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Th17 cells are a new T-cell subtype characterized by the capability of producing IL-17. They are 
reported to be involved in a wide range of cutaneous immune-mediated conditions and, particularly 
in this review, we sought to elucidate the Th17 role in the pathogenesis of some common inflammatory 
diseases including psoriasis, allergic contact dermatitis and atopic dermatitis.
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Th17: a novel T helper cell subpopulation
The adaptive immune response was originally 

thought to be regulated by two types of helper T 
cells, Th1 and Th2, which express different kinds of 
cytokines. The Th1 cell subtype is responsible for 
cell-mediated effects and for T-cytotoxic lymphocyte 
activation, while Th2 cell subtype is key-mediator 
for humoral immunity (1).

However, the paradigm Th1/Th2 has been 
recently challenged with the discovery of Th17 cells, 
a novel T helper cell subpopulation. Th17 cells were 
first characterized in 2005 as a distinct T cell lineage 
that differed from Th1 and Th2 cells in function and 
pathological role (2).

The main cytokine distinguishing Th17 from the 
other T helper cell subpopulations is IL-17A, also 
known as IL-17. This proinflammatory cytokine 
was initially described as CTLA-8, a rodent T cell-
derived cDNA transcript, similar to a viral homolog 
of IL-17A encoded in the T cell–tropic gamma herpes 
virus, Herpesvirussaimiri (3). In addition to IL-17A, 

Th17 cells also produce other cytokines including 
IL-17F, IL-22, and to a lesser extent, TNF-α and 
IFN-γ.

The differentiation, proliferation, and survival 
of Th17 are dependent on IL-6, TGF-β, IL-1β, IL-
23 and IL-21 (4, 5). In particular, IL-23 is crucial 
for Th17 maintenance, and to drive expansion and 
pathogenicity at later stages of Th17 development 
(6). Structurally, IL-23 is similar to IL-12 because 
they share a common p40 subunit that is covalently 
linked either to a p35 or p19 subunit to form IL-12 or 
IL-23, respectively. Activated myeloid dendritic cells 
secrete IL-23, driving T cell differentiation towards 
Th17 subset, and also release IL-12, inducing Th1 
differentiation (7). The differentiation of naïve T 
cells into Th17 cells is also influenced by cytokines 
produced by the other T helper lineages, Th1, Th2 
(2). 

We review the pathogenesis of some common 
inflammatory cutaneous diseases with an emphasis 
on the pathogenesis function of Th17 from data 
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epidermal hyperplasia, neoangiogenesis and dense 
dermal and epidermal immune cell infiltrate. 
Emerging insights into its pathogenesis suggest 
that psoriasis, previously considered a pure Th1–
driven disease, is likely mediated by Th17 and 
Th1 with a more relevant role played by Th17 cell 
subpopulation. This new concept is supported by 
genetic, clinical and experimental evidence.

Some of the Th17 pathway-related genes, 
including IL-23R, IL-12/IL-23 p40 subunit, IL-
23p19 subunit, have been identified as psoriasis 
susceptibility genes. Moreover, in psoriatic lesional 
skin, CD8+ and CD4+ T cell mostly express IL-17, 
which is highly upregulated in lesional psoriatic 
skin similar to IL-23, IL-22 and IL-21 (11-14). 
Additionally, serum expression levels of IL-22 and 
IL-17 correlate with psoriasis severity (15, 16).

Th17-related cytokines contribute to psoriatic 
plaque phenotype by inducing epidermal hyperplasia, 
recruiting memory T cells and neutrophils, and 
stimulating keratinocyte production of AMPs, 
proinflammatory chemokines and cytokines. IL-17, 
in synergy with TNFα, mediates key inflammatory 
circuits in psoriasis and induces in vitro expression 
of CCL20, S100A7 (psoriasin), IL-8, defensin 
beta 4 (DEFB4), IL-23A, IL-19, IL-6. These genes 
represent some of the highest upregulated gene 
transcripts in lesional psoriatic skin (17).

The relevance of IL-23/Th17 axis is underscored 
by the hyper-expression of IL-23, but not IL-12, in 
lesional psoriatic skin, mirroring the discrepancy 
between IL-23 and IL-12 levels observed in mice 
psoriatic skin (14-18). Indeed, murine models 
injected with IL-23, but not with IL-12, developed 
psoriasiform lesions showing epidermal acanthosis, 
neutrophil recruitment, dermal infiltration of CD4+ 
and CD8+ T cells that produced IL-17 and IL-22 
(18). Therefore, the neutralization of IL-23 alone 
may represent the optimal treatment for psoriasis. 

Therapeutic approaches suppressing the Th17 
pathway were highly effective in resolving psoriasis, 
demonstrating the key-role played by the IL-23/
Th17 axis (19). The use of neutralizing monoclonal 
antibodies against IL-23, IL-22 and IL-17 to treat 
psoriasis is currently undergoing Phase I, Phase II 
and Phase III clinical trials. 

New emerging drugs targeting IL-17 or its 
receptor have recently tested in clinical studies for 

recently published in the literature.

Allergic contact dermatitis
Allergic contact dermatitis (ACD) is caused 

by repeated exposure to a hapten or allergen 
that provokes a T-cell-mediated, delayed-type 
hypersensitivity reaction. Clinical manifestations 
vary from erythema and intense pruritus in the acute 
Phase, to lichenification, chronically. Microscopic 
examination is nonspecific but shows spongiotic 
vesciculation, dermal inflammatory monocyte 
infiltrate and, hyperkeratosis in the chronic Phase. 
New understanding of ACD reveals a potential 
shared role among Th1 and Th17 cells and CD8+ T 
cells. Th1 and Th17 cytokines such as IFNγ, TNFα, 
IL-17 were shown to mediate the inflammation seen 
in this condition.

Experiments by Albanesi et al. demonstrated 
that contact sensitized, nickel-specific CD4+ T-cell 
clones are able to secrete IL-17 and they also found 
elevated levels of IL-17 messenger RNA (mRNA) in 
the skin where nickel patch testing was performed 
(8).

Models of nickel-induced ACD strongly suggest 
that IL-17 is capable of regulating the inflammatory 
cascade underlying this disorder. Exposure of 
IL-17-deficient and wild-type mice to [1-fluoro-
2,4-dinitrobenzene (DNFB) or tri-nitro-chloro-
benzene(TNCB)] hapten induced typical contact 
hypersensitivity reaction in healthy controls, but 
not inIL-17-knockout mice, which exhibited an 
impressive reduction in epidermal spongiosis and 
inflammatory cell infiltration. When T cells isolated 
from this IL-17-deficient mice model were transferred 
to naïve recipients, they induced remarkably weaker 
ACD reactions as compared to the cutaneous 
manifestations caused by sensitized T cells of wild-
type mice (9). A CD4+ T cell-deprived murine model 
presenting an ACD reaction exclusively boosted by 
CD8+ T cells, demonstrated that the crucial role 
played by CD8+ T cells was mediated by IL-17, not 
by IFNγ (10).

Overall, these studies strongly underscore the 
importance of Th17 cells in ACD pathogenesis.

Psoriasis
Psoriasis is a common, chronic, inflammatory 

cutaneous disorder characterized by marked 
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the treatment of psoriasis and psoriatic arthritis. 
Overall, one humanized antibody blocking the IL-17 
receptor and three humanized antibodies neutralizing 
IL-17 have been designed.

Brodalumab (AMG827), an anti-IL-17-receptor 
monoclonal antibody, has been proven safe and 
effective in the treatment of moderate-to-severe 
plaque psoriasis in a Phase II, randomized, double-
blind, placebo-controlled, dose-ranging study 
(20). This study, including 198 patients, showed 
a satisfactory safety profile and good clinical 
efficacy across the 5 groups of patients treated with 
Brodalumab at different concentrations (70 mg, 140 
mg, 210 mg, or 280 mg). After 12 weeks of treatment, 
an improvement of at least 75% in the Psoriasis 
Area and Severity Index (PASI) was observed in 
77% and 82% of the patients in the 140-mg and 
210-mg Brodalumab groups, respectively (20). The
most common adverse events were nasopharyngitis
(8%), upper respiratory tract infection (8%), and
injection-site erythema (6%). Three serious adverse
events were reported: 2 cases of grade 3 neutropenia
in the 210-mg brodalumab group and renal colic in
one patient in the 70-mg brodalumab group (20).
Phase III studies are currently underway but clinical
outcomes have not been yet published.

A Phase II, randomized, double-blind, placebo-
controlled dose-ranging trial tested safety and 
efficacy of Ixekizumab (LY2439821), a humanized 
anti–interleukin-17 monoclonal antibody, in 142 
patients with chronic moderate-to-severe plaque 
psoriasis. Study population was divided into 4 
groups, each treated with Ixekizumab at different 
concentrations (10, 25, 75, or 150 mg) and a placebo 
group (21). 

At 12 weeks, 82.1% and 82.8% of patients 
treated with 150 mg and 75 mg, respectively, 
showed a reduction in the PASI score by at least 
75% without reporting any serious adverse event or 
major cardiovascular accident (21). Among the drug-
groups: nasopharyngitis (11%), upper respiratory 
tract infection (10%), and injection-site erythema 
(7%) were the most common adverse events. After 
the successful completion of Phase I and Phase II 
studies, Ixekizumab is currently under evaluation 
at the dosage of 80 mg in a Phase III trial for the 
treatment of psoriasis. 

Unlike Brodalumab and Ixekizumab, which are 

both administered subcutaneously, Secukinumab 
(AIN648), a fully human monoclonal anti-
IL-17 antibody, may be injected subcutaneously 
or intravenously. A proof-of-concept, placebo-
controlled study including 36 patients affected by 
psoriasis has been recently published. After a single 
intravenous administration of Secukinumab at the 
dosage of 3 mg Kg-1, patients showed a satisfactory 
clinical improvement that was maintained throughout 
12 weeks of follow-up, although one serious adverse 
event (worsening of preexisting congestive cardiac 
disease) occurred in the drug group (22).

Further Phase II trials with a larger number of 
patients have been performed: one of these showed 
81% of patients, receiving 150 mg Secukinumab 
subcutaneously once a month, experienced at least 
a 75% improvement of PASI after 12 weeks of 
treatment (23). In another study, 83% of patients 
showed an improvement of PASI ≥75% if treated 
with an intravenous injection of Secukinumab (24). 
Secukinumab is currently being tested in Phase III 
studies. 

A newer therapeutic agent neutralizing IL-17 is 
represented by a humanized monoclonal antibody, 
RG4934, has been investigated in terms of safety 
and efficacy for the treatment of psoriatic arthritis 
through Phase I clinical trials but data have not yet 
been published.

Atopic dermatitis
Atopic Dermatitis (AD) is a chronic cutaneous 

disorder characterized by immune dysregulation 
and altered skin barrier function. It represents the 
cutaneous manifestation of a broad spectrum of 
diseases including asthma, food allergy, allergic 
rhinitis and conjunctivitis, belonging to the so-called 
“atopic march”. Some studies distinguish an acute 
Phase (clinically characterized by erythematous 
papules, intense itching, excoriation, serous 
exudation) as associated with Th2/T22 immune 
polarization and marked eosinophilia, from a chronic 
stage characterized by lichenification that likely 
involves the Th1 cell subtype.

The pathogenic mechanism of AD is two-
pronged: (i) impaired skin barrier, resulting in an 
increased susceptibility to bacterial infections and 
permeability to allergens, and (ii) a pathologic Th2/
T22 immune response (25). High expression levels 
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cells in lesional AD skin compared to psoriatic skin. 
Interestingly, lesional AD skin also lacked a peculiar 
dendritic cell subpopulation that specifically drives 
Th17 differentiation (37). The dominating Th2 
microenvironment and the relatively deficient Th17/
IL-23 axis activation may potentially account for the 
poor IL-17-related AMPs production in chronic AD, 
resulting in the reduced innate immune defense and 
the increased propensity to skin infections observed 
in this disease (38). Moreover, in AD lesional skin, 
the expression of CCR6, and its ligand, CCL20, are 
reduced in T cell clones isolated from the skin of AD 
patients as compared to those from psoriatic patients 
(39, 40).

While a marked hyperexpression of Th17 pathway 
genes occurs in psoriasis, Th17 expression levels are 
likely modest in AD. Since Th17 cells represent a 
skin resident T cell population that bridges the innate 
and adaptive immunity arms, its presence in lesional 
AD skin may be an epiphenomenon of a persistent 
inflammatory state. Further studies will be necessary 
in order to clarify Th17 role in the pathogenesis of 
atopic dermatitis.

CONCLUSION

Emerging evidence indicates the importance of 
the Th17 cell subset in the human immune system, 
and thus challenging the previously held Th1/Th2 
paradigm. Th17 cells are known to be involved 
in the protective response against fungus and 
bacteria infections and now studies suggest they 
may also be master regulators of a broad spectrum 
of inflammatory skin disorders and autoimmune 
diseases.

Currently, Th17 have demonstrated a clear, 
pivotal role in certain dermatoses such as psoriasis 
and CAD, however, further investigations are needed 
to clarify their role in other disorders. 

Elucidating the pathogenic relevance of Th17 
in diseases such as AD will contribute to the 
development of therapeutics targeting this pathway. 
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Mast cells are granulated hematopoietic cells derived from stem cells that reside in nearly all tissues 
and are involved in protection of a host from bacterial infection with a protective and pathogenic activity. 
Mast cells are important for both innate and adaptive immunity in tissues which are in close contact 
with the environment. These cells express proinflammatory cytokines such as IL-1, IL-6, IL-8 and 
tumor necrosis factor which are necessary for innate immunity. Mast cells also produce interleukin-9 
and enhance mast cell expression of several cytokines including IL-1beta, IL-5, IL-6, IL-9 and IL-13. In 
addition, IL-9 can induce mast cell production of TGF-beta which can have proinflammatory downstream 
effects. IL-9 can function as either a positive or a negative regulator of immune responses and can have 
a detrimental role in allergy and autoimmunity. Furthermore, IL-9 contributes to disease by promoting 
mast cell expansion and production of IL-13 which in turn contributes to airway hyperresponsiveness. 
Here, in this editorial we review the interrelationship between IL-9 and mast cells.

Mast cells were first described in 1879, but their 
origin remained controversial for almost a century. 
At least two easily identifiable types of human mast 
cells have been reported: connective tissue mast cells 
that contain tryptase and chymase (TC mast cells), 
and mucosal mast cells that contain only tryptase (T 
mast cells) (1-3). These two cell types differ in the 

number and type of secretory granules they contain, 
as well as their responsiveness to stimuli (4-9). 
For instance, TC mast cells contain more heparin, 
whereas T mast cells contain more chondroitin 
sulphate; in addition, TC mast cells respond to 
neuropeptides, whereas T mast cells do not (10-
14). Mast cells express primarily pro-inflammatory 
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murine stroke model and on epithelial cells during 
intestinal inflammation (51-54). Following antigen-
specific crosslinking of surface IgE molecules on 
mast cells, IL-9 can enhance mast cell expression of 
several cytokines, including IL-1β, IL-5, IL-6, IL-9, 
IL-10 and IL-13 (55-59). Of these cytokines, IL-5 
and IL-13 are of particular interest, as the previously 
described direct effects of IL-9 in promoting 
eosinophilia and mucus production in the lung and 
the gut instead seem to be indirect effects mediated 
through the induction of these cytokines by IL-9 (60-
63).

IL-9 can function as both a positive and negative 
regulator of immune responses (Table I). In general, 
it seems that IL-9 has detrimental roles during 
allergy and autoimmunity (64-67). However, during 
parasitic infections, IL-9 can help to clear the 
pathogen, and during skin transplantation, IL-9 can 
promote the maintenance of a tolerant environment 
(68-69). During some allergic responses in the lung, 
which are traditionally thought of as being TH2 cell-
mediated, IL-9 contributes to disease by promoting 
mast cell expansion and production of IL-13, which 
in turn promotes the release of mucus that contributes 
to airway hyperresponsiveness (70-72). The initial 
influx of mast cells in this model is likely to be 
driven by IL-9 that is derived from NKT cells (73-
75). In addition, TH9 cells also seem to contribute to 
disease in this model, as mice with PU.1-deficient 
T cells and a global IL-25 deficiency are protected 
from allergic airway inflammation (76-78).

cytokines such as IL-1, IL-6, IL-8 and tumor 
necrosis factor-α (TNF-α), which are necessary for 
innate immunity (15-18). Both the expression and 
the synthesis of these cytokines, however, depend 
on: 1) the state of maturation of the mast cells; 2) 
the location of mast cells within compartments of 
the same or different tissues (19); and 3) the type of 
cytokine(s) present during mast cell activation (20-
23). However, mast cells can also produce cytokines 
that are released from T helper 2 (Th2) cells (so-
called Th2 cytokines), such as IL-4 and IL-13, which 
are present in increased levels in several diseases 
(24-28). Th9 phenotype cells develop in vitro in the 
presence of IL-4 and TGF-β and secrete high levels 
of IL-9 as well as IL-10, CCL17 and CCL22 (29-34).

Mast cells have also been reported to produce 
IL-9 (35-40). One of the main targets of IL-9 is the 
mast cell and, as mentioned earlier, initial studies 
described a role for IL-9 in promoting the expansion 
of mast cell populations (41-44). Subsequent research 
on mice that were deficient for both IL-9 and IL-9Rα 
showed that IL-9 is not required for the generation 
of mast cell precursors, as the basal numbers of mast 
cells in these mice were normal. However, mice that 
were deficient for IL-9 or IL-9Rα showed defective 
expansion and recruitment of mast cell populations 
in response to intestinal nematode infection or 
following the induction of experimental autoimmune 
encephalomyelitis (EAE) (45-50). IL-9 can induce 
mast cell production of TGFβ, which can have pro-
inflammatory downstream effects on neurons in a 

Table I. Biological effects of IL-9 on multiple cell types.

- Growth factor (T cells)
- IgE production (B cells)
- Enhances Treg function
- Promotes Th17 differentiation
- Mast cell growth and survival
- Induces expression of Fc RI alpha
- Increases expression of IL-6, mast cell proteases
- Involved in cell metaplasia
- Enhances chemokine production in several cell types
- Supports erythroid colony formation
- Promotes maturation of hematopoietic stem/hematopoietic progenitors
- Activates production of IL-8, IL-13, and eotaxin
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Interleukin-9 (IL-9) has attracted renewed 
interest owing to the identification of its expression 
by multiple T helper (T(H)) cell subsets, including 
T(H)2 cells, T(H)9 cells, T(H)17 cells and regulatory 
T (T(Reg)) cells.

Interleukin-9 (IL-9) activates a heterodimeric 
receptor that consists of the IL-9 receptor α-chain 
(IL-9Rα) and the γ-chain and promotes the cross-
phosphorylation of Janus kinase 1 (JAK1) and JAK3. 
This leads to the activation of signal transducer and 
activator of transcription 1 (STAT1), STAT3 and 
STAT5 and the upregulation of IL-9-inducible gene 
transcription (79). IL-9 was first linked to T helper 
2 (TH2) cells, which express IL-4, IL-5 and IL-13 
during parasitic infections and provides a protective 
role in immunity to intestinal parasites (68). This is  
good evidence that IL-9 plays a role in regulating 
immunity to infectious diseases. Production of IL-9 
occurs in an autocrine manner in response to IL-9-
induced signals and as a consequence of the cross-
linking of IgE molecules on the surface of mast 
cells. Histamine and IL-1β, can promote further IL-9 
production. As IL-9 is a growth factor for mast cells, 
it is thought that these pathways promote the survival 
and expansion of mast cells during an active immune 
response. Results from other reports demonstrated 
that IL-9 is involved in autoimmune inflammation.

The purpose of this editorial is to summarize the 
interrelationship between IL-9 and mast cells in the 
pathogenesis of inflammatory diseases. Cytokine 
receptor antagonists, combined with natural 
substances that inhibit mast cells, such as plant-
derived flavonoids (84, 85),  provide new therapeutic 
options for diseases where inflammatory mast cells 
are involved.
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As a matter of fact, the nervous system is 
extremely enriched with a huge array of complex 
lipids which are not fully known but among which 
polyunsaturated fatty acids (PUFAs) prevail (2). 
The docosahexaenoic acid [22:6(n-3)] (DHA) 
content of brain is much more elevated than the EPA 
content, and DHA is a major component of neuronal 
membrane phospholipids. Since the membrane 
phospholipid fatty acid composition is essential for 
the configuration and function of neurotransmitter 
receptors, DHA has been suggested to be the most 

While low levels of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) have a 
physiological effect on cellular functions including 
neuronal plasticity (1) when in excess, they bring 
about oxidation/nitrosylation of lipids, proteins, 
and nucleic acids finally ensuing in neuronal cell 
death. Thus, the delicate balance between pro- and 
antioxidant reactions is critical for maintaining normal 
neuronal function. In this regard, antioxidants have 
been proposed for treating the neurodegenerative 
disorders of normal aging.  
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development, a brain structure involved in several 
neuropsychiatric disorders (16). Thus, NSCs exist 
as radial glia or as matrix cells in the ventricular 
zone (VZ) of the neural tube and recent evidence has 
shown that NSCs continue to undergo neurogenesis 
in adult mammalian brain (17) including human 
brain (18).  

The aim of the present study is to test the 
activity of LD-1227 (containing high-purity caviar-
derived DNA, collagen elastin and protein extracts 
from sturgeon, LD-1227, Caviarlieri, all extracted 
and processed under strict quality-controlled 
procedures, Laboratoires Dom, Switzerland) to exert 
neuroprotective properties in an experimental setting 
while also being potential triggers of neurogenesis in 
a separate in vitro study.

MATERIALS AND METHODS

Sprague-Dawley rats weighing 120±7 gm were housed 
in laboratory and water was available ad-libitum. They 
were housed in separate cages in a 12-hour light/dark 
cycle. Rat weights were measured weekly throughout the 
study. Rats were randomly divided into four groups and 
fed regular rat chow pellets (control) while the remaining 
three received a diet enriched as below indicated. 

Stress protocol: Rats were kept in ventilated small 
tightly fit plastic box for 4 hours a day, where they were 
unable to move, for 30 days. Colonic/Rectal temperature 
were measured immediately before and after the stress and 
other hyperactivity signs such as prostration, salivation, 
etc., were also recorded. Gastric ulcerations or erosions 
were observed in all the animals to confirm the stress. 
Rats were subjected to immobilization stress and given:

A. regular chow food (n. 20)
B: a natural fish oil rich in DHA (10 mg, 7.7% EPA 

and 28.0% DHA) in their regular diet (n 20)
C: LD-1227 orally (10 mg) in their regular diet (n 20).
All the groups received drug treatment between 10.00 

a.m. and 12.00 noon. Treatment was continued up to 30
days and on the 31st day the rats were sacrificed. Healthy
animals, fed regular chow food served as unstressed-
control.

Tissue preparation
The animals were sacrificed by decapitation and blood 

was collected in a sterilized vial, the brain was quickly 
removed and placed in ice cold phosphate buffer saline 
(PBS). Tissue was maintained at 4°C throughout the 
preparation. Brain was rinsed in PBS (3 X 3 changes) 
to remove the blood. After cooling down for at least 5 

important n-3 fatty acid for brain function (3, 4). 
Indeed, DHA is the most abundant (n-3) fatty 
acid in the mammalian brain, and its levels in 
brain membrane lipids are altered by the type and 
amount of fatty acids in the diet increasing with 
development and decreasing with aging (5). Despite 
their abundance in the mammalian brain, de novo 
synthesis of PUFAs such as arachidonic acid (AA) 
and docosahexanoic acid (DHA) does not occur. 
Thus, the diet is the sole source of these fatty acids 
or their precursors and, fatty acid preparations with 
high DHA content have shown a favourable effect 
on brain function (6). The antioxidant (7) as well as 
anti-inflammatory properties (8) of PUFA have been 
documented. Interestingly, it has been suggested that 
PUFA is an important modulator for unfolded protein-
aggregation in relation to disease pathogenesis (9). 
Moreover, also marine collagen has antioxidant 
properties that have been used to prevent or tentatively 
repair the damage caused by environmental factors 
(10), as well as damage associated with the aging 
process although basic-science evidence is still 
limited. Very recently it has also been shown that 
PUFA increase cortisol transport in the blood-brain-
barrier models thanks to membrane fluidification and 
some effect on tight junction integrity (11). Indeed, 
imbalances in the level of circulating glucocorticoids 
during both development and adulthood have been 
shown to alter the physiology as well as main 
functional properties of the hippocampus related to 
learning and memory processes.  Under stress and 
exogenous administration, glucocorticoids induce 
several catabolic responses and damage to the 
hippocampus. Quite recently, using the C17.2 cell 
line as a model to study developmental neurotoxicity 
in vitro,  it was shown that glucocorticosteroids can 
increase cellular sensitivity to oxidative stress and 
also alter the phenotype of neural stem cells (NSCs) 
(12). NSCs are defined as undifferentiated cells that 
can both self-renew and generate the three major cell 
types that constitute the CNS, i.e. neurons, astrocytes 
and oligodendrocytes (13, 14) which are distinctly 
identifiable through specific molecular probes. The 
quiescent neural progenitors are regarded as being the 
multipotent stem cells residing on the hippocampus 
(15) and adult hippocampal neurogenesis represents
an important and, until recently, underestimated form
of neuroplasticity, specifically in the hippocampal
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used for quantification of plasma corticosterone using 
dexamethasone as an internal standard. Briefly, 500 μL 
of plasma containing a known quantity of dexamethasone 
was extracted with 5 mL of dichloromethane (DCM). The 
DCM extract was evaporated to dryness and dissolved 
in 100 μL of the mobile phase. Twenty microliters of the 
extract was injected into an HPLC system for quantification. 
The mobile phase consisted of methanol:water (70:30) at 
a flow rate of 1.2mL/min and corticosterone was detected 
at 250 nm using a UV detector. A gradient HPLC with a 
LC-10AT pump, UV detector and RP-C18 column (250 
mm x 4.6 mm ID; Gemini 5 μm 110A) was used.

In vitro neurogenesis: effect of LD-1227
In a separate set of experiment DHA or LD-1227 were 

mixed with PBS (25% w/v) and shaken slowly ovemight 
at 4°C. The mixture was centrifuged at 12,000 r g for 10 
min at 4°C, and the supernatant was further diluted with 
culture medium and used in the experiments. 

Primary cultures. NSCs were obtained from the 
telencephalon of 20-day-old rat embryos, and cultured 
in proliferation medium containing equal volumes of 
Dulbecco’s modified Eagle’s minimum essential medium 
and F12 medium supplemented with insulin (25pg/
mL), apotransferrin (100pg/mL), progesterone (20 nM), 
putrescine (100 µM), selenium (30 nM), and basic 
flbroblast growth factor (FGF-2; 10ng/ml). Cultures were 
replenished with fresh proliferation medium every day 
and passaged 5 days after seeding. For the differentiation 
experiments, the cells were plated on coverslips coated 
with poly-L-ornithine, and cultured in FGF-2-free 
differentiation medium. This is because NSCs proliferate 
vigorously as neurospheres in the presence of FGF-2, 
but stop proliferation and differentiate when FGF-2 is 
withdrawn from the culture medium.

Immunocytochemical assay
For fluorescence immunostaining, cells were fixed 

for 3 min by adding an equal volume of 4% (w/v) 
paraformaldehide solution in 0.1 M phosphate buffer 
(pH7.4) to the culture medium, and post-fixed for 10 
min with the same fixative solution. After washings with 
PBS, the cells were treated with PBS containing 2% w/v 
skim milk for 30 min to reduce non-specific antibody 
binding. They were then reacted with primary antibody 
at 4°C overnight. The primary antibodies included anti-
neuron-specific class III B-tubulin (Tuj1) mouse antibody 
(R & D Systems, Minneapolis, MN, USA), anti-2’,3’-
cyclic nucleotide 3’-phosphodiesterase (CNPase) mouse 
antibody (Sigma, St. Louis, MO, USA) and anti-glial 
fibrillary acidic protein (GFAP) rabbit antibody and anti-
nestin mouse antibody (BD Biosciences Pharmingen, San 
Diego, CA, USA). After washing for 5 min with PBS, the 

minutes, the brain was dissected on the ice to obtain 
the cerebral hemispheres. The tissue was weighed, then 
diluted ten times in cold 100 mM phosphate buffer at pH 
7.2. Tissue was then grounded in a Teflon mechanical 
homogenizer, the homogenate was spun at 10,000 x g 
for 15 min and the supernatant was used for enzymatic 
assay. Serum obtained from the blood was used for the 
glucocorticoid estimation.

Histological study
Animals were fixed by transcardial perfusion using 

phosphate buffer saline (pH 7.2) followed by 4% 
paraformaldehyde prepared in phosphate buffer pH 7.4. 
After perfusion the brain tissue was dissected and was 
kept in 4% paraformaldehyde solution at 4°C for 8 h. 
Brains were then processed for paraffin embedding. 
Paraffin embedded serial sagittal sections of 10 mm 
thickness passing through the hippocampal subregion 
(bregma:2.3 mm to 4.3 mm) were stained for degenerating 
neurons using the silver impregnation method. Separate 
series of sections were also stained by cresyl violet to 
stain the neuron cell bodies. Further, neuronal cell count 
was performed using an ocular micrometer, and the crude 
count was subjected to the Abercombie’s formula to get 
the absolute neuronal count.

Biochemical assays
Superoxide dismutase activity (SOD) was measured 

at 560 nm as the rate of suppression of reduction of 
nitrotetrazolium blue and for 1 unit of activity, the amount 
of protein was taken which provided 50% inhibition of 
nitrotetrazolium blue reduction under standard conditions. 
Catalase (CAT) activity was calculated at 240 nm by 
measuring the rate of H2O2 utilization with the molar 
extinction coefficient for H2O2 being 43.6 M-1 cm-1. The 
amount of the enzyme utilizing 1 µmol H2O2 per min was 
taken as 1 activity unit. 

Malondyaldehyde (MDA) determination: tissue MDA 
was assayed by the spectrophotometric method and the 
concentration of thiobarbituric acid was calculated by 
the absorbance coefficient of MDA-TBA complex 1.56 
x 105 cm-1 M-1 and expressed in nmol/ml. The amount of 
phosphorus released by the enzymes was calculated as a 
quantitative measure of  the activities of total ATPase. 

Ascorbic acid measurements were made by high-
pressure liquid chromatography with ultraviolet detection. 
Plasma MDA concentrations were also determined by 
high-performance liquid chromatography with ultraviolet 
detection. Blood was collected in EDTA-coated tubes 
kept in ice and centrifuged at 1000 x g for 20 min. at 4°C. 
Plasma was separated and aliquots were stored at –70°C 
for corticosterone estimation. A High Performance Liquid 
Chromatography (HPLC)/Ultraviolet (UV) system was 
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were stacked approximately 4-10 cells deep. These 
cells were comparatively smaller than the pyramidal 
cells. Polymorphic, fusiform and modified pyramidal 
cells in the hilus of Dg demonstrated their normal 
neuronal characteristics. No degenerating cells were 
observed in any of the six layers of hippocampus 
(Oriens, Radiatum, L Moleculare and Molecular 
cell layer. Group A: Animals subjected to stress for 
4 hours demonstrated neuron cell degeneration in 
the CAl, CA2, CA4 and also in Dg of hippocampus. 
Nerve cell degeneration was observed in almost all 
the six layers of hippocampus. Cell bodies of the 
oriens cell layer (Or) demonstrated approximately 
l5%  degeneration where most of the cell bodies were 
stained dark. Pyramidal cells (Py) in CAl, CA2, CA4 
demonstrated degenerating characteristics, although 
the cellular processes was not stained clearly. 
Quantitative data for cell count are reported in Table 
I. No degeneration was found in the radiatum (Rad)
layer, Lacunosum moleculare layer (L Mol) or the
Molecular (Mol) layer.

In group B and C the number of degenerating 
cell bodies were significantly reduced and to a 
comparable extent. Cell bodies of all the six layers 
of the hippocampus demonstrated normal neuronal 
morphology. Cells in the Ammon’s horn were found 
to be stacked 3-5 layers deep and the granule cells 

cells were incubated with Alexa Fluor 4S8-conjugated 
anti-mouse antibodies (1.0µg/mL. Nakalai Tesque, Inc. 
Japan for 2 h at room temperature, washed with PBS and 
mounted in Permafluor (Thermo Fisher; Waltham, MA, 
USA).

Statistical analyses
The SPSS 10.1 software package (SPSS, Inc., Chicago, 

Illinois, USA) was used for the statistical analyses. 
Multiple comparisons were made by one-way ANOVA 
followed by the post hoc least square  test. p-values <0.05 
were adopted as significant. Data are presented as mean 
± SD.

RESULTS

Stress-induced neuronal cell death in hippocampus: 
effect of LD-1227 supplementation

Light microscopic studies: Hippocampal 
sublayers were identified using  stereotaxic 
coordinates as described by Paxinos and Watson 
(19). Silver stained sections from the control 
rats passing through the hippocampal subregion 
demonstrated normal neuronal morphology. Cells 
in Ammon’s horn were arranged compactly in tiers 
(3-5 cells thick), no silver impregnated cells were 
observed. Cells in dentate gyrus exhibited specific 
morphological characteristics of granule cells and 

Hippocampal
sublayers

Experimental Groups

Control A B C

CA1 299 ± 16 184 ± 9* 278 ± 12** 273 ± 3**

CA2 63 ± 11 32 ± 4 * 53 ± 7** 50 ± 3**
CA3 193 ± 13 130 ± 8 * 189 ± 13** 184 ± 17**
CA4 62 ± 6 44 ± 3 * 56 ± 9** 51 ± 4**

Dg 628 ± 16 386 ± 19 * 465 ± 15** 503 ± 22**

CELL COUNT IN HIPPOCAMPAL SUBREGION: EFFECT OF LD-1227 (mean±SEM)

Table I

Table I. Cell count in hippocampal subregion: effect of LD-1227. 

* p<0.01 vs control; ** p<0.05 vs group A.

F. MAROTTA ET AL.
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< 0.005), and it was restored only in C group (p<0.05 
vs B group, p<0.001 vs A group). Catalase level in 
the experimental groups demonstrated a significant 
change as compared to control with a decrease 
in the A group by 40% and was restored only in 
C group (p<0.05 vs B group, p<0.01 vs A group). 
The spontaneous MDA activity was the highest in 
the stress group (2.9nmoles/ml) when compared to 
respective concentration of MDA in rats treated with 
either supplement in which the content normalized 
(A group vs healthy control: p <0.001) (Table II).

In vitro effect of LD-1227 on differentiation of NSCs
Both DHA and LD-1227 significantly increased 

the percentage of Tujl-positive cells (neurons) and 
decreased that of nestin-positive undifferentiated 
cells (p<0.01). However, only LD-1227 also 
determined a significant increase of CNPase-
positive cells (oligodendrocytes) and GFAP-positive 
cells (astrocytes) in the total cell population (p<0.01, 
Fig. 1). We also examined the ratio of nestin-positive 
cells to total cells after treatment with either DHA 

of Dentate gyrus were 4-10 deep and arranged in the 
form of tire. The small cell layer (Or, Rad, L Mol and 
Mol) of the hippocampus also demonstrated normal 
neuronal morphology (data not shown).

Biochemical studies
Results showed that corticosterone activity was 

significantly increased (156.6µg/100ml) in rats 
after applying the stress regimen. Corticosterone 
level almost doubled in stressed animals and both 
treatments brought about a comparable partial 
improvement (p<0.01 vs stressed animals). Ascorbic 
acid content in the brain tissue, which can be a 
preliminary marker of stress, decreased in stress 
treated animals (1.4mg/100ml) as compared to 
healthy controls (2.4mg/100 ml of tissue; p < 0.01). 
After treatment with both supplements, an increase 
in the ascorbic acid content was observed but this 
reached a statistic significance only in LD-1227-
treated animals (p < 0.01). Accordingly, the SOD 
activity was significantly decreased by more than 
33% in stressed animals compared to the controls (p 

Experimental Groups

Control A B C

Protein (mg/ml) 0.3 ± 0.09 0.3 ± 0.08 0.3 ± 0.1 0.2 ± 0.07

Corticosterone
(µg/100ml)

81 ± 1.5 158 ± 8.5 * 122 ± 2.4 ** 129 ± 9.3 **

Ascorbic acid 
(mg/100ml)

2.4 ± 0.5 1.4 ± 0.6 * 1.9 ± 0.8 2.5 ± 0.7 ***

SOD
77 ± 9.8 51 ± 12.2 * 63 ± 11.4 75 ± 11.7 ***

Catalase 
(µmol H202/min/

mg protein)

20 ± 6.2 12 ± 2.1 * 14.8 ± 2.3 17 ± 1.7 ***

MDA (nmol/ml) 1.9 ± 0.9 2.9 ± 0.6 * 1.8 ± 0.6 ** 1.6 ± 0.3**

EFFECT OF LD-1227 ON REDOX BALANCE DURING STRESS (mean±SEM)

Table II

Table II. Effect of LD-1227 on redox balance during stress.  

* p<0.01 vs control; ** p<0.05 vs group A and ***p<0.05 vs group A and B.
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5-HT have been implicated in the regulation of the 
HPA-axis (20). Their effects on ACTH are largely 
indirect, exerted via activation of hypothalamic 
corticotrophin releasing hormone (CRH) neurons 
(21). In this context, plasma corticosterone level, 
being a direct quick-acting stress effector, is regarded 
as an important marker to evaluate stress response. 
The elevated plasma corticosterone under stressful 
conditions is necessary to maintain the energy 
balance.

However, exposure to elevated glucocorticoid 
concentrations increases the toxicity of free radicals 
and both of these factors go hand in hand in 
damaging the hippocampal neurons during  stress. 
Results demonstrated that exposure to specific stress 
produces degenerative changes in neuron cell bodies 
of hippocampal subregions CAI-CA4 and Dg. These 
changes are correlated with disruption of antioxidant 
defence mechanism, i.e., decrease in antioxidant 
enzymes, viz., SOD and CAT and increase in 
MDA level which indicate high lipid peroxidation, 
indicative of cellular damage. Study also shows 

or LD-1227 in the proliferation or differentiation 
medium. The ratio was essentially the same in 
both circumstances (Fig. 1), suggesting that both 
supplements facilitated cell differentiation rather 
than maintaining cell survival. Exposure of the cells 
to LD-1227 after the removal of FGF-2 increased the 
percentage of Tujl-positive cells and simultaneously 
decreased that of CNPase-positive or GFAP- positive 
cells.

DISCUSSION

Stress is an unavoidable phenomenon that affects 
the body system at various levels and chronic 
stressful events lead to consistent hyperactivity of the 
HPA axis which in turn leads to increased secretion 
of adrenocorticotrophic hormone (ACTH) from 
adenohypophysis (19). These phenomena are known 
to adversely influence the regular psychosomatic 
homeostasis responsible for the pathogensis of 
several psychiatric disorders. Various biological 
amines such as catecholamines, histamine and 

Fig. 1. Effect of LD-1227 on NCSc. White bars: unsupplemented control; Grey bars: supplemented with DHA; Dotted 
bars: supplemented with LD-1227. Panel A) ratio of nestin-positive cells over total cell population. * p<0.01; Panel B) 
effect of DHA and LD-1227 in a FGF-2-deprived medium, * p<0.01

F. MAROTTA ET AL.
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as a regulatory factor for the antioxidant enzymes. 
It is therefore possible that the levels of protective 
antioxidant enzymes in neuronal tissue may be 
affected by presence of glucocorticoids. Indeed, 
McIntosh et al. (25) demonstrated that exogenous 
elevation of glucocorticoids in adrenalectomized rats 
lowers the antioxidant capacity of the brain tissue in 
a region-specific manner.

It has also been recently shown that oxidative 
stress of neurons and neuronal progenitor cells 
is improved by omega-3 and omega 6 (26). 
Moreover, recent work has demonstrated that 
PUFA supplementation stimulates the expression 
of neuronal hemeoxygenase-1, a stress-sensitive 
protein inducible by oxidative stress (27). 

Thus, it is of interest to note from our in vitro 
study an interesting property of LD-1227, i.e. that it 
facilitates the differentiation of whole sets of brain 
cells (neurons, astrocytes and oligodendrocytes). The 
observed reciprocal response between neuronal and 
glial populations suggests that LD-1227 affected a 
neuronal lineage of the neural progenitor cells having 
the ability to generate both neuronal and glial cells. 
Thus, LD-1227 hypothetically committed neural 
progenitors to the fate of neuronal lineage similarly 
to BDNF. Kawakita et al. (28) recently reported that 
DHA promotes neuronal differentiation of NSCs in 
culture, and directly stimulates the neurogenesis in 
the dentate gyrus of the hippocampus. As suggested 
by this present study, LD-1227 may be able to 
stimulate neurogenesis in the mature brain and 
play a role even more significant than DHA even 
when administered at higher dosage. Although it 
is now indisputably accepted that neurogenesis 
occurs in the adult brain, its functional relevance 
still remains to be fully established. While it is clear 
that this phenomenon is confined to very discrete 
brain regions, the generation of new neurons in the 
post-natal period constitutes a new dimension of 
plasticity, with both direct and indirect impact on 
neuronal remodelling and repair. Notably, abnormal 
alterations in the hippocampal neurogenesis process 
have been implicated in several neuropsychiatric 
disorders (29). We suggest that LD-1227 contains 
multiple active components that differently 
influences neuronal and glial lineage  although the 
nature of its likely multiple intracellular signals that 
regulate the fate of NSCs will be a matter of future 

that treatment with LD-1227 significantly reduces 
the degenerating cell bodies in selective areas of 
hippocampal subregions of female rats. Although 
cell bodies with degenerative characteristics were 
present in all the subregions, significant effect of the 
treatment was observed in Cal and CA4 only. Decrease 
in the antioxidant profile after stress exposure and 
the restoration of the same after the treatment also 
provides necessary evidence in favor of not only the 
antioxidant but also the neuroprotective properties of 
LD-1227. Thus, it appears that the glucocorticoid-
modulating and free radical scavenging activity 
of LD-1227 work concomitantly in preventing 
the stress-induced neuronal loss. These data are 
somewhat in accordance with the observation that 
patients consuming 25-g ordinary Scandinavian 
caviar paste daily for 3 weeks improved the beneficial 
fatty acids profile and lipid peroxidation markers 
(22). In particular, caviar has an extremely rich 
array of triglycerides and phospholipids containing 
more n-3 fatty acids, especially eicosapentaenoic 
and docosahexaenoic acid, than n-6 fatty acids 
together with good amounts of copper and zinc (23). 
Interestingly, these effects cannot be ascribed only 
to DHA content since the overall beneficial effect of 
LD-1227 was significantly more considerable than 
DHA even when used at high concentration. 

The results of the present study demonstrate 
that the antioxidant capacity of nerve cell bodies 
is decreased after stress. Concomitant decrease in 
the SOD activity indicates that superoxide radicals 
damage the cells during the elevated levels of 
glucocorticoids and the same can also be presumed 
for the peroxide ions, as a decrease in catalase 
activity and an increase in the MDA content were 
also observed. Such abnormalities were improved by 
both supplementations but the data obtained by using 
LD-1227 were significantly more consistent (p<0.05 
vs B group).

Elevated levels of endogenous glucocorticoids 
during aging and chronic stress have been reported to 
induce nerve cell degeneration in hippocampus and 
in certain other areas (24). Glucocorticoid-induced 
neuroendangerment consistently correlates with 
the disruption of the energy pathways and cellular 
antioxidant status is closely related to cellular energy 
state and energy deficits increase the basal level of 
ROS. Glucocorticoids have indeed been implicated 
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studies, as it has been recently outlined for DHA 
(30). One cannot rule out that LD-1227 may contain 
other smaller unsaturated fatty acids, structural 
phospholipids and neurotransmitter precursors, 
which may pass through blood-brain barrier and 
which remain to be defined by further ongoing 
studies. A further limitation in this study is the lack 
of a more detailed neurosteroid and hormonal status 
assessment as well as an immunohistochemistry 
analysis of neurodegeneration findings and Western 
blots for redox maker proteins.
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In the present study, we examined the effect of a marine bioactive compound containing high-
purity caviar-derived DNA, collagen elastin and protein extracts from sturgeon (LD-1227, Caviarlieri, 
Laboratoires Dom, Switzerland) on ILβ -induced activation and production of TNFα and MMP-13 in 
human osteo-arthritis (OA) chondrocytes and intracellular signaling factors. Human chondrocytes were 
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using a highly sensitive and specific ELISA. MMP-13 activity in the culture medium was assayed by 
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of TNFα, MMP-1, MMP-13 and Col10A1 in human chondrocytes. The inhibitory effect of LD-1227 on 
the ILβ-induced expression of these genes was mediated at least in part via suppression of NF-κB p65. 
These data show that LD-1227 can inhibit IL-1β-induced proliferation and inflammatory reactions via 
inhibited activation of the transcription factor NF-κB pathway in human chondrocytes derived from OA 
patients. These novel pharmacological actions of LD-1227 on ILβ-stimulated human OA chondrocytes 
provide suggestions that this marine biology compound may inhibit cartilage degradation by suppressing 
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Osteoarthritis (OA) of the knee is very common 
in middle-aged and elderly people, and knee pain 
and dysfunction can critically affect the patient’s 
quality of life. About 10% of men over 60 years of 
age are liable to eventually develop osteoarthritis (1, 
2). Indeed, a prospective study of 1000 arthroscopies 

of the knee joint found cartilage defects in 61% 
of cases, 44% of these due to osteoarthritis, 28% 
due to focal cartilage defects, and 2% due to 
osteochondral defect (3). Osteoarthritis tends to 
evolve from local inflammatory disease of articular 
cartilage to progressive degenerative joint disease 
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(14). Indeed, the pleoitropic effect of inflammatory 
cytokines demands a multifaceted regulation to 
minimize collateral damage to normal tissue. On one 
hand, inflammatory cytokines such as interleukin 1β 
(IL-1β) and IL-18 are present as inactive zymogens 
that need proteolytic cleavage mediated by the 
so-called “inflammasome” (15). This proteolytic 
maturation acts concomitantly with NF-κB–
dependent transcriptional activation of genes 
encoding the zymogens to catalyze a considerable 
increase in the levels of secreted, bioactive proteins. 
Other inflammatory cytokines such as tumor necrosis 
factor (TNF) and IL-6 are induced primarily at the 
transcriptional level and, in the case of TNF, subject 
to posttranscriptional messenger RNA stabilization 
through the dissociation of the mRNA-binding 
protein tristetraprolin from its adenine- and uridine-
rich region (16). In recent years it has been shown 
that polyunsaturated fatty acids may reduce the 
expression of key proteins in model systems for 
studying OA (17).

Thus, in the present study we addressed the 
question of a possible inhibitory effect of LD-
1227 (containing high-purity caviar-derived 
DNA, collagen elastin and protein extracts from 
sturgeon, LD-1227, Caviarlieri, all extracted and 
processed under strict quality-controlled procedures, 
Laboratoires Dom, Switzerland) on IL1β-induced 
expression and production of TNFα, MMP-13, 
MMP-1 and COL10A1 in OA chondrocytes. 

MATERIALS AND METHODS

Specimen selection  
Human chondrocytes were prepared by enzymatic 

digestion of cartilage obtained from discarded and de-
identified cartilage samples obtained from the knee 
joints of 13 OA patients aged 58 to 77 years (mean age, 
66±5.2 years; 11 female and two male Caucasians) who 
underwent joint replacement surgery at local hospital. 
These studies were approved as “exempt” and that no 
informed consent was required. OA was diagnosed 
according to the American College of Rheumatology 
criteria (18). Specimens that included the full thickness 
cartilage and subchondral bone were washed with sterile 
PBS and the macroscopic cartilage degeneration was 
determined by staining of femoral head samples with India 
ink. Portions of the cartilage with smooth articular surface 
(unaffected cartilage) were used to prepare chondrocytes 

with inflammation and degeneration that ultimately 
results in exposure of underlying bone, pain and 
disability (4). Current medical practice typically uses 
non-steroidal anti-inflammatory drugs (NSAIDs) to 
control the pain associated with OA of the knee. 
However, NSAIDs have some adverse effects on 
gastrointestinal tract and often cannot be tolerated 
(5). Therefore, it is advisable to develop alternative 
methods to reduce the pain associated with OA.  
Many risk factors that contribute to disease onset 
have been identified, including systemic factors such 
as genetics, estrogen use, and bone density, and local 
biomechanical factors such as muscle weakness, 
obesity and joint laxity. The most important risk 
factor for OA besides female sex, obesity and 
joint trauma is aging (1). Moreover, experimental 
evidence in OA-prone mice show that exercise can 
accelerate the process of cartilage degeneration. 
Indeed, Wang et al. (6) has found that after treadmill 
training the incidence of OA was 66.7% for C57 
black mice in the 12th week and 88.3% in the 
20th week. Whatever the causative phenomena, 
the progressive degeneration of articular cartilage 
involves depletion of the aggregating cartilage 
proteoglycan, aggrecan (ACAN) which along 
with type II collagen (COL2A1) are crucial for 
the efficient mechanical properties to the cartilage 
and the regulation of matrix components, such as 
proteoglycan and collagen (7). In fact, enzymatic 
cleavage by matrix metalloproteinases (MMPs) is 
thought to be involved in the destruction of articular 
cartilage, so the high expression of MMP-13/
collagenase-3 detected in the pathologic synovium 
and cartilage samples is believed to contribute to OA 
pathogenesis (8). It is well established that IL-1β 
stimulates cartilage breakdown (9). Consequently, 
in vitro studies have used this cytokine in models of 
inflammatory OA (10). Such studies have highlighted 
the pro-catabolic effects of IL-1 by measuring the 
expression of inflammatory markers such as MMP 
levels and cyclooxygenase (COX) and the release of 
matrix degradation products (11).  

IL-1β is implicated in the degeneration of articular 
cartilage due to its induction of proteoglycan loss 
and matrix degradation (12) and elevated levels of 
IL-1 occur in the synovial fluid and cartilage tissue 
of patients with OA (13), further supporting its role 
in cartilage breakdown and disease pathogenesis 
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determined whether isolated human OA chondrocytes 
used in these studies maintained their phenotype – by 
analyzing the expression of type-2 collagen, aggrecan and 
SOX-9 mRNA, which are considered to be signatures of 
the chondrogenic phenotype. Our results show that the 
employed human OA chondrocytes in monolayer culture
maintained their phenotype, when they were plated (1 × 
106/ml) in 35-mm culture dishes in complete Ham’s F-12 
medium with 10% FCS and were allowed to grow at 37°C 
and 5% CO2 in a tissue culture incubator, as judged by the 
continued expression of COL2A1, aggrecan, and SOX-9 
mRNAs, whereas COL10A1 mRNA was not expressed 
(in-house data not shown). Based on these data, OA 
chondrocytes were used within 72 hours after plating to 
avoid possible dedifferentiation. 

Articular chondrocyte preparation: Cell viability analysis, 
stimulation with IL-1β  and effect of LD-1227 

Chondrocytes were treated with LD-1227 (100 μM) 
and after 24 h the cytotoxicity was examined using a 
cytotoxicity assay kit (CytoTox-Glo™, Promega, Madison, 
WI, USA) by evaluating by lactate dehydrogenase (LDH). 
Kit measures LDH activity present in the culture medium 
using a coupled two-step reaction. In the first step, LDH 
catalyzes the reduction of NAD+ to NADH and H+ by 
oxidation of lactate to pyruvate. In the second step of 
the reaction, diaphorase uses the newly-formed NADH 

by the pronase and collagenase enzymatic digestion (OA 
chondrocytes). Primary OA chondrocytes were plated 
at the seeding density of 1 × 106 cell/35 mm dish and at 
80% confluence were used for all the studies. Histological 
analysis of some of the unaffected cartilage samples was 
performed on 5-μm-thick sections stained with H & E 
and Safronin O and graded using the Mankin score (19). 
Grading of the histology slides (data not shown) revealed 
that all of the cartilage pieces taken from the unaffected 
area had a Mankin score <2 for structure and a Mankin 
score of 1 for cellularity. 

Cell culture and chondrogenic phenotype control
Well-preserved cartilage from femoral condyles was 

used for chondrocyte isolation as described previously 
(20). The cartilage was minced and digested for 45 min 
with 9 U·mL−1 Pronase (Sigma-Aldrich, USA), and for 14 
h with 80 U·mL−1 Collagenase type IV (Sigma-Aldrich). 
After being washed and filtered, the isolated cells were 
cultivated in complete medium consisting of 1:1 DMEM/
Hams F12 supplemented with 10% fetal bovine serum, 0.5% 
penicillin/streptomycin, 0.5% l-glutamine and 10 µg·mL−1 
2-phospho-l-ascorbic acid trisodium salt (Sigma-Aldrich,
USA). After 24 h incubation, adhered chondrocytes were
treated with trypsin (trypsin/EDTA 0.05%/0.02% in PBS)
and frozen in complete medium containing 5% dimethyl
sulphoxide (DMSO, Roth, Karlsruhe, Germany). We

Table I. The modified Mankin scoring system.

Structure Score Cellularity Score Matrix staining Score Tidemark 
integrity Score

Smooth 
surface/normal 0 Normal arrangement 0 Normal staining 0 Normal 

and intact 0 

Roughened 
surface/single  
crack or area of 
delamination 

1 
Clustering in superficial 
layer or loss of cells up 
to 10 % 

1 Slight loss of stain 1 Disrupted 1 

Multiple 
cracks/moderate 
delamination 

2 Disorganisation or loss 
up to 25% 2 Moderate loss of 

stain 2 

Fragmentation 
in cartilage 
or severe 
delamination 

3 Cell rows absent or loss 
up to 50% 3 Severe loss of stain 3 

Loss of 
fragments 4 Very few cells present 4 No stain present 4 

Complete 
erosion to 
tidemark 

5 

Erosion beyond 
tidemark 6 

Cell culture and chondrogenic phenotype control 

Well-preserved cartilage from femoral condyles was used for chondrocyte isolation as described 

previously (20). The cartilage was minced and digested for 45 min with 9 U·mL−1 Pronase (Sigma-

Aldrich, USA), and for 14 h with 80 U·mL−1 Collagenase type IV (Sigma-Aldrich). After being

washed and filtered, the isolated cells were cultivated in complete medium consisting of 1:1

DMEM/Hams F12 supplemented with 10% fetal bovine serum, 0.5% penicillin/streptomycin, 0.5% 

l-glutamine and 10 µg·mL−1 2-phospho-l-ascorbic acid trisodium salt (Sigma-Aldrich, USA). After 

24 h incubation, adhered chondrocytes were treated with trypsin (trypsin/EDTA 0.05%/0.02% in 

PBS) and frozen in complete medium containing 5% dimethyl sulphoxide (DMSO, Roth, 

Karlsruhe, Germany). We determined whether isolated human OA chondrocytes used in these 

Table I. The modified Mankin scoring system.
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CGC ATC TTC TTT-3’; reverse, 5’-ACC AAA TCC 
GTT GAC TCC GAC CTT-3’), MMP1 (NM_002421: 
forward, TACATGCGCACAAATCCCTTCTACC; 
reverse, GAAAAACCGGACTTCATCTCTGTCG) and 
COL10A1 (NM_000493: forward, 5’-TGA TCC TGG 
AGT TGG AGG AC-3’; reverse, 5’-GAG ATC GAT GAT 
GGC ACT CC-3’; expected size of the DNA fragment, 
703 bp). The real-time PCR mixture consisted of 2.5 μl of 
SYBR Green Buffer, 2 mM MgCl2, 1 mM dNTP, 0.01U/
ml AmpErase uracil N-glycosylase, 0.05Uµml AmpliTaq 
Gold (Applied Biosys-tems, part of Life Technologies 
Co., Carlsbad, CA, USA), forward and reverse primers 
(200 nM for IL-17A and glyceraldehyde-3-phosphate 
dehydrogenase, GAPDH), and 2 μl cDNA samples in a 
total volume of 25 μl. The PCR reactions were performed 
in a MicroAmp optical 96 well re-action plate for 40 
cycles (95°C for 15 sec, 60°C for 1 min) in the ABI Prism 
7500 Sequence Detector (Applied Biosystems). The 
fluorescent signals (δCt) detected during the threshold 
cycle were recorded by a software. To standardize the 
target gene level with respect to the variability in RNA 
and cDNA quality, GAPDH was amplified under the same 
conditions as an internal control. 

Densitometric analysis
For standardization of the gene expression levels 

determined by TaqMan analysis, mRNA expression was 
normalized to 18SrRNA expression. PCR products were 
electrophoresed by using 1% agarose gels and visualized 
by staining with ethidium bromide. Densitometric 
analysis was performed on the relative intensity of each 
band using the Multi Gauge program, version 3.0 (Fuji 
flm, Tokyo, Japan). This consisted in subtracting threshold 
cycles (CT) for ribosomal RNA from the CT of the targeted 
gene (ΔCT). Relative mRNA levels were then calculated 
as 2-ΔΔCT, where ΔΔCT refers to the ΔCT of unstimulated 
minus treated cells. The values were obtained from at 
least three independent series of experiments, in which 
each treatment was performed in duplicate with each 
being analyzed twice in RT-PCR. Data were normalized 
to suitable loading controls and expressed as the mean 
± standard deviation followed by appropriate statistical 
analysis.

Cytokine ELISA assay
TNFα present in the culture medium was quantified 

using the TNFα-specific ELISA according to the 
manufacturer’s instructions (R&D Systems, Minneapolis, 
MN, USA). Plates were read at 450 nm using a Synergy 
HT microplate reader (Biotek Instrument, Winooski, VT, 
USA).

The assessment of tumor necrosis factor (TNF)α was 
carried out  using commercially available ELISA kits (Bio-

and H+ to catalyze the reduction of a tetrazolium salt to 
highly-colored formazan which absorbs strongly at 490 
nm using a microplate reader. The amount of the formazan 
dye generated by dehydrogenases in cells was directly 
proportional to the number of living cells. Primary 
chondrocytes were pretreated with LD-1227 100 µM for 
2 h. Chondrocytes cultured without LD-1227 served as 
controls. 

Stimulation of chondrocytes with IL-1β. Recombinant 
human IL-1β was purchased from R&D System 
(Minneapolis, Minnesota, USA). Monoclonal antibody 
(mAb) against NF-kB (p65) and β-actin were purchased 
from Cell Signaling (Beverly, MD, USA). Fetal bovine 
serum (FBS) was obtained from Gibco BRL (Life 
Technologies, Grand Island, NY, USA). Human OA 
chondrocytes (1 × 106/ml) were plated in 35-mm culture 
dishes (Becton-Dickinson, Franklin Lakes, NJ, USA) in 
complete Ham’s F-12 medium and put in DMEM starving 
medium for 1 h then 2-16 h. They were pretreated with 
the HLM (1-10μg/ml) for 2 h and were then stimulated 
with IL-1β (5 ng/ml) for 8 h. We chose this dose because 
from prior in-house dose-depending study of TNFα and 
MMP-13 mRNA expression induction by IL-1β, we found 
that the maximum stimulation of chondrocytes occurred 
at 5.0ng/ml (data not shown). Based on these data, the 
concentration of 5.0ng/ml was employed for stimulation 
of chondrocytes in all of our experiments.

An inhibitor of nuclear factor-κB (NF-κB), MG132 
(100 μM) was used as a positive control while OA 
chondrocytes cultured without IL-1β served as blank 
controls. 

Quantitative real-time PCR
Real-time quantitative PCR was used to quantify the 

expression of mRNA for TNFα, matrix metalloproteinase 
13 (MMP13), matrix metalloproteinase 1 (MMP1) and 
type-10 collagen (COL10A1), with expression of GAPDH 
as endogenous control. The total RNA of the cells was 
isolated by the acid guanidinium thiocyanate-phenol-
chloroform extraction method using RNAiso plus (Takara 
Inc, Kyoto, Japan). RNA was then reverse transcribed 
to cDNA using reverse transcriptase (ReverTra Ace, 
Toyobo, Osaka, Japan) with Oligo dT primer. For all the 
genes analysed, the Power SYBR Green PCR Master Mix 
(Applied Biosystems, Darmstadt, Germany) was used 
according to the manufacturer’s instructions. Primers used 
for PCR assisted amplification were: TNFα (NM_000595: 
forward, 5’-AGG ACG AAC ATC CAA CCT TCC CAA-
3’; reverse, 5’-TTT GAG CCA GAA GAG GTT GAG 
GGT-3’), MMP-13 (NM_002427: forward, 5’-CGC 
CAG AAG AAT CTG TCT TTA AA-3’; reverse, 5’-
CCA AAT TAT GGA GGA GAT GC-3’), and GAPDH 
(NM_002046.3: forward, 5’-TCG ACA GTC AGC 
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the band intensity were measured as mentioned before.

Statistical analysis
All measurements were performed in duplicate and 

were repeated at least three times using different age-
matched and sex-matched OA samples. SPSS 15.0 
software was used for analysis of the data. The Mankin 
score for OA was used to measure the extent of cartilage 
degradation. Tests of normality showed the data are not 
normally distributed, and homogeneity test of variances 
showed heterogeneity of variances. Comparisons of 
data among groups were analyzed by Kruskal-Wallis 
test. Further comparisons between either two groups 
were analyzed by Nemenyi test. P<0.05 was considered 
significant.

RESULTS

Control of cell phenotype and viability
The OA cartilage used for the experiments, 

macroscopically, had a smooth surface and no severe 
osteoarthritic changes. As described elsewhere (20), 
analysis of collagen type II, aggrecan and cartilage 
oligomeric matrix protein expression confirmed 
a stable differentiation stage of the chondrocytes 
during the experimental period. Trypan blue staining 
showed comparable cell viability with and without 
IL-1β stimulation.

Effect of LD-1227 on production of TNFα in 
osteoarthritis chondrocytes

OA chondrocytes (80% confluent) were 
pretreated with LD-1227 (100 μM) for 2 h, and were 
then stimulated with IL-1β (5.0ng/ml) for 8 h. No 
cytotoxic effect of LD-1227 was noted at the dose 
used (data not shown). The level of TNFα mRNA 
was quantified by a highly sensitive and specific 
quantitative RT-PCR method, and values were 
compared with control. Our results showed that OA 
chondrocytes treated with IL-1β had a higher level 
of TNFα mRNA compared with unstimulated OA 
chondrocytes (Fig. 1). TNFα mRNA levels showed a 
marked decline, however, in the samples pretreated 
with LD-1227 and then stimulated with ILβ (Fig. 1). 
To determine whether inhibition of gene expression 
also affected the protein level, culture supernatants 
were assayed for TNFα protein using TNFα-specific 
ELISA. As shown in Fig. 2, pretreatment with 100 
μM LD-1227 significantly decreased the IL-1β-

Source, Invitrogen Life Sciences, CA). The sensitivity of 
the assays was <0.8 pg/mL for TNF-α. Each sample was 
run in duplicate. ELISA assay data (pg cytokine protein) 
were normalized to μg total protein, which was determined 
using a bicinchoninic acid (BCA) protein assay kit.

Western immunoblotting
Stimulated and control chondrocytes were washed 

with cold PBS and lysed using a cell lysis buffer (50 mM 
Tris-HCl, pH 7.4; 150 mM NaCl; 1% Triton X-100; 0.1% 
SDS; 0.5% sodium deoxycholate; 1 mM EDTA; 1 mM 
EGTA; Complete® protease and phosphatase inhibitors). 
Total lysate or nuclear/cytoplasmic fraction protein (45μg/
lane) or concentrated cell culture supernatant was resolved 
by SDS-PAGE (10% resolving gel with 4% stacking) 
and was transferred to nitrocellulose membranes (Bio-
Rad, Herkules, CA, USA). Membranes were blocked 
with blocking buffer containing non-fat dry milk powder 
in Tris-buffered saline and 0.1% Tween-20. Blots were 
probed with 1:200 to 1:1,000 diluted primary antibodies 
specific for the target protein. Immunoreactive proteins 
were visualized using 1:1,000 diluted horseradish 
peroxidase-linked secondary antibodies and enhanced 
chemiluminescence (ECL, Amersham Life Sciences, 
Arlington, IL, USA). Images were captured using AFP-
Imaging System (Minimedical Series, Ems Ford, NY, 
USA). Anti-MMP-13 antibody was purchased from 
Calbiochem (La Jolla, CA), anti-NF-κB p65 antibody 
(IMG-150) from Imgenex (San Diego, CA, USA).

Gelatin zymography
Gelatin zymography was performed as follows. Briefly, 

an equal volume of cell culture supernatant was mixed 
with non-reducing sample buffer [4% SDS, 0.15 M Tris 
(pH 6.8), and 20% (volume/volume) glycerol containing 
0.05% (weight/volume) bromophenol blue] and resolved 
on a 10% polyacrylamide gel containing copolymerized 
0.2% gelatin (Bio-Rad). Commercially available MMP-
13 (EMD Chemicals, Gibbstown, NJ, USA) was used 
as a positive control. The product used was supplied as 
concentrated conditioned medium, and 2.5 μl was used. 
After electrophoresis, gels were washed twice, for 15 mins 
each time, with 2.5% Triton X-100. Digestion was carried 
out by incubating the gel in the gelatinase buffer [50 mM 
Tris-HCl (pH 7.6), 10 mM CaCl2, 50 mM NaCl, and 
0.05%. Brij-35] at 37°C for 16 h. The gel was stained with 
0.1% Coomassie brilliant blue R350 and the locations of 
gelatinolytic activity were revealed as clear bands on a 
background of uniform light blue staining. Electrophoretic 
migration of MMP-13 in the supernatant was compared 
with known molecular weight standards and also with 
clear bands of MMP-13 activity produced by the positive 
control. The gels were photographed and the averages of 
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stimulated with IL-1β had enhanced levels of all the 
above markers compared with the levels detected in 
control OA chondrocytes and pretreatment with LD-
1227 exerted a significant decrease (data not shown).

Effect of LD-1227 on NF-κB activation in stimulated 
osteoarthritis chondrocytes

To investigate the mechanism responsible for the 
inhibitory effect of LD-1227 on proinflammatory 
cytokine gene expression, we examined its effect  on 
NF-κB activation and translocation to the nucleus. 
NF-κB is an important transcriptional regulator of 
inflammatory cytokine gene expression and plays a 
crucial role in immune and inflammatory response. 
Exposure of OA chondrocytes to IL-1β  significantly 
enhanced the DNA binding activity of NF-κB p65 
compared with controls (p < 0.0001) whereas LD-1227 
partly but significantly reduced the IL-1β-induced 
DNA binding activity of NF-κB p65 (p < 0.05) (Fig. 3).

DISCUSSION

Although arthritis is present in every population 

induced TNFα production in the culture supernatant 
of ILβ-stimulated OA chondrocytes. 

Expression and production of MMP-13, MMP1 
and COL10A1 in IL-1β-stimulated osteoarthritis 
chondrocytes: effect of LD-1227

Pretreatment of OA chondrocytes with LD-
1227 inhibited IL-1β-induced gene expression of 
MMP-13, MMP-1 and COL10A1 as determined by 
quantitative RT-PCR (Fig. 1). Again, the maximum 
inhibitory effect of LD-1227 had been found at 100 
μM concentration in prior study. We also determined 
the effect of LD-1227 on the production of MMP-13 
in the culture supernatant by Western immunoblotting 
using anti-MMP-13 antibody (Fig. 2). Analysis of 
the immunoblot revealed that the levels of MMP-13, 
MMP-1 and COL10A1 were high in the supernatant 
of chondrocytes treated with IL-1β  when compared 
with the levels detected in untreated chondrocyte 
culture, where MMP-13 expression was nearly the 
same as that of the basal level (Fig. 2). These results 
were further verified using gelatin zymography. 
Zymographic analysis showed that OA chondrocytes 

Fig. 1. Effect of LD-1227 on TNF-alpha concentration in culture medium of stimulated chondrocytes. Grey bars: 
unstimulated OA chondrocytes; Dotted bars: OA chrondrocytes stimulated by IL1b  and white bars: OA stimulated 
chondrocytes cultured with LD 1227. * p<0.001 vs unstimulated OA chrondrocytes, ** p<0.001 vs B group.

R. CATANZARO ET AL.
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express inflammatory mediators such as TNFα and 
proteolytic enzymes – aggrecanases and MMPs – 
which under normal conditions, mediate a very low 
matrix turnover required for cartilage remodelling 
(15). However, an up-regulation of TNF protein 
has been described in IL-1β-treated chondrocytes 
(22), but also in OA cartilage and in the synovium 
of rheumatoid arthritis patients, and correlates with 
the course of the disease (23). Indeed, in pathologic 
conditions such as OA chondrocyte production of 
these inflammatory mediators and enzymes increases 
considerably, resulting in cartilage destruction (9). 
In particular, IL-1β is considered the most important 
cytokine in the pathogenic process of inflammation 
in general and may cause production of high levels 
of matrix metalloproteinase (24). From our data, it 
appeared that almost complete inhibition of both TNFα 
and MMP expression and production was observed at 
a concentration of 100 μM LD-1227 (p < 0.01). These 
finding are worthy of interest considering that recent 
studies have suggested a promising new approach 
for inhibition of cartilage degradation by acting on 
IL- β inhibition (25). However, further studies are 
required to define the exact mechanism underlying the 
inhibition of inflammatory reactions and to find active 
components in the LD-1227. It is known that the 
inactive NF-kB normally binds to IkB in the cytosol, 
and NF-kB can be activated by proinflammatory 
cytokines, IL-1β and TNF-α. Numerous studies have 

and OA is the most common joint disorder, 
treatment is still limited to a few classes of drugs, 
primarily nonsteroidal anti-inflammatory drugs and 
corticosteroids. While providing relief from pain, 
however, none of these agents has been shown to 
inhibit cartilage breakdown or disease progress 
besides carrying a number of gastrointestinal toxicity 
side effects (5). Age is by far the most important risk 
factor for the development of OA (1). The mechanism 
by which aging is involved in the development of this 
debilitating disease remains largely unknown. With 
increasing age, the strength of the collagen matrix to 
withstand loading diminishes. Age-related changes in 
articular cartilage that influence the composition and 
strength of the cartilage matrix are therefore involved 
in the development of OA (8).  Failure of the cartilage 
collagen network due to repetitive loading has long 
been recognized as one of the mechanisms involved 
in the development of OA (21). Chondrocytes are the 
only cellular components of cartilage and under normal 
physiologic conditions, chondrocytes maintain an 
equilibrium between anabolic and catabolic activities 
that is necessary for preservation of the structural 
and functional integrity of the tissue. Chondrocytes 

Fig. 3. Effect of LD-1227 Gene Expression of NFkB 65 
in IL-1β-stimulated osteoarthritis chondrocytes. Grey 
bars: unstimulated OA chondrocytes; Dotted bars: OA 
chrondrocytes stimulated by IL1b and white bars: OA 
stimulated chondrocytes cultured with LD 1227. * p<0.05 
vs unstimulated OA chrondrocytes, ** p<0.05 vs B group.

Fig. 2. Effect of LD-1227 on gene expression of MMP-13, 
MMP1 and COL10A1 in IL-1β -stimulated osteoarthritis 
chondrocytes. Grey bars: unstimulated OA chondrocytes; 
Dotted bars: OA chrondrocytes stimulated by IL1b  and 
white bars: OA stimulated chondrocytes cultured with 
LD 1227. * p<0.01 vs unstimulated OA chondrocytes, ** 
p<0.001 vs B group.
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Med 2011; [Epub ahead of print]
5. Filaretova LP, Bagaeva TR, Morozova OY, Zelena

D. The healing of NSAID-induced gastric lesion may
be followed by small intestinal and cardiovascular
side effects. J Physiol Pharmacol 2011; 62:619-25.

6. Wang QC, Shi YY, Shen PZ, Xu Y. Effect of aging and
sports-loading on articular cartilage of C57 black mice
- a histopathological study[J]. Zhongguo Gu Shang
2000; 13:517-18. Chinese with abstract in English.

7. Flugge LA, Miller-Deist LA, Petillo PA. Towards
a molecular understanding of arthritis. Chem Biol
1999; 6:R157-R166.

8. Takaishi H, Kimura T, Dalal S, Okada Y, D’Armiento
J. Joint diseases and matrix metalloproteinases: a role
for MMP-13. Curr Pharm Biotechnol 2008; 9:47-54.

9. Goldring MB, Otero M, Tsuchimochi K, Ijiri K, Li
Y. Defining the roles of inflammatory and anabolic
cytokines in cartilage metabolism. Ann Rheum Dis
2008; 67(S):iii75-iii82.

10. Little CB, Flannery CR, Hughes CE, Goodship A,
Caterson B. Cytokine induced metalloproteinase
expression and activity does not correlate with focal
susceptibility of articular cartilage to degeneration.
Osteoarthritis Cartilage 2005; 13:162-70.

11. Watanabe Y, Namba A, Honda K, Aida Y, Matsumura
H, Shimizu O, Suzuki N, Tanabe N, Maeno M.
IL-1β stimulates the expression of prostaglandin
receptor EP4 in human chondrocytes by increasing
production of prostaglandin E2. Connect Tissue Res
2009; 50:186-93.

12. Kobayashi M, Squires GR, Mousa A, Tanzer M,
Zukor DJ, Antoniou J, Feige U, Poole AR. Role
of interleukin-1 and tumor necrosis factor alpha in
matrix degradation of human osteoarthritic cartilage.
Arthritis Rheum 2005; 52:128-35.

13. Goldring SR, Goldring MB. The role of cytokines in
cartilage matrix degeneration in osteoarthritis. Clin
Orthop Relat Res 2004; 427:S27-36.

14. Pelletier JP, Caron JP, Evans C, Robbins PD,
Georgescu HI, Jovanovic D. In vivo suppression of
early experimental osteoarthritis by interleukin-1
receptor antagonist using gene therapy. Arthritis
Rheum 1997; 40:1012-19.

15. Martinon F, Major A, Tschopp J. The inflammasomes:
guardians of the body. Ann Rev Immunol 2008;
27:229-65.

demonstrated that inhibitors of MAPKs or NF-kB 
decrease synovial inflammation, bone destruction 
and cartilage damage in animal models of arthritis, 
including adjuvant arthritis in rats (26). As TNFα and 
MMP genes are NF-kB-dependent, inhibition of NF-
kB also inhibits their expression and production in IL-
1β-stimulated chondrocytes. Based on our results, we 
can add that LD-1227 is a potent inhibitor of induction 
of TNFα and MMPs at a physiologically achievable 
concentration (100 μM). We therefore postulate that 
LD-1227  mediates its inhibitory effects on TNFα, 
MMP-1, Col10A and MMP-13 expressions, at least 
in part, through the suppression of NF-κB activity.  
In addition, DNA binding activity of nuclear NF-κB 
p65, as demonstrated by highly sensitive and specific 
ELISA, was also inhibited in OA chondrocytes. These 
data further confirm that LD-1227 attenuates the 
inflammatory stimuli-induced activation and DNA 
binding activity of NF-κB in human chondrocytes. 
Recent work from our group has shown that, at least 
some effects of the present sturgeon extract cannot be 
simply reconciled with its content of EPA/DHA (27, 
28). Indeed, this compound contains collagen elastin, 
protein and a rich array of other smaller unsaturated 
fatty acids, and structural phospholipids still to be 
fully defined. Further investigation is also needed to 
discern how LD-1227 suppresses NF-kB activation, 
which components of NF-kB are suppressed, and what 
kind of intracellular signalling factors is specifically 
involved in the effect of LD-1227. Although the 
dosage of this compound employed in this in vitro 
study is regarded as being comparable to human use, 
a direct clinical inference needs a cautionary note and 
a clinical study is ongoing to confirm the above data.
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There is growing interest in the role of neurotrophins in the pathophysiology of schizophrenia. 
Neurotrophins are a large family of dimeric polypeptides that promote the growth and the differentiation 
of developing neurons in the central and peripheral nervous systems as well as the survival of neuronal 
cells in response to stress. Nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF) 
concentrations are here reviewed in relation to medication-naive early psychotic patients and in medicated 
chronic schizophrenic patients. Most data point to decreased plasma and serum NGF and BDNF 
concentrations in naive drug and in medicated schizophrenic patients compared to healthy controls. 
Higher BDNF levels were observed in patients with the paranoid subtype of schizophrenia. Low serum 
BDNF levels were associated with reduction in hippocampal volume (HV) at the onset of schizophrenia. 
Evidence on the correlation between BDNF levels and positive and negative schizophrenic symptoms 
were ambiguous. There are contrasting results on a possible correlation between increase in BDNF 
concentrations and treatment with antipsychotics. Antipsychotic treatment can elevate NGF values, 
specifically atypical. Growth factors might be good candidates as prognostically and diagnostically 
useful markers in schizophrenia. 
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There is growing interest in the role of 
neurotrophins in the pathophysiology of several 
central nervous system (CNS) disorders, namely 
depression and schizophrenia (1, 2).

Neurotrophins are a large family of dimeric 
polypeptides, including nerve growth factor 
(NGF), brain-derived neurotrophic factor (BDNF), 
neurotrophin-3 (NT-3), NT-4, NT-5, that promote the 
growth and the differentiation of developing neurons 
in the central and peripheral nervous systems as well 
as the survival of neuronal cells in response to stress 
(3). In the CNS, NGF is found in greatest quantities 
within the cortex, including the hippocampus and 
the pituitary gland, though significant quantities are 

also produced in other areas of the CNS, such as the 
spinal cord. NGF promotes the survival of primary 
sensory neurons and of sympathetic and cholinergic 
neurons in the basal forebrain. It seems to play a role 
in the pathophysiology and the pharmacotherapy of 
neurodegenerative disorders, such as Alzheimer’s 
dementia. In addition, it reduces neurodegeneration 
of cultured hippocampal neurons exposed to 
glutamate at toxic concentrations and preserves cell 
morphology (3). 

