and lumbar regions were fixed in
4% PFA for 24 h followed by embedding in paraffin wax
for immunofluorescence.

Immunofluorescence microscopy

Immunofluorescence staining was carried out on 3-um
thick formalin-fixed, paraffin-embedded spinal cord tissue
sections. Following deparaffinization, the antigen retrieval
was performed using citric acid (pH 6.6) for 15 min in water
bath at 95°C. Following, the sections were rinsed with fluent
water for 15 min. Non-specific binding sites were blocked
using 3% bovine serum albumin (BSA) in phosphate-
buffered saline (PBS). In the subsequent step, the sections
were incubated with the primary antibodies shown in Table
I. Incubation with suitable secondary antibodies followed,
Alexa Fluor 488 goat anti-rabbit IgG (1:200, Invitrogen) and
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Alexa Fluor 488 goat anti-mouse IgG (1:200, Invitrogen)
were applied for 1 h at RT. The sections were washed using
PBS 3 x5 min after each step, and were then cover- slipped
in fluorescence mounting media,

Microscopy and image analysis

Sections were observed under Olympus microscope
BX51/BX52 (Tokyo, Japan) equipped with fluorescence
and images captured using an Olympus camera. Images of
the spinal cord ventral gray matter were analyzed by ImageJ
software (National Institutes of Health, Bethesda, MD,
USA). From each animal, every fifth consecutive serial
section was studied to avoid the risk of double quantification
of the same cell in adjacent sections. In every animal, five
sections of lumbar spine region were studied. The mean
density of the somata of labeled cells were measured using
integrated density divided by the analyzed area of the cell.
Images were adjusted on the same brightness set for all dual
labeled images. The quantity of astrocytes was taken from
each section and pooled.

From each sample, astrocytes number were counted on
four fields of 280 x280 um area, and the cell area percentage
was calculated for astrocyte activity analysis.

Western blot analysis of Nrf2 and HO1
Nuclear and cytoplasmic fractionation was performed

Table 1. Primary antibodies used.

805

by the spinal cord tissue trypsinization (50 ug total) and
washing twice in ice-cold PBS. After that, the sample was
lysed on ice for 15 min in 100 mL of cytoplasmic lysis
buffer (10 mM HEPES pH 7.4, 10 nM KCI, 0.01 mM
EDTA, 0.1 mM EGTA, 2 mM DTT, 5 mM Na2VO0O4,20 mM
sodium B-glycerophosphate, 0.1% and Protease inhibitor
cocktail. Nuclei were sedimented by centrifugation and the
supernatant containing the cytoplasmic fraction removed,
to which Urea and SDS were added to a final concentration
of 2 M and 2% respectively, and the samples were denatured
by boiling for 5 min. The nuclei were then washed in 1 ml
of cytoplasmic lysis buffer to remove any contaminating
cytoplasm, and re-sedimented. The nuclei were then lysed
in 100 pl of denaturing lysis buffer (2% SDS, 2 M urea, 8%
sucrose, 20 mM sodium [-glycerophosphate, ImM NaF,
and 5 mM Na2VO4).

Ten pg of cytoplasmic and 10 pg nuclear extracts
were loaded to 12% polyacrylamide gel, submitted to
SDS-PAGE, and transferred to polyvinylidene difluoride
(PVDF) membrane (Roche Diagnostics GmbH, Mannheim,
Germany). After transfer, membranes were stained with
Ponceau S dye, washed, and blocked with 5% non-fat dry
milk in TBST buffer (50 mM Tris-HCI (pH 7.4), 150 mM
NaCl, 0.05% Tween-20) for 1 h at RT. Membranes were
further incubated overnight at 4°C with primary antibodies:
rabbit polyclonal anti-heme oxygenase 1 (1:1000, Abcam,

Antibody Species raised Manufacturer, catalog Antibody
against number dilution
Nrf2 (nuclear factor Rabbit polyclonal Santa Cruz Sc-722 1:200
erythroid 2 (NFE2)-
related factor 2)
NeuN (neuronal Mouse monoclonal Milipore, MAB377 1:200
nuclear antigen)
ChAT (Choline Rabbit polyclonal Abcam, ab6168 1:200
acetyltransferase)
GFAP (glial fibrillary | Rabbit polyclonal Abcam, ab7260 1:500
acidic protein)
Ibal (ionized
calcium-binding Goat polyclonal Abcam, ab5076 1:500
adapter molecule 1)
PLP1 (proteolipid Mouse
protein 1) polyclonal Abcam ab9311 1:500
HO-1 (heme
oxygenase 1) Rabbit polyclonal Abcam ab13243 1:1000
B-actin
Mouse monoclonal Santa Cruz sc-47778 1:2000
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Fig. 1. Double labelled (A) Nrf2 and NeuN, (B) Nrf2 and
ChAT, (C) Nrf2 and GFAP, (D) Nrf2 and Ibal, (E) Nrf2
and PLP1 in cross sections of spinal cord lumbar region in
control group and 1 h of IRI. Immunofluorescence images
show co — expression of (4) Nrf2 and NeuN and (B) Nrf2
and ChAT in grey matter of spinal cord both in control
and 1 h of IRL. The expression of Nrf2 is not observed in
(C) GFAP, (D) Ibal or (E) PLPI positive cells. Although
dark-field microscopy was used, images have been post-
processed to enhance visibility. Scale bar = 50 and 100 pm.

Cambridge, MA, USA), mouse monoclonal anti-B-
actin (1:2000, Santa Cruz Biotechnology, Dallas, TX,
USA) and rabbit polyclonal anti-Nrf2 (1:500, Santa Cruz
Biotechnology, Dallas, TX, USA). The following day,
membranes were washed and incubated for 1 h at RT
with appropriate secondary antibodies: goat anti-mouse
IgG-HRP (1:2000, Santa Cruz Biotechnology, Dallas,
TX, USA), goat anti-rabbit IgG-HRP (1:2000, Santa Cruz
Biotechnology, Dallas, TX, USA). The immunoblots
were visualized by enhanced chemiluminescence using
Amersham ECL Prime Western Blotting Detection Reagent
(GE Healthcare, Buckinghamshire, UK) and quantified
using ImagelJ software. Band densities were normalized to
B-actin for HO-1 and Ponceau S for Nrf2 and presented as
relative densitometric units.

Statistical analysis

All statistical analyses were performed using Statistica
software version 12 (StatSoft Inc., Tulsa, OK, USA).
In densitometric analyses the values were expressed as
relative optical densities of the related bands. Statistical
significance for the Western blot data was calculated
according to the one-way analysis of variance (ANOVA),
followed by Duncan’s multiple range post-hoc test. For
the IF staining, the means of integrated density divided by
analysed area of the cell were used for the Kruskal-Wallis
analysis. Post-hoc group comparisons were accomplished
utilizing the Mann—Whitney U test. Results are expressed
as means = SEM. In all comparisons, P < 0.05 was
considered statistically significant.

All procedures were according to the ethical standards
of the institutional and national responsible committee
and with the Helsinki declaration of 1975, as revised in
2000.

RESULTS

Co-expression of Nrf2 and NeuN in the spinal cord
after ischemia-reperfusion injury
NeuN and Nrf2 labeled cells were co-expressed

Nrf2 NeuN merged
7 A KB g
Control : “"‘".
_ —

e® . e® .
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.‘ L] N B ‘0 3 -
5. ‘ ‘ /) % ' J g

48 hIRI .y .
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Fig. 2. representative images of spinal cord sections
stained with anti-nuclear factor erythroid 2-related
factor 2 (nrf2) and the neuronal marker anti-neuronal
nuclei (neun) by double-immunofluorescence labelling in
control and at 1, 6 and 48 h after iri. although dark-field
microscopy was used, images have been post-processed to
enhance visibility. scale bar = 50 yum.
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in the grey matter of the spinal cord in control
and IRI group. The co-expression was observed
predominantly in the anterior horn and central part
of the grey matter, while in the posterior horn of the
grey matter only a few cells co-expressed NeuN and
Nrf2. Immunoreactivity of Nrf2 was localized mostly
in the cytoplasm or both cytoplasm and nucleus
of neurons (Fig. 1). NeuN immunoreactivity was
localized in the nucleus and peri-nuclear cytoplasm
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off all neurons in the grey matter, through the
anterior, central and posterior horn. Neurons of the
anterior horn were less immunoreactive for NeuN at
48 h of IRI, with mean density 45.2+11.7 A.U. (N =
8), however these values varied greatly ranging from
27A.U. to 86 A.U. (Fig. 2). Those variations may
correspond to ischemic injury neurons suffered and
consequent loss of NeuN reactivity.

Mean density of Nrf2 expression in cells co-
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#
] I
0.00 '
1h 6h

48 h

control group,

B ischemia — reperfusion group (1 h, 6 h and 48 h). * p <0.005 vs control group, # p<0.005 vs 1 h of IRI. All data are

expressed as averagexSEM (N = §8)

1.00 -
0.90 A
0.80 -

#

Control

Fig. 4. Nrf2/ChAT ratio (A.U.= arbitrary units) in control group and at 1 h, 6 h and 48 h of IRL.

#
~ |
50.70 - [
<
0 0.60 - *
®
= 0.50 -
3
& 040 1
N
£0.30 -
0.20 -
0.10 A
0.00
1h 6h

48 h

control group,

B ischemia — reperfusion group (1 h, 6 h and 48 h). * p <0.005 vs control group, # p<0.005 vs 1 h of IRI. All data are

expressed as average+=SEM (N = §)



808 M. BOBINAC ET AL.

merged

Nrf2 ChAT

Control

1hIRI

6 hIRI

48 h IRI

Fig. 5. Representative images of spinal cord sections
stained with anti-nuclear factor erythroid 2-related
factor 2 (Nrf2) and the motor neuron marker anti-choline
acetyltransferase (ChAT) by double-immunofluorescence
labelling in control and at 1, 6 and 48 h after IRI. Although
dark-field microscopy was used, images have been post-
processed to enhance visibility. Scale bar = 50 um.

expressing NeuN was shown as Nrf2/NeuN mean
intensity ratio in Fig. 3. In subacute time point, at 1
h of IRI, Nrf2/NeuN ratio was decreased compared
to control group. The Nrf2/NeuN ratio at 6 h of
IRI increased significantly compared to 1 h of IRI.
The Nrf2/NeuN ratio at 6 h of IRI was significantly
increased compared to 1 h of IRI. 48 h post-IRI Nrf2/
NeuN ratio was significantly increased compared to
control and 1 h of IRI.

Co-expression of Nrf2 and ChAT in the spinal cord after
ischemia-reperfusion injury

Nrf2 and ChAT labeled cells were co-expressed
in the grey matter of spinal cord in the control and
IRI groups. All the cells expressing Nrf2 were ChAT-
positive. The co-expression was observed in all motor
neurons of the grey matter, mostly in the anterior
and central horn, while in the posterior horn of the
grey matter only a few cells co-expressed NeuN
and Nrf2. Immunoreactivity of Nrf2 was localized
mostly in the cytoplasm or in both cytoplasm and
nucleus of neurons (Fig. 1). ChAT immunoreactivity
was localised in cytoplasm and membrane of motor

neuron bodies in mostly anterior and central horn,
with few neurons positive in posterior horn. ChAT
immunoreactivity had mean density 57.8+9.2 A.U.
(N = 8) in controls, 41.5+142 AU.N=8) at 1 h
of IRI, 69.1+11.7 A.U. (N = 8) at 6 h of IRI, and
61.4+6.7 A.U. (N=8) at 48 h of IRI.

Mean density of Nrf2 expression in cells co-
expressing ChAT was shown as Nrf2/ChAT mean
intensity ratio in Fig. 4. In subacute time point, at 1 h
of IRI, the Nrf2/ChAT ratio was decreased compared
to control group. The Nrf2/ChAT ratio at 6 h and 48 h
of IRI increased significantly compared to 1 h of IRI.

Mean intensity of Nrf2 expression is increased in the
spinal cord after ischemia-reperfusion injury

Immunoreactivity of Nrf2 was localized in the grey
matter of spinal cord in the control and IRI groups. The
localization of Nrf2 expression was observed in the
cytoplasm, or both cytoplasm and nucleus of neurons,
predominantly in the anterior and central horn of the
spinal cord grey matter, but also in a few neurons of the
posterior horn (Figs. 1, 2, 5).

The density of Nrf2 expression depended on the
IRI time-point. After 1 h of IRI mean density of Nrf2
expression in neurons was decreased. After 6 h and 48
h of IRI Nrf2 expression in neurons was significantly
increased compared to 1 h of IRI. Also at 48 h of
IRI mean density of Nrf2 was significantly increased
compared to the control group (Fig. 6.).
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Fig. 6. Nrf2 mean intensity (A.U.= arbitrary units) in
control group and at 1 h, 6 h and 48 h of IRI. | Control
group; WM ischemia — reperfusion group (1 h, 6 h and 48
h). *p <0.005 vs control group; # p<0.005 vs 1 h of IRL.
All data are expressed as averagexSEM (N = §)
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Co-expression of Nrf2 and GFAP, Ibal, PLPI in the spinal
cord after ischemia-reperfusion injury

To determine the possible expression of Nrf2
in GFAP, Ibal or PLP1 positive cells in IRI of
the spinal cord, we performed double labeled
immunofluorescence. No double labeled Nrf2/GFAP,
Nrf2/Ibal or Nrf2/PLP1 expressions were observed
in either grey or white matter of the spinal cord at 1,
6 and 48 h of IRI or in the control group (Fig. 1C-E).

Increase of astrocyte number and activity in white matter
after IRI

During our experiments, we observed, in contrast
to control animals, that animals in the IRI group
exhibited an increase in GFAP positive cells in the
spinal cord and also an increased percentage of
GFAP positive cell area. The higher percentage of
GFAP positive cell area confirms increased astrocyte
activity. Analysis of GFAP positive cells number
matter revealed moderate increase 6 h (627.2+27.4)
after reperfusion and significant increase 48 h
(784.3£21.2) after reperfusion compared to control
animals (551+13.6). Analysis of GFAP positive
area showed that astrocyte activity was increased
in a lumbar segment of spinal cord 1 h (12%), 6 h

Control

(15%) and 48 h (17%) after reperfusion compared to
control animals (8%) (Fig. 7).

nrf2 expression is increased in the spinal cord after IRI

To determine whether IRI induced activation of
the Nrf2 transcription factor, we analyzed nuclear
and cytoplasmic fractions of spinal cord lysates from
IRI and sham animals for Nrf2 protein expression
(Fig. 8). One hour after reperfusion, there was a
decrease of the Nrf2 protein in the cytoplasmic
and the nuclear fractions of IRI spinal cords. After
6 h of reperfusion Nrf2 protein levels increased in
both cytoplasmic and nuclear fraction, while at 48 h
after reperfusion Nrf2 protein expression stayed the
same in cytoplasmic fraction and started to decline
in nuclear fraction. Therefore, following IRI in the
spinal cord, Nrf2 protein expression was significantly
increased after 6 h and 48 h of reperfusion in the
cytoplasm of cells followed by translocation into the
nucleus.

IRI induces increased protein expression of Nrf2 signaling
target HO-1

Fig. 9 shows the expression of Nrf2 regulated
signaling protein HO-1 in sham-operated animals

48 h IRI

Fig. 7. Representative images of spinal cord sections stained with anti- astrocyte marker glial fibrillary acidic protein
(GFAP). Scale bar = 50 um. At 48 h of IRI astrocyte number and activity is increased compared to control group.
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and animals that underwent IRI for 1 h, 6 h, and 48
h of reperfusion. After 6 h of reperfusion, there was
a significant increase in the levels of HO-1 in spinal
cord lysates and the level continued to increase 48
h after IRI compared to sham animals. Therefore,
IRI induced increased protein expression of Nrf2
signaling target HO-1.

DISCUSSION

The present study demonstrated the expression of
Nrf2 inneurons, an increase in the staining intensity of
Nrf2 expression in the neurons following ischemia at
all time-points of reperfusion and an increase in some
reactive astrocytes. Ischemia followed by 1 hour of
reperfusion decreased the level of Nrf2 expression in
neurons but 6 hours after reperfusion the expression
of Nrf2 was recovered and we observed an increase
of Nrf2 expression in motoneurons. Astrogliosis was
manifested as an increase in some GFAP positive
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Fig. 8. Ischemia reperfusion injury (IRI) induces
expression of Nrf2 in cytoplasmic W (C) and nuclear
U (N) fractions of spinal cord. Representative immunoblots
are shown. Data are presented as relative density units
normalized to Ponceau S and expressed as mean+SEM.
*p<0.05, **p<0.01 compared to sham,; n= 8 per group.

cells as well as an increase in cellular volume.

Moreover, our data showed that Nrf2 protein
expression increases in cytoplasm and nucleus of
spinal cord lysates 6 h post-reperfusion and remains
active 48 h after, resulting in increased expression of
the main Nrf2 target gene HO-1.

We used NeuN antibody to identify all neurons,
ChAT to identify motoneurons, Ibal to identify
microglia, GFAP to identify reactive astrocytes and
PLP1 to identify oligodendrocytes.

The spinal cord is extremely vulnerable to
ischemic injury which could be caused by a variety
of abnormalities (1). However, ischemia of the
nervous tissue followed by reperfusion causes
secondary injury manifested as neuronal apoptosis,
inflammation, and astrogliosis (2). Although the exact
pathophysiologic mechanism that underlies spinal
cord I/R injury is not fully understood, it seems that
oxidative stress (imbalance between reactive species
and endogenous anti-oxidative defenses) plays an
importantrole and contributes to spinal cord oxidative
damage (3). Thoracoabdominal aortic aneurysm
surgery may cause spinal cord ischemia-reperfusion
injury because of transient aortic cross-clamping.
Such scenario is consistent with the anatomy of the
spinal cord blood supply. Except by anterior and
posterior spinal arteries, the spinal cord from Th8
to the conus medullaris is supplied by segmental
(radicular) arteries. The dominant segmental artery
for supplying the lumbar and sacral part of the
spinal cord is the artery of Adamkiewicz, which
commonly arises from the posterior branch of the
last intercostal artery or a lumbar artery which arises
from the thoracic or abdominal aorta, respectively.
In clinical practice, transient aortic cross-clamping
may cause reversible or even irreversible spinal cord
neuronal damage, manifested as alteration or loss of
neurological motor function.

Nrf2 is ubiquitously expressed antioxidant
transcription factor (13) which, under normal
conditions (reduced intracellular conditions),
is stabilized through binding to Keap-1 in the
cytoplasm. During enhanced ROS formation, the
cysteine residues in Keap-1 are modified or oxidized,
causing the dissociation of Nrf2 and its translocation
to the nucleus where it binds to ARE and, depending
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upon the binding site, the different antioxidant genes
are induced, including HO-1, NQO-1, SOD, GPx (9-
11). Our results are in agreement with this, showing
that IRI induces increased cytoplasmic and nuclear
Nrf2 expression in the spinal cord after 6 h of
reperfusion. Also Nrf2 expression stays elevated in
both cellular compartments after 48 h of reperfusion.
Data presented in this paper are the first showing Nrf2
activation in early phases of IRI in the spinal cord.
The function of the Nrf2/ARE signaling pathway
is important for protection in states of increased
oxidative stress due to ischemia because enhanced
ROS production induces activation of Nrf2 (14,
15). Therefore, increased expression of Nrf2 in the
motoneurons after IRI may be implicated as a viable
strategy for the promotion of neurological function
recovery and a strategic target for IRI therapies (16).

The cell biology of the response to IRI is not
well understood and the roles played by different
cell types at different time-points in the progression
of secondary degeneration during IRI are not well
defined. Therefore, in the current study, we focused
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Fig. 9. IRI induces increased protein level of the Nrf2
main signalling target HO-1. Immunoblots indicate that
levels of HO-1 start to increase 6 h after reperfusion
and continue to increase at 48 h. Data are presented as
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on identifying the cell types in the spinal cord for
the expression of Nrf2 molecules and whether I/R
injury affects the expression of the Nrf2 protein
as a common antioxidative signaling pathway. We
detected the expression of Nrf2 in the neurons in the
gray matter of the spinal cord in the control group and
after I/R injury. Nrf2 expression was significantly
higher after 6 and 48 hours after IRI compared with
the levels detected in the control group, thus implying
the activation of the Nrf2 signaling pathway. Most
of the neurons expressing Nrf2 molecules were
motoneurons in the anterior horn and central part
of the gray matter. IRI caused an increase in the
density of Nrf2 expression in motoneurons after
6 and even more after 48 hours after reperfusion.
Nrf2 expression was not detected in other cell types.
Park et al. reported human neuronal cell protection
by elevated Nrf2 activity and its downstream
molecules HO-1 and NQO1, against oxygen-glucose
deprivation/ reoxygenation (17). Dai et al. found that
isoquercetin attenuates oxidative stress and neuronal
apoptosis after ischemia-reperfusion injury via Nrf2
inhibiting NFkB inflammatory pathway (18). Li et al.
showed that suppression of neuronal injury caused
by oxygen-glucose deprivation/reoxygenation is
achieved by activating Brgl/Nrf2/ARE signaling
pathway via suppression of microRNA — 144 — 3p
(19). Xun et al. reported that only overexpression
of nuclear factor of activated T cells 5 (NFATS)
could protect astrocytes against oxidative damage
by promoting the nuclear transport of Nrf2 from
cytoplasm to cell nucleus, or NFAT regulates Nrf2
pathway in astrocytes (15). Other reports showed that
the level of Nrf2 expression could also be increased
in neurons, microglia, and astrocytes after treatment
by some drugs (20).

Reactive astrocytosis, increasing GFAP positive
cells, was a prominent feature of the cellular
response to IRI. We found that astrocytes exhibit
the expression of the glial fibrillary acid protein,
hypertrophy, process extension and cell division. IRI
induced an increase in the number of GFAP positive
cells during the first 48 hours. Scar tissue formed
by reactive astrocytes has long been implicated as
a significant impediment to neuronal tissue repair
after SC injury, however, a report by Faulkner et al.
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showed that reactive astrocytes restrict inflammation,
protect neurons and oligodendrocytes and preserve
motor functions after SCI (21).

Our results suggested that ischemia of the spinal
cord followed by reperfusion increased the level
of Nrf2 expression in neurons, did not cause Nrf2
expression in other cell types and induced reactive
astrocytosis.

Moreover, we demonstrated that IRI enhances
activation of Nrf2 as well as its target gene HO-1
in the early phase after reperfusion, probably as a
protective mechanism from oxidative stress.
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BIOLOGICAL CHARACTERISTICS OF OSTEOCLAST EXOSOMES AND THEIR
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This study aimed to investigate the biological characteristics of osteoclast exocrine bodies and their
role in the differentiation of somatic cells, so as to find out the key factors involved in osteoclast exosomatic
growth and osteogenesis. RANKL (Receptor Activator for Nuclear Factor-k B Ligand) induced factor
was used to induce the osteoclast differentiation of Raw 264.7 cells, and TRAP(Tartrate resistant acid
phosphatase) staining was employed to identify induced cells. Ultra-filtration centrifugation was used
to separate OC-exosomes from osteoclast supernatant, while Western blot was employed to detect the
expression characteristics of exosomal proteins CD9 and CD63. PKH67 labeled exosomes were observed
to target kusao cells, which were divided into 3 groups, i.e., the complete medium group (group A), the
osteoblast induced group (group B), and the osteogenesis induced liquid + OC-exosomes group (group
C). The medium was changed on the next day and after 14-day culture. Using Western blot, alizarin red
staining and Von Kossa silver staining, the role of OC-exosomes in the differentiation of kusao cells was
clarified. Results showed that TRAP staining showed osteoclasts as irregular and TRAP positive giant
cells with a red multicore and a large volume. Microcapsule membrane structures with a uniform size
were detected in osteoclast supernatant, and the expression of CD9 and CD63 proteins was confirmed by
Western blot. In addition, the Western blot results showed that the expression of RUNX2 (Runt-related
transcription factor 2) protein in group B was 1.254 times of that in group A and 2.636 times of that in
group C. Furthermore, alizarin red staining showed that the ratios of calcium salt deposition area to the
total area in group A, group B and group C were 0.208%, 3.469%, and 20.724%, respectively. Von Kossa
silver staining showed that the ratios of calcium salt deposition area to the total area in group A, group
B and group C were 0.064%, 2.636%, and 20.872%, respectively. To sum up, OC-exosomes can promote
the osteogenic differentiation of osteoblast cells (kusao cells).

Osteoporosis (OP) is a type of systemic
and metabolic bone disease characterized by
reduced bone masses and the destruction of bone
microstructures, which can lead to the increased
fragility of bones and the tendency of bone fracture

(1, 2). The pathogenic mechanism of OP is closely
related to a negative bone balance, which is caused
by the higher rate of bone degradation by osteoclasts
(OC) and the lower rate of bone formation by
osteoblasts (OB) (3). As membrane vesicles with
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a diameter of about 60-100nm, exosomes are
released to the extracellular matrix after fusing with
multivesicular body (MVB) and cell membrane
(4, 5). According to this study, exosomes mainly
act on target cells through endocrine or paracrine
mechanisms. In addition, exosomes are capable of
clearing the intracellular wastes (6), participating
in antigen presentation and immune response (7,
8), and mediating the transmission of intercellular
signals (9). A recent study showed that exosomes also
played an important role in osteosarcoma, myeloma
and other bone related diseases. In a study on the
exosomes of osteosarcoma cells, Kuniaki Ota (10)
found that the TGF- in osteosarcoma exosomes
could directly or indirectly regulate the secretion of
factor ligand 16 (CXCL16) from osteoclasts, thus
regulating the transformation between osteoblasts
and osteosarcoma cells. In a study on multiple
myeloma (MM), Raimondi et al. (11) found that
the exosomes derived from MM cells played an
important role in promoting the differentiation of
osteoclasts by regulating the function of osteoclasts.
Therefore, in this study, the biological characteristics
of OC-exosomes and their mechanism in osteogenic
differentiation were investigated to understand
the role of osteoclasts in different metabolic bone
diseases, such as osteoporosis and osteosclerosis.

MATERIALS AND METHODS

Cell culture

The Raw 264.7 cells (Shanghai Gefan Biology
Technology Co., Ltd., Shanghai, China) and kusao
cell strains (Shanghai Bogu Biology Technology Co.,
Ltd., Shanghai, China) in the liquid nitrogen tank were
taken out, rapidly placed in a 37°C water tank, and
after thawing, the suspension of cells was aspirated
into a 5 ml glass centrifuge tube with a 1 ml sterile
pipette tip and centrifuged at 1200 rpm for 3 min. The
supernatant was discarded and the cells were gently
blown and resuspended in 1 ml of pre-warmed oa-MEM
complete medium. The suspension was transferred to
a 25 cm? flask and an appropriate amount of preheated
o-MEM complete medium (approximately 3 ml) was
added. The flasks were gently shaken and the cells were
evenly distributed in the flasks. After being observed

by an inverted microscope (Shanghai Yiyuan Optical
Instrument Co., Ltd., Shanghai, China), they were placed
in a 5% CO? incubator (Shanghai Simpson experimental
instrument Co., Ltd., Shanghai ,China) at 37°C. After
24-h cultivation, the a-MEM complete medium was
replaced, and the growth condition of the cells was
observed under an inverted microscope and then the
cells were further cultured in a 5% CO? incubator at
37°C. When the cells grew to approximately 85% of the
flask area, the culture medium in the culture flask was
aseptically discarded, and the cells were washed three
times with 1 x PBS (Beijing Solarbio Technology Co.,
Ltd., Beijing, China) and 400 pl of 0.25% trypsin (Gibco
Co., Ltd., USA) was added. The flask was shaken gently
to allow the pancreatin to fully contact and digest the
cells. When the cells became round, wrinkled, and the
gap increased, most of the cells floated and the digestion
was considered complete. The digestion of trypsin was
terminated by adding 1 ml of pre-warmed o-MEM
complete medium and the tube was repeatedly pipetted
with 1 ml sterile pipette tip. The suspension was pipetted
into a 5 ml glass centrifuge tube and centrifuged at 1200
rpm for 3 min. The supernatant was discarded and the
cells were gently blown and resuspended in 1 ml of pre-
warmed a-MEM complete medium. In which Raw 264.7
cells were resuspended in a ratio of 1:3 to 3 new flasks,
and 4 ml of preheated o-MEM complete medium was
added to each flask; the kusao cells were pipetted with
a 10 pl resuspended cell suspension into a cell counting
plate with a sterile pipette and the number of cells was
counted under an inverted microscope. They were seeded
into 12-well plates at a density of 0.5 x 10° cells, and 2
ml of pre-warmed a-MEM complete medium was added
to each well. The subcultivation flasks and inoculated
flasks and the 12-well plate were gently shaken so that
the cells were evenly distributed therein. The cells were
observed in an inverted microscope and cultured in a 5%
CO? incubator at 37°C. Raw 264.7 cells and kusao cells
were cultured in an osteogenic supplemented medium
(OS). After 24 h, the medium of kusao cells was replaced
by a-MEM complete culture fluid (group A), osteogenic
induction medium (group B), or osteogenic induction
medium + OC-exosomes (group C). The cells of each
group were cultured in 4 wells of a 12-well plate. After
every other day, the media were changed. After 14-day
culture, the proteins in the media were harvested.
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Osteoclast induction

When the cells reached 90% confluency as observed
under an inverted microscope, the cells were rinsed 3
times by 1x PBS and trypsinized using 500 pL of 0.25%
trypsin. During trypsinization, the culture plate was
gently shaken until all cells became round and detached.
Subsequently, 1 mL preheated a-MEM complete medium
was added into the culture flask to terminate trypsin
digestion. Using a 1 mL aseptic pipette, the cells were
dispersed into a uniform suspension, which was then
loaded into a 5 mL glass centrifuge tube and centrifuged
at 1200 rpm for 3 min. After discarding the supernatant,
the cells were re-suspended in 1mL preheated o-MEM
complete medium and 10uL of the suspension was loaded
onto a cell counting plate to calculate the density of the
cells under an inverted microscope. Subsequently, cells
at a density of 2.5x10° cells/ml were inoculated into a
25cm? culture flask containing 4mL of preheated a-MEM
complete medium. The cells were cultured in 5% CO, and
37°C for 24 h before the medium was replaced with 4
mL of preheated a-MEM complete medium containing 4
puL of RANKL inducer (Gibco Co., Ltd., USA) at a final
concentration of 100ng/mL. After 48-hour culture, the
medium was replaced to serum-free a-MEM complete
medium and the morphological changes of the cells were
observed under the inverted microscope. Finally, the cell
supernatant in the culture flask was collected 24 h later.

Collection of exosomes
Raw 264.7 cells and osteoclasts were cultured in a

Table 1. Protein concentration measured by Bradford assay.

serum-free medium for 24 h before the supernatant was
collected. The collected supernatant was then filtered
through a 0.22 pm filter and subjected to ultra-filtration
using a 0.06 um filter. The filtrate was then concentrated
by centrifugation at 10,000 rpm and 4°C for 10 min to
obtain the exosomes.

TRAP staining

After 48-hour RANKL induction, the supernatant
was discarded and the cells were washed 3 times with
1x PBS before they were fixed in a proper amount of
polyoxymethylene at room temperature for 30min.
Subsequently, the polyoxymethylene was removed and
the cells were washed again for 3 times with 1x PBS,
followed by the addition of a proper amount of TRAP
staining dye (Beijing Reagan Biotechnology Co., Ltd.,
Beijing, China) in the culture flask and incubation for
about 30 min at 37°C. Finally, the TRAP staining dye was
removed, and the cells were washed with 1x PBS and air
dried at room temperature.

Determination of protein concentration

The protein concentration of prepared protein samples
was measured by Bradford assay. In brief, 10, 15, 10, 0,
0, 0, 0, and 0 pL of standard BSA solution (2mg/mL)
was added into 8 EP labels, respectively, followed by the
addition of 5 pL double distilled water in the No. 2 tube.
After mixing, 10 pL of the solution in the No. 2 tube was
transferred into the No. 4 tube. In the next step, 10 puL
of double distilled water was added into the No. 3 tube.

EP tube number 1 2 4 5 6 7 8
Volume of‘standard 10 uL
solution

Source of standard

2mg/m 2mg/m 2mg/m

No. No. No. No.

) 3 5 6 -
solution L stock L stock L stock tube  tube  tube  tube
Volume of dilute 0 5 10 10 10 10 10 1

/uL 0
Final concentration
2 1.5 1 0.75 0.5 025 0.125 0

/mg-mL"
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After mixing, 10 pL of the solution in the No. 3 tube was
transferred into the No. 5 tube. In the next step, 10 pL of
double distilled water was added into the No. 4 tube. After
mixing, 10 pL of the solution in the No. 4 was removed.
In the next step, 10 uL of double distilled water was added
into the No. 5 tube. After mixing, 10 puL of the solution in
the No. 5 tube was transferred into the No. 6 tube. In the
next step, 10 pL of double distilled water was added into
the No. 6 tube. After mixing, 10 uL of the solution in the
No. 6 tube was transferred into the No. 7 tube. In the next
step, 10 puL of double distilled water was added into the
No. 7 tube. After mixing, 10 uL of the solution in the No.
7 tube was removed. Finally, 10 pL of double distilled
water was added into the No. 8 tube, and the concentration
of proteins in these tubes was 2, 1.5, 1, 0.75, 0.5, 0.25,
0.125, and Omg/mL, respectively, as shown in Table I. The
above concentrations of BSA standard were used to plot
the standard curve. During the measurement of protein
samples, 10puL of the samples were added into each EP tube
and mixed with 0.5 mL of Bradford reagent (Bio-Rad Co.,
Ltd., USA). Subsequently, 100 uL of mixed solution was
added into each well of a 96-well plate and each sample
was measured in triplicate. The actual concentration of
each sample was calculated by comparing its OD value,
which was measured using a multifunctional plate reader
(Promega Co., Ltd., USA), with the standard curve.

Western blot detection

The protein samples were loaded onto a 10% SDS-
PAGE gel (Bio-Rad Co., Ltd., USA) according to the
concentration of the protein samples. Subsequently,
the proteins were separated by electrophoresis and then
blotted onto a PVDF membrane pre-soaked in methanol.
During the 45 min of blotting, the voltage was set to 20V.
After the blotting was completed, the PVDF membrane
was blocked for 1 h at room temperature using 15 mL
of 1x TBST containing 5% skimmed milk. Subsequently,
according to the molecular weight of target proteins and
reference standards, the membrane was cut into several
strips and incubated with 2 mL of 1x TBST containing 5%
skimmed milk and rabbit polyclonal anti-CD9 antibodies
(1:1000 dilution). Similarly, other membrane strips
were also incubated with 2 mL of 1x TBST containing
5% skimmed milk and rabbit polyclonal anti-CD63
antibodies, rabbit polyclonal anti-RUNX2 antibodies,
rabbit anti-MMP9 rabbit

polyclonal antibodies,

polyclonal anti-B-actin antibodies, and rabbit polyclonal
anti-o-Tubulin antibodies. The incubation was carried
out overnight at 4°C. After rinsing 3 times with 10 mL
of 1x TBST, the membrane strips were incubated for 1h
at room temperature with 2 mL of 1x TBST containing
5% skimmed milk and HRP-conjugated goat anti-rabbit
IgG antibodies (1:3000 dilution). After rinsing 3 times
with 10mL of 1x TBST, the protein bands were visualized
using an ECL reagent.

PKHG67 labeling of exosomes in target kusao cells

Exosomes in 1 mL of diluted suspension were
precipitated and stained with a PKH67 dye at the
concentration of 4x10°mol/L. The staining was carried
out by incubating the exosomes with the PKH67 dye for
2-5min at room temperature. At the end of incubation,
an equal amount of 1% BSA solution was added to the
stained exosomes to terminate the staining reaction,
followed by centrifugation at 10,000 rpm for 70 min. After
removing the supernatant, 1 mL of serum-free culture
medium was added into the precipitated exosomes, which
were then cultured with kusao cells for 6 h. Finally, after
4-h DAPI(4’, 6-diamidino-2-phenylindole) staining, the
intake of exosomes by kusao cells was analyzed under a
fluorescence microscope.

Alizarin red staining

There were 4 holes for each group in the 12 orifice plate.
On the next day, the liquid was changed. After 14 days of
culture, the supernatant was removed. After cleaning with
1x PBS, it was given to 4% polyformaldehyde at room
temperature for 20 min. The fixed liquid was removed and
washed 3 times with a proper amount of 1x PBS. At room
temperature, 1% alizarin red dye was used for staining
for 5 min, and it was then rinsed with distilled water, and
stored at room temperature after drying.

Von kossa silver staining

On a 12-well plate, there were 4 wells for each group.
On the next day, the culture medium was changed. After
14 days of culture, the supernatant was removed and the
cells were rinsed with 1xPBS, followed by fixation in
4% polyformaldehyde at room temperature for 20 min.
Subsequently, polyformaldehyde was removed and the
cells were rinsed with 1xPBS for 3 times. Under good
illumination of sunlight or under ultraviolet light, the cells



Journal of Biological Regulators & Homeostatic Agents 8 1 9

were then stained in a 2% silver nitrate solution for 60 min
and rinsed with distilled water for 5 min. Subsequently,
the cells were incubated with a 5% sodium thiosulfate
solution for 2 min and rinsed with tap water for 5 min,
followed by staining with 0.1% nuclear fast red for 2 min
and rinsing with distilled water for 5-10 s and air dried at
room temperature.

Statistical analysis

In images of cells which underwent alizarin red and
Von kossa silver staining, the amount of calcium salt
deposition was quantitatively analyzed by Image Pro Plus
6 software. In addition, the gray value of protein bands
in Western blotting was semi quantitatively analyzed
by Image Lab 5.2.1 software. All results were tested by
t-tests using SPSS 19 statistical software. The data were
expressed as x +s and P<0.05 indicated that the difference
was statistically significant.

RESULTS

Identification of osteoclasts by TRAP staining

The anti-tartaric acid phosphatase (TRAP)
staining forms a specific insoluble and red precipitate
by the enzyme of the zeol ASBI phosphate in the
TRAP dye. TRAP staining is the most common and
intuitive method for the identification of osteoclasts.
TRAP positive cells with 3 or more than 3 nuclei can
be identified as osteoclasts. In the TRAP staining
experiments of this study, many TRAP positive
giant cells were identified as osteoclasts, which were
red, multinucleated (>3), of large dimension and
irregular shape. Therefore, the successful induction
of Raw264.7 cells into osteoclasts was confirmed

(Fig. 1).

Western blot detection of CD9 and CDG63 protein
expression

The protein concentration of the samples was
measured by the Bradford method. The equation
of the standard curve was y=5.091x-0.975 and the
protein concentration of osteoclast exosomes was
1876.65ug/mL. In particular, since CD9 and CD63
are specific markers of exocrine bodies, they are
often used to identify exosomes. In this study, the
exosomes isolated from the samples were evaluated

using Western blot analysis. The results showed that
the molecular weight of CD9 protein was 20kD,
and the molecular weight of CD63 protein was
43kD. The molecular weight of these two proteins
was expected, thus confirming that the isolation of
exosomes was successful (Fig. 2).

Uptake of osteoclast exosomes by kusao cells
PKH67 is a special membrane protein dye that
can specifically bind to the membrane protein and
emit a green fluorescence to mark the membrane
protein. The results of this study showed that upon
PKH67 staining, green fluorescence signals were
observed around the nucleus (marked as blue by
DAPI staining) of kusao cells, consistent with the
characteristics of typical exosomes after assimilation

(Fig. 3).

Western blot analysis on the expression of nuclear
transcription factor RUNX2 during osteogenic
differentiation

The protein concentration of the samples was
determined by the Bradford method. The equation
of the standard curve was y=6.336x-1.730 and the
protein concentrations in group A, group B and
group C were 1376.52ug/mL, 1389.21ug/mL and
1358.69ug/mL, respectively. RUNX2 is a member
of the RUNXX family and plays an important role in
the formation and reconstruction of bone tissues. It
is the most specific marker gene during the process
of bone formation. Western blot analysis on the three
groups of protein samples showed that the molecular
weight of RUNX2 protein was 57kD, while the
molecular weight of reference protein -actin was
43kD. The molecular weight of these two proteins
was expected, indicating that RUNX2 was present
in all 3 groups of protein samples, although its
expression in different groups was different. By
analyzing the gray values of RUNX2 and f-actin
bands, the results showed that the expression of
RUNX2 protein in group B was 1.254 times higher
than that in group A and 2.636 times higher than that
in group C (Table II).

Alizarin red staining
In the alizarin red staining experiment, no red
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Table I1. Protein expression analysis of RUNX2.

Groups Group A Group B Group C
RUNX2 67,771.33 87,236.26 36,574.24
B-actin 1,724,724.45 1,770,342.15 1,953,691.41
RUNX2/B-actin 0.0393 0.0493 0.0187
Odds ratio 2.102(A/C) 1.254(B/A) 2.636(B/C)

Fig. 1. TRAP staining results (*100).

CD9 CID63

20kD 43 kD

Fig. 2. Western blot detection of CD9 and CD63 protein expression.

Fig. 3. PKH67 labeled exosomes in kusao cells.
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calcium deposition was found in group A, while
little red calcium deposition was found in group B.
However, a large number of red calcium deposits
were found in group C. The ratios of calcium
deposition area to the total area in the 3 groups were
0.208%, 3.469% and 20.724%, respectively (Fig. 4).

Von kossa silver staining

Von kossa silver staining is commonly used in
the identification of osteogenic differentiation of
cells. In the Von Kossa silver staining experiment
performed in this study, no black calcium deposition
was observed in group A, while a small amount of
black calcium deposition was observed in group B.
However, a large number of black calcium deposits
were observed in group C. The ratios of calcium
deposition area to the total area of 3 groups were
0.064%, 2.636% and 20.872%, respectively.

DISCUSSION

The identification of exosomes mainly depends on
morphological observation and protein analysis (12).
During protein analysis, Western blot is commonly
used to detect the protein composition of exosomes
and to measure the expression of characteristic marker
proteins such as CD63 and CD9. In this study, the
exosomes obtained by ultrafiltration centrifugation
were evaluated by Western blot, and the presence of
CD9 and CD63 in these exosomes was confirmed. In
addition, the results also showed that ultrafiltration
centrifugation could extract bioactive exosomes
from osteoclast supernatant and effectively obtain

'
»

Fig. 4. Alizarin red staining results (x100).

extracellular osteoclasts with biological activity.

In alizarin red staining, the sulfuric acid group
and light radical group of alizarin red S structure
react with calcium ions to form red or orange
complexes. Therefore, alizarin red staining can be
used to identify calcium compounds in tissues or
cells (13). During Von kossa silver staining, silver or
silver carbonate can be produced by mixing the silver
nitrate solution with calcium phosphate or carbonate
(14, 15), and hence the black deposits indicate the
deposition of calcium salt in mineralized tissues. The
change of calcium salt content is one of the markers
for the osteogenesis potential of bone tissues as well
as the proliferation and differentiation of osteoblasts.
The above two staining methods are commonly used
in the identification of osteogenic differentiation of
cells (13, 15). In the alizarin red staining and Von
kossa silver staining of this experiment, the ratio of
calcium salt deposition area to the total area in group
C was significantly larger than that in group A and
group B, indicating the mineralization level in group
C was high and osteoclast exosomes could promote
the osteoblastic differentiation of kusao cells.

RUNX2 is one of the specific transcription
factors for osteogenic differentiation. RUNX?2
has the ability to regulate the transcription of
various proteins related to the mineralization of
preosteoblasts and chondrocytes, as well as the
differentiation of these cells to osteoblasts (16, 17).
Both in vitro and in vivo experiments have shown
that RUNX2 acts as a key factor in the osteogenesis
of' bone marrow mesenchymal stem cells (MSCs) and
bone development (18, 19). In this study, the results
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of Western blot analysis showed that the osteogenic
differentiation process in group C was faster than
that in group B, indicating that the exosomes of
osteoclasts accelerated the osteogenic differentiation
process of kusao cells. In fact, after being cultured
for 14 days, the kusao cells in group C were found
to be in the late stage of cell differentiation. Since
RUNX2 and SPP1 are both products of early
osteoblast differentiation, the expression of these
two genes in group C was significantly reduced after
14 days of cell culture. In contrary, since the cells in
group B were still in the early stage of osteoblastic
differentiation, the expression of RUNX2 and SPP1
in group B was still high after 14 days of cell culture,
indicating that osteoclast exosomes promoted the
osteogenic differentiation of kusao cells. However,
it is not clear which substance in the osteoclast
exosomes promoted the osteogenic differentiation
of the cells. In addition, the underlying mechanism
of such substance during osteogenic differentiation
remains unclear.
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This study analyzed the differential expression of miRNAs related to alcohol dependence in rats
undergoing continued consumption and withdrawal. Furthermore miRNAs were sought and evaluated for
potential use as biomarkers for diagnosis. This study used Exiqgon miRCURY™ LNA miRNA microarray
on alcohol-dependent and normal rats for the expression of microRNAs in perfluorinated compounds,
and the stem-loop qPCR method to validate its expression in brain tissue. We forecast the relevant target
genes of differentially expressed miRNA and drew the regulatory network. Comparison of the differential
expression between brain tissue and plasma was carried out and the correlation and analyzed.65 miRNA
with differential expression with threshold of 1.5 were screened out; among them, most miRNA with
differential expression in the dependent group had relatively high expression values. The target genes
were found with great confidence: PIK3CA, MAPK, NTF, BDNF, NGFR, IGF-1, and the pair consisting
of miRNA- mRNA. Among the three groups, the expression levels of miR-101b (F=8.12, P<0.05) showed
significant difference; no significant difference was found in the expression levels of miRNA in plasma
among the groups (F=1.23, P>0.05). No consistency was shown in the changing trend of miRNA in PFC
and plasma (r= -.004, p>0.05). The genetic regulatory network of neurotrophic factors, its receptors and
the protein kinases that influence metabolism may mediate the incidence of alcohol-dependence. There is a
lack of conformity between the expression of miR-101b in the prefrontal cortex and the plasma.

Alcohol dependence is currently one of the
important public health problems in the world;
its incidence is closely related to genetic and
environmental factors (1). It has been found that
chronic consumption of alcohol induces long-term
changes in brain gene and protein expression, which
allow brain cells to adapt through homeostatic
alterations in distinct signaling pathways (2).
MicroRNAs are short, non-coding RNAs that
utilize sequence complementarity to bind RNA

transcripts, thus modifying their expression. A single
microRNA can simultaneously alter expression of
numerous genes, while multiple microRNAs can
act in a coordinated fashion to precisely control the
expression of a single gene (3). Recently, microRNAs
(miRNAs) have been proposed as regulators in
the various processes involved in alcohol intake,
and there is growing evidence that they may play
an important regulatory role. There are multiple
differential expressions of miRNA existing in alcohol
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dependence but, due to certain characteristics of
miRNA, many studies have differing conclusions (4-
6). In three studies using miRNA microarrays with
the brain tissue of alcohol-dependent mammals, an
overlap of only 2 miRNAs was found the expression
of which was altered following alcohol dependence
both in rats and humans: miR-7, miR-101 (7-9).
Interestingly, some of the common differentially
expressed genes change in opposite directions when
the human and animal models are compared, with
a majority of differentially expressed genes being
upregulated in the ethanol-treated animal brains
but downregulated in the brains of alcoholics. This
may be related to the timing of miRNA expression,
and is consistent with the results of the in vitro
experiments. This fully illustrates the differences in
the role of miRNA at the different stages of alcohol
dependence.

Mounting evidence revealed that miRNAs play
a key role in the effects of alcohol on brain function
(7-12), although the complex regulatory mechanisms
governing these changes are not fully understood.
Research has shown that miRNA exists in circulatory
biofluids, such as blood and its components (which
in our case consists of serum and plasma), and that it
has great stability. For example, the miRNA content
can remain relatively stable at room temperature for
as long as 24 h after 8§ repeated freezes and thaws.
It can, moreover, even remain stable under a variety
of adverse circumstances, such as exposure to
strong acids, strong bases, DNA enzymes and RNA
enzymes. Thus, it is convenient to set reference
values for detection and comparison. In addition,
since there are no significant individual differences
in the expression of miRNA in serum and plasma,
miRNA can be detected by the extraction of serum
or plasma in clinical practice, which can be regarded
as a biological marker for diagnosis of disease. At
present, brain-specific miRNAs have been identified
in the blood, and it has been suggested that they may
provideanopportunity forevaluatingongoingchanges
in the CNS upon the initiation of neurodegeneration.
For example, in Alzheimer’s disease, miRNAs
that are associated with neuropathological changes
in post-mortem brain tissue have been detected
in blood sera of subjects meeting ante-mortem

criteria for the disease, albeit at lower basal levels.
MiRNAs are a promising biomarker for monitoring
the pathogenesis of neurodegenerative disease,
particularly in its pre-symptomatic and initial phases
(13). To date, no report has been published on the
detection of changes in serum levels of miRNA
in alcohol-dependent patients. Furthermore, no
research has ever been conducted on the consistency
of miRNA expression in tissues and bodily fluids.
In respect to the circumstances and (academic)
reasons mentioned above, a comparative/contrastive
study was carried out in order to evaluate the
expression profiles of miRNAs in the prefrontal cortex
of rats with alcohol-dependent non-withdrawal and
with alcohol withdrawal. In addition, bioinformatics
technology was used to predict target genes related
to miRNAs with differential expression, and a
regulatory network map was constructed at the
same time with the expectation of improving and
working towards a comprehensive understanding
of the mechanism of alcohol dependence. At the
same time, expression levels of miR-101 expressed
differentially in the prefrontal cortex was detected
in the plasma, followed by a correlation analysis
with the expression level in brain tissues. The
present study achieved its goals/aims in terms of
laying a theoretical foundation for further analysis
of the role of miRNAs in the pathogenesis of alcohol
dependence and helping to promote the search for
biomarkers for the diagnosis of alcohol dependence.

MATERIALS AND METHODS

Animals

Adult male Wistar rats (Qualified number: SCXK (ji) -
2011-0004) were 6—8 weeks old and weighed 200 ~ 250 g
at the outset of the experiment. The animals were housed
10 per cage and acclimated to the colony room for at least
one week, and lights were on a reversed 12-h light/dark
cycle in a temperature-controlled (21+1°C) and humidity-
controlled (55+10%) environment, with food and water
available ad libitum. The rats were then randomly divided
into an alcohol-dependent non-withdrawal group (n=20),
a withdrawal group (n=20) and a control group (n=10).
The procedure was approved by the ethics committee on
animal experiments of the Harbin medical University in
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accordance with international regulations on the care and
use of laboratory animals.

Chronic ethanol administration

In accordance with the literature of Braconi and Gilpin
et al., an alcohol-dependent animal model was established
by modified repeated gavage administration with alcohol
(14). An ethanol solution was allocated with distilled
water and anhydrous ethanol. Gavage administration
was provided for 1 week with the initial concentration
of the volume ratio of alcohol and distilled water at 5%
(V/V), followed by 10% (V/V) in the 2nd week and 20%
(V/V) in the 3rd week, which was then maintained at 40%
(V/V) beginning in the 4th week. A dose of 10 ml/kg/d
was used 2 times a day for gavage administration, with an
interval of 10 h at a time, and a total duration of 8 weeks.
Furthermore, 12 h after gavage administration on the 8th
weekend in the process of modeling, experimental rats
were given a withdrawal score to determine the success of
modeling. Rats in the control group were fed with equal
amounts of glucose solution.

Alcohol was withdrawn 24 h before the sample was
taken in the withdrawal group. In the alcohol-dependent
non-withdrawal group, rats were decapitated and 2 ml of
blood taken from the abdominal aorta, after which brain
tissues were quickly collected following intraperitoneal
injection of 0.3ml/100g 10% chloral hydrate for anesthesia
1 h after the last administration of alcohol. Additionally,
the bilateral prefrontal cortex was separated on a surface
of saline ice. Blood samples were collected in tubes
containing EDTA as anticoagulant and centrifuged for 10
min at 3,000 rpm and -4°C to obtain plasma supernatant.
The tissue and plasma specimens were preserved in
cryogenic vials and frozen under liquid nitrogen. All rats
were treated according to the above-described methods.

RNA extraction and microarray expression profiling

Total RNA was isolated using TRIzol (Invitrogen) and
an miRNeasy Serum/Plasma Kit (QIAGEN) according
to the manufacturers’ instructions, which efficiently
recovered all RNA species, including miRNAs. RNA
quality and quantity was measured using a nanodrop
spectrophotometer and RNA integrity was determined by
gel electrophoresis.

Random selection was using 3 subsamples of each
sample for microRNA microarray analysis. After having

passed RNA quantity measurement using the NanoDrop
1000, the samples were labeled using the miRCURY™
Hy3™/Hy5™ Power labeling kit and hybridized on the
miRCURY™ LNA Array (v.18.0). Following the washing
steps the slides were scanned using the Axon GenePix
4000B microarray scanner. Scanned images were then
imported into the GenePix Pro 6.0 software (Axon) for
grid alignment and data extraction. Replicated miRNAs
were averaged and miRNAs with intensities>=30 in all
samples were chosen for calculating the normalization
factor. Expressed data were normalized using median
After
differentially expressed miRNAs were identified through

normalization. normalization,  significantly
volcano plot filtering. Hierarchical clustering was

performed using the MEV software (v4.6, TIGR).

Reverse transcription and validation by real-time PCR
analysis

According to the results of the miRNA chip, combined
with previous related literature (4, 6, 15, 16), four miRNAs
were selected for stem-loop RT-PCR detection. The
primers were synthesized by Harbin BOSCH company.
Reference instructions for cDNA synthesis steps, 20 ul
reaction system, total RNA1000 ng (Promega A3500).
Reaction conditions 25°C, 10 min; 42°C, 60 min; 95°C,
5 min. The synthetic cDNA was temporarily stored at 4°C
and then at -80°C for long-term storage.
(qPCR)
of brain tissue and circulating microRNAs was

Real-time quantitative PCR analysis
performed as previously reported. miR-101b-RT:CT
CAACTGGTGTCGTGGAGTCGGCAATTCAGT
TGAGGCATCGGT,F:ACACTCCAGCTGGGTCG
GTTATCATGGTA-3,R:-TGGTGTCGTGGAGTCG.
miR-34c-5p-RT:GTCGTATCCAGTGCGTGT
CGTGGAGTCGGCAATTGCACTGGATACG
ACGCAATC, F:GAGGCAGTGTAGTTAGCT,
R:GGCAATTGCACTGGATAC.miR-10b-
3p-RT:GTCGTATCCAGTGCGTGTCGTGG
AGTCGGCAATTGCACTGGATACGACT
TCCC, F:GGGGACAGATTCGATTCTAG,
R:TCGGCAATTGCACTGGATAC.  miR-16-3p-RT:C
TCAACTGGTGTCGTGGAGTCGGCAATTCAGTTG
AGAAGCAG,F:ACACTCCAGCTGGGACCAATATT
ATTGTG,R: TGGTGTCGTGGAGTCG. U6 by internal
reference, U6-RT:GTCGTATCCAGTGCAGGGTCCG
AGGTATTCGCACTGGATACGACAAAAATAT,F:G
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CGCGTCGTGAAGCGTTC,R:-TGGTGTCGTGGAGT
CG. Real-Time PCR was performed in 25ul with 2.5ul
of cDNA, 1l of each primer, and 12.5ul of Fast Start
Universal SYBR Green Master (Rox) under the following
conditions: 95°C for 10min, 40 cycles of 95°C for 30s,
and 58°C for 60s in MX3005p (Agilent). QPCR assays
were performed in duplicate for each sample, and the
mean value was used for the calculation of microRNA
expression levels.

MiRNA target prediction and gene list functional
enrichment analysis

The experiment confirmed miRNA target genes
within Rattus norvegicus species, including 285 miRNA-
target gene pairs, all obtained through the miRTarBase
database. Moreover, 171 miRNA-target gene pairs were
obtained from miRecords, and both were combined
to obtain a total of 418 miRNA-target gene pairs. The
functional enrichment of these target genes was analyzed
by DAVID
Pathway annotation was performed on the target genes

(http://david.abce.nciferf.gov/home.jsp).

regulated by differential miRNAs in order to ascertain
all the pathways. In addition, the significance level (P
value) and false discovery rate (FDR) of pathways were
calculated using the Fisher’s exact test and chi-squared
test to screen the significant pathway-involved targets
genes. The screening criteria for significant results were P
value<0.001 and FDR<0.05. In such way, the significant
target genes were screened out. The control network
diagram of the relationship between miRNAs and target
genes was constructed.

Statistical analyses

Allanalyses were performed using IBM SPSS Statistics
version 20 (IBM Corporation). The normal distribution of
the data and the homogeneity of variances were tested
using the Shapiro-Wilk and Levene’s tests, respectively.
Analysis of relative gene expression data was conducted
using real-time quantitative PCR and the 24T method.
Comparison of miRNA expression in each group was
made using the Cruskal-Wallis rank sum test. Spearman
correlation analysis was used to compare the correlation
between the expression of miR-101 in brain tissue and in
plasma. The threshold for statistical significance was set at
P<0.05. Extreme values, which were defined as potential
outliers using the box-plot function from SPSS software,
are denoted in the figure legends and were excluded from
the analyses.

RESULTS

Sample RNA quality control data

The integrity of RNA can be assessed by
electrophoresis on a denaturing agarose gel. Intact
total RNA run on a denaturing gel will have sharp
28S and 18S rRNA bands. The intensity of the upper
band should be about twice that of the lower band.
This is depicted in Fig. 1.

Differentially expressed miRNAs

To screen differentially expressed miRNA
among the three groups, the maximum and
minimum values were calculated for each miRNA

Fig. 1. Denaturing agarose gel electrophoresis. The 28S and 18S ribosomal RNA bands should be fairly sharp, intense
bands. The intensity of the upper band should be about twice that of the lower band. Smaller, more diffuse bands
representing low molecular weight RNAs (tRNA and 5S ribosomal RNA) may be presented.
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expressed in the three groups. MiRNAs with
a maximum value - minimum value >1.5 were
differentially expressed miRNA. Based on this
threshold, a total of 65 differentially expressed
miRNA were screened among the three groups of
samples. Of these, most miRNA with differential
expression in the dependent group had relatively
high expression value. Compared with the control
group, in the dependent group there were 42
upregulated miRNA genes, and 8 downregulated
miRNA genes (Table I). Compared with the
control group, in the abstinent group there were 4

upregulated miRNA genes, and 6 downregulated
miRNA genes ( Table II).

