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Introduction
Sepsis is a common cause of inpatient mortality in both gen-
ders and all age groups, particularly in the intensive care 
units of hospitals. Annually, more than 19 million people are 
affected by sepsis (with a mortality rate as high as 18%) world-
wide.1, 2 In sepsis, the cause of death is generally multiorgan 
dysfunction syndrome (MODS). Despite the recent decrease 
in its mortality rate which can be attributed to the advance-
ments in antibiotics and intensive care equipment, the inci-
dence of sepsis is increasing worldwide.3 

Sepsis-induced shock is associated with multiorgan failure 
and mortality rate of patients with sepsis. The most frequently 
affected organs by sepsis are those of the cardiovascular and 
respiratory systems.4 Although the precise mechanisms of 
sepsis-induced cardiomyopathy are not yet fully elucidated, it 
suggested that severe inflammation, metabolism insufficien-
cies, and defective beta-adrenergic response may be involved 
in this process.3 It is demonstrated that pulmonary complica-
tions of sepsis are due the cumulative effect of circulating cel-
lular elements, soluble inflammatory mediators, and cytokines 
on the pulmonary tissues.5

Considering its high fatality rate, sepsis leaves little oppor-
tunity for clinical research in the field. Therefore, the CLP pro-
cedure (which is considered as the gold-standard model of 
human sepsis) provides the opportunity for an investigation 
into different aspects of this condition. During this procedure, 

secretion of intestinal polymicrobial flora into the abdomen 
leads to development of systemic presentations very similar to 
those caused by sepsis in humans.6

CLP-induced damages (and sepsis in humans) stimulate 
the immune system, activate oxidative stress pathways, increase 
caspase levels (due to apoptosis), lead to the production of 
early and late proinflammatory cytokines such as TNF-α and 
HMGB1 and upregulation of autophagy and hypoxia-related 
genes.7 Reactive oxygen species (ROS) are major signaling 
molecules involved in the oxidative stress response. In sepsis, 
the excessive accumulation of ROS impairs cellular homeo-
stasis, and this leads to oxidative stress and mitochondrial 
dysfunction. This oxidative stress process, caspases activation, 
and hyperinflammation also promote autophagy, a defensive 
cytoprotective process for recycling waste organelles and other 
intracellular material following cellular damages.8 Therefore, 
indicators of oxidative stress and autophagy processes have 
been widely used to investigate the intensity of sepsis induced 
through CLP procedure.9 Similarly, measurement of the 
enzyme AMP-activated protein kinase (AMPK) is extensively 
applied for assessment of severity of sepsis.10This ROS ele-
vation also promotes autophagy, a defensive cytoprotective 
process for recycling waste organelles and other intracellular 
material following cellular damages.8 Consequently, auto-
phagy proteins such as LC3B are considered most valuable 
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biomarkers for evaluation of cellular impairment.9 Similarly, 
measurement of the enzyme AMPK and autophagy proteins 
are employed for assessment of molecular dysfunction.10

It is demonstrated that the size of the needle used in the 
CLP procedure can be influential in different septic outcomes 
such as mortality, cytokines concentrations, apoptosis, lactic 
acidosis, and autophagy. Previous studies has showed that 
G-18 induced MODS more efficiently compared to other 
gauge groups.6, 11, 12 

There exist limited experiments on factors affecting MODS 
with G-18. The current study was designed and carried out 
with different views. Firstly, a period of 24 hours was chosen for 
investigation into the severity of sepsis in the cardiovascular and 
pulmonary systems. Doing this, we managed to minimize the 
duration of the study and reduce the costs involved in animals’ 
care following the procedure. Moreover, in the current study, 
for the first time, we employed autophagy gene expression and 
cellular hemostasis indicators (along with simultaneous assess-
ment of cellular hemostasis  and measurement of primary and 
secondary inflammatory cytokines) for assessment of cyto-
kine storm. Moreover, appropriate target tissues (pulmonary 
and cardiac) were chosen for investigation into sepsis induced 
through CLP procedure. Lastly, we employed low-cost, conve-
nient, and precise laboratory tests for assessment of the extent of 
tissue damage (such as lactate, oxidative stress, and apoptosis). 

Material and methods 
Animals
Adult male Wistar rats 3–4 months old (250–300 g) were pro-
cured from the animal breeding house of the faculty of the 
pharmacy of TUMS. Animals were kept according to the ani-
mal standard care facility under controlled temperature (23 ± 
10C), 12 h light/dark cycle, 55± 10% humidity, and ad libitum 
feed. The protocol of the study was approved by the institu-
tional ethical committee under code number IR.TUMS.VCR.
REC.1396.2341.

Reagents 
For High mobility group box 1 (HMGB1) and TNF-α, ELISA 
kits were obtained from ZellBio GmbH (Ulm, Germany) and 
Diaclone (France), respectively. The lactate isolation kit was 
produced from ZellBio GmbH (Ulm, Germany). RNase solu-
tion, iScript cDNA synthesis kit, and propidium iodide were 
manufactured by Sigma-Aldrich  GmbH (Munich, Germany). 
Other chemicals not specifically mentioned were all purchased 
from Sigma-Aldrich GmbH ( Munich, Germany).

Animal Groups
All male Wistar rats were randomly divided into the following 
three groups:

Sham or control group (which underwent the same oper-
ation without the CLP procedure) and CLP group with G-18 
(which was operated with two punctures of G-18) 

The Procedure 
Adult male Wistar rats first underwent CLP as described in 
detail elsewhere.11 Rats were anesthetized with ketamine and 
xylazine. Then, the cecum was ligated with a 3.0 silk suture 
at its base right below the ileocecal valve, and two punctured 
using G-18. Next, the abdomen was closed using silk suture. 

Following the operation, animals were hydrated through intra-
venous administration of an isotonic saline solution, returned 
to a cage in 24 hours.13 According to previous research, sepsis 
induced 6 hours after CLP.11, 12

Sample Collection 
Twenty-four hours after CLP, the animals were sacrificed. 
Heart and lung tissues were harvested, then put into two parts 
for further histopathological and biochemical assessments.

Assessment of Biochemical Variables 
ROS Assay
Tissue samples were all homogenized and centrifuged accord-
ingly. Subsequently, they were stored in 75 μL extraction buffer, 
mixed with 80 μL of assay buffer, and kept for 30 min at 37 °C. 
Production of ROS was absorbed by 2’, 7’-dichlorofluorescein 
diacetate (DCF-DA) as a fluorogenic reagent. Identification of 
the absorbance change of DCF-DA was identified using ELISA 
fluorometer (Biotec, Tecan U.S.) with maximum excitation 
(488 nm) and emission (529 nm) spectra for an hour. 

Myeloperoxidase (MPO) Activity 
Briefly, tissue samples were homogenized in 50 mM potas-
sium buffer (pH 6.0) containing 0.5% HTAB. Subsequently, 
the samples were centrifuged (30,000g, 15 min, 4 °C) and the 
supernatant was mixed with phosphate buffer (pH 6, 50 mM). 
Change of absorbance was recorded through spectrophoto-
metric analysis at 460 nm 5 minutes later, as described in detail 
elsewhere.14

Lactate Levels in Tissue Samples
According to the Manufacture’s protocol, lactate assay was 
performed for analysis of all samples. In short, tissue samples 
(100 mg) were homogenized in 8% perchloric acid and lactate 
level evaluated using a standard curve. 

Caspase-3 and -9 Activity
Colorimetric assays were utilized for measurement of the 
caspases-3 and -9 through specific identification of particular 
amino acid sequences. Briefly, the color changed and detected 
by spectrophotometry as setup by Rahimifard.15

Assessment of Pro-inflammatory Cytokines 
(TNF-α and HMGB1)
The quantity of rat-specific TNF-α and HMGB1 in test sam-
ples were examined by a rat-specific ELISA kit. All test steps 
were performed according to the manufacturer’s protocol. 

Gene Expression Evaluation 
For real-time reverse transcription-polymerase chain reac-
tion (RT-qPCR), 1 μg of total RNA was reverse transcribed to 
cDNA using a Primescript RT reagent kit (TAKARA, Japan). 
RT-qPCR was performed using the Step one plus ABI system 
(Applied Biosystems). RT-qPCR was carried out under man-
ufacturer’s instruction.16 The sequences of primers used for 
RT-qPCR are presented in Table 2.

Histopathological Studies
The animals were euthanized 24 hours after the procedure, 
and heart and lung tissues were isolated and fixed in the 10% 
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neutral buffered formalin (NBF, pH 7.26) for 48 hours, and 
then were embedded in paraffin and stained with hematox-
ylin and eosin (H&E), then observed using a light micro-
scope (Olympus BX51, Japan). Any suspected changes were 
recorded. 200 x (scale bar=100μm), 400 x (scale bar=20μm).

Statistical Analysis
The results were presented as the mean ± standard error of 
the mean (SEM). One-way analysis of variance (ANOVA) and 
Tukey’s multicomparison tests was applied with the degree of 
significance set at P< 0.05. Statistical analyses were performed 
using GraphPad Prism version 5 (GraphPad Software, La Jolla, 
CA, USA).

Results 
ROS Generation
ROS levels were raised significantly in heart of CLP compared 
to the sham group (P<0.01). Moreover, ROS production in 
the lung was increased significantly in CLP compared to the 
sham group (P<0.001). A significant difference was not found 
between the lung and heart tissue of the CLP group (Table 1). 

Myeloperoxidase Activity
The result of MPO assay as neutrophil infiltration marker 
showed that a significant elevation in the heart (P<0.01) and lung 
(P<0.001) samples of the CLP group in comparison with related 
sham groups. Moreover, no significant differences were found 
between the heart and lung tissues of CLP groups (Table 1). 

Lactate Levels
Lactate production, a reliable marker of tissue hypoperfu-
sion and hypoxia was increased in both heart (P<0.01) and 
lung (P<0.001) samples of CLP group, compared to related 
sham groups. Hyperlactatemia was significantly increased in 
the lung (P<0.001) compared to the heart sample of the CLP 
group (Table 1). 

Caspase 3 and Caspase 9
Caspases as cysteine proteases family activate during apop-
tosis. The result showed meaningfully hyperactivation of 
caspase-3 in the heart (P<0.001) and lung (P<0.001) speci-
mens of CLP groups, compared to related sham groups. Also, 

caspase-3 activity was increased in the lung compared to heart 
tissue in the CLP group (P<0.05).

Moreover, it found that caspase-9 significantly ele-
vated in the heart (P<0.001) and lung (P<0.001) samples of 
CLP groups, compared to related sham groups. A significant 
increase of caspase-9 activity was observed in the lung com-
pared to the heart tissue of the CLP group (P<0.05) (Table 1). 

Proinflammatory Cytokines 
TNF-α which is an early modulator of inflammation during 
sepsis was found to be significantly increased in the heart and 
lung tissue of the CLP group (P<0.001) in comparison with the 
related sham groups. The levels of TNF-α in lung tissue were 
increased compared to the heart sample in the CLP group 
(P<0.001).

The amount of HMGB1, a late phase inflammatory bio-
marker, was significantly elevated in the heart and lung tis-
sue of the CLP group (P<0.001) in comparison with the 
related sham groups. The levels of HMGB1in lung tissue were 
increased compared to the heart sample in the CLP group 
(P<0.001) (Fig. 1). 

Real-Time Reverse Transcription-Polymerase 
Chain Reaction (RT-qPCR)
The mRNA expression level of the Prkaa1 gene (related gene 
to AMPK activity, as the stress protein) in the heart (1.77-fold) 
and lung sample (3.66-fold) was significantly increased in CLP 
group compared to the sham group. Also, the mRNA expres-
sion level of Prkaa1 was increased significantly in lung tissue 
compared to the heart specimens in the CLP group (P<0.001).

The mRNA expression level of the Map1lc3b gene (related 
gene to activation of LC3IIb, as an autophagy indicator) in the 
heart (4.38-fold) and lung samples (5.86-fold) was signifi-
cantly elevated in CLP group compared to the sham group. 
The analysis of the mRNA expression level of Map1lc3b data 
showed that lung tissue has been significantly increased com-
pared to the heart samples in the CLP group (P<0.05) (Fig. 2).

The abbreviations and primers of proteins used for real-
time RT-qPCR listed in Table 2.

Histopathological Analysis
All the samples were visualized by an independent reviewer. 
The results of each sample have reported that micrographs 
of the lung in the CLP group showed various degrees of lung 

Table 1.  Effect of gauge-18 on biochemical markers of lung and heart tissue, 24 hrs. after CLP.

Variables 
Groups

Sham-Heart CLP-Heart Sham-Lung CLP-Lung

ROS 
(u/mg protein) 0.66±0.05 1.21±0.08** 0.27±0.03 0.98±0.16***

MPO 
(unit/gr tissue) 77.83±3.64 112.64±7.44** 75.97±7.50 130.11±7.20***

Lactate levels (mmol/L) 2.90±0.07 4.18±0.12** 6.47±0.11 10.06±0.45*** •••

Caspase 3 
(% of content) 83.04±1.85 117.60±1.45*** 100.12±2.52 138.29±8.97*** •

Caspase 9 
(% of content) 85.17±7.35 114.94±1.43*** 83.18±3.10 132.77±2.35*** •

Results are expressed as mean ± SEM for six animals in each group. ***: significant difference from the related sham 
group at P<0.001, **: significant difference from the related sham group at P<0.01, •••: significant difference from CLP-
Heart group at P<0.001, •: significant difference from CLP-Heart group at P<0.05.
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Fig. 1.  Assessment of proinflammatory cytokines level in heart and lung injury, one day after CLP with gauge 18. Tumor Necrosis Factor-α 
(TNF-α), B: High Mobility Group Box 1 (HMGB1). Results are expressed as mean ± SEM for six animals in each group. ***: significant difference from the 
related sham group at P<0.001, •••: significant difference from CLP-Heart group at P<0.001.
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Fig. 2.  The m-RNA gene expression level of Prkaa1 (AMPK related gene) and Map1lc3b (LC3IIb related gene) using RT-qPCR. Results are 
expressed as mean ± SEM for six animals in each group. Samples were analyzed in triplicate. RT-qPCR (real-time reverse transcription-polymerase chain 
reaction); PRKAA1 (Protein Kinase AMP-Activated Catalytic Subunit Alpha 1); MAP1LC3B (Microtubule Associated Protein 1 Light Chain 3 Beta). ***: 
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injury such as hyperplasia of pneumocyte-type A, peribron-
chiolar inflammation, and hyperemia compared to the 
sham group. The thickness of the alveolar septa significantly 
increased in comparison to the normal area. However, lung 
inflammation was verified by the presence of inflammatory 
cells (lymphocyte) and edema. Moreover, the histopatholog-
ical evaluation of the heart sample in the CLP group showed 
myocardial cell necrosis (Fig. 3).

Discussion
We designed the current study to illuminate differences in car-
diac and pulmonary tissue damages following the CLP G-18 
procedure in rats 24 hours  after the procedure. To our best 

knowledge, this is the first study which aimed to investigate the 
differences between pulmonary and cardiac dysregulation with 
G-18 CLP. This was carried out through assessment of cellu-
lar and molecular sepsis mechanisms such as oxidative stress, 
expression of homeostatic–autophagic related genes, proinflam-
matory cytokines, apoptosis and tissue perfusion in male Wistar 
rats. The findings of our study demonstrated that 24 hours after 
the CLP procedure, inflammatory markers, tissue lactate levels, 
proinflammatory cytokines, caspases, and gene expression of 
cellular homeostasis and autophagy in samples were more pro-
nouncedly increased in the lung tissues. Moreover, the increase 
of the aforementioned factors was more highly elevated in the 
pulmonary tissue in with the heart specimen of the CLP group. 
This should be taken into consideration for the development 
and execution of related protocols to increase the accuracy of 
the results and avoid waste of resources. 

Oxidative stress is a major indicator of sepsis induced by 
the CLP procedure. Oxidative stress pathways and ROS gen-
eration are consisted of several components such as increased 
LPO levels, alternated metabolic gene expression, and 
increased MPO levels during the procedure.17, 18 In this regard, 
many consider MPO as a major indicator of the neutrophil 
infiltration process.18-23 It is demonstrated that sepsis-induced 
by G-18 can elevate ROS levels in the liver, colon, and kidney 
16–24 hours following the procedure.24-27 Congruently, the 
findings of our study demonstrated that 24 hours after the CLP 
procedure, pulmonary tissue was impaired more intensely 
than cardiac tissue in CLP-G18. 

Lactate level is generally considered as a reliable indicator 
of tissue hypoperfusion, hypoxia, and altered microcirculation 

Table 2.  The abbreviations and primers of proteins used for real 
time RT-qPCR.

Gene name Gene 
symbol Primer sequence (5´-3´)

Glyceraldehyde-
3-phosphate 
dehydrogenase

GAPDH
F: AGTCTACTGGCGTCTTCACC

R: CCACGATGCCAAAGTTGTCA

AMP-activated 
catalytic subunit 
alpha 1 (AMPK)

Prkaa1
F : CCGTCTTATAGTTCAACCAT

R : TTCGTTCATTATTCTCCTGTT

Microtubule-
associated protein 
1 light chain 3 beta 
(LC3IIb)

Map1lc3b

F : CAGTGATTATAGAGCGATACA

R : GCCTTCTAATTATCTTGATGAG  

Fig. 3.  The histopathology of the lung and heart in sham and CLP groups. Arrowheads: hyperplasia of 
pneumocyte type A, Thick arrow: perivascular inflammation and infiltration of inflammatory cells, Thin arrows: 
myocardial necrosis. 
200 x (scale bar=100μm), 400 x (scale bar=20μm).
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in CLP models of sepsis. Previous studies have separately 
reported raised lactate levels following CLP-G18 in blood, 
ileum, and liver, and noted the elevation of the lactate levels in 
the colon following CLP procedure with G22 needles.18, 20, 28-31 
In this regard, we observed that tissue lactate levels increased 
more intensely following CLP-G18 procedure in lung cells 
compared to heart tissue.

Regarding proinflammatory cytokines, it is demonstrated 
that the blood levels of these indicators of inflammation, par-
ticularly TNF-α and HMGB1, is altered during the CLP pro-
cedure.32-35 Previous reports have demonstrated high levels 
of TNF-α in different organs of rats up to 72 hours after the 
CLP-G18 procedure.23, 24, 31, 36 In this regard, we observed that 
in comparison with the cardiopulmonary system, the levels of 
both aforementioned cytokines were more intensely increased 
in pulmonary tissue compare to cardiac samples 24 hours after 
CLP-G18.

Mitochondrial membrane disturbance during ROS ele-
vation results in activation caspases 9 and 3 with the natural 
consequence of cellular apoptosis.31 This programmed cell 
death process during the CLP procedure is observed and 
reported in different tissues such as the kidney and brain.37, 38 
Correspondingly, findings of our study revealed that the levels 
of the aforementioned caspases increased in the lung more sig-
nificantly in comparision of the heart in CLP-G18.

A combination of ROS elevation and enhanced autophagy 
is responsible for the elimination of abnormal proteins and the 
promotion of organ failure-related apoptosis during sepsis.39-43 

Several studies have demonstrated that the LC3-II/LC3-I ratio 
is increased in the liver, kidney, spleen, and mesenteric nodes 
after the CLP procedure.44-47 Moreover, Hsaio et al showed an 
increase in LC3-II levels in the renal tissues of rat’s 3 hours 
after CLP-G18. Correspondingly, Escobar concluded that 8 
hours after the CLP-G22 procedure, LC3-II was increased in 
parallel with phosphorylated AMPK in the kidney and liver.39 

In this regard, we observed that the gene expression levels of 
mRNA of LC3-IIb and AMPK after CLP- G18 was more pro-
nouncedly increased in the lung of the animals in comparison 
with the cardiac cells. Moreover, histopathological changes we 
observed confirmed the superiority of pulmonary impairment 
compared to cardiac cells in CLP-G18 in terms of provok-
ing inflammation through demonstration of edematous and 
thickened lung tissues and myocardial cell necrosis. These 
observations support the hypothesis that in comparison with 
lung and heart organs 24 hours after CLP, pulmonary samples 
provoke oxidative stress reactions and cellular damage more 
pronouncedly compared to cardiac cells.

Conclusion
In conclusion, findings of this study demonstrated that lung is 
superior to heart in terms of demonstration of the severity of 
sepsis induced in a rat model with CLP-G18, and both the rise 
of inflammatory markers and the extent of the ensuing organ 
damage is greater in the pulmonary cells undergone the proce-
dure compared to cardiac cells with CLP G-18. It can be con-
cluded that the choice of the tissue can have a great influence 
on the research outcomes, and this should be considered in the 
design and implementation of CLP studies so that researchers 
can cause the precise level of sepsis they intend to induce with-
out waste of resources. 
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