NGF has neuroprotective effects (2). When 
cholinergic neurons are damaged in lesion 
experiments, NGF infusion rescues cholinergic 
neurons, stimulates axonal growth and improves 
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cholinergic function.
BDNF seems to be more widespread in the CNS 

than NGF (4). Like NGF, BDNF is abundant in the 
hippocampus, a brain region with a high degree of 
neural plasticity, that must be preserved throughout 
life in order to safeguard essential functions, such 
as learning and memory. It is noteworthy that 
the regulation of both NGF and BDNF within the 
hippocampus is at least partly controlled by the 
cholinergic and glutamatergic systems. Hippocampal 
damage upregulates BDNF levels in this region. 
In addition, BDNF, like NGF, also acts on primary 
sensory and cholinergic neurons in the basal 
forebrain. However, it does not affect sympathetic 
fibers. As opposed to NGF, BDNF has also been 
found to promote the survival of a wide range of 
neuronal cells, (2) such as the dopaminergic neurons 

of the substantia nigra, cerebellar granule neurons, 
motoneurons, neurons of the locus coeruleus and 
retinal ganglion cells. BDNF is known to modulate 
dopaminergic, GABAergic and serotonergic 
receptors. There is burgeoning literature on 
BDNF’s role (and perhaps other neurotrophins) in 
the regulation of adult synaptic transmission and 
plasticity (5).

All neurotrophins have a similar basic structure, 
though they possess variable domains that account for 
specific receptor binding which, in turns, determines 
their biological effects (3). NGF mediates its 
biological effects by binding to TrkA, while BDNF 
and NT-4 bind to TrkB, and NT-3 binds to TrkC. 
In addition, all neurotrophins can interact with low 
affinity to another neurotrophin receptor, p75NTR, 
member of the tumor necrosis factor (TNF) receptor 
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            Fig. 1. Trk and p75 NTR receptor-mediated signaling pathways. Trk and p75 
NTR receptor-mediated signaling pathways. Binding of mature neurotrophins to 
Trk or pro-neurotrophins to P75NTR triggers the activation of different 
signaling pathways through different adaptors that result in diverse and at times 
opposite outcomes like survival, apoptosis, axonal growth, axonal collapse, and 
cell cycle arrest. Under normal circumstances, the biological responses of 
neurotrophins via their receptors include proliferation and survival; axonal and 
dendritic growth and remodeling; assembly and remodeling of the cytoskeleton;
membrane trafficking and fusion; and synapse formation, function, and 
plasticity. But under pathological circumstances, the levels of pro-neurotrophins 
increase and, consequently, so do the levels of p75NTR receptor, thus resulting
in increased neuronal, dendritic and synaptic apoptotic deterioration. Adapted 
from Buckley PF, Mahadik S, Pillai A, Terry A Jr. Neurotrophins and
schizophrenia. Schizophr Res 2007; 94(1-3):1-11 [24]. 
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Fig. 1. Trk and p75 NTR receptor-mediated signaling pathways. Trk and p75 NTR receptor-mediated signaling pathways. 
Binding of mature neurotrophins to Trk or pro-neurotrophins to P75NTR triggers the activation of different signaling 
pathways through different adaptors that result in diverse and at times opposite outcomes like survival, apoptosis, axonal 
growth, axonal collapse, and cell cycle arrest. Under normal circumstances, the biological responses of neurotrophins 
via their receptors include proliferation and survival; axonal and dendritic growth and remodeling; assembly and 
remodeling of the cytoskeleton; membrane trafficking and fusion; and synapse formation, function, and plasticity. But 
under pathological circumstances, the levels of pro-neurotrophins increase and, consequently, so do the levels of p75NTR 
receptor, thus resulting in increased neuronal, dendritic and synaptic apoptotic deterioration. Adapted from Buckley PF, 
Mahadik S, Pillai A, Terry A Jr. Neurotrophins and schizophrenia. Schizophr Res 2007; 94(1-3):1-11 [24].



349Journal of Biological Regulators & Homeostatic Agents

psychiatric disorders can be accounted for by a 
‘two hit model’: genetic and/or environmental 
factors disrupt early CNS development leading to 
vulnerability to a ‘‘second hit” which, in turn, leads 
to the onset of psychiatric symptoms (9). Numerous 
data suggest alterations in neurotrophin levels, as a 
result of exposure to stressful events in adulthood, 
could interact synergistically with epigenetic 
changes caused by early stress, leading to greater 
susceptibility for stress-related psychiatric disorders.

Approximately 1% of the general population 
is affected by schizophrenic psychoses. There is 
evidence that neurodevelopmental abnormalities, 
caused by genetic or other alterations, ultimately 
result in an increased predisposition to schizophrenia. 
Accordingly, the maldevelopment hypothesis 
postulates that abnormal structural development 
and maturation of specific brain areas (including 
disturbances of cell migration, disconnections and 
changes in neural plasticity) are important factors in 
the pathogenesis of schizophrenia (10). 

Besides neural maldevelopment such as 
migrational deficits and disconnections, which are 
involved in the pathophysiology of schizophrenia 
and alteration in the expression and/or functioning of 
neurotrophic factors may, therefore, also cause altered 
neural plasticity and structural abnormalities. In 
adolescence, the brain of schizophrenic subjects will 
be unable to adapt to stress situations and to develop 
efficient coping strategies. These considerations led to 
the neurotrophic factor hypothesis of schizophrenia, 
which postulates that various pathomechanisms (e.g. 
genetic, infectious, traumatic) cause alterations in 
the expression of neurotrophic factors, and that these 
alterations are responsible for the morphological 
abnormalities occurring in the brains of schizophrenic 
patients, ultimately causing the characteristic 
psychopathological symptoms (11).  A number 
of histopathological and neuroimaging findings 
support the maldevelopment and neurotrophic factor 
hypothesis of schizophrenic psychoses (12). 

It is important to note that the neurotrophic 
factor hypothesis (Fig. 2) is not in contrast with 
models stressing the relevance of neurotransmitters 
in the pathophysiology of schizophrenia. Altered 
neurotransmitter activity of affected nerve cells 
can be regarded as the consequence of a neuronal 
maldevelopment caused by neurotrophic factor 

superfamily. The Trk receptor signaling leads to 
survival pathways (Fig. 1). 

Interactions of all pro-neurotrophins to p75NTR 
have been shown to initiate an apoptotic signal 
in neurons. Since Trk receptor signaling leads to 
survival and p75NTR receptor pro-neurotrophin 
signaling leads to apoptotic pathways, interactions 
of mature neurotrophin and pro-neurotrophins have 
opposite effects. During development, NTs regulate 
naturally occurring cell death, synaptic connectivity, 
fiber guidance and dendritic morphology. In 
addition, NTs contribute to brain plasticity, being 
involved in activity-dependent neuronal function 
(6). Several lines of evidence suggest that reduced 
NTs signaling in the adult brain may be implicated 
in the pathophysiology of psychiatric disorders (7). 
Brain plasticity refers to the brain’s ability to change 
structure and function in response to a variety of 
stimuli. NTs are good candidates as “regulators” 
of synaptic plasticity, given that they are expressed 
in appropriate “plasticity loci”, their expression is 
activity-dependent and they appear to affect synaptic 
function, membrane excitability as well as neuronal 
morphology and connectivity (6).

From latest gene research investigating 
correlations between BDNF levels and gene 
expressions, the role of Val66Met polymorphism in 
BDNF has been shown to play an important role in 
structural and functional plasticity in schizophrenia 
(8). NTs effects on synaptic plasticity have been 
described as ‘‘very rapid local modes” since they do 
not require activation of gene transcription, being 
elicited within seconds from their application. There 
is evidence for short-term modulation of synaptic 
transmission by NTs as well as structural changes 
in axons and dendrites which underlie plastic 
rearrangements in the nervous system (4). Synthesis 
and release of BDNF is induced by neuronal activity 
and the subsequent TrkB activation leads to the 
stabilization of axonal and dendritic branches and 
strengthening of active synaptic connections (4). 

Because of the fundamental role played by these 
neurotrophic factors in shaping brain function, a 
pathological alteration in NTs concentration or 
action early during postnatal life could exert long-
term effects on synaptic plasticity, impairing the 
ability of the organism to cope with novel/stressful 
situations and leading to psychopathology. Many 
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in medication-naïve early psychotic patients and in 
medicated chronic schizophrenic patients. Aloe et 
al. (13) showed that haloperidol reduced basal NGF 
plasma levels in 8 neuroleptic-free schizophrenic 
patients. Jockers-Scherübl et al. (14) found that 
NGF serum concentrations could be influenced by 
cannabis abuse. In particular, long-term cannabis 
abuse may increase the risk of schizophrenia. 
Schizophrenic patients with regular cannabis intake 
(> 0.5 g on average per day for at least 2 years) had 
significantly raised NGF serum levels compared to 
controls and schizophrenic patients not consuming 
cannabis. In schizophrenic patients who abused 
of other substances in addition to cannabis, NGF 
concentrations were much higher. Polysubstance 

alterations. There is probably a sensitive balance 
of mutual regulation between neurotransmitter and 
neurotrophic factor metabolism. The neurotransmitter 
hypothesis of schizophrenia is mainly supported by 
the antidopaminergic effect of many antipsychotic 
drugs and the psychotropic properties of certain 
glutamatergic substances. Antipsychotic drugs 
probably modulate intracellular signal transduction 
and gene expression processes, which may be as 
important for their efficacy as their interaction with 
particular receptors.

NERVE GROWTH FACTOR LEVELS

There are very few studies reporting NGF levels 

Fig. 2. Neuromaldevelopment hypothesis of schizophrenia. Neuromaldevelopment
hypothesis of schizophrenia. Under physiological conditions, neurotrophic factors are
involved in the regulation of neurodevelopment, neural migration and differentiation as
well as in modulating neurotransmitter synthesis, synaptic organization and neural
plasticity. Under pathological conditions, with impaired neurotrophic factor 
metabolism, neural maldevelopment, migrational deficits and disconnections arise. 
These neural alterations may cause disturbances in neurotransmitter systems and 
reduction of or changes in neural plasticity in adulthood, thereby impairing the 
individual’s ability to develop coping strategies in crisis situations; this could explain
the clinical observation that psychoses are often induced by challenging life events. 
Adapted from Durany N, Thome J. Neurotrophic factors and the pathophysiological of 
schizophrenic psychoses. Eur Psychiatry 2004; 19(6):326-37 [1].

Fig. 2. Neuromaldevelopment hypothesis of schizophrenia. Under physiological conditions, neurotrophic factors 
are involved in the regulation of neurodevelopment, neural migration and differentiation as well as in modulating 
neurotransmitter synthesis, synaptic organization and neural plasticity. Under pathological conditions, with impaired 
neurotrophic factor metabolism, neural maldevelopment, migrational deficits and disconnections arise. These neural 
alterations may cause disturbances in neurotransmitter systems and reduction of or changes in neural plasticity in 
adulthood, thereby impairing the individual’s ability to develop coping strategies in crisis situations; this could explain 
the clinical observation that psychoses are often induced by challenging life events. Adapted from Durany N, Thome J. 
Neurotrophic factors and the pathophysiological of schizophrenic psychoses. Eur Psychiatry 2004; 19(6):326-37 [1].
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AUTHOR  PATIENTS  DRUG 
TREATMENTS 

NGF‐BDNF  LEVELS  MAIN FINDINGS 
Aloe L et al. 1997  schizophrenic 

patients pre and 
post treatment 

Haloperidol   NGF plasma levels  Haloperidol reduced the NGF plasma 
levels  

Parikh V et al. 
2003 

medicated 
schizophrenic 
patients vs never‐
medicated first‐
episode psychotic 
patients 

atypical 
antipsychotics vs 
typical 
antipsychotics 

 NGF plasma levels NGF levels were significantly higher in 
chronic schizophrenic patients treated 
with antipsychotics as compared to 
first‐episode psychotic patients. NGF 
plasma levels were markedly higher in 
atypical antipsychotics treated patients 
compared to typical antipsychotics 
treated patients 

Lee BH et al. 2009  schizophrenic 
patients re and 
post treatment vs 
healthy controls 

Risperidone   beta‐NGF plasma 
levels
 BDNF plasma levels

Plasma BDNF and beta‐NGF had no 
significant changes between pre and 
post treatment. Data suggest higher 
plasma BDNF levels might be 
associated with better response to 
risperidone treatment.  

Toyooka K et al. 
2002 

schizophrenic 
patients vs 
healthy controls 

Haloperidol,
Chlorpromazine, 
Levomepromazine, 
Zotepin,
Bromperidol, 
Risperidone, other 

BDNF serum levels 
(not in the whole blood) 

The BDNF reduction in serum but not 
in whole blood suggests a potential 
deficit in neurotrophic factor release in 
schizophrenic patients  

Shimizu E et al. 
2003 

antipsychotic‐
naive vs 
medicated 
schizophrenia 
patients vs 

not reported  = BDNF serum levels  No significant differences in BDNF 
serum levels among antipsychotic‐
naive  and medicated patients and 
healthy controls 

healthy controls  
Huang TL et al. 
2006 

schizophrenic 
patients vs 
healthy controls 

not reported   BDNF serum levels  Patients with catatonic schizophrenia 
had lower BDNF serum levels than 
patients with paranoid or residual 
schizophrenia. 

Hori H et al. 2007  schizophrenic 
patients vs 
healthy controls 

Olanzapine  = BDNF plasma levels  olanzapine did not alter the plasma 
levels of brain‐derived neurotrophic 
factor 

Gama CS et al. 
2007 

schizophrenic 
patients vs 
healthy controls 

Clozapine, typical 
and other atypical 
antipsychotics 

 BDNF serum levels  Serum BDNF levels were significantly 
higher in schizophrenia patients when 
compared to controls 

Grillo RW et 
al.2007 

schizophrenic 
patients vs 
healthy controls 

Clozapine vs typical 
antipsychotics 
(Chlorpromazine, 
Levopromazine, 
Haloperidol) 

 BDNF serum levels  BDNF values from patients on 
clozapine were non significantly higher 
than values from patients on typical 
antipsychotics. Serum BDNF was 
strongly and positively correlated with 
clozapine dose 

Ikeda Y et al. 
2008 

schizophrenic 
patients vs 
healthy controls 

not reported   BDNF serum levels  Data suggest that pervasive, abnormal 
signaling of neurotrhophic factors 
underlies the pathophysiology of 
chronic schizophrenia 

Reis HJ et al. 2008  schizophrenic 
patients vs 
healthy controls 

Chlorpromazine, 
Haloperidol, 
Levopromazine, 
Trifluorperazine 

 BDNF serum levels  BDNF serum levels correlated 
positively with the clinical scores at the 
negative subscale of the positive and 
negative syndrome scale 

Xiu MH et al. 2009  schizophrenic 
patients vs 
healthy controls 

Clozapine, 
Risperidone, 
Haloperidol, 
Chlorpromazine, 

BDNF serum levels Lower BDNF levels were observed in 
patients treated with risperidone. 
There was a sex difference in BDNF 
levels in patients with schizophrenia 

Perphenazine, 
Sulpiride, other 

but not in normal controls. Decreased 
BDNF serum levels in chronic patients 
with schizophrenia may be related to 
gender, antipsychotic treatment and 
the severity of psychotic symptoms. 

Rizos EN et al. 
2010 

schizophrenic 
patients vs 
healthy controls 

Risperidone, 
Haloperidol, 
Olanzapine, 
Amisulpride 

 BDNF serum levels
(related to healthy 
controls) 
= BDNF serum levels 
(compared to levels at 
study entry) 

BDNF  serum levels were significantly 
increased in the subgroup receiving 
olanzapine compared to the other 
antipsychotics. 

Chen CC et al. 
2011 

paranoid 
schizophrenia 
patients pre and 
post treatment 

Risperidone, 
Clozapine 

= BDNF serum levels 
relative to study entry.  
 BDNF serum levels (in 
the subgroup receiving 
risperidone compared to 
that receiving clozapine
only in male) 

Gender might significantly influence 
the antipsychotic treatment of 
schizophrenia from the perspective of 
BDNF 

Pedrini M et al. 
2011 

schizophrenic 
patients vs 
schizophrenic 
patients 

Clozapine, typical 
antipsychotics 

not reported  serum BDNF levels are correlated with 
clozapine daily dose but not with 
typical antipsychotic daily dose 

Table I. Antipsychotic drugs effects on NGF and BDNF concentrations.

BDNF values from patients on 
clozapine were significantly higher 
than values from patients on typical 
antipsychotics. Serum BDNF was 
strongly and positively correlated with 
clozapine dose
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lower NGF levels in both CSF and plasma were 
observed in drug-naive first episode psychotic 
patients. In controls, CSF NGF levels correlated to 
plasma values (19).

Serum NGF and interleukin-2 (IL-2) were 
analyzed to examine the diagnostic efficiency 
and predictive capability of these two biomarkers 
in relation to a diagnosis of schizophrenia (20). 
Significantly lower serum IL-2 and NGF among 
schizophrenic patients compared to healthy controls 
were observed. The diagnostic efficiency of 
combined NGF and IL-2 was high in schizophrenic 
patients compared with healthy controls. Serum 
NGF and IL-2 appear to be promising as potential 
screening or diagnostic biomarkers for schizophrenia 
and may be a useful adjunct for clinical assessment. 
Morover, cytokine production can be influence by 
the psychopharmacological treatment, becoming a 
marker of treatment response (21).

Only one study simultaneously correlated BDNF 
and NGF plasma concentrations in medicated 
schizophrenic patients. Higher plasma BDNF 
levels might be associated with a better response 
to risperidone treatment, while plasma beta-NGF 
levels might have no effect on the clinical response 
in schizophrenia patients. At baseline, plasma BDNF 
did not significantly differ between schizophrenia 
patients and controls, but beta-NGF levels were 
significantly lower in schizophrenic patients than 
controls. Plasma BDNF and beta-NGF in all 
schizophrenic patients did not significantly change 
after treatment as compared to the pre-treatment 
phase. Baseline BDNF levels were significantly 
lower in non-responding patients than in the 
others. After treatment, highly improved patients 
had significantly greater plasma BDNF than non-
responders. However, beta-NGF did not significantly 
differ between the two groups (22).

BRAIN DERIVED NEUROTROPHIC 
FACTOR LEVELS

Several evidences report decreased serum and 
plasma BDNF concentrations in schizophrenic 
patients compared to healthy controls.

In particular, in first episode psychotic or drug 
naive schizophrenic patients, many studies found 
significantly reduced BDNF levels (23-27). Morover, 

dependent subjects are usually characterized by 
suicide attempts and self-mutilating or aggressive 
behaviors (15).

Antipsychotic treatment in schizophrenics with 
and without cannabis or additional substance abuse 
leads to recovery of neural integrity, as indicated by 
renormalized NGF values (16). Plasma NGF levels 
were significantly lower in both never-medicated 
first-episode psychotic (FEP) and medicated chronic 
patients as compared to normal subjects. NGF levels 
were significantly higher in chronic schizophrenic 
patients, which were treated with antipsychotics 
as compared to FEP (Table I). Moreover, NGF 
levels in chronic patients treated with atypical 
antipsychotics were markedly higher as compared to 
patients treated with typical antipsychotics. Parikh 
postulated that lower NGF levels in FEP patients 
at the onset of psychosis may have implications 
for neurodevelopmental abnormalities. Higher 
NGF levels in chronic patients treated with atypical 
antipsychotics may have implications for treatment 
outcome (16).

Shcherbakova et al. (17) found increased 
leukocyte elastase (LE) activity and elevated 
levels of autoantibodies to neurospecific protein 
- nerve growth factor (Aab to NGF) in acute stage
schizophrenics’ serum. Patients with predominantly
positive symptoms showed significantly elevated
Aab to NGF serum levels compared to patients
with predominantly negative symptoms, who were
more likely to exhibit high LE activity. Progression
of positive symptoms was coupled with gradual
increase of Aab to NGF level and reduction of LE
activity. Based on these findings, Shcherbakova et
al. concluded that high levels of Aab to NGF relate
to a clinical picture characterized mainly by positive
symptoms, whereas high LE activity relates to a
clinical picture with predominant negative symptoms
(17).

Bersani et al. found that the ultradian rhythmic 
NGF regulation is altered in schizophrenics as 
compared to controls, with higher levels in the 
morning and lower levels in the evening, supporting 
the hypothesis that NGF plays a relevant role in 
schizophrenia (18).

Kale et al. (19) conducted the first study comparing 
cerebrospinal fluid (CSF) and plasma NGF levels in 
patients and matched healthy controls. Significantly 
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         smokers than in nonsmokers. Higher BDNF levels 
correlated with fewer negative symptoms and with 
more cigarette smoking (44). The fewer positive 
symptoms in smokers and the fewer negative 
symptoms in heavy smokers may be associated 
with nicotine-induced BDNF upregulation. BDNF 
might play an important role in the occurrence of 
the different clinical subtypes of schizophrenia. In 
fact, patients with that paranoid or residual subtype 
of schizophrenia had higher BDNF levels compared 
to patients with catatonic schizophrenia (45).

Contrasting results were observed on the 
relationship between BDNF and weight gain, 
when gender was taken into account. BDNF levels 
negatively correlated with BMI gain in female but 
not in male patients (32). Likewise, conflicting 
data were reported with respect to the relationship 
between BDNF levels and dyskinetic movements 
associated with tardive dyskinesia (TD). Plasma 
BDNF levels in patients with TD were lower 
compared to those without TD and to controls. Plasma 
BDNF levels inversely correlated with Abnormal 
Involuntary Movement Scale (AIMS) total score. 
Decreased BDNF could play an important role in the 
pathophysiology of tardive dyskinesia (28). 

Evidence on the correlation between BDNF 
levels and cognitive enhancement or decreased 
positive schizophrenic symptoms is also ambiguous. 
BDNF levels at the onset of schizophrenia may 
reflect associated pathophysiological processes as 
well as severity of positive and negative psychotic 
symptoms. There was no correlation between 
serum BDNF levels and PANSS scores in patients 
with schizophrenia (23). Plasma BDNF levels 
showed a significant negative correlation only with 
positive symptom scores at baseline (24, 25) and no 
significant correlations were found with any of the 
cognitive performance test battery or motor function 
test scores (24). Cognitive deficits have been 
correlated to language disturbance in schizophrenic 
patients (46).

CONCLUSIONS

Most data point to decreased plasma and serum 
NGF and BDNF concentrations in drug naive and 
in medicated schizophrenic patients compared to 
healthy controls. Antipsychotic treatment can elevate 

in medicated (typical or atypical antipsychotics) or 
chronic schizophrenic patients, BDNF levels were 
decreased compared to normal controls (26, 28, 29). 
In contrast with these results other studies reported 
no significant differences (22, 30). Contrasting 
results have been reported regarding antipsychotics’ 
capacity to increase BDNF concentrations. 
Depending on antipsychotic class, differential effects 
on BDNF levels were exerted (31-40). Clozapine 
might upregulate brain BDNF expression. In fact, 
serum BDNF strongly and positively correlates 
with clozapine dose and may account for cognitive 
enhancement.

Electroconvulsive therapy’s (ECT) therapeutic 
effect is associated with an increase in BDNF serum 
levels (41). During the course of ECT, paranoid 
and hallucinatory symptoms gradually improved, 
whereas BDNF levels increased over time. In 
addition, there was a general improvement of 
positive and negative schizophrenic symptoms. 

Low serum BDNF levels are associated with 
reduction in hippocampal volume (HV) at the onset 
of schizophrenia and might further support the theory 
of a neuroprogressive-neurotoxic reaction associated 
with the onset of psychosis. Corrected right HV of 
FEP patients were significantly smaller compared to 
corrected right HVs of healthy subjects. The serum 
BDNF levels in the sample of FEP patients was 
significantly reduced compared to healthy subjects. 
An interesting finding is that inferior frontal white 
matter alterations in fronto-temporo-limbic circuits 
might be associated with suicidality and self-
aggression in schizophrenia (42).

The effects of socially relevant doses of 
cannabinoids on BDNF levels hint at the 
existence of a possible mechanism underlying the 
consequences of exposure to cannabis. This might 
be of particular importance for the developing 
brain and also in disorders believed to involve 
altered neurodevelopment such as schizophrenia. 
Cannabis is associated with elevated BDNF serum 
concentrations in chronic cannabis abusers or 
multiple substance abusers, prior to disease onset. 
Drug-naive schizophrenic patients without cannabis 
consumption showed similar results to normal 
controls and cannabis controls without schizophrenia 
(43).

BDNF levels were significantly higher in 
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precursors differentiate in a variety of four known 
effector cell subsets: IFN-γ producing Th1 cells, IL-4 
producing Th2 cells, TGF-β producing Treg cells 
and IL-17 producing Th17 cells. TGF-β interacts in 
this process in several ways. The cytokine inhibits 
the development of Th1 (3, 4) and Th2 cells (5-7). 
In addition, TGF-β induces the transcription factor 
FoxP3, thereby promoting Treg-cell development 
(8). For Th17 cell differentiation the situation is 
much less defined. In the murine system TGF-β in 
combination with IL-6 has been considered to be a 
precondition for the development of naïve T helper 
cells into Th17 cells (9-11). In contrast, differentiation 
of human naïve T helper cells into Th17 cells has been 

Transforming growth factor-beta (TGF-β) is of 
importance not only as a growth factor, but also as 
an immune modulating cytokine. Affected cell types 
include T cells, B cells, NK cells, dendritic cells, as 
well as macrophages (1). TGF-β acts both pro- and 
anti-inflammatory (1) representing a multifunctional 
cytokine playing a complex role in immune response. 
The effects provoked by TGF-β critically depend on 
the genetic background, cell type, state of cellular 
differentiation and activation, extracellular matrix, 
and likewise other regulatory factors (2).

Development of T helper cell subsets is due to 
mutual interactions of different immune regulating 
factors. Depending on cytokine milieu, T helper cell 
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back.

Generation of single-cell suspensions and cell purification
Single-cell suspensions were prepared from spleens 

and axillary lymph nodes of naïve and B. burgdorferi-
infected mice (14, 21, 28 days post-infection) by 
pressing tissues through a fine wire mesh. For lysis of the 
erythrocytes, splenocytes were incubated for 5 min in a 
buffer containing 1.6 M ammonium chloride underlayed 
with heat inactivated fetal calf serum (FCS; PAA, Paschin, 
Austria) and subsequently rested in phosphate buffered 
saline (PBS) for 2 h at 4°C.

CD4+ T cells were enriched from spleens of naïve 
mice by negative selection using the CD4+ T cell isolation 
kit (Miltenyi Biotec, Bergisch-Gladbach, Germany) 
according to the manufacturer’s instructions (90-96% 
purity controlled by flow cytometry).

Cell culture conditions
Lymphocytes (2 x 106cells/ml) were incubated 

at 37°C and 5% CO2 in a humidified atmosphere in 
Iscoves modified Dulbecco’s medium (IMDM, Sigma, 
Taufkirchen, Germany) supplemented with 2 x 10-3 M 
L-glutamine, 100U/ml penicillin, 100mg/ml streptomycin
(all PAA, Paschin, Austria), 5 x 10-5 M 2-mercaptoethanol
(Sigma, Taufkirchen, Germany) and heat inactivated fetal
calf serum (FCS, PAA, Paschin, Austria) as indicated.

Cell culture conditions used for purified CD4+ T cells 
from naïve mice

(i) To investigate the TGF-β signal transduction in T
cells of the mouse strain TgdnRII in comparison to the 
wild type, cells were incubated for 30 min in medium 
containing 0.5% FCS in absence (TGF-β blocking 
antibody; 3mg/ml) or presence of TGF-β1 (0.5ng/ml) (all 
R & D Systems, Wiesbaden, Germany).

(ii) For Th17 cell generation, cells were cultured
for 48 h in medium containing 10% FCS supplemented 
with TGF-β1 (0.5ng/ml), IL-6 (10ng/ml), IL-23 (20ng/
ml), anti-IL-2-antibody (10mg/ml) (all R & D Systems, 
Wiesbaden, Germany) and in the last 5 h in the presence 
of GolgiPlug (5mg/ml) (BD Biosciences, Heidelberg, 
Germany). T cell stimulation was carried out by anti-
mouse-CD3e-antibody (5mg/ml) (BD Biosciences, 
Heidelberg, Germany).

Cell culture conditions used for splenocytes from naïve 
mice

(i) To investigate the interaction of TGF-β and LPS
in T helper cell differentiation, splenocytes were cultured 
according to the Th17 cell generation protocol in presence 
of IL-6, IL-23 and anti-IL-2-antibody. Supplements 
added to the cultivation medium were: I. TGF-β blocking 

reported not to depend on TGF-β (12-15). Moreover, 
TGF-β has been predicted to act as a suppressive on 
IL-17 production of human CD4+ T cells (14, 15). 
In this context, cytokines such as IL-1b and IL-23 
have been suggested to drive Th17 cell development 
in the human system (12-14). Due to the divergent 
observations made in murine and human systems 
to date, Th17 cell development in mice and humans 
has been assumed to be regulated differentially (16). 
However, actual data provide evidence that TGF-β is 
not directly required for the molecular orchestration 
of Th17 cell differentiation in the murine system (17, 
18). In this paper we highlight the role of TGF-β in 
Th17 cell development in the mouse, investigating 
the effects of likewise T cell specific over-expression 
of TGF-β or inhibition of TGF-β signal transduction 
in these cells by means of transgenic mouse models.

MATERIALS AND METHODS

Mice
Generation and characterization of the transgenic 

mouse strains used, TgN(CD2Tb)1Mbl (TgTGF) and 
TgN(CD2DkTbRII)2Mbl (TgdnRII), is described 
elsewhere (19, 20). The mouse strain TgTGF constitutively 
expresses biologically active TGF-β1 in T cells under 
the control of the human CD2 promoter. The mouse 
strain TgdnRII is T cell specific insensitive for TGF-β 
signaling caused by a truncated TGF-β type II receptor 
(DkTbRII) that is under the control of the human CD2 
promoter (total blocking of TGF-β pathway in T cells). 
Both transgenic mouse strains have similar levels of 
active TGF-β in the blood serum. All transgenic mouse 
strains were established and maintained hemizygous on 
an FVB/N background. For investigations, female mice 
between 8 and 10 weeks of age were used. Mice were 
bred and housed under specific pathogen-free conditions 
in accordance with the guidelines approved by the 
Animal Care and Use Committee of the institutional and 
governmental authorities.

Cultivation of Borrelia burgdorferi sensu stricto N40 and 
infection of mice

B. burgdorferi sensu stricto N40 were grown for ten
days at 33°C in modified Barbour-Stoenner-Kelly (BSK) 
medium as previously described (21). Organisms were 
visualized by dark field microscopy and enumerated by 
using a Petroff-Hausser counting chamber. Anesthetized 
mice were infected using B. burgdorferi sensu stricto N40, 
passage 4 via injection of 100 ml BSK medium containing 
1 x 107 viable spirochetes intradermally into the shaved 
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antibody (3mg/ml) + LPS (from Salmonella Minnesota 
R595, ultrapure TLR4 grade) (100ng/ml) (Alexis 
Biochemicals, Lausen, Switzerland); II. TGF-β1 (0.5ng/
ml) + LPS (from Salmonella Minnesota R595, ultrapure
TLR4 grade) (1001ng/ml) (Alexis Biochemicals, Lausen,
Switzerland).

(ii) To specify the effects of activin A or its antagonist
follistatin 288 on Th17 cell generation, splenocytes of 
the mouse strains FVB/N WT (WT) and TgdnRII were 
cultured according to the Th17 cell generation protocol 
in presence of IL-6, IL-23 and anti-IL-2-antibody. 
Supplements (all R & D Systems, Wiesbaden, Germany) 
added to the cultivation medium were: I. TGF-β1 (0.5ng/
ml); II. TGF-β blocking antibody (3mg/ml); III. TGF-β 
blocking antibody (3mg/ml) + activin A (19ng/ml); IV. 
TGF-β blocking antibody (3mg/ml) + follistatin 288 (5ng/
ml); V. TGF-β1 (0.5ng/ml) + follistatin 288 (5ng/ml).

Cell culture conditions used for lymphocytes from B. 
burgdorferi-infected mice

For re-stimulation, cells were incubated for 5 h in 
medium containing 10% FCS in presence of GolgiPlug 
(5mg/ml) (BD Biosciences, Heidelberg, Germany) and 
either Concanavalin A (ConA) (5mg/ml) (Biochrom, 
Berlin, Germany) or B. burgdorferi sensu stricto N40 (1 
x 107 borrelia/ml).

Flow cytometry
Cells were stained for the surface marker (anti-CD4 

PerCP-Cy5.5) (BD Biosciences, Heidelberg, Germany), 
fixed in 1% formaldehyde in PBS, permeabilized in 
0.55% saponine, and subsequently labeled with specific 
antibodies [rabbit-anti-phospho-Smad2 (Chemicon, 
Hampshire, Great Britain); anti-rabbit-IgG FITC (Upstate, 
Hampshire, Great Britain); anti-IFN-γ APC and anti-
IL-17 PE (all BD Biosciences, Heidelberg, Germany)]. In 
all cases, an Fc block (purified anti mouse CD16/CD32) 
(BD Biosciences, Heidelberg, Germany) was used. For 
comparison baseline data of cells without in vitro (re-)
stimulation were determined. Specifity of staining was 
verified via isotope controls carried out for all antibodies 
used (complementary data). Cells were analyzed on a 
FacsCalibur using Cellquest Pro software (all Becton 
Dickinson, Heidelberg, Germany).

Statistical analysis
Data are shown as means ± standard deviation (SD). 

Two-way analysis of variance followed by unpaired 
Student’s t test was used to identify significant differences 
between means. The statistical analysis was carried out 
by means of the program GraphPad Prism 4 (GaphPad 
Software, La Jolla, USA). In all cases, p < 0.05 was 
assumed to indicate significant differences.

RESULTS

Mouse strain TgdnRII is insensitive for TGF-β in T 
cells

To verify the inhibition of the TGF-β signal 
transduction in T cells of the mouse strain TgdnRII, 
we investigated the phosphorylation of the 
Smad2 protein, a component of the TGF-β signal 
transduction pathway.

Exposure of wild type (WT) T cells to TGF-β1 
resulted in a significant increase of cells with 
phosphorylated Smad2 protein (Fig. 1 A, B). In 
comparison, T cells from the mouse strain TgdnRII 
expressing a truncated TGF-β type II receptor did 
not up-regulate Smad2 phosphorylation (Fig. 1 C, 
D). Binding specifity of the capture and detection 
antibody used was assessed via staining of cells with 
(i) rabbit-IgG-antibody + detection antibody (anti-
rabbit-IgG FITC) or (ii) detection antibody alone.
Both assays revealed no positive signals underlining
the strictness of binding of the test system used
(complementary data).

Hence, in accordance to functional analysis 
conducted earlier (20) our data evidence the mouse 
strain TgdnRII to be insensitive for TGF-β in T cells.

Despite T cell insensitivity to TGF-β the mouse 
strain TgdnRII develops Th17 cells

The effects of T cell specific alterations in TGF-β 
activity and sensitivity on Th17 cell development 
were assayed ex vivo using a Borrelia burgdorferi–
based infection model.

Th17 cells were detectable in lymph nodes of 
both mouse strains, TgTGF as well as TgdnRII (Fig. 
2). Significant differences in Th17 cell numbers 
could be seen. Naïve mice of the mouse strain 
TgTGF displayed more CD4+IL-17+ cells than 
naïve mice of the mouse strain TgdnRII (Fig. 2 A, 
C). Interestingly, after infection, numbers of Th17 
cells detectable were inversed. At all time points 
investigated post-infection the mouse strain TgdnRII 
developed more Th17 cells than the mouse strain 
TgTGF, regardless of the kind of re-stimulation used 
(Fig. 2 B, C; complementary data). Of note, wild 
type mice showed intermediate Th17 cell numbers 
at all conditions tested (complementary data).

Summing up, inhibition of the TGF-β signal 
cascade in T cells does not prevent Th17 cell 



360

cell development. Compared to both the wild type 
and the mouse strain TgdnRII numbers of detectable 
Th17 cells were significantly decreased (Fig. 3 A, 
B).

Thus, induction by TGF-β is dispensable for 
Th17 cell generation in vitro in the murine system. 
Moreover, our data suggest even an inhibitory effect 
of TGF-β produced by T cells on the development of 
these pro-inflammatory effectors.

TGF-β inhibits LPS-induced Th1 cell development 
thereby promoting Th17 cell differentiation in an 
indirect positive way

To ascertain the interrelation between TGF-β 
and the Th1-Th17-cell balance, we investigated the 
effects of supplemental TGF-β in context of an LPS-
induced Th1 cell generation.

generation. Rather, our data indicate TGF-β 
signaling in T cells to be unnecessary for Th17 cell 
development ex vivo in the mouse.

TGF-β action on T cells is dispensable or even 
inhibitory for Th17 cell development

To further analyze the impact of the factor TGF-β 
on Th17 cell development, we performed an in vitro 
generation assay. The formation of Th17 cells in 
vitro confirmed the observations made in our ex vivo 
investigations. The TgdnRII genotype produced Th17 
cells. Portions of detected CD4+IL-17+ lymphocytes 
thereby correspond to those observed in wild type 
animals (Fig. 3 A, B). The T cell specific TGF-β over-
expressing mouse strain TgTGF displayed Th17 
cells as well. However, the autocrine production of 
TGF-β appeared to be counterproductive on Th17 

Fig. 1. Mouse strain TgdnRII is insensitive for TGF-β in T cells. Purified CD4+ T lymphocytes from spleen were cultured 
for 30 min in absence (TGF-β blocking antibody) or presence of TGF-β1 (0.5ng/ml). Exposure of T cells from wild type 
mice to TGF-β1 increased the portion of CD4+Phospho-Smad2+ lymphocytes (A), thereby altering fluorescence intensity 
(B). No such effects were detectable in T cells from transgenic mice. Neither number of CD4+Phospho-Smad2+ cells (C) 
nor fluorescence intensity (D) was affected significantly by the presence of TGF-β1. Data shown are representative of 
three independent experiments with n = 6.  Ab: antibody; WT: wild type.
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Development of Th1 cells driven by LPS was 
blocked by addition of TGF-β. Regarding the mouse 
strain tested following TGF-β supplementation, a 
drop in portion of CD4+IFN-γ+ cells and an increase 
in portion of CD4+IL-17+ could be seen (Fig. 4 A, B). 
Moreover, in absence of externally added TGF-β, the 
T cell specific TGF-β over-expressing mouse strain 
displayed less CD4+IFN-γ+ lymphocytes compared 
to both the wild type and the mouse strain TgdnRII 
(Fig. 4 A).

Thus, our data affirm TGF-β to be a potent 
suppressor of LPS-induced Th1 cell development.

Activin does not affect Th17 cell development
As a potential inducer of Th17 cells in the mouse, 

we tested activin, a TGF-β superfamily member, 
which like TGF-β itself uses the Smad2 signal 
transduction pathway.

The differentiation of splenocytes into Th17 cells 
succeeded with both the wild type and the mouse 
strain TgdnRII (Fig. 5). Addition of activin to the 
cultivation medium (in the absence of TGF-β1) 
did not affect the portion of detectable Th17 cells 
regardless of the mouse strain tested (Fig. 5). 
Likewise, the inhibition of activin via its antagonist 
follistatin neither in presence nor in absence of TGF-β 
brought about any changes in Th17 cell generation. 
Interestingly, inhibition of TGF-β via TGF-β 
blocking antibody resulted in a significant decrease 
in Th17 cell number for both mouse strains tested 
(Fig. 5). Since T cells of the mouse strain TgdnRII 
are insensitive to TGF-β this observation underlines 
indirect effects of TGF-β on Th17 cell differentiation 
via non-T cells in the splenocyte culture.

Taken together, our data show Th17 cell 
development to be independent from activin as well 
as from the activation of a Smad2 phosphorylation 
cascade.

DISCUSSION

Th17 cells are potent pro-inflammatory effectors 
crucial for the defense against extracellular bacteria 
(22). However, in this context and in the context 
of autoimmune disorders Th17 cells have been 
demonstrated to be key contributors to destructive 
pathological mechanism (22). Hence, there is an 
exigency to identify the mediators orchestrating 

Fig. 2. The mouse strain TgdnRII develops Th17 
cells despite its T cell specific insensitivity to TGF-β. 
Stimulation of axillary lymph node cells from naïve (A) 
and B. burgdorferi-infected (B) mice for 5 h with borrelia 
organisms (1 x 107/ml). The histogram (C) shows portions 
of detectable CD4+IL-17+ lymphocytes on various days 
investigated. Note the presence of Th17 cells in the 
TgdnRII genotype. Data shown are as total cells and are 
representative of two independent experiments with n = 
3. The differences are statistically significant for all days
tested (*p < 0.05).  Dpi: days post infection
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animals. Smad2 is known to be sufficient for TGF-β 
signaling in T cells even in absence of Smad3 (23). 
Thus, our data clearly demonstrate the ability of the 
truncated receptor to compete with the endogenous 
TGF-β type II receptor resulting in a T cell specific 
insensitivity for TGF-β signaling.

Despite its T cell specific insensitivity to 
TGF-β, the mouse strain TgdnRII developed pro-
inflammatory Th17 cells. Detection of Th17 cells 
succeeded both ex vivo after re-stimulation of lymph 
node cells of B. burgdorferi-infected mice and in 
vitro after T cell specific stimulation of splenocytes 
and purified CD4+ lymphocytes. Hence, our data 
affirm the dispensability of TGF-β signaling for 
Th17 cell development in the mouse. Moreover, 
over-expression of TGF-β by T cells of the mouse 
strain TgTGF has an inhibitory effect on Th17 cell 
development. Both after re-stimulation of lymph 

Th17 cell differentiation. A number of trials report 
TGF-β to be involved in Th17 cell development. 
Nevertheless, to date, the role TGF-β plays in Th17 
cell generation remains unclear. In this study we 
investigate the interrelation between TGF-β and 
Th17 cell development in the murine system by 
means of transgenic mouse models.

The transgenic mouse strain TgdnRII expresses 
a truncated TGF-β type II receptor that is under 
the control of the human CD2 promotor. In vitro 
in a functional analysis it has been shown that IL-2 
production of purified and specifically stimulated 
transgenic T cells could not be inhibited by adding 
TGF-β1 even at a concentration of 10 ng/ml (20). 
In addition, in our study cultivation of T cells 
from TgdnRII mice in presence of TGF-β did not 
up-regulate phosphorylation of the signal protein 
Smad2 as seen in T cells from wild type control 

Fig. 3. TGF-β action on T cells is not essential or even inhibitory for Th17 cell development. The stimulation of CD4+ 
lymphocytes of WT, TgTGF, TgdnRII for 48 h with anti-CD3e-antibody (5mg/ml) in the presence of TGF-β1 (0.5ng/
ml), IL-6 (10ng/ml), IL-23 (20 ng/ml), anti-IL-2-antibody (10mg/ml) is shown in part (A). The histogram illustrates 
detectable numbers of developed CD4+IL-17+ cells (B). Note the presence of in vitro generated Th17 cells in the absence 
of TGF-β signaling (TgdnRII genotype). Data shown are representative of two independent experiments with n = 10. The 
differences are statistically significant (**p < 0.01; *p < 0.05).  WT: wild type
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Fig. 5. Activin does not affect Th17 cell development. Stimulation of splenocytes from either wild type (A) or TgdnRII genotype 
(B) for 48 h with anti-CD3e-antibody (5mg/ml) in the presence of IL-6 (10ng/ml), IL-23 (20ng/ml) and anti-IL-2-antibody
(10mg/ml). TGF-β1 (0.5ng/ml), TGF-β blocking antibody (3mg/ml), activin (19ng/ml) and follistatin (5ng/ml) are added as
indicated. C) The histogram shows detectable numbers of developed CD4+IL-17+ cells. Note the presence of in vitro generated
Th17 cells in the absence of TGF-β (TGF-β blocking antibody). Supplementation of activin as well as follistatin does not alter
Th17 cell number. Data shown are gated on CD4+ cells and are representative of two independent experiments with n = 8. The
differences are statistically significant (***p < 0.001; (**p < 0.01).  Ab: antibody;  WT: wild type

Fig. 4. TGF-β inhibits LPS-induced Th1 cell development thereby promoting Th17 cell differentiation in an indirect 
positive way. Stimulation of splenocytes of WT, TgTGF, TgdnRII for 48 h with anti-CD3e-antibody (5mg/ml) plus LPS 
(100 ng/ml) in absence (TGF-β blocking antibody) or presence of TGF-β1 (0.5ng/ml). Addition of TGF-β effectively 
blocks development of CD4+IFN-γ+ cells (A) thereby promoting CD4+IL-17+ cell differentiation (B). Data shown are 
gated on CD4+ cells and are representative of two independent experiments with n = 5. The differences are statistically 
significant (**p < 0.01; *p < 0.05). Ab: antibody; WT: wild type
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Th1 response. The effect of TGF-β in such a setting, 
therefore, is based rather on the prevention of Th1 
cell development than on a true induction of Th17 
cells. This interpretation is in accordance with recent 
findings both in the human as well as the murine 
system where TGF-β has been implicated to promote 
Th17 cell development indirectly by repressing Th1 
and Th2 responses (17, 18, 27).

The inhibitory effects of TGF-β on Th1 and Th2 
cells provide an optimal milieu for Treg and Th17 
cell development. Since the cytokine represents 
an inducer for Treg cell generation, Th17 cell 
differentiation crucially depends on the presence of 
other so far unknown factors. As a potential candidate, 
activin was tested for its potency to influence Th17 
cell development. Activin is part of the TGF-β 
family signaling via the same Smad-pathway as 
TGF-β (28). Furthermore, activin is up-regulated 
in a variety of autoimmune inflammatory diseases 
also linked with Th17 cells (29-34). Nevertheless, 
as shown in this study, activin does not affect 
detectable Th17 cell number. Thus, neither activin 
nor activation of a Smad2 pathway is necessary for 
Th17 cell development in the mouse.

Summing up, we could show TGF-β signaling 
in T cells to be dispensable or even inhibitory for 
generation of Th17 cells in the mouse. Furthermore, 
our data affirm TGF-β to inhibit an LPS-driven Th1 
cell development, acting as an indirect effector in 
Th17 cell differentiation. Hence the impact of TGF-β 
in T helper cell specification is due to its inhibitory 
action on Th1 and Th2 cells in addition to its direct 
promotion of Treg cell amplification.
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The sympathoneural system has a profound influence on the heart function. Sympathetic neurons are 
the major contributors to the huge rise of circulating noradrenaline (NA) level in response to stressful 
stimuli. Treadmill training in rats is forced exercise which has the propensity to induce both psychological 
and physical stress. The aim of this study is to examine how chronic forced running (CFR) affects the 
expression of catecholamine biosynthetic enzymes (tyrosine hydroxylase (TH), dopamine-ß-hydroxylase 
(DBH) and phenylethanolamine N-methyltransferase (PNMT)) and cAMP response element-binding 
(CREB) in stellate ganglia, as well as the concentrations of catecholamines, adrenocorticotropic hormone 
(ACTH) and corticosterone (CORT) in the plasma of rats. Also, we investigated how the additional 
acute immobilization stress changes the mentioned parameters. The rat training program consisted of 
12 weeks running on a treadmill (20 m/min, 20 min/day). We found that CFR increases TH and DBH 
mRNA and protein levels in stellate ganglia, which is followed by increased NA concentration in the 
plasma. CFR reduces the level of PNMT mRNA, while the level of PNMT protein remains unchanged in 
stellate ganglia. The increased expression of TH and DBH genes positively correlates with the expression 
of CREB in stellate ganglia and with plasma ACTH level, while reduced level of PNMT mRNA in stellate 
ganglia correlates with reduced plasma CORT level. The additional acute immobilization stress increased 
gene expression of catecholamine biosynthetic enzymes in stellate ganglia, as well as catecholamines, 
ACTH and CORT levels in the plasma. The results presented here suggest that the continuous increase 
of the noradrenaline biosynthetic enzyme expression in stellate ganglia due to CFR may play a role in 
growing risk of cardiovascular diseases. 
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The sympathetic nervous system (SNS) plays an 
important role in regulating the function of the heart 
and has a central role in the cardiovascular response 
to stress. Sympathetic nerves innervating the heart 
originate from stellate ganglia and influence the 
catecholamine levels in the heart (1). Therefore, the 

expression of catecholamine biosynthetic enzymes 
in stellate ganglia and their modulation under stress 
conditions has a direct impact on the heart function. 
Treadmill training in rats is forced exercise which 
has the propensity to induce both psychological and 
physical stress (2). The effects of chronic treadmill 
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training are likely to be associated with alterations 
in gene expression of catecholamine biosynthetic 
enzymes: tyrosine hydroxylase (TH) a “rate-
limiting” of catecholamines biosynthesis, dopamine-
β-hydroxylase (DBH) that converts dopamine (DA) 
into noradrenaline (NA) and phenyl ethanolamine 
N-methyltransferase (PNMT) catalyzing conversion
NA to adrenaline (A). Although the response of the
stellate ganglia is extremely important since it is the
source of the major sympathetic innervations of the
heart, the mechanism of regulation of catecholamine
biosynthetic enzymes to chronic treadmill training
is not sufficiently studied. Detecting regulatory
physiological mechanism for catecholamine
synthesis in stellate ganglia in stress conditions
provoked by forced prolonged running is extremely
important in the prevention of cardiovascular
diseases in sports medicine and pathophysiology.
One of the key questions in stress research is how the
same stressor can elicit a variant or altered response
depending on prior experience with the current or
different stressor. Immobilization is frequently used
as an additional acute stressor and is considered
one of the most intensive stressors that significantly
change gene expression (3). The response to novel
additional acute immobilization stress might reveal
the detailed mechanisms underlying the gene
expression of catecholamine biosynthetic enzymes
in stellate ganglia and the catecholamine impact on
heart in conditions of chronic physical activity. In this
study we investigated how chronic forced running
(CFR), as well as the additional acute immobilization
stress (CFR+IMM) affects the mRNA and protein
levels of catecholamine biosynthetic enzymes in
stellate ganglia, as well as on the concentrations of
NA, A, ACTH and morning corticosterone (CORT)
in the plasma of rats. We also investigated the level
of cAMP response element-binding (CREB) mRNA
in stellate ganglia of chronically stressed animals,
since it was shown that CREB plays a major role
in regulating the expression of TH and DBH genes
during forced exercise (4, 5).

MATERIALS AND METHODS

Animals and treadmill running 
In this study Wistar male rats (11-week-old) were used. 

Animals were under standard laboratory conditions with 

water and food ad libitum and kept three to four per cage. 
Care was taken to minimize the pain and discomfort of the 
animals according to the recommendations of the Ethics 
Committee of the “Vinča” Institute of Nuclear Sciences, 
Belgrade, Serbia, which are in accordance with the Guide 
for Care and Use of Laboratory Animals of the National 
Institute of Health, Bethesda, MD, U.S.A. 

Animals were divided into four groups: i) The 
control group (n=10) was not exposed to any treatment; 
ii) CFR group (n=10) consisted of animals exposed to
chronic forced running for a period of 12 weeks; iii)
IMM group (n=40) consisted of animals exposed to
acute immobilization stress, for a period of 2 h, and iv)
CFR+IMM group (n=40) consisted of animals exposed to
CFR stress for a period of 12 weeks, and after chronic
stress, these animals were exposed to additional acute
IMM stress for a period of 2 h.

Chronic forced running was achieved by the rats daily 
on the treadmill running. Animals assigned to an exercise 
training group were gradually introduced to treadmill 
running during a 7-day period. In our experience, about 
15% of rats do not run well enough on the treadmill to 
achieve an exercise training effect. In order to judge 
rat trainability prior to the onset of the experiment, 
performance was rated by a scale from 1 to 5.5, the latter 
representing the best performance score (6). Animals 
with a mean rating of 3 or higher were considered to be 
performing well and assigned to the treadmill training 
groups. The treadmill speed required to approximate a 
relative workload throughout the training protocol was 
estimated from oxygen cost of running. Our training 
intensity was designed to elicit ~70-75% maximal oxygen 
uptake. Animals assigned to treadmill training ran on 
the treadmill 5 days a week for 12 weeks, during which 
period the exercise time was increased from 10 min to 20 
min/day and treadmill speed gradually increased from 10 
to 20 m/min by the end of the second week, maintaining 
the incline at 0º. The animals then ran according to this 
regimen for 10 additional weeks (20 min/day at a speed 
of 20 m/min, 5 days a week). In the present study, we 
exposed animals to a low-intensity treadmill training, 
since Erdem et al. (7), by using low-intensity training, 
suggested that exercise intensity is a pivotal factor in the 
effect of submaximal endurance training (12 weeks) on 
adrenomedullary catecholamine biosynthesis. Animals 
were monitored continuously during exercise. 

Immobilization stress was provoked as described by 
Kvetnansky and Mikulaj (8). Groups IMM and IMM + 
CFR contained 40 animals.  These groups were divided into 
four subgroups (n=10), because we examined changes in 
catecholamine biosynthetic enzymes in four different time 
periods after the cessation of immobilization. The animals 
were sacrificed after chronic stress, immediately after the 
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radioenzymatic assay described previously by Peuler 
and Johnson (11) and the values were expressed as pg/ml 
plasma. Catecholamines present in plasma aliquots were 
converted to their labeled O-methylated derivatives by 
S-(3H) adenosylmethionine (Lacomed, Czech Republic) 
and the lyophilized catechol-O-methyl transferase 
isolated from the rat liver. The O-methylated derivatives 
of the amines were then extracted along with unlabeled 
carrier compounds. 

Plasma ACTH was determined by a chemiluminescent 
method using IMMULITE automatic analyzer (Diagnostic 
Products Corporation, Los Angeles, CA, USA) and the 
values were expressed as pg ACTH/ml plasma. 

Plasma CORT was measured upon prior extraction 
directly, using RIA commercial kits (MP Biomedicals, 
Germany) and the values were expressed as ng CORT/
ml plasma.

Data analysis
The data are presented as means ± S.E.M. Differences 

of gene expression (mRNA and protein levels) of 
catecholamine biosynthetic enzymes (TH, DBH and 
PNMT) and level of CREB mRNA in stellate ganglia and 
concentration of NA, A, ACTH and CORT in plasma were 
analyzed by One-way ANOVA. The effects of chronic 
forced running (CFR) and acute immobilization stress 
(IMM) compared to control animals, as well as the effects 
of additional acute immobilization stress after chronic 
forced running (CFR+IMM) compared to chronic forced 
running animals (CFR), were tested by Tukey post-hoc 
test. 

Correlations of mRNA levels, protein levels and 
hormone levels were analyzed by the Spearman test, 
using the Sigma Plot v10.0 (with SigmaStat integration). 

Statistical significance (p) was set to 0.05 statistical 
power (1-ß) exceeded 85%. Statistical power confirms 
that the number of animals (n=10) was sufficient for this 
experiment. Reliability test was designed so we did three 
repeated measurements of the level of gene expression of 
TH, DBH, PNMT and CREB. The calculated value of the 
ICCR test of >0.85 was considered to be satisfactory and 
it proves the reliability of the applied methods. Statistical 
analysis was carried out using the SPSS.

RESULTS

Changes in plasma concentrations of NA, A, ACTH 
and CORT 

CFR treatment. CFR treatment increased plasma 
concentrations of NA by 20% (p<0.05, Tukey test, 
Fig. 1a), A by 25% (p<0.05, Tukey test, Fig. 1b) and 
ACTH by 100% (p<0.01, Tukey test, Fig. 1c) and 

cessation of acute immobilization and 3 h, 6 h and 22 h 
after the acute immobilization. Literature data show that in 
these periods changes in gene expression of catecholamine 
biosynthetic enzymes in stellate ganglia are expected (3, 9). 
Samples of blood were collected and both stellate ganglia 
were isolated. Stellate ganglia were immediately frozen 
and stored in liquid nitrogen until analyzed. To determine 
whether CFR affects the diurnal rhythm of CORT in this 
experiment, we measured morning CORT.

RNA isolation and cDNA synthesis 
Total RNAs were isolated using TRIZOL reagent 

(Invitrogen, USA). After the isolation of mRNA, DNA-
ase treatment was applied with DNAse I (Fermentas, 
Lithuania). Concentration of total mRNA was measured 
in triplicate by a spectrophotometer. Quality of mRNA 
was checked on agarose gel. Reverse transcription was 
performed using Ready-To-Go You-Prime First-Strand 
Bead (Amersham Biosciences, UK) and pd (N)6 Random 
Hexamer (Amersham Biosciences, UK) primer according 
to the manufacturer’s protocol. 

Real-time RT-PCR 
TaqMan PCR assays were carried out using Assay-on-

Demand Gene Expression Products (Applied Biosystems, 
USA) for TH (Rn00562500_m1), DBH (Rn00565819_
m1), PNMT (Rn01495589_g1) and CREB (Rn01441386_
g1). The reference gene (endogenous control) was 
included in each analysis to correct for the differences in 
the inter-assay amplification efficiency and all transcripts 
were normalised to cyclophyline A (Rn00690933_m1) 
expression. Real-time RT-PCR assay was carried out 
exactly as previously described (10). 

Western blot analysis
Western blot analysis was performed as previously 

described (10). Antibodies used for quantification of 
specific proteins were as follows: for TH the monoclonal 
primary antibody against mouse TH (monoclonal antibody 
against TH from mouse-mouse hybrid cells, clone 2/40/15, 
dilution 1:5000, Chemicon International, USA), for DBH 
the anti-dopamine-ß hydroxylase (N-terminal) antibody, 
sheep (dilution 1:5000, Sigma, USA), for PNMT the 
polyclonal ant-PNMT primary antibody, rabbit (dilution 
1:1000, Protos Biotech Corporation, USA) and for β-actin 
the rabbit polyclonal anti-β-actin (ab8227, dilution 
1:5000, Abcam, USA). Densitometry of protein bands on 
ECL film (Amersham Biosciences, UK) was performed by 
Image J analysis PC software. The result was expressed in 
arbitrary units normalized in relation to β actin. 

Catecholamine, ACTH and CORT measurements
Plasma catecholamines were measured by a standard 
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Fig. 1c) and CORT concentration by 66% (p<0.01, 
Tukey test, Fig. 1d), while the exposure of CFR 
animals to additional acute immobilization stress 
increased ACTH concentration by 1150% (p<0.001, 
Tukey test, Figure 1c) and CORT concentration by 
96% (p<0.001, Tukey test, Fig. 1d) in the plasma 
immediately after the cessation of immobilization.

Changes of TH, DBH, PNMT and CREB mRNA 
levels in stellate ganglia 

CFR treatment. The animals exposed to CFR 
showed increased levels of TH mRNA by 25% 
(p<0.05, Tukey test, Fig. 2a), DBH mRNA by 20% 
(p<0.05, Tukey test, Fig. 2b) and CREB mRNA by 
40% (p<0.05, Tukey test, Fig. 2d), compared with 

decreased CORT concentration by 15% (p<0.05, 
Tukey test, Fig. 1d), compared with control animals. 

IMM and CFR+IMM treatment. The exposure 
of the animals to acute immobilization stress 
significantly increased concentration of NA by 48% 
(p<0.05, Tukey test, Fig. 1a) and A concentration 
by 60% (p<0.05, Tukey test, Fig. 1b), while the 
additional acute immobilization of CFR animals 
increased NA concentration by 60% (p<0.01, 
Tukey test, Fig. 1a) and A concentration by 71% 
(p<0.01, Tukey test, Fig. 1b) 3 h after the cessation 
of immobilization. Similar changes are found 22 h 
after the cessation of acute immobilization. Also, we 
found that acute IMM induced significant increase 
ACTH concentration by 900% (p<0.01, Tukey test, 

Fig. 1. Effects of chronic forced running and additional acute immobilization stress on the concentration of noradrenaline 
(NA) [a], adrenaline (A) [b], adrenocorticotropic hormone (ACTH) [c] and corticosterone (CORT) [d] in the plasma. 
The values are means ± S.E.M. of 10 rats. Statistical significance: +p<0.05, ++p<0.01 animals exposed to chronic for-
ced running vs control animals (Tukey test); *p<0.05, **p<0.01 animals exposed to acute 2-h immobilization vs control 
animals (Tukey test); ##p<0.01, ###p<0.001 animals exposed to additional acute 2-h immobilization stress after chronic 
forced running vs. animals exposed to chronic forced running (Tukey test).
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Fig. 3d);
- CORT level in the plasma and PNMT mRNA

level in stellate ganglia (Spearman, ρ=0.838, 
P<0.0005, Fig. 3e).

IMM and CFR+IMM treatment
We found that IMM treatment significantly 

increased the levels of TH mRNA by 300% 
(p<0.001, Tukey test, Fig. 2a) and DBH mRNA by 
620% (p<0.001, Tukey test, Fig. 2b) 3 h after the 
cessation of immobilization. Similar changes are 
found 6h after the cessation of acute immobilization. 
The exposure of CFR treated animals to additional 
acute immobilization stress led to increased mRNA 
levels of TH by 81% (p<0.05, Tukey test, Fig. 2a) 

control animals. However, CFR decreased PNMT 
mRNA level by 20% (p<0.05, Tukey test, Fig. 2c), 
compared with control animals in the examined 
tissue. 

In CFR animals we recorded significant positive 
correlation between the levels of: 

- CREB mRNA and TH mRNA levels in stellate
ganglia (Spearman, ρ=0.738, P=0.0131, Fig. 3a);

- CREB mRNA and DBH mRNA levels in stellate
ganglia (Spearman, ρ=0.705, P=0.0186, Fig. 3b);

- ACTH level in the plasma and TH mRNA level
in stellate ganglia (Spearman, ρ=0.658, P=0.0332, 
Fig. 3c);

- ACTH level in the plasma and DBH mRNA level
in stellate ganglia (Spearman, ρ=0.984, P<0.0005, 

Fig. 2. Effects of chronic forced running and additional acute immobilization stress on tyrosine hydroxylase (TH) [a], 
dopamine-ß-hydroxylase (DBH) [b], phenylethanolamine N-methyltransferase (PNMT) [c] and cAMP response element-
binding (CREB) [d] mRNA levels in stellate ganglia. The values are means ± S.E.M. of 10 rats. Statistical significance: 
+p<0.05 animals exposed to chronic forced running vs. control animals (Tukey test); ***p<0.001 animals exposed to
acute 2-h immobilization vs. control animals (Tukey test);  #p<0.05, ##p<0.01 animals exposed to additional acute 2-h
immobilization stress after chronic forced running vs animals exposed to chronic forced running (Tukey test). The final
result was expressed as fold change relative to the calibrator and normalized to cyclophyline A.
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Fig. 4a) and DBH by 25% (p<0.05, Tukey test, Fig. 
4b), compared with control animals. However, CFR 
did not affect the PNMT protein level (Fig. 4c). 

In CFR animals we recorded significant positive 
correlation between the levels of: 

- TH protein level in stellate ganglia and NA level
in the plasma (Spearman, ρ=0.823, P=0.0015, Fig. 
5a);

- DBH protein level in stellate ganglia and NA
level in the plasma (Spearman, ρ=0.853, P<0.0005, 

and DBH by 100% (p<0.05, Tukey test, Fig. 2b) 
3h after the cessation of immobilization, however, 
only 6h after the cessation of immobilization PNMT 
mRNA level was increased by 25% (p<0.05, Tukey 
test, Fig. 2c).

Changes of TH, DBH and PNMT protein levels in 
stellate ganglia

CFR treatment. CFR provoked the increased 
protein levels of TH by 20% (p<0.05, Tukey test, 

Fig. 3. The correlations between TH and DBH mRNA levels with CREB mRNA level in stellate ganglia, as well as correla-
tions between ACTH and CORT levels in the plasma with mRNA levels of catecholamine biosynthetic enzymes in stellate 
ganglia. a) The correlation in the levels of CREB mRNA and TH mRNA in stellate ganglia of animals exposed to CFR 
(Spearman). b) The correlation in the levels of CREB mRNA and DBH mRNA in stellate ganglia of animals exposed to 
CFR (Spearman). c) The correlation in the plasma concentrations of ACTH and level of TH mRNA in stellate ganglia of 
animals exposed to CFR (Spearman). d) The correlation in the plasma concentrations of ACTH and level of DBH mRNA 
in stellate ganglia of animals exposed to CFR (Spearman). e) The correlation in the plasma concentrations of CORT and 
level of PNMT mRNA in stellate ganglia of animals exposed to CFR (Spearman).

L. GAVRILOVIĆ ET AL.
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after the cessation of immobilization. 

In CFR animals we recorded significant positive 
correlation between the levels of: 

-TH protein level in stellate ganglia and NA level
in the plasma 22 h after immobilization of animals 
exposed to CFR (Spearman, ρ=0.847, P<0.0005, 
Fig. 5c); 

-DBH protein level in stellate ganglia and NA
level in the plasma 22 h after immobilization of 

Fig. 5b).
IMM and CFR+IMM treatment. The exposure of 

the animals to acute immobilization stress increased 
the protein levels of TH by 59% (p<0.05, Tukey test, 
Fig. 4a) and DBH by 25% (p<0.05, Tukey test, Fig. 
4b), while the additional exposure of CFR animals to 
acute immobilization stress led to increased protein 
levels of TH by 66% (p<0.01, Tukey test, Fig.4a), 
DBH by 52% (p<0.01, Tukey test, Fig. 4b) and 
PNMT by 200% (p<0.01, Tukey test, Fig.4c) 22 h 

Fig. 4. Effects of chronic forced running and additional acute immobilization stress on tyrosine hydroxylase (TH) [a], 
dopamine-ß-hydroxylase (DBH) [b] and phenylethanolamine N-methyltransferase (PNMT) [c] protein levels in stellate 
ganglia. The values are means ±S.E.M. of 10 rats. Statistical significance: +p<0.05 animals exposed to chronic forced 
running vs control animals; (Tukey test); *p<0.05 animals exposed to acute 2-h immobilization vs control animals (Tukey 
test); ##p<0.01 animals exposed to additional acute 2-h immobilization stress after chronic forced running vs animals 
exposed to chronic forced running (Tukey test). The result was expressed in arbitrary units normalized in relation to β 
actin. (A) Distribution of TH, DBH, PNMT and ß actin proteins in stellate ganglia of control animals [I], animals ex-
posed to CFR [II], animals exposed to IMM (3 h after immobilization) [III], animals exposed to CFR+IMM (3 h after 
immobilization) [IV], animals exposed to IMM (22h after immobilization) [V] and animals exposed to CFR+IMM (22 h 
after immobilization) [VI]. 
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exercise) induced neuron hypertrophy in the stellate 
ganglia (12). The increased release of NA from 
stellate ganglia during chronic stress may play a role 
in growing risk for cardiovascular diseases. Also, 
it is known that chronic stress is associated with a 
transient suppression of the HPA axis, manifested by 
the lower morning cortisol and the reduced adrenal 
cortisol response to ACTH stimulation. This HPA 
response pattern is manifested by decreased morning 
plasma or urinary cortisol, especially in the subjects 
with post-traumatic stress disorder (13). The results 
of this work show that long-term treadmill running 
produced adaptive physiological changes which are 
indicative of chronic stress. The potentially negative 

animals exposed to CFR (Spearman, ρ=0.903, 
P<0.0005, Fig. 5d). 

DISCUSSION

Changes in plasma concentrations of NA, A, ACTH 
and CORT 

Chronic voluntary physical activity attenuates 
neural responses to stress in brain circuits responsible 
for regulating peripheral sympathetic activity, 
suggesting constraint on sympathetic responses to 
stress that could plausibly contribute to reductions 
in clinical disorders such as hypertension and heart 
failure (2). However, treadmill running (forced 

Fig. 5. The correlations between TH and DBH protein levels in stellate ganglia with NA level in the plasma. a) The cor-
relation in the levels of TH protein in stellate ganglia and NA concentrations in the plasma of animals exposed to CFR 
(Spearman). b) The correlation in the levels of DBH protein in stellate ganglia and NA concentrations in the plasma of 
animals exposed to CFR (Spearman). c) The correlation in the levels of TH protein in stellate ganglia and NA concen-
trations in the plasma 22 h after immobilization of animals exposed to CFR (Spearman). d) The correlation in the levels 
of DBH protein in stellate ganglia and NA concentrations in the plasma 22 h after immobilization of animals exposed to 
CFR (Spearman).
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after immobilization could be due to the increased 
stability and prolonged half-life of mRNA. Our results 
showed that TH and DBH mRNAs in stellate ganglia 
of CFR rats were elevated compared with control 
rats and no exaggerated response was seen after 
acute exposure to novel stressor. This finding might 
be explained by the quality and especially intensity 
of the stressor used. Kvetnansky et al. (3) reported 
that novel stressors elicit exaggerated responses in 
pre-stressed animals when the novel stressor is of 
equal or greater intensity or duration and/or it is 
repeated. In this work, animals exposed to chronic 
stress (CFR) were already prepared to manage the 
new situation evoked by a novel stressor, and on the 
level of transcription the exaggerated response is 
not necessary. The increased levels of TH and DBH 
mRNAs were followed by increased synthesis of TH 
and DBH proteins 22 hours after the immobilization, 
in CFR+IMM, as well as in IMM animals. However, 
immobilization stress more significantly elevated TH 
and DBH protein levels in rats previously exposed 
to CFR. It is interesting to note that, although TH 
and DBH mRNAs are dramatically increased after 
IMM treatment, in CFR+IMM treatment regime this 
increase although lower still persists, and may lead 
to continuous accumulation of their proteins as an 
adaptation on applied stress regime. This adaptive 
response is necessary to maintain the catecholamine 
biosynthetic capacity in stellate ganglia during 
periods of sustained catecholamine secretion.  It 
is known that long term stress induces appropriate 
translational mechanisms (17). Synthesis of TH and 
DBH proteins during CFR+IMM stress increases 
sustained catecholamine secretion. This is supported 
with significant positive correlation between the 
levels of TH and DBH in stellate ganglia and NA 
in the plasma 22 h after IMM of animals exposed 
to CFR. Our results confirm that the CFR shows 
adaptations that are indicative of chronic stress.

Changes of the PNMT expression in stellate ganglia 
CFR provoked an increase of plasma A and a 

decrease of PNMT mRNA, while PNMT protein 
level remained unchanged. It is known that 
glucocorticoids are important regulators of PNMT 
gene expression on transcriptional and post-
translation level (18). Our results also show that 
exposure to CFR leads to decreased plasma CORT 

physiological adaptations after CFR were recorded as 
increased concentrations of catecholamine and ACTH, 
as well as decreased morning CORT concentration 
in the plasma. Also, we recorded that chronically 
stressed rats (CFR) exposed to novel additional acute 
stress have significantly increased concentrations of 
catecholamines, ACTH and CORT in the plasma. 
The heterotypic novel stressor (IMM) triggers an 
exaggerated elevation in plasma catecholamines in 
animals previously exposed to CFR, even 22 h after 
the exposure. This could mean that prior experience 
may condition physiological systems to “expect” a 
problem and therefore, be more ready to respond to a 
novel additional acute stressor. The readiness of the 
organism prolongedly exposed to homotypic stressor 
to respond to a heterotypic stressor by an exaggerated 
activation of catecholamines is considered to be an 
important adaptive phenomenon of the sympathetic-
adrenomedullary system in rats (3). 

Changes of the TH and DBH gene expression in 
stellate ganglia

CFR induces the increase of TH and DBH 
mRNA and protein levels in stellate ganglia. There 
is substantial evidence that CREB and ACTH induce 
TH and DBH gene expression in sympathetic ganglia 
(14, 15). We recorded that the increased expression 
of TH and DBH genes in stellate ganglia positively 
correlates with the expression of CREB in stellate 
ganglia and with plasma ACTH level. The continuous 
increase of the noradrenaline biosynthetic enzyme 
expression in stellate ganglia due to chronic physical 
stress, followed by increased NA concentration in the 
plasma, which is in accordance with the reports of 
Sabban et al. (14), may play a role in growing risk of 
cardiovascular diseases. In this work, we showed that 
IMM and CFR+IMM stressors induced the increase 
of TH and DBH mRNA levels in stellate ganglia 
three hours after immobilization. The expression 
of TH and DBH mRNA was even more intense six 
hours after the cessation of immobilization and was 
associated with the increased plasma concentrations 
of ACTH. Stellate ganglia show a surprisingly 
prolonged reaction (in the terms of mRNA levels), 
even upon a single immobilization (3). The slow 
transcriptional activation of these genes is the result 
of delayed expression of key transcription factors 
(16). Also, the increased level of mRNA six hours 
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Meyerhoff JL, Dishman RK. Treadmill exercise
training and estradiol differentially modulate
hypothalamic-pituitary-adrenal cortical responses
to acute running and immobilization. Physiol Behav
1995; 57(3):533-40.

7. Erdem SR, Demirel HA, Broxson CS, Nankova
BB, Sabban EL, Tümer N. Effect of exercise on
mRNA expression of select adrenal medullary
catecholamine biosynthetic enzymes. J Appl Physiol
2002; 93(2):463-8.

8. Kvetnansky R, Mikulaj L. Adrenal and urinary
catecholamines in rats during adaptation to repeated
immobilization stress. Endocrinology 1970; 87:738-
43.

9. Wong DL, Tank AW. Stress-induced
catecholaminergic function: transcriptional and post-
transcriptional control. Stress 2007; 10(2):121-30.

10. Gavrilovic L, Spasojevic N, Tanic N, Dronjak
S. Chronic isolation of adult rats decreases gene
expression of catecholamine biosynthetic enzymes
in adrenal medulla. Neuro Endocrinol Lett 2008;
29(6):1015-20.

11. Peuler JD, Johnson GA. Simultaneous single isotope
radioenzymatic assay of plasma norepinephrine,
epinephrine and dopamine. Life Sci 1977; 21:625-
36.

12. Cavalcanti RA, da Pureza DY, de Melo MP, de
Souza RR, Bergamaschi CT, do Amaral SL, Tang
H, Loesch A, Ribeiro AA. Low-intensity treadmill

concentration witch correlates with the reduction of 
PNMT mRNA expression in stellate ganglia. In our 
previous work we showed the increased synthesis 
of PNMT enzyme after chronic stress in the adrenal 
medulla (10). These results demonstrate that the 
adrenal glands, but not stellate ganglia, are the main 
source of A in the circulation in response to chronic 
stress. IMM stress alone did not influence the PNMT 
expression, while CFR+IMM, six hours after the 
cessation of immobilization increased PNMT mRNA 
and 22 hours after the cessation of immobilization 
increased also PNMT protein level. The process 
of PNMT translation requires the continuous and 
longer exposure to stress (19). Therefore, only 
chronically stressed rats exposed to novel stressors 
exhibited exaggerated responses in gene expression 
of PNMT enzyme catalyzing conversion of NA to 
A. The increased release of A from stellate ganglia
during the additional acute immobilization in rats
previously exposed to CFR may be caused also
by the increased synthesis of PNMT. Increased
levels of PNMT enzyme in stellate ganglia may
have pathophysiological impact, especially on the
cardiovascular system, since A is a powerful β2
adrenergic receptor agonist.

In conclusion, our results showed that increase of 
the noradrenaline biosynthetic enzymes expression in 
stellate ganglia, which causes the increase of plasma 
NA levels, due to chronic forced running, may play a 
role in growing risk of cardiovascular diseases. Our 
results confirm that the CFR shows adaptations that 
are indicative of chronic stress.
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Obese subjects often present a low-grade chronic inflammation in the white adipose tissue, which 
seems to play an important role in the initiation and development of obesity-related diseases. It has 
been reported that this inflammatory process may be due to a hypoxic state occuring within this tissue. 
Oxygen is used in current medicine as a treatment for several conditions. The aim of this study is to 
analyze the effects of 95% O2 on specific metabolic variables and on the expression of some genes 
on murine adipocytes. 3T3-L1 adipocytes were exposed during 48 h to different treatments: 95% O2 
hyperoxia (HPx group), CoCl2 (CoCl2 group), hyperoxia with CoCl2 (HPx+CoCl2 group) and 1% O2 
hypoxia (Hx group). Cell viability, intracellular ROS content, glucose utilization, lactate and glycerol 
concentrations were measured. Also, mRNA expression of HIF-1α, GLUT-1, ANGPTL4, PPAR-γ, 
adiponectin, IL-6 and MCP-1 genes was analyzed. Importantly, 95% O2 decreased cell viability and 
increased intracellular ROS production. Also, glycerol and lactate release were significantly increased 
and decreased, respectively, in HPx treated cells. This treatment also provoked a down-regulation of 
GLUT-1 and ANGPTL-4, while IL-6 and MCP-1 were up-regulated. Exposure to a hyperoxia of 95% 
O2 provoked an inflammatory response in adipocytes. The two hypoxia-inducing conditions (CoCl2 and 
1% O2) produced different outcomes in metabolic measurements as well as in the expression of some 
genes (GLUT-1, ANPGTL4, PPAR-γ and adiponectin), while it remained similar in others (HIF-1α, 
IL-6 and MCP-1). Indeed, hyperoxia increased significantly the ROS levels and the lipolytic activity, 
while it reduced lactate production. In addition to the effects on inflammation, the changes in GLUT-1, 
ANGPTL4 and PPAR-γ genes lead to suppose that hyperoxia may be beneficial for the hypertrophied 
adipose tissues of obese subjects and for improving insulin sensitivity.
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Obesity is a major metabolic disorder commonly 
accompanied by the onset and development of 
other important diseases such as type 2 diabetes, 
artheriosclerosis and several common cancers (1). 
These events are often associated with a chronic 
low-grade inflammation in white adipose tissue. 
Indeed, is now recognized that obesity can induce an 

aberrant production of several inflammatory markers 
such as IL-6, MCP-1 or TNF-α, which seem to play 
a causative role in the development of obesity-
associated insulin resistance and cardiovascular 
disorders (2, 3).

In 2004 it was reported that hypoxia occurs in 
adipose tissue in obesity (4). Further investigations 
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have corroborated this hypothesis, demonstrating 
a lower partial pressure of O2 in adipose tissue in 
the state of obesity in rodents and humans (5, 6). 
Indeed, white adipose tissue expansion in obesity 
appears to impair the growth of adipocytes in size 
and number, resulting in an increased distance to the 
vasculature and a reduction of O2 tension whithin 
this tissue. In the following years, this adipose tissue 
hypoxia was  proposed as a possible factor that could 
play an important role in promoting inflammatory 
mechanisms in this tissue (7). 