Functional enrichment analysis of target genes of
differential expression miRNA

Target genes of differentially expressed miRNA
were obtained based on miRNA target genes
information provided by the miRDB database (http://
mirdb.org/miRDB/). In 65 differentially expressed
miRNA, 17 miRNA target genes (2,087 in total)
were found with high confidence. DAVID (http://
david.abce.nciferf.gov/home.jsp) was applied for

Table 1. The differential expression of miRNA and its low confidence target gene between the dependence group and the

control group.
Name Fold change low confidence target gene

miR-412-5p 4.1831 Xpol/ Dhx15/ Hnll

miR-3574 3.6991 Htr2c/ Map2k6/ Aldhla3/ Aldh1b1/ Bel2/ Gabrrl/
Aldh7al/Aldh18al/ Nxphl/ Aldhla3/ Aldh5al/

miR-295-5p 3.5141 Aldhlal/ Aldh3a2/ Aldh16al/ Aldh4al/ Bcl2/Bdnf/
Casp2/ Cdc42se2/ Cdc42se1Nf1/ Nptxr/ Prkca

miR-101b-5p 3.4891 Aldh2/Bdnf

miR-3546 3.3771 Adh5/Cdc42ep4

miR-547-3p 3.3361 Aldh8al/ Aldh1bl/ Aspa/ bdnf/ Igfl
Aldh7al/ Aldh18al/ Aldhl16al/ Aldh111/ Bel2/ Igfl/

. Ngb/ Nptxr/ Ntrk3/ Ntrk2/ Nxph1/ Nxph4/ Per2/

miR-365-5p 3.2841 Pik3c3/ Pik3ipl/ Pik3c2g/ Pik3rs/ Pik3r2/ Pik3ce/

Prkca
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miR-3548

3.0111

Adh6-ps1/ Adh6b/ Adh6a/ Aldh3bl/ Aldh3a2/
Aldh7al/ Aldh6al/ Aldh5al/ Aldh2/ Aldhlal/
Aspa/ bdnf/Cacnalc/ Cacnalb/ Cdc42epl/Igflr/
Igf2r/ Map3k / Nfl/ Ntrk3/ Nxph3/ Nxphl/ Pik3r3/
Pik3c2a/ Pik3cg/ Pik3cb/ Plp1/ Prkcg/ Tphl

miR-429

3.0111

Aldhlal/ Bcl2/ Cacnalc/ Egr3 / Map3k/ Ntf3/
Nxphl/ Pik3ca/ Pik3cb/ Prkca

miR-326-5p

2.7921

Cacnalc/ Calb2/ Calbl/ Cdc42epl/ Cdc42bpb /
Cdc42sel/ Cdc42bpa/ Cdc42ep2/ Egr3/Mapk3/
Ngfr/ Nptxr/ Ntrk2/ Ntrk3/ Nxph4/ Nxph1/ Pik3cd/
Pik3c2b/ Pik3r5/ Pik3r2/ Prkca

miR-17-2-3p

2.7131

Aldh3b2/ Aldh2/ Aldh1b1/ Aldhla3/ Aldh5al/
Aldh3a2/ Aspa/ bdnf/ B Bcl2/ Cacnalb/ Cacnalc/
Cdc42se2/ Cdc42bpa/ Drd5/ Drd4/ Egr3/ Fos/ Htr2c/
Igf1/ Map2k/ Ngfr/ Ntrk3/ Nxph1/ Nxph3/ Per2/
Pik3ap1/ Pik3cd/ Prkca/ tphl

miR-489-3p

2.6881

Bdnf

miR-150-3p

2.5661

Adh4/ Aldh4al/ Aldhlbl/ Aldh4al/ Aldhlbl/ Aspa/
bdnf/ Calb/ Cdc42ep3/ Drd2/ Egr3/ Igf1/1gfl/ Ntrk3/
Nxphl/ Per2/ Pik3r4/ Pik31r3/ Pik3c2a/ Pik3cg/
Pik3c2b/ Plpl

miR-216b-5p

2.5381

Ntrk3

miR-296-5p

2.5221

Bcl2/ Pik3ipl

miR-298-3p

2.5121

Adh6-ps1/ Aldhlbl1/ Aldh3a2/ Aldhlal/ Arc/ bdnf/
Bcl2/ Cedc42/ Nf1/ Nptxr/ Ntrk3/ Nxph1/ Nxph4/
Pik3cg/ Pik3rl/ Pik3c2b/ Pik3cd/ Pik3r2/ Plpl/
Prkca/ tphl

miR-871-5p

2.4531

Adh6a/ Adhfel/ Aldh9al/ Aldh7al/ Aldh3bl1/
Aldh4al/ Aldhlal/ Aldh111/ Bel2/ Cdc42ep4/ 1gfl/
Ngfir/ Ntrk2/ Ntrk3/ Nxph1/ Pik3ip1/ Pik3ca/ Pik3r5/
Pik3ap1/ Pik3cg/ Pik3cb/ Pik3rl/ Prkca

miR-3593-5p

2.4231

Aldhlbl1/ Aldh3a2/ Aldh5al/ Aldh4al/ Aldh1l1/
bdnf/ Cdc42se2/ Egr4/ 1gf1/ Nfl/ Nptxr/ Ntrk2/
Ntrk3/ Nxph3/ Pik3r6/ Pik3r3/ Pik3r2/ Prkca
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miR-673-5p

2.3771

Adhfel/ Aldhla2/ Aldh18al/ AldhSal/ Aldh3b2/
Aldhlb1/ Aldh111/ Aldh2/ Aspa/ bdnf/Bel2/
Cdc42se2/ Cdc42ep2/ Cdc42bpb/ DrdS/ Egrl/ 1gfl/
Nf1/ Ngfr/ Nptxr/ Ntrk2/ Ntrk3/ Nxph1/ Nxph4/
Pik3r3/ Pik3cb/ Pik3c2b/ Pik3rl1/ Pik3r6/ Pik3cg/
Pik3ca/ Pik3cd/ Prkca/ Slc12a2

miR-293-5p

2.3571

Cdc42sel/ Pik3c2b

miR-653-5p

2.3071

Cacnalc/ Nxphl

miR-632

2.2471

Adh7/ Adh5/ Aldh112/ Aldh4al/ Aldh5al/ Aldhlal/
Aldhlbl/ Aldh111/ Arc/ Aspa/ bdnf/ Bcl2/ Cacnalc/
Cdc42sel/ Cdc42se2/ Cedcd2/ Cdcd2ep3/ Egrd/
Igf1/ Map2k2/ Ntrk3/ Ntrk2/ Nxph1/ Per2/ Pik3r5/
Pik3c2a/ Pik3cg/ Pik3cd/ Plp1/ Prkca/ Sstr2/ Tphl

miR-666-3p

2.2331

Adh6a/ Aldh3b2/ Aldh7al/ Aldh1bl/ Aldh112/
Aldh3a2/ Aldh4al/

Aldhl111/ bdnf/ Bel2/ Cacnalc/ Cde42ep4/ Cdc42bpg/
Cdc42ep3/ Cdc42bpa/ Cde42se2/ Cdc42bpb/ Egr2/
Igf1/ Nf1/ Nptxr/ Ntrk3/ Ntrk2/ Nxph1/ Pik3c2b/
Pik3c2a/ Pik3r1/ Pik3r5/ Pik3ap1/ Pik3r2/ Pik3ca/
Plpl/ Prkca

miR-10b-3p

22161

Aldh3b1/ Aldh18al/ Aldh4al/ Aldh3b2/ Aldh112/
Aldh6al/ Aldh3a2/ Aldhlal/ Aldh111/ bdnf/ Bcl2/
Cacnalb /Cacnalc/ Calbl/ Cdc42ep4/ Comt/
Comtd1/ Drd2/ Egrl/ Egrd/ Igf1/ Ngft/ Ntrk3/ Per2/
Pik3c2a/ Pik3ca/ Pik3rl/ Pik3r6/ Pik3apl

miR-219-1-3p

2.1961

Aldhla3/ AldhSal/ Aldh18al/ Aldhlal/ Aldhl6al/
Aldh111/Egr4/ Fosb/ Nptxr/ Ntrk3/ Ntrk2/ Nxph2/
Nxphl/ Pik3cb/ Pik3ca

miR-871-3p

2.0851

Aldh7al/ Aldhla2/ Aldhlal/ Aldh5al/ Aldh4al/
Aldhl6al/ Aldh111/ Aldhla7/ Aldh3a2/ Arc/ Aspa/
Bcel2 / Cdc42se2/ Cedcd2/ Cdcd2ep2/ Cded2bpa/
Drd2/ Egr3/ 1gf1/ Ntrk3/ Ntrk2/ Per2/ Pik3cd/
Pik3r2/ Pik3r1/ Pik3r6/ Slc6a4/ Snca/ Tphl

miR-188-3p

1.9691

Adh6-ps1/ Adh4/ Aldh3bl/ Aldhla3/ Aldhl6al/
Aldhl111/ Aspa/ Bel2/ Cacnalc/ Cdc42ep4 /
Cdc42ep2/ Comt/ Gabarapll/ Gabarap/ Htr2c/
Nf1/ Ngb/ Ntrk2/ Nxph3/ Nxph1/ Pik3r3/ Pik3ap1/
Pik3ip1/ Pik3cb/ Pik3r6/ Pik3ca/ Prkca
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miR-135b-3p

1.9611

Adh7/ Adh6-ps1/ Aldhlal/ Aldhla7/ Aldh18al/
Aldh4al/ Aldh3a2/ Aldhlal/ Aldh2/ Bel211/ Bel2113/
Bcl2/ Calbl/ Cdc42bpb/ Cede42/ Cdc42ep3/ Igfl/
Ntrk2/ Ntrk3/ Pik3r6/Pik3cg/ Pik3c2b

miR-203b-3p

1.8771

Adh6-ps1/ Adh6a/ Aldh112/ Aldh6al/ Aldh18al/
Aldh3a2/ Aspa/ Cacnalc/ Cedc42/ Cdc42ep3/ Egr3/
Fosb/ 1gf1/ Nptxr/ Ntrk3/ Ntrk2/ Nxph2/ Nxph1/
Per2/ Pik3r3/ Pik3c2a/ Pik3cb/ Pik3rl/ Plp1/
Slc12a2/ Syn2

miR-3570

1.7921

Adh6-ps1/ Adh4/ Aldh1b1/ Aldh3a2/ Aldhla3/ Aspa/
Bcl2/ Cacnalc/ Cdc42epS/ Cdc42se2/ Cdc42bpa/
Drdla/ Egrl / Htr2c/ Igfl/ Ngfr/ Nxphl/ Nxph2/
Pik3r5/ Pik3c2a/ Pik3r2/ Pik3ca/ Pik3rl/ Pik3c3/
Slc12a2/ Sstr2/ Syn2

miR-133a-5p

1.7351

Adh6-ps1/ Aldhlal/ Aldh8al/ Aldh6al/ Aldhla3/
Aldh5al/ Arc/ bdnf/ Bel2/ Cede42b/ Ceded2/
Cdc42ep2/ Drd2/ Egr3/ Nfl/ Ntrk1/ Ntrk2/ Ntrk3/
Pik3cg/ Pik3r3/ Pik3r1/ Pik3cd/ Pik3ca/ Slc12a2/
Tphl

miR-421-5p

1.7331

Adh5/ Aldh3a2/ Aldh7al/ Aldhla7/ Aldhl1b1/Bcl2
/ Cacnalb/ Cacnalc/ Calbl/ Cdc42bpa/ Cdc42se2/
Cdc42ep2/ Nptxr/ Ntrk3/ Nxph2/ Per2/ Pik3r3/
Pik3r5/ Pik3cb/ Pik3r1/ Pik3ca/ Pik3ap1/ Pik3r6/
Pik3ca/ Prkca

miR-184

1.7261

Cdc42bpg

miR-16-3p

1.7211

Adh7/ Aldh4al/ Aldh8al/ Aldhla7/ bdnf/ Bel2/
Cacnalc/ Cdc42ep2/ Egrl/ Egr2/ Fosb/ Gabarapl2/
Nptxr/ Ntrk3/ Nxphl/ Pik3ap1/ Pik3c2b/ Pik3ca

miR-196¢-5p

1.6331

Igfl/ Pik3r6

miR-223-5p

1.6611

Adh6-ps1/ Adh7/ Adh6b/ Adh5/ Aldh112/ Aldh9al/
Aldh5al/ Aldh2/ Aldhla7/ Aspa/ Bel2/Cacnalb/
Ccdc42/ Cdc42ep3/ Drdla/ Egr3/ Htr2c/ 1gfl/ Nfl/
Ntrk3/ Nxphl/ Pik3r1/ Pik3r5/ Pik3c2g/ Pik3c2a/
Pik3r3/ Pik3c2b/ Pik3cg/ Pik3r6/ Pik3cd/ Plpl/
Slc12a2/ Syn2

miR-382-3p

1.6121

Cacnalc/ Egr3/ Htr2c/ Ntrk3

miR-351-3p

1.5851

Adh4/ Aldh18al/ Aldh8al/ Aldh6al/ Aldh5al/
Cacnalc/ Calb2/ Cdc42ep3/ Comtd1/ Drd2/ Egr3/
Fosb/ Gabarapl2/Ntrk3/ Ntrk2/ Nxph1/ Pik3ap1/
Pik3ip1/ Pik3r3/ Pik3r6/ Pik3rl/ Pik3ca/ Plp1/
Slc12a2/ Tphl
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miR-615

1.5441

Adhfel/ Aldh111/ Aldhlal/ Aldhla3/ AldhSal/ Arc/
Aspa/ Cacnalc/ Cdc42se2/ Cdcd42epl/ Cdcd2epd/
Cdc42bpa/ Drd2/ Fosb/ Htr2c/ 1gf1/ Map2k2/ mapk3/
Negfr/ Ntrk2/ Ntrk3/ Pik3r2/ Pik3c2b/ Prkca/ Tphl

miR-20b-3p

1.5021

Aldhlal/ Aldh3a2/ Aldhla2/ Aldh112/ Aldhla3/
Aldh5al/ Aldh111/ Aldh2/ Bel2/ Cacnalc/ Calbl/
Cdc42ep4/ Cdc42sel/ Comtdl/ Comt/ Egr2/ Egrd/
Fosb/ mapk3/ Nfl/ Nptxr/ Ntrk3/ Nxph1/ Pik3cd/
Pik3c2a/ Pik3r3/ Pik3ca/ Pik3r1/ Pik3ap1/ Pik3c3

miR-1188-5p

1.5001

Aldh18al/ Aldh3a2/ Aldh8al/ Aldh112/ Aldh111/ Arc/
Bcl2/ Cacnalc/ Cdc42ep2/ Cdc42bpa/ Cdcd2bpb/
Comt/ Drd5/ Egr2/ Egr3/ Htr2c/ Igf1/ Nptxr/ Ntrk2/
Ntrk3/ Nxph3/ Nxphl/ Pik3c2g/ Pik3ca/ Pik3rl/
Pik3ip1/ Prkca/ Sstr2

miR-34c-5p

1.707}

Bel2/Htr2c/ Ntrk3/

miR-34b-5p

1.769

Slc12a2/ Syn2/Bel2/Htr2¢/ Ntrk3/ Sle12a2/ Syn2

miR-222-3p

1.804

Aldhlal/Ntf3/ Nxphl/ Pik3rl

miR-221-3p

2.051)

Aldhlal/Ntf3/ Nxphl/ Pik3rl

miR-211-5p

2.081)

Adh6-ps1/ Aldhl6al/ Bel2/ Nxph4/ Nxphl/ Pik3ip1/
Pik3cb

miR-1912-5p

2465

Adh4/ Adh7/ Aldh4al/ Aldh112/ AldhSal/ Aldh2/
Aldh3b2/ Aldh111/ bdnf/ Cacnalc/ Cde42sel/
Cdc42bpg/ Egr4/Igf1/ Ntrk3/ Nxphl/ Pik3ca/ Pik3cg/
Sstr2

miR-448-3p

3.654]

Bcl2/ Cacnalb/ Cacnalc/ Igfl/ Ntrk3/ Pik3rl

miR-1298

3.824
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Table I1. The differential expression of miRNA and its low confidence target gene between the withdrawal group and the
control group.

Name Fold change Low confidence target gene

miR-3546 1.89117 Adh5/Cdc42ep4/Comtd1/ Htr2¢/Nxphl

Adh4/ Adh7/ Aldh4al/ Aldh112/ AldhSal/ Aldh2/ Aldh3b2/ Aldh111/
miR-1912-5p 1.8491 bdnf/ Cacnalc/ Cdc42sel/ Cdc42bpg/ Egrd/ Gabarapll/ Igfl/ Ntrk3/
Nxphl/ Pik3ca/ Pik3cg/ Sstr2

Aldh7al/ Aldh18al/ Aldh16al/ Aldh111/ Aspa/ Bcl2/Comtd1/ Drd2/
Gabarapl2/ Htr2c/ Igf1/ Ngb/ Nptxr/ Ntrk3/ Ntrk2/ Nxph1/ Nxph4/
Per2/ Pik3c3/ Pik3ip1/ Pik3c2g/ Pik3r5/ Pik3r2/ Pik3cg/ Prkca

miR-365-5p 1.6421

Adh4/ Aldh111/ Aldh3a2/ Aldhlal/ Aldh4al/ bdnf/Cacnalc/Cdc42se2/
miR-764-5p 1.6347 Cdc42sel/ Cdc42bpa/ Cdc42ep3/ Drd2/ Egr2/Ngfr/ Nptxr/ Ntrk3/
Ntrk2/ Nxph1/ Pik3r3/ Pik3c3/ Plpl/ Prkca/ Slc12a2/ Tphl

miR-18a-5p 1.726] Igfl

PIK3C2A/PIK3R1/CDC42BPB/EGR3/BCL2/NF1/CDC42BPA/

miR-96-5p 2009 PIK3CA/CACNAIB/CACNAIC
miR-196a-5p 2.255] Igf1/ Pik3r6

Adh7/Adh6a/Aldh7al/ Aldhlal/ Aldhlb1l/ Aldh111/ Arc/ Bel2/
miR-181b-2-3p 2316) Cacnalc/ Calbl/ Cdc42sel/ Ccdc42b/ Cdc42ep2/ Cdc42bpa/ Cde42/

Cdc42ep3/ Comtdl/ Egr2/ Igf1/Ngfr/Ntrk3/ Nxphl/ Per2/ Pik3c2a/
Pik3rl/ Pik3cb/ Pik3r3/ Prkca/ Slc12a2/ Snca/ Syn2

Adh7/ Aldh3b2/ Aldh6al/ Aldh112/ Aldh3a2/ Aldhl6al/ Aspa/ bdnf/
miR-203a-5 2.316 Bcl211/ Bel2/ Drd2/ Egr2/ Htr2c/ 1gf1/ Ngfr/ Nptxr/ Ntrk2/ Ntrk3/

p l g g gfr/ Np
Pik3c2g/ Pik3cd/ Pik3cb/ Pik3ca/ Pik3ap1/ Pik3r2

Adh6-ps1/ Aldh8al/ Aldhlal/ Aldh112/ Aldh3b1/ Aspa/ bdnf/ Cacnalb/
Cdc42ep4/ Cdc42bpa/ Egr2/ Igf1/Nptxr/ Ntrk3/ Ntrk2/ Nxph2/

Nxphl/ Per2/ Pik3r1/ Pik3ip1/ Pik3ca/ Pik3r3/ Pik3c2a/ Pik3cd/Prkca/
Slc12a2/ Snca/ Tphl/ Syn2

miR-19b-1-5p 3.285]
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functional enrichment analysis of these target genes.
The results showed that these genes were significantly
enriched in 67 functional classes (Benjamini
p<0.05), including transcriptional regulation, neural
differentiation, neuron development and other
biological processes (Fig. 2).

According to the target genes of miRNAs, which
have been reported to be related to psychiatric
disorders, there were 23 miRNAs with differential
expression in reverse selection. Among them, 4
miRNAs (rno-miR-17-2-3p, rno-miR-184, rno-miR-
219-1-3p, and rno-miR-429) had target genes with

neuron differentiation

neuron development

negative reguiation of cell death

neuron projection morphogenesis

cell morphogenesis involved in neuron differentiation
regulation of neurclogical system process
regulation of synaptic transmission

neuron projection development

forebrain development

Biological processes

835

high confidence, targeting 628 genes. Functional
enrichment analysis in target genes of these four
miRNAs revealed that these genes were significantly
enriched in 6 functional classes (Benjamini p<0.05)
(Fig. 3).

A total of 23 differential expressions were
determined, and 4803 target genes reported to be
related with psychiatric disease were found, among
which 2,265 were identified as Rat genes in the
DAVID database. Functional enrichment analysis
of these 2265 genes discovered that they were
significantly enriched in 55 biological pathways,

10 '8 20 28
"Log,p

Fig. 2. Functional enrichment analysis of target genes with high confidence.

oligosacchande metabolic process
positive regulation of kinase activity
ossification

positive reguiation of protein kinase activity
ntraceliula signaling cascade

postive regulation of molecular function

Biological processes

r

0.0

0.5

1.0 1.5 2.0

-Log, p

25

Fig. 3. Analysis of functional enrichment of miRNA target genes with high confidence that has been reported in literature.
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Fig. 5. KEGG network of target genes of Differential expression miRNA with low confidence. The spots represent miRNA;
target genes of differential expression miRNA with low confidence are shown as triangles. The spots show genes associated
with above-mentioned target genes in the KEGG pathway, and their size indicates the relationship between the gene and
other genes. Different edges represented different relationships between the two genes (arrow. activation, vertical line:
inhibition, spots: interaction). The KEGG network of target genes of differential expression miRNA with low confidence
is also shown in the figure with high definition.
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positive
neuron

including regulation of transcription,
regulation of developmental process,
development and so on (Fig. 4).

KEGG function analysis of target genes of
Differential expression miRNA with low confidence
In the functional analysis based on DAVID
illustrated above, target genes of Differential
expression miRNA with low confidence were
significantly enriched in several KEGG pathways.
Genes involved in these pathways were obtained
and the relationship (including activation, inhibition,
interaction, etc.) among these genes was determined
afterwards. Moreover, the KEGG network of target
genes of Differential expression miRNA with low
confidence was plotted by the Cytoscape software

(Fig. 5).

Detection of miRNA expression by RT-PCR method
SYBR Green real-time quantitative PCR the
method was used to verify miRNA with differential

expression. Four miRNAs were chosen with
relatively significant differentiation (miR-34c-5p,
miR-101b-5p, miR-10b-3p and miR-16-3p). Among
the three groups, the expression levels of miR-101b
showed a significant difference, but the expression
levels of miR-34c¢-5p and miR -10b-3p and miR-16-
3p showed no significant differences (Table III).

The relative expression of miR-101b-5p in
brain tissue and plasma was analyzed by Spearman
correlation (r = -.004, p=0.977). There was no
correlation between the expression of miR-101b-5p
in brain tissue and plasma.

DISCUSSION

In this study, expression profiles of miRNAs
were analyzed in the prefrontal cortex of alcohol-
dependent rats 24 h after non-withdrawal and
withdrawal, and 65 differentially expressed miRNAs
were eventually screened among the three groups.
Most of the differentially expressed miRNAs had

Table III. Comparison of relative expression of miRNA in each group.

Grade mean Grade mean

Grade mean of

miRNA of dependence of withdrawl control group F p
group (n=20) group (n=20) (n=10)

miR-101b-5p 32.45* 22.10 18.40 8.00 0.02*
miR-34c-5p 25.70 24.65 26.80 0.15 0.93
miR-10b-3p 25.05 25.12 25.05 0.06 0.97
miR-16-3P 27.45 23.65 25.30 0.68 0.71
miR-101b-5p 2827 23.93 23.10 123 0.54
in plasma

Note: compared with the two groups, the relative expression of miR-101b-5p after Bonferroni correction of the P value,
there was a significant difference between the control group and the dependence group, P<0.05.
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high expression values in the alcohol-dependent
non-withdrawal group, which was in line with most
of the research results (16). Previous studies have
documented that there were significant differences
in expression levels of miRNAs in different brain
regions (17, 18). Moreover, differentially expressed
miRNAs were the most abundant in the prefrontal
cortex. Three miRNA expressions were consistent
with previous studies (6, 7, 9): miR-10, miR-17
and miR-101. Only miR-101 was found to have a
differential expression after further intersection with
studies involving alcoholics. Alcohol could induce
higher expression of miR-10 and miR-219 in the
fetal brain. This study also discovered that alcohol
dependence could lead to higher expression levels of
miR-10 and miR-219.

After alcohol withdrawal, the expression of
miRNAs showed a decreasing trend, but a few were
still higher than those of the control group. The results
showed that with the cessation of alcohol intake,
the effect of increased miRNAs on protein was
decreased, leading to reduced brain tissue damage.
In this study, miRNAs with differential expression
in the prefrontal cortex during alcohol dependence
significantly outnumbered those during alcohol
withdrawal, a finding which was consistent with
those of Melendez et al. (19). Additionally, miRNAs
were also different during alcohol withdrawal from
those during alcohol dependence, indicating that
alcohol withdrawal has a unique mechanism here.
Prior research confirmed that the mechanism of
alcohol-dependent withdrawal was not the same as
that of non-withdrawal (11).

Chronic alcohol consumption may induce gene
expression alterations in brain reward regions such
as the prefrontal cortex (PFC). MiRNA can affect
hippocampal synaptic plasticity, learning and
memory (20, 21), as well as addiction behavior (22)
and tolerance. miRNAs are involved in regulation
of ethanol neurotoxicity and inhibit alcohol-induced
brain inflammation (23). As for the results of target
gene predictions in the study, the target genes that
were differentially expressed by miRNA were
mainly correlated with cell apoptosis, cell adhesion,
nervous system development, learning and memory,
and signal transduction between cells, which were

related to neurogenesis and neurological disease.

In accordance with the KEGG network map of
target genes that were differentially expressed by
miRNA with low confidence, some genes reported to
be related to alcohol dependence in previous studies
were found, including PIK3CA, NTF3, BDNF and
TPHI1. Coding for the catalytic subunit p110 of class
I phosphatidylinositol 3-kinases (PI3Ks), PIK3CA
possesses many functions, such as regulating
cell increment, differentiation, and survival. In
the phosphatidylinositol signalling pathway, the
extracellular signal molecules are combined with
the cell-surface G protein coupled receptor to
activate phospholipase C (PLC-B) in the plasma
membrane. This, in turn, promotes the hydrolysis of
phosphatidylinositol 4,5-bisphosphate (PIP2) in the
plasma membrane into two second messengers of
inositol 1,4,5-trisphosphate (IP3) and diacylglycerol
(DG). Furthermore, Ca®" can activate calmodulin
(CaM) and CaM-Kinase. CaM-Kinase II is present
in high numbers in synapses of mammalian brain
neurons and is associated with memory formation.
Phosphatidylinositol 3-phosphate promotes
GABAergic  neurotransmission at  inhibitory
postsynaptic sites (24). It was also found in the
present study that rats of the alcohol-dependent
non-withdrawal group showed a great increase in
miR-200, miR-429, miR-203, miR-10 and miR-
3570, which synergistically assist in inhibiting the
expression of PIK 3CA and play their biological
effect to the fullest. The protein encoded by NTF3
gene is a member of the neurotrophin family, which
controls survival and differentiation of mammalian
neurons. This protein is closely related to both nerve
growth factor and brain-derived neurotrophic factor.
It may be involved in the maintenance of the adult
nervous system, and may affect development of
neurons in the embryo when it is expressed in the
human placenta. Furthermore, it was found that
miR-222, miR-221, miR-200, miR-429 and miR-
3356 all worked on NTF3 in both synergistic and
antagonistic manners.

Expression of brain-derived neurotrophic factor
(BDNF) is developmentally regulated in prefrontal
cortex (PFC). BDNF has a well-documented role
in synaptic plasticity and alcohol dependence (25).
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Some research has shown that BDNF is significantly
down-regulated in PFC tissue and serum (26). Other
studies have demonstrated that the BDNF pathway
within the dorsolateral striatum controls the level of
ethanol self-administration. Furthermore, neuronal
overexpression of miR-30a-5p resulted in down-
regulation of the BDNF protein. Together, these data
support a role for BDNF in the modulation of ethanol
intake. Our results showed that expression levels of
miR-16, miR-10 and miR-101 were significantly up-
regulated to inhibit the expression of BDNF (27, 28),
which was consistent with the results of previous
research. Therefore, it was speculated that miRNA
might cooperate with the common target gene of
BDNF, thus inhibiting its expression. Tryptophan
hydroxylase is the rate-limiting enzyme in the
biosynthesis of the neurotransmitter, serotonin.

These data identify a role for micro-RNAs as
epigenetic intermediaries, which permit teratogens to
shape complex, divergent developmental processes,
and additionally demonstrate that coordinately-
regulated miRNAs exhibit both functional synergy
and antagonism toward each other. Accordingly, it
can be concluded that alcohol induced differential
expression of miRNAs, which intervened in the
abnormal expression of target genes and hence
mediated the alcohol dependence event.

Another important discovery in this study was
that, as verified by RT-PCR, the expression of miR-
101 was up-regulated in brain tissues, which was
consistent with the results reported by Nunez, et al.
(9). It was also the most consistent result of the current
studies on alcohol dependence. Unfortunately,
differential expression of miR-101 was not detected
in peripheral plasma, and no correlation was found
with that in brain tissues. MiR-101 is a specific
miRNA of vertebrates. The length of mature miR-
101 is about 23 nt, and its mature sequence is highly
conserved among all species. Mature miR-101 is
also in serum or plasma (29). MiR-101 is highly
expressed in brain tissue, and plays an important role
in brain development, aging and neurodegenerative
processes (30-32). Furthermore, miR-101 can exert
a protective role in Alzheimer’s disease by inhibiting
the expression of hippocampal neuron-regulated
amyloid precursor protein. MiR-101 can also

promote apoptosis by promoting the overexpression
of histone methyltransferase EZH?2.

Long-term alcohol intake destroys the blood-
brain barrier (BBB) (33) and causes some of the
larger molecules to enter the brain from circulating
blood through the BBB. In addition, a number of
studies have shown that microbubbles containing
miRNA can be released into the peripheral blood
through the BBB. Exosomes have the potential to
cross the BBB through transcytosis; hence, they can
easily pass through endothelial cellular layers and
circulate in biofluids, which is important in brain-
related disorders (34). All of the above interpretations
suggest that miRNA is a meaningful and feasible
biomarker for the diagnosis of alcohol dependence.
However, results related to differential expression
of miR-101 have not been identified and concluded
in the plasma of alcohol-dependent rats, which may
be related to the low level of miR-101 expression
in the plasma. The experimental methods used in
this study are not sufficiently accurate. There is still
great room for further improvement in the methods
in determining whether miR-101 can be used as a
biological marker for alcohol dependence. It may
also be related to miR organization and species
specificity (35). Secondly, it may also be correlated
with the tissue and species specificity of miRNAs.
Thirdly, alcohol can also cause damage to other
organs (36) and induce differential expression of
miR-101 (37), which will then enter the circulating
blood, thereby affecting the expression of miRNA
within the circulating blood. Although differential
expression of plasma miR-101 has not been found
in this study, multiple studies have confirmed that
alcohol can induce the expression of miR-101,
and that it is related to the function of the nervous
system. Besides, miR-101 is a promising biomarker
and therapeutic target.

In summary, the key role of miRNAs in the
development of alcohol dependence represent a
major research interest and direction for the next
steps in this area. It is believed that it will be possible
for miRNA to serve as a highly useful new biological
marker for the diagnosis of disease. This would
not only make the molecule a drug target, but also
contribute to providing a new means for treatment of
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human diseases through simulation of the molecule
for development of new drugs.
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This study aimed to investigate the expression of circulating tumor cells (CTCs) in peripheral blood
and relevant detection methods as well as the clinical values of determination of CTCs for the diagnosis
of non-small cell lung cancer (NSCLC). Peripheral blood specimens were acquired from the patients with
NSCLC who came to the Thoracic Surgery Department of Jining No.1 People’s Hospital, Shandong, China
for the first visit between January 2015 and November 2016. Whether there was metastasis of CTCs or
not was determined by detecting the number of epithelial cell adhesion molecules (EpCAM) which had
expression in the CTCs of the peripheral blood with fluorescence polymerase chain reaction. Moreover,
the correlation between the expression level of EpCAM of patients with NSCLC during postoperative
adjuvant treatment and the efficacy of adjuvant therapy was initially explored. The expression level of
EpCAM of the NSCLC patients was remarkably different to that of the patients with benign lung diseases.
The expression level of EpCAM of the patients with NSCLC was notably different with that of the healthy
volunteers. The expression level of EpCAM of the patients with NSCLC was much higher than that of
patients with benign lung diseases and the volunteers. Moreover, the expression level of NSCLC at stages
L, IT and IITA had significant differences; the expression level of EpCAM tended to increase as the stage
of NSCLC developed. The expression level of EpDCAM in CTCs of peripheral blood can be regarded as a
reference for the early diagnosis and detection of NSCLC before and after surgery.

The incidence of lung carcinoma has increased
rapidly in recent years. To cope with the increase
of incidence and mortality of lung carcinoma,
hospitals should make response and adjustment to
the diagnosis of lung carcinoma. The diagnosis of
lung carcinoma mainly relies on imaging; however
imaging is poor in promptness and efficiency.
Circulating tumor cells is a hotspot in recent studies
concerning the diagnosis of cancer and has values
in early diagnosis. Some Chinese and foreign

experiments have carried out relevant studies deeply.
Wu et al. (1) directly isolated circulating tumor
cells (CTCs) from the whole blood of patients with
lung adenocarcinoma using microcirculation-based
immunomagnetic separation, and found that the
method was applicable to the in vitro amplification
of CTCs, and pointed out that the analysis on the
genome, proteomics and metabolism of CTCs could
guide the precise treatment of carcinoma. Wang et
al. (2) found that immunomagnetic bead technique
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could effectively enrich the CTCs in peripheral blood
of patients with lung carcinoma and was valuable
in evaluating prognosis and guiding treatment.
Dorsey et al. (3) used an adenoviral probe to detect
the telomerase activity which almost existed in all
cancer cells in the peripheral blood obtained from the
patients with non-small cell lung cancer (NSCLC)
and determined the effectiveness of the assay with
secondary tumor-specific markers. Saucedozeni et
al. (4) functionalized a structured medical Seldinger
guidewire and found that it could be a vital tool to
enrich CTCs for supervising the progress of cancer
and the effectiveness of anti-tumor therapy. This
study analyzed the detection methods of expression
of CTCs in peripheral blood through comparing
the Iung carcinoma group, the benign lung diseases
group and the healthy volunteers group and moreover
verified the values of detecting expression of CTCs
in the diagnosis of NSCLC.

MATERIALS AND METHODS

Research subjects

Lung  carcinoma Patients who were

group.
pathologically diagnosed as NSCLC and treated in
the Department of Thoracic Surgery of Jining No. 1
People’s Hospital, Shandong, China, between January
2015 and November 2016 were selected. Patients who
had previously undergone radical treatment and were
pathologically diagnosed with NSCLC at TNM stage
IA ~ TIIA (5) were included. Those who were diagnosed
with other categories of lung carcinoma, had previously
undergone other anti-tumor treatment, previously received
organ transplant, and were unwilling to cooperate in the
study were excluded. This study included 120 patients
with NSCLC, including 67 males and 53 females, aged
from 34 to 73 years (median 56 years). 66 patients had
adenocarcinoma and 54 patients had squamous carcinoma;
there were 18 cases of stage 1A, 32 of stage IB, 26 of stage
IIA, 30 of stage IIB and 14 of stage IIIA.

Benign lung diseases group. Patients who were
pathologically diagnosed with benign lung diseases and
were admitted to the Department of Thoracic Surgery
of Jining No. 1 People’s Hospital, Shandong, China,
between January 2015 and November 2016 were selected.
Patients without tumors in other areas of the body were

included, while those who had history of tumor diseases
were excluded. Fifty patients with benign diseases who
satisfied the criteria were included, including 23 patients
with tuberculosis, 15 with hamartoma and 12 with
pulmonary cyst.

Healthy volunteer group. People who underwent
physical examination in our hospital from January 2015
were selected. People who had no history of tumor
diseases were included, while those who had level of
white blood cells higher than 4.0x10%L or lower than
10.0x10°/L or had blood system diseases were excluded.
Finally, 30 healthy volunteers who satisfied the criteria
were included.

All the subjects were aged from 18 to 69 years old and
signed informed consent on a voluntary basis. The study
protocol was approved by the medical ethics committee
of the hospital.

Instruments and reagents

The instruments included electronic balance, ultraviolet
spectrophotometer, polymerase chain reaction (PCR)
amplifier, CK40 inverted phase contrast microscope,
millipore, Ethylene Diamine Tetraacetic Acid (EDTA)
anticoagulant tube (6), clean bench, incubator (37°C),
high-speed refrigerated centrifuge, ordinary centrifuge
and fluorescence quantitative PCR amplifier.

The reagents included chloroform, 95% ethyl alcohol,
sodium hydroxide, red blood cell lysate, fluorescence
quantitative PCR kit, Rnasin (RNA) inhibitor, 0.1%
diethyl pyrocarbonate solution and phosphate buffer
solution (PBS).

Collection of peripheral blood specimens

Two mL of peripheral venous blood was extracted
at the median position of the elbow of the patients with
NSCLC using an EDTA anticoagulant tube twice on the
seventh day before and after surgery. The first tube of
blood was discarded, and the second tube was reserved.

Detection procedures of expression level of epithelial cell
adhesion molecules in circulating tumor cells

All the operations were performed in ice bath. All the
liquids and instruments were processed by 0.1% diethyl
pyrocarbonate solution. Moreover, new sterile Eppendorf
(EP) tubes were used. The operators wore gloves and
masks during surgery.
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Extraction of RNA from EpCAM

The peripheral venous blood was processed by
centrifugation at 500 rpm for 10 min, and red blood cell
lysate was added after the plasma at the upper layer was
removed (7). Then it was processed by ice bath for §
min and centrifuged at 2500 rpm for 15 min. After the
addition of 10 ml of PBS, the mixture was vibrated mildly
and resuspended twice. Then it was centrifuged at 3200
rpm, and 20 min later the supernate was removed, and the
sediment was reserved. 1 ml of Trizol was added into the
sediment. Nucleic acid-protein compound was completely
separated from the mixture by 5 min of incubation at room
temperature and then transferred to an EP tube. Then it
was processed by centrifugation at 12,000 rpm at 4°C.
There were three layers; the upper layer which contained
RNA was transferred to a new EP tube, and the white
membrane at the boundary phase should be kept away.
Then ethyl alcohol at a concentration of 75% and 1 ml
of Trizol were added to wash the sediment; then it was
centrifuged at 12,000 rpm at 4°C. The supernate was
removed after 10 min, the EP tube was inverted on a piece
of clean filter paper for 10 min to volatilize the residual
ethyl alcohol. Then 30 pl of RNA-free water was added
to dissolve RNA. The content of RNA was detected using
an ultraviolet spectrophotometer (8). The content between
1.8 and 2.0 indicated good purity; if the content was lower
than 1.8 or higher than 2.0, RNA should be re-extracted.

Before the experiments for acquiring complementary
DNA (cDNA) by RNA reverse transcription and
fluorescent PCR detection, relevant primers and probe
were designed (9). The reverse transcription primer was
5’-GAGCTAGGACAGCGTAGCCGACG-3".The forward
primer was -GAATGCAGATGCGCCCCCATTCGGTTCC-3,

Table 1. PCR detection of the expression of EpCAM.
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the reverse primer was 5
TAAGCGGATACGCGCCCCATGCCGAACGG-3’,
and the fluorescence quantitative probe was 5-FAM-
CAGTTGAGGGTTC-MGB-3’.

Acquisition of cDNA

1 ug of RNA, 10 pg of forward primer (10) and 2 pg
of reverse primer were taken and processed at 42°C for 10
min, 30°C for 20 min, 99°C for 5 min and 4°C for 5 min
using RT-PCR to obtain cDNA.

Fluorescent PCR detection

15.0 pL of cDNA was mixed with 1 pL of double-
labeled probe. Then the experiment was performed at
50°C for 2 min, 95°C for 10 min and 1 min for 60 min,
for forty cycles. Finally the result was observed using a
PCR amplifier.

Statistical processing

Data were analyzed using SPSS ver. 18.0; t-test was
used in the intra-group comparison. Difference was
statistically significant if p < 0.05. The results were
expressed as meantstandard deviation or median and
quartile.

RESULTS

Electrophoretic result of EpCAM amplification
After total RNA extracted from the peripheral
venous blood was amplified using EpC-01 and EpC-
02 and amplified using PCR with primers EpC-1/2
and EpC-3/4, gel electrophoresis was performed,
and the results are shown in Fig. 1. In Fig. I, M

Patients with NSCLC Patients " th benign lung Healthy subjects
diseases
Number of cases/ n 120 50 30
The expression level of
EpCAM in the CTCs 18469+19502* 376263 318+153™
(copies/2 mL)

* statistically significant difference between the patients with NSCLC and patients with benign lung diseases and between

the patients with NSCLC and healthy volunteers (p < 0.01).
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Table I1. Determination of the expression level of EpCAM.

Expression level of EpCAM
=777 copi_es/2 <777 copi§s/2 Total
mL (positive) mL (negative)
Patients with NSCLC 114 6 120
Patients with benign lung diseases 2 48 50
Healthy volunteers 0 30 30

Fig. 1. The gel electrophoretogram of EpCAM which were processed by PCR amplification using EpC-01, EpC-02, EpC-1/2

and EpC-3/4.

stands for blank control, 1 stands for the amplified
band of the samples after amplification using EpC-01
and EpC-1/2, 2 stands for the amplified band of the
samples after amplification using EpC-02 and EpC-
1/2, 3 stands for the amplified band of the samples
after amplification using EpC-01 and EpC-3/4, and
4 stands for the amplified band of the samples after
amplification using EpC-02 and Epc-3/4.

It can be noted from Fig. 1 that 1000 bp band
could be seen in the sample 1 which was obtained
by amplifying RNA using EpC-01 and EpC-1/2 and
sample 2 which was obtained by amplifying EpC-02
and EpC-3/4. The amplified band of sample 2 was
bright; therefore sample 2 was selected, i.e., RNA
which was amplified using EpC-02 was taken for
subsequent experiment.
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Fig. 2. The expression level of EpCAM in the CTCs. * indicated that the difference between NSCLC at stages I and Il in
the expression level of EpCAM in the CTCs of the peripheral blood specimens had statistical significance (p < 0.05); the
differences between NSCLC at stage III4 and NSCLC at stage I and II were statistically notable (p < 0.05).

Expression of EpCAM

The expression level of EpCAM in the CTCs of
the peripheral blood of the patients with NSCLC and
benign lung diseases before surgery and that of the
healthy volunteers are shown in Table 1.

The expression level of EpCAM of the 120
patients with NSCLC and 50 patients with benign
lung diseases was 18469419502 copies/2 mL and
376+263 copies/2 mL respectively, before surgery.
The expression level of EpCAM of the healthy
volunteers was 318+153 copies/2 mL.

The differences of the EpCAM level between
the patients with NSCLC and benign lung diseases
and between the NSCLC patients and the healthy
volunteers were statistically significant (p < 0.01).

The determination results of the expression level of
EpCAM

The positive threshold of the expression level
of EpCAM was determined using TagMan probe
based fluorescence quantitative PCR detection.
The expression level of EpCAM of the 30 healthy
volunteers was 318+153 copies/2 mL. The positive
threshold value was calculated using enzyme-linked
immunosorbent assay (ELISA), 318+153x3=777
copies/2 mL (Table II).

Table II demonstrates that the expression level of
EpCAM of 114 patients with NSCLC was not lower
than 777 copies/2 mL, suggesting a positive result,

and that of the remaining 6 patients was lower than
777 copies/2 mL, indicating a negative result; the
expression level of EpCAM of 2 patients with benign
lung diseases were not lower than 777 copies/2 mL,
indicating a false positive result, while that of the
remaining 48 patients with benign lung diseases was
lower than 777 copies/2 mL, indicating a negative
result; the 30 healthy volunteers had a negative
result. The sensitivity and specificity of fluorescence
PCR assay of EpCAM in the diagnosis of NSCLC
were 95% and 97.5%.

The expression level of EpCAM of NSCLC at stage
L Il and I1IA

AsshowninFig. 2, the expression level of EpCAM
of NSCLC at stage I was 12472+14329 copies/2
mL; that of NSCLC at stage II was 17649+18762
copies/2 mL; that of NSCLC at stage IIIA was
24587+25679 copies/2 mL. The expression level of
EpCAM increased greatly with the stage increase of
NSCLC. The differences between NSCLC at stages
I, II and IIIA in the expression level of EpCAM had
statistical significance (p < 0.05).

DISCUSSION

NSCLC, which accounts for a large percentage in
lung cancer, has strong invasiveness and metastases.
Diagnosis of lung cancer usually relies on imaging
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techniques such as computed tomography (CT);
however lung cancer usually has transferred when
being diagnosed, which brings huge difficulties
to the treatment. Moreover, the specificity of the
diagnosis is low. Hence a reference indicator which
can reflect the metastasis of NSCLC early is needed.
CTC (11-13) is considered as such a target, and it
is vital in the metastasis process of lung cancer.
Dynamic monitoring of CTCs in peripheral blood
is greatly beneficial to the early diagnosis, detection
and metastasis determination of NSCLC.

EpCAM is a kind of molecule which has a high
expression in CTCs (14, 15) and a low expression
or even no expression in healthy people and patients
with benign lung diseases. A large content of EpCAM
in peripheral blood can indicate the existence of CTCs
and the migration of tumor.

This experiment firstly established EpCAM
TagMan probe for acquiring the special mRNA of
EpCAM. Then corresponding cDNA was obtained
through reverse transcription. Finally fluorescence
quantitative PCR was performed on c¢cDNA using
a PCR amplifier to detect EpCAM in the CTCs.
The experiment suggested that the determination of
EpCAM was of high sensitivity and specificity in the
diagnosis of NSCLC at the early or middle stage. The
detection of EpCAM in CTCs in peripheral blood can
be applied to detect the metastasis intensity of CTCs in
peripheral blood and tumor cells, which is beneficial
to the timely discovery of lung carcinoma and the
arrangement of surgery and adjuvant treatment.
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Histone deacetylase 6 (HDACG6) plays critical roles in dozens of malignant cancers, including
melanoma. Therefore, inhibition of HDAC6 can be a potential strategy of targeting melanoma. ACY
1215 (ricolinostat), a selective HDAC6 inhibitor, is currently being clinically trialed in multiple cancers
but not in melanoma. In this study, we tested the pre-clinical efficacy of ACY 1215 in melanoma cell lines.
First, we found higher HDAC6 expression in melanoma cell lines than in an epidermal melanocyte cell
line. Then, we observed the dose- and time-dependent reduction of cell proliferation caused by ACY 1215
treatment. Proliferation inhibition by ACY 1215 was associated with accumulation of acetylated tubulin
but did not affect histone H3K9 acetylation. In addition, ACY 1215 induced cell apoptosis and G0/G1 cell
cycle arrest. Finally, we show that ACY 1215 reduced tumor burden and increased survival in an in vivo
mouse cell line xenograft model. All of these pre-clinical data indicate that HDACG6 is a potential target
in melanoma, and that targeting HDAC6 in melanoma using ACY 1215 may be translationally relevant.

Malignant melanoma is a common type of
skin cancer characterized by poor survival and
high mortality. In recent years, targeted therapy
and immune checkpoint blockade have made
major advancements in treating melanoma (1-4).
However, novel strategies still need to be developed
as resistance to previous therapies have frequently
emerged. Recent data reveals that epigenetic gene
regulation might play an important role in melanoma,
providing potential targets for treating the disease (5,
6). One group of epigenetic regulators are histone
deacetylases (HDACs), consisting of a family of 18
enzymes. Most HDACs reside in the nucleus and

form mass complexes with other proteins to regulate
gene transcription (7). These 18 members can be
divided into 4 categories: classes I, II, IIl and IV ().
Class I has four isoforms (HDAC1-3 and HDACS);
Class II is subdivided into Ila (HDAC4, 5, 7 and 9)
and IIb (HDACG6 and 10); Class III contains seven
HDAC isoforms but are referred to as sirtunins
(Sirt1-7); and Class IV has one isoform (HDACI11).
HDACs can modify histone proteins directly or
deacetylate non-histone proteins (9). HDAC6
belongs to Class IIb and localizes in the cytoplasm in
contrast to most other HDAC isoforms (7). HDAC6
possesses two catalytic domains but only one is
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well characterized for its enzymatic activity (10).
Given HDACG6 is predominantly distributed in the
cytoplasm, most of its physiological substrates are
cytoplasmic proteins. One substrate of HDAC6 is the
cytoskeletal protein a-tubulin which dimerizes with
B-tubulin to form microtubules (11). HDAC6 has
been reported to be up-regulated in multiple cancer
types, such as breast cancer (12), B-cell lymphoma
(13), multiple myeloma (14) and melanoma (15-17).
In melanoma, targeting HDAC6 exhibits dual anti-
cancer effect: enhanced antitumor immunity and
impaired cell proliferation (17, 18). Playing a role
in immune modulation, HDACG6 also regulates PD-
L1 expression by recruiting and activating STAT3
(19). Therefore, targeting HDAC6 can ameliorate
negative pathways affecting the T-cell response
against cancer. HDACG6 facilitates tumor growth and
metastasis by multiple pathways, such as activation
of Ras, PI3K and MAPK or interaction with HSP90
(20, 21). Targeting HDAC6 by small molecular
inhibitors resulted in reducing cell proliferation in
vitro and delayed tumor growth in vivo (17).

ACY 1215 is a selective HDACG6 inhibitor which
has shown great single agent and combinational
efficacy in several types of cancer (22-25). However,
most studies were conducted on multiple myeloma or
B-cell lymphoma, and no study reported the efficacy
of ACY 1215in melanoma treatment. Therefore, we
tested the efficacy of ACY 1215 in melanoma both
in vitro and in vivo. We show that ACY 1215 inhibits
cell proliferation, induces both apoptosis and cell
cycle arrest in vitro, and also reduces tumor burden
and increases survival in vivo. The results suggest
that targeting HDACG6 using ACY 1215 could be a
potential therapy in melanoma.

MATERIALS AND METHODS

Reagents and cell culture

HDACG6 inhibitor ACY 1215 was purchased from
Selleck Chemicals. The human epidermal melanocyte cell
line PIG1 was maintained in medium 254 supplemented
with  10%
supplement. Human melanoma cell lines SK-MEL-5, Hs-
695T and CHL-1 were cultured in medium RPMI 1640
supplemented with 10% FBS.

FBS and human melanocyte growth

RNA isolation and real-time RT-PCR

2 x 10° cells for each cell line were used for RNA
isolation by RNeasy Mini Kit (Qiagen) according to
the manufacturer’s instruction. Reverse transcriptions
were performed by using iScript Advanced cDNA
Synthesis Kit (Bio-Rad) following the manufacturer’s
instruction. Quantitative PCR was conducted by using
SYBR® Green Real-Time PCR Master Mixes (Thermo
Fisher Scientific) on a real-time PCR machine (Bio-
Rad). The primer sequences of HDAC6 were: forward,
5’-TATCTGCCCCAGTACCTTCG-3*  and
5’-GGACATCCCAATCCACAATC-3’.  The
GAPDH served as internal control and primer sequences
were: forward, 5’-CATCTTCCAGGAGCGAGA-3’ and
5’-CTGCTTCACCACCTTCTTGAT-3". The
relative expression ratio was calculated by the 2-44¢T
method.

reverse,
human

reverse,

Cell viability assay

Cells were digested by trypsin and diluted to 1 %
10° cells per mL. In a dose-dependent assay, 100 pL
cells were seeded in a 96-well plate containing 8 serial
doses of ACY 1215: 20, 10, 5, 2.5, 1.25, 0.63, 0.31, 0
uM. Cells were incubated for 72 h and cell viability
was tested by CellTiter-Glo™ luminescent cell viability
assay (Promega) according to manufacturer’s instruction.
In the time-course study, cells were treated with 4 pM
ACY 1215 for 6, 12, 18, 24 and 48 h, respectively, and
cell viability assay followed the same protocol as the
dose-dependent assay. Each treatment was carried out in
triplicate withvDMSO as a negative control.

Annexin v cell apoptosis assay

Hs-695T and CHL-1 cells were treated with 0, 1, 2 and 4
UM ACY 1215 for 24 h. After treatment, cells were collected
and washed twice by PBS. Certain amount of Annexin v
(Thermo Fisher Scientific) and PI were added and incubated
at room temperature for 15 min. Apoptosis was detected by
using a BD Fortessa flow machine and data were analyzed
by FlowJo V10. Both Annexin v* PI- and Annexin v* PI
populations were calculated as apoptotic cells.

Cell cycle arrest assay

Hs-695T and CHL-1 cells were treated with 4 pM
ACY 1215 for 24 h. Cells were digested by trypsin and
washed twice with PBS. Then cells were fixed with 70%
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ethanol for 30 min and RNaseA was then added. After
washing twice with PBS, cells were resuspended in 0.05
mg/ml PI and data were analyzed by flow cytometry.

Western blot

2 x 106 cells of 4 parental cell lines and 1 x 10° cells of
drug treated samples (treated with 0, 1, 2 and 4 uM ACY
1215 for 24 h) were collected and lysed by RIPA lysis buffer
(Thermo Fisher Scientific) with proteinase inhibitors. Protein
concentrations were determined by BCA Protein Assay Kit
(Bio-Rad). Primary antibodies HDAC6, GAPDH, Ac-o-
tub, a-tub, Ac-H3K9, Histone H3, cleaved PARP, cleaved
caspase 3 and cleaved caspase 9 were purchased from
Cell Signaling. Anti-rabbit IgG and anti-mouse IgG, HRP-
linked secondary antibodies were also purchased from Cell
Signaling. GAPDH served as an internal control.

Animal studies

Thirty BALB/c nude mice were purchased from
Beijing Vital River Laboratory Animal Technology. All
procedures complied with recommendations of the Guide
for Care and Use of Laboratory Animals. 1 x 10° cells of
each cell line were subcutaneously injected into the right
flank of 4-week-old mice (n=5). Treatments were initiated
one week after cancer cell transplantation. Smg/g and
10mg/g ACY 1215 were orally administered once daily,
5 days a week, for three consecutive weeks for each cell
line. Tumor volumes and body weights were measured
every three days throughout the three-week treatment.
Tumor volume = 1/2(length x width?).

Statistical analysis

In vitro experiments such as cell viability assay
were performed in triplicate and repeated 3 times. The
statistical differences were determined by using a one-
way ANOVA test or Student’s t-test between the two
groups. Differences in tumor volume were determined
by p values obtained by performing a one-way ANOVA
at the final tumor measurement time point. All statistical
analyses were performed using Prism v6.3 software.

RESULTS

HDACG is highly expressed in melanoma cell lines
It is reported that HDACG6 is highly expressed
in melanoma and plays important roles in cancer

proliferation and metastasis(15, 26, 27). To confirm
these results, we tested HDAC6 expression in one
human epidermal melanocyte cell line PIG1 and
three melanoma cell lines by real-time RT-PCR
and Western blot. Compared with PIGI, the three
melanoma cell lines have higher HDAC6 mRNA
and protein (Fig. 1 A, B). These results indicate that
HDACH6 could be a potential target in melanoma.

ACY 1215 induced cytotoxicity in melanoma cells
ACY 1215 is being actively tested in several
phase 1 and 2 clinical trials in multiple cancer types
(NCTO02787369, NCT02632071, NCT02091063,
NCT02088398 and NCT01997840). To test whether
ACY 1215 can inhibit melanoma cell proliferation, a
72-h cell viability assay was conducted in PIG1 and
three melanoma cell lines. All data were normalized
to the negative DMSO control. In both a dose-
dependent assay (Fig. 1C) and time-dependent assay
(Fig. 1D), ACY 1215 inhibited cell proliferation in
three melanoma cell lines but not in PIG1 cells. The
inhibition efficiency was positively correlated with
HDACS6 expression among different cell lines.

ACY 1215 induced accumulation of acetylated
tubulin in melanoma cells

As reported previously, HDAC 6 inhibitors could
induce accumulation of Ac-a-tubulin (28). To confirm
the result, we treated both Hs-695T and CHL-1 cells
in a dose-dependent and time-dependent manner. In
the dose-dependent assay, ACY 1215 induced Ac-
a-tubulin accumulation without increasing histone
H3K9 acetylation (Fig. 2A). In the time-dependent
assay, ACY 1215 also induced the accumulation
of Ac-a-tubulin but did not change histone H3K9
acetylation status (Fig. 2B). This result indicates
that ACY 1215 induced accumulation of acetylated
Tubulin without changing H3 acetylation status.

ACY 1215 induced apoptosis in melanoma cells

To investigate whether ACY 1215 inhibits
melanoma cell proliferation by inducing cell
apoptosis, we treated two cell lines, Hs-695T and
CHL-1, using different doses of ACY 1215 and
performed Annexin v apoptosis assay and Western
blot. In Annexinv apoptosis assay, ACY 1215 induced
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cell apoptosis in a dose-dependent manner (Fig. 3
A, B). In Western blot assay, ACY 1215 activated
caspase 3, caspases 9 and PARP in a dose-dependent
manner (Fig. 3C). We can conclude that ACY 1215
both inhibits cell proliferation and induces apoptosis
in melanoma.

ACY 1215 arrested GO/G1 phase in melanoma cells

Cell apoptosis is also correlated with cell cycle
arrest in many cancers. To test whether inhibition of
HDAC6 by ACY 1215 can induce cell cycle arrest,
both Hs-695T and CHL-1 cells were treated with 4
UM ACY 1215 for 24 h. ACY 1215 arrested both cell
lines in GO/G1 phase (Fig. 3 D, E).

ACY 1215 reduced tumor burden and increased
survival in vivo

Finally, we tested whether ACY 1215 could
reduce tumor growth in vivo. Two cell lines Hs-695T
and CHL-1 were transplanted into nude mice and
two different doses of ACY 1215 were administered
orally for three consecutive weeks. In both cell line
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models, ACY 1215 reduced tumor burden compared
to the vehicle control (Fig. 4 A, B).The drug showed
minimal toxicity as evidenced by stable body weight
throughout treatment (Fig.C-D). Moreover, ACY
1215 increased survival in both animal models (Fig.
4 E,F).

DISCUSSION

Melanoma is one of the most aggressive skin
cancers, characterized by rapid proliferation
and metastases. This abnormal growth is due to
the imbalance between oncogenes and tumor
suppressors, such as the up-regulation of HDACS6.
HDAC6 has been found up-regulated in many
cancer types including melanoma and can induce
oncogenesis, promote cancer development and
progression, and enhance tumor invasion and
metastasis by different mechanisms (20, 29, 30).
Therefore, targeting HDAC6 could be an effective
strategy in melanoma. To confirm our hypothesis,
we confirmed the expression level of HDAC6 in
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Fig. 1. ACY 1215 reduced cell growth in melanoma cells with high HDACG6 expression. A-B) real-time RT-PCR and Western
blot quantification of HDACG6 expression in melanoma cell lines. Total RNA and protein from 1 human epidermal melanocyte
cell line and 3 melanoma cell lines were isolated as mentioned in the methods section. Real-time PCR and Western blot were
conduct as previously reported. C-D) Dose- and time-dependent cell viability assay of ACY 1215 in melanoma cell lines. 72-
hour cell viability assay with 8 drug dose and 5 time-point cell viability assay with 4 uM ACY 1215 were conducted in 4 cell
lines. Each experiment for real-time RT-PCR and cell viability assay was carried out in triplicate.
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Fig. 2. ACY 1215 deacetylates o-tubulin in melanoma cells. A) Dose-dependent assay: two melanoma cell lines were
treated with 4 different doses of ACY 1215 for 24 h and cells were collected for Western blot. B) Time-dependent assay: two
melanoma cell lines were treated with 4 uM ACY 1215 for 4 different time-points and cells were collected for Western blot.
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Fig. 3. ACY 1215 induces apoptosis and arrests GO/GI phase in melanoma cells. A) Two melanoma cell lines were treated
Jfor 4 different doses of ACY 1215 and apoptosis was tested by Annexin v/PI staining. B) Quantitative data for Annexin v/
PI staining assay. C) Cells with same treatment as apoptosis assay were collected and cleaved caspases and PARP were
detected by Western blot. D-E) Hs-695T and CHL-1 cells were treated with 4 uM ACY 1215 for 24 h and cell cycle arrest
was tested by PI staining flow cytometry.
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Fig. 4. In vivo efficacy of ACY 1215 in melanoma. 1 x 10° cells of two cell lines (Hs-695T and CHL-1) were injected into
BALB/c nude mice. Two doses of ACY 1215 (50 mg/kg and 100 mg/kg) were orally administered daily. ACY 1215 reduces
tumor burden (A-B), increases survival (E-F) but does not affect body weight (C-D) in two animal models. PBS was used
as vehicle control and each group with 5 mice. Survival curves of individual groups of mice were evaluated using Kaplan-

Meier analysis from the first day of treatment until sacrifice.

melanoma cells. As expected, both HDAC6 RNA and
protein expression levels were elevated compared
to the human epidermal melanocyte cell line, PIG1
(Fig. 1 A, B). The result indicates that HDAC6 could
be a therapeutic target in melanoma.

Targeting HDAC6 demonstrates dual functions
in cancers: upregulation in the expression of tumor
associated antigens, and inhibition of cancer cell
growth with concomitant induction GO0/G1 cell
cycle arrest (17). In our study, we looked at the

direct cytotoxic effect of a HDAC inhibitor, ACY
1215. This agent has been studied in many cancers,
especially in multiple myeloma and non-Hodgkin
lymphoma (NHL), with great success (22, 31). In
addition, multiple clinical trials are ongoing among
different cancers. However, no study of the drug has
been performed in melanoma. To test whether ACY
1215 can also be used for targeting melanoma, we
conducted both dose-dependent and time-dependent
cell viability assays in three melanoma cell lines and
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PIG1. As expected, ACY 1215 only inhibited cell
growth in the melanoma cell lines with high HDAC6
expression but not in PIG1 (Fig. 1 C, D). Inhibition of
tumor proliferation and differentiation by ACY 1215
may be due to FOXO1-dependent pathways, which
are transcription factors involved in autophagy. The
results suggest that ACY 1215 specifically targets
melanoma cells with high HDAC6 expression.
One biomarker for HDACG6 inhibition is a-tubulin
acetylation (28). HDAC6 deacetylates lysine residue
40 on a-tubulin. To test the mechanistic effect of
ACY 1215 in melanoma, we treated two cell lines
with different drug doses and time points. We
demonstrate ACY 1215 treatment increases levels of
acetylated a-tubulin but not acetylated H3K9 (Fig.
2). The results indicated that ACY 1215 exerts its
function by deacetylation of a-tubulin as reported
previously.

To verify whether ACY 1215 can induce
apoptosis in melanoma, we treated two cell lines
with three different doses of drugs. Both Annexin
v/PI apoptosis assay and Western blot showed ACY
1215 induces caspase activation and apoptosis
(Fig. 3A, C). HDAC inhibitors have been reported
to induce apoptosis through valproic acid (VPA),
which also inhibits angiogenesis and induces G1
phase cell cycle arrest. Also, HDAC inhibitors
can enhance apoptosis with up-regulation of BIM,
BAX and BIK and down-regulation of Bcl-XL and
XIAP. In addition, ACY 1215 arrested cell lines in
GO0/G1 phase(Fig. 3 D, E). ACY 1215 induced G1
phase arrest is not well studied, but may due to
the elongation of p27 half-life or down-regulation
of TbX2.These data show that ACY 1215 induces
apoptosis and arrests cell cycling in melanoma.

In vivo efficacy is the gold standard for preclinical
study of new drugs. Animal study will provide
a closer analog for clinical application (32). As
ACY 1215 has been going through clinical trials in
diverse cancers, a successful animal study provides
credence for the clinical application of ACY 1215
in melanoma. ACY 1215 reduced tumor burden and
increased survival but did not affect body weight in
nude mice transplanted with melanoma cell lines
(Fig. 4). In conclusion, ACY 1215 exerts great
efficacy in inhibiting melanoma cell growth both in

vitro and in vivo. These first pre-clinical findings in
melanoma support the potential use of ACY 1215 in
a melanoma clinical trial.
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M. charantia extract partitioned in different solvents was assessed for antioxidant (2, 2-diphenyl
I-picrylhydrazyl), total phenolic contents (TPC), total flavonoid contents (TFC), antiglycation, alpha
amylase and acetylcholinesterase inhibitory activities along with cytotoxic, thrombolytic and antibiofilm
potentials. Most effective antioxidant fraction was n-hexane with TPC and TFC, highest in n-butanol
and ethanol fractions, respectively. Ethyl acetate fraction showed maximum glycation and alpha amylase
inhibitions and optimum acetylcholinesterase inhibition was by ethanol fraction. Fractions exhibited
significant hemolytic and thrombolytic efficacies and bacterial growth restraint. The present research

reveals some medicinal potency of M. charantia.

To the Editor,

Momordica charantia fruits have been used
in treatment of various ailments, such as obesity,
acquired immune deficiency syndrome, cancer,
diabetes, malaria, jaundice, fever and scabies,
due to containing vitamins, minerals, glycosides,
saponins, phenolics, essential oils, alkaloids,
reducing sugars, resins and free acids. M. charantia
prevents oxidative disorders and possesses anti-
diabetic potential due to charantin, an insulin-like
peptide and anthocyanins. Current investigation
is designed to assess antioxidant, antibiofilm,
antidiabetic, thrombolytic and cytotoxic potentials
of the M. charantia fruit.

MATERIALS AND METHODS

M. charantia fruit methanol extract, fractioned into
n-hexane, n-butanol, ethanol, ethyl acetate, chloroform
and aqueous solvents was tested for antioxidant (i),

antidiabetic (ii), cytotoxic (iii) properties along with
fibrinolytic and antibiofilm activities (iv).

RESULTS

The results of all assessments are shown in Table
I. Highest TPC and TFC were found in n-butanol
and ethanol fractions, respectively. Highest DPPH
scavenging activity was of n-hexane fraction,
although it was quite lower than that reported
earlier (5). Optimal antiglycation and alpha amylase
inhibition action was of ethyl acetate fraction.
Previously, antiglycation activity of M. charantia
fruit was 67-75% (6), results analogous to another
study (7). Ethanol extract showed highest inhibition
of acetylcholinesterase. Previously, leaf extract of M.
charantia showed 77.6% inhibition (8). Maximum
antimicrobial activity was shown by aqueous
fraction against P. multocida and by methanol
extract against S. aureus (Fig. 1). Least damage to

Key words: Momordica charantia, therapeutic properties, 2, 2-diphenyl I-picrylhydrazyl
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Table 1. Antioxidant, antidiabetic, thrombolytic, hemolytic and antibiofilm activities.

Activities Fractions

Antioxidant Methanol Ethyl n-hexane Chloroform Ethanol n-butanol Aqueous control
profile acetate

TFC 14+0.013  17+0.023 24+0.010 16+0.024 33+0.028  20+0.026 24+0.011 -

TPC 10£0.035  14+0.021 8+0.015  9+0.016 11+£0.023  15+0.019 9+0.014 -
DPPH (IC,)) 22 6 40 3 12 25 28 90

Antidiabetic profile (% inhibition)

Glycation 47 53 23 38 44 47 45 32
Alpha 15 47 40 34 2 25 33 27
amylase

AChE 7 2 2 17 78 4 1 59.5
Thrombolytic ~ 30.5 31 26 4 32 30 24 48
Hemolytic 27 30 20 8 14 32 17 87.13
Biofilm assay (% inhibition)

P multocida  22.7 453 16.3 6.31 5.57 21.6 49.1 83.79
S. aureus 60.2 275 22.1 | 41.6 34.6 43.8 82.2

Data expressed as (mean + SD) or percentage.

TPC: total phenolic contents expressed g gallic acid equivalent /100 g dry weight; TFC: total flavonoid contents expressed
as g catechin equivalents/100 g dry weight; DPPH: 2, 2-diphenyl I-I-I-picrylhydrazyl. Control: BHT; butylated hydroxy
toluene (antioxidant), metformin (antiglycation), glucobay (alpha amylase inhibition), physostigmine (AChE inhibition),
Triton-X (hemolytic assay), streptokinase (thrombolytic assay), ampicillin (biofilm assay).

Decreased

aggregations of
microbial cells

Fig. 1. Biofilm assay micrographs. Highest and lowest growth inhibitions. a, b) P. multocida. ¢, d) S. aureus.
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Fig. 2. Electrophoretic analysis of DNA-damage protection assay. a) Controls. 1: ladder, 2: positive control, 3: negative
control (FeSO,), 4 and 5: negative control (H,0,). b) Samples: 1: methanol treated, 2: ethanol treated, 3: ethyl acetate
treated, 4: chloroform treated, 5: n-hexane treated, 6: n-butanol treated, 7: aqueous treated.

