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Abstract 

 

Aim: Cyclosporine A (CsA)-induced nephrotoxicity remains an important issue 

in modern immunosuppressive treatment. Sitagliptin, an established diabetic 

treatment, has shown promise due to its antioxidant, anti-inflammatory, and 

tissue-protective qualities. The goal of this study was to examine sitagliptin's 

potential nephroprotective efficiency in decreasing cyclosporine-induced kidney 

damage and to clarify the mechanisms underlying its protective effects. 

Methods: Adult male rats were assigned to four experimental groups: Group 1 

(Control) got the vehicle; Group 2 received cyclosporine (CsA); Group 3 received 

sitagliptin; and Group 4 was given both CsA and sitagliptin. Blood levels of urea, 

creatinine, and cystatin-C (CYS-C) were measured. Additionally, renal oxidative 

stress indicators such as MDA, CAT, SOD, and GSH were assessed. Kidney tissue 

samples underwent histological investigation.   

Results: We revealed that sitagliptin reduced CsA-induced increases in serum 

urea, creatinine, cystatin-C, and renal MDA while preventing CsA-induced 

decreases in renal CAT, SOD, and GSH. It mitigated the enhanced degenerative 

renal tissue damage induced by CsA.  

Conclusion: Sitagliptin may protect the kidneys from CsA-induced damage by 

reducing inflammation and oxidative stress while also boosting antioxidant 

defenses. 

 

 

Introduction 

Cyclosporine A (CsA), an immunosuppressive agent, is 

employed in solid organ transplantation to avert rejection of 

the transplanted organ. CsA is also employed in the treatment 

of autoimmune disorders, including rheumatoid arthritis and 

psoriasis (1–3). Nonetheless, the renal impairment associated 

with CsA is a major adverse effect that limits its application in 

medical situations (4). CsA-induced renal injury is 

characterized by the accumulation of inflammatory cells, 

damage to kidney tubules, arteriolopathy, increased 

immunogenicity, and tubulointerstitial fibrosis (5). Various 

pathways contribute to CsA-induced kidney injury, with 

oxidative stress being a major factor in the initiation and 

worsening of the illness.  The increased production of reactive 

oxygen species (ROS), together with ensuing oxidative 

damage and lipid toxicity, are the principal indicators of 

kidney damage associated with CsA. In this context, reactive 

oxygen species (ROS) levels were increased in human kidney 

mesangial cells subjected to cyclosporine A (CsA) treatment 
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(7,8). Research indicates that oxidative stress, specifically 

superoxide (O2), a potent free radical produced by 

nicotinamide adenine dinucