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Abstract

Sepsis is a life-threatening condition caused by the body’s response to an infection. Dapsone is a sulfone with antibiotic
properties, and experimental evidence suggests it has significant anti-inflammatory and anti-oxidative stress effects. The
objective of this study was to investigate the efficacy of dapsone in mice after CLP (cecal ligation and puncture) surgery,
which is a model for inducing sepsis. The study divided animals into five groups: CLP, sham, and three groups receiving
different doses of dapsone (0.5, 1, 2 mg/kg). Sepsis was induced through CLP surgery, followed by dapsone administration.
In each group, half of the mice were used to evaluate levels of various markers and pathological changes at 24 h post-CLP,
while the other half was used to record the mortality rates within 96 h. The results showed that single-dose administration
of dapsone at (0.5, 1, 2 mg/kg) after CLP surgery improved survival compared to the CLP group. Dapsone was also associ-
ated with a significant reduction in pro-inflammatory cytokines TNF-a, IL-1f, IL-6, NO, and MPO, as well as lactate and
creatinine serum levels. However, dapsone did not have a significant effect on urea serum levels. In conclusion, the data
suggest that dapsone treatment leads to increased survival in septic mice after CLP, and due to its ability to reduce TNF-a,
IL-1B, IL-6, MPO, and lactate levels, it has anti-inflammatory effects in sepsis. The sepsis treatment with dapsone in mice
protects against inflammation and oxidative stress.
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Introduction it challenging to effectively treat this disease. Elderlies,

pregnant women, hospitalized patients, and patients with

Sepsis is a severe and dangerous incidence caused by the
immune response to a blood infection, ultimately leading
to death (Wang et al. 2024). It is one of the most common
causes of hospitalized patients’ death. Annually, approxi-
mately 18 million individuals are diagnosed with sepsis,
and its mortality rate ranges from 28 to 40% (Jiang et al.
2024). While broad-spectrum antibiotics, corticosteroids,
and fluid therapy are used to manage sepsis, lack of a
specific treatment, the increasing prevalence of bacterial
resistance, and the side effects of existing drugs have made

< Hamed Shafaroodi
hshafaroodi @sina.tums.ac.ir

Mohammad Shokati Sayyad

Mohammad.shokati69 @ gmail.com

Department of Pharmacology, School of Medicine, Tehran
University of Medical Sciences, Tehran, Iran

Department of Pathology, School of Medicine, Alborz
University of Medical Sciences, Karaj, Iran

Published online: 28 June 2024

cancer, cirrhosis, chronic kidney disease, and immune
suppression are at a higher risk (Evans et al. 2021). The
prevention of infection at first then the prevention of the
spread of infection in the body are the two best strategies
to prevent sepsis (Luangasanatip et al. 2015). Sepsis can
be caused by a direct infection, such as appendicitis, uri-
nary tract infections, or pneumonia, or indirectly through
surgical procedures, trauma, or burns (Ludwig and Hum-
mon 2017). It is characterized by a high level of acute
infection in any part of the body, surpassing the threshold
of resistance and compromising optimal immune func-
tion, resulting in systemic disease spread and associated
inflammation throughout the body’s circulation, Eventu-
ally, the septic shock will occur with increased lactate,
severe hypotension, followed by vascular collapse if this
process continues (Hotchkiss et al. 2016). Inadequate oxy-
gen supply to the cells and hypotension exacerbates this
condition, leading to septic shock and low cardiac output
(Marques et al. 2023; Morris et al. 2023).
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Bacteria, fungi, and viruses can trigger sepsis and
release critical inflammatory mediators and complex inter-
actions with the onset of inflammatory cascade events
(Poll et al. 2021). Important inflammatory mediators of
immediate release from the innate immune system include
interleukin-1p (IL-1), IL-6, tumor necrosis factor-o (TNF-
a), interferon-y (IFN-y), and essential secondary mediators
such as nitric oxide (NO) and reactive oxygen species (Joffre
et al. 2020). Nitric oxide is made by active macrophages,
neutrophils, lymphocytes, and other cells that plays a cru-
cial role in cellular signaling and regulating vascular tone
and modulation of the inflammatory process. The increase
of nitric oxide causes vasodilation and the reduction of the
vascular response to vasoconstrictors (Oliveira et al. 2022).
Reactive oxygen species (ROS) produced under these con-
ditions impair cellular respiration and damage the cell;
ROS decreases cell energy by reducing the mitochondrial
DNA and impairing oxidation. Excess production of ROS
causes oxidative stress and disturbs the balance between
oxidants and antioxidants, which leads to vascular dysfunc-
tion, decreased cardiac function, and impairment in cellular
mitochondria (Lu et al. 2022). While there is no specific
biomarker for the diagnosis of sepsis, various parameters,
such as white blood cell count, procalcitonin, TNF-a, IL-6,
CRP, BUN, creatinine, and serum lactate level, are evaluated
for diagnosis (Lippi 2019). Although medical treatments
have made significant progress, clinical sepsis treatment
still primarily involves antibiotics and supportive thera-
pies, and there is no specific treatment available (Lu et al.
2023). Several studies used several compounds to ameliorate
inflammation and oxidative stress, but in the end the desired
result for the treatment of this disease in humans was not
achieved (Dolin et al. 2019). Recently, using Toll-like recep-
tor antagonists have been investigated, but they were not
successful (Opal et al. 2013).