RBCs was done by n-butanol fraction in accordance
with earlier reported 23.61% hemolytic activity (9).
Maximum thrombolytic response was of chloroform
fraction while previously, ethanolic extract showed
anticoagulation in the range 2.16+0.72-5.18+1.69%
(10). DNA remained intact (Fig. 2) by antioxidant
ability of fractions. In previous investigation, aqueous
fraction prevented oxidative DNA impairments
during carcinogenesis (11).

DISCUSSION

M. charantia is a medicinal plant that is popularly
used for the treatment of many ailments such as
cancer, diabetes and many more. Current research
exposed some diverse therapeutic abilities of M.
charantia fruit that warrant further clinical trials.
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Mushrooms can be used as nutraceutical or functional foods to maintain and promote good health.
In the present study, wild Ganoderma lucidum and four commercial mushrooms, Pleurotus ostreatus,
Volvariella volvacea, Hericium erinaceus and Lentinus edodes, collected from Pakistan were screened
for phenolics, tocopherols and fatty acid contents. High performance liquid chromatography analysis
of phenolic acids showed that chlorogenic acid, ferulic acid, gallic acid, p-Coumaric and caffeic acids
were observed in selected mushrooms. H. erinaceus contained high amounts of chlorogenic acid
(11.49+0.1 pg/g of dry weight) and ferulic acid (7.84+0.7 pg/g of dry weight). y-tocopherol and lutein
were present in all studied mushrooms. Lutein contents were higher in H. erinaceus (2.42+0.087 pg/g
of DW) followed by V. volvacea > P. ostreatus > L. edodes. y-tocopherol was observed in the range of
74.25+3.01 to 29.65+1.2 pg/g of dry weight. GC/MS analysis of fatty acids showed that linoleic acid
(18’:2n6¢), oleic acid (18’:1n9c¢), palmitic acid (C16:0), stearic acid (C18:0), linolenic acid (18’:3n3) and
nonadecanoic acid (C19-0), were the main fatty acids found in selected mushrooms. The unsaturated
fatty acids were predominated over saturated fatty acids. It is concluded that selected mushrooms are
good sources of antioxidant compounds and unsaturated fatty acids.

To the Editor,

The use of natural antioxidants, particularly
phenolics, flavonoids, tocopherols and carotenoids
in foods, as well as therapeutic and preventive
medicines, are gaining recognition because of
their health-improving qualities (1). Recent
epidemiological studies have showed that natural
antioxidants, such as polyphenols, flavonoids and
vitamin C, from edible mushrooms are correlated

with reduced incidence of chronic diseases, cancer
and cardiovascular diseases. Synthetic antioxidants
have been widely used for preventing oxidation
and enhancing shelf life of foods. However, the
use of synthetic antioxidants in food is discouraged
due to their perceived carcinogenic potentials (2).
Mushrooms are also considered as significant
and potent sources of phytoconstituents including
tocopherols, flavonoids, ascorbic acid, B-carotene,
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glycosides, saponins, alkaloids and tannins that
vary among different species renowned for their
pharmaceutical properties (3, 4).

Generally, lipid contents of mushrooms are
low. It is reported that the lipid proportion per 100
grams of dried mushrooms ranges from 1.75-15.5%,
since the fresh mushrooms contain high amounts
of water. Many wild edible mushroom species are
also known to have high amounts of unsaturated
fatty acids. Lipids are the least studied components
in mushrooms since their overall contents are rarely
higher than 6-8% of the dry weight. However, low
lipid content is one of the advantages of mushrooms
as healthy nutrients. Therefore, it is necessary to
investigate wild and commercial mushrooms for
their fatty acid contents. In the present study, one
wild and four commercial types of mushrooms were
analyzed to evaluate their phenolics, tocopherols,
carotenoids and fatty acid profiles.

MATERIALS AND METHODS

Mushroom collection

The wild local Ganoderma lucidum (Fr.) P. Karst. was
collected from the stem of a Salmalia malabarica plant
from Jinnah Garden, Faisalabad, Pakistan. Indigenously
cultivated commercial Pleurotus ostreatus (Jacq. Ex. Fr.)
Kumm. and Volvariella volvacea (Bull, ex. Fr.) Sing were
collected from the Horticulture Department, University of
Agriculture Faisalabad, Pakistan, and exotic commercially
available mushrooms Lentinus edodes (Berk.) Sing. and
Hericium erinaceus (Bull.) Pers. (imported from China)
were collected from local markets of Faisalabad, Pakistan.
The specimen of each species was immediately ground in
a domestic blender and reduced to fine powder and stored
at 4°C.

Analysis of phenolic acids by HPLC

Sample extraction and preparation. Freeze dried
mushroom powder (0.20 g) was extracted with 2 mL of
0.1% formic acid/methanol and sonicated for 20 min. The
mixture was centrifuged at 3,000 rpm for 10 min. Residues
were re-extracted twice and extracts were combined and
evaporated to dryness under vacuum. Samples were re-
dissolved in 0.1% formic acid/ water and filtered through a
0.20 pm disposable LC filter disk prior to HPLC analysis.

Instrumentation and chromatography. Samples were
injected in a Waters 2695 separations module equipped
with a Waters Xterra reverse phase C , 3.5 pm 2.1 x 100
mm column in a heated chamber set at 35°C. Elution was
performed by a linear biphasic gradient with a flow rate
of 0.30 mL/min with mobile phase A (2% formic acid in
MS grade water) and mobile phase B (0.1% formic acid
in acetonitrile). At 0, 10, 30, and 31 min, the solvent
composition used was 95, 90, 75 and 95%, respectively,
of mobile phase A. The flow was split so that half of it
went to a Waters 2996 photodiode array detector and half
to a Waters Micromass ZQ mass spectrometer (5).

Tocopherols analysis of selected mushrooms

Sample preparation. Tocopherol contents were
determined following a procedure previously optimized
and described by L Barros et al. (6). Butyl hydroxyl
toluene (BHT) solution in n-hexane (10 mg/mL; 100
pL) and IS solution in n-hexane (tocopherol; 2.0 pg/mL;
250 pL) were added to the sample prior to the extraction
procedure. The sample (500 mg) was homogenized
with methanol (4 mL) using a vortex mixer (1 min).
Subsequently, n-hexane (4 mL) was added and again
vortexed for 1 min. Then, saturated aqueous solution of
NaCl (2 mL) was added, the mixture was homogenized
(1 min) and centrifuged (5 min, 4000 g). The clear upper
layer was carefully transferred to a fresh vial. Sample was
re-extracted twice with n-hexane. The combined extracts
were dried under a nitrogen stream, re-dissolved in 5 mL
of ethyl acetate, 0.5 mL of methanol, filtered through a
0.22 pm disposable LC filter disk, transferred into a dark
injection vial and analyzed by HPLC.

HPLC analysis. Carotenoid and tocopherol analyses
were completed with a Hewlett-Packard model 1090A
HPLC system equipped with a model 79880A diode
array detector. Separations were achieved using a YMC
carotenoid reversed phase (2.0 x 250 mm) polymeric C,,
column with a guard column containing the same stationary
phase (Waters Corp., Milford, MA, USA). A gradient
elution profile based on a binary mobile phase system
consisting of methanol/1 M ammonium acetate (98:2 v/v)
in phase A and ethyl acetate in phase B was used. A flow
rate of 0.37 mL/min was utilized with initial conditions
set at 100% A with a linear gradient to 80:20 A/B over 6
min. The gradient was held for 2 min followed by a 3 min
linear gradient back to 100% A and equilibration at initial
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conditions for 3 min for a total analysis time of 14 min.
Detection and tentative identification of carotenoids and
tocopherols were accomplished using inline diode array
data between 250 and 600 nm.

Fatty acid analysis of selected mushrooms

Extraction. The sample (200 mg) was weighed and
transferred to a 12 cm % 1.5 cm tube. 1 mL of absolute
chloroform and 3 mL of fresh 5% methanolic HCI
(prepared by slowly adding 10 mL of acetyl chloride to
100 mL of anhydrous methanol) were added. Tubes were
capped and mixed slowly using a vortex mixer for 1
min and heated at 100°C for 1 hr. After cooling to room
temperature, 5 mL of 6% K,CO, and 4 mL of chloroform
were added and again mixed using a vortex mixer for half
minute and centrifuged at 2,500 rpm for 10 min. Different
layers were formed and the bottom organic layer was
removed with pasture pipette and washed with 4 mL of
chloroform to completely remove the organic compounds.
It was dried under nitrogen and re-suspended in 2 mL of
n-hexane and 4 mL of KCL (0.88%). Two layers were
formed and the upper layer was transferred to a GC vial
for gas chromatography analysis (7).

Instrumentation and chromatography.
Chromatographic separation of fatty acid methyl esters

was accomplished with a Hewlette-Packard (Wil-mington,
DE) model 6890 GC equipped with electronic pneumatics
control, a model 7683 automatic liquid sampler, and a flame
ionization detector. The sample (2 uL) was introduced
by split injection (50:1 ratio) onto a WCOT fused silica,
chemically bonded capillary column (Chrompack CP-
select CB for FAME, 100 m long, 0.25 mm inside diameter,
0.39 mm outside diameter, 0.25-um film thickness; Varian
Walnut Creek, CA). Helium 3 mL was used as carrier gas.
The temperature gradient (70-250°C) consisted of the
following steps: 70°C for 1 min; increased to 135°C at
90°C min’!, hold for 1 min; increased to 160°C at 1.5°C
min™'; hold for 0.5 min, increased to 185°C at 1°C min’,
hold for 0.5 min, increased to 195°C at 60°C min’, hold
for 5.5 min, increased to 250°C at 90°C/min, hold for 3
min, total run time was 54.7 min. Injector temperature was
280°C; detector temperature was 300°C. Fatty acids were
identified according to their retention times using reference
standard GLC-63B, Nu-Check- Prep, Elysian, MN)
and quantified using a Hewlette-Packard Chem station
data system. Fatty acids quantified on dry matter basis
were lauric (C12:0), myristic (C14:0), palmitic (C16:0),
palmitoleic (C16:1), stearic (C18:0), oleic (C18:1), linoleic
(C18:2) and o-linoleic (C18:3). Heptadecanoic acid (C17:0,
0.4 mg/mL in n-hexane; Matreya, pleasant Gap, PA) was
used as an internal standard.

Table 1. HPLC analysis of phenolics (ug phenolics/g DW) in selected mushrooms (mean+SD).

Phenolics (ng/g) H. erinaceus | L. edodes V. volvacea P. ostreatus G. lucidum
Chlorogenic acid 11.49+0.1 ND 6.63+0.09 ND 4.81+0.09
Ferulic acid 7.84+0.7 1.41£1.9 1.41£1.9 ND 0.91+0.03
p-Coumaric acid 3.18+0.2 ND ND ND ND

Gallic acid 0.77+0.1 ND 0.13+0.1 ND ND
Caffeic acid 0.75+0.04 0.38+0.01 0.14+0.1 6.51+8.7 0.031+0.01

Table I1. y-Tocopherol and lutein composition (ug/g DW) of the mushrooms (mean£SD).

Mushrooms Compounds H. erinaceus L. edodes V. volvacea P, ostreatus G. lucidum
v-tocopherol 57.99+0.5 39.22+1.1 74.25+3.01 49.214+2.03 29.65+1.2
Lutein 2.4240.08 1.27+0.04 2.26+0.1 1.50+0.07 1.64+0.05




866 S. SHARIF ET AL.

Table I11. Fatty acid chemical finger print of selected mushrooms (mg/g DW).

Fatty acids H. erinaceus L. edodes V. volvacea P. ostreatus G. lucidum
16°:0 4.229 2.321 3.809 2.671 1.24
18°:0 1.193 0.128 0.979 0.413 0.25

18’:1n9¢ 6.075 0.253 2.0103 3.544 1.17
18’:2n6¢ 7.547 7.865 16.013 10.257 1.42
19°:00 0.487 0.442 0.482 0.491 0.45
18°:3n3 0.196 ND 0.036 0.0202 0.03
Total fatty acids 19.73 11.01 23.33 17.40 4.58
SFA 30.33 27.96 20.77 24.65 48.7
MUFA 28.64 1.53 7.77 18.26 5.85
PUFA 37.31 63.86 62.51 54.06 30.5

Palmitic acids (C16:0), stearic acid (c18:0), linoleic (18°:2n6¢c), oleic (18°:1n9c), linolenic (18°:3n3) and

nonadecanoic acid (C19-0)

ND: Not Detected; C:carbon atoms; SFA: saturated fatty acids;, MUFA: mono unsaturated fatty acids;, PUFA: poly

unsaturated fatty acids

Statisticala analysis

Minitab software was used for computation and
analysis of different parameters. Differences were
analyzed by considering p<0.01 statistically significant.
The collected data was analyzed by means and standard
deviation.

RESULTS

The results showed that H. erinaceus had the
highest concentration of phenolic acids. P. ostreatus
contains the highest amount of caffeic acid 6.51+8.7
ug/g of DW, whereas the other studied mushrooms
have low caffeic acid contents (i.e. 0.031-0.75
ug/g of DW). V. volvacea and H. erinaceus contain
chlorogenic acid 6.63 and 11.49 pg/g, respectively.
Chlorogenic acid, p-Coumaric acid and Gallic acid
were not detected in L. edodes and P. ostreatus
whereas ferulic acid was not found in P. ostreatus
(Table I).

The analysis showed that V. volvacea had the
highest contents of y-tocopherol 74.25 ng/g of DW.
The order for y-tocopherol in selected mushroom
species was V. volvacea > H. erinaceus > P. ostreatus
> L. edodes > G. lucidum (Table II).

On the fatty acid analyses identified over 25
different FAs; linoleic acid (18’:2n6c), oleic acid
(18’:1n9c¢), palmitic acid (C16:0), stearic acid
(C18:0), linolenic (18’:3n3) and nonadecanoic acid
(C19-0) were the main fatty acids found in selected
mushrooms. The results for fatty acid composition,
total saturated fatty acids (SFAs), monounsaturated
fatty acids (MUFAs) and polyunsaturated fatty
acids (PUFAs) in selected mushrooms are shown
in Table III. Linoleic acid was found in the highest
concentration in V. volvacea 16.013 mg/g followed by
P ostreatus (10.257 mg/g), L. edodes (7.547 mg/g)
and H. erinaceus (7.865 mg/g) on dry weight basis.

DISCUSSION

Our findings are in accordance with the previous
study on phenolic composition from different
mushrooms (8). Our findings can also be compared
with the study of AZ Woldegiorgis et al. (9), who
reported two cultivated and five wild mushrooms
contained caffeic acid in the highest concentration
(7.80 pg/g) in P. ostreatus, chlorogenic acid (4.55
ng/g) in 7. letestui and p-Coumaric acid (15.8 pg/g)
in 7. microcarpus. The specific and characteristic
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composition of each mushroom may be associated
with the environmental factors of their harvest
conditions and their species.

The interest in natural antioxidants is growing
for their potential to prevent oxidative stress-
induced diseases. Synthetic antioxidants are
being questioned because of their carcinogenic
activities (10). Carotenoids can be classified in two
categories i.e. carotenes (carotene or lycopene)
and xanthophylls (Iutein and cryptoxanthin). It is
concluded that V. volvacea and H. erinaceus are
very good sources of y-tocopherol and lutein as
compared to L. edodes and P. ostreatus.

The main fatty acids in selected mushrooms were
linoleic acid > oleic acid > palmitic acid which are
in accordance with previous study (11). Our results
are also in agreement with the previous report that
many mushroom species have high proportions of
unsaturated fatty acids (linoleic acid) in P. ostreatus
(65.29%), L. salmonicolor (59.44%) and in F
velutipes (40.87%) (12). As unsaturated fatty acids
are essential in human diet, the current finding of
a high proportion of unsaturated fatty acids and
especially high percentage of linoleic acids in these
mushrooms is a significant factor in regarding
mushrooms as healthy food.
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We evaluated a modified clinical nursing procedure applied in pediatric epilepsy treatment. A total
of 120 sick children were randomly selected and evenly divided into control and observation groups.
The control group was treated with a conventional epilepsy nursing protocol, while the observation
group was treated with a modified clinical nursing protocol including establishment of a nursing care
quality control group, designing a standardized nursing workflow using unified tables, adjusting nursing
intensity according to different types of epilepsy, and extension of nursing care post-hospitalization.
The clinical effects of the two groups were compared. The cure rate of epilepsy in the observation
group was significantly higher than that in the control group (P<0.05). The duration of treatment was
shortened and the incidence of complications was reduced in the observation group compared to the
control group with statistical significance (P<0.05). The satisfaction for nursing care and treatment
compliance were significantly improved in the observation group compared with controls (P<0.05).
In conclusion, a relevant clinical nursing method can significantly enhance pediatric epilepsy therapy

through improvement of nursing care quality.

To the Editor,

The frequency of occurrence of pediatric epilepsy
is different from adult epilepsy (1-2) as children
possess relatively undeveloped nervous systems.
As such, pediatric epilepsy is easily recurrent, but
also easily cured. Pediatric epilepsy is often caused
by preterm birth and perinatal asphyxia; its onset
time is short and may be accompanied by loss of
consciousness. [tcan castcontinuous negative impacts
on the nervous system, spirit, cognition, and patient
emotions. To date, the mechanism of epilepsy is not
well understood and treatment compliance is poor.
Therefore, the treatment effects display substantial
diversity, especially for pediatric epilepsy as it is
closely related to parental supervision. In China,

approximately 400,000 new pediatric epilepsy cases
occur each year and, following standard treatment,
about 70-80% of occurrence could be under control,
eventually progressing to cessation of drug treatment
within 3 to 5 years (3). A good care model will not
only improve the rate controlling epilepsy onset, but
also play a significant role in the development of the
central nerve system and emotional cognition of the
afflicted children (4). The traditional epilepsy nursing
model only emphasizes disease intervention, but
neglects the importance of environment, psychology,
and parental involvement. It only focuses intensive
intervention in-hospital and ignores the necessity
of education post hospitalization (within the
family and community). Finally, the nursing barely

Key words: clinical nursing procedure, pediatric epilepsy, clinical effect

Mailing address:

Dr Ying Cai,

Department of Nursing,
Xuzhou Children’s Hospital,
18 Sudibei Road, Xuzhou,
Jiangsu, 221002, China

e-mail: caiying791029@163.com 869

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



870 L.B. JIAET AL.

relays on treatment of drugs without introducing a
comprehensive therapy according to the type and
severity of the epilepsy present (2, 5). The procedure
designed for clinical nursing care in this study was
generated based on our clinical practice over several
years and standardized as concise tables. In this way,
the practical operation to control and cure pediatric
epilepsy can be better handled and correctively
modified upon receiving the true feedback from
sick children and their parents as well as medical
care staff. This study aimed to evaluate a modified
procedure of clinical nursing care accompanied with
pediatric epilepsy treatment.

A total of 120 children diagnosed with epilepsy
for the first time at the Xuzhou Children’s Hospital
were selected between January 2012 and January
2016. Subjects possessing brain developmental
abnormalities, dementia, and/or genetic metabolic
diseases were excluded. Patients were confirmed
after portable EEG monitoring for 24 h and were
evenly divided into control and observation groups
by a computerized randomized method. The control
group consisted of 32 males (M) and 28 females (F)
aged from 3 to 12 years old (average: 6.6+2.4), of
whom 33 were cases of partial epileptic seizures and
27 of generalized epileptic seizures. The observation
group was composed of 35 M and 25 F with an age
range of 2.5-13 years old (average: 6.5+2.7), of
whom 31 were cases of partial epileptic seizures and
29 of generalized epileptic seizures. The baseline
data were comparable between two groups. The study
was approved by the Ethics Committee of Xuzhou
Children’s Hospital. Written informed consent was
obtained from the legal guardians of the children.

According to the recommendations of
epilepsy guidelines, all subjects in both groups

received various drugs and associated treatment
based on epilepsy type, seizure frequency, and
duration and severity of accompanying clinical
symptoms. Medication included sodium valproate,
phenobarbital, and carbamazepine as antiepileptic
drugs, and diazepam as sedative drug. In addition,
nerve factor implantation, hyperbaric oxygen, and
surgical treatments were also adopted.

The control group was treated with the
conventional procedure for epilepsy nursing care and
the observation group was treated with our modified
method for clinical nursing care. The nursing process
in the control group included monitoring of vital
signs, making emergency preparations for epileptic
seizures, imparting correct knowledge of epilepsy
prevention and first aid to children and parents,
giving diet and psychological guidance, conducting
medication supervision, and providing support for
various treatments. Moreover, the nursing process
in the observation group followed four steps:
establishing the strict standards of quality-control
for nursing care, designing and standardizing the
nursing care procedure and summarizing as concise
tables, adjusting nursing intensity according to
epilepsy type, and extending nursing care post-
hospitalization. In order to set up quality-control
standard, four people were employed as head nurses
from the department of nursing management or
nurse supervisors from the department of neurology
responsible for quality improvement, operation
assessment, and staff training. To standardize the
procedure for epilepsy nursing workflow, all possible
operating steps were collected and summarized as
an effective and unified process into a concise table
after experts’ demonstration, repeatedly practiced
by nurses, and feedback received. Each operating

Table 1. Comparison of control rate and cure rate of epilepsy [Cases (%)].

Group Cases Control rate Cure rate

Control 60 43 (71.7) 23 (38.3)

Observation 60 52 (86.7) 35 (58.3)
2 4.093 4.805

P 0.043 0.028
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step was confirmed by the responsible nurse upon
his or her authorized signature. The procedure was
formed mainly based on epilepsy types. Partial
seizures, main symptom of epilepsy, included simple
partial seizures, complex partial seizures, and partial
seizures secondary to generalized seizures, whereas
generalized seizures were composed of tonic-clonic
seizures, myoclonic seizures, atonic seizures, and
absence seizures.

The similarities between the control and
observation groups were environment and
regulations, education on health and disease, diet,
medical and psychological guidance, and follow-up
observation, while the differences were treatment
program and supporting nursing operations. The
ward was maintained quiet with fresh air, with 2-3
patients suffering from the same type of epilepsy
per room. Bedside guardrails were used to prevent
falling from bed; vital signs and mood changes
were monitored every other hour. Health education
was taught to the children and their parents, in
which the causes and types of seizures, treatments,
precautions, and preventive measures were vividly
expounded through videos, pictures, and other media.
Knowledge regarding epilepsy in children and their
parents was investigated aiming at enhancement of
education in order to improve prevention and control

of seizures. The diets for patients were mainly kept
light and easily digested and daily urination and
defecation was recorded. Adequate sleep, relaxation,
normal work and study were ensured..

Guidance regarding medication was the top
priority. A small dose of drug was administered
to the patient for initial treatment with a gradual
increase in dosage. The patients and their parents
were also instructed to closely observe if any
adverse reaction of drug occurred and to never
miss a dose or overdose. During acute epileptic
seizures, patients were instructed to calm down,
keep the respiratory tract unobstructed, and avoid
fall or bite injury. During intermission periods, it
was suggested to intensively evaluate neurological,
mental, and cognitive function of patients in order
to reduce adverse effects on growth and intelligence
development.

For partial seizures, the doctors focused on
finding the possible triggers. Most of the cases with
partial seizures exhibited no significant disturbance
of consciousness and their neurological and
cognitive impairments were relatively less. Triggers
may include incorrect nutrition, mood disorders,
and lack of sleep therefore carefully observation of
lifestyle care may effectively reduce the frequency
of epileptic seizures. For generalized seizures,

Table I1. Comparison of course of treatment and complications.

Growth and L
Treatment course  Cerebral intelligence Complication
Group Cases . Disability =~ Lethal  occurrence rate
(months) injury development o
) (%0)

disorders
Control 60 6.5£1.7 3 2 5 3 13 (21.7)
Observation 60 4.7£1.2 1 2 1 1 5(8.3)
ty? 4.628 4.183
P 0.027 0.041
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doctors should focus on nursing management during
acute seizures. The patients require an intensive
care management by building up confidence,
strengthening preventive measures, incorporating
a variety of treatment methods, and paying close
attention to follow-up visits. For patients with
continuous or refractory epileptic seizures, experts
should be actively and closely looking for potential
organic lesions, at which point the operations can be
conducted to remove or repair the lesions. Scientific
and reasonable perioperative nursing management
is important for successful operations. Nerve factor
implantation has been proven safe and effective.
Through a minimally invasive 2 mm incision, a JY-
24 computer stereotactic positioning detector can
conduct an in-depth exploration for lesion locations
presenting abnormal brain neural activities, and
can precisely and effectively implant nerve factors.
The principles of operation, preparation, the
main operating processes, postoperative possible
complications, and treatment methods should be
expounded in detail so as to improve treatment
compliance of the patients and their family members.

After 12-month follow-up visits, difference in
epilepsy control and cure rates, course of treatment
and complications, and nursing satisfaction and
patient compliance were compared between the
two groups. In accordance with records of epileptic
seizures in sick children, if attack frequency was
reduced by >50% and the duration of epilepsy
shortened, the epilepsy was deemed to be under
control. If the attack frequency was reduced by

>90% and the duration of epilepsy shortened
by >80%, the epilepsy was deemed to be cured.
Nursing satisfaction was investigated in the form of
questionnaires and completed by patients and their
parents. Opinions on 25 items, including epilepsy
control condition, nursing attitude, nursing level,
problem solving condition during hospitalization,
and follow-up attention were scored on a scale from
Grade 0 to Grade 4. A total score was compiled
from the individual component scores, with higher
scores indicating higher care satisfaction. Patient
compliance was investigated using a life experience
survey, which examined extent of knowledge
on epilepsy, medication regularity, lifestyle
management, and follow-up visit inspection. Again,
25 items were examined and ranked from Grade 0 to
4, with higher scores indicating higher compliance.
Individual component scores were summed to
generate a total score.

SPSS 20.0 software (Chicago, IL, USA) was
used for statistical analysis. Measurable data
were presented as mean £ standard deviation and
comparisons between the two groups were checked
with independent samples f-test; count data was
presented as the number or percentage of cases and
comparisons between groups were tested using x>
The difference was statistically significant if P < 0.05.

The control and cure rates of epilepsy in the
observation group were significantly higher than
those of control group (P <0.05, Table I). In the
observation group, the duration of treatment was
shortened and the incidence of complication was

Table II1. Comparison of nursing satisfaction degree and compliance (Score).

Group Satisfaction degree Compliance
Control group 72.3£13.5 68.5+11.4
Observation group 85.6+12.7 79.8+£12.2

t 5.324 5.569

P 0.013 0.010




Journal of Biological Regulators & Homeostatic Agents 87 3

decreased with statistical significance (p <0.05, Table
II). The nursing satisfaction and patient compliance
were significantly increased in the observation group
(p <0.05, Table III).

Optimized clinical nursing procedures are
extremely important for treatment and nursing of
many diseases. Manifestations of children with
epilepsy could exhibit in multiple forms, for which
many treatments exist. For an effective treatment,
participation of both patients and their parents is
essentially required. These facts increase difficulty
in managing this disease. Most sick children cannot
express themselves clearly, so there is a need for
nursing staff with professional knowledge and
experience to conduct a comprehensive judgment
(6). Nursing procedures based on evidence-oriented
medicine can formulate tables with treatment
guidance depending on epilepsy type and onset
characteristics. After continuous learning and
assessment, the mastery of operating processes is of
significant meaning for the improvement of nursing
quality and satisfaction (7).

Our data indicate the clinical outcomes were
significantly improved upon applying an optimized
nursing care procedure. An epileptic control effect
was the center of clinical treatment and nursing work.
The predominant nursing methods enabled sick
children and parents to be familiar with the entire
nursing process, and put forward more reasonable
and targeted nursing requirements in light of actual
individual needs (8). For pediatric epilepsy, there is
a need to attach an importance to the assessment of
growth and mental development, establish the correct
treatment of disease concepts, and adapt to normal
life and learning (9). Comprehensive treatment and
vital signs management should be guaranteed for sick
children with generalized seizures (10). Compliance
is another important factor affecting treatment effect,
so emphasizing seamless integration of in-hospital
and out-of-hospital nursing is practical for improving
compliance (11). Accepting and treating diseases
with the correct attitude, as well as an increased
emphasis on social support, play important roles in
the treatment and prevention of epilepsy (12).

In summary, optimized clinical nursing methods

can significantly improve pediatric epilepsy

treatment as well as the quality of nursing. Constantly
improving clinical nursing methods are an important
aspect for managing pediatric epilepsy.
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Nowadays, various diseases of the locomotor system are treated by extracorporeal shock wave
therapy (ESWT) for instance: acute fracture and pseudoarthrosis, nonunion, chronic tendinitis.
Unfocused (radial) pressure wave therapy (RPWT) primarily affects superficial tissues, so justifiability
of its medicinal employment is uncertain. We aimed to observe time sequence of the long bone fracture
healing using RPWT. Forty-eight female Wistar rats were divided into an RPWT group (n=36) and a
control group (n=12). The RPWT group had the largest cross-sectional area (CSA) of the bone trabeculae
compared to controls. Post-hoc analyses revealed the largest cross-sectional area (CSA) of the bone
trabeculae (1.7 mm?) and the smallest CSA of the cartilage (0.04 mm?) of the RPWT group on the 22™
day. Conclusively, long bone fracture repair is enhanced by RPWT, suggesting that it strongly stimulates

the processes of callus ossification.

To the Editor,

Bone, exposed to a biophysical stimulation
delivered by different instruments, exhibits
improved repair during fracture healing
(1). Extracorporeal shock wave stimulation
(ECSW) causes bone microfractures and
neovascularization, which can be demonstrated by
osteoblast and fibroblast activity (2, 3). Therefore
it is used in the treatment of various diseases of
the locomotor system, for instance, acute fracture,
pseudoarthrosis, nonunion or chronic tendinitis
(4, 5). As in any wound, the bone in fracture
repair, is healed — regenerated in order to sustain
mechanical loads. Inflammation, chemotaxis,
proliferation, and differentiation are events in

fracture repair that culminate in conversion to a
mechanical construction able to sustain loads (1).
Among these events, the most pivotal is probably
the penetration of capillaries in the callus, which
afterwards blends to the calcified cartilage (3).
Furthermore, ECSW promotes the production of
growth factors by stimulating proliferation of the
bone marrow cells. Moreover, blood flow delivers
osteoblasts, and they produce bone morphogenetic
proteins (BMPs) further stimulating activity
of osteoblasts (6). Basically, fracture repair is a
unique form of wound healing in which bone is
regenerated to accept mechanical loads. During
fracture repair, a series of events which begin
with inflammation, chemotaxis, proliferation,

Key words: extracorporeal shock wave therapy, cross-sectional area, bone morphogenetic proteins
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and differentiation, culminates in a stage where
the healing tissue is converted to a mechanically
competent structure.

Using immunohistochemistry and other methods
such as Western blot or reverse transcription
polymerase chain reaction, studies have investigated
differences in expression of the specific factors:
angiogenic, oxidative and osteogenic. On the
other hand, as in other studies, histomorphometry,
micro-CT, callus measurement, densitometry and
biomechanical tests, assessments were performed to
compare ESWT group and controls. Recent studies
have employed a more comprehensive approach,
but whichever research method was applied, the
conclusion was that ESWT enhances acute bone
fracture healing (1, 3, 7).

Bearing in mind its mainly superficial effect,
it is logical that only a few types of research were
conducted to observe the effect RPWT in the
experimental model of long bone fracture repair.
Thus, we conducted a temporal sequence monitoring
of the callus ossification during bone fracture repair
induced by ESWT and compared it to spontaneous
bone fracture repair.

MATERIALS AND METHODS

Experimental model

Forty-eight three-month-old female Wistar rats with
an average weight of 250 g were used in this study.

Rats were administered 3.6% chloral hydrate, and the
fibula was approached from the lateral side. The body (1
mm in diameter) of the fibula was fractured by scissors.
Bone fragments were not fixed after fracture, so the
healing was not additionally stimulated.

For shock wave therapy we used a SWISS
DUOCLAST (EMS- Electro Medical systems) device
and its DOLORCLAST applicator for radial shock
waves. The treated area was 3 cm in diameter.

Animals were divided into experimental and control
groups. The experimental group consisted of 36 animals,
divided into 3 subgroups of 12 animals each treated with
radial shock waves with three different pressures: 1.6;
2.2; 3.0 bar, 500 shocks per application, of 5 Hz. An
applicator 15 mm in diameter was used. Shock waves
were applied the 3%, the 8" and the 13" day from surgery.
Six animals from each subgroup were sacrificed on the
15" day and the remaining animals on the 22" day.
The control group consisted of 12 animals, which were

Table 1. Means and 95% confidence intervals as function of the cross-sectional area.

CSA (mm?) Control 15th Control 22nd RPWT 15th day RPSWT 22nd p value
day day day

Cartilage 0.58+0.23 0.31+0.1 0.45+0.12 0.04+0.02 P<0.001

Mineralized 0.52+0.12 0.3320.15 0.320.11 0.080.01 P <0.001

cartilage

Bone trabeculae

. . 0.57+0.22 0.52+0.11 0.38+0.13 0.36+0.12 P<0.001

in cartilage

Bone trabeculae 0.63+0.17 0.96+0.21 1.39+0.21 1.7£0.24 P<0.001

Callus 2.31+0.18 1.63+0.14 2.62+0.22 2.17£0.3 P<0.001

RPWT - unfocused pressure wave therapy
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subjected to a fracture of the fibula but were not treated
with shock waves. Six animals were sacrificed on the
15" day, and the remaining six on the 22" day.

Methods

After sacrificing the animals, the segment of the
body of the fibula on the fracture point was approached.

The bone fragment was decalcinated in Osteodek
for 5 days (Biooptika). Tissue samples were fixed
in 4% paraformaldehyde and embedded in paraffin.
All samples were cut to 5 mm serial cuts a stained
by Toluidinee blue. The five visual fields of the
bone fracture healing samples were examined by an
Olympus microscope (Olympus, Tokyo, Japan) and
photographed at a magnification of 100x using a Sony
video camera (SONY SSC-DCS58AP, Japan) connected
to a personal computer.

The photographic images were analyzed using
an image analysis system that employed ISSA v.2.5.
Software (V.A.M.S., Zagreb, Croatia). The cross-
sectional area (CSA) of the cartilage, mineralized
cartilage, bone trabeculae in cartilage, bone trabeculae
and callus were measured and expressed in mm?(8).

Cross-sectional areas (CSA) were analyzed at time
intervals and expressed as follows: (i) control group
on the 15" day; (ii) control group on the 22" day; (iii)
RPWT group on the 15" day; (iv) RPWT group on the
22" day (Figs. 1 and 2).

Statistical analyses

Statistica 8.1 (StatSoft) computer software (StatSoft
Inc., Tulsa, USA) was used for statistical analyses. For
each of the above-given parameters, differences between
the controls and ESWT group, as well as differences
between the fESWT and UDWT methods were explored
on the 15" and 22" day, respectively. The Fisher Highly
Significant Difference test was used post hoc to identify
specific differences between the groups.

Ethical disclosure

All procedures followed were according to the ethical
standards of the institutional and national responsible
committee and with the Helsinki declaration of 1975, as
revised in 2000.

RESULTS

No differences between different pressures of 1.6,
2.2, and 3.0 bars applied by UDWT were observed
during the experiment.

Cross-sectional area variations on 15" and 22" days
of the bone fracture healing

Results showed that the CSA measured for the
cartilage, mineralized cartilage, bone trabeculae in
cartilage, bone trabeculae, and callus, had significant
differences (F = 176 ; P<0.001) (Fig. 1).

@, 144)
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o
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= Bone trabeculae in cartilage
=& Bone trabeculae

=+ Calus
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1 2 3 4 ) 6
ESWT and controls
Fig. 2. Means as function of the cartilage, mineralized
cartilage, bone trabeculae in cartilage, bone trabeculae
and callus.
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Variations were observed on the 15% and 22™ day
between the RPWT group and the control group (F(S’
15 = 279.51; P <0.001).

The general trend showed that CSA of the callus
was the largest on the 15" day in the fESWT group,
while the smallest was the CSA of the cartilage on
the 22" day of the UDWT group.

The smallest cross-sectional area of the cartilage
(CSA = 0.04 mm?), and the the smallest CSA of the
callus (CSA = 2.17 mm?) were found on the 22" day
of the UDWT group, which significantly differed to
those of the 15" day, fESWT groups and controls,
(P<0.001), respectively (Table I). The largest CSA
of the mineralized cartilage was observed in the
control group on the 15" day (CSA = 0.52 mm?),
which significantly differed to the 22" day, fESWT
groups and UDWT groups, (P<0.001), respectively
(Table I). The highest value for the bone trabeculae
in cartilage was measured on the 15" day of the
fESWT group (CSA =1.13 mm?), which significantly
differed to the 22" day, controls, and UDWT groups,
(P<0.001), respectively (Table I). The highest value
of the bone trabeculae was measured on the 22
day of the UDWT group (CSA = 1.7 mm?), which

A ; 27 5 N £ ) A

Fig. 3. Histological findings on 15th day. A) fESWT; B) UDWT; C) Control.

p (s |45

'. '5‘:5‘ m . V;. \ ; 'i : o _5;

significantly differed to the 15 day, fESWT groups
and controls, (P<0.001), respectively (Table I).

DISCUSSION

The larger cross-sectional area of the bone
trabeculae in the ESWT group, compared to controls
(Fig. 1), suggests that long bone fracture repair was
enhanced in the ESWT group (1, 3, 8). According
to our findings, UDWT resulted with the smallest
CSA of the cartilage on the 22" day, and the largest
CSA of the bone trabeculac on the 15" and 22
days, which suggests that this method was the most
efficient during long bone fracture repair in mice.

Mechanical signals such as pressure or shear stress
affect osteocytes and interstitial fluid flow in lacunar-
canalicular meshwork. Thus, when transmitted on
other, adjacent structures (for instance osteocytes,
osteoblasts and osteoclasts) those signals penetrate
more deeply, causing microfractures in cortical and
trabecular compartments, simply put - regulate bone
remodeling (1, 3).

UDWT was applied in the experimental model of
long bone fracture repair. In the RPWT group, the

-

C: cartilage; B: bone. Toluidine blue x 100

< s

Fig. 4. Histological findings on 22nd day. A) fESWT; B) UDWT; C) Control. C: cartilage; B: bone. Toluidine blue x 100.
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largest CSA of the bone trabeculae was measured on
the 15" day (CSA = 1.39 mm?) (Fig. 3A-C), and 22™
day (CSA=1.7 mm?) (Fig. 4A-C), while the smallest
CSA of the cartilage was measured on the 22" day
(CSA =0.04 mm?) (Fig. 4B).Our results suggest that
UDWT enhances bone tissue formation spatially
and temporally, leading to complete bone fracture
healing (9). One could say that UDWT indirectly
acce e rat fibula. During the experimental procedure,
animals treated by UDWT were badly injured, and
the surrounding superficial tissue was bleeding. This
significantly limits the applicability of this method in
experimental animals.

UDWT can improve vascularisation and
hyperemia in the superficial tissues; however, in
osteoporosis and old bone, microfractures accumulate
in the cortical and trabecular compartment, therefore,
sites of minor bone quality prone to fracturing should
be preferentially treated by UDWT (1, 3, 7).
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Suppurative tonsillitis (ST) is a common respiratory disease in children. This study aims to
investigate the association between calcium (Ca)/magnesium (Mg)/phosphorus (P) and the risk of onset
of suppuration in tonsillitis in children. Seventy children with ST and 61 age- and sex-matched children
with non-ST were enrolled in this study. The association between Ca/Mg/P and suppuration risk in
tonsillitis was investigated. The relationship between Ca/Mg/P and the potential risk factors for ST
were also studied. White blood cell (WBC), platelet (PLT), c-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) levels were significantly higher in the ST group than those in the non-ST
group (p<0.05). Mg and P levels were significantly lower in the ST group than those in the non-ST group
(p<0.05). There was no obvious difference in Ca level between the ST group and the non-ST group
(p=0.762). A significantly negative association between P and PCT was noted (r=-0.236, p=0.035). The
results indicated that Mg/P disorder may be associated with the susceptibility to suppuration in children

with tonsillitis, inflammatory indexes may reflect this risk.

To the Editor,

Tonsillitis, a common respiratory disease in
children, is likely to occur in cases with low immunity
(1). Suppuration often occurs in severe tonsillitis
cases, which may aggravate the prognosis and result
in lower respiratory infection. However, some subjects
with suppurative tonsillitis (ST) rarely seek doctoral
consultation due to the atypical symptoms, particularly
for younger children. Sometimes suppurative cases
do not show fever or typical sore throat (2). On the
other hand, severe ST cases may complicate with
peritonsillar abscess, which may lead to the spread of
infection (3). Of note, recurrent tonsillitis may lead to
kidney injury, such as IgA nephropathy (4). Hence,
early diagnosis and treatment are imperative for ST to

prevent the onset of suppuration during the course of
tonsillitis is of significant importance.

Many tonsillitis patients are likely to present with
suppuration at the onset of the disease. By contrast,
some tonsillitis patients are likely to present without
suppuration Notably, many ST cases present without
typical symptoms. Itis hypothesized that certain factors
may affect the formation of suppuration. Because of
the harm which may be caused by suppuration, it is
imperative to identify the risk factors or indicators for
its onset in tonsillitis patients.

Previous studies showed that an age >35 years
and serum C-reactive protein (CRP)>15.5mg/dl
were associated with higher risk of abscess during
tonsillitis (3). Group A streptococcus carrier state
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(5) was not associated with recurrent tonsillitis.
Another study (6) showed that the serum levels of
selenium and zinc were significantly lower in chronic
tonsillitis compared to healthy controls. However,
specific investigation regarding the risk factors for
suppuration in early stage tonsillitis remains rare, and
whether the common elements, such as Ca, Mg and
P are associated with the risk factors of suppuration
after tonsillitis remains elusive.

To have an in-depth understanding of the role of
Ca/Mg/P for the susceptibility to ST, we compared
laboratory findings between tonsillitis with and
without suppuration, and also investigated the
association between Ca/Mg/P and the potential risk
factors for the onset of suppuration after tonsillitis in
children.

MATERIALS AND METHODS

Patient population

The study population was chosen from children
diagnosed with tonsillitis in the pediatric department of
Shanghai Sixth People’s Hospital from April 2014 to April

S.MAO ET AL.

2016. ST was diagnosed when tonsillitis was complicated
with suppuration. The patients were excluded if they were
with other systemic diseases or lower respiratory diseases.
The guardians of all the enrolled subjects gave informed
written consent.

Data collection

The clinical and laboratory findings of the patients were
studied at the initial diagnosis. Demographic and clinical
data were reviewed respectively for age, gender, birth
weight, white blood cell (WBC), platelet (PLT), c-reactive
protein (CRP), hemoglobulin (Hb), mycoplasma (MP),
albumin (ALB), alanine aminotransferase (ALT), calcium
(Ca), phosphorus (P), magnesium (Mg), procalcitonin
(PCT), and erythrocyte sedimentation rate (ESR).

Statistical analysis

Categorical variables were expressed as cases/total,
OR (odds ratio) was used to compare the differences of
categorical variables between tonsillitis with and without
suppuration. Continuous variables were expressed as
meanststandard deviation (SD),

The analyses were performed using SPSS software.

Table 1. Baseline characteristics of tonsillitis with and without suppuration

Tonsillitis with suppration (70) Tonsillitis without suppration (61) P
Age (years) 5.11+2.67 4.98+2.90 0.789
Male/female ratio 39/31 36/25 0.843
Birthweight (Kg) 3.25+0.83 3.2910.64 0.691
WBC (X10°/L) 7.89+3.19 6.65+3.07 0.030
PLT(X10°/L) 232.09£81.12 205.71£55.28 0.036
CRP 26.501£28.48 13.791+15.86 0.006
Hb (g/L) 129.78 £10.67 129.47+10.57 0.875
MP (n) 23 16 0.544
ALB (g/L) 43.961+3.03 44.6212.59 0.296
ALT 11.401+5.42 12.67t4.64 0.261
Ca 2.361+0.10 2.35+0.13 0.762
P 0.921+0.07 0.95+0.08 0.009
Mg 1.32+0.10 1.50+0.34 0.048
PCT 0.54+0.60 0.34+0.37 0.085
ESR 31.85+20.78 16.27+16.10 <10*

WBC: white blood cell; PLT: platelet; CRP: c-reactive protein; Hb: hemoglobulin, MP: mycoplasm; ALB: albumin;
ALT: Alanine aminotransferase; Ca. calcium; P: phosphorus;, Mg: magnesium,; PCT: procalcitonin, ESR: erythrocyte

sedimentation rate.
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Table I1. Association between P/Mg and WBC/CRP/PCT/
ESR in tonszllms chzldren

Index R P

Index
P WBC -0.173 0.124
P CRP -0.175 0.173
P PCT -0.236 0.035
P ESR -0.213 0.061
P PLT 0.026 0.819
Mg WBC -0.113 0.318
Mg CRP -0.054 0.678
Mg PCT -0.070 0.539
Mg ESR -0.131 0.253
Mg PLT 0.059 0.595

WBC: white blood cell, PLT: platelet, CRP: c-reactive
protein, Ca:calcium, P: phosphorus, Mg: magnesium,
PCT: procalcitonin, ESR: erythrocyte sedimentation rate.

The independent sample #-test was used to compare the
differences of various indexes between tonsillitis with and
without suppuration. The Pearson correlation coefficients
were used to analyse the relationship between Ca/Mg/P
and potential risk factors for the onset of suppuration after
tonsillitis.

RESULTS

Tonsillitis cases with and without suppuration

A total of 131 tonsillitis (70 with suppuration,
61 without suppuration) cases were enrolled in the
study. The mean age was 5.11£2.67 and 4.98+2.90
years for tonsillitis with and without suppuration,
respectively. No marked differences of age, male/
female ratio, birth weight, Hb, MP, ALB, ALT, Ca,
and PCT were observed between tonsillitis with
and without suppuration (Table I). Patients with ST
had markedly higher levels of WBC, PLT, CRP, and
ESR compared those without suppuration (Table I).
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Patients with ST had markedly lower levels of Mg
and P than those without suppuration (Table I).

Association between Mg/P and WBC/CRP/PCT/ESR
inchildren with tonsillitis

Mg was not significantly associated with WBC
(r=-0.113, p=0.318, Table II), CRP (r=-0.054,
p=0.678, Table II), PCT (r=-0.070, p=0.539, Table
1), ESR (r=-0.131, p=0.253, Table II) and PLT
(r=0.059, p=0.595, Table II). P was negatively
associated with PCT markedly (r=-0.236, p=0.035,
Table II, Fig. 1). P was insignificantly associated
with ESR (r=-0.213, p=0.061, Table II, Fig. 2). P
was not obviously associated with WBC (r=-0.173,
p=0.124, Table II), CRP (r=-0.175, p=0.173, Table
IT) and PLT (r=0.026, p=0.819, Table II).

DISCUSSION

The findings indicated that the disorder of Mg/P
and inflammation may be involved in the suppuration
onset in tonsillitis cases. Ca performs several
functions, such as intracellular signal transduction
(7). Ca status is also closely associated with the
levels of certain trace elements, such as lead and
iron (8). Vitamin D, which promotes the absorption
of Ca, can not lower the risk of respiratory diseases
(9). Mg regulates glucose and insulin action, and
plays a role in the development of diabetes (10). Mg

PCT

.840|1D10|1130|1180|1230'1300'138011.45011.49011!:40
960 1.070 1.150 1.200 1.260 1.340 1.430 1470 1.510 1.

P

Fig. 1. Association between P and PCT in tonsillitis
children.
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ESR
o

Fig. 2. Association between P and ESR in tonsillitis
children.

dysregulation is closely associated with oxidative
stress and inflammation, which is involved in the risk
of respiratory diseases. A null association between
Mg and WBC/CRP/PCT/ESR/PLT was noted in
tonsillitis cases, which may be due to the fact that
the test of indexes was during the first three days of
the course. P, an important element for the signal
transduction of cells and energy production (11),
is the most important component of ATP. Lower
P status is likely to lead to lower ATP production,
which is important for the energy requirements
of the body. P depletion is likely to induce insulin
resistance and glucose intolerance (12). Lower levels
of P were also involved in impaired chemotaxis,
phagocytosis, oxidative stress, and bactericidal
activity of macrophages, which indicated that P
status affected inflammation. Of note, P was not
obviously related with WBC, CRP and ESR, which
are all inflammatory indexes. Higher status of PLT
contributes to the activation of systemic and local
inflammatory processes.

Taken together, our investigation suggested that
Mg/P disorder may be associated with the susceptibility
to suppuration in children with tonsillitis, and
inflammatory indexes may reflect this risk.
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This study investigated and analyzed using both a pair of clamping pliers to place intranasal-jejunum
nutrient canal under the guidance of gastroscope and using a guide wire to place the canal under the
guidance of gastroscope. Ninety critically ill patients were randomly divided into a control (n=45) and
an observation (n=45) group. The observation group had the intranasal-jejunum nutrient canal placed
under the guidance of gastroscope by using a pair of clamping pliers while patients in the control group
had the same canal placed under the guidance of gastroscope but using the guide wire. An intergroup
comparison was conducted on the success rate of intranasal-jejunum nutrient canal placement and the
incidence of complications. The results showed that the comparison yielded no significant difference in
the success rate between observation (95.56 %) and control (97.78 %) groups (P[10.05). When compared
with control group, the A/G ratio and BMI level in the observation group increased significantly (P10.05).
The intergroup comparison also yielded no significant difference in the incidence of complications. It
was concluded that the method of gastroscopy-guided placement of intranasal jejunum nutrient canal
produced better clinical results. The operating steps were simple and it had very low incidence of

complications, therefore this method can be widely promoted for clinical practices.

To the Editor,

Due to long-term fasting and food deprivation,
critically ill patients may experience symptoms such
as athrepsia and acceleration in body metabolism
(1-2). The use of intranasal jejunum nutrient canal
is a major technique for feeding these patients.
This method is characterized by a low incidence
of complications, easy operating and efficient
absorption of nutrients (3). Previous studies have
shown the gastroscopy-guided placement of
intranasal-jejunum nutrient canal is an efficient

way to guarantee patient’s nutrient absorption (4).
In this study, the method of placing an intranasal-
jejunum nutrient canal using clamping pliers under
the guidance of a gastroscope was investigated.

The study was approved by the Ethics Committees
of the Authors’ hospitals and registered as a clinical
trial. Ninety critically ill patients admitted to
hospital from January 2013 to September 2014
were randomly divided into a control (n=45) and an
observation (n=45) group. Twenty-three males (M)
and 22 females (F) aged from 45 to 65 years (mean:
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Table 1. Intergroup comparison in the success rate of intranasal jejunum nutrient canal placement.

Number of patients with | Number of patients with 0
Group Case (n) operation failure successful operation Success rate (%)
Control group 45 1(2.22) 44(97.78) 44(97.78)
Observation 45 2(4.44) 43(95.56) 43(95.56)
group
x* value - 0.3448 0.3448 0.3448
PV‘_’l”e 0.5571 0.5571 0.5571
[n(%)]
Table I1. Intergroup comparison in relevant indices of patient s nutritional status.
Group Case (n) Al(bl;lriq)en Gt()l/)gm Hen(qo/%l;) bin A/G ratio BMI (kg/m?)
Control group 45 gl 235506 03078 1.240.6 19.7+0.8
Observation 45 42.8+7.7 24.3+1.8 9.9+1.5 2.040.8 22.141.2
group
x* value - 0.3448 0.5728 0.3448 8.4728 12.7836
Pvalue - 0.5571 0.4672 0.5571 0.0182 0.0017

51.39+£5.38) were in the observation group, of
whom, 12 cases were of pancreatitis, 25 of infectious
shock, and 8 of brain trauma. Twenty-one M and
24 F, aged from 42 to 66 years (mean: 53.29+3.92)
were in the control group, of whom, 10 cases were
of pancreatitis, 25 of infectious shock, and 10 of
brain trauma. The two groups exhibited no statistical
difference in the patient basic data (P > 0.05).
Informed consent forms were obtained from
all patients and they all agreed to a regimen of
gastroscopy-guided placement of intranasal jejunum
nutrient canal. For the observation group, a proper
nasointestinal tube was chosen and the upper end of
the nasal tube (17-20 cm long) was inserted into the
nostril after lubrication. When the nasal tube entered
the nostril by about 25 cm, a gastroscope was pushed
into the nasointestinal tube until the gastric cavity

was reached. The nasointestinal tube with its head
clamped using a pair of clamping pliers was slowly
pushed to the descending part of the duodenum and
fixed After the gastroscope was pushed into place,
the nasointestinal tube with gastroscope was further
pushed to the descending part of duodenum for a
second and a third time, and the pair of clamping
pliers was withdrawn. After withdrawal of the
gastroscope, the guide wire was also removed from
the patient’s nostril. For the control group, we used
a superfine gastroscope which was inserted through
the nostril until the descending part of the duodenum
was touched and the guide wire was released into that
part of the duodenum through the fine tubing fixed
along with the flexible optic fiber of the gastroscope.
Subsequently, the superfine gastroscope was
withdrawn and the nasointestinal tube was further
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Table I11. An intergroup comparison in the incidence rate of complications of intranasal jejunum nutrient canal placement.

Group Case (n) Massive hemorrhage Digestive .tract Inmdepcg rate of
Control erou 45 2 (4.44) perforation complications (%)
group ' 2 (4.44) 5 (8.88)
Observation group 45 1(2.22) 2 (4.44) 3 (6.66)
¥* value - 0.3448 0.0000 0.5488
Pvalue - 0.5571 1.000 0.4588
[n (%)].

inserted to the descending part of duodenum along
with the guide wire. Patient’s nutrient absorption
was monitored and recorded.

Criteria for efficacy judgment (4): Successful
operations were those where patients could
effectively absorb nutrients without any adverse
reaction such as post-operative massive hemorrhage
and digestive tract perforation. Failed operations
were those where patients had insignificant nutrient
absorption, or experienced the adverse reactions such
as post-operative mass hemorrhage and digestive tract
perforation. . Success rate = 1 — (number of patients
with operation failure) / (total number of patients)
[ 100%.. Intergroup comparison of incidence of
complications, such as massive hemorrhage and
digestive tract perforation was conducted.

We used SPSS19.0 (SPSS Inc., IL, USA) for our
statistical assessments. Qualitative data were analyzed
using the analysis of variance (ANOVA), t-test and
Chi-squared test. In patients who failed to satisfy the
conditions, the four-fold table data were tested using
the Fisher exact probability method. Quantitative
data were compared and tested using the analysis of
variance (ANOVA). p<0.05 meant that the difference
was statistically significant.

The intergroup comparison yielded no statistically
significant difference in the success rate of
intranasal jejunum nutrient canal placement between
observation (95.56 %) and control (97.78 %) groups
(P > 0.05) (Table I). For the relevant indexes of
patients’ nutritional status, A/G ratio and BMI level

in the observation group were significantly higher
than controls (P < 0.05, Table II). For the incidence of
complications following intranasal jejunum nutrient
canal placement, the intergroup comparison yielded
no significant difference (P > 0.05, Table III).

Due to incapability of eating, critically ill patients
often experience symptoms such as athrepsia,
acceleration in body metabolism functions, and
severe loss of protein and fat (4). Traditional methods
providing nutrients using parenteral nutrition can
aggravate the injuries in the patient’s intestinal tract and
may cause infection in the digestive tract. Currently,
the nutritional methods for critically ill patients
mainly include (i) enteral nutrition and (ii) parenteral
nutrition. Parenteral nutrition provides nutrients and
energy mainly by intravenous infusion of a nutrient
solution containing multiple essential amino acids,
microelements, vitamins and essential fatty acids.
Nevertheless, venous catheterization (mainly through
subclavian vein) for parenteral nutrition is frequently
complicated by infection and is harmful for the patient’s
gastrointestinal function. Although enteral nutrition is
still the primary nutritional method for critically ill
patients, it may disturb the microbial population of the
intestinal tract (5-6). Results obtained from previous
studies suggested that gastroscopy-guided placement
of an intranasal-jejunum nutrient canal could reduce
the gastrointestinal tract injuries and maintain the
balance of gut flora. It was also indicated this method
had a high success rate and was efficient for nutrient
absorption (7-9).
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In the present study, the intergroup comparison
yielded no significant difference in the success
rate between the observation group and the control
group, nor difference in the incidence rate of
complications. There are two main methods for the
gastroscopy-guided placement of intranasal-jejunum
nutrient canal to provide nutrients to patients: the use
of gastroscopy-guided placement of an intranasal
jejunum nutrient canal and the use of gastroscopy-
guided placement of the nutrient canal along with a
guide wire. Our study indicated both methods were
easily handled with rare complications as intergroup
comparison yielded no significant difference in the
success rate and incidence of complications between
observation and control groups.

The intranasal-jejunum nutrient canal method
can effectively inhibit the growth and propagation
of digestive tract bacteria and minimize the risk of
digestive tract infection. This method could accelerate
the recovery through helping patients to regain
their normal digestive functions by maintaining
gastrointestinal integrity (10). Furthermore, the use
of an intranasal-jejunum nutrient canal can promote
protein and fat synthesis, slow down metabolism, and
improve immunity. Moreover, this method is very
efficient and easy to handle with shorter operating
time (11). The traditional methods may induce
digestive tract infection and gastrointestinal injuries
and are more complicated, and their efficiency is
not as good as the intranasal-jejunum nutrient canal
method (12).

It was concluded that the method of gastroscopy-
guided placement ofintranasal-jejunum nutrient canal
yielded good clinical outcome. The operating steps
are simple with very low incidence of complications,
therefore this method should be widely promoted in
clinical practices.
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The aim of this study was to explore the clinical efficacy of limb-salvage therapy for malignant bone
tumors of the limbs using two surgical methods. This investigation presents a retrospective study of
malignant bone tumors of the limbs in 42 patients. Participants were divided into two groups: group A
of 25 patients who were treated with artificial prosthesis replacement, and group B of 17 patients treated
with bone inactivation. By collection of clinical data, the survival rate, surgical complications, quality
of life, pain relief and postoperative limb function following artificial prosthesis replacement and tumor
inactivation were comprehensively evaluated in patients with malignant bone tumors of the limbs. Group
A had significantly higher Karnofsky quality of life scores compared to group B after six months (P=0.027).
The Enneking scores of limb functions in group A were significantly higher than those of group B (P
=0.022). In group A the postoperative limb function score was good and excellent in 92% and in group B
in 64.7%. There were significantly more postoperative complications in group B compared with group A
(P=0.027), but no significant difference in the recurrence rate in the two group (P=0.976). The study results

can provide reference for surgical treatment of the patients with malignant bone tumors.

To the Editor,

Malignant bone tumor of the limbs has high fatality
and mutilation rates, and is one of the most common
diseases that endanger human health. Before 1970s,
amputation was the only way to treat these malignant
bone tumors, which not only did not improve survival
rates, but also severely affected the quality of life of the
patients (1). Advances in neo-adjuvant chemotherapy,
imaging diagnosis, pathological diagnosis and
therapeutic approaches for malignant bone tumors of the
limbs have changed from amputation to comprehensive
treatment based on limb-sparing surgery (2). Reports
in the past 20 years showed that about 80% of patients
with malignant bone tumors had chosen limb salvage

surgery (3). Limb salvage includes methods that
preserve limb functions as much as possible based on
the complete removal of tumor tissues. Limb salvage
treatment of limb malignant bone tumors has gained
increased interest in bone tumor research (4). However,
lack of methods to safely and effectively repair bone
defects and reconstruct limb functions remains a
limitation factor.

This study compares the effect of prosthetic
replacement and replantation of bone as two surgical
methods used for malignant bone tumor patients
through a follow-up analysis of preoperative and
postoperative pain relief, improvement of quality of life,
limb function and prognosis, surgical complications,
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etc. comprehensively, to provide reference for surgical
treatment of patients.

MATERIALS AND METHODS

Clinical information

FromMay2010toMay2017,63 patients withmalignant
bone tumors of the limbs were observed at the Affiliated
Hong Qi Hospital of Mu Dan Jiang Medical University.
The study was approved by the Ethics Committee of
the Hospital and all patients signed informed consent.
Clinical data were collected to comprehensively evaluate
the survival rate, surgical complications, quality of life,
pain relief and postoperative limb function of artificial
prosthesis replacement and tumor inactivation in patients
with malignant bone tumors of the limbs. Among these
patients, full access to clinical data was available only
for 42 patients, including 23 males and 19 females. Their
age range was 18 to 67 years, average 47.4 years. Patients
were requested to participate in the telephone survey to
complete the questionnaire. In this survey, patients were
followed-up for 6 to 70 months. The average follow-up
time was 36.5 months, and the follow-up rate was 66.7%.

Patient grouping

The patients were divided into two groups: group
A which included 25 cases of the artificial prosthesis
replacement, accounting for 59.5% (25/42); and group B
(segment inactivated reimplantation) which included 17
cases of bone inactivation, accounting for 40.5% (17/42).
Of these subjects there were 13 cases of osteosarcoma, 9
cases of chondrosarcoma, 6 cases of malignant giant cell
tumor, 5 cases of malignant fibrous histiocytoma (MFH),
4 cases of fibro sarcoma, 1 case of ameloblastoma, and 4
cases of metastatic tumor. Enneking staging of 38 patients
with primary bone tumor: 7 cases were in stage [ B, 14 in
stage Il A, and 17 in stage II B. Incidence site: 6 cases of
upper humerus, 5 of middle humerus, 4 of proximal femur,
7 of middle femur, 7 of distal femoral, 4 of proximal tibia,
and 5 of middle tibia. The patients included 4 cases of
metastatic tumor pathological diagnosis: 2 of breast
cancer, 1 of prostate cancer, 1 of indeterminate primary
metastatic lesions, and 4 cases of proximal femur.

Inclusion criteria
Primary tumor: (i) primary tumor without distant

metastasis or metastases which can be completely cleared,
such as: stage | A, I B and II A of Enneking and stage II B
sensitive to radiotherapy and chemotherapy; (ii) after tumor
resection, there is sufficient soft tissue to cover the prosthesis,
and the important blood vessels and nerves are not involved.
Metastatic tumor: (i) pathological fractures cause severe
cancer pain, patients need long-term oral or intramuscular
strong analgesics, which seriously affects the quality of life
of patients. The expected survival of more than 3 months;
(if) The patient’s imaging data shows that the diameter of
the metastatic bone tumor lesion is more than 2.5 cm (more
than 50% of the cortical bone is destroyed). Mirels long bone
pathological fracture score system > 9 points.

Surgical methods and postoperative treatment

All the surgical specimens were examined and the
cancer diagnosis was confirmed by a pathologist. Based on
the sensitivity of tumor cells to chemotherapy, preoperative
chemotherapy was performed. For tumors with abundant
blood supply, digital subtraction angiography (DSA) was
performed before embolization of tumor vessels. Imaging
studies were used to determine the various parts of the
tumor and to establish the safety margin The scope of
surgical resection includes tumor entities, pseudocapsules,
reaction zones and surrounding normal tissues. In general,
they are removed between 3-5cm from the tumor, and 1-3
cm from the soft tissue outside of the reaction zone. In
group A there were 8 cases with hip tumor prostheses, 11
with knee prostheses, and 6 with shoulder prostheses. The
hip prosthesis used was a standard prosthesis, and the knee
and shoulder prostheses were custom-made. During the
operation, the focus was on the repair of the main dynamic
structures around the joints.

In patients in group B, tumor bone inactivation
replantation was used, which is one of the methods of
limb salvage surgery for malignant bone tumors of the
limbs based upon bone reconstruction after inactivation
of tumorous bone. The inactivation replantation method
can be divided into external inactivation replantation and
internal inactivation. External inactivation replantation
regards removing the tumor bone and tumor tissue, and
using low temperature liquid nitrogen, high temperature
boiling, chemical drugs, irradiation and other methods to
inactivate the tumor cells. Then, the bone is put back in
place, and fixed with a steel plate or intramedullary pin.
Internal inactivation is exposing the malignant tumor tissue,
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without cutting the tumor bone to radiation or microwaves
and other methods for killing tumor cells. Then, the
outgrowth bone is removed, to restore its natural shape.
The treated tumor tissue is put back in the tumor cavity, and
autogenous bone or allogeneic bone filling is used. Finally,
it is fixed with steel screws or intramedullary nails.

