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Background: Febrile convulsions in children are often triggered by high fever and can lead to acute neurological episodes with
potential long-term consequences on cognitive function. Probiotics, particularly bifidobacteria, have demonstrated promising
potential in modulating immune function and intestinal health. However, their role in neurological disorders, including febrile
convulsions, is yet to be fully explored. Therefore, this study aimed to investigate the therapeutic impacts of Bifidobacterium
bifidum on mitigating brain tissue damage and inflammation utilizing a mouse model experiencing febrile convulsions.
Methods: To assess the impact of Bifidobacterium bifidum on febrile convulsions, a mouse model was established by administer-
ing dry yeast suspension and pentylenetetrazol solution. Using this model, we examined the changes in anal temperature, convul-
sion onset time, and convulsion duration. Histological analysis through Hematoxylin and Eosin (H&E) staining was employed
to study the neuronal morphology in the mouse hippocampus. Furthermore, the levels of serum Cyclic Adenosine Monophos-
phate (cAMP) and Prostaglandin E2 (PGE2) were assessed using Enzyme-Linked Immunosorbent Assay (ELISA). Additionally,
protein expressions of cyclooxygenase-2 (COX-2), Inducible Nitric Oxide Synthase (iNOS), Gamma-Aminobutyric Acid Type A
Receptor (GABAAR), and glial fibrillary acidic protein (GFAP) were determined through western blot analysis, while mRNA
expressions of inflammatory markers Interleukin 1 beta (IL-1β), Interleukin 6 (IL-6), and Tumor Necrosis Factor alpha (TNF-α)
in hippocampal tissue were determined by quantitative Polymerase Chain Reaction (qPCR).
Results: In comparison to the model group, mice in the Bifidobacterium group exhibited a significant reduction in anal tempera-
ture (p< 0.05), an increase in the time to onset of convulsions (p< 0.05), a shorter duration of convulsive episodes (p< 0.05), and
an enhanced expression of GABAAR protein (p< 0.05). Additionally, the Bifidobacterium group showed lowered serum levels of
cAMP and PGE2 (p< 0.05), improved neuronal cell morphology in the hippocampus, and a decrease in the expression of COX-2,
iNOS, and GFAP proteins in the brain tissue (p < 0.05). Furthermore, there was a substantial reduction in the hippocampal
tissue levels of pro-inflammatory factors IL-1β, IL-6, and TNF-α mRNA (p < 0.05).
Conclusion: Bifidobacterium bifidum exhibits an effective antipyretic and anti-convulsant activity. Its mechanism may be at-
tributed to its ability to reduce fever and inflammation in the brain.
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Introduction

Febrile convulsions are common neurologic emergen-
cies in children, often induced by hyperthermia. Clinically,
febrile convulsions manifest as acute episodes of coma and
convulsions, usually associated with high fever, potentially
causing long-term effects on the child’s neurological and
cognitive function [1]. Despite the growing understand-
ing of febrile convulsions in clinical practices, their specific
pathogenesis remains complex and multifaceted.

In recent years, probiotics have demonstrated a wide
range of biological effects in regulating the host immune

system and improving the balance of gut microbiota [2].
Among them, bifidobacteria, an important class of probi-
otics, have attracted more attention for their role in main-
taining host health. Their ability to modulate intestinal dis-
eases and immune responses has been recognized [3,4].
However, research on the role of bifidobacteria in neuro-
logical diseases remains relatively limited.

Moreover, emerging evidence suggests that probiotics
regulate GABAergic neurotransmission, which is critical
in determining susceptibility to seizure and epileptogene-
sis [5,6]. Probiotics have been shown to enhance GABAer-
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gic inhibitory transmission, potentially reducing neuronal
excitability and dampening seizure occurrences [7,8]. This
study aimed to investigate the pharmacodynamic effects of
Bifidobacterium bifidum in a mouse model of febrile con-
vulsions, focusing on its potential mechanism in regulat-
ing brain tissue damage and inflammation. By construct-
ing a mouse model of febrile convulsions, we evaluated
the impact of Bifidobacterium bifidum on different param-
eters, including body temperature, convulsive latency, and
duration of convulsions. Furthermore, this study inves-
tigated its effects on neuronal morphology, inflammatory
factors, and neurotransmitter levels utilizing various bio-
logical techniques.

Materials and Methods

Establishment of Mouse Model and Drug
Administration

The male SPF grade ICR mice (n = 18), weighing 22–
24 g (ENSIWEIER, Chongqing, China) were acclimatized
and fed for 7 days. Using a random number table method,
the mice were allocated into three groups: a blank group, a
model group, and a Bifidobacterium group, each compris-
ing six mice. Furthermore, the blank and model groups re-
ceived a gavage of 0.5% sodium carboxymethyl cellulose
(CMC-Na) solution for 12 hours, whereas the Bifidobac-
terium group was administered with Bifidobacterium bi-
fidum (formulated as Bifidobacterium tetragonum tablets,
batch no. 100058345873, SHANGHAI PHARMA, Shang-
hai, China) at a dose of 2× 109 CFU/pc. They were treated
once a day consecutively for seven days. After the last ad-
ministration, both the model and Bifidobacterium groups
were injected subcutaneously with 20% dry yeast suspen-
sion (10 mL/kg) (CF20200324W2F33, Angie’s Yeast Co.,
Ltd., Yichang, China) to cause a fever model [9], and the
anal temperature was monitored following 6 and 12 hours
of treatment. At the same time, the anal temperature of the
blank group was also recorded. Immediately, the model and
Bifidobacterium groups received intraperitoneal injections
of pentylenetetrazol solution (60 mL/kg).

Furthermore, convulsive manifestation was recorded
in each group within 30 minutes, and blood sample was col-
lected from the retro-orbital venous plexus. Subsequently,
the blood samples were centrifuged (2000 ×g) for 15 min-
utes at room temperature, and the resulting serum was col-
lected for further analysis. Meanwhile, the mice were dis-
sected on ice, and their hippocampal tissue were excised,
respectively. These tissue specimens were stored in liq-
uid nitrogen for subsequent experimentations. The study
design involving animal experiments was approved by the
Changsha Medical College Medical Ethics Committee (ap-
proval number: 2020074).

Behavioral Observation of Mice
We observed the occurrence, latency, and duration of

convulsions among all three groups of mice. The occur-
rence of convulsive behaviors was recorded within 30 min-
utes following a previously described method [10,11]. The
convulsive latency, the time from the last intraperitoneal in-
jection of pentylenetetrazol solution to the initial appear-
ance of a grade 2 reaction in mice, was recorded. More-
over, the convulsive duration was recorded as the time be-
tween the initial appearance of the grade 2 reaction and the
last appearance of the grade 2 reaction. Following this, the
mice were anesthetized using 1% pentobarbital sodium (40
mg/kg) (P-010-1ML, Merck, Kenilworth, NJ, USA). Upon
achieving complete anesthesia, they were euthanized by
cervical dislocation, and hippocampal tissue was harvested
for subsequent analyses.

Hematoxylin and Eosin (H&E) Staining
Three mice in each group were randomly selected

for cardiac perfusion after inhalation of isoflurane anesthe-
sia. Initially, a specific volume of saline was injected to
clear the blood for perfusion. Subsequently, after the liver
and other organs turned grayish-white, a solution of 4%
paraformaldehyde was gradually injected. Once the mice’s
limbs became stiff, the perfusion was stopped. The brains
were removed, fixed, and set aside. The pathological man-
ifestations of hippocampal neuronal injury were evaluated
through H&E staining.

Enzyme-Linked Immunosorbent Assay (ELISA) for
Serum Levels of Cyclic Adenosine Monophosphate
(cAMP) and Prostaglandin E2 (PGE2)

The blood was allowed to clot at room temperature for
20 minutes, followed by centrifugation at 4 °C and 3000
rpm for 20 minutes. The supernatant was collected, and
the levels of cAMP (ab290713, Abcam, Cambridge, MA,
USA) and PGE2 (JL20578, Jianglai, Shanghai, China) were
assessed using corresponding ELISA kits, following the
manufacturer’s instructions.

