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 Sepsis is a type of systemic inflammatory disease caused by polymicrobial 
infection. To investigate the potential reno-protective benefits of cilostazol 
during sepsis-induced renal injury, forty male albino Swiss mice, 25 to 30 
grams in weight and 8 to 12 weeks old, were employed in the present 
investigation. Both food and water were freely available to these animals. 
Mice were separated into the following four groups after two weeks of 
adaption. (n = 10): (1) Healthy group: apparently normal mice. (2) induced 
group: mice underwent cecal ligation and puncture operation. (3) DMSO 
group: mice received DMSO as a vehicle (4) cilostazol group: Cilostazol was 
administered intraperitoneally to mice for five days in a row at a dose of 5 
mg/kg/day. Compared to the CLP group, the cilostazol group showed a 
significantly (p<0.05) lower amount of NGAL in the kidneys. Additionally, 
compared to the CLP group, the cilostazol group showed a substantial (p0.05) 
decline in the levels of serum of inflammatory cytokines (IL-1β, TNF-α, & 
Interleukin-6). Additionally, compared to the CLP group, the cilostazol group 
had a significantly (p<0.05) increased renal SOD activity and decreased MDA 
level. Histologically, all animals in the CLP group displayed a substantial level 
of kidney tissue damage (p<0.05), whereas the cilostazol group displayed a 
significantly diminished level of kidney tissue injury. Their capacity to lower 
serum levels of pro-inflammatory cytokines (IL-1β, TNF-α, and IL-6) has an 
anti-inflammatory impact. Additionally, they have an antioxidant impact by 
raising renal SOD activity and lowering renal MDA levels. 
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Introduction 

Sepsis is a serious public health issue across the 

world, with an increased mortality rate. The 

Intensive Care Over Nations (ICON) research was 

collected worldwide. According to epidemiologic 

studies on 10,069 intensive-care unit (ICU) 

patients, 2,973 (29.5%) had sepsis at arrival or 

during their stay. ICU mortality rates for patients 

with sepsis were 25.8%, while hospital mortality 

rates were 35.3%, significantly higher than the 

ICU mortality rate for all patients. Evidence-based 

sepsis management is necessary to reduce 

mortality, as the Surviving Sepsis Program has 

shown over the past ten years [1]. Sepsis, 

characterized by life-threatening organ failure, 

results from an unbalanced host response to 

infection. Suspected or confirmed infection and a 

sharp rise in two or more consecutive organ 

failure assessments' (SOFA) values used as a 

proxy for actual organ failure are the clinical 

criteria for sepsis. A type of sepsis called septic 

shock occurs when the underlying metabolic and 

circulatory problems are so severe that the risk of 

death is greatly increased. Despite sufficient fluid 

resuscitation, the clinical sepsis criteria define 

septic shock.  

Moreover, a vasopressor needs to achieve lactate 

>2mmol/L (18 mg/dl) and mean arterial 

pressure >65 mm Hg. Compared to the death rate 

related to the original definition of sepsis, which 

was 10%, The revised septic shock criteria are 

associated with a high fatality rate (40%) [2]. 

When blood cultures are positive, AKI appears in 

roughly 19% of people with mild sepsis, 23% 

with severe sepsis, and 51% with septic shock. 

The beginning and ending supportive therapy 

(BEST) kidney investigators discovered that 

sepsis was the most frequent cause of AKI in 

critically sick patients after assessing a broad 

community in 54 hospitals spread across 23 

different nations (47.5 percent). They concluded 

that septic AKI was linked to more abnormal 

hemodynamic and biochemical indicators, worse 

disease severity, and a higher requirement for 

mechanical ventilation and vasopressor 

treatment. This research revealed a few 

additional facts. In septic AKI, oliguria was more 

prevalent (67 percent vs. 57 percent; P 0.001). 

Compared to nonseptic AKI, Septic AKI had a 

greater rate of in-hospital fatalities (70.2 vs. 51.8 

percent; p 0.001). The median ICU and hospital 

stays length was greater for survivors of septic 

AKI (37 vs. 21d; P 0.0001) [3]. In critically ill 

patients, The most frequent reason for AKI is 

sepsis. Despite this, the pathophysiological 

processes of S-AKI remain unknown. As a result, 

treatment is reactive and vague, and no 

preventative therapies are available [4]. 

Hypoperfusion and shock are associated with the 

major causes of AKI (such as sepsis, surgical 

intervention, heart failure, and hypovolemia), and 

ischemia damage can result in significant cell 

harm (e.g., severe tubular necrosis). However, it 

is becoming evident that other mechanisms must 

work and that ischemia-reperfusion damage is 

not the primary mechanism generating S-AKI [5]. 

Cilostazol is a quinolone precursor principally 

used to relieve intermittent claudication caused 

by the early stages of peripheral vascular disease. 

A disease called intermittent claudication is 

brought on when the arteries that supply the legs 

with oxygen narrow [6].  

PDE3 (phosphodiesterase III) is inhibited by 

cilostazol. Cyclic guanosine monophosphate and 

cyclic adenosine monophosphate (cAMP) are 

hydrolyzed by the catalytic core of PDE3 enzymes 

(cGMP). Phosphodiesterase III enzymes regulate 

the contractility of cardiac and vascular smooth 

muscle in the sarcoplasmic reticulum of the heart 

and the smooth muscle of the veins and arteries 

[7].   

Cilostazol works by lowering phosphodiesterase 

activity and limiting cAMP breakdown. Platelets 

and blood arteries can produce more cAMP 

thanks to PDE3 inhibition. Higher cAMP levels 

result in a more concentrated active form of 

protein kinase A (PKA), and higher PKA levels are 

directly related to the prevention of platelet 

aggregation [8].  

Investigate the anti-inflammatory properties and 

anti-oxidant effects of cilostazol in sepsis and also 

assess the effect of cilostazol on the renal 

histopathological outcomes in the experimental 

model 
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Material and Methods 

Chemical and drugs  

We acquired cilostazol powder from Beijing 

Cooperate Pharm, China. Prepared in a diluted 

DMSO vehicle [9]. Cilostazol was given 

intraperitoneally in a once-daily dose of 5 

mg/kg/day [10, 11]. 

Animals of THE study 

In the current investigation, 40 male mice 

between the ages of 8 and 12 weeks weighing 25 

to 30 g were employed. These mice were placed 

in cages in an animal home with 12:12 light: dark 

cycles, a room temperature of 25 °C, a humidity 

level of 60–65%, and free access to food and 

drink. 

Design of the study 

After giving the forty mice two weeks to 

acclimate, they were divided into the following 

groups, each with ten mice: 

1. Normal group: Apparently healthy animals. 

2. Septic group: The induction procedure was 

conducted without treatment.  

3. Vehicle group: The same volume of DMSO was 

administered intraperitoneally to the mice in this 

group. 

4. Cilastazol group: For five days, animals in this 

group received Cilastazol 5 mg/kg/day 

intraperitoneally, and on the fourth day, CLP 

started working [11].  

The experimental model of sepsis induction (CLP) 

In the current study, mice were used to develop 

polymicrobial sepsis. Based on previous research, 

The CLP (cecal ligation and puncture) paradigm 

was used to create sepsis [12, 13]. In brief, During 

the first 24 hours of sepsis, the two-puncture 

method was combined with an 18-g needle to 

cause organ (renal) dysfunction. The Mice were 

anesthetized with a mixture of anesthetic 

solution that involved xylazine (20 mg/mL) and 

ketamine (100 mg/mL) in a1: 2 combination 

ratio [14]. Following that, the mouse's abdomen 

was given the cecum was exposed after a 2 cm 

midline incision. After ligating and puncturing the 

cecum right below the ileocecal valve, the cecum 

was relocated anatomically. To check the 

integrity of the puncture sites, a tiny sample of 

stool was removed. After that, the abdomen was 

sutured. Then, normal saline (20 mL/kg body 

weight) was administered subcutaneously to the 

animals as a resuscitative dose. 

Samples collection 

Aft the anesthesia-induced sacrifice of the mice 

on the fifth day, tissue and blood samples were 

collected in the manner described below:  

Blood sampling 

Using the direct heart puncture approach, blood 

was drawn after the scarification surgery. The 

clotting process was allowed to occur by 

centrifuging the blood after it had been drawn for 

about 10 minutes at 10,000 rpm. The supernatant 

was then stored at -20 °C for further analysis. 

Renal homogenization  

Renal tissue was removed and divided into two 

halves after the experiment. After being cleansed 

with saline to eliminate any red blood cells or 

clots, one piece of kidney tissue was mashed in a 

1:10 (w/v) phosphate-buffered saline (pH 7.4) 

solution having a protease inhibitor cocktail and 

1% Triton X-100 [15]. High-intensity use of a 

liquid processor. Samples were homogenized and 

spun at 10,000 rpm for 20 minutes at 4 °C [16]. 

The supernatant was then gathered and utilized 

to quantify NGAL, MDA, and SOD. The other renal 

portion was examined histopathologically. 

Outcome measurement 

Inflammatory cytokines including (IL-1β, IL-6, and 

TNF-α) 

The serum concentrations of IL-1β, IL-6, and 

TNF-α were assessed using an ELISA in 

accordance with the manufacturer's instructions. 

Mouse IL-1β, IL-6, and TNF-α antibodies had 

been pre-coated on the ELISA kit plate. The 

samples' IL-1β, IL-6, and TNF-α levels were 

increased, then bound to antibodies and coated 

on the wells. Then, Mouse IL-1β, IL-6, and TNF-α 

antibodies that had been biotinylated were 

introduced and bound to the samples' IL-1β, TNF-
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α, and IL-6 levels. The biotinylated IL-1β, IL-6, 

and TNF-α antibodies were combined with 

streptavidin-HRP and bound. After incubation, 

unbound Streptavidin-HRP has washed away 

through a washing process. Subsequently, after 

adding the substrate solution, the amount of 

Mouse IL-1β, IL-6, and TNF-α affected how the 

color changed. At 450 nm, Measurements of 

absorbance were made after the process was 

stopped by adding an acidic stop solution. 

ELISA measurement of serum ngal 

Fill the appropriate wells with 100 µl of each 

standard and sample. With a gentle shake, cover 

tightly and 90 minutes duration of the incubation 

period at ambient temperature or overnight at 4 

°C. The lid should be taken off, the solution 

discarded, and the plate should be washed three 

times with the Wash Buffer Working Solution, 

letting the solution sit in the wells between 

washes for a minute or two. Place paper towels or 

another absorbent material nearby to blot the 

plate. The wells should never be allowed to dry or 

fill each well with 100 µl of the Biotin-Labeled 

Identification Antibody Working Solution, and 

incubate the plate for 60 minutes at 37°C. Wash 

the plate with Wash Buffer Working Solution 

three times; give each application a 1-2 minute 

window of time in the wells. Use a towel or 

another insulating material to blot the dish after 

washing it with a buffer solution and throwing it 

away. The plate was incubated at 37 °C for 45 

minutes after each well had added 100 µl of the 

streptavidin-HRP working solution. With Elution 

Buffer Working Solution, rinse the plate five 

times, allowing the wash buffer to remain in each 

well for one to two minutes. Throw away the 

elution buffer and blot the dish with a towel or 

other insulating material. 100 µl of TMB 

Substrate Solution should be added to each well 

before the plate is incubated at 37 °C in the dark 

for 30 minutes. 

Oxidative stress markers 

Renal superoxide dismutase (SOD)  

The superoxide dismutase activity was assessed 

by colorimetry and a UV spectrophotometer [17]. 

This process is based on the formation of 

pyrogallol-quinone through the sod, a reactive 

intermediate, and the ability of the semiquinone 

radical to suppress this reaction by radical 

dismutation. This brown material absorbs visible 

light at wavelengths below 420 nm. 

Renal malondialdehyde (MDA) 

This process is merely being offered as a guide. 

The product manual could differ somewhat. The 

product manual that was packaged and sent with 

the item should be followed before using it. Add 

50 µl of the standard or sample to each well, 

followed by 50 µl of the working solution for the 

biotinylated detection antibody. Aspirate and 

rinse the plate three times. Include a 100 μL 

solution of the HRP conjugate. Include 90 μL of 

the substrate agent. Include 50 μL Stop Solution. 

Immediately begin reading the plate at 450nm. 

Histopathological study 

The kidney tissues were treated using standard 

histological techniques and fixed in paraffin 

blocks after being fixed in 10% formalin. 

Hematoxylin-eosin (H&E) was used to stain 5-m 

thick slices for further histological analysis [18]. 

An investigator blind to the experimental 

treatment groups evaluated the scores after 

fixation. The histopathological damage was 

evaluated using the following morphological 

parameters in accordance with the methodology 

[19]. 

Score 0: normal.  

Score 1: Damaged area< 25% of tubules. 

Score 2: Injuries affect 25–50% of the tubules. 

Score 3: Damage affecting 50% to 75% of the 

tubules. 

Score 4: 75–100% of the region is affected. 

The term "tubular injury" was used to describe 

tubular epithelial enlargement, loss of brush 

boundary, capillary degeneration, tubular 

necrosis, cast formation, and desquamation. 

Statistical analysis 

The statistical analysis application SPSS 26 was 

employed. The analysis of variance (ANOVA) with 

LSD post-hoc test was used to examine group 

differences. The Kruskal-Wallis with Mann-

Whitney U-test was used to examine histological 
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differences. The statistical determination of the 

existing data's significance was p < 0.05. 