Cecal ligation and puncture (CLP) is one of the best mod-
els for sepsis induction; it is repeatable and immediate. Also,
it resembles poly-microbial sepsis which made this model
a gold standard for induction sepsis in animal models (Su
et al. 2023).

Dapsone, 4,4’diaminodiphenyl sulphone, was used to
treat leprosy (Calderdn-Estrella et al. 2023). It is also used
to treat malaria, herpes dermatitis, and acne, and is avail-
able topically and orally; it has fast absorption and can pass
the blood—brain barrier (Molinelli et al. 2019). The primary
mechanism of dapsone is like sulfonamides inhibits the syn-
thesis of dihydrofolic acid and competes with para-amin-
obenzoic acid to occupy the dihydropteroate’s active site and
has bacteriostatic effects (Ghaoui et al. 2020). Additionally,
dapsone has been found to reduce the release and signaling
of IL-8 by inhibiting phosphorylation NF-kB P65 (Kanoh
et al. 2011; Kast et al. 2012). This drug inhibits myeloper-
oxidase enzyme (MPO), preventing the production of the
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antioxidant HOCI3 by neutrophils (Yousefi-Manesh et al.
2022). Additionally, dapsone can reduce the production of
superoxide anions. Several studies showed the antioxidant
effects of dapsone on ROS produced by neutrophils (Suda
et al. 2005). Dapsone downregulates or inhibits the produc-
tion of TNF-a (Kwon and Joo 2018). Dapsone also reduces
prostaglandin production by inhibiting the cyclooxyge-
nase enzyme, contributing to its anti-inflammatory effect
(Ruzicka et al. 1983). It is involved in inhibiting neutrophil
adhesion to IgE. Several studies found that dapsone is an
inhibitor of lipid peroxidation, NO production, and apoptosis
(Diaz-Ruiz et al. 2008; Zhou et al. 2014). Recent studies
showed the dapsone effect on suppressing the production of
inflammatory cytokines, IL-6 and IL-1p, in vitro (Geyfman
et al. 2019).

As dapsone showed anti-inflammatory, anti-bacterial,
immunomodulatory, and antioxidant effects, the aim of this
research was to assess the effectiveness of dapsone in the
treatment of sepsis induced by CLP surgery in male mice.

Material and methods
Studied animals

One-hundred NMRI mice weighing 25-30 g were used in
this study. Animals were obtained and kept in the Pharma-
cology Department’s animal house at Tehran University of
Medical Sciences (Tehran, Iran). Before and after surgery,
they were kept in a plastic cage with a 12/12-h-light/dark
cycle, at 23 +2 °C (room temperature). Clean water and food
were provided for the mice. Animals were generally anesthe-
tized before performing surgery, and proper anesthesia pro-
cedures were ensured during the experimentally procedures;
a lamp over the field was used to keep them warm during
procedures; the artificial tear drops were used to cover their
eyes. Each procedure and injection were performed far from
the others’ sight to protect them against the stressful situa-
tion. The Ethics in Medical Research Committee of Tehran
University of Medical Sciences approved this study with an
ethical code (IR.TUMS.MEDICINE.REC.1399.106).