Evaluation of iN-OS, Glial Fbrillary Acidic Protein
(GFAP), and GABAAR Protein Expression Levels in
Mouse Brain Tissue Using Western Blot Analysis

The brain tissue was homogenized in RIPA solution
containing protease and phosphatase inhibitors. Follow-
ing centrifugation, the supernatant was extracted and sub-
sequently underwent protein quantification using the BCA
technique. The proteins were resolved through sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and subsequently transferred onto a polyvinylidene
difluoride (PVDF) membrane. After blocking, the mem-
branes were incubated overnight with primary antibod-
ies, including anti-Inducible Nitric Oxide Synthase (iNOS)
(1:500, A3774, abclonal, Wuhan, China), anti-GFAP
(1:1000, A19058, abclonal, Wuhan, China), anti-Gamma-
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Aminobutyric Acid Type A Receptor (GABAAR) (1:1000,
A12568, abclonal, Wuhan, China), anti-GAPDH (1:5000,
A19056, abclonal, Wuhan, China) at 4 °C. The next day,
PVDFmembranes were washed and incubated with the cor-
responding secondary antibody (1:3000, AS014, abclonal,
Wuhan, China) for 2 hours. After washing the membranes,
immunoblots were developed using ECL reagent, and the
protein bands were analyzed through Image J software (ver-
sion 1.8.0, National Institutes of Health, Bethesda, MD,
USA).

Detection of Inflammatory Factors Interleukin 1 beta
(IL-1β), Interleukin 6 (IL-6), and Tumor Necrosis
Factor alpha (TNF-α) mRNA Expression Level in
Mouse Hippocampal Tissue Using Quantitative
Polymerase Chain Reaction (qPCR) Method

Total RNA was extracted from mouse hippocampal
tissue utilizing the Trizol (R0016, Beyotime, Shanghai,
China) method, and subsequently quantified using a Nano-
Drop Ultra-Micro UV Spectrophotometer. The samples
were prepared and amplified using Hieff qPCR SYBR
Green Master Mix (11203ES08, Yeasen, Shanghai, China).
The relative expression level of mRNA was assessed using
the 2−∆∆Ct method. GAPDH was used as an internal refer-
ence. The primer sequences used in qPCR were as follows:
IL-1β-F, 5′-GGAGAACCAAGCAACGACAAAATA-3′;
IL-1β-R, 5′-TGGGGAACTCTGCAGACTCAAAC-3′;
IL-6-F, 5′-GTTGCCTTCTTGGGACTGAT-3′; IL-6-
R, 5′-GCCATTGCACAACTCTTTTCT-3′; TNF-α-F,
5′-CTGCCCCGACTACGTGCTCCTCA-3′; TNF-α-
R, 5′-AGTTGGTCCCCCTTCTCC-3′; GAPDH-F,
5′-TGAAGCAGGCATCTGAGGG-3′; GAPDH-R,
5′-CGAAGGTGGAAGAGTGGGAG-3′.

Statistical Methods
Statistical analyses were conducted using GraphPad

Prism software (version 9.0, GraphPad Software, San
Diego, CA, USA). The data were expressed as x̄± s. More-
over, an independent sample t-test was used to compare
the two groups. Whereas the multiple group comparisons
were performed through a one-way analysis of variance
(ANOVA) followed by Tukey’s test, to examine intergroup
differences. Statistical significance was determined at a p-
value < 0.05.

Results

Effect of Bifidobacterium Bifidum on the Change of
Anal Temperature in Mice with Febrile Convulsions

The initial rectal temperature across all groups of mice
showed no significant variation. However, following 6 and
12 hours of exposure to 20% dry yeast suspension, a sig-
nificant increase in rectal temperature was observed in the
model group compared to the blank group (p < 0.05), con-
firming the successful establishment of the febrile mouse

model. In contrast, the rectal temperature in the Bifidobac-
terium group was significantly lower than that in the model
group (p < 0.05), demonstrating the fever-reducing effects
of Bifidobacterium (Fig. 1).

Fig. 1. Effect of Bifidobacterium bifidum on anal temperature
of mice with febrile convulsions. Anal temperatures of mice in
three groups at 0 h, 6 h and 12 h, respectively. # signifies a p-
value< 0.05 in comparison to the Control group, while * denotes
a p-value < 0.05 relative to the Model group. N = 6.

Bifidobacterium Bifidum Regulates the Latency of
Convulsive Seizures and Duration of Convulsions in
Mice with Febrile Convulsions

We observed that no convulsive manifestations oc-
curred in the blank group but convulsive manifestations
were found in the model group. Compared to the model
group, the Bifidobacterium group exhibited significantly
prolonged convulsive latency (p< 0.05) and shortened con-
vulsion duration (p < 0.05, Fig. 2).