Results and Discussion 

Impacts of cilostazol on tissue and serum ngal 

levels  

For more documented evident results, both renal 

and serum levels of the specific renal injury 

marker NGAL  24 hours after polymicrobial 

sepsis induced by CLP, all experimental groups 

were carried out with ELISA assay protocol. 

ELISA outcomes demonstrated that the serum 

and tissue levels of NGAL were considerably 

higher (p <0.05) in the CLP and DMSO groups 

compared to the apparently healthy group. While 

the cilostazol group exhibited considerably lower 

levels (p < 0.05) of NGAL if compared with the 

CLP group. These results agreed with the 

previous work done by [20], who discovered 

serum NGAL was significantly higher in septic 

individuals with AKI than in those without AKI as 

a function of the severity of the sepsis. NGAL was 

considered the ‘troponin’ of the kidney [21] 

(Figure 1).    

Cilostazol leveled off NGAL, reducing renal injury 

intensity, reducing injured nephrons, and 

enhancing renal function [22]. 

Cilostazol's Impacts on Inflammatory Cytokines 

Levels 

To find out the impact of cilostazol on the 

inflammatory response that occurs during CLP-

induced polymicrobial sepsis, the serum levels of 

inflammatory cytokines, including (IL-1β, TNF-α, 

and IL-6) were evaluated using the ELISA 

approach 24 hours after CLP-induced 

polymicrobial sepsis (Figure 2). The current 

investigation found that the serum level of 

inflammatory cytokines (IL-1β, TNF-α, and IL-6) 

was significantly higher (p < 0.05) in the CLP 

group as compared with the normal group. While 

the cilostazol group showed markedly lower (p < 

0.05) levels of inflammatory cytokines (IL-6, TNF-

α, and IL-1β) if compared with the CLP group, 

these findings were consistent with previous 

studies [23-25]. The rat brain I/R-induced rise in 

TNF-α is inhibited by cilostazol, which may be 

strongly linked to elevated cyclic AMP levels. In 

this investigation, soluble TNF- was elevated 

during retinal I/R, and cilostazol prevented this 

elevation. Cilostazol may prevent retinal cell 

damage and the rise in vascular permeability 

brought on by retinal I/R by inhibiting the 

production of TNF-α [26]. 

Effects of cilostazol oxidative stress biomarker  

Cilostazol affects the renal tissue SOD activity 

(U/mL) in the experimental groups. 

The current study outcomes showed that the 

degree of renal tissue SOD activity was 

considerably lower (p < 0.05) in the CLP and 

DMSO groups compared to the normal group 

(Figure 3).   

 

 

Figure 1: Mean tissue level of NGAL (ng/l) in the experimental groups. *P: significant difference (p< 0.05) when 
compared with the apparently healthy group; #P: significant difference (p< 0.05) when compared with the CLP 

group
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Figure 2: Mean serum level of inflammatory cytokines (IL-1β, TNF-α, and IL-6): Data are expressed as mean ± 
SD; *P <0.05 versus the normal group; #P <0.05 versus the CLP group 

 

Figure 3: Mean tissue level of SOD activity (U/ml): Data are expressed as mean ± SD; *P <0.05 versus the normal 

group; #P <0.05 versus the septic group 

In contrast, the cilostazol group exhibited a 

considerably higher degree (p <0.05) of SOD 

activity than the untreated septic group. 

Cilostazol inhibited lipid peroxide formation and 

countered the redox tissue imbalance, perhaps 

through its capacity to scavenge free radicals or 

enhance the action of endogenous antioxidants 

(CAT and SOD) [27]. 

Effects of cilostazol on the renal tissue level of MDA 

in the experimental groups 

According to the results of the current 

investigation, the levels of renal tissue MDA were 

considerably higher (p< 0.05) in the septic and 

DMSO groups compared to the group that 

appeared to be in good condition (Figure 4). The 

MDA levels in the cilostazol group, in contrast to 

the CLP group, were considerably lower (p< 

0.05). According to studies, cilostazol increases 

the effects of reno-protection against acute renal 

damage. The primary mechanisms underlying the 

beneficial effects of antioxidants and drug 

therapy may involve activation of the endogenous 

adaptive reno-protective, gene renal nuclear 

factor erythroid 2-related factor 2Nrf2 and its 

NADPH-quinone, The calcium sensitizer 

cilostazol is known for its capacity to neutralize 

reactive oxygen species (ROS) [28]. Besides its 

capability to lessen the synthesis of apoptotic 

proteins and inflammatory cytokines [29, 30]. 
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Figure 4: Mean tissue level of MDA activity (mol/l): Data are expressed as mean ± SD; *P <0.05 versus the 
healthy group; #P <0.05 versus the CLP group  