Karnofsky Performance Scale (KPS)

KPS is one of the indicators used primarily to assess
the patient’s health status. Scoring is positively related to
the patient’s health, which indicates that patients can better
tolerate the adverse reactions caused by the treatment.

Evaluation of limb function after limb salvage by Enneking
scoring system

The scoring system consists of six aspects, namely,
three common items (pain, function, emotion) and three
special items for upper and lower limbs (upper limb:
hand position, dexterity and lift function; lower limbs:
walking ability and gait). Each project has six levels, 0
to 5, where 0, 1, 3 and 5 are specific values, and all have
clear connotations, 2 and 4 are intermediate values, that is,
when the check results are between the specific values, the
checker determines the fill value.

Kaplan-Meier method

Kaplan-Meier method was used for the survival analysis,
and the survival rate was estimated in 1 year, 3 years and
5 years. Log-rank test was used to determine whether there
was a significant difference between the two groups.

Table 1. Patient parameters before and after surgery.

Statistical analysis

SPSS statistical software (versionl19.0) was used
to analyze the results, and chi-squared was used for
comparisons in count and rate. Measurement indexes were
expressed as (mean + standard deviation). The differences
between groups were analysed by Student’s #-test for
continuous data and y* test. P <0.05, was considered
statistically significant. For survival analysis the Kaplan-
Meyer survival curves were conducted and the differences
between the curves were tested using the Log-rank test.

RESULTS

All patients safely underwent surgery. Clinical
data was available in 42 out of 63 patients, and the
follow-up rate reached 66.7% (42/63). Follow-up
time: 6 to 70 months, average time 36.5 months.

Postoperative patient evolution and quality of life
assessment.

Six months after the operation, the quality of
life of 42 patients was improved to some extent
compared to before surgery. In patients from group
A the healing rate was 92% (23/25). 3 patients in the
postoperative period (at 13 and 24 months) developed
local recurrence and one patient developed prosthetic
loosening, so amputation was performed. The limb
salvage rate was 84.2%. The Karnofsky score was
increased from preoperative average (44.6+£10.5) to
(59.7+10.1) (P=0.027).

Parameters Group A (n=25) Group B (n=17) P
Preoperative Karnofsky score 44.6+10.5 44.8+10.2 0.951
Postoperative Karnofsky score 59.7+10.1 51.9+11.8 0.027*
Postoperative Enneking score 23.7£2.1 22.142.2 0.022*
Healing rate 92.0% 88.2% 0.666
Excellent/good postoperative function rate 92.0% 64.7% 0.027*
Limb salvage rate 84.2% 82.4% 0.877

* P<0.05
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In patients from group B the clinical healing rate
was 88.2% (15/17). Amputation was performed on
3 patients because of infection in 1 case and tumor
recurrence in 2 cases. Reoperation was performed on
2 patients because of the delayed healing and non-
union. After about 1 year after surgery, in 2 cases
of bone inactivated replantation inactivated bone
fracture occurred. The limb salvage rate was 82.4%.
70.6% of patients scored good or excellent score
for postoperative limb function. Six months after
the operation, the Karnofsky score of patients from
group B increased from (44.8+10.2) preoperatively
to (51.9£11.8) (P=0.027) (Table I and Fig. 1A).

Evaluation of limb function after limb surgery

Six months after surgery, the Enneking score for
limb function was (23.7+2.6) for patients in group A.
Fourteen patients were evaluated as excellent, 9 as
good, 2 as fair, and 1 as poor. The rate of excellent or
good assessment was 92%. For patients in group B
the Enneking score for limb function was (22.1+2.2).
Eight patients were evaluated as excellent, 3 as good,
3 as fair, and 3 as poor. The rate of excellent and
good assessment was 64.7%.

After surgery, the rate of excellent and good for
limb function for patients in group A was higher than
that of patients in group B (P=0.027). The results

showed that the postoperative limb function in group
A was increased compared with group B (Table I and
Fig. 1B).

Postoperative complications

Compared with amputation, limb salvage treatment
for malignant bone tumors was relatively high.
Therefore, difficulty in preventing and treating the
complications of limb salvage surgery is a major
limitation of the surgery success. Of 42 patients,
postoperative complications occurred in 8: 2 (8%)
in group A, and 6 in group B (35.3%). Through the
% test, we compared the incidence of postoperative
complications in the two patient groups and the
difference was statistically significant (P 0.027)
(Table 1I).

Postoperative tumor recurrence

From the 42 patients that were followed up, a
total of 5 presented local recurrence after surgery:
3 (12%) patients in group A, and 2 (11.7%) in group
B. The difference between the two groups was not
statistically significant (P=0.976) (Table II).

Survival analysis
From the 25 patients in group A with artificial
prosthesis replacement, 7 died after 3 years and

I P=0.027* |

30.00

20,00 + - -

000

Group A Karnofsky Growp B Kamolsky

Group A Kamofsky Group B Karnofsky  Group A Enneking score Group B Eneling soore

score preoperat] score P scare

score per

Fig. 1. Comparison between Karnofsky score between and after surgery and Enneking score after surgery between the

two groups (* P<0.05 compared with group A).



Journal of Biological Regulators & Homeostatic Agents 89 5

Survival function

1.0 4 _~ GroupA
! Group B
~=— Group A censored
Group B censored

0.8 =
0.6 1 SO

0.4 4 L
Ll

0.2 4 o

Cumulative survival function
1}

0.0 4

0 y 40 60
Time (months)

Fig. 2. Kaplan-Meier survival curve (censored: excluding

patients lost to follow-up).

15 died in 5 years following surgery. From the 17
patients in group B, 6 died after 3 years and 11 died
in 5 years after surgery. The patients died either of
tumor metastasis or from various other causes related
to the oncologic disease. The postoperative mortality
and survival rates are shown in Table II1.

After surgery, the 3- and 5-year survival rates of
the artificial prosthesis replacement group were 72%
and 40%, respectively. The 3- and S5-year survival
rates of the inoculation group were 64.7% and 35.3%,
respectively. Log-rank was used to test the survival
rates of the two groups, ¥* = 0.18, P=0.893 >0.05.
There was no significant difference in the survival
curves between the two groups (Fig. 2).

Table I1. Comparison of two groups of patients with postoperative local recurrence.

Parameter Group A Group B P
Postoperative recurrence 3 2
0.976
The recurrence rate 12% 11.7%
Number of [')ost-operatlve ) 6 0.027*
complications
* P<0.05

Table II1. Mortality and survival rate in two groups.

Group A (n=25) Group B (n=17) P

Postoperative mortality in 6 months tol year | |

(case)

Postoperative mortality in 1 year tol.5 year (case) 1 1

Postoperative mortality in 1.5 year to 2 year (case) 2 2

Postoperative mortality in 2 year to 3 year (case) 3 2

Postoperative mortality in 3 year to 4 year (case) 5 3

Postoperative mortality in 4 year to 5 year (case) 3 2

3-year survival rate 72% 64.7% 0.6155
5-year survival rate 40% 35.3% 0.7582
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DISCUSSION

Infection is one of the main reasons for the failure
of prosthesis replacement (5). Types of infection
include early infection and delayed infection with
germs difficult to eradicate such as Staphylococcus
aureus, Klebsiella, or fungus from Fusarium or
Aspergillus species (6, 7). The main reason for
early infection is that the soft tissue weakness after
tumor resection is often related to the decrease of
body resistance after chemotherapy. The presence
of foreign bodies is beneficial to the reproduction
of bacteria, and increases the chance and severity
of infection (8). Local recurrence is one of the
most common causes of the failure of limb salvage
surgery, mainly due to the lack of radical scavenging
(9). The local recurrence rate of tumor after tumor
prosthesis replacement is generally reported between
4 and 14% (10) which is in accordance with our
results. Generally, in situ microwave inactivation
plus tumor prosthesis replacement can retain more
bone mass without increasing the chance of local
recurrence (11). To a certain extent, it can reduce the
postoperative long-term prosthesis loosening rate
(12). It is reported that the application of coating
prosthesis and porous prosthesis can prevent the
occurrence of prosthesis loosening (13). Inactivated
tumor cells can be used as antigens to stimulate the
immune system and improve the immune ability of
the body (14).

In conclusion, limb salvage treatment of malignant
bone tumor could not change the outcome of the
disease, but it significantly improved postoperative
limb function and quality of life of the patients. There
were no significant differences in postoperative
metastasis rate and recurrence rate between the
prosthetic replacement and tumor inactivation
replantation. However, the functional recovery was
better after tumor prosthesis replacement.
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Zein is the major storage protein of maize and was identified initially on the basis of solubility in
aqueous alcohol solution. It is comprised of 45-50% grain portion and has a wide range of application
as a functional ingredient in the food industry. In the current study, five different maize varieties were
analyzed and compared for the physicochemical, mineral and functional characteristics. Zein protein
was extracted at different concentrations of ethanol and was further characterized for its antioxidant and
functional properties. Significant variations in the characteristics were observed in different varieties
related to their mineral and chemical composition. Likewise, antioxidant properties of zein extracted
from Agaiti-2002 variety were 32.61% and minimum value (30%) was observed in the Pearl variety.
Zein protein has the potential to be used as encapsulating material for controlled release of different

bioactive compounds.

To the Editor,

Maize (Zea Mays) is an important industrial crop
with almost half of the world production in USA. The
endosperm and germ are the major parts of maize
kernel containing most of the oil and starch. Zein is
a protein found in maize and has long been applied
in food and pharmaceutical industries because of
its film-forming ability and superior biodegradable
properties. Zein protein plays an important role in
the hardness of the grain. Its endosperm portion
contains about 75% of the protein while the rest
is distributed between the germ and bran portions.
Maize processing involves different techniques and
the protein byproduct from corn wet milling is corn
gluten which has protein contents of 6-12% on dry
basis in different varieties.

Zein protein is hydrophobic in nature and is

considered a safe food ingredient by the Food and
Agriculture Organization (FAO). About 50% residues
of hydrophobic amino acids are present in zein which
results in hydrophobic nature (1). Zein has both
hydrophobic and hydrophilic zones which can form
diverse bonds to encapsulate (1). It is a byproduct
of maize processing and is of great scientific
interest. The essential amino acids, such as lysine
and tryptophan, are deficient in zein which make it
a nutritionally poor product. Upon hydrolysis with
the enzyme thermolysin, zein produces angiotensin-
converting enzyme (ACE)-inhibitory peptides (2).
Zein has potential use as a functional ingredient
for flavor encapsulation and controlled release of
different biologically active ingredients (3). In the
present work, the major objectives were to study
the major physicochemical, mineral properties and
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Mailing address:

Ali Asghar, Ph.D.,

National Institute of Food Science & Technology,
Faculty of Food, Nutrition and Home Sciences,
University of Agriculture, Faisalabad, Pakistan
Tel.: +92 41 9200008 - Fax: +92 41 9201645
e-mail: ali.asghar@uaf.edu.pk

899

0393-974X (2018)

Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



900 T. SIDDIQUE ET AL.

composition of zein protein extracted from various
maize varieties and their effects on functional and
antioxidant behaviors.

MATERIALS AND METHODS

Raw materials

Five locally grown maize varieties named Sadaf, Sahiwal
2002, Agaiti 2002, Pearland MMRI-Yellow were obtained from
Ayyub Agriculture Research Institute (AARI), Faisalabad.
Chemicals were purchased from Sigma Aldrich, USA and
Merck, Germany while other raw materials used in the
research were procured from the local market.

Physical and chemical analysis of maize

Grain size and thousand kernel weights of hundred
grams of clean, sound and unbroken kernels of all varieties
were determined. Proximate analysis (moisture content,
ash, fat, fiber and protein content) of all five varieties were
determined according to their standard methods (4).

The mineral contents i.e., Na, Mg, K, P, Cu, Fe, Zn
and Manganese were determined by Atomic Absorption
Spectrophotometer (AA 240 Varian K, Australia) on an
acetylene air flame.

Zein was extracted from corn gluten meal after wet
milling process according to the method of Shukla and
Cheryan, 2011. Gluten meal was treated with different
concentrations of ethanol i.e. 60%, 75% and 90% to extract
zein from different maize varieties (2).

Functional characterization of zein protein

Zein extracted from different maize varieties were
characterized for the functional properties according
to their standard methods and antioxidant activity was
measured for free radical scavenging ability by DPPH
and FRAP methods (5, 6).

Statistical analysis
The results obtained in this study were analyzed
statistically to determine the level of significance through

Table 1. Chemical and physical characteristics of maize kernel.

Treatment Moisture% Ash% Fat% Fibre % Protein% NFE Size (mm) Weight (g)
Agaiti-2002 10.54+0.14 0.44°+0.02 4.55%+0.19 3.01%0.1 12.29°+0.4 69.17*+2.84 7.97+0.29 253.04+8.9
Sahiwal-2002  12.18%0.17 0.45*+0.02 4.29¢+0.18 2.84%+0.11 9.66£0.8 70.58*+3.04 9.03%+0.31 241.90°+8.5
Sadaf 11.95*+0.15 0.36°+0.01 5.20%+0.23 2.73%+£0.09 10.97%+0.2 68.79*+3.03 7.53¢+0.26 181.80+6.4
M MRI-

Yellow 11.59%+0.17  0.40°+0.02 3.7840.17 2.96™+0.08 10.09%+0.3 71.18*+3.27 9.03"+0.31 127.93444.5
Pearl 12.0740.19 0.43%+0.02 4.87%+0.21 2.86+0.13 11.74+0.6 68.03*+2.86 10.03+0.35 218.83+7.6

Mean value table represent means + standard deviation; Tukey's HSD all-pairwise comparison tests
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the analysis of variance techniques according to the
respective methods.

RESULTS

Physicochemical analysis

The results related to the physicochemical properties
of different maize cultivars are presented in Table 1.
The results revealed that grain size values ranged from
7.53£0.26 mm to 10.03+0.35mm, while the values of
thousand kernels weights varied from 127.9344.5¢g to
253.04+8.9¢g (7). Similarly, maximum value for fat was
5.20+0.23% in the Sadaf variety while minimum value
was observed in the MMRI-Yellow variety 3.784+0.17%
(8). The results related to the protein content were
also affected significantly and maximum mean values
12.2940.4% were observed in the Agaiti-2002 maize
variety while the minimum value of 9.66+0.8% was
observed in the Sahiwal-2002 variety.

Zein extraction

Ethanol is generally used for the extraction of zein
from maize, and the highest extraction was observed
with 90% concentration from Agaiti-2002 variety
(10). The highest percent values in the present study
were 4.48 (w/v)% with 90% ethanol, 3.25 (w/v)%
with 75% ethanol and 2.03 (w/v)% with 60% ethanol
concentration. 1.6% zein was found by using 70%
ethanol at laboratory scale from fresh milled maize. A
difference of yield and composition among maize zein
extracts and maize gluten were noted earlier and the
laboratory method gave only 5-6% yield of zein (2, 3).

Functional and antioxidant properties of zein

Foaming and emulsification properties of extracted
zein were determined by calculating the foaming
stability and foaming capacity. The maximum value for
foam stability and foam capacity was observed in zein
extracted from the Agaiti-2002 maize variety (Fig. 2).
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Fig. 1. Minor minerals present in different maize varieties ag: Agaiti-2002; sad. Sadaf; mm: MMRI-Yellow, sah: Sahiwal; p: Pearl
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Likewise, emulsion characteristics were determined by
calculating emulsifying activity and emulsion stability
of zein. The maximum value for both emulsifying
activity and emulsion stability was observed in zein
extracted from the Agaiti-2002 variety. The present
findings are in accordance with Xue et al. who found
emulsifying activity of zein 32.83% and emulsion
stability 23.26% (5).

Zein also exhibited excellent antioxidant potential,
and DPPH and FRAP tests were used to determine the
free radical scavenging ability and total antioxidant
capacity. The results revealed that the maximum value
(32.61%) of DPPH was observed in zein extracted from
the Agaiti-2002 variety while the minimum (30%) was
observed in the Pearl variety (Fig. 3). The outcome
of the present study was in accordance with previous
findings in which DPPH value up to 31.5% was

observed (11). A little antioxidant capacity of zein was
observed up to 25% DPPH which was reduced after
24 hours (11). Values obtained for FRAP are shown
in Fig 3. The maximum value was observed in zein
extracted from Agaiti-2002 and the minimum value
was observed in the Pearl variety of maize, and the
values ranged between 0.12 to 0.13 pmol, respectively.

DISCUSSION

Zein is alcohol-soluble maize protein dissolved
in 70-80% aqueous ethanol solution before
dispersion to precipitate as nanoparticles. It
forms tough, glossy, hydrophobic and greaseproof
coatings that are resistant to microbial attack. Due
to these excellent flexibility and compressibility
properties, there has been substantial interest of
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commercial processors since its discovery. It
is a completely natural, biodegradable and food
grade source for production of useful colloidal
structures. The grain size and thousand kernels
weights are affected significantly in different
maize varieties, the main reason for this being
the difference in genetic background, agronomic
and natural conditions. It was noticeable from the
present results that varietal difference was one of
the main factors which contributed to the overall
characteristics. Mineral contents of different maize
varieties indicated that sodium and magnesium
were found significant as compared to phosphorus
and potassium and the major factors affecting the
mineral conformation of maize includes type of
cultivar, soil, application of fertilizers and climate.
It was also observed that zein protein extraction
rate was directly proportional to the concentration
of ethanol. Similarly, foaming is an important
parameter, and high foam stability is provided by
proteins because of their hydrophobic nature. This
is due to the conformational rearrangements that
permit quick adsorption atair/water interface which
results in development of flexible adsorbed layer
(12). Zein exhibited good foaming stability due to
its hydrophobic nature. Emulsion characteristics of
proteins are dependent on the interface of oil and
water, while the destabilization process is opposed
by structural, mechanical and electrostatic energy
barriers which are produced by the interfacial layer
(4). Zein proteins presented little difference among
varieties regarding antioxidant potential (6). With
the growing realization of the uniqueness of zein
as an industrial polymer, there are more potential
commercial ventures to explore in the future.
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This study aims to investigate the relationship between the value of cardiac output index (COI) and
pathological Gleason score of heart disease by color Doppler. The dynamic contrast-enhanced color
Doppler data of 312 patients with heart disease were collected. Multi-parameter oxygen concentration
images based on color Doppler were used to detect the COI of heart disease. Multi spin relaxation time
editing sequence and weak diffusion model were used to estimate the oxygen saturation level and pO2.
The biological behavior and prognosis of the patients were determined according to the haematoxylin
and eosin staining of the cardiac pathological tissues and Gleason score, and the relationship between
the COI and Gleason score level of heart disease was evaluated. Of the 312 patients, 28 cases had a
Gleason score 10, 112 had score 9, 56 had score 8, and 116 had score < 7. According to the degree of
differentiation, they were divided into middle-high differentiation group (Gleason scores < 7) and low
differentiation group (Gleason scores 8-10). Multi-parameter oxygen concentration images based on
color Doppler were successfully built, the COI was measured, and the Gleason scores and classification
for the patients were made. There was a positive correlation between the value of COI and Gleason
score (r=0.349, P<0.05). There was significant difference in the value of COI between the middle-high
differentiation group and the low differentiation group (P<0.05). In conclusion, the value of COI is
positively associated with Gleason score; COI values may be used to evaluate the classification of heart
disease and the prognosis of patients.

To the Editor,

Treatment options for heart disease are
often based on the classification (1). Currently,
Gleason classification is the most widely used
method for evaluation of a heart attack (2).
Ultrasound combined with heart biopsy can not
only diagnose heart disease, but can also be used
for pathological grading. However, the utility of
ultrasonic combined with Gleason classification

in the diagnosis and prognosis evaluation of heart

disease remains to be further explored.

Color Doppler has been widely used in the
diagnosis and classification of heart diseases (3).
Previous studies have shown that color Doppler
can detect the distribution of contrast agents in
different tissues and organs by adding a contrast
agent in the body, which can not only distinguish
between heart disease and benign heart disease,
but can also open up an important non-invasive
method for diagnosis (4). However, the contrast

Key words: heart disease, nuclear magnetic resonance, cardiac output index values, Gleason score
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agent often causes a variety of complications, such
as sepsis, infection, etc. A better noninvasive way
without complications is therefore urgently need
needed.

Currently, color Doppler combined with
cardiac output index (COI) value has been used
in detecting heart disease and its pathology
classification. However, its utility has not been
well established. In this study, we aim to evaluate
the classification of heart disease and prognosis
of patients by using color Doppler combined with
COI value, and measure the COI value by color
Doppler dynamic scanning around the heart, as
well as its correlation with Gleason score.

MATERIALS AND METHODS

Study subjects

Color Doppler dynamic contrast-enhanced data
of 312 patients (aged 43-81 years; mean age 0.3+£7.2
years) with heart disease, diagnosed in our hospital
from August 2013 to August 2015 were enrolled in the
study. All subjects gave informed consent to participate
in the study.

Inclusion criteria: (i) definitive diagnosis with
complete clinical data; (ii) underwent Color Doppler
enhanced scanning with full scan data; (iii) no surgical
treatment, hormone therapy or radiation therapy, and
chemotherapy before color Doppler scanning; (iv) The
interval between the color Doppler scanning and surgery
was no more than 30 days. Exclusion criteria: (i) clinical
data was not complete; (ii) scan data was not complete;
(iii) had undergone surgical treatment, hormone therapy
or radiation therapy, and chemotherapy before color
Doppler scanning; (iv) The interval between the color
Doppler scanning and surgery was more than 30 days.

Color Doppler

Color Doppler scanning was performed in accordance
with the conventional method (5). GE 1.5T and 5.0T
Signa Twin Speed scanner and phased array coils with 16
channels were used for color Doppler scanning. Bandage
fixed scanning coil was also used in order to reduce the
influence of respiration on the results. The scanning
process of color Doppler enhanced scanning in the local
area of the heart were as previously reported (6).

A

Fig. 1. Images of a 60-year-old healthy male volunteer.
A) An axial T2 weighted image (the heart cross-section)
showed high signal intensity in the peripheral zone (PZ).
But the signal intensity of central gland (CG, dashed
line) was lower than the peripheral zone. A clear heart
sac was observed (as shown by the arrow). B) Coronary
T2W images through the heart. Around the peripheral
zone, there were urethral distal and ejaculatory product.
Seminal vesicle (SV) was a tubular structure with high
signal strength and fluid filled.

A

B

Fig. 2. Images of a 60-year-old male patient with heart
disease. Peripheral zone showed color Doppler scan images
of heart disease in stage T3. T2 weighted (A) axial images
and coronal image (B) showed that the peripheral area
of the left side was the heart cross-section and the signal
strength of heart disease was lower (arrow). Heart disease
nodules produced swelling and irregular capsules, which
indicated that the patient was at a stage of penetration.
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Heart biopsy

According to the conventional methods (7), the
heart biopsy was performed under the guidance of rectal
ultrasound. The samples fixed in formaldehyde were then
used for HE staining (8), the results were evaluated with
Gleason score system.

Color Doppler scanning image analysis

Color Doppler scanning images or enhanced scanning
images were analyzed by a COI computing system
developed by the Academy for Advanced Interdisciplinary
Studies of Peking University. The running environment
of software was MATLAB R2009a. All the DCE-color
Doppler materials and data were input into this system (9).
According to the puncture results of pathology of the heart,
COI value was measured in the target area. Furthermore,
according to this computer software, the mean value of
COl in the selected area, color of COI value of ROI heart
disease, gray-time curve in selected area, mean Kep value
and the time-concentration curve of contrast agent for the
control vessels were calculated and measured.

Statistical analysis

All the statistical analyses in this study were
performed with SPSS 16 software. The numerical
variables were expressed as mean + standard deviation.
One-way ANOVA was used for the comparison of COI
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Gleason scoring

Fig. 3. The comparison results of cardiac output index
value of heart disease patients with color Doppler scanning
in different Gleason scoring groups.

Table 1. Color Doppler cardiac output index value.

PICCO cardiac output
index value

Gleason
score

<7 1.02+0.16 x 10(-3) mm(2)
8  0.86£0.05 x 10(-3) mm(2)
9  0.63+0.17 x 10(-3) mm(2)

10 0.43+0.04 x 10(-3) mm(2)

value among different groups. Spearman correlation
analysis was used for analyzing the correlation between
Gleason score and the value of COI. P<0.05 was

considered as statistically significant.
RESULTS

Pathological results of heart disease biopsy

According to the Gleason scoring system, 28 cases
had a score of 10, 112 cases had 9, 56 cases had 8, and
116 cases had a score < 7. According to the degree of
differentiation, they can be divided into a middle-high
differentiation group (Gleason scores < 7) including 116
cases and a low differentiation group (Gleason scores
8-10) including 196 cases.

With the gradual increase of Gleason score the value
of COI also demonstrated an increasing trend. Among the
4 different Gleason score groups, the value of the COI
had obvious overlap. The difference was significant in the
value of the COI among different Gleason score groups
(£=2.928, P<0.05). There was significant difference in the
values of the COI between the group with Gleason score
< 7 and the group with Gleason score of 9-10 (P<0.05).
However, there was no significant difference in other
comparisons (all P<0.05) (Fig. 3).

Diagnostic accuracy of COI value of heart disease
patients adopting color Doppler

The diagnostic accuracy of COI value of heart disease
patients adopting color Doppler are as follows: The
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accuracy rate of color Doppler COI value which Gleason
score was < 7, 8, 9 and 10 were 91/116 (78.5%), 47/56
(83.9%), 98/116 (87.5%) and 22/28 (78.6%), respectively.
The accuracy was closely to 80%, and the average
accuracy rate was 82.3%. Table I shows the concrete
values of the color Doppler COI value, which suggest that
the color Doppler COI value may be a potential indicator
of heart disease.

Analysis of the correlation between the COI value with
color Doppler dynamic enhanced scanning and the
Gleason score

The results showed that there was significant
correlation between the COI value in cardiac ward and the
Gleason score (r=0.342, P<0.05).

DISCUSSION

Gleason classification has now become the first
choice for evaluation of the heart attack. However,
this method requires biopsy. Although color
Doppler is widely used in the detection, location
and evaluation of prognosis of heart disease, the
introduction of the contrast agents often causse a
variety of clinical complications, such as sepsis, and
infection, (10). Therefore, there is an urgent need for
more effective and less toxic side effect methods for
heart disease diagnosis and classification.

In the present study, based on the low oxygen
environment of the heart disease micro-environment,
we diagnosed and graded heart disease by color
Doppler from the point of COIl. We successfully
established a multi-parameter oxygen concentration
image based on color Doppler, measured the COI
of heart disease, and found a positive correlation
between the COI value and the Gleason score. Our
results suggest that the COI value may be used to
evaluate the classification of heart disease and the
prognosis of patients.

Previous study (11) has shown that the use of
color Doppler can quantitatively determine the ADC
value. Further study showed that the ADC value
has negative correlation with the Gleason score,
which suggests that we can determine the value of
ADC to evaluate the classification of heart disease
and the prognosis of patients. This is consistent with

the results of the current study. There are also some
reports that a positive correlation exists between
Gleason score and heart disease. In addition, there
was a significant positive correlation between the
Gleason score and the ratio of Cho+Cr/Cit in the
cardiac ward measured by color Doppler, which
further supports the viewpoint of our study.

In conclusion, this study shows that there is a
positive correlation between the Gleason score and
the COI value for cardiac subjects, therefore COI
values may be used to evaluate the classification of
heart disease and the prognosis of patients.
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Cutaneous melanoma (CM) with liver lesions is uncommon in Asia and found in only 14-20% of all
cases. Here, we report the case of a 70-year-old male patient with cutaneous melanoma with metastases
to the liver. Computerized tomography (CT) revealed multiple hepatic cystic lesions, and hepatic
puncture biopsy was used for definitive diagnostics. The primary lesion was found on the patient’s
scalp. We briefly reviewed the literature to summarize the recent progress in diagnosis and treatment of
metastatic cutaneous melanoma. Examination of pathology data is still considered the gold standard of
diagnosis, while imaging is used to detect metastases, assess the stage of disease and monitor the patients.
Metastasectomy, whenever possible, may benefit most patients. Systemic therapies remain the mainstay
of the treatment, with some important breakthroughs reported in the recent years. New treatments,

such as adult-to-adult living donor liver transplantation, are still in the early stages.

To the Editor,

Here we report the case of a 70-year-old man who
was admitted to the Department of Hepatobiliary and
Pancreatic Surgery of China-Japan Union Hospital
(Jilin University, Changchun, Jilin Province, China)
in December 2014 complaining of abdominal
distension and pain lasting for about 3 weeks.
Written consent for publication of this case was
obtained from the patient. Abdominal ultrasound
examination in a local hospital revealed multiple
hepatic cysts. Physical examination showed that
the liver was palpable 7 cm below the xiphoid with
tenderness of the right upper quadrant. The spleen
was not palpable. Liver function tests demonstrated

the elevated levels of aspartate aminotransferase
(AST) (115.6 U/L, normal range < 40 U/L), alanine
aminotransferase (ALT) (85.5 U/L, normal range <
40 U/L), lactate dehydrogenase (LDH) (1423 U/L,
normal range < 248 U/L), and y-glutamyltransferase
(y-GTP) (1301 U/L, normal range < 57 U/L).
Serum tumor markers of alpha-fetoprotein (AFP),
carcinoembryonic antigen (CEA) and cancer antigen
199 (CA199) were all normal, but cancer antigen
125 (CA125) was elevated (120.80 U/mL, normal
range < 35 U/mL). Other laboratory tests, including
those for hepatitis B surface antigen (HBsAg) and
anti-hepatitis C virus (HCV) antibody, were normal.
CT scans revealed multiple hepatic cystic lesions
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with uneven density, ill-defined margins, and rim
enhancement the cystic walls of which displayed
nodular or speckled enhancement (Fig. 1). We
used hepatic puncture biopsy guided by ultrasound
to get a definite diagnosis. Immunohistochemical
stainingsfor Melan-A, HMB45, andS-100 were
positive (Fig. 2), which suggested a serious
possibility of metastatic melanoma to the liver.
Finally, we found the primary lesion at the patient’s
scalp. Unfortunately, the patient refused further
treatment and left the hospital after remission of
symptoms. Later we learned that he died soon after.

DISCUSSION

As in the case presented here, patients often see
their doctors with abdominal symptoms caused by
occult primary lesions. Clinical signs and symptoms
on physical examinations are often nonspecific, so
imaging plays an important role in the diagnosis. When
melanoma is confirmed, imaging is typically used to
detect metastases, evaluate clinical stage and monitor

the progress of the disease (1, 2). Due to its documented
high sensitivity in the detection of skin and lymph node
metastases, MRI has been proposed as the standard
imaging modality for staging high-risk patients (3). The
use of MRI is often considered because this method
avoids exposure to radiation. It is, however, more
expensive and does not allow the coverage in the same
timely manner as CT (4). For this reason, the use of
single portal venous phase imaging by CT is advocated
for staging and routine surveillance of patients with
metastatic CM. Dual phase CT increases radiation dose
without significant diagnostic benefits. MRI is also
useful when the diagnosis of hepatic metastatic disease
by CT is inconclusive, as MRI could detect additional
extrahepatic metastases (5).

The diagnosis of our patient was mainly confirmed
by pathologic results. However, melanoma has a wide
spectrum of histological features that mimic epithelial,
hematologic, mesenchymal and neural tumors (6).
Fine-needle aspiration (FNA) biopsy is the first-line
diagnostic option in patients with a mass clinically
suspicious for metastatic melanoma. We used this

Fig. 1. CT scans revealing multiple hepatic cystic lesions with uneven density, ill-defined margins, and rim enhancement
the cystic walls of which displayed nodular or speckled enhancement.

L <™ g

Fig. 2. Immunohistochemical staining showing positive reaction to Melan-A, HMB45, and S-100: A) subcellular fraction
for Melan-A; B) membranous and cytoplasmic fractions for HMB45,; C) nucleus and cytoplasmic fractions for S100.
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technique to confirm the diagnosis in our case. FNA
provides several advantages over other pathological
methods. These advantages include low cost of
procedure, minimal risk of harm to the patient, and
rapid turnaround time (7).

Currently, surgery seems to be the only way to
successfully treat melanoma with liver metastases,
even though this approach remains controversial.
Theoretically, liver metastases signify systemic disease
involvement. No randomized controlled studies have
been performed to date to explicitly demonstrate the
benefits of surgery. Only 2-7% of patients with liver
metastases from melanoma are offered surgery (8). It
is important to set the standards for selecting patients
who can gain benefits from surgery, as most of them are
not considered suitable for surgical treatment. For these
patients, systemic therapy or localised therapy are the
available alternatives.

At present, the main approach to the treatment
of malignant melanoma is systemic therapy which
include chemotherapy, with single agents such as
dacarbazine (DTIC), temozolomide and fotemustine;
combination therapies such as CVD (cisplatin,
vinblastine and DTIC), CVD in combination with IL-2
and IFN-a, and immunotherapy using cytokines (IL-2,
IFN-a), immune checkpoint inhibitors such as CTLA-
4 blocking agents (ipilimumab) and PD-1 blocking
agents (pembrolizumab, nivolumab). In addition,
tumor-targeted therapeutics such as BRAF inhibitors
(vemurafenib, dabrafenib) and MEK inhibitors
(trametinib) can be used.

The common methods of localised therapy include
hepatic arterial infusions (HIA), chemoembolization,
and isolated or percutaneous hepatic perfusions.
Fotemustine and melphalan are the most common agents
for HIA and hepatic perfusions, respectively. Although
melanoma is generally considered a relatively radio-
resistant tumor (9), the applications of radiotherapy
for treating melanoma continue to be investigated.
Stereotactic radio-surgery and stereotactic body RT
have been confirmed to be effective in patients with
non-resectable local recurrent or metastatic disease that
produces bone pain, epidural spinal cord compression,
and central nervous system dysfunction (10).

In conclusion, we present here a case of CM with
metastases to the liver, as very few cases of this kind

have been previously reported in Asia. The disease
is not difficult to confirm by imaging and pathologic
methods, but early detection still remains a problem.
Liver resection may benefit most patients whenever
possible, while systemic therapy remains the most
common approach to the treatment of this condition.
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The aim of this study was to analyze the association between polymorphism of the androgen receptor
(AR) gene CAG repeat sequence and the climacteric syndrome in men. The study was performed in
103 males with climacteric syndrome and 111 males without the clinical syndrome of climacteric, aged
between 40 and 70 years. DNA sequencing of the CAG repeat sequence in the N-terminal domain of
the first exon of the AR gene was analyzed. The AR allele length ranged from 18-34 CAG repeats in
males with climacteric syndrome. The average value of CAG repeat was 24.71 + 2.58. However, the
corresponding values ranged from 15-24 CAG repeat in control group and the average value of CAG
repeat was 21.25+£2.63. There was a significant difference of the number of CAG repeat between the
two groups. The occurrence of male climacteric syndrome was related to the CAG repeat number
of androgen receptor gene, and the male patients with more CAG repeats had higher risk of clinical
syndrome of climacteric. The detection of CAG repeat number of AR gene might be helpful for the

prediction of clinical syndrome of climacteric.

To the Editor,

Male climacteric syndrome (MCS) is a common
health problem in males of middle and old age all
over the world. With the coming of the aging society,
it has attracted more and more attention in recent
years. MCS characteristics include different types of
neurological dysfunction, depression, memory loss,
lack of concentration, fatigue, insomnia, sweating
and sexual dysfunction which seriously affect the
quality of life of patients (1). Usually, MCS has a
long incubation period before symptoms appear.
Therefore, early detection and early intervention
therapy can effectively reduce its incidence and
severity. Testosterone replacement therapies have
been tried, but hepatic adverse effects limit its
administration, especially if there are liver diseases

such as hepatitis or non-alcoholic fatty liver (2).
The diversity of the clinical symptoms limits the
development of diagnostic methods, and current
approaches are too expensive and difficult to apply
in large-scale screening (3). Therefore, it is essential
to find specific biomarkers for early diagnosis.
Androgen receptor (AR) is a steroid receptor, a
member of the nuclear receptor superfamily, which
mediates many cellular processes, including cell
proliferation, differentiation and apoptosis. The
encoding gene is located at Xql1-12, with a total
length of approximately 90 KB, containing 8 exons
and 7 introns. The first exon of AR gene contains
polymorphic structures, in which poly (CAG) n
trinucleotide sequence and transcriptional activation
of AR are related. It has been found that AR gene
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(CAG) n repeat sequence mutations are related
to diseases, including including prostate cancer,
breast cancer, bladder cancer, acne, male infertility,
male patients with acute myocardial infarction,
rheumatoid arthritis, coronary heart disease and late-
onset hypogonadism (LOH), which reflects the AR
wide (4-6) biological effect. This study explores the
correlation of polymorphisms in AR gene (CAG)
n repeat sequence with MCS e clinical relations,
enriching the understanding of gene polymorphism
and clinical syndrome.

MATERIALS AND METHODS

Patients

A total of 214 men, aged 40-70 years were randomly
selected from local communities. One hundred three male
climacteric clinical group patients were selected from male
outpatients for urinary concerns and other male outpatients.
The exclusion criteria included: patients with prostate
cancer, breast cancer, bladder cancer, acne, male infertility,
male acute myocardial infarction, rheumatoid arthritis,
coronary heart disease and delayed hypogonadism. These
patients were divided into an experimental group of 103
cases aged 40-70 years (average 55.3+9.6 years), and
a control group of 111 cases aged 40-69 years (average
54.149.3 years). The study was approved by the Ethics
Committee of the The First People’s Hospital of Tonglu
and all the patients included in the study signed an inform
consent to participate in the study.

Patient grouping

The use of “MCS questionnaire” rating scale (including
physical symptoms, vasomotor symptoms, physical and
mental symptoms and sexual dysfunction symptoms
analysis; see Table I), is combined with the “Self-assessment
of MCS” (Table II) for the screening of community survey,
to determine males with clinical symptoms of climacteric
syndrome. If the total physical symptoms with vasomotor
symptoms is more than 5, or the psychological symptoms
scores more than 4, or the sexual dysfunction symptom
score is greater than 8, it is classified with male climacteric
clinical syndrome. If there were 4 or more than 4 points
in the self-assessment table, it was also classified in the
MCS group. According to the above criteria, subjects in
the climacteric clinical syndrome group were included in

the clinical syndrome group, and the others in the control
group. There was no kinship between the selected people
and no difference between age.

Sample collection

After 12 h fasting, 4 mL blood samples were taken
from the elbow vein at 7:30~8:30 a.m. The time of blood
collection was chosen because the concentrations of
testosterone are maximum in the morning. EDTA was
used for anticoagulation and blood samples were stored at
-80C° until analysis of AR gene (CAG) n repeat number.

Detection of AR gene (CAG) n repeat sequence

Genomic DNA Extraction Kit from Hangzhou Jian
Biologic Technology Co., Ltd. was used to extract genomic
DNA from the blood samples. PCR was used to amplify
the amino terminal transcriptional regulatory region 700
bp fragment of the AR gene exon 1, the upstream primer
was F:5 -CAGTTAGGGCTGGGAAGGGTCTA-3’,
and the downstream primer was R:5
‘TGGCGTTGTCAGAAATGGTCGAA-3’. The PCR
reaction volume was 20 pL: including genomic DNA
10 ng, 10 x buffer (including MgCl)) 2 uL, 10mmol/L
dNTP 1.6 pL, upstream and downstream primers each is
0.8 puL, Taq Pfu DNA 0.5 pL, adding sterilized deionized
water to 20 pL. PCR amplification reaction program:
94°C predenaturation for 4 min, 94°C denaturation for
30 s, 60°C annealing for 30 s, 72°C extension for 45 s,
32 cycles, 72°C extension for 10 min. The PCR product
of 2 pL was used and separation in 1% agarose gel by
ethidium bromide staining, 30 min electrophoresis was
performed under 80 voltage. The results were observed
under ultraviolet light and the system was imaged by 2500
gels. The PCR products were recovered by Biotechnology
(Shanghai) Co., Ltd. for Sanger sequencing reaction of
all PCR recovered fragments. The sequencing primers
were 5 CTCAGGATGTCTTTAAGGTCAGCG-3’, the
sequencing machine used was ABI3730XL. After the
sequencing of PCR amplification products was completed,
the results were analyzed by blind method, which was
read by more than two professional molecular biology
professionals to determine the number of CAG repeats.

Statistical analysis
Data were collected in the Excel database. SPSS
13 software was used for statistical analysis. The
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Table 1. Male climacteric syndrome questionnaire.

Name Age__ Contact Address _

917

Physical condition

Lethargic Insomnic Lack of appetite Bone;;r;ﬂ joint
Highly frequently (3 points) )
Always (3 points)
Occurs at times (1 point)
Never (0 zero)
Total points
Vasomotoricity

Hectic fever Night sweat Palpitation Forgetfulness

Highly frequently (3 points)

Always (3 points)

Occurs at times (1 point)

Never (0 zero)

Total point

Psychological condition

A sense Lost mterest 1n
Attention deficit Become jumpy things used to
of fear .
like
Highly frequently (3 points)
Always (3 points)
Occurs at times (1 point)
Never (0 zero)
Total point
Sexual dysfunction
No more Failed to
Lost desire Get no .. Failed when erect at
. erection 1n
for sex feeling at all . attempted sexual
the morning .

intercourse

Highly frequently (3 points)

Always (3 points)

Occurs at times (1 point)

Never (0 zero)

Total point
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Table I1. Self-assessment of male climacteric syndrome. experimental data were tested by #test with mean

Have the following related symptoms
appeared during last year

Yes (V)
No (¥)

Myopic lens does not help in reading
anymore and it is easier to read without.
This is a sign of aging

Eye fatigue, suffer from headache and
dizziness after reading

Less sleep than previously, start to keep
early hours

Drink less

Hearing loss

Teeth get loose and have to shut hard to
bite food. People who have dentures need
to change them frequently

A change of in the taste of food: like to eat
sweet, sour, spicy, salty and other heavy
flavors, indicating a decline in taste

Weakness for snacks, especially
confections, which is associated with a
diminished taste.

Diminished sexual desire

Memory impairment

Constantly haunted by childhood
memories

Performance in work and study is not as
satisfying, even though you aspire for the
better

standard deviation, and the difference was considered
significant if p< 0.05. In cases where p> 0.05, then it has
no significant statistical significance. These methods were
used to determine the difference between the experiment
group and the control group.

RESULTS

Demographic analysis

The results of independent sample #-test showed
that there was no statistical difference between the
two groups (t =-1.003, p=0.317) regarding age and
sex of the patient distribution.

Electrophoretic results of PCR products in the INH?2
terminal transcriptional regulation area of the AR
exon and sequencing results of 1.3 AR gene exon 1
(CAG) n repeat sequence

The first exon (CAG) n of AR microsatellite
gene amplification result is shown in Fig. 1A. The
PCR band is single and specific, and the size of
the amplified fragment is about 700 BP, which is
consistent with the expected molecular weight.

The results of reverse sequencing of the first exon
(CAG) n of AR were analyzed by blind method. As
depicted in Fig. 1, B and C, the (CAG) n sequence
concentration, a strong sequencing signal produced
a clear judgment of repetitive sequence.

Polymorphism analysis of 1.4 AR gene (CAG) n
repeat sequence

In the control group with 111 cases, the shortest
AR gene (CAG) n repeats was 15 and the longest
was 24, the average length 21.25+2.63. In cases of
MCS in the clinical group, the shortest AR gene
(CAG) n repeats was 18, the longest was 34, the
average length was 24.71+£2.58. Using Fisher’s
Exact non-parametric test (CAG) n repeats for
analysis, results showed that among the two groups
(CAG) there were significant differences in the
number of n repeats (p=1.26402E-18, p<0.001),
the clinical syndrome of male climacteric group
AR gene (CAG) n repeat number was significantly
higher than the normal control group (P < 0.001)
(Table III).
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(B)

()

(CAG)

Fig. 1. A)Electrophoresis results of PCR products of AR gene exon 1 CAG repeat sequences (incomplete data); B) AR
gene NH2- end (CAG) 19 reverse sequencing peak map, C) AR gene NH2- end (CAG)32 reverse sequencing peak map.

Table I11. Comparison of the number of AR gene (CAG) n repetitions in the male climacteric experimental group

and the control group.

Control group (n=111) Experiment group (n=103)
(CAG)n shortest 15 18
(CAG)n longest 24 34
(CAG)n average 21.25+2.63 24.71+£2.58
t-test 1.26402E-18
)% 0.0005
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DISCUSSION

Male climacteric is a transitional period from
mature male into older age. Even if the majority of the
men do not manifest clinical symptoms, in some cases
the symptomatology is similar to the female climacteric
group, which has adverse effects on multiple organ
function, reducing the quality of life (7).

The current study showed that the minor regulation
of AR transcriptional activity was negatively
correlated with the length of the (CAG) n sequence.
Previous studies have shown that the decrease
of androgen levels may be the cause of clinical
climacteric syndrome in middle-aged and old men
(8). The biological effects of androgens are shown via
the AR. Studies showed that the repeat length of AR
gene exon in 1 N-terminal transcriptional regulatory
region (CAQ) is closely related with AR expression
and transcriptional activity. The polymorphism of
(CAG) n repeats of AR gene is closely related to
elderly MCS (9, 10, 11). To our knowledge, this is
the first study that uses DNA sequencing to study
the relationship between the number of n repeats
and clinical MCS. The results showed that in the 111
cases in the control group of male AR gene (CAG) the
average length ofnis 21.25+2.63, and 103 cases of the
MCS group male AR gene (CAG) the average length
of n is 24.7142.58, compared with the normal male,
MCS group AR gene (CAG) n repeat pole increased
significantly. The transcriptional activity of AR and
(CAG) n was negatively related to the length of the
sequence, increasing the number of n repeats (CAG).
The aging process can determine a decrease in AR
level and sensitivity (12 and the specific mechanism
needs to be further investigated.

In conclusion, there is a significant correlation
between AR gene (CAG) n repeat polymorphism and
the occurrence of male climacteric clinical syndromes,
suggesting that it may be a new risk factor for male
climacteric clinical syndromes.
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Polylactic acid (PLA) bubbles that can act both as ultrasound contrast agents and drug carriers
have the disadvantage of low encapsulation efficiency and do not allow effective extravasation into the
tumor tissue. In this regard, PLA and lecithin are considered drug carriers. The present study used
a modified ultrasonic double emulsion-solvent evaporation technology in order to prepare paclitaxel-
loaded PLA-lecithin nanobubbles. X-ray diffraction analysis (XRD) was used to investigate the state
of the drug in the bubbles, whereas the tumor weight and the inhibition rate of tumor bearing mice in
the ultrasound-mediated function were further examined. The results indicated that the nanobubbles
prepared with a mass ratio of PLA and lecithin at 50:250 were characterized as inner hollow. The size of
these particles was approximately 615 nm, and the drug loading and encapsulation reached 8.34+0.67%
and 91.42+5.48%, respectively. Paclitaxel was distributed in the shell of the bubbles in an amorphous
state, and the in vitro drug release was characterized by sustained release, zero release and ultrasound
mediated drug release. The injection of H22 hematoma-bearing mice with ultrasound-mediated drug-
loaded PLA-lecithin nano-scaled bubbles could reduce the toxicity and increase the antitumor efficacy

compared with paclitaxel.

To the Editor,

Currently, ultrasound contrast agents exhibit
potent contrast enhancement function and are widely
used in gene therapy, drug delivery, thrombolytic
therapy, cancer treatment and other fields (1).
However, the ultrasound contrast agent exhibits
limited drug release to the tumor target due to its low
drug loading rate and larger particle size (2). The
ultrasound contrast agent currently exists in the form
of soft film bubbles packaged with high density inert
gases (3). The average particle size of the bubbles
is between 200 and 500 nm, which is less than that

of red blood cells (4). The ultrasound contrast agent
can pass through the pulmonary circulation freely,
but not through the blood vessels (5). It is a blood
pool imaging agent, which limits the diagnosis and
treatment of extravascular diseases. The Nano-
scaled contrast agent (ultrasound contrast agent
with a diameter of less than 1000 nm) has a strong
penetration force, compared to the conventional
contrast agents (6). A previous study indicated that
the vascular endothelial space of the diseased tissue
(such as tumor tissue) expanded and could eventually
allow the particles with diameter of less than 700 nm
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to pass through (7).

In the present study, PLA and soybean lecithin
were mixed with shell material for bubbles. We
prepared paclitaxel-loaded nano-scaled bubbles using
the modified ultrasound double emulsion method,
and controlled the bubble size and drug loading rate
by the content of lecithin and the time required for
ultrasonic treatment. In addition, we investigated the
bubble characteristics and the drug release properties
following ultrasonic treatment, and further examined
the antitumor effects of drug-loaded bubbles on mice
with hematoma malignancies.

MATERIALS AND METHODS

Materials

DL-PLA (Viscosity Molar mass of 10,000 g/mol) was
from Shandong Kaiyuan Biological Material Co., Ltd;
dichloromethane from pure analysis, Beijing Chemical
Reagent Factory; soybean lecithin from Guangdong
Wankai Microbial Technology Co., Ltd; Bo Losham from
German BASF Co., Ltd; Rhoda mine B from Tianjin
Fine Chemical Industry Research Institute; and paclitaxel
(purity 99.9%) from Shenyang Tianfeng Bioengineering
Technology Co., Ltd.

XL-30 environmental scanning electron microscope was
from Philips; JEM- 2100 transmission electron microscope
from Hitachi; and laser confocal microscope from Leica.
The Nan (-ZS Nano particle size Zeta potential analyzer)
was purchased from Malven, whereas the high performance
liquid chromatography instrument was from Waters. The
X-pert type powder X ray diffraction was obtained from
Panalytical Analysis Instrument Company; the ultrasonic
cell crusher from Ningbo Scientz Biological Technology
Co., Ltd; and the ultrasound imaging diagnostic instrument
from CHISON (600AG-type).

Animals

Kunming mice were provided by the animal center
of the Xiamen University School of Medicine. The mice
were kept under a 14-hour light/10-hour dark cycle, at
a temperature of 18-23°C with 40-60% humidity. The
animals were approximately 6-7 weeks old with a body
mass of about 20 g. Subsequently, they were implanted with
the mouse hepatoma H22 cell line (provided by the animal

center of the Xiamen University School of Medicine)
subcutaneously in the forelimb armpit. The Mouse
Cultured Liver H22 was preserved at the Mudanjiang
Medical University’s Center for Type Culture Collection.
The H22 cell line was cloned and the well developed cells
were selected. Then the selected tumor cells were allowed
to grow to a diameter of approximately 0.8 cm, and 49
nude mice were selected as the experimental model with no
spontaneous bleeding necrosis, and peritumoral lesions in
the absence of infection. The present study was approved
by the medical Ethics Committee of the affiliated Hongqi
hospital of the Mudanjiang Medical University.

Preparation of bubble contrast agent

Ultrasound contrast agent with blank PLA bubbles
was prepared by ultrasound multiple emulsion solvent
evaporation technique. A total of 1 mL of 0.01 g/mL
sodium bicarbonate solution was selected as the internal
phase (W) and was mixed with 10 mL dichloromethane at
a different ratio of PLA and lecithin (oil phase, O). A total
of 200 W ultrasonic bursts were used for 100 s in order
to form water in oil (W /O) colostrum. The colostrum was
subsequently injected into 0.01g/mL poloxamer solution
(external water phase, W,) with a volume fraction of 1%
in the same ultrasonic irradiation in order to form water in
the oil water (W /O/W,) emulsion. The double emulsion
was slowly stirred for 10 h in order to vaporize the organic
solvent and produce a solidified organic phase. The mixture
was centrifuged at 8,000 r/min and washed twice in order
to collect the precipitate. Subsequently, 2 mL of 0.05g/
mL of mannitol was added. The bubbles (one or two)
with paclitaxel-loaded and fluorescent dye rhodamine B
were added in the organic phase in the process of bubble
preparation at a paclitaxel concentration of 3 mg/mL.

Characterization of drug-loaded bubbles

Scanning electron microscope and transmission
electron microscope were used for the observation of the
external morphology and the internal structure of bubbles,
respectively. Confocal microscopy was used for blank
PLA-lecithin bubbles loaded with rhodamine B in order to
reflect the internal structure of bubbles with the distribution
of Rhodamine B. Nanoparticle size Zeta potential analyzer
was used to detect and investigate the particle size of bubbles
that were dispersed in the water. In addition, we detected the

presence of drugs in bubbles by X-ray powder diffraction.
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Determination of drug-loaded amount and entrapment
efficiency

The determination of paclitaxel drug-loaded amount
and entrapment efficiency was performed using high
chromatography (HPLC). The
chromatographic column was a symmetry C18 column

performance liquid
(250 mm x 4.6 mm 5 pm) and the mobile phase consisted
of a solution containing methanol and water at a ratio
of 75:25. The flow rate was 1.0mL/min, the column
temperature 25°C and the detection was performed
at a wavelength of 227 nm. A total of 15 pL of each
paclitaxel standard sample was loaded on the column at a
concentration range of 1 to 100 pg/mL. The peak area (Y)
was estimated for the regression of the standard solution
concentration (X) and a standard curve was obtained. We
accurately weighed freeze-dried bubble powder (10 mg)
and placed it in a 5 mL centrifuge tube. The powder was
mixed with 0.5 mL dichloromethane and subjected to
ultrasound in order to dissolve the bubbles. Subsequently,
we added 2.5 mL methanol and the solution was vortexed
for 10 min. The solution was then centrifuged at 8,000 r/
min for 10 min and the supernatant (15 pul) was collected.
The peak area was measured and the standard curve was
used in order to estimate the concentration of paclitaxel.
The drug loading content (DC) and drug entrapment
efficiency (EE) were calculated according to the following

formula:
_ Paclitaxel qualllty «100% i)
Bubbles  quality
BE - Actua.l drug loadmg content «100% (ii)
Theoretical ~ drug loading content

The PLA-bubbles and PLA-lecithin drug-loaded
bubbles were used for the in vitro drug release experiments
and the effects of ultrasound on the two types of bubble in
vitro drug release were investigated. A total of 50 mg of
each sample was weighed, placed in a 30 mL centrifuge
tube and mixed with 10 mL of release medium (containing
1% volume fraction, and phosphate buffer solution with
1% volume fraction methanol and a pH value of 7.4). The
solution was vortexed for 1 min and centrifuged at 37°C
at 75£5 r/min oscillation conditions in a predetermined
period of time. An additional centrifugation was
conducted at 8,000 r/min for 10 min, all the supernatants
were removed and the released drug concentration was
measured by high performance liquid chromatography.

The solution was replaced with fresh medium, and
the oscillation was carried out after vortexing for an
additional 1 min. An ultrasound diagnostic instrument of
3.5 MHz R60 convex array was used, and the ultrasound
was carried out for 10 min with an acoustic intensity of
22.57 mW/cm?, and then placed into the thermostat box
for concussion. We determined the concentration of
paclitaxel by HPLC and estimated the cumulative drug
release curve, while concomitantly comparing the effects
of ultrasound on the release kinetics.

Animal experiments

The mice were randomly divided into 7 groups as
follows: 1) saline control group; ii) paclitaxel injection
solution group; iii) blank PLA-lecithin bubble injection
group; iv) paclitaxel PLA bubble group; v) paclitaxel
PLA bubble/ultrasound group; vi) paclitaxel PLA-lecithin
bubble group; and vii) paclitaxel PLA-lecithin bubble
ultrasound group. Each group was injected with a dose
equivalent to a paclitaxel dose of 20 mg/kg into the tumor
surrounding tissues, 3 times a week for a total period of
2 weeks. Following administration of the agents to the
ultrasound group, the hairs around the mice were removed
and they were coated with an ultrasonic coupling agent.
The samples were sonicated for 1 min by an ultrasonic
probe with diameter of 1.5 cm (V306, 2.25 MHz) for
the injection areas. Following 20 days of treatment, the
animals were sacrificed by cervical dislocation. The
adipose tissues, the skin and the blood were removed. The
tumor tissues were weighed by electronic scales, and the
inhibition rate (IR) was calculated.

body quality in the treatment group
tumor quality in the control group

R = [1 _ Average

x100%
Average

The experimental data were analyzed using SPSS 16.0
version statistical software for analysis of variance. The
data were expressed as mean =+ standard deviation (X + s)
and p<0.05 ) was considered significantly different.

RESULTS

Effect of lecithin content on particle size and drug
loading content of bubbles

The concentration of lecithin exhibited a positive
effect both on bubble size and drug loading content
(DC). Initially, we observed that the increase of the
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proportion of lecithin enhanced the dissolution rate
and facilitated the dispersion of the freeze-dried
bubbles. Fig. 1 indicated the morphology of the
particles that were prepared when the quality ratio
of lecithin and PLA was 0:300, 50:250 and 300:0,
respectively. Fig. 1 indicated that the addition of a
small amount of lecithin increased the dispersion
effect of the bubbles, whereas the size of the bubbles
size was decreased. However, when the lecithin
content increased to 100%, the bubbles disappeared
and were replaced by nanoparticles with a surface
roughness diameter of approximately 111 nm (Fig.
1). According to the particle size distribution (Fig.
1), the increase in the levels of lecithin, decreased
the particle size of the bubbles, and the particle
size polydispersity. This was mainly reflected in
PLA bubbles that did not contain lecithin and had a
particle size distribution of 200 nm to 2 um. Using a
quality ratio of lecithin and PLA that increased from
50:250to 150: 150, resulted in a shift in the detection
wavelength of the particle size of the bubbles to 615
nm, and in a reduction in the distribution range,
indicating that lecithin was important in stabilizing
the Nano-scaled bubbles.

In addition, the content of lecithin exhibited
significant effects on the drug entrapment efficiency
(EE) of the bubbles. A small amount of lecithin
could improve the drug EE, whereas when the

100
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Fig. 1. Variation of EE (curve) and bubble size distribution
as determined by intensity (bar) corresponding to different
lecithin proportion to PLA of the bubble component.

lecithin content was higher than a certain threshold,
the drug EE was reduced. When the quality ratio of
lecithin and PLA was 50:250, the drug EE reached
(91.42+5.48)% (Fig. 1). This effect was significantly
higher than that of the PLA bubbles EE (79+8.23)%.
When the dosage was 10% of the total organic phase,
the DC reached (8.34+0.67)%.

Lecithin contains lipid compositions and
hydrophilic phosphate and choline, which are
amphiphilic molecules. In the preparation process of
the double emulsion, a small amount of lecithin was
distributed in the interface of the internal water and
oil phases, and paclitaxel was capable of forming
hydrogen bonds with lecithin. In the bubbles, lecithin
was distributed in the inner shell. As a result, a small
amount of lecithin could enhance the drug EE,
whereas an excessive amount of lecithin following
the saturation of the interface of double emulsion
of the internal water phase to the oil phase, would
drain the external water phase. Alternatively this
formulation could self-assemble into nanoparticles
(Fig. 1), and paclitaxel would further be lost to the
external water phase, suggesting that the drug EE
would be reduced.

Presence state of drugs in bubbles

The powder crystal diffraction analysis indicated
that paclitaxel existed in bubbles in an amorphous
state. Fig. 2 shows the XRD atlas of paclitaxel crystals,
blank bubbles and paclitaxel bubbles.

Paclitaxel crystals had characteristic peaks when
20 was at 5.14 degrees, 8.82 degrees and 12.38
degrees, while the peaks disappeared in the PLA-
lecithin bubbles (Fig. 2). This suggested that paclitaxel
existed in an amorphous state, which was conducive
for paclitaxel to be dissolved in a buffer solution and
subsequently be released from the bubbles.

Drug release kinetics analysis

The paclitaxel bubble in vitro cumulative
release curve is shown in Fig. 3. The drug release
characteristics of the drug-loaded PLA-lecithin
bubbles and the drug-loaded PLA bubbles were
similar. In the absence of ultrasound stimulation, the
data were indicative of a zero-order release and no
burst release behavior was noted. Additionally, the
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Fig. 2. XRD diagrams of pure paclitaxel, empty bubbles
and paclitaxel-loaded bubbles.
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Fig. 3. Ultrasound triggered/without release profile of
drug-loaded PLA/PLA-lecithin bubbles.

drug release rate was 30.86% and 38.45% on the
sixteenth day of the drug release effect. Following
ultrasound, the drug release of the two types of
bubbles was significantly increased, and at the
sixteenth day period, it reached 56.47% and 49.88%,
respectively.

On the first, fourth, and eighth day following
the release of the drugs, the ultrasound that was
diagnostic for this effect was used for 10 min (Fig.
3). A total of two samples suddenly released drugs
following ultrasonic stimulation, which indicated that
ultrasonic waves could promote the bubble release
drug effect. The results were of great significance

for the bubble release system carrying out timing
drug release in the body. Moreover, it has been
widely studied that ultrasound has targeted transfer
effects on drug-loaded particles. As a result, the in
vitro ultrasound-mediated-drug-loaded bubbles were
expected to result in a new timing and designated
drug release system.

Therapeutic effect of drug-loaded bubbles in liver
cancer mice

The average tumor weights and IR of each animal
are shown in Table I. We performed a comparison
among the factors affecting the experiment. This
included the comparison between each group and
the saline group, the comparison between other
paclitaxel carrier groups and the paclitaxel injection
group, the comparison between the ultrasound
group and the group devoid of ultrasound, and the
comparison between the PLA-lecithin group and the
group that had no lecithin. The specific analysis is
shown hereunder.

The ¢, d, e and g groups with the exception of
the blank PLA-lecithin bubble control group, that
contained paclitaxel (c, d, e, g group) exhibited
decreased tumor mass compared with the saline group
(p<0.05). This result demonstrated that paclitaxel had
a certain antitumor effect on the tumor bearing H22
liver cancer mice. Concomitantly, the effects of blank
PLA-lecithin bubble group were investigated with
regard to the tumor growth. The tumor in this group
increased compared with the saline group, although
there was no significant difference (p>0. 05).

The paclitaxel injection group exhibited greater
side effects due to the direct effects of the drug on
the assembly of the bubbles. The mice indicated a
curling up phenomenon following the injection, and
the stripped tumor revealed severe ulcer, leading to
a decrease in tumor weight. In the other groups, the
ulcer was not apparent. The Paclitaxel PLA-lecithin
bubble ultrasound group IR was 74.27%, higher
than that (64.70%) of the paclitaxel injection group.
However, the IR of the e, f, and g groups was not
higher than that of the paclitaxel injection group.
This was notably observed for the f group (paclitaxel-
loaded PLA bubbles group) and its IR was only
12.82%. The tumor weight of the aforementioned
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Table 1. H22 tumor weight and inhibition rate in mice (n= 7).

Groups Tumor mass/g IR/%

a The saline group 1.3145+£0.6151 -

b The blank PLA-lecithin bubbles group 1.1286+0.7312 -

¢ The paclitaxel injection group 0.4872+0.3121* 64.70

d The paclitaxel PLA-lecithin bubbles 0.7542+0.2345%* 44.32
The paclitaxel PLA-lecithin bubbles

e 0.3024+0.4862* 74.27
ultrasound group

f The paclitaxel PLA bubbles group 1.185240.4852*# 12.82
The paclitaxel PLA bubbles ultrasound

g 0.6752+0.2853* 46.14

group

* Statistically significant compared to group a # statistically significant compared to group g.

groups exhibited a significant difference compared
with the paclitaxel injection group.

