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Background: Sepsis is a systemic inflammatory disease in response to the pathogens that leads to
vital organ failures the failure of vital organs. Appropriate animal models should be developed to

Article info: : measure the effectiveness of therapeutic methods. Cecal Ligation and Puncture (CLP) is the mogt
Received: 13 Mar 2020 * widely used methods of creating the sepsis model. Some variables interfere in the creation of the CLP
Accepted: 05 Jun 2020 *  model which terminated to result in an unrepeatable dynamic of the inflammatory responses. The

current research, suggests presents the simultaneous study of inflammatory responses in serum and
liver as a criterion for determining the inflammatory status of the CLP model.

Materials and Methods: CLP model was induced in 15 female C57bl/6 mice. IL-6, TNF-a, IL-10,
and TGF-B1 cytokines levels were measured at 24, 48, and 72 hours after CLP induction in both
serum and liver tissue by ELISA method. Serum levels of liver enzymes were analyzed by the clinical
chemistry analyzer. All studies were performed in healthy mice as well. The results were reported as
Mean+SD.

Results: The levels of IL-10 and TGF- B1 in the liver is were significantly (P<0.05) higher than serum.
The production of IL-10 and TGF- B1 in the serum and liver reaches its maximum at peaked 24 and
72 hours after CLP induction. The level of TNF-a in the liver is was significantly (P<0.05) higher than
serum with a maximum production 24 hours after CLP induction.
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Introduction

nimal models play a key role in studying the
host- pathogen interaction and investigating
the effectiveness of chemical drugs, immu-
notherapy methods, and vaccines [1]. If the
similarity in of the extrinsic and intrinsic pa-
rameters involved in the formation of infection, disease
development, and immune response, is greater strong
between the animal model and the human, the results of
the study in the animal model will be more generalizable
to humans [2]. A useful useful good animal model in im-
munological studies should perfectly mimic the various
stages of infectious disease as appeared in humans, in-
cluding the route of infection, colonization strategy, tar-
get tissues, immune evasion, and immune responses [3].

Because of different animal models show variations in
pathogenesis and immune responses against to against
a definite infectious agent, multiple animal models are
used to unravel the complex aspects of immunologi-
cal responses. The Laboratory mice mouse is the most
widely used animal model in infectious diseases [4]. Sus-
ceptibility to many human pathogens, easy breeding, and
maintenance, a high large numbers of offspring in each
generation, having the with the same genetic background,
availability easy access for all researchers, ease of easy
production of transgenic and humanized mice are among
some of the advantages of these this animal models [5].

However, the short lifespan of mice does not allow for
complex interventions and long-term evaluations. In ad-
ditionBesides, the small size of the mice limits restricts
access to large volumes of biological fluids such as blood
and urine. Although both mice and humans are both
mammals and have many similarities in the organs com-
ponents parts and functions of their immune systems,
they respond differently to the same stimuli due to differ-
ences in some cases [6]. Persistent hematopoiesis in the
spleen, a larger population of lymphocytes to than neu-
trophils in the peripheral blood, lack of interleukin-8 and
many chemokines, differences in the expression of im-
munoglobulin receptors and in the pattern of cytokines
produced in Th1 and Th2 immune responses in mice, are
among some of these cases differences [7] .

Sepsis is an a dysregulated inflammatory disease that
results from a malfunction of immune responses to the
infectious agents and leads to dysfunction of vital or-
gans, including lungs, kidneys, and liver [8]. The annual
prevalence of the disease in developing countries is 3 per
thousand 1000 people, and depending on the severity of
the disease, 30% to 50 percent % of them are at risk of
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death [9]. Antibiotics are the first line of treatment, but
they are not enough to control the disease alone. A range
of adjuvant therapies are considered and some adjuvant
therapies are required to restore proper organ function
in sepsis control, including serum therapy, use of anti-
inflammatory drugs, and medications that help to restore
proper organ function [10].

Because genetic differences, age, sex, and underlying
diseases affect the severity of the sepsis and the type of
tissue damage, the presence of animal models that can
mimic similar human symptoms is essential to assess the
effectiveness of drugs [10]. There are Several Several
animal models are used for sepsis, each with its own ad-
vantages and disadvantages limitations [11, 12].