In this context, O2 is used in current medicine 
as a treatment for several diseases (8, 9), as well as 
ozone (O3) used under controlled conditions (10). 
Thus, normobaric and hyperbaric oxygen therapies 
(NBOT and HBOT, respectively) are important 
techniques under continuous investigation. Studies 
on animals have demonstrated that the treatment 
with hyperoxia might produce beneficial effects in 
different metabolic disorders, such as protecting the 
rat brain tissue against ischemia reperfusion injury 
(11), reducing severity of colitis (12) or ameliorating 
hemorrhagic shock-induced renal failure by 
decreasing intrarenal hypoxia and improving renal 
functions (13). Regarding inflammation, several 
studies have shown that hyperoxia can decrease 
the expression of some pro-inflammatory genes 
in different organs and cell types (14, 15). Some 
investigations have also demonstrated that HBOT 
attenuates pro-inflammatory cytokine production of 
systemic inflammation in animal models (16, 17). 
These findings are in agreement with HBOT studies 
carried out in ex vivo cell cultures (15, 18).

Taking all these studies into account, where 
high O2 levels seem to produce beneficial effects 
on inflammatory markers, it was hypothesized that 
hyperoxia could be used as a specific therapeutic 
intervention for the improvement of obesity state 
(19). To our knowledge, there are no available 
data regarding the effects of a hyperoxic treatment 
on murine adipocytes. Therefore, in this study we 
investigated the effects of 95% of O2, alone or in 
combination with cobalt chloride (as a hypoxia-
generating agent), in the expression of some genes 
and in the regulation of specific metabolic variables 
in hypoxic adipocytes. This research was designed in 
order to understand the possible role and mechanisms 
of hyperoxia in combating low O2 tension in the 

adipose tissue of obese patients.

MATERIALS AND METHODS

Cell culture 
This research was carried out on 3T3-L1 mouse 

preadipocytes, that were cultured with Dulbecco’s 
minimal essential media (DMEM) containing 4.5 g/L 
glucose and supplemented with 10% calf bovine serum. 
Two days after full confluence, cells were cultured in 
twelve-well plates. Their differentiation into adipocytes 
was induced by treating cells for 2 days with 0.5 mM 
isobutylmethylxanthine, 1 μM dexamethasone and 10 μg/
ml insulin in DMEM supplemented with 10% fetal bovine 
serum (FBS), and then for 2 days with 10 μg/ml insulin in 
the same media. Thereafter, cells were maintained and re-
fed every 2-3 days with FBS without any hormones until 
14 days after differentiation induction, when between 80 
and 90% of the cells exhibited the adipocyte phenotype. 
Also, 100 units/ml penicillin and 100 µg/ml streptomycin 
were added to all media. Cells were always maintained 
in a CytoGROW GLP incubator (Sanyo, San Diego, CA, 
USA) at 37ºC in a humidified atmosphere containing 5% 
CO2.

Treatments
After 14 days post-differentiation, adipocytes were 

exposed to four different experimental treatments: 
environmental hyperoxia with 95% O2/5% CO2 (HPx 
group), CoCl2 (a hypoxia mimetic which stabilizes HIF-
1α (20)) at a concentration of 100 µM (CoCl2 group), 
hyperoxia with CoCl2 (HPx+CoCl2 group), and ambient 
hypoxia with 1% O2/94% N2/5% CO2 (Hx group) to 
compare whether CoCl2 could mimic the effects produced 
by real hypoxia. Each of these treatments was generated 
in sealed chambers (Billups-Rosenberg, Del Mar, CA, 
USA) at 37ºC during 48 h. Non-treated cells placed in 
a standard incubator with 21% O2/5% CO2 were used 
as reference (Control group). After the experimental 
treatments, culture media were collected and stored at 
-80ºC for further measurements.

Cell viability assay and ROS determination 
Cell viability was measured with the lactate 

dehydrogenase (LDH) Cytotoxicity Assay Kit at 48 h 
according to the manufacturer’s instructions (Cayman 
Chemical Company, Ann Arbor, USA).

To determine intracellular ROS concentration, 
2’,7’-dichlorofluorescein (DCFH) was used following 
a protocol described elsewhere (21). This protocol, 
which measures H2O2 production, is commonly used as 
a surrogate of ROS generation (22). Briefly, cells were 
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Therefore, we considered necessary to characterize 
the suitability of various housekeeping genes to serve 
as internal RNA controls. Thus, the expression of 18s, 
cyclophilin, RNA polymerase II and 28s was determined, 
the latter being selected as the internal control because 
it demonstrated no significant expression changes after 
different treatments (data not shown). All procedures were 
performed according to a previously described protocol 
(24). 

Statistical analysis
All data was evaluated using the Kruskal-Wallis test. 

When interaction was detected, the U Mann-Whitney test 
was used for group comparisons. All results are expressed 
as mean ± standard deviation (SD). Overall, 6 cell culture 
experiments were performed and the reported data come 
from a representative experiment with n = 6 as stated in 
all figures. Association analyses for selected biochemical 
markers and gene expression values were performed 
using the Spearman test. A probability of p<0.05 was set 
up for determining statistically significant differences. 
The statistical analyses were performed using SPSS 15 
(Chicago, USA) and GraphPad Prism 5.0 (San Diego, 
USA) software.

RESULTS

Cell viability and ROS assessments 
The activity of LDH was determined in the 

conditioned cell media in order to investigate the 
potential cytotoxicity of the applied treatments. As 
shown in Fig. 1, cell viability of 3T3-L1 adipocytes 
significantly decreased with both hyperoxia and 
hypoxia treatments. However, CoCl2 did not show 

incubated with 10 mM DCFH for 40 min at 37ºC in 5% 
CO2, frozen for at least 1 h at -80ºC and then lysed with 
1000 μl lysis buffer (150 mM NaCl, 0.1% Triton, and 
10 mM Tris). Finally, 200 μl of each lysate were loaded 
on a 96-well black plate and fluorescence intensity was 
measured using a Fluoroskan Ascent FL (Thermo Fisher 
Scientific, Waltham, MA) at an excitation wavelength of 
485 nm and at an emission of 530 nm. 

Measurement of metabolic markers
The glucose (HK-CP kit; Horiba, Montpellier, 

France), lactate (ABX Diagnostic, Montpellier, France) 
and glycerol (GLY 105; Randox Laboratories, Antrim, 
UK) concentrations were measured from culture 
medium samples with a PENTRA C200 auto-analyzer 
(Horiba, Montpellier, France) after the 48 h treatment. 
The adipocyte glucose utilization was estimated by the 
difference between the content of glucose in the culture 
media at the beginning and at the end of the experiment, 
as previously described (21). 

RT-PCR analyses
Total RNA was isolated from all samples using Trizol 

according to the manufacturer’s instructions (Invitrogen, 
Paisley, UK). Purified total RNA from adipocytes was 
then treated with DNAse (DNAfree kit; Ambion Inc., 
Austin, USA) and used to generate cDNA with M-MLV 
reverse transcriptase (Invitrogen, Paisley, UK). Real-time 
PCR was performed in an ABI PRISM 7000 HT Sequence 
Detection System (Applied Biosystems, California, USA). 
Taqman probes for mouse HIF-1α, GLUT-1, ANGPTL4, 
PPAR-γ, adiponectin, IL-6 and MCP-1 were also supplied 
by Applied Biosystems (California, USA). Furthermore, 
it has been previously established that hypoxia can alter 
mRNA expression levels of some standard genes (23). 

Fig. 1. Cellular integrity in control and treated groups was measured at 48 h. One symbol means p<0.05, two symbols 
p<0.01. * Treatment groups vs Control; ∆ HPx vs CoCl2; φ HPx vs HPx+CoCl2; Ω CoCl2 vs Hx. Data (n=6) are expressed 
as mean ± SD. 
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to control (Fig. 2).

Culture media determinations 
Glucose utilization, lactate production, and 

glycerol release of isolated adipocytes were 
determined after the 48 h treatment and were 
corrected by cell viability. Glycerol production was 

differences when compared to the control group and 
seemed to be protective against cell death when cells 
were treated with hyperoxia. 

Furthermore, intracellular ROS production, 
corrected by cell viability, was significantly increased 
only by the hyperoxia exposure, while the other 
treatments did not show differences when compared 

Fig. 2. Intracellular ROS content at 48 h in 3T3-L1 adipocytes (14 days post-differentiation). Two symbols mean p<0.01. 
* Treatment groups vs Control; ∆ HPx vs CoCl2; φ HPx vs HPx+CoCl2; ψ HPx vs Hx. Data (n=6) are expressed as mean
± SD.

Fig. 3. Effect of different treatments on glucose utilization, 
glycerol and lactate release in 3T3-L1 adipocytes (14 
days post-differentiation). One symbol means p<0.05, two 
symbols mean p<0.01. * Treatment groups vs Control; 
∆ HPx vs CoCl2; φ HPx vs HPx+CoCl2; # CoCl2 vs 
HPx+CoCl2; ψ HPx vs Hx; Ω CoCl2 vs Hx. Data (n=6) 
are expressed as mean ± SD.
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Fig. 4. (A) Gene expression analysis of HIF-1α, GLUT-1, ANGPTL4 and PPAR-γ and (B) of inflammatory-related genes 
IL-6, MCP-1 and adiponectin at 48 h in 3T3-L1 adipocytes (14 days post-differentiation). One symbol means p<0.05, 
two symbols p<0.01. Treatment groups vs Control; ∆ HPx vs CoCl2; φ HPx vs HPx+CoCl2; # CoCl2 vs HPx+CoCl2; ψ 
HPx vs Hx; Ω CoCl2 vs Hx. Data (n=6) are expressed as mean ± SD.         
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respectively) considering C and HPx groups. 
Furthermore, associations between the expression 
of PPAR-γ with HIF-1 (r=0.597; p<0.001) and IL-6 
(r=0.577; p<0.001) were found. 

DISCUSSION

The adipose tissue becomes poorly oxygenated 
leading to inflammatory processes and metabolic 
syndrome features in these subjects (7), although a 
decrease in adipose tissue O2 tension may not always 
occur (25). In the current trial, the effects of hyperoxia 
in chemical-hypoxic adipocytes were investigated in 
an approach to counteract the hypoxic alterations 
that often occur in expanded adipose tissue.

The 48-h hyperoxia exposure produced a 
significant cell death in respect to control. In other 
experiment of our group, a 24-h exposure did not 
cause significant differences in cell death (26). 
Thus, cell damage caused by hyperoxia exposure 
could be related to the duration of the treatment. On 
the other hand, CoCl2 did not affect cell viability. 
Interestingly, CoCl2 has been observed to be 
protective to cell death in some conditions (27). In 
this experiment, CoCl2 also reverted the cell death 
of adipocytes induced by hyperoxia. Furthermore, 
1% O2 hypoxia significantly decreased this variable, 
as previously reported (28). 

The enhanced generation of intracellular ROS 
by hyperoxia may lead to the cell death observed 
(29). Nevertheless, the HPx+CoCl2 group did not 
show significant differences on intracellular ROS 
release, being consistent with the cell viability 
result. Although it has been established that both 
environmental and chemical hypoxia increase ROS 
generation in adipocytes (30, 31), no differences 
in intracellular ROS release were found in Hx and 
CoCl2 treatments. Regarding CoCl2, this observation 
could be explained by the time and dose used (31).

The Hx group induced an increase on lipolysis, 
glucose utilization and lactate release, as has been 
previously described (28, 32). It is known that in 
anaerobic conditions the cell is not able to oxidize 
glucose fully through mitochondrial oxidation 
and in consequence, there is a lower adenosine-
5’-triphosphate (ATP) production with respect to 
respiration. To compensate this lack of ATP, cells 
may increase their glucose uptake. This mechanism 

enhanced by both hyperoxia and hypoxia treatments, 
while it was significantly decreased by CoCl2 (Fig. 
3A). Glucose utilization was decreased by the 
CoCl2 treatment and increased by hypoxia (Fig. 
3B). Moreover, there was a significant elevation in 
lactate release in HPx+CoCl2 and Hx groups, while 
HPx and CoCl2 treatments significantly decreased 
it (Fig. 3C). In all three biochemical markers, 
hyperoxia counteracted the effect of CoCl2. A high 
association between glucose utilization and lactate 
release was found (r=0.607; p<0.01). Moreover, 
these two biochemical parameters were also strongly 
correlated with GLUT-1 gene expression (r=0.486; 
p<0.01 and r=0.639; p<0.001, respectively). 

Gene expression
Regarding gene expression, no changes were 

observed in HIF-1α mRNA levels in each of the four 
treatments when compared to control (Fig. 4A). A 
significant decrease in the expression of GLUT-1 
was observed in HPx, while it was up-regulated in 
HPx+CoCl2 and Hx groups. There was also a down-
regulation of ANGPTL4 mRNA when treated with 
HPx, HPx+CoCl2 and Hx, while no changes were 
observed with CoCl2. PPAR-γ mRNA expression 
was down-regulated only by the hypoxia treatment 
(Fig. 4A). An association between GLUT-1 and 
glucose utilization (r=0.9; p<0.03) was found in the 
HPx group.

To determine whether these treatments induced 
changes in inflammatory adipokines, mRNA 
expression of adiponectin, MCP-1 and IL-6 was 
measured (Fig. 4B). Thus, adiponectin expression 
was down-regulated by Hx and HPx+CoCl2, but 
no changes were observed with HPx and CoCl2 
treatments separately, showing that these two factors 
could provoke different situations if they act together. 
Finally, MCP-1 and IL-6 mRNA expression were 
both up-regulated by HPx. Unexpectedly, these two 
proinflammatory adipokines were down-regulated 
by the Hx group. CoCl2 treatment decreased 
the expression of MCP-1, but did not change 
IL-6 expression. In these two proinflammatory 
adipokines, HPx seemed to reverse the effect of 
CoCl2, as can be observed in the HPx+CoCl2 group. 
Interestingly, a highly positive correlation between 
IL-6 and MCP-1 mRNA levels and glycerol release 
was found (r=0.864; p<0.001 and r=0.845; p<0.001, 
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has also been reported (38, 39). Nevertheless, these 
effects were not evident until the animals were 
treated for at least 48 h of hyperoxia, suggesting 
that inflammation is dependent on the duration of 
the O2 exposure. Contrary to our initial expectations, 
mRNA levels of pro-inflammatory markers IL-6 
and MCP-1 were up-regulated by hyperoxia. The 
induction of adipocyte death may be a mechanism 
by which hyperoxia could contribute to up-regulate 
the expression of these genes in 3T3-L1 adipocytes. 
Another possible explanation could be that free 
fatty acids released by lipolysis might contribute 
to this inflammatory response, as demonstrated in 
other cell types (40). This outcome is in accordance 
with a strong relationship observed in the current 
experiment between the expression of IL-6 and 
MCP-1 genes and glycerol release concerning C 
and HPx groups. Furthermore, the HPx+CoCl2 
group increased MCP-1 and IL-6 gene expressions 
in respect to the CoCl2 group, suggesting that 
hyperoxia could exert a dominant effect in the 
expression of these genes in hypoxic conditions. 
Even though hyperoxia provoked the up-regulation 
of pro-inflammatory adipokines, this treatment did 
not modify the expression of adiponectin, known 
to be down-regulated by IL-6 (41). However, since 
the expression of this adipokine did not change with 
HPx and CoCl2 independently, it was significantly 
decreased in the HPx+CoCl2 group, probably due to 
cell stress produced by the combined effect of both 
conditions. 

Adiponectin is also an important selective 
controlled modulator of insulin sensitivity whose 
expression is enhanced by PPAR-γ (42). In our 
experiment, PPAR-γ mRNA expression tended to 
increase in hyperoxia and this event may prevent 
the decrease of adiponectin expression by IL-6. 
Furthermore, it has been proposed that HBOT could 
increase insulin sensitivity in type 2 diabetes patients 
(43). On the other hand, Hx treatment produced a 
down-regulation of mRNA levels of PPAR-γ. This 
outcome is in agreement with the results from 
Kim et al., who suggested that hypoxic condition 
attenuates adipocyte differentiation inhibiting 
PPAR-γ expression by the activation of AMPK, 
which impairs clonal expansion phase (44).

Contradictory data has been found regarding the 
effects of CoCl2 and ambient hypoxia. Perhaps the 

could explain the response of glucose utilization 
observed with hyperoxia. Probably, a higher O2 
availability might induce the ATP production mainly 
through the aerobic metabolism and therefore, 
no compensatory pathways need to be activated. 
This outcome seems to be in accordance with the 
significant reduction observed in lactate production in 
hyperoxic conditions, and goes in the same direction 
as other investigations observed in other tissues 
(33). In obesity, it has been found that adipocyte-
derived lactate by the hypoxic state may constitute 
another link between this disease and its associated 
pathologies (32). In this sense, since hyperoxia 
decreased lactate release in adipocytes, it might 
ameliorate some obesity-associated complications. 
Furthermore, a high association between glucose 
utilization and lactate release was found, confirming 
the relationship of these two metabolic pathways with 
O2 tension. Contrary to expectations, the hypoxic 
mimetic CoCl2 did not follow the tendency observed 
with 1% O2 on these biochemical parameters.

It is known that glucose uptake and GLUT-1 
mRNA expression are increased in hypoxia (28, 34), 
as we observed in our experiment. Under hyperoxic 
conditions, GLUT-1 expression was significantly 
decreased by adipocytes. Interestingly, the expression 
of this glucose transporter did not change with the 
occurrence of CoCl2, although it was significantly 
increased when both conditions were placed together 
(HPx+CoCl2 group). An association of the expression 
of this gene with glucose utilization was also found, 
suggesting that a higher O2 tension might also be 
able to participate on glucose metabolism in adipose 
tissue, as previously observed in muscle cells (35). 
Furthermore, ANGPTL4 is a gene involved in the 
regulation of plasma triacylglycerides metabolism 
(36). Thus, a down-regulation in ANGPTL4, 
as occurred with hyperoxia, may contribute to 
ameliorate some metabolic disorders. The analysis 
of Hx and CoCl2 groups revealed a decrease in the 
expression of this gene. Nevertheless, these results 
should be taken with caution, since they differ from 
experiments on human adipocytes (37).

Several trials have confirmed that the exposure to 
high O2 concentrations seems to produce beneficial 
effects on inflammatory markers in both cell culture 
(15) and animal models (17). However, a significant
increase in the expression of this type of cytokines
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2004; 92:347-55.
5. Kabon B, Nagele A, Reddy D, et al. Obesity decreases

perioperative tissue oxygenation. Anesthesiology
2004; 100:274-80.

6. Ye J, Gao Z, Yin J, He Q. Hypoxia is a potential
risk factor for chronic inflammation and adiponectin
reduction in adipose tissue of ob/ob and dietary
obese mice. Am J Physiol Endocrinol Metab 2007;
293:E1118-28.

7. Hosogai N, Fukuhara A, Oshima K, et al. Adipose
tissue hypoxia in obesity and its impact on
adipocytokine dysregulation. Diabetes 2007; 56:901-
11.

8. Bennett MH, French C, Schnabel A, Wasiak J,
Kranke P. Normobaric and hyperbaric oxygen
therapy for migraine and cluster headache. Cochrane
Database Syst Rev 2008:CD005219.

9. Lin LC, Yau G, Lin TF, Lin TK, Tang YY, Wang
KY. The efficacy of hyperbaric oxygen therapy in
improving the quality of life in patients with problem
wounds. J Nurs Res 2006; 14:219-27.

10. Bocci V, Aldinucci C. Rational bases for using
oxygen-ozonetherapy as a biological response
modifier in sickle cell anemia and beta-thalassemia:
a therapeutic perspective. J Biol Regul Homeost
Agents 2004; 18:38-44.

11. Bigdeli MR, Hajizadeh S, Froozandeh M, Rasulian
B, Heidarianpour A, Khoshbaten A. Prolonged and
intermittent normobaric hyperoxia induce different
degrees of ischemic tolerance in rat brain tissue.
Brain Res 2007; 1152:228-33.

12. Ercin CN, Yesilova Z, Korkmaz A, Ozcan A,
Oktenli C, Uygun A. The effect of iNOS inhibitors
and hyperbaric oxygen treatment in a rat model of
experimental colitis. Dig Dis Sci 2009; 54:75-9.

13. Efrati S, Berman S, Ben Aharon G, Siman-Tov
Y, Averbukh Z, Weissgarten J. Application of
normobaric hyperoxia therapy for amelioration of
haemorrhagic shock-induced acute renal failure.
Nephrol Dial Transplant 2008; 23:2213-22.

14. Johnston CJ, Wright TW, Reed CK, Finkelstein
JN. Comparison of adult and newborn pulmonary
cytokine mRNA expression after hyperoxia. Exp
Lung Res 1997; 23:537-52.

15. Weisz G, Lavy A, Adir Y, et al. Modification of in
vivo and in vitro TNF-alpha, IL-1, and IL-6 secretion

concentration of this hypoxia mimetic (100 µM) was 
not high enough to produce the same effects in 3T3-
L1 mature adipocytes as 1% O2 did. Since not always 
mRNA levels and protein secretion are related, data 
at the protein level could complement the value of 
this research, which was specifically focused on the 
transcriptomic effects of O2 supply in adipocytes. 

In summary, to the authors’ knowledge this is 
the first study to combine the measurements of 
metabolic markers and the expression of genes 
involved in glucose and lipid metabolism as well 
as the inflammatory response in hypoxic 3T3-L1 
adipocytes exposed to hyperoxia. Indeed, hyperoxia 
increased significantly the ROS levels and the 
lipolytic activity, while it reduced lactate production. 
The changes in genes not involved in inflammation, 
such as GLUT-1 and ANGPTL4 and PPAR-γ, led 
to hypothesize that hyperoxia is beneficial for the 
hypertrophied adipose tissues of obese subjects and 
for improving insulin sensitivity.
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Animal models of burn play a crucial role in studying the mechanisms of burn wound progression 
and the factors that regulate various stages of healing. In this study, using a rat model, we assessed the 
effect of Botox in the healing process through parameters like transepidermal water loss (TEWL), his-
tological alterations, transforming growth factor β (TGF-β1) and tumor necrosis factor alpha (TNF-α). 
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sepidermal water loss measurement were performed. Biopsies were taken on days 0, 3, 8, 14, and 28 for 
histology and polymerase chain reaction, testing TGF-β and TNF-α. The results showed no significant 
difference in TEWL except for slightly better preservation of moisture with Botox. Histology revealed 
relatively better and faster regeneration with Botox, delayed lower grade inflammation, and increase in 
fibroblasts. TNF-α had an acute increase of 21-fold then tapered down while TGF-β levels increased on 
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the healing process and the cosmetic appearance of burn scar.
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Burn wound models are essential for studying the 
mechanisms of burn wound progression and the fac-
tors that regulate re-epithelialization, fibroblast pro-
liferation, extracellular matrix synthesis and scarring 
(1-4). In addition, they facilitate the testing of new 
therapeutic modalities that require investigation at 
the experimental level for preclinical evaluations of 
potential clinical use (5). 

In addition to the well-known physical and en-
vironmental factors affecting the quality of wound 

closure such as an absence of infection, good blood 
supply, and minimal tension, the biochemical and im-
munological aspects of the wound healing process, 
as well as the severity of wound, have a profound 
effect on the final appearance of a wound (5-7). 

Inflammation is the first stage of wound healing; 
it involves a vascular response, a cellular reaction, 
and a cascade of cytokines and growth factors. Each 
category is peaking at a particular time and contrib-
uting to wound healing probably through a different 
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ing its importance in balancing the pro-inflammatory 
signals which control wound healing. At low levels, 
TNF-α promotes wound healing by indirectly reduc-
ing inflammation and increasing macrophage pro-
duced growth factors, while at high levels, mainly 
during prolonged periods of time, it has a detrimental 
impact on healing by decreasing synthesis of ECM 
proteins and increasing synthesis of MMPs (15, 17).

Botulinum toxin (Botox) is an exotoxin of an 
anaerobic gram-positive rod-shaped bacterium, the 
Clostridium botulinum. Clostridium botulinum pro-
duces seven different neurotoxins or serotypes, des-
ignated according to the order of their discovery as 
types A to G (18). 

Botulinum toxin type A is the most potent. It 
causes the majority of food-borne botulism cases 
in humans, has the longest synaptic blockade, and 
consequently the longest paralyzing effect 2-6 
months (19). 

We hypothesize that Botox would immobilize 
muscle groups underlying the cutaneous scar im-
proving the final cosmetic result due to the decrease 
in tension in the wound resulting in less myofibro-
blast-mediated contraction and improved scaring 
(20, 21). In a study by Wilson in 2006, 40 patients 
with ugly facial scars were subjected to Botox A in-
jections along the length of the scar to paralyze the 
muscles and minimize tension at the healing wound 
edges until the collagen could mature. This study 
yielded results superior to those of any other treat-
ment modality (30). Moreover, in a blind, prospec-
tive, randomized clinical trial by Gassner et al. in 
2006, 31 patients were randomized to Botox vs pla-
cebo injection into the musculature adjacent to the 
wound 24 hours after wound closure. The overall 
median visual analog scale score for Botox was 8.9, 
and for placebo 7.2, resulting in enhanced healing 
and improved cosmetic appearance of the experi-
mentally immobilized scars (22, 23).

The aim of this study was to analyze the effect 
of intralesional botilinum toxin A (Botox) on the 
wound healing process using an experimental model 
of a second degree deep partial thickness skin burn 
wounds in rat skin. Histological alterations, transepi-
dermal water loss and the temporal evolution of two 
cytokines TGFβ1 and TNF-α were assessed in the 
presence or absence of Botox at various time points 
up to 28 days post burn.

mechanism (6, 7).  
During inflammation, a panel of cytokines are 

produced and released by infiltrating platelets, mac-
rophages, mast cells, fibroblasts, and other residen-
tial cells. Such cytokines include IL-1, PDGF, EGF, 
FGF, TGFβ1, TGFα, Hepatocyte Growth Factor 
(HGF) and TNF-α (7, 8). They facilitate cross-talk 
between cells at the injury site and promote physio-
logical events including cell migration, proliferation, 
and extracellular matrix (ECM) protein synthesis 
and degradation leading to tissue remodeling, wound 
healing, or fibrosis formation (9). In addition, several 
studies have also revealed that modulation of inflam-
matory cytokines and growth factors in skin wounds 
can be performed by tropical application of different 
pharmaceutical agents (9).

TGFβ1 is a key cytokine with an array of activi-
ties in normal wound healing and fibrosis (10-12). 
It is important in inflammation, angiogenesis, re-
epithelialization, connective tissue regeneration, and 
has an increased expression at the onset of injury 
(10). TGFβ1 plays a role in eliminating infection and 
debriding the wound, first by activating monocytes 
and leukocytes, then by promoting apoptosis of these 
cells and clearance by macrophages (12). In addi-
tion, TGFβ1 stimulates angiogenesis and increases 
deposition of ECM to reform the wound dermis. Fi-
nally, TGFβ1 also blocks the matrix degradation by 
decreasing production of proteases and increasing 
the level of protease inhibitors (13).

TNF-α is a potent pro-inflammatory cytokine 
expressed during the inflammatory phase of wound 
healing. In general, the concentrations of this cyto-
kine seem to determine whether it exerts beneficial 
or harmful effects (14). Normally, it is absent dur-
ing the re-epithelization and ECM re-organization 
phases (15). It has been shown to promote inflam-
mation through the activation and induction of cyto-
kines IL-1β, IL-6 and IL-8, and by the upregulation 
of adhesion molecules on endothelial cells, resulting 
in increased leukocyte extravasation (16, 17). There-
fore, TNF-α is a central regulator of inflammatory 
cascades during both initiation and the amplification 
of inflammatory reactions (17).

Several cells involved in wound healing are af-
fected by TNF-α during all phases of healing. Early 
data showed that the effects of TNF-α depend on its 
concentration and the duration of exposure, indicat-
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hour per square meter. The measurement is made by using 
a DermaLab system (Cortex Technology, Hadsund, Den-
mark) equipped with a TEWL probe on the non-biopsied 
burn area and the surrounding skin, and is based on the va-
por pressure gradient estimation method of Nilsson (24).

Daily observation
The animals were checked on a daily basis and each 

wound was irrigated with 10 ml of 0.9% sterile saline to 
clean the wound to decrease the bacterial load, remove 
necrotic tissues and foreign material, and probably reduce 
autolytic enzyme levels in the wound (9). The wound was 
kept uncovered during the whole procedure. Visual as-
sessment of the wound healing process was made on a 
daily basis to observe the shape of the wound and its qual-
ity, color and texture.

Biopsies
Biopsies were taken on days 0, 3, 8, 14 and 28 post 

burn and at each time point, biopsies were taken from 
5 experimental rats and 5 control rats. They were taken 
from the margin of the wound by using a 4mm Acu-
Punch: Two biopsies were taken for Real-time PCR and 
one biopsy for histological study. The biopsies for Real-
time PCR were frozen in liquid nitrogen and then stored 
at -80°C, while the biopsies for histology were fixed in 
10% formaldehyde, processed for light microscopy, and 
stained with Hematoxylin and Eosin, according to stan-
dard procedures. In screening epidermal changes, the fol-
lowing histological scoring was used: 0 for well-shaped 
epithelium, 1 for partially disrupted epithelium, and 2 for 
completely disrupted epithelium.

Molecular testing
RNA was extracted for Real-time PCR, using Ribozol 

TM RNA extraction reagent from Amresco (AMRESCO, 
Solon, OH), according to the manufacturer’s instructions. 
Quantification of the extracted RNA was made using 
the Spectrophotometer Nanodrop (ND-1000) software 
iScriptTM  and a cDNA synthesis kit (Bio-rad Laborato-
ries, Hercules, CA, USA) was used to convert RNA into 
cDNA. The procedure was followed according to the 
manufacturer’s guidelines. 

The primers used in Real-time PCR were for TNF-α, 
TGFβ1 and Glyceraldehyde 3-phosphate Dehydrogenase 
(GAPDH) as housekeeping gene. They were tested on 
positive controls in order to determine their annealing 
temperatures. TGFβ1 was tested on liver and TNF-α on 
inflamed brainstem by using two step RT-PCR and gel 
electrophoresis. GAPDH primer sequence was described 
by Sanders et al. in 2007 (25) and TGFβ1 by Miyazaki et 
al. in 2009 (26). TNF-α primer sequence was designed 
by using the NCBI (National Center for Biotechnology 

MATERIALS AND METHODS

Experimental animals and protocol
Fifty adult Sprague-Dawley rats (300-400g) were used 

in this study, according to the guidelines and recommen-
dations of the Institutional Animal Care and Use Com-
mittee (IACUC) at the American University of Beirut. A 
day prior to the procedure, the backs of the animals were 
shaved with a standard electric shaver; then the area was 
also depilated with a commercial depilatory cream (Veet, 
Reckitt Benckiser, Slough, UK)  to obtain smooth and hair-
less skin. The animals were kept under standard laboratory 
conditions and veterinary supervision with no restriction 
on water and food. Each animal was kept alone in a cage 
in order to avoid any negative effect to the wound by other 
rats. The animals were divided into two groups. The ex-
perimental group was injected with 0.5 ml (10 units) of 
Botox, and the control group with 0.5 ml of physiological 
sterile saline. 

A modified protocol of the aluminum stamp described 
by Knabl et al. was used (3). The optimal temperature was 
achieved and controlled by an electronic temperature con-
troller with a thermo-couple type feedback sensor and a 
dimmer. A round stamp of 2.5 cm diameter with an ordi-
nary soldering iron of 20 W produced a burn area of 5 cm2 
on the back of the rat. The desired temperature of 70°C 
was applied for 25 seconds on the back of the rat in order 
to achieve a deep partial thickness burn. The burn was ap-
plied on rats under deep anesthesia by an intramuscular 
injection of ketamine at 75mg/kg (Ketaset, Fort Dodge, 
Ind., USA), and xylazine at 10 mg/kg (Rompun, Bayer, 
West Haven, Conn., USA). Only one deep partial thick-
ness burn was made at the same position on the back of 
each rat. 

Before giving the injections, the vial of Botox (Aller-
gan Inc., Irvine, CA, USA), which contains 100 units, was 
diluted in 5 ml of 0.9% sterile saline. Each rat in the ex-
perimental group (total=25) received 0.5 ml or 10 units of 
Botox injected subcutaneously in the center of the wound 
immediately after creating the burn. Each rat in the con-
trol group (total=25) received 0.5 ml of 0.9% sterile saline 
injected subcutaneously in the center of the wound imme-
diately after the burn. 

Transepidermal water loss measurement
Wound healing by surface re-epithelization was as-

sessed quantitatively by measuring the wound transepi-
dermal water loss as an indicator of skin barrier function 
restoration. According to the literature, good hydration is 
the single most important external factor responsible for 
optimal wound healing. TEWL is a non-invasive tech-
nique aiming at evaluating the efficacy of epidermal integ-
rity as a protective barrier and it is expressed in grams per 
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throughout the experimental time period. 
Immediately post-wounding, the burns were scored 
for shape, color, texture, and wound quality. On 
day 1 post-burn, inflammation started slightly on 
the edges with darkening of skin in the middle in
both groups, however, the saline group had darker 
skin. On day 3 post-burn, inflammation was more 
prominent on the edges of the controls and a delay 
in necrosis was noticed in the Botox-treated wounds 
(Fig. 1-3A and 1-B). On day 7 post-burn, both Botox 
and saline treated wounds showed depressions within 
the wound, while the Botox-treated wounds had 
more crust which started to detach from the border. 
On day 9 post-burn, Botox-treated wounds revealed 
conspicuous redness on the wound border which is a 
sign of vascularization and re-epithelialization, while 
saline-treated wounds had an elevated crust leaving 
a depression behind (Fig. 1-9A and 9B). On day 11, 
saline showed an obvious redness on the border, a 
sign of vascularization and re-epithelization. On day 
12, the crust pertaining to the saline-treated group 
denatured and in the Botox-treated group detached 
partially from the edge. On day 13, the Botox-treated 
group showed a more advanced crust detachment 
and a redness within the wound, while in saline 

Information) program. PCR Master Mix (2X) from 
Fermentas (Fermentas, Burlington, Canada) was used 
for the two-step RT-PCR. After testing the primers, 
Real-time PCR was performed using iQTM SYBR Green 
Supermix from Biorad (Bio-rad Laboratories, Hercules, 
CA, USA). The data were analyzed using the ∆CT method 
and expressed as relative expression of the gene. DNA 
fragments were subjected to gel electrophoresis and 
photographed using a transilluminator (UV light box) and 
appeared as bands. 

Statistical analysis
Significance for all data, except for TEWL and wound 

surface area, was calculated using the Two-way Measures 
of Analysis of Variance (ANOVA) test from SPSS for 
Windows version 17.0 (IBM Corporation, Armonk, 
NY). TEWL and wound surface area were analyzed 
using the Two-way Repeated (ANOVA) test from SPSS 
for Windows version 17.0 (IBM Corporation, Armonk, 
NY, USA). All data are presented as mean ± standard 
error of mean (SEM). Significance was ascribed if the 
P-value<0.05 (*).

RESULTS

Macroscopic findings
Wounds were assessed visually every day 
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Table I. Sequence of the primers and their band size.

Gene Sense primer Anti-sense primer Band 
size 

GABDH 5’ATGCCGCCTGGAGAAACC3’ 5’AGAATGGGAGTTGCTGTTGAAG3’ 138 

TGFβ1 5’CGCCTGCAGAGATTCAAGTCAA3’ 5’GTCGGTTCATGTCATGGATGGT3’ 300 

TNF-α 5’AAATGGGCTCCCTCTCATCAGTTC3’ 5’TCTGCTTGGTGGTTTGCTACGAC3’ 111 
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Table II. Comparison of morphological changes in Botox and saline groups.

Parameter Botox group Saline group

Necrosis Day 3 Day 1 

Crust detachment Day 7 Day 13 

Re-epithelization Day 9 Day 11 

Table I. Sequence of the primers and their band size.

Table II. Comparison of morphological changes in Botox and saline groups.
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treated wounds had earlier and greater necrosis than 
Botox treated wounds. The crust started to detach 
from the border on day 7 in Botox treated wounds 
and on day 13 in saline-treated wounds resulting in 
a delay in crust detachment in the saline group. Re-
epithelization was enhanced in the Botox-treated 
group and vascularization occurred 2 days earlier, on 
day 9, in Botox group, and on day 11 in saline group.

Microscopic findings
At each time point, six sections from each animal 

were examined under the light microscope by two 

the crust just started to detach from the border (Fig. 
1-13A and 13B). On day 14 post burn, the Botox
group showed an advanced crust detachment and a 
flat re-epithelization, while the saline group had a 
necrotic crust with vascularized and inflamed edges. 
On day 18, the crust was sloughed off completely 
in both groups (Fig.1-18A and 18B). On day 22, 
shaving was performed on all rats, since hair had 
grown extensively. On day 28, a smaller surface 
area of the wound was readily noticed in the Botox 
group (0.19cm2±0.03 in Botox and 0.47cm2±0.07 in 
saline) (Fig. 1-28A and 28B). To summarize, saline-

20

Botox     Saline   Botox  Saline  
    Day 3  Day 9

    Day 13 Day 18

    Day 28  Control

Fig. 1. 

Fig. 2.

BA


A B 


BA BA

BA

*

Fig. 1. Representative images of the Botox and saline-treated wounds are shown at days 3, 9, 13, 18 and 28 post burn.
Panorama of morphological changes over time in Botox and saline groups. Note in day 3: Inflammation on the border 
in both groups, delay in necrosis in Botox. Day 9: Prominent redness on the border suggesting vascularization in Botox. 
Day 13:  Crust partially sloughed and inflammation in Botox, crust detached on the border in saline. Day 18: Crust 
completely sloughed in both groups. Day 28:  Smaller surface area of the wound in Botox. Pictures were taken at the same 
magnification.

Day 3 Day 9

Day 18

Control

Botox BotoxSaline Saline
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increased on day 14 and remained significantly 
higher in the Botox group. The same trend continued 
on day 28. The test revealed a high and sustained 
significant effect of the Botox compared to saline 
(p-value<0.05) (Fig. 3). 

Inflammatory cells
Infiltration of inflammatory cells into the burned 

wound was examined according to the following 
histological gradient: 0 for no infiltration, 1 for minor 
infiltration (low prevalence of cells), 2 for moderate 
infiltration (intermediate prevalence of cells), and 3 
for abundant infiltration (high prevalence of cells).

Many aggregates of necrotic and inflammatory 
cells were noted on day 3. Inflammation was 
significantly higher in the saline group (p-value<0.05) 
and decreased to moderate by day 8. In Botox-treated 
wounds, the infiltrate was low on day 3 but gradually 
increased later on days 8 and 14 to show moderate 
infiltration. On day 14, inflammation increased in 
the Botox-treated group, (p-value<0.05), however, 
on day 28 the inflammation decreased dramatically 
in both groups to reach very low levels. In brief, 
inflammation was induced strongly in the saline 
group and decreased with time, while in Botox it was 
delayed, increasing slowly until it became moderate 
to high on day 14. On day 3, inflammation was 
significantly reduced in Botox-treated wounds, while 
on day 14, it was significantly increased, suggesting 
a temporal delay in inflammatory cell recruitment to 

independent observers in a double-blind manner, 
according to a set of histological criteria, and scored. 
The following parameters were studied: overall 
architecture, the epidermal changes including a 
score of re-epithelialization and the number of 
epidermal layers, the number of inflammatory cells 
in the dermis infiltrate, the number of fibroblasts in 
the dermis and appearance of collagen fibers among 
others. 

Epidermal changes
From day 0 to day 3, epidermal disruption was 

identical in both groups. However, the epidermal rim 
around the burn was redder in Botox-treated wounds, 
probably indicating delayed inflammation or earlier 
vascularization on day 8. On day 14, sloughing was 
observed in both groups. On day 28, the Botox group 
were re-epithelialized compared to the saline group 
which still showed a partial disrupted epithelium; the 
difference was statistically significant between the 
two groups on day 28 (p-value<0.05).

Newly generated epidermal layers
Generation of new epidermal layers started on 

day 8 with significantly more layers in Botox-treated 
wounds (p-value<0.005). The number of layers 
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Botox Saline Botox Saline
Day 3 Day 9

    Day 13 Day 18

Day 28 Control

Fig. 1. 

Fig. 2.
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Fig. 2. Visual assessment of re-epithelialization. Note the 
significant difference on day 28 (p-value<0.05).
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Fig. 3. 

Fig. 4.

*
*

Fig. 3. Newly generated epidermal layers in Botox and 
saline. Note the significant difference on days 8 and 14 
(p-value<0.05).
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day 3 in Botox group while no fibroblast migration 
into the wound dermis was observed in the saline-
treated wounds. On days 14 and 28, the number of 
fibroblasts was abundant, almost double in Botox-
treated wounds, (p-value<0.005) (Fig. 5).

Collagen bundles started to disorganize since 
day 0, immediately after burn injury, but the 
disorganization was slightly higher in saline group. 
On day 3, it increased in both groups and was still 
slightly higher in saline. On day 8, collagen fibers 
started to reorganize in both groups. On days 14 
and 28, the organization was better in Botox. The 
presence of fibroblasts correlated with the presence 
of collagen fibers since fibroblasts are the main 
source of collagen. Consequently, the amount of 
collagen produced was greater in Botox. The test 
revealed a p-value of the effect of Botox of 0.057 
which is not statistically significant between the two 
groups and a p-value of the effect of Botox over the 
time of 0.920 that is not significant.

In summary, the normal skin shows a continuous 
epithelium (E), no eruptions and no infiltration of 
cells and debris in the dermis (D) (Fig. 6-Normal 
skin). On day 0 after burn, both groups had complete 
epithelial disruption with lack of dermal appendages. 
On day 3, aggregates of inflammatory cells (IC) and 
necrotic tissue (N) appeared in both groups but the 
infiltration was higher in saline-treated wounds (Fig. 
6-3A and 3B). On day 8, epidermis was  sloughed in
both groups and dermal regeneration was obvious;
this regeneration (R) was greater in Botox (Fig. 6-8A
and 8B). On day 14, infiltration of inflammatory
cells (IC) decreased in saline but increased greatly
in Botox (Fig. 6-14A and 14B) and more fibroblasts
appeared in Botox. On day 28, a multi layered
epithelium was present in the Botox-treated group
and also a higher number of active fibroblasts (F) in
the dermis and increased vascularization compared
with the saline-treated group (Fig. 6-28A and 28B).

Transepidermal water loss 
The TEWL measurements for the Botox group 

were slightly less than those for the saline group 
except on day 0 when saline was injected into the 
wound, with only statistically significant difference 
at the level of p-value<0.05 on day 28 (Fig. 7).

The TEWL measurements revealed no significant 
differences between control and Botox-treated burn 

the burn wounds by Botox (Fig. 4).

Fibroblasts and collagen
To evaluate the number of fibroblasts in the 

burn wound dermis, the following histological
gradient was used: 1 for low prevalence of cells, 2 
for moderate prevalence of cells, and 3 for abundant 
prevalence of cells.

The number of fibroblasts started to increase on 
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Fig. 3.

Fig. 4.
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Fig. 5. 

Botox Saline Botox Saline 

Day 3 Day 8

A-100X H&E    B-100X H&E   A-100X H&E B-100X H&E  

Day 14 Day 28

A-100X H&E B-100X H&E A-100X H&E B-100X H&E 

Control

Normal skin 100X H&E 

Fig. 6. 

*

*

IC 

N

IC FF

N
RR

E

D

Fig. 4. Rate of infiltration of inflammatory cells in Botox 
and saline. Note the significant difference on days 3 and 
14.

Fig. 5. Rate of fibroblasts in Botox and saline. Note the 
significant difference on days 14 and 28.
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saline (Fig. 8).
Wound area was measured throughout the 

experiment and was similar in all time points up to 
day 14 post burn. However, 28 days post-burn Botox 
–treated wounds were 60% smaller than control
wounds (Figure 8).

Relative mRNA levels of TGFβ 1
Immediately after burn injury, the relative 

TGFβ1 expression was 2.63±0.29 folds higher in 
the Botox-treated group than saline, (p-value<0.05). 
This expression increased on days 3 and 8 to reach 
4.36±2.06 and 4.62±3.11, respectively, but at days 

wounds at all time-points tested apart from on day 
28 when a x% decrease was measured from the 
Botox-treated wounds related to the increase in the 
multi-layered epidermis in the Botox-treated wounds 
(tighter junctions). 

Wound surface area
On day 0, the wound surface area was 5 cm2 

in both groups and it increased initially. Then it 
started to decrease with time as healing progressed 
without significant differences between both groups. 
However, at the end of the experiment, on day 28, 
this value reached 0.19 cm2 in Botox and 0.47 cm2 in 
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Fig. 5. 

 Botox   Saline  Botox   Saline 

Day 3 Day 8

A-100X H&E    B-100X H&E A-100X H&E B-100X H&E  

Day 14  Day 28

A-100X H&E B-100X H&E     A-100X H&E B-100X H&E 

Control

 Normal skin 100X H&E 

 
Fig. 6. 
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Fig. 6. Representative panorama of histological changes over time in Botox and saline groups. (H and E stain, 
magnification 100x). Note the increase of inflammatory cells (IC) in the saline group by day 3 compared to Botox as well 
as disorganization in the upper layers of the skin. By day 6, the inflammation in the Botox group increased with more 
infiltration of cells. By day 14 epithelialization progressed in both groups but to a slightly better degree in the Botox group 
and more fibroblasts in the wound area. At the end of the experiment, day 28, the amount of fibroblasts was much higher 
in the Botox group.
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scarring. Many new drugs, including Botox, have 
yielded effective results and some are still under 
investigation for the treatment of thermal injuries. 
This study, aimed at examining the effect of Botox 
on the wound healing process, using an experimental 
model of partial thickness burn wounds in rats, 
specifically assessing morphological changes by 
histology and evaluating the temporal profile of two 
cytokines TGFβ1 and TNF-α, throughout the healing 
process. 

Following wounding, close inspection of the in-
jury was performed on a daily basis in order to docu-
ment parameters such as necrosis, crust detachment 
and re-epithelization. While the saline-treated group 

14 and 28 to the levels of TGFβ1 were decreased 
compared to saline treated wounds (Fig. 9).

Relative mRNA levels of TNF-α 
On day 0, the relative expression of TNF-α was 

higher in Botox-treated wounds compared to saline-
treated wounds. This trend continued until day 14. 
However, on day 28, the level of TNFα decreased by 
8% in the Botox-treated group (Fig. 10).

DISCUSSION 

The main goal in wound healing is to achieve 
efficient healing with less complications and minimal 
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Fig. 10. Relative mRNA levels of TNF-α in Botox and 
saline. 

Fig. 7. Rate of TEWL in Botox and saline. Note the 
significant difference on day 28 (p-value<0.05).

Fig. 8. Rate of wound surface area in Botox and saline. 
Note the significant difference on day 28.

Fig. 9. Relative mRNA levels of TGFβ1 in Botox and 
saline. Note the significant difference on days 0 and 28 
(p-value<0.05).
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strate slower growth than fibroblasts without Botox 
treatment. They also found that the TGFβ1 secreted 
per cell in fibroblasts without Botox was higher than 
that in fibroblasts with Botox by using the ELISA 
technique (28, 29). They suggested that Botox may 
lead to decrease of TGFβ1 protein and inhibit the 
growth of fibroblasts, however, these results can-
not be considered since the study is incomplete with 
a short follow-up period of five days (28). On the 
other hand, a study published by Xiao et al. in 2009, 
whereby Botox was injected into hypertrophic scars 
in 19 patients, demonstrated that there was signifi-
cant improvement in scar volume, appearance, ery-
thema, pliability, and patient satisfaction. This study 
had a follow-up period of at least 6 months (30).

Our study is the first to test the effect of Botox 
on the relative expression of TNF-α. The results re-
vealed that Botox-treatment increased (TNF-α) by 
almost 21-fold compared to wound controls on day 
0 (p-value<0.05). This enormous increase in expres-
sion tapered down on day 3 to 2.72-fold with a slight 
increase on day 8 to 5.5-fold, and then decreased 
again on days 14 and 28. TNF-α is a central regula-
tor of inflammatory cascades during both initiation 
and amplification of inflammatory reactions (15-17). 
Perhaps the increase in TNF-α expression played 
a role in the initial decrease in inflammation in the 
Botox-treated group. However, the inflammatory 
response does not rely on the expression of TNF-α 
alone. More pro-inflammatory markers should also 
be tested such as IL-1 β and IL-6.   

The present data demonstrates moderate but im-
portant differences of the effect of Botox on burn 
wound healing. These results need to be consoli-
dated. The Botox-treated wounds showed earlier 
reepithelization by two days, a delay in necrosis by 
two days, better regeneration of new epidermis, and 
an accelerated proliferative response of active fibro-
blasts compared to the saline-treated wounds. These 
factors may indicate an improvement of burn wound 
healing. 

In addition to improving cosmetic appearance of 
scars, Botulinum toxin has been investigated for po-
tentially improving the healing of difficult wounds. 
Choi and coworkers injected Botox into the perior-
bital muscles after eyelid reconstruction of patients 
with risk factors for suboptimal wound healing and 
achieved excellent results (31). Sahinkanat et al. 

showed a more blackish necrosis starting day 1, the 
Botox-treated group had a delay in necrosis till day 
3. The crust started to detach earlier from the bor-
der on day 7 in the Botox-treated group compared to
day 13 in the saline-treated group. Re-epithelization
was enhanced upon Botox-treatment as vascular-
ization was observed on day 9 in Botox, while on
day 11 in the saline-treated group. On day 28, Bo-
tox wounds were 60% smaller than saline-treated
wounds (0.19cm2±0.03 in Botox and 0.47cm2±0.07
in saline) with p-value<0.05. Indeed, paralyzing sub-
dermal muscles by Botox appears to have promoted
wound healing (8, 9, 27). Gassner et al demonstrated
significantly improved cosmetic appearance of fore-
head wounds that had been injected with Botulinum
toxin as compared with those that were injected with
saline (22).

Concerning the TEWL measurements, there was a 
trend but no significant difference between the Botox 
and saline groups throughout the procedure except 
on day 28 (p-value<0.05). The TEWL measurements 
were slightly less in the Botox group than in saline 
probably indicating a slightly better preservation 
of moisture in Botox (24). Indeed, the microscopic 
data revealed that the regeneration of new epidermis 
was greater in Botox. The new epidermis had a bet-
ter shape in Botox than in saline on day 28 with a 
high proliferation of active fibroblasts in the dermis. 
In contrast to our results, Lee et al. in 2009 demon-
strated that the Botox group had a smaller number 
of fibroblasts than saline at the 4th week; thereby this 
requires further investigation (23).

TGFβ1 is the most potent growth factor involved 
in wound healing (27). It has an increased expression 
with the onset of injury corresponding to TGFβ1 re-
leased by the alpha granules of platelets of a throm-
bus to mediate leukocyte recruitment by chemotaxis 
and stimulate pro-inflammatory cytokines (28). The 
results of this study revealed that TGFβ1 in the Bo-
tox group had a high relative expression, and this rel-
ative expression coincides with the proliferation of 
fibroblasts and appearance of myofibroblasts (9, 29). 
It could be assumed that the accelerated prolifera-
tive response of fibroblasts noticed in Botox on day 
28 may be triggered by the ascending relative ex-
pression of TGFβ1. Xiao et al. in 2010 demonstrated 
that fibroblasts isolated from tissue specimens of 
hypertrophic scar and treated with Botox demon-
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used a rat model for transsection of the urethra and 
observed less fibrotic changes in healing urethras 
that had been injected with Botox as compared to 
saline (32).

Further work is required to fully evaluate the ef-
fect of Botox on fibrosis. The increase in fibroblast 
migration into the dermal wound area in Botox-
treated wounds is striking and persisted throughout 
the experimental time frame. This could be due to 
the decrease in wound tension, reducing fibroblast 
differentiation to miofibroblasts, therefore reducing 
wound contraction and slowing collagen deposition. 
In the later stages of wound repair, perhaps the fibro-
blasts generated significant tension to initiate differ-
entiation and strongly contract the wound to signifi-
cantly decrease the wound area at day 28, reducing 
the wound size by 60%.

Modulation of wound healing to achieve the most 
favorable repair is currently an active research field 
with studies investigating factors ranging from topi-
cal treatments to gene therapy (5, 9, 10, 16).

 The results reported in this study, although pre-
liminary, suggest that Botox could possibly improve 
burn wound healing. These data support and further 
previous investigations demonstrating the positive 
effects of Botox on the cosmetic appearance and 
healing of incisions and hypertrophic scars (27, 30). 
Moreover, the effects of Botox inflammation may 
have implications in visceral wounds, especially in 
cases where fibrosis and adhesions are detrimental to 
function. Further research is required to investigate 
the modulation of wound healing by Botox, its full 
scope of action, possible detrimental effects, dose-
dependence and cost effectiveness.
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process and cognitive dysfunction of AD.
Previous studies have suggested that more than just 

the cholinergic and glutamatergic neurotransmission 
systems influence synaptic failure and neuronal 
death in AD. Stimulation of dopamine receptors has 
been shown to promote AMPAR trafficking from 
the cytosol to the synaptic membrane, implying that 
newly recruited surface AMPARs may facilitate 
LTP induction and demonstrating the critical role 
of dopaminergic transmission in neuronal plasticity 
(10, 11). Another report indicated that activation of 
dopamine receptors could prevent internalization 
of AMPA and NMDA receptors that is caused by 
oligomeric Ab peptides (12). These changes in 
synaptic plasticity might be essential for advanced 
cognitive behavior and memory formation. 
Therefore, we explored the relationship between 
some genes involved in dopaminergic transmission 
and susceptibility to AD progression. This type of 
associative relationship has profound implications 
regarding correlations between genetic markers 
in the catechol-O-methyltransferase (COMT), 
dopamine D4 receptor (DRD4) and dopamine 
transporter (DAT1) genes and disease progression in 
the Taiwanese population. 

MATERIALS AND METHODS

Subjects
We used the parameters in Table S1 to calculate the 

minimum required sample size for a case-control study. 
The results showed the minimum required sample sizes 
were 159 and 159 alleles for case and control groups, 
respectively. This study recruited 120 patients with late-
onset of AD (mean age at onset, 74.9±6.7, 54.2% female) 
and 86 age-matched normal control subjects (mean age 
65.9±8.7, 73% female). In this investigation, we had 234 
alleles in case group and 168 alleles in control group. The 
sample sizes of both groups were above the minimum 
required sample sizes.

Participants were enrolled from the Chang-Hua 
Christian Hospital and China Medical University 
Hospital. All patients were clinically diagnosed according 
to guidelines from the National Institute of Neurological 
and Communicative Disorders and Stroke and the 
Alzheimer’s Disease and Related Disorders Association 
(NINCDS–ADRDA). Dementia was diagnosed based on 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV) criteria. An institutional ethics committee 
approved this study, and informed consent was obtained 

Alzheimer’s disease (AD) is the most common 
form of dementia worldwide. Its clinical symptoms 
include progressive neurodegeneration and 
cognitive dysfunction, and its incidence is strongly 
age-related. The brains of patients with AD display 
two neuropathological features: aggregates of 
senile plaques and neurofibrillary tangles, which 
are primarily composed of amyloid-beta (Aβ) 
peptides and hyperphosphorylated Tau proteins, 
respectively (1). Although the pathology of AD has 
been well characterized, most cases are sporadic and 
genetically complicated, which indicates that other 
genetic factors are responsible for the development 
of AD.

Certain neurotransmitters and their receptors and 
transporters are considered to be possible risk factors 
for AD. One such neurotransmitter is acetylcholine. 
Defects in cholinergic neuron activity may account 
for the cognitive decline in AD patients (2). Treating 
this dysfunction is a current strategy in AD treatment. 
Another excitatory neurotransmitter system is the 
glutamate. Oligomeric Aβ peptides may disturb 
synaptic plasticity by altering the activity, number 
and trafficking of α-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid receptor (AMPA) and
N-methyl-d-aspartate (NMDA) glutamate receptors
(3). Parameshwaran et al., provided evidence that Aβ
peptides inhibit both the amplitude and frequency
of postsynaptic currents through AMPA receptors
(AMPARs) and decrease the probability of channel
opening in hippocampal CA1 pyramidal neurons (4).
Immunoprecipitation analyses have demonstrated
that assembly forms of Aβ peptides can associate
with NMDA receptors (NMDARs) at their NR1
and NR2A subunits (5). Ab peptides were found to
induce massive calcium ion permeability in a rat
study, resulting in excitotoxicity and neuronal death,
and this effect was alleviated by MK-801, which
is an NMDAR antagonist (6). Through selective
interactions between NMDARs and Aβ peptides,
changes in synaptic plasticity, such as deficits in
long-term potentiation (LTP) (7) and long-term
depression (LTD) induction, have been detected in rat
hippocampus (8). These results seem to demonstrate
that Ab-impaired synaptic plasticity may have
deleterious effects on neuronal activity, leading to
loss of synapses or dendrites (9), and this impairment
might be responsible for the neurodegenerative
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9 (rs6347), and A/G (rs12516948) and C/T (rs11133762) 
are two SNPs in the 3’ region near the gene.

To identify the allele preference for these SNPs, PCR-
Restriction Fragment Length Polymorphism (PCR-RFLP) 
analyses were performed. Specific primers and restriction 
enzymes for each PCR-RFLP reaction are shown in Table 
I. In brief, PCR amplification was carried out in a total
volume of 25 µl with 5 ng genomic DNA and primer
pairs. PCR reactions were carried out at 95°C for 5 min,
followed by 40 cycles of 95°C for 30 sec, specific Tm
temperatures for each primer pair for 30 sec, and 72°C for
40 sec, with a final elongation step at 72°C for 7 min. Five
microliters of the PCR amplicons was digested overnight
by various restriction enzymes (New England Biolabs,
MA) at 37°C in a total volume of 20 μl. The sizes of the
PCR products and digestion fragments were determined
by agarose gel electrophoresis and visualized directly by
ethidium bromide staining.

Statistical analyses
The distributions of allele and genotype frequencies 

for each SNP were evaluated by χ2 test using 2 x 2 or 
2 x 3 contingency tables. Statistical analysis of the 

from all subjects.

Genotyping of gene variants in COMT, DRD4 and DAT1
Genomic DNA was extracted from peripheral blood 

samples according to a standard protocol (Genomic DNA 
kit, Qiagen, CA). For analysis of COMT gene variants, 
two polymorphic sites were selected for this study from 
the public dbSNP database: C/T (rs2020917) and T/C 
(rs4646312). rs2020917 was chosen because this SNP 
is in the upstream P2 promoter region and affects the 
expression of COMT by upregulating the transcription 
of COMT gene (13). rs4646312 was chosen because the 
SNPs rs4646312 and rs4680, which decreases its enzyme 
activity (14), are in the same haplotype block (15). When 
analyzing this polymorphism (rs4646312), we could 
test whether decreasing enzyme activity is associated 
with AD. To study variants in the dopamine D4 receptor 
(DRD4), two SNPs located in the 5’ region near the gene 
T/C (rs3758653) and C/T (rs916455) were selected for 
this study. To genotype dopamine transporter DAT1 
(locus symbol: SLC6A3) variants, four SNPs located in 
the gene region were chosen. One is A/G SNP in intron 1 
(rs2937639), one is a synonymous 1336 A/G SNP in exon 

Table I. Primers information for testing SNPs in the COMT, DRD4 and DAT1 genes by 
PCR-RFLP.

SNPs Primers Restriction enzyme Alleles Allele size (bp) 

COMT
rs2020917 F: 5'-ATGAGGCTTGAACTGTCCTGA-3' MscI T 314 

R: 5'-TTGTCTAAGGTCCTGCTGTGCT-3' C (189+125) 
rs4646312 F: 5'-TTCCCAAGGGTAGCAGCAGAA-3' PflMI T 311 

R: 5'-TGCACCTTGTGAACCACAAGA-3' C (215+96) 
DRD4

rs3758653 F: 5'-ACAGAGTGGTGCCCCCTTTT-3' EcoRI C 357 
R: 5'-CCGTTGCACAGTTGATCCTC-3' T (253+104) 

rs916455 F: 5'-AGCTCAGGTCTTTCTGCGTCT-3' CviQI C 330 
R: 5'-GAGCCCAGTATTTGCTCATCT-3' T (233+97) 

DAT1
rs2937639 F: 5'-GAGCGAGACCTCATGTTAAA-3' Tsp509I G 242 

R: 5'-AAGACAGACACTCTGGTTTG-3' A (198+94) 
rs6347 F: 5'-ACATATAGAAGGGGGCTTTT-3' DdeI G 425 

R: 5'-AAAGGTCTCCCAAATAATCA-3' A (220+205) 
rs12516948 F: 5'-TACCAGATGCCATCCACAGCT-3' BsrI A 394 

R: 5'-CCTCATGGGCGACTGTATTAA-3' G (130+66+198) 
rs11133762 F: 5'-CTCTGTCCACTTTTCTGATGG-3' BstUI T 241 

R: 5'-TGTGAGCTGTGGATGGCATCA-3' C (140+101) 

Table I. Primers information for testing SNPs in the COMT, DRD4 and DAT1 genes by PCR-RFLP.
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haplotype-specific analysis, this Ht1-CT haplotype 
appeared to be a significant ‘risk’ haplotype (p = 
0.029, OR = 1.55, 95% CI, 1.05 to 2.31) compared 
with the non-Ht1 haplotype in AD patients and 
control groups. Similar haplotype-specific analyses 
showed no significant differences between the two 
groups of subjects for the three other haplotypes, 
Ht2-CC, Ht3-TT and Ht4-TC. In an association 
analysis of DAD4 gene haplotype distributions, 
subjects with the Ht1-TC haplotype at the two 
assayed polymorphisms may have a higher incidence 
of pathogenic AD (p = 0.018, OR = 1.62, 95% CI, 
1.08 to 2.43). Conversely, subjects with the Ht2-CC 
haplotype may have a lower incidence of AD (p = 
0.049, OR = 0.62, 95% CI, 0.38 to 1.00) (Table III). 

Of ten observed haplotypes from four analyzed 
polymorphisms in the DAT1 gene, three appeared to 
show significant risk effects (Ht3-AAGT, p < 0.001; 
Ht4-AAAC, p = 0.002; and Ht5-AGAC, p = 0.030) 
between the AD patients and control groups (Table 
IV). This result may be a subtle hint that individuals 
carrying these three haplotypes have a higher risk 
of developing AD. Additionally, our results indicate 
that two observed haplotypes were significantly 
different between patients and controls, suggesting 
that subjects carrying the Ht1-AAAT and Ht2-AAGC 
haplotypes (p < 0.0001 and p = 0.035, respectively) 
may be protected against AD progression.

We next asked whether dopamine-modulating 
gene variants showed associations with the clinical 
stages of AD. The patients were divided into three 
groups: a mild stage group with Mini-Mental State 
Examination (MMSE) scores above 20, a moderate 
stage group with MMSE scores between 10 and 20, 
and a severe stage group with MMSE scores less than 
10. In the analysis of allele frequencies between the
moderate and severe stage groups, strong association
was observed between severe stage of AD and the A
allele at rs6347 in DAT1 gene (p = 0.025, OR = 2.67,
95% CI, 1.11 to 6.42) (Table V). This result suggests
that the A allele could be a protective factor for
patients, contributing to a lower risk of developing
severe dementia. However, genotypic and allelic
analyses of the other genetic variants failed to detect
any significant correlations with the different clinical
stages.

In order to know whether the result that DAT1 
SNP rs6347 affects stages in Alzheimer’s disease 

odds ratio (OR) and 95% confidence interval (CI) were 
carried out using SPSS version 10.0 software (Chicago, 
IL) based on the presence of the reference allele and 
genotype frequencies. P values less than 0.05 were 
considered statistically significant. Adherence to Hardy-
Weinberg equilibrium was tested using Pearson’s χ2 test 
with one degree of freedom. The haplotype approach for 
each individual was analyzed with Phase v2.1 software 
program using Bayesian statistical method (16). P values 
were determined by comparing a given haplotype with a 
combination of all other haplotypes.

RESULTS

A total of 206 subjects of Taiwan Han Chinese 
comprised this cohort. One hundred and twenty 
subjects were clinically diagnosed as having AD, 
and eighty-six subjects served as healthy controls. 
The genotype distributions within each gene variant 
in this study did not deviate significantly from 
Hardy-Weinberg equilibrium (all p > 0.1, Table II). 
After analyzing genotype and allele frequencies, 
neither of the COMT gene polymorphisms 
(rs2020917 and rs4646312) showed a statistically 
significant association with AD (Table II). Genotypic 
analyses indicated that only one DAT1 gene variant 
(rs11133762) had a borderline significant allele 
frequency (p = 0.055). This C/T gene polymorphism 
located at the 3’ end region of the DAT1 gene was 
C:T 61.3%:38.7% in AD patients, compared with 
51.8%:48.2% in controls (Table II). With genotyping 
two polymorphisms of DRD4 gene (rs3758653 and 
rs916455), we found that gene variant, rs3758653, 
located at the 5’ region, attained statistical difference 
at the 0.05 level in allele frequency. At this SNP, the 
T:C ratio was 73.9%:26.1% in the subjects with AD 
and 62.5%:37.5% in controls. The odds ratio (OR) 
of the T allele indicated a 1.70-fold higher risk than 
with the C allele (95% CI, 1.11 to 2.61) (Table II), 
suggesting that the T allele at rs3758653 is a risk 
factor that correlates with AD.

We also analyzed associations between the 
haplotype distributions of patients and controls. 
The haplotype frequencies of the COMT gene 
at two polymorphic loci are shown in Table III, 
and four haplotypes were observed in both AD 
patients and controls. The frequency of the most 
common haplotype (Ht1-CT) in the patients was 
60.8%, compared with 55.8% in the controls. After 

W.Y. LIN ET AL.
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Table II. Genotype and allele frequencies of the tested SNPs in the COMT, DAT1 and DRD4 
genes in AD patients and controls.

SNPs Genotype/allele Cases HWEa Controls HWE p valueb OR (95% CI) 
 Number (%)  Number (%) 

COMT
rs2020917 CC 63 (54.3) 0.713 41 (48.8) 0.545 0.740 1.32 (0.41-4.20)

CT 46 (39.7) 37 (44.0) 1.07 (0.33-3.44)
TT 7 (6.0) 6 (7.2) 1 
C 172 (74.1) 119 (70.8) 0.464 1.18 (0.76-1.84)
T 60 (25.9) 49 (29.2) 1 

rs4646312 TT 55 (47.0) 0.329 31 (36.0) 0.180 0.169 1.06 (0.42-2.72)
TC 47 (40.2) 46 (53.5) 0.61 (0.24-1.54)
CC 15 (12.8) 9 (10.5) 1 
T 157 (67.1) 108 (62.8) 0.368 1.21 (0.80-1.82)
C 77 (32.9) 64 (37.2) 1 

DAT1
rs2937639 AA 84 (70.6) 0.219 59 (72.0) 0.140 0.702 1.06 (0.56-2.02)

AG 34 (28.6) 23 (29.0) 1 
GG 1 (0.8) 0 (0.0) 
A 202 (84.9) 141 (86.0) 0.759 0.92 (0.52-1.61)
G 36 (15.1) 23 (14.0) 1 

rs6347 AA 76 (71.1) 0.421 62 (75.6) 0.733 0.515 0.31 (0.03-2.81)
AG 27 (25.2) 19 (23.2) 0.36 (0.04-3.43)
GG 4 (3.7) 1 (1.2) 1 
A 179 (83.6) 143 (87.2) 0.336 0.75 (0.42-1.35)
G 35 (16.4) 21 (12.8) 1 

rs12516948 AA 71 (60.2) 0.231 53 (61.6) 0.615 0.879 0.74 (0.24-2.35)
AG 38 (32.2) 28 (32.6) 0.75 (0.23-2.50)
GG 9 (7.6) 5 (5.8) 1 
A 180 (76.3) 134 (77.9) 0.698 0.91 (0.57-1.46)
G 56 (23.7) 38 (22.1) 1 

rs11133762 CC 47 (39.5) 0.391 24 (28.6) 0.520 0.183 2.06 (0.94-4.51)
CT 52 (43.7) 39 (46.4) 1.40 (0.67-2.93)
TT 20 (16.8) 21 (25.0) 1 
C 146 (61.3) 87 (51.8) 0.055 1.48 (0.99-2.20)
T 92 (38.7) 81 (48.2) 1 

DRD4

rs3758653 TT 67 (57.3) 0.152 34 (40.5) 0.580 0.057 2.33 (0.94-5.74)
TC 39 (33.3) 37 (44.0) 1.25 (0.50-3.13)
CC 11 (9.4) 13 (15.5) 1 
T 173 (73.9) 105 (62.5) 1.70 (1.11-2.61)
C 61 (26.1) 63 (37.5) 

0.014
1

rs916455 CC 79 (69.9) 0.281 54 (64.3) 0.705 0.698 1.17 (0.30-4.56)
CT 29 (25.7) 26 (31.0) 0.89 (0.22-3.68)
TT 5 (4.4) 4 (4.8) 1 
C 187 (82.7) 134 (79.8) 0.451 1.22 (0.73-2.03)
T 39 (17.3) 34 (20.2) 1 

a HWE, p values of deviation from Hardy-Weinberg equilibrium constant. b p value was compared 
by 2 test. p values less than 0.05 are highlighted in bold. OR, odds ratio; 95% CI, 95% 
confidence interval.

Table II. Genotype and allele frequencies of the tested SNPs in the COMT, DAT1 and DRD4 genes in AD patients and 
controls.

a HWE, p values of deviation from Hardy-Weinberg equilibrium constant. b p value was compared by χ2 test. p values less 
than 0.05 are highlighted in bold. OR, odds ratio; 95% CI, 95% confidence interval.

0.014
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and CDR (p = 0.012, Table S6) between moderate 
and severe demented stages. Next, we tested whether 
DAT1 SNP (rs6347) has an interaction with disease 
duration (Table S5) or CDR (Table S7). Statistical 
analyses showed that DAT1 SNP (rs6347) have an 
interaction with disease duration (p = 0.0408, Table 
S5). Over all, the result that DAT1 SNP rs6347 
affects stages in Alzheimer’s disease is influenced 

is influenced by other variables [e.g. age, gender, 
Clinical Dementia Rating (CDR) or disease 
duration], we also analyzed whether there are 
significant differences of the variables (i.e. age, 
disease duration, CDR, and gender) at moderate and 
severe demented stages (Table S2 to S4 and Table 
S6). The results showed that there were significant 
differences of disease duration (p = 0.012, Table S4) 

Table III. Haplotype frequencies of COMT and DRD4 polymorphisms between AD patients and 
controls.

a p value was compared by 2 test. p values less than 0.05 are highlighted in bold. OR: odds ratio; 
95% CI, 95% confidence interval. 

Haplotypes Cases (%) Controls (%) p valuea OR (95% CI) 
COMT rs2020917/ rs4646312 

Ht1 CT 146 (60.8) 96 (55.8) 0.029 1.55 (1.05-2.31)
Ht2 TC 47 (19.6) 37 (21.5) 0.632 0.89 (0.55-1.44) 
Ht3 CC 33 (13.8) 27 (15.7) 0.581 0.86 (0.49-1.49) 
Ht4 TT 14 (5.8) 12 (7.0) 0.638 0.83 (0.37-1.83) 

DRD4 rs3758653/ rs916455 
Ht1 TC 160 (66.7) 95 (55.2) 0.018 1.62 (1.08-2.43)
Ht2 CC 41 (17.1) 43 (25.0) 0.049 0.62 (0.38-1.00)
Ht3 CT 20 (8.3) 22 (12.8) 0.140 0.62 (0.33-1.18) 
Ht4 TT 19 (7.9) 12 (7.0) 0.721 1.15 (0.54-2.43) 

a p value was compared by χ2 test. p values less than 0.05 are highlighted in bold. OR: odds ratio; 95% CI, 95% confidence 
interval.

Table III. Haplotype frequencies of COMT and DRD4 polymorphisms between AD patients and controls.

Table IV. Haplotype frequencies of DAT1 polymorphisms in AD patients and controls.

Haplotypesa Cases (%) Controls (%) p valueb OR (95% CI) 
Ht1 AAAT 49 (20.4) 73 (42.4) 1.37x10-6 0.35 (0.23-0.54)
Ht2 AAGC 14 (5.8) 20 (11.6) 0.035 0.47 (0.23-0.96)
Ht3 AAGT 23 (9.6) 2 (1.2) 4.0x10-4 9.01 (2.09-38.75)
Ht4 AAAC 85 (35.4) 36 (20.9) 0.002 2.07 (1.32-3.26)
Ht5 AGAC 17 (7.1) 4 (2.3) 0.030 3.20 (1.06-9.69)
Ht6 GAAC 25 (10.4) 12 (7.0) 0.229 1.55 (0.76-3.18) 
Ht7 GAAT 9 (3.8) 3 (1.7) 0.233 2.19 (0.59-8.23) 
Ht8 AGGC 8 (3.3) 10 (5.8) 0.225 0.56 (0.22-1.45) 
Ht9 AGGT 7 (2.9) 1 (0.6) 0.090 5.14 (0.63-42.15) 
Ht10 AGAT 3 (1.3) 3 (1.7) 0.680 0.71 (0.14-3.58) 

a Haplotypes are shown in sequence: rs2937639G/A, rs6347G/A, rs12516948A/G, and 
rs11133762T/C. b p value was compared by 2 test. p values less than 0.05 are highlighted in bold. 
OR, odds ratio; 95% CI, 95% confidence interval. 

Table IV. Haplotype frequencies of DAT1 polymorphisms in AD patients and controls.

a Haplotypes are shown in sequence: rs2937639G/A, rs6347G/A, rs12516948A/G, and rs11133762T/C. b p value was 
compared by χ2 test. p values less than 0.05 are highlighted in bold. OR, odds ratio; 95% CI, 95% confidence interval.

W.Y. LIN ET AL.
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         Table V. Genotype and allele frequencies of the tested SNPs in the COMT, DRD4 and 
DAT1 genes in AD patients at different clinical stagesa.

SNPs Genotype/allele Moderate stageb Severe stagec p valued

 Number (%)  Number (%) 

COMT
rs2020917 CC 32 (55.2) 16 (47.1) 0.666 

CT 23 (39.7) 15 (44.1) 
TT 3 (5.1) 3 (8.8) 
C 87 (75.0) 47 (69.1) 0.387 
T 29 (25.0) 21 (30.9) 

rs4646312 TT 22 (38.6) 17 (48.6) 0.619 
TC 26 (45.6) 14 (40.0) 
CC 9 (15.8) 4 (11.4) 
T 70 (61.4) 48 (68.6) 0.325 
C 44 (38.6) 22 (31.4) 

DRD4
rs3758653 TT 32 (54.2) 18 (54.6) 0.827 

TC 22 (37.3) 11 (23.3) 
CC 5 (8.5) 4 (12.1) 
T 86 (72.9) 47 (71.2) 0.808 
C 32 (27.1) 19 (28.8) 

rs916455 CC 42 (75.0) 23 (67.7) 0.522 
CT 11 (19.6) 10 (29.4) 
TT 3 (5.4) 1 (2.9) 
C 95 (84.8) 56 (82.4) 0.662 
T 17 (15.2) 12 (17.6) 

DAT1
rs2937639 AA 41 (69.5) 24 (68.6) 0.926 

AG 18 (30.5) 11 (31.4) 
GG 0 (0.0) 0 (0.0) 
A 100 (84.7) 59 (84.3) 0.933 
G 18 (15.3) 11 (15.7) 

rs6347 AA 44 (81.5) 17 (60.8) 0.106 
AG 9 (16.7) 9 (32.1) 
GG 1 (1.8) 2 (7.1) 
A 97 (89.8) 43 (76.8) 0.025
G 11 (10.2) 13 (23.2) 

rs12516948 AA 37 (63.8) 19 (54.3) 0.600 
AG 17 (29.3) 12 (34.3) 
GG 4 (6.9) 4 (11.4) 
A 91 (78.4) 50 (71.4) 0.279 
G 25 (21.6) 20 (28.6) 

rs11133762 CC 21 (36.2) 16 (44.4) 0.680 
CT 26 (44.8) 15 (41.7) 
TT 11 (20.0) 5 (13.9) 
C 68 (58.6) 47 (65.3) 0.363 
T 48 (41.4) 25 (34.7) 

a Mini-Mental State Examination (MMSE) score. b Moderate stage, patients with 
MMSE scores 10-20. c Severe stage, patients with MMSE scores below 10. d p value
was compared by 2 test. p values less than 0.05 are highlighted in bold. 

a Mini-Mental State Examination (MMSE) score. b Moderate stage, patients with MMSE scores 10-20. c Severe stage, 
patients with MMSE scores below 10. d p value was compared by χ2 test. p values less than 0.05 are highlighted in bold.

Table V. Genotype and allele frequencies of the tested SNPs in the COMT, DRD4 and DAT1 genes in AD patients at 
different clinical stagesa.
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polymorphisms, was associated a significant 
increase in the risk of AD. Another gene involved 
in the dopamine-modulating system is the dopamine 
transporter (DAT1). Because DAT1 functions to 
control dopamine levels in the synaptic cleft, which 
limits dopamine receptor activation (24), we tried to 
explore the relationship between its SNPs and AD, 
and found that no allele or genotype frequencies 
of DAT1 showed a significant correlation with 
AD. Among the ten haplotypes observed involving 
four analyzed DAT1 gene SNPs, five haplotype 
distributions showed significant differences between 
the AD patient and control groups. Interestingly, the 
A allele at rs6347 in the DAT1 gene was found to 
be strongly associated with clinical stage, suggesting 
that patients with an A allele had a lower risk of 
developing severe dementia. Our data also indicate 
that the dopamine receptor DRD4 gene variant is 
a genetic risk factor for AD, and analyses of allele 
frequency and haplotype distributions indicate that 
gene variations in DRD4 are significant risk factors 
for having AD.