DISCUSSION

A previous study demonstrated that an altered
expression of extracellular matrix molecules
ultimately affects all biological processes including
inflammation (8). In addition, a similar study
indicated that amphiphilic poly-N-vinylpyrrolidone
nanoparticles could be considered as potential
carriers for novel, highly efficient, injectable drug
delivery systems that can be used for hydrophobic
drugs such as indomethacin (9). In vitro drug
release studies have indicated a slow release effect
of the prepared bubbles (10). In tumors that were
developed from subcutaneous injection of cancer
cells, the bubbles degraded slowly (11). A similar
study indicated that the amount of PLA that remains
in the tumor could cause the tumor mass to increase
(12). These findings are consistent with the results
presented in the current study.

However, the results provided in this study
suggested that the drug-loaded PLA-lecithin bubbles

had sustained release effect in vitro. The ultrasound-
treated bubbles could accelerate the drug release.
The PLA-lecithin drug-loaded bubbles combined
with ultrasound positioning had higher antitumor
effect in vivo compared to the paclitaxel drug
loaded bubbles alone, while no ulcer or other side
effects were present. The results confirmed that the
treatment has a good prospect
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The aim of the present study was to describe the genetic diversity of Mycobacterium tuberculosis (M.tuberculosis)
strains circulating in the region of Northern Greece. A total of thirty-seven M. tuberculosis clinical isolates were
analysed by the spoligotyping method. According to the results, six clusters comprising seventeen strains were
detected, and the remaining twenty strains showed unique patterns. The M.tuberculosis families according to
SITVITWEB were distributed as follows: Haarlem (H) (27.0%); T (24.3%); Beijing (13.5%); Latin-America and
Mediterranean (LAM) (5.4%) and S (2.7%). The remaining isolates (27%) did not match any isolates within the
database and they were characterized as orphans. Regarding GenoType MTBDRplus results, two strains (5.4%)
were Multi-Drug-Resistant, four strains (10.8%), were isoniazid monoresistant, while the remaining thirty-one
strains (83.8%) were susceptible. In conclusion, in the region of Macedonia-Thrace (Northern Greece), there was
high phylogenetic diversity among M. tuberculosis isolates. Molecular tools used and data presented can have

regional and national impact on tuberculosis control.

To the Editor,

Local gradients in the prevalence of particular
bacterial lineages and sub-lineages may reflect
different events in the past history of the human
host. Europe as a whole and the Balkans in particular
used to be and still are at the crossroad of human
migrations, thereby transmitting human pathogens
across the continent. Greece represents a link
between Europe and Asia and is always in front
of these migrations. Tuberculosis (TB) remains
one of the most prevalent infectious diseases, and
the percentage of cases due to resistant strains
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is increasing worldwide (1). One of the greatest
concerns of TB control programs is the emergence
and spread of drug-resistant, and especially MDR,
isolates (the latter being defined by combined
resistance to isoniazid-INH and rifampicin-RIF) (1).
In Greece, the case notification rate in 2014 was 4.7
cases per 100.000 of population, while the proportion
of multidrug resistant Mycobacterium tuberculosis
strains was 2.4% (2). However, underreporting is
an important issue for TB control in Greece, as it is
estimated to be 77-81% (3). Various limitations in the
national TB monitoring system, access limitations
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and migration from regions with high TB incidence
(such as Former Soviet Union countries) possibly
leads to further underestimation of the TB burden
and facilitates further spread of the disease. (1).
Studies of genotyping diversity of M. tuberculosis
isolates from infected individuals can provide useful
information about the origin and transmission of
these strains (4) as well as those drug-resistant (5).

Recent advances in molecular techniques have
enabled development of a variety of genotyping
methods for the differentiation of clinical isolates of
M. tuberculosis. The chromosomal locus, containing
a large number of direct repeats (DRs) interspersed
with unique spacer sequences, is the target of
spoligotyping (i.e., spacer oligonucleotide typing)
technique. This method has been widely applied to
study the molecular epidemiology and evolutionary
genetics of TB (6).

The aim of the present study was to describe
the genetic diversity of M. tuberculosis strains
circulating in the region of Macedonia-Thrace in
Northern Greece.

MATERIALS AND METHODS

In total, thirty-seven M. tuberculosis strains were
isolated from clinical samples from newly diagnosed
symptomatic patients with a diagnosis of pulmonary
tuberculosis during 2011-2012. Our samples were collected
from the Pulmonary Department of G. Papanikolaou
Hospital in Thessaloniki, which is the main hospital for
TB management in the Macedonia region in Greece,
and the University Hospital of Thrace. All patients were
informed and signed consent to participate in the study.
In the case of deceased, informed written consent was
given by the family. The ages of the patients ranged from
twenty to eighty-three years, with a mean age of forty-six
years. Twenty-four out of the thirty-seven patients (65%)
were male and thirteen (35%) were female. According to
their country of origin, twenty-eight patients were Greek
(76%), and nine (24%) were born in foreign countries: 4
from Georgia, 2 from Russia, 1 from Romania, 1 from
China and 1 from Africa.

After microscopic examination with Ziehl-Neelsen
staining, clinical samples were simultaneously tested
by two methods: conventional culture method on

Lowenstein-Jensen (LJ) slants for 8 weeks (at 37°C)
and molecular typing method Genotype MTBDR plus
(Hain-Lifescience). The cultures were subjected to
phenotypic identification based on growth and colony
characteristics, pigment production and biochemical tests.
Conventional drug susceptibility testing was determined
on LJ, by the proportion method with resistance ratio.
The susceptibility of Mycobacteria was analysed for the
two major anti-tuberculosis agents, isoniazid (INH) and
rifampicin (RMP). DNA extraction from LJ cultures was
performed with the QIAamp DNA Mini Kit (Qiagen,
Germany), according to the manufacturer’s instructions.
The confirmation of the existence of M. tuberculosis
DNA was performed by Real time PCR, using Artus
M. tuberculosis RG PCR Kit (Sacace Biotechnologies),
where detection is based on the amplification of specific
regions of the mycobacterial genome (DNA fragments
of IS 6110 insertion). Molecular detection of RIF and
INH resistance was performed by the line probe assay
GenoType MTBDR plus (Hain Lifescience, Germany)
following the manufacturer’s instructions. This assay
detects the specific mutations in the rpoB genes 531,
526, and 516, associated with RIF resistance (coding
the B-subunit of the RNA polymerase) and the katG
gene 315 and the inhA promoter region positions -15
and -8, associated with INH resistance (coding for the
the NADH enoyl ACP reductase). Moreover, Human
Immunosuppressive Virus (HIV) 1 and 2 testing was
performed to all patients (Architect HIV Ag/Ab Combo).
All of the used methodologies are recommended by
the World Health Organization (WHO). They were
performed at the Greek National Reference Laboratory for
Mycobacteria (NRLM), Sotiria Chest Disease Hospital,
which is quality assured for these molecular techniques.
The Phylogenetic analysis of the strains was performed
by spoligotyping (Ocimum Biosolutions, India) following
the manufacturer’s instructions. This assay is based on
the polymorphism of the clustered regularly interspaced
short palindromic repeats (CRISPR) locus. Spoligotyping
International type (SIT) and clade were identified
according to the International Spoligotyping Database
SITVITWEB  (http://www.pasteur-guadeloupe.fr:8081/
SITVIT _ONLINE/).Statistical analysis was performed
using Pearson’s chi-squared test or Fischer’s exact test,
and p<0.05 was considered statistically significant (SPSS
15.0, Chicago, Illinois, USA).
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RESULTS

A total of thirty-seven M. tuberculosis clinical
isolates originating from the Macedonia and Thrace
regions of Greece were analysed by spoligotyping.

Regarding GenoType MTBDRplus results, two
strains (5.4%) were MDR, four strains (10.8%)
were INH monoresistant, while the remaining
thirty-one strains (83.8%) were sensitive. Available
phenotypic DST results were concordant with
MTBDRplus results. Resistance results were
similar to the resistance profile of M. tuberculosis
in the rest of the country (3). According to the
spoligotyping results, six clusters comprising
seventeen strains were detected, and the remaining
twenty strains showed unique patterns (Fig. 1);
thus, there were twenty-six different patterns, and
the Hunter and Gaston discriminatory index of

SPOLSOTYMNG

spoligotyping was 0.9745. The M. tuberculosis
families according to SITVITWEB (7) were
distributed as follows: Haarlem (H), n=10 (27.0%);
T, n=9 (24.3%); Beijing, n=5 (13.5%); Latin-
America and Mediterranean (LAM), n=2 (5.4%);
and S, n=1 (2.7%). The remaining 10 isolates (27%)
did not match any isolates within the database and
they were characterised as orphans (Fig. 1).

Four out of the five Beijing strains were isolated
from patients coming from Georgia and Russia,
while the two LAM strains were isolated from one
Greek and one patient from Africa. The Haarlem
strains were isolated from eight Greek patients and
two foreign ones, from China and Georgia, while
T strains were isolated from eight Greek and one
Romanian patient. It is worth mentioning that all
strains isolated from patients coming from Thrace,
which is Greece’s geographical part closest to Turkey,
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Fig. 1. Phylogenetic tree based on spoligotyping patterns obtained for the 37 M. tuberculosis complex strains included
in this study. SIT and clade were identified according to the International Spoligotyping Database SITVITWEB (http://
www.pasteur-guadeloupe.fr:8081/SITVIT ONLINE/). Molecular drug resistance and mutations detected by GenoType
MTBDRplus are shown.
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were classified as Haarlem family. Moreover, all the
above patients were of Greek origin.

In respect to drug resistance, both the two MDR-
TB strains of our study belonged to Beijing family.
The first one was isolated from a 64-year-old Greek
patient who presented with radiographic findings in
both lungs and was suffering from stomach cancer,
while the second one was isolated from an immigrant
whose country of origin was Russia. Two out of the
total four INH-resistant strains, were classified as
Haarlem and the remaining two as T lineage.

Statistical analysis

Statistical analysis demonstrated that there was
no statistically significant difference between either
the patients’ sex (p=0.868) or resistance (p=0.567)
with the M. tuberculosis family.

Moreover, data regarding the country of origin
revealed that nine patients were non-Greeks.
Regarding their M. tuberculosis family, four strains
were classified as Beijing, two as Haarlem, one
belonged to T family and one strain was classified as
LAM. It is worth mentioning that three out of the four
patients whose strains belonged to Beijing family
came from Georgia. Clinical samples obtained from
Greek patients were mostly classified as Haarlem
family (30, 8%). Statistical relationship between
M. tuberculosis family and patients’ origin was not
found statistically significant (p=0.540).

DISCUSSION

Tuberculosis remains a great public health
concern in Greece, as well as in many countries
in Europe and worldwide. The genetic diversity
of M. tuberculosis strains can be linked to human
demographic and migratory events, which indicates
that the current increases in human population,
urbanization and global travel, combined with the
population genetic characteristics of M. tuberculosis,
could contribute to the emergence and spread of
drug-resistant tuberculosis (8).

In the present study, according to the results,
six clusters comprising seventeen strains were
detected, and the remaining twenty strains showed
unique patterns. The majority of the clinical isolates

belonged to Haarlem, T and Beijing family. In
the Macedonia region of Northern Greece, and
during the study period, there was no predominant
lineage, but a high phylogenetic diversity among M.
tuberculosis isolates was observed. In the Thrace
region, all five strains belonged to the Haarlem
lineage, but as the size sample was small and not
representative of the area population, more studies
are needed in order to confirm such dominance of
Haarlem strain. Thrace, on the other hand, is the part
of Greece nearest to Turkey. Many studies conducted
in neighbouring countries revealed a genetic
diversity both among sensitive and drug-resistant
strains of M. tuberculosis. An interesting fact is that
a high proportion of the sub-lineage LAM7-TUR
was present in many geographical areas of Turkey,
but this sub-lineage is not yet identified in Northern
Greece (9). Moreover, one study investigating the
distribution of spoligotyping defined genotypic
lincages among drug-resistant M.
isolates in Turkey, revealed that Haarlem family was
the dominant one, followed by LAM7-TUR lineage
(9). This may suggest a probable transmission and
distribution of this family in the specific geographical
area due to population exchange and movement over
past years and also possibly explain the dominance
of Haarlem family in Thrace.

All MDR strains in the present study belonged
to the Beijing lineage. In addition, a not negligible
proportion of drug resistance was detected. Moreover,
data regarding the country of origin revealed that
clinical samples obtained from Greek patients were
mostly classified as Haarlem family, while clinical
isolates from four out of the eight patients, who were
non-Greeks, belonged to Beijing family.

A previous study conducted in Greece, from
MTB isolates from patients with pulmonary drug-
resistant tuberculosis (DR-TB), in order to determine
whether there is an association between the prevalent
genotypes and drug resistance, demonstrated that the
most prevalent lineages among drug-resistant strains
according to mycobacterial interspersed repetitive
units typing were first Beijing, followed by Haarlem,
and LAM family. Moreover, Greek patients were
more likely to have Mono-resistant and MDR-TB
with the most prevalent isolates belonging to the

tuberculosis
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Haarlem family. Among non-Greek patients with
MDR-TB, the most prevalent genotypes belonged
to the Beijing family (10). These results are in
accordance with the results of the present study.

Observation of similar studies from other
neighbouring may provide
information on the circulating strains and explain
their presence in a particular geographical area at a
specific time. A large proportion of M. tuberculosis
strains isolated from TB patients in Bulgaria revealed
that the majority of the studied strains belonged to
spoligotype subfamily T1, which is a worldwide-
distributed type. This family was also present in our
study in a high proportion in Greeks, as well Turks,
but not in Russians. This may lead to a hypothesis
that these Bulgarian strains were likely brought to the
country due to the Balkan intraregional movement,
or even long before that, and their importation was
a result of the medieval expansion of the Ottoman
Empire. Haarlem family was also present in the above
study, as well as LAM7 TUR subfamily, which is
phylogenetically specific to Turkey. Haarlem family
was the dominant type in our study, but LAM7 TUR
isolates have been rarely described in Greece or
other neighbouring countries, such as Romania, so
perhaps this subfamily has not yet penetrated these
countries in significant proportions (11).

Another study conducted in Albania revealed a
high level of genetic diversity, as well as the presence
of Bulgarian and Turkish types in the country.
Moreover, the finding of the Beijing genotype
family strains, which were not found in Bulgaria or
Romania, but were present in Northern Greece, is
another feature characteristic of the country and may
be evidence of strains exchange between Albania and
Greece. In Albania, Beijing family strains came from
MDR-TB cases and although they were not present
in Bulgaria or Romania, they were transmitted to
Russia, where it is suggested that current transmission
of MDR-TB is greatly influenced by the ongoing
dissemination of the Beijing family strains (12).

In our study, the Beijing family strains were
isolated from patients whose origins were mostly
from Georgia. Moreover, both in the present study,
as well as in a previous Greek study, all MDR-TB
strains belonged to Beijing family. All these may

countries useful

be evidence of the continuous circulation of M.
tuberculosis between Former Soviet Union countries
and Greece.

Indeed, the unravelling of the effect of the genetic
variability of M. tuberculosis on the presentation of
the disease remains a challenging, poorly investigated
issue, which consists in understanding why a strain
may become prevalent in certain communities.

In the present study, we have demonstrated
heterogeneity of the Greek M. tuberculosis population
that appears to be dominated by several, worldwide-
distributed and Balkan-specific, spoligotypes. These
results should, however, be confirmed in more
exhaustive studies.

Moreover, these data and the molecular tools
used can have regional and national impact on
TB control, by helping the National Tuberculosis
Control Program intensify its intervention strategies
to achieve early detection of micro-epidemics and
outbreaks and timely establishment of treatment,
given that the delay in treatment is a key factor for
disease transmission.

A coordinated approach in the notification of M.
tuberculosis surveillance of genetic lineages and
bacterial resistance will aid in setting more efficient
prevention and control policies in Greece.
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Minoxidil is the only US FDA-approved topical drug for the treatment of female and male pattern
hair loss. Previously, it was demonstrated that topical minoxidil is metabolized to its active metabolite,
minoxidil sulfate, by sulfotransferase enzymes located in the outer root sheath of hair follicles. The
expression of sulfotransferase in the scalp varies greatly between individuals, and this difference in
expression explains the varied response to minoxidil treatment. Previously, we have demonstrated
the clinical utility of detecting sulfotransferase in plucked hair follicles to predict minoxidil response
in pattern hair loss patients. Typically, exogenous exposure to substrates affects the expression of the
enzymatic system responsible for their metabolism. For example, Phase I metabolizing enzymes, such
as the cytochrome P450 family of enzymes, are known to be up-regulated in the presence of xenobiotic
substrates. However, it is not known if Phase II metabolizing enzymes, such as the sulfotransferase
family of enzymes, are similarly affected by the presence of substrates. In this study, we recruited
120 subjects and analyzed their sulfotransferase enzymatic activity before and after treatment with
topical minoxidil. Adjusting the results for biologic (within subject) variability, we discovered that the
sulfotransferase enzymatic system expression is stable over the course of minoxidil treatment. To the
best of our knowledge, this is the first study to demonstrate the stability of sulfotransferase, a Phase 11
metabolizing enzyme, over the course of minoxidil treatment.

To the Editor,
Xenobiotics are extrinsic chemical substances

Although, in some instances, the intermediates in
xenobiotic metabolism may themselves cause toxic

(e.g., drugs), which may be present in human body
(1). They are included into specific metabolic
pathways evolved to mitigate toxicity to an
organism. Xenobiotic metabolism includes several
pathways designed to modify chemical structure
and decrease the toxicity of the compounds.

effects (2). Xenobiotic metabolism is divided into 3
phases, organized to modify lipophilic compounds
into hydrophilic conjugates that can more readily
be excreted. In Phase I, lipophilic xenobiotic
molecules are metabolized by enzymes such
as cytochrome P450 oxidases, which introduce

Key words: sulfotransferase, minoxidil, pattern hair loss

Mailing address:

Andy Goren, MD

Applied Biology, 17780 Fitch,
Suite 192, Irvine, CA 92614, USA

Tel.: +1 949 387 4526 937

e-mail: andyg@appliedbiology.com

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



938& A. GOREN ET AL.

polar groups and provide sites for downstream
conjugation reactions. Phase I reactions are mainly
localized in the liver. In Phase II, conjugating
enzymes interact with metabolites produced by
Phase I enzymes and eliminate them through
both passive and active transport. Conjugating
enzymes include a large group of broad-specificity
transferases, with glutathione S-transferases as
the most important representatives (3). After
conjugation, any xenobiotic conjugates or their
metabolites not eliminated in Phase II are further
processed and eliminated in Phase I1I by transporter
proteins (4, 5).

Pharmacological action of lipophilic drugs is
dependent on the duration of its metabolism, i.e.,
drugs that are slowly metabolized can have longer
action. Thus, all factors that decrease clearance
rate can increase the duration or intensity of the
drug action. On the other hand, if an enzyme is
responsible for metabolizing a pro-drug into its
active form, changes in metabolism can have the
opposite effect. Apart from chemically active
substances, many physiological and pathological
factors can affect drug metabolism. Some examples
are dose, route of administration, frequency, tissue
distribution, and protein sequestering of drug via
binding. Finally, physiological factors including
sex differences, nutrition, intestinal flora and
enterohepatic circulation, as well as, pathological
conditions of liver, kidney, or heart are related to
metabolic differences (1).

Several Phase I and II metabolizing enzymes
are known to be inducible by both endogenous
and xenobiotic molecules. The most widely
studied drug-metabolizing enzyme, by far, is the
cytochrome P450 family. Many of the members
of the cytochrome P450 family are inducible via
nuclear receptor mediated induction. For example,
cytochrome family 1 genes are up-regulated by
the aryl hydrocarbon receptor (AhR) after it binds
aromatic hydrocarbon ligands (6, 7). Similarly,
sulfotransferases have been demonstrated to
be regulated by endogenous hormones (8) and
xenobiotics (9).

Minoxidil is a pro-drug converted to its active
form, minoxidil sulfate, by sulfotransferase

enzymes (10). Minoxidil sulfate is required for
both the promotion of hair regrowth and the
vasodilatory effects of minoxidil. Sulfotransferase
enzymes are located in both the skin and the liver
and are important Phase II xenobiotic metabolizing
enzymes for a number of phenolic molecules in
addition to minoxidil (11). In previous works we
have demonstrated a simple enzymatic test that
measures sulfotransferase activity in plucked hair
follicles (12). As such, we were interested to study
how prolonged exposure to minoxidil would effect
the expression of sulfotransferase enzymes in hair
follicles. This determination is important first to
assess the benefits of continued minoxidil use and
second to confirm the validity of enzymatic testing
as a predictor of minoxidil efficacy for persons
already using minoxidil.

MATERIALS AND METHODS

Patients

The study was conducted over a period of 12 weeks at
three independent sites (United States, China, and India).
One hundred fifty subjects, 18 years of age or older with
clinically diagnosed patterned hair loss were included
in the study. The ethnicities included Asian (Chinese),
Indian, Caucasian, and African Americans. All subjects
provided informed, signed consent to participate in the
study. A total of 60 men and 90 women were recruited.
Eight to ten hair samples were plucked with tweezers from
the border between the most prominent area of thinning
and non-thinning at the vertex/mid-scalp and inspected
visually for an intact bulb. Suitable anagen hairs were
sent for sulfotransferase activity determination (Applied
Biology, Inc., Irvine, California, USA). Three replicate
measurements were obtained to study biologic (within-
subject) variability of the testing procedure. Further, to
determine the treatment effect on the hair sulfotransferase
enzyme expression, 120 subjects, 18 years of age or
older with clinically diagnosed patterned hair loss were
recruited. All subjects were treated with 5% topical
minoxidil for a period of at least 8 weeks. 96 subjects
successfully completed the study. After a minimum of 8
weeks of minoxidil treatment, eight to ten hair samples
were collected and analyzed for sulfotransferase activity.
The samples were analyzed within 7 days of collection.
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Sulfotransferase activity determination and statistical
model

Suitable anagen hairs were trimmed to a length of
~1 cm and immersed, bulb first, in 100 pL of the assay
solution previously reported (12). Hairs were allowed to
react with the solution for 24 hours at room temperature.
After incubation, hairs were removed and the optical
absorbance of the solution at 405 nm was determined with
a spectrophotometer (Shimadzu UV-1700, Kyoto, Japan)
using a single scan and 1 cm path length. The raw data
for the cohort was tabulated and analyzed with statistical
software (MedCalc Version 18).

RESULTS

Repeated measure ANOVA corrected using
Huynh-Feldt was used to determine the within-
subjects effect. The analysis of the dataset yielded
F(1.93, 287.87) = 0.19, p = 0.823; therefore, the
null hypothesis is not rejected and we conclude
that there was no significant difference in the
sulfotransferase activity (as determined by the
MRT test) between the 3 repeated measurements
per subject. The within-subject variability was
determined to be 0.197 absorbance units (AU).
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We determined the quantitative effect of minoxidil
treatment on sulfotransferase enzymatic activity
using a paired sample t-test. 3 subjects from the pool
of 96 that completed the study were determined to
be outliers using the generalized ESD test (alpha-
level 0.05). The histogram of differences in the AU
(A AU) values recorded before and after minoxidil
use for all 96 patients is shown in Fig. 1, the outliers
are labeled in grey. Removing the 3 subjects from
the dataset restored normality (p=0.2766) and the
paired sample t-test yielded t(92)=-0.445, p=0.6577
indicating that the null hypothesis was not rejected;
hence, we conclude that there was no significant
difference in sulfotransferase enzyme activity before
or after minoxidil treatment. The 95% confidence
interval for the difference in means is -0.07871 <, -
u, <-0.04992 with the best estimate being the mean
difference = -0.014; hence, we can conclude that
treatment with 5% topical minoxidil did not alter the
sulfotransferase enzymatic activity.

DISCUSSION

Minoxidil is a pro-drug, converted to its active
form in the outer root sheath of the hair follicle.
Sulfotransferase enzyme activity in the hair follicle
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Fig. 1. Histogram of the difference (4) in measured AU before and after minoxidil treatment. Patients determined to be
outliers using the generalized ESD test (alpha-level 0.05) are shown in gray.
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is an important predictor of minoxidil efficacy for
the treatment of hair loss. Prolonged daily exposure
to topical minoxidil does not alter the activity of
the sulfotransferase enzymes responsible for its
metabolism. As such, minoxidil will be beneficial to
patients, whom it is predicted to be effective, as a
long-term treatment for hair loss. Additionally, the
enzymatic activity assay used to predict minoxidil
efficacy will be valid whether or not a person has
used minoxidil prior to the test. To the best of our
knowledge this is the first report to explore the
response of follicular sulfotransferase enzyme
activity to chronic exposure to minoxidil.
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Corticosteroid is commonly used for the clinical treatment of pain. It is safe, reliable and a
simple procedure with other advantages. However, a possible potential catastrophic complication of
corticosteroid injections in distal limbs (e.g., the wrist) is acute radial artery ischemia due to the injection
into the radial artery. This may result from spasm attributed to the steroids. While the complication of
corticosteroids in the wrist is rare, ischemia of the hand caused by corticosteroid injections in radial
artery has been reported in several articles. We treated five patients with microcirculation disturbance
of distal limb caused by corticosteroid treatment. Here, we report the two different treatment strategies

adopted according to the severity of the disease which achieved good therapeutic effects.

To the Editor,
Case study

A total of five female patients were selected for
the study. The ages of the patients varied from 49-59
years. One patient had humeral epicondylitis (left)
and the four other cases were radial styloid process of
tenosynovitis stenosis (left in 1 and right in 3 cases).
The drug injection given to patients was a mixture of
corticosteroid and lidocaine. In a short period of time
after corticosteroid injection, all five patients exhibited
obvious microcirculation disturbances in the hand, of
which two patients had finger-tip necrosis and were
treated by interception, the other two showed obvious
improvement after conservative treatment and one
patient was cured by surgery and recovered well after
the operation.

Case 1. A 52-year-old female patient was admitted
to our hospital five days after steroid injection for the
treatment of left lateral humeral epicondylitis. The
patient exhibited low temperature and ecchymosis

on the forearm skin at the time of admission. She
reported that she had been treated at a local hospital
about a week previously for lateral pain in the left
elbow which was diagnosed as left lateral humeral
epicondylitis. She was given steroid injections using
a mixture of corticosteroid (specific drug name
unknown) and lidocaine for the treatment. The patient
felt severe pain, whitening, numbness and swelling
immediately after injection in the left hand. The local
hospital treated her with medication to improve the
circulation (specific treatment of unknown drugs).
However, even after several days the symptoms did
not improve significantly.

We performed physical examination and found
that the left elbow distal skin exhibited ecchymosis.
Skin temperature was low and the results of nail bed
capillary refill test were acceptable. The tingling
sensation at the distal forearm was decreased. Her left
handgrip decreased, and radial artery and ulnar artery
was palpable (Fig. 1a). We also performed auxiliary
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examination and found that arterial ultrasound of the
left upper extremity showed no significant thrombosis.
Electromyography (EMG) of the left upper extremity
median nerve, ulnar nerve, and radial nerve exhibited
no clear electrophysiological abnormalities. Clinical
diagnosis after admission was microcirculation
disturbance at the distal left elbow. The patient was
given anticoagulant to improve microcirculation,
and a baking light was used to keep the distal left
elbow warm. Two days later, the left forearm and left-
hand skin ecchymosis was significantly improved.
The incidence and extent of pain was significantly
reduced (Fig. 1b). After 4 days, the left forearm and
left-hand ecchymosis were significantly reduced, to a
lesser degree, with a marked reduction in the degree
of swelling and a good tingling of the left hand (Fig.
lc). After discharge, the patient continued to be given
anticoagulant drugs to improve circulation. After two
weeks, the left forearm and left-hand ecchymosis
disappeared completely. The blood supply returned to
normal, the pain and numbness disappeared and the
left handgrip recovered.

Case 2. Another female aged 49 years was
admitted to our hospital due to localized finger
pain with bruising approximately 8 hours after
corticosteroid injection for the treatment of the
right after being diagnosed with radial styloid de
Quervain tenosynovitis. The patient reported that she
had been treated at a local clinic about six months
previously. She received corticosteroid injections
using a mixture of prednisolone acetate suspension
and lidocaine (unknown dose). Due to the injections,
sever bleeding occurred and she was immediately
given local pressurized hemostasis. The patient

immediately experienced a cooling sensation,
swelling, pain in the right thumb, and gradual skin
discoloration (turning purple). In order to receive
further treatment, she was admitted to our hospital.
On examination, the skin exhibited diffuse
purple on the right palm and right thumb ring,
especially in the nail bed area. She suffered from
hand swelling, low skin temperature, low nail bed
refill, weak radial artery pulsation, negative Allen’s
test, and significantly weak central finger pulsation.
After admission, the clinical diagnosis was right
wrist radial synovial stenosing tenosynovitis and
vascular injury after steroid injection. She was given
anticoagulant, antispasmodic and thrombolysis
treatment to improve microcirculation within 24
hours after admission. However, no significant
improvement was seen. The following day, we
decided to perform right-sided surgical exploration
under anesthesia. During surgical exploration, the
dorsal carpal tunnel was examined at the radial cord
to explore the radial artery (1) which showed good
continuity, the puncture was healed, and there was
no obvious bleeding at the radial artery patency.
Then, via Z-shaped incision, the palm of the hand
was explored. The superficial patellar pulsed well,
and there was no existence of substances along the
distal branches. The dorsal metacarpophalangeal
artery at the “Y” structure and its proximal end
were then explored, and found the presence of white
emboli in the lumen, which blocked the arterial
blood supply. The white embolus was about 1.0 ~ 1.5
cm long (Fig. 2a). A longitudinal incision was made
of the arterioles at the formation of emboli under
10xmicroscope, and micro-instruments were used

Fig. 1. A) Left forearm and left-hand ecchymosis at admission. B) Left forearm and left-hand ecchymosis 2 days after
admission. C) Left forearm and left-hand ecchymosis 4 days after admission.
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to gently remove the emboli followed by urokinase
solution rinse and micro-vascular suture. The emboli
were observed under a microscope and found that
it was cylindrical, thick in the middle, thin at both
ends, with some flexibility and toughness (Fig. 2b),
and not soluble in saline solution. After the original
treatment and close observation of the affected
hand blood supply situation, the patient’s hand
skin temperature was significantly improved after
one week. Her skin bruising color was gradually
reduced after two weeks, and she was completely
relieved from pain in the hand. The blood supply of
thumb and finger rings was good, exhibited normal
capillary refilling and finger shape and function were
satisfactory.

Both patients provided informed, signed consent
for publishing the details of these cases.

DISCUSSION

Corticosteroid injection is widely used for pain
management originating from local anesthesia. The
basic method of operation is to inject a mixture of
local anesthetics and steroids into the site of pain.

Corticosteroid injection has both anti-inflammatory
and analgesic effects. It is commonly used for the
treatment of acute or chronic soft tissue injury, non-
suppurative inflammation, such as frozen shoulder,
epicondyelodynia, tenosynovitis, myofascitis,
etc. While surgery may be considered for patients
with early improper treatment, a history of illness
and stubborn symptoms, corticosteroid injection
treatment is an effective treatment for early
symptoms of humeral epicondylitis or tenosynovitis
(2, 3). Although corticosteroid injection therapy
has its advantages in clinical application in recent
years, it has been found to have a potential to cause
microcirculation disturbance of the distal limbs,
which may lead to the risk of amputation in severe
cases. (4, 5).

As for the pathogenesis of microcirculation
disturbance caused by treatment of corticosteroid
injection, we believe that the following two aspects
may be the major contributors. Firstly, sympathetic
dysfunction: corticosteroid injections may stimulate
the sympathetic nervous system. When sympathetic
nervous activity in patients is high, small artery
resistance is increased due to the reaction to the

Fig. 2. A) The presence of white emboli in the lumen of the carotid artery. The black tip refers to the location of the
embolus. B) Arterial incision exposed white emboli, which was cylindrical, thick in the middle, and thin at both ends. The

black tip refers to the partial removal of the emboli.
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sympathetic nervous system, leading to intractable
vaso-occlusive crisis, manifested as large-scale
skin ecchymosis, numbness and pain. When using
anti-coagulation to improve microcirculation,
nourishing nerves and other symptomatic treatment,
the corticosteroid injection crisis can be gradually
lifted and the symptoms can be gradually reduced to
disappear. Therefore, the causes of microcirculation
disturbance may be caused by abnormal sympathetic
excitement. Secondly, if the operator is not familiar
with anatomy and the operation is not standardized,
steroids may be injected into important arteries,
resulting in micro-thrombosis and microcirculation
disturbances. In the present case no. 2, the presence
of white emboli was found in the lumen of the dorsal
metacarpophalangeal artery at the “Y” structure.
We postulated that the emboli were the formation
of drugs in the blood vessel. After removing the
emboli, the blood supply of the affected hand was
significantly improved. The location of the drug
emboli may be related to the molecular size of the
drug molecule and its solute consistency.

Apart from these two circumstances, other
reasons may include vascular anatomical variation
(6) and mismatched drugs.

Thus, we have developed the following preventive
measures:

i. The familiarity with anatomical landmarks and
standardized operation (7). During corticosteroid
injection treatment, when the needle is inserted into
the skin, it is critical to ensure that there is no access
to the blood vessels after local injection.

ii. The choice of corticosteroid drug treatment.
It is possible to select water soluble drugs without
precipitation to reduce the incidence of vascular
embolism.

iii. Being cautious of sympathetic sensitivities,
such as patients with Reynolds syndrome. If necessary,
the corticosteroid injection can be injected twice with
a time interval of 10-15 minutes. If abnormal reaction
or microcirculation disorder occurs, injection should
be stopped, and treatment given immediately.

iv. Early detection and treatment. If
microcirculation disorder occurs, anticoagulant can
be given to improve microcirculation and nourish
nerves. Baking light can be used to keep the local
area warm. If the symptoms do not improve or
become further aggravated, surgical intervention
should be carried out to avoid limb distal necrosis.

Corticosteroid treatment is a simple and effective
method forthe treatment of pain widely used in clinical
practice. However, it may lead to microcirculation
disturbance of distal limbs, therefore this should be
brought to the attention of clinicians. Early detection
and early treatment should be carried out to avoid
adverse consequences.
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Diabetic peripheral neuropathy (DPN), a common complication of diabetes, has a high morbidity, and
currently there is no effective therapy. To investigate the clinical effect of traditional Chinese medicine in
combination with Western medicine, 88 patients with early DPN who were admitted to Binzhou City Center
Hospital, Shandong, China, between November 2015 and November 2016, were selected as the research
subjects and were randomly divided into a control group and an observation. Patients in the control group were
treated by conventional Western medicine, while patients in the observation group were treated by traditional
Chinese medicine in addition to conventional Western medicine. The clinical effect was compared between
the two groups. The results demonstrated that the overall effective rate of the observation group was much
higher than that of the control group, and the difference was statistically significant (P<0.05). The vibration
perception threshold (VPT) of nervus peroneus communis, nervus suralis and posterior tibial nerve of the two
groups significantly declined after treatment (P<0.05), however, the decreae in the observation group was more
obvious (P<0.05). The improvement of glycosylated hemoglobin (HbAlc) and blood glucose of the observation
group was superior to that of the control group, and the difference had statistical significance (P<0.05). In
conclusion, traditional Chinese medicine in combination with Western medicine has a remarkable effect in
the treatment of DPN and can effectively relieve vital signs and clinical symptoms of patients and significantly
improve nerve conduction velocity. The therapy is worth clinical application and promotion.

To the Editor,

Diabetic peripheral neuropathy (DPN), a common
complication of diabetic patients, has a morbidity
of 50-80%. It manifests as paresthesia, such as
numbness of limb, stinging and burning pain in the
extremities of limbs (1, 2). DPN, which is difficult
to cure, is the major risk factor inducing diabetic
foot ulcer, infection and gangrene. It can severely
affect the living quality of patients besides bringing
an economic burden on the patient’s family, hence
effective treatment is extremely important (3).

The basic treatment measures for DPN are to
strictly control blood glucose and give drug or
non-drug treatment based on effective controlling
of blood glucose (4, 5). Currently, many chemical
drugs, including vasodilation, neurotrophic drugs,
antioxidants and drugs which can improve neural
microcirculation can be used for treating DPN, and
their action mechanisms are different in treating
DPN. Although the drugs are effective, the effects
are not satisfactory. Mecobalamine, a frequently used
drug for treating DPN, has functions of controlling

Key words: diabetic peripheral neuropathy, traditional Chinese medicine in combination with Western medicine, vibration
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disease development and relieving limb dysfunction,
but its clinical treatment has limitations. Tripple et
al. (6) found that mecobalamine could not relieve the
feeling of numbness and of piercing pain in patients.
Alprostadil, which is a prostaglandin vasodilator
agent, can significantly improve microcirculation;
however its half-life period is short, usually between
5 and 10 min, and most patients cannot tolerate 24
h of intravenous administration because of multiple
adverse reactions (7). In the present study, 88
patients with DPN were treated with conventional
Western medicine only or with Western medicine
combined with traditional Chinese medicine, and the
comparison of the clinical effects were statistically
significant.

MATERIALS AND METHODS

General data

Eighty-eight patients with DPN who were admitted to
Binzhou City Center Hospital, Shandong, China, between
November 2015 and November 2016, were selected as
research subjects. They were randomly divided into an
observation group and a control group, 44 in each group.
In the observation group, there were 25 males and 19
females aged between 50 and 77 years (average 60.5+5.3
years). In the control group, there were 24 males and 20
females aged between 51 and 78 years (average 61.7+6.8
years). The differences of age and gender between the two
groups had no statistical significance (p>0.05); therefore
the results were comparable. This study was approved by
the ethics committee of our hospital, and all the patients
signed informed consent.

Criteria for inclusion and exclusion of research subjects
Patients who satisfied the diagnostic criteria of DPN
stipulated in Diagnostic Classification Criteria of Diabetes
released by WHO in 1999 (8) and had vital signs and symptoms
of polyneuropathy and hypoesthesia and multifocal motor
neuropathy, such as numbness of limb, formication, burning
sensation and stabbing pain on admission, were included.
Patients who had neuropathy induced by other reasons
drinking,
vitamin B1 and B12, renal diseases, chronic inflammatory

including neurotoxic drugs, deficiency of

demyelinating polyneuropathy, hereditary neuropathy and
vasculitis were excluded.

Treatment

Patients in the control group were treated with
conventional Western medicine. Oral hypoglycemic drugs
such as insulin and metformin were used for controlling the
blood glucose level of patients; the level of fasting blood
glucose was controlled below 7.0 mmol/L, and the level of
blood glucose 2 h after a meal was controlled below 10.0
mmol/L. 500 pg of mecobalamine was was mixed with
250 ml of NaCl solution (0.9%), and then the patients were
intravenously injected with the mixture, once each day, for
three weeks. Patients in the observation group were given
Buyang Huanwu decoction besides conventional Western
medicine. Buyang Huanwu decoction was composed of
15 g of Radix paeoniae rubra, 15 g of lumbricus, 15 g of
Angelica sinensis, 15 g of Ligusticum wallichii, 25 g of
Astragalus membranaceus, 10 g of red flower and 10 g of
peach kernel. If the upper limbs were the main diseased
part, then 20 g of Ramulus mori was added. If the lower
limbs were the main diseased part, then 15 of Achyranthes
bidentata was added. The aforementioned drugs were
decocted with water. The patient took 300 ml of decoction
each day, in the morning and evening, for three weeks.

Observation indexes

The clinical effects, VPT and blood glucose levels
were observed and compared between the two groups.
The evaluation criteria were as follows. Treatment was
considered as remarkably effective if VPT recovered to
normal value, the clinical symptoms disappeared, and
tendon reflex was obviously relieved. Treatment was
considered as effective if VPT decreased, the clinical
symptoms were obviously relieved, and tendon reflex was
relieved slightly. Treatment was considered as ineffective
if VPT, the clinical symptoms and tendon reflex had no
improvement. The computational formula of the overall
effective rate was: overall effective rate = (cases of
significantly effective treatment + cases of effective
treatment) * 100%.

VPT was measured using a digital vibrance threshold
tester (Beijing Laxons Times Science and Technology
Co., Ltd., China). After 10 min of rest, the patient took
a supine position on the examination bed. The VPT of
nervus peroneus communis, nervus suralis and posterior
tibial nerve was measured. The average value was taken
as the final result.

The level of fasting blood glucose and the level of
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blood glucose 2 h after a meal were measured. Blood
glucose was measured using a fully automatic biochemical
analyzer based on the glucose oxidase method.
Glycosylated hemoglobin (HbAlc) was measured using
the latex agglutination method (transmission endpoint
method).

Statistical analysis

All the data were processed using SPSS ver. 20.0
software. Data were expressed as mean =+ standard
deviation. Comparison between groups was performed
using paired #-test. Enumeration data were processed by
Chi-squared test. Difference was considered as statistically
significant if P<0.05.

RESULTS

Comparison of curative effect between the two
groups

The overall effective rate of the observation group
was 93.3%, which was significantly higher than that
of the control group (75%) (x*=8.273; P<0.05; Fig. 1).

Comparison of VPT between the two groups before
and after treatment
The VPT of nervus peroneus communis, nervus

suralis and posterior tibial nerve of the two groups
had no remarkable difference before treatment
(P>0.05). The VPT of both groups had an obvious
decrease after treatment (P<0.05). The decrease in
the observation group was more remarkable than
that of the control group (P>0.05; Table I).

Comparison of blood glucose level between the two
groups

The levels of HbAlc, fasting blood glucose and
blood glucose 2 h after meal of the two groups had
no remarkable difference before treatment (P>0.05).
The levels of HbAlc, fasting blood glucose and blood
glucose 2 h after meal decreased after treatment,
and the decline of the observation group was more
obvious than that of the control (P<0.05; Table II).

DISCUSSION

The pathogenesis of DPN is not yet clearly
known, and is extensively considered as the result of
multiple factors. It was reported that the occurrence
and development of DPN was in a close association
with glucose metabolism disorder (9, 10), abnormal
protein kinase c activity, insufficiency of nerve
growth factor, insufficiency of y- linolenic acid and

Table 1. Comparison of VPT between the two groups before and after treatment.

Group

Observation group Control group

Nervus peroneus
communis

Before treatment Nervus suralis

Posterior tibial nerve

Nervus peroneus
communis

After treatment Nervus suralis

Posterior tibial nerve

31.23£2.71 30.18+3.22
30.33£3.26 29.2743.67
29.35£2.16 28.88+4.10
15.62+2.69* 19.23+3.54"
13.28+3.26" 18.2543.18"
12.65+3.33" 17.59+3.35

(Mean=standard deviation, V) * P<0.05 compared to before treatment; * indicated P<0.05 compared to the control group.
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Fig. 1. Comparison of curative effects between the two groups after treatment.

Table I1. Comparison of level of HbAlc and blood glucose between the two groups.

Before treatment

After treatment

Group . .
HbAlc Fasting blood  Blood glucose HbAlc Fasting blood  Blood glucose
glucose 2 h after meal glucose 2 h after meal
Observation " " v
10.4+2.2 26.4+1.3 16.6+2.8 6.7£1.2 9.2+1.1 7.1£0.2
group
(;‘;2:;1 10.242.5 26.3+1.2 16.4+2.4 8.4+2.6" 19.4+4 3" 10.342.2"

(mean * standard deviation, mmol/L). * P < 0.05 compared to before treatment, # indicated that P < 0.05 compared to

the control group.

immune abnormality. Traditional Chinese medicine
considered that DPN belonged to the category of
flaccid paralysis and arthromyodynia and that DPN
was induced by deficiency of yin, stagnancy of
energy, blood stasis, blocking of main and collateral
channels, muscular malnutrition and imbalance of
yin and yang.

Buyang Huanwu decoction developed by Qingren
Wang, a famous doctor in the Qing dynasty, was
used in this study according to years of experience of

the authors. Astragalus membranaceus can reinforce
Qi and nourish Yin; peach kernel, Carthamus
tinctorious, radix paeoniae rubra, Ligusticum
wallichii and Angelica sinensis can activate blood,
remove stasis, stimulate the circulation of the blood,
and cause the muscles and joints to relax; lumbricus
can dredge collaterals. In the prescription, tonifying
qi combined with nourishing yin, activating blood
was implemented along with dredging collaterals
(11). Modern studies concerning pharmacology
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of traditional Chinese medicine demonstrated that
Carthamus tinctorious injection could significantly
reduce the content of endothelin and thromboxane,
i.e., improve vascular endothelial cell function,
through reducing levels of fasting blood glucose
and HbAlc and significantly improve the content
of 6-Keto-PG Fla (12). Lumbricus can resist
coagulation and thrombogenesis. Herbs which
have functions of activating blood and removing
stasis can expand blood vessels, inhibit platelet
aggregation, reduce blood viscosity, and increase
the microcirculation perfusion of peripheral nerve
tissues, which can help relieve ischemia and anoxia.
The results of the present study demonstrated that
the overall effective rate of the observation group
was much higher than that of the control group after
treatment; the decline of VPT of nervus peroneus
communis, nervus suralis and posterior tibial nerve
and the improvement of blood glucose level of the
observation group was significantly superior to that
of'the control group. The results indicate that Buyang
Huanyang decoction could improve the effect of
mecobalamine in treating DPN. The reason might be
the different action mechanisms of the two drugs and
the synergistic effect of combined use of drugs.

In conclusion, traditional Chinese medicine
in combination with Western medicine has a
significantly better effect in treating DPN, therefore
it is worth application and promotion. However, the
study also had limitations, such as the small sample
size and short follow-up period. Multi-center tests
with a large sample size remain to be carried out
to further study the effects of traditional Chinese
medicine combined with Western medicine on the
long-term survival quality of DPN patients.
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In this study of Th17/Treg cells, the therapeutic effect of Astragalus glycoprotein on collagen-induced
arthritis in mice (CIA) was explored, and a basis for the clinical treatment of rheumatoid arthritis
is provided. Sixty mice were selected for the establishment of a CIA mouse model, and were then
randomly divided into a CIA model group, a hydrocortisone control group, a low, medium, and high
dose group of Astragalus glycoprotein, respectively. The same number of control groups with same
number of mice was established and after basic immunization, intraperitoneal injections were given
once daily for two weeks in the treatment. At the end of the treatment, the mice in each group were
selected and the proportion of Th17/Treg cells was detected by flow cytometry. The expression and
positive expression of RORyt, Foxp3, P-STAT3 and P-STATS protein were detected by Western blot
and immunohistochemistry. Astragalus glycoprotein was shown to potentially improve the diet and
mental state, reduce the arthritis index score and improve the pathological state of synovial membranes
in the mice. Moreover, flow cytometry results showed that, compared with the CIA model group, the
proportion of Th17 cells in the four other groups of mice decreased, while the proportion of Treg cells
increased. This difference was statistically significant (P<0.05). From the experiment, the following
conclusions were drawn: Astragalus glycoprotein can reduce Th17 cells and their transcription factors
in the peripheral blood of CIA mice, up-regulate Treg cells and their transcription factors, and correct
the balance of Th17/Treg cells so as to achieve an effective of treatment for CIA mice.

To the Editor,

Rheumatoid arthritis (RA) is a common
autoimmune disease. It can seriously affect the quality
of life of patients (1-2). At present, the pathogenesis
of RA is not yet clear, but immune dysfunction,
especially the immune imbalance of CD4+ T cell
subsets is the main pathogenesis of RA (3-4). For
example, Moon et al. (5) found that biological

inhibitors against the interferon and retinoic acid-
induced apoptosis-related gene (GRIM-19) can
improve the symptoms of joint inflammation in CIA
mice through down-regulation of IL-17 expression,
up-regulation of Treg expression, and other pro-
inflammatory cytokines. The discovery of a pattern of
an imbalance of Th17/Treg cells has complemented
and expanded the traditional mechanism of Th1/Th2

Key words: yellow glycoprotein, collagen-induced arthritis, Th17/Treg cells, transcription factors

Mailing address:

Dr Jianhua Guo,

Department of Traumatology Center,

Traditional Chinese Medicine Orthopaedic Hospital,

No. 489 Xinhua Road, Chongqing, China 951

e-mail: drguojianhua@163.com

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



952 ZH. WANG ET AL.

imbalance in RA, and has opened up new avenues
for further exploration of the mechanism behind the
treatment of RA. In addition, discovery of the Th17/
Treg cell imbalance mode has not only built on and
broadened the traditional mechanism of Th1/Th2
imbalance in RA, but has supplied new strategies for
further investigating its mechanism and treatment.

Astragalus effective
traditional Chinese medicine for tonifying qi. It has a
variety of pharmacological effects, such as immune
regulation, and obvious liver and kidney toxicity
has not been found (6-7). Liu et al. (8) found that
astragalus flavonoids can protect the OPG/RANKL/
NF-kB pathway of adjuvant arthritic rats. However,
the mechanism of interaction between Astragalus
membranaceus and the active components of RA, as
well as that between its components, has not yet been
completely elucidated, and further in-depth study
is needed. A CIA mouse model was established to
investigate the efficacy and possible mechanism of
the effects of astragalus glycoprotein on CIA mice.
This research was conducted in order to provide an
experimental basis for the clinical treatment of RA
with Astragalus membranaceus.

membranaceus 1S an

MATERIALS AND METHODS

Eighty BALB/c male mice (60 mice were ised in the
study and the remaining 20 were for standby), weighing
20+2g, were purchased from Beijing Weitong Lihua
Experimental Animal Technology Co., Ltd, China. Before
the experiment, all mice were placed in a clean room
with a relative humidity of 50% at a room temperature of
22+2°C and fed with common chow for one week. During
this period, the mice were given free access to chow and
water. The study was approved by Ethics Committee of
Traditional Chinese Medicine Hospital.

The main equipment used: flow cytometry, Becton
Dickinson, USA; protein electrophoresis system, Beijing
Junyi Eastern Electrophoresis Equipment Co., Ltd., China;
optical microscopy, Olympus Optical, Japan; paraffin
slicer, Leica, Germany; exhibition machine, Shanghai Yi
Huai Instrument Co., Ltd., China; low-temperature high-
speed centrifuge, Shanghai Aiyi Electronic Technology
Co., Ltd., China; electric blast drying oven, Shenzhen
Huade Weikang Technology Co., Ltd., China.

The main experimental reagents were: astragaloside
provided by the laboratory of Henan College of Traditional
Chinese Medicine. Hydrocortisone was purchased from
Tianjin Biochemical Pharmaceutical Co., Ltd, China.
Freund’s complete adjuvant was purchased from Beijing
Gaoke Henghui Technology Development Co., Ltd,
China. Collagen type II (bovine) was purchased from
Sigma. Formaldehyde, anhydrous ethanol, xylene, paraffin
wax, and neutral gum were all purchased from China
National Pharmaceutical Group Chemical Reagent Co.,
Ltd. Decalcification solution, hematoxylin dye solution,
eosin staining solution, hydrochloric acid-diethanol
differentiation solution, coverslip, and anti-offset glass
slides were purchased from Beijing Zhongshan Jingiao
Biotechnology Co., Ltd, China.

Preparation of CIA mouse model

Sixty Balb/c mice were subcutancously injected in
the abdomen, back and tail root with 0.1 ml of prepared
emulsifier (a mixture of equal volumes of bovine type
IT collagen and Freund’s complete adjuvant). The basic
immunization was performed on the first day of injection
and the same method was used for boosting on the 21st
day. The Polyarthritis index (PI) was used to evaluate
whether the mouse model was replicated successfully.
For evaluation, the same laboratory staff observed the
pathological limb changes in the mice every 3 days.

Grouping

The mice of the successful model were randomly
divided, with 12 in each group, into a CIA model group,
a hydrocortisone control group, and low, medium, and
high dose astragalus glycoprotein groups, respectively.
On the 41st day after injection the 5 groups of mice
were treated with drugs: in the hydrocortisone control
group, the mice were intraperitoneally injected with
hydrocortisone (HC) 10 mg/kg, while the mice in the low,
medium, and high dose groups were intraperitoneally
injected with 0.5 mg/kg, 1.0 mg/kg, and 2.0 mg/kg
astragalus glycoprotein, respectively. The mice in the
CIA model group were intraperitoneally injected with
0.4 ml/20 g saline. The medication was administered
once a day for a total of two weeks.

The next day, the mice’s knee joints were taken and
placed in decalcification solution at room temperature,
and 1 ml of the blood from an eyeball of each of the mice
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was collected and placed in a refrigerator at 4°C. The mice
were subsequently euthanized, after which the spleen was
removed and divided into three parts and labeled. Two
of these were placed in liquid nitrogen and one in a 10%
formaldehyde solution for later use.

Experiment

HE staining was used to observe the pathological
damage of the mice’s knee joints. First, the decalcified
mouse joints were removed, washed and dehydrated;
they were then cleared in xylene, wax immersed, and
embedded in paraffin; the wax blocks were sliced, spread,
filleted and baked. The HE staining was performed on the
wax pieces, and after the treatment was completed, they
were naturally air-dried for observation under the light
microscope.

Flow cytometry was used to detect the proportion of
Th17/Treg cells in the peripheral blood of the mice.

Western blotting was used to detect the expression
of RORyt, Foxp3, P-STAT3, and P-STATS in the spleen
tissue of the mice. Lysates were prepared and proteins
were extracted and stored at -20°C. Protein concentration
was determined according to the protein quantification
kit instructions. SDS-PAGE gel electrophoresis was
performed at 100 V constant pressure wet transfer for
75 min. Blocking treatment was performed for one hour.

-8 normal control group
== hydrocortisone control group

Primary and secondary antibodies were incubated. The film
was developed and fixed and then canned, and Quantity
One software was used to analyze the light density value.

The expression of RORyt, Foxp3, P-STAT3, and
P-STATS protein in the spleen of mice was detected by
immunohistochemistry. After the paraffin section was
prepared, it was dewaxed, hydrated, washed, ruptured,
incubated, and antigen-repaired. The bovine serum
albumin and primary antibody were added dropwise,
and the secondary antibody was added dropwise after
rewarming to room temperature. The color was developed
with a developer, and the dehydration and xylene were
again rinsed. Finally, the sealing was performed and the
image was analyzed and processed under a 400-fold field
of view with a light microscope.

Statistical analysis

SPSS 22.0 statistical software was used to process
the data, and the measurement data was expressed as the
mean standard deviation (X+£s). If the data was in a normal
distribution and the variance was equal, one-way analysis
of variance was used. Comparison between the groups was
performed using the LSD test. If the normal distribution
or variance was not met, then the Rank sum test was used.
The cutoff value for a statistically significant difference
was P<0.05.

~A~ CIAmodel group
-~ low-dose astragalus glycoprotein group

-6~ medium-dose astragalus glycoprotein group =% high-dose astragalus glycoprotein group
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Fig. 1. Changes in the influence of astragalus glycoprotein on the arthritis index of CIA mice.
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RESULTS

Establishment of CIA mouse model and its Pl
situation

Compared with normal mice, the model mice
developed typical reactions, including redness
and swelling of the joints on the 21st day after
immune injections. The swelling first appeared in the
toe joints of the mice and, with the passage of time, it
gradually increased, reaching a peak on the 41st day.
Upon reaching this peak, the mean arthritis index
scores of the model mice all achieved the model
standard (PI>=4). With continuous administration of
the drug in each drug group, the PI value continuously
decreased. In the hydrocortisone control group, the
arthritis index was the lowest, and the PI value was
significantly lower than that in the CIA model group
(P<0.01). The PI values of different dose groups of
the astragalus glycoprotein group were all different
from that of the model group.

Pathological damage of knee joints in CIA mice
Pathological lesions of the knee joints of CIA
mice are shown in Fig. 2. In the CIA model group,

the typical pannus was found, developing towards
the articular cavity and cartilage. The articular
cartilage surface was rough, uneven, defective
and stripped, and there was severe destruction of
articular cartilage and bone. In the hydrocortisone
control group, the joint structure of the mice was
intact, and the formation of pannus reduced. In
addition, the articular cartilage surfaces of this group
were relatively smooth, while cartilage and bone
destruction was significantly reduced. In the low
dose astragalus glycoprotein group, there was still
obvious vascular exclusion of surface generation.
The surface of the articular cartilage appeared rough
and flaky, with some papillary bulges on parts of
the cartilage. In the medium-dose and high-dose
astragalus glycoprotein groups, the generation of
pannus decreased, while the articular cartilage
surfaces were slightly rough with intact structures.
In these groups, there was no obvious damage to
cartilage or bone tissue.

Proportion of Thi7/Treg cells in peripheral blood of
mice
Flow cytometry results are shown in Table I. It can

Fig. 2. Effect of astragalus glycoprotein on pathological joint damage in CIA Mice (100%) A) Normal control group,
B) CIA model group; C) hydrocortisone control group; D) low-dose astragalus glycoprotein group, E) medium-dose
astragalus glycoprotein group, F. high-dose astragalus glycoprotein group)
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be seen from the data therein that, compared with the
CIA model group, the proportion of Th17 cells in the
hydrocortisone control group and the various doses
of the astragalus glycoprotein groups decreased to

RORyt s G S QU s iy
Foxp3 S F . e e
P-STAT3 | S S S .
P-STATS N S S S S e
p-actin m

1 2 3 4 5 6

Fig. 3. Effect of astragalus glycoprotein on the expression
of RORYt, Foxp3, P-STAT3 and P-STATS protein in spleen
tissue of CIA mice (Note: Lanes 1-6 are: the normal control
group; the CIA model group; the hydrocortisone control
group; the low-dose astragalus glycoprotein group, the
medium-dose astragalus glycoprotein group, and the
high-dose astragalus glycoprotein group, respectively)

differing extents. In addition, the proportion of Treg
cells increased, and the difference was statistically
significant (P<0.05).

Expression of RORyt, Foxp3, P-STAT3 and P-STATS
protein in spleen tissue of mice

Western blot test results showed that, compared
with the CIA model group, the expression of RORyt
and P-STAT3 decreased in the hydrocortisone control
group, the medium-dose astragalus glycoprotein
group and the high-dose astragalus glycoprotein
group, while the expression of Foxp3 and P-STATS
increased in these groups. The differences were
statistically significant (P<0.05), as shown in Fig. 3
and Table L.

Protein expression distribution of RORyt, Foxp3,
P-STAT3 and P-STATS in the spleen tissue of mice
The expression and distribution of RORyt, Foxp3,
P-STAT3 and P-STATS proteins in the spleen tissue
of the mice were detected by immunohistochemical
analysis. It was found that four proteins were in the

Table 1. The effect of Astragalus glycoprotein on the proportion of peripheral blood Thl7/Treg cells in peripheral blood
of CIA mice, expression of RORyt, Foxp3, P-STAT3, P-STATS protein in CIA mice and the expression and distribution of
RORyt, Foxp3, P-STAT3, P-STATS protein in spleen tissue (n=12, xxs)

Normal control CIA model Hydrocortisone  Astragaloside Baicalin Astragaloside high dose
group group control group low dose group glycoprotein group
intermediate
dose group
Th17 cell ratio 0.389+0.051 0.972+0.219" 0.532+0.084* 0.725+0.10%* 0.593+0.194* 0.611+0.165*
Treg cell ratio 2.059+0.078 1.058+0.127° 1.830+0.171* 1.57240.112%** 1.899+0.213* 1.802£0.130.339£0.008**9*
RORyt/B-actin 0.324+0.018 0.436+0.011% 0.310£0.061** 0.419+0.022 0.291£0.086** 0.339+0.008**
protein
expression
Foxp3/B-actin 0.523+0.014 0.461+0.037** 0.359+0.009 0.428+0.058%* 0.450+0.025%*
protein 0.32620.029"
expression
P-STAT3/B-actin 0.323+0.025 0.401+0.012" 0.227+0.013 0.302+£0.016**  0.291£0.017** 0.254+0.028**
protein
expression
P-STAT/B-actin 0.464+0.012 0.288+0.011% 0.481+0.023 0.356£0.010%*  0.543+0.015%* 0.457£0.045%**
protein
expression
RORyt positive 52.786+13.638 84.232+8.891" 47.454+5.741%* 73.509+18.523 55.972+5.349* 64.233+8.874*
cells
Foxp3 positive  167.893428.676  78.937+14.675"  154.368+14.320%  86.733+12.473  131.831+12.925* 142.098+17.021*
cells
P-STAT3 positive  31.135+7.902 42.973+3.098" 14.760£3.163* 34.175%5.104 25.287+4.972% 19.575+2.809*
cells
P-STAT positive 41.69314.762 18.480+3.142" 46.276£8.704* 23.691+4.242 47.018+4.395* 40.782+5.076*
cells

Note: Compared with the normal control group, #P<0.01, ##P<0.05; compared with the CIA model group, *P<0.01, **P<0.05
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spleen lymphocytes. Specifically, RORyt, Foxp3
and P-STATS were located in the nucleus and
P-STAT3 was located in the nucleus and cytoplasm.
All positive particles were brown or tan. Compared
with the normal group, the positive expression
of RORyt and P-STAT3 in the spleen tissue of the
CIA model group increased significantly (P<0.01),
and the positive expression of Foxp3 and P-STATS
decreased significantly (P<0.01). In comparison with
the CIA model group, the positive expressions of
RORyt and P-STAT3 decreased to varying degrees in
the spleen tissue of the hydrocortisone control group
and all of the astragalus glycoprotein treatment
groups. Specifically, the positive expression of
RORyt and P-STAT3 decreased significantly in both
the hydrocortisone control group and the medium-
dose astragalus glycoprotein group (P<0.01). On the
other hand, the positive expression of Foxp3 and
P-STATS increased to varying degrees: the positive
expression of Foxp3 as well as P-STATS increased
significantly in both the hydrocortisone control
group and the medium-dose astragalus glycoprotein
group (P<0.01), as shown in Table 1.

DISCUSSION

Th17 cells can induce the occurrence and progress
of autoimmune diseases such as RA. Treg cells can
reduce the autoimmune inflammatory response
caused by the former, thereby maintaining the body’s
immune balance (9-10).

RORyt and STAT3 are the key transcription
factors of Th17 cells. Loss of STAT3 leads to a
decrease in the number of Th17 cells. Foxp3 is a
specific transcription factor for Treg cells, and its
activation depends on the STATS signaling pathway.
The deletion of STATS inhibits the differentiation of
Treg cells. The balance of RORyt/Foxp3 and STAT3/
STATS can fundamentally affect the balance of Th17/
Treg cells and eventually affect the development of
autoimmune diseases like RA.

The results of the present study show that Th17/
Treg cell imbalance exists in peripheral blood of CIA
mice, however, after treatment with intraperitoneal
injection of astragalus glycoprotein, the percentage of
Th17 cells in the peripheral blood decreased and the

proportion of Treg cells increased. Correspondingly,
the expression of the RORyt and P-STAT3 proteins
decreased while the expression of the Foxp3 and
P-STATS proteins increased in mouse spleen tissues,
which was statistically significant compared with the
model group (P<0.01).

In summary, the effect of astragaloside on
improving joint inflammation in CIA mice may be
achieved by correcting the balance of RORyt/Foxp3
and STAT3/STATS signaling pathway proteins and
correcting Th17/Treg cell balance.
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Cardiolipin is an important cellular component, and its normal level is a key prerequisite for
maintaining the structure and function of mitochondria. To accurately quantify endogenous
cardiolipin content in mitochondria, a standard addition method (SAM) was developed to
establish a high-performance liquid chromatographic (HPLC) technique that is both reliable
and accurate. Increasing amounts of cardiolipin standards were added to a constant amount of
isolated mitochondria prior to the extraction procedure, and the two were extracted together. By
limiting the interference effects that occur to within an acceptable range in an analytical system
examined, this procedure ensures an ideal match of the sample composition in the standards,
even if the composition is extremely complex or completely unknown. Then, the desired results
can be obtained by extrapolation. As such, the authentic content of the endogenous cardiolipin
can be obtained with greater accuracy than with classical detection methods, e.g. external
standard calibration (ESC) and internal standard calibration (ISC). This method provides
an excellent means of quantifying endogenous substances in living cells. The authors expect
this method to be useful for researchers working on mitochondria-related mechanisms, cell
survival-related mechanisms and similar topics.

To the Editor,

Cardiolipin is a special phospholipid that was
first found and isolated from the bovine heart in
1942 (1). As an organelle marker, cardiolipin can be
used to estimate the quantity of mitochondria in a
given tissue (2). Cardiolipin plays a crucial part in
ATP synthesis and resisting oxidative stress during
interactions with reactive oxygen species (ROS)
(3). In a previous study, the present Authors found
that mitochondria swell after ischemia-reperfusion

as a result of the destruction of mitochondrial
membrane potential and the generation of excessive
ROS (4). Thus, cardiolipin is likely responsible for
the irreversible nerve damage induced by cerebral
ischemia-reperfusion injuries (5). Cardiolipin is
also involved in the optimal function of numerous
mitochondrial proteins and biochemicals and
plays multiple roles in the complicated process of
apoptosis to control a cell’s fate (6). Cardiolipin is
therefore of great significance to mitochondria and

Key words: endogenous cardiolipin, standard addition method, high-performance liquid chromatography, rat cerebral
tissue, mitochondria
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cells, and changes in its levels affect the function
of both. Therefore, developing an effective and
accurate method for quantifying cardiolipin content
in biological tissue is valuable.

HPLC is used most frequently to quantify
cardiolipin (3), external standard calibration (ESC),
internal standard calibration (ISC) and standard
addition method (SAM) are all basic alternative
HPLC assay methods (7). ESC and ISC can be
applied only when certain prerequisite conditions
are fulfilled, such as simple preparation of the sample
for ESC and analyte-free matrix for ISC. They all
have substantial limitations to quantify endogenous
cardiolipin. SAM is a classical calibration approach
for instrumental analysis that can compensate for the
shortages of ESC and ISC for its characteristics, and
it is more suitable to quantify endogenous cardiolipin
(24).

In this paper, a novel reliable and sensitive HPLC
method using SAM with methodological details
for quantification of endogenous cardiolipin are
provided. This study provides a valuable reference for
the determination of other endogenous substances.

MATERIALS AND METHODS

All procedures were performed according to NIH
guidelines and were approved by the Committee on the
Guidelines for Animal Experiments of Harbin Medical
University. All rats (Vital River Laboratory Animal
Technology Co., Ltd., Beijing, China) were healthy, of
the same age, and housed in a climate-controlled room
(temperature 25-28°C with a relative humidity of 60+5%)
with a 12-h light/dark cycle. The animals were housed in
groups of 4 per cage and had access to food and water ad
libitum. The animals were quarantined for at least 3 days
before the study. LiChrosorb Si60 normal column was
supplied by Merck & Co, Inc. (Darmstadt, Germany) and
20-mL Dounce homogenizer was purchased from KIMBLE
Co. (Vineland, NJ, USA).

Reference standard of cardiolipin was obtained from
Avanti Co. (Alabaster, Alabama, USA). Hexane, 2-propanol,
and anhydrous ethanol were of HPLC grade and were
purchased from Merck & Co, Inc. (Darmstadt, Germany).
All other reagents were of analytical grade and were obtained
from commercial sources.

Preparation of reagents

2.5 mL of cardiolipin standard (10 mg/mL) was
transferred to a 5-mLdark-brown volumetric flask, and
the volume was brought to 5 mL by adding chloroform,
thus preparing a 5 mg/mL cardiolipin solution. The stock
solution was maintained at —20°C until use.

Three series of standard working solutions including
series A, series B and series C were obtained by gradual
dilution of the stock solution with chloroform. The final
concentrations of cardiolipin were 5, 10, 20, 50, 100, 250,
500 and 1000 pg/mL in series A; 0, 200, 500 and 1000 pg/
mL in series B; and 60, 150 and 300 pg/mL in series C.
The working solutions were kept at —20°C in dark-brown
volumetric flasks.

Liquid chromatography was performed on a Waters
HPLC instrument (Waters, Milford, MA, USA) coupled
with a UV spectrometer. Chromatographic separations
were achieved on an LiChrosorb Si60 column (5 pm, 250
mm x 4.0 mm) at 35°C with an isocratic mobile phase of
hexane/2-propanol/25 mM dipotassium phosphate (pH 7.0)/
anhydrous ethanol/glacial acetic acid (441:490:62:20:0.6,
by vol) at a flow rate of 1.0 mL/min, a column pressure of
approximately 130~140 bar and a UV detection wavelength
of 206 nm. The sample injection volume was 10 pL.

Preparation of quality control samples (QCs)

Rat brain tissue homogenate. All manipulation
processes during this step were performed on ice in ice-
cold isolation buffer (IB; 320 mM sucrose, | mM EGTA,
and 10 mM Tris-Base, pH 7.4). The rats were euthanized
at the beginning of the study using an overdose of 5%
sevoflurane via inhalation and decapitated with a small
animal guillotine. The brain was quickly removed within
60 s and placed into a pre-chilled brain slice template to
obtain a coronal slice (4 mm thick) between the forebrain
and cerebellum. The required cortical subregion from 1
o’clock to 3 o’clock of the cerebral cortex (approximate
weight: 40 mg) was dissected from the slice using a sharp
scalpel. The mixed tissue was manually homogenized in
IB (10%; wt/vol) using a 20-mL Dounce homogenizer,
and mixed cerebral tissue homogenate was obtained.

The homogenate was transferred to a chilled tube and
centrifuged at 2,000 g for 3 min at 4°C. The supernatant
fluid was transferred to a new chilled tube and centrifuged
at 2,000 g for 3 min at 4°C. The supernatant fluid was then
transferred to a third chilled tube again and centrifuged at
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10,000 g for 10 min at 4°C to obtain a crude mitochondrial
sediment pellet (8). This mitochondrial pellet was
resuspended in 400 pL of IB and incubated on ice for
further analyses.

The standard addition method was applied in the
extraction procedure (9). 30 uL working solution series
B (0, 200, 500 and 1000 pg/mL) was added to four
new tubes and evaporated to dryness under nitrogen to
obtain a cardiolipin standard gradient for Series B. The
mitochondrial suspensions (400 uL) were divided equally
into the four tubes (100 pL per tube) containing the
cardiolipin standard gradient, followed by vortexing for
60 s to mix thoroughly. 1 mL of lipid extraction solvent
(chloroform/methanol = 2:1, by vol) was added to each of
the four tubes containing the mitochondrial suspensions
(100 pL) in the proportion of 10:1 (by vol). The tubes were
mixed thoroughly by vortexing for 60 s and incubated on
ice for 20 min. The tubes were then centrifuged at 1,000
g for 3 min at 4°C, and the lower phase was carefully
collected and transferred to four new tubes. Next, 200
uL of 0.05 mol/L CaCl, was added to each tube with a
ratio of 1:5 (by vol) and mixed thoroughly. The four tubes
were centrifuged at 1,000 g for 10 min at 4°C. The lower
chloroform phase containing the lipids was carefully
transferred to four new tubes, and the chloroform was
evaporated to dryness under nitrogen. Finally, the lipids
were redissolved in 100 pL of lipid diluent (hexane:2-
propanol = 3:4, by vol) and vortexed for 10 s, then the
quality control samples (QCs) were obtained. The samples
were stored at —80°C until HPLC analysis.

Ten pL aliquots of working solution series A (5, 10, 20,
50, 100, 250, 500, and 1000 png/mL), series C (60, 150 and
300 pg/mL) and QCs were injected into HPLC system for
analysis, respectively. The peak areas of cardiolipin were
recorded to prepare the standard and calibration curves.

Data analysis

The calibration curve was prepared using Origin
8.6 (OriginLab) Data Analysis and Graphing software.
The primary endogenous cardiolipin concentration was
calculated by extrapolation. Each calibration curve was
elongated oppositely to intersect the negative axis of
the abscissa. The value of the intercept is the primary
endogenous cardiolipin concentration in each sample. The
final results are presented as the quantity ratio (ug/mg) of
cardiolipin and cerebral tissue.

Method validation

Selectivity is the ability of an analytical method to
differentiate and quantify the analytes in the presence
of other components in the sample. The selectivity was
ascertained by comparing homologous spectra of the
sample containing the cardiolipin standard and the QCs
at the same retention time in both chromatograms. The
sample contained 300 pg/mL cardiolipin standard, and
the QCs contained 0 pg/mL cardiolipin standard. After
separately injecting these two samples into the HPLC
system for analysis, each pair of chromatograms and
homologous spectra for cardiolipin were recorded to
validate the selectivity.

Linearity of the lower limit of quantification

The standard curve was constructed by plotting the
peak areas versus the concentrations of the cardiolipin
standard with a weighted (1/X?) least square linear
regression using seven concentrations of the standard
samples (10, 20, 50, 100, 250, 500, and 1000 pg/mL of
standard working solutions series A). The LLOQ was
defined as the lowest concentration of the cardiolipin
standard that resulted in a signal-to-noise ratio of 10:1.

Linearity was determined by constructing calibration
curves. The calibration curve for cardiolipin was prepared
according to the principles of SAM. The calibration
curve was constructed using the peak areas of the total
cardiolipin versus the final concentrations of cardiolipin
standard in QCs with a weighted (1/X?) least square
linear regression and the linear regression equations and
correlation coefficients were obtained. An independent
calibration curve should be established for each sample.

Both the inter-day and intra-day accuracy and
precision were evaluated by determination of QCs at
three concentration levels (60, 150 and 300pg/mL) in six
replicates on the same day and on three different days,
respectively. The accuracy was defined as RE and the
precision was defined as RSD.

The recovery of standard addition method was standard
addition recovery and the recoveries at three concentration
levels (60, 150 and 300pg/mL) were measured with the
formula below:

R=M- M, 100%
M

where R represents standard addition recovery, M,
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represents the measured value of sample with standard
addition, M, represents the measured value of sample
without standard addition, M represents the amount of
standard addition. The extraction efficiency of cardiolipin
was determined by analyzing the QCs at three concentration
levels (60, 150 and 300pg/mL) in six replicates.

The stability of the cardiolipin standard working
solution and QCs, including freeze—thaw stability (three
freezes at —20°C and thaws at ambient temperature
cycles), long-term stability (storage for 30 days at —20°C),
short-term stability (storage for 4 h at ambient temperature
and for 0, 3, 6, 12 and 24 h at 4°C), was tested at three
concentration levels (60, 150 and 300pg/mL) with five
replicates at each level. The results of all of the stability
tests were assessed by comparing the mean responses to
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the responses of freshly prepared standard samples.

The method described above was applied to assay
endogenous cardiolipin content in study samples (Ss) in
ten healthy adult rats.

RESULTS

A representative pair of chromatograms and
homologous spectra of cardiolipin are shown in
Fig. 1. The chromatogram and homologous spectra
of cardiolipin standard and QCs are shown in Fig.
1, A and B, respectively. The retention time of the
analytes in both samples was 8.61+0.03 min, and
the shapes of the spectral curves for the analytes
in each chromatogram for each sample were the

sso.un—: 550.00
500.00{ 500.00
45n.nn€ 450.00
g 400.00—. 400.00
350,00% 350.00
300.00—: 300.00

250.00-} 250.00

0. 00}’ ‘J\JL“ 0.00

5.00 10.00 15.00 20,00 25.00 30.00

Minutes

Millennium PDA Spectrum Index Plot - SampleName wutaol, Wvin Chl - EDA 206.0 nm

Fig. 1. Chromatograms and homologous spectra of cardiolipin. A) Chromatogram and homologous spectra of cardiolipin
standard sample (300 ug/mL). B) Chromatogram and homologous spectra of the QCs containing 0 ug/mL cardiolipin
standard. The retention time of the analyte in both samples was 8.61+0.03 min. The shapes of the spectral curves for the
analytes corresponding to each chromatogram in each sample were the same, indicating that the cardiolipin standard
and endogenous cardiolipin in the samples were the same substance. There were no interfering peaks from endogenous

compound at the retention time of cardiolipin.
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same, indicating that the cardiolipin standard and
the endogenous cardiolipin in the sample were the
same substance. There were no interfering peaks
of endogenous compounds at the retention time of
cardiolipin. Cardiolipin was easily differentiated
and quantified in the presence of other components
in the sample, and the cardiolipin peak areas were
reproduced in multiple samples.

Linearity and lower limit of quantification

The standard curve and representative calibration
curve for cardiolipin method validation are shown in
Fig. 2, A and B, respectively. The typical regression
equation of standard curve was: Y =3784.22 +
9811.40X, the correlation coefficient (R*= 0.9998),
linearity ranges was 10-1000pg/mL and the LLOQ
was 10pg/mL. The regression equations, the
correlation coefficients and X-intercepts of the
calibration curves of QCs are shown in Table 1. All of
the correlation coefficients were greater than 0.9960.
An excellent correlation was observed between the
peak area and cardiolipin concentration.
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The calibration curve intercepted the negative
axis of the abscissa, and the absolute value of
the intercept represented the concentration of
endogenous cardiolipin. The slopes of the curves
all ranged from approximately 8300 to 8600. The
discrepancy between the slope of the calibration
curve obtained during method validation and the
standard curve was less than 20%.

The accuracy and precision for cardiolipin in
QCs at three concentration levels (60, 150 and 300
pg/mL) are shown as RSD and RE. The intra-day
relative standard deviation (RSD) did not exceed
8%, and the inter-day RSD was less than 7%. The
relative error (RE) ranged from 3% to 7% (data was
not shown). The accuracy and precision were in
conformity with relevant biological sample analysis
method guidelines.

The recoveries of cardiolipin in QCs at three
concentration levels (60, 150 and 300 pg/mL) all
ranged from 74% to 89% (data not shown); thus, the
extraction method used in the study showed good
and stable extraction efficiency.
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Fig. 2. Standard curve and all six calibration curves for cardiolipin of QCs in method validation. A) Standard curve,
the correlation coefficient (R?) was 0.9999 and the slope was 9811. B-G) six calibration curves of QCs, the correlation
coefficients (R?) for calibration curves were all greater than 0.9970. The slopes of the curves all ranged from approximately
8300 to 8600. The discrepancy between two slopes was less than 20%.
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Table 1. The regression equations, X-intercepts of calibration curves of endogenous cardiolipin in OQCs (n=6)

and Study samples (Ss)(n=10).

concentration content
Number Y =a+ bX R? X-Intercept (ug/mL) (ng/mg)
QCs 1 Y =522725.89 + 8389.57X 0.9978 -62.31
QCs 2 Y =543856.84 + 8319.30X 0.9993 -65.37
QCs3 Y =553137.41 + 8456.75X 0.9985 -65.41
QCs 4 Y =546367.95 + 8431.21X 0.9982 -64.80
QCs 5 Y =543384.29 + 8591.09X 0.9981 -63.25
QCs 6 Y =558637.70 + 8327.64X 0.9991 -67.08
Ss 01 Y =545735.54 + 8580.59X 0.9989 -63.60 63.60 6.36
Ss 02 Y =533040.75 + 8561.08X 0.9988 -62.26 62.26 6.23
Ss 03 Y =569548.11 + 8505.82X 0.9991 -66.96 66.96 6.70
Ss 04 Y =526263.11 + 8416.59X 0.9986 -62.72 62.72 6.27
Ss 05 Y =551866.07 + 8475.18X 0.9981 -65.12 65.12 6.51
Ss 06 Y =537156.44 + 8375.05X 0.9981 -64.14 64.14 6.41
Ss 07 Y =551052.35 + 8368.61X 0.9988 -65.85 65.85 6.59
Ss 08 Y =542406.47 + 8639.56X 0.9982 -62.78 62.78 6.28
Ss 09 Y =555680.48 + 8424.02X 0.9986 -65.96 65.96 6.60
Ss 10 Y =547025.73 + 8307.73X 0.9984 -65.85 65.85 6.59
Mean (%) 64.52 6.45
SD (%) 1.64 0.17
RSD (%) 2.55 2.55

The stability of cardiolipin standard and QCs
at three concentration levels (60, 150 and 300 ug/
mL) under various conditions is shown in Table II.
The percentage differences were all less than 5%,
indicating that cardiolipin was stable at ambient
temperature for 4 h, at 4°C for 24 h, and at -20°C for
30 d, as well as after three freeze-thaw cycles.

Endogenous cardiolipin content in normal rat
cerebral tissue

The standard curve and representative calibration
curve for cardiolipin application are shown in Fig.
3, A and B, respectively. The concentrations of
endogenous cardiolipin in cerebral tissues from ten
rats are shown in Table I. The endogenous cardiolipin



Journal of Biological Regulators & Homeostatic Agents

965

+ Cardsolipin Standard = Ssii
A Standard Curve B Calibration Curve
10000000 ’ »
3000000 <
000000 ~ 2500000
2000000 -
] .
g o 8 .
< b Cintt <
.‘ ¢ Egumon  yRAebY “ va 1500000 + T
000000 Wegn Mo Vieigrong :
¢ i RescielSum 1 29M45E45 &' gt m‘a;:;v
of Squares 1000000 4 . ’mmt.m »
o :':';; :m Pty 2 eoes
e Vie  Suscwdbo| g00000 3 e s in
> irtesest INS4 2975 N4ZE00002 | orce GAITISSA1EE  MED IS
¥ Cadole e I ises| ’i‘L S oo neTen
0 | KR8 ST £ Al ) SR TN | Al | 2R ) L L] r A T A T A T L h T T A T
0 100 200 300 400 500 600 700 800 900 1000 400 50 O 50 100 150 200 250 300
Concentration(ug/ml) Concentration{ug/mi)

Fig. 3. Standard curve and all ten calibration curves for cardiolipin of Ss in application. A) Standard curve, the correlation
coefficient (R?) was 0.9999 and the slope was 9811. B-L, ten calibration curves of Ss, all correlation coefficients (R?) for
the calibration curves were greater than 0.9970. The slopes of the curves ranged from approximately 8300 to 8700. The
discrepancy between two slopes was less than 20%. The intercepts on the abscissa axis ranged from approximately -60
to -70 ug/mL.

Table I1. The stability of cardiolipin standard and QCs at three concentration levels under various conditions (n=6).

Cardiolipin Standard QCs
Short-term stability Short-term stability
Standard RE (%) RE (%)
Concentration Long- Long- Freeze-
(ng/mL) term Fr:f;biﬁ?aw term thaw
stability | Lr ((,/‘)y stability | stability
(V]
ambient RE (%) ambient RE (%) | RE (%)
tempera- 4°C tempera- 4°C
ture ture
60 -2.46 -1.69 2.86 -2.28 1.32 2.64 3.28 -3.03
150 -3.28 -1.82 2.95 2.74 -2.67 2.69 3.68 2.82
300 -4.13 -2.80 3.61 1.48 -3.89 -2.81 -3.84 3.28
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content calculated using the formula is also shown in
Table I. The RSD was less than 3%.

DISCUSSION

The quantitative determination of endogenous
compounds in biological samples is complicated,
both analytically and from a validation point of
view (10). To obtain cardiolipin-free samples of
the authentic biological matrix or samples with
accurately-known cardiolipin concentrations is often
difficult in practice because cardiolipin is tightly
binding to the mitochondrial inner membrane (4)
and difficult to be eliminated while leaving other
components intact.

In ISC, the calibration curve should be established
by analyzing a series of concentrations of the standard
in a blank (cardiolipin-free) matrix, and thus a
synthetic or cardiolipin-stripped matrix is required (7,
11). So, it is barely possible to apply ISC under this
circumstance as the sample preparation of cardiolipin
is so complicated and the extraction efficiency cannot
reach 100%. Once ESC is applied, the calibration
curve is artificially replaced by a standard curve with
a different slope, such that the authentic content of
endogenous cardiolipin cannot be obtained. ESC
should not therefore be used as an accurate result
cannot be achieved. The crucial task for endogenous
cardiolipin quantification is the ability to compensate
for interference effects (12). In marked contrast to ISC
and ESC, SAM procedure consists of the addition of
known amounts of cardiolipin standard into a sample
containing an unknown amount of endogenous
cardiolipin and undergoing the same pre-treatment
and does not require an analyte-free matrix. Then the
total cardiolipin in each portion is measured, and the
calibration dependence is able to be reconstructed
only over the original cardiolipin concentration by
extrapolation (12). Therefore, SAM provides the
opportunity to compensate for potential interference
effects to obtain an analytical result with greater
accuracy.

In the present paper, a detailed HPLC methodology
using SAM was established for the quantification of
the endogenous cardiolipin content in cerebral tissues
from healthy adult rats.
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The worldwide relevance of gastroesophageal reflux disease (GERD) has had a considerable increase
in recent years. The guidelines for the diagnosis and treatment of GERD are well consolidated and
continuously updated. Recently, the extra-esophageal manifestations of reflux have been considered from
a multidisciplinary point of view, so the symptoms of the laryngo-pharyngeal reflux (LPR) have been
precisely defined. At present, a new Medical Compound (Marial®) has the indication for the treatment
of both GERD and LPR. Clinical experience has initially confirmed its effectiveness in both disorders.

To the Editor,

Gastric reflux is a physiological phenomenon that
may become complicated, such as gastro-esophageal
reflux disease (GERD). GERD has showed a
considerable epidemiological increase worldwide.
This issue has therefore attracted the attention of
the scientific community, especially for clinical
and pharmacological research. The phenomenon of
reflux involves numerous aspects, i.e. anatomical,
functional, biochemical, and hormonal, that are in
turn closely linked together. Therefore, the approach
to GERD management should be multidisciplinary
and join the various skills in knowing the pathogenic
and the pathophysiological mechanisms as well
as the possibility of identifying new therapeutic
strategies for the patient wellbeing (1-6).

Frequently, patients with GERD may present
not well-defined symptoms, whereby the prescribed
medications could be ineffective. This failure
usually encourages the patient to search alternative
therapeutic solutions which are often not found or, if
found, may often be ineffective. Moreover, there are

patients who present atypical symptoms, frequently
underestimated or even overestimated by doctors.
As a consequence, physicians tend to prescribe
medications without a pathophysiological rationale
and appropriate diagnostic work-up. In particular,
these patients with reflux show symptoms concerning
the upper or the lower airways. If the reflux material
involves upper airways tissues, it causes symptom
occurrence, i.e. laryngo-pharyngeal reflux (LPR).
From a clinical point of view, LPR patients present
throat symptoms, including mainly hoarseness,
clearing, dysphagia, and irritating cough.

A new medical compound (Marial®) is the first
compound (at present) with the indication for treating
both GERD and LPR.

Reflux pathophysiology

The defined causes of GERD and LPR are
multiple, but the main mechanism is the reflux of the
gastric gas and/or liquid/solid material, containing
hydrochloric acid and pepsin that create a condition
of acute or sub-acute inflammation of the esophageal

®
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and extra-esophageal mucosal tissues, potentially with
consequent epithelial lesions. Thus, the mechanisms
of clearance and defense, including defensive enzyme
(carbonic anhydrase I1I, CAIII) and epithelial mucin,
become defective. The impaired protective layer
determines an exposure of the mucosa to injuries from
the chemical corrosive agents. The ultrastructural
lesions, the defect of E-Cadherine (molecule of
epithelial adhesion), and the defect of mucins and
CAIIl determined by pepsin, cause a structural
upheaval of the mucosal epithelium sustained by
a cascade of inflammatory events. An initial acute
inflammation may evolve to chronic inflammation
characterized by an alteration of the cellular structure
blocking the collagen production useful for the
regenerative processes (6,7).

The inflammatory process and the alteration of the
cellular structure

Usually, the inflammatory process is envisaged as
a negative event in view of the possible structural
damage. On the contrary, a new line of thought has
been proposed; regenerative medicine that considers
the inflammatory process as a potential protective
event and not only harmful (1-5).

Understanding  the
endocrine mechanisms of these biological pathways,
the cellular populations that characterize the various
stages of wound healing, the current attention on
biomaterials and growth factors used in regenerative
medicine, together with the use of bioengineered
tissues, turned the spotlight on the correct
interpretation of the process of healing of epithelial
lesions, allowing the possibility to recreate a tissue
as much as possible similar to the original tissue,
such as before the damage (1).

Some mechanisms, involved in tissue repairing,
have been identified: it allows to apply new
therapeutic approaches in daily clinical practice.
The modulation of the inflammatory process, also
stimulating specific cell lines, promotes and supports
the reparative mechanisms. In this regard, the healing
process takes place through three complex steps: 1)
inflammation; ii) cell proliferation (in excess or in
defect); and iii) remodeling (mainly concerning the
extracellular matrix (ECM) deposition) (4). The

intimate neuro-immuno-

repairing of the epithelial lesion is characterized
by an incomplete regeneration of the original tissue
with a hyper-production of organized collagen, that
can lead to the production of a new tissue, up to
80% similar to the original tissue (2). However, an
abnormal progression of this process causes a fibro-
proliferative response, which leads to the production
of scar tissue.

The mucosal homeostasis, necessary for the
barrier function, is ensured by the synergic cross-
talk among numerous cellular populations, including
keratinocytes, dendritic cells, T lymphocytes,
fibroblasts, mast cell, and macrophages. When
the mucosal tissue is damaged by acute or chronic
harm, a series of pro-inflammatory cytokines and
mediators are released, so starting the process of
amplification of the inflammatory response. These
pro-inflammatory cytokines, produced by the
cell populations involved in wound healing, are
able to trigger, promote, and govern the repairing
phenomena acting on the inflammatory cells (4).

The role of the matrix metalloproteases (MMPs),
enzymes degrading the extracellular matrix,
balanced by their inhibitors (TIMPs), has been well
clarified in recent years. In particular, the attention
has been focused on TNF-o and on gelatinase
MMPO, significantly over-expressed in conditions of
both endothelial inflammation and alteration of the
venous wall (5). The endothelium plays an important
role in the initial repairing phase by its ability to
stimulate the inflammatory process as endothelial
cells produce large quantities of TNF-a, measurable
and quantifiable through the intercellular adhesion
molecule expression [molecule of intracellular
adhesion, targeted also to the endogenous hyaluronic
acid, (HA)]. Indeed, endogenous HA reduces
the production of TNF-a by a down-regulation
mechanism. At the same time, the restoration of
endothelial function by HA occurs through different
steps: recovery of endothelial glycosaminoglycan
(GAQG), reduction of MMP9, and blocking of MMPs
(3). These events depend on the hydrodynamic
activity of the natural HA that, by increasing the
body water flow, allows the lock of zinc atom, core
of MMPs, priming the repairing and the regeneration
of damaged tissues.
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During the inflammatory phase of the mucosal
injury, the reduced production of TNF-a by M1
macrophages, the inhibition of monocytes, and
the proliferation of fibroblasts associated with
the deposition of specific collagen, stimulated by
endogenous HA, induce the switch M1-M2 and start
the repairing and regeneration phenomena (1).

E-Gastryal®: its rationale as a biological regulator
and homeostatic agent

The knowledge of the inflammatory events caused
by physical and chemical stimuli, the symptom
polymorphism of the patients with reflux, and the
pathogenic role of some molecules involved in the
healing process have given rise to two questions:
i) how to associate in a synergic way the agents of
anti-inflammatory response, and ii) how to make this
synergy accessible to patients with LPR (8).

The homeostatic agents, physiologically active
in resolving the inflammatory phenomena, indirectly
operate on the scenario so that endogenous HA and
GAGs promote hydration of the damaged tissues
(by hygroscopic capacity) and, at the same time,
determine the modulation of the reconstitution of the
ECM (by plastic capacity).

To attract water molecules, at the level of the
inflamed tissues, seems like a paradox because
of the presence of edema. However, molecules
with high hygroscopic activity, such as HA
and mucopolysaccharides, create intense water
replacement and eliminate toxic substances from
the matrix, thus rebooting the gel phase of EMC.
Consequently, a recovery of tissue alkalinity occurs
and the reparative process begins induced by
fibroblasts (9-12). Therefore, the research of a new
medical compound has addressed some important
aspects as it should be able to i) recreate the
natural scenario of the anti-inflammatory response
(stimulating the tissue repair), ii) induce a rapid
relief of symptoms (inhibiting the acid exposure),
and iii) protect the mucosa (amplifying the biological
response). A new compound, named E-Gastryal®,
has been produced combining hyaluronic acid,
hydrolyzed keratin mucoproteins, glycoproteins
such as fibronectin, meso glycans and integrins, and
viscous agents (as thickener). This compound has

been proved to effectively relieve the discomfort
caused by gastric reflux, preventing and alleviating
the injury to mucous membranes. In fact, this
compound is able to actively regenerate the damaged
tissue by repairing and regenerative properties on
mucous membranes and by muco-adhesive and
film-forming characteristics that allow to prolong
the contact time with the mucous membranes and
consequently to improve the effectiveness (1).
Hydrolyzed keratin significantly enhances the
regeneration process of the desmosomes, of which it
is a fundamental component.

The effectiveness of hyaluronic acid (with MW
of 1500 KDa) and hydrolyzed keratin is enhanced
and optimized by its combination with two thickener
agents: Tara gum and Xanthan gum. It allows the
formation of a film on the mucosal surface. Such
mixture guarantees an optimal and easy swallowing
to the patient (1).

After the formulation of E-Gastryal®, research
focused on the role of magnesium alginate in
contrasting  gastroesophageal reflux  disease.
Magnesium alginate is highly effective in GERD
patients as it creates a raft in the gastric dome,
so inhibiting the reflux of gastric content. The
concentration of magnesium alginate was defined to
avoid HA degradation by low pH level.

A new medical compound has been introduced on
the market: Marial®. Marial® is the combination of
E-Gastryal plus magnesium alginate.

Marial® is effective in the treatment of
gastroesophageal reflux disease and also of laryngo-
pharyngeal reflux. Marial® has a biological versatility
that goes from the modulation of the inflammatory
process both directly and indirectly, by acting with
the properties of hyaluronic acid or its salt to the
modulation of the process of re-epithelialization
of the mucosa, thanks to the action of the keratin
and hyaluronic acid or its salt, and preventing the
backflow with the action of the magnesium alginate.
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Gastroesophageal reflux disease (GERD) is defined as a “disease that develops when the reflux of
stomach contents induces troublesome symptoms and/or complications”. From a therapeutic point of
view, many options have been proposed, including proton pump inhibitors (PPI), antihistamines (H2-
receptor antagonists), antacid chemical compounds, antireflux barrier (using alginates), prokinetics,
inhibitors of gastric sphincters, protection of mucosal tissue, neuromodulators, nociceptor antagonists,
lifestyle modification, and surgery. A new medical compound has been recently launched in Italy:
Marial® (manufactured by Aurora, Milan, Italy) containing magnesium alginate and E-Gastryal®. The
aim of this survey was to analyse the patients’ characteristics and the prescriptive approach considering
both the past or current treatments and clinical features during a visit in 56 gastroenterological centers,
distributed in the whole of Italy. One thousand eight hundred forty-nine patients (46.5% males, and
53.5% females, mean age 48.59 years) were visited. Patients with positive reflux symptoms index (RSI")
had higher GIS scores than RSI subjects. PPIs (both as monotherapy or plus add-on) were the most
common medication prescribed before the visit. There was a significant change of prescription to Marial®
at the visit. More precisely,, Marial® was preferentially prescribed to about a quarter of the patients,
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particularly to those with lower GIS score, whereas PPI plus add-on option was preferred for patients
with higher GIS score. In conclusion, the current experience demonstrated that GERD may be managed
considering a patient-centred work-up by using the GIS questionnaire. GIS score may be able to define
the medication choice that includes also the new medical compound Marial®.

To the Editor,

Gastroesophageal reflux (GER) has to be
considered as a physiological phenomenon that
usually occurs during and after meals. On the
contrary, gastroesophageal reflux disease (GERD)
is defined as a “disease that develops when the
reflux of stomach contents induces troublesome
symptoms and/or complications” (1). This umbrella
definition was devised to encompass the broad
spectrum of GERD, including endoscopically
evident disease (esophagitis, stricture, Barrett’s
metaplasia, and adenocarcinoma), troublesome
esophageal symptoms without endoscopically
evident disease (heartburn, regurgitation, and chest
pain), and potential extra-esophageal manifestations,
including asthma, cough, and laryngopharyngeal
reflux. Although the GERD definition, widely
referred to as the Montreal definition is adequate in
fusing the potential manifestations of GERD by the
common element of stemming the reflux of gastric
content into the esophagus, it also implies some
clinically relevant practical problems. In particular,
the appropriate diagnostic work-up, the (over)use of
proton pump inhibitors (PPIs), and the approach to
alternative therapeutic strategies.

GERD is classified into ‘“‘erosive GERD”
with esophageal mucosal break and ‘‘non-erosive
GERD” (NERD) with symptoms alone. In addition,
GER is classified into ‘“‘acidic-GER” and ‘‘non-
acidic (weakly acidic, alkaline) GER™ (1). From
a diagnostic point of view, if GERD is suspected,
the patient should be clinically evaluated by a
questionnaire and the PPI test. The typical symptoms
of GERD are heartburn and regurgitation, but
patients may not necessarily accurately perceive
their symptoms (2). Thus, in addition to questions
regarding the typical symptoms of GERD, a careful
interview with different expressions may be helpful.
GER may cause not only typical symptoms but
also extraesophageal symptoms (chronic cough,
bronchial asthma, discomfort of the pharyngolarynx,

pharyngalgia, and non-cardiac chest pain) (2).
Since extraesophageal symptoms may be the only
symptoms of GER, it is important to take them into
consideration when diagnosing GERD. In particular,
laryngopharyngeal reflux (LPR) is a disorder
involving upper airways as a consequence of gastric
refluxate in these tissues (3). In practice, if GERD
is highly suspected, two types of algorithms are
proposed: (i) administration of standard-dose PPI,
which is the first-line treatment option of GERD, is
started first without endoscopy (therapy at clinics
without endoscopy equipment), such as an empiric
trial on the basis of the ex juvantibus criteria; and
(i) upper digestive endoscopy is performed first
before PPI therapy (4, 5). If symptomatic resolution
was obtained with PPI before endoscopy, they are
regarded as transient symptoms, and treatment
should be discontinued. If the symptoms persist
or are relapsed, endoscopy needs to be performed.
However, if the PPI test is started before endoscopy,
erosive GERD and non- erosive-GERD cannot be
differentiated by the endoscopy even if it is carried
out afterward. Other diagnostic tests include pH-
manometry, imaging, pepsin assay, and the pH-
measurement with 24h-monitoring. However, PPI
test is usually performed as the first step in common
practice (1). Nevertheless, as PPI test may be not
conclusive in a large quote of patients and may be
not reasonable, mainly concerning the prescriptive
applicability, an alternative diagnostic strategy could
be based on asking the patients to fill in a validated
questionnaires. The most commonly used are: Reflux
Symptoms Index (RSI) and gastroesophageal reflux
disease impact scale (GIS), both of which are quick,
self-completed, validated, and reliable (3, 4).

From a therapeutic point of view, many options
have been proposed, which include: neutralization of
acid gastric content (using PPI, antihistamines (H2-
receptor antagonists), antacid chemical compounds),
antireflux barrier (using alginates), prokinetics,
inhibitors of gastric sphincters, protection of mucosal
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tissue, neuromodulators, nociceptor antagonists,
lifestyle modification, and surgery (6). Itis to note that
many medications are over the counter compounds,
and self-medication is the prevalent approach by the
patients. Medical prescriptions usually include PPI,
alginates, and antacids. PPI class is very effective and
has changed the therapeutic strategy, however, there
is an increasing new trend of thought that is reluctant
for the enthusiastic use of PPI, mainly concerning the
potential side effects (5-7). Therefore, new interest
has been directed to alginates, as they offer different
positive mechanisms of action and are safe (8-10),
thus alginates may represent a fruitful therapeutic
option in the treatment of both GERD and LPR.
In this regard, a new medical compound has been
recently launched in Italy: Marial® (manufactured
by Aurora, Milan, Italy) containing magnesium
alginate and E-Gastryal®. For this reason, an
Italian survey explored the pragmatic approach of a
group of gastroenterologists in the management of
GERD. The aim of this survey was to analyse the
patient characteristics and the prescriptive approach,
considering both the past or current treatments and
clinical features during a specialistic routine visit.

MATERIALS AND METHODS

The current survey was conducted in 56 gastroenterological
centers,distributed in the whole of Italy, thus assuring a wide
and complete national coverage. The gastronterologists
endorsed to the Project EMERGE (Emerging from RGE),
and were asked to recruit all consecutive patients visited
because of GERD. Patients were visited and completed
the GIS and RSI questionnaires.

GIS was evaluated according to the protocol proposed
by Jones (6). Items are analytically reported in Table
I. Briefly, the GIS comprises nine questions regarding
the frequency of the following over the previous week:
acid-related symptoms, chest pain, extra-esophageal
symptoms, the impact of symptoms on sleep, work,
meals and social occasions, and the use of additional
non-prescription medication. Four response options are
provided to describe frequency over the previous 2 weeks:
‘none of the time’ (1), “a little of the time’ (2), ‘some of the
time’ (3) and ‘all of the time’ (4).

RSI was evaluated according to the protocol proposed by

Belafsky (5). Items are analytically reported in Table II.
RSI was considered positive if the score was >13.

Past or current treatment was recorded and analyzed.
As several possible combinations of treatment regimens
could be prescribed, an arbitrary restriction was decided
where 3 main options were considered: PPI alone, PPI
plus add-on treatment (limited to antacids/alginates),
and alginates alone. The same subdivision was adopted
for new treatments prescribed during the visit. As the
survey was based on a real-world practice, doctors had
the complete liberty of choosing the medications on the
basis of the best practice.

Demographic and clinical characteristics were described
using means with SDs for normally-distributed continuous
data (i.e. age) or medians with lower and upper quartiles
for not normally-distributed data (i.e. for RSI or GIS) or
as absolute frequency and percentages for categorical data
(i.e. frequency of patients’ RSI+ or RSI-).

Any statistically significant difference in the mean values
or in the median values of each continuous variable
between normal and pathological patients (as defined in
the RSI or GIS questionnaire) was evaluated with the
Unpaired #-test or Mann-U Whitney test, respectively.
When more than two groups were compared, Kruskal
Wallis test, followed by Dunn’s test, was used.
Comparison of frequency distributions was made by
means of the chi-squared test or Fisher’s exact test in
case of expected frequencies <5. Statistical significance
was set at p <0.05, and the analyses were performed using
GraphPad Prism software, GraphPad Software Inc, CA,
USA and MedCalc.

RESULTS

Globally, 1,839 patients (46.5% males, and 53.5%
females, mean age 48.59 years) were visited in the
56 Italian gastroenterological centers. Interestingly,
47% of the patients had a previous GERD diagnosis.
The percentage of patients with recognized GERD
increased according to age (data not shown). In
addition, most patients with diagnosis of GERD
were visited and assessed within the previous year.

The GIS questionnaire was completed by all
patients, whereas 785 patients filled in the RSI
questionnaire.

RSI values for each

single symptom are
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analytically reported in Fig. 1A. The symptom with
the highest score was heartburn, whereas cough,
dyspnea, difficulty in swallowing, and hoarseness
had the lowest score.

GIS values for each single sign are analytically
reported in Fig. 1B. The signs with the highest score
were burning sensation in the chest or behind the
breastbone, regurgitation or acid taste in the mouth,
or pain or burning in the upper stomach.

A total of 594 (75.7%) patients had positive RSI
score; the total RSI score was 16 (14-20) in the whole
population and 18 (15-22) in RSI* patients and 12
(11-13) in RST patients, respectively (p<0.0001), as
shown in Fig. 3. The total GIS score was 19 (16-
23) in the whole population and 20 (17-24) in RSI*

Table I. GERD Impact Scale (GIS).

M. BIANCHETTI ET AL.

patients and 17 (13-20) in RSI patients, respectively
(p<0.001), as reported in Fig. 2.

Fig. 3A shows the distribution of the patients
considering the treatments: past, current or never:
1005 patients (57%) were treated: 426 (25%) in the
past and 579 (33%) currently, whereas 718 (42%)
patients were still untreated at the visit.

The different types of treatments prescribed
in the past or currently used are reported in Fig.
3B, respectively. We considered 3 subgroups:
monotherapy with PPI, PPI plus add-on, and
Miscellany. Add-on therapy included anti-acidic
or anti reflux treatment, alginates or prokinetics.
Miscellany included anti-acidic or anti-reflux
treatment, alginates or prokinetics. There was no

none of the | alittle of the [ some of | all of the
time time the time time
1 2 3 4

In the past week

1.How often have you had the following symptoms

a.Pain in chest/behind the breastbone?

b.Burning sensation in your chest or behind the
breastbone?

c.Regurgitation or acid taste in your mouth?

d.Pain or burning in upper stomach?

e.Sore throat or hoarseness that is related to your
heartburn or acid reflux?

2. How often have you had difficulty in getting a good night’s
sleep because of your symptoms?

3. How often have your symptoms prevented you from eating
or drinking any of the foods you like?

4. How often have your symptoms kept you from being fully
productive in your job or daily activities?

5. How often do you take additional medication other than what
the physician told you to take (such as Gaviscon, Maalox)?
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relevant difference among groups with regard to the
frequency of the different therapeutic options.

Fig. 4 shows changes in the distribution of
the different medications options: Marial as
monotherapy, PPI as monotherapy, or PPI plus
add-on in current treatments (Fig. 4A), and in new
prescribed treatments (i.e. prescription made during
the visit) (Fig. 4B). PPI as monotherapy was the most
frequent current treatment (71%). After the visit,
a significant change in the drug prescription was
observed (p<0.0001): about one-fourth of patients
(24.6%) received Marial® as monotherapy, whereas
PPI plus add-on were prescribed to almost two-
thirds of the patients. PPI alone was prescribed to
about 7%. No statistically significant difference was
detected in RSI among the three treatment groups
(p=0.55) (Fig. 4C); differently, GIS values differed
among the three groups (p=0.01) being significantly
different in Marial® as monotherapy and in PPI as
add-on treated patients (p<0.05).

Table I1. Reflux Symptom Index.

Comparison between the distribution of Marial®
as monotherapy, PPI as monotherapy, or PPI plus
add-on in past treatments (Fig. 4D) and in new
prescribed treatments (i.e. prescription made
during the visit) (Fig. 4E) are reported in Fig. 7.
As for current treatment, also for past treatment,
PPI as monotherapy was administered to most
of the patients (62.5%). Again, after the visit, a
significant change in the drug prescription was
observed (p<0.0001): prescription of Mariall as
monotherapy was tripled and that of PPI plus add-on
was doubled. Less than 15% of patients received PPI
in monotherapy. Patients who received PPI only as
prescription had a significantly lower RSI than those
who received PPI plus add-on (p<0.05) (Fig. 4F).
GIS was significantly lower in patients who received
as prescription Marial” as monotherapy than in those
who received PPl as monotherapy or PPI plus add-
on (p<0.05, each comparison).

Finally, the new prescribed treatments (i.e.

Within the last month, how did the following problems affect you?

0 =no problem
5 = severe problem

1. Hoarseness or a problem with your voice

o1 |23 |4]5

2. Clearing your throat

3. Excess throat mucus or postnasal drip

4. Difficulty swallowing food, liquids, or pills

5. Coughing after you ate or after lying down

6. Breathing difficulties or choking episodes

7. Troublesome or annoying cough

8. Sensation of something sticking in your throat or a lump in your throat 0O 1|2 3]|4]S5

9. Heartburn, chest pain, indigestion, or stomach acid coming up 0O 1|2 3]|4]S5

RSI> 13 = Abnormal

Abbreviation: RSI, reflux symptom index
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prescription made during the visit) in the whole
population (1,653 patients) were: 1,118 (67.6%)
patients were treated with PPI alone, 425 (25.7%)
with Marial® as monotherapy, and less than 7%
(110) received PPI as monotherapy.

DISCUSSION

GERD is a very common disorder and, being a
chronic illness, significantly impairs quality of life,
therefore long-term treatment is often needed in most
patients (11). However, GERD definition and GERD
diagnosis may be inconsistent between them. So, in
clinical practice the diagnosis may be commonly based
on a symptom assessment without testing, and, as a
general rule, the extent of diagnostic testing should be
limited to tests which guide management decisions,
detect alternate diagnoses, and/or protect the patient
from the risk of an inappropriate treatment. Therefore,

M. BIANCHETTI ET AL.

the use of easy and reliable questionnaires, such as
GSI and RSI, represents a clinically relevant approach
also based on the patient’s perception of the disease
severity. The management approach could depend
on an assessment of the risk that complications exist,
the history and success of previous treatment trials,
whether or not a potentially morbid therapy such as
anti-reflux surgery is under consideration, and the
history of prior testing. The treatment has therefore
been mainly focused on acid suppression, and PPIs
are the mainstay of GERD treatment. However, there
is a considerable number of clinical failures despite
their high degree of efficacy, and PPI failure in GERD
has become a common dilemma in clinical practice
(12). Several factors have been postulated as possibly
contributing to the continuation of GERD symptoms
despite PPI therapy. Poor compliance, delayed gastric
emptying, visceral hypersensitivity, drug metabolism,
H. pylori infection status, and emotional stress have

A RSl values for each single symptom (No.785)

Heartburn, chestpain, indigestion, orstomach acid coming up
Sensation of something sticking in your throat/a lump in yourthroat
Troublesome or annoying cough

Breathin g difficulties orchoking episodes

Coughing after you ate or after lying down

Difficulty swallowing food, liquids, orpills

Excess throat mucus or postnasaldrip
Clearing your throat

Hoarseness or a problem with your voice

1 2 3 4
score

GIS for each single symptom atvisit (No. 1,839)

Taking additional medicatons |
Keeping from being fully productive in job/daily activies [ |
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Fig. 1. A) Reflux symptom index (RSI) as median values for each single symptom in the whole population (No. 785).
Scores are reported as medians (bars) with lower and upper quartiles (boxes). B) GERD impact scale (GIS) as median
values for each single symptom in the whole population (No.1,839). Scores are reported as medians (bars) with lower and

upper quartiles (boxes).
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Fig. 2. Distribution of patients according to the positivity or negativity to RSI (score >13, RSI+ and RSI-) (panel A) and
median values of total RSI and total GIS in the whole population and in RSI+ and RSI- patients. Scores are reported as
medians (bars) with lower and upper quartiles (boxes).
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Fig. 3. A) Distribution of the 1,723 patients according to the treatments: past, current or never. B) Distribution of different
types of treatments prescribed in the past (panel A) or currently used (panel B): monotherapy with PPI, PPI in add-on,
and Miscellany.
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Fig. 4. Changes in the distribution of Marial as monotherapy, PPI as monotherapy or PPI in add-on in current treatments
(panel A) and in new prescribed treatments (i.e. prescription during the visit) (panel B). Panel C reports median RSI and
GIS values in the 3 subgroups of treatments. Changes in the distribution of Marial as monotherapy, PPI as monotherapy
or PPI plus add-on in past treatments (panel D) and in new prescribed treatments (i.e. prescription during the visit) (panel
E). Panel F reports median RSI and GIS values in the 3 subgroups of treatments

been reported as factors contributing to PPI failure
(13). Treatment options for incomplete response to
PPI therapy are limited; therefore, physicians tend
to change treatment patterns and prescribe additional
medications other than PPIs, also considering the
potential side effects emerging from long-term
regimens. In this regard, alginates may represent a
useful and effective choice. Alginates have many
interesting mechanisms of action and could be
properly used in GERD patients, also as monotherapy
as suggested by the NICE guidelines (14, 15).

The current survey was designed to evaluate the
management of GERD in a real-world setting, such
as Italian outpatient gastroenterological clinics.
The primary outcome was the changed prescriptive

approach after the availability of Marial® on the
Italian market. At present, about one- quarter of
new prescriptions were for Marial® compared to
about one-third for PPI plus add-on, whereas PPI
monotherapy was prescribed only for 6.7% of patients.
This changed strategy may depend on some aspects,
including awareness of potential PPI side effects, their
inefficacy in some patients, the novelty of the new
medical compound, and its multiple mechanisms of
action (1). It is worth noting that GSI score seemed
to guide the choice of medication option: indeed,
patients with lower GIS score were treated with
Marial®, whereas PPI plus add-on was prescribed to
patients with higher GIS score. On the contrary, RSI
score did not influence the therapeutic decision. Thus,
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GIS may be considered a fruitful tool to treatment
orientation (14, 15).

However, the present survey has some limitations:
the open design, the lack of adequate control and
randomization, the lack of objective diagnostic
procedures, and the cross-sectional method. Further
studies should therefore be performed to confirm
these unmet needs.

In conclusion, the current experience demonstrated
that GERD may be managed considering a patient-
centred work-up by using the GIS questionnaire. GIS
score may be able to define the medication choice that
includes also the new medical compound Marial®.
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Gastroesophageal reflux disease (GERD) is a very common disease, as about a quarter of the Western
population has GERD symptoms at least weekly and GERD is the most frequent reason for outpatient
gastroenterology consultation. GERD treatment is based on proton pump inhibitor (PPI) use, but PPI may
be ineffective in some patients and potentially unsafe if administered for very long time. A new medical
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questionnaire was used to weekly assess the clinical features. Marial® and PPI plus add-on significantly
reduced RSI scores, from the second week. Noteworthy, Marial® was more effective than PPI plus add-on. In
conclusion, the current survey demonstrated that patients with GERD perceived a significant improvement
of GERD symptoms measured by the RSI questionnaire. Marial® was as effective as PPI plus add-on.
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To the Editor,

Gastroesophageal reflux disease (GERD) is
very common, indeed about 25% of the Western
population has GERD symptoms at least weekly (1).
In addition, GERD is the most frequent reason for
outpatient gastroenterology consultation (2). From
a therapeutic point of view, the current guidelines
recommend GERD medical management as first
step with proton pump inhibitors (PPIs) that are
the most effective therapy for erosive esophagitis
(3-5). However, there is convincing proof that in
some patients with GERD symptoms, especially
those with non-erosive reflux disease (NERD), the
acid suppression by PPIs may be not as effective
(3). Therefore, an alternative approach for treating
symptomatic GERD could be to try to impede the
flow of acidic refluxate. In this regard, alginic acid
derivatives, or alginates, are able to treat GERD
by creating a mechanical barrier that displaces the
post-prandial acid pocket (6). Their mechanism of
action is based on the fact that in the presence of
gastric acid, they precipitate into a gel and form a
raft that localizes to the acid pocket in the proximal
stomach (7). Although they have been available in
many countries over-the-counter for several decades,
often in combination with antacids, this class of
medications has recently raised renewed research
interest (8). In fact, providing an impediment to
distal oesophageal acid exposure, alginates may be
superior to other measures or particularly useful as
an additional option for patients with GERD not
responding to anti-secretory therapy (9). In other
words, even though the current treatment guidelines
recommend prescribing PPI for acid suppression
as first line therapy in patients with chronic GERD
symptoms, it is well known that many patients may
have only intermittent or mild/moderate symptoms
and so could need a less aggressive treatment. A
recent meta-analysis provided evidence that alginates
alone may provide superior benefit over antacids
and therefore they could be considered as an initial
treatment for patients with mild/moderate GERD
symptoms for whom chronic acid suppression should
be either undesirable or deemed unnecessary (9).
In this context, a new medical compound has been
recently launched in Italy: Marial® (manufactured by

Aurora, Milan, Italy) containing magnesium alginate
and E-Gastryal®. An Italian survey explored the
pragmatic approach of a group of gastroenterologists
in GERD management. The aim of this survey
analysis was to evaluate the GERD patient’s point of
view during a course of therapy using the RSI score
changes as primary outcome.

MATERIALS AND METHODS

The current survey was conducted in 56
gastroenterological centers, distributed in the whole
of TItaly, so assuring a wide and complete national
coverage. The gastroenterologists endorsed to the Project
EMERGE (Emerging from RGE) were asked to recruit all
consecutive patients visited because of GERD.

Patients were consecutively recruited during the
specialist visit. The inclusion criteria were: to have
a diagnosis of GERD, both genders, and adulthood.
Exclusion criteria were to have comorbidities able to
interfere the evaluation of outcomes. As this survey
was based on a real-world practice, the doctors had the
complete liberty of choosing the preferred medications
on the basis of the best practice. All subjects gave
informed, signed consent to participate in the study. Three
therapeutic options were prescribed: PPI as monotherapy,
Marial® as monotherapy, and PPI plus add-on. The add-
on options included a miscellany of medication options,
including alginates, anti-acids, prokinetics, antiH2, and
Marial®.

The course of treatment lasted 4 weeks. Medications
were taken following the specific indications. Patients
were asked to complete weekly the RSI questionnaire,
therefore, 5 RSI scores were available. They were
collected in the specialist’s office without a new visit.
RSI was evaluated according to the protocol proposed by
Belafsky (10). Items are analytically reported in another
article published in the present issue of JBRHA.

Demographic and clinical characteristics were
described using means with SDs or SEs for normally-
distributed continuous data (i.e. age or percentage of RSI
reduction) or medians with lower and upper quartiles for
not normally-distributed data (i.e. for RSI) or as absolute
frequency and percentages for categorical data (i.e.
frequency of treatments).

Difference in the median values of each continuous
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variable between before and after 4 weeks’ treatment
was evaluated with Wilcoxon signed rank test; Mann U
Whitney test was used to compare percentage of changes
in RSI. When more than two groups were compared (i.e.
total RSI weekly trend over time), Kruskal Wallis test,
followed by Dunn’s test, was used.

Statistical significance was set at p <0.05, and the
analyses were performed using GraphPad Prism software,
GraphPad Software Inc, CA, USA.

RESULTS

A total of 771 patients (50.87% males, 49.13%
females, mean age 49.8 years) took the prescribed
therapy, concluded the treatment course, and
completed the RSI questionnaire.

Fig. 1 shows the distribution of the different
therapeutic ~ options  prescribed during the
gastroenterological visit. Most patients (63%) were
treated with PPI plus add-on, about a quarter with
Marial® alone, 7.6% with PPI as monotherapy, and
only 3.5% with a miscellany.

Considering the entire patient cohort, a time-
dependent significant reduction in the RSI score
after the treatment is reported in Fig. 2A (p<0.0001).

27

O only Marial
& PPl+add-on

Eonly PPI
B Miscellany

Fig. 1. Distribution of the different treatments prescribed
by the gastroenterologists.

In particular, there was 37.8% reduction of RSI score
at the end of the course.

Fig. 2B shows the trend of the total RSI values
in patients treated with Marial® as monotherapy and
with PPI plus add-on. A time-dependent decrease in
RSI total score was observed either after Marial®
as monotherapy or with PPI plus add-on. Marial®
as monotherapy was able to induce a higher total
RSI score reduction as compared to that observed
after treatment with PPI plus add-on. This was true
starting after 1 week treatment.

Changes in RSI values before and after 4
week-treatment with Marial® as monotherapy was
statistically significant for each single symptom (Fig.
3A) (p<0.001, each comparison). A similar result
was found evaluating PPI plus add-on treatment
(Fig. 3B) (p<0.001, each comparison).

The percentage of RSI reduction in i) breathing
difficulties or choking episodes, ii) difficulty
swallowing food, liquids, or pills, iii) clearing
throat or iv) hoarseness or a problem with voice was
significantly higher in patients treated with Marial®
as monotherapy as compared to those treated with
PPI plus add-on (Fig. 4).

DISCUSSION

GERD is one of the most common diseases
encountered in both the outpatient and inpatient
settings (10, 11). The first-line treatment of
gastroesophageal reflux disease continues to be the
anti-secretory drugs, most commonly proton pump
inhibitors (PPIs). Of course, dietary and lifestyle
modifications, including avoidance of acidic foods,
carbonated beverages, alcohol, spicy food, and
tobacco, in any case continue to be recommended.
Weight loss for patients with recent weight gain
or BMI >25, avoiding lying down within 2-3 h of
meals, and bedhead elevation to improve nocturnal
symptoms are also effective interventions that can
be recommended (12). Recently, long-term safety
of PPIs has been called into question with some
evidence of increased infectious complications and
nutritional deficiencies, leading some to advocate
caution with long-term use of PPIs in elderly,
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Fig. 2. A) Total RSI value in all patients at baseline and after 4 weeks (i.e. end of the therapy) (panel A) and total RSI
weekly trend over time (panel B). B) Trend of the total RSI values in patients treated with Marial as monotherapy and

with PPI plus add-on.

malnourished, immune-compromised, chronically
ill, and osteoporotic patient populations (13, 14).

Very recently, a new medical compound has
been presented on the Italian market: Marial®. This
novelty has suggested the importance of evaluating
its positioning in the therapeutic options for GERD.
The current survey was conducted in a real-world
setting, such as outpatients visited at 56 Italian
gastroenterological clinics.

The primary outcome demonstrated that Marial®
was prescribed in about a quarter of the visited
patients, whereas PPI plus add-on remained the
preferred option as prescribed in about one third of

patients. Both Marial® and PPI plus add-on were
able to significantly reduce RSI score; interestingly,
a significant RSI diminution was remarkable from
the first week. Noteworthy, Marial® induced a more
significant RSI reduction than PPI plus add-on
considering both the total RSI score and some single
symptoms. This finding is surprising, even though
partially depending on relatively lower RSI values at
baseline (but without significant difference). Instead,
to support this difference, Marial®-treated patients
had lower GIS scores than PPI-plus-add-on-treated
patients as evidenced during the visits.

The present survey has some limitations: the open
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A Changes in RSl values for each single symptom before and after a 4 week-treatment with Marial as monotherapy
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Fig. 3. A) Changes in RSI scores for each single symptom evaluated before and after the 4-week treatment with
Marial®. B) Changes in RSI scores for each single symptom evaluated before and after the 4-week treatment
with PPI plus add-on.
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Fig. 4. Percentages of RSI reduction for each single symptom in patients treated with Mariall as monotherapy and with
PPI plus add-on.
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design, the lack of randomization and placebo-group,
the lack of objective evaluation and biomarkers.
Therefore, further studies should be conducted to
adequately fill these shortcomings.

In conclusion, the current survey demonstrated
that patients with GERD perceived a significant
improvement of GERD symptoms as measured
by the RSI questionnaire. Marial® was as effective
and rapid as PPI plus add-on. So, Marial® could be
considered a reasonable option in the management
of GERD.
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Gastroesophageal reflux disease (GERD) is a very common disorder. As there is no gold standard
diagnostic tool, patient-based strategy is adopted in clinical practice. In this regard, there are questionnaires
able to easily and rapidly assess symptom severity directly by the patient. The GERD Impact Scale (GIS)
and the Reflux Symptom Index (RSI) have been validated as diagnostic tools in routine clinical care. The
present study aimed to correlate RIS values with GIS scores in a large cohort of GERD patients visited at
gastroenterological clinics. Globally, 785 subjects (51.2% males, 48.8% females, mean age: 49.59 years)
were visited in 56 Italian gastroenterological offices. The current study demonstrates that a GIS value >19
may be a reliable cut-off to define the positivity of the test, and GIS and RSI were significantly correlated.
Therefore, both tests may be recommended for GERD patients in clinical practice.

To the Editor, and pH-metry (1). In particular, endoscopy has high

Atpresent, there is no gold standard diagnostic test specificity but moderate sensitivity for untreated
for the diagnosis of gastroesophageal reflux disease GERD since many of these patients do not have
(GERD), considering both symptom assessment and reflux esophagitis. In these patients, esophageal pH-
objective measurements, such as digestive endoscopy metry has high diagnostic specificity, but moderate
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sensitivity (2). For these reasons, in clinical practice
both digestive endoscopy and pH-metry have limited
availability, are unpleasant for the patients, and are
resource-demanding and costly (3). In addition,
the protonic pump inhibitor (PPI) test, such as a
short course with ex juvantibus criteria to diagnose
GERD, has questionable diagnostic relevance value
(4-8). On the basis of these concepts, the current
guidelines recommend a symptom-based approach
for the diagnosis and treatment in primary care (8-
11). In particular, patients who are young, have a
short GERD duration, and mild/moderate symptoms
could be empirically and immediately treated also
with alternative options (8-11). In addition, some
questionnaires were developed to permit symptom-
based diagnosis and management of GERD. In this
context, the GERD Impact Scale (GIS) and the
Reflux Symptom Index (RSI) have been validated
as diagnostic tools in routine clinical care (7, 12).
Recently, some studies investigated the validity and
reliability of both RSI and GSI in real-world settings

M. BIANCHETTI ET AL.

(1, 13, 14). However, no study compared RSI with
GIS in GERD patients in a real-world setting.
Therefore, the present study aimed to correlate RIS
values with GIS scores in a large cohort of GERD
patients visited at gastroenterological clinics.

MATERIALS AND METHODS

Globally, 785 patients were consecutively visited
and enrolled in 56 gastroenterological Italian centers.
The inclusion criteria were GERD diagnosis, adulthood,
and both genders. Exclusion criteria were other
digestive disorders and/or diseases able to interfere with
interpretation of the findings. All subjects gave informed,
signed consent to participate in the study. Patients were
visited by the gastroenterologist and completed the RSI
and GSI questionnaires during the visit.

RSI was evaluated according to the protocol proposed
by Belafsky (7); a total score >13 was considered
positive. GSI was evaluated according to the protocol
proposed by Jones (12).
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Fig. 1. Receiver operator characteristic (ROC) curve analysis to identify the best cut off-point of overall GIS score able
to discriminate between patients with a positive or a negative RSIL.
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Demographic and clinical characteristics were
described using means with SDs for normally-distributed
continuous data (i.e. age) or medians with lower and
upper quartiles for not normally-distributed data (i.e. for
RSI and GSI). The best cut off-point of overall GIS score
able to discriminate between patients with a positive or a
negative RSI was estimated on the basis of the receiver
operator characteristic (ROC) curve analysis. AUC was
reported with 95% Confidence Intervals. Difference in
the median values of RSI or GIS was evaluated with
Mann U Whitney. Correlation between the RSI score
and the GIS score was evaluated with Spearman rank-
order correlation coefficient. Statistical significance was
set at p <0.05, and the analyses were performed using
GraphPad Prism software, GraphPad Software Inc, CA,
USA and MedCalc, MedCalc Software bvba, Ostend,
Belgium.

RESULTS

A total of 785 subjects (51.2% males, 48.8%

females, mean age: 49.59 (15.76) years) were
visited in 56 Italian gastroenterological surgeries.
All subjects completed the RSI and GIS
questionnaire.

The best cut off-point of overall GIS score able
to discriminate between patients with a positive
or a negative RSI was 19 as estimated on the
basis of the ROC curve analysis [AUC: 0.707
(0.674-0.739)]: patients with an overall GIS score
>19 were considered as “RSI positive” patients
(patients with GERD), whereas patients with
an overall GIS score 19 were considered “RSI
negative” patients (patients without GERD), as
shown in Fig. 1. Therefore, 333 patients were
GIS*RSI*, and 139 were GISRST.

Fig. 2 shows the median GIS and RSI values in
the 2 subgroups: there was a significant difference
both concerning GIS and RSI (p<0.0001 for both).
Fig. 3 shows the relationship between GIS and
RSI in the whole population: a weak-to-moderate
correlation was found between RSI and GIS (r

N=785 (GIS e RSI al tempo

Zero)

p<0.0001
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p<0.0001
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Fig. 2. GIS and RSI values in patients with positive scores of GIS and RSI (GIS*RSI") and in patients with negative scores

of GIS and RSI (GISRS).
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Fig. 3. Correlation between the RSI score and the GIS score in the whole population.

= 0457, p <0.0001). On the contrary, a lack in
the association between RSI and GIS was found
when GIS*RSI patients and GIS'RSI patients were
analyzed separately (data not shown).

DISCUSSION

Upper gastrointestinal symptoms, including
GERD complaints, constitute one of the most
common reasons for primary care visits (14). Reliable
diagnostic methods for management and referral of
these patients are clinically relevant to optimize care
and improve cost efficiency (15, 16). A properly
validated questionnaire, such as GIS, is therefore
a valuable tool for facilitating the symptom-based
diagnosis of GERD (8). Furthermore, RSI could
positively contribute to improve the diagnostic
work-up (7). Moreover, they are useful to underline
the most relevant clinical features fruitful for GERD
diagnosis and remark the importance of considering
the patient’s symptom perception. As both tests are
easy, self-completed, and quick, both GIS and RSI
can be used in primary care settings as well as in
specialist clinics. The present study therefore aimed

to compare GIS and RSI in a wide cohort of patients
with GERD visited in a real-world setting, such as
56 Italian gastroenterological clinics. In addition,
it has to be noted that curiously no cut-off able to
define positive GIS has been calculated to date.

The current study demonstrated that areliable cut-
off for GIS correspond to a value >19: this number
differentiates reasonably RSI* from RSI patients. In
addition, patients with both questionnaires positive
showed the highest scores. The primary outcome
of the current study was the moderate relationship
between GIS and RSI in GERD patients. This
finding underlines the clinical relevance of both
tests.

Therefore, as both questionnaires are easy and
rapid, their use is very fruitful in clinical practice.
Indeed, they may be administered both in a specialist
setting and in primary care office.

In  conclusion, the current experience
demonstrated that a GIS value >19 may be a reliable
cut-off to define the positivity of the test, and GIS
and RSI are significantly correlated. Therefore,
both tests are recommended for the management of
GERD patients in clinical practice.
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New scientific knowledge of rosacea hides possible medico-legal consequences. Indeed, the solid
molecular basis surrounding rosacea exacerbation and progression has been shown among genetically
prone people who are exposed to trigger factors, such as moderately hot temperatures associated with
employment. If this is ignored in the phase of prevention, then progression of rosacea might lead to

medico-legal consequences.

To the Editor,

Dermatological occupational diseases can reduce
quality of life of employees, and sometimes induce them
to change their job. As well as common dermatological
diseases due to contact with chemical substances,
moderately hot temperatures are also known to favour
dermatological diseases (i.¢., folliculitis, tinea, miliaria,
psoriasis, atopic dermatitis). For rosacea, it has also
been shown that moderately hot temperatures can elicit
specific receptor activation. Hence, there is interest in
the study of this triggering, to consider rosacea as an
occupational disease and to stop its progression in order
to avoid medico-legal consequences.

Tables I and II give the definitions of the old and
new classification systems of rosacea, respectively.
The new classification system also considers the
simultaneous occurrence of more than one rosacea
subtype, and the potential progression from one subtype
to another (1, 2). One of the diagnostic cutaneous signs
or the presence of two or more major features can be
considered diagnostic (Table II).

WHAT IS NEW ON ROSACEA?

Rosacea has a complex pathogenesis, as has
been reported previously (3,4). For the message of
the present study, it can be noted that both innate
and adaptive immune activation have been linked
to rosacea, with coordinated activities of multiple
cell types, including: keratinocytes, macrophages,
mast cells, fibroblasts, neutrophils, TH1 and TH17
cells, B cells, and vascular endothelium. These
cells produce primary effector molecules, such as
cathelicidin antimicrobial peptides, reactive oxygen
species, matrix metalloproteinases and cytokines,
including interleukin (IL)-1f, tumour necrosis
factor, interferon-y, and IL-17, which drive rosacea
inflammation (5).

In terms of possible medico-legal consequences, it
has to be highlighted that the release of these various
vasoactive peptides from nerve fibres in a sensitive
skin, along with the release of some immunoactive
molecules, can be elicited by physical stimuli, which

Key words: rosacea, moderately hot temperatures, employment, medico-legal consequences
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include moderately hot temperatures and UVB
radiation. This happens through the actions of LL-
37, an antimicrobial peptide that is highly expressed
in patients with rosacea (6).

Moderately hot temperatures (>43°C) can activate
transient receptor potential (TRP) cation channels,
including TRP subfamily V member 1, or TRPV1
(also known as the capsaicin receptor and vanilloid
receptor 1), and TRP ankyrin receptor 1 (TRPA1),
as can ethanol, spicy food, cold, formalin and other
chemicals (i.e., the well-established trigger factors
for rosacea) (7, 8). For this reason, moderately hot
temperatures are now also recognized as a trigger
factor for rosacea, and hence they might contribute
to its pathogenesis. Indeed, TRPV1-positive nerve
fibres have been shown to be highly expressed in
samples from rosacea patients compared to control
patients, and this activation induces the release
of substance P. In addition, increased expression
of TRPV1 contributes to the lower threshold for

Genetic predisposition:
* TRPV1 overexpression
* Kallicreine, LL37

| 3

Vasodilation
Molecules release

temperature and chemicals observed in rosacea-
affected skin (9).

Activation of TRPVI in rosacea patients
is indicated by persistent flushing and more
prolonged burning sensations (i.e., a neurogenic
inflammation reaction). This can be explained
by TRPV dimerisation with TRPV3 (a vanilloid
receptor that is overexpressed in fibroblasts and
immune cells in rosacea). TRPV3 can be activated
by lower temperatures (39°C), although in a
slower fashion (2 s) compared to TRPV1 (500
ms). TRPV1 and 3 dimerisation in the same nerve
fibres or cells might be responsible for differences
in temperature sensitivities among patients with
rosacea. These phenomena might have a feedback
or loop mechanisms, which makes rosacea a chronic
condition (10).

In this scenario, neuropeptides activate mast
cells and fibroblasts, where their fibrosing activities
have been shown prior to the clinical presentation of

Fig. 1. Genetic background and different triggers that can elicit sensory nerve responses. TRPV1 is highly expressed in
perivascular sensitive nerve endings and can be elicited by different factors, including temperature. In rosacea patients,
hyper-expression or hyper-activity of TRPV1 induces chronic neurogenic inflammation. In the downstream cascade,
oedema, vasodilation and a burning and stinging sensation are often present. Vasodilation can lead to chronic erythema,
and eventually to phyma, through the actions of mast cells and T lymphocytes, especially of the Thi7 lineage.
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phyma itself. Mast cells produce not only LL-37, but
also metalloproteinases (i.e., MMP2, 9), and they can
recruit other immune cells to induce vasodilatation,
and to favour remodelling processes in the skin (11).

DISCUSSION

The possibility of the development of phyma in
the course of rosacea suggests the need for an
early intervention campaign in both medical and
employment settings. The therapeutic goal should
consist of blockade of the activation of TPRV and the
vessels, and thus the neuro-inflammatory cascade. In
the hope of new therapeutical strategies and agents,
it appears that it is worth promoting prevention
through better informed employees and company
doctors, noting the importance of assessing skin

Table 1. Previous classification system for rosacea.

conditions for employees exposed to moderately hot
temperatures (Fig. 1).

Not promoting prevention of an occupational
disease can lead to medico-legal consequences.
Many employees around the world might be exposed
to the risk of this occupational disease, therefore
the effects of repetitive exposure to moderately hot
temperatures (i.e., 39-42°C) during employment in
genetically prone people suggest the need for better
evaluation of employees to ensure comfort in the
workplace.

However, reality can unfortunately often be
distant from what science would suggest. The
situation in Italy, in particular, is reported here as
an example, in the hope that it will stimulate more
debate in the scientific community. Legislation in
Italy (D.Lgs. 81/2008) deals only with the exposure

Aspect Classification Details
Rosacea subtypes I Erythematotelangiectatic rosacea
II Papulopustular rosacea
11 Phymatous rosacea
v Ocular Rosacea
Rosacea diagnostic criteria Primary Flushing (transient erythema)
Nontransient erythema
Papules and pustules
Telangiectases
Secondary Burning or stinging

Plaque

Dry appearance
Edema

Ocular manifestations

Phymatous changes

Adapted from Two AM, Wu W, Gallo RL, Hata TR. Rosacea: part I. Introduction, categorization, histology,
pathogenesis, and risk factors. J Am Acad Dermatol 2015; 72(5):749-58.
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to very high temperatures, with reference to the
European norm defined by UNI EN ISO 12894:2002
and to the ‘Guidelines on Microclimate, Ventilation
and Lighting in the Workplace’ drafted by the
Coordination of Regions and the ‘Istituto Superiore
per la Prevenzione e la Sicurezza del Lavoro’,
and approved by the Conference of Presidents of
Regions. Italian legislation, however, stops in 1956
on this subject (D.P.R. 303/1956). Later, D.Lvi.
626/94 and 242/96 only provided some general
further indications on this. Thus, according to Italian
law, the aim is always to protect employees from
very high temperatures.

Furthermore, according to legislation in Italy,
social insurance for occupational diseases or injuries
(Istituto Nazionale per |’Assicurazione contro gli
Infortuni sul Lavoro e le Malattie Professionali;
INAIL) does not consider ‘minor’ occupational
diseases. Moreover, when the supposed occupational
disease is due to many factors, as for rosacea, the

Table I1. The new classification system for rosacea.

employee needs to demonstrate that their workplace
specifically includes the casual or con-casual factors
that can produce the specific disease. This is not
always easy to achieve.

Dermatologists in particular hope that they will be
able to act in terms of prevention and reduction of the
exposure to the triggering factors for rosacea, as it is
a chronic disease that is not easy to manage, and the
therapies available at present are only symptomatic,
and do not provide any ‘cure’ for the disease at
all. Progression of rosacea in the phymatous phase
might also interfere with organ function, therefore it
deserves much more aggressive therapies. Overall,
as well as dermatologists, ophthalmologists and
otorhinolaryngologists can also be involved, with
the consideration of surgical therapies.

Examples of employees being exposed to
moderately hot temperatures are many, and the wide
spread of rosacea in the general population indicates
the need to consider this disease more seriously,

Diagnostic features
(diagnostic of rosacea by

Major features

(two or more can be considered

Secondary features

themselves) diagnostic)
Fixed centrofacial erythema in
a characteristic pattern that may Flushing Burning sensation

periodically intensify

Phymatous changes

Teleangectasia

Papules and pustules

Stinging sensations

Oedema

Ocular manifestations: lid margin
telangiectasia, interpalpebral

conjunctival injection, spade-shaped

Dryness

infiltrates in the cornea, scleritis and

sclerokeratitis.

Ocular manifestations: ‘honey crust’
and collarette accumulation at the
base of lashes, irregularity of lid
margin, evaporative tear dysfunction
(rapid tear breaking time).

This system also considers simultaneous occurrence of more than one rosacea subtype, and potential progression from

one subtype to another, as adapted from Gallo et al. (4).
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particularly with lack of dedicated legislation. Indeed,
once an employee asks a dermatologist to solve or
attenuate their rosacea problem, the dermatologist
cannot manage this basically genetic disease easily
if the employee continues to be exposed on a daily
basis to a microclimate that is not fitting to their high
skin reactivity.

Thus further research is urgently warranted and
should deal with the concept of a test method for the
hypothesis here proposed.
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Precision of impression is one of the keys for the success of implant-prosthetic rehabilitation. The
choice of correct techniques, performance materials, and operator skills, can improve the accuracy of
impression. The proposed technique describes a modified pick-up impression technique, both for single
and multiple implants, aiming to combine the advantages of direct technique (open-tray or pick-up
impression) with those of indirect technique (closed-tray or transfer type impression technique) in order

to improve the accuracy of implant impression.

To the Editor,

As far as implant-prosthodontic rehabilitations
are concerned, implant impression technique is one
of the most delicate phases, determining the precision
and accuracy of the future prostheses (1). Nowadays,
new impression systems have been developed such
as digital impression techniques (2) which represent
a clinically acceptable alternative to conventional
impression methods (3). Nevertheless, there is
a lack of evidence on the accuracy of intraoral
scanners compared with conventional techniques,
and clinical trial studies are recommended to
investigate the accuracy of intraoral scanners (4).
The aim of implant impression is to register the
three-dimensional positioning of the implant and
to transfer the implant position to the working cast
(5). Implant impression should be neither distorted
nor stretched, and should be deficit-free and bubble-
free. In addition, the employed materials should
present an almost complete elastic return. These
objectives may be achieved if specific conditions
have been successfully satisfied, i.e. the implant is

osteointegrated and the trans-mucosal route is stable
and bleeding-free. Overall, impression techniques in
oral implantology can be divided into two types, open
tray or closed tray, and metal or plastic impression
copings can be adopted(5-7). Metal impression
copings are more accurate than plastic copings (6).
The first impression technique corresponds
to the direct technique, i.e open tray impression,
where the impression coping, prior to unscrewing
and decoupling from the fixture, remains inside the
material during the displacement of the impression.
In order to achieve this, the impression coping must
be sufficiently long to connect the screw and to reach
the outer side of the tray. After the polymerization
of impression material, the impression coping must
be unscrewed in order to allow the displacement of
the tray. The second impression technique is indirect,
i.e closed tray impression, where the transfer coping
is not removed with the impression but remains
attached to the implant. Once the tray has been
removed, the transfer coping is unhooked to be
screwed to the lab analog. Whichever technique is

Key words: implant-prosthodontics rehabilitation, impression technique, open tray technique
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employed, it is important that the implant impression
shows a number of requirements:

* The implant impression should provide the three-
dimensional positioning of the implant shoulder
and the trans-mucous route, in order to design the
abutment in relation to the finishing margin, the
transition line from the trans-mucosal zone to the
above-gingival zone, and to the emergency profile.

* The implant impression should be accurate, free
of tearing, bubbles or other types of imperfections,
including the occlusal surfaces of the other teeth
in the arch, in order to allow proper jointing and
occlusion of definitive restoration.

Furthermore, there are different types of
impression materials, each with its own advantages
and disadvantages (9). The most commonly used
impression materials are polyether (PE) and vinyl
polysiloxane (VPS). The choice of material must
be conducted on the basis of an assessment of its
physical, mechanical, biological and economic
characteristics. In addition, the mixing mode of the
material is crucial for the precision of the impression.
Di Felice et al. reported that mechanically mixed
impression materials show better performances
compared to those of manually mixed impression
materials (9).

This article describes a modified direct technique,
single-phase and mono-component, employing
polyether material, aiming to combine the advantages
of the open tray technique with those of the closed
tray technique.

MATERIALS AND METHODS

An individual acrylic-resin tray is necessary to allow
the impression materials be a thin uniform layer. Before
taking implantimpression, the healing abutmentis removed
from the implant employing a hexagonal screwdriver
and the specific impression coping is placed (Fig. 1A).
At this point, an intraoral radiography through parallel
technique is recommended in order to verify the correct
coupling between the impression coping and the implant
head (Fig. 1B). This method is defined as the parallelism
between the plane of the film and object to be studied
while the central axis of the X-ray is perpendicular to both
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planes. If these parameters are not respected, the image
may result distorted and the thread of the implant may
appear unspecified. Furthermore, intraoral radiography
may also be used as a basis for monitoring the health of
the implant in the long-term follow-up. It is important
to verify in occlusal vision that the individual tray does
not interfere with the mesio-distal and the bucco-lingual
pick-up profile (Fig. 2A). Furthermore, the impression
coping should be at least 1 mm higher than the tray in the
apico-coronal axis (Fig. 2B). If the relationship between
the impression coping and the individual tray should not
correspond to those above-mentioned, the individual
window should be increased in size. The window on
the tray is then closed with tenasyle pink wax (Fig. 2C)
which is a rigid and thermoplastic wax. At this point, a
heated spatula should be used in order to shape the wax
on the window of the tray in order to close it carefully.
The central part of the wax is pushed towards the inside of
the tray, in order to produce a depression on the wax (Fig.
2C). This recommendation helps the contact between the
impression coping and the impression material, during
impression taking. Next, a specific adhesive is applied
on the inside of the tray, in order to create an adhesion
between the impression material and the tray during
impression taking. Moreover, while the tray is filled with
the mechanically mixed material, a dedicated syringe is
filled with the same impression material. Before placing
the tray in the mouth, the impression material is injected
around the pickup and adjacent teeth, both mesial and
distal, in order to increase the precision of impression
(Fig. 3A). During the leakage of the material, the tip of
the syringe is constantly inside the material to reduce the
formation of air bubbles. Consequently, the tray is placed
in the mouth, pushed to the end of the occlusal surfaces of
adjacent teeth, proving that the head of the transfer coping
intercepts the wax of the tray (Fig. 3B). Waiting for the
polymerization of the material, excesses of the wax are
removed, allowing a proper connection between the hand
screw and the transfer coping (Fig. 3C). Consequently,
the impression coping can be unscrewed from the fixture,
allowing the removal of the tray. Therefore, the quality
of the impression can be evaluated (Fig. 4). Finally,
the healing abutment is connected to fixture in order to
support the stable trans-mucous route. In case of multiple
implants placement, the proposed protocol remains also
valid (Fig. 5 A, B).
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Fig. 1. A) The specific impression coping is screwed to the implant. B) An intraoral radiography is employed in order to
verify the correct coupling between the impression coping and the implant head.

Fig. 2. A) The impression coping does not interfere with the mesio-distal and the bucco-lingual pick-up profile. B) The
impression coping is at least 1 mm higher than the tray in the apico-coronal axis. C) The window on the tray is closed
with pink wax.

Fig. 3. A) The material is injected around the pickup and adjacent teeth. B) The head of the impression coping intercepts
the wax of the tray. C) Connection between the hand screw and the impression coping.
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Fig. 4. Evaluation of the impression quality.

DISCUSSION

In implant dentistry, accuracy during the
impression procedure is a crucial step in order to
achieve long-term success of the implant prosthesis
(5-8). The accuracy of the impression is affected
by factors such as the impression material, implant
position, angulation and depth (7, 8, 10, 12). Despite
the presence of other studies investigating the
accuracy of impression techniques, no consensus
has been reached among them, and the different
works present heterogeneous outcomes (5, 11, 12).
Two recent systematic reviews have shown greater
precision in the open tray technique compared
to closed tray technique (1, 5). In particular, one
of them, analyzing 32 articles between 2009 and
2013, showed that the most consistent and accurate
impressions were obtained with the direct technique,
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followed by the indirect technique (5). In the direct
technique, unscrewing the transfer coping decreases
the deformation of the impression material and
favors its elastic return. In the indirect technique, the
tearing that occurs when the tray is removed may
increase the deformation of the impression material.
Furthermore, the repositioning of the transfer coping
inside impression material may be difficult to
manage. However, the closed tray allows a greater
and more uniform push of the material reaching the
transfer coping, thus obtaining greater precision. In
the light of these considerations, careful placing of
the pink thermoplastic wax on the window of the
open tray can increase the uniformity of the material
around the transfer coping. The aim of the wax is to
give the right thrust to the material in a very delicate
area of the tray. The thermoplastic characteristic of
the wax allows both its correct adaptability to the
window of the tray and an optimal support to the
impression material. It is important that the head
of the impression coping is visible through the
wax in order to unscrew the connecting screw of
the impression coping. If the screw is not visible,
once the impression material is polymerized, the
impression coping could be complicated to unscrew,
increasing the probability of cutting the impression
material. An unsuccessful procedure may lead to the
repetition of the impression taking.

Inconclusion, the proposed technique describes an
innovative pick-up impression technique which can
be employed for single and multiple implants. The
aim of this technique is to combine the advantages of

Fig. 5. A) In the case of multiple implants, all transfer coping are at least 1 mm higher than the tray in the apico-coronal
axis. B) The heads of all transfer coping intercept the wax of the tray.
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the direct and the indirect techniques. Modifying an
individual open tray, temporarily, into a closed tray
can increase the uniformity of the material reaching
the transfer coping. This suggestion, together with
techniques and materials already accredited in
literature, can further improve the accuracy of the
implant impression, and the precision of the final
implant-prosthodontic rehabilitation.
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Many studies, focused on identifying new biomarkers for coronary artery disease (CAD) risk computation and
monitoring, suggested a potential diagnostic role for fatty acids (FA). In the present study, we explored the potential
diagnostic role of FA by using a data mining approach based on fourth generation artificial neural networks
(ANN). Forty-one male subjects were enrolled. According to coronary angiography, 31 displayed CAD and 10 did
not (non-CAD, control group). FA analysis was performed on plasma samples using a gas chromatography-mass
spectrometry system and analyses were performed by an ANN method. The variables most closely related to CAD
were low levels of alpha-linolenic acid, eicosapentaenoic acid, eicosatetraenoic and docosahexaenoic acids. High
levels of 1,1-dimethoxyhexadecane, total dimethyl acetals and docosatetraenoic acid were related to non-CAD
condition. This subset of variables, which were most closely correlated to the target diagnosis, achieved a consistent
predictive rate. The average accuracy obtained was 76.5%, with 93% of sensitivity and 60% of specificity. The
area under the ROC curve was equal to 0.79. In conclusion, our study highlighted the association between different
plasma FA species, CAD and non-CAD conditions. The specific subset of variables could be of interest as a new

diagnostic tool for CAD management.

To the Editor,

Coronary artery disease (CAD) is the most
common form of cardiovascular diseases (CVD).
Over many years, atherosclerotic plaques may build
up on coronary artery walls, but their existence
may remain undiagnosed until the onset of specific
symptoms that occur when the blood flow supplying
the heart is severely reduced or completely cut
off. Dyslipidemia, diabetes mellitus, hypertension
and smoking are the main markers used in clinical

Mailing address:

Elena Dozio, PhD

Department of Biomedical Sciences for Health,
Universita degli Studi di Milano,

Via Mangiagalli 31, 20133, Milan, Italy

Tel.: +39 02 50315342 - Fax: +39 02 50315338
e-mail: elena.dozio@unimi.it

1007

practice for CAD risk computation and monitoring.
However, they seem insufficient to describe all cases
of CAD because a great percentage of events may
occur also in people with a low risk profile (1).
New tools are thus necessary to improve CAD risk
discrimination and classification.

Many studies suggested a potential diagnostic
role for fatty acids (FA), mainly due to their ability
to induce atherosclerosis by promoting endothelial
dysfunction, oxidative stress and inflammation
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(2). Indeed, FA levels well correlate with the
Gensini score in CAD (3). Previous studies tried to
describe how the FA profile may change in different
pathological conditions and which species could be
considered as disease biomarkers. However, in the
field of CAD results seem far from being conclusive
(4, 5). Indeed, all these studies have been performed
using a traditional statistical (TS) approach to explore
potential relationships between FA and CAD.

In the present study we focused on the potential
diagnostic role of FA by using a data mining
approach based on fourth generation artificial neural
networks (ANN) to unravel the connections between
circulating FA species and CAD. Our final aim is to
create a connection map which could offer a more
integrated and accessible way for CAD diagnosis
and monitoring.

MATERIALS AND METHODS

Patients

Eighty male subjects referring to the I.R.C.C.S
Policlinico San Donato hospital and undergoing coronary
angiography and routine biochemical assays were
enrolled (6, 7). Subjects aged <18 and >70 years, with
recent myocardial infarction, malignant disease, major
abdominal surgery, renal, liver and endocrine diseases,
diabetes, more than 3% variation in body weight in
the previous 3 months, incomplete clinical history and
missing written informed consent were excluded. The
final group included 41 subjects, of whom 31 displayed
CAD and 10 did not (non-CAD). All patients gave
written informed consent to participate in the study. The
examination protocol, conducted in accordance with
the Declaration of Helsinki was approved by the local
Ethics Committee (ASL Milano Due, n. 2516).

FA analysis

Acetyl-chloride and methanol were used to generate
fatty acid methyl esters which were further extracted
with hexane. A BPX70 column from SGE (10 m length,
0.10 mm diameter, 0.20 pm film thickness) was used
to separate FA methyl esters with helium as a carrier
gas. The Shimadzu 2010 GC-MS system was used to
perform the analyses. The initial oven temperature
was 50°C which was programmed to increase with
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40°C/min to 155°C, with 6°C/min to 210°C, to finally
reach with 15°C/min to 250°C. The different species
and their cis/trans isomers were characterized in the
scan mode. The specific fragments of saturated and
unsaturated FA (saturated: m/z 74; monounsaturated:
m/z 55; diunsaturated: m/z 67; polyunsaturated: m/z
79) were quantified in the single-ion monitoring mode.
As an internal standard, non-naturally occurring C13:0
was used. The fatty acid quantitative composition is
expressed as concentration and percentage of total FA .

Basic statistics

Quantitative variables are expressed as mean with
standard deviation (SD) or median and interquartile
range. Qualitative variables are summarized as numbers
and percentages. The normality of data distribution was
assessed by the Kolmogorov-Smirnoff test. Groups
were compared using z-test (normal variables) or Mann
Whitney U-test (non-normal variables). Fisher exact test
was used to compare the categorical variables. Analyses
were performed with GraphPad Prism 5.0 (GraphPad
Software, San Diego, CA, USA). A p value < 0.05 was
considered significant.

Artificial neural networks

Auto-contractive map. The Auto Contractive Map
(AutoCM)-system (8) finds, by a specific learning
algorithm, a square matrix of “similarities” among
the variables. Once the AutoCM weight matrix is
obtained, it is then filtered by a Minimum Spanning
Tree algorithm (MST). MST shows, among the huge
number of possible ways to connect the variables, the
shortest possible combination with assumption that
all biological systems tend naturally to the minimal
energetic states. The ultimate goal is to discover
hidden trends and associations among variables with an
algorithm able to create a semantic connectivity map
in which non-linear associations are preserved. Map
of the relevant connections and the principal hubs of
the system (variables with the maximum amount of
connections) are shown. The AutoCM-systems do not
have initial weights posed at random. They start always
from the same value. Therefore the resulting graph is
perfectly reproducible along many possible runs. In
simple words AutoCM ‘spatialises’ the correlation
among different variables (‘closeness’), converts it
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into a compelling graph that identifies only the relevant
associations and organizes them into a coherent picture,
building a complex global picture of the whole pattern
of variation. We transformed the 29 continuous input
variables into 58 input variables constructing for each
two classes: high (H) and low (L). To do this, we used
a particular complement transformation by scaling
original variables values from 0 to 1 and creating a
complement variable by subtracting the scaled value
from 1 (9). In this way, the system was allowed to
project and point out the fuzzy position of each variable
according to its low values.

Supervised neural networks. To assess the predictive
value of the subset of variables correlated to the target
diagnosis, we assembled a data set with six variables as
input and two variables, CAD and non-CAD, as output.
Supervised ANN with four hidden units equipped
with back-propagation algorithm were trained and
tested on this data set split into two random subsets.
Classical training-testing protocol was applied with
two experiments. During the training phase, a back
propagation ANN model with four hidden units is
submitted to the training sub-set containing 15 records
of the CAD class and 5 records of the non-CAD class in
order to learn the linear and non-linear relations existing
between all the variables and between the input variables
and the target variables. In this way, a classification
task, i.e. the correct recognition of patients with and
without CAD, was performed. At the end of the training
phase, the ANN models showing the best performance
on the classification task were submitted to the second
sub-sample of patients (the testing set), made up of
16 records of CAD class and 5 records of non-CAD
class not previously exposed to the networks, in order
to ensure an unbiased evaluation of the classification
capability of the ANN. During the so-called “testing
phase”, the target variable (presence/absence of CAD)
was excluded and the network made its own evaluation
based on the previously carried out training. In the cross
validation protocol, the pairs of sub-sets are inverted
during the elaboration procedure: each sub-set is used
once for training and once for testing to obtain a non-
polarized classification tool. Predictive results were
expressed with sensitivity, specificity and accuracy
rates. The receiver-operating characteristic (ROC)
curve was calculated.

1009
RESULTS

Clinical parameters

Table I shows demographic, anthropometric and
biochemical characteristics of patients included in
the study. In CAD, waist circumference, waist-to-hip
ratio (WHR) and ALT levels were statistically higher,
whereas total and LDL cholesterol were lower than
non-CAD. The two groups did not differ in any
other evaluated parameter. The percentages of CAD
patients under aspirin, statin and antihypertensive
therapies were also higher than non-CAD.

FA profile according to basic statistical methods

Circulating FA, expressed both as concentration
(mM) and percentage, were compared between
CAD and non-CAD. Total FA levels were the same
in the two groups. Diunsaturated FA (DI-UNSAT),
linoleic acid (18:2) and arachidonic acid (20:4)
concentrations were lower in CAD than non-CAD
(p<0.05) (Table II). When FA are expressed as
percentages, CAD patients displayed lower DI-
UNSAT (p=0.028) and higher monounsaturated
fatty acids (MUFA) (p=0.041) compared to non-
CAD (Table II). Oleic acid (18:1) and linoleic acid
(18:2) were respectively higher (p=0.003) and lower
(p=0.028) in CAD than non-CAD (Table II). The
activities of Stearyl-CoA, A6 and A5 desaturases,
estimated as product-precursor ratio of individual
fatty acids in plasma (16:1/16:0 for Stearyl-CoA
desaturase; 18:3 n-6/18:2 n-6 for A6 desaturase; 20:4
n-6/20:3 n-6 for A5 desaturase) were the same in the
two groups (p>0.05).

Semantic connectivity map

Fig. 1 shows the structure of the semantic
connectivity map obtained with the Auto-CM
system. CAD and non-CAD conditions are included
in two different and well separated areas of the map,
with CAD belonging to the lower part together
with the low variables and non-CAD to the upper
part together with the high variables. The variables
most closely related to the presence of CAD are low
levels of alpha-linolenic acid, eicosapentaenoic acid,
eicosatetraenoic, and docosahexaenoic acid. High
levels of 1,1-dimethoxyhexadecane, total dimethyl
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Table 1. Demographic, anthropometric and biochemical characteristics of patients included in the study.

CAD non-CAD
(n=31) (n=10) P
Age (years) 64.84 £8.53 63.20+11.73 0.633
BMI (kg/mz) 27.60 £2.82 27.41 +3.88 0.869
Waist (cm) 104 (102-108) 100 (92.25-104.50) 0.034
Hip (cm) 103 (100-106) 105 (102-106) 0.344
WHR 1.02 (1.02-1.05) 0.95 (0.88-0.99) 0.0003
Fasting glucose (mg/dL) 85.00 (77.00-106.00) 89.00 (79.75-98.25) 0.585
Fasting insulin (mU/mL) 9.03 £5.64 7.87 £3.91 0.543
Total cholesterol (mg/dL) 136.50 (123.30-171.50) 184.00 (159.30-250.50)  0.023
HDL cholesterol (mg/dL) 36.50 (29.75-42.00) 44.50 (32.25-47.75) 0.123
LDL cholesterol (mg/dL) 86.07 £35.47 125.90 +40.40 0.030
Triglycerides (mg/dL) 88.4+329 119.7 £ 64.5 0.985
HOMA-IR 2.16 +1.85 1.80 £ 1.02 0.509
CRP (mg/dL) 0.2 (0.1-0.5) 0.3 (0.1-0.4) 0.816
SBP (mmHg) 120 (120-120) 120 (120-130) 0.348
DBP (mmHg) 70 (70-70) 70 (70-70) 0.177
ALT (U/L) 33.00 (19-52) 18.00 (11.75-21.75) 0.0052
AST (U/L) 24.00 (18.00-32.00) 20.00 (11.75-23.25) 0.140
Aspirin (n, %) 28 (90.32%) 3 (30.00%) 0.0005
ACEI/ARB (n, %) 20 (64.52%) 2 (20.00%) 0.027
B-Blockers (n, %) 22 (70.97%) 0 (0.00%) <0.0001
Calcium channel blockers (n, %) 12 (38.71%) 1 (10.00%) 0.237
Statins (n, %) 26 (83.87%) 3 (30.00%) 0.016

Data are expressed as mean + SD, median (25th-75th percentiles) or number and proportions.
ACEI: angiotensinogen-converting enzyme inhibitor; ALT: alanine aminotransferase; ARB:
angiotensin receptor blockade,; AST: aspartate aminotransferase; BMI: body mass index; CAD:
coronary artery disease; CRP: C reactive protein; DBP: diastolic blood pressure; WHR: waist
to hip ratio; HOMA-IR: homeostatic model assessment of insulin resistance; SBP: systolic blood
pressure. Comparison between groups was performed by t-test or Mann Whitney U-test or Fisher

exact test. p values < 0.05 are indicated in bold.

acetals and docosatetraenoic acid are related to the
condition of non-CAD, instead.

Prediction of diagnostic class on the basis of
variables most closely related

Table III shows the results obtained in the two
experiments carried out with supervised ANNs to
assess the predictive value of the subset of variables
most closely correlated to target diagnosis. The
average accuracy obtained in the two independent

experiments was 76.5% with 93% of sensitivity
and 60% of specificity. The area under the ROC
curve was equal to 0.79.

DISCUSSION

The present study highlighted the existence of a
specific plasma FA profile related both to the presence
and the absence of CAD potentially useful as a new
diagnostic tool for CAD management. The novelty
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Table I1. Fatty acid species measured in plasma of CAD and non-CAD patients.
CAD (n=31) non-CAD (n=10) a »
mM % mM % » 4

Total 6.14 (5.05-7.40) 6.83 (6.06-9.06) 0.14
SAT 1.90 (1.70-2.40) 3220 (31.10-33.30) 2.15 (2.00-2.78) 3140 (30.18-33.40)  0.17  0.63
FA12:0 (Lauric acid) 0.01 (0.006-0.01) 0.14 (0.11-0.16) 0.01 (0.007-0.012) 0.14 (0.10-0.16) 065  0.89
FA14:0 (Myristic acid) 0.06 (0.04-0.08) 0.95 (0.86-1.12) 0.05 (0.04-0.09) 0.75 (0.64-1.20) 072 028
FA15:0 (Pentadecylic acid) 0.01 (0.01-0.02) 0.24 (0.20-0.30) 0.02 (0.01-0.02) 0.20 (0.19-0.27) 041 051
FA16:0 (Palmitic acid) 1.49 (1.28-1.87)  24.88 (23.54-25.87) 1.70 (1.50-2.17) 24.12(2351-25.76) 018  0.88
FA17:0 (Margaric acid) 0.02 (0.01-0.02) 0.26 (0.23-0.27) 0.02 (0.02-0.02) 0.21 (0.18-0.27) 091 030
FA18:0 (Stearic acid) 0.34 (0.30-0.42) 5.49 (5.28-6.16) 0.39 (0.34-0.51) 5.64 (4.96-5.80) 023 095
MUFA 2.00 (1.60-2.90)  32.70 (28.90-35.40) 1.95 (1.80-2.63) 28.80 (28.08-30.68)  0.81  0.04
FA16:1-c9 (n-7) (Palmitoleic acid) 0.16 (0.11-0.21) 2.58 (2.00-3.30) 0.16 (0.12-0.29) 2.57(1.96-3.51) 072 0.69
FA18:1-c9 (n-9) (Oleic acid) 1.80 (1.34-2.51)  28.79 (25.09-30.87) 1.73 (1.57-2.28) 25.03 (24.02-26.77) 096  0.003
FAI18:1-c11 (n-7) (Vaccenic acid) 0.09 (0.08-0.11) 1.59 (1.32-1.76) 0.10 (0.09-0.15) 1.48 (1.31-1.93) 036 098
FA20:1-c11 (n-9) (Gondoic acid) 0(0-0.01) 0(0-0.17) 0 (0-0.10) 0(0-0.12) 0.66 031
DI-UNSAT 120 (1.10-1.60)  21.10 (18.30-22.60) 1.75 (1.38-2.25) 24.700(19.30-27.03)  0.03  0.03
FA18:2-¢9,¢12 (n-6) (Linoleic acid) 120 (1.10-1.62)  21.13 (19.28-22.57) 1.76 (1.35-2.24) 24.69 (19.35-37.04)  0.03  0.03
POLI-UNSAT (>2) 0.90 (0.70-1.00)  13.50 (12.10-15.10) 1.00 (0.98-1.35) 13.90 (13.08-16.35)  0.03 043
FA18:3-¢6,c9,c12 (n-6) (y-Linolenic acid) 0.02 (0.01-0.03) 0.29 (0.25-0.42) 0.02 (0.02-0.03) 0.31 (0.26-0.41) 0.86 093
FA18:3-c9,¢12,c15 (n-3) (a-Linolenic acid) 0.01 (0.01-0.02) 0.22 (0.18-0.26) 0.02 (0.01-0.02) 0.18 (0.16-0.27) 0.80 0.6
FA20:3-c8.c11,c14 (n-6) (Dihomo-y-linolenic acid) 0.08 (0.06-0.11) 1.33 (1.01-1.49) 0.09 (0.00-0.12) 1.25 (1.03-1.44) 076 057
FA20:4-c5,c8,c11,c14 (n-6) (Arachidonic acid) 0.58 (0.49-0.70) 9.25 (8.22-10.95) 0.73 (0.65-0.96) 10.01 (8.65-11.50) 0.03 026
FA20:4-c8,c11,c14,c17 (n-3) (Eicosatetraenoic acid) 0.00 0.00 0 (0-0.10%10-2) 0 (0-6,57%10°) 100 098
FA20:5-c5,c8,c11,c14,c17 (n-3) (Eicosapentaenoic acid) 0.02 (0.01-0.03) 0.27 (0.20-0.31) 0.02 (0.01-0.04) 0.23 (0.15-0.38) 094 048
FA22:4-7c,10c,13c,16¢ (n-6) (Docosatetraenoic acid) 0.01 (0.01-0.02) 0.18 (0.15-0.21) 0.01 (0.01-0.02) 0.18 (0.13-0.22) 0.58 048
FA22:5-7c,10c,13c,16¢,19¢ (n-3) (Docosapentaenoic acid) 0.01 (0.01-0.02) 0.22 (0.21-0.27) 0.02 (0.02-0.03) 0.25 (0.22-0.27) 011 036
FA22:6-c4,¢7,c10,¢13,c16,c19 (n-3) (Docosahexaenoic acid) 0.10 (0.09-0.12) 1.56 (1.25-1.75) 0.10 (0.08-0.18) 137 (1.23-1.74) 057 048
DM 0.06 (0.05-0.07) 0.90 (0.70-1.10) 0.06 (0.04-0.07) 0.70 (0.60-0.90) 021 098
DM16:0 (1,1-Dimethoxyhexadecane) 0.04 (0.03-0.05) 0.62 (0.46-0.69) 0.05(0.04-0.05) 0.62 (0.44-0.79) 0.11 084
DM18:0 (1,1-Dimethoxyoctadecane) 0.02 (0.01-0.02) 0.26 (0.22-0.35) 0.02 (0.02-0.02) 0.23 (0.21-0.35) 046  0.67
DMI6:1 ((9Z)-1,1-Dimethoxy-9-Hexadecene) 0.003 (0.002-0.003)  0.04 (0.03-0.05) 0.003 (0.002-0.004) 0.03 (0.03-0.05) 099 048

DM: dimethylacetals; DIUNSAT: di-unsaturated fatty acids; FA: fatty acids;, MUFA: mono-unsaturated fatty acids,
POLI-UNSAT: unsaturated fatty acids with > 2 double bonds; SAT: saturated fatty acids. Concentration of individual
species/families and percentages relative to total FA amount are indicated. Data are expressed as median (25th-75th
percentiles). Comparison between groups was performed by t-test or Mann Whitney U-test. Significant p values are in

bold letters.

p°: for data expressed as concentration (mM); p®: for data expressed as percentage (%).

of this study mainly lies in applying a data mining
approach based on fourth generation ANN to identify
associations of FA species with CAD and non-
CAD conditions. This analytical approach offers the
possibility to discover hidden trends and associations
among variables by describing, also on few samples,
non linear associations that are usually not explained
by TS methods (10). Besides the application of the
ANN system, FA profile in CAD and non-CAD
was studied also with a TS approach. By comparing

results obtained with the two methods, it can be
observed that variables identified by the ANN as
discriminators of CAD and non-CAD conditions were
not the same identified by the TS. Of course, this does
not mean that these latter are not related to CAD, as
described in previous studies (5, 11), but considering
the complexity of the pathology and the existence of
non linear relationships between variables, it seems
that variables identified by TS are not useful markers
for discriminating CAD from non-CAD condition.
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Fig. 1. Semantic connectivity map. CAD and non-CAD conditions are included in two different and well separated areas
of the map, with CAD belonging to the lower part together with the low variables and non-CAD to the upper part together
with the high variables. The variables closely related to CAD are low levels of alpha-linolenic acid, eicosapentaenoic
acid, eicosatetraenoic, docosahexaenoic acid. High levels of 1,1-dimethoxyhexadecane, total dimethyl acetals and
docosatetraenoic acid are related to non-CAD.

Table I11. Prediction of diagnostic class on the basis of variables most related to CAD and non-CAD.

. e e Overall
ANN RecoT'ds in CAD non-CAD Sensitivity | Specificity accuracy
testings (%) (%) (%)
0
FF_Bp 4 ab 20 15 5 93.33 80 86.67
FF_Bp 4 ba 21 16 5 93.00 40 66.5
Mean 93.16 60 76.5

ab: training on subset a and testing on subset b; ANN: artificial neural network; ba: training on subset b and testing on
subset a; FF_Bp: feed-forward back-propagation architecture.

Considering both the role and the levels (H or L) of all
the evaluated species, we may confirm that the map
generated by the ANN approach well discriminated
CAD from non-CAD. One might expect to find a
perfect symmetry around CAD and non-CAD, that
means that the species related to the two conditions
are the same but at different levels. Differently,

species related to non-CAD were not the counterpart
at high levels of variables connected to CAD. They
are different species with a known protective role
and, not by chance, herein present at high level. This
reinforces the idea of the complexity of our biological
system and the need of approaches able to integrate
and elaborate at the same time multiple information.
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Using the ANN tool we had also the possibility
to test the ability of the selected variables to
discriminate between CAD and non-CAD. Although
we achieved a consistent predictive rate with an area
under the ROC curve equal to 0.79, the ability of
these markers to really identify CAD and predict its
development needs to be further tested by large-scale
and longitudinal studies. Some of the drugs used
in CAD patients, mainly aspirin and statins, might
modify FA levels but it is not really clear whether
they may modify also FA composition. Although our
data seems to exclude this — i.e. we did not observe
any change in the activity of desaturases as potential
targets of statin therapy (12) — future studies will
help us to clarify also this issue.

In conclusion, our study highlighted the
association between different plasma FA species,
CAD and non-CAD conditions. This specific subset
of identified variables could be of interest as a new
diagnostic tool for CAD management.
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MINIMALLY-INVASIVE OSTEOTOME SINUS FLOOR ELEVATION COMBINED WITH
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The aim of this study was to investigate the success of the combination of short implants, osteotome
sinus floor elevation technique (OSFE) and pure platelet rich plasma (P-PRP), for the rehabilitation of
atrophic posterior maxilla. Fifty-one patients were included in this study, receiving a total of 88 short
implants in three different lengths (6.5 mm, 7.5 mm, 8.5 mm), depending on the residual bone height
level. A total of 39 standard implants were also inserted when judged necessary, and splinted with one or
more short implants in order to support a fixed prosthesis. Data were recorded in a one-year and five-
year follow-ups. No statistically significant difference was found between short implants with different
length, nor between short and standard length implants in terms of both bone level change and bone
height. Based on the present results, the use of short implants combined with OSFE technique for the

rehabilitation of atrophic posterior maxilla can be recommended.

To the Editor,

An edentulous atrophic posterior maxilla is a
commonly encountered clinical situation. Based on
the residual bone height (RBH), the atrophy of the
posterior region of the maxilla can be classified as
severe (RBH < 4 mm) or mild to moderate (4 mm <
RBH < 8 mm) (1). In cases of severe atrophy, bone
augmentation through lateral sinus floor elevation is
considered the gold standard treatment with numerous
reports on its predictability and high success rate (2).
Alternative treatment options for severely atrophic
posterior maxilla include zygomatic and pterygoid
implants.

When it comes to mild to moderate atrophy,
the above approaches are considered as being
excessively invasive because of a high patient
discomfort and elevated treatment cost and duration
(3). Therefore, attempts have been made to propose
less traumatic options such as osteotome sinus floor
elevation (OSFE), short implants and tilted implants.
A crestal approach for sinus lifting using osteotomes
(4) is a technique that aims to provide an adequate
bone height for implant insertion, by avoiding a
more traumatic lateral approach. Even though it
is not recommended for cases of extreme atrophy,
as the bone gain achievable with this technique is

Key words: dental implants, maxillary sinus augmentation, pure platelet-rich plasma, short implants, summers
techniaue. transcrestal approach

Mailing address:

Prof. Massimo Del Fabbro,

Department of Biomedical, Surgical and Dental Sciences,
Universita degli Studi di Milano,

IRCCS Istituto Ortopedico Galeazzi,

Via Riccardo Galeazzi 4, 20161 Milano, Italy

Tel.: +39 02 50319950 - Fax: +39 02 50319960

e-mail: massimo.delfabbro@unimi.it

1015

N303.974X (DNO1R)

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



1016

Table 1. Demographics of patients and implants.

S. TASCHIERI ET AL.

Short implants, length Total short | Standard Total
6.5 mm 7.5 mm 8.5 mm implants implants short+standard
No. patients 6 21 24 51 28 51
No. implants placed 10 50 28 88 39 127
No. implants failed 1 1 0 2 1 3
Dropout patients/implants 0/0 3/6 2/2 5/8 2/4 5
Implant survival at 5y 90% 98% 100% 97.7% 97.4% 97.6%
No. patients/implants at 5y 6/9 18/43 22/26 46/78 26/34 46/112

Table I1. Bone level measurements and comparison tests for short and standard implants.

Short implants, length Short vs standard
Total short | Standard
) ) implants
6.5 mm 7.5 mm 8.5 mm implants implants )
(unpaired #-test)
Bone level change 1y, mm | 0.36+£0.24 | 0.38+0.35 0.60+0.40 | 0.45+0.35 0.46+0.38 0.89
Bone level change 5y, mm | 0.40+0.21 0.34+0.71 0.63+0.33 | 0.48+0.48 | 0.52+0.40 | 0.65
-value 1y vs Sy (paired ¢-
P Y Y@ 0.58 0.71 0.65 0.52 0.25
test)
Bone height change ly vs
s -0.08+0.13 | -0.06+0.59 | 0.11£1.16 | 0.02+0.80 | 0.05+0.65 | 0.84
y
-value ly vs Sy (paired ¢-
P Y v 0.83 0.40 0.50 0.97 0.66
test)

limited, it represents an efficient solution for most
cases having an RBH of at least 4 mm (5). An
even less invasive approach for moderate atrophic
maxilla is represented by short implants (6). Defined
as implants no longer than 10 mm, short implants
have emerged as a valuable alternative to bone
augmentation procedures. They can be utilised alone
in residual bone height of at least 6 mm with a similar
success rate of standard implants associated with
maxillary sinus augmentation (7, 8). Additionally,
they can be combined with OSFE in cases of a
residual bone height of at least 4 mm.

While few studies have shown the feasibility of
such an approach, with excellent results over the
short term, no studies have reported the long-term
outcome of short implants combined with osteotome
sinus floor elevation. We previously reported the

one-year follow-up results for the rehabilitation of
atrophic posterior maxilla through a fixed prosthesis
supported by short implants splinted with standard
implants (9). Short implants were inserted in
combination with OSFE and platelet concentrates
(P-PRP). The current study followed the same
protocol with the aim to investigate more in depth
the performance of short implants combined with
OSFE, extending the follow-up to a five-year period.
To our knowledge, no other studies have reported
a five-year follow-up on the success rate of short
implants combined with PRP and OSFE.

MATERIALS AND METHODS

Ethical approval was obtained from the Institutional
Review Board of the IRCCS Istituto Ortopedico Galeazzi



Journal of Biological Regulators & Homeostatic Agents

and all patients were treated according to the principles
enunciated in the Helsinki Declaration of 1980 for
biomedical research involving human subjects, as revised
in 2013. All subjects signed an informed consent form
before being enrolled in the study. Each patient received
at least one short implant and one standard implant at the
same side of the posterior maxilla. Patients were recruited
at the same clinical centre and one experienced surgeon
performed all interventions. The inclusion criteria were:
adult patients with good general health (American Society
of Anaesthesiologists classification ASA-1 or ASA-2)
with unilateral or bilateral atrophic edentulous posterior
maxilla; a mild to moderate atrophy with an RBH of
4 to 7 mm in the region intended for the placement of
one or more short implants. The exclusion criteria were:
severe atrophy of implant site (less than 4 mm height),
radiotherapy to the head/neck within the previous 24
months; treatment with intravenous bisphosphonates or
other antiresorptive drugs.

Short implants of three different lengths were used:
6.5 mm, 7.5 mm and 8.5 mm. The choice of the most
appropriate length was based on the RBH: patients with an
RBH of 4-5 mm received implants with a 6.5 mm length;
patients with an RBH of 5-6 mm received implants of 7.5
mm in length; patients with an RBH of more than 6 mm
received implants of 8.5 mm in length (Table I). The RBH
was evaluated with a cone beam CT scan. Depending
on the clinical situation, one or more standard length
implants (=10 mm long) could be placed in an adjacent
site with an RBH of at least 10 mm, and splinted with the
short implants in the same restoration.

Surgical procedure:

As pre-surgical preparation, a professional oral hygiene
session was performed three days prior to surgery and 2
g of amoxicillin and clavulanic acid (Augmentin, Roche,
Milan, Italy) was administered as prophylaxis one hour
prior to surgery. Additionally, the preparation of P-PRP
was carried out by collecting 10 mL of peripheral blood
in two citrated tubes and centrifuging for 8 min at 580 g
at room temperature (PRGF System®, BTI Biotechnology
Institute, Vitoria, Alava, Spain). After centrifugation, the
deeper fraction representing the plasma rich in growth
factors and the upper fraction representing the plasma
poor in growth factors, were stored in a specific container
until activation.
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Four percent of articaine chlorhydrate and epinephrine
(1:100,000) was used as local anaesthesia and a full-
thickness mucoperiosteal flap was raised. A standard
procedure for implant site preparation was performed
using a 2-mm bur, and the implant site was underprepared
in order to achieve primary stability. Attention was paid in
order to keep 1 mm of intact bone immediately below the
sinus floor. The P-PRP clot was inserted at the implant site
and a series of osteotomes were used in order to carefully
elevate the sinus floor. Intra-operative radiographs were
taken in order to ensure a vertical dimension gain of at
least 2 mm. Finally, the implants (Interna, Universal
Platform and Universal Plus Platform, BTI Biotechnology
Institute) were inserted with the aid of a handpiece that
delivered a controlled torque of 25 Ncm. One or more
short implants were inserted, according to each patient’s
need. Conversely, standard implants were used only
if indicated by the clinical situation, as a better support
for the prosthesis. The standard length implant(s) were
inserted immediately after the short implant(s), using a
traditional implant site preparation technique. Once all
implants were positioned, the flap was sutured with 5-0
non-resorbable sutures (Ethicon Inc., Johnson & Johnson,
Piscataway, NJ, USA).

Prosthetic phase

A surgical re-entry procedure was performed 5-6
months after implant insertion. Elevation of full thickness
flaps allowed access to the marginal portion of the implant
sites in order to replace the healing caps with a healing
abutment. An impression was made and sent to the
laboratory for prosthesis preparation. Standard prosthetic
procedures were then performed and a composite resin-
based provisional prosthesis restoration was delivered. The
provisional restoration was not placed in the occlusion.
During the following three months, progressive loading
was applied through monthly apposition of composite
resin on the occlusal surface, achieving contact with the
opposite occlusal surfaces after two months. After 3-4
months, the provisional prosthesis was substituted by the
final prosthesis, made of metal-reinforced composite or
metal-ceramic crowns.

Radiographic examination
Anintraoral radiograph was taken at entry, immediately
after implant surgery (baseline), at the prosthetic phase,
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and at each follow-up visit (12, 36, 60 months of prosthesis
function). Radiographs were taken using a long-cone
paralleling technique and individual trays to ensure
reproducibility. Specific image analysis software (ImageJ
version 1.46, National Institutes of Health, Bethesda,
MD, USA; http://rsb.info.nih.gov/ij/) was used to perform
measurements of marginal bone level around implants at
the mesial and distal aspects. The implant neck was the
reference for each measurement. Implant length was used
for calibration. All the radiographs were analysed by a
trained independent evaluator.

Outcome variables

i.  Prosthesis success, defined as a functioning prosthesis
without mobility.

ii. Implant survival, defined as the implant still present
in the patient’s jaw, supporting the functional
prosthesis.

iii. Implant success, defined by the following parameters:
no mobility, no pain, no recurrent or persistent
peri-implant infection, no evidence of peri-implant
radiolucency, peri-implant bone loss smaller
than 1 mm in the first year and 0.2 mm per year
subsequently.

iv. Peri-implant bone level changes and bone height

changes were measured as described above.

Statistical analysis
The comparison of bone level changes and bone height
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at the different time frames (between one and five year
follow-ups) within the groups of implants was made using
paired Student’s #-test. For comparisons between short
and standard implants we used the unpaired Student’s
t-test. The normality of the distributions was assessed by
means of the D’ Agostino and Pearson omnibus normality
test. The significance level was set at p=0.05.

RESULTS

A total of 51 patients were included in this
prospective study and a total of 127 implants (88
short implants and 39 standard implants) were
inserted between February 2010 and March 2012.
Implant distribution according to implant length is
reported in Table I. A total of 58 prostheses, each
supported by 1 to 6 implants, was delivered as
planned. Five patients, accounting for 8 short and
4 standard implants, failed to attend the five-year
follow-up. These patients were contacted to make
sure that their implants and prostheses were still in
function, and were accounted for implant survival
assessment. Two short implants and one standard
length implant failed in three patients. One 7.5-
mm long implant did not osseo-integrate and was
removed at the prosthetic phase. One standard length
implant failed after two months of function. Both
implants were replaced and successfully integrated
without compromising prosthetic function. One 6.5-

A

B

Fig. 1. A) A case of a fixed prosthesis supported by a standard implant in position 15 and a 6.5 mm-short implant in

position 16, inserted with the OSFE technique. B) At the 5-year follow-up the marginal bone level appears well preserved.
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mm long implant failed after two years of function
due to perimplantitis. In this case also the prosthesis
was considered as failed. At the five-year follow-
up check, overall implant survival and success was
97.6% and 97.4%, respectively (Table I). Seven
prosthetic complications occurred. They consisted of
one fractured crown (in the same patient experiencing
failure of the 7.5-mm long implant at the prosthetic
phase), one chipping and five screw loosenings of
the provisional prosthesis, that required tightening
at the dental office. Prosthesis survival and success
was, respectively, 98.3% and 89.7%.

The results of peri-implant bone loss
measurements at the 1 and 5 year follow-ups and
of the comparison tests are reported in Table II. At
each time frame, there was no statistically significant
difference in bone level change among short implants
of different lengths, nor between short and standard
length implants. There was no significant difference
within groups of implants of different lengths
between one- and five-year follow-ups. Fig. 1 shows
periapical radiographs of a fixed prosthesis taken at
baseline and at the 5-year follow-up.

The mean change in bone height between one
and five years of follow-up and the significances of
the comparisons are also reported in Table II. There
was no significant difference between groups at each
follow-up nor within groups between the one-year
and the five-year follow-up.

DISCUSSION

This study reports the results of a five-year follow-
up for the rehabilitation of atrophic posterior maxilla
with the combination of osteotome-mediated sinus
floor elevation, short implants and poor platelet-rich
plasma. We documented excellent 5-year survival
and success rates for both implants and prostheses
with no significant difference in bone loss between
short and standard implants and with very few intra-
or post-operative complications. Moreover, a good
maintenance of peri-implant bone levels and bone
height was observed. Based on the outcome of this
study, the use of short implants combined with OSFE
technique for the rehabilitation of atrophic posterior
maxilla can be recommended.
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Even though the lateral approach for sinus lifting
has shown high success rates for implant insertion in
grafted atrophic maxilla, it is a demanding procedure
that comes with several shortcomings (10).

In this study we used a trans-alveolar approach
for sinus lifting, a technique first described by Tatum
(11) and later modified by Summers into the current
OSFE (4). Several systematic reviews evaluated the
outcome of implants inserted with this technique,
reporting overall survival rates ranging between 92.7
and 96% in a one- to five-year follow-up (5).

However, the OSFE technique has some
drawbacks that we tried to address during our study.
The first disadvantage is the incapability to produce a
significant amount of bone gain, which we overcame
by using short implants instead of standard ones.
Another disadvantage of OSFE technique is the low
intra-operative visibility which can lead to a higher
risk of complications, even though this concern
is not supported by the literature. In fact, studies
have demonstrated an actual lower risk for such
complications during the OSFE technique (12). By
including P-PRP in our protocol, we take advantage
of its mechanical properties in order to ensure a safer
sinus lifting procedure (13). Additionally, P-PRP has
the ability to induce local biological processes like
chemotaxis, proliferation, differentiation etc. which
can enhance the regeneration of soft and hard tissue
(14). Lastly, P-PRP is proven to bring substantial
advantages in terms of accelerating soft tissue
healing and reducing post-operative symptoms
with an overall improvement in the patient’s quality
of life (15). Conclusively, short implants inserted
with OSFE technique and splinted with standard
implants for supporting a fixed prosthesis can serve
as a valuable and predictable treatment for atrophic
posterior maxilla. The adjunct of P-PRP can result in
potential mechanical and biological benefits.
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This study aimed at assessing whether proanthocyanidin, a collagen cross-linker, affects the adhesion
strength of resin composites on the dentine surface. Freshly extracted, caries-free, human molars (N=55)
were embedded in transparent resin and bisected. The halves were then assigned to either a treated or
a non-treated group, where the treatment consisted of a 10 min incubation in a 6.5% proanthocyanidin
solution in PBS. A resin composite cylinder was polymerized perpendicularly to the dentinal surfaces
and shear tests were made, using an Instron-like machine. The fracture surfaces were characterized by
optical (Picro-Sirius Red stain) and electron microscopy (FESEM EDX analysis). Mean bond strength
values were 10.73 MPa (SD 3.70) for the treated group and 8.69 MPa (SD 3.20) for the non-treated
group (p<0.05 Student’s #-test). No constant fracture patterns could be found within the two groups.

Proanthocyanidin treatment may improve the adhesion properties of the dentine-bonding interface.

To the Editor,

Modern concepts in restorative dentistry rely on
the conditioning of enamel and dentine substrate,
thus allowing the formation of a hybrid layer and
promoting intimate adhesion between the filling
material and the tooth itself (1, 2). The role played
by the collagen matrix on dentinal adhesion is
paramount, as the acid etching exposes the collagen
fibres that will be embedded in the adhesive resin. In
the past few years, several studies have focused on
improving the properties of this substrate by using
substances able to promote the formation of cross-
links within the collagen fibres. Glutharaldeyde
and proanthocyanidin (PA), a class of flavonoids
contained in Grape Seed Extracts (GSE), are the most
frequently investigated compounds deemed suitable

for this aim. Glutharaldeyde has good cross-linking
properties and has been widely used in the past as a
stabilizing agent for biological tissues, but its use in
vivo is limited due to its cytotoxicity. Instead, PA is
as efficient as glutaraldehyde and is endowed with
significantly superior biocompatibility (3).
Treatment with PA can promote the formation of
intra- and inter-fibrillar bonds in collagen, leading
to improved biochemical
properties. The cross-linked collagen showed higher
resistance to thermal and chemical degradation, and
increased stiffness. Studies performed on human
and bovine dentine, which is mainly composed by
type I collagen, evaluated the effects of cross-linking
on adhesion to dental composites, showing higher
tensile bond strength values when compared to

and biomechanical
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control groups (4).

The enhancements on dentinal hybrid layer
properties may be of great interest, since the
adhesion achieved on dentine is less predictable
than that occurring on enamel, and the stability of
dentine/restoration interface affects the duration
of the restoration itself. The aim of this study is to
evaluate the effects of PA treatment on the Shear
Bond Strength (SBS) of composite to dentine.

MATERIALS AND METHODS

Sample preparation

A final sample of 55 fresh, caries-free human molars
without cracks or fractures were included in the study.
During the experiment, specimens were evaluated to
discard those not showing the desired characteristics,
i.e. a sufficient dentine surface to be able to perform
bonding without including enamel or pulp, absence
of reparative dentine, absence of flaws in the bonding
interface, etc. Teeth were cleaned of blood and adhering
soft tissues, then rinsed and stored in Hank’s Buffered
Salt Solution (HBSS, HyClone, South Logan, UT, USA)
at room temperature to prevent dehydration and collagen
modifications. Teeth were then embedded in transparent,
self-curing resin (SC-22 Cristallo, Prochima, Calcinelli
-PU- IT), using a silicone mould, refined, polished
and numbered. Each specimen was bisected, using a
microtome (Micromet, Varna, Bulgaria) at low speed,
under constant irrigation; the two halves of each bisected
tooth were then randomly allocated to either a Treated
(T) or a Non-Treated (NT) group. This method was
used to avoid biases related to the possible individual
variability of the tubular structure and/or mechanical
properties that might be found in different dentine areas,
as only symmetric dentine surfaces were tested.

The dentine surface was refined using abrasive
paper. The specimens were acid-etched using 37%
ortophosphoric acid gel (Axia® Etch, Dentalica, Milano,
IT) and rinsed. The T group was immersed for 10 min in
a 6.5% PA (MegaNatural Gold, Polyphenolics, Madera,
CA, USA) solution in PBS at pH 7.4 (Gibco, Invitrogen,
Carlsbad, CA, USA) (5). The NT group was kept for the
same length of time in PBS as a control. After a quick
rinse, the specimens were dried with a gentle air flow.
Priming and Bonding agents (OptiBond FL, Kerr, Orange,
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CA, USA) were applied and polymerized according
to the manufacturer’s instructions, then a standard 2x2
mm composite (Tetric Evoceram, Ivoclar Vivadent AG,
Schaan, Liechtenstein) cylinder was built perpendicularly
to dentine surface, using a 2-mm thick Teflon disc with
a 2-mm diameter hole as a mould. The samples obtained
were stored in HBSS for 24 h at room temperature before
testing.

Mechanical bond strength test

Shear bond strength (SBS) tests were performed using
a universal testing machine (MTS Insight 2kN, Eden
Prairie, MN, USA), mounting a custom-made steel blade,
at a crosshead speed of 0.5 mm/min until failure occurred.
The force was applied as close as possible parallel to the
dentine/composite interface in order to reduce the bending
moment during the test, but not in contact with the surface
to avoid frictional interference. The peak load data were
recorded on a dedicated software (MTS TestWorks 4) and
SBS was calculated on the basis of peak load and adhesive
surface, according to the formula:

SBS= N/m? = PL/A = PL/(m1*)

where SBS is expressed in Pascal (Pa), PL represents the
Peak Load expressed in Newton (N) and A is the area of
the adhesive surface expressed in square meters (m?). The
symbol r refers to the radius of the adhesive interface,
corresponding to the radius of the composite cylinder. All
the procedures were carried out by a single operator to
reduce the effects of operator-dependant variables.

Sirius red stain for debonding area evaluation

The samples were collected after failure to analyze the
debonding areas. These areas, rich in collagen fibres, were
stained with Picro-Sirius Red (Direct Red 80, Sigma-
Aldrich, Carlsbad, CA, USA), following a previously
published protocol (6). Briefly, Sirius Red was dissolved
in a saturated aqueous solution of picric acid (0.5 g/500
ml) (Sigma-Aldrich, Carlsbad, CA, USA). The samples
were kept in the staining solution for at least 1 h and then
rinsed once with acidified water (0.5% acetic acid and
distilled water solution) and twice with deionized water to
eliminate the dye excess.

Microscope characterization and analysis
Specimens were observed by stereomicroscope at
low magnification (50x) and a high-resolution picture of
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the debonding area was taken by means of a dedicated
software (Canon Utilities Remote Capture 2.7). Pictures
were analyzed according to Dahab et al. (7), which was
adapted with minor modifications to best suit the different
staining method. A standard circular mask, with the exact
dimensions of the adhesive area, was created and applied
to the pictures, making the area clearly identifiable and
circumscribed. Photoshop program was then used to
quantify the amount of red-coloured pixels within the
mask. The data were recorded on a Microsoft Excel
table and the proportion between coloured (representing
dentine) and uncoloured (representing bonding and
composite) pixels was calculated.

