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Abstract  

Endotoxic disease Increased production of pro-inflammatory cytokines during bacterial infection is 

caused by high endotoxin levels, the protective effect of semaglutide on endotoxemia-induced acute lung 

injury was investigated in this research. twenty-four adult mice of the Swiss-Albano strain, aged 8-14 

weeks and weighing between 25- 40 grams, were randomly divided into four groups. The groups were as 

follows: control (undergoing laparotomy without cecal ligation and puncture), endotoxemia (undergoing 

cecal ligation and puncture), vehicle (receiving normal saline for 1 week), and treatment (receiving 

semaglutide at a dose of 0.06mg/kg once daily subcutaneously for 1 week prior to cecal ligation and 

puncture). The scarification of animals was done 24 hours following the CLP treatment, and their lung 

tissues were utilized for histological investigation as well as the assessment of inflammatory mediators 

(IL-6, TNF-α, IL-1B, and NF-KB) and oxidative markers (MDA). The levels of lung tissue, inflammatory 

mediators, and oxidative stress were considerably elevated (P<0.05) in both the endotoxemia and vehicle 

groups compared to the control group. The treatment group exhibited significantly reduced levels of 

inflammatory and oxidative stress mediators compared to the endotoxemia and vehicle groups, with a 

statistical significance of P<0.05. Microscopically, mice in the endotoxemia and vehicle groups exhibited 

pronounced lung tissue damage. However, this damage was significantly (P<0.05) mitigated in the group 

treated with semaglutide. Semaglutide had the capacity to alleviate acute lung damage in male mice 

exposed to endotoxemia generated by CLP through a decrease in pro-inflammatory cytokines (such as 

interleukin-1β, interleukin-6, TNF-alpha, and NF-KB) as well as oxidative stress marker (MDA) inside 

the lung tissue. 
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Introduction  

Endotoximia Increased production of pro-

inflammatory cytokines during bacterial 

infection is caused by high endotoxin levels, 

which can cause cellular damage, shock, and 

possibly multiple organ damage [1]. The high 

rates of mortality and morbidity associated with 

sepsis, along with the substantial financial 

burden it places on society, make it a global 

public health priority study that uncovered 

concerning worldwide data, projecting 48.9 

million sepsis diagnoses and 11.0 million 

fatalities associated with sepsis in 2017 [2,3].  

Acute lung injury (ALI) One typical type of 

organ failure that arises in sepsis caused by 

Gram-negative bacteria [4]. Bacterial endotoxin 

released into the bloodstream is one of the 

mechanisms underlying acute lung injury (ALI). 

This process initiates inflammatory mechanisms 

within the lungs, ultimately leading to 

pulmonary impairment. Endotoxins can induce 

changes in hemodynamic parameters by the 

stimulation of inflammatory cytokine release 

and the generation of an excessive quantity of 

free radicals and other oxidant mediators [5].  

In the end, when lung function is compromised, 

it results in the occurrence of lung failure, in the 

form of acute respiratory distress syndrome 

(ARDS) [6] which is a severe and potentially 

lethal (30–40% in most studies) [7] described by 

widespread lung inflammation, resulting in poor 

oxygen supply [8,9]. The disorder is associated 

with damage to the structure of alveoli and tiny 

blood arteries at a microscopic level. This 

damage leads to the accumulation of protein-rich 

inflammatory fluid in the alveolar sacs [7].  

The inflammation in lungs triggered when sepsis 

stimulate toll like receptor- 4 signaling pathway 

(TLR-4) (important cell surface receptor for 

pattern recognition of pathogens) [10], this will 

translocate nuclear factor-kappa B (NF-KB) to 

modulate the expression of inflammatory genes, 

including IL-1β, TNF-α, and IL-6[11,12]. These 

mediators are also elevated in lung disorders 

induced hypoxia as high altitude [13]. NF-κB is 

persistently activated in various inflammatory 

conditions, including sepsis, cardiovascular 

disorders, inflammatory bowel disease and 

arthritis [14]. Oxidative stress is defined as an 

imbalance between heightened levels of reactive 

oxygen species (ROS) and insufficient 

performance of antioxidant mechanisms. 