Intraperitoneal injection of Lipopolysaccharide (LPS),
is one of the most common methods of endotoxemia and
sepsis induction in mice [13]. Since the mortality and
severity of inflammation in this model depends on the
injection dose of LPS, a range of inflammatory altera-
tions can be simulated similar to those that occur in sep-
tic patients [14]. However, LPS is only a single part of
the bacteria and does not mimic the immune responses
raised in polymicrobial sepsis. Inflammation induced by
LPS is more severe than inflammation in human sepsis
and subsides in a shorter period of time [15, 16].

Intraperitoneal Intraperitoneal or intravenous injection of
live bacteria is another way to create a sepsis model. In this
procedure, a systemic inflammation similar to sepsis oc-
curs. But injection of a large number injecting a large num-
bers of bacteria at one time creates a very different condi-
tion from the situation than the constant flow of bacteria in
septic humans [14, 16]. Cecal ligation and puncture is one
of the most widely used methods of creating the sepsis in
an animal model. In this method, one centimeter of the end
of the cecum is ligated and one or more holes in the wall of
the cecum are created with a needle [17].

In this method Moreover, with permanent polymicro-
bial leakage into the abdominal space, the two defects
problems mentioned in the previous methods have been
is are resolved. However, due tobecause of the differenc-
es in the length of the ligated cecum and the number of
punctures created by different researchers, the results are
not reproducible and cannot be generalized [12].

Despite all these these efforts, there is still no animal
model that can has still been able to simulate the physi-
ological symptoms, molecular events, immunological
responses, and the mortality rate similar to humans yet
[11, 12]. It seems seems means that the application of
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new methods is not enough to improve the quality of the
sepsis animal model. Rather, the dynamics of the systemic
and organ organ-specific physiological changes, molecular
events, and immunological responses must be determined
in each method, and the efficacy of drugs should be evalu-
ated in this context. With this approach, Therefore, the find-
ings of the animal model can be generalized to humans and
the findings of different models can be compared with each
other. In the present study, the dynamics of serum levels
of hepatic enzymes, inflammatory and anti-inflammatory
cytokines in both serum and liver tissue have been were
investigated in a CLP-induced sepsis mouse model.

Materials and Methods

Healthy female C57BL/6 mice (Six to eight 6-8 weeks
old) were purchased from Pasteur Institute, Tehran.

Creation of sepsis model using cecal ligation and
puncture

1. Use C57BL/6 mice (6-8 weeks old) are used are used
for this method. To anesthetize the mouse, we prepared a
solution of 3:1 ketamine (75 mg/kg) and xylazine (4 mg/
kg). Dilute the solution with 4 ml mL of PBS. As a guide,
administered inject 100 pl pL of the diluted solution into
a 20-gram mouse.

Figure 1. Abdominal area of the mice was disinfected after shaving
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2. Shave the mouse abdomen and clean region this area
by first by adding betadine solution followed by clean-
ing and then cleaning it with a 70% alcohol (Figure 1A).

3. Cut 1 to 2 cm of skin and peritoneal membrane in the
abdomen midline under sterile conditions and expose
the cecum (Figure 1 B-C)

4. To cause mild sepsis, ligate the half of the cecum
tightly with a 4.0 silk suture and perforate once on the
cecum once with an 18-G needle (Figure 1 E-H). Note
that the ligated cecum length is related to disease sever-
ity. If the distance between the distal end of the cecum
and the ligation point is less than 1 cm, moderate sepsis
will occur and severe sepsis will occur if it is higher
than 1 cm and if it is more than 1 cm, severe sepsis will
occur [18]. Additionally, the number of punctures and
the needle gage gauge affect the severity of sepsis.

5. The cecum is then gently squeezed to extrude a small
amount of feces from the perforation sites Then gently
squeeze the cecum to remove a small amount of feces
from the perforated area (Figure 1H).

6. Return the cecum to the abdominal cavity and
close the peritoneal membrane and skin with a 4.0
suture (Figure 11-L).

IvuNoREGULATION

A: The cecum was revealed with the help of laparotomy; B-F: Ligate Half of the cecum was ligated with a 4-0 suture to cause
moderate sepsis; and G: Punctured once with an 18G needle; H:The fecal material was gently squeezed at the end of the cecum
to ensure the hole was opened; I-L: The cecum was returned to the cavity of the abdomen abdominal cavity, and the layers

were sutured.



http://immunoreg.shahed.ac.ir/

Winter & Spring 2021. Volume 3. Number 2

7. Finally, resuscitate the animals by subcutaneously
administering injection 1 ml mL of 0.9 percent % pre-
warmed saline solution.

8. Immediately, settle the mice to a cage with exposure
of an infrared heating light, until recovery from anesthe-
sia Immediately place the mouse in a cage exposed to
infrared light to regain consciousness. Provide enough
food and water for them it with enough water and food.
The same process is performed repeated for the sham
group as a control group without ligation and puncture
of the cecum.

Liver enzyme analysis

For serum preparation, blood obtained by puncture of
the heart of all septic and healthy mice To make the serum,
blood was obtained by puncturing the hearts of both sep-
tic and healthy mice. After clot formation, blood samples
were centrifuged to isolated serum at 2000 g at 4°C for 10
minutes to isolated serum. Aspartate and alanine amino-
transferase (AST, ALT) levels in serum samples were ana-
lyzed by clinical chemistry analyzer to determine in vivo
liver dysfunction. This assay was performed at at within
24, 48, and 72 hours post after sepsis induction.

Cytokine analysis

In order to To determine liver pro/anti-inflammatory
secretions, at at within 24, 48, and 72 hours post after
sepsis induction, liver tissues of five septic and five
healthy mice were collected and homogenized in RIPA
(radioimmunoprecipitation assay) buffer containing pro-
tease inhibitors. The obtained homogenates were centri-
fuged at 3000 g at 4° C and stored at -20° C. The total
protein of each sample was estimated by the Bradford
assay. All samples were diluted and used at a concen-
tration of 50 pg/ ml mL for ELISA (Enzyme-linked im-
munosorbent) test. Serum samples were prepared as de-
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scribed in the previous section and used in 1: 10 dilutions
in ELISA. The amount of IL-6, TNF-a, TGF-B1, and IL-
10 cytokines was measured in both serum and liver us-
ing an R&D DuoSet ELISA kits including, DY406-05,
DY410-05, DY 1679-05, and DY417-05, respectively.

Statistical analysis

All studies were performed on 15 healthy and 15 CLP
induced sepsis mice. The serum of each mouse was ex-
amined separately, in triplicate. All data are presented are
was given as MeantSD. A One-way ANOVA (analysis
of variance) method was used to explain significant vari-
ations among groups. The P -values of <less than 0.05
were has been was defined statistically as a significant
difference, statistically.

Results

Increased of liver enzymes in the serum of sepsis
septic mice

The levels of ALT and AST in the serum of the CLP
group have significantly increased significantly com-
pared with with to the sham group (P<0.05). In addition,
this rise has increased over time within in the CLP group.
An increase in Elevation of these enzymes suggests in-
dicated dysfunction and destruction of the liver tissue, as
which is one of the most important organs involved in
sepsis (Figure 2).

Significant rise in inflammatory cytokine levels in
the serum of septic Mice

In the CLP group, the serum levels of inflammatory
cytokines TNF-aand IL-6 increased significantly com-
pared with with to the sham group (P<0.05). The level
of IL.10 in the serum also increased significantly com-
pared with the sham group following the body's efforts
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Figure 2. The hepatic enzymes level in the serum of CLP-induced septic mice significantly increased compared to the sham

group. P<0.05 defined as significant.
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to control inflammation Because of the body's efforts to
control inflammation, serum IL. 10 level also increased
significantly compared to the sham group (P<0.05). IL-
6, the most important sepsis inflammatory cytokine,
decreases over time, but continues d to be higher than
rise in the sham group Whereas while over time TNF-a
gradually rises increased. As the amount of inflamma-
tory cytokines increased, the amount of TGF-f in the
serum shows ed a downward trend (Figure 3).