FESEM and EDX analysis

Four samples were chosen randomly (two samples for
both T and NT groups) and prepared for Scanning Electron
Microscope analysis. The samples were dehydrated by
means of a water/ethanol solution in increasing ethanol
concentrations, then finally stored in 100% ethanol for 48
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Fig. 1. A) Mean SBS values of N and NT groups (bars
depict the SD), t-test<0.05. B) Mean debonding areas of
N and NT groups (bars depict the SD), t-test>0.05.
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h, dried and sputtered with a 40-nm thick Ag layer. The
samples were mounted on stubs and observed at different
magnifications (up to 3000x) using an FESEM apparatus
(FEI Quanta Inspect 200 LV). Pictures representative of
the samples were taken randomly from different areas.

FESEM analysis was mainly focused on specific
portions of the debonding area: exposed dentine,
composite/adhesive only areas and dentine/adhesive/
composite interface, to evaluate the effects of shearing
on samples. Energy Dispersive Spectroscopy (EDX) was
performed by a spectrometer (EDAX) connected to the
FESEM apparatus, in order to evaluate differences in
chemical composition of similar areas between different
samples.

RESULTS

Mechanical bond strength test

The mean SBS values were 10.73 MPa (SD 3.70)
for the T group and 8.69 MPa (SD 3.20) for the
NT group, the #-test being significant (p<0.05), as
reported in Fig. 1A.

Debonding area

The number of coloured pixels in each picture
(corresponding to the exposed collagen area, i.e.
debonding area, prone to be stained with Sirius Red
Stain) quantified the surface of exposed dentine in
each group (Fig. 1B). A possible correlation between
SBS and the extent of the debonding area was
assessed. However, no significant difference could
be found between T and NT samples.

FESEM and EDX analysis

Pictures taken at the dentine/adhesive/composite
interface of T samples showed a rougher, less
regular surface when compared to the NT group.
This characteristic was more evident in the high
magnification images representing exposed dentine
only (Fig. 2A), with tubules appearing torn and less
organized than in the pictures of similar portions in
NT samples (Fig. 2B). EDX showed the presence of
C and O, which could be easily anticipated owing to
the composition of dentine, and higher peaks for Ca
and P in T group samples (Fig. 3A) when compared
to the NT groups (Fig. 3B).
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Fig. 2. SEM image of a T sample (A) and NT sample (B).
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Fig. 3. EDX analysis of a T sample (A) and NT sample (B) performed along one line randomly chosen in a putative
debonding area to determine the surface elemental composition. Besides the elements C, O, P and Ca, which are major
components of the dentine, Si is most likely due to traces of dental resin composite and Ag may be ascribed to the

metallization process.

DISCUSSION

A mixture of monomers, oligomers, and
polymers used as natural antioxidants and free-
radical scavengers, PA is known to stabilize and
increase the cross-linkage of type-I collagen fibrils,
due to the formation of hydrogen bonding between
the protein amide carbonyl and the phenolic
hydroxyl. Unsurprisingly, PA was successfully used
to strengthen dentin and to enhance dentin-resin
bond strength (4) in a series of studies using micro-
scale evaluations. In addition, Venigalla et al. tested
(8) the effect of 6.5 wt% proanthocyanidin on the
immediate and long-term bond strengths of an etch
and rinse adhesive system to water- versus ethanol-

saturated dentin. The microtensile bond strength of
cross-linked groups was higher compared to control
group.

Improved strength and stability of the hybrid
layer and underlying dentin was attained through
proanthocyanidin after bleaching (9). Consistent with
the literature (5), the stability of dentin collagen-PA
complex most likely contributed to the higher values
of hardness and reduced modulus of the hybrid layer
and underlying dentin during the time shown in the
present paper. Deep dentin surface pre-treatment
with 6.5% PA resulted in a significant improvement
in bond strength of resin composite to deep dentin
(10). This is more or less in accordance with the data
presented herein, based on a larger sample number,
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where PA enhanced in a statistically significant way
the mean SBS of the T specimens compared to the
NT ones.

The fracture characterization entailed two
different assays in this study. The former was a
systematic analysis of the areas of exposed collagen
within the circle of the bonded sample. However,
no statistically significant difference could be found
between the mean T and NT specimens, due to the
high standard deviation. The latter was a qualitatively
FESEM EDX analysis performed on a limited
number of samples chosen randomly. Although
no general trend may be inferred based on such a
small sample size, the percentage of phosphorus
and calcium detected by EDX analysis was higher
on T specimens than on NT samples, suggesting a
prevalence of the cohesive fracture within dentin for
the T samples.

The PA cross-linking activity might not be the
only one suitable to the enhancement of restorative
material adhesion. Indeed, the elm cortex, rich in PA,
showed inhibitory effects against proteases including
metalloproteinases (11), the modulation of which is
a major goal of conservative dentistry. Hence, the
use of a natural and low cytotoxicity product, such
as PA, seems to be promising during the bonding
procedure (12). Further in vitro and in vivo studies
may conveniently be devoted to enhancing the
hybrid layer by reducing the susceptibility of the
substrate to the dentin proteases.
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The increasing requirements of standardization in medical applications have led physicians towards a
deep revision of their protocols. The phenomenon of ‘digital health’ has revolutionized the way a patient
accesses medical information, but it has also improved the way the doctor handles the surgical and
clinical phases. In digital dentistry, the working steps are mainly reported as digital image acquisition,
preparation and/or processing of data, device production and clinical application on patients; the new
technologies have brought significant benefits to both the dentist and the patient. Digital processing of
anatomical data uses virtual models, which represent a precise representation of the patient’s anatomy.
Recent advances in digital image acquisition technologies and the enormous complexity of modern
software have made intraoral scans possible to realize digital dental arch models, however, the digital
model is able to report substantial information to the clinician. Therefore, both complex surgeries and
less invasive local therapies can be easily planned, with an accurate analysis of biological regulators

improving the regenerative procedures, to achieve the best results in a shorter treatment.

To the Editor,

The phenomenon of ‘digital health® has
revolutionized the way a patient accesses medical
information, but it has also improved the way the
doctor handles the surgical and clinical phases.

The three cornerstones of medical progress are
robotics, digital medicine and genomics, and the
future is based on the integration of imaging, digital
telemedicine and artificial intelligence.

In Italy, the development of dentistry as an
independent branch of medicine is quite recent: only
in 1980 the degree course in Dentistry and Dental
Prosthetics was initiated, while specializations in
Orthodontics and Oral Surgery were established
in 1992. The development of new technologies in
dentistry has been very rapid and is closely linked to

clinical and surgical needs. Moreover, the entire field
of dentistry has evolved its mission, thus starting to
treat complex pathologies and moving towards the
trend of aesthetics as per requests of patients (1-4).

Technology is finding more and more space in
the dental work-flow, in particular in the field of the
imprint the progress is constant; many manufacturers
are competing to innovate this sector, for this reason
we are seeing the addition of many new features,
improved accuracy and greater ease of use of the
intraoral scanner and other new generation of probes
able to detect alteration of soft tissues (5).

The goal pursued by digital dentistry is to improve
the quality of clinical examination, diagnosis and
treatment of the patient. Compared to conventional
workflow, the implementation of the digital workflow

Key words: digital medicine, digital dentistry, oral sciences, oral implantology
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in dental practice has led to data acquisition and
patient assessment that is more facilitated, which
increases the effectiveness in treatment planning,
and better prosthesis production. The use of digital
processing has also been improved with the use of
“biologically guided” surgical approaches which has
led dentists to perform in-vitro studies to investigate
oral stem cells (6-9), innovative scaffolds (10) and
other correlations between general medicine and oral
conditions (10-12).

The introduction and dissemination of digital
devices such as oral scanners, “cone-beam’ computed
tomography (CBCT), computer-aided design and
computer-aided manufacturing (CAD/CAM) are
radically transforming dentistry, improving traditional
surgical planning. In this way, some fundamental
processes, such as anamnesis, clinical examination,
acquisition of dental impressions, planning of the
implant and prosthetic interventions are improved.
In the past, using radiographic data alone, without
any data processing, it was difficult to obtain reliable
treatment planning in all the cases treated.

Digital dentistry

In digital dentistry, the working steps are mainly
reported as follows:

1. Digital image acquisition, based on classic
X-ray analyses such as NMR or Orthopanoramic of
dental arches;

2. Preparation/processing of data, consisting in
all digital and software-guided processes to obtain
reliable and useful images;

3. Device production and clinical application on
patients, consisting of the finalization (treatment) of
the workflow.

The evaluation of acquired digital data, obtained
from computerized tomography and corroborated
by the use of an optical dental arch scan, together
with modern implant planning software, allow to
carefully simulate the surgical and prosthetic phases.

The virtual visualization of dental arches allows to
correctly evaluate a therapeutic plan and to calculate
the duration of the treatment in advance.

The anatomical sites where the dental implants
are to be positioned can be decided before the
operation, depending on the volume, quality of the
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bone and position of the anatomical structures. With
image analysis software, precise measurements of
jaw bones that can be used for implant surgery, as
well as distances and angles between implants from
one side of a dental arch to another, are accurately
determined, thus allowing better evaluation than the
surgical protocol, positioning of the implants, and
subsequent realization of the prostheses.

The computer-assisted digital design represents,
therefore, a new method of in-silico reconstruction
of images obtained with CT, CBCT and an intraoral
scanner: this information is added together to
obtain a model on which to “virtually” perform all
the procedures to be subsequently performed on
the patient, thus obtaining high predictability and
safety in operations, with significantly reduced
execution times.

These new technologies have brought significant
benefits to both the dentist and the patient. With the
simple scan of the study models and a subsequent
scan of a custom-made model, such as waxing or a
temporary element, the dentist can virtually design
dental elements perfectly to insert in the surgical
site, improving the performances of the temporary
prosthesis and of the definitive one.

Recently, many studies evaluated the effects of a
surgical guide produced by CAD/CAM technology
on the precision of the implant cavities. In one study,
the entrance cavities of the group in which the surgical
template obtained using a digital method was used
were located in correspondence with the abutments,
on the other hand, the entrance cavities of the group
in which the implants were positioned “hands-on”,
without any digital support, were performed at the
prosthetic crown. It was shown that the surgical
guide obtained with the CAD/CAM technology is
able to facilitate the surgeon during the insertion of
the fixture in the maxillary bones, for this reason, the
digital technology globally improves the stability of
the future prosthesis supported by implants.

Digital processing of anatomical data uses virtual
models, which represents a precise representation
of the patient’s anatomy. Recent advances in digital
image acquisition technologies and the enormous
complexity of modern software have made intraoral
scans possible to realize digital dental arch models
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which are currently a promising alternative to
traditional dental impressions.

In particular, intraoral scanners (IOS) allow
the acquisition of dental impressions by analyzing
the data in the form of optical analysis. The 10S
act through a light beam, of the LASER type or a
structured light, which is passed over the dental
arches; the light is reflected towards the scanner and
then it is recorded by the sensors; the obtained data
are immediately processed by digital processing
software. Finally, it generates a 3D model that is
displayed on the computer, without making the
traditional study model made of plaster.

This digital protocol allows to optimize time
and reduce the steps in the therapeutic process
of the patient undergoing implant and prosthetic
rehabilitation. The dentist has the ability to easily
send digital models to the dental technician via
e-mail, reducing time and costs.

The optical impressions are much more
comfortable for the patient, who feels less discomfort
compared to the traditional impression that is often
feared by patients; this fact is easily understandable
because of the invasive procedures characterizing
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the process of dental impressions in the traditional
technique, which often inhibits patients to proceed
with the prosthetic procedures.

The use of the intraoral scanner avoids the
inaccuracies that may depend on the medical operator,
or the anomalies dependent on the impression
material; in fact, the materials for dental impressions
are subject to dimensional variations due to the
continuous chemical reactions that develop between
their components. These dimensional changes may
lead to an inaccurate dental prosthesis, instead, digital
scanning is not subjected to these variations. In the
scientific literature, numerous studies have reported
excellent precision of digital imprints compared to
conventional imprints.

DISCUSSION

Some studies have shown that 1OS is a reliable
tool for acquiring images of individual as well as
multiple dental abutments. For sites where a single
implant is positioned, the intraoral scan of a single
quadrant is more efficient than the traditional
impression technique of the complete dental arch.

DIGITALFLOW IN DENTISTRY

DENTIST

Py

' THERA

SURGEON

DATA ANALISYS &
DIGITAL MODELLING

SURGERY PLANNING

5

IMPLANTOLOGY:

S—

DENTALTECHNICIAN

PROSTHESIS |

Fig. 1. The digital workflow in dentistry.
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The accuracy and precision of the optical
impressions, obtained from four different types
of IOS, has been widely evaluated: in one study,
the Authors used a patient model with a partial
edentulism, subsequently treated with three implants.
In addition, a patient model with total edentulism
was also analyzed, subsequently treated with six
dental implants.

After the acquisition of digital images, the
Authors processed the data obtained, and a color-
coded model was obtained on the anatomical scan, in
order to “see” the areas where the greatest differences
between the images obtained with technology were
present. IOS and images were obtained with a study
model. The results were excellent, both for the
precision of the image and for the speed of execution
of the dental impression. However, greater accuracy
was noted in partially edentulous patients compared
to totally edentulous patients.

The choice of an intraoral scanner in dental
practice induces to modify the whole approach to the
prosthetic branch. Although the clinician’s learning
curve is very rapid, there are many elements to
consider carefully, including correct information on
the technology used, so as to make it comprehensible
to the patient.

The digital flow in a dental office is also based
on the analysis of anatomical data that are required
in case of complex surgery or implantology in areas
where there is a surgical risk. Among the various
devices aimed at the acquisition of digital data of
the anatomical districts, “cone beam” computed
tomography (CBCT) is of particular interest. This
method has revolutionized diagnostic imaging in the
field of dental radiology and maxillofacial; thanks
to CBCT the surgeon can reconstruct in extremely
accurate 3D models, all the anatomical structures that
are to be investigated before surgery. The peculiarity
of an analysis performed with CBCT technology is
that it uses a type of data acquisition different from
that used with the classic CT. In fact, CBCT does not
limititselfto collect slice-by-slice data but it produces
an X-ray cone that allows to capture a complex
image with a single exposure. Many clinicians tried
to perform and compare numerous scans performed
with CT and CBCT methods; the Authors reported
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the obtained data in an image-analysis software, and
used semi-automatic tools to measure the volumes of
the maxillary sinus and sphenoid sinus. The results
of this comparative and controlled study showed
that the images obtained with CBCT provide more
reliable volumetric information, in fact, such images
are much closer to the real anatomical conditions,
thus reducing volumetric distortions.

Modern dentistry currently uses CBCT computed
tomography, which in recent years has allowed to
reduce the exposure of patients towards ionizing
radiation, as well as allowing an optimal virtual
planning of the implant surgery, avoiding the
possibility of the surgeon injuring the main vascular
and nervous structures, and optimizing the design
and construction phases of the dental prosthesis.

The digital model is able to provide substantial
information for the clinician, therefore, both
complex surgeries and less invasive local therapies
can be easily planned. A virtuous example of the use
of digital flow in dentistry is that of images obtained
with CBCT applied to endodontics. The main cause
of failure of root canal therapy is the difficulty in
correctly visualizing all the channels present in the
root region of the element to be treated. It is often not
easy to obtain correct information and a thorough
knowledge of root canal anatomy using traditional
radiographic investigations.

In conclusion, the most important clinical
advantages of digital data analysis, whether acquired
through intraoral scanners or computed tomography,
is that the digital process is repeatable, predictable
and less subject to operator error, although it involves
all the main participants of the therapeutic process:
dentists, surgeons, implants surgeons, prosthetists,
dental technicians and, above all, the patient (Fig. 1).

In the case of impression materials, the digital
process has proven not to be vulnerable to errors
associated with dimensional variations of the
materials, instead these errors are very frequent in
traditional impressions.

In our literature analysis, the results have clearly
suggested that digitization of processes in dentistry,
from digital dental impression to morphology
analysis of dental canals, offers a higher success
rate compared to conventional techniques, and



Journal of Biological Regulators & Homeostatic Agents 1 03 1

this advantage is all independent of the operator’s
clinical experience or the patient’s oral condition.
Therefore, the future of dentistry will be increasingly
oriented towards new technologies, in order to have
a predictable and minimally invasive diagnostic and
therapeutic pathway, with strategic attention to the
biomedical processes that will guide the new era of
dental sciences.
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The aim of the study was to consider a possible correlation between the intensity of expression of
osteopontin and grading established by the pathologist. Furthermore, a correlation was investigated
between the increase of fractal dimension and osteopontin in order to use this marker as an early and
reliable diagnostic tool for the degree of cell transformation in oral squamous carcinoma. Ten histologically
healthy oral samples and sixty-four primary oral squamous cell carcinomas specimens were analysed by
asingle pathologist. Immunohistochemical analysis and Fulgen stain were performed in order to evaluate
intensity of expression of osteopontin and fractal dimension. Data obtained were presented as mean and
standard deviation and processed for the statistical analysis. Ostepontin expression revealed a statistical
significance between groups (P < 0.001). Fractal dimension in oral squamous cell carcinoma groups vs
controls revealed statistically significant differences (P < 0.001). The fractal dimension value and the
osteopontin expression were compared, using two-dimensional scatter. The correlation was relevant in
the G3 group. The results demonstrated a correlation between the growths of osteopontin expression
and nuclear abnormality measured by fractal dimension. These results support the hypothesis that the
level of osteopontin expression might be used as a marker for the evaluation of oral squamous cell
carcinoma differentiation. Osteopontin and fractal dimension could support the histological grading
to increase the predictability of the diagnosis, choices of treatment procedure and long-term prognosis.

To the Editor,

Oral squamous cell carcinoma (OSCC) is the
most common type of oral malignancy and represents
more than 90% of oral carcinomas (1). OSCC is
diagnosed by the means of histological observation
that represents only a measure of morphological
alterations in a specific area visualized by the
pathologist. A prognostic factor based on cellular
pleomorphism or immunohistochemical biomarkers
could therefore be necessary (2). During the past
decade, emerging evidence underlined the importance
of osteopontin (OPN) as a candidate biomarker and

target for cancer therapy (3). OPN is a protein of
extracellular matrix (ECM) that play a critical role in
several normal and pathological processes, including
cell proliferation, attachment, invasion, migration,
bone formation and remodelling, inflammation,
cellular transformation and metastasis (4). OPN is
synthesized by various cell types and acts by binding
specific receptors, mainly integrins containing the
alpha subunit V. OPN is a sialoprotein, chemokine-
like part of the family of the small integrin binding
ligand N-linked glycoprotein (SIBLING) which
contains several members used as markers of early
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cancer progression, according to their potentials in
regulating the activity of matrix metalloproteinases
(MMPs). In breast, stomach and prostate cancer,
high expression levels of OPN have been associated
with poor prognosis (4). In recent times, also OPN
is being considered, in head and neck cancer, as one
of the most investigated biomarkers. (5) Among the
various methods for cancer diagnosis in medicine
there is also the fractal dimension (FD) which
help the pathologist in the histomorphometrical
classification and morphological description of the
tumour variability. Several studies have investigated
FD in relation to tumour alterations in several areas
(6). Therefore the objective of the present study was
to establish a strict correlation between the intensity
of OPN expression and grading established by the
pathologist in order to use this marker as an early and
reliable diagnostic tool. Also the fractal dimension,
as mentioned, has been correlated with cellular
alterations in OSCC. In this regard, a correlation was
investigated between the increase of DF and OPN to
better define the usefulness and diagnostic accuracy.
Further understanding could facilitate the prognostic
phases and the development of therapeutic strategies.

MATERIALS AND METHODS

Ten histologically normal oral samples and 64 primary
oral squamous cell carcinomas specimens (OSCC) were
obtained from biopsies of patients diagnosed and treated
by the Department of Pathology, Polytechnic University
of the Marche, Ancona, Italy. The experiments were
undertaken with the understanding and written consent
of each subject to use the tissues for research purposes
and according to ethical principles, including the World
Medical Association Declaration of Helsinki.

The collected samples were successively analysed by
the Department of Medical, Oral and Biotechnological
Sciences, University ‘G. d’Annunzio’ Chieti-Pescara,
Chieti, Italy. All patients enrolled in this study had an
OSCC clinical history and available histology paraffin
material.

Of the 64 patients with OSCC (test group), 49 were
males and 15 females, while in the control group 3 were
male and 7 females. The mean age was 63.6+12.8 years
and 50.0+21.9 years for OSCC and control groups,
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respectively. All available Hematoxylin-Eosin sections
were reviewed by a pathologist in order to confirm the
correct diagnosis, and to select the neoplastic areas. Three
micron thick sections from each specimen were obtained
and placed on super frost plus-coated glass slides (Menzel-
Gléser, Braunschweig, Germany). One section, stained
with hematoxylin—eosin, was used for pathological re-
evaluation, another was stained with Feulgen stain for
evaluation of the nuclei and the third was stained with
immunohistochemical stain to evaluate the expression
of OPN. Under light microscopy, the specimens were
staged according to the tumour grading system proposed
by Anneroth’s criteria as: G1 (well differentiated), G2
(moderately differentiated), G3 (poorly differentiated)
OSCC (4). Histological material of 10 patients randomly
selected and treated for non-neoplastic lesions were used
as controls.

Nuclear fractal dimension

The procedures for the evaluation of the fractal
dimension have been extensively described in a previous
work (7). Briefly, for standard nuclear histomorphometry,
three representative high power fields (HPF) (40x) of
Feulgen stains were randomly selected and photographed
from each biopsy. The images were captured with a digital
CCD-videocamera and were stored as high quality TIFF
files. The above-mentioned image files were automatically
transformed to binary images using ImagelJ 1.40g (Wayne
Rasband, National Institute of Health, Bethesda, MD, USA).
After selecting a 4.3 x 4.3 cm area on each image, the fractal
dimension (FD) was estimated by using the box-counting
method by means of Image] 1.40g (Wayne Rasband,
National Institute of Health, Bethesda, MD, USA).

Immunohistochemical expression of osteopontin

The specimens were immunohistochemically analysed.
Specifically, the immunohistochemical staining of OPN
was performed using the strep-ABC (Streptavidine-Biotine-
Peroxidase) method. Three micron sections were cut and
mounted on poly-L-lysine-coated slides. Paraffin sections
were dewaxed by xylene, rehydrated and finally washed in
PBS (pH 7.4) for 10 min. In order to unmask the antigens,
a microwave oven and a 2.1% content of citric acid was
used related to the antibodies. The subsequent steps were
optimized by automatic staining (Optimax, BioGenex,
San Ramon, CA, USA). Sections were incubated with
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primary antibody for 30 min at room temperature. Slides
were rinsed in buffer, and immunoreaction was completed
with the Strep-ABC-Peroxidase method, applying the
“Super sensitive immunodetection” kit by BioGenex (San
Ramon, CA, USA) and utilizing a multi-link as a secondary
biotinilated antibody. After incubation with a chromogen
employing “liquid DAB substrate pack” (BioGenex, San
Ramon, CA, USA), the specimens were counterstained
with Mayer’s hematoxyline and coverslipped.

The intensity of expression of OPN was evaluated
in 5 random fields at 20X magnification. Two different
intensity of expressions for each sample were automatically
identified by the use of a dedicated software (LEICA QWIN)
connected to an optical microscope (LEICA DMR). The
software was set up to identify in standard and reproducible
conditions (microscope light and camera set-up), two
different colour ranges shown by immunohistochemical
stain in order to automatically identify two different classes
of intensity of expression. It was possible to quantify areas
of high intensity of expression and areas of low expression
of OPN. Finally, the software automatically calculated the
area as percentage value.

Statistical analysis

Data were presented as means and standard deviations
(SD). Analysis of variance (ANOVA) was used to
evaluate differences between mean values. The Kruskal—
Wallis test was used to evaluate differences between FD
values and OPN values after stratification of the cases
based on histological grading. Moreover, in order to
investigate differences between single groups a multiple
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comparison procedure (Dunn’s Method) was performed.
Statistical significance was set to p=0.05. To consider a
possible correlation between grading, fractal dimension
and expression of the OPN, the Pearson product-moment
correlation coefficient, using the SPSS v. 16.0 software,
was carried out in the same fields. Priority, a representation
of FD and intensity of expression of OPN, without
considering the degree of differentiation established
by the pathologist, was made. Then, it was repeated to
separate the different tumor grading.

RESULTS

Analysisofhematoxylinandeosinimagesrevealed
the diagnosis and the degree of differentiation of the
tumors: no alteration (controls), well-differentiated
OSCC (G1), moderately differentiated OSCC (G2)
and poorly differentiated OSCC (G3).

The fractal dimension presented the following
mean values: 1.15 for the control group, 1.30 for the
G1 group, 1.41 for the G2 group, and 1.61 for the
G3 group, with statistically significant differences
in FD value between the test group and controls
(p<0.01). A statistically significant difference was
found between the three groups (P <0.001, Kruskal—
Wallis test). For the multiple comparison procedure,
Dunn’s method was performed, finding statistically
significant differences (p<0.05) (Table I).

In all samples, the intensity areas classified as low
expression were: 16.94% (G1), 21.74% (G2) and
3.92 % (G3). Meanwhile the high expression of OPN

Table 1. FD and OPN multiple comparison procedure, Dunn's method.

Comparison Diff of Ranks Q P<0.05
FD G3 vs FD G1 191.372 12.312 Yes
FD G3 vs FD G2 112.480 7.468 Yes
FD G2 vs FD Gl 78.892 6.968 Yes
Comparison Diff of Ranks Q P<0.05
HIGH G3 vs HIGH G1 ~ 210.332 13.531 Yes
HIGH G3 vs HIGH G2 104.457 6.935 Yes
HIGH G2 vs HIGH G1 =~ 105.875 9.351 Yes
LOW G2 vs LOW G3 172.200 11.433 Yes
LOW G2 vs LOW G1 48.465 4.280 Yes
LOW G1 vs LOW G3 123.735 7.960 Yes

Statistical significant differences were found p<0.05
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Table I1. Pearson product-moment correlation coefficient calculated between values of intensity of expression of OPN
and fractal dimension in histological grading G3.

Fractal Osteopontin
Dimension
Pearson’s 1 0.764
correlation
Fractal Dimension | Sig. (2-code) 0.010
N 10 10
Pearson’s 0.764 1
correlation
High Osteopontin | Sig. (2-code) 0.010
N 10 [ 10

A statistical significant correlation was found in G3 (P < 0.05).

20x magnification); B) OSCC well differentiated, G1 (strep-ABC 20x magnification); C) OSCC well differentiated, G1. In
light grey, low level of OPN expression. In dark grey, high level of OPN expression (software analysis 20x magnification).
D) OSCC moderately differentiated, G2. The cellular transformations and the number of mitoses increase. Formation of
corneal pearls (H&E 20x magnification); E) OSCC moderately differentiated, G2

(strep-ABC 20x magnification); F) OSCC moderately differentiated, G2. In light grey, low level of OPN expression.
In dark grey, high level of OPN expression (software analysis 20x magnification). G) OSCC poorly differentiated, G3,
numerous cellular atypia. high number of mitosis, altered cellular architecture, numerous hyperchromic nuclei. (H&E 20x
magnification); H) OSCC poorly differentiated, G3 (strep-ABC 20x magnification); I) OSCC poorly differentiated, G3. In
light grey, low level of OPN expression. In dark grey, high level of OPN expression (software analysis 20x magnification).
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Fig. 2. Two-dimensional graphical representation of the correlation between intensity of expression of OPN (x-axis) and

the FD (y-axis).

was: 1.30% (G1), 3.66% (G2) and 38.90% (G3). The
image shows expression of OPN in different degree
of differentiation (Fig. 1). Furthermore, a statistical
significance between the three groups was found in
both low and high intensity of expression, (P <0.001,
Kruskal-Wallis test). The multiple comparison
procedure, Dunn’s method was performed, finding
statistically significant differences (p<0.05), as
shown in Table L.

A graphical representation of FD value and the
OPN expression using two-dimensional scatter
was made, without considering the degree of
differentiation (Fig. 2). Results were diffused, without
significant relevance. The correlation between the
two variables was more visually considerable when
it was divided by tumor grading, especially in the G3
group, represented in Fig.2 as a black circle.

In the other two groups the data were more
diffused and, therefore, the degree of correlation was
not graphically evident.

For the graphical representation, Pearson product-
moment correlation coefficient was calculated (Table

II), and the results demonstrated that the correlation
was statistically significant in the G3 group (P<0.05).

DISCUSSION

The main problems of the grading system were
due to possible pathologist’s errors. Grading could
be different in different fields of analysis, or with
different pathologists. Furthermore, characteristics
related to the progression and the pattern of invasion
may be missing. Studies indicated the correlation
between OPN and systemic malignancies such as
breast cancer, non-small cell lung cancer, esophageal
squamous cell carcinoma (SCC), laryngeal SCC and
prostate cancer (8). Furthermore Yu-Wei Chiu at al.
in 2010 proposed a significant relationship between
OPN expression and oral carcinogenesis (9). Other
studies have investigated the role of OPN in OSCC.
Subramani et al. in 2015 studied the presence of OPN
in the margins of surgical resection. They showed a
higher percentage of recurrence in samples where
the margins showed high levels of OPN (10). Thus,
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the present results suggest the direct involvement of
OPN in the differentiation of neoplastic cells, in their
transformation and invasion of surrounding tissues.
A comparable growth in OPN expression with
histological increasing grades has been reported in
oral dysplasias and in laryngeal dysplasias. The high
expression of OPN indicates that OPN expression
may present an early event in tumor progression
(11). The use of objective evaluation of OPN related
to histological grading was suggested to improve
clinical outcome, prognosis and survival parameters.
Finally, OPN could be used in alternatives or in
association with grading to clarify the pathological
stage of the biopsy. In addition, a correlation between
OPN and DF values was proposed. Mincione et al. in
2015, studied the correlation between the patient’s
survival and the value of FD (7).

Only a few other studies have identified a
possible correlation between DF and OSCC (12).
From our results it was possible to correlate the
nuclear abnormality measured by FD with the OPN
expression. Therefore, a direct correlation between
the two variables allows us to state that both tools
presented can be added during biopsies to the
grading of OSCC, increasing the predictability of the
diagnosis, choices of treatment procedure and long-
term prognosis of OSCC.

However, further investigations could be
necessary to better understand the correlation
between the OPN expression and cell alteration.
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The altered expression levels of S100 proteins can lead to four different categories of diseases: diseases of
the heart and of the central nervous system, inflammatory disorders and cancer. Various studies have shown
the lack of harmonization of the results obtained with different methods, mainly due to different performances
and measurements of S100B. The purpose of this work was to compare quantitatively the fully automated
Elecsys® immunoassay with the reference immunoenzimatic method CanAg® EIA for serum S100B protein.
In the study serum samples were analyzed of 161 patients: 85 females (aged 22-83 years) and 76 males (aged
16-90 years), affected by oncological and non-oncological pathologies. Passing—Bablok regression was used
to analyze the comparison between the assays; it showed a strong interassay correlation: r = 0.9350 (95%
CI =0.9122 - 0.9520), with an intercept of 0.02063 (95% CI=-0.02850 — 0.01400) and a slope of 1.1125 (95%
CI=1.0200 — 1.2417). Elecsys® S100 assay should be preferred to CanAg® S100 for better standardization,

good reliability and precision but also with the aim to reduce costs and obtain results in a shorter time.

To the Editor,

The S100 protein family has more than 20
members and its name is due to the property of being
soluble in 100% saturated ammonium sulfate at
neutral pH (1).

It is known that different S100 proteins are
involved in tumor growth, metastasis, angiogenesis
and immune evasion, but also in tumor suppression
(2). Many studies have shown that in non-small
cell lung cancer, gastric cancer and lymphoma
there are high levels of SI00A2 (3). Regarding the
role of S100 in pathologies of the central nervous
system (CNS), an important function is performed
by S100B. Muller published a study in which was
a potential role of SI00B evaluated as a marker of

traumatic brain injury with the aim to improve the
patient triage in the emergency room and decrease
the number of cranial computed tomographies (CTs)
performed (4).

Other studies, proved how serum S100B level
is an important and useful marker in melanoma,
especially in the late stages of the disease, and for the
staging and prognosis of patients with metastatized
disease (5). A meta-analysis by Mocellin propose
that S100B could have a central role in the therapy
and follow-up of this disease, and according to other
authors it can be used to evaluate the individual risk
before administration of adjuvant treatment and the
response to induction therapy for nodal disease (6-7).

Various studies have shown the lack of
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harmonization of the results obtained with different
methods, mainly due to dissimilar performances and
measurementsofS100B(8-9).S100B canbemeasured
by several methods such as immunoradiometric,
chemiluminescence, electrochemiluminescence or
enzymatic immunoassays (10).

The aim of this work was to evaluate and compare
the performance and the reproducibility of two different
methods used for S100B detection. We matched the
manual enzyme immunoassay (EIA) (CanAg S100),
already in use in our laboratory, with a fully automated
analyzer based on electro-chemiluminescence
immunoassay (ECLIA) (Elecsys S100) independently
of the clinical condition of patients.

MATERIALS AND METHODS

For this prospective study 161 patients were selected: 85
females (aged 22-83 years), and 76 males (aged 16-90 years)
affected by oncological (malignant melanoma, glioma) and
non-oncological pathologies, enrolled consecutively in the
period from January 2015 to February 2016. The study was
approved by the institutional board. The blood samples
were collected in a Red Top Vacutainer, centrifuged at 3500
rpm for 15 min and separated. Subsequently, serum aliquots
were stored at -80°C until assay. Samples were thawed only
once for both methods. All blood samples were analyzed in
the Laboratory of Tumor Markers (Policlinico Umberto I,
Sapienza University of Rome).

Serum samples were evaluated by two different
methods, CanAg® S100 EIA (Fujirebio Diagnostics, AB.,
Gothenburg, Sweden), a manual immunoenzimatic method
routinely used in our laboratory, and Elecsys® S100 (Roche
Diagnostics, Penzberg, Germany) which is an ECLIA fully-
automated analyzer. All assays were performed according
to the manufacturers’ instructions and the cut-off of
normality used was 0.10 ng/mL for CanAg and 0.105 ng/
mL for Elecsys, based on the 95% confidence interval.

The precision of Elecsys® S100 was evaluated by testing
three serum pools routinely referred to our laboratory with
respectively low, medium and high values of S100.

Assessment by EIA

The CanAg® S100 is a solid phase two-step non-
competitive enzyme-immunometric assay, based on the
use of two mouse monoclonal antibodies specific for
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two different epitopes expressed in S100B. Calibrators
and patient samples are added in streptavidin-coated
with biotinylated anti-S100B
monoclonal antibody (Mab S23) and incubated for two

microstrips  together
hours. Subsequently the microplate is washed and then
a second monoclonal antibody labelled with horseradish
peroxidase (HPR) is added.

Themicroplate was incubated for 1 h, and after washing,
a chromogenic substrate (TMB) was added to each well;
during 30 min of incubation the enzyme reaction starts
with development of blue colour. After addition of a Stop
Solution, the colour changes from blue to yellow, and the
intensity determined by a spectrophotometer at 405 nm,
is directly proportional to the concentration of antigen
present in the sample. Calibration curve is constructed
by plotting absorbance value versus the concentration for
each calibrator. The manufacturer declares a detection
limit (LOD) = 0.010 ng/mL and measurement range
(lower end defined LOD) from 0.010 to 3.5 ng/mL .

Assessment by Elecsys®

Elecsys® S100 is a fully- automated sandwich
immunoassay in ECLIA. The test begins with the
incubation of the serum samples with two monoclonal
S100B specific antibodies, one of which is biotinylated
and the other is labeled with a ruthenium complex to
make a sandwich complex. After addition of streptavidin-
coated microparticles the complex binds to the solid phase
through the interaction of biotin and streptavidin.

The microparticles are magnetically captured on
the electrode surface and application of a voltage to the
electrode induces chemiluminescent emission which is
measured by a photomultiplier. Results are determined
via a calibration curve which is instrument-specifically
generated by 2-point calibration and a master curve
provided through the reagent barcode. The light signal
is directly proportional to the concentration of antigen
S100B present in the sample. The manufacturer declares
a detection limit (LOD) =< 0.005 ng/mL and mesurament
range (lower end defined LOD) from 0.005 to 39 ng/mL

Statistical analysis

All analyses were performed using MedCalc®
statistical software version 15.8. (MedCalc Software
bvba, Ostend, Belgium).

Comparison between CanAg® S100 and Elecsys® S100
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was performed evaluating Passing-Bablok regression,
which is a robust, non-parametric statistical method and
is not sensitive to outliers or the distribution of errors (11).

Comparison studies were also carried out using
Bland-Altman and Mountain plot. Bland-Altman shows
the difference in measurement between the two methods,
allowing estimates of bias with corresponding confidence

10 y= 0.0206250 + 1.112500 x

b = 1 1 1
LX) 02 o4 LX) o 1.0 12
Elncays S100

Fig. 1. Passing-Bablok regression analysis shows the
value of slope of 1. 1125 (95% CI=1.0200 to 1.2417)
and intercept of 0.02063 (95% CI=-0.02850 to 0.01400).
The formula for the regression line of the relation among
CanAg and Elecsys is Y = -0.0206250 + 1.112500 X.
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Fig. 2. Bland-Altman difference plot of the relative
differences between the Elecsys and CanAg methods for
the determination of S100 protein. The x—axis represents
the average of measures as the best estimate of the true
value, while the y-axis the difference of these measures.

interval (CI); Mountain plot is a complementary
representation of the difference plot and shows distribution
of the differences in measurement between two methods.

RESULTS

The range values of protein S100B obtained
with CanAg is between 0.020 — 0.83 ng/mL and
with Elecsys is between 0.008 - 1.030 ng/mL. The
two methods compared showed a strong interassay
correlation: r = 0.9350 (95% CI =0.9122 — 0.9520),
with an intercept of 0.02063 (95% CI=-0.02850 —
0.01400) and a slope of 1.1125 (95% CI=1.0200 —
1.2417) which respectively represent the constant
and proportional systematic error with a CI based
on 999 bootstrap samples. The formula for the
regression line of the relationship between the two
methods analyzed was: Y = -0. 0206250 + 1.112500
X where X = CanAg value (Fig. 1).

Other comparative studies were carried out with

Mountain plot (Fig. 2) and Bland-Altman difference
plot that showed a mean difference of 20.6% (95%
limit of agreement = -48.9-90% ) (Fig. 3).
In this study the precision Intra-Inter assay of
Elecsys S100 testing pool of sera was also evaluated
from routine samples referred to our laboratory; the
results were expressed as coefficient of variation %
(CV).

The Intra-assay precision was evaluated by
examining, in a same session, three levels of pool
of sera (low, intermediate, high S100B) in three
duplicates each. The mean results were: 0.077 (SD=
0.006, CV=8.3%); 0.098 (SD= 0.0062, CV=6.4%);
0.254 (SD=0.0442, CV=17.4%), respectively.

The Inter-assay precision was
by assaying three serum pool replicates (low,
intermediate, high S100B) in three different runs. The
mean results were: 0.074 (SD=0.0054, CV=7.3%);
0.098 (SD=0.0050, CV=0.5%); 0.253 (SD=0.0352,
CV=12.9%), respectively.

obtained

DISCUSSION

Protein S100B is a member of the S100 family
of EF-hand calcium-binding proteins involved
in several pathologies, such as neurological and
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Fig. 3. Mountain plot shows the distribution of
measurement differences for the determination of
S-100 protein; between the electro-chemiluminescent
immunoassay Elecsys and CanAg immunoenzimatic
assay, our reference method.

oncological diseases (1). Many studies have shown
a prognostic value of S100B protein in patients with
ischemic stroke or brain tumors (12-13). According
to several authors, this protein can be helpful also in
mild brain injuries, therefore S100 B serum detection
could decrease the number of cranial CTs performed
on adult patients (14-15).

The main relevance of S100B, however, is in
oncological diseases, such as melanoma and glioma,
in particular it is largely used in the prognosis
and follow up of malignant melanoma (5). The
S100B protein in the post-surgical follow-up is
considered the most reliable serum marker to date to
improve melanoma staging and shows a prognostic
significance for the survival of the patient (5) .

Due to the lack of harmonization of the results
obtained with different methods, the current work
was conceived to compare Elecsys® assay with the
gold standard CanAg® EIA. The Elecsys® S100
(Roche Diagnostics, Penzberg, Germany) is a
fully automated analyzer based on ECLIA while
our reference method CanAg® S100 (Fujirebio
Diagnostics, AB, Gothenburg, Sweden) is a manual
immunoenzimatic method.

This comparison study performed with Passing
and Bablok regression showed a strong agreement
between Elecsys® and CanAg® (r= 0.9350).

E. ANASTASI ET AL

This study also showed that Elecsys® S100
allows a better standardization and has good
reliability, also due to its precision observed in the
analysis of serum pool.

In conclusion Elecsys® S100 assay should be
preferred to CanAg® S100 with the aim to reduce
costs due its capacity to determinate a great number
of samples with small amount of reagents, and with
the intent to obtain more rapid and standardized
results in a shorter time, indeed Elecsys® S100
provides results in just 18 minutes.
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Sport mouthguards have the potential to become a microbial reservoir, produce oral and systemic diseases
and cause negative changes in the oral cavity. The aim of this study was to monitor oral environmental
changes caused by casein and sport-mouthguard in vivo, through clinical, salivary and bacterial markers
of young athletes. Forty-eight active young athletes in different disciplines were selected and analysed
at different times: baseline (T0); after three months of casein application on the mouthguard (T1); and
after six months of application (T2). The product used was GC Tooth Mousse®. At T0, clinical monitoring
was performed and the following parameters were recorded: Decay-Missing-Filled Teeth (DMFT) index,
Plaque index (PL+) and Gingival Bleeding (BOP+). Saliva-Check Buffer GC® and Saliva-CheckMutans
GC® salivary tests were then performed. At T0 the athletes demonstrated DMFT 0.03+0.01. PL value was
positive in 100% of subjects at T0O, T1, and T2. The BI value was always negative. At the three time-points,
a significant change in baseline hydration values was observed; baseline viscosity was normal in 50% of
cases while it increased in the remaining 50% at TO; it was normal and constant at T1 and T2. The value
of the baseline pH underwent an not statistically significant increase at T1 (7.6+£0.08) while remaining
constant at T2. The amount of saliva produced after 5-min stimulation ranged significantly and gradually
from TO to T1 and T2, with a statistically significant difference. Plaque indicator tests highlighted that at
TO a plaque with a pH of 6.0+0.5 prevailed; at T1 it was 6.25+0.75 while at T2, pH was equal to 6. Tests
for the detection of S. mutans resulted constant in all subjects at the various observation times, resulting in
67% of patients in whom S. mutans was present. The application of casein, within custom-made ethylene-
vinyl acetate (EVA) mouthguards, positively influences salivary flow, the increase of pH values, the amount
of stimulated saliva and the buffering capacity of the athlete, improving their state of oral health, which is
negatively affected by the use of common mouthguards.

To the Editor, difficult storage and cleaning of the mouthguard,

The individual mouthguard is a soft intra-oral
device made of plastic and covers the whole palate
and occlusal surfaces of the teeth. It is manufactured
in ethylene vinyl acetate (EVA) (1).

A factor of poor compliance by the patient is the

which tends to accumulate plaque and debris, giving
it a bad smell. Glass et al. (2) reported that “boil and
bite” mouthguards harboured a range of pathogenic,
opportunistic bacteria, yeasts, moulds, etc., and
had the propensity to become a microbial reservoir,

Key words: mouthguards, saliva, casein, EVA material, biofilm
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and some commercially available devices were
contaminated before use. Sport-mouthguards have
the potential to produce oral and systemic diseases
as the jagged and sharp areas of the posterior regions
of typical mouthguards are in close proximity to
the pterygoid plexus of veins and therefore near the
entire circulatory system. D’Ercole et al. reported
that custom-made mouthguards cause changes in
environmental oral factors, because they increase
Full Mouth Plaque Score (FMPS) and Full Mouth
Bleeding Score (FMBS) and reduce the salivary
buffering capacity and pH, thus inhibiting the
protective effect of saliva (3). Microbiological
control of saliva is easy nowadays, even in dental
practice with the use of the salivary “chair-side” test
(4, 5). It has been demonstrated that a mouthguard
is not only a means of trauma prevention but also
a vehicle for preventive substances in order to
maintain oral health. Different strategies to prevent
ecological changes in the oral cavity caused by the
use of mouthguards are possible, as demonstrated in
a study conducted with the use of chlorhexidine (6).

In the present study, it was decided to use casein
inside the mouthguard, due to its many useful
properties, as confirmed by the widespread use in
dental practice (7, 8).

The purpose of this study was to monitor the
possible ecological changes of the oral cavity by
the determination of salivary and bacterial clinical
markers at baseline, 3 months and 6 months
after treatment, where casein was applied in the
mouthguard, making use of salivary chair-side tests.

MATERIALS AND METHODS

Patient selection

Forty-eight young male athletes aged between
10 and 14 years, were selected. Twenty-four soccer
players, 12 rugby players and 12 athletes were referred
to the Department of Paediatric Dentistry, Department of
Medical, Oral and Biotechnological Sciences, University
“G. D’Annunzio” Chieti-Pescara in the period 2015-17.

Inclusion criteria were absence of any active caries
and mouthguard requirement. Exclusion criteria were
periodontitis, partial or total removable prosthesis, poor
medical conditions (diabetes, asthma), use of systemic
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antibiotics or local antimicrobials during the 3 months
preceding the sport treatment placement and patients
under medication that could affect the saliva flow rate.

The selected subjects participated voluntarily in the
study. Patients and their parents were first given oral and
written information on the study’s purpose. Informed
consent was given by signing a protocol. (Privacy Law
DL 196/2003). In this study, the approval from the Ethics
Committee is not reported, as it is not required for works
that are based on research protocol on medical devices
already used in the clinical protocols approved by the
Department.

Clinical monitoring

The study was divided into three periods of screening:
baseline, before the application of the mouthguard-
baseline (TO0); after three months of casein application
on mouthguard during training (T1) and after six months
of application (T2). The mouthguard used was custom
made with EVA and multilayered. The product used was
GC Tooth Mousse (GC Dental Co. Ltd. Suzhou, China).
Training was carried out for the selected subjects for the
application of casein according to the guidelines of the
manufacturer, i.e., cleaning their teeth before applying
and distributing the casein, both on the teeth and the
mouthguard. Patients avoided eating and drinking and
brushing the teeth at least 2 h prior to taking the samples
at all stages.

During the first visit the cleaning procedure of the
sport mouthguard was explained to each patient, i.e.,
washing for 5 min with hydrogen peroxide, and storing in
perforated containers after blotting the mouthguard with a
napkin to eliminate liquid residues.

A dental examination was performed at TO and the
data obtained were later collected in the appropriate
Medical Records along with personal data and complete
medical history. In addition, an examination of intraoral
mucosal was performed to assess the presence/absence of
bad habits and/or parafunctional habits and to evaluate the
level of oral hygiene of the individual patients. Information
(according to WHO criteria) was later collected for
indices in regards to eating habits and decayed missing
filled teeth (DMF-T) to assess prevalence of caries,
plaque (Plaque Index) and gingival bleeding (Bleeding
Index) to evaluate the oral hygiene and periodontal status.
Patients avoided eating or drinking and stopped tooth
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brushing at least 2 hours before taking the samples at all
stages. All procedures were carried out by a calibrated
researcher, and commercial kits were used according to
the manufacturer’s instructions.

Prior to treatment, extra and intraoral photos of the
athletes followed by dental impressions were taken to
create the gypsum study models.

At all three observation times, the “Saliva-Check
Buffer GC” and “Saliva-Check Mutans GC” salivary
tests were performed on each athlete in order to obtain the
following information: visual inspection of the hydration
level (test 1); consistency of saliva (test 2); salivary pH
(not stimulated; test 3); amount of saliva (stimulated; test
4); salivary pH (stimulated; test 5); saliva check mutans
(GG; test 6); GC plaque indicator kit (test 7).

Test 1 was used to visually evaluate the secretion of
the labial gland on the lower lip.

Test 2 was used to visually assess the consistency of
basal saliva in the oral cavity. If the saliva was dense and
foamy the viscosity was considered increased, if the saliva
was watery and transparent then viscosity was considered
normal.

In Test 3, the patients were asked to deposit their saliva
in a container. A pH test strip was then inserted into the
collected saliva sample for 10 seconds. Then the colour
of the strip was verified and statically compared with the
reference graph included in the package: - red: very acidic
(pH 5.0 to 5.8); yellow: moderately acidic (pH 6.0 to 6.6);
- green: normal (pH 6.8 to 7.8).

For Test 4 the patient chewed a paraffin gum (included
in the kit) to stimulate salivary flow. After 5 min, the
amount of saliva was measured with the notches on the
side of the pan: - <3.5 ml: very little; between 5.0 and 3.5
ml: little; - > 5.0 ml: normal

Test 5 was carried out by placing a buffer strip on an
absorbent tissue with the test side facing upwards. Using
a pipette, a sufficient amount of saliva was sucked out of
the collection pan and a drop was deposited on each of the
three test blocks. After 2 min it was possible to calculate
the final result by evaluating the colour toning of the strips
and summing up the points based on the colour of each
block: green: 4 points; green/blue: 3 points; blue: 2 points;
red/blue: 1 point; red: 0 points. By evaluating the total sum
of the three scores, saliva buffer capacity was evaluated:
0 - 5: very low; 6 - 9: low; 10 - 12: normal/high.

The Saliva-Check Mutans GC test was used for rapid
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detection of the concentration of Streptococcus mutans in
the saliva and the evaluation of the patient’s susceptibility
to caries. To perform this test, the patients were asked not
to eat or drink or clean their teeth with toothpaste and a
mouthwash within 2 hours prior to the test. Each patient
then chewed the paraffin gum contained in the pack for 1
min to stimulate saliva secretion. After this time, the saliva
sample was collected in the mixing container, and the
analysis was carried out as indicated by the instructions
provided, waiting 15 min before checking the results. The
result was positive if a thin red line appeared in the test
window.

The GC plaque indicator kit test was performed by
collecting a sample of plaque and reacting it with the
solution included in the kit, or with the plaque indicator
solution. The reaction was fermented for 5 min and the
colour chromaticity was compared: Green: pH =7; Yellow:
pH = 6.5; Orange: pH = 6.0; Red: pH = 5.5. From red to
yellow, the acidity of dental plaque decreases, therefore
a yellow sample indicates plaque in which there is an
equilibrium of microorganisms and less susceptibility to
the onset of dental caries. To the contrary, a red sample
demonstrates a major risk of dental caries due to the low
level of salivary ph.

Statistical analysis

For statistical analysis, the Matched-Pairs Signed-
Wilcoxon-rank test was used. Data are shown as Mean
values+Standard Deviation (SD), and for all analyses a
P-value of less than 0.05 was considered significant.

RESULTS

From the information obtained, none of the
children suffered from food or drug allergies.
Data from eating habits showed that most of the
subjects regularly took carbohydrates in their diet
(pasta, breads, sweets, candies, etc.), although not
excessively. In addition, none of the patients had
abnormalities, erosions or recessions. Twelve (25%)
of the sample had widespread discoloration and 25%
showed oral breathing (data not shown).

One patient stopped wearing the mouthguard for
more than a month at T2 control and was excluded
from the study.

As shown in Table I, concerning clinical indices,
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Table 1. Clinical indices of sample.

TO T1 T2
DMFT 0.03+0.01
Plaque Index o o o
(Y/N) 100% 100% | 100%
BOP + 0% 0% | 0%

T0 = before mouthguard use; Tl = mouthguard plus
casein after 3 months; T2 = mouthguard plus casein after
6 months

the young athletes demonstrated the following
values: DMFT was 0.03+0.01; PL was positive in
100% of the subjects examined in TO, T1 and T2;
BI was negative at all the time-points examined. The
results of saliva and bacteria analyses are shown in
Table I1.

Within the three observation times, there was
no significant variation in basal hydration level and
salivary flow. The saliva consistency at TO was normal
in 50% of cases and increased in the remaining 50%.

Table I1. Data from salivary test.
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It appeared to be normal and constant in T1 and T2.

The pH value was increased significantly at T1
(7.6+0.08) to remain constant at T2. The amount of
salivaproduced under stimulation varied significantly
and gradually from TO to T1 and T2 (therefore, after
application of casein), with a statistically significant
difference between observation times. The buffering
capacity increased at T1 and T2. This value was
statistically significant.

The plaque detector test emphasized that a plaque
with pH 6.0+£0.5 (orange/red in Plaque Indicator)
prevailed at TO; 6.25+0.75 (green) at T1, while at T2 it
had a pH equal to 6 (orange), therefore casein had not
varied the plaque pH in a statistically significant way.

The tests for the detection of S. mutans resulted
constant in all subjects at the various observation
time-points.

DISCUSSION

Mouthguards represent the best solution to
protect teeth in traumatic accidents. A good oral
hygiene is essential for the patient and for the good
preservation of the mouthguard, as demonstrated by
D’Ercole and Tripodi (1).

The application of casein within the custom-
made mouthguard in EVA material influences the

TO T1 T2
Basal flow Normal Normal Normal
. 50%Normal
Consistency 50% Increased Normal Normal
Basal pH 7.42+0.27 7.6+0.08* 7.6£0.2%
mL of stimulated saliva 4.64+0.62 7.542.12§ 10£0.2§**
29% normal . .
. . 75% high 75% high
0
Buffer capacity 57? high 25% low 25% low
14% low
Plaque Indicator 75% orange/red 50% green 75% orange
S mutan 67%positive 67%positive 67%positive
- fuans 33%negative 33%negative 33%negative

T0 = before mouthguard use; T1 = mouthguard plus casein after 3 months,; T2 = mouthguard plus casein after 6 months

*NS, p>0.05; § S, p<0.05 vs T0; ** S, p<0.05 vs T
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increase of pH values, the amount of stimulated
saliva and the buffering capacity of the athlete,
improving the state of oral health that was negatively
affected by the use of simple mouthguards.
These actions are enhanced by the use of casein
due to a part of the casein protein called casein
phosphopeptide (or CPP), to which calcium and
phosphate ions are “tied” in the form of amorphous
calcium phosphate (or ACP). CPP-ACFP is
superior to fluoride varnish for remineralizing
smooth-surface white spot lesions (9). The increase
of salivary flow, buffering capacity and pH, due to
the use of casein is referred by Hegde and Thakkar
(10), through the use of casein-chewing gums.

Contrary to what was expected by the Authors
and already demonstrated by several studies (7, 11,
12), in this work, the casein used did not show any
efficacy on S. mutans. The results of the bacteria
tests carried out in this study can be justified in that
the test in question presented low sensitivity and low
quantitative discrimination.

Several further preventive strategies for the
changes that occur in the oral cavity of athletes
should be implemented, even if this field is in
continuous development.

The application of casein as an oral protector
represents a new strategy to fight ecological
variations in athletes’ mouths, helping the salivary
buffering capacity and increasing the salivary pH,
avoiding all negative effects on oral health and sport
performance. The present study demonstrates for the
first time in literature that casein can be useful as a
preventive means in the use of sport mouthguards.

Further studies will be carried out to confirm the
positive effects of casein application in mouthguards.
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Allergic rhinitis (AR) is characterized by mucosal inflammation, therefore anti-inflammatory drugs
are indicated for its treatment, mainly concerning intranasal administration. Mometasone furoate nasal
spray (MFNS) has been on the market under the brand Nasonex® for 20 years and has high effectiveness
and an excellent safety profile. From a clinical point of view, an ideal topical medication should respect
a series of requirements, including handy device, good sensory characteristics, aptitude to the reach
posterior nasal cavity, long residence time, and optimal pharmacokinetic and pharmacodynamic

activities. MFNS fully satisfies these claims, as underlined by 20 years of worldwide prescriptions.

To the Editor,

Allergic rhinitis (AR) is the most frequent
immune-mediated disorder (1) and is characterized
by a mucosal inflammation closely dependent on
allergen exposure (2). Allergic inflammation sustains
symptom occurrence, including nasal itching,
sneezing, watery rhinorrea, and congestion. The
last mirrors the level of allergic inflammation and
negatively correlates with quality of life (3).

AR treatment needs an active medication that
should be able to efficaciously improve symptoms,
including sleep quality, fatigue, mood, and also
sexuality (4). Inflammation control is the goal of
AR therapy, thus, intranasal corticosteroids (INCs)
are the most effective available medication. INCs
are indicated both for seasonal and perennial AR.
Mometasone fluroate nasal spray (MFNS) is a
topical corticosteroid widely used for the past 20
years. Many studies have been conducted regarding
this molecule. It has to be noted that all studies were
carried out considering the Merck Sharp & Dohme

(MSD) device (branded as Nasonex®). This device
was realized thanks to an innovative and peculiar
technology as will be discussed in the present
paper. In particular, some characteristics should
be considered necessary requirements: handiness,
convenience, easy to use, quick effectiveness,
and safety. In addition, effectiveness depends on
physical, chemical, and pharmacological properties,
as further discussed. The current manuscript aims to
review the most recent publications concerning the
relevant characteristics of this device.

Easy to use

Adherence to treatment is a fundamental requisite
for any successful cure. This concept is particular
compelling for INCs as they need regular and
constant administration to be efficacious. Therefore,
it is necessary for the patient to accept the proposed
therapy and be satisfied. Recently, it was reported
that product sensitivity, easy to use, and comfort
are qualities appreciated by the patient (6, 7). In
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particular, the patient’s preference closely relates
with treatment compliance, so the choice of an
INC should depend on patient acceptability. In this
regard, a survey was conducted on 1,544 subjects
(506 children and 355 elderly patients); the 11
questions asked were: do you find MFNS easy to
use? Do you find MFNS easy to store? Would you
say MFNS is easy to keep clean/maintain? Would
you say MFNS is easy to pump/press? Do you find
the mist from MFNS easy to administer? Do you feel
that MFNS fits comfortably in the hand? Do you find
MEFENS comfortable to hold while administering a
dose (or mist in the nose)? Would you say MFNS fits
well in the hand when administering a dose (or mist
in the nose)? Would you say the MFNS applicator
fits comfortably in the nostril? Would you say you
like using the MFNS pump bottle? Would you say
the nozzle is appropriately sized to administer the
medicine? (8). Ninety-eight percent of respondents
reported that MFNS is easy to use, and 96% said
that the applicator is easy to administer. Nearly all
elderly users and users with arthritis said that the
applicator fits comfortably in the nostril (96% and
97%, respectively) and is appropriately sized (97%
and 96%, respectively); 96% of paediatric users
agreed that the applicator fits comfortably. All users
said the applicator’s ease of use and comfortable
fit were its most important attributes. The authors
thereby concluded that the perceived ease of use
of MFNS may help providers to appropriately treat
patients with AR and may improve patient adherence
to INS use (8).

Thixotropy

Thyxotropy is a rheological property that defines
the capability of fluids to change their physical
characteristics in terms of plasticity and viscosity:
for example, a fluid may move from gel to liquid
state. This property is very important for nasal spray
devices as it allows an optimal distribution into the
nasal cavity. Actually, when an aqueous suspension is
shaken before being sprayed, it reduces its viscosity
which successively returns viscous, so guaranteeing
an optimal distribution and permanence into the
nose. In this regard, it has been reported that the
thixotropy of MFNS was 3.4 to 21.4 times greater
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and the final viscosity was 3.2 to 17.4 times greater
than the values of other tested INC products (9).
This outcome confirmed that MFNS has an optimal
distribution capability during use.

Viscosity

Viscosity means the fluid resistance to flow. For
a nasal device, viscosity is important as it allows an
optimal deposition of the compound. Some studies
investigated the viscosity of MFNS. As previously
reported, MFNS exhibited the highest initial and final
viscosity and highest thixotropy in three different
sample preparation protocols, including one that
considered the patient use. High final viscosity and
thixotropy may support good retention in the nasal
cavity. The nasal residence time is a relevant issue as
it allows an adequate permanence of the compound
in the nose so maximal efficacy may be achieved as
reported (10).

Lipophilicity

Lipophilicity means the solubility in an apolar
solvent, such as ether or chloroform, in water.
This characteristic is important for an INC as it
increases the nasal residence time. It may be affected
by slowing the dissolution time, modifying the
original corticosteroid molecule, such as increasing
lipophilicity (11). A lipophilic INC persists longer in
the nose than a hydrophilic INC.

Intranasal deposition

The rate of mucociliar clearance depends on the
specific anatomic nasal area. In this regard, the most
important nasal area is the posterior nasal cavity as
it is associated with different disorders, including
rhinosinusitis, otitis, adenoiditis, allergic rhinitis,
and nasal polyps. A scintigraphic study on humans
showed that MFNS delivered 86% of the metered
dose to the nasal cavity, and approximately 60% of the
metered dose to the posterior nasal cavity (12). After
15 minutes, mucociliary clearance removed 59% of
the initial radiolabel in the nasal cavity, consistent
with clearance rates from the ciliated posterior
surface. MFNS deposited significant drug into the
posterior nasal cavity. Both nasal cast validation
and mucociliary clearance confirmed that the
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radiolabel deposition distribution method accurately
represented corticosteroid nasal deposition.

Preservatives

Currently, available INCs contain necessary
additives and preservatives that prevent bacterial
growth, absorb extra water, and maintain appropriate
moisture levels. Benzalkonium chloride (BKC) is a
cationic surfactant commonly used as a preservative
in nasal solutions. BKC is an irritant, and a recent
review showed a number of studies have reported
adverse effects that involve the nasal mucosa as a
result of contact with BKC (12). Usually, BKC
diminished the mucociliary clearance. At present,
MEFENS contains BKC. However, this fact might be
useful as it prolongs the nasal residence time.

Sensory attributes

Because the efficacies of INCs are largely
comparable, sensory attributes are an important
factor in patient preference and adherence to INC
treatment. According to a recent survey, the most
important sensory attribute to patients treated with
INCsisaftertaste (13). Patients also ranked taste, nose
runout, throat rundown, smell, and feel of the spray
as important in deciding on INC treatment choice.
The higher the intensity of an unfavorable sensory
attribute, the less preference a patient will have for
that INC. Different aspects of the formulation confer
potentially unpalatable attributes to an INC. Most
patients (80%) reported an increased likelihood
of compliance if treated with their preferred INC.
Increased preference and likelihood of compliance
with unscented MFSN were also reported vs
fluticasone propionate in patients with symptomatic
AR (14). These data support the development of
tasteless and odorless INCs (15).

Tonicity

Tonicity refers to the effective osmolarity of
a solution and, therefore, reflects the difference
between the osmolarity of a cell or tissue and the
solution/suspension. An isotonic (or physiologic)
solution has an equivalent osmolarity to the cell
or tissue to which it is exposed. Solutions that are
more dilute than the physiologic cell or tissue are
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hypotonic; solutions that are more concentrated are
hypertonic. Tonicity is an important consideration
for drug formulation and can affect its uptake,
retention, and consequent efficacy and safety.
Tonicity can even affect the disposition of inhaled
medication. Isotonicity, such as the physiological
tonicity, is preferred for topical medication. MFSN
has isotonicity, so there is no interference in drug
delivery.

Spray volume

The ideal INC would have a balance between an
adequate spray volume to achieve optimum nasal
distribution and minimal throat rundown and nose
runout. The ideal volume is 100 A: one puff of MFNS
releases 100 A of the corticosteroid compound.

CONCLUSION

An ideal medication for the topical anti-
inflammatory treatment of AR (and also nasal
polyps) should have high effectiveness and excellent
safety profile. In addition, a series of requirements
should be respected, including a handy device,
good sensory characteristics, aptitude to reach the
posterior nasal cavity, long residence time, and
optimal pharmacokinetic and pharmacodynamic
activities. MFNS fully satisfies these claims, as also
underlined by 20 years of prescriptions.
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