The influence of the activities of COMT, DRD4 
and DAT1 on AD remains unclear. AD patients with 
more severe stages of dementia frequently suffer from 
depression (25) and previous studies have also found 
that variations in the dopaminergic system may be 
risk factors for AD and/or depression. For example, 
a functional genetic variant in COMT, wherein 
valine to methionine substitution at codon 108/158 
(rs4680) decreases its enzyme activity, which 
increases susceptibility to psychosis in AD (26) and 
schizophrenia (27). Functional genomic experiments 
have indicated that SNPs located at distal promoter 
region of the COMT gene alter its transcriptional 
efficiency, potentially changing the COMT activity 
(13). A study by Grunblatt et al. showed that allelic 
repeats in the DRD4 gene appeared to have no 
significant influences on the outcome of AD or 
depressive symptoms in their European population 
(28). Previous reports have found that DAT1 
gene polymorphism has no correlation with AD 
etiology (29), but a demonstrable association with 
schizophrenia phenotype was detected (30). Here, 
we determined that COMT, DRD4 and DAT1 gene 
variants have associations with AD in the Taiwanese 
population. In contrast with prior studies, we found 
significant associations between these dopamine-

by disease duration.

DISCUSSION

Previous studies have discovered that mutations in 
genes encoding proteins involved in amyloidogenic 
processing, including amyloid precursor protein, 
presenilin 1 and presenilin 2, predominantly lead to 
amyloid plaque production in early-onset familial 
cases of AD (17, 18). Excessive Ab peptides 
demonstrably increase the risk of synaptic loss and 
dysfunction, which may disturb brain functions, 
including advanced cognitive behavior and memory 
formation, before neuronal death (19, 20). Most 
cases of AD are sporadic, and the factors important in 
disease development are unknown, which motivates 
us to identify additional genetic risk factors that are 
also responsible for AD progression. To evaluate 
whether genetic variations in dopamine-modulating 
genes, COMT, DRD4 and DAT1 are associated with 
AD in the Taiwanese population, we performed a 
case-control study and found these genetic variants 
and their effects on dopaminergic transmission might 
be the risk factors in the etiology of AD.

Previous findings indicated that dopaminergic 
neurotransmission regulates synaptic plasticity. 
Activation of the dopamine D1/D5 receptor 
consolidates the late-phase LTP in the CA1 of rat 
hippocampal slices (21), and reverses the LTD 
induced by NMDA or low-frequency stimulation 
(11). The other study also found that direct injections 
of dopamine receptor agonists can enhance spatial 
memory performance (22). These results suggest 
that defects in dopaminergic neurotransmission 
might disturb synaptic plasticity and even advanced 
cognitive behavior, indicating that dopamine could 
be a candidate risk factor for AD progression. 
Within the brain, the transmission efficiency of 
dopaminergic neurons is obviously associated with 
dopamine-modulating genes, which are thought 
to regulate dopamine levels by its production and 
clearance. COMT is a dopamine-modulating gene 
that plays an essential role in dopamine clearance 
by catalyzing the methylation of the hydroxyl 
group of dopamine (23). In our study, the allele 
and genotype distributions of COMT were found 
to be insignificantly associated with AD. However, 
one haplotype, observed involving the two assayed 
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9. Walsh DM, Klyubin I, Fadeeva JV, Rowan MJ,
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Trans 2002; 30(4):552-7.

10. Gao C, Sun X, Wolf ME. Activation of D1 dopamine
receptors increases surface expression of AMPA 
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2006; 98(5):1664-77.

11. Mockett BG, Guevremont D, Williams JM, Abraham
WC. Dopamine D1/D5 receptor activation reverses
NMDA receptor-dependent long-term depression in
rat hippocampus. J Neurosci 2007; 27(11):2918-26.

12. Jurgensen S, Antonio LL, Mussi GE, et al. Activation
of D1/D5 dopamine receptors protects neurons
from synapse dysfunction induced by amyloid-beta
oligomers. J Biol Chem 2011; 286(5):3270-6.
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cancer risk reduction and membrane-bound catechol
O-methyltransferase genetic polymorphisms. Cancer
research 2008; 68(14):5997-6005.

14. Lachman HM, Papolos DF, Saito T, Yu YM,
Szumlanski CL, Weinshilboum RM. Human
catechol-O-methyltransferase pharmacogenetics:
description of a functional polymorphism and its
potential application to neuropsychiatric disorders.
Pharmacogenetics 1996; 6(3):243-50.

15. Chen CY, Lu RB, Yeh YW, Shih MC, Huang SY.
Association study of catechol-O-methyltransferase
gene polymorphisms with schizophrenia and
psychopathological symptoms in Han Chinese.
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16. Stephens M, Donnelly P. A comparison of bayesian
methods for haplotype reconstruction from
population genotype data. Am J Hum Genet 2003;
73(5):1162-9.

17. Sherrington R, Rogaev EI, Liang Y, et al. Cloning
of a gene bearing missense mutations in early-
onset familial Alzheimer’s disease. Nature 1995;
375(6534):754-60.

18. Steiner H, Romig H, Grim MG, et al. The biological

modulating genes and AD development. Our data 
provide some guidance for understanding how 
dopaminergic-system gene variations lead to AD 
susceptibility and identification of AD-modulating 
genes opens a new path for understanding the 
pathogenesis of this disease.
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Fat transplantation experiments have previously shown regulatory properties of lean adipose tissue 
on glucose homeostasis in the whole animal. In the current study, we addressed whether obese visceral 
white adipose tissue grafted in lean mice could alter glucose homeostasis. Obese visceral fat (VF) 
tissue was effective in increasing body weight gain and energy efficiency but not energy intake, when 
transplanted into the epididymal VF depot in lean recipient mice. These changes were accompanied by 
impaired glucose and insulin tolerance tests, showing altered glucose homeostasis. None of these effects 
were observed when transplants were grafted subcutaneously.  These effects show that both physiologic 
state of donor VF (obese vs lean) and graft location (epididymal vs subcutaneous) in the recipient animal 
are critical to express deleterious effects of VF on glucose homeostasis in the whole organism. 
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Obesity is currently a growing epidemic of 
public health importance in western societies (1) 
and it is a major risk factor for developing systemic 
insulin resistance, and further type-2 diabetes, 
atherosclerosis, cardiovascular disease, non-alcoholic 
fatty liver disease, polycystic ovary, some cancers 
and neurodegenerative diseases (2, 3). Mostly, diet-
induced obesity (DIO) and its comorbidities are 
referred to as Metabolic Syndrome. It is thought 
that increasing adoption of western lifestyle, 
characterized by sedentary way of life, abundance 
of calories, daily access to energy dense foods, 
offer of highly palatable diets, high consumption of 
refined sugars and alcohol, scarcity of vegetables 
and fruits, disruption of dark-light and sleep-awake 
cycles, lack of leisure time and, commonly living in 
polluted environments and under stress conditions, is 
a historical determinant in the rise of obesity during 
the last three or more decades (4). 

A hallmark in obesity research came from 
Hotamisligil and associates’ works describing that 
obesity induces inflammatory changes in visceral 
adipose tissue, leading to systemic insulin resistance 
(5). Briefly, macrophages populate visceral adipose 
tissue under metabolic stress and alongside 
adipocytes induce expression of proinflammatory 
cytokines, like TNF-α and IL-6, which are able 
to generate insulin resistance in visceral adipose 
tissue by inhibiting insulin signaling transduction 
network. In addition, other pro-hyperglycemic 
adipokines are elevated in visceral obese adipose 
tissue, accompanied by leptin resistance that also 
contributes to reinforce the obese phenotype. In this 
way, lipogenesis is impaired in obese visceral adipose 
tissue and dietary lipids are diverted chronically 
to liver, muscle and other tissues, thus leading to 
fat liver condition and contributing to extend the 
insulin-resistant phenotype to other tissues. Finally, 
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(12). In the second case, a similar reasoning was 
followed to transplant subcutaneously epididymal 
fat from wild type animals in genetically leptin-
deficient mice (13); as a consequence, the recipient 
animals did recover normal fat mass as well as lipid 
and glucose homeostasis and fertility. A more recent 
study showed that SCF but not VF transplanted 
from lean donor mice either into subcutaneous 
or intraperitoneal compartments in lean recipient 
animals leads to decreased body weight and total 
fat mass, and lower glucose and insulin levels in 
recipient animals subjected to high-fat feeding (14). 
Thus, it seems that both the anatomic compartment 
in which the fat depot is grafted in the recipient 
animal and intrinsic differences between SCF and 
VF tissues from the donor animal are important 
factors for achieving metabolic effects after fat 
transplantation. These findings agree in that lean 
adipose tissue has protective effects under insulin 
resistance conditions. Nevertheless, the importance 
of physiologic status of donor adipose tissue has 
not been evidenced by these means. Such approach 
should reveal whether endocrine function of obese 
adipose tissue is a condition sufficient to alter whole-
organism fuel homeostasis in otherwise healthy, lean 
subjects. We hypothesized that transplantation of 
VF from obese to lean mice should replicate at least 
in part the obese phenotype in those lean animals, 
and that the metabolic effects produced could in 
part depend on the fat compartment receiving the 
graft. To address this question, we studied whether 
VF transplanted from diet-induced obese, insulin-
resistant mice into either the subcutaneous or visceral 
fat compartments can alter glucose homeostasis in 
lean mice fed RD. 

MATERIALS AND METHODS

Animals 
CD1 Swiss mice (ICR) were purchased by the Animal 

Facility of the Faculty of Dentistry at the University of 
Chile. Experiments using animals were performed at 
INTA Animal Facility and maintained in a 12/12 h light/
dark cycle and 21.5±1.5ºC room temperature. Animals 
fed ad libitum either RD, (cat Nº D1450B, 10 kcal% fat) 
or high fat diet (HFD, cat N° D12492, 60 kcal% fat) both 
provided by Research Diets (New Brunswick, NJ 08901, 
USA), to induce obesity during 12 weeks of feeding from 
one week after weaning (mice were weaned at 21 days 

chronic hyperglycemia and hyperlipidemia can exert 
glucotoxicity and lipotoxicity on pancreatic β-cells, 
losing endogenous insulin function and gathering 
overt type-2 diabetes mellitus (6). 

Within this context, we need to recall that adipose 
tissue develops in two main body compartments: 
as subcutaneous fat (SCF) depots, with presence 
of white and brown fat cells, extending under the 
most of body surface and, as visceral fat (VF) that 
is white, visceral adipose tissue distributed inside 
peritoneal cavity, mostly associated to the visceral 
organs, i.e., epididymal, perirhenal, perintestinal, 
parametrial, retroperitoneal, omental fat. Epididymal 
fat is commonly taken as a study model of VF, 
mainly because it is easy to identify, manipulate 
and remove and, also because it becomes prominent 
in obese rodents (7). Regarding DIO, VF responds 
to metabolic stress inducing its characteristic 
inflammation (also termed, metaflammation, as 
proposed by Hotamisligil) and its consequences over 
development of Metabolic Syndrome. However, 
SCF is not known to develop extensive inflammation 
as VF does and, importantly, has a great capacity 
to secrete adiponectin, an anti-hyperglycemic 
adipokine, whose expression is compromised in 
obese VF. In fact, inducing adiponectin expression 
from SCF can help even to counteract genetic obesity 
(8). Removal of omental fat, the main VF depot in 
humans, recovered normal insulin sensitivity (9, 
10) as does epydidimal fat removal in obese B6
mice (C. Morgan, unpublished results). In contrast,
subcutaneous liposuction has not shown any positive
effects (11).

In the current study, we proposed that endocrine 
function of obese VF should be enough to alter 
glucose homeostasis, even in lean, healthy animals fed 
regular diet (RD). For this purpose, fat transplantation 
technique was used, which is a bioassay useful to 
detect and characterize properties of adipose tissue, 
in vivo, as formerly used by Reitman, Klebanov, and 
Kahn and associates, among others (12-15). In the 
first case, parametrial fat from lean mice was grafted 
subcutaneously in lipoatrophic mice, which have 
no capacity to develop adipose tissue, improving 
glucose tolerance and insulin sensitivity and then, 
suggesting that certain development of adipose 
tissue is required to achieving a normal glucose 
homeostasis, likely due to replacement of adipokines 
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more than two groups at a single-time point. Time-
course data were analyzed by repeated measures (RM) 
ANOVA. Plasma and liver determinations from SC or 
IVF control (sham operated) and transplanted (recipient) 
animals were compared by two-way ANOVA. Post hoc 
analyses of intergroup comparisons were performed 
with the Bonferroni multiple comparisons test whenever 
P ANOVA < 0.05. Statistical analyses were performed 
in Prism 5 (GraphPad Software, Inc., CA, USA) and 
significance was set at P < 0.05.

RESULTS

Fig. 2 indicates that mice fed HFD showed 
significant increases in body weight (Fig. 2A) 
and energy efficiency (Fig. 2C) but not in energy 
intake (Fig. 2B) as compared to animals fed RD. 
Concomitantly, mice fed HFD exhibited elevated 
fasting blood glucose levels and impaired GTT (Fig. 
2D) and ITT (Fig. 2E) compared to animals fed RD. 

SC transplantation of VF from obese animals 
into lean recipient mice did not result in altered 
glucose homeostasis as compared to sham control 
animals, during the 12-week observation period 
(Fig. 1). In contrast, transplantation of obese VF into 
the epididymal fat pad of lean recipient mice led to 
increased body weight gain, intake energy efficiency 
and, impaired GTT and ITT, with no change in 
energy intake when compared to non-transplanted, 
sham control mice (Fig. 1). Those results suggest 
that presence of obese adipose tissue in a lean animal 
can alter glucose homeostasis depending of the 
location of grafts (IVF vs SC), showing that location 
helps to explain deleterious effects of obese visceral 
adipose tissue on glucose homeostasis. In addition, 
obese VF grafted IVF but not SC in lean recipient 
mice showed increased body weight gain and energy 
intake efficiency with no change in energy intake 
(Fig. 1B).

At the endpoint of fat transplantation experiments, 
plasma and liver cholesterol and triglycerides levels 
were determined as well as liver weight (Table I). 
IVF recipient mice showed significantly increased 
plasma cholesterol and liver triglyceride levels 
compared to IVF sham operated mice (p < 0.05), 
while plasma triglyceride, liver cholesterol and liver 
weight did not show any difference. In contrast, SC 
recipient mice did not show any significant changes 
in the parameters.

postpartum). Body weight (in g), energy intake (in kcal/
week), and intake energy efficiency - defined as the body 
weight change divided per energy intake during a week (in 
g/kcal) - were measured weekly. The protocols for animal 
research were approved by the Committee of Bioethics at 
INTA, University of Chile, and by the Advisory Committee 
of Bioethics at FONDECYT (Chilean funding agency of 
science and technology).

Fat transplantation experiments
Sixteen-week-old male mice fed high fat diet (HFD) 

during 12 weeks were used as donors of epididymal 
fat (VF). Lean age-matched male mice fed RD were 
recipients of fat transplantation either by subcutaneous 
injection of 1.8±0.1 g VF under the flank skin (SC in 
Fig. 1 and Table I) or by injecting 1.6±0.1 g VF directly 
into the endogenous epididymal fat depots (IVF in Fig. 
1 and Table 1) after opening the peritoneal cavity under 
sterile conditions. All animals were i.p. anesthetized with 
100mg/kg ketamine/10mg/kg xylazine during surgery. 
Peritoneal wall and abdominal skin were stitched after IVF 
transplantation and IVF sham surgery. All transplanted 
and sham control animals were fed RD before and after 
transplantation. Upon sacrifice, at week 12 after fat 
transplantation, the grafts were inspected visually and 
those animals showing necrotic grafts were excluded from 
the study. 

Tolerance tests
Glucose and insulin tolerance tests were performed 

after 6-h fasting. Either 1.5 mg/g glucose or 1.5 IU/Kg 
insulin were i.p. injected (time zero) to perform glucose 
tolerance test (GTT) or insulin tolerance test (ITT), 
respectively. Then, blood drops were collected from the 
tail vein at time points 0, 15, 30, 60, 90, and 120 min 
to determine glucose levels using a glucometer ACCU-
CHEK Sensor comfort (Roche, Basel, Switzerland).

Triglycerides and cholesterol determinations
Triglyceride and cholesterol levels were determined in 

plasma and liver, using the Infinity TG kit from Thermo 
Scientific USA and the enzymatic Colestat kit from 
Wiener lab (2000 Rosario, Argentina), which is based 
on the Allain et al. method (16). Briefly, total lipids are 
extracted with Bligh and Dyer standard protocol (17), 
and then resuspended by extensive sonication in 0.05% 
Triton X-100 before using the kits, according to the 
manufacturer’s instructions.

Statistical analyses 
Data are expressed as means ± S.E.M. Unpaired two-

tailed Student’s t-test was used to compare two groups at a 
single time point. One-way ANOVA was used to compare 
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transplantation.
In order to assess our hypothesis that obese 

visceral adipose tissue may lead the whole-organism 
to altering glucose homeostasis, we performed a fat 
transplantation study. We essentially sought to alter 
glucose homeostasis in animals receiving epididymal 
VF tissue from obese donors and observe the 
influence of grafting location on the putative effects. 
SC recipient mice did not show any alterations on 
glucose homeostasis (fasting blood glucose levels, 
or glucose and insulin tolerance tests) nor in body 
weight gain, energy intake and efficiency (Fig. 1). 
Interestingly, when obese VF was grafted into the 
endogenous epididymal but not in the subcutaneous 

DISCUSSION

In the present study, we transplanted VF from 
diet-induced obese donor mice into lean recipient 
mice. DIO mice responded to HFD feeding as 
expected, showing increased body weight and energy 
efficiency due to expanding fat mass under HFD 
feeding. Thereafter, developing insulin resistance 
was evidenced by elevated fasting blood glucose 
and higher areas under GTT and ITT curves (Fig. 2). 
These results confirm the validity of our approach to 
get DIO insulin-resistant donor mice. Lean recipient 
animals grew up under ad libitum RD feeding and 
achieved a steady state body weight value before 
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Fig. 1. Metabolic changes induced in mice after visceral fat transplantation. Body weight gain (A) and energy intake 
(B) were measured during 12 weeks after obese fat grafting into the subcutaneous (SC) compartment or directly into
the endogenous epididymal fat depot (IVF); sham mice were used as controls (data from SC and IVF sham control mice
were undistinguishable and then pooled into one control group). Energy efficiency (C), glucose tolerance (D) and insulin
tolerance were determined 12-13 weeks after obese fat transplantation or sham procedure. Data are mean values ± SEM.
For A, B, D and E, time-course data were analyzed by RM ANOVA (P ANOVA were < 0.0001, = 0.3218, < 0.0001 and
< 0.0001, respectively) followed by the Bonferroni multiple comparisons test (*P < 0.05, **P < 0.01, ***P < 0.001).
One-way ANOVA was used to compare the three groups in C (*P ANOVA = 0.0104) followed by the Bonferroni multiple
comparisons test (*P < 0.05). All differences detected were found between control group and IVF recipients group (n =
5 in each group).
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Fig. 2. Diet-induced obesity in mice. Body weight gain (A) and energy intake (B) were measured during 12 weeks either 
on RD or HFD. Energy efficiency (C), glucose tolerance (D) and insulin tolerance were determined after 12 weeks either 
on RD or HFD. Data are expressed as mean values ± SEM (n = 5 in each group). For A, B, D and E, time-course data 
were analyzed by RM ANOVA (P ANOVA values were < 0.0001, = 0.7118, < 0.0001 and < 0.0001, respectively) followed 
by the Bonferroni multiple comparisons test (*P < 0.05, **P < 0.001). Unpaired two-tailed Student’s t-test was used to 
compare the two groups in C (*P < 0.001).        

Table I. Determinations of plasma and liver cholesterol and triglycerides levels three months after transplantation.

Group Plasma 
Cholesterol 
(mg/ml) 

Plasma 
Triglycerides 
(mg/ml) 

Liver Cholesterol 
(µg/mg) 

Liver 
Triglycerides 
(µg/mg) 

Liver weight (g) 

SC Sham 1.04±0.03 0.50±0.16 2.07±0.31 3.70±1.08 1.85±0.15 
SC Recipient 1.30±0.09 0.51±0.03 2.25±0.23 6.59±1.51 2.07±0.15 
IVF Sham 1.05±0.03 0.34±0.03 2.11±0.07 3.35±0.16 1.70±0.10 
IVF Recipient 1.37±0.15 * 0.45±0.12 2.45±0.15  7.13±1.01 * 1.92±0.12 
P ANOVA 
Transplant factor

0.0053 0.5654 0.2335 0.0062 0.1143 

P ANOVA 
Location factor

0.6627 0.2979 0.5756 0.9297 0.2716 

P ANOVA 
Interaction 

0.7432 0.6314 0.7082 0.6801 1.0000 

Data are expressed as mean values ± SEM (n = 5 in each group). All SC Recipients (animals receiving VF transplantation by
subcutaneous injection), IVF Recipients (VF injected directly into the endogenous epididymal fat depot), SC sham and IVF sham
groups were compared by two-way ANOVA (transplantation factor distinguishes sham or recipient groups, whereas graft location
factor distinguishes SC or IVF groups) P ANOVA values are shown for every factor and their interaction. (*) P < 0.05 when
transplanted recipients are compared with respective sham control animals by Bonferroni post hoc test.

Table I. Determinations of plasma and liver cholesterol and triglycerides levels three months after transplantation.

Data are expressed as mean values ± SEM (n = 5 in each group). All SC Recipients (animals receiving VF transplantation 
by subcutaneous injection), IVF Recipients (VF injected directly into the endogenous epididymal fat depot), SC sham and 
IVF sham groups were compared by two-way ANOVA (transplantation factor distinguishes sham or recipient groups, 
whereas graft location factor distinguishes SC or IVF groups) P ANOVA values are shown for every factor and their 
interaction. (*) P < 0.05 when transplanted recipients are compared with respective sham control animals by Bonferroni 
post hoc test.
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mechanisms to operate between endogenous and 
exogenous tissues rather than in the case of our 
SC grafts, which can be easily separated from 
endogenous subcutaneous fat tissue. Alternatively, 
we have not yet discarded that IVF grafts could retain 
neuroendocrine communication between exogenous 
VF and sympathetic nerve activity.

Most likely, obese VF grafts do not represent a 
major source of triglycerides in the whole animal, 
since no more than 4% of body weight was 
transplanted (< 2 g per recipient) in the experiments 
reported here. In our conditions, a diet-induced 
obese animal usually exhibits over 30% of body 
weight in adipose tissue, while in a lean animal it 
is usually less than 15%. Then, the impairment of 
glucose homeostasis observed in the current work 
is unlikely due to the supply of triglycerides by fat 
transplants, but likely due to VF-derived factors 
involved in increasing body weight gain, involving 
the called fat-brain axis (18).

In summary, the present results show for the first 
time that transplantation of a small graft of obese 
VF injected in IVF but not in SC compartment of 
lean mice leads to impaired glucose homeostasis and 
increased energy efficiency in animals fed RD. These 
effects show that both physiologic state of VF (obese 
vs lean) and graft location (IVF vs SC) are critical 
to express deleterious effects of VF on glucose 
homeostasis in the whole organism. Further efforts 
will be required to elucidate the molecular basis 
underlying the effects described here on increasing 
body weight gain and impaired glucose homeostasis 
in absence of increased food intake.
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Cocaine- and amphetamine-regulated transcript (CART) was identified in the central and peripheral 
nervous system, including the gastrointestinal tract of rodents and pig. CART was also expressed in 
neuroendocrine cells of the rats stomach antral mucosa. The knowledge of the presence and functional 
role of CART peptide in the human alimentary tract is very limited due to difficulties in obtaining human 
samples (especially from healthy individuals). The presence of CART peptide in the gastrointestinal tract 
of the human was investigated immunohistochemically. CART-immunoreactive (IR) neural structures 
were observed in all studied fragments of alimentary tract. CART-like immunoreactive nerve fibers 
were numerous within the muscle in layers of muscularis externa and in the myenteric plexus of all 
gastrointestinal segments (from esophagus to colon), while they were moderate or few in density in 
other layers of gastrointestinal tract. The presence of CART peptides in the neuroendocrine cells was 
demonstrated predominantly in the pyloric, duodenum and fundus, and only few in the rest parts of the 
small intestine. CART-IR neuroendocrine cells could not be detected in the mucosa of large intestine. 
The present study reports for the first time a detailed description of the CART distribution pattern 
within the human alimentary tract. Our findings may hopefully provide some contribution towards a 
more complete and comprehensive understanding of the function and role of the CART peptide in the 
alimentary system.
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The peptide CART (cocaine- and amphetamine-
regulated transcript) is a newly known 
neurotransmitter of both the central and the peripheral 
nervous system.  It was, for the first time, sequenced 
as a peptide of unknown function (1), while only 
afterwards, it was found that the expression of 
its mRNA was significantly upregulated in the 
rat’s ventral striatum in response to cocaine or 
amphetamine, administered into the brain ventricles 
(2). It was also demonstrated that peptide expression 

depends on leptin presence (peptide which is secreted 
as a satiety signal transmitter to the hypothalamus) 
(3, 4). 

Strong CART expression has been indicated 
in the central nervous system, particularly in 
areas responsible for feeding (5), including: the 
ventromedial nucleus of the hypothalamus, the 
lateral hypothalamus, the arcuate nucleus, the 
paraventricular nucleus (PVN), the nucleus of the 
solitary tract and the nucleus accumbens (6, 7). 
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(13, 30), guinea pigs (12) and sheep (31), whereas 
the available knowledge about the quantity and 
distribution of CART in the human gastrointestinal 
tract is limited to the data from a short description of 
two pathological cases (Hirschsprung’s disease and 
ulcerative colitis), concerning only some restricted 
parts of the intestine (32, 33). 

Although the principal site of CART synthesis has 
already been identified, our to-date’s knowledge of 
the subject is mainly based on – and thus limited to – 
a research, conducted on animals, due to difficulties 
with obtaining human samples. Therefore, the 
primary goal of this reported study was to identify 
and examine the distribution and occurrence of 
CART-IR structures in the alimentary tract of healthy 
human subjects.

MATERIALS AND METHODS

Ethical issues 
The study protocol was approved by the Ethics 

Committee at the Medical University of Białystok (R-
I-002/345/2007) and a written, informed consent had 
previously been obtained from each subject or from his/
her family member(s).

Collecting and preparation of the samples
Nineteen donors of organs with normal alimentary 

tract were used in the study. There were 10 men at the 
mean age of 43.9 yrs; the range from 21 to 65 yrs, with 
mean body weight of 83.25 kg and mean BMI of 26.54, 
and 9 women at the mean age of 46.3 yrs; the range from 
19 to 58 yrs, with mean body weight of 66.33 kg and mean 
BMI of 24.55. BMIs were calculated as the ratio of body 
weight (kg) to squared height (m) and expressed as BMI 
SD scores (BMISDS). We used the currently applicable 
and updated local growth charts for height and weight for 
the Polish population, aged 19–65 yrs.

Each subject had been treated at the ICU (Intensive 
Care Unit), due to brain damage, caused by brain injury or 
cerebral hemorrhage, while in a few cases only, the brain 
damage was secondary in origin, due to primary cardiac 
arrest. The patients were artificially ventilated, received 
circulatory support and were provided with parenteral and 
enteral nutrition. No one received steroids.

Each of the subjects, presenting with clinical 
symptoms of brain death, was considered to be an organ 
donor. Irreversible brain damage was confirmed by 
special clinical examination and angiography (no blood 
flow within the brain arteries). 

After brain death was diagnosed and individual death 

The presence of CART peptides was also 
demonstrated in brain areas, involved in motor 
activity (8), and in the peripheral nervous system, 
including preganglionic sympathetic nerves (9), 
pancreatic ganglia, neurons innervating biliary tracts 
and the gallbladder and enteric nervous system (10-
13). Beyond the nervous system, CART has been 
localized as well in the endocrine glands of rat, for 
example, in the pituitary gland, in the adrenal core (2, 
14) and in the pancreatic islet cells (13, 15). CART
has also been identified in certain cells, belonging
to diffuse neuroendocrine system (DNES), among
others, in C cells of pig thyroid gland (13), as well as
in G cells of rat stomach (10).

CART may activate the hypothalamus - pituitary - 
adrenal axis (HPA), which plays a central role in food 
intake control and energy homeostasis regulation, 
therefore, it is a key neuropeptide, functionally 
associated with energy balance (16-18).

Functional studies have mainly been focused on 
CART participation in feeding behavior (12), since 
this peptide shows strong anorexigenic properties 
(19). After CART administration to brain ventricles, 
reduction of food consumption levels was observed 
(7, 14, 16). 

CART effects on adipose tissue, providing 
obesity control, have been confirmed in a number 
of current research projects (20). Influences of 
CART with regards to the secretion of the gastric 
acids, gastric motility and gastric emptying has been 
demonstrated by researchers as well (21, 22). Other 
studies (8, 23-25), involving a thorough observation 
of rats behavior after CART administration into brain 
ventricles, confirm the influence of CART on motor 
activity. Moreover CART is involved in pain, anxiety 
or stress perception (26), and appears to contribute 
in psychostimulants addiction by strengthening the 
psychostimulant stimulation of pleasure centers (8, 
27).

The results of studies, conducted by various 
scientific centers (6, 28, 29), confirm CART impacts 
on endocrine functions of the pancreas, suggesting 
its probable role in the survival and differentiation of 
pancreatic cells. Interestingly enough, CART reveals 
also certain properties to promote the survival of 
enteric neurons in mice in vitro (10). 

CART distribution in the gastrointestinal tract of 
mammals has been investigated in rats (8, 11), pigs 
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visual analysis, using an Olympus B×41 microscope.
As for the semi-quantitative evaluation of the density 

of CART-IR structures, an arbitrary scale was used, where 
(–) means the absence of structures studied; (+) - single 
element; (++) – few structures; (+++) – moderate number; 
(++++) – dense; (+++++) – and very dense 

Morphometric analysis
The densities of CART-IR neuroendocrine cells in each 

part of the human gastrointestinal tract were estimated. 
After taking digital photographs under a light microscope 
with a digital camera (DP12-2; Olympus, Japan), the 
number of cells in each section was counted and the 
area of the mucosal layer in each section was measured 
using a computerized image analysis program, NIS 
Elements BR: 2240. Immunopositive cells were counted 
in ten (10) microscopic fields, each field of 0.785 mm2, in 
magnification of 200x (20x the lens and 10x the eyepiece). 
Five sections of each region of the gastrointestinal tract 
were analysed. The average number of CART-IR cells per 
mm2 was counted to quantify their distribution density. 

The corresponding mean values were computed 
automatically; significant differences were determined 
by Student’s t-test; p<0.05 was taken as the level of 
significance.

RESULTS

Staining for CART was performed on sections 
from esophagus, cardias, fundus and pylorus of 
the stomach, duodenum, jejunum and ileum of the 
small intestine and colon of the large intestine. It was 
found that CART-IR structures existed in all regions 
of the human gastrointestinal tract. According to 
the location and situation in examined parts of 
alimentary tract, different regional distribution and 
relative frequencies of CART-IR structures were 
observed. These differences are shown in Table I.

Immunhistochemical analyses revealed that both 
nerve cell bodies and nerve fibers immunoreactivity 
to CART is present  in the human alimentary tract. In 
addition to neurons, CART was found in a population 
of endocrine cells in the stomach (fundus, pylorus) 
and small intestine mainly in the duodenum mucosa.

In the human esophagus, CART-IR nerve cells 
bodies and nerve fibers were found in myenteric 
plexus, on moderate level, while in the submucous 
ganglia no CART immunopositive structures 
were observed in this part of gastrointestinal tract. 
Immunohistochemically labelled CART containing 

was confirmed by doctors committee, esophagus, stomach 
(cardia, fundus and pylorus), duodenum, jejunum, ileum 
and colon (the same part of the individual sections of 
alimentary tract) samples about 1 cm long, were collected 
from each body after other organs (kidneys, heart, liver) for 
transplantation were harvested.Samples of the alimentary 
tract were immediately fixed in Bouin’s solution and 
routinely embedded in paraffin. Specimens were stained 
with hematoxylin and eosin for general histological 
examination and processed by immunohistochemistry for 
CART detection using an EnVision Plus-HRP Detection 
Kit (K 4011, Dako; Glostrup, Denmark) (34).

Immunohistochemical procedure
Paraffin blocks were cut into 4-μm sections (5 sections 

from individual sections of alimentary tract and from 
each subject) and attached to positively charged glass 
slides. Immunostaining was performed by the following 
protocol: paraffin-embedded sections were deparaffinized 
and hydrated in pure alcohols. For antigen retrieval, 
the sections were subjected to pretreatment in pressure 
chamber heating for 1 min at 21 psi (One pound force per 
square inch (1 psi) equates to 6.895 kPa, (the conversion 
factor has been provided by the United Kingdom National 
Physical Laboratory) at 125ºC, using Target Retrieval 
Solution with  pH of  9.0 S 2367 (Dako; Glostrup, 
Denmark). After cooling down to room temperature, 
the sections were incubated with Peroxidase Blocking 
Reagent S 2001 (Dako; Glostrup, Denmark) for 10 min to 
block endogenous peroxidase activity. 

The sections were incubated with the primary 
antibody to CART peptide (No H-003-61) (1:10 000 
dilution) overnight  at 4ºC in a humidified chamber. 
The CART antiserum, a rabbit polyclonal, purchased at 
the Phoenix Pharmaceuticals, Inc. (Mountain View, CA, 
USA) was used. The antiserum was diluted in Antibody 
Diluent (S 0809 DakoCytomation, Denmark). Followed 
by incubation with secondary antibody (conjugated to 
horseradish peroxidase-labeled polymer), the bound 
antibodies were visualized by 1-min incubation with 
liquid 3,3’-diaminobenzidine substrate chromogen.

The sections were finally counterstained in QS 
hematoxylin (Vector, H-3404), mounted and evaluated 
under light microscope. Appropriate washing with Wash 
Buffer (S 3006, Dako; Glostrup, Denmark) was performed 
between each step. 

Specificity tests were performed for the CART 
antibody included: negative control, where the antibody 
was replaced by normal rabbit serum (Vector Laboratories; 
Burlingame, CA, USA) at respective dilution and a 
positive control was prepared with specific tissue, as 
recommended by the manufacturer; rat hypothalamus 
for CART. Histological preparations were subjected to a 
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muscularis externa, where CART-immunoreactive 
nerve fibers were equally numerous in all the three 
regions in question, their numbers being always 
either dense or very dense (Fig. 2B, D and F). 

CART containing nerve cells and fibers were 
abundant in myenteric plexus in all the analysed 
sections of the small intestine. Numerous ganglia 
contained a very dense meshwork of such fibers 
and strong immune stained nerve cell bodies were 
seen in the myenteric plexus. Lower numbers of 
CART positive nerve fibers and cells were generally 
observed in the submucous plexus, when compared 
with the density of CART-IR elements within the 
myenteric plexus. Some of the submucosa ganglia, 
especially in the distal parts of the intestine, were 
devoid of CART containing structures. 

Immunostaining for CART revealed a moderate 
number of CART-IR nerve fibers in the lamina 
propria of the duodenum and sparse number of 
CART containing fibers innervating muscularis 
mucosa of jejunum and ileum. It can be seen that 
this immunoreactivity was also present in the 
subpopulation of neuroendocrine cells distributed 
among the epithelium of the intestinal mucosa. 
Some of these immune reactive cells were detected 

nerve fibers, innervating muscle fibers in layers of 
esophagus muscularis externa were thin and delicate 
(Fig. 1A).

Abundant CART-IR elements were observed in 
the stomach (Fig. 1B, C, D) especially in its pyloric 
part (Fig. 1E and F). 

CART-IR fibers and nerve cell bodies were 
detected in all the studied regions of the human 
stomach. The dense number of thick and long 
CART-IT nerve fibers was seen in all the muscularis 
externa layers and in myenteric plexus, where 
this immunoreactivity was also present in nerve 
cell bodies, while in the submucous ganglia no 
CART immunopositive nerve cell bodies were 
observed in the stomach. In addition to neurons, 
CART immunoreactivity was demonstrated in 
neuroendocrine cells in both fundus and pylorus 
part of the stomach, but they were rare in the fundus 
(4.2±1.18) and numerous in pylorus (41.3±13.27).

Immunohistochemical studies showed that the 
most abundant concentration of CART-IR material 
in the small intestine was localized in the duodenum 
(Fig. 2A, B) and, with a gradually decreasing 
intensity, in the jejunum (Fig. 2C, D) and the ileum 
(Fig. 2E, F). That observation did not refer to Table I. Relative prevalence of individual cart-ir structures within 

particular parts of the human digestive tract.

Mucosa Submucosa Muscular coating 

Part of the human 
GIT

villi endocrine 
cells

muscularis 
mucosa 

submucosus 
plexus

oblique
smooth 
muscle 
layer

circular
smooth 
muscle 
layer

longitudinal 
smooth 
muscle 
layer

myenteric 
plexus

Esophagus - - ++ ++ +++ 

cardia - - - ++ +++ +++ +++ 

fundus  ++ - - ++ +++  +++ ++++  Stomach 

pylorus  +++++ +   - +++ ++++  +++ ++++/+++++

duodeum ++  +++ +++  ++ ++++   +++/++++ +++++ 

jejunum + + + + ++++  +++ ++++/+++++
Small 

intenstine 

ileum + -/+ - -  +++/++++  +++ ++++/+++++

Large intensine - - - +++/++++ + ++++ 

Subjective density rating of CART-IR nerve structures:-, not found; +, single structures; 
++, few structures; +++, moderate number; ++++, dense; +++++, very dense

Table I. Relative prevalence of individual CART-IR structures within particular parts of the human digestive tract.

Subjective density rating of CART-IR nerve structures:-, not found; +, single structures;
++, few structures; +++, moderate number; ++++, dense; +++++, very dense 
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stained nerve fibers formed dense meshwork in 
these ganglia of large intestine (Fig. 2G). In the 
submucous plexus and in the mucosa/submucosa 
of the large intestine very rarely CART containing 
structures were observed. CART-IR neuroendocrine 
cells could not be detected in the mucosa of large 
intestine (Fig. 2H).

DISCUSSION

Over the last year, CART containing structures 
have been demonstrated in different organs, and 
different functions of this peptide have been 

in the epithelial mucosa of duodenum (5.6±1.72, Fig. 
2A), and only a few of them existed in the epithelium 
of the jejunum (0.45±0.51, Fig. 2C) and ileum 
(0.21±0.43, Fig. 2E). 

Less CART-IR structures were demonstrated in 
the mucosa and submucosa of the large intestine than 
in those of the small intestine. In the large intestine 
CART positive structures were distributed mainly 
in the muscularis externa. CART containing nerve 
fibers were dense and thick in the circular layer but 
these innervating the longitudinal layer were thin 
and single. CART-IR myenteric nerve cell bodies 
were rather rarely observed while strongly CART-

Fig. 1. Immunohistochemical reactivity for CART (A) in the muscularis externa of esophagus (B) myenteric ganglion 
(arrow) and delicate fibers staining within the muscularis externa layers in cardia of the stomach (C, D) single CART-
IR endocrine cells (arrows) in the mucosa and nerve fibers within the muscularis externa (arrowheads) and myenteric 
ganglia in the fundus wall of the stomach (E, F) numerous CART-IR cells in the glands of the mucosa (arrows), myenteric 
ganglion and nerve fibers innervating muscle fibers in the muscularis externa in the pylorus of the stomach.
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occurrence of the CART peptide was observed in 
neuronal elements, with regards to all the studied 
parts of the human alimentary tract. The majority of 
CART-IR fibers and nerve cell bodies were detected in 
myenteric ganglia and CART-containing nerve fibers 

proposed but, so far, very little is known about 
CART expression and functions in man. In this study 
we attempted to present, for the first time, CART-IR 
structures in all the parts of the human alimentary 
tract. In the presented report, the most abundant 

Fig. 2. Immunoreactivity for CART in the wall of small and large intestine. (A, B) wall of the duodenum; neuroendocrine 
cells (arrow), nerve fibers in muscularis mucosa (arrowheads) and nerve fibers within the muscle layers passing parallel 
to the smooth muscle fibers and neuronal bodies and fibers staining in the myoenteric plexus (C, D) wall of the jejunum; 
single endocrine cells (arrow), nerve fibers innervating muscle cells (arrowheads)  and numerous myoenteric plexus in 
the muscularis externa (E, F) all thickness of ileum wall, large nerve trunk (arrowheads), nerve fibers and ganglia in 
the muscularis externa (arrows) (G, H) large intestine; dense and thick nerve fibers containing CART in the myoenteric 
ganglia (arrow) and circular layer of muscularis externa (arrowheads), no CART immunoreactive structures in the 
mucosa and submucosa.

I. KASACKA ET AL.
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bodies were confirmed (32).
Regarding the human alimentary tract, CART 

was for the first time demonstrated in large intestine 
sections from patients with Hirschprung’s disease, 
in which, disorders of gastrointestinal motility 
demonstrated the presence of scarce CART 
immunoreactive nerve fibers in the muscular layer 
of intestinal wall. That picture differed from the one, 
obtained in parallel studies of intestine sections, 
unaffected by pathological changes, where the 
presence of numerous CART-immune positive cells 
and nerve fibers was demonstrated in the muscular 
layer of intestinal wall, especially in myenteric 
ganglia (32).

The quantity and layout of structures, which 
demonstrated CART presence in the large intestine 
wall, as observed in our study, were close to 
the values reported by Gunnarsdóttir et al. (33), 
regarding the pathologically unchanged intestine 
sections. In another study of biopsy sections from 
young patients with ulcerating colitis, an evident 
increase of CART-IR structures was demonstrated 
in the large intestine wall vs. patients in the control 
group (33). Following these observations, one may 
conclude with the assumption that a significant role 
of CART in pathological states of the human gastric 
tract can be assumed (33).

The topographic distribution of CART peptide-
containing nerve fibers in the muscle layer and of the 
CART-IR nerve cell bodies in the myenteric ganglia 
in man was found to be similar to that, previously 
described in pigs (13, 30), guinea pigs (12) and rats 
(11).

The localization of CART peptide in the 
myenteric neurons and nerve fibers in the smooth 
muscle layers in human and animal subjects suggests 
CART to have a functional role in gastrointestinal 
motility, possibly as a modulator of neurohormonal 
functions (33). 

In the mucosa and submucosa we detected CART-
immunopositive nerve fibers in the duodenum 
and only rarely in the remaining parts of the small 
intestine or in the stomach. No CART peptide was 
found in those parts of the large intestine wall. 

The distribution of CART in the mucosa or 
submucosa of the human alimentary tract differed 
somewhat from that in the porcine gastrointestinal 
tract, where CART-IR is usually more frequently 

innervating the external muscle layers while in the 
mucosa, the submucosa and the submucosal ganglia, 
the CART peptide was found in the duodenum and 
stomach, and only rarely in the remaining parts of the 
small intestines.

Alimentary tract activities, such as peristalsis and 
secretion, are controlled and coordinated by neuronal 
reflexes, involving both extrinsic and intramural 
neurons and endocrine cells. The myenteric and 
submucous plexus constitute the two main collections 
of nerve cell bodies within the alimentary tract wall 
(10). It is known that the gastrointestinal neurons 
constitutes an adaptive and plastic system, but also 
vulnerable to lesions and that any disturbances of 
this system may be of pathogenic importance in 
functional diseases of the alimentary tract. Prokunina-
Olsson and Hall (35) suggest that CART may play 
an important role, related to the brain-islet-gut 
regulation of metabolism. The universality of CART 
prevalence in numerous organs and a broad spectrum 
of its different functions indicate that this peptide 
may have a considerable position in the regulation of 
systemic homeostasis. Therefore, the knowledge on 
the distribution of CART immune positive structures 
in a healthy human organism may turn out necessary, 
both for further studies and a proper evaluation of 
changes, associated with various pathologies and 
diseases of the alimentary tract. Unfortunately, there 
are problems, connected with samples gaining from 
healthy subjects.

In the current study, CART peptide was detected 
particularly in the myenteric neurons and CART- 
IR fibers were abundant within ganglia and in the 
nerve fibers innervating the muscular layers. This 
remains analogous with the observations in the 
gastrointestinal tract of rats, guinea pigs and pigs, 
in which CART is widely expressed in the enteric 
nervous system with a similar distribution pattern as 
in the human alimentary tract (11–13, 30). 

To date, very little is known about the presence and 
the functional role of the CART peptide in the human 
gastrointestinal tract. Preliminary studies of human 
tissues (large intestine), obtained during surgery, 
revealed innervation of CART-immunoreactive 
fibers, similar to that in our observations in the 
same part of the intestine. Thus, a dense nerve 
fiber network, particularly in smooth muscles and 
myenteric ganglia, and intrinsic CART-IR nerve cell 
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detected (13, 30). In our studies, a moderate 
occurrence of the CART peptide was observed in 
duodenal mucosa, while merely single, CART-
containing fibers were observed in the other 
alimentary tract sections. This differed from findings 
by Ekblad et al. (11), who observed moderate number 
of CART-IR nerve fibres in rat’s stomach We were 
able to detect some CART-containing endocrine 
cells in the GI-tract (gastrointestinal tract), especially 
numerous in the antrum. Similar distribution was 
observed in rats where CART was also present in 
great propotion of G-cells within gastric antrum. On 
the other hand, our findings are contradiction with 
results of Wierup et al., who noted lack of CART 
in G-cells within mice’s stomach (11). Our results 
are in contrast to those of Ekblad, who reported no 
CART expressing endocrine cells in either human 
or porcine intestine (13, 33). CART expression in 
neuroendocrine cells indicate a hormonal role of the 
gastric CART peptide. 

A number of neuropeptides, that were initially 
discovered in the brain, have subsequently been 
shown to reveal their activity also in the digestive 
tract. The findings of the reported study support the 
concept that neuropeptides found in the brain, have 
often significant regulatory effects upon tissues of 
the gastrointestinal tract. The CART peptide may be 
the newest brain–digestive tract neuropeptide with 
activity in both sites.

The role of CART peptides in the gastrointestinal 
tract is still somewhat enigmatic. 

Abundant CART-IR neuronal elements are 
present particularly in smooth muscles and myenteric 
ganglia in all the parts of GI-tract, as demonstrated 
in rats, guinea-pigs, pigs and man and can suggest 
a certain participation of the peptide in the internal 
regulation of intestinal peristalsis and stomach 
spasms and emptying and, in this way, may imply its 
role in chyme flow control.

This suggestion is supported by its coexistence 
with many, biologically active substances, which 
control gastric motor activity, such as the calcitonin 
gene-related peptide (CGRP) (30) or the vasoactive 
intestinal peptide (VIP) (11-13, 30). The location 
of CART in VIP containing neurons suggests that 
CART is involved in GI-motor functions, since VIP-
containing neurons are known to play some role in 
motor control (13). Okumura et al. (37) reported that 

centrally injected CART peptide reduced colonic 
motility, inhibited gastric emptying and gastric acid 
secretion.  CART still remains a rather little known 
neuropeptide and further physiological studies are 
needed to reveal in detail its mechanisms of action 
and its physiological relevance in the alimentary 
tract.

Hopefully, the knowledge, acquired throughout 
our study, may lead to a more complete and 
comprehensive understanding of the function or 
may lead to an identification of other, still unknown, 
roles of CART in physiological and pathological 
conditions.
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Postoperative decline of renal function remains a common and unpredictable complication after 
abdominal aortic aneurysm (AAA) reconstruction. The oxidative stress that occurs during perioperative 
ischemia/reperfusion injury (I/R) may contribute to the development of this complication. In this 
study, the influence of intraoperative prostaglandin E (alprostadil) administration on erythrocyte and 
platelet antioxidants as well as postoperative kidney function modulation were verified. AAA patients 
were randomly divided into control and study/alprostadil groups. Blood samples were collected 
directly before aortic clamping and 5 min after aortic declamping. Superoxide dismutase, catalase, 
glutathione, glutathione peroxidase (GPx), and glutathione transferase (GST) were measured using 
spectrophotometry. During I/R, the activity of catalase (57.14±30.65 vs 128.35±91.94 U/mg protein; P < 
0.009), GPx (0.21±0.18 vs 0.35±0.21 mU/g protein; P = 0.028), and GST (217.49±101.39 vs 310.66±88.86 
mU/g protein; P = 0.0006) significantly increased in the control group. GST activity before the aortic 
clamping was significantly lower in the study/alprostadil group (2.84±2.28 vs 3.48±2.30 U/g Hb; P = 0.05). 
The activity of the selected antioxidants proved to be of a diagnostic value for predicting postoperative 
decline in renal function. In conclusion, during I/R after AAA reconstruction, activation of various 
erythrocyte and platelet antioxidants occurs. Perioperative administration of alprostadil is associated 
with disruption of this activation. 
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The development of systemic inflammatory 
response syndrome (SIRS) or organ failure after 
abdominal aortic aneurysm (AAA) repair operation 
remains a quite common complication that affects 
operated patients’ early- and long-term outcomes 
(1). This tendency is at least partially caused by the 
fact that the need for aortic clamping occurs during 

AAA open repair surgery, which leads to temporary 
ischemia of the lower half of the body that profoundly 
affects the function of various organs, including the 
kidneys, by increasing systemic oxidative stress. In 
earlier studies, even temporary ischemic/oxidative 
injury initiated dramatic deterioration of kidney 
function in 9% of AAA patients, which ultimately 
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resulted in renal failure (2, 3). Unfortunately, to date, 
neither biochemical nor molecular markers have 
been identified that could be used in routine clinical 
practice to predict such declines in postoperative 
kidney function.

Renal cells are very susceptible to the oxidative 
stress that accompanies both phases of ischemia/
reperfusion (I/R) injury (4, 5). Therefore, to survive 
such injury, these cells possess a wide armament of 
protective mechanisms that enable modulation or 
limitation of unfavorable conditions in a local or 
systemic manner. One such mechanism is the ability 
to synthesize active metabolites of arachidonic 
acid called eicosanoids, such as thromboxanes, 
hydroxyeicosatetraenoic acids, and prostaglandins 
(PGs) (6-10). Unfortunately, although several in 
vitro or experimental animal models have proven 
the potential beneficial influence of PG action on 
kidney metabolism, perioperative use of PGE or 
PGI analogs during AAA surgery to prevent tissue 
ischemia and postoperative declines in renal function 
yielded conflicting results (11-14). 

Other researchers and we have already 
demonstrated that red blood cells (RBCs) and 
platelets possess a wide panel of antioxidative 
enzymes, the actions of which during renal I/R 
injury may significantly contribute to the limitation 
of “systemic” oxidative stress and be associated with 
postoperative clinical kidney (allograft) function (15, 
16). Interestingly, the RBC and platelet antioxidative 
armaments may also be strongly influenced by 
PGE action. In particular, during various injurious 
stimuli associated with I/R (such as oxidative stress), 
this eicosanoid exerts a significant influence on 
cellular metabolism, as PGE action is very closely 
related to intracellular antioxidant levels, primarily 
glutathione-related compounds (17, 18). 

Unfortunately, no studies to date have addressed the 
question of whether the activity of RBC and platelet 
oxidative systems during I/R injury may influence 
postoperative kidney function in patients undergoing 
AAA repair operation or whether perioperative PGE 
administration may modulate this molecular response. 
Hence, this study was designed to: (i) comprehensively 
analyze the changes in the activities of erythrocyte 
and platelet antioxidative systems during I/R injury 
associated with AAA repair operation, (ii) determine 
whether perioperative administration of a PGE analog 

(alprostadil) affects the antioxidative response to I/R 
injury after AAA operation, and iii) verify whether the 
perioperative activity of these enzymes is associated 
with postoperative kidney function in patients who 
undergo AAA reconstruction. Our hypotheses were 
that the significant changes in the perioperative 
activities of the RBC and platelet antioxidative 
armaments occuring during I/R injury are influenced 
by alprostadil administration, and they are associated 
with postoperative clinical kidney function in patients 
who undergo AAA repair operation.

MATERIALS AND METHODS

Patients
After providing informed consent, 68 consecutive 

patients (54 men and 14 women) with the American Society 
of Anesthesiologists II and III operative risk score were 
included in this randomized and prospective study. The 
patients were randomly divided into 2 groups: a control 
group of 34 patients underwent conventional AAA repair 
operation and a study (alprostadil) group of 34 individuals 
with AAA who were additionally given the PGE1 analog 
alprostadil (Prostavasin, Schwarz Pharma AG, Germany) 
during AAA surgery. Constant intravenous administration 
of alprostadil (13 ng·kg-1·min-1) started after anesthesia 
was induced and was continued until the end of surgery. 
Individuals with a history of myocardial infarction (<6 
months prior to surgery), active peptic or duodenal ulcers, 
or liver or renal failure as well as those who qualified for 
endovascular aneurysm repair operations were excluded 
from the study. The general characteristics of the patients 
and surgical setting are presented in Table I.

Methods
Blood samples (5 mL each) were collected 

perioperatively from the superior vena cava directly before 
aortic clamping (A) and 5 min after aortic declamping 
(B). The samples were centrifuged (10 min; 20°C; 
664 g). Erythrocytes, platelet-poor plasma (PPP), and 
platelet-rich plasma (PRP) were prepared and separated 
as previously described (6, 15, 16). Isolated erythrocytes 
were washed 3 times with 0.9% NaCl-buffered solution. 
Platelet sediments were washed twice and then suspended 
in Tyrode buffer (1 mL; pH 7.4). The erythrocytes, PPP, 
and PRP were then frozen at -80°C and stored according 
to previously published recommendations until the assays 
were performed (19, 20). 

Measurement of the antioxidant systems of erythrocytes 
and platelets

Before analyses, erythrocytes and platelets were 
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as diagnostics for changes in post-operative kidney 
function, and the area under each ROC curve (AUC) was 
calculated. Statistical analysis was performed using SPSS 
statistical analysis software. Statistical significance was 
defined when p values were less than 0.05.

This study protocol was approved by the Bioethical 
Committee of the Pomeranian Medical University in 
Szczecin, and patients provided informed written consent 
for participation.

RESULTS

Antioxidative responses of RBCs and platelets to I/R 
injury

Our study results demonstrated that after I/R injury 
in AAA patients in the control group, no significant 
differences in perioperative activities or levels of 
erythrocyte SOD, GSH, GPx, or GST were observed 
(Table II). Interestingly, catalase was the only 
antioxidant that seemed to be significantly “affected” 
by the presence of the reperfusion phenomenon. Its 
activity significantly increased within the reperfusion 
period in both RBCs and platelets derived from the 
control individuals (Tables II and III). Analogically 
to catalase, thrombocyte GPx and GST actions were 
significantly increased during the fifth minute of 
reperfusion (Table III). No statistically significant 
differences in the perioperative activities and levels 
of platelet SOD or GSH were detected in the control 
individuals.  

Influence of alprostadil administration on RBC and 
platelet antioxidative responses to perioperative I/R

In our study, perioperative administration of 
alprostadil was associated with selected alterations in 
both RBC and platelet antioxidative responses to I/R. 
Namely, individuals from the study/alprostadil group 
had significantly lower RBC GST activity before 
aortic clamping, and this significantly increased 
during the reperfusion period, reaching comparable 
levels to those detected in the control individuals 
(Table II). Moreover, while RBC and platelet 
catalase activities significantly increased during the 
reperfusion period in the control individuals, such 
tendencies were not observed in the patients who 
received perioperative administration of alprostadil. 
Patients in the study (alprostadil) group had 
significantly lower platelet catalase activity during 
the fifth minute of reperfusion compared to that of the 

thawed. Washed erythrocyte/platelet lysates were diluted 
with distilled water and cooled to 4°C. Activities and 
levels of the erythrocyte antioxidants, i.e., superoxide 
dismutase (SOD), catalase, glutathione, glutathione 
peroxidase (GPx), and glutathione transferase (GST) were 
measured using Bioxytech kits (Oxis Research, Portland, 
OR, USA) and an ultraviolet/visible (UV/VIS) Lambda 
40 spectrophotometer (Perkin Elmer, Wellesley, MA, 
USA) as previously described (15, 16, 21, 22) or as per the 
manufacturer’s instructions. Briefly, the erythrocyte, PPP, 
and PRP suspensions were defrosted at room temperature 
(37°C). The obtained lysates were then diluted, mixed 
with precipitating solutions, incubated (5 min, 4°C), and 
centrifuged (550 g; 10 min). The supernatants were diluted 
with phosphoric buffer (pH 7.9), DTNB was added, and 
the mixture was incubated (15 min, 25°C). Detection 
wavelengths of l = 412 nm for GSH, l = 322 nm for 
SOD, l = 240 nm for catalase, l = 340 nm for GPx and 
GST analyses were applied. The activities of the analyzed 
enzymes were calculated per 1 g of Hb in erythrocytes 
or per 1 g of protein in platelet lysates. Hemoglobin 
levels were assayed using Drabkin’s method, and protein 
concentrations were analyzed using Lowry’s method. 
Analyses of the concentrations of examined enzymes were 
performed using a UV/VIS Lambda 40 spectrophotometer 
(Perkin-Elmer).

Estimation of kidney function
Serum creatinine levels were measured on the 

preoperative and fifth postoperative days, and glomerular 
filtration rate (GFR) values were calculated using the 
Cockroft-Gault formula.

Statistical analysis
To determine the distribution of variables, Shapiro–

Wilk’s test was used. For comparison of the mean parameter 
values between the examined groups, Student’s t-test was 
used (for normally distributed variables). Abnormally 
distributed variables were log transformed. If normal 
distribution was achieved, variables were also compared 
using Student’s t-test. However, if this transformation 
did not change the distribution, the Mann-Whitney test 
was performed. Differences between concentrations/
activity of analyzed parameters in consecutive minutes 
of reperfusion were assessed by Wilcoxon`s paired test 
(not normally distributed parameters) or paired T test 
(normally distributed variables). To evaluate the effect(s) 
of continuous variables on post-operative renal function, 
multivariate regression analyses were performed with 
a stepwise selection method. Variables excluded from 
the initial model were re-entered individually to exclude 
residual confounding. Receiver operating characteristics 
(ROC) curves were constructed for all analyzed parameters 
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mL/min; P = 0.60) between the groups; in addition, 
the GFR changes (expressed in our study by ∆GFR 
parameter) were comparable between the study 
and control individuals (Table I). However, GFR 
values increased slightly, although not significantly, 
in both groups (88.36±12.15 vs 93.72±20.50 mL/
min, P = 0.35, and 89.89±15.60 vs 93.46±18.46 mL/
min, P = 0.11, for the control and the study group, 
respectively). 

The results of multivariate regression model 
analysis performed in the control group (on which 
no “outside” influence on the I/R injury scenario was 
exerted) demonstrated that perioperative changes 
in renal function in AAA patients were strongly 
associated with antioxidative activity of erythrocyte 
and platelet enzymes. Namely, RBC GST activity 
before aortic clamping (β = 0.51; R2 = 0.26; P < 0.03) 
and after aortic declamping (β = 0.61; R2 = 0.37; P 
= 0.006) as well as platelet GSH and GPx activities 
before ischemia (β = 0.69 and β = 0.51, respectively; 

control individuals (128.35±91.94 vs 57.75±49.47 U/
mg protein; P = 0.006). Perioperative administration 
of the PGE analog was also associated with a lack of 
a significant increase in the perioperative activities 
of platelet GSH and GPx; however, the activities 
of these antioxidants were statistically comparable 
between the examined groups.

Perioperative changes in clinical renal function and 
their association with the antioxidative responses of 
platelets and erythrocyte

The next question we wanted to answer was 
whether the perioperative activities of erythrocyte 
and platelet antioxidants are associated with or 
may determine postoperative kidney function in 
patients subjected to open AAA reconstruction. 
In our analysis, we did not observe any significant 
differences in the GFR values measured prior to 
(88.36±12.15 vs 89.89±15.60 mL/min; P = 0.84) or 
5 days after surgery (93.72±20.50 vs 93.46±18.46 

Fig. 1. Simplified illustration of enzymatic pathways of free radicals dismutation. Superoxide radical is neutralized by 
superoxide dismutase, leading to hydrogen peroxide synthesis. Afterwards, two possible pathways of hydrogen peroxide 
neutralisation exists – either via catalase activity or via glutathione-related compounds i.e. mainly by glutathione 
peroxidase that cooperates with glutathione transferase and glucose-6-phosphate dehydrogenase. Glutathione, itself, is 
the most important “stabiliser” of intracellular oxidative balance. According to the results of our study peri-operative 
administration of prostaglandin E analogue results in limitation of a peri-operative increase in catalase activity in both – 
erythrocytes and platelets (bold black arrow), as well as, in GST and GPx activity (in platelets only – thinner black arrow). 
SOD: superoxide dismutase; GPx: glutathione peroxidase; GST: glutathione transferase; G6P: glucose-6-phosphate 
dehydrogenase; O2

*: superoxide radical ; H2O2: hydrogen peroxide; PGE: prostaglandin E

W. BŁOGOWSKI ET AL.
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the patient was assigned to the “normal/increase” 
outcome subgroup (23 individuals from the control 
group and 21 from the study group met this criterion). 
However, if postoperative GFR values decreased to 
<95% of the preoperative GFR level, the individual 
was assigned to the “decrease” outcome subgroup 
(11 patients from the control group and 13 from the 
study group met this criterion). 

Our pilot analysis demonstrated that among all 
examined parameters (both clinical and molecular) 
erythrocyte GST activity was the strongest candidate 

R2 = 0.72; P < 0.0001) were proven to be strongly 
associated with perioperative changes in GFR levels.

Finally, we performed a pilot analysis to 
determine whether perioperative measurements 
of the activities of RBC and platelet antioxidants 
may offer some clinical diagnostic values for the 
prediction of postoperative kidney function among 
AAA patients. To realize this aim, we divided our 
patients from the examined groups (separately) into 
2 outcome subgroups. If the postoperative GFR value 
was not <95% of the preoperative GFR value, then 16

Table I. General characteristic of surgical procedure and of individuals enrolled in the study 
(means ± SD).

Control group Study group P 

Age (years) 68.95±4.94 66.3±8.29 0.28 

Gender (M-men/W-women) (26-M/8-W) (28-M/6-W) 0.62 

Weight (kg) 81.21±12.56 82.43±13.92 0.85 

GFR 1 (mL/min) 88.36±12.15 89.89±15.60 0.84 

GFR 2 (mL/min) 93.72±20.50 93.46±18.46 0.60 

 ∆ GFR (mL/min) 5.36±12.59 3.57±13.65 0.61 

Diuresis (L/24 h) 1.52±0.95 1.82±0.78 0.21 

Aneurysm size (mm) 55.47±11.14 56.91±7.24 0.79 

Ischemia time (min) 40.74±18.44 40.17±16.90 0.82 

Duration of surgical procedure (min) 127.11±40.67 119.52±37.69 0.75 

MAP during aortic clamping (mmHg) 94.21±13.26 93.13±13.38 0.76 

CVP during aortic clamping (mmHg) 10.05±2.93 10.04±3.57 0.52 

MAP during aortic declamping (mmHg) 71.68±11.56 73.96±10.74 0.31 

CVP during aortic declamping (mmHg) 10.47±2.80 10.52±2.87 0.90 

Length of hospitalization (days) 7±2 7±1 0.54 

GFR 1 and 2 – Glomerular Filtration Rate measured one day prior to surgery (1) and on the fifth
post-operative day (2); ∆GFR: difference between GFR values measured on the fifth post-operative
day and one day prior surgery. MAP: mean arterial pressure; CVP: central venous pressure; P: 
level of significance. 

Table I. General characteristic of surgical procedure and of individuals enrolled in the study (means ± SD).

GFR 1 and 2 – Glomerular Filtration Rate measured one day prior to surgery (1) and on the fifth post-operative day (2);  
∆GFR: difference between GFR values measured on the fifth post-operative day and one day prior surgery. MAP: mean 
arterial pressure; CVP: central venous pressure; P: level of significance.
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Table II. Mean activity/levels of erythrocytes` anti-oxidants and statistical analysis of examined parameters (means ± standard deviation).
 
Parameter Control group   Study group

  A    B 
  P 

A vs B A    B 
 P 

A vs B 

SOD [U/gHb] 1462.35±314.86 1373.77±321.17 0.241 1565.27±690.06 1364.30 ± 341.06 0.181 

Catalase [U/gHb] 5140.36±934.05 5592.71±1048.58 0.049 5311.99±767.37 5541.41 ± 936.86 0.236 

GSH [mmol/gHb] 0.034±0.013 0.035±0.011 0.670 0.028±0.007 0.029 ± 0.006 0.094 

GPx [U/gHb] 2.13±1.01 1.97±0.94 0.245 2.27±1.31 1.99 ± 1.15 0.215 

GST [U/gHb] 3.80±1.73 4.10±2.29 0.117 2.84±2.28* 3.48 ± 2.30 0.003 

SOD: superoxide dismutase;  GSH: glutathione;  GPx: glutathione peroxidase;    GST: glutathione transferase;   
A: before aortic clamping; B – 5th minute of reperfusion; P: level of significance; *P=0.05 (study vs control group)

Table II. Mean activity/levels of erythrocytes` anti-oxidants and statistical analysis of examined parameters (means ± 
standard deviation).
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Table III. Mean activity/levels of platelets` anti-oxidants and statistical analysis of examined parameters (means ± standard deviation).

Parameter   Control group   Study group
  A    B   P 

A vs B 
  A    B  P 

A vs B 

SOD [U/mg Protein] 1315.13±538.78 1250.63±897.88 0.316 1308.81±984.59 861.89 ± 676.57 0.784 

Catalase [U/mg Protein] 57.14±30.65 128.35±91.94 0.009 43.85±39.20 57.75 ± 49.47* 0.842 

GSH [mmol/g Protein] 24.12±17.91 21.83±16.91 0.653 25.16±22.68 25.49 ± 21.92 0.825 

GPx [mU/g Protein] 0.21±0.18 0.35±0.21 0.028 0.36±0.34 0.37 ± 0.32 0.512 

GST [mU/g Protein] 217.49±101.39 310.66±88.86 0.0006 269.62±133.40 266.31 ± 98.23 0.125 

SOD: superoxide dismutase; GSH: glutathione; GPx: glutathione peroxidase; GST: glutathione transferase; A: before aortic clamping; B: 5th minute of
reperfusion; P: level of significance; * P=0.006 (study vs control group)

SOD: superoxide dismutase; GSH: glutathione;  GPx: glutathione peroxidase;    GST: glutathione transferase;  
A: before aortic clamping; B – 5th minute of reperfusion; P: level of significance;  *P=0.05 (study vs control group)

Table III. Mean activity/levels of platelets` anti-oxidants and statistical analysis of examined parameters (means ± 
standard deviation).

SOD: superoxide dismutase; GSH: glutathione; GPx: glutathione peroxidase;  GST: glutathione transferase; A: before 
aortic clamping;  B: 5th minute of reperfusion; P: level of significance;  * P=0.006 (study vs control group)
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Table IV. Diagnostic value of glutathione transferase and clinical parameters for prediction of post-
operative kidney function in control and study groups.  
   Parameter GFR(1)         Creatinine(1)            Age               Weight              GST(A)

Control group 

Area under curve         0.72 0.51 0.55 0.64 0.86 

           P 0.14   0.93 0.73 0.34 0.01 

     95% CI              0.47-0.97            0.20-0.82           0.26-0.85         0.33-0.95         0.69-0.96 

Study group 

Area under curve         0.36 0.52 0.56 0.27 0.77  

           P 0.26   0.85 0.64 0.07 0.03 

     95% CI              0.13-0.60            0.28-0.77          0.32-0.80          0.05-0.50           0.56-0.97 

GFR(1) and creatinine(1) – pre-operative glomerular filtration rate and creatinine levels
(respectively); GST: glutathione transferase; AUC: area under curve; P: level of significance; CI:
confidence interval 

FIGURE LEGEND

Fig. 1. Simplified illustration of enzymatic pathways of free radicals dismutation. Superoxide 
radical is neutralized by superoxide dismutase, leading to hydrogen peroxide synthesis. 
Afterwards, two possible pathways of hydrogen peroxide neutralisation exists – either via
catalase activity or via glutathione-related compounds i.e. mainly by glutathione peroxidase 
that cooperates with glutathione transferase and glucose-6-phosphate dehydrogenase. 
Glutathione, itself, is the most important “stabiliser” of intracellular oxidative balance.
According to the results of our study peri-operative administration of prostaglandin E 
analogue results in limitation of a peri-operative increase in catalase activity in both – 
erythrocytes and platelets (bold black arrow), as well as, in GST and GPx activity (in
platelets only – thinner black arrow). 
SOD: superoxide dismutase; GPx: glutathione peroxidase; GST: glutathione transferase; 
G6P: glucose-6-phosphate dehydrogenase; O2

*: superoxide radical ; H2O2: hydrogen peroxide;
PGE: prostaglandin E

GFR(1) and creatinine(1) – pre-operative glomerular filtration rate and creatinine levels (respectively); GST: glutathione 
transferase; AUC: area under curve; P: level of significance;  CI: confidence interval

Table IV. Diagnostic value of glutathione transferase and clinical parameters for prediction of post-operative kidney 
function in control and study groups. 

W. BŁOGOWSKI ET AL.
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kidney function in AAA patients.
In the present study, we found that several 

intracellular RBC and platelet antioxidants 
become activated during I/R injury following AAA 
reconstruction. Similar to our previous studies 
conducted in a renal transplantation setting, platelet 
antioxidative responses seemed to be more “active” 
than those of erythrocytes since the activities 
of most platelet antioxidants increased during 
reperfusion injury (15, 16). However, what we 
additionally observed was the fact that perioperative 
PGE administration inhibited this endogenous 
antioxidative protection, as it was associated with 
a lack of a perioperative increase in the activity 
of glutathione-related compounds of the platelet 
antioxidative armament as well as of catalase 
activity in both cell types (Figure 1). We hypothesize 
that this effect of PGE may be exerted via an 
inhibited platelet–endothelium interaction since it 
was demonstrated in previous studies that clinical 
doses of PGE analogs significantly influence platelet 
metabolism due to inhibition of cyclooxygenase 
pathways and intracellular adenosine diphosphate-
dependent signaling (25-27). These observations 
have not been verified in terms of RBC activity. 
Nevertheless, although the exact mechanisms 
responsible for this phenomenon remain to be fully 
elucidated, our study demonstrated that in the actual 
clinical setting, RBC and platelet antioxidative 
responses can be modulated using biochemical 
compounds such PGE analogs.  Our clinical 
observations are also in agreement with the results of 
a recently published experimental study concerning 
the influence of PGE on AAA development in which 
the authors demonstrated that in LDLR-/- mice with 
AAA, PGE seems to be one of the main causes of 
intensive oxidative stress occurring in both a systemic 
and local manner (28). Our study indirectly confirms 
these previous observations and indicates that this 
unfavorable influence of PGE may be also exerted 
by systemic disruption of erythrocyte and platelet 
antioxidative responses, since both free radical 
scavenging pathways (Figure 1) were affected by 
alprostadil supplementation. This may also explain 
the results of a clinical study performed by Gabriel 
and colleagues (12) in which these authors observed 
intensified disruption of cellular oxygen use in 
patients undergoing AAA reconstruction when PGE1 

for such a marker (Table IV). Since alprostadil 
administration resulted in decreased GST activity in 
patients from the study group in the current study, 
we decided to estimate this enzyme`s predictive 
value separately in both groups. ROC analysis 
proved that GST activity measured directly before 
aortic clamping possesses a powerful potential in 
differentiating “normal/increase” from “decrease” 
outcomes. However, perioperative administration 
of alprostadil decreases its predictive value. 
Interestingly, in our study, GST activity proved to 
be a much better candidate marker of postoperative 
kidney function than previously suggested 
parameters used in a clinical setting, such as patient 
age, weight, or preoperative GFR level. The lower 
95% confidence interval bound value of all of these 
parameters was <0.50 in our study; in addition, their 
area under the curve values were much lower than 
those of the newly introduced parameter and did not 
reach significant levels (Table IV).  

DISCUSSION

The I/R injury that accompanies AAA repair 
operation contributes to postoperative morbidity 
and mortality of the patients. Among several factors 
that are known to determine I/R injury intensity, 
the action of free radicals is especially highlighted, 
since oxidative stress exerts unfavorable influence 
on ischemic cells, causing peroxidation of cellular 
membrane phospholipids. It also stimulates the 
synthesis of proinflammatory cytokines (such as 
TNFα) that accelerate ischemic cell destruction, 
finally leading to SIRS, thrombotic complications, or 
organ failure. 

Several studies have already suggested that 
intraoperative administration of various antioxidants 
may significantly modulate perioperative oxidative 
stress intensity and translate to kidney protection. 
Interestingly, some authors have also demonstrated 
that RBC and platelet metabolism may strongly 
influence the outcome of AAA patients (23, 24). 
Hence, in this study, we decided to combine 
these observations and accepted the challenge 
to comprehensively examine the endogenous 
antioxidative responses of RBCs and platelets to I/R 
injury that occurs during AAA reconstruction and 
verify its potential association with postoperative 
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reconstruction. Nevertheless, further studies are 
needed to validate its perioperative predictive 
potential.
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The perception of risk is a cognitive process 
involved in various daily activities which guides the 
behavior of people faced with decisions involving 
potential risks. The perception of risk in a working 
environment is influenced by numerous variables: 
individual, social, professional, organizational which 
involve different dimensions, such as the immediate 
and future consequences and their implications 
both on a rational and objective  level as well as an 
emotional and subjective level. Summarizing what 
has been reported by authoritative scholars (1-3) on 

the definition of the various types and perceptions 
of risk, we can consider that the perception of risk 
is based on three main prospectives: the realistic 
(objective) prospective, from a scientific point of 
view, defines risk as the product between probability 
of a determined industrial accident taking place and 
the damage it can cause. The relativistic (subjective) 
prospective, on the other hand, defines the risk 
considering only how the individual evaluates the 
event and the consequent damage from an individual 
point of view. The combination of the preceding two 
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of the perception of risk was to highlight that people 
perceive the relationship between risks and benefits 
of an activity in a different way to which

that relationship is actually realized (9). In fact, 
from an objective point of view, many activities 
which involve a possible risk also offer some 
advantages (e.g. X-rays in medical practice); it 
is worth noting that in the environment risks and 
benefits are correlated in a positive way. Besides, the 
benefit is often found in the field of work associated 
to the use of machinery and tools which undoubtedly 
help in production and reduce the physical exertion 
of manual work, and it is for this reason that the 
workers often evaluate the use of machinery and 
tools associating a low level of risk compared to the 
benefits obtained by their use. 

In other cases, however, fear prevails regarding the 
use of tools and the individual therefore considers it 
to be of little advantage to carry out actions which he 
unconsciously considers risky. Consequently, people 
who are afraid of flying associate a type of negative 
emotion with this action and do not recognize the 
possible benefits. On the contrary, people who see 
the benefits offered by the possibility of travelling by 
air associate a positive emotion to this activity which 
will lead to underestimate the possible risks (6).

This manner of reasoning depends in a 
determining way on the way in which the human 
cognitive system functions and is particularly due 
to the use of the so-called intuitive thought system 
which acts mainly on an unconscious level and 
which influences our conscious evaluations on the 
basis of emotional reactions which we associate with 
different objective stimulations, people or activities 
(10).  

Taking into account, therefore, the different 
ways of perceiving and interpreting risks, this 
study aims to compare the objective risk, evaluated 
with standard analytical methods originating from 
statistical data of the cases of industrial injuries and 
professional illnesses, with the subjective risk, i.e. 
the sociocultural risk, in other words that perceived 
by the workers, using analytic research methods.

MATERIALS AND METHODS

This study was carried out on 273 workers in the field 
of agriculture aged between 20 and 80 years, most of 

prospectives, provides the sociocultural perception 
of risk, according to which risk is an objective 
threat, but is influenced by culture, for example, the 
conviction to be able to control or avoid a risk. Study 
has underlined that in many cases a discrepancy 
exists between the subjective perception of the risk 
and the objective evaluation (4, 5). In other words, 
sometimes people fear certain activities which are 
not actually dangerous and do not fear activities 
which could have very dramatic consequences.  

It has, however, been consolidated that a correct 
perception of risk in work environments can be 
important in reducing industrial accidents and the 
onset of professional illnesses as it modifies the 
behavior of the worker, and consequently the actions 
which he carries out to safeguard himself.

Different reasons exist which lead people to 
perceive some activities as being dangerous and 
others less so, and there are marked differences 
between different individuals (7). Nevertheless, 
general mechanisms can be verified which subtend 
the way in which people elaborate information 
deriving from their surroundings and also that which 
they remember. These processes, called heuristic, 
have a fundamental role in the way in which people 
evaluate the risks of an activity. In particular, it deals 
with the strategies of thought which usually act on 
an unconscious level (6). The following are included 
among these factors: how much control is it possible 
to exercise on the events which can develop a risk 
(for example, is it thought to be able to exercise great 
control in the cases cited in the manual and very little 
in cases of natural cataclysms); how willingly have 
people decided to face a dangerous situation; how 
serious are the possible consequences; etc. (4). Using 
this type of factorial analysis, these variables can be 
grouped into two principal factors: “terrifying risk” 
and “unknown risk”. The first factor indicates the 
level of how catastrophic the risk is associated to a 
certain activity, whilst the second factor indicates 
how much that risk can be observed and controlled. 
Using these two factors, it is possible to make a 
cognitive map of the danger which each person 
associates with a determined activity. In this way it 
is possible to understand how people can associate 
different risks to an activity which has the same 
probability of producing negative consequences (8).

One important result obtained by the study group 
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During the meetings the aim of our research was explained 
to the workers and where necessary they were given clear 
information on the meaning of the questions asked, to 
guarantee a good understanding of the questionnaire.

Furthermore, charts were compiled (Table I) to 
identify a list of possible dangers:

1. the magnitude of the damage which the worker
judges can result from such danger;

2. the frequency of injury/professional illness which
the worker considers to be connected to such danger.

The worker had to indicate on a scale of 1 to 3 the 
probability of this event (Table II, point 1) and the 
damage (Table II, point 2) corresponding to each danger. 
This allowed us to evaluate the risks which the worker 
associated to the dangers examined, calculated using 
the known formula: R = P *  D, where R is the risk, P 
the probability of such event, and D is the estimated 
consequent damage. The same calculation was made by 
our work group, taking into consideration the official data 
on accidents in the agricultural section provided by the 
National Institute for Work Insurance (INAIL), as well as 
the analysis of the risks identified in similar studies.

whom (77.8%) were general, mainly independent farmers, 
10.9% were stockbreeders, and the remaining 11.3% were 
cellar men and laboratory analysts. The majority were 
under contract as independent workers, most of whom had 
had a secondary or high school education.

Check lists were compiled made up of 55 questions 
to ask the worker with the aim of identifying, from the 
typical main aspects of his own work situation, information 
relative to: training and information received regarding 
safety, the main risks to which the worker considers he 
is exposed, use of PPE, behavioral standards for using
phytosanitary products, risks connected to the use of 
agricultural vehicles, previous work injuries.

The charts were distributed to the workers during 
meetings organized for this purpose, subject to consent of 
the host company, and according to the laws regarding the 
use of personal data. 

Help was given in administering the questionnaires from 
the trade associations, mainly from the Confederazione 
Italiana Agricoltori (Italian Federation of Agricultural 
Workers) of the provinces of Chieti and Pescara, and from 
the Olive Growers Association of the CISL of Pescara. 

Table I. List of the analyzed dangers found in agriculture.
1. falling from a three meter-high ladder
2. strain from repeatedly lifting and carrying 25 kg loads
3. danger of injury whilst driving an agricultural tractor 
4. dangers from the use of pesticides 
5. dangers derived from the use of noisy or vibrating machinery
6. dangers connected to the use of manual tools which can cause cuts and abrasions

The workers were also asked to indicate on a scale of 1 to 3, for each dangerous situation, how 

possible it was to reduce or eliminate the risk by adopting the prescribed safety measures and the

appropriate personal protection equipment. The aim of this question was to investigate the amount

of confidence the worker had in the real possibility of reducing the risk in a dangerous situation by

using the correct prevention methods (Table II point 3).

    For the last analysis the worker was asked to indicate how useful he had found the training on 

individual risks, with the aim of drawing useful indications on the quality of training undergone, as 

perceived by the worker (Table II point 4)

Table II. Questions relative to individual dangers. 
1) With what probability do you think this risk occurs in an agricultural firm?
1 2 3
Never/Extremely unlikely Probable Very probable

2) What do you think would be the damage resulting from such an event? (e.g. a fall from a three
meter high ladder)
1 2 3
No injury Injuries that could require

medication and that could be
disabling

There could be injuries that may
even be fatal

3) How possible do you feel it is to avoid this risk? (with the safety procedures and the PPE at your
disposal)
1 2 3
I cannot avoid it I can partially avoid it I can always avoid it
4) How useful do you find the training received for this risk and on the procedures for reducing it?
1 2 3
Useless /never had any training Useful Very useful 

RESULTS

From the analysis of the results it emerged that 11% of the workers, mainly independent ones, do

not feel that their work is risky for their health/safety; about 50% consider it as equally risky as

other manual work; 19% feel that their work is risky only if you have little experience, reducing the

risk to mainly accidental events, above all connected to driving agricultural vehicles, rather than the 

risk of professional illnesses.
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possible it was to reduce or eliminate the risk by adopting the prescribed safety measures and the
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of confidence the worker had in the real possibility of reducing the risk in a dangerous situation by
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    For the last analysis the worker was asked to indicate how useful he had found the training on 
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Never/Extremely unlikely Probable Very probable 

2) What do you think would be the damage resulting from such an event? (e.g. a fall from a three 
meter high ladder)
1 2 3 
No injury Injuries that could require 

medication and that could be 
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There could be injuries that may 
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3) How possible do you feel it is to avoid this risk? (with the safety procedures and the PPE at your
disposal)
1 2 3 
I cannot avoid it I can partially avoid it I can always avoid it 
4) How useful do you find the training received for this risk and on the procedures for reducing it?
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Useless /never had any training Useful Very useful 

RESULTS

From the analysis of the results it emerged that 11% of the workers, mainly independent ones, do

not feel that their work is risky for their health/safety; about 50% consider it as equally risky as

other manual work; 19% feel that their work is risky only if you have little experience, reducing the

risk to mainly accidental events, above all connected to driving agricultural vehicles, rather than the 

risk of professional illnesses.

Table I. List of the analyzed dangers found in agriculture. 

Table II. Questions relative to individual dangers.
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workers who work in the open and who feel that 
they are more subject to the risk of injuries which 
are difficult to foresee, such as insect bites, slipping 
and falling due to rough ground. 

In Table III are reported the values in percentage 
of probability and damage for each type of identified 
danger. The opinions expressed by the workers refer 
to standard situations, as defined by the work group 
who gave out the questionnaire. 

In following we calculated the risk value by 
multiplying the probability by the damage. The 
damage was identified as that most probable as 
chosen by the workers. The compared values of 
probability and consequent damage are reported in 
table IV, as calculated by the workers and our work 
group.

From the comparison of the data (Fig. 1) it 
emerged that the workers who participated in our 
research evaluate the risk connected to the possibility 
of an accident while driving an agricultural vehicle 
as the highest one, with a risk value very similar to 
that calculated by the work group. Similar risk values 
were also obtained regarding exposure to noise and 
vibrations and concerning the risk of cuts/injuries.  
We feel that the risk of a fall from a three meter-
high ladder was slightly underestimated, above 
all in regard to the possible consequent damage. 
Substantial difference was found instead for the risk 
in the use of pesticides and in that connected to the 

The two risk evaluations were compared to identify 
eventual under/overestimates of the analysis of the 
workers compared to the risk calculated by the group of 
experts. In this study we indicate the risk calculated by our 
work group as “possible real risk”.

The workers were also asked to indicate on a scale of 
1 to 3, for each dangerous situation, how possible it was 
to reduce or eliminate the risk by adopting the prescribed 
safety measures and the appropriate personal protection 
equipment. The aim of this question was to investigate the 
amount of confidence the worker had in the real possibility 
of reducing the risk in a dangerous situation by using the 
correct prevention methods (Table II point 3). 

For the last analysis the worker was asked to indicate how 
useful he had found the training on individual risks, with the 
aim of drawing useful indications on the quality of training 
undergone, as perceived by the worker (Table II point 4) 

RESULTS

From the analysis of the results it emerged that 
11% of the workers, mainly independent ones, do 
not feel that their work is risky for their health/
safety; about 50% consider it as equally risky as 
other manual work; 19% feel that their work is risky 
only if you have little experience, reducing the risk 
to mainly accidental events, above all connected to
driving agricultural vehicles, rather than the risk of 
professional illnesses. 

19.5% hold that their work is more risky than other 
manual jobs, this percentage is mainly composed of 

Table III. Percentage of probability and damage for each type of identified danger.

19.5% hold that their work is more risky than other manual jobs, this percentage is mainly 

composed of workers who work in the open and who feel that they are more subject to the risk of

injuries which are difficult to foresee, such as insect bites, slipping and falling due to rough ground.

In Table III are reported the values in percentage of probability and damage for each type of 

identified danger. The opinions expressed by the workers refer to standard situations, as defined by 

the work group who gave out the questionnaire.

Table III. Percentage of probability and damage for each type of identified danger.

Fall from a 3m-high ladder
Injuries/professional illnesses from 
repeatedly lifting and carrying  a  

25 kg load  

Injury whilst driving an agricultural 
tractor  

probability % damage % probability % damage % probability % damage % 
improbable 13.7 none 1.95 improbable 21.1 none 25.5 improbable 11.4 none 0.8 

probable 75.7 
Medical

treatment/ 
disabling 

52.35 probable 68.4 
Medical

treatment/ 
disabling 

71.8 probable 72.8 
Medical

treatment/ 
disabling 

11

very 
probable 10.6 

very 
serious
/fatal

45.7 very 
probable 10.5 

very 
serious
/fatal

2.7 very 
probable 15.8 

very 
serious
/fatal

88.2

Illnesses deriving from noise and 
vibrations

Illnesses deriving from the use of 
pesticides Injuries due to possible cuts/wounds 

probability % damage % probability % damage % probability % damage % 
improbable 18.7 none 12.2 improbable 7.7 none 4.2 improbable 8.6 none 8.6 

probable 70.5 
Medical

treatment/ 
disabling 

80.7 probable 71.9 
Medical

treatment/ 
disabling 

50 probable 71.7 
Medical

treatment/ 
disabling 

75.8

very 
probable 10.8 

very 
serious
/fatal

7.1 very 
probable 20.4 

very 
serious
/fatal

45.8 very 
probable 19.7 

very 
serious
/fatal

15.6

In following we calculated the risk value by multiplying the probability by the damage. The damage

was identified as that most probable as chosen by the workers. The compared values of probability

and consequent damage are reported in table IV, as calculated by the workers and our work group. 
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equipment, among the most salient points it emerged 
that, according to the workers, 25% of them did not 
use a mask to protect the respiratory tract during the 
use of  phytosanitary products and 50% did not avoid 
eating, drinking or smoking during this treatment. 
Among those who do not use the PPE, 47% stated 
to not have any, 21% that it was not very efficacious, 
15% that it was uncomfortable, about 6% forgot to 
use it, the rest had worn it out or did not know when to 
wear it. Another important point that emerged is that 
about 50% of the workers had not been vaccinated 
against tetanus in the last ten years. 

Regarding training, 35% of the workers stated 
to not have undergone any specific form of training 
on the subject of prevention and safety. The opinion 
on the usefulness/importance of the received 
training was medium, the highest values obtained 
were relative to the importance of training on the 

manual movement of loads. In both cases the risk 
value calculated by the workers was lower than that 
calculated by the work group, for the probability of 
it happening as well as for the consequent damage. 

The values expressed by the workers on the 
possibility of avoiding injuries/illnesses following 
exposure to the identified dangers are reported in Fig. 
2. From the results it emerges that the workers have 
a medium-high trust in the protection equipment and 
in the safety procedures with regard to the possibility 
of avoiding the identified risks. 

Less confidence was found in the possibility of 
avoiding risks connected to the manual movement of 
loads and the possibility of cuts/injuries during work, 
activities for which a high percentage of workers feel 
that it is not possible to avoid injuries/professional 
illnesses. 

With regard to the use of personal protection 

Table IV. Risk evaluated by workers.

Fall heavy load agric. vehicle noise/vibr pesticides wounds 

P 1.97 1.89 2.04 1.92 2.13 2.11 

D 2.44 1.77 2.87 1.95 2.42 2.07 

R 4.81 3.34 5.85 3.74 5.15 4.37 

Possible real risk 

Fall heavy load agric. vehicle noise/vibr pesticides wounds 

P 1.8 2.7 2 2.3 2.5 2.8 

D 2.75 2 2.8 2 2.7 1.7 

R 4.95 5.4 5.6 4.6 6.75 4.76 
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Fig. 1. Comparison of the risk values evaluated by the workers compared to those evaluated by our 
work group.

From the comparison of the data (Fig. 1) it emerged that the workers who participated in our 

research evaluate the risk connected to the possibility of an accident while driving an agricultural 

vehicle as the highest one, with a risk value very similar to that calculated by the work group.

Similar risk values were also obtained regarding exposure to noise and vibrations and concerning 

the risk of cuts/injuries. We feel that the risk of a fall from a three meter-high ladder was slightly

underestimated, above all in regard to the possible consequent damage. Substantial difference was 

found instead for the risk in the use of pesticides and in that connected to the manual movement of
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simple situations of generalized character for which 
it is possible to express an opinion in merit on the 
quantization of risk. From the results it emerged that 
the workers underestimate the risks deriving from 
manual movement of loads, even though the illnesses 
connected to the spinal column are the second cause 
of absenteeism from work after the common cold 
in the USA, and it is estimated that about 80% 
of adults have suffered at least once in their lives 
from backache (15). The possibility to put into act 
remedies for reducing the onset of professional 
illnesses connected to the manual movement of 
loads also resulted as not plausible according to the 
majority of the interviewed workers. 

The other underestimated risk was the damage 
to health deriving from the use of pesticides, this in 
relation to the fact that a good percentage of them 
consider that there is not a very high probability 
of  being at risk of serious illnesses due to the use 
of phytosanitary products without due protection. 
This opinion affects the use of personal protection 
equipment, such as  a mask to protect the respiratory 
tract, that, according to the workers, is not used by 
25% of them during treatment with phytosanitary 
products. A correlation did emerge however between 
having had training on safety and consideration of the 
work risks. This datum is to be considered positive 
in that it is to be hoped that training influences the 
awareness of the workers on the risks they run during 

risks of using agricultural vehicles and the use of 
phytosanitary products. 

In the last analysis we investigated as to whether 
there is correspondence between having attended 
training courses and consideration of the risks at 
work. This correspondence may indicate the impact 
of the training courses on how aware the workers are 
of the existence of risks. From the results it emerged 
that 88% of them who had not attended courses on 
safety stated that their work was not risky, while the 
percentage dropped to 10% among those who had 
attended safety training courses.

DISCUSSION

This work has brought to light some differences 
in terms of objective and subjective perception of 
the risks in agriculture. The study examines some of 
the main types of dangers  present in agriculture and 
the workers were asked to quantify the possibility 
of them occurring and the consequent damage in 
order to quantize the risk they perceived.  This risk 
was then compared to the objective one calculated 
by our work group, on the base of statistical data on 
accidents (INAIL)  and on the base of the technical 
experience of our researchers as well as data available 
in literature. Although risk is a quantity that must be 
carefully evaluated case by case as it various in every 
work environment, we tried to identify in our study 

loads. In both cases the risk value calculated by the workers was lower than that calculated by the 

work group, for the probability of it happening as well as for the consequent damage. 

The values expressed by the workers on the possibility of avoiding injuries/illnesses following 

exposure to the identified dangers are reported in Table VI. From the results it emerges that the 

workers have a medium-high trust in the protection equipment and in the safety procedures with 

regard to the possibility of avoiding the identified risks.

  Less confidence was found in the possibility of avoiding risks connected to the manual movement

of loads and the possibility of cuts/injuries during work, activities for which a high percentage of

workers feel that it is not possible to avoid injuries/professional illnesses.

Table VI. Possibility of avoidance of the risks considered by the workers.

possibility of avoidance of the risks considered by the workers

2.4
2.24

2.65
2.48

2.67

2.33

1

1.5

2

2.5

3

falls heavy load tractor
accident

noise /
vibration

pesticides wounds

With regard to the use of personal protection equipment, among the most salient points it emerged

that, according to the workers, 25% of them did not use a mask to protect the respiratory tract

during the use of phytosanitary products and 50% did not avoid eating, drinking or smoking during 

this treatment. Among those who do not use the PPE, 47% stated to not have any, 21% that it was

not very efficacious, 15% that it was uncomfortable, about 6% forgot to use it, the rest had worn it

out or did not know when to wear it. Another important point that emerged is that about 50% of the 

workers had not been vaccinated against tetanus in the last ten years.

Regarding training, 35% of the workers stated to not have undergone any specific form of training 

on the subject of prevention and safety. The opinion on the usefulness/importance of the received 

training was medium, the highest values obtained were relative to the importance of training on the 

risks of using agricultural vehicles and the use of phytosanitary products.

Fig. 2. Possibility of avoidance of the risks considered by the workers.

A. ANTONUCCI ET AL.



445Journal of Biological Regulators & Homeostatic Agents

Psychology Financial Markets 2001; 2:160-72.
8. Mullet E, Lazreg C, Candela C, Neto F. The

Scandinavian way of perceiving societal risks. J Risk
Res 2005; 819-30.

9. Alhakami AS, Slovic P. A psychological study of
the inverse relationship between perceived risk and
perceived benefits. Risk Analysis 1994; 14:1085-96.

10. Slovic P, Finucane M, et al. Risk as analysis and risk
as feelings : some thoughts about affect, reason, risk
and rationality. Risk analysis 2004; 24:311-22.

11. Antonucci A, et al. Safety in construction yards:
perception of occupational risk by Italian building
workers. Eur J Inflamm 2010; 8:107-15.

12. Di Giampaolo L, Antonucci A, Stocchi M, et al. The
perception of risk in construction workers. J Ital Med
Lav Erg 2007; 29(S):728-30.

13. Bulter G, Mathews A. Anticipating anxiety and risk
perception. Cognitive Quality Res 1987; 11:551-65.

14. Finucane ML. Alhakami A, et al.  The affect heuristic
in judgments of risk and benefits. J Behav Decision
Making 2000; 13:11-17.

15. NIOSH Worker Health Chartbook, 2004. National
Institute for Occupational Health and Safety
(NIOSH) NIOSH Publication Number 2004-146.

their work activities.

REFERENCES

1. Sjöberg L. (2000), Factors in Risk Perception. Risk
Analysis, 20: 1–12. doi: 10.1111/0272-4332.00001

2. Dake K, Wildavsky A. Theories of risk perception:
Who fears What and why? Risk by Burger E. JR
Editor, Michigan 1993 p. 40-60.

3. Kurzenhäuser S, Epp A. Perception of health
risks: psychological and social factors.
Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2009; 52:1141-6.

4. Slovic P. Perception of risk. Science 1987; 236:280-
85.

5. Strenfert S, Taylor EA. Objective risk levels and
subjective risk perception. National Technical 1971,
p. 1.

6. Ruminati R, Legrenzi P, Bonini N. Percezione e
valutazione del rischio. In: M. D’Alessio, N. Dazzi
and P. Ricci Bitti (a cura di) Indicatori psicologici e
sociali del rischio. Napoli 1995; Gnocchi.

7. Slovoc P. Psychological study of human judgment:
Implications for investment decision making. J





PROOF
PROOF

JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS Vol. 26, no. 3, 0-0 (2012)

0393-974X (2012)
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.
447

Key words: nanotechnology, neurosurgery, microsurgery, vessel repair, diode laser,
gold nanoparticles, laser soldering, photothermal effect

Mailing address: G. Sabatino, MD 
Institute of Neurosurgery, 
Catholic University School of Medicine,
L.go A. Gemelli, 8
00168 Rome, Italy
Tel.: +39 06 30154841 Fax: +39 06 3051343
e-mail: giosaba@inwind.it

Sealing tissues by laser in neurosurgical procedures may overcome problems related to the use of 
conventional suturing methods which can be associated with various degrees of vascular wall damage. 
Despite the significant experimental and clinical achievements of the past, a standardized clinical 
application of laser-welding technology has not yet been implemented. The main problem is related to 
the use of common organic chromophores. A substantial breakthrough in the laser welding of biological 
tissues may come from the advent of nanotechnologies. In this paper we describe an experimental study, 
to confirm the feasibility of an innovative laser-assisted vascular repair (LAVR) technique based on diode 
laser irradiation and subsequent photoactivation of a hyaluronan solder embedded with near infrared 
(NIR) absorbing gold nanorods (GNRs), and to analyze the induced closuring effect in a follow-up study 
performed in animal model. Twenty New Zealand rabbits underwent closure of a 3-mm longitudinal 
incision performed on the common carotid artery (CCA) by means of 810 nm diode laser irradiation, in 
conjunction with the topical application of an optimized GNR composite. Effective closure of the arterial 
wound was accomplished by using very low laser intensity (30 W/cm2). The average CCA occlusion time 
was as low as 50 sec. Animals underwent different follow-up periods (2, 8, 30 days). After follow-up, 
they were re-anesthetized, the patency of the treated vessels was tested (Doppler analysis) and then the 
irradiated vessels were excised and subjected to histological evaluations. Morphological examinations of 
the samples documented the integrity of the vascular wall. No host reaction to nanoparticles occurred. 
Collagen and elastic fibers returned to their normal architecture 30 days after treatment. A Scanning 
Electron Microscopy (SEM) examination and immuno-histochemical analysis demonstrated a full re-
endothelization of the vessel walls. We thus confirmed that a laser-based approach is technically easy to 
perform, and provides several advantages, such as a simplification of the surgical procedure, a reduction 
in the operative time, and the suppression of bleeding. The use of GNRs improves the selectivity of 
welding and minimizes the surgical trauma to vessels, resulting in an optimal healing process. 

NANOTECHNOLOGY AND VASCULAR NEUROSURGERY: AN IN VIVO 
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Arterial injuries which may occur during neurosurgical procedures are commonly repaired by 
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the use of temporary clips and microsutures. However, 
the use of suture material and of penetrating needles 
may be associated with various degrees of vascular 
wall damage, ultimately predisposing to vessel 
thrombosis and occlusion. Moreover, direct suturing 
can sometimes be difficult, especially when thin and 
fragile vascular structures have to be repaired or in 
the case of a deep and narrow operative corridor. 
Finally, a prolonged occlusion time necessary for 
suturing of cerebral arteries can be associated with 
the onset of cerebral ischemia (1-3). 

To overcome these problems, laser-based 
techniques have raised interest in microvascular 
surgery (4-8). Laser welding is a technique used to 
seal biotissues. It relies on the interaction between 
laser light and an optical absorber to produce 
a photothermal effect, thus inducing thermal 
modifications within the tissue (thermally-induced 
cross-linking between the solder and the main 
tissue components) (9-10). When the welding is 
mediated by the topical application of a semisolid 
material that can be activated by the laser light, 
the technique is referred to as laser soldering. The 
use of a photosensitizer applied topically to the 
wound was found to induce a controllable rise in 
the local temperature and a selective thermal effect 
(5). Despite the experimental and clinical advances 
in laser technology (5-11), a standardized clinical 
application, to date, is still lacking. The main 
limitations are ascribed to the use of organic dyes 
as exogenous optical absorbers: these suffer, due to 
poor stability in aqueous and physiological solutions 
and under laser irradiation, and present excessive 
diffusiveness in the biological environment once 
they have been applied to the wound (12-16).

Recent progression in nanotechnology has 
led to the development of a new generation of 
nanochromophores, such as gold nanoparticles, 
whose physiochemical characteristics are potentially 
well-suited for biomedical applications. A special 
type of gold nanoparticle is represented by GNRs. 
These consist of cylindrical nanoparticles with 
high photothermal efficiency, suitable stability 
under high laser fluences and lower diffusivity in 
respect to that of organic photosensitizers. This 
provides for a more precise localization of the 
heat generated by the photothermal conversion. 
Additional favorable features of these nanoparticles 

are their biocompatibility, easy synthesis and high 
chemical versatility, which depict them as being 
highly promising for targeted and safe applications 
in humans (17-20). Preliminary results have recently 
been obtained by combining GNRs and NIR diode 
lasers in the laser soldering of vascular tissue (21-
22). 

The purpose of the present work is to assess the 
applicability and feasibility of a very innovative 
LAVR technique that is characterized by the use of 
diode laser irradiation in association with GNRs. 

MATERIALS AND METHODS

Laser and materials
The laser used in the tests was an AlGaAs laser diode 

(EL.EN. Mod. WELD 800, Italy), with the following 
emission parameters: wavelength 810 nm, maximum 
output power: 10W, emission modality: pulsed or 
continuous wave. The device is enclosed in a compact 
cabinet (24 x 18 x 36 cm) and is equipped with a fiber 
optic transmission system that can be sterilized. The fiber 
tip is mounted on a handpiece that enables easy handling 
under the operating microscope. A 300-µm core optical 
fiber was used. 

All chemicals were purchased from Sigma-Aldrich 
(Saint Louis, Missouri), unless otherwise noted, and 
used without further purification. Methoxypoly-(ethylene 
glycol) (mPEG-SH) with a 5000-Da mass was supplied 
by Laysan Bio Incorporated (Arab, Alabama). We used 
hyaluronan obtained from a bacterial source to minimize 
any possible protein-mediated aggregation of polymer 
chains when being stored for a long time in aqueous 
solutions. In particular, hyaluronan sodium salt from 
Streptococcus equi (Esperis S.p.A., Milan, Italy) with a 
molecular mass of approximately 1000 kDa and a protein 
content of less than 0.025%, as previously measured (23), 
was used in the experiment.

Fabrication of the nanostructured hyaluronan solder
GNRs of 59±9 nm in length x 15±2 nm in diameter 

with an average aspect ratio (i.e. the ratio of the 
nanoparticle length to its diameter) of about 4 were 
obtained in accordance with a variant of the surfactant-
directed Nikoobakht reaction (22). After concentrating the 
0.1 nM nanoparticle solution thus obtained to 1.6 nM, the 
particles were functionalized with methoxypoly(ethylene 
glycol thiol), which stabilized them against aggregation 
by strongly binding the gold surface and imparting 
biocompatible properties (24). Once PEGylated, the 
GNRs were transferred in phosphate-buffered saline 
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means of a sharp-point knife and micro-scissors. The 
arterial lumen was first flushed with heparinized solution, 
and then with sterile water. Then, 10 mg of the nanosolder 
paste was applied to the cut using a syringe, and the 
excess material was immediately removed with a spatula, 
in order to avoid the possible entrance of solder material 
into the lumen and also to confine the photothermal effect 
to the vascular surface. Afterwards, the incision was 
treated with the diode laser. The proposed new technique 
is schematized in Fig. 1.

The laser treatment consisted of a slow and continuous 
motion of the fiber-tip, which was held at a constant 
distance of 2-3 mm from the external artery surface. 
A continuous laser power of 0.2 W, corresponding to a 
power density of 30 W/cm2 on the surface of the artery, 
proved effective for optimal vessel closuring (Fig. 2 A). 
The overall treatment time was 20 sec. At the end of the 
procedure, the clips were removed, the closed segment 
was checked. 

Intraoperative microdoppler (IMD) analysis was 
performed both before temporary clipping and after 
lasering and removal of the clips, in order to assess the 
patency and to detect any blood flow reduction in the 
treated vessel. The blood flow velocities were recorded. 
As described by Stendel et al. (25, 26), a laser-soldered 
vessel was considered as stenotic when the two following 
findings were detected: 1) increase of the blood flow
velocity more than 10%, when compared to the baseline 
(pre-laser treatment) values, in the arterial segment 
proximally to the repaired lesion, 2) decrease of the 
systolic velocity distally to the stenosed arterial segment. 
The treated carotid segment, as well as the proximal and 
distal part of carotid artery, were insonated using a 20-
MHz microprobe of 1 mm diameter (Compumedics DWL 
Multidop x digital). This flexible microprobe was inserted 
in a number 3 suction cannula and secured to the distal 
extremity by bone, in order to give stiffness and improve 
its handling. 

(PBS, pH 7.4) and powdered hyaluronic acid (Esperis 
S.p.A., Milan, Italy) was added to the suspension until a
final 10% (w/v) homogeneous dark-red gel was obtained.
The formulation was left to equilibrate at room temperature
for at least 2 days, resulting in a stable hydrogel network,
which was stored at 4°C until the moment of surgery. The
exogenous chromophore consisted of a gel-like paste of
functionalized GNRs.

Animal model
The experiments were performed on 20 New 

Zealand rabbits that weighed from 3500 g to 5500 g at 
the Experimental Centre of the Catholic University in 
Rome. The animals were anesthetized with ketamine 
hydrochloride (50 mg/kg) and medetomidine (0.3 mg/
kg) intramuscularly, local anesthesia was performed with 
2% Xylocaine. During the first 2 weeks of the follow-up 
period, the animals were treated with antibiotics (10 mg/
kg of enrofloxacin per day). Different follow-up periods 
were established, as reported here as follows, in order 
to evaluate the vascular healing process and histological 
modifications over time. At the end of every follow-up 
period, the animals were re-anesthetized, the patency 
of the laser irradiated vessels was evaluated, and the 
vascular segment of interest was harvested for purposes 
of histological analyses. The animals were then sacrificed. 
The protocols used for animal tests were in accordance 
with the recommendations and regulations of the Italian 
Ministry of Health.

Surgical procedure
After anesthesia, a 4-cm longitudinal incision was 

performed in the anterior cervical midline of the animals.
Thereafter, the procedure was performed with the aid of 
a surgical microscope. The right CCA was dissected for 
a tract of 2.5 cm. After proximal and distal temporary 
clipping of the exposed arterial segment, a 3-mm 
longitudinal cut was performed on the arterial wall by 
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Table I. Microscopical findings at the 2nd, 8th, and 30th post-operative days.
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2 days 
2.33±0.81 1.83±0.7

5
0.16±0

.48
2.83±0.4

0
0.33±0.5

1
0.16±0.4

0
3 1.16±0.75 

8 days 
1.16±1.32 0.33±0.5

1
0 0.5±0.83 3 2.16±1.1

6
1±0.89 0.5±0.54 

30 days 
0.25±0.46 0.25±0.4

6
0 0.125±0.

35
3 3 0 0

The table summarizes morphological and immunohistochemical results. The score criteria 
are described in the materials and methods section. 

FIGURE AND FIGURE LEGENDS

Fig. 1. Sketch of LAVR procedure with hyaluronan-GNRs formulation. A) A longitudinal
arterial lesion is performed on the clamped artery, (B) hyaluronan-GNRs is applied to the 
arterial lesion (C). Diode laser irradiation is delivered to the external surface.

Fig. 1. Sketch of LAVR procedure with hyaluronan-GNRs  formulation. A) A longitudinal arterial lesion is performed on 
the clamped artery, (B) hyaluronan-GNRs is applied to the arterial lesion (C). Diode laser irradiation is delivered to the 
external surface.
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ocular apparatus and the value, expressed in μm, was the 
mean value obtained from four values in different areas 
of the vascular wall. Scores varied from: 0 = absence; 1 = 
10–20 μm-thick; 2=20–50 μm-thick; 3 = greater than 50 
μm-thick.

Thrombosis was scored as follows: 0 = absence; 1 = 
initial thrombus; 2 = semi-occlusive thrombus; and 3 = 
occlusive thrombus.

Elastic fibers damage was evaluated by using the 
Unna-Tanzer-Livini (UTL) method and the results were 
scored as follows: 0= absence of damage 1= presence 
of some areas of lamina elastica disorganization, 2 =
fragmentation of internal and external lamina elastica, 3 = 
total disorganization and areas of disappearance/absence 
of the two laminae.

The immunohistochemical examination was performed 
in order to check the presence of CD31 and of the von 
Willebrand factor (VWF). For this purpose, monoclonal 
mouse anti-human CD31 and mouse anti-human factor 
VIII antibodies (DAKO, Glostrup, Denmark) were 
employed. Primary antibodies were used, both diluted 
1:50 in TBS and also maintained on the sections in a moist 
chamber. The secondary antibody was a goat-anti mouse 
biotinilated (DAKO) diluted 1:200 in the same buffer. The 
reaction was evidenced by an avidine-biotine complex 
(ABC elite, Vector, Burlingame, UK) and developed 
using Diaminobenzidine hydrochloride (DAB- Vector) as 
the chromogen substrate, which was then counterstained 
with Meyer’s haematoxylin. The positivity score ranged 
from 0 to 3 on the basis of the mean number of positively 
stained cells (i.e.: endothelial cells) calculated per 10 
HPF randomly selected from a sample of the laser-treated 
vessels. The score were as follows: 0 = no stain; 1 = 
almost 15% of cells stained by the chromogen; 2 = almost 
50% of stained cells; 3 = over 80% of stained cells.

Other samples underwent SEM and TEM examinations, 
using standard laboratory procedures. For the SEM 
analysis of the vessel’s endothelial surface, samples 
were immediately fixed in 4% glutaraldehyde in a 0.2 M 
sodium cacodylate buffer solution at 4°C, dehydrated in 
graded concentration alcohol, dried with a critical point 
drier (E 3000, Polaron, West Sussex, UK), and then gold 
sputtered (Sputter Coater, SPI, Toronto, Canada) and 
observed with SEM (JEOL 5200, JEOL, Tokyo, Japan). 
SEM analysis allowed the evaluation of the endoluminal 
surface integrity. The attributed scores ranged from 0 
to 3 on the basis of the percentage of uncovered altered 
areas of endoluminal endothelial surface of the vessel 
calculated per 10 HPF randomly selected per sample. The 
score were as follows: 0 = absence of disendothelized 
areas; 1 = almost 15% of the surface was disendothelized; 
2 = almost 50% of disendothelization; 3 = over 80% of
disendothelization.

Lastly, the wound was closed in layers, and the animals 
were left to recover from the anesthesia.

Follow-up 
The animals were directed to different follow-up 

periods: 2 days (n = 6), 8 days (n = 6), 30 days (n=8). At 
the end of every follow-up period, the animals were re-
anesthetized. A new IMD analysis was executed to assess 
carotid artery patency as well as the evidence of any blood 
flow reduction or turbulence in the treated vessel. Then, the 
vascular segments of interest were sampled and examined 
by means of histochemical, immunohistochemical and 
ultrastructural analyses. 

Morphological analysis
In brief, the samples were fixed in 10% buffered 

formalin, embedded in paraffin, and sectioned. Coronal 
sections of each treated and untreated vessel were 
performed, and the final geometry of the sections included 
a total view of the area of vascular wall synthesis, from 
the two hemilines of the endothelium welded to media 
and adventitial portions of the soldered vessel wall. 
The sections were then deparaffinized, rehydrated, and 
stained with haematoxylin and eosin (H&E), Unna-
Tanzer-Livini (UTL) stain specific for elastic fibres, and 
Masson’s trichrome (MT) stain for connective tissue. 
The histological evaluation included an assessment of 
the inflammation, myointimal hyperplasia, thrombosis 
and elastic-fiber damage. Evaluations were performed by 
attributing scores from 0 to 3 according to the following 
criteria. 

Inflammation (neutrophils and mononuclear cell 
infiltration) was classified as: absent (score of 0) when 
there was none or only single sporadic cells per high-
power field (HPF, using 400X magnification) (<5cells); 
mild (score of 1) for a few cells (5 to 19 cells) per HPF; 
moderate (score of 2) for several cells (20 to 49 cells) per 
HPF; and marked (score of 3) (50 to 99 cells) per HPF. 

Myointimal hyperplasia was evaluated by a calibrate 

21

Fig. 2. In vivo repair of a 3-mm longitudinal cut by using diode laser irradiation and 
hyaluronan-GNRs formulation (A). The result is an immediate closure of the wound, with 
no bleeding when the clamp is released (B). 

Fig. 3. Repaired artery stained using the UTL method. The method, which is specifically 
employed for staining elastic fibers, indicates (A) the fusion among the two portions of 
discontinued vessel, with a partial disappearance of the collagen and elastic fibers 
organization pattern at the same point in time (2nd post-operative day). The fiber-
disorganization process lasts for a maximum of 8 days post treatment (B), when UTL
shows a fibers pattern "random" with storifom or in any case an intersecting arrangement. 
This effect of disorganization of the collagen appears, instead, to reenter 30 days after 
welding (C). UTL stain, 10X. 

Fig. 2. In vivo repair of a 3-mm longitudinal cut by using 
diode laser irradiation and hyaluronan-GNRs formulation 
(A). The result is an immediate closure of the wound, with 
no bleeding when the clamp is released (B).
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occlusion time of the CCA was 50 sec for the laser-
treated samples. After removal of the clamps, all 
carotid arteries submitted to IMD analysis were 
found to be patent. Neither turbulence nor blood 
flow alterations were detected, when comparing 
the records performed before and after the laser-
soldering. No bleeding was documented (Fig. 2 B).

Observations at follow-up times
IMD analysis showed all the soldered vessels 

were patent at the time of the follow-up examination, 
with no evidence of turbulence phemomena. No 
blood flow modifications were observed, when 
compared to pre-operative IMD-based blood flow 
velocity records. Neither occlusions nor signs of 
perivascular hemorrhage were found. No formation 
of a pseudoaneurysm or eversion of the vessels edges 
was documented at the welded sites. 

Morphological analysis: 
Histochemical, TEM and SEM evaluations

Morphological examinations of welded samples 
documented an optimal reorganization and 
preservation of all vascular wall structures after 
long-term (30 days) follow-up periods. At this 
point in time, no damage to the internal lamina 
elastica was observed (Fig. 3 C). No host reaction 
to nanoparticles, interspersed throughout the treated 
vascular tissue, occurred at different points in time 
in the histological analysis: in fact, no formation of 
microgranulomas or dystrophic calcification of the 
vessel lamina media and/or intima was evidenced, 
especially 8 or 30 days after treatment. Oddly enough, 
no inflammation observed even in “acute” phases of 
reparation, 2 days after welding. At that time, the 
only alteration observed was a strong disorganization 

For the TEM examination, the samples, fixed in the 
same medium, were post-fixed in 1% osmium tetroxide in 
0.1 M sodium cacodylate buffer for 1 h at room temperature, 
dehydrated in ascending grades of ethanol (50%, 75%, 
95%, and 100%) for 10 min each, with 2 changes, followed 
by immersion in 1:1 absolute ethanol-epoxy embedding 
resin (Poly/Bed 812, Polysciences, Warrington, PA) for 2 
h, resin-infiltration in 100% epoxy embedding resin for 
another 2 h, and, lastly, embedding of the resin-infiltrated 
samples in molds with 100% epoxy resin. Before being 
embedded, the specimens were oriented in the molds to 
the point that ultra-thin sections through the resin-vessel 
interface were cut from the adventitial to the intimal 
(vessel) area of the original vessel. After the epoxy blocks 
were placed in a vacuum oven for 15 min to extract air 
bubbles, they were polymerized in an oven at 60°C for 
a minimum of 48 h. Ultra-thin sections of about 90 nm 
were cut, using a diamond knife, in an ultramicrotome 
(Sorvall Ultra Microtome MT5000, RMC, Tucson, AR). 
For the TEM examination (JEOL 1200 EX, Peabody, 
MA), they were positively stained with saturated uranyl 
acetate (UA) for 8 min and lead citrate (LC) for 3 min. 
TEM analysis permitted the evaluation of the collagen 
fibers organization. The assigned score ranged from 0 to 3 
on the basis of the percentage of collagen fibers showing 
a persistent cross-link or storiform-fingerprint pattern, 
calculated per 3 fields randomly selected from a sample of 
the laser-treated vessel. The score were the following: 0 = 
over 80% of the examined area showed a parallel pattern; 1 
= almost 50% of examined area showed a parallel pattern; 
2 = only a 15% of examined area showed a parallel pattern; 
3 = only cross-link or storiform-fingerprint pattern of the 
fibres observed.

RESULTS

Observations at the time of surgery
An effective closure of the cut edges was obtained 

by using laser intensity of 30W/cm2. The average 
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Fig. 2. In vivo repair of a 3-mm longitudinal cut by using diode laser irradiation and 
hyaluronan-GNRs formulation (A). The result is an immediate closure of the wound, with 
no bleeding when the clamp is released (B). 

Fig. 3. Repaired artery stained using the UTL method. The method, which is specifically 
employed for staining elastic fibers, indicates (A) the fusion among the two portions of 
discontinued vessel, with a partial disappearance of the collagen and elastic fibers 
organization pattern at the same point in time (2nd post-operative day). The fiber-
disorganization process lasts for a maximum of 8 days post treatment (B), when UTL
shows a fibers pattern "random" with storifom or in any case an intersecting arrangement. 
This effect of disorganization of the collagen appears, instead, to reenter 30 days after 
welding (C). UTL stain, 10X. 

Fig. 3. Repaired artery stained using the UTL method. The method, which is specifically employed for staining elastic 
fibers, indicates (A) the fusion among the two portions of discontinued vessel, with a partial disappearance of the colla-
gen and elastic fibers organization pattern at the same point in time (2nd post-operative day). The fiber-disorganization 
process lasts for a maximum of 8 days post treatment (B), when UTL shows a fibers pattern “random” with storifom or in 
any case an intersecting arrangement. This effect of disorganization of the collagen appears, instead, to reenter 30 days 
after welding (C). UTL stain, 10X.
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After a moderate alteration in endoluminal 
surface of treated vessel, consisting in a linear 

of the collagen and elastic fibers in the vascular 
walls, as shown in Fig. 3 A. At the same time, a light 
basophilic aspect of the treated area, evidenced by 
UTL stain, and a hyaline-homogeneous aspect of the 
collagen of the welded portion of vascular wall were 
observed after 8 and 30 post-operative days (Fig. 3 B 
and C). It is interesting to note that the collagen and 
elastic fibers returned to their normal appearance 30 
days after treatment (Fig. 3 C), while 8 days after 
treatment a notable subversion of the structure of the 
vessel wall was evident (Fig. 3 B).

Another important observation concerns the 
absence of endoluminal alterations. In Fig. 4 a 
panoramic view is shown of the coronal sections of 
vessels, in the absence of thrombotic processes inside 
the vessel’s lumen at all the time points. Two days 
after surgery it was possible to note the presence of 
an altered area in the vessel’s wall (Fig. 4A), which 
disappeared at the second (Fig. 4B- 8th day) and 
third (Fig. 4 C - 30th day) time points. 
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Fig. 4. Masson’s trichrome (MT) method. A panoramic view of the coronal sections of 
vessels, in the absence of thrombotic processes inside the vessel’s lumen at all the time
points. Note the presence of an altered area in the vessel’s wall (A) 2 days after the
surgery, which disappeared at the second (B: 8th day) and third (C: 30th day) time points. 
MT stain, 2X.

Fig. 5. A) SEM appearance of endothelium covering the GNRs – laser-soldered area. Note 
the appearance of the endothelial surface, 2 days after treatment. An evident area 
corresponding to the line of surgical dissection is uncovered by endothelial cells (arrows) 
and some red blood cells admixed with leucocytes and fibrin fragments adhere to the 
uncovered area. B) Endothelium aspect 8 days after treatment with micro areas not totally
covered by cells, the line of the surgery is still evident (arrows).(C) Another endothelial 
view 90 days after treatment, with complete re-covering of the endothelial surface. At this 
follow up time, no residual traces of surgery and welding are observed (10 KV, 2000
enlargements). 
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surgery, which disappeared at the second (B: 8th day) and third (C: 30th day) time points. 
MT stain, 2X.

Fig. 5. A) SEM appearance of endothelium covering the GNRs – laser-soldered area. Note 
the appearance of the endothelial surface, 2 days after treatment. An evident area 
corresponding to the line of surgical dissection is uncovered by endothelial cells (arrows) 
and some red blood cells admixed with leucocytes and fibrin fragments adhere to the 
uncovered area. B) Endothelium aspect 8 days after treatment with micro areas not totally
covered by cells, the line of the surgery is still evident (arrows).(C) Another endothelial 
view 90 days after treatment, with complete re-covering of the endothelial surface. At this 
follow up time, no residual traces of surgery and welding are observed (10 KV, 2000
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Fig. 4. Masson’s trichrome (MT) method. A panoramic view of the coronal sections of vessels, in the absence of thrombo-
tic processes inside the vessel’s lumen at all the time points. Note the presence of an altered area in the vessel’s wall (A) 
2 days after the surgery, which disappeared at the second (B: 8th day) and third (C: 30th day) time points. MT stain, 2X.

Fig. 5. A) SEM appearance of endothelium covering the GNRs – laser-soldered area. Note the appearance of the endo-
thelial surface, 2 days after treatment. An evident area corresponding to the line of surgical dissection is uncovered by 
endothelial cells (arrows) and some red blood cells admixed with leucocytes and fibrin fragments adhere to the uncovered 
area. B) Endothelium aspect 8 days after treatment with micro areas not totally covered by cells, the line of the surgery is 
still evident (line and arrows).C) Another endothelial view 90 days after treatment, with complete re-covering of the endo-
thelial surface. At this follow up time, no residual traces of surgery and welding are observed (10 KV, 2000 enlargements).
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Fig. 6. Eight days follow-up, transmission electron microphotograph evidences a still 
persistence of cross-linking or storiform-fingerprint arrangement of the collagen fibers,
admixed with gold nanorods. This arrangement is considered atypical, differing to a 
parallel and well-oriented arrangement of the collagen fibers observed at 30 days follow-
up. (15000 enlargements) 

Fig. 7. CD31 expression by endotheliocites 2 (A), 8 (B), and 30 (C) days after laser-
assisted vessel repair, with GNRs dispersed in hyaluronan as solder. Note the weak 
expression of the chromogen 2 days after welding. A strong expression of CD31 in 
endotheliocites is evidenced, starting from the second follow-up time, 8 days after surgery, 
and is maintained in the third group, 30 days after surgery. IHC, 10X.

Fig. 6. Eight days follow-up, transmission electron micro-
photograph evidences a still persistence of cross-linking 
or storiform-fingerprint arrangement of the collagen fi-
bers, admixed with gold nanorods. This arrangement is 
considered atypical, differing to a parallel and well-orien-
ted arrangement of the collagen fibers observed at 30 days 
follow-up. (15000 enlargements)
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which appeared to have been preserved in an 
optimal metabolic state by means of a constant 
and intense expression of CD31 and vWF. 
Immunohistochemical results demonstrated a full 
re-endothelialization at the application site of GNRs, 
starting 8 days after treatment (Fig. 7 B and C). 
There was a weak expression of the chromogen 2 
days after welding (Fig. 7 A). A strong expression 
of CD31 in endotheliocites was evidenced, starting 
from the second follow-up time, 8 days after surgery 
(Fig. 7B) and was maintained in the third control, 30 
days after surgery (Fig. 7 C). Comparable findings 
can be observed in the samples with expression of 
vWF (Fig. 8). Immunohistochemical results are 
summarized in Table I.

DISCUSSION

Laser soldering for the repair of microvessels 
can permit an immediate closure of the wound 
with minimal side effects (29). The replacement 
of traditional organic dyes with nanostructured 
chromophores is a very intriguing possibility. In
an earlier report, we demonstrated for the first time 
that GNRs can mediate an effective photothermal 
effect in a model connective tissue (21). More 
recently, we provided a preliminary demonstration 
of the possibility of using GNRs for the in-vivo 
laser closure of a rabbit carotid artery by means of 
a manageable formulation consisting of a mixture of 
GNRs embedded in a hyaluronan viscous solution 
(22). In that case, GNRs with an average length of 
102 nm and an average diameter of 25 nm were 

disendotelialization and adherence of few groups 
of cells, observed by SEM 2 days after treatment 
(Fig. 5A), further evidence of the total endothelial 
integrity restoration was observed in the impending 
areas of the treatment 8 and 30 days after surgery 
(Fig. 5 B and 5 C, respectively). 

In Fig. 6 a TEM image of the treated area shows 
that, at 8 days follow-up, the reorganization process 
of the collagen fibers pattern is still incomplete. 
Morpfhological results are summarized in Table I.

Immunohistochemical evaluation
Immunohistochemical analysis supported the 

observation of endothelial integrity documented by 
the SEM examination. Furthermore, this exam was 
indicative of a good viability of the endothelium, 
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expression of the chromogen 2 days after welding. A strong expression of CD31 in 
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Fig. 7. CD31 expression by endotheliocites 2 (A), 8 (B), and 30 (C) days after laser-assisted vessel repair, with GNRs 
dispersed in hyaluronan as solder. Note the weak expression of the chromogen 2 days after welding. A strong expression 
of CD31 in endotheliocites is evidenced, starting from the second follow-up time, 8 days after surgery, and is maintained 
in the third group, 30 days after surgery. IHC, 10X.
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Fig. 8. vWF expression by endotheliocites 30 days after laser-assisted vessel repair. IHC, 
10X.

Fig. 8. vWF expression by endotheliocites 30 days after 
laser-assisted vessel repair. IHC, 10X.
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results of which are not reported in this work, the 
laser welding approach was further improved by 
optimization of the distribution of the gel on the 
artery walls and delivery of the laser light, so that it 
was possible to obtain a repeatable and standardized 
welding effect. In the optimized procedure, effective 
closure of the cut edges was obtained by using a 30 
W/cm2 laser intensity, which is lower as compared to 
previous results (22). The power reduction expressed 
the possibility of obtaining a good approximation of 
the margins without any deformation or overheating 
signs. The occlusion time of the treated vessels was 
50 sec.

The GNR-mediated laser soldering approach was 
shown to induce effective local tissue fusion while 
preserving the endothelial viability and preventing 
thermally-induced thrombogenesis, which resulted 
technically easy to perform and has been found to 
minimize the surgical trauma to vessels.

At follow-up examinations, all the treated vessels 
were patent (100% patency) and no eversion of 
vessel edges or pseudoaneurysm formation was 
observed. 

Morphological evaluation at different follow-
up times showed the process of vessel repair starts 
in the immediate (2 days) post-operative period, 
through a strong action of depolimerization and re-
polimerization of the collagen matrix, with a partial 
disappearance of the collagen and elastic fibers at 
the same point in time. The impending endothelium, 
however, maintains a metabolic activity, as 
demonstrated by the expression of factors such as 

irradiated with a laser intensity of 40 W/cm2 to obtain 
a closure of the vessel. Despite research having 
highlighted the feasibility of in-vivo laser-soldering 
operations by means of NIR-absorbing GNRs, very 
few experimental procedures have been performed 
and reported, and only one follow-up period (30 
days) has been considered. 

In the present study, the technique of laser 
soldering with GNRs used to repair a 3-mm incision 
on rabbit CCA was optimized. Furthermore, a 
consistent number of experimental procedures were 
performed in order to track both the morphological 
reorganization of vascular architecture and the fate 
of the GNRs within an irradiated site at different 
follow-up (2-8-30 days) periods. 

GNRs were functionalized with a biopolymeric 
shell and then embedded in a viscous solution 
of hyaluronan to achieve a highly stabilized and 
handy material. The choice of hyaluronan offers the 
advantage of having well-known physiochemical and 
biological properties (23), which makes it a unique 
solution for the preparation of new biocompatible 
and biodegradable composites for wound repair 
purposes (27). To enhance the efficiency of the 
nanoparticles, their dimensions were reduced (28) so 
that lower laser intensity was necessary (as compared 
to previous tests). This is important in order to avoid 
lesions of irradiated tissues due to overheating 
and to eliminate the risk of undesired damage to 
surrounding structures, mostly for the application 
in fields such as neurosurgery and microvascular 
surgery. During a preliminary learning phase, the 

Table I. Microscopical findings at the 2nd, 8th, and 30th post-operative days.

Morphological analysis Histochemical Immuno-histochemical 
H&E UTL Factor VIII CD-31

TEM SEM 

Follow-up 
group Inflammation Myointimal

hyperplasia
Trombosis Elastic Fiber 

Damage
Re-

endothelization
Healthy

endothelial
cells

Collagen

pattern
Endothelial

aspect

2 days 2.33±0.81 1.83±0.75 0.16±0.48 2.83±0.40 0.33±0.51 0.16±0.40 3 1.16±0.75

8 days 1.16±1.32 0.33±0.51 0 0.5±0.83 3 2.16±1.16 1±0.89 0.5±0.54

30 days 0.25±0.46 0.25±0.46 0 0.125±0.35 3 3 0 0

 

Table I. Microscopical findings at the 2nd, 8th, and 30th post-operative days.

The table summarizes morphological and immunohistochemical results. The score criteria are described in the materials 
and methods section.
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indocyanine green in aqueous solution. J Pharm Sci-
Us 2003; 92(10):2090-97.

15. Holzer W, Mauerer M, Penzkofer A, Szeimies RM,

CD31 (Fig. 7) and vWF (Fig. 8). A vascular wall 
reconstitution is observed 8 days after treatment, 
even if the pattern of the collagen and elastic fibers 
shows a random course, as is deduced from a UTL 
specific stain (Fig. 3), and confirmed by means of a 
TEM examination (Fig. 6). Instead, the organization 
of the collagen appears to be regained after the 30th 
post-operative day, when a normal three-dimensional 
pattern of collagen and elastic fibers in the vessels 
seems to be almost restored (Fig. 3).

These results definitively confirm the previously-
reported advantages of the combination of laser 
soldering and nanotechnologies, as compared to both 
conventional suturing methods and to other welding/
soldering techniques based on the application of 
exogenous chromophores. However, there is a 
concern that still remains as an open question: the 
pathways for gold nanoparticles to leave the body 
after welding. A specific study on the biodistribution 
of the GNRS during the follow-up, as well as an 
investigation of their potential toxicity should be 
set up, in order to correctly estimate the benefits of 
nanotechnology over standard procedures (30). 

In conclusion, this technique was shown to 
be effective and provides several advantages 
over conventional suturing methods. An optimal 
reorganization of vascular-wall structures was 
documented, together with a regaining of the 
physiological endothelial morphology (similar 
to a restitutio ad integrum) in the absence of 
thrombogenetic effects. This work further improves 
the existing knowledge on laser welding and 
nanotechnology applications in medical fields, in 
particular in microvascular repair surgery.
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Hepatitis B virus (HBV) can persist in a host as 
an occult infection (OBI), where HBV DNA can be 
detected in the liver, and sometimes in the serum, 
of patients who are seronegative for HBV surface 
antigen (HBsAg) (1). 

In patients undergoing strong immunosuppression, 
OBI has been shown to reactivate overt HBV 
replication (2-5), resulting in an ensuing, and often 
severe, hepatitic flare. 

When HBV infection persists, the viral genome 

is maintained in the nucleus of hepatocytes as a 
covalently closed, circular DNA (cccDNA) bound 
to histones and non-histone proteins and regulated 
by their acetylation status (6). It is estimated only 
a few molecules are typically detected in the liver 
of OBI patients (7). This condition may also explain 
the inability of HBsAg to be detected in serum by 
available diagnostic assays (8). 

A number of studies have investigated the role of 
viral heterogeneity as a primary determinant of OBI. 
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limit = 357 IU/ml) and a home made nested-PCR 
(sensitivity 60 UI/ml).  All patients were treated with 
cytotoxic chemotherapy without Rituximab, and 6 
patients also received corticosteroids. Virological 
analyses were performed for all patients prior to 
initiation of chemotherapy (baseline), and during the 
reactivation stage for patients positive for HBsAg 
(Table I). During chemotherapy, 3/16 patients (p1, 
p2, p3) experienced a virological and clinical HBV 
reactivation after a mean of 8 months. These patients 
were found to be HBsAg- and HBeAg-positive, with 
HBV DNA loads of 1.6 x 106, 7.6 x 106, and 1 x 104 
IU/ml for p1, p2, and p3, respectively. These patients 
were subsequently treated with lamivudine (100 mg/
day) and remained positive for HBsAg.

HBV DNA amplification and sequencing
Sequencing was performed for a fragment 

of 1059 bp that spanned the entire preS1 and 
preS2 regions and 537 nucleotides of the S 
gene. Viral DNA was at first amplified using O1 
(5’-GGGTCACCATATTCTTGGGAA-3’) and O2 
primers (5’-CTCAGTTTACTAGTGCCATT-3’). 
An aliquot of PCR product was then reamplified 
in three separate reactions to obtain partially 
overlapping genome fragments of 479, 710, and 537 
bases, respectively using the following primers: O1  
and N2 (5’-CTGTTCTGACTACTGCCTCTC-3’), 
N3 (5’-AATCCGGATTGGGACTTCAA-3’) and 
N4 (5’-GTTCTTCTGGACTATCAAGG-3’), N5 
(5’-CATGGAGAACATCACATCAGG-3’) and O2. 
The amplifications were performed with 35 cycles 
of: 94°C for 1 min, 50°C for 1 min, and 72°C for 
2 min, followed by a final incubation at 72°C for 
10 min. Amplicons were sequenced with the same 
primers used for DNA amplification and a  Big Dye 
Terminator v 1.1 Cycle Sequencing Kit (Applied 
Biosystem, Foster City, CA, USA) in an automatic 
DNA sequencer (ABI Prism 310 Genetic Analyzer, 
Applied Biosystem). 

Determination of genotype, subgenotype, and 
mutation patterns

The three overlapping sequences, obtained by 
nested PCR, were assembled, edited, and aligned 
using BioEdit version 4.0, using the Clustal W multi-
alignment system. Genotypes and subgenotypes were 
inferred by aligning each sequence with reference 

For example, well-characterized epitope mutations 
have been detected in the preS/S region, especially 
in the major hydrophilic region (MHR) of the S 
gene (e.g., amino acids 100-160), which contains 
an “a” determinant. With this region being a main 
target for monoclonal antibodies used in diagnostic 
tests, these mutations can affect the recognition 
of conformational epitopes (9,10,11,12,13). Point 
mutations and deletions within the preS and S genes 
can also influence HBsAg secretion and expression, 
leading to low levels of HBsAg (14,15). However, 
the degree of variability associated with HBV 
quasispecies is not as well characterized (16,17). 
It is also not known how immune modulation 
and reconstitution affect the suppression and re-
expansion of individual HBV clades within the HBV 
quasispecies at different stages of OBI.  Therefore, 
the mechanisms underlying HBV reactivation in 
OBI patients remain unclear. In a previous study, 
we reported that 27.7% of patients with OBI that 
experienced an oncohematological disease requiring 
immunosuppression developed viral reactivation 
and a hepatitic flare (18). In the present study, we 
investigate the HBV genomic variability of a cohort 
of patients with OBI that undergo chemotherapy, 
with the goal of investigating possible differences 
between viral variants present in patients with OBI 
reactivation, versus those without reactivation. 
Correspondingly, HBV isolates from these patients 
were analyzed during the occult infection stage 
for genotype, subtype, and mutation patterns and 
then cloned to study the genetic variability of viral 
quasispecies. For patients in whom OBI reactivation 
occurred, the same studies were performed again at 
the time of reactivation.

MATERIALS AND METHODS

Patients
Sixteen OBI (e.g., p1 - p16)  patients with onco-

hematological diseases were selected retrospectively 
from a cohort of 75 HBsAg negative patients 
previously studied for OBI (18). The selected subjects 
were positive in serum for the four different HBV 
genomic regions (e.g., preS/S, preC/C, Pol, and X) by 
nested PCR assays (limits of sensitivity between 0.1 
and 0.05 IU/ml), while HBV DNA was undetectable 
using a bDNA assay (bDNA, Siemens, detection 
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Cloning and quasispecies analysis
Viral quasispecies was investigated using clonal 

analysis, with the pGEM-T easy vector system 
according to the manufacturer’s protocol (Promega, 
Madison, WI).  For the occult HBV stage, where 
amplification was positive only after a second PCR 
step, the major amplicon of 710 bp (which spanned 
the preS1 region from nts 77-306 of the S region) 
was selected for cloning and quasispecies analysis. 
At the time of reactivation the entire 1059-bp 
sequence obtained at the first amplification step was 
cloned, because it was present in all patients. For 
each patient, DNA extracted from 4-10 recombinant 
colonies was directly sequenced. Neighbour-joining 
trees were then generated using MEGA 4.1 software 
(using 1000 bootstrap replicates) by applying 

sequences of HBV/D1 – HBV/D5 subgenotypes. 
Phylogenetic trees were subsequently constructed 
using Mega 4.1 software (19). Mutational patterns of 
the sequences analyzed was determined by comparison 
with consensus wild-type sequences specific for subtype 
D1 and D3, generated using sequences available in 
Gen-Bank database (e.g., D1: AF280817, Y07587, 
AF151735, L27106, X80924, M32138, AF121242, 
EU594396, EU594397, FJ386590, FJ904432, 
FJ904443, FJ904445, FJ904446, GQ167302, 
AB104709, AB104710, AB104711, AB104712, 
AB126581, AF121239, AF121240, AF121241, 
AY721605, AY721606, AY721607, AJ721612, 
AY741798, AY796030, AY796032, X02496; D3: 
X85254, AJ233291, AJ233292, AJ233293, AJ233294, 
AJ233295, AJ233296, U95551).

16  Ferraro

Table I. Demographic and HBV Serological profiles of 16 patients prior to receiving 
immunosuppressive therapy.

b HBs: surface antigen
c None of these patients were treated with Rituximab
d Neg: negative 
e Pos: positive 

Patients Anti-HBc a Anti-HBs b M/F Mean age 
(range)

Treatment 
(steroid/no 

steroid)c

PATIENTS WITH REACTIVATION 
p1   Neg d Neg 
p2 Neg Neg 
p3  Pos e Pos 

3/0 78
(73-81) 1/2

PATIENTS WITHOUT REACTIVATION 
p4 Pos Pos 
p5 Pos Neg
p6 Neg Neg 
p7 Pos Pos 
p8 Neg Neg 
p9 Neg neg 

p10 Neg Neg 
p11 Neg Neg 
p12 Neg Neg 
p13 Neg Pos
p14 Neg Neg 
p15 Neg Pos
p16 Pos Pos 

6/7 63.4
(41-81) 5/8

Table I. Demographic and HBV Serological profiles of 16 patients prior to receiving immunosuppressive therapy.

b HBs: surface antigen
c None of these patients were treated with Rituximab
d Neg: negative
e Pos: positive
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HBV/D1, and 10/16 (62.5%) having subtype HBV/
D3. There were no gender- and mean age-related 
differences in the incidence of subtype (p = 0.15, p 
= 0.43). One reactivation event was reported in the 
HBV/D1 group and 2 were reported in the HBV/D3 
group (p = 0.87). 

S-gene sequences at baseline
When isolates from 16 OBI patients (p1–p16)

were compared with consensus wild-type sequences 
specific for HBV subtypes, D1 and D3, between 3 
and 37 nucleotide substitutions in the 1059 bp region 
of the preS/S gene were detected. The nucleotide 
substitutions were evenly distributed throughout 
the region analyzed, with only a few substitutions 
occurring at identical positions in all patients. 
Furthermore, the number of non-synonymous 
substitutions ranged from 2 to 20. Overall, the 
highest number of mutations detected in the preS1

pairwise deletion and the Kimura-2 parameter model. 
This model was also used to calculate nucleotide and 
amino acid substitution rates.

Statistical analysis
Statistical analyses were performed using 

Student’s t-test and the χ2 test, with Fisher’s exact 
test used to compare categorical data. P values less 
than 0.05 were considered statistically significant. 
Calculations were performed using GRAPHPAD 
PRISM version 5.00 (GraphPad Software Inc., San 
Diego, CA, USA).

RESULTS

HBV genotype and subtype
All 16 patients included in this retrospective 

study were infected with a genotype D HBV strain 
(HBV/D), with 6/16 (37.5%) having the subtype 17  Ferraro

Table II. Complete list of amino acid changes detected in HBV isolates obtained from a 
patients (n=16).

a Patients with OBI reactivation under immunosuppression 

PreS1 PreS2 S 

p1a A28E, A84V P41H, P52H S167L 
p2a G30E E164G 
p3a W66R, Q89K S5Y, H9L, Q10K, 

deletion of amino acid 
22, P23H, P41H ,L54R

E2G, G10E, S31N, T115N, 
T123P,Q129R,T131N, P135L, 

C147Y, I150T,E164V 
p4 A79V T31A P120S 
p5 P36L L89P 
p6 G48R R18K, 

A39V,P41H,L42I
T126S

p7 S90P, G91R, 
G92R, frame shift 
from position 96 

 I42L, S43L P120S,  P127L, G145A, S154P

p8 L77V P120S, Y134H, W165S 
p9  L77V,N103T 

p10 A79V P120S 
p11 L77V P120S, Y134H, E164G, W165S
p12  L77V Stop codon at position 30 
p13 A79V P120S 
p14 L77V G50A L109R, P120S, Y134H, E164G, 

W165S
p15 L77V Stop codon at position 30 
p16 D16G,S90P, G91R P52H Wild-type/Stop codon at position 

30, P127L, T140I, E164G 

Table II. Complete list of amino acid changes detected in HBV isolates obtained from a patients (n=16).

a Patients with OBI reactivation under immunosuppression

D. FERRARO ET AL.
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in three other viral strains isolated from the thirteen 
patients that did not undergo OBI reactivation 

An analysis of the preS2 region identified an in-
frame deletion present in a strain isolated from p3, 
who later experienced a reactivation of OBI with 
administration of chemotherapy. In the S gene of the 
same isolate was found  an amino acid change in the 
putative human leukocyte antigen class I-restricted 
cytotoxic T lymphocyte epitope (aa 28–51) of 
HBsAg. For three other patients (p12, p15, p16) that 
did that not experience a reactivation of OBI, the 
same region contained a point mutation, C87T, that 
formed a stop codon (CAG → TAG) at position 30.  
Between 1 and 4 substitutions were detected within 
the MHR of the S gene (amino acids 100–160) in 
11/13 patients without OBI reactivation. Moreover, 
eight viral isolates had at least one amino acid change 
in the “a” determinant region (aa 124–147). Of these 
substitutions, only the P120S mutation has previously 
been described in studies of vaccine escape mutants 
(20,21). Furthermore, of three patients who later had 
experienced a reactivation of OBI, only an isolate 
from p3 showed a peculiar mutation pattern in S 
region, which included 11 amino acid changes, 7 of 
which were present in the MHR. Furthermore, of 
these mutations, only the Q129R (22) and C147Y 
(12) mutations have been shown to correlate with a
possible immune escape phenomenon. The complete
list of amino acid changes in HBV isolates from all
patients is listed in Table II.

The substitutions detected in the preS/S region 
resulted in up to 17 amino acid changes in the 
overlapping polymerase region, and between 1 and 4 
changes in the RT domain. Furthermore, any of these 
mutations could potentially result in replication-
defective HBV mutants, except for an isolate from 
p7 which was associated with a stop codon at amino 
acid position 281.

Phylogenetic analysis of HBV at baseline and during 
OBI reactivation

The genomic variability prior to chemotherapy 
(baseline) was studied by cloning 710 bp of HBV 
preS/S gene. The phylogenetic analysis of 8-10 
clones for each isolate found a low nucleotide (0–
1.6%) and amino acid (0–3.4%) diversity rates for 
all patients, with only a few mutations in individual 
clones not detected previously by direct sequencing. 

region was associated with one isolate from p7, who 
did not experience a reactivation of OBI. In this case, 
insertion of a thymidine base between nucleotides 
G289 and C290 caused a shift from amino acid 96 
in the reading frame. L77V mutation in preS1 region 
was identified in six viral isolates and A79V mutation 
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Fig. 1. Neighbour-joining tree of the HBV preS/S region 
(710 bp) sequenced from 16 OBI patients prior to the start 
of chemotherapy. Bootstrap values from 1000 replicates 
were used.
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time of viral reactivation. At this time, 10 clones were 
obtained from p1 and p2, while only four clones were 
obtained from p3 due to reduced cloning efficiency 
attributed to insufficient DNA. Phylogenetic 
analysis was performed for each isolate and rates 
of nucleotide and amino acid diversity was found to 

The phylogenetic tree also showed that most clones 
for each patient were clustered, with between 4 and 
10 clones being identical (Fig. 1). 

For the three patients with OBI reactivation (p1, 
p2, p3), phylogenetic analysis was performed on 
isolates obtained at baseline (9-10 clones) and at the 
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Fig. 2. Neighbour-joining tree of the HBV preS/S region (710 bp) from 3 OBI patients prior to the start of chemotherapy 
and following of reactivation. Bootstrap values from 1000 replicates were used. Asterisks indicate the clones that were 
detected during the reactivation stage.
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region falls in the major cytosolic loop (residues 29-
80) that interacts with core particles. These mutations
could affect the formation and secretion of empty
envelopes and the nucleocapsid envelopment.

A stop codon at amino acid position 30 of the 
S region in three other viral isolates from patients 
that did that not experience a reactivation of OBI, 
resulted in the production of a truncated protein 
devoid of the main antigenic HBV determinant, and 
of the second determinant (aa 119-128, coreceptor) 
required for infectivity, as described in an HBV/HDV 
model by Jaoudè G.A. and Sureau C.(25). Both these 
characteristics might help maintain the OBI state, 
and prevent the transition to overt infection.

In seven patients who did not undergo OBI 
reactivation, a P120S mutation was detected. This 
mutation was originally described in infants born to 
HBV-carrying mothers who underwent anti–HBV 
immunization at birth. However, more recently, an in 
vitro study found that P120S variants from isolates of 
OBI patients synthesize a fully functional S protein 
(Pollicino T., unpublished data).

Regarding the baseline status of the three patients 
who experienced an OBI reactivation following the 
administration of chemotherapy, only p3 harbored a 
HBV with a specific mutational pattern characterized 
by 20 substitutions in the Large protein. Moreover, 
a subset of these mutations have previously been 
reported (26) and associated with the production of 
a predicted novel HBsAg variant. This hypothesis is 
also supported by the presence of the relevant C147Y 
mutation. Indeed, cysteine substitutions within the 
“a” determinant have been shown in in vitro studies  
to alter tertiary structure (12), resulting in loss of 
antigenicity, consistent with a lack of detectable 
HBsAg reactivity. Remarkably, p3 was also found 
to be anti-HBs positive, suggesting that this variant 
may be an immune escape mutant. 

Although it has been suggested that the selection 
of immune escape mutants is characteristic of OBI 
with HBV/D (27), both the findings of the present 
study and others (16, 7), show that are present in 
only a small proportion of OBI cases. In addition, 
taking into account the partial overlap of the open 
reading frames for the preS/S and P regions, none of 
the mutations identified in the present study have the 
potential to affect viral fitness by altering polymerase 
status, except for an isolate from p7 which bears a 

range from 0–2.6%, and 0–4.8%, respectively (Fig. 
2). The HBV quasispecies, which was initially found 
to be relatively diverse, evolved during the stage of 
reactivation towards a loss of most of the variants 
present during the initial OBI stage. 

DISCUSSION

It has previously been shown that the full-length 
HBV genome persists in an OBI patient despite 
suppression of its replicative activity and gene 
expression (1). When the immune system is induced 
to be unresponsive, HBV can undergo reactivation 
and overcome the control systems of the host. 
However, it remains unclear why this occurs in only 
some OBI patients. 

The heterogeneity of HBV in 16 patients 
experiencing an occult infection prior to the start 
of strongly immunosuppressive chemotherapeutic 
regimens was assessed in the present study. In 
3/16 patients, despite comparable degrees of 
immunosuppression, reactivation of OBI occurred. 
However, only one case involved the administration 
of corticosteroids.

At baseline in the OBI state, most HBV isolates 
did not display significant variants, although there 
were a few exceptions. For example, the isolate from 
p7, that did not undergo OBI reactivation, showed 
a frame shift from the  amino acid 96 in the preS1 
region, within the PreS2/S promoter. This mutation 
determines the change of a significant proportion 
of the Large protein, potentially altering its folding 
and function. The preS1 region has previously been 
shown to harbor the preS2/S promoter, the binding 
sites for the recognition of hepatocytes (23) and some 
epitopes recognized by neutralizing antibodies (11),  
and is involved in the incorporation of the capsid 
into the envelope (24). Correspondingly, a frameshift 
would induce the defective assembly of virions, 
inhibit the recognition of hepatocyte receptors, and 
alter antigenicity. However, an in vitro study of 
HBV variants, in which the preS2 start codon was 
abolished by an in-frame deletion or a point mutation, 
have shown that normal viral replication occurred. 
However, lower levels of HBsAg were associated 
with these variants compared with wild-type strains 
(16,17). 

The mutations at positions 77 and 79 of pre-S1 
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principally governed by the host’s immune response, 
and which subsequently influences the further 
evolution of HBV quasispecies.  
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The study was performed to evaluate the effectiveness of lumbar paravertebral injections of a gas 
mixture of Oxygen and Ozone in patients with lumbar radiculopathies caused by L4-L5 or L5-S1 disk 
herniations compared to a pharmacological therapy based on non-steroidal anti-inflammatory drugs. 
Lumbar radiculopathy caused by disc herniation is widely spread. Many therapeutic options are available 
before steering patients to the surgery.  Low back pain and sciatica represent some of the most frequent 
causes of antinflammatory-analgesic drugs overuse. Recent findings have shown that medical Ozone 
can be used in the treatment of radicular syndrome caused by herniated intervertebral discs. Although 
widely spread, there are insufficient published data supporting the effectiveness of this approach in 
clinical practice. We studied  38 affected patients with acute L5 or S1 radicolopathy. The patients were 
randomly divided in two groups: A) 20 patients treated with lumbar paravertebral injections of Oxygen 
and Ozone; B) 18 patients treated pharmacologically with antinflammatory-analgesic drugs. All patients 
underwent a clinical and neurological  examination at baseline (T1) and after 1 (T2), 2 (T3), 4 weeks (T4) 
and after 3 (T5) and 6 months (T6).  An MRI and EMG examination were performed at baseline and 
after 6 months. The intensity of pain and the outcome of treatments were  evaluated  in all patients with 
the Visual Analogue Scale and with the Oswestry Disability Index. We found a reduction of pain and 
discomfort soon after one week with oxygen-ozone injections compared with pharmacological treatment, 
but this difference of response became statistically significant after two weeks (50% vs 16.6%) and is 
confirmed after 3 and 6 months, when 80% of patients treated with injections turned out pain free 
compared with half of the  patients treated pharmacologically. No statistical difference were found in 
MRI and EMG examinations. No adverse effects were found in any patient of group A. We hypothesize 
that oxygen-ozone injections in paravertebral regions can induce a direct reduction of root inflammation 
with a corresponding reduction of pain. The paravertebral injections of oxygen-ozone represent a rapidly 
effective therapy, easily practicable and secure, in patients with lumbar radicolopathies secondary to 
disc herniation. 
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Low back pain (LBP) and sciatica caused by 
lumbar disc herniation are considered some of 

the most common diseases and the most frequent 
cause of absence from work. It has been reported 
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that protruded discs can be found in 20-30% of the 
normal population (1). The incidence of symptomatic 
lumbar disc herniation in the American population is 
estimated to be 1% to 2% (1, 2). There is substantial 
controversy regarding its treatment. Many reports 
recently clearly demonstrated that most patients 
with lumbar radiculopathy caused by disk herniation 
will get better spontaneously and the herniation can 
disappear in a few months without any treatment (2). 
Prithvi Raj et al. (3) considers 90% of all patients 
suffering with radicular pain caused by disc herniation 
will obtain satisfactory pain relief by conservative 
measures. These conservative treatments take the 
form of oral analgesics, corticosteroids, antiepileptic 
and antidepressive drugs, no dynamic stabilization, 
gentle tractions. In fact, LBP and sciatica represent 
some of the most frequent causes of antinflammatory-
analgesic drugs overuse (4). All recent guidelines 
recommend the prescription of nonsteroidal anti-
inflammatory drugs (NSAIDs) as first option for 
symptomatic relief in the management of LBP, even 
if  it may take many days to be effective (5).

Patients failing to respond to conservative 
treatment are steered to an invasive approach. 
Surgery is less invasive than it was in the past thanks 
to new microsurgical techniques. However, its 
success rate is not optimal: pain resolution is present 
in no more than 80%–85% of patients (6), and a 
failed back surgery syndrome develops in 10%–40% 
of patients (7).

Recent findings have shown that medical ozone 
can be used in the treatment of radicular syndrome 
caused by herniated intervertebral discs (8-12). 
The technique was developed by C. Verga et al. in 
1983 and consist of some injections of a mixture of 
oxygen-ozone (O2-O3) in the paravertebral region 
near the herniated disc repeated many times. The 
ozone is the oxygen triatomic molecule, an instable, 
colourless, irritant gas with a strong antiossidant and 
stimulating capabilities (13). Althought this method 
is largely spread and used in Europe, especially 
in outpatient, there is insufficient published data 
supporting the effectiveness in clinical practice. 

The aim of this study is to show: a) the 
effectiveness of the injection of paravertebral O2-
O3 mixture to reduce symptoms in radicular lumbar 
mononeuropathy caused by disc herniation compared 
with a pharmacological treatment; b) the effects on 

clinical, neurophysiological and neuroradiological 
examinations; and c) an analysis of tolerability and 
feasibility of this technique.

MATERIALS AND METHODS

We studied 38 patient (22 men, age range 24-75 years) 
with L5 or S1 mono-radiculopathy caused by monolateral 
L4-L5 or L5-S1 disc herniation. All clinical data are reported 
in Table I. Preliminary clinical evaluation was performed 
in all patients by three experienced neurologists (mean 10 
years experience), working in different consulting rooms, 
who performed a detailed neurological examination 
including sensibility examination in dermatome regions 
(L5-S1), muscular strenght in miomeric regions (L5-
S1) using the MRC (Medical Research Council) scale, 
osteotendon reflexes, straight leg raising test. The mean 
duration of radicular pain at the time of treatment was 1 
month, so intensive as to cause a total inability to work. 
On admission, every patient underwent to a complete 
physical examination, general blood biochemical and 
haematological examination, EKG, Magnetic Resonance 
(MR) imaging of lumbar region, neurophysiological 
examinations (Electromyography – EMG) to study the 
morphological and functional involvement of L5-S1 roots. 
The intensity of pain and the outcome of treatments were  
evaluated  in all patients with the Visual Analogue Scale 
(VAS) and with the Oswestry Disability Index (ODI). 

Inclusion criteria comprised: 1) acute radicular 
pain in the L5-S1 region (sciatica) lasting 1 month; 2) 
paresthesia/numbness or weakness (>4 MRC scale), 
alteration of osteo-tendon reflexes with proper radicular 
distribution; 3) positivity to straight leg raising test; 4) 
neurophysiological examination with radicular signs 
(spontaneous activity, reduction of maximal voluntary 
muscles activation); 5) MRI evidence of disc herniation 
corresponding to the level of symptoms and neurological 
signs (the entity of herniation was classified in three types: 
protrusion, extrusion and free fragments, according to the 
Modic classification) (14). 

Exclusion criteria were: pregnancy, allergy to proposed 
drugs, major neurological deficits, previous spine surgery, 
bone lesions, stenosis of spinal canal, intense miotomal 
weakness causing leg paralysis, calcification of the disc. 

We obtained a written informed consent from all 
the patients before therapy. Participants were free to 
interrupt or continue the assigned treatment depending on 
their impressions of improvement and satisfaction. The 
procedures followed were approved by the Committee on 
Human Experimentation of the institutions involved. 

All the 38 patients were assigned randomly to 2 groups 
(A and B). Group A included 20 patients (12 men; mean 
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patients who showed a reduction of VAS score under 
4  and a reduction of ODI score under 40% at T3 and 
T6. Secondary outcome measures included changes in 
MRI and EMG examinations at T6 and tolerability and 
feasibility of the technique. 

Neuroradiologic and neurophysiologic examinations
MRI was performed using a 1.5-T system (ACHIEVA®, 

Philips Medical System, Eindhoven, The Netherlands) 
with a maximum gradient strength of 30 mT/m and  a 
spine coil. The details of the sequences used for lumbar 
MRI are described in Table II. Neurophysiological 
examinations were performed using a Synergy instrument 
(Medelec Synergy N-EP, Oxford Instruments Medical, 
Inc., UK) and consisted in a needle-examination in the 
muscles of miomeric region L5 and S1. 

Statistical analysis
An evaluation of the success rate was performed for 

both groups on the basis of VAS and ODI. The success 
rates at 7-days, 14-days, 1-month, 3-months and 6 months 
follow-up for groups A and B were compared by means 
of the Fisher exact test. P<.05 was considered to indicate 
a statistically significant difference. Data were processed 
using Epi Info 3.3 software (CDC, Atlanta, GA, USA).

RESULTS

Table III shows the results of all the parameters 
we studied.  Although in Group A the treatment led 
to a reduction of pain and discomfort in 3 (15%) of 

age 53.2 years) treated with injections of O2-O3 mixture 
prepared and injected quickly (about 10 seconds), under 
sterile conditions, at a concentration of 40 µg/ml using a 
Multiossigen PM95 generator (Multiossigen s.r.l., Gorle, 
Bergamo, Italy). The mixture of injected gas was 20 ml, 
10 ml per side of the paravertebral region, 1.5 cm lateral 
to the spinosus process of L4 (for L5 radiculopathy) or 
L5 (for S1 radiculopathy), using 22 G needle injected 
perpendiculary to the major body axis. The gas injection 
were applied 3 timed per week for a total of 12 injections. 
No premedication or anesthesia was given, and the 
procedure was performed in an outpatient clinic. Group 
B included 18 patients (10 men; mean age  52.7 years) 
treated with pharmacological therapy, consisting in 
Ketoprofen 100 mg i.m.injection/die for 15 day, followed 
by ketoprofen 200 mg x os/die for other 15 days. All 
patients of group B were treated with lansoprazole 30 mg/
die per 45 days.

All patients were clinically evaluated at baseline (T1) 
and after 7 days (T2), 14 days (T3), 30 days (T4), 3 months 
(T5) and 6 months (T6) with physical examination and 
with VAS and ODI scales. For all the patients the assessors 
were different from the investigators who enrolled the 
participants and blind to the assigned treatments.

After 6 months all patients underwent an MRI 
examination of the lumbar region  and repeated an EMG 
examination. In all patients, MRI or EMG examinations 
were performed by the same doctor and results were 
compared to the same examinations obtained 6 months 
before. 

The primary outcome measures were the number of 

Fig. 1. A 32-year-old man with L5 left radiculopathy caused by a great disc herniation (A and C).
Both in axial and sagittal MR images (T2-weighted) disc is “extruded” in spinal canal and the 
material press left L5 root. After 6 months in the same patient, treated with O2-O3 injections, MR 
shows strong reduction of herniated disc clear both in axial and sagittal images (B and D). 

Fig. 1. A 32-year-old man with L5 left radiculopathy caused by a great disc herniation (A and C). Both in axial and 
sagittal MR images (T2-weighted) disc is “extruded” in spinal canal and the material press left L5 root. After 6 months 
in  the same patient, treated with O2-O3 injections, MR shows strong reduction of herniated disc clear both in axial and 
sagittal images (B and D).
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<4 and ODI <40% while only in one and in three 
patient respectively of Group B the pharmacological 
treatment was a success. Until the end of the follow-
up we found a larger response in patients of group A 
compared with the ones of Group B, with a total of 

20 patients after 7-days with return to normal daily 
activities, the most significant finding is a strong 
improvement of VAS and ODI scores after only 
another week (i.e. total 6 injections – T3 -) in patients 
of Group A, with 10 patients (45%) with VAS 

Table I. Clinical features of the patients involved in the study.

Group A Group B 

Patients 20 18 

Sex (male) 12 (60%) 10 (65.5%) 

Radiculopathy S1 9 (45%) 10 (55.5%) 

Radiculopathy L5 11 (55%) 8 (45%) 

Age 53.2 (12.5 SD) 52.7 (10.3 SD) 

VAS (T1) 8.4 8.1 

ODI (T1) 74% 72% 

VAS:Visual Analogue Scale ; ODI (Oswestry Disability Index).
Table II. MR protocol of the lumbar spine.

Parameter T2-TSE T1-TSE T2-STIR T2-TSE

Plane sagittal sagittal sagittal axial 

FOV (mm) 320-340 320-340 320-340 160-220

TR (ms) 2550 380 2800 2880 

TE (ms) 105 8.0 120 120 

Matrix 173x256 228x512 210x512 110x256 

Slice thickness (mm) 4 4 4 4 

Gap (%) 10 10 10 10 

Time (s) 180 120 240 100 

Table I. Clinical features of the patients involved in thVAS:Visual Analogue Scale ; ODI (Oswestry Disability Index). 

Table II. MR protocol of the lumbar spine.

D. MELCHIONDA ET AL.

VAS:Visual Analogue Scale ; ODI (Oswestry Disability Index).
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of pattern of maximal strength activation (EMG) 
while 9 (50%) in Group B. 

The statistical analysis with Fisher exact test 
showed that the different outcome at 7-days and 
one month were not significant. After 14 days the 
differences became statistically significant (P<.05) 
and  remain significant at T3 and T6. Differences in 
MRI and EMG results (pattern of strength activation) 
obtained after 6-months were not statistically 
significant.  

Complications
For all the patients treated with O2-O3 injections 

we did not observed adverse reactions and side 

16 patient (80%) of Group A compared to 9 patients 
(50%) of Group B. 

Only 1 patient of Group A interrupted the 
treatment before the end of the study period because 
of unsatisfactory result. Three patients in group B 
interrupted the treatment before the end of the study 
period because of unsatisfactory result and 2 patients 
because of complications related to the drugs. 

MRI examinations after 6 months showed a 
reduction of disc herniation in 13 patients (65%) in 
Group A, especially in subjects with disc extrusions 
and free-fragments (Fig. 1), with 8 patients (44.4%) 
in Group B. In Group A 11 patients (55%) showed a 
reduction of spontaneous activity with and increase 

Table III. Outcomes of group A and group B patients based on their responses to the VAS and 
ODI  and on MRI and EMG examinations at different times of follow-up. 

VAS <4 

ODI <40%

Group A 

(number of patients and %) 

Group B 

(number of patients and %) 

p*

T2 (7 days) 3  (15%) 1  (5.5%) n.s.

T3 (14 days) 10  (50%) 3  (16.6%) p= 0.043 

T4 (1 month) 12 (60%) 5  (27.5%) n.s.

T5 (3 months) 15  (75%) 7  (38.9%) p=0.047 

T6  (6 months) 16  (80%) 8  (44.4%) p=0.042 

MRI

T6  (6 months) 13 (65%) 8 (44.4%) n.s.

EMG

T6 (6 months) 11 (55%) 9 (50%) n.s.

Differences are considered statistically significant if p*<.05. 

VAS: visual analogue scale; ODI: Oswestry Disability Index; n.s. not significant

Table III. Outcomes of  group A and group B patients based on their responses to the VAS and ODI  and on MRI and EMG 
examinations at different times of follow-up. 

Differences are considered statistically significant if p*<.05. 
VAS: visual analogue scale; ODI: Oswestry Disability Index; n.s. not significant
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of anti-algogenic compounds, the increased release 
of antagonists or soluble receptors that neutralize 
proinflammatory and immunosoppressor cytokines, 
interferon-α and tumor necrosis factor-α (8, 13, 
24, 25). In our work we did not evaluate objective 
inflammation indeces in all patients because our aim 
was to study the effect of  O2-O3 injections on pain 
and functional items (the Visual Analogue Scale 
and the Oswestry Disability Index). More studies 
investigating these aspects are needed.  Furthermore, 
hyperoxygenation carried out by O2-O3 injections 
can improve the hypoxiemia of the root district 
induced by a chronic “stasis” in venous and arterial 
flow. All these effects, due to to the local contribution 
of oxygen-ozone injected near the involved root,  
can explain the favorable action produced from 
the injections of oxygen-ozone on pain compared 
with the pharmacological treatment. The effects of 
NSAIDs on radicular pain is slow and less effective, 
probably due to the systemic distribution of the drugs 
with antiinflammatory and pain-relief effects and the 
difficulty to reach the site of action, unlike O2-O3 
injections  acting directly on the intervertebral space 
near the site of the root compression (16). Another 
possible effect of oxygen-ozone injections could 
be related to the pain relieving effect on the muscle 
and fascial structures of the lumbar region near the 
affected radicular region. In fact, many sensitive 
branches of the spinal nerve soon after its origin go 
to paravertebral muscles and fascial structures of the 
lumbar region. Antiinflammatory-anaesthetic effect 
of oxygen-ozone can act on these small branches of 
the spinal nerves with an anaesthetic effect, reducing 
the lumbar pain. 

A recent work by Paoloni et al. (11) marked the 
usefulness of paravertebral oxygen-ozone injections 
in strongly reducing symptoms of acute low back 
pain compared with a simulated lumbar paravertebral 
injections. Our reports are in agreement with this 
study, showing the effectiveness of these injections 
to reduce the pain, although the patients pain free at 
the end of follow-up are higher in our study (80% 
vs 61.1%). These Authors found the higher response 
between 3 and 6 months, while the best response 
was between the first and the second week and no 
changes in disc alterations on MRI. 

These differences could be explained with the 
clinical features of  the former sample (patients with 

effects, exception made for 1 patient who had a 
fainting phenomenon soon after gas injection. In 
group B we recorded 2 drop-out related to the onset 
of gastro-intestinal symptoms, while in two cases we 
found hypertension in two different patients. 

DISCUSSION

The appropriate treatment of sciatica caused 
by lumbar disc herniation is a challenge. The 
large majority of these patients receive as a first 
line treatment NSAIDs or steroids in different 
formulations, with inconstant responses (15-16). 
In many cases for positive responses many days 
elapse during which the patients are unable to 
work. Furthermore, frequently they are addressed 
to mini-invasive procedures or surgical treatment 
(17-19). Epidural injections with local anesthetics 
and steroids are one of the most commonly used 
interventions in managing chronic low back pain and 
lower extremity pain of various causes (20-21).

In our series, the injections of oxygen-ozone 
in the paravertebral regions showed a better and 
faster response compared with NSAIDs. In our 
opinion, the reduction of pain and discomfort is 
remarkable just after one week compared with 
pharmacological treatment. This difference of 
response became statistically significant after two 
weeks and again after three months and until the 
end (six months) of the study, when 80% of patients 
treated with injections turned out pain free. Half of 
the patients with pharmacological treatment at the 
end of the study turned out pain free with a poor 
response until 6 months. MRI was performed after 
6 months according to previous studies and the 
clinical condition of most of the patients effectively 
stabilized after six months (22-23). 

To explain this quick effect we hypothesize that 
O2-O3 injections in the paravertebral regions can 
induce a direct reduction of root inflammation with 
a corresponding reduction of pain. This effect can be 
explained by the rapid diffusion of gas mixture in the 
lumbar radicular zone and its reaction with organic 
molecules containing double and triple bonds. The 
properties of the oxygen-ozone mixture to reduce 
pain and to decrease inflammation is well known: 
the inhibition of the synthesis of proinflammatory 
prostaglandins, the release of bradykinin, the release 
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spinal nerves (roots included) we did not use these 
tests because considered extremely variable.  The 
data obtained with needle-EMG examinations 
did not correlate well with improvement of the 
clinical pictures in patients with sciatica, both in 
patients treated with O2-O3 and patients treated 
pharmacologically. The subjectivity of the EMG 
examination and the difficulty to give a standard 
reproducible in the different sessions could be a 
possible explanation of these results. 

We are aware of several limitations of the study. 
They are mainly due to the small size of the samples 
and the absence of a true control arm. Further studies 
with a large population are needed to confirm our 
hypothesis. The  absence of a control group without 
treatment to quantify the placebo-effect on patients 
of both groups is another big limitation. 

For all patients treated with O2-O3 we did not 
observe adverse reactions or side effects, excepted 
for one patient who showed a lipotimic  reaction a few 
minutes after the gas injection. Only some patients 
felt a sensation of “pressure” near the lumbar region, 
or pain in the injection site, but all these symptoms 
disappear after a few minutes. This technique is quick 
and easy, also in an outpatient setting. Although 
we did not carry out a cost benefit analysis, it is 
important to point-out that oxygen-ozone injections 
are a very cheap technique: the only costs are the 
ozone-machine, periodical use of oxygen, upkeep, 
with substantial absence of risks or side effects and 
with good tolerability. Pharmacological treatments 
instead are accompanied by many potential adverse 
effects. 

We can finally say that O2-O3 is a technique 
with a good and rapid result and feasibility without 
adverse effects that can be applied largely in hospital 
and outpatient settings for low back pain of radicular 
type, before addressing the patients to minimally-
invasive techniques or surgical treatments. 
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Even though muscle injuries are very common, few scientific data on their  effective treatment exist. 
Growth Factors (GFs) may have a role in accelerating muscle repair processes and a currently available 
strategy for their delivery into the lesion site is the use of autologous platelet-rich plasma (PRP).  The 
present study is focused on the use of Platelet Rich Fibrin Matrix (PRFM), as a source of GFs. Bilateral 
muscular lesions were created on the longissimus dorsi muscle of Wistar rats. One side of the lesion was 
filled with a PRFM while the contralateral was left untreated (controls). Animals were sacrificed at 5, 10, 
40 and 60 days from surgery. Histological, immunohistochemical and histomorphometric analyses were 
performed to evaluate muscle regeneration, neovascularization, fibrosis and inflammation. The presence 
of metaplasia zones, calcifications and heterotopic ossification were also assessed. PRFM treated muscles 
exhibited an improved muscular regeneration, an increase in neovascularization, and a slight reduction of 
fibrosis compared with controls. No differences were detected for inflammation. Metaplasia, ossification 
and heterotopic calcification were not detected. This preliminary morphological experimental study shows 
that PRFM use can improve muscle regeneration and long-term vascularization.  Since autologous blood 
products are safe, PRFM may be a useful and handy product in clinical treatment of muscle injuries.
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Muscle injuries are very common with an 
incidence that varies from 10% to 55% of all 
injuries sustained in sport (1). Despite this frequent 
occurrence and the presence of several data on 
muscular injuries pathophysiology, none of the 
treatment strategies performed have proven to be 
really effective in strictly controlled trials (1, 2). One 
possible explanation for this apparent paradox is the 
broad heterogeneity and wide variety of severity in 
this type of injury (3, 4).

Most current muscle injury treatments are based 
upon limited experimental data and/or they were 

only empirically tested (3). For muscle injuries 
of lesser severity, usually non-surgical treatment 
results in good functional outcomes (4). As a rule, 
the treatment is limited to RICE (i.e. Rest, Ice, 
Compression and Elevation), Non-Steroidal Anti-
Inflammatory Drugs (NSAID) and physical therapy 
(active and passive modalities) (5). An alternative to 
non-surgical treatment of muscle injury is surgical 
re-approximation of muscle tears (3). Unfortunately, 
in extensive muscle lesions these therapeutic 
approaches are often unsatisfactory, especially in 
athletes with a high functional demand (4, 6).
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Healing is a complex and dynamic process 
characterized by a cascade of events triggered by the 
tissue injury itself, which results in the restoration 
of anatomic continuity and function (7). Several 
Growth Factors (GFs), including, Fibroblast Growth 
Factor (FGF-2), Insulin-Like Growth Factor I (IGF-
1), Vascular Endothelial Growth Factor, (VEGF) and 
Platelet-Derived Growth Factor (PDGF), have been 
tested in vivo and in vitro to potentiate tissue healing, 
angiogenesis, arteriogenesis.(5, 7-10). Specific 
GFs have also a fundamental role in accelerating 
the repair processes and in facilitating a faster and 
more complete muscle repair (3, 11-13). Although 
the peculiar role of all GFs involved in the healing 
process is only partially known, the efficacy of many 
of them has been extensively demonstrated and 
recently reviewed by Borrione and co-workers (7).

A currently available strategy to deliver GFs 
into the lesion site is the use of autologous platelet-
rich plasma (PRP). This is an autologous blood 
derivative with a platelet concentration five times 
greater (approximately 12±2 x105/microliter) than 
physiological levels (13). PRP has already been 
extensively studied in bone, cartilage, and tendon 
and ligament regeneration and in wound treatment 
(14-17). Reduced rates of infection and enhanced 
analgesia after PRP administration, possibly 
associated with PRP enhancement of the immune 
response (18), have also been reported.

The present study is focused on the use of Platelet 
Rich Fibrin Matrix (PRFM) as a source of GFs. For 
its preparation, plasma taken from venous blood is 
centrifuged in order to separate cellular components 
and yielding the PRP as a supernatant. The PRP is 
then placed in a tube with calcium chloride (CaCl2) 
and centrifuged to create the PRFM (19), in which 
non-degranulated platelets are embedded into a fibrin 
matrix. This preparation could be tailored on the basis 
of the clinical needs, being a liquid (i.e. that can be 
injected) or a dense matrix (i.e. that can be sutured). 
The novelty of PRFM in comparison with traditional 
PRP preparations is related to the presence of non-
degranulated platelets within the fibrin matrix. These 
embedded platelets will subsequently release a pool 
of known GFs (i.e. IGF-1, EGF, FGF-2, PDGF-A, 
B, Transforming growth factor-beta1, TGF-β1 and 
VEGF) able to accelerate muscle repair (19-23). 
This release of GFs by the PRFM is extended, with 

measurable levels of continued GF synthesis and 
release over several weeks (10, 24, 25).  

No histological studies analysing muscle 
regeneration with PRP or PRFM are available.  
Therefore, the principal aim of the present 
experimental in vivo study is a morphological and 
morphometrical evaluation of the PRFM effect on 
full thickness muscle lesions in an animal model. 

MATERIALS AND METHODS

Twenty male Wistar rats (340±60 g/BW) were used 
(Experimental Animal Models for Aging Units Research 
Department, I.N.R.C.A. / I.R.R.C.S., Ancona, Italy). 
The rats were inbred, therefore they could be considered 
genetically identical. The policies and procedures of 
their use and maintenance were in accordance with those 
detailed by the directive n° 86/609/CEE regarding animal 
care and experimental usage.

PRFM preparation
PRFM was prepared using Cascade Medical 

Enterprises 2 tube kit (Cascade Medical Enterprises, 
Wayne, NJ) according to the manufacturer instruction. 
Briefly, blood necessary for PRFM preparation was 
obtained by intracardiac puncture from three rats using 
a 10 mL syringe containing citrate phosphonate dextrose 
(CPD) in ratio 5:1. The sample was initially centrifuged 
at 1100 x g for 6 minutes to separate PRP from white and 
red blood cells. The supernatant was then transferred to a 
second tube containing CaCl2 in excess and spun at 1450 
x g for 15 min. The obtained PRFM is a dense matrix 
(25). The syngeneic nature of the inbred rats allowed us 
to consider the blood of one animal autologous to blood 
from another animal.  

Surgical procedure and sample preparation
Animals were anesthetized with ketamine (40 mg/

Kg) and xylazine (5 mg/kg) intramuscular puncture and 
placed prone on a warm pad (38.5ºC). A sterile airway 
was maintained throughout the procedure. Bilateral 
cutaneous incisions (2 per animal) 3 cm in length were 
performed in the paravertebral region. Bilateral muscular 
tear lesions (0.7 x 0.3 cm) were then performed on 
the longissimus dorsi muscle using a standard pincer 
technique. This muscle was chosen because the presence 
of the supraspinatus ligament and fascia allow bilateral 
lesions. Moreover, the longissimus dorsi position prevents 
rats from interfering (i.e. biting or scratching) with the 
surgical treatment. 

Each muscular diastasis site was marked by placing 
a sterile semi-cylindrical (hollow) polyvinyl chloride 
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trichrome stains.

Histological evaluation 
Each sample was evaluated in a blinded manner from 

two different observers. The blinded examiner considered 
three fields for each section (5 sections for lesion). Both 
longitudinal and transverse sections were made. All 
sections were evaluated at 10X magnification using a 
qualitative score considering the following parameters: 
muscle regeneration, neovascularization, fibrosis and 
inflammation. The following score (26) was assigned:

Vascularization and muscle regeneration: 
- score 0: no evidence of neovascularization and

no new muscular tissue; 
- score 1: repair site with less than 25% of the

(PVC) tube (0.5 cm x 0.3 mm) at the bottom or ventral 
side of the defects (Fig. 1a) in order to identify the repair 
site at the time of necropsy. 

One lesion was filled with PRFM while the contralateral 
injury was left untreated (CTRL) (Fig. 1b). PVC marker 
was placed also in the contralateral lesion. The side choice 
of treated and control lesions was randomized. In all cases 
muscle was left unsutured, the fascia and skin were closed 
in standard way, preserving separation between the two 
sites.  Animals were maintained with a normal diet and no 
forced exercise was induced. Five animals were sacrificed 
at each time interval of 5, 10, 40 and 60 days from surgery. 
The experimental sites were dissected and collected 
samples were fixed in formaldehyde 4%, embedded in 
paraffin, sectioned (5 µm).  For light microscopy sections 
were stained with haematoxylin-eosin and Van Gieson’s 

Figure 1: a) Male Wister rat: dorsal incision and muscle lesion identified by PVC marker (M); b) Scheme of 
the experimental surgical procedure in male Wistar rats: (1) cutaneous incision (3 cm in length) in the 
paravertebral region; (2) muscular tear lesion on the longissimus dorsi; (3) placement of the PVC marker 
filled with PRFM; (4-6) cutaneous incision, muscular tear lesion on the longissimus dorsi and placement of 
the PVC marker on the contralateral control side.

Fig 1. a) Male Wister rat: dorsal incision and muscle lesion identified by PVC marker (M); b) Scheme of the experimental 
surgical procedure in male Wistar rats: (1) cutaneous incision (3 cm in length) in the paravertebral region; (2) muscular 
tear lesion on the longissimus dorsi; (3) placement of the PVC marker filled with PRFM; (4-6) cutaneous incision, 
muscular tear lesion on the longissimus dorsi and placement of the PVC marker on the contralateral control side.
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Histomorphometric evaluation
Computerized morphometric analysis was performed 

with the use of the Leica Q5OOMC Image Analysis 
System (Leica Leitz DMRBE, Cambridge, England). 
The software used for image analysis was the Leica 
Q500MC Image Analysis System for Windows 3.11. The 
analysed field was selected and acquired on the screen 
under the control of the image server. The camera images 
were digitized and modified in a binary way to make 
them suitable for measurement. Likewise to histological 
analysis considered parameters were: muscle regeneration, 
neovascularization, fibrosis and inflammation. 

All morphometric steps, except for the selection of the 
first microscopic field, were automated. After standard 
filtration procedures for background smoothing, the 
system identified all the regenerating muscle fibres and 
the others parameters according to a threshold value set 
by the operator displaying them on the screen in colour. 

microscopic field covered with new vessels and new 
muscular tissue; 

- score 2: lesion with 25% - 50 % of the field
covered with new vessels and new muscular tissue;

- Score 3: repair site with more than 50% of the
field covered with new vessels and new muscular tissue. 

Inflammation and fibrosis: 
- Score 0: more than 50 % of the field covered with

inflammation and fibrosis. 
- Score 1: 25% - 50 % of the field covered with

inflammation and fibrosis. 
- score 2:less than 25 % of the microscopic field

covered with inflammation and fibrosis;
- score 3: no evidence of inflammation and fibrosis
The presence of metaplasic zones, calcifications

and heterotopic ossifications was further evaluated by 
histological analysis 

 

Figure 2: Macroscopic aspect of a PRFM treated muscle (T) and of the control lesion (C) 40 days after 
surgery showing the presence of an intense bleeding in the treated samples.
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Fig 1. a) Male Wister rat: dorsal incision and muscle lesion identified by PVC marker (M); b)
Scheme of the experimental surgical procedure in male Wistar rats: (1) cutaneous incision (3 cm in 
length) in the paravertebral region; (2) muscular tear lesion on the longissimus dorsi; (3) 
placement of the PVC marker filled with PRFM; (4-6) cutaneous incision, muscular tear lesion on 
the longissimus dorsi and placement of the PVC marker on the contralateral control side.

Fig. 2. Macroscopic aspect of a PRFM treated muscle (T) and of the control lesion (C) 40 days
after surgery showing the presence of an intense bleeding in the treated samples.

Fig. 3. Histological sections of longissimus dorsi muscle treated with PRFM (a,c,e,g) and of 
untreated lesion (b,d,f,h) at the different time points. 5 days after surgery an abundant 
neovascularization () and muscle regeneration is present in muscle treated with PRFM (a), while
in control group (b) muscle regeneration with a low number of vessels () are evident. (H/E); at
10 days the presence of fibres with central nuclei (*) are suggestive for muscle regeneration in 
lesion treated with PRFM (c) ; these feature are less evident in control lesion (d) (H/E); Van 
Gieson’s trichrome stain performed on sections at 40 days after surgery showed muscle
regeneration in PRFM treated lesion (e) and slight signs of fibrosis ()in control groups (g); at 60
days from surgery differences between lesions treated with PRFM (g) and untreated ones (h) were
also evident (Van Gieson’s trichrome stain). Scale bars 100 µm. 

Fig. 4. Immunoistochemical detection of mogenin (a,b) and MyoD (c,d) in 5 day animals. The 
number of myogenin positive cells () was higher in PRFM treated lesion (a) in comparison with
control ones; in the same animals, no differences were detected for MyoD immuno-staining
between treated (c) and untreated (d) lesions. MyoD- and myogenin-positive cells were located both
inside the basal lamina of fiber and in the interstitial spaces in muscle. Scale bar 100µm. 

Fig. 5. Histograms of the histomorphometric analysis performed at 5, 10, 40 and 60 days after 
surgery evaluating neovascularization (a), muscle regeneration (b), fibrosis (c) and inflammation
(d). Data are expressed as the fraction area (Aa%) occupied by the selected parameters; *p<0.05 

Table I. Histological score analysis.
5 days 10 days 40 days 60days 

 PRFM CTRL PRFM CTRL PRFM CTRL PRFM CTRL 
Neovascularization 2.0±0.3 2.1±0.7 1.9±0.8 2.1±1.0 2.0±0.9 1.6±0,7 1.7±0.9 1.1±0.6 
Muscle regeneration 2.0±0.7 1.1±0.5 3.1±0.6 2.2±0.7 1.4±0.9 1.4±0.4 1.4±0.9 1.1±0.6 
Fibrosis 1.5±0.3 1.7±0.4 1.0±0.6 1.7±0.5 0.8±0.3 1.1±0.5 1.4±0.5 1.6±0.5 
Inflammation 2.1±0.7 1.9±0.8 1.1±0.7 1.3±0.3 1.3±0.5 1.3±1.0 1.6±0.7 1.7±0.9 

PRFM: platelet-rich fibrin matrix treated lesion; CTRL: Contralateral untreated lesion. Score 
analysis is explained in Material and Methods 

Fig. 2. Macroscopic aspect of a PRFM treated muscle (T) and of the control lesion (C) 40 days after surgery showing the 
presence of an intense bleeding in the treated samples. 

PRFM: platelet-rich fibrin matrix treated lesion; CTRL: Contralateral untreated lesion. Score analysis is explained in 
Material and Methods        

Table I. Histological score analysis.
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the fraction area (Aa %) occupied by the selected 
parameters (muscle regeneration, neovascularization, 
fibrosis and inflammatory cells) on the whole field. Five 
fields were studied for each section. Data are expressed as 
mean  ± Standard deviation (SD). 

Editing facilities allowed for the correction of automatic 
identification. Closer inspection of the sample was allowed 
by a zoom. 

On the basis of a calibration factor determined by a 
suitable procedure in the setup menu, the system calculates 

Figure 3: Histological sections of longissimus dorsi muscle treated with PRFM (a,c,e,g) and of untreated
lesion (b,d,f,h) at the different time points. 5 days after surgery an abundant neovascularization () and
muscle regeneration is present in muscle treated with PRFM (a), while in control group (b) muscle
regeneration with a low number of vessels () are evident. (H/E); at 10 days the presence of fibres with 
central nuclei (*) are suggestive for muscle regeneration in lesion treated with PRFM (c) ; these feature are 
less evident  in control lesion (d) (H/E); Van Gieson’s trichrome stain performed on sections at 40 days
after surgery showed muscle regeneration in PRFM treated lesion (e) and slight signs of fibrosis ()in
control groups (g); at 60 days from surgery differences between lesions treated with PRFM (g) and
untreated ones (h) were also evident (Van Gieson’s trichrome stain). Scale bars 100 µm.

Fig. 3. Histological sections of longissimus dorsi muscle treated with PRFM (a,c,e,g) and of untreated lesion (b,d,f,h) at 
the different time points. 5 days after surgery an abundant neovascularization () and muscle regeneration is present 
in muscle treated with PRFM (a), while in control group (b) muscle regeneration with a low number of vessels () are 
evident. (H/E); at 10 days the presence of fibres with central nuclei (*) are suggestive for muscle regeneration in lesion 
treated with PRFM (c); these feature are less evident in control lesion (d) (H/E); Van Gieson’s trichrome stain  performed 
on sections at 40 days after surgery showed muscle regeneration in PRFM treated lesion (e) and slight signs of fibrosis 
()in control groups (g); at 60 days from surgery differences between lesions treated with PRFM (g) and untreated ones
(h) were also evident (Van Gieson’s trichrome stain). Scale bars 100 µm.
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(Bio-Optica SpA, Milano, Italy) and then dehydrated, 
clarified and mounted. Negative control was represented 
by primary antibody untreated sections. Reaction was 
examined with a light microscope (Nikon Eclipse 600).

Statistical analysis 
Statistical analysis of histomorphometric data was 

performed with Wilcoxon non parametric test. The level 
of statistical significance was established at p<0.05.

RESULTS

Macroscopically muscle treated with PRP showed 
more intense bleeding in comparison with untreated 
contralateral lesion (Fig. 2). 

Histological score analysis is summarized in 

Immunohistochemical analysis
For immunohistochemistry Polysine® slides (Menzel-

Gläser, Braunschweig, Germany) were used. Dewaxing, 
rehydration and antigen unmasking were performed 
with EnVision™ FLEX Target retrieval Solution High 
pH (Dako, Carpinteria, CA, USA) by PT Module (Lab 
Vision Corporation, CA, USA). Endogenous peroxidase 
activity was quenched by incubating the sections in 3% 
H2O2 for 10’ at Room Temperature (RT).  Sections were 
then incubated with the monoclonal antibodies anti-
MyoD (5.8A) and anti-Myogenin (5FD) (both Santa Cruz 
Biotechnology, CA, USA) diluted 1.150 in Antibody 
Diluent with Background Reducing Components (Dako) 
for 1h at RT in a humidified atmosphere. Reaction was 
visualized with LSAB®Plus System-HRP DAB+ kit 
(Dako) according to the manufacturer’s instructions. 
Sections were counterstained with Mayer haematoxylin 

 

Figure 4 Immunoistochemical detection of mogenin (a,b) and MyoD (c,d) in 5 days animals. The number of  
myogenin positive cells  () was higher in PRFM treated lesion (a) in comparison with control ones; in the 
same animals, no differences were detected for MyoD immuno-staining between treated (c) and untreated
(d) lesions. MyoD- and myogenin-positive cells were located both inside the basal lamina of fiber and in the 
interstitial spaces in muscle. Scale bar 100µm.

Fig. 4. Immunoistochemical detection of myogenin (a,b) and  MyoD (c,d) in 5 day animals. The number of  myogenin 
positive cells () was higher in PRFM treated lesion (a) in comparison with control ones;  in the same animals, no 
differences were detected for MyoD immuno-staining between treated (c) and untreated (d) lesions. MyoD- and myogenin-
positive cells were located both inside the basal lamina of fiber and in the interstitial spaces in muscle. 
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was comparable at 40 and 60 days (Fig. 5).
Differences in neovascularization between PRFM 

treated lesions and control ones were observed 40 
and 60 days after surgery with a significant (p<0.05) 
increase of vascularization in treated lesion (Fig. 5). 
Histomorphometric data confirmed the reduction of 
fibrosis in PRFM treated lesions and the absence of 
differences in inflammation between the two groups 
throughout follow-up (Fig. 5). 

DISCUSSION

The phases of the healing process after direct 
or indirect muscle injury are well defined. The 
initial degeneration/necrosis phase is principally 
characterized by the formation of a haematoma. The 
subsequent inflammatory/cell response phase and 
the repair-fibrosis phase are interrelated and time-
dependent (11, 25). Local swelling and haematoma 
formation occur rapidly after injury (degeneration/
necrosis phase) with clot formation and associated 
platelet degranulation. The latter leads to a local 

Table I. 
Muscular regeneration was greater in treated 

samples in comparison with controls at the earlier 
time points of 5 and 10 days, and was comparable 
at 40 and 60 days (Fig. 3). Immunohistochemistry, 
performed in 5 days treated animals, evidenced 
a higher Myogenin positivity in PRFM treated 
lesion. No differences were detected for MyoD 
immune-staining (Figure 4). Neovascularization was 
comparable between treated and control samples at 5 
and 10 days but was greater in PRFM treated samples 
at 40 and 60 days after surgery (Fig. 3). 

A reduced fibrosis was observed 10 days after 
surgery, while no differences were detected at both 40 
and 60 days from surgery. As far as inflammation is 
concerned, no differences were detected between the 
groups throughout follow-up.  A good correspondence 
between histological and histomorphometric data was 
observed. Muscular regeneration was significantly 
greater in PRFM treated lesions in comparison with 
controls at 5 (54±8% vs 30±6%; p<0.05) and 10 (80± 
9% vs 63±4%; p<0.05) days after surgery, while it 

Figure 5: Histograms of the histomorphometric analysis performed at 5, 10, 40 and 60 days after surgery
evaluating neovascularization (a), muscle regeneration (b), fibrosis (c) and inflammation (d). Data are 
expressed as the fraction area (Aa%) occupied by the selected parameters; *p<0.05

Fig. 5. Histograms of the histomorphometric analysis performed at 5, 10, 40 and 60 days after surgery evaluating 
neovascularization (a), muscle regeneration (b), fibrosis (c) and inflammation (d). Data are expressed as the fraction area 
(Aa%) occupied by the selected parameters; *p<0.05
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fibrinogen, and growth factor concentrations. 
Indeed, few studies concerning PRP use in muscle 

injures have been performed: in 1986 Jodczyk (33) 
studied its effect on muscle regeneration in a sheep 
model, reporting only preliminary results;  more 
recently, Hammond and co-workers (34) studied 
PRP effects in rats muscle strain injuries showing a 
shortening in recovery time. 

In the present study, in order to evaluate the 
efficacy of PRFM in muscle regeneration the 
following parameters were considered: muscle 
regeneration, neovascularization, inflammation and 
fibrosis. The latter parameters were selected for 
the assessment of potential side effects and to our 
knowledge this is the first study that attempts to 
investigate the possible local adverse outcomes of 
the use of platelet derivate (PRP and/or PRFM) in 
muscular tissue.

In this respect, Visser and co-workers (25) 
demonstrated that in vitro PRFM elute high 
concentrations of TGF- β, able to significantly 
increase connective cell proliferation over time 
when compared with a whole blood concentrate of 
similar volume. On the contrary in our in vivo study, 
we did not observe an increase of fibrotic tissue 
formation during PRFM treatment in comparison 
with controls; therefore we can hypothesize that 
in vivo PRFM releases an amount of TGF-β not 
sufficient for this occurrence. 

Our morphological study indicates that PRFM 
use in experimental muscle lesions can speed up 
muscle regeneration. Immunohistochemical data 
further strengthens this hypothesis: both MyoD 
and myogenin play a key role during embryonic 
and neonatal myogenesis and they have a crucial 
regulatory function in the processes of plasticity, 
adaptation, and regeneration in adult muscle. MyoD- 
and myogenin-positive cells are located both inside 
the basal lamina of the fiber and in the interstitial 
spaces in the muscle sacrificed at 5 days. No staining 
was detected in 10 days-sacrificed animals, nor in 40 
and 60 days animals.   

These findings are therefore consistent with 
a significant enhancement of early formation of 
new muscle and subsequent neovascularization 
in the presence of PRFM compared to untreated 
control lesions. The recoded level of fibrosis and 
inflammation in comparison with controls, as well 

release of GFs and cytokines that, in turn, determines 
the chemotactic migration of neutrophils and 
macrophages (11, 18, 26). Subsequently, myogenic 
precursor cells (also known as satellite cells) undergo 
activation and proliferation, also facilitated by GFs 
(5, 7, 27). 

These satellite cells, which are located between 
the basal lamina and the plasma membrane of 
each individual myofibers (28), are quiescent in 
the uninjured state and following activation they 
proliferate and differentiate into multinucleated 
myotubes and, eventually, into myofibers. Many of 
these cells are able to fuse with existing necrotic 
myofibers and may prevent the muscle fibres from 
complete degeneration. Regenerating cells are 
centrally nucleated and are easily histologically 
identifiable (24). In the majority of cases this healing 
process leads to the formation of regenerated muscles 
with an area of fibrotic scar tissue, differing in size 
on the basis of the primary lesion (1), and with an 
incomplete restoration of their functional capacity. 
In fact, in extensive muscle injury, fibroblasts 
proliferation can quickly lead to an excessive scar 
formation, which hampers muscle regeneration and 
results in an incomplete or poor functional recovery
(1). Therefore, the reparative capacity of muscle 
lesions varies widely and depends on the trauma 
severity. Recently, use of PRP has been proposed as a 
potential method for the local of delivery of increased 
concentrations of a variety of bioactive autologous 
GFs, in an effort to optimize tissue healing (14-17). 

This study evaluates by means of histological 
parameters the effects of PRFM, a novel processed 
form of PRP, on muscle regeneration. The healing 
potential of PRP and PRFM has been attributed 
to the release of multiple GFs from the platelet 
concentrate (13). The enhancement of tissue healing 
related to the use of supraphysiologic concentrations 
of autologous platelets in tissue injury or surgery 
sites is supported by basic science and clinical 
studies (24, 29, 30). Several studies (31, 32) have 
underlined the presence of differences in platelet 
and GF concentrations in PRP produced by different 
platelet separation systems, including the ones tested 
here. More recently, Tiffany and co-workers (32) 
have strengthened the validity of the system used 
in the present study using a single-donor model 
also quantizing platelet, white blood cell (WBC), 
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as the absence of metaplasia, ectopic calcification 
and heterotopic ossification observed both in PRFM 
treated lesions and in control groups, point out 
the lack of side effects related to PRFM use in the 
treatment of muscle injury.  

Our data, confirmed the results obtained by 
Hammond (34) in a different experimental muscle 
injury and PRP preparation (i.e. liquid). Overall 
these studies suggest that the beneficial effects of 
PRFM or PRP in the healing of muscular injury must 
be considered in the treatment of a very common 
pathology associated with traumatic and/or sport 
injuries. In fact, on the basis of our experience, its 
use resulted an effective, economical, handily and 
safe procedure to enhance healing of muscle injury. 

Finally, it must be underlined that the potential 
limitation of  using blood derivatives in the clinical 
setting, related to the concern expressed by the World 
Anti-Doping Association (WADA) on the use of GFs 
in sports, is overcome. In fact, while the 2010 WADA 
Prohibited List demanded a declaration of use for 
the peritendinous, intratendinous and intrarticular 
routes of PRP administration and prohibited its 
intramuscular use, requiring a Therapeutic Use 
Exemption (TUE) for PRP local use at the site of 
injury (34), no limitation on this matter are present in 
the 2011 WADA Prohibited List (35).

Our preliminary morphological experimental 
study on muscle healing after PRFM administration 
is however an incomplete representation of the 
clinical situation and lacks data on functional 
recovery.  Further experimental studies that include 
the quantification of specific GFs released by PRFM, 
additional details on angiogenesis and myogenesis, 
as well as functional recovery, are required to 
ultimately validate our hypothesis and before PRFM 
use in a wide clinical application.
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Early and predictive acute kidney injury (AKI) markers may be decisive for the clinical outcome 
of heart surgery. Hence, this study set out to evaluate the biological variability of urinary neutrophil 
gelatinase-associated lipocalin (uNGAL) levels in adult cardiac surgery patients, to test their feasibility as 
a biomarker of early AKI in a routine laboratory setting. uNGAL levels were measured with an automated 
immunoassay in urine samples from patients undergoing cardiac surgery using cardiopulmonary 
bypass, at the time of admission (T0) and 4 hours (T1) and 24 hours (T2) after surgery. Patients without 
post-operative AKI did not show significant differences in urine NGAL levels after surgery. In contrast, 
patients developing AKI displayed a significant increase (P=0.011) in uNGAL levels compared to T0. 
This increase was detectable at an earlier time point (T1, 4 hours) with respect to serum creatinine (T2, 
24 hours). Confirming its utility as a biomarker, at T1 the uNGAL levels were significantly higher in 
AKI patients than in non-AKI patients (P=0.021). A receiver operating characteristic curve analysis 
of the uNGAL assay gave a sensitivity of 55.3 (95% confidence interval [CI], 26.59-78.73), a specificity 
of 72.9 (95% CI, 55.88-86.21), and a cut-off value for AKI prediction of 55.2. These results support the 
notion that urinary NGAL is an earlier marker of AKI than serum creatinine. However, the cut-off value 
of the assay was too low to consider it as a positive or negative diagnostic marker in AKI patients with 
moderate degree of severity. Likewise, its sensitivity and specificity were not high enough for it to be 
considered better than the others currently in use.
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Acute kidney injury (AKI) is a frequent and 
serious complication encountered in 30% to 50% of 
patients after cardiac surgery (1, 2). As renal damage 
increases morbidity and mortality, the identification 
of reliable biomarkers that allow earlier diagnosis 
of AKI in the postoperative period may potentially 

increase the success of therapeutic interventions and 
secondary prevention strategies.

In current clinical practice, urea, creatinine, 
estimated creatinine clearance and urine output are 
used as biomarkers of renal function. However, as 
they tend to provide poor estimates of underlying 
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changes in glomerular filtration rate, their accuracy 
in predicting the likelihood of postoperative AKI 
is limited, as is their usefulness as an early marker. 
Moreover, although serum creatinine level is 
routinely used as a marker of renal function, it has 
limited sensitivity and performs poorly in immediate 
postoperative AKI, due to its slow rate of change. 
In fact, serum creatinine usually rises only 24-36 
hours after renal tubular damage, therefore limiting 
its usefulness in the early detection of AKI (3-5). 
Hence, there is still a need to find a rapidly available, 
sensitive and specific biomarker to predict AKI early 
on, in order to optimize intensive care.

Initially discovered in neutrophils, the 25-kDa 
secretory protein neutrophil gelatinase associated 
lipocalin (NGAL) was later shown to accumulate 
in the kidneys after ischemic renal injury (6, 7). 
The first studies on NGAL were mainly conducted 
in children, considered an ideal group for studying 
biomarkers due to comorbidities occurring only 
rarely; in particular, Mishra et al (8) found that acute 
renal failure could be detected with high diagnostic 
sensitivity and specificity in children two hours 
after cardiopulmonary bypass through substantial 
increases in urinary and serum NGAL. Moreover, 
they reported that these changes were appreciable 
34 hours before serum creatinine could detect acute 
renal failure. 

However, as acute renal failure is mainly 
multifactorial in origin and occurs more commonly 
in adults with pre-existing diabetes or chronic 
kidney disease, it was necessary for this line of 
research to be extended to the adult population. 
Among other things, these studies demonstrated that 
increased urinary NGAL (uNGAL) concentrations 
are associated with an increased occurrence of 
postoperative acute renal dysfunction in adult 
cardiac surgical patients (9), making it a potentially 
useful biomarker in these patients. Indeed, among 
the number of novel and more specific alternatives to 
serum creatinine proposed in recent years, i.e. kidney 
injury molecule-1, interleukin-18, hepatocyte growth 
factor, cystatin C, N-acetyl-β-D-glucosaminidase, 
vascular endothelial growth factor and chemokine 
interferon-inducible protein 10 (10-12), uNGAL is 
certainly the most promising emerging biomarker 
for the early diagnosis of AKI (5, 13, 14).

Nonetheless, it should be mentioned that although 

many authors initially considered NGAL as one of 
the best candidates for the early diagnosis of AKI, 
some recently discovered limitations have dampened 
their enthusiasm. Indeed, great variability in baseline 
concentrations of NGAL has been described in 
patients who did not go on to develop AKI (15, 16). 
Furthermore, meta-analyses have suggested that the 
sensitivity and specificity of this test vary at very 
different cut-off values, depending on the population 
considered (17, 18).

In order to evaluate the usefulness of this potential 
biomarker in a homogeneous group of adult cardiac 
surgery patients, we set out to measure uNGAL 
concentration, normalized to urine creatinine rather 
than absolute, using an automated method (Abbott 
Diagnostics, Italy), as a fully automated assay 
should improve performance as well as reduce the 
turn around time of the result — a vital factor in 
such a dangerous condition (19). Our aim was to 
determine whether there is a discernable association 
between uNGAL level and AKI in these patients, 
whether the former could be considered an effective 
earlier biomarker of the latter with respect to serum 
creatinine, and finally to evaluate the sensitivity 
and specificity of this test to determine the clinical 
course of AKI; in particular we focused on a cohort 
of patients that developed AKI with a moderate 
degree of severity in order to apply this test to the 
routine clinical laboratory setting. 

MATERIALS AND METHODS

Patients
All adult patients undergoing cardiac surgery at 

Policlinico Umberto I Hospital (Rome, Italy) were 
eligible for enrolment. A total of 52 patients at the 
Cardiovascular, Respiratory, Nephrology and Geriatric 
Sciences Department were prospectively studied between 
September 2010 and June 2011. They all gave informed 
consent prior to participation, and the study was approved 
by the Policlinico Umberto I Hospital Ethics Committee. 

The diagnostic criteria used to characterize 
postoperative AKI were an abrupt (within 48 hours) 
reduction in kidney function, currently defined as an 
absolute increase in serum creatinine of more than or 
equal to 0.3 mg/dl (≥ 26.4 μmol/l), a percentage increase 
in serum creatinine of more than or equal to 50% (1.5-fold 
from baseline), or a reduction in urine output (documented 
oliguria of less than 0.5 ml/kg per hour for more than six 
hours). Patients were then classified according to the 
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bypass. Of these, fifteen patients (29%) developed 
post-operative AKI and 37 (71%) did not. This 
latter group therefore served as control (non-AKI 
patients). According to the AKIN criteria, 73% of the 
AKI group were classed as having Stage 1 AKI, 14% 
had Stage 2 AKI and 13% Stage 3 AKI.

uNGAL was successfully analysed in all. 
Table I shows the clinical characteristics and main 
perioperative parameters of the AKI and control 
groups. 

Serum creatinine as biomarker in patients developing 
AKI

Before surgery, all 52 patients enrolled in the 
study were shown to have normal kidney function 
by normal serum creatinine values (ranging 
from 0.7 and 1.2 mg/dL) and urine protein/urine 
creatinine ratios (less than or equal to 200 mg/g). 
Measurements of serum creatinine showed that there 
were no significant differences in baseline level (T0) 
between non-AKI and AKI patients (p=0.2634). In 
non-AKI patients, there were no significant changes 
in serum creatinine values within the first 48 hours 
after cardiac surgery (Fig. 1A). As expected, in AKI 
patients, while there was no change in this parameter 
4 hours after surgery (T1), a significant increase was 
detected at 24 hours (T2), and again at 48 hours (T3) 
(Fig. 1B). 

uNGAL/creatinine as biomarker in patients 
developing AKI

Urine samples obtained from AKI and non-AKI 
patients were analysed for uNGAL and creatinine 
levels. No significant difference (p=0.6104) in 
baseline (T0) uNGAL levels per g creatinine in 
patients was found between patients who developed 
AKI in the post-operative period and those who 
did not. In the 37 patients of the non-AKI group, 
the uNGAL levels per g creatinine at T0 were 9.7 
(5.2–25.5) mg/g creatinine (median and IQR). A 
moderate, but not significant, increase was detected 
at T1 [20.1 (6.3–58.7) mg/g creatinine] and another 
at T2 [18.6 (12.9–36.7) mg/g creatinine] (Fig. 2A). 
In contrast, in the 15 patients with AKI, the uNGAL 
levels per g creatinine at T1 were significantly higher 
than at T0 [55.4 (32.5-117.3) mg/g creatinine vs 17.8 
(4.3–23.8) mg/g creatinine, p=0.011], while at T2 
the values returned to baseline levels [29.6 (1393.1) 

severity of their kidney failure according to AKIN (Acute 
Kidney Injury Network) guidelines, a modified set of 
criteria based on the RIFLE approach, as follows: stage 1 
(Risk), stage 2 (Injury) and stage 3 (Failure) (20, 21). 

Sample collection and procedure
Random urine specimens were collected upon patients’ 

admission (T0), and again at 4 hours (T1) and 24 hours 
(T2) after cardiopulmonary bypass. Serum samples were 
collected at T0, T1, T2, and 48 hours after cardiopulmonary 
bypass (T3). Urine samples were immediately centrifuged 
at 4000 rpm for 10 minutes at 4°C, and supernatants were 
stored at -70°C until use. uNGAL levels were measured by 
means of an ARCHITECT i1000 analyzer Urine NGAL 
assay (Abbott Diagnostics, Italy), based on two-step 
chemiluminescent microparticle immunoassay.

To compensate for possible urinary dilution or 
concentration, commonly expected in patients who 
undergo cardiopulmonary bypass, urine creatinine 
was measured in the same samples using Cobas E 601 
(Roche Diagnostics, Italy) and the results were expressed 
as uNGAL/urinary creatinine ratio. Serum creatinine 
and protein levels were also determined using Cobas 
E 601. In addition, urinary sediments were analysed 
to exclude microbial contamination and fungal growth 
(Iris Diagnostic iQTM200 Automated Urine Microscopy 
Analyzer, USA).

Statistical analysis
uNGAL and creatinine data were non-normally 

distributed (Kolmogorov-Smirnov test), and non-
parametric tests were therefore used. The Mann-Whitney 
(Wilcoxon rank) and Wilcoxon matched pair tests were 
performed to compare uNGAL and creatinine data between 
un-paired and paired groups. p < 0.05 was considered 
statistically significant. Results are presented as median 
with interquartile range (IQR). A receiver operating 
characteristic (ROC) curve was constructed to evaluate the 
effect of different cut-off values of NGAL concentrations 
at T1 in AKI patients versus the non-AKI group. The 
area under the curve (AUC), the corresponding 95% 
confident interval (CI) and the p-value were calculated. 
The optimum cut-point value with the best combination 
of sensitivity and specificity was evaluated. All analyses 
were performed using GraphPad Prism Software 4 (San 
Diego, CA).

RESULTS

Patient characteristics
Fifty-two patients were enrolled, and all 

underwent cardiac surgery under cardiopulmonary 
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levels per g creatinine were significantly higher 
in patients who developed AKI than in non-AKI 
patients [55.4 (32.5-117.3) mg/g creatinine vs 20.1 
(6.3-58.7) mg/g creatinine, p=0.021]. In contrast, at 

mg/g creatinine] that did not differ significantly from 
those at T0 (Fig. 2B). 

The intergroup analysis showed that four hours 
after cardiopulmonary bypass (T1), the uNGAL 

Table I. Clinical data of patients who did not develop AKI and those who did. 

SAH= systemic arterial hypertension; EF= ejection fraction; ECC= extra-corporeal 

circulation; AF= atrial fibrillation; IABP= intra-aortic balloon pump; ICU= intensive care

unit.

NON AKI (control) 
group (N=37) 

AKI group 
(N=15)

Age (mean±SD) 66.7±11 74±6 

Females (%) 29.7 27 

Weight (Kg) (mean±SD) 71±12 72±12 

 Mitral valve replacement surgery (%) 14.2 25 

Coronary artery bypass grafting surgery (%) 39.3 50 

Simultaneous mitral valve and bypass surgery (%) 7.1 12.5 

Simultaneous mitral and aortic valve replacement 
surgery (%) 

10.7 - 

Simultaneous bypass grafting and aortic valve 
replacement surgery (%) 

3.6 12.5 

Simultaneous aortic valve and ascending aorta 
replacement surgery (%) 

24.9 - 

Diabetes (%) 0.1 0.2 

Pre-operative SAH (%) 42.8 53.3 

Pre-operative EF >50% (%) 57.5 69.2 

ECC >120 min (%) 54.2 64.2 

Post-operative AF (%) 2.8 13.3 

Post-operative IABP (%) 2.7 6.7 

Days in ICU (mean±DS ) 2±1.5 3±2.5 

N° erythrocyte units transfused (mean±SD) 2.5±2.2 4.8±5 

N° plasma units transfused (mean±SD) 3.1±3.9 5±4.7 

N° platelet units transfused (mean±SD) 0.4±1.5 2.5±5 

Table I. Clinical data of patients who did not develop AKI and those who did.

SAH: systemic arterial hypertension; EF: ejection fraction; ECC: extra-corporeal circulation; AF: atrial fibrillation; 
IABP:  intra-aortic balloon pump; ICU:  intensive care unit.
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55.2 mg NGAL/g creatinine for discrimination of 
AKI patients, the sensitivity was 55.33 (95% CI 
26.59-78.63), and the specificity was 72.97 (95% 
CI 55.88-86.21). The modest 4-hour uNGAL levels 
presumably correlated with the moderate degree of 
AKI severity observed  in the patients enrolled in 
the study. 

DISCUSSION

Rapid clinical intervention for AKI is hampered 
by the limitations of current diagnostic assays and 

T0 and at T2 there were no differences in the values 
between the AKI group and the non-AKI group (p= 
0.641 and p=0.316, respectively) (Fig. 3).

A comparative analysis between men and women 
showed that there was no significant difference in the 
two groups at any time (p=0.246, p=0.384, p=0.437 
at T0, T1, and T2, respectively). A ROC curve 
analysis was performed using the uNGAL/creatinine 
values obtained at T1 (4 hours after cardiopulmonary 
bypass, Fig. 4). The AUC was 0.7054 (95% CI 0.56-
0.85), and the corresponding statistical significance 
was 0.02134. Moreover, using a cut- off value of 

Fig. 1. Serum creatinine levels before and after cardiac 
surgery in non-AKI and AKI patients. Box and Whisker 
plots showing serum creatinine levels before (T0) and 
at different time points (T1-T3) after surgery in patients 
without post-operative AKI (A) and with post-operative 
AKI (B). Results are shown as the median (horizontal line) 
creatinine with range and IQR (Inter Quartile Range). 
Differences were considered significant at p-values of < 
0.05. 

Fig. 2. uNGAL levels before and after cardiac surgery in 
non-AKI and AKI patients.  Scatter plots shows uNGAL 
levels in patients without post-operative AKI (A) and with 
post-operative AKI (B). uNGAL levels were normalized 
to urine creatinine and were plotted on a linear Y-axis. 
Results are shown as the median (horizontal line) with 
IQR uNGAL levels (mg/g creatinine). Differences between 
the indicated populations were considered significant at 
p-values of < 0.05.
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a recent multicentre cohort study of biomarkers, in 
children undergoing surgery for congenital cardiac 
lesions, demonstrated that urine NGAL and IL-18 are 
early biomarkers that can predict the onset of severe 
AKI and provide additional prognostic information 
with regard to dialysis, length of stay and mechanical 
ventilation after cardiac surgery (24).

The results of our study lend weight to the 
notion that uNGAL could be used as an early 
marker of AKI onset. Unlike similar studies, which 
have used absolute NGAL values (5, 25, 26),  we 
normalized the uNGAL values to the levels of 
urine creatinine, considering that alterations in 
hydration status may influence uNGAL as well as 
other urinary biomarker concentrations. Indeed, 
taking account that random urine samples are 
potentially more influenced by varying osmolality, 
the use of uNGAL/urinary creatinine ratio allowed 
us to compensate for possible urinary dilution or 
concentration, commonly expected in patients who 
underwent cardiopulmonary bypass. This approach, 
together with the use of an automated system, no 
doubt contributed to the excellent performance of the 
test, and could reduce the intra-individual variation 
observed in NGAL measurements in other studies 
(27, 28).

However, in accordance with the recent literature, 
our results also reveal some limitations of uNGAL 
as an AKI biomarker, which could affect its value as 
a diagnostic aid and clinical treatment guide. In fact, 
previous studies have reported that the sensitivity and 
specificity of uNGAL assays vary at widely different 
cut-offs, and that pathological NGAL values vary 
between patients (3, 14, 17, 29). Moreover, a wide 
variability in baseline concentrations of NGAL has 
been reported for patients not developing AKI (15, 
16). However, this by no means exclude the utility of 
NGAL, merely suggesting that serial measurements 
may be more useful than single-point measurements, 
a feasible procedure when exploiting a fully 
automated assay. 

In this context, our study shows that, despite the 
comparable baseline uNGAL values seen in AKI 
and non-AKI patients, the median values detected 
in AKI patients were 2-fold higher than in non-AKI 
patients at T1, suggesting that this increase could be 
an accurate indicator of tissue damage. Nevertheless, 
the cut-off values and the sensitivity and specificity 

standards (22). NGAL has been proposed as an earlier, 
more sensitive and more specific biomarker for AKI 
than other potential candidates (23). In particular, 

Fig. 3. Comparative analysis of uNGAL levels in AKI 
and non-AKI patients at different time points. uNGAL 
concentration in patients at admission (T0) and 4 and 
24 hours after cardiac surgery (T1 and T2, respectively). 
uNGAL measurements were normalized to urine creatinine 
and plotted on a linear Y-axis. Results are shown as the 
individual (circles and triangles) and median (horizontal 
line) with IQR uNGAL levels (mg/g creatinine) in patients 
without and with AKI. Differences between the indicated 
populations were considered significant when the p-values 
were < 0.05. 

V. SARGENTINI ET AL.
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increase in uNGAL we observed could be explained 
by the low degree of severity of the AKI in most 
of the patients enrolled. Indeed, Parikh et al. have 
already postulated that this biomarker is significantly 
less robust for predicting less severe degrees of AKI 
(24). It would therefore be interesting to analyse 
urine samples of adult cardiac surgery patients with 
very severe AKI (i.e. AKIN-3), in order to determine 
if the measurement of uNGAL could be applied to 
the routine laboratory setting with a view to detecting 
at least more severe clinical states.

Although uNGAL has recently been described 
as the most prominent commercially available 
marker for AKI, it is difficult to directly compare its 
diagnostic performance among these studies because 
the pathological thresholds have been too variable. 
Hence, before consensus dictates that uNGAL is 
suitable as an early and available marker for AKI of 
any severity, the issues outlined above, particularly 
in view of the high current costs associated with this 
test, still remain to be resolved.
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are among the main factors in determining 
whether a laboratory test could be used in routine 
laboratory practice as a better biomarker than the 
existing standard. Unfortunately, the sensitivity and 
specificity of the assay performed in this study were 
not high enough for it to be considered superior to the 
others currently used; indeed the cut-off established 
(55.2 mg NGAL/g creatinine) is probably too low 
to permit the use of NGAL as a positive or negative 
diagnostic marker. Furthermore, the cardiac surgery 
adult population we considered presented uNGAL 
values lower than those described in literature (5, 13, 
15, 29, 30). 

In order to partially explain the low sensitivity 
of the test in our patient population, it should be 
considered that a proportion of AKI, observed in the 
cardiac surgery ICU, could be related to pre-renal 
causes, such as hypovolaemia and/or transient renal 
hypoperfusion, known conditions in which uNGAL 
levels are expected to remain unchanged (29). In 
this regard, in order to discriminate functional forms 
of AKI, we would need to rely on the traditionally 
urinary index (i.e., fractional excretion of sodium and 
urea), commonly used for the differential diagnosis 
of acute renal failure, along with an assay of NGAL.

The moderate, albeit significant, nature of the 

Fig. 4. Specificity and sensitivity of the uNGAL assay. ROC curve was generated plotting sensitivity (%) versus 
100%-specificity to examine the effect of different cut-points of NGAL concentration at T1 in AKI patients versus non-
AKI patients. Circles indicate the various cut-off values used to calculate the corresponding sensitivity and specificity. 
Arrow indicates the optimum cut-off (55.2) with the best combination of sensitivity and specificity. On the right the AUC 
(area under the curve) and the statistical significance of the ROC curve and the sensitivity and specificity corresponding 
to the optimum cut-off are indicated. 
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Multidrug resistance (MDR) to anticancer chemotherapy is often mediated by the overexpression 
of the plasma membrane drug transporter P-glycoprotein (Pgp) encoded by multidrug resistance gene 
(MDR1). Various chemosensitizing agents are able to inhibit Pgp activity but their clinical application is 
limited by their toxicity. Furthermore, hepatotoxicity related to chemotherapy causes delays of treatment 
in cancer patients and often requires supplementation of anti-tumour therapy with hepatoprotective 
agents. In this in vitro study, we investigated the effectiveness of an endogenous hepatoprotective agent, 
S-adenosylmethionine (SAMe), and a natural hepatoprotective compound, Cynarin (Cyn), to inhibit
Pgp activity in order to evaluate their potential use as chemosensitizing agents. Human doxorubicin
(doxo) resistant uterine sarcoma cells (MES-SA/Dx5) expressing high levels of Pgp were treated with
two hepatoprotectors at various concentrations (1, 5 and 10 µM) that are clinically achievable, in the
presence or absence of three different concentrations of doxo (2, 4 and 8 µM).  In order to evaluate
the effects of both hepatoprotectors, we measured the intracellular accumulation and cytotoxicity of
doxo, the cellular GSH level, ROS production and catalase (CAT) activity. We found that treatment
with 2, 4 and 8 µM doxo in the presence of SAMe or Cyn significantly increased the doxo accumulation
and cytotoxicity on MES-SA/Dx5 cells, when compared to control cells receiving doxo alone. Moreover,
treatment with SAMe or Cyn significantly increased GSH content (> 80% and >60%, respectively) and
CAT activity (>60% and 150%, respectively) in resistant cancer cells, while ROS production was below
the values of corresponding untreated control cells. Our in vitro findings provide a rationale for the
potential clinical use of these hepatoprotectors both as chemosensitizing agents, to reverse Pgp-mediated
MDR, and as antioxidants to protect normal cells from chemotherapy-induced cytotoxixity.
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Multidrug resistance (MDR) is a major cause of 
failure of conventional chemotherapy in numerous 
human cancers (1-8). In a majority of human tumours 

this phenomenon is related to overexpression of 
a 170 kDa permeability glycoprotein (Pgp). This 
transmembrane protein, encoded by the MDR-
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1 gene, is an energy-dependent efflux pump that 
actively extrudes a wide range of structurally 
and pharmacologically unrelated lipophilic drugs 
(vinca alkaloids, colchicines, anthracyclines etc.) 
often used for anticancer therapy, thereby reducing 
their intracellular concentration and cytotoxicity 
(9-13). Hepatic injury caused by administration of 
several drugs is a serious chemotherapy-related 
effect in cancer patients that can determine a dose 
reduction of anticancer agents and chemotherapy 
delays or discontinuation with decrease of the 
therapeutic effects. Therefore, administration of 
hepatoprotective compounds concomitantly with 
chemotherapy is frequently used in the management 
of oncologic patients to promote the regeneration 
of hepatocytes exposed to damage caused by 
cytostatic drugs. In recent years, three generations 
of chemosensitizing agents have been tested both in 
vivo and in vitro in combination with conventional 
anticancer chemotherapy in several MDR tumours to 
reverse Pgp-mediated resistance (14-21). However, 
their toxicity and adverse side effects at reversing 
concentrations limit their clinical use and stimulate 
the search for novel highly effective non-toxic 
inhibitors of Pgp-mediated anticancer drug transport. 
In our previous in vitro study we have shown the 
effectiveness of two side effect-free natural sedatives, 
flavonoids and honokiol, as modulators of Pgp-
mediated MDR (22). In this study, we investigated 
whether an endogenous hepatoprotective agent, 
S-adenosylmethionine (SAMe), biosynthesized from
methionine (23-27) and one natural hepatoprotective
product such as Cynarin (Cyn), the active principle
of globe artichoke extracts (cynara cardunculus)
(28-29), could interfere with Pgp-mediated drug
transport activity in a human sarcoma MES-SA/
Dx5 cell line expressing this protein at a high level
and exhibiting high resistance (100-fold) to doxo
(30). If so, these compounds could be used as both
hepatoprotectors and chemosensitizers to increase
sensitivity of MDR cells toward anti-neoplastic
agents, thus improving cancer chemotherapy. For this
purpose, resistant sarcoma cells were treated with
different concentrations of doxo (2, 4 and 8 µM), in
the absence or presence of various concentrations
of exogenous SAMe and Cyn, and intracellular
accumulation of doxo and growth inhibition were
measured. In addition, because several cytostatic

drugs such as doxo induce oxidative stress damage 
interacting with the respiratory chain, we evaluated 
whether SAMe and Cyn are effective in the 
protection against oxidation in this type of cancer 
cells. Therefore, we measured the levels of total 
intracellular glutathione (GSH), the catalase activity 
(CAT) and the production of ROS after treatment of 
MES-SA/Dx5 cells with various concentrations of 
hepatoprotectors. The results were then compared to 
those obtained with Verapamil (Ver), a well-known 
Pgp inhibitor, used as a positive control (31). The 
molar concentrations of doxo and hepatoprotective 
agents used in this study can be achieved in the blood 
of patients who undergo anti-cancer chemotherapy. 

MATERIALS AND METHODS

Chemicals 
Doxorubicin (doxorubicin hydrochloride), Verapamil 

and 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), S-adenosyl-l-methionine chloride 
(SAMe), and 1,3-dicaffeoylquinic acid (Cyn), 
dichlorofluorescein diacetate (DCF-DA), and dimethyl 
sulfoxide (DMSO) were purchased from Sigma-Aldrich 
Co. (St Louis, MO, USA). All chemicals and drugs were 
freshly dissolved before use, except for doxorubicin, 
which was stored in a stock solution of 1 mM in 1X 
Phosphate Buffered Saline (PBS) at -20° C in the dark. 

Cell lines and cell cultures 
Doxo-resistant human uterus sarcoma cell line MES-

SA/Dx5 was obtained from the European Collection of 
Cell Cultures (Salisbury, UK). The cells were grown in 
25 cm2 plastic culture flasks (Iwaki Company, Japan) 
containing 15 ml McCoy’s 5a medium (Euroclone, 
Wetherby West Yorkshire, UK) supplemented with 10% 
heat-inactivated foetal bovine serum (Euroclone), 2 mM 
L-glutamine, penicillin (1000 U/ml) and streptomycin
(100 µg/ml) in a humidified atmosphere of 95% air and
5% CO2 at 37°C. Cells were sub-cultured every 3-4 days
after treatment with 0.05% trypsin and 0.02% EDTA 
in Ca++ and Mg++ free 1X PBS. Cells were periodically
checked for mycoplasma contamination.

Intracellular accumulation of doxorubicin
MES-SA-Dx5 cells were seeded on 24-well culture 

dishes at a density of 1x105 cells/well (Corning-Costar 
Corp., Corning New York) and incubated for 72 h 
in growth medium alone at 37°C in an atmosphere 
containing 5% CO2 - 95% air to allow cell attachment. At 
confluence, cells were washed three times with 1X PBS 
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calculated by subtracting the corresponding cytotoxicity 
values of each drug alone from the respective values 
obtained in combination with the different doxo 
concentrations according to the formula: 100 x (OD 
treated well/OD control well). 

Measurement of intracellular glutathione 
The total intracellular GSH levels of MES-SA/Dx5 

cells were measured according to Ellman’s method (33). 
Briefly, MES-SA-Dx5 cells were seeded on 24-well 
culture dishes at a density of 1x106 cells /well (Corning-
Costar Corp., Corning New York) and incubated for 72 h in 
growth medium alone at 37°C in an atmosphere containing 
5% CO2 - 95% air. The monolayers were then exposed for 
3 h to SAMe (1, 5 and 10 µM), Cyn (1, 5 and 10 µM) or Ver 
(10 µM) at 37° C. For total GSH determinations, the cells 
were washed with PBS and solubilized with 250 µl of 4 
M NaOH for 2 h and neutralized with 500 µl of 2 M HCl. 
Then, for deproteinization 1 ml of 5% 5-sulphosalycilic 
acid was added to 3.75 ml of cell lysate for 10 min at 
room temperature. After centrifugation, 0.1 ml aliquot 
of supernatants was added to 0.9 ml of phosphate/EDTA 
buffer (0.2 M potassium phosphate, 0.01 M EDTA, pH 
7.4) containing dithionitrobenzoic acid (DNTB, 0.2 mg/
ml) and the increase in absorbance at 412 nm (TNB
formation) was monitored with a Cary 3C UV-visible
Spectrophotometer for 15 min against an appropriate
blank and quantified using molar adsorption coefficient
ε=13600 M-1 cm-1. Control MES-SA/Dx5 wells containing
medium only were used as control. The assay was carried
out in triplicate. Cellular GSH concentrations (nmoles for
1x106 cells) were expressed as percent of control.

Quantification of intracellular ROS
Cellular ROS were measured using the fluorogenic 

reagent DFC-DA. Briefly, MES-SA/Dx5 cells were 
seeded on 24-well culture dishes and incubated at 37°C in 
5% CO2 as above. After this period, the cells were treated 
with SAMe (1, 5 and 10 µM), Cyn (1, 5 and 10 µM), 
or Ver (10 µM) for 24 h at 37°C. Thereafter cells were 
washed three times with PBS and resuspended with PBS 
containing 20 µM DCF-DA and incubated for 45 min at 
37°C. The DCF-DA is a non-polar molecule that diffuses 
into the cells and within the cytosol the acetate group is 
cleaved by intracellular esterase to produce a hydrophobic 
non-fluorescent molecule that is retained by the cells. This 
non-fluorescent molecule can be oxidized by ROS to a 
highly fluorescent compound 2,7-dichlorofluorescein and 
fluorescence intensity is proportional to the amount of 
oxidant species produced by the cells (34). Measurements 
of the change in fluorescence signals were detected using a 
spectrofluorimeter (Perkin Elmer LS 45; excitation at 485 
nm and emission at 530). Cells containing medium alone 

at 37°C and treated with three different concentrations 
of SAMe (1, 5 and 10 µM) or Cyn (1, 5 and 10 µM) at 
37°C. After culturing for 24 h, all pre-treated cells were 
exposed to 3 different doxo concentrations (2, 4 and 8 
µM) and the monolayer cultures were then incubated for 
3 h at 37°C. In these experiments, Ver (10 µM) was used 
as a positive control drug. All values were averaged from 
at least three wells for each experiment. After incubation, 
wells were washed three times with ice-cold PBS (pH 7.4) 
to stop doxo accumulation and cells were solubilized with 
250 µl of 4 M NaOH for 2 h and neutralized with 500 µl 
of 2 M HCl. The concentration of doxo was determined 
fluorimetrically (excitation 475 nm; emission 580 nm) 
with a fluorescence spectrophotometer (Perkin Elmer 
LS 45). The amount of doxo accumulated inside cancer 
cells pre-treated with the hepatoprotective compounds or 
Ver was expressed as the percentage of doxo retention in 
control cells (doxo alone) at the selected concentrations 
(2, 4 and 8 µM) and was measured using the following 
formula: doxo accumulation (%): 100 x (F treated – F 
control) / F treated, where F treated = mean fluorescence 
of wells treated with SAMe, Cyn or Ver prior treatment 
with doxo; F control = mean fluorescence of wells treated 
with doxo alone. 

Cytotoxicity assay
MES-SA/Dx-5 cells were plated at 2.5x104 cells/

well in a volume of 100 µl medium in 96-well microtiter 
plates (Iwaki Company, Japan) at 37°C. At confluence, 
the culture medium was changed and the cells were 
treated with 2 µM, 4 µM or 8 µM doxo in the presence 
or absence of 1, 5 and 10 µM SAMe or 1, 5 and 10 µM 
Cyn for 72 h. MES-SA/Dx5 cells containing medium 
alone were used as a negative control. Cells treated with 
10 µM Ver were used as a positive control. The in vitro 
cytotoxicity assay was performed using a standard MTT 
method (32). Briefly, after incubation, wells were rinsed 
with PBS before adding to each well 100 µl of MTT 
(0.5 mg/ml) in drug-free medium. After incubation for 
additional 4 h, the soluble formazan dye produced by 
metabolically active cells was solubilized in 100 µl of 
0.04 N HCl-isopropyl alcohol and quantified at 37°C on 
a Spectra max 190 Microplate Spectrophotometer reader 
(Molecular Devices) at the wavelength of 550 nm. The 
cytotoxicity of each single compound was also measured. 
Each experiment was performed in triplicate. The percent 
of cell growth inhibition was calculated as: (1-OD treated 
well/OD control well) x 100, where OD treated well 
corresponded to the mean absorbance values of cells 
treated with hepatoprotective compounds or Ver, whereas 
OD control well corresponded to the mean absorbance 
values of unpretreated malignant cells. 

 The percentage of cancer cells survival (Fig. 3) was 
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of doxo accumulation capacity at 2, 4 and 8 µM 
concentrations of doxo in combination with SAMe 
1, 5 and 10 µM were 12±5.5; 7.1±4.8; 5.2±1.2 and 
16.5±3.5; 9.3±1.5; 7±2.3 and 25.3±2.1; 17.5±2.7; 
14.2±1.9, respectively, while in combination with 1, 
5 and 10 µM Cyn were 16.5±3.5; 14.2±1.7; 7±2.3 and 
22.5±3; 16.7±2.8; 14.4±2.3 and 28.7±3.7; 25.2±1.7; 
16.5±1.3, respectively. The values of Ver (10 µM) 
used in combination with 2, 4 and 8 µM doxo were 
36.7±2; 36.5±2.2 and 18.4±1.5, respectively (Fig. 
2). All values were significant compared to control 
cells (p<0.05).

Effects of hepatoprotectors on doxo cytotoxicity and 
cell survival in MES-SA/Dx5 cells

The data reported in Table I show that both 
Ver and hepatoprotectors significantly enhanced 
the sensitivity of MES-SA/Dx5 cells to doxo after 
incubation of 72 h at 37°C, when compared to 
control cells treated with doxo alone (p<0.05). In 
fact, growth inhibition using 2, 4 and 8 µM doxo 
concentrations in the presence of SAMe (1, 5 and 
10 µM) increased 1.05; 1.17; 1.41 (SAMe 1 µM) 
and 1.04; 1.15; 1.4 (SAMe 5 µM) and 1.02; 1.13; 
1.19 fold (SAMe 10 µM) respectively, whereas in 
combination with Cyn (1, 5 and 10 µM) increased 
1.4; 1.7; 2.1 (Cyn 1 µM) and 1.16; 1.32; 1.9 (Cyn 
5 µM) and 1.15; 1.2; and 1.34 fold (Cyn 10 µM) 
respectively, when compared to the corresponding 
cells treated with doxo alone. In addition, results 
normalized for toxicity of both hepatoprotectors 
reported in Fig. 3 show that SAMe was able to reduce 
significantly (p<0.05) the percentage of survival at 
10 µM concentration in combination with 4 µM and 
8 µM doxo concentrations, while Cyn was able to 
reduce significantly (p<0.05) cell survival at 5 µM 
and 10 µM concentrations in combination with all 
doxo concentrations, when compared to cancer cells 
treated with doxo alone, such as Ver.

Effects of hepatoprotectors on cellular GSH 
concentrations, CAT activity and ROS production in 
MES-SA/Dx5 cells

As shown in Fig. 4, the cellular GSH levels 
and CAT activities were significantly more 
elevated in cells pre-treated with SAMe and Cyn 
when compared to untreated control (p<0.05). In 
particular, the intracellular concentrations of GSH 

were used as control. Intracellular ROS levels (DCF) were 
expressed as percent of control.

Catalase activity
We determined catalase activities in MES-SA/

Dx5 cells by measuring the decrease in absorption of 
hydrogen peroxide at 240 nm at 25°C (35). Briefly, 
attached cancer cells were collected after trypsinization 
and washed three times with PBS. Aliquots of 1 ml of cell 
suspension containing 2x106 cells were incubated for 24 
h in growth medium in polystyrene round-bottom tubes 
(Iwaki Company, Japan) at 37°C in 5% CO2. Thereafter, 
the cell media were removed before 1 ml of fresh medium 
containing SAMe (1, 5 and 10 µM) or Cyn (1, 5 and 10 µM) 
or Ver (10 µM) were added to each tubes and incubated 
for 24 h at 37°C.  Cells containing medium alone were 
used as control. After incubation, growth media were 
removed and 1 ml sonication solution (200 ml KH2PO4 
0.05 M; 300 ml Na2HPO4 x 12 H2O 0.05 M; 9.7 µl Triton 
X-114) was added to each tube and then cells were lysed
on ice with ultrasound treatment (10 cycles, 0.5 sec. 70
amplitude). Thereafter, a volume of 40 µl/well of lysates
were dispensed in a 96-well UV microplate (Corning-
Costar Corp.. Corning. NY) and a volume of 140 µl of a
buffer solution (200 ml KH2PO4 0.05 M; 300 ml Na2HPO4
x 12 H2O 0.05 M) and 20 µl of H2O2 (100 mM) were added
using a multichannel pipette. Absorption was measured
every min for 10 min on a microplate spectrophotometer
(Molecular Devices, Spectra Max 190) against a blank
containing the reaction solution without H2O2. The CAT
activity was calculated as: Δ Absorbance/43.7 x 1/mg/ml
prot, where 43.7 is the dilution coefficient. CAT activities
(nmoles for 2x106 cells) were expressed as percent of
control.

Statistical analysis
The results are expressed as mean ±SD and analysed 

for statistical significance with the Student‘s t test 
between the control and compounds. p-values of <0.05 
were considered significant.

RESULTS

Effects of hepatoprotectors on doxo accumulation in 
MES-SA/Dx5 cells

As can be seen in Fig. 1, pre-incubation of 
MES-SA/Dx-5 cells with various concentrations 
of SAMe or Cyn significantly increased the 
intracellular concentration of doxo at all doxo 
concentrations when compared to cells treated 
with doxo alone (p<0.05). The mean percentages 
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to control cells, while the catalytic activities were 
significantly more elevated in cells pre-treated 
with Cyn than SAMe at all concentrations (148±2; 

were higher in cells pre-treated with SAMe than 
Cyn at all concentrations (153±14; 171±9; 184±11 
and 130±7; 154±13; 163±7, respectively), compared 

19

Table I. Cytotoxic effects of doxo alone and in combination with hepatoprotectors or 
Ver in MES-SA/Dx5 cells. 
____________________________________________________________

treatment A550nm Growth 
inhibition
(%)* 

Control 1.4±0.02  ---- 
Doxo2 1.28±0.02 8.6±1.6 
Doxo4 1.16±0.03 16.6±2.1 
Doxo8 1.05±0.03 26±5.1 
Ver10 1.3±0.01 7.5±1.2 
SAMe1 1.39±0.01 0.6±1.1 
SAMe5 1.38±0.01 1.6±1.5 
SAMe10 1.37±0.01 2.3±0.6 
Cyn1 1.37±0.02 2.5±0.5 
Cyn5 1.35±0.02 3.6±1.4 
Cyn10 1.34±0.01 4.4±0.6 

Doxo2 
Ver10 1±0.04 28±2.6 
SAMe1 1.27±0.02 9.5±3 
SAMe5 1.26±0.04 10.6±2.5 
SAMe10 1.2±0.06 12.6±4.1 
Cyn1 1.22±0.02 13±2 
Cyn5 1.18±0.05 16±5.5 
Cyn10 1.14±0.08 19.6±4.1 

Doxo4 
Ver10 0.9±0.02 36±1 
SAMe1 1.15±0.04 17.3±2.5 
SAMe5 1.13±0.06 19.2±3.7 
SAMe10 1.08±0.03 23.3±1.5 
Cyn1 1.12±0.08 19.3±5.1 
Cyn5 1.11±0.05 22±7 
Cyn10 0.97±0.01 31.6±1.6 

Doxo8 
Ver10 0.85±0.03 39.4±2.2 
SAMe1 1±0.06 27.3±4.7 
SAMe5 0.98±0.02 30.3±2.3 
SAMe10 0.95±0.05 32±3.1 
Cyn1 0.98±0.02 30±1.5 
Cyn5 0.95±0.02 32.3±2.1 
Cyn10 0.91±0.03 35±1.8 
____________________________________________________________

* Each value represents the mean ± SD of three separate experiments

Table I. Cytotoxic effects of doxo alone and in combination with hepatoprotectors or Ver in MES-SA/Dx5 cells.

* Each value represents the mean ± SD of three separate experiments
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control cultures.

DISCUSSION

The Pgp-mediated multidrug resistance has been 
shown to be a major impediment to the success of 

150±2.6; 250±2 and 135±3; 140±2.5; 160±3.7, 
respectively), compared to corresponding untreated 
control cells (p<0.05). In addition, after pre-treatment 
of MES-SA/Dx5 cells with hepatoprotectors ROS 
production remained below the control values at all 
concentrations, when compared to corresponding 

Fig. 1. Mean intracellular doxo fluorescence intensities retained in MES-SA/DX5 cells pre-treated for 24 h at 37°C with 
Ver (10 µM), SAMe (1, 5, 10  µM) and Cyn (1, 5, 10  µM) after incubation for 3 h at 37°C with three different doxo 
concentrations (2, 4 and 8 µM). Cells treated with doxo alone were used as control. All values (Ver, SAMe1, SAMe5, 
SAMe5, SAMe10, Cyn1, Cyn5, Cyn10) were significant (p<0.05) when compared with Control. Data are the mean ± S.D. 
of three separate experiments.

Fig. 2. Mean percentage of increase in intracellular doxo accumulation in cells pre-treated with Ver (10 µM), SAMe 
(1, 5, 10 µM) and Cyn (1, 5, 10 µM) in combination with three different doxo concentrations (2, 4 and 8 µM), relative 
to corresponding control cultures (doxo alone) calculated as described in “Materials and Methods”. All values (Ver, 
SAMe1, SAMe5, SAMe5, SAMe10, Cyn1, Cyn5, Cyn10) were significant (p<0.05) when compared with Control. Data are 
the mean ± S.D. of three separate experiments. 
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Pgp-mediated doxo transport out of the cells with 
a competitive way and increasing intracellular 
doxo concentration. Conversely, more elevated 
extracellular doxo concentrations could induce 
conformational changes of Pgp structure reducing 
the binding of hepatoprotectors on Pgp sites and 
increasing efficiency of doxo efflux. These data are 
consistent with an increased sensitivity of resistant 
sarcoma cells toward doxo treatment measured with 
MTT assay. In fact, as shown in Table I, both SAMe 
and Cyn enhanced the cytotoxic effects of doxo 
in MES-SA/Dx5 cells at all doxo concentrations 
(2, 4 and 8 µM) (p<0.05) and the increase was 
more elevated in the presence of the lowest molar 
concentration (2 µM or 1.1 µg/ml) of doxo (1.1; 
1.23; 1.46 and 1.51; 1.86; 2.27 fold, respectively), 
that is less than maximal serum concentrations 
achieved when the standard dose is used in clinical 
protocols (8 µg/ml). Therefore, these findings have 
a clinical importance because, through a combined 
chemotherapy of SAMe or Cyn with doxo, it could 
be possible to reduce doxo concentration and its 
cumulative myelotoxicity and cardiotoxicity when 
administered systemically, without reducing its 

anticancer chemotherapy in many human tumours. 
One strategy to reverse MDR in cells expressing 
Pgp is the combined use of anticancer drugs with 
effective and non-toxic chemo-sensitizers. In our 
present study, we found that intracellular doxo 
concentrations in Pgp-over-expressing cancer cells 
pre-treated with SAMe or Cyn were significantly 
higher in comparison with cells treated with doxo 
alone at all doxo concentrations (2, 4 and 8 µM), in 
comparison to the corresponding untreated control 
cells (p<0.05). In particular, as shown in Fig. 1 the 
percentage of the intracellular doxo levels achieved 
by cells pre-treated with Cyn (1, 5 or 10 µM) resulted 
higher than that observed in the presence of SAMe 
at all doxo concentrations, when compared to 
control cultures (p<0.05). Furthermore, the highest 
increase in doxo retention was achieved using higher 
concentrations of hepatoprotectors in combination 
with a low molar concentration of doxo (2 µM) (Fig. 
2). The exact molecular mechanism, however, to 
explain this last effect remains to be established. We 
suggest that at lower concentrations of doxo, both 
SAMe and Cyn might function as common substrates 
for Pgp binding sites of doxo to Pgp, inhibiting the 

Fig. 3. Mean percentage of cell survival measured in resistant sarcoma cells after incubation for 72 h at 37°C with 
doxo alone as control (asterisk), and in combination with SAMe 1 µM (open triangle), SAMe 5µM (solid triangle), 
SAMe 10 µM (solid circle), and Cyn 1 µM (open square), Cyn 5 µM (solid square), Cyn 10 µM (open circle) and Ver 
10 µM (solid rumble). The results are normalized for the toxicity of SAMe, Cyn or Ver in MES-SA/Dx5 cells at the 
indicated concentrations and calculated as described in “Materials and Methods”. Values obtained with SAMe 10 µM in 
combination with 4 and 8 µM doxo and Cyn 5 and 10 µM in combination with all doxo concentrations were significant 
(p<0.05) vs control cells (doxo alone). Each data point is the mean ± S.D. of three separate experiments.
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mediated drug resistance in cancer patients, (2) 
prevent drug-induced normal cell damage and (3) 
shorten the anticancer chemotherapy duration.
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The aim of this study is to assess in vitro the proliferation and the morphological changes  of primary 
osteoblast-like cells (HOst) seeded on titanium dish grade 4 and 5 with different roughness and different 
titanium grade: machined (M), sandblasted (SBT), laser-treated with pitches of 20-µm diameter and 30-
µm interpore distance. The titanium disks were divided into two groups: group A (titanium grade 4) and 
Group B (titanium Grade 5), respectively.  Proliferation rate of attached cells was evaluated at different 
time (24, 48, 72 h and 1 week) by the quantitative colorimetric MTT assay. Our results showed a cell growth 
decrease evident in M titanium surfaces in both Groups A and B, while the cells seeded on the STB and 
laser disks displayed an increase of cells growth, more evident in laser titanium surfaces in groups A and 
B. Morphological changes of the biocomplex cells/titanium was assessed by light, scanning and confocal
microscopy. In fact, the microscopic analysis helped to clarify the behavior of the cells in contact with
the titanium surfaces, in particular the M surface induced significant morphological changes, which
were less evident in the SBT surfaces. Laser-engineered porous titanium surfaces promoted viability and
proliferation of the osteoblasts. In particular, hemispherical porosity of 20 µm could be responsible for
the higher HOst activation, in terms of cells proliferation, adhesion and morphological features.
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The use of Titanium (Ti) implants in dentistry to 
restore mastication, phonation, esthetics and its long-
term predictability is well documented. However, 
the biological phenomenon at bone/implant interface 
leading to dental implant osseointegration depends 
on different factors such as: implant macrostructure, 
surface microstructure and ultrastructure properties. 
The superficial layer of titanium-oxide and the 
implant surface microstructure seem to deeply affect 
bone/fixture interactions (1-2).

From a surface chemistry perspective, many 

processes and methods have been attempted to 
increase bone early healing around implants. 
These include titanium or hydroxyapatite coating 
by plasma spraying, acid etching or anodization 
on implant surfaces (3), introduction and/or 
addition of chemical elements in the surface atomic 
composition profile (4-5), surface impregnation 
with different kinds of crystals of various thickness 
(6-7). Although the positive results in vitro (8) of 
chemical modifications in bone reactions, and lack 
of properly designed prospective and retrospective 
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clinical studies have limited a better understanding 
of surface modifications of dental implants (9-2-4) . 

However, it is general consensus that moderate 
surface texturing is desirable regardless of surface 
chemistry processed on dental implant surfaces (9-2).

Recently, the modification of implant roughness 
at the nanoscale level to simulate the topography 
of normal bone becomes one of the major research 
interests. 

Moderately rough surfaces have been shown to 
improve early fixation of implants compared with 
as-machined surfaces (9-2). A recent study has 
shown increased biomechanical fixation results for 
low impregnation with Ca and P on a moderately 
rough surface compared with alumina-blasting/dual 
acid etching surfaces (10).

Webster (1999) and Webster and Ejiofor (2004) 
reported that the osteoblast adhesion on nanophase 
metals was significantly greater than the conventional 
ceramics and conventional metals, respectively (11-
12). It has been shown that the regular rough surface 
increases cellular proliferation and differentiation 
more than sandblasted or etched surfaces (13-
14). One technique for obtaining regular and 
predetermined hemispherical porosities on titanium 
surfaces is laser engineering. Laser micromachining 
obtains a highly clean surface structure, without 
contamination by foreign elements (15).

 The laser system is a Q-switched diode-pumped 
solid Nd-YAG laser (DPSS) used for surface 
micromachining. This technique generates a pulse 
laser beam able to obtain controlled and regular size 
pores. Although the influence of this technique on the 
osteoblast cell line is demonstrated there is lack of 
information on cellular viability and responsiveness 
on primary osteoblasts (16). 

The objective of this study is to evaluate in vitro 
the biological behavior of HOst cells, cultured on 
three different titanium surfaces, smooth, sandblasted 
and laser treated, by investigating cell morphology, 
adhesion, and proliferation at light, scanning and 
laser confocal microscopy. 

MATERIALS AND METHODS

Titanium discs
Disks were 6 mm diameter and 2.5 mm height and were 

prepared from grade 4 and 5 unalloyed ISO 5832/2 titanium 
rods (Geass s.r.l., Udine, Italy). Disks were made of three 

different surfaces: 1) machined; 2) sandblasted and 3) 
laser-treated with hemispherical cavities of 20 µm diameter 
and 30 µm of interpore distance. Sandblasted titanium 
(SBT) disks were prepared by sandblasting with 100 mesh 
ultrapure Al2O3. Laser micromachining was performed by 
means of a Q-switched DPSS Nd:YAG laser. After surface 
treatment, samples were washed in 3% surfactant solution, 
rinsed with ultrapure water, and finally disks were sterilized 
by electron beam irradiation before cell culturing.  

Cell culture 
Human mandibular periosteum biopsies were carried 

out after informed consent on five volunteers aged 20–
35 years. No subject showed systemic or oral diseases. 
Explants were obtained from maxilla periosteum by 
scraping the roots of non-carious third molars with a 
Gracey’s curette. The osteoblasts were obtained and 
cultured in OGM basal medium (Lonza Walkersville 
Inc, Walkersville, MD, USA) at 37°C, in a humidified 
atmosphere of 5% CO2. Cells migrated from the explants 
and on day 14 they were 80–90% confluent as determined 
by phase contrast microscopy. Cell population obtained 
was immunochemically characterized by a specific 
alkaline phosphatase and CD 44 antigen (Becton 
Dickinson, San Jose, CA, USA) (17).

 Adherent cells were isolated using 0.1% trypsin 
solution, seeded on Titanium disks provided by the Geass 
Company. Cells were periodically checked under a phase 
contrast light microscope and at 70-80% of confluence 
were detached and used for the morphological and 
biochemical experiments. All tests were carried out using 
cells at the second passage and repeated with two different 
cell lines with similar results. Controls consisted of HOst 
grown without titanium disks.

MTT assay
The viability of HOst cells seeded with or without 

machined, sandblasted and laser-treated disks was measured 
by the quantitative colorimetric MTT (3- [4,5-dimethyl-
2-thiazolyl]-2,5-diphenyl-2H- tetrazoliumbromide test)
(Promega, Milan, Italy). 5,000 cells/well were seeded into a
96-well culture plate with OBM medium, after 24, 48, 72 h
and 1 week of incubation at 37°C, 15 μl/ well of MTT was
added to culture medium, and cells were incubated for 3 h
at 37°C. The supernatants were read at 650 nm wavelength
using an ND-1000 NanoDrop Spectrophotometer
(NanoDrop Technologies, Rockland, DE, USA). The MTT
assay was performed in four independent experiments, six
replicate wells for each experimental point.

Immunofluorescence staining and confocal laser scanning 
microscope analysis

Cells grown on titanium surfaces were fixed for 10 min 
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Scanning electron microscopy analysis
The samples were fixed for 4 h at 4°C in 4% 

Glutaraldehyde in 0.05 M phosphate buffer (pH 7.4), 
dehydrated in increasing ethanol concentrations and then 
critical point dried. They were then mounted on aluminum 
stubs and gold-coated in an Emitech K550 (Emitech Ltd. 
Ashford, UK) sputter-coater before imaging by means of 
a SEM (ZEISS, EVO 50).

Statistical analysis 
The cell growth was analyzed by Sigma Plo 9.0 (Systat 

Software, Inc., Point Richmond, CA, USA). 
Statistical analysis was performed using two-way 

Anova tests and the Holm–Sidak method for multiple 
comparisons, to evaluate the main effect and the 
interaction of the two factors under investigation.

RESULTS

In the present study, normal human primary 
osteoblasts were used. The primary culture of the 
cells displayed fibroblastic and cubic morphological 
features with roundish or elliptical nucleus containing 
one or more nucleoli (Fig. 1B, inset).

In vitro cell culture provides an ideal tool to 

at room temperature (RT) with 4% paraformaldehyde in 
0.1M sodium phosphate buffer (PBS), pH 7.4. After washing 
in PBS, cultures were processed for immunofluorescence 
labeling. The samples were incubated with Alexa Fluor 
594 phalloidin (dil.1:200, red fluorescence) (Molecular 
Probes, Invitrogen, Eugene, OR, USA), as a marker of 
the actin cytoskeleton. Before mounting for microscope 
observation, samples were briefly washed with dH2O and 
cell nuclei were stained with TOPRO (dil. 1:200, far red 
fluorescence) (Molecular Probes) for 5 min. The titanium 
disks were placed face down on glass slides and mounted 
with Prolong antifade (Molecular Probes).

Staining of samples was visualized using a Zeiss 
LSM510 META confocal system (Jena, Germany), 
connected to an inverted Zeiss Axiovert 200 microscope 
equipped with a Plan Neo-fluar oil-immersion objective 
(40×/1.3 NA) (22, 23). Images were sampled using 
an Argon laser beam with excitation line at 488 nm to 
register the reflected light from titanium surface alone 
(detected using a band pass filter set (BP) a 500-530 
nm, pseudocolored in green), or simultaneously with a 
Helium-Neon 543 nm and 633 nm lines in triple labeling 
acquisition together with phalloidin (detected using a BP at 
560-615 nm, pseudocolored in red) and TOPRO (detected
using a BP at 648-800 nm, pseudocolored in blue).

Fig. 1. Light Microscopy: Human primary osteoblast culture placed with six different implant surfaces: (A) Machined 
surface grade 4; (B) Sandblasted surface grade 4 ; (C) Laser surface grade 4; (D) Machined surface grade 5; (E) 
Sandblasted surface grade 5; (F) Laser surface grade 5.
Inset, section B: Typical morphology of normal human periosteum osteoblasts, could be observed in the control group. 
Original magnification:10x.
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Fig. 2. MTT Assay: Cellular response of  HOsts  placed in contact with different implant surfaces.  Cytotoxicity was 
evaluated at different time points: 24, 48, 72 h and after 1 week.
A) cell growth at different time of culture. B and C) evaluation of the cell growth of osteoblasts seeded on machined,
sandblast and laser group 4 and 5 disks. A cell growth was evident during all time of incubation.  Error bars indicate
±SD (ANOVA, Tukey, α=0.05).

B. SINJARI ET AL.
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cavities of 20 µm diameter and 30 µm of interpore 
distance.  

By MTT assay, we evaluated the proliferation 
rate and viability of HOst incubated for 24, 48, 72 h 
and 1 week with the above-mentioned surfaces.

investigate the biocompatibility of many different 
surfaces, and in the current study we assessed the 
cellular response to the following titanium disks:  
1) machined 4 and 5; 2) sandblasted 4 and 5, and
3) laser-treated disks 4 and 5 with hemispherical

Fig. 3. SEM images of A and D: machined surfaces grade 4 and 5; B and E: sandblasted surfaces grade 4 and 5; C and 
F: Laser treated surfaces group 4 and 5. 

Fig. 4. SEM analysis: Human osteoblast cultures placed with six different implant surfaces: (A) Machined surface grade 
4; (B) Sandblasted surface grade 4; (C) Laser surface grade 4; (D) Machined surface grade 5; (E) Sandblasted surface 
grade 5; (F) Laser surface grade 5.it is possible to note the characteristic cell morphology. 
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Fig. 5. CLSM acquisition: Geometrical features of different titanium implant surfaces. A) Sandblasted surface grade 4; 
(B) Machined surface grade 4; (C) Laser surface grade 4; (D) Sandblasted surface grade 5; (E) Machined surface grade
5; (F) Laser surface grade 5. Scale bar 100 µm.

Fig. 6. CLSM investigation: Human osteoblasts staining with phalloidin (red) for cytoskeleton actin and TOPRO (blue) 
for nucleus. A) Sandblasted surface grade 4; (B) Machined surface grade 4; (C) Laser surface grade 4; (D) Sandblasted 
surface grade 5; (E) Machined surface grade 5; (F) Laser surface grade 5. Scale bar 20 µm. Changes to morphological 
organization are present only in machined surface, the resting samples show the morphological features of the primary 
osteoblasts.

B. SINJARI ET AL.
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(section D) many changes were detectable in cell 
morphology: the cells were smaller, a few roundish, 
with the cytoskeleton actin filament not well defined, 
indicative of cell suffering. 

DISCUSSION

Biocompatibility is a major concern in the 
manufacture of novel implant materials. Direct 
apposition of bone matrix to the implant surface 
without intervening soft or fibrous tissue is 
mandatory for the development and maintenance 
of the bone-implant surface. Even if numerous 
studies have investigated the osteoblast response 
to metal implants, little is known about the initial 
intracellular events occurring at the osteoblast/
implant interface, loading to endosseous integration. 
The composition and the geometry of the metal have 
been shown to influence osteoblast adhesion, growth 
and phenotypic expression, including the integrin 
pattern (24-26).

An excellent load-bearing orthopedic and 
dental implant for clinical application should meet 
four elements: (i) good biocompatibility, which is 
the primary requirement for the implant; (ii) high 
bioactivity. After being implanted in the body, 
the implant can guide the biological behaviors of 
cells, including cellular adhesion, proliferation, 
differentiation, and migration. In other words, 
the implants should have good osteoconductivity 
even osteoinductivity; (iii) good integration with 
surrounding bone to prevent movement and 
migration; and (iv) proper mechanical properties 
that can not only carry load, but also avoid the stress 
shielding to peripheral bone (27).

Various techniques have been developed to 
obtain biocompatible titanium dental surfaces 
including: plasma spraying, hydroxyapatite coating, 
anodization, grit blasting, acid etching, laser 
treatment and a combination of these techniques 
(28).

Some important advantages have been attributed 
to surface roughness in increasing the cell attachment 
to implant surface and to enhance the bone implant 
biomechanical interaction (29). 

A key theory of bone tissue engineering is that 
the development of bioactive surface can stimulate 
cell behaviors in the absence of chemical treatment, 

 Fig. 2, section A shows the cell proliferation 
of human mandibular osteoblasts at different time 
points. Section B reports the cell growth in samples 
seeded on machined, sandblast and laser treated disks, 
group 4. A higher cell growth was evident in HOst 
incubated on sandblasted surfaces and in particular 
on laser-treated surfaces during all culture times. 
The better results, in terms of cell proliferation, were 
obtained for titanium disks, group 5. In particular, 
during all phases of culture, the HOst cells exhibited 
a high proliferative ability when seeded on laser-
treated group 5 disks.

The studies carried out by light microscopy and 
scanning electron microscopy confirmed the results 
obtained by MTT assay.

After 24 h of incubation, during the first contact 
between cells and the titanium disks, the adhesive 
process was observed, in particular in sandblasted 
and laser-treated disks group A and B confirming 
the good biocompatibility of the three-dimensional 
materials examined. 

With light and scanning microscopy, proliferating 
spindle-shaped cells with extended cellular processes 
as filopodia and lamellipodia on sandblasted 
titanium grade 4 and 5 surfaces  and  laser-treated 
titanium grade disks 4 and 5 were detectable (Fig. 
1 and Fig. 4, section B, C, E, F). On the contrary 
on the machined surfaces group A and B dramatic 
morphological changes were present; the cells were 
smaller, retracted and the greater part of them was 
roundish, and uneven changes of the cytoskeleton 
structure were evident; the presence of cells detached 
from the bottom well was suggestive of cell death 
(Fig. 1, section A and D; Fig.4, section A and D).

Scanning electron microscopy and CLSM 
observations helped to clarify the geometry of the 
analyzed disks (Fig. 3 and Fig. 4, Section A and D, 
Machined surfaces grade 4 and 5, Section B and E: 
Sandblast surface grade 4 and 5 respectively; Section 
C and F: Laser surfaces grade 4 and 5.

Figs. 4 and 6 showed the performance of the 
cells in contact with the titanium disks; the usual  
morphological organization of the cells in intimate 
contact with the Sandblasted 4 (section B) and 
Sandblast 5 (section E) and laser–treated disks 4 
(section C) and 5 (section F) was evident.

 Instead, in primary osteoblasts culture seeded 
on machined surface grade 4 (section A) and 5 
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10. Trubiani O, Isgro A, Zini N, et al. Functional
interleukin-7/interleukin-7Ralpha, and SDF-1alpha/
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11. Marin C, Granato R, Suzuki M, Gil JN, Piattelli A,
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dual acid-etched implant surfaces: an experimental
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adhesion on nanophase ceramics. Biomaterials 1999;
20:1222-7.

13. Webster TJ, Ejifor JU. Increased osteoblasts adhesion

regulating the over-expression of bone-related genes.
Evidence has been presented showing that the 

micro topography of titanium surfaces is able to 
influence not only the cell shape and orientation 
but the deposition of extracellular matrix, collagen 
synthesis, and alkaline phosphatase activity (30).  

In this study we investigated the primary human 
osteoblasts, from human mandibular periostium, in 
contact with different surfaces, prepared from grade 
4 and 5, as: 1) machined; 2) sandblasted and 3) laser-
treated disks with hemispherical cavities of 20 µm 
diameter and 30 µm of interpore distance. 

The viability MTT test carried out at 24, 48, 72 
h until 1 week showed a more evident cell growth 
increase in cells in contact with sandblasted and 
laser-treated surfaces in respect to cells seeded on 
machined titanium disks. 

At morphological level, the construct cells/
titanium analyzed offered  the opportunity to 
observe flattened osteoblasts establishing a strong 
focal adhesion on the bottom pores on the titanium 
disks platform and in particular on the hemispherical 
cavities of the laser 4 and 5 surfaces.

We retain that the microstructure surfaces can 
be considered of perceptible importance for implant 
performance and its topography may induce changes 
in cell shape and structure which in turn may lead to 
the modification of cellular growth and differentiation 
acting also on the mechano-transductive pathways. 

In conclusion, our in  vitro experiments using 
human mandibular osteoblast indicate that a fine laser 
surface structure promote optimal cell adhesion and 
proliferation  suggesting that this surface geometry 
could plays a  crucial roles in regenerative medicine. 

A future goal will be to clarify whether laser 
titanium surfaces can induce a cascade of osteogenic-
related molecules in primary osteoblasts.  
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Pathogenic or non-pathogenic bacteria from flora may play a key role in inflammatory bowel 
disease (IBD) pathogenesis. However, a specific infectious agent causing IBD has not been identified.  
This study assessed the impact of enteropathogenic E. coli (EPEC) on the modulation of IL-1β, IL-
6, TNF-α, COX-2, BAX and Bcl-2 expression, in sustaining inflammation of a rat colitis model. Two 
hundred male Sprague-Dawley rats (4 groups) were inoculated weekly or bi-weekly for 70 days, with 1% 
methylcellulose (MC), (b) 6% iodoacetamide (IA) in 1% MC, (c) 4x108 CFU of EPEC, and (d) IA+EPEC. 
After a month, treatment was stopped in half of the animals in each group. IL-1β, IL-6, TNF-α, COX-2, 
BAX and Bcl-2 expression were measured in colonic mucosa scrapings. IL-1β, IL-6, TNF-α, and COX-2 
were significantly increased in colonic mucosa of the IA+EPEC group and to a lesser but significant level 
in the IA group compared to controls, or EPEC alone, both in continued and discontinued treatment 
groups. Additionally, the BAX/Bcl-2 ratio decreased, indicating less apoptosis in the IA+EPEC group 
which exhibited more necrosis. These effects increased with experiment duration. This work provides 
new arguments favouring the role of bacteria in IBD pathogenesis.

Over the past decade inflammatory bowel disease 
research (IBD: Crohn’s disease (CD) and ulcerative 
colitis (UC)) induced the generation of a series of 
experimental animal models as well as numerous 
data concerning, etiology, pathways analysis, and 
therapeutic targeting (1, 2). The wide variety of 
triggering agents included chemicals and rarely 
bacteria in addition to transgenic manipulations 
(3-5). The hypothesis addressed by the study was 
that bacteria, either pathogenic or part of flora, 

in particular, enteropathogenic Escherichia Coli 
(EPEC), play an active role in the induction of IBD. 
Such bacteria could also sustain a chronic colitis 
based on an earlier report describing the development 
of a chronic UC-like colitis model, by combining 
iodoacetamide (IA), a sulfhydryl group blocker, and 
enteropathogenic Escherichia coli (EPEC), a strain 
with adhesion and effacing properties, instilled 
repetitively into the descending colon of Sprague 
Dawley rats (4). Further characterization of the 
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groups. Additionally, the BAX/Bcl-2 ratio decreased, indicating less apoptosis in the IA+EPEC group 
which exhibited more necrosis. These effects increased with experiment duration. This work provides 
new arguments favouring the role of bacteria in IBD pathogenesis.
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data concerning, etiology, pathways analysis, and 
therapeutic targeting (1, 2). The wide variety of 
triggering agents included chemicals and rarely 
bacteria in addition to transgenic manipulations 
(3-5). The hypothesis addressed by the study was 
that bacteria, either pathogenic or part of flora, 

in particular, enteropathogenic Escherichia Coli
(EPEC), play an active role in the induction of IBD. 
Such bacteria could also sustain a chronic colitis 
based on an earlier report describing the development 
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with adhesion and effacing properties, instilled 
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chronic model and the interplay of various cytokines 
was needed in an in depth investigation.

Although a precise infectious agent has not been 
identified as specifically causing IBD, bacteria are 
suggested to participate in its pathogenesis (6). This 
has been reported in CD with data showing a high 
prevalence of adherent-invasive Escherichia coli 
(E. coli) (AIEC) in ileal CD (7), a bacteria adhering 
to and invading epithelial cells through interaction 
with a specific adhesion molecule (CEACAM6) (8). 
High prevalence of this microorganism in CD ileum 
is supposed to result from genetic predisposition 
leading to loss of bacterial clearance. Other 
hypotheses suggested that IBD results from an 
excessive immune response to gut-residing intestinal 
flora (break of tolerance and disruption of immune 
regulatory mechanisms) or as a consequence of a 
breakdown in the balance between “protective” 
and “harmful” bacteria from the intestinal flora 
(“dysbiosis”) (9). Finally, clinical studies indicated 
that the disease affects mostly gut areas with the 
highest bacterial concentrations coming from various 
species including E. coli (9).

The primary consequence of the interaction 
between genetic susceptibility (10) and luminal 
pathogenic or commensal bacteria in IBD is the 
sustained activation of mucosal immunity, and the 
release of various pro-inflammatory mediators 
exacerbating and maintaining mucosal inflammation. 
Therefore, many pro-inflammatory and immune-
regulating cytokines are deregulated in IBD patients’ 
intestinal mucosa (11).

Finally, several studies have reported a 3-5-fold 
increased risk for colorectal cancer (CRC) (12, 13). 
Why chronic or recurrent mucosal inflammation 
during IBD could lead to CRC development in 
colonic CD or in UC is not fully understood (14). 
Nevertheless, there is clinical evidence that chronic 
inflammation plays a central role in colitis-associated 
cancer (CAC). Recently, several pro-inflammatory 
mediators have been considered of particular interest 
by driving inflamed non-dysplastic mucosa to CAC. 
For example, a recent work by Popivanova et al. 
established the role of TNF-α as a key mediator in 
inflammation-driven CAC development (15, 16).

A role for prostaglandins (PGs) in IBD pathogenesis 
has also been suggested. Cyclooxygenase-2 is 
normally expressed at a very low level in the 

intestinal epithelium, but is increased in inflamed 
IBD colon and highly expressed in human CRC 
(17). Cyclooxygenase-2 over-expression was also 
associated with resistance to apoptosis in human 
cancer cells (18).

Finally, Bcl-2/BAX ratio has been shown to 
significantly influence cellular transformation to 
malignant phenotype. Bcl-2, the anti-apoptotic 
protein, is over-expressed and could be neutralized 
by BAX activity, one of the pro-apoptotic proteins, 
by forming heterodimers. It was also proven that 
there were both host and pathogen encoded inhibitors 
of apoptosis (18, 19). 

Herein, we report further characterization of 
this novel chronic model by assessment of the 
inflammatory response in colonic mucosa by 
analysing the long term expression of TNF-α, IL-
1β, IL-6 and COX-2 mRNA. The behavior of such 
parameters was well documented in respect to IBD, 
in particular, when coupled with histopathological 
changes inflicted in IBD. It would be pertinent 
to compare our data to relevant existing data. 
Furthermore, preliminary data regarding apoptotic 
signalling as assessed by evaluating the BAX/Bcl-2 
ratio, was in support of chronicity.

MATERIALS AND METHODS

Chronic UC-like colitis model
The chronic colitis model used has been fully described 

previously (6). In the present study male Sprague-Dawley 
rats were divided into 4 groups: (a) controls inoculated 
with 1% methylcellulose (MC); (b) a group treated by 
100 μL of 6% iodoacetamide (IA) in 1% MC; (c) a group 
inoculated by EPEC (200 μL containing 4 x 108 colony 
factor unit of EPEC) (B); and (d) a group treated with 
IA followed by EPEC inoculation after 2 days (IA+B). 
Twenty-eight days post-treatment, each group was 
divided into 2 subgroups: the inoculation was stopped for 
one subgroup (“discontinued” injection subgroup) and 
the other subgroup continued with bi-weekly inoculation 
until day 70 (“continued” injection subgroup). 

Clinical parameters
Animals were observed daily and clinical parameters 

(diarrhoea, tenderness, megacolon, body weight) were 
recorded (4).

Histopathology
The severity of colitis was evaluated by the colonic 
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(95°C for 20 seconds) with annealing temperature (59°C 
for 15 seconds) and extension (72°C for 8 seconds). 
Amplification specificity was checked using the melting 
curve following the manufacturer’s instructions. All genes 
were normalized by comparison to β-actin (housekeeping 
gene), and results expressed as the ratio to β-actin in which 
the standard curve and comparative threshold cycle (delta 
CT method) was used. To use β-actin as housekeeping 
genes, both the gene and the method were standardized 
using controls and accurate procedures. It has also been 
reported that β-actin could be used as housekeeping 
gene to study the impact of enteropathogenic E. coli; its 
expression remains stable with the treatment (20). 

Statistical analysis
Data were expressed as means ± SEM. Variation 

in each gene level and its corresponding mRNA were 
determined by averaging the values obtained for each 
group at the indicated time interval. Statistical analysis 
used two-way ANOVA and Student’s t-test. A p value < 
0.05 was considered statistically significant.

RESULTS

Clinical observations and histopathology
Our results were in accordance with previous data 

demonstrating that our experimental UC-like colitis 

histopathology according to previously described criteria 
(4). Colon biopsies were taken at day 3, 7, 14, 28, 42 
and 70, fixed in 4% paraformaldehyde and processed for 
optical microscopy, or frozen at -80°C.

TNF-α, IL-1β, IL-6, COX-2, BAX and Bcl-2 mRNA by Real 
Time Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from scrapings of colonic 
mucosa by TRIR reagent (Invitrogen, Grand Island, NY 
14072, USA) at 4°C as described previously (4). RNA was 
resuspended in RNase free water and purity verified by 
the optical density (OD) absorption ratio OD 260 nm/OD 
280 nm. The integrity was electrophoretically assessed by 
formaldehyde agarose gel stained with ethidium bromide.

Two µg of RNA were reverse transcribed to cDNA 
using the Thermoscript RT-PCR system (Invitrogen) 
following the manufacturer’s instructions. Quantitative 
real-time PCR was performed for each template using 
the corresponding primer enlisted in Table I. The cDNA 
was amplified (duplicate) using iQ SYBR Green supermix 
(Bio-Rad Laboratories, Hercules, CA, USA). PCR 
efficiencies were calculated by performing a dilution over 
a 100-fold range in a five point standard curve including 
the concentration of the tested samples.

The real-time PCR program using the i-cycler 
machine (BioRad Laboratories), programmed for 95°C 
for 10 minutes, consisted of 40 cycles of denaturation 

19

Table I. Characteristics of primers used for quantitative real-time PCR.

Gene Forward Primer Reverse Primer 

β-actin (Thermo 

Scientific,Germany) 

5’-AAATCCCTCACCCTCCC 

AAAAG-3’

5’-AAGCAATGCTGTCA 

CCTTCCC-3’ 

TNF-α (Thermo 

Scientific, Germany) 

5’-AAATGGGCTCCCTCTCA 

TCAGTTC-3’  

5’- TCTGCTTGGTGGTTT 

GCTACGAC-3’

IL-1β (Thermo 

Scientific, Germany) 

5’- AAATGGGCTCCCTCTC 

ATCAGTTC-3’ 

5’- GGGTTCCATGGTGA 

AGTCAAC-3’

IL-6 (Thermo 

Scientific, Germany) 

5’- TCCTACCCCAACTTCC 

AATGCTC-3’ 

5’- TTGGATGGTCTTGG 

TCCTTAGCC-3’ 

BAX (Thermo 

Scientific, Germany) 

5’- CTGTATCCCGCCCTG 

GTG-3’

5’- GGCAGAGCTAGGA 

CCTACTTGG-3’ 

Bcl2 (Thermo 

Scientific, Germany) 

5’- CTCAGTCATCCACAGG 

GCGA-3’

5’- TAGGGTGAGCATC 

GGGGAG-3’

COX-2 (TIB 

MOLBIOL) 

5’- TGGGATGACGAGCGA 

CTGT-3’

5’- CAGAGGCAATGCGG 

TTCGG-3’

ADRIANA, PER FAVORE, NELLE FIGURE QUI SOTTO VEDI SE PUOI 

CAMBIARE LA SCRITTURA IN MODO CHE E TUTTO UGUALE - STESSO TIPO

DI CARATTERE E FONT

Table I. Characteristics of primers used for quantitative real-time PCR.
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TNF-α gene expression
Colonic TNF-α gene expression was compared 

using real-time PCR. Results were comparable with 
previously reported data (4). TNF-α expression 
levels in “continued” and “discontinued” treatment 
for the various groups and time points were 
illustrated in Fig. 1. As expected, we observed that 
TNF-α mRNA expression levels were well above 
the control levels (MC and B-treated groups) in the 

model resembled human UC. The clinical course 
for more than 2 months and the major symptoms - 
decreased body weight, diarrhoea, rectal bleeding - 
in addition to the clinical profile, which was further 
supported by macroscopic pathology and histological 
tissue alterations typical of human UC, were all in 
favor of resembling, supporting the resemblance of 
this model to human UC. It was reproducible with 
characteristics of chronicity.
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Fig. 1. Real-time PCR fold increase of TNF-α mRNA in mucosal scrapings of rat colon in various experimental groups, 
both in the continued (a) and discontinued (b) injection subgroups. The target mRNA was normalized to that of the ‘house-
keeping’ gene β-actin. Statistical significance was detected with reference to control levels (MC and B-treated groups).
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a time-dependent decrease in the IA “discontinued” 
group following day 28 to day 70 (Fig. 1b).

IL-1ß mRNA expression
Interleukin-1β mRNA expression in the IA+B 

group was consistently increased all through the 
experimental duration to very significant levels 
compared to control group(s) (Fig. 2). A particular 
pattern was noted in the undulating activity of IL-1β 

experimental categories (IA and IA+B groups), both 
in the “continued” and “discontinued” subgroups (p 
< 0.01). The results show a 23- to 39-fold increase 
in TNF-α mRNA levels in IA-treated rats when 
compared to MC and B groups (p < 0.05; Fig. 1). The 
results of the subgroup of rats continuing to receive 
IA treatment maintained a relatively high level of 
TNF-α mRNA expression (peak expression of a 
44-fold increase on day 42). In contrast, there was
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Fig. 2. Real-time PCR fold increase of IL-1β mRNA in mucosal scrapings of rat colon in
various experimental groups both in the continued (a) and discontinued (b) injection
subgroups. The target mRNA was normalized to that of the ‘house-keeping’ gene β-actin.
Statistical significance was detected with reference to control levels (MC and B-treated 
groups). 
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Fig. 2. Real-time PCR fold increase of IL-1β mRNA in mucosal scrapings of rat colon in various experimental groups 
both in the continued (a) and discontinued (b) injection subgroups. The target mRNA was normalized to that of the 
‘house-keeping’ gene β-actin. Statistical significance was detected with reference to control levels (MC and B-treated 
groups).
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groups. There was a significant transient rise of IL-
1β mRNA expression in the IA group slightly higher 
than in the IA+B group at day 3 of the experiment. 
However, in the “discontinued” IA-treated subgroup, 
there was a time-dependent decrease in the IL-β 
mRNA expression following day 28 to day 70 post-
treatment. However, it remained more expressed 
than in controls at all time points (Fig. 2b). 

expression in both “continued” and “discontinued” 
IA+B subgroups. This trend of undulation 
corresponded probably to periods of remission and 
exacerbation of inflammatory activity.

A close look at the data of the IA-treated 
“continuous” injection subgroup showed again a 
significantly increased mRNA expression during all 
the duration of the experiment compared to other 
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Fig. 3. Real-time PCR fold increase of IL-6 mRNA in mucosal scrapings of rat colon in 
various experimental groups both in the continued (a) and discontinued (b) injection
subgroups. The target mRNA was normalized to that of the ‘house-keeping’ gene β-actin.
Statistical significance was detected with reference to control levels (MC and B-treated 
groups). 
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mRNA increased expression correlated with the 
exacerbation of the chronic inflammation at various 
points. Additionally, the presence of the bacteria with 
IA seemed to have increased further such expression 
in colonic mucosa. In almost all points the increase 
in IL-6 mRNA expression in the combined IA+B 
group was significantly higher than in the IA group. 
The same pattern was expressed in both “continued” 

IL-6 mRNA expression
This pro-inflammatory cytokine was consistently 

increased in colonic tissues in IA and IA+B groups. 
The IL-6 mRNA expression showed, all through 
the experiment, very significantly higher levels 
between control and experimental groups at all time 
points tested (Fig. 3). The difference ranged from 
10-fold on day 3 to 40-fold on day 70. This IL-6
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Fig. 4. Real-time PCR fold increase of COX-2 mRNA in mucosal scrapings of rat colon in 
various experimental groups both in the continued (a) and discontinued (b) injection
subgroups. The target mRNA was normalized to that of the ‘house-keeping’ gene β-actin.
Statistical significance was detected with reference to control levels (MC and B-treated 
groups).  
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Fig. 4. Real-time PCR fold increase of COX-2 mRNA in mucosal scrapings of rat colon in various experimental groups 
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keeping’ gene β-actin. Statistical significance was detected with reference to control levels (MC and B-treated groups). 
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BAX expression. The BAX mRNA expression 
declined steadily from control to the combined IA+B 
group (results not shown). The BAX/Bcl-2 ratio is 
commonly used as an estimate of the net apoptotic 
rate. A high ratio signs apoptosis promotion. The 
BAX/Bcl-2 ratio in the combined IA+B group was 
the lowest among all four groups (Fig. 5).

DISCUSSION

Our results, showing the up-regulation of the 
pro-inflammatory cytokines TNF-α, IL-1β, IL-6 
in addition to COX-2, consolidate previous data 
from our group, indicating that the experimental 
colitis model we developed using an SH blocker 
and EPEC resembles to human UC and was 
reproducible with characteristics indicative of 
chronicity. As demonstrated earlier, the clinical 
course of the induced disease for almost a hundred 
days or even six months (unpublished personal 
data), together with the histological alterations 
typical of human UC, and the consistent increase 
of tissue myeloperoxidase activity in the IA+B 
group, indicate a severe inflammatory process in the 
descending colonic mucosa (4). Now, the presence 
of a significant increase in TNF-α, IL-1β, and IL-6 
mRNA expression, especially in the IA+B group, 
reinforced the validity and the usefulness of this UC-
like colitis model. In addition to the increased pro-
inflammatory cytokines expression, we reported a 

and “discontinued” subgroups (Fig. 3).

COX-2 mRNA expression
Colonic mucosal COX-2 mRNA expression 

was the lowest in the MC and B-treated groups, 
significantly higher in the IA group, and the highest 
in the IA+B group, from day 3 to 70 (Fig. 4). In the 
“discontinued” subgroup (Fig. 4a), after day 28, 
COX-2 mRNA expression maintained its increase, 
although to a lesser extent than in the “continuous” 
subgroup. In rats injected by IA alone, COX-2 mRNA 
expression increased all through the experiment 
compared to the MC and B-treated groups. This 
increase was consistently lower than in the IA+B 
group at almost all time points. After day 28, when 
all inoculations stopped in the “discontinued” group, 
COX-2 mRNA expression values remained higher 
than in controls; they were lower, almost half, than 
those in the “combined” continued IA+B subgroup 
(Fig. 4).

Apoptotic signalling: Bcl-2 and BAX mRNA 
expression

The Bcl-2 mRNA expression levels during 
the experimental course in all four groups were 
relatively close to each other and not significantly 
different between groups. This observation may be 
due to the baseline low level of Bcl-2 mRNA in the 
colon and to the fact that the major factor influencing 
the intrinsic apoptotic pathway in the colon is the 
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the affected intestinal segments of IBD patients with 
mRNA levels of up to 5-fold compared to normal 
mucosa (23). This effect is thought to result from 
increased pro-inflammatory cytokine expression as 
stated earlier, but also to mitogens, and endotoxins 
from invasive bacteria. Additionally, it has been 
shown that infection of intestinal epithelial cells with 
invasive bacteria induces COX-2 in the affected part 
of the gastrointestinal tract (24). In some studies, 
COX-2 expression is induced within a few hours of 
exposure to invasive organisms and then is lost over 
a period of approximately 24 hours. However, within 
24 hours of colitis induction, there was a marked 
up-regulation of colonic COX-2 mRNA, remaining 
elevated for at least 2 weeks after induction (24). 
Our data on COX-2 expression depicted a profile 
similar to what was previously reported in UC 
(25). Cyclooxygenase-2 was found to be highly 
expressed in the IA+B group compared to the MC 
group throughout the duration of the experiment 
until day 70. During the entire experiment duration, 
the combined treatment group exhibited the highest 
COX-2 levels in the “continued” injection subgroup, 
as compared to other groups. Cyclooxygenase-2 was 
probably induced by the pro-inflammatory cytokine 
TNF-α which was also increased in response to IA 
and IA+B treatments. This concordance between 
TNF-α and COX-2 over-expression may be also the 
result of the bacterial endotoxin originating from the 
EPEC instilled in the colon (25). A similar increase 
in COX-2 mRNA expression has also been reported 
in the trinitrobenzene sulfonic acid (TNBS)-induced 
rat colitis model, with a six-fold increase 72 hours 
after the TNBS administration (25     Theoretically, 
these results may suggest that inhibition of COX-
2 expression represented a valuable therapeutic 
target. However, as non-steroidal anti-inflammatory 
drugs (including selective COX-2 inhibitors) have 
been considered to potentially induce or worsen 
IBD attacks, (despite some controversy on their 
deleterious effects), COX-2 targeting was until now 
not considered as promising in IBD treatment (23, 
24, 26, 27).

Finally, we report a marked decrease in the BAX/
Bcl-2 ratio more pronounced in the IA+B group, 
than in the IA or the B groups. Cells in the colon 
scrapings of the IA+B group expressed lower levels 
of BAX whereas Bcl-2 expression was unchanged, 

COX-2 up-regulation specifically in the IA+B group 
- an increase which paralleled TNF-α up-regulation -
and finally, a down-regulation of apoptosis.

Such elevated levels of pro-inflammatory 
cytokines and COX-2 have been reported in human 
UC and CD (15, 19) and have been demonstrated to 
play an important role in IBD pathogenesis by driving 
the chronic inflammatory process leading to tissue 
injury, and finally to the clinical symptoms. These 
high levels of pro-inflammatory cytokines in the 
lamina propria have been associated with the severity 
of tissue injury, but have also been found in normal-
appearing mucosa in CD (19) where they may be 
predictive of early recurrence (21). Interestingly, the 
fact that the additional bacterial challenge by EPEC 
increased the magnitude of the colonic inflammatory/
immune response vs chemical IA induction alone, is 
in accordance with the current main hypothesis of 
IBD pathogenesis of the involvement of bacteria 
[pathogen(s) or from the normal flora] inducing 
intestinal inflammation in genetically predisposed 
subjects (19). TNF- α is also one of the most important 
mediators of the response to Gram negative bacteria 
and plays a role in the immune response to other 
micro-organisms (21). For example, endotoxins or 
lipopolysaccharides (LPS), derived from the outer 
membrane of Gram negative enteropathogenic E. 
coli interact with CD14 of mononuclear cell surface 
membrane, triggering a signalling cascade leading to 
the production and release of IL-1β, IL-6, TNF-α (10, 
19). In this respect, these cytokines and LPS (or their 
receptors on the involved inflammatory and immune 
cells) may represent putative therapeutic targets 
for UC and in fact, anti-TNF antibodies infliximab 
and adalimumab are efficient in UC induction and 
maintenance treatment (22).

The results of the present study demonstrate 
that the mucosal scrapings of the colon contained 
significantly elevated TNF-α mRNA levels in IA+B 
group, in both subgroups and at all time points 
compared to control. It is worth noting that increased 
local expression of IL-1β, IL-6, and in particular 
TNF-α is of prime importance in inducing COX-2 
production which might lead to blocking apoptosis, 
resulting in driving chronic inflammation and 
mediating tissue injury. By contrast to normal rat or 
human colonic tissue where COX-2 is not or very 
low expressed, COX-2 expression is usually high in 
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ileal but not colonic CD, these mice exhibited colitis 
with increased IL-1β, IL-17 and decreased IL-10 
mRNA expression in the colonic mucosa in the 
second model (32). The third experimental model 
combined inoculation of Helicobacter species to a 
genetically-induced inflammation (Smad 3/Rag2 
double null mice with transforming growth factor-β 
dysregulation) characterized by an increased 
expression of interferon-γ, IL-1α and β, IL-6, TNF-α, 
an increased BclXL and Bcl-2 expression, as well 
as an increase in c-Myc expression, finally leading 
to a greater incidence of CAC (33). Therefore, we 
anticipate that it would be interesting to study colon 
aberrant crypt foci, adenomas and CAC formation in 
our model (for example by adding to IA and EPEC, 
a colonic instillation of a chemical carcinogen such 
as azoxymethane or 1,2-dimethylhydrazine) (15, 
34), as it induces for over 70 days over-expression 
of some of the major inflammatory factors currently 
considered to lead to CAC (e.g. TNF-α, COX-2), 
despite the controversy concerning COX-2 role in 
CAC pathogenesis (35, 36).
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This experimental retrospective multicenter study carried out on 30 seropositive children treated 
with Highly Active Antiretroviral Therapy (HAART),  between the ages of 18 months and 14 years, in 
the clinical categories Centers for Disease Control (CDC) classification 1993 A (mildly symptomatic), 
B (moderately symptomatic) and C (severely symptomatic) aims to: 1) clinically and immunologically 
demonstrate the therapeutic benefits of HAART; 2) monitor the frequency of AIDS-related oral diseases 
in seropositive children with HAART therapy; 3) monitor the plasma levels of total CD4, CD4%, CD8%, 
CD4-CD8 lymphocytes and viral load from 1997 to 30 April, 2011. The statistic methods used are the 
analysis of covariance and the Bonferroni Test. More than 100 AIDS-related oral diseases were found in 
the study samples, the most frequent being: oral candidiasis, oropharyngeal candidiasis, HSV-1 herpetic 
esophagyitis, herpetic gingivolstomatitis (RHOG), recurrent aphthous stomatitis (RAS), parotid swelling, 
oral hairy leukoplakia (OHL), Herpes simplex 1 (HSV-1), linear gingival erythema (LGE), necrotizing 
gingivitis (NUG), facial lipodistrophy, facial-cervical lymphadenopathy (FCL), xerostomia, dysgeusia, 
hyposmia, oral mucosa hyperpigmentation (OMP). The Bonferroni test showed a significant difference 
between the mean plasma values (mpVTL) of total CD4, CD4 percentage, CD4-CD8 T lymphocytes 
and Viral Load (VL) of the various oral diseases found in the study samples. The therapeutic benefits 
of HAART are: immune reconstitution; reduction of the HIV/AIDS-related stomatology diseases; 
prevention and cure of the AIDS correlated neoplasias; reduction in maternal-fetal transmission of the 
HIV virus. The negative effects of HAART in relation to odontostomatolgy are: increase in oral lesions 
from HPV; xerostomia; dysgeusia/ageusia, hyposmia, perioral paresthesia; hyperpigmentation of oral 
mucosa; facial lipodystrophy, recurrent aphthous stomatitis (RAS). No case of immune reconstitution 
inflammatory syndrome or human papillomavirus (HPV)-related oral diseases were found in this study.
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In the pre-HAART era, the renowned German 
epidemiologist, Jonathan Mann stated: “AIDS has 

taken to the world and the world must equip itself to 
fight the HIV virus” (1). Highly Active Antiretroviral 
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Therapy (HAART), introduced in the two-year 
period 1996-97, has greatly changed the viral 
conditions - immunological and clinical – regarding 
odontostomatology in pediatric and adult HIV+ 
patients in industrialized countries, transforming 
a fatal disease into a syndrome that is continually 
acquiring a chronic character. 

HAART, which consists in the administration of 
multiple antiviral drugs, has the following aims:

1) to guarantee the HIV-positive pediatric patient
a high and good quality of life,  impeding the loss of 
the “hereditary immunity” through the suppression 
of viral replication; 2) to prevent the maternal-fetal 
transmission of the HIV virus in pregnant women (2-
5).

HAART was usually defined as the association 
of a non-nucleoside reverse transcriptase inhibitor 
(NNRTI), with a nucleoside reverse transcriptase 
inhibitor (NRTI) and a PI or the association of two 
NNRTI and PI (6-7).

 Perinatal HIV infection is noticeably different 
from that of adults in that it develops in an immature 
organism whose immune system is still developing, 
and this influences the clinical characteristics.  

In our study, as in the study of Patton LL and 
Ivan Dieb Miziara, the progression of pediatric HIV 
infection is monitored by two laboratory markers: 
1) serum CD4+ cell count (used to asses immune
competence); 2) HIV – RNA levels (used to asses
HIV replication or viral load). Both are also used
as markers of immune and virologic failure/success
induced by Highly Active Antiretroviral Therapy (6-
7).

This retrospective multicenter study, carried out 
in collaboration with the “Salus Pueri” Pediatric 
AIDS Centre of the University of Padua aims to: 
evaluate the effect of HAART on the progress of the 
immune response and on the suppression of viral 
replication (through monitoring of the plasma levels 
of the T lymphocyte total CD4, CD4%, CD8%, 
CD4-CD8 and of the viral load ) and consequently of 
the quality of life of the 30 HIV+ pediatric patients; 
monitor the frequency of AIDS-related oral diseases 
of pediatric patients in the study sample; document 
the stomatological side-effects induced by HAART 
in the study sample; verify the efficacy of HAART in 
the prevention of maternal-fetal transmission of the 
HIV virus in the study sample.

MATERIALS AND METHODS

The study sample consisted of 30 HIV+ pediatric 
patients between the ages of 18 months and 14 years, born 
to HIV-infected mothers, in the immunoclinical categories 
A (mildly symptomatic), B (moderately symptomatic), 
C (severely symptomatic) Centers for Disease Control 
(CDC) classification 1993 (8-9), regularly visited at the
centre in Padua and treated with HAART from birth. The
data relative to the patients was collected from medical
records, with particular attention to the hematic and viral
parameters, to the clinical notes and the therapies adopted, 
from 1997 to 30th April, 2011 (Fig. 1, 2, 3) (Tables I, II).Fig. 1. Sample study: HIV-positive males and females. 

Fig. 2. Sample study: type of delivery. 

Fig. 3. Sample study: nationality of HIV-positive children. 

Fig. 1. Sample study: HIV-positive males and females. 

Fig. 2. Sample study: type of delivery. 

 
 

Fig. 3. Sample study: nationality of HIV-positive children. 

Table I. Pediatric classification (CDC 1993) of human immunodeficiency virus 
infection.

Clinical categories 

Immunologic categories N* A* B* C* 
1: No evidence of

immunosuppression 
N1 A1 B1 C1

2: Moderate
immunosuppression 

N2 A2 B2 C2

3: Severe 
immunosuppression 

N3 A3 B3 C3

N*: no signs/symptoms;  A*: signs/slight symptoms;  B*: signs/moderate symptoms;  
C*: signs/serious symptoms 

Table II. Immunologic categories based on the percentage and absolute values,
according to age, of CD4+ T lymphocytes.

Immunologic categories Age of the children 
< 12 months 1-5 years 6-12 years
μL % μL % μL %

1: No evidence of
immunosuppression 

≥ 1500 ≥ 25 ≥ 1000 ≥ 25 ≥ 500 ≥ 25

2: Moderate immunosuppression 750-1499 15-24 500-999 15-24 200-500 15-24
3: Severe immunosuppression < 750 < 15 < 500 < 15 < 200 < 15 

Fig. 1. Sample study: HIV-positive males and females.

Fig. 2. Sample study: type of delivery.

Fig. 3. Sample study: nationality of HIV-positive children.
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4.	 a section dedicated to HAART which indicates
the type of therapy carried out.

Statistical analyses 
Covariance analysis was used to calculate the mean 

plasma values of the CD4 Tot, CD4%, CD8%, CD4-CD8 
lymphocytes and the viral load of the oral diseases using 
the onset date as covariant. 

The Bonferroni Test was used to calculate and compare 
the differences between the mean lymphocyte plasma 
values and viral load of the multiple lesions found in the 
study sample using ALFA value equal to 0.05.

Multiple comparisons were carried out for  multiple 
diseases. For the viral load, the calculations were 
carried out on the transformed log values (Logvir). The 
calculations were made using SAS System software.

RESULTS

Our experimental study is a multicenter 
retrospective of the few present in the scientific 
literature that asses the correlation between viral 
load, CD4 lymphocytes and the multiple oral diseases 
manifested in HIV+ children in the HAART era.

More than 100 oral diseases were found in 

Study sample: 11 males, 19 females; 20 patients of 
Italian nationality, 10 of other nationalities; 23 patients 
born by elective caesarian operation, 7 by natural birth. 
All the patients had undergone post-exposure prophylaxis 
after birth (Protocol ACG076), had been bottle-fed with 
artificial milk and were currently undergoing HAART 
regimen.

Three non-Italian newborn, of one-and-a-half, 2 
months and 3 months, were excluded from the study as their 
seropositivity is still to be ascertained. These newborn, 
on 30/04/2011, did not present any stomatological 
symptons. Each pediatric patient underwent an accurate 
intra- and extra-oral clinical examination and palpation 
of the lymph nodes in the head-neck area. A specific 
odontostomatological case history (Table III) was 
compiled for each pediatric patient as follows:

1. a section for history data, dedicated to physiologic,
family, past medical, past odontostomatologic, recent 
medical and recent odontostomatologic histories; 

2. a section dedicated to the diagnosis of the
pediatric patient with HIV infection; 

3. a section totally pertaining to odontostomatologic
interest including a relevant table: on odontostomatologic 
lesions and their relative plasma levels; on the therapy 
used for such lesions; on the radiodiagnostics of 
odontostomatologic interest;

Table I. Pediatric classification (CDC 1993) of human immunodeficiency virus 
infection.

Clinical categories 

Immunologic categories N* A* B* C* 
1: No evidence of 

immunosuppression 
N1 A1 B1 C1 

2: Moderate 
immunosuppression 

N2 A2 B2 C2 

3: Severe 
immunosuppression 

N3 A3 B3 C3 

N*: no signs/symptoms;  A*: signs/slight symptoms;  B*: signs/moderate symptoms;  
C*: signs/serious symptoms 

Table II. Immunologic categories based on the percentage and absolute values,
according to age, of CD4+ T lymphocytes.

Immunologic categories Age of the children 
< 12 months 1-5 years 6-12 years
μL % μL % μL %

1: No evidence of
immunosuppression 

≥ 1500 ≥ 25 ≥ 1000 ≥ 25 ≥ 500 ≥ 25

2: Moderate immunosuppression 750-1499 15-24 500-999 15-24 200-500 15-24
3: Severe immunosuppression < 750 < 15 < 500 < 15 < 200 < 15 

Table I. Pediatric classification (CDC 1993) of human immunodeficiency virus 
infection.

Clinical categories 

Immunologic categories N* A* B* C* 
1: No evidence of

immunosuppression 
N1 A1 B1 C1

2: Moderate
immunosuppression 

N2 A2 B2 C2

3: Severe 
immunosuppression 

N3 A3 B3 C3

N*: no signs/symptoms;  A*: signs/slight symptoms;  B*: signs/moderate symptoms;  
C*: signs/serious symptoms 

Table II. Immunologic categories based on the percentage and absolute values,
according to age, of CD4+ T lymphocytes.

Immunologic categories Age of the children 
< 12 months 1-5 years 6-12 years
μL % μL % μL % 

1: No evidence of 
immunosuppression 

≥ 1500 ≥ 25 ≥ 1000 ≥ 25 ≥ 500 ≥ 25 

2: Moderate immunosuppression 750-1499 15-24 500-999 15-24 200-500 15-24
3: Severe immunosuppression < 750 < 15 < 500 < 15 < 200 < 15 

N*: no signs/symptoms;  A*: signs/slight symptoms;  B*: signs/moderate symptoms;  C*: signs/serious symptoms

Table I. Pediatric classification (CDC 1993) of human immunodeficiency virus infection.

Table II. Immunologic categories based on the percentage and absolute values, according to age, of CD4+ T lymphocytes.



530

mucosa hyperpigmentation (OMP) (Fig. 4).
The following are some of the numerous mean 

plasma values of T lymphocytes (mpVTL) and the 
Viral Load (VL) during HIV/AIDS-related Oral 
Diseases (Fig. 5, 6, 7, 8).

• In the 7 cases of recurrent oral mucosa
hyperpigmentation (OMP) associated with recurrent 
aphthous stomatitis (RAS), mpVTL: CD4 Tot was 
390 μL; CD4% was 13.01; CD8% was 0.3; CD4-

the study sample, the most frequent being: oral 
candidiasis, oropharyngeal candidiasis, HSV-1 
herpetic esophagyitis, herpetic gingivolstomatitis 
(RHOG), recurrent aphthous stomatitis (RAS), 
parotid swelling, oral hairy leukoplakia (OHL), 
Herpes simplex 1 (HSV-1), linear gingival erythema 
(LGE), necrotizing gingivitis (NUG), facial 
lipodistrophy, facial-cervical lymphadenopathy 
(FCL), xerostomia, dysgeusia, hyposmia, oral 

Table III. Odontostomatologic medical record. 

 

 

 

Medical Record 

1) HISTORY 
Physiological history 

Name__________Surname__________Date of birth__________ 
Place of birth __________ Sex ____________       
Childbirth: natural/ cesarian 
Feeding: breast/ bottle 
Apgar score index________________________________________ 
First physiological actions: 
 talking__________
 walking __________

----------------------------------------------- 
Parent 

Name ________ Surname ________  Age____ Tel_____________ 

Name _________ Surname __________Age _____ Tel__________ 
Schooling / profession  ___________________________ 

Family history 

List eventual hereditary pathologies:____________ 

HIV positive:  YES    NO       father       mode of contagion  
  YES    NO    mother     mode of contagion  
  YES    NO    child        mode of contagion  

Past medical pathological history 

List all medical precedents       
_______________________________________________________
_______________________________________________________

Past medical history  

List all odontostomatologic past history  
_______________________________________________________
_______________________________________________________

Recent medical history  
_______________________________________________________
_______________________________________________________

Recent odontostomatologic history 
_______________________________________________________
_______________________________________________________

Objective exam 
_______________________________________________________
_______________________________________________________
_______________________________________________________

2) DIAGNOSTIC FRAMEWORK OF THE CHILD WITH HIV
INFECTION.  HIV VIRUS IDENTIFICATION TEST 

  Within 15 days from birth    After 6 months  
 PCR       Positive/ Negative          Positive / Negative 
 - o viral isolation       Positive / Negative         Positive/ Negative 
 - o Ag p 24 isolation       Positive / Negative      Positive / Negative 

  3 mnth    6 mnth    9 mnth     12 mnth    15 mnth  18 mnth 
WESTERN 
 BLOT 

Positive /  
 Negative 

Positive/   
Negative 

Positive/ 
Negative 

Positive / 
Negative 

Positive / 
Negative 

Positive/ 
Negative 

2. ODONTOSTOMATOLOGIC ONSET AND PLASMA LEVELS 

Date Dental lesion CD4 Tot CD4 % CD8 % CD4/ CD8 VIREMI
A 

Odontostomatologic therapy 

Dental  lesion Drug Dosage 

Odontostomatology Radiodiagnostic tests 

Typology Test    Radiodiagnosed Pathology 

4) HAART THERAPY
⁯ Single   name of drug  _______________ 
⁯ Double    name of drug  _______________ 
⁯ Triple    name of drug  _______________ 

Date of therapy    Type    Dosage 

Table III. Odontostomatologic medical record.

M. NESTI ET AL.
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lymphadenopathy (FCL), the  mpVTL: CD4 Tot was 
2.15 μL; CD4% was 2.3; CD8% was 36.6; CD4-
CD8 was 0.009; VL (logVir) was 12.33.

The results of our study show that AIDS-
related oral disease are important indicators for 
evaluating immune (immune competence/immune 
reconstitution) and/or virological success or failure 
induced by HAART in HIV+ children.

In fact, in 8 cases of recurrent parotid swelling 
associated with linear erythema (EL), the mpVTL: 
CD4 Tot was 1753 μL, CD4% was 45.9. These 
average lymphocyte values found in the sample study 
in the course of AIDS-related oral diseases allowed 
us, by using the immunoclinical classification of the 
CDC (1993) based on age, to classify these children 
in the ‘no evidence of immunosuppression’ category: 
Lymphocytes TCD4 +> 1500 μL; CD4 ≥ 25% (Table 
II).

In the 10 cases of recurrent aphthous stomatitis 
(RAS) associated with linear gingival erythema 
(EL), the mpVTL: CD4 Tot was 552.00 μL; CD4% 
was 26.3. These average lymphocyte values found in 
the sample study in the course of AIDS-related oral 
diseases allowed us, by using the immunoclinical 
classification of the CDC (1993) based on 

CD8 was 0.175; VL (logVir) was 11.082.
• In the 8 cases of parotid tumefaction

associated with linear gingival erythema (LGE), 
mpVTL: CD4 Tot was 1753 μL; CD4% was 45.9; 
CD8% was 28.2; CD4-CD8 was 0.87; VL (logVir) 
was 3.951.

• In the 10 cases of recurrent aphthous
stomatitis (RAS) associated with linear gingival 
erythema (LGE), the mpVTL: CD4 Tot was 552.00 
μL; CD4% was 26.3; CD8% 57.9; CD4-CD8 was 
0.5; VL (logVir) was 3.688. 

• In the 4 cases of recurrent necrotizing
gingivitis (NUG) associated with recurrent herpetic 
gingivolstomatitis (RHOG) and facial-cervical 
lymphadenopathy (FCL), the mpVTL: CD4 Tot was 
48.50 μL; CD4% was 2.06; CD8% was 61.6; CD4-
CD8 was 0.009. VL (logVir) was 9.01.

• In the 7 cases of recurrent oral hairy
leukoplakia (OHL) associated with recurrent 
aphthous stomatitis (RAS), the mpVTL was CD4 Tot 
395.00 μL; CD4% was 13.925; CD8%  was 41.225; 
CD4-CD8 was 0.325; VL (logVir) was 9.109.

• In the 7 cases of recurrent oropharyngeal
candidiasis associated with HSV-1 herpetic 
esophagyitis (Esoph. HSV-1) and facial-cervical Fig. 4. Frequency of AIDS-related oral diseases revealed in the study sample.

Fig. 4. Frequency of AIDS-related oral diseases revealed in the study sample.
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Fig. 5. Mean values of CD4 T lymphocyte plasma totals revealed in AIDS-related oral
diseases.
OMP: Oral mucosa hyperpigmentation; RAS: Recurrent Aphthous Stomatitis; LGE: 
Linear Gingival Erythema; Oral candidiasis; Oroph. Candidiasis; HSV-1: Herpes 
simplex 1; Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis;
RHOG: Recurring herpetic gingivostomatitis (HSV-1); OHL: Oral Leukoplakia; FCL:
Facial cervical lymphadenopathy.

Fig. 6. Mean values of CD4 % T lymphocyte plasma revealed in AIDS-related oral
diseases.
OMP: Oral mucosa hyperpigmentation; RAS: Recurrent Aphthous Stomatitis; LGE: 
Linear Gingival Erythema; Oral candidiasis; Oroph. Candidiasis; HSV-1: Herpes 
simplex 1; Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis;
RHOG: Recurring herpetic gingivostomatitis (HSV-1); OHL: Oral Leukoplakia; FCL:
Facial cervical lymphadenopathy.

Fig. 5. Mean values of CD4 T lymphocyte plasma totals revealed in AIDS-related oral diseases. OMP: Oral mucosa 
hyperpigmentation; RAS: Recurrent Aphthous Stomatitis; LGE: Linear Gingival Erythema; Oral candidiasis; Oroph. 
Candidiasis; HSV-1: Herpes simplex 1; Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis; RHOG: 
Recurring herpetic gingivostomatitis (HSV-1); OHL: Oral Leukoplakia; FCL: Facial cervical lymphadenopathy.

Fig. 6. Mean values of CD4 % T lymphocyte plasma revealed in AIDS-related oral diseases.OMP: Oral mucosa 
hyperpigmentation; RAS: Recurrent Aphthous Stomatitis; LGE: Linear Gingival Erythema; Oral candidiasis; Oroph. 
Candidiasis; HSV-1: Herpes simplex 1; Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis; RHOG: 
Recurring herpetic gingivostomatitis (HSV-1); OHL: Oral Leukoplakia; FCL: Facial cervical lymphadenopathy.
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facial-cervico lymphadenopathy (FCL), the mpVTL: 
CD4 Tot was 2.15 Μl; CD4% was 2.3. These average 
values measured in lymphocyte samples of oral 
diseases during AIDS-related studies allowed us, by 
using the immunoclinical classification of the CDC 

age, to classify these children in the ‘moderate 
immunosuppression’ category: Lymphocytes TCD4+ 
500-999 μL; CD4% 15-24% (Table II).

In the 4 cases of recurrent oropharyngeal
candidiasis associated with herpetic esophagitis and 

Fig. 7. Mean values of plasma of CD4 – CD8 T lymphocytes revealed in AIDS-related
oral diseases.
OMP: Oral mucosa hyperpigmentation; RAS: Recurrent Aphthous Stomatitis; LGE: 
Linear Gingival Erythema; Oral candidiasis; Oroph. Candidiasis; HSV-1: Herpes 
simplex 1; Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis;
RHOG: Recurring herpetic gingivostomatitis (HSV-1); OHL: Oral Leukoplakia; FCL:
Facial cervical lymphadenopathy.

 
Fig. 8. Mean viral load (logVir) in AIDS-related oral diseases.
OMP: Oral mucosa hyperpigmentation; RAS: Recurrent Aphthous Stomatitis; LGE: 
Linear Gingival Erythema; Oral candidiasis; Oroph. Candidiasis; HSV-1: Herpes 
simplex 1; Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis;
RHOG: Recurring herpetic gingivostomatitis (HSV-1); OHL: Oral Leukoplakia; FCL:
Facial cervical lymphadenopathy.

Fig. 7. Mean values of plasma of CD4 – CD8 T lymphocytes revealed in AIDS-related oral diseases. OMP: Oral mucosa 
hyperpigmentation; RAS: Recurrent Aphthous Stomatitis; LGE: Linear Gingival Erythema; Oral candidiasis; Oroph. 
Candidiasis; HSV-1: Herpes simplex 1; Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis; RHOG: 
Recurring herpetic gingivostomatitis (HSV-1); OHL: Oral Leukoplakia; FCL: Facial cervical lymphadenopathy.

Fig. 8. Mean viral load (logVir) in AIDS-related oral diseases. OMP: Oral mucosa hyperpigmentation; RAS: Recurrent 
Aphthous Stomatitis; LGE: Linear Gingival Erythema; Oral candidiasis; Oroph. Candidiasis; HSV-1: Herpes simplex 1; 
Esoph. HSV-1: HSV-1 herpetic esophagitis; NUG: Necrotizing gingivitis; RHOG: Recurring herpetic gingivostomatitis 
(HSV-1); OHL: Oral Leukoplakia; FCL: Facial cervical lymphadenopathy.
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lymphadenopathy equal to 879 μL;
• In recurrent aphthous stomatitis associated

with linear gingival erythema and necrotizing 
gingivitis associated with recurring herpetic 
gingivostomatitis and with facial cervical 
lymphadenopathy equal to 503.5 μL.

Regarding the difference between the mean 
plasma values of the percentages (%) of the CD4  
T lymphocytes, the Bonferroni test showed a 
significant difference between the values revealed 
(Table V):

• in the parotid swelling associated with linear
gingival erythema and oropharyngeal candidiasis 
associated with herpetic esophagitis equal to 43.7;

• in the parotid swelling associated with
recurrent aphthous stomatitis and necrotizing 
gingivitis associated with recurring herpetic 
gingivostomatitis and with facial cervical 
lymphadenopathy equal to 31.68;

• in recurrent aphthous stomatitis associated
with linear gingival erythema and Herpes Simplex 
1 associated with oral candidiasis and facial cervical 
lymphadenopathy equal to 22.6. 

Regarding the difference between the mean 
plasma values of the CD4 – CD8 T lymphocytes, 
the Bonferroni test showed a significant difference 
between the values revealed (Table VI):

• in the parotid swelling associated with linear
gingival erythema and herpes Simplex 1 (HSV-1) 
associated with oral candidiasis e facial cervical 
lymphadenopathy equal to 1.6;

• in the parotid swelling associated with
recurrent aphthous stomatitis and necrotizing 
gingivitis associated with recurring herpetic 
gingivostomatitis and with facial cervical 
lymphadenopathy equal to 0.8607;

• In recurrent aphthous stomatitis associated
with linear gingival erythema and oropharyngeal 
candidiasis associated with herpetic esophagitis 
equal to 0.491.

With regard to the difference between the mean 
values of the viral load (expressed in logVir), the 
Bonferroni test showed a significant difference 
between the values revealed (Table VII) :

• In the oropharyngeal candidiasis associated
with herpetic esophagitis and parotid swelling 
associated with linear gingival erythema equal to 
8.379;

(1993) based on age, to classify these children in the 
‘severe immunosuppression’ category: Lymphocytes 
TCD4+ <200μL; Lymphocytes CD4% <15 (Table 
II).

In our study we found a strong correlation between 
OMP (which is both a side effect of HAART and a 
pseudo pathology) and RAS. 

DISCUSSION 

Our study is in agreement with the Patton study, 
carried out between 1995 and 1999 on 606 patients 
(159 patients <12 years, 209 patients = 12 years, 238 
patients > 12 years) which concluded that AIDS-
related oral diseases are strongly suggestive, and 
associated with immune suppression and modestly 
associated with high viral load (10).

Our study is in agreement with a recent study 
by Gaita’n-Cepeda et al. which concluded that oral 
candidiasis should be considered a predictor of 
clinical failure in immuno patients adult and pediatric 
patients with HIV / AIDS undergoing HAART(11).

The correlation between viral load, plasma 
values of CD4 Tot, CD4 %, CD8 %, CD4-CD8 T 
lymphocytes and AIDS-related oral diseases, found 
in this retrospective multicenter study, shows that 
lymphocytic depletion is the basic element in the 
onset of such diseases.

 From this retrospective study, carried out on a 
population of seropositive children, it emerges that: 

1) The CD4 lymphocyte, for which the HIV
virus has a high tropism, is the principle base of 
the entire immune system, being able to regulate 
like “the conductor of an orchestra” the activity of 
all the other cells responsible for immune defence 
and the viral load has a low predictive value on the 
progression of the illness and on death rate. 

With regard to the difference between the mean 
plasma values of the CD4 T lymphocytes detected 
in our sample study, the Bonferroni Test showed a 
significant difference between the values revealed 
(Table IV):

 In parotid swelling associated with linear gingival 
erythema and oropharyngeal candidiasis associated 
with herpetic esophagitis equal to 1750.85 μL;

• In parotid swelling associated with recurrent
aphthous stomatitis and Herpes Simplex 1 (HSV-1) 
associated with oral candidiasis and facial cervical 

M. NESTI ET AL.



535Journal of Biological Regulators & Homeostatic Agents

which characterizes HIV infection in all its stages. 
Such depletion, inevitably, exposes the pediatric 
patient to a series of oral manifestations of various 
nature. Today, thanks to Highly Active Antiretroviral 
Therapy, HAART-induced immunologic 
reconstitution has drastically reduced the frequency 
of AIDS-related opportunistic infections (12-16), 
with the exception of oro-pharyngeal-esophageal/
pulmonary candidiasis which in 2010 was 33.6% vs 

•	 In Herpes Simplex 1 (HSV-1) associated with 
oral candidiasis and facial cervical lymphadenopathy 
and recurrent aphthous stomatitis associated with 
linear gingival erythema equal to 5.934.

From these mean plasma values (mpVTL) 
detected by statistical analysis (Bonferroni test and 
analysis of covariance) it is clear that the progressive 
depletion of the CD4+ T cells in the peripheral blood 
represents the fundamental immunologic event 

Table IV. Difference between the mean plasma values of the CD4 Tot lymphocytes: the
Bonferroni test.
 

Oral Diseases 
AIDS-related 

mpVTL 
CD4 μL 

 mpVTL 
CD4 μL 

Difference mean plasma values 
of the CD4 Tot lymphocytes 

Parotid Swelling + LGE 1753.00 Oroph. Candisiasis + 
Esoph. HSV-1 + FCL 

2.15 1750.85 μL 

Parotid Swelling + RAS 928.00 HSV-1 + Oral 
Candidiasis + FCL 

49 879.00 μL 

RAS + LGE 552 NUG + RHOG + FCL 48.50 503.50 μL 
 

 

Table V. Difference between the mean plasma values of the CD4 % lymphocytes: the
Bonferroni test. 

Oral Diseases
AIDS-related

mpVTL
CD4 %

mpVTL
CD4 %

Difference mean plasma values 
of the CD4 % lymphocytes

Parotid Swelling + LGE 46.00 Oroph. Candisiasis +
Esoph. HSV-1 + FCL 

2.03 43.7 %

Parotid Swelling + RAS 33.74 NUG + RHOG + FCL 2.06 31.68 %
RAS + LGE 26.3 HSV-1 + Oral

Candidiasis + FCL
3.7 22.6%

Table VI. Difference between the mean plasma values of the CD4 – CD8 lymphocytes: 
the Bonferroni test. 