Chemicals and reagents

In this study, dapsone was purchased from Gilaranco Co.
(Rasht, Iran). Dimethyl sulfoxide, and ketamine 10% were
purchased from Merck Company (Darmstadt, Germany).
Xylazine was purchased from Alfasan Co. (Woerden, the
Netherlands). Dimethyl sulfoxide was used to dissolve dap-
sone in normal saline (0.9% NaCl) (with a total concentra-
tion of 3% [v/Vv]).
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Sepsis induction

A cecal ligation and puncture (CLP) model was performed
in this study for sepsis induction (Rittirsch et al. 2009). Ani-
mals were anesthetized by xylazine (15 mg/kg) and ketamine
(75 mg/kg) intraperitoneal (i.p) injection. Then animals’
reflexes were checked for anesthesia assurance. After anes-
thesia and shaving the mice’s abdominal hair, the marked
location was sterilized; a 1-cm gentle incision was made in
the midline of the animal’s abdomen that cut skin first, then
the peritoneum. Sutures entirely blocked the last 20% part
of the cecum (nearly 1 cm). In the middle of the cecum’s
blocked part, a 20 G needle was inserted through one side
and exited from the other side without damaging the blood
vessels. A mild pressure squeezed the perforation’s top to
ensure that the feces came out; these feces induced a polymi-
crobial infection that led to sepsis. The incision was sutured
using simple stitches with 4/0 reverse-cutting silk surgical
sutures, and 0.5 cc normal saline was injected subcutane-
ously to prevent hypotension.

Study design
The animals were divided into five groups:

CLP group (sepsis): CLP surgery + normal saline i.p.
Sham group: surgical procedure without induction of sep-
sis, received DMSO, and normal saline i.p.

Treatment group 1: CLP +dapsone (0.5 mg/kg BW) i.p.
Treatment group 2: CLP +dapsone (1 mg/kg BW) i.p.
Treatment group 3: CLP 4+ dapsone (2 mg/kg BW) i.p.

Based on previous studies and customized during the pre-
test period, 0.5, 1, and 2 mg/kg of dapsone were injected
intraperitoneally into animals in three different groups
simultaneously with the completion of the surgery. After
24 h, half of mice in each group were anesthetized, and a
blood sample was taken from the heart. Kidney tissue was
then placed in 10% (w/v) formalin for pathological evalu-
ation. Additionally, the remaining mice were observed for
96 h to evaluate the survival rate.

Sample collection and blood sampling

Twenty-four hours after performing surgery, a blood sam-
ple was taken after the animals were anesthetized by keta-
mine (75 mg/kg) and xylazine (15 mg/kg). The blood sam-
ples were centrifuged at 3000 rpm and serum was kept in
a—80 °C freezer for further assessments. For tissue sam-
pling, animals’ kidneys were excised and washed with nor-
mal saline and stored in 10% formalin to be prepared for
histopathological studies. In order to investigate the effects
of dapsone on the survival of animals after 96 h, survival

was observed and recorded in all groups. At the end of the
study, for the animals in the survival group where blood
sampling was not required, euthanasia was performed using
carbon dioxide (CO,). After the administration of the anes-
thetic drugs mentioned above, the animals were placed in a
CO, chamber for 3 min.

Biomarker measurements

Mice-specific ELISA kits (DuoSet ELISA development
system) were purchased from R&D Systems to assess the
quantity of interleukin (IL) 1B, 6 and 10, tumor necrosis
factor-a (TNF-a), as provided protocol. The optical density
was set at 450 nm; the final concentration was adjusted and
reported as pg/ml protein. The laboratory evaluated BUN,
creatinine, nitric oxide (NO), myeloperoxidase enzyme
(MPO), and lactate serum.

Histopathological studies

The fixation, dehydration, and clarification process for renal
tissue samples is a standard procedure in histological analy-
sis. The samples are placed in a 10% formalin solution for
24 h for fixation, followed by dehydration using increasing
concentrations of ethanol and clarification with xylene. The
tissue is dehydrated by gradually replacing the water content
with a series of increasing concentrations of ethanol; tissue
is clarified by infiltrating it with a clearing agent, xylene,
which replaces the ethanol and renders the tissue transpar-
ent. After processing and embedding in paraffin, 5-um-wide
samples are stained with hematoxylin and eosin (H & E) for
evaluation under X 400 magnification by a histologist. This
method is well-established in histopathology and is essential
for preserving, preparing, and evaluating tissue samples.

Statistical analysis

One-way ANOVA analysis followed by a Tukey post hoc
test was used on GraphPad Prism (v6) to analyze the data
and the differences between them. In this study, the sig-
nificance level was p <0.05. After observing and record-
ing the survival percentage, the graph was drawn, and the
results were analyzed using the same software and method
(Kaplan—Meier method and log-rank test).

Results
Assay for BUN, creatinine, and lactate
The mean BUN, creatinine, and lactate were

40.24 +£0.95 mg/dl, 0.78 +0.16 mg/dl, and 5.37 +0.25 pg/
ml in the CLP group, respectively. BUN serum levels had no
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significant difference between groups (p > 0.05). Creatinine
and lactate levels were significantly lower in the 0.5 mg/
kg dapsone group compared to CLP group (p <0.05 and
p <0.001, respectively). other treatment groups did not show
any significant decrease in BUN, creatinine, and lactate
serum levels (Fig. 1).

Elisa assay for IL-1B, IL-6, IL-10, and IL-6/IL-10 ratio

IL-1 B and IL-6, inflammatory cytokines, were significantly
higher in the CLP group compared to sham (p <0.01).
Serum levels of IL-1p decreased significantly in 0.5 mg/kg
and 2 mg/kg dapsone groups (p <0.01 and p <0.05, respec-
tively). Serum levels of IL-10 were significantly decreased
in CLP group, and 0.5 mg/kg of dapsone group increase
IL-10 (p <0.05). No significant differences were observed
between the other groups.

IL-6/IL-10 ratio was assessed as an anti-inflammatory
index. There was a significant increase in CLP group com-
pared to sham; on the other hand, 0.5 mg/kg and 2 mg/kg
dapsone groups had a significant decrease compared to the
CLP group (p<0.001, and p <0.01, respectively) (Fig. 2).

TNF-a, MPO, and NO serum levels alterations

MPO levels were significantly decreased in the 0.5 mg/kg
group (p <0.01). However, MPO levels had no significant
differences in higher doses of dapsone, and TNF-« levels in
all dapsone groups were significantly decreased (p <0.01,
p<0.01, and p <0.001, respectively). No alterations in nitric
oxide serum levels resulted except in the 2 mg/kg dapsone
group; significantly lower levels of NO were observed
(p<0.05) (Fig. 3).

The protective effect of dapsone on sepsis survival

The survival of all the treatment groups (with different doses
of dapsone) was significantly higher than the CLP group in
96 h (p<0.05). The 1 mg/kg dapsone group had significantly
lower deaths of mice at the end of 4 days (p <0.05) (Fig. 4).

Histopathological study

The cortex of glomeruli and base membrane of the glo-
merular cells were deprived in the CLP group, 0.5 mg/kg
and 2 mg/kg dapsone groups. The bowman capsules were
expanded because of the accumulation of the capsular and
glomerular cells; some parts of the macula densa were not
observed in those three mentioned groups. The afferent and
efferent arterioles were dilated due to hemorrhage. The
cells in proximal and distal tubules were in different stages
of apoptosis. Also, a hemorrhage and cell apoptosis were
observed in the medulla. These alterations were not observed
in the 1 mg/kg dapsone group (Fig. 5).

Discussion

Sepsis and septic shock are caused by systemic symptoms
caused by microbes entering the bloodstream, resulting in
organ dysfunction; it is an important clinical disease with
high mortality rates and substantial cost, which kills many
people every year in the world (Ding et al. 2024). It imposes
on the world’s health systems that, surprisingly, no definitive
selective cure has been found for this disease so far, and an
increase in statistics has accompanied it, and today many
studies are trying to solve this problem (Xue et al. 2022).
During this disease, we have destructive events include an
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Fig.1 Creatinine (A), lactate (B), and BUN (C) serum levels altera-
tions. The CLP group received only normal saline +CLP; the sham
group received dmso and normal saline; tree treatment group received
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CLP and dapsone at doses of 0.5, 1, and 2 mg/kg BW. “p-value <0.05
compared with CLP group. “p-value <0.01 compared with CLP
group. “p-value <0.001 compared with CLP group
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Fig.3 NO (A), MPO (B), and TNF-a (C) serum levels alterations between all groups. “p-value<0.05 compared with CLP group.

“p-value <0.01 compared with CLP group. ““p-value < 0.001 compared with CLP group

Dapsone is a drug of sulfone groups that is structurally
similar to sulfonamides, was first synthesized in 1908, and
used in leprosy treatment in 1945. It has also been studied

increase in the production of inflammatory mediators such
as interleukins, reactive oxygen species, nitric oxide, and
oxidative stress (Gyawali et al. 2019).
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Fig.4 Effect of dapsone on sepsis survival rate

to show a wide range of anti-inflammatory, anti-oxidative
stress, and anti-apoptotic effects (Molinelli et al. 2019). In
the present study, the effects of dapsone on the inflammatory
response and mortality of male mice in the animal model of
sepsis (CLP) were investigated to determine whether dap-
sone can have a positive effect on survival rate, inflamma-
tory response, antioxidant, and kidney organ protection and
reduce the adverse effects of sepsis or not.

This study is the first to examine the effects of dapsone
on sepsis animal model by CLP in mice. The incidence of

sepsis was associated with increased levels of cytokines
IL-1, IL-6, TNF-a, lactate, nitric oxide, and myeloperoxi-
dase in animals.

However, creatinine and lactate levels were lower in the
0.5 mg/kg dapsone group. Serum levels of IL-1f decreased
in the 0.5 mg/kg and 2 mg/kg dapsone groups, and levels of
IL-10 were higher in the 0.5 mg/kg dapsone group. TNF-a
levels in the 0.5 mg/kg, 1 mg/kg, and 2 mg/kg dapsone
groups were lower than in the CLP group. MPO levels were
decreased in the 0.5 mg/kg group, NO levels were lower in
the 2 mg/kg dapsone, and the survival time of the treated
groups was higher than the CLP group.

Numerous studies on sepsis suggest that TNF-a plays
an important role in promoting a destructive inflammatory
response such as activation of the NF-kb pathway, MAPK,
stimulation of the acute phase response in the liver, an
increase in CRP levels, and apoptosis in sepsis patients (Hu
et al. 2023; Lin et al. 2024; Wang et al. 2023). It seems
that the control of sepsis in the future will mainly rely on
modulating the immune system and reducing the harmful
effects of cytokines, especially TNF-a. Geyfman et al. in
2019 demonstrated that dapsone reduced the production of
inflammatory cytokines IL-1p, IL-6, and TNF-a (Geyfman

Fig.5 Photomicrographs showed the effect of dapsone on the his-
tological alternation of kidney: A CLP group received only normal
saline after CLP surgery; B sham group received DMSO and nor-
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mal saline; C received 0.5 mg/kg dapsone+CLP; D received 1 mg/
kg dapsone+CLP; E received 2 mg/kg dapsone +CLP. Images are
stained with H&E staining at a (mag: 400 X)
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et al. 2019) In this study, dapsone was able to reduce the
mentioned factors. In another study in South Korea, Kwon
et al. investigated the effects of this drug on bone marrow
cells exposed to lipopolysaccharide. After testing, they
found dapsone at a low concentration of 25 pg/ml signifi-
cantly decreased TNF-a levels, like our study (Kwon and Joo
2018). Abe et al. studied the pharmacological mechanism of
dapsone in lupus erythematosus, in which dapsone admin-
istration suppressed TNF-a expression and significantly
reduced its production (Abe et al. 2008).

Several studies showed that the transcription factor,
nuclear factor kappa B (NF-xb), can be induced and acti-
vated by various factors such as LPS, ROS, TNF-a, and
even IL-1p. This led to an increase in inflammatory media-
tors’ transcription, production, and release (Mohammadi
et al. 2024). Dapsone appears to have the mechanism of
affecting and blocking the NF-xb pathway resulting from
TNF-a reduction by dose-dependent reduction or suppres-
sion of its production at the mRNA level or reduction of
ROS by reducing the intracellular and extracellular produc-
tion of superoxide anion (Jafari et al. 2021). Furthermore,
the ROS produced by neutrophils has been able to increase
other inflammatory cytokines. On the other hand, labora-
tory observations indicate an increase in the biosynthesis
of IL-1p and IL-6 as secondary mediators by TNF-a. This
result is consistent with Geyfman et al. that when the anti-
TNF-a antibody is injected into mice, the TNF-« and IL-1f
cytokines have increased the IL-6, which in turn stimulates
CRP production. CRP may act directly as a proinflammatory
cytokine and stimulate phagocytic cells, which dapsone can
prevent these factors’ development. (Cho et al. 2011; Suda
et al. 2005).

Rashidian et al. investigated the dapsone effect on acetic
acid-induced colitis; they observed that dapsone, similar to
our study, reduced TNF-a and MPO enzyme levels in the
mice (Rashidian et al. 2019).

In this study, dapsone reduced the level of proinflam-
matory cytokines and modulated and increased the level of
cytokine IL-10, an anti-inflammatory cytokine.

Another study conducted to investigate the anti-inflam-
matory potential effect of dapsone in COVID-19 revealed
that hypochlorous acid produced by this enzyme, a potent
oxidant produced by neutrophils, plays a role in inflamma-
tory conditions; it results from the reaction of chlorine and
hydrogen peroxide by the enzyme myeloperoxidase, which is
reduced by reversible inhibition of this enzyme by dapsone.
This decrease might cause by the decrease in neutrophil
migration and their adhesion to immunoglobulins, which
was consistent with the results of new studies and this study
(Al-Kuraishy et al. 2024).

In sepsis, oxidant molecules’ production increased more than
active oxygen, nitric oxide, and hydrogen peroxide species. This
production led to a hypometabolic state with a decrease and

disruption of cellular respiration. The cells start the glycolysis
pathway by breaking down glucose after mitochondrial dys-
function and cell hypoxia. At the end of this pathway, pyruvate
produced by the enzyme lactate dehydrogenase is converted to
lactate. The cell can use lactate until there is not enough oxygen
because hypoxia induces the HIF-1a gene. This gene is a regu-
latory key to glycolysis and increases the expression of lactate
dehydrogenase (Mantzarlis et al. 2017; Andaluz-Ojeda et al.
2012). Dapsone was able to significantly reduce serum lactate
levels and reduce the destructive effects of this pathway in our
study. A study of the effects of dapsone on pyruvate in the blood
of patients with leprosy found that pyruvic acid levels were gen-
erally high in the disease, and it was significantly increased after
administration of dapsone (Sinha et al. 1982).

Nevertheless, it is not clear whether this increase is due to a
disruption of its natural breakdown path or increased produc-
tion. In this study, it was observed that serum lactate levels
decreased significantly after the administration of dapsone.
This decrease could be due to the decrease of ROS and NO,
according to previously published articles on the anti-inflam-
matory and antioxidant effects of dapsone, which can increase
pyruvate production due to impairment of the pathway (Diaz-
Ruiz et al. 2008; Zhou et al. 2014).

During sepsis, systemic inflammation causes nitric oxide
production by the endothelial nitric oxide synthase (eNOS)
and induced nitric oxide synthase (iNOS). The increase of NO
production can cause vascular dysfunction and tissue damage.
Several studies showed that LPS of microorganisms induces
iNOS expression and increases NO production (Titheradge
1999). So, using NOS inhibitors improves hemodynamic vari-
ables and increases survival in different models. Nitric oxide
appears to play an essential protective role through cellular
immune function. Th1 cells produce NO in response to foreign
antigens (Gallo et al. 2012). The study showed that dapsone
significantly reduced this factor in the treatment group (the
2 mg/kg group).

BUN and creatinine are factors indicating the physiologi-
cal role of the kidney. In this study, dapsone administration
was not significantly reduced BUN levels. Because dapsone
could significantly reduce lactate and creatinine, it seems that
with a greater number of samples, BUN will have a significant
decrease (Nezamoleslami et al. 2020).

Further evaluation of dapsone effects on other pathways
such as NF-Kb and MAPK, and on the expression and pathway
of TLR-4, also a further microscopic examination of other tis-
sues such as the liver is suggested.

Conclusion
The present study results showed that administration of dap-

sone after inducing sepsis using the CLP method in male
mice could increase survival and a significant reduction in
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destructive inflammatory factors. This suggests that dapsone
can reduce the destructive effects of sepsis and help improve
the body’s normal function and increase the chances of sur-
vival, which can be due to the antioxidant and anti-inflam-
matory activity of dapsone.

It is important to note that while this study provides
promising results regarding the potential therapeutic effects
of dapsone in sepsis animal models, further research is
needed to fully understand its mechanisms of action and
evaluate its safety and efficacy in clinical settings.
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