Elevated levels of oxidative stress can lead to 

cellular structural damage and potentially inflict 

injury on tissues. ROS, or reactive oxygen 

species, are essential for maintaining cellular 

homeostasis and facilitating mitochondrial 

energy generation [15]. Continuous NF-κB 

activity in inflammatory cells can drive the 

generation of reactive oxygen species (ROS), 

hence causing damage to the DNA of 

neighboring epithelial cells [14].  

Cecal ligation and puncture in mouse model was 

used by many researches as an situation greatly 

mimic endotoxemia in order to explore 

beneficial effect of hypothesized drugs [16, 

17,18,19]. 

Semaglutide drug Glucagon-like peptide-1 is a 

hormone that has a diverse spectrum of 

pharmacological potential and exerts various 

effects on metabolism. An important impact of 

GLP-1 is its capacity to induce the release of 

insulin in response to glucose levels [20]. 

Furthermore, it decreases the rate at which the 

stomach empties, inhibits hunger, stimulates the 

excretion of sodium and water, and controls the 

growth of β-cells in rodents. GLP-1 exhibits 

cardioprotective and neuroprotective properties, 

diminishes inflammation and cellular apoptosis, 

and has consequences for cognitive processes 

like learning and memory, reward-seeking 

behaviour, and taste preference. GLP-1 receptor 

agonists have been effectively used in clinical 

settings to treat type-2 diabetes by making 
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biochemical alterations that increase their 

strength and extend their duration of action [20]. 

In 2017, the US Food and Drug Administration 

(FDA) approved semaglutide, a GLP-1 receptor 

agonist, as a once-weekly injectable medication 

for the treatment of type 2 diabetes (T2D). In 

2018, the European Medicines Agency 

authorised the use of semaglutide for the same 

purpose, allowing doses of up to 1.0 mg. 

Semaglutide is a long-acting GLP-1 analogue. It 

demonstrates a 94% sequence homology with 

human GLP-1 and specifically attaches to the 

GLP-1The configuration of semaglutide enables 

it to attach to albumin and hinder its breakdown 

by DPP-4, leading to a decrease in excretion via 

the kidneys. Consequently, semaglutide has a 

significantly extended half-life (about 7 days) in 

comparison to liraglutide and native GLP-1. This 

enables the administration of subcutaneous 

doses once a week without diminishing its 

efficacy [22].   

Semaglutide not only impacts insulin and 

glucagon, but also facilitates weight loss by 

decreasing energy intake without dramatically 

altering energy expenditure. It stimulates GLP-1 

receptors in the hindbrain and hypothalamus, 

affecting neuronal circuits that are responsible 

for controlling appetite and regulating food 

consumption [21]. 

The liver potentially plays a role in the 

elimination process of semaglutide breakdown 

products, as they are expelled through urine and 

feces after being metabolized [22]. Semaglutide 

use is associated with some adverse effect as 

hypoglycemia, gastrointestinal upset, 

pancreatitis, thyroid cancer, cholelithiasis and 

cardiovascular events [23]. 

In previous studies, GLP-1 agonists had 

beneficial effect against sepsis induced 

inflammatory and oxidative pathways in kidney 

[24], brain [25] and lungs [26]. The effect of 

semaglutide on lung injury that occur during 

sepsis in not thoroughly investigated.  

So this research aimed to examine the beneficial 

role of semaglutide against endotoxemia - 

induced acute lung injury.  

Methods 

The research accomplished in the Pharmacology 

Department/ Faculty of Medicine/ University of 

Kufa (approved by the local Committee for 

Bioethics) at period 5-2-2023 to 1-9-2023. 

Animals and study design 

A total of 24 Albino Swiss mice, classified as 

adults, were obtained from the Animal 

Resources Centre at the University of Kufa- 

Faculty of Science. These mice had an average 

weight ranging from 25 to 40 grams and reached 

maturity between 8 to 14 weeks. The mice were 

housed in a regulated environment with a 

constant temperature of 25°C, a humidity level 

of 60-65%, and a light/dark cycle of 12 hours. 

The mice were classified into four groups, with 

each group consisting of six animals. 

1- Control group: laparotomy surgery 

without CLP. 

2- Endotoxemia group: CLP was 

performed. 

3- Vehicle group: The mice were 

administered normal saline subcutaneous (SC) 

daily for 1 week before CLP. 

4- Treatment group: mice received 

semaglutide in a dose of 0.06 mg/kg/day SC for 

1 week before CLP [27,28]. 

 Experimental procedure of CLP: 

 The mice were anesthetized by intraperitoneal 

administration of 10 mg of xylazine (V.M.D; 

Belgium) and 100 mg/kg of ketamine (Bremer 

Pharma GMB; Germany). The lower abdomen 

was shaved and a 1-2 cm incision was made in 

the abdominal area to find the cecum. 

http://www.niprdjopat.gov.net/
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Subsequently, the cecum was securely fastened 

below the ileocecal valve and pierced twice with 

a G-20 needle before being repositioned to its 

original state. The abdominal incision was 

sutured with a 5.0 medical suture. Afterwards, 

the mice were observed for different signs of 

disease every 4 hours within a 24-hour 

timeframe before being returned to their cages 

[29,30]. 

Prepration of semaglutide  

The pen was acquired from Novo Nordisk 

Germany and mixed with its vehicle (normal 

saline). The mice were then administered 

semaglutide at a dosage of 0.06 mg/kg per day 

for one week via subcutaneous injection before 

the cecal ligation and puncture procedure. 

Measurement of inflammatory and oxidative 

stress mediators 

The excised lung was rinsed with a normal saline 

solution to eliminate any traces of blood. 

Afterward, the lung was conserved by subjecting 

it to freezing at a temperature of -80°C. The lung 

section was subsequently pulverized using a 

pestle and mortar in a phosphate-buffered saline 

solution at a ratio of 1:10 (weight/volume). The 

solution comprised of 1% Triton X-100 and a 

protease inhibitor mixture. In order to further 

break down the homogenate, an ultrasonic cell 

disrupter was used for sonication [31]. 

The supernatant required for the measurement of 

IL-1β, IL-6, TNF-α, NF-KB, MDA, and TAS 

was obtained by centrifuging the homogenate 

according to the technique provided by the 

bioassay technology laboratory. 

Tissue preparation for histopathology 

The extracted lungs from the mice that killed   

rinsed with a saline solution to eliminate 

erythrocytes and clots. Subsequently, the 

cleaned lungs were immersed in a 10% formalin 

solution for preservation, to later undergo 

processing and embed in paraffin. To eliminate 

any residual water or formalin, the specimens 

underwent a dehydration process by submerging 

them in ethanol solutions with several 

concentrations (70%, 80%, 90%, and 100%) for 

around two hours each. Following that, xylene, 

an organic solvent, was employed to remove the 

alcohol from the samples and facilitate their 

immersion in paraffin wax, which served as an 

embedding agent. To evaluate the extent of lung 

damage, histological slices from all groups were 

examined under magnification ranging from 

X100 to X400. The results were scored as 

follows [32]:  

• Zero score:no damage. 

• One Score: under 25% damage (mild). 

• Two Score 2: 25% - 50% of damage 

(moderate). 

• Three Score: 50% - 75% of damage 

(severe). 

• Four Score: 75% -100% of damage 

(highly severe). 

Quantitative data analysis 

 The normality of the data in SPSS was evaluated 

using the Kulmogorov-Smirnov and Shapiro 

tests. The ONE-way ANOVA test was used to 

compare results for normally distributed data, 

while the Kruskal-Wallis test was employed for 

histopathological data that is non-parametric. 

Both tests were conducted to compare more than 

three means, with a significance threshold of 

P<0.05. 

Results 

1-Effect of semaglutide on pro-inflammatory 

mediators   

The levels of NF-KB, IL-6, IL-1β, and TNF-α in 

lungs of both endotoxemia and vehicle groups 

were significantly higher than levels in the 

control group. These cytokines levels were 
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significantly (p<0.05) reduced after treatment with semaglutide, figures (1 A-D). 
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Figure 1: Effect of semaglutide on inflammatory cytokines of lung tissue including (A) NF-KB (B) IL-6 

(C) IL1β (C) TNF-α. The data are presented as mean ± SD. ≠ P> 0.05 indicates non-significant differences 

while (*P < 0.01, ** P < 0.001, and ***P < 0.0001,) indicate significant differences in comparison with 

the endotoxemia group.  
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2-Effect of semaglutide on oxidative stress markers: 

The (MDA) oxidative stress significantly high levels in lung tissue of mice endotoxemia and vehicle 

groups. The amount of these markers dramatically lowered in the lung tissue treated by semaglutide 

(figure 2). 

 

 

Figure 

2: 

Effect 

of 

semaglutide on oxidative stress marker (MDA) in lung tissue. The data are presented as mean ± SD. ≠ P> 

0.05 indicates non-significant differences while [*P < 0.01, ** P < 0.001, and ***P < 0.0001,] indicate 

significant differences in comparison with the endotoxemia group.  

3-Effect of semaglutide on lung histopathology 

Microscopic examination that done for lung tissue of mice in the control group revealed normal 

histological architecture with score zero, as illustrated in figure 3A. The endotoxemia- exposed mice 

exhibited extensive lung injury, with inflammatory cells infiltration as macrophages and neutrophils which 

observed within the alveoli, formation of hyaline membranes, and thickening of the interalveolar septa. 

Moreover, the blood vessels in the lung tissue exhibited congestion, resulting in the occurrence of hyperemia 

and interstitial edema. Furthermore, the presence of leaked red blood cells (RBCs) was observed in both the 

air sacs and the surrounding tissue, leading to the highest histopathological score of 2., figure 4B. These 

histopathological changes were also clearly observed in saline –vehicle group, score 2 also, figure 3C. 

Lung sections of semaglutide treated group revealed improvement in the histological architecture of the 

tissue. A mild form of inflammation was appeared, with few foci of macrophages and neutrophils 

accumulation in the alveoli with vascular congestion and focal areas of hyperemia, score 1, figure 3D. 

The percent of histopathological damage in lung tissue illustrated in figure 3E, with highest percent in 

mice with endotoxemia and lowest percent of damage in control group. Semaglutide treatment caused 

reduction in percent of damage.  
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Figure 3: Histological cross sections of lung 

tissue stained by H& E. (A) control group (100X), 

normal histology with score zero (B) The 

endotoxemia group had a significant infiltration 

of mixed inflammatory cells, including 

neutrophils and macrophages, affecting 45% of 

the analyzed lung tissue, with a severity score of 

2. The black arrows indicate hyperemia, 

congestion, and hemorrhage at a magnification of 

400X. (C)In the saline vehicle group the lung 

tissue shows interstitial, perivascular, and intra-

alveolar mixed inflammation, represented by a 

black arrow, affecting 40% of the examined tissue 

with a score of 2 at a magnification of 100X.( 

D)In the treatment group the lung tissue of mice 

exhibits focal interstitial and intra-alveolar mixed 

inflammation, indicated by a black arrow, 

involving 25% of the examined tissue with a 

score of 1 at a magnification of 400X. The 

histopathological damage percentage, expressed 
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as mean± SEM, shows significant differences (P 

<0.001) compared to the endotoxemia group. 

 Discussion  

Sepsis is a potentially fatal disorder resulting 

from an abnormal response of the body to an 

infection, which causes rapid failure of essential 

organs such as the liver, lungs, brain, and kidneys. 

The lung is highly vulnerable to the impacts of 

sepsis, with around 50% of sepsis patients 

advancing to acute lung injury (ALI) and severe 

acute respiratory distress syndrome (ARDS) [33].  

The findings of our study indicate that the 

administration of CLP resulted in acute lung 

injury in mice, as evidenced by increased levels 

of pro-inflammatory cytokines (, IL-6, IL-1β, NF-

Kβ, and TNF-α) in the lung homogenate of the 

endotoxemia group. 

The findings contradicted the findings of Hu et al. 

(2020), who reported that pro-inflammatory 

cytokines such as TNF-α, IL-1β, and IL-6 were 

elevated in lung tissue and played a crucial role in 

the early phases of acute lung injury generated by 

the CLP challenge [34]. 

A recent study examined the effects of 

continentalic acid on the lungs of mice. The 

researchers found that the levels of cytokines 

stated earlier were significantly increased in the 

lung homogenates of the sepsis group, indicating 

a heightened state of inflammation [35]. In 

addition, a study conducted by Cinar and Sirin in 

2019 discovered that the levels of IL-6 and NF-

KB were higher in the group of rats with sepsis 

following the CLP process [36].  

Recent research observed a significant elevation 

in the levels of MDA in lung homogenates in the 

endotoxemia group compared to the control 

group. 

The results of this investigation align with the 

findings of Zolali et al, who observed a 

significant rise in oxidative stress markers in lung 

tissues when exposed to endotoxemia produced 

by LPS treatment [37]. Lingaraju et al. conducted 

a study to examine the elevated levels of 

oxidative stress in the lungs following cecal 

ligation and puncture (CLP) [38]. 