The effect of the cilostazol on histopathological on 

modifications caused by sepsis  

A histological analysis of renal tissue was carried 

out to further demonstrate the effects of 

cilostazol. On the renal injury that occurs during 

polymicrobial sepsis. Following 24 hours of CLP-

induced polymicrobial sepsis, serial renal tissue 

slices were taken for this histological 

investigation and staining with hematoxylin and 

eosin (H&E). Following is a summary of the 

histopathology results for each group of mice. 

CLP renal tissue demonstrated significant (P < 

0.05) renal damage compared to the apparently 

healthy group, showing degenerated renal 

tubules. Hemorrhage in the interstitial tissue 

enlarged sub-capsular space and glomerular tuft 

degeneration and necrosis of the epithelial cells 

in the renal tubules. This group had 10% mild, 

50% moderate, and 40% severe histological 

grading from normal renal tissue, and the final 

score was severe. While the cilostazol group 

showed a considerable (P<0.05) reduction in 

renal injury compared to the CLP group. 

Cilostazol group histological changes arranged 

from mild to moderate changes. As shown in 

Figures 5, 6, and 7. Regarding histopathological 

grading from normal renal tissue, the cilostazol 

group showed 60% mild and 40% moderate and 

the final score was mild damage. During sepsis-

induced renal damage there were several  

histological alterations have been observed 

during sepsis-induced kidney injury, including 

the CLP procedure caused significant induced 

kidney injury in rats by inducing sepsis because 

the CLP group displayed increased inflammatory 

infiltration, obvious edema, significant 

hemorrhagic spots in the interstitium, narrower 

renal tubules, enlarged glomerular, and 

degenerated epithelial cells [31]. The mice in the 

apparently healthy group showed normal 

architecture without neutrophil infiltration and 

normal glomerulus and renal tubules; comparing 

the CLP group to the apparently healthy group in 

the current investigation, a significant 

histopathological alteration was seen in the CLP 

group. Showing degenerated renal tubules, 

hemorrhage in the interstitial tissue enlarged 

sub-capsular space, and glomerular tuft 

degeneration and necrosis of the epithelial cells 

in the renal tubules, these findings are consistent 

with a previous study that was done on mice to 

investigate how sirtuin 3 prevents sepsis-induced 

acute kidney damage in a mouse model [32]. 

Additionally, in the current study, the cilostazol 

group showed a significantly reduced level of 

renal tissue injury. Compared with the CLP group, 

the cilostazol group showed mild to moderate 

changes including renal tubule dilation, a necrotic 

nucleus with the deformed architecture of renal 

tubules with hemorrhage, and 

glomerulonephritis. These findings agreed with a 

previous study that studied the effect of cilostazol 

on gentamicin-induced nephrotoxicity in rats 

[33]. These protective effects of cilostazol on the 

renal tissue that resulted from the pre-treatment 

with cilostazol can be attributed to its 

mechanisms of action as the anti-inflammatory 

and antioxidant agent, which counteract the 

pathological effect on the renal that occurs during 

polymicrobial sepsis induced by the CLP model 

[34]. 
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Figure 5: Cross section of the kidney of mice in the healthy group shows normal all architecture of tissue (40x), 
(H & E). Orange arrows show normal glomeruli; black arrows show normal renal tubules and no neutrophil 

infiltration 

 

Figure 6: Cross section of the renal mice, CLP, (A) showed degenerated renal tubules (1) (B) hemorrhage in the 
interstitial tissue (2) enlarged sub-capsular space and glomerular tuft degeneration (3) and the arrows indicate 

necrosis of the epithelial cells in the renal tubules. (H and E) (10X&40X) 

 

Figure 7: Cross section of the kidney mice cilostazol group, the black arrow show renal tubule dilation orange 
arrow show necrotic nucleus with the deformed architecture of renal tubules with hemorrhage, and the green 

arrow show glomerulonephritis. (E&H)(40X) 

Conclusion  

Cilostazol demonstrates its̓ renoprotective 

effects, possibly through its̓ anti-inflammatory 

and antioxidant effects. Cilostazol also exhibits 

renoprotective properties by suppressing the 

expression of a renal-specific marker (NGAL). In 

addition, these medications have a 

nephroprotective impact by reducing the 

histological alterations that result from 

polymicrobial sepsis. 
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