Effect of Bifidobacterium Bifidum on GABAAR and
Serum cAMP and PGE2 Levels in Brain Tissue of
Mice with Febrile Convulsions

Western blot analysis revealed that Bifidobacterium
bifidum treatment significantly upregulated GABAAR pro-
tein expression in brain tissues (p < 0.05), indicating the
anti-convulsant effects of Bifidobacterium bifidum. Fur-
thermore, ELISA findings revealed a significant increase in
the serum cAMP and PGE2 levels within the model group
compared to the blank group (p < 0.05). In contrast, these
levels were significantly reduced in the Bifidobacterium
bifidum group, compared to the model group (p < 0.05).
These findings suggest that the antipyretic impact of Bifi-
dobacterium bifidum might be linked to its ability to sup-
press the release of endogenousmediators like serum cAMP
and PGE2 in mice (Fig. 3).

Effect of Bifidobacterium Bifidum on Neuronal Cell
Morphology

Compared to the blank group, the brain tissue from
the model group mice showed abnormalities in the overall
structure of the hippocampus. The arrangement of neuron
cells was irregular, indicating that convulsive seizure had
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Fig. 2. Effect of Bifidobacterium bifidum on convulsive seizure latency and convulsive duration in febrile convulsive mice. (A)
Convulsive seizure latency. (B) Convulsive duration. # indicates p < 0.05. N = 6.

damaged the normal morphology and structure of neuron
cells. Moreover, compared to the model group, the mor-
phology of hippocampal neurons in the Bifidobacterium bi-
fidum group was significantly improved, with relatively or-
derly arrangement and distinct nuclei. These observations
demonstrate that Bifidobacterium bifidum can effectively
enhance the morphology of hippocampal neuronal cells and
protect them from damage induced by convulsions, indicat-
ing its specific neuroprotective effects (Fig. 4).

Regulation of Inflammatory Factors and Functional
Proteins by Bifidobacterium Bifidum in
Hippocampal Tissues of Febrile Convulsed Mice

The expression levels of inflammatory factors such as
IL-1β, IL-6, and TNF-α were significantly higher in the
model group compared to the blank group (p< 0.05). How-
ever, the expression levels of these factors were signifi-
cantly reduced inmice treatedwith bifidobacteria compared
to the model group (p < 0.05). These observations suggest
that bifidobacteria can decrease the release of inflammatory
factors in hippocampal tissue and exhibit an antagonizing
effect on brain tissue inflammation.

Furthermore, western blot analysis revealed an ele-
vated expression of iNOS and GFAP proteins in the brain
tissue of the model group compared to the blank group
(p < 0.05). In contrast, the expression levels of iNOS
and GFAP proteins in the brain tissue of the mice treated
with Bifidobacterium were significantly reduced compared
to the model group (p < 0.05). These findings indicated
that Bifidobacterium effectively reduced the expression of
these proteins, mitigated the inflammatory response, and ul-
timately led to a reduction in brain tissue damage (Fig. 5).

Discussion

Febrile seizures are a common convulsive disorder
among children, and recent research suggests a correlation
between this disease and the immune-inflammatory process
[12]. During febrile convulsions, the body’s inflammatory
response induces the release of inflammatory mediators
such as cAMP and PGE3, leading to a febrile response. This
response can result in neuronal excitation in the hypothala-
mus and other brain regions, leading to abnormal discharges
and subsequent convulsions [13–15]. The literature shows
a close association between neuronal cell inhibition and ac-
tivation in the onset of convulsions. The inhibitory neu-
rotransmitter GABA can inhibit the postsynaptic potential
after binding with GABA receptors, thereby reducing neu-
ronal excitability and inhibiting convulsions [16,17]. In this
study, Bifidobacterium bifidum treatment significantly in-
creased the level of GABAAR protein in the brain tissue of
mice experiencing febrile convulsions. This finding sug-
gests that Bifidobacterium bifidum might attenuate the on-
set of febrile convulsions by enhancing inhibitory signal-
ing within the GABAergic system. This result aligns with
previous ideas regarding the positive modulatory effects
of probiotics on the nervous system, suggesting the poten-
tial role of the GABAergic system in the anti-convulsant
effects of Bifidobacterium [18,19]. These results demon-
strated that Bifidobacterium treatment improved the mor-
phological integrity of hippocampal neurons in febrile con-
vulsant mice, attenuating both abnormal arrangement and
number of neurons. This observation is consistent with pre-
vious reports indicating the neuroprotective effects of pro-
biotics in neurological disorders [20]. Bifidobacteria could
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Fig. 3. Regulation of Gamma-Aminobutyric Acid Type A Receptor (GABAAR), Cyclic Adenosine Monophosphate (cAMP), and
Prostaglandin E2 (PGE2) expression by Bifidobacterium bifidum in febrile convulsed mice. (A) GABAAR protein expression
was assessed through western blot analysis. (B,C) The expression levels of cAMP and PGE2 were determined using Enzyme-Linked
Immunosorbent Assay (ELISA). # signifies a p-value < 0.05 in comparison to the Control group, while * denotes a p-value < 0.05
relative to the Model group. N = 3.

potentially attenuate convulsion-induced neuronal damage
by protecting neuronal morphology and structure.