Induction of pro/anti-inflammatory cytokines in
the liver of septic mice

The inflammatory and anti-inflammatory cytokine
expression in liver tissue is was slightly different from
that observed in serum. The expression of TNF-a in-
creased significantly in the liver tissue of the CLP group
compared to the sham group liver (P<0.05). However,
TNF-a cytokine production during 72 hours has a down-
ward trend declined within 72 hours. IL- 6 is was another
inflammatory cytokine that is was induced significantly
in the liver of septic mice as compared to the sham group
(P<0.05), and shows ed an increasing trend within 72
hours. Concomitant to the increase in With increasing
IL-6 cytokine level, the production of anti-inflammatory
cytokines such as IL-10 and TGF-B1 increased signifi-
cantly (P<0.05) in the liver of septic mice (Figure 4).
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Discussion

Sepsis is a disease caused by a systemic infection that be-
gins with a severe inflammatory phase and ends with the
suppression of the immune system, tissue destruction, and
loss of organ function [19]. Investigation of inflammatory
and anti-inflammatory mediators in serum is one of the im-
portant factors in assessing the severity and course of the
disease. In blood and systemic infections, cytokines are se-
creted from two main sources into the serum. The first is
immune cells that are present in the bloodstream, and the
second is the organs of the body that have been were af-
fected by the infection [20].

Therefore, in the evaluation of the sepsis model and the
effectiveness of anti-inflammatory drugs, it is necessary
to consider cytokine changes in both serum and other in-
fected organs. The liver is an important metabolic organ in
the body, which 25% of the cardiac outputs permanently
continuously circulating circulates in this organ [21]. In
this way, therefore, the liver responds quickly to infec-
tious agents, cytokines, and circulating immune cells in the
bloods. The liver plays a dual role in sepsis: it helps the
control of infection by detoxifying and trapping bacteria; on
the other hand, it worsens sepsis by increasing the produc-
tion of acute phase proteins, producing pro-inflammatory
cytokines, and facilitating coagulation [22].
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Figure 3. Dynamic of cytokine production in the serum of CLP- induced sepsis mice

Both inflammatory and anti-inflammatory cytokines levels in the serum of septic mice shows a significant increase compared

to the sham group. P<0.05 defined as significant.

Khosrojerdi A, et al. Creation and Evaluation of CLP Mouse Model. Immunoregulation. 2020; 3(2):97-106.
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Figure 4. Dynamic of cytokine production in the liver of CLP- induced sepsis mice

Both inflammatory and anti-inflammatory cytokines levels in the liver of septic mice shows a significant increase compared to

the sham group. P<0.05 defined as significant.

Increased level of serum IL-6 Increase of serum IL 6 level
is one of the most important indicators of the acute phase
of sepsis. Various studies have shown showed that this cy-
tokine increases in the first 10 hours after induction of the
model in the serum and decreases over time gradually [23,
24]. The mortality rate and severity of the liver response to
infection depend on the amount of this cytokine. Studies
have shown showed have shown that inhibiting IL-6 or its
receptor can reduce its destructive effects [25]. In the CLP
model created in the present study, the maximum level of
IL-6 is was detected in the early 24 hours after CLP induc-
tion which gradually decreases decreased during the next
days. However, the reverse trend was observed in the IL-6
production in the liver. The lowest amount of IL-6 was
measured 24 hours after induction of the CLP model in
the liver, which increased significantly (P<0.05) over time.
This result indicates that the function and dynamic of IL-6
in the serum do not represent the characteristics of this cy-
tokine in the liver.

TNF-a is another inflammatory cytokine that that is
was induced in sepsis and has had different effects de-
pending on the stage and the severity of the disease [26].
Studies in the CLP sepsis model have shown showed
have shown that neutralization of TNF-a in severe sepsis
reduces the risk of systemic inflammatory response syn-
drome and mortality. In contrast, TNF-a neutralization
in mild sepsis reduces TNF-o pro-coagulant effect and
attenuates defense against microbial agents that lead to
bacterial spread, organ destruction, and increased mor-

tality as in the current study, we showed that the amount
of TNF-a in the liver is higher than its amount in se-
rum at the same time after induction of the model. In
additionAlso, TNF-a levels decreases in the liver and
increases in the serum during the study period.

IL-10 is an anti-inflammatory cytokine that is secretesd
by immune cells and suppresses different immune re-
sponses, including antigen presentation, phagocytosis, and
production of inflammatory cytokines production [27].
Based on evidence According to the evidence obtained
from the CLP sepsis model, the production of IL-10 in-
creases along with the production of inflammatory cyto-
kines such as IL-6 and TNF-o in serum, but the amount
and timing of the production of this cytokine is important
in determining its protective or destructive role in sepsis
control [28, 29]. Delay in IL-10 production or ineffective
inadequate amounts of this cytokine it in the inflamma-
tory phase of the sepsis in the CLP mouse model causes a
sharp increase in the level of inflammatory cytokines and
increases mortality [28].

While the high levels of serum IL-10 at the onset of the
disease induces severe immunosuppression that increases
the susceptibility to microbial infections and increases tis-
sue damage and mortality [30, 31]. Based on According
to the available evidence evidence documents, IL-10 pro-
duction is stimulated in response to an increased in I1L-6
and TNF-a cytokines and regulates their production [32].
The present study showsed that IL-10 cytokine level in-
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creases increased in both serum and liver during within 24
to 72 hours after induction of the CLP sepsis model, but
an increase in IL-10 level, did do not necessarily lead to a
decrease in IL-6 and TNF-q.

A closer look at the results in the liver and serum ob-
tained in the liver and serum showsed that the inhibitory
effect of IL-10 depends on the amount of inflammatory
cytokine. An increase in IL-10 inhibits serum IL-6, which
has reached about approximately 20,000 pg/ml mL after
24 hours of induction, while it has had no inhibitory effect
on IL-6 production in the liver, which has reached 12,000
pg/ml mL after 72 hours. In this regard, the increase in IL-
10 causes the inhibition of the TNF-a in the liver, which
has reached about 4,000 pg/ml mL after 24 hours of induc-
tion of the CLP model, while it has no suppressive effect
on TNF-a production in serum, which reached 500 pg/ml
mL after 72 hours. Transforming growth factor factor-beta
(TGF-B) is a multifunctional cytokine that is secreted by
many cells, including immune cells [33].

Different studies showed the pleiotropic immunomodu-
latory effects of TGF-f in sepsis. Published evidences doc-
uments in about the CLP- induced sepsis model, demon-
strated both the pro-inflammatory and anti-inflammatory
role of this cytokine. Jong-Sup Bae and et.al et al. showed
reported that an increase in the circulating level of TGF-3
enhances severe inflammatory responses and determines
disease severity in the CLP sepsis model [34]. In a study
conducted by Zang et al., the therapeutic effect of TGF-
treatment was investigated on inflammatory responses in
the liver and peripheral blood. The results showed that an
increase in the level of serum TGF-B enhanceds the pro-
duction of NFkB and TNF-a in the liver and serum, re-
spectively [35].

The results of the present study showed that the produc-
tion of TGF-B in the liver is higher than the peripheral
blood. In additionBesides, during 72 hours after induc-
tion of the CLP sepsis model, TGF-B production showed
an increasing trend in the liver, and a decreasing trend in
the serum. According to the present study, TGF-f has an
anti-inflammatory effect in on both the liver and peripheral
blood, and an increase in its production is associated with
a decrease in TNF-a levels.

Examination of inflammatory and anti-inflammatory cy-
tokines in the liver and serum showsed that variation in
the severity of inflammation in the organs and peripheral
blood. varies. Inflammatory conditions of the serum do
not necessarily reflect the inflammatory conditions of the
affected organs in the CLP sepsis model. Therefore, in or-
der to evaluate the CLP sepsis model and to determine the

Winter & Spring 2021. Volume 3. Number 2

effectiveness of drugs, inflammatory responses in serum
and contaminated organs should be considered, separately.
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