Oral Diseases
AIDS-related

mpVTL
CD4-CD8

mpVTL
CD4-CD8

Difference mean plasma
values of the CD4- CD8

lymphocytes
Parotid Swelling + LGE 1.6 HSV-1 + Oral

Candidiasis + FCL
0 1.6

Parotid Swelling + RAS 0.8697 NUG + RHOG +
FCL 

0.009 0.8607

RAS + LGE 0.5 Oroph. Candisiasis +
Esoph. HSV-1 + FCL 

0.009 0.491
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viral load; 
4. The plasma values of T lymphocytes CD4+

in children HIV-positive, compared to adults, are 
higher and show a considerable variability in the first 
4 years of life, and then decreased with age until it 
reaches values of adult HIV / AIDS to the 6-7 years 
of life;

5. The viral load, however, has a low predictive
value on disease progression and mortality.

This multicentric retrospective study is in contrast 
with the strong current correlation  in the scientific 
view between HAART and an increase in HPV-related 
lesions in HIV-positive children. In our study sample 
of 30 HIV-positive children from different immuno 
clinical categories, no cases of HPV-related oral diseases 
were noted, nor any cases of immune reconstitution 
inflammatory syndrome, which is characterized by 
a “paradoxical” reactivation and reproliferation of 
neoplasias and latent opportunistic infections triggered 
by delayed hypersensitive immune reactions.

Concluding with a citation by A. BLOCH: “A 
drug is not only a molecule which, when inoculated 
into an experimental animal, produces a scientific 
article”.
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There is no or little evidence on postoperative pain assessment and treatment in Albanian hospitals. 
This study is based on our every day work and aims to highlight our experience. We conducted a 
descriptive drug utilization study which implied data collection over 6 months. Evidence of the enrolled 
patients was kept by maintaining records and the completed structured questionnaires. Postoperative 
pain was assessed through a five-category verbal rating scale (VRS). Metamizole was the most prescribed 
and administered analgesic drug as single therapy and in combination therapy, and acetaminophen was 
the least prescribed drug. The compliance between the prescribed dosages and those administered was 
higher in patients treated with a single analgesic compared to multiple therapies. A few patients reported 
adverse events (4.2%). There is much variability in postoperative pain management methods used by 
medical staff within the Tirana University Hospital. In Albania to date there is no standard protocol 
for postoperative pain treatment. This study shows that there are no essential differences in patients’ 
outcomes in terms of efficacy of analgesic treatment. This leads to the conclusion that a postoperative 
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Pain is a personal, subjective experience that 
involves sensory, emotional and behavioral factors 
associated with actual or potential tissue injury (1). 
An appropriate pain management aims to improve 
the quality of the patient’s life, to facilitate the 
recovery, to reduce the morbidity and to allow rapid 
discharge from hospital (2).

There is much evidence of individual variations 
in reacting to pain and this is influenced by genetics, 
age, sex and cultural background. Pediatric patients, 
geriatric patients and patients suffering from critical 
illness as well as other groups of patients, with 
inadequate pain control therefore require special 

attention (3, 4). 
When discussing pain associated to surgery, we 

may observe two types: acute and chronic pain. 
Both can arise from skin, deep somatic or visceral 
structures. The first is experienced immediately 
after surgery (up to 5-7 days) the chronic instead 
can last more than 3 months (5). Continuous and 
periodic pain assessment is of relevant importance 
in postoperative pain management. Pain must be 
quantified through appropriate assessment scales (6, 
7). 

There is no or little evidence on postoperative pain 
assessment and treatment in Albanian hospitals. This 
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study, based on every day work, aims to highlight 
our experience. The objective is to describe and 
improve knowledge on the prevalence, severity and 
treatment outcomes of pain syndromes after three 
main abdominal surgery types: 1) inguinal hernia 
(recurrent and/or bilateral); 2) open cholecystectomy; 
and 3) gastric surgery, (either elective or emergency 
surgeries) performed at the University Hospital 
Center in Albania. In Albania surgery-associated 
pain has traditionally been managed by using classic 
treatments, a combination of two or more analgesics, 
or by combining an analgesic and an antispasmodic 
drug. We must mention that there are no available 
guidelines on pain treatment in Albanian hospitals.

MATERIALS AND METHODS

We evaluated a sample of 545 consecutive patients 
undergoing surgical treatment in the First Surgical Clinic 
of Tirana University Hospital Center. This cross-sectional 
study describes drug utilization and implies data collection 
over a 6 months period (from 1/1/2011 to 30/6/2011). We 
kept evidence of the enrolled patients by maintaining their 
records and the completed questionnaire prepared by our 
group (each patient included in the study provided their 
consent to use the information gathered).

We considered only cases of the three following types 
of operative procedure: 1) inguinal hernia (including 
recurrent and/or bilateral); 2) open cholecystectomy and 
3) gastric surgery (including malignant tumor, gastric
ulcer, duodenal ulcer) considering these examples of
simple, middle and aggressive surgery, respectively.

Clinical data collected regarded age, sex, presence of 
other diseases, current medicinal treatments, analgesics 
used to treat postoperative pain (specifying the name of 
drug, dose and route of administration, dosing schedule, 
the dose prescribed and that administered, adverse events 
experienced during treatment etc). (8) 

Data showed that postoperative pain of enrolled 
patients was managed through several treatment schemes: 

1. Metamizole 50%-2 ml
2. Metamizole 50%/2 ml associated to Diazepam

10mg/2 ml  
3. Metamizole 50%/2 ml associated to Papaverine

4%-1ml 
4. Metamizole 50%/2 ml associated to

Butylscopolamine bromide 20mg/1ml 
5. Tramadol hydrochloride 100mg/2ml
6. Ketoprofen 160mg/2ml
7. Meloxicam 15mg/1.5ml
8. Diclofenac sodium 75mg/3ml

9. Acetaminophen 150 mg/ml – 6.7 ml
10. Pethidine hydrochloride 5%- 2 ml
11. Morphine hydrochloride 10 mg- 1 ml
Postoperative pain was assessed using a five category

verbal rating scale (VRS). Patients were asked to rate their 
pain on a five-point scale: none, mild, moderate, severe or 
very severe. Evaluation was made on the first day post 
surgery (9-11). 

RESULTS

A total number of 545 patients were enrolled in 
the study (258 Male and 287 Female patients) 219 
(40.2%) of whom had undergone inguinal hernia 
and 65 (11.9%) gastric surgery. Cholecystectomy 
was performed by traditional dexter subcostal 
laparotomie and was carried out on 261 patients (or 
47.90%). The patients’ average age was 57.04; the 
median age was 59.6, SD 15.96. The age of enrolled 
patients was in a 72.7 years range (the youngest 
being 14.0 and the oldest 86.7). 

Of the enrolled patients, 298 (54.67%) did 
not suffer from other pathologies, 124 (22.75%) 
reported HTA (arterial hypertension) and/or cardiac 
dysfunctions; 58 (10.64%) suffered from chronic 
respiratory diseases and 78 (14.31%) had had gastric 
abnormalities treated at least once in their life. 

Analgesic treatments at post surgery were 
administered as perfusion or injection, a usual 
procedure in our clinic. Of the 1056 analgesic doses 
administered in the first 24 h, 667 were intravenous, 
339 intramuscular and none oral or rectal. Thirteen 
patients (2.38%) did not receive any postoperative 
pain treatment. 

The most prescribed drug for postoperative pain 
management (administered as single therapy) is 
Metamizole with 12.7% of the prescriptions. When 
classifying prescriptions in opioid and non-opioid 
ones, we found that 31.3% of prescribed drugs are 
opioid and 66.3% non-opioid ones. One hundred 
and seventy (32%) patients were treated with a 
combination of opioid and non-opioid drugs; 75 
(14.1%) patients were treated with either one opioid 
or a combination of two opioid drugs (pethidine/
tramadol or morphine/tramadol). Eighty-five 
(5.6%) patients were treated combining non-opioid 
metamizole with diazepam, 44 (8.07%) patients 
were treated with a combination of metamizole 
with papaverine and 40 (7.33%) were treated with 
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clear instructions on dose and dosage regimen for the 
analgesic, opioid and non-opioid drugs being used. 
Table II shows the proportions of dosages prescribed 
and those administered related to the number of 
dosages. Data refers to different treatment schemes.

The compliance between dosages prescribed and 
those administered was higher in patients treated with 
only one analgesic (especially for opioid therapy) as 
compared to co-prescriptions of analgesic drugs. Data 
analysis shows that compliance reduces especially 
when prescribed NSAID-s were recommended “as 

a combination of metamizole with butylscopolamine 
bromide. Metamizole was the most prescribed and 
administered drug, not only as analgesic single 
therapy but also in combination therapy (283 
patients with metamizole). The less prescribed and 
administered drug was acetaminophen (used only 
on 14 patients, 2.56% of the total patients).  2.38 % 
patients needed no treatment.

Table I shows differences in administered dosages 
of analgesics based on drug type.

Collected clinical data showed that there were 

Table II. Proportions of dosages prescribed and those administered (compliance add/pdd), the
relative number of dosages, based on different treatment schemes.

Analgine Valium Papverine Butylsc. Tramadol Ketoprofen meloxicam Diclofenac Acetaminofen Petidine Morfine 
Mean Dose  
PDD (mg) 2440.3 24.1 113.6 92.0 261.8 232.0 16.4 130.7 2928.6 148.9 11.9 
Mean Number 
 of Doses 2.44 1.21 2.84 4.60 2.62 1.45 1.09 1.74 2.93 1.49 1.19 
Mean Dose  
ADD (mg) 2162.1 20.1 123.6 89.5 213.5 208.0 15.9 117.9 2714.3 117.0 11.6 
Mean Number  
of Doses 2.16 1.01 3.09 4.48 2.14 1.30 1.06 1.57 2.71 1.17 1.16 
Compliance  
with
prescription 
ADD/PDD*100 89 83 109 97 82 90 97 90 93 79 97
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Mean Dose
PDD (mg) 2913.0 2411.8 24.1 2840.9 113.6 2375.0 92.0 280.7 232.0 16.4 130.7 2928.6 148.9 872.3 12.8 11.9 1000.0 12.5

Mean Number
of Doses 2.91 2.41 2.41 2.84 2.84 2.38 4.60 2.81 1.45 1.09 1.74 2.93 1.49 0.87 0.13 1.19 1.00 0.13

Mean Dose

ADD (mg) 2500 2011.8 20.12 2522.7 123.6 2275 89.5 226 208 15.91 117.9 2714 117.02 851.06 12.766 11.563 1000 12.5

Mean Number
of Doses 2.5 2.0118 2.012 2.5227 3.091 2.275 4.475 2.26 1.3 1.061 1.571 2.714 1.1702 0.8511 0.1277 1.1563 1 0.125

Compliance
with 

prescription
ADD/PDD*100 85.8 83.4 83.4 88.8 108.8 95.8 97.3 80.5 89.7 97.2 90.2 92.7 78.6 97.6 100.0 97.4 100.0 100.0

Table I. Quantity and number of dosages applied accompanied with the compliance expressed as administered dosages 
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of Doses 2.44 1.21 2.84 4.60 2.62 1.45 1.09 1.74 2.93 1.49 1.19
Mean Dose
ADD (mg) 2162.1 20.1 123.6 89.5 213.5 208.0 15.9 117.9 2714.3 117.0 11.6
Mean Number
of Doses 2.16 1.01 3.09 4.48 2.14 1.30 1.06 1.57 2.71 1.17 1.16
Compliance
with
prescription
ADD/PDD*100 89 83 109 97 82 90 97 90 93 79 97
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Mean Dose  
PDD (mg) 2913.0 2411.8 24.1 2840.9 113.6 2375.0 92.0 280.7 232.0 16.4 130.7 2928.6 148.9 872.3 12.8 11.9 1000.0 12.5 

Mean Number  
of Doses 2.91 2.41 2.41 2.84 2.84 2.38 4.60 2.81 1.45 1.09 1.74 2.93 1.49 0.87 0.13 1.19 1.00 0.13 

Mean Dose  

ADD (mg) 2500 2011.8 20.12 2522.7 123.6 2275 89.5 226 208 15.91 117.9 2714 117.02 851.06 12.766 11.563 1000 12.5 

Mean Number 
of Doses 2.5 2.0118 2.012 2.5227 3.091 2.275 4.475 2.26 1.3 1.061 1.571 2.714 1.1702 0.8511 0.1277 1.1563 1 0.125 

Compliance 
with 

prescription
ADD/PDD*100 85.8 83.4 83.4 88.8 108.8 95.8 97.3 80.5 89.7 97.2 90.2 92.7 78.6 97.6 100.0 97.4 100.0 100.0 

Table II. Proportions of dosages prescribed and those administered (compliance add/pdd), the relative number of 
dosages, based on different treatment schemes.
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perception was related to either age or gender. 

DISCUSSION

Postoperative pain treatment and management 
is of great relevance in hospital settings. It impacts 
directly the wellbeing of patients, recovery and the 
number of hospitalization days. The techniques 
employed during surgery as well as analgesic 
medication delivered pre-, intra- and post-operatively 
can have an impact on patient outcomes (15-18).

There are at least 11 various treatment schemes 
in postoperative pain management, as seen in 
this study, just among medical staff at Tirana 
University Hospital (14 surgeons). Such variability 
in prescription is particularly observed on drug 
regimen dosage and on physician preferences to 
opioid or non-opioid analgesics. It would be helpful 
to compare our results with those from previous 
similar studies, unfortunately a literature review 
did not reveal any past experiences in this field in 
Albania.

In Albania to date there is no standard protocol in 
place for postoperative pain treatment. The present 
study shows that there are no essential differences in 
patients’ outcomes in terms of efficacy of analgesic 
treatment. This leads to conclude that a postoperative 
protocol/guideline for pain management should be 
prepared, based on our local study findings and also 
on international experience.

Such a protocol would also have an impact on 
the analgesic drug availability in our hospitals 
which, as noted in a few cases may condition the 
use of treatments schemes. Protocols must consider 
the possibility of balanced analgesia (analgesia that 

needed”.
Twenty-three (4.2%) patients reported adverse 

events after NSAID administration, 17 (3.1%) after 
administration of combined opioid with non-opioid 
and 7 (1.2%) after opioid administration. The most 
reported adverse events after analgesic treatment 
were: nausea, sedation and respiratory discomfort. It 
is difficult to establish a clear connection between 
analgesic treatment and the mentioned adverse 
events and the underlying pathology, although a 
consideration can be made. The type of adverse 
events are the same as those reported in classical 
analgesic treatment (12-14).

Pain assessment was evaluated through a five 
category verbal rating scale (VRS). Table III shows 
results of pain assessment as reported by patients. 

In the total pool of subjects enrolled, only for 534 
(98%) patients could we assess pain severity through 
a five category verbal rating scale (VRS). Patients 
were asked to rate their pain on a five point scale 
as ”none, mild, moderate, severe or very severe”. 
Evaluation was made on day one after surgery.  
Patients were asked to assess into 5 categories the 
worst pain perceived in the first 24 hours and to 
assess the pain at 24 hours. It was not possible to 
apply this assessment for 11 patients (2%).  Of the 
total 545 patients considered, 43% reported severe to 
very severe pain as worst pain perceived in the first 
24 hours and 28% reported no or mild pain for the 
same period. No significant correlation was found 
between the applied therapy and this assessment. 
Assessment at 24 hours showed an increased number 
of patients reporting no pain to moderate pain and a 
considerable reduction in patients reporting severe to 
very severe pain. No significant differences in pain 

Table III. Results of pain assessment (VRS) as reported by patients at 24 hours.

Categorical rating scale Worst pain at any 
 time first 24 h 

Pain at 24 h 

No pain 49 (9%) 122 (22%) 
Mild 104 (19%) 181 (33%) 
Moderate 147 (27%) 196 (36%) 
Severe 158 (29%) 27 (5%) 
Very severe 76 (14%) 8 (1,5%) 
Patients non assessed 11 (2%) 11 (2%) 
Total number of patients 545 545 

Table III. Results of pain assessment (VRS) as reported by patients at 24 hours.

A. DIBRA ET AL.
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uses two or more analgesic agents that act through 
different mechanisms to achieve a superior analgesic 
effect without increasing adverse events compared 
with increased doses of single agents) (19, 20). 

Patient’s compliance is a broadly discussed 
concept nowadays. It is important to treat patients and 
to minimize their discomfort, but it is also important 
to support them, to prescribe the most effective 
treatment with as fewer side effects as possible and 
with the most suitable dosage regimen for each of 
them. Therefore we suggest to prescribe as few drugs 
as possible considering that multiple therapy resulted 
to provide lower compliance (21-24). 
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Root canal therapy consists of filling three-
dimensionally the endodontic space after thorough 
cleaning and shaping. Numerous studies have 
demonstrated the necessity to seal the three-
dimensional space previously occupied by the 
pulp in order to prevent bacteria from entering the 
interface between filling material and the walls of the 
root canal (1, 2-4). 

Gutta-percha is the most used endodontic filling 
material; it needs to be combined with a sealer and 
may be used with various condensation techniques. 
Cold or lateral condensation of gutta-percha are 

the most widely used methods, and are generally 
considered the gold standard in root canal filling (1, 5, 
6). Warm vertical condensation establishes excellent 
sealing since, as opposed to lateral condensation, it 
takes advantage of the physical properties of gutta-
percha to deform, as at low fusion temperatures 
gutta-percha is more pliable (1).

De Fazio et al. (7) proposed to use a practical 
approach, in which all advantages and positive 
aspects of lateral and vertical condensation were 
combined and introduced a lateral-warm vertical 
technique. This method of thermoplasticized gutta-
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Ballaigues, Switzerland) under copious water cooling. A 
#10 stainless steel file was used to establish patency and 
the working length was determined at 1 mm short of the 
measured length. After the use of each file 5.25% sodium 
hypochlorite was used with a final irrigation with 17% 
ethylenediaminetetraacetic acid (EDTA). The teeth were 
assigned at random to five groups: three experimental 
groups consisting of 25 teeth each, and two control 
groups of 10. All materials were used according to the 
manufacturer’s instructions.

Group 1. The teeth were prepared with manual stainless 
steel files (Dentsply Maillefer) and filled with gutta-
percha and zinc-oxide-eugenol (ZOE) cement (G. OGNA 
& FIGLI, Muggiò, Italy) using the lateral-warm vertical 
condensation technique. The teeth were filled in the apical 
1/3rd and middle 1/3rd using warm lateral condensation 
technique. For coronal 1/3rd of canal length, the warm 
and plasticized gutta-percha was vertically compacted 
with root canal pluggers.

Group 2. The teeth were prepared with nickel-titanium 
M-Two files (Sweden & Martina, Due Carrare, Padova,
Italy) and filled with the Microseal technique (Sybron
Endo Corporation, West Collins Orange, USA) and Pulp
Canal Sealer (Sybron Endo Corporation). In the Microseal
system a master gutta-percha cone was first compacted
laterally with a spreader and then thermoplasticized gutta-
percha was delivered and compacted with an electric
compactor in order to unite with the master cone and fill
the rest of the root.

Group 3. The teeth were prepared with the Endo-Eze 
stainless system (Ultradent Products Inc., South Jordan, 
UTAH, USA) and filled with the EndoREZ® system using 
resin coated gutta-percha points (RCGP), EndoREZ® 
sealer, EndoREZ® accelerator (Ultradent Products Inc.). 
After insertion of EndoREZ® the RCGP points were 
dipped into the accelerator and placed in the EndoREZ®. 
The accelerator polymerized the sealer in approximately 
6 minutes; 

Group 4. Positive control teeth were prepared with a 
manual stainless steel files (Dentsply Maillefer) and not 
filled;

Group 5. Negative control teeth were prepared with a 
manual stainless steel file (Dentsply Maillefer). 

With the exception of Group 3 in which EndoREZ® 
was used and the canal was left moist, all other root canals 
were thoroughly dried with paper points prior to insertion 
of the sealer.

Following completion of obturation radiographs were 
made of each tooth in a bucco-lingual and mesiodistal 
direction to evaluate the quality of the root canal fillings 
relative to the homogeneity and apical extension. 
Inadequate root fills and fillings <1 mm from the apex were 
discarded and replaced. All teeth were then incubated at 

percha produces a more homogeneous filling and 
better adaptation to the canal walls, which, as a 
result, resist bacterial infiltration better than lateral 
condensation (1, 7).

Different types of endodontic sealers are used 
in combination with gutta-percha and several 
studies have indicated that resin-based cements 
are characterized by an apical seal and parietal 
root canal adhesion that are superior to other 
dental cements (8, 9). EndoREZ® (ER) (Ultradent 
Products Inc) is a relatively new UDMA (urethane-
dimethylacrylate)-based root canal sealer, which is 
dual-cure, and which, according to the manufacturer, 
possesses ideal properties of a root canal sealer. 
In combination with resin-coated gutta-percha 
(RCGP), a chemical bond of sealer to the RCGP is 
established, while the hydrophilic property of ER 
promotes deep penetration into the dentinal tubules, 
thus establishing a “monoblock”. Polymerization of 
ER can also be accelerated with the use of a catalyst. 
To date, there are only a few studies in the literature 
that have analyzed these characteristics but none 
have reported the penetration of bacteria with the use 
of this system (10-14). Bacterial leakage tests have 
been used to test the sealing properties of endodontic 
sealers and are the preferred tests in endodontic 
research. Some recent articles using a methodology 
on which the design of this study was based have 
been reported (5, 10, 15-19).

The aim of this study was to evaluate ex vivo the 
efficacy of the apical seal using ER, RCGP cones and 
the accelerator, and subject it to bacterial penetration 
of Enterococcus faecalis. A comparison was made 
with other root canal condensation methods using 
gutta-percha and zinc-oxide-eugenol sealers, used 
with lateral-warm vertical condensation and the 
Microseal system, thermoplasticized gutta-percha 
cemented with Pulp Canal Sealer.

MATERIALS AND METHODS

Tooth preparation
Ninety-five extracted intact single-rooted teeth were 

selected from a pool of teeth after examination for defects 
with transillumination. They were stored in a physiological 
saline solution until use. The teeth were decoronated using 
a diamond wheel at a distance of 16 mm from the root 
apex. Subsequently, the pulp chambers were accessed with 
a course round diamond bur (FO 112, Dentsply Maillefer, 
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Statistical evaluation
The Kaplan-Meier method was used to evaluate 

the estimates of the probability of infiltration survival 
separately for three materials and techniques. Statistical 
significance between curves was evaluated using the log-
rank test. All statistical analyses were performed using 
SPSS® Advanced StatisticalTM 11 (2004, Chicago, IL, 
USA) software package. For all analyses a p-value of less 
than 0.05 was considered significant.

RESULTS

The Kaplan-Meier survival probability for the 
three test groups is shown in Fig. 2. No growth 
was seen when the sterilization of the entire system 
was verified. None of the negative controls samples 
showed turbidity, indicating an absence of bacterial 
infiltration. On the other hand, all positive control 
samples were positive for turbidity, which occurred 
within 24-48 h. Gram staining and culture on the 
MacConkey agar plate without crystal violet showed 
that in cases of turbidity of the inferior chamber, 
there was no contamination and the infiltration was 
only due to the bacterial inoculum of the superior 
chamber. The median survival time was 25 days for 
the Microseal system, 41 days for the lateral-warm 
vertical condensation and 81 days for the EndoREZ® 

system (Fig. 2).
Samples belonging to all three condensation 

groups showed a bacterial penetration within the 
first 30 days of observation (Table I). The 50-day 
infiltration survival was 28.0±9.0% for the Microseal 
system and Pulp Canal Sealer; 44.0±9.9% for the 
lateral-warm vertical condensation and ZOE cement, 
and 88.0±6.5% for the EndoREZ® system. Pair 
wise comparison of curves showed no statistically 
significant difference between the EndoREZ® system 
and the lateral-warm vertical condensation system 
(p=0.118) Significant differences were demonstrated 
between the Microseal and EndoREZ® system 
(p<0.001) and between the Microseal and lateral-
warm vertical condensation system (p<0.05).

DISCUSSION

This study evaluated coronal microbial 
penetration in teeth with different root canal fillings 
over a period of 180 days. The model used followed 
the guidelines proposed by numerous authors except 

37°C, 100% humidity for one week to allow for complete 
setting of the sealers. 

Subsequently, all teeth of groups 1-3 were entirely 
coated with nail varnish except for the apical 3 mm. The 
negative control teeth were entirely varnished, while the 
positive controls had no varnish.

Bacterial leakage preparation 
This system was essentially similar to that reported by 

numerous authors (5, 10, 15-19). The tapered ends of 1.5 
mL Eppendorf tubes (Eppendorf, Milan, Italy) were cut 
and the teeth were inserted through the opening, exposing 
10 mm of the root. The interface tube and root were sealed 
with an epoxy resin. This was then attached to a 15-ml 
test tube bottle-top and the junctions sealed with epoxy 
resin. The samples were then stored in an incubator at a 
temperature of 60°C for 24 h to ensure complete hardening 
of the epoxy resin. All samples were then sterilized with 
ethylene oxide (Bioster SpA, Seriate Laboratories of 
Popoli, Pescara, Italy). This assembly when placed in the 
15 ml test tube, which served as the upper chamber of the 
apparatus (Fig. 1). After sterilization the upper chambers 
were attached to the lower chamber, which was filled with 
12 ml of brain-heart infusion (BHI) broth (Oxoid LTD, 
Basingstoke, Hampshire, England) in such a way that 2 
mm of the tooth roots were immersed in BHI (Fig. 1). This 
assembly was then incubated at 37°C for 7 days to verify 
absolute sterility of the samples. Any sample showing 
turbidity of the BHI would be discarded and replaced with 
a new one.

Inoculation
Enterococcus faecalis ATCC 29212 was cultured at 

37°C for 24 h in BHI broth. The bacterial suspension was 
evaluated using a spectrophotometer (Agilent Technologies 
8453 UV, Santa Clara, USA) to assure an optical density 
of 0.5 McFarland corresponding to 108 Colony Forming 
Units (CFU)/mL. Using a micropipette, 100 mL of E. 
faecalis bacterial suspension was inoculated into the 
upper chambers of the apparatus. All samples were then 
incubated aerobically at 37°C for 180 days. The culture 
broth in the lower chamber and the E. faecalis inoculum 
in the upper chamber were replaced every 3 days. The 
bacterial penetration along the root canal obturation was 
determined by the observation of turbidity of the broth in 
the lower chamber. The samples were checked daily and 
presence or absence of turbidity recorded. In case of the 
turbidity of the lower chamber being noted, the broth was 
analyzed with a Gram stain and by colony morphology in 
MacConkey plates without crystal violet (DifcoTM, Becton, 
Dickinson and Company; Sparks USA), incubated at 37°C 
for 24 h to confirm the purity of the microorganism which 
had been inoculated into the upper chamber. 
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Fig. 1. The bacterial leakage model used in this study. The upper chamber contains the tooth in an Eppendorf test-tube. 
The junctions were sealed with epoxy resin. The lower chamber consisted of a 15 mL test tube. The upper chamber was 
placed on top of the  lower chamber, filled with 12 mL of BHI broth and the apical 2 mm of the root immersed in the broth. 

Fig. 2. Kaplan-Meier probabilities of infiltration-free survival for three different groups. The difference between the 
Microseal method and the EndoREZ® system and between the Microseal and lateral-warm vertical condensation system 
were statistically significant (log rank test p < 0.001, p  < 0.05 respectively).

S. D’ERCOLE ET AL.
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interpretation and quality of a filling. Voids and 
small defects that are not observed in radiographs 
may lead to rapid contamination of the endodontic 
system. Studies have shown that gutta-percha seals 
better when used in combination with a sealer (5). 
Consequently, the quality of the seal provided by root 
filling is very much dependent on the capabilities 
of sealants that are used. Many endodontic sealers 
have antibacterial and cytotoxic effects and these 
properties may limit the entry of bacteria (26, 27-
30). Furthermore, the physical properties of a sealer 
may influence the penetration of bacteria. With 
this system of infiltration, antimicrobial activity of 
the sealer itself can affect the results in addition to 
its sealing properties. EndoREZ® does not possess 
antibacterial properties but nevertheless it showed 
less bacterial invasion, which can be attributed to 
other factors such as adhesion to the root canal system 
and low solubility. According to Ahlberg et al. (13), 
EndoREZ®’s hydrophilic properties are responsible 
for the ability to penetrate the dentinal tubules, thus 
establishing a superior seal. Conflicting data has 
been reported about the sealing ability of Pulp Canal 
Sealer. A high incidence of infiltration, 100% after 3 
weeks, was demonstrated by DeDeus et al. (5), while 
less infiltration was seen by McDougall et al. (31-33). 
These differences may be attributed to the technical 
aspects of root fillings as it is widely reported that the 
filling technique may influence the coronal seal. It has 
also been reported that infiltration can occur between 

for minor changes in the selection of the sealants that 
were tested (5, 10, 11, 15-19).

Enterococcus faecalis was used as it is a Gram-
positive, facultative anaerobic microorganism 
frequently isolated from root canals that were filled 
but have shown signs of a chronic periapical lesion (2, 
20-22). E. faecalis is common in the oral cavity and
can survive extreme environmental conditions such
as acid or alkaline pH, high concentration of salts
of heavy metals and aerobic/anaerobic conditions.
It is known to invade dentinal tubules, can bind to
collagen and owes its virulence to the ability to resist
the action of intra-canal drugs. It has the ability to
survive in root canals as a single body without the
support of other bacteria (22-25).

It has been reported that the length of the root 
filling can affect the coronal seal as it has been 
demonstrated that root canals with a shorter fillings, 
allowed for penetration of bacteria faster than longer 
root canals fills. Based on these findings the length 
of the canals in this experiment was standardized and 
measured 16 mm. 

Regardless of the condensation method, all three 
techniques demonstrated bacterial penetration in the 
early days (Table I). This is in agreement with Brosco 
et al. (17). The quality of the root fillings was assessed 
with radiographs and all samples were considered 
satisfactory, showing well-condensed fillings without 
voids. However, according to Siqueira et al. (6) there 
is little correlation between the radiographic image 

Table I. Samples showing turbidity per 30-day interval.

Period (Days) 

Group N 1-30 31-60 61-90 91-120 121-150 151-180 No
Leakage

Microseal
technique 25 14 4 7 0 0 0 0 

Lateral-
warm

vertical 
technique

25 11 3 3 3 0 0 5 

EndoREZ®
technique 25 3 1 13 0 1 0 7 

Table I. Samples showing turbidity per 30-day interval.
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leakage. The use of the accelerator with EndoREZ® 
produced rapid setting thus reducing polymerization 
shrinkage. A moist root canal together with reduced 
polymerization shrinkage promotes the formation 
of resin tags and a hybrid layer with dentin thus 
establishing a monoblock, which is more resistant to 
bacterial penetration.

In conclusion, at present there is no material or 
technique that completely seals the entire root canal 
system. Therefore, the search for endodontic filling 
materials that establish a complete seal that prevents 
bacterial penetration over long periods of time must 
continue. Based on the results of this study the 
EndoREZ® system with resin coated gutta-percha 
cones and an accelerator have demonstrated to be 
an obturation system that compares well with other 
currently used systems. 
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Piercing is the practice of puncturing some parts of the body to apply ornamental objects. The 
presence of oral and perioral piercings are a risk factor for many acute and chronic complications, such 
as chipping of the dental enamel, periodontal lesions and infection. The aim of this study is to assess the 
prevalence of lip and tongue piercing complications in the dental and periodontal tissues in a sample of 
young adults. Twenty-five adult patients were examined (test group: 11 males and 14 females with an 
average age of 23.4±3.6 years) who had had a minimum of one labial or tongue piercing for at least 1 year 
and were compared with 25 subjects (control group: 11 males - 44%, and 14 females - 56%) without any 
lingual or labial piercing. A questionnaire was compiled for each patient and a clinical examination was 
performed. The following parameters were examined by the same operator: abnormal toothwear, tooth 
chipping or cracking, clinical attachment loss (CAL), probing pocket depth (PD) and gingival recession 
(GR, classified by using Miller’s classification). The data were analyzed using χ2 or Fisher’s exact test for 
small numbers and non-parametric Mann–Whitney or Kruskal–Wallis tests to examine for differences 
in continuity; the level of significance was p< 0.05. According to the results found in the present study 
the prevalence of abnormal tooth wear and tooth chipping was higher in the subjects with labial or 
lingual piercing. Moreover, patients with tongue or labial piercing exhibited a higher GR in comparison 
to control subjects without any oral piercing. No differences were observed between the two groups as 
regards CAL and PD. A significant association between the duration of piercing and dental defects was 
found in the group of patients with piercings with greater prevalence of tooth and periodontal defects in 
the group of 13 subjects who had had the piercings for a period ≥ 4 years.
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Oral and facial piercings have seen a rapid 
increase in popularity. Body art, that is the art of 
permanently decorating, personalizing and adorning 
one’s body, is an old practice and examples have 
been found going back to ancient times (1). Men 
have, transformed, marked or painted their bodies for 
an instinctive need to differ from animals. Piercings 
and tattoos are ways of communicating emotions, 

the need for personal identity and relationship with 
society through the body (2). Body piercing involves 
the insertion of a needle to create an opening through 
which decorative ornaments such as jewellery may 
be worn (3).

Recently piercing has become more popular, 
not only with the young but also among adults, for 
numerous reasons such as belonging to a group, 



554 M.R. GIUCA ET AL.

rebellion or as a reminder of particularly important 
events, and it now represents a mass phenomena that 
interests a population of heterogeneous individuals 
of all ages, cultures and social standing (4).

Jewels or objects that are used in piercings are 
of different materials such as titanium, Teflon, 
plexiglass and polyacrilic resins or natural materials 
such as wood, bone, amber and ivory. The site of the 
piercing may regard numerous areas of the body, 
including oral and perioral ones: tongue, lips, cheek, 
labial fraenum, tongue fraenum and uvula (5).

The presence of oral and perioral piercings, 
above all on the tongue, involve a higher risk of 
damage, directly and indirectly, to the soft and hard 
oral tissue, as well as systemic risks (6-7). Many 
complications, mainly oral and perioral, can occur 
following the placing of a piercing (Table I).

In particular, among dental-periodontal 
complications, the most frequent are dehiscence, 
gum recession, loss of localized attachment with 
consequent bone defect (generally following labial 
or tongue piercing that compresses or abrades the 
periodontal tissue) and above all trauma to the hard 
dental tissue (8-9). 

As piercings invade the subcutaneous area, there 
is also a high potential for infection; in fact, piercings 
may act as vehicles for transmitting illnesses such 
as hepatitis B,C,D and G, AIDS, Herpes simplex, 
tetanus, papilloma, syphilis and tuberculosis (10-
11). In general, any infectious disease, transmittable 
through continuous lesions of the mucosa, is a risk 
for subjects who undergo piercing. The prevention of 
these diseases is based on the principle of disinfecting 
and sterilizing the operational area, the instruments 
and the material to be inserted (12-13). A transitory 
bacteremia is normal following a piercing with a 
simple rise in temperature that falls in a few days; 
however, if it does not decrease septicemia may set 
in and, in the most serious cases, septic shock (14-
15).

The aim of this study is to assess the prevalence 
of lip and tongue piercing complications in the dental 
and periodontal tissues in a sample of young adults.

MATERIALS AND METHODS

In this study 50 subjects were enrolled at the 
Department of Dental Sciences of the University of Pisa: 

25 adult patients (11 males - 44%, and 14 females - 56%) 
who had had a minimum of one labial or tongue piercing 
for at least 1 year formed the test group. The control group 
consisted of 25 subjects (11 males - 44%, and 14 females 
- 56%) without any lingual or labial piercing.

The average age ± standard deviation (SD) was
23.4±3.6 years in the test group and 24.6±3.9 years in 
the control group (Table II). All the patients gave written 
informed consent to participate in the study and all 
procedures were conducted according to the principles 
expressed in the Declaration of Helsinki.

Each patient compiled a questionnaire regarding sex, 
age, and the presence of local or systemic pathologies. 
Moreover, in the test group the questionnaire also regards 
the type of piercing, length of time since insertion, who 
performed the piercing, the type of jewel used, if they 
had had any post-operative complications, any increase in 
saliva flow or other adverse effects after the application, 
with what frequency they removed the piercing for 
cleaning and which products they used.

Of the test subjects examined, 64% (16) had only one 
piercing; in particular, among the patients with only one 
piercing, 36% (9) had a small bar with a small ball and a 
flat surface in labial position, while 28% (7) had a bar with 
2 small balls, one dorsal and one ventral on the tongue. 
36% (9) of the subjects had more than one piercing of 
whom 12% (3) had a bar with 2 small balls on the lower 
lip and a bar with one small ball and a flat surface on the 
upper lip. Another 12% (3) of the patients had a bar with 
2 small balls on the tongue and a bar with 2 small balls 
on the lower lip. Only one patient (4%) had a bar with a 
small ball and a flat surface on the upper lip and a bar with 
2 small balls on the tongue. One patient (4%) had two bars 
with 2 small balls on the lower lip and a bar with 2 small 
balls on the tongue, while another patient (4%) had a ring 
with a small ball on the lower lip and a bar with 2 small 
balls on the tongue and a bar with one small ball and a flat 
surface on the upper lip. 

The test group patients had the piercings for at least 
1 year; mean ± SD of the duration of the piercings was 
4±2.6 years. Almost all the subjects, 92% (23), had been 
to a specialized center for the application of the piercings. 
One patient, however, had had the piercing applied by a 
friend and one had done it himself. 

Regarding the frequency of removal of the piercings 
for hygiene, only 8% (2) of the subjects took them out 
daily, 64% (16) removed them every other day, while 28% 
(7) of the patients stated that they never took them out.
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were as follows: inflammation (19 patients), GR (14 
patients), increased salivary flow (15 subjects).

Fig. I shows the dental defects found in the 
test and in the control group. At the clinical 
examination, all subjects of the test group showed 
slight molar toothwear. Furthermore, lower incisal 
tooth chipping (10 subjects), upper incisal tooth 
chipping (4 subjects) and lower molar cracking (1 
subject) were observed in the sample. In the control 
group 8 subjects exhibited a slight molar toothwear. 
Moreover, 2 subjects showed a mandibular incisor 
chipping and 1 patient showed an upper incisor 
cracking as a result of a previous dental trauma.

After comparison between the groups, a 
significant difference was found according to tooth 
chipping and dental toothwear (p< 0.05).  Instead, 
no significant difference (p> 0.05) was observed 
according to tooth cracking.

As regards the periodontal status (Table III), 
15 patients (5 with tongue piercings, 2 with 
labial piercings and 8 with both tongue and labial 
piercings) presented a gingival recession at the the 
adjacent teeth. The mean GR depth for affected teeth 
adjacent to ornaments was 1.9±1 mm. Three patients 
showed a Miller Class II defect, the other 12 patients 
exhibited a Miller Class I defect. 

In the control group a GR was found in 4 subjects 
and the mean GR value was 0.5±0.4 mm. Comparing 
the two groups a statistically significant difference 
was found (p< 0.05). In the test group, a PD >3 mm 
was found in 3 teeth (2 lower incisors and 1 lower 
molar) adjacent to pierced sites (2 lip, 1 tongue) of 

The products used for cleaning the piercings were 48% 
(12) ethyl alcohol while 24% (6) of the subjects used a
mouthwash.

Each patient was subjected to a clinical examination at 
the dental clinic of the University of Pisa and the following 
parameters were examined by the same operator: abnormal 
toothwear, tooth chipping or cracking, clinical attachment 
loss (CAL), probing pocket depth (PD) and gingival 
recession (GR, classified by using Miller’s classification) 
(16, 17).

CAL, PD and GR were assessed at 6 sites for each 
tooth by using a 15-mm North-Carolina probe.

Data were analyzed using the statistics programme 
SPSS 15.0 for Windows. X2 or Fisher’s exact test for small 
numbers were used and non-parametric Mann–Whitney or 
Kruskal–Wallis tests were used to examine for differences 
in continuity; the level of significance was p< 0.05. 

RESULTS

All the subjects of the test group had experienced 
swelling and pain in the days following the application 
of the piercing with phonatory, swallowing and 
chewing difficulties; all the symptoms, however, 
disappeared within about two weeks. The subjects 
with piercings on the tongue referred an increase 
in the flow of saliva, above all during phonation. 
In 3 subjects with labial piercings there had been a 
localized infection with the formation of an abscess, 
and antibiotic treatment had been necessary to 
complete the on-site healing. 

Other self- reported oral piercing complications 

Table I. Acute and chronic complications due to the presence of piercings in the tongue and labial 
areas.

ACUTE COMPLICATIONS  CHRONIC COMPLICATIONS
• Swelling
• Pain
• Infections
• Prolonged hemorrhaging
• Phonatory alterations
• Allergy to the metal in the piercing
• Galvanic currents between the jewel

and metal used in dental restoration
• Hypersaliosis
• Ludwig’s Angina

• Accumulation of plaque and tartar on
the jewel

• Nerve damage
• Halitosis
• Dental and gum trauma
• Persistent phonatory and chewing

difficulties
• Malignant hyperplasia and neoplasia
• Bifid tongue
• Transmission of systemic infections
• Cerebral abscess
• Endocarditis

Table I. Acute and chronic complications due to the presence of piercings in the tongue and labial areas. 
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There was a statistically significant association 
between the duration of piercing and dental defects 
with greater prevalence of dental and periodontal 
defects in the group of 13 subjects who had had 
the piercings for a period ≥ 4 years. Dental defects 
and soft tissue defects did not differ significantly 
between the tongue and lip piercing groups.

DISCUSSION

Oral piercings have become popular among 
young adults during recent years, however piercing 
is not without risks, and both immediate and delayed 

three different patients. Also in the control group a 
PD >3 mm was found in 3 teeth (1 lower premolar 
and 2 mandibular molars) of three different patients. 
No significant difference was observed between the 
two groups (p> 0.05)

In the test group, a CAL > 3 mm at the level of 
the lower incisors was found only in 1 patient with 
both labial and lingual piercing. Instead, none of 
the patients of the control group exhibited a CAL 
> 3 mm. Comparing the two groups, no significant
differences were noticed (p> 0.05). The time period
of ornament wear affected the prevalence of dental
defects and GR values.

Table II. Description for each patient of the test group of the number, localization and length of 
time since insertion of the piercings, sex, age. 

Pz SEX AGE 

DURATION 
OF THE 

PIERCING
TONGUE
PIERCING 

LOW MEDIAN 
LABIAL

PIERCING

LOW LABIAL 
SIDE

PIERCING

UPPER
LABIAL

PIERCING
1 M 25 4 1 0 0 0 
2 M 18 3 0 0 1 0 
3 F 22 4 1 0 0 0 
4 M 22 1 0 0 1 0 
5 M 19 4 0 0 1 0 
6 M 34 13 1 0 1 1 
7 M 28 7 1 0 0 0 
8 F 21 7 1 0 0 0 
9 M 22 6 1 0 0 0 

10 M 20 3 0 1 0 1 
11 F 23 4 1 0 0 1 
12 F 22 4 0 1 0 0 
13 F 24 2 0 1 0 0 
14 F 21 2 1 0 0 0 
15 F 23 1 0 1 0 0 
16 M 22 2 1 0 0 0 
17 F 24 8 0 1 0 1 
18 F 28 1 0 0 0 1 
19 M 24 4 1 1 0 0 
20 F 27 3 1 1 0 0 
21 F 28 2 0 0 1 0 
22 M 18 3 0 1 0 0 
23 F 22 4 0 1 0 1 
24 F 24 5 1 1 0 0 
25 F 25 3 1 0 1 0 

Table II. Description for each patient of the test group of the number, localization and length of time since insertion of 
the piercings, sex, age.

M.R. GIUCA ET AL.
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Subjects with oral and perioral piercing have to 
learn how to chew differently and to be careful when 
eating to avoid biting on the piercing (26-32). Playing 
with the ornament can also damage the parodontal 
status and lead to GR and periodontal pockets: often 
the jewellery-associated recession develops as a 
narrow, cleft-like defect on the lingual aspect of the 
lower incisors, with recession depths of 2–3 mm or 
greater, often extending to or beyond the level of the 
mucogingival junction. Thinner gingival tissues may 
be at greater risk of breakdown and recession than 
thicker gingival tissues (22).

In this study GR were observed at the level of 

complications have been described in literature (13).
In the present study slight dental defects were found 

in all the patients of the test group, in particular at the 
level of the lower molars and incisors. Often, in fact, 
subjects with tooth fractures reported a habit of biting 
the piercings or knocking or clacking them against 
the teeth (18-21). In particular, fractured teeth are 
associated with tongue piercings; however, only in 
rare cases the fracture was so severe that the tooth 
had to be extracted (22-25). In the present study, a 
tooth cracking was found only in one lower molar of 
the test group, while most of the dental defects were 
tooth chipping.

Table III. Periodontal parameters measured in the two groups: 
clinical attachment loss (CAL), probing pocket depth (PD)
and gingival recession (GR). 

TEST CONTROL p- value

GR 15 (1.9±1 mm) 4 (0.5±0.4 mm) P< 0.05 

PD 3 3 N.S. 

CAL 1 0 N.S. 

N.S: not significant

Table III. Periodontal parameters measured in the two groups: clinical attachment loss (CAL), probing pocket depth 
(PD)  and gingival recession (GR).

N.S: not significant

Fig. I. Number of subjects with dental defects (toothwear, chipping and cracking) in the test
group (with piercing) and in the control group (without piercing). Fig. I. Number of subjects with dental defects (toothwear, chipping and cracking) in the test group (with piercing) and in

the control group (without piercing).
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Published data regarding asymmetric dimethylarginine (ADMA), symmetric dimethylarginine 
(SDMA), L-arginine (L-ARG) and nitric oxide fraction in exhaled air (FeNO) in pediatric bronchial 
asthma are limited. Many question remain open about plasma concentration of these substances. The 
aim of this study is to evaluate ADMA, SDMA, L-ARG and FeNO concentration in allergic pediatric mild 
asthmatic patients in respect to healthy subjects. In this case-control study 60 children (50 asthmatics 
and 10 healthy) underwent a complete clinical visit, baseline respiratory function, allergy tests and 
biochemical analyses. The statistical significance of the different concentrations between the two groups 
were studied using one-way analysis of variance (ANOVA). A p value < 0.05 was considered statistically 
significant. The mean plasma ADMA (0.58 vs 0.68 µmol/L), SDMA (0.40 vs 0.45 µmol/L) and L-ARG (52.2 
vs 74.13 µmol/L) concentration were significantly lower (p<0.001) in the asthmatic patients in respect to 
healthy subjects (control group). The concentration of FeNO was significantly higher in the asthmatic 
subjects in respect to the control group (9.18 vs 4.2 µmol/L; p<0.001). Low plasma concentrations of 
ADMA, SDMA, L-ARG and high concentration of FeNO are associated with bronchial asthma and 
indicate an important role in airway disease through NO metabolism. 
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Nitric oxide (NO) is one of the most important 
mediators synthesized from L-arginine (L-ARG) 
by a family of NO syntheses (NOS), involved in 
the regulation of vascular tone, neurotransmission 
and mitochondrial respiration (1). The availability 
of NO in a given cell depends on many factors 
including expression and activity of several NOS 
(neuronal, inducible, and endothelial), abundance 
of NOS substrate, L-ARG, and its cofactor, 
tetrahydrobiopterin (THB) (2). NO production may 

also be regulated by endogenous NOS inhibitors, in 
particular asymmetric dimethylarginine (ADMA), 
synthesized during the methylation of protein arginine 
residues by protein arginine methyltransferases. 

ADMA is a competitive inhibitor of NOS, 
decreases NO availability and is eliminated by 
renal excretion or metabolized by dimethylarginine 
dimethylaminohydrolases (DDAH) to citrulline 
and dimethylamine (3). Two other endogenous 
methylarginines are also synthesized by 
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protein-arginine methyltransferases (PRMT): 
N-monomethyl-L-arginine (L-NMMA) and 
symmetric dimethylarginine (SDMA) (4). ADMA 
regulate NOS activity under physiological and 
pathological conditions, is metabolized by the 
endothelium and represent an important index of 
endothelial dysfunction (5). Published data regarding 
ADMA, SDMA, L-ARG and nitric oxide fraction in 
exhaled air (FeNO) in pediatric bronchial asthma 
are limited. The aim of this study is to evaluate 
ADMA, SDMA, L-ARG and FeNO concentration in 
mild asthmatic stable patients in respect to healthy 
subjects.

MATERIALS AND METHODS

Study population
Between March and July 2010 we enrolled 60 

Caucasian subjects (50 asthmatics, 10 healthy; aged 
between 6 and 15 years), with at least a 2-year history of 
mild-persistent allergic bronchial asthma at Allergologic 
and Pneumological Service, (Department of Pediatric, 
University “G. D’Annunzio”, Chieti, Italy). Medical 
and surgical history, physical condition, and medication 
were recorded. After inclusion, an EDTA or heparin 
blood sample was drawn from an indwelling arterial 
line for determination of ADMA, SDMA, L-ARG, and 
NO. Simultaneously, laboratory parameters indicating 
renal (creatinine, urea) and hepatic function [aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT)], complete haematocytometer exam, and baseline 
respiratory function test were determined. The diagnosis 
of allergic asthma was made by a pediatric respiratory 
physician and based on typical symptoms and laboratory 
tests, and according to ATS/ERS criteria (6). Allergic 
sensitization was evaluated by Skin Prick Test (SPT) and 
serum-specific IgE measurements for the most common 
respiratory allergens: Dust Mite (Dermatophagoides 
Pteronyssinus, and Farinae), Grass, Parietaria, Artemisia 
Vulgaris, Olive, Cypress, Lime, Stone, Elm, Plane, Cat 
and Dog dander, Alternaria Alternata, and Aspergillus 
Fumigatus (moulds). 

Exclusion criteria for the study were: emergency 
treatment for an asthma exacerbation within the previous 
month; upper airway infections in the previous three 
weeks; hospitalization for asthma in the three months 
previous to enrolment; presence of autoimmune, hepatic 
or renal disorders, malabsorption, drug or alcohol-
addiction. The study was approved by the Ethics 
Committee of the University of Chieti. Written informed 
consent was obtained from all parents and oral consent 
from all children. 

Sample collection, storage and preparation
Blood samples were collected in polypropylene tubes 

containing 1 mM EDTA. Samples were stored in an ice 
box prior to centrifugation at 3000 g for 10 min at 4°C. 
200 μl aliquots of plasma were transferred into Eppendorf 
tubes. Plasma samples were either used for extraction 
immediately or stored in the dark at -80°C until analysis 
was performed.

Biochemical analysis
The concentration of ADMA, SDMA and L-ARG were 

determined by high-performance liquid chromatography 
(HPLC) (7). In brief, solid-phase extraction on polymeric 
cation-exchange columns was performed after addition 
of monomethylarginine as the internal standard (IS). 
After derivatization with ortho-phtaldialdehyde reagent 
containing 3-mercaptopropionic acid, analytes were 
separated by isocratic reversed-phase HPLC with 
fluorescence detection (Figs. I and II).

Baseline functional respiratory test
Asthma was classified according to GINA guidelines 

at the beginning of the study (8). Subjects had to complete 
at least three forced vital capacity (FVC) to reach the 
ERS/ATS Guidelines (9). 

Exhaled NO measurement 
In all subjects FeNO value was determined with an 

on-line method using a single breath exhalation and a 
sensitive chemiluminescence assay (Ecomedics CLD 88), 
according to ATS-ERS procedures (10). Subjects made an 
inspiration of eNO-free air via a mouthpiece immediately 
followed by full exhalation at a constant rate (50mL/sec) 
for at least 5 seconds. The mean of three readings at the 
end of the expiration (plateau phase) was taken as the 
representative value for each measurements. Twelve ppb 
or more were considered elevated values, according to 
ATS-ERS criteria (11). 

Statistical analysis
All values are expressed as means ± standard 

deviation (SD). Student’s t test for paired data was used. 
Comparison between two groups was assessed using one-
way analysis of variance (ANOVA) with Tukey-Kramer 
multiple comparison post-test. A p value <0.05 was 
required for statistical significance. Data were computed 
using the SPSS 7.0 statistical package.

RESULTS

Characteristics of subjects and lung function
Personal data and clinical details of subjects are 

summarized in Table I. We studied 60 subjects, 50 
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were similar for age, sex, weight, and height without 
significant differences. Regarding pulmonary 
parameters function (FEV1, PEF, and FVC) there 

asthmatics (mean age 11±2.5 yrs)  and 10 healthy 
(mean age 11±2.1 yrs), 31 males (26 asthmatics) 
and 29 females (24 asthmatics). The two groups 

Fig. 1. Chromatogram of combined standard containing: 50 μM citrulline, 120 μM arginine, 1.5 μM MMA (IS), 4 μM 
homoarginine, 1.2 μM ADMA, 1.7 μM SDMA. Peak identification: 1 citrulline; 2, arginine; 3, MMA (IS); 4, homoarginine; 
5, ADMA; 6, SDMA.

Fig. 2. Plasma sample containing: citrulline (not quantified), 85 μM arginine, 25 μM MMA (IS), 1.6 μM homoarginine, 
0,3 μM ADMA, 0,3 μM SDMA. Peak identification: 1 citrulline; 2, arginine; 3, MMA (IS); 4, homoarginine; 5, ADMA; 
6, SDMA.
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were significant differences among the two groups 
(asthmatic vs control groups). Lung function testing 
values of FEV1, PEF, and FVC were > 100% 
of predicted vales in control group, while in the 
asthmatic group these values were between 80-100% 
of the predicted value. 

Biochemical analyses
The mean plasma ADMA (0.58 vs 0.68 µmol/L), 

SDMA (0.40 vs 0.45 µmol/L) and L-ARG (52.2 vs 
74.13 µmol/L) concentration were significantly lower 
in the asthmatic respect to control group (p<0.001). 
The concentration of FeNO was significantly higher 
in the asthmatic subjects in respect to the control 
group (9.18 vs 4.2 ppb; p<0.001) (see Table II). 
There was no difference in laboratory parameters 
indicating renal (creatinine, urea) and hepatic 
(AST, ALT) functions, and complete hematologic 
examination (hemoglobin, red and white cells, 
hematocrit) between the two groups. 

DISCUSSION

The aim of this study is to assess ADMA, SDMA 
and L-ARG plasma levels in asthmatic children. 
A recent study reports that in lung epithelium of 
murine model, in human adult lung specimens, 
and sputum samples from pediatric patients with 
bronchial asthma ADMA and SDMA levels are 
increased 1.7- and 1.8-fold, respectively. However, 
these differences did not reach statistical significance 
for ADMA because of the relatively small sample 
size. The authors concluded that ADMA levels are 
increased in asthma and contribute to NOS-related 
pathophysiology (12). In our study ADMA, SDMA 
and L-ARG plasma levels of asthmatic children 
significantly decreased in respect to the control 
group, and FeNO level increases. ADMA and SDMA 
plasma values were decreased to improve NOS 
activity and increase NO level in systemic pathways 
of L-ARG. Little is known about ADMA metabolism 
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Table I. Characteristic of subjects and spirometric values.
Asthmatics Controls p

No subjects 50 (26/24) 10 (5/5) -
Sex (male/female) 26/24 5/5 ns
Age (years) 11 + 2.5 11 + 2.1 ns
Weight (kg) 40.7 + 3.78 41.1 + 4.14 ns
Height (cm) 142 + 7.5 141 + 6.5 ns
Spirometric values 
FEV1 (% predicted) 85 + 12 100 + 10.2 < 0.01 
FVC (% predicted) 86 + 11 99 + 11.7 < 0.01 
PEF (% predicted) 88 + 10 101 + 10.5 < 0.01 

Table II. Biochemical analyses.

Asthmatics Controls p
ADMA (µmol/L) 0.58 + 0.05 0.68 + 0.06 < 0.001 
SDMA (µmol/L) 0.40 + 0.03 0.45 + 0.03 < 0.001 
L-ARG (µmol/L) 52.2 + 10.5 74.13 + 11.2 < 0.001 

FeNO (ppb) 9.18 ± 2.12 4.2 + 1.12 < 0.001 

Fig. 1. Chromatogram of combined standard containing: 50 μM citrulline, 120 μM arginine, 1.5 
μM MMA (IS), 4 μM homoarginine, 1.2 μM ADMA, 1.7 μM SDMA. 
Peak identification: 1 citrulline; 2, arginine; 3, MMA (IS); 4, homoarginine; 5, ADMA; 6,
SDMA. 

Fig. 2. Plasma sample containing: citrulline (not quantified), 85 μM arginine, 25 μM MMA (IS),
1.6 μM homoarginine, 0,3 μM ADMA, 0,3 μM SDMA. 
Peak identification: 1 citrulline; 2, arginine; 3, MMA (IS); 4, homoarginine; 5, ADMA; 6,
SDMA. 
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         inflammatory diseases. Thus, further studies are 
desirable to examine the role of L-ARG, ADMA, 
SDMA plasma levels and exhaled NO. 
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The recent description of a prion disease (PD) case in a free-ranging bottlenose dolphin (Tursiops 
truncatus) prompted us to carry out an extensive search for the “disease-associated” isoform (PrPSc) 
of the cellular prion protein (PrPC) in the brain and in a range of lymphoid tissues from 23 striped 
dolphins (Stenella coeruleoalba), 5 bottlenose dolphins and 2 Risso’s dolphins (Grampus griseus) found 
stranded between 2007 and 2012 along the Italian coastline. Three striped dolphins and one bottlenose 
dolphin showed microscopic lesions of encephalitis, with no evidence of spongiform brain lesions being 
detected in any of the 30 free-ranging cetaceans investigated herein. Nevertheless, we could still observe 
a prominent PrPC immunoreactivity in the brain as well as in lymphoid tissues from these dolphins. 
Although immunohistochemical and Western blot investigations yielded negative results for PrPSc 
deposition in all tissues from the dolphins under study, the reported occurrence of a spontaneous PD 
case in a wild dolphin is an intriguing issue and a matter of concern for both prion biology and intra/
inter-species transmissibility, as well as for cetacean conservation medicine.  
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The recent description of a naturally occurring 
prion disease (PD), or transmissible spongiform 
encephalopathy (TSE), in a free-ranging bottlenose 
dolphin (Tursiops truncatus) (1) is an intriguing 

finding and a matter of concern for a number of 
reasons. First of all, apart from this being the first 
report of a spontaneous PD condition in any cetacean 
and, more in general, in any aquatic mammal, it 
should be also emphasized that the prion protein 
(PrP) gene (PRNP) sequence from eight cetacean 
species has previously been shown to be very close 
to that of cattle, sheep and goat (2), thus providing 
additional support to the existence of a common 

ancestor for ruminants and cetaceans (3). 
Secondly, on the basis of the high sequence 

homology between cetacean PRNP gene and 
that of the aforementioned ungulate species, 
which may naturally develop bovine spongiform 
encephalopathy (BSE) and scrapie (4), susceptibility 
to and occurrence of TSEs in cetaceans have been 
deemed plausible (2). Additionally, one of the most, 
if not even the most intriguing feature of a TSE-
like condition in a free-living cetacean refers to the 
route(s) through which such prion infection may 
have been acquired by the animal under study (1). 

Following the description of this really 

LETTER TO THE EDITOR



568 G. DI GUARDO ET AL.

impressive PD case in a wild dolphin (1), we 
decided to extensively investigate our collection of 
tissue specimens from stranded cetaceans, in order 
to properly assess whether any evidence of PrPSc 
deposition occurred within these tissues.

To accomplish this, we selected a total of 30 free-
ranging odontocete cetaceans found stranded between 
2007 and 2012 along the Italian coastline, 23 of which 
were striped dolphins (Stenella coeruleoalba), 5 of 
them being bottlenose dolphins and the remaining 2 
being Risso’s dolphins (Grampus griseus). 

Three striped dolphins and one bottlenose dolphin 
showed microscopic lesions of encephalitis, with no 
evidence of spongiform brain lesions being detected 
in any of the 30 wild cetaceans investigated herein. 
More in detail, these three striped dolphins exhibited 
a multifocal, subacute to chronic, non-suppurative 
morbilliviral encephalitis, while the bottlenose 
dolphin showed a multifocal, non-suppurative 
encephalitis (secondary to concurrent Morbillivirus 
and Toxoplasma gondii infection), associated with 
a severe, Staphylococcus aureus-induced purulent 
encephalitis.  

Paraffin-embedded sections, along with 

homogenates of the brain and a range of 
lymphoid tissues (spleen, mesenteric, pulmonary 
and prescapular lymph nodes) from the above 
cetaceans, were submitted to an in-depth search 
for the “disease-associated” isoform (PrPSc) of the 
cellular prion protein (PrPC) by means of ad hoc 
immunohistochemistry (IHC) and Western blot (WB) 
investigations. More in detail, F89 (F89/160.1.5) 
and F99 (F99/97.6.1), two commercially available 
(VMRD, Inc., Pullman, WA, USA) anti-PrP mouse 
monoclonal antibodies (mAbs), were utilized in 
parallel for both IHC and WB analyses, with the 
6H4 murine mAb (Prionics AG, Switzerland) being 
additionally employed for WB investigations.   

Furthermore, on paraffin-embedded sections 
obtained from well-preserved tissue samples (brain, 
spleen, mesenteric, pulmonary and prescapular 
lymph nodes) of 10 striped dolphins and 3 bottlenose 
dolphins, we also tried to evaluate, by means of IHC, 
the expression pattern(s) of PrPC within such tissues. 
Indeed, the preservation status represents a matter of 
crucial concern in stranded cetaceans, the corpses of 
which are frequently found in advanced post-mortem 
autolysis, a condition which may dramatically 

Positive ctrl Negative ctrl Internal kit ctrl Dolphin 1 Dolphin 2

Tissue Brain Brain Brain Brain/Prescapular LN Brain/Prescapular LN 
Antibody 6H4 F99 F89 6H4 F99 F89 6H4 F99 F89 6H4 F99 F89 6H4 F99 F89

PK
(31kDa) 

Lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Fig. 1. Results of Western blot (WB) investigations for PrPSc deposition in tissues (brain and lymphoid tissues) from 
stranded cetaceans, with WB analyses having been carried out by means of 6H4, F99 (F99/97.6.1) and F89 (F89/160.1.5) 
anti-PrP mouse monoclonal antibodies (mAbs). Molecular weight (MW) marker: Proteinase K (PK). Lanes 1-3: 
Positive control (ctrl) brain from a scrapie-affected sheep. Lanes 4-6: Negative ctrl brain from a scrapie-uninfected 
sheep. Lanes 7-9: Internal kit positive ctrl brain sample (Prionics AG, Switzerland). Lanes 10, 12, 14: Striped dolphin 
(Stenella coeruleoalba). Brain tissue samples with no evidence of PrPSc deposition. Lanes 11, 13, 15: Striped dolphin (S. 
coeruleoalba); same animal as in lanes 10, 12, 14. Prescapular lymph node (LN) tissue samples with no evidence of PrPSc 
deposition. Lanes 16, 18, 20: Striped dolphin (S. coeruleoalba). Brain tissue samples from another animal showing no 
evidence of PrPSc deposition. Lanes 17, 19, 21: Striped dolphin (S. coeruleoalba); same animal as in lanes 16, 18, 20. 
Prescapular LN tissue samples with no evidence of PrPSc deposition.  
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secondary lymphoid tissues (Fig. 2, panels A and B).
On the basis of the results obtained herein, no 

evidence of PrPSc deposition was found in any of 
the stranded cetaceans under study. Differently from 
the PD case reported in a wild dolphin (1), however, 
none of the 30 animals included in our survey showed 
any evidence of spongiform degeneration inside 
their brain. In this respect, while we feel it would 
be important to add prions and TSE-like diseases to 
the list of neurotropic pathogens and neurological 
conditions affecting free-ranging cetaceans, we also 
believe that the prominent PrPC IR detected within 
the brain and in 

lymphoid tissues from the dolphins investigated 
herein provides a solid ground of biological 
plausibility for prion colonization of the above 
cetacean tissues. This is additionally underscored by 

affect, in its turn, the results of the evaluation of PrPC 
expression within their tissues, provided that PrPC - 
differently from PrPSc - is very sensitive to proteolytic 
digestion (4).

All IHC and WB analyses which were performed, 
albeit extensive, showed no evidence of PrPSc 
deposition in all tissues from the dolphins under study 
(Fig. 1). Interestingly enough, however, we were able 
to document a prominent PrPC immunoreactivity (IR) 
at the level of the cerebral parenchyma and of the 
lymphoid tissues investigated herein, with such PrPC 
IR pattern being particularly evident along neuronal 
axons and dendrites from many brain regions, as 
well as on the membrane and - to a lesser degree - 
inside the cytoplasm of cells which appeared to be 
topographically and morphologically consistent 
with follicular dendritic cells (FDCs) residing in 

Fig. 2. Mesenteric LN from a striped dolphin (S. coeruleoalba). A prominent PrPC immunoreactivity (IR) is apparent 
in cellular elements which are topographically and morphologically consistent with follicular dendritic cells (FDCs) 
residing in secondary lymphoid organs and tissues (panel A). Prescapular LN from another striped dolphin (S. 
coeruleoalba). A strong PrPC IR pattern is shown on the membrane and, to a lesser extent, within the cytoplasmic  
compartment of FDC-like cells (panel B). Final magnification: x250 (x20 objective, panel A); x500 (x40 objective, panel 
B). PrP immunohistochemistry (IHC) with the F99 mAb. Mayer’s haematoxylin counterstain.    
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the finding of a PrPC expression pattern which was 
topographically and morphologically consistent with 
that of FDCs. As a matter of fact, new insights have 
been recently gained into FDC role and biological 
significance (5), with FDCs residing inside host’s 
lymphoid tissues being also of crucial relevance 
for prion replication and for the early pathogenesis 
of natural and experimental scrapie (6-8), which 
is unanimously considered to be the PD, or TSE 
“prototype” (9). 

As previously mentioned, one of the most, if not 
even the most challenging feature of a PD condition 
in free-living cetaceans refers to the route(s) through 
which infection may be acquired. In this respect, 
whenever a “sporadic” form of PD developed in a 
dolphin, similarly to what has been known for over 
90 years in humans (4), this would probably lead 
to a different “scenario” from that which we would 
face in the case of wild dolphins being found to be 
susceptible to an “infectious” PD condition, as in 
the well-documented example of sheep scrapie (4). 
In fact, this would represent an additional threat 
to cetaceans, the health and conservation status of 
which are dramatically impacted nowadays by many 
other biological and anthropogenic noxae (10). With 
reference to the above, further issues of concern 
regard the animal source(s) of infection and its 
putative “land-to-sea” flow, as already hypothesized 
for Toxoplasma gondii infection in sea otters 
(Enhydra lutris) and bottlenose dolphins (10), or 
the alternative existence of an “exclusively marine” 
cycle of infection. Finally, a particularly relevant 
issue is that addressing the “strategies” adopted by 
dolphin prions for their persistence within the marine 
environment, considering their progressive dilution 
and dispersal in sea water. 

In conclusion, despite the negative results of 
our study, we still believe that the documented 
occurrence of a spontaneous TSE-like condition in a 
wild dolphin (1) is an intriguing issue and a matter of 
concern for both prion biology and intra/inter-species 
transmissibility, as well as for cetacean conservation 
medicine.  
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ExtraMedullary Plasmacytoma (EMP) is a rare plasma cell tumor. It can occur in the upper 
aerodigestive tract and presents as a large nodule causing local compressive symptoms. A 79-year old 
woman presented to Otorhinolaryngology Department with progressive hearing loss and no other 
symptoms. Following PET/TC examination due to the suspicion of a lymphoproliferative disease, the 
patient underwent tonsillectomy and the diagnosis of solitary EMP was formulated. In addition to 
that, the histological examination of the tonsillar tissue revealed large colonies of filamentous bacteria, 
showing abundant sulphur granules and Splendore-Hoeppli phenomenon; these evidences indicating 
the presence of a chronic Actinomyces infection. Immunohistochemical analysis demonstrated a marked 
IL-6 immunoreactivity of the neoplastic plasma cells. Interestingly, a marked IL-6 immunoreactivity was 
also found in the tissue surrounding the Actinomyces colonies. In the present study we report for the first 
time a solitary EMP associated with Actinomycosis. It is tempting to speculate that the unsuspected and 
untreated Actinomyces infection, through chronic IL-6 production, could contribute to the neoplastic 
transformation of plasma cells. 

SOLITARY PLASMACYTOMA OF THE TONSILLAR SITE ASSOCIATED WITH 
ACTINOMYCES INFECTION: THE POSSIBLE ROLE OF IL-6
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A 79-year old woman was referred to the 
Otorhinonolaryngology outpatient department with 
progressive hearing loss. The patient reported no 
other symptoms. The neck did not display asymmetry 
and there were no palpable lymphadenopathy. 
Oropharyngeal examination showed a large, 
brownish, irregular mass of approximately 1 cm 
in the largest dimension. The mass appeared to be 
arising from the left palatine tonsil and displaced the 
tonsil medially, but it seem to be contained within the 
organ. The nodule was mobile during respiration or 
deglutition. On palpation the mass was soft and not 
tender. [18F] Fluorodeoxyglucose Positron Emission 
Tomography scanners with fused Computed 
Tomographic (18F-FDG PET/TC) examination 

showed an increased left subcarinal uptake of the 
radio nucleoside. This picture supported the clinical 
diagnosis of primary tonsillar neoplasia, likely of a 
lymphoprolferative nature. The patient, underwent 
left-side tonsillectomy. 

Grossly, the left tonsil consisted of an oval mass 
of lymphoid tissue measuring 2.6 x 1.6 x 0.9 cm. Cut 
section revealed a focal dark area measuring 0.8 cm 
in its maximum diameter. Histopathological analysis 
of the tonsillar tissue showed sub-epithelial lymphoid 
aggregates composed of sheets of plasma cells, with 
varying grades of maturity, in a context of a sparse 
and fine reticular stroma. In the dark area a high 
number of atypical plasma cells were observed. The 
plasma cells that infiltrated the tonsillar tissue, were 
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characterized by prominent and eccentric nucleoli 
with “spoke wheel” chromatin, and by abundant 
basophilic cytoplasm. Bi-tri-nucleated plasma cells 
and mitotic figures were also observed (Fig. 1A). 

In addition to that, large colonies of filamentous 
bacteria were noted; they were located within tonsillar 
crypts (Fig. 1B), very close to the plasmacytoma (Fig. 
1C). Colonies showed abundant sulphur granules, 
and were surrounded by a peripheral darkly staining 
eosinophilic rim, consisting of polymorphonuclear 
cells, cell debris and fibrosis (Splendore-Hoeppli 
phenomenon) (Fig. 1D). These evidences indicate a 
chronic infection by Actinomyces.

Tumor cells showed positive immunostaining 
for CD138 (plasma cell marker) (Fig. 1E), CD56 
(Fig. 1F) and Lambda light chain (Fig. 1G). They 
were negative for CD20, CD3, CD15, CD30, 
CD68, and Kappa light chain immunostaining. The 
proliferation index, assessed by MIB-1 antibody, 
was less than 1%. The neoplastic plasma cells were 
also IL-6 immunoreactive (Fig. 1H). An intense 
IL-6 immunoreactivity was also present around the 
Actinomyces colonies (Fig. 1I). On the contrary, 
normal and non inflamed tonsil didn’t show IL-6 
positivity (negative control, data not shown). To 
investigate whether the Actinomyces infection was 
immunoreactive for IL-6 in the absence of neoplastic 
plasma cells, IL-6 immunostaining was performed 
on true vocal cord tissue affected by Actinomycosis. 
We found a marked IL-6 immunoreactivity in 
the tissue surrounding the bacterial colonies 
(Splendore-Hoeppli phenomenon) (Figure, L). Some 
mononuclear cells within the inflammatory infiltrate 
in the close proximity of  the colonies were also IL-6 
positive (data not shown).

The patient was subsequently referred to the 
Haematological Department for further workup, 
in order to rule out multiple myeloma (MM) or 
disseminated disease entirely. Full blood count, 
urea, calcium, creatine, and β-2-microglobulin were 
all within normal ranges. No histological evidence of 
bone marrow involvement on biopsy, or distant bone 
lesions on radiological skeletal survey were detected. 
In serum protein electrophoresis, a monoclonal 
IgG Lambda light chain peak was detected. Urine 
analysis showed a high level of lambda light chain, 
but there was no evidence of Bence-Jones protein. 
After ruling out MM, the patient was diagnosed as 

having solitary tonsillar EMP.
Our patients did not require adjuvant 

radiotherapy, since excision of the entire neoplastic 
lesion was made. Three months after surgery the 
patient remained well. Repeated immunoglobulin 
assay showed renormalization of monoclonal IgG 
and light chain levels. There was no evidence of 
multiple myeloma on bone marrow biopsy and no 
lytic lesions on skeletal survey.

DISCUSSION

Plasma cell tumor (PTC) or Plasmacytoma can 
occur either in bone (medullary plasmacytoma) or in 
the soft tissue (extra medullary plasmacytoma (EMP). 
EMP may present with solitary or multiple lesions. 
The systemic disease characterized by osseous 
multiple lesions (multiple myeloma) represents the 
commonest lesion, and accounts for about 90% of all 
plasma cell malignancies. In contrast, EMPs are rare; 
they constitute approximately 4% of all plasma cell 
neoplasms (1, 2).  Solitary EMP typically presents as 
a well-localized submucosal mass, sometimes with 
polypoidal configuration (3). Approximately 80% of 
EMP develop in the upper aerodigestive tract, with 
the most common sites being in the nasal cavity, 
paranasal sinus and nasopharinx (4). Tonsillar EMP 
is rare (about 1% of EMPs), and few cases had been 
reported in the literature (5, 6). The diagnosis of 
solitary EMP is based on the detection of a plasma 
cell tumor in an extramedullary site, on the absence 
of multiple myeloma on bone marrow examination, 
radiography, and on the appropriate studies of blood 
and urine. Solitary EMP is efficiently managed 
with radiotherapy, due to its radiosensitivity. The 
role of surgery is usually confined to the excision 
of small and resectable tumors, or to local-regional 
recurrences. If a complete surgical resection is 
obtained, no adjuvant radiotherapy is required. 
On the other hand, regular monitoring must be 
warranted, in order to exclude local recurrence and 
the development of multiple myeloma, which had 
been observed in about 20% of the cases (4).

PTC development presents special conceptual 
problems in oncology, since it represents neoplastic 
derivatives of a terminally differentiated cell in the 
B-lymphocyte lineage, the plasma cell. It’s generally
thought that plasma cells have only a limited number
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Fig. 1. Tonsillar extramedullary plasmacytoma. A) diffuse atypical plasma cells with eccentric nuclei, prominent 
nucleoli with “spoke wheel” chromatin, and abundant basophilic cytoplasm. Black arrow: atypical binucleated cells 
(original magnification x63). Actinomyces colonies within tonsillar crypts (B, original magnifications x250) and in 
proximity of plasmacytoma [(C) original magnifications x100] showed typical sulfur granuli, and were surrounded by an 
eosinophilic peripheral rim, consisting of inflammatory cells, cell debris and fibrosis (D, original magnification x630).
Immunohistochemical analysis of tonsillar tissue (streptavidine-biotin-peroxidase) showed diffuse CD138 positivity (E, 
original magnification x40), CD56 positivity (F, original magnifications x40) and lambda light chain immunoreactivity 
(G, original magnifications x20). Tonsillar EMP cells revealed IL-6 immunoreactivity too (H, original magnifications x20). 
In addition, IL-6 immunoreactivity was seen in the tissue surrounding the Actinomyces colonies (I, original magnifications 
x100). True vocal cord demonstrated Actinomyces colonies and marked IL-6 immunoreactivity in the tissue surrounding 
the bacterial colonies (Splendore-Hoeppli phenomenon)  (L, original magnifications x100). 
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initiate a prolonged chronic inflammatory process. 
It is difficult to obtain Actinomyces cultures, due 
to the need to rely on a rapid transportation to 
a specialized laboratory, and to the necessity of 
immediate incubation in anaerobic environment. 
Thus, the diagnosis is more often obtained by 
detecting the typical colonies and “sulphur granules” 
in histological specimens (14-16). IL-6 mRNA 
level was increased when human immortalized oral 
epithelial cells were cultured with exudates from 
periradicular granuloma of Actinomyces Viscosus 
and Israelii, compared with untreated epithelial cells 
(17, 18). In addition to that, using a multiplexed 
beadlyte kit, Peyyala and collaborators demonstrated 
that biofilms of Actinomyces Naeslundii induced 
high levels of IL-6 in a human oral epithelial cell 
line (19). In supporting these evidences, we found 
a clear IL-6 positivity in Actinomyces granuloma 
arising from other side than tonsil (true vocal cord).

In this context, the adjuvant and mitogenic 
activity of Actinomyces on B-cells may be partly 
mediated by their capability to induce IL-6 (20). In 
other terms, Actinomyces colonies in the tonsillar site 
may influence B cell proliferation and differentiation 
through IL-6 production. For this reason the 
simultaneous presence of Actinomycosis and of a 
solitary EMP of the tonsillar site is interesting. There 
is no doubt that specific bacteria and parasites can 
promote cancer development through different and 
complex mechanisms. However, clinical evidences 
regarding the association of each pathogen with 
malignant diseases vary significantly. For some 
bacterial species this relationship is well established 
(21-22), whereas for other pathogens it is still 
lacking. Unsuspected and untreated Actinomyces 
infection, through IL-6 production, could promote 
the transformation process which leads to PTC. 
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of cell divisions before they permanently exit the cell 
cycle. Thus, plasma cells could be a poor target for 
neoplastic development. However, PTC occurs in 
different mammalian species, including humans. A 
critical point in physiological plasma cell formation 
is the B lymphocyte-plasma cell (B:PC) transition 
or differentiation. B:PC transition is associated 
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