We observed that Bifidobacterium treatment signifi-
cantly reduced anal temperature, prolonged convulsive la-
tency, and shortened convulsive duration in febrile convul-
sive mice, indicating its antipyretic effect. This finding
aligns with the results of prior research investigating the im-
munomodulatory effects of probiotics [21]. Our results sup-
port the possibility that Bifidobacterium bifidum could sup-
press the febrile response in febrile convulsion model mice
by affecting the immune system. Prolonged febrile convul-

sive episodes can cause hippocampal neuronal cell damage,
inducing an inflammatory response within the brain, as well
as activation of astrocytes, characterized by the overexpres-
sion of GFAP. GFAP is one of the best markers for astro-
cyte activation following CNS stress, and astrocytes usu-
ally respond to such stress within the nervous system, sug-
gesting that bifidobacteria could inhibit the febrile response
by affecting the immune system [22,23]. In our study, Bi-
fidobacterium treatment reduced the expression levels of
inflammatory factors in the hippocampal tissues of febrile
convulsions mice. Additionally, it resulted in the downreg-
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Fig. 4. Effect of Bifidobacterium bifidum on the morphology of neuronal cells in the hippocampal region of febrile convulsed
mice. Arrows indicate neuronal cells in the hippocampal region. N = 3. Scale bar = 50 µm.

Fig. 5. Regulation of Interleukin 1 beta (IL-1β), Interleukin 6 (IL-6), and Tumor Necrosis Factor alpha (TNF-α), glial fibrillary
acidic protein (GFAP), and Inducible Nitric Oxide Synthase (iNOS) expression by Bifidobacterium bifidum in febrile convulsed
mice. (A–C) Quantitative Polymerase Chain Reaction (qPCR) for IL-1β, IL-6, TNF-α expression. (D–F) Western blot analysis of GFAP
and iNOS expression. # signifies a p-value < 0.05 in comparison to the Control group, while ∗ denotes a p-value < 0.05 relative to the
Model group. N = 3.
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ulation of the relative expression of iNOS and GFAP pro-
teins in brain tissues. Bifidobacterium bifidum appears to
play a role in antagonizing brain tissue inflammation by in-
hibiting the onset of inflammatory responses and attenuat-
ing the release of inflammatory mediators in neural tissues.
Our findings support the antipyretic, anti-inflammatory,
and neuroprotective roles of Bifidobacterium bifidum in
neurological disorders. These findings support further ex-
ploration into the potential mechanisms of bifidobacteria in
treating neurological diseases.

While the study yielded some interesting findings, it
is crucial to acknowledge its limitations. Firstly, the mouse
model, although capable of simulating febrile convulsions,
still has its limitations, and the applicability of its results
in humans needs to be verified. Secondly, the molecular
mechanism underlying the action of bifidobacteria was not
extensively explored in this study, presenting a direction for
future research. Future research directions could include
an in-depth exploration of the molecular mechanisms of
bifidobacteria regulating neuronal and inflammatory pro-
cesses, as well as evaluation of their potential application
in humans. Additionally, conducting multi-center, large-
sample clinical studies will help comprehensively assess the
efficacy of bifidobacteria in treating neurological disorders.

Conclusion

Bifidobacterium bifidum treatment significantly re-
duced anal temperature, prolonged convulsive latency, and
shortened convulsive duration in febrile convulsive mice.
Additionally, Bifidobacterium treatment improved the mor-
phology and structure of hippocampal neurons and atten-
uated the release of inflammatory factors by upregulating
GABAAR protein expression, showing antipyretic, anti-
convulsant, neuroprotective, and anti-inflammatory effects.
Overall, this study lays the foundation for the potential ap-
plication of Bifidobacterium bifidum in treating neurolog-
ical diseases and provides valuable insights for future re-
search and clinical applications.
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