According to our results, the histological 

alterations in the lung appear 24 hours after the 

CLP surgery. The observed findings 

encompassed significant and extensive 

infiltration of inflammatory cells, accumulation 

of fluid in both the alveolar spaces and 

interstitium, occasional bleeding, thickening of 

the walls separating the alveoli, and the 

development of hyaline membranes Zhu et al. 

(2018) and Akpinar et al. (2022) observed 

significant and distinctive lung pathological 

alterations following LPS [39, 40]. According to 

Yang et al. (2016), pulmonary histological 

changes such as alveolar hemorrhage and 

infiltration of neutrophils were observed in lung 

tissue following CLP [41].  

The research findings a significant decrease in the 

levels of pro-inflammatory mediators in the 

pulmonary tissues of the group treated with 

semaglutide, as compared to the group subjected 

to CLP. 

The study conducted by Li et al. also confirmed 

the advantageous effects of semaglutide, as it 

resulted in a reduction in the levels of NF-κB, 

TNF-α, and IL-1β expression [43] Jiang et.al 

demonstrated that pretreatment with semaglutide 

resulted in a significant reduction in IL-6, TNF-α, 

and lung damage in rats [42]. Shnaien et al. 

(2023) discovered that Semaglutide reduced the 

levels of inflammatory cytokines, specifically in 

brain tissue of male mice, following 

polymicrobial sepsis [25]. The NF-κB signaling 

system is crucial for regulating inflammatory 

responses and biological activities such as cell 

proliferation and apoptosis. Inhibiting the NF-κB 

signaling pathway is an efficient strategy to 

protect against acute lung injury (ALI) generated 
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by lipopolysaccharide (LPS). Semaglutide can 

alleviate the damage inflicted on human 

pulmonary artery endothelial cells (HPAECs) by 

LPS by deactivating the NF-κB signaling 

pathway, resulting in reduced levels of 

inflammatory cytokines [42].  

In this study, the level of oxidative stress was 

shown to be higher in the group with 

endotoxemia, while it was lower in the treatment 

group. Semaglutide protected HPAECs from the 

suppressive impact of LPS on cell growth, as well 

as the increase in pro-inflammatory cytokines and 

cell death. The inhibition of Histone Deacetylase 

5 (HDAC5) expression led to the attainment of 

this protection [30]. In a study conducted by Li et 

al. in 2020, it was shown that Semaglutide 

reduced oxidative stress and cardiac damage in 

rats [43]. Semaglutide has the potential to reduce 

inflammation and oxidative stress in the heart. 

The study found that in mice with obesity, the 

treatment resulted in a significant decrease in 

body weight and also had anti-inflammatory and 

antioxidant effects [44]. Lung tissues were 

collected from mice that received semaglutide 

treatment exhibited substantially decreased 

infiltration of inflammatory cells into the lungs, 

as well as reduced hyperemia, edema, congestion, 

and another pathological abrasion resulting by 

endotoxemia with the reduction in overall lung 

injury score. 

Wang et al. found that semaglutide, GLP-1 

receptor agonists, mitigated airflow restrictions, 

airway damage and fibrosis as well as enhanced 

the well-being of individuals with chronic 

obstructive air way disease [45]. Other recent 

study observed that tissues extracted from mice 

that received semaglutide displayed notably 

reduced cellular damage with suggestion that 

semaglutide has the potential to safeguard against 

sepsis avert brain impairment [25]. Abd Uljaleel 

et al showed that dulaglutide showed effectively 

decreased histopathological lesions in lung 

challenged with LPS and reduced lung injury 

[26]. This improvement in lung tissue 

architecture was clearly attributed to ability of 

semaglutide on reduction of inflammatory 

mediators and oxidative stress markers as 

explained above in this study. 

Conclusion: Semaglutide has the capacity to 

alleviate acute lung damage in male mice exposed 

to endotoxemia generated by CLP through a 

decrease in pro-inflammatory cytokines (such as 

interleukin-1β, interleukin-6, TNF-alpha, and 

NF-KB) as well as oxidative stress markers 

(MDA and TAS) inside the lung tissue 

Ethical clearance: The study was approved by 

the Bioethical Committee of the University of 

Kufa, as well as its representative in the Faculty 

of Medicine (number 6014, dated 2/2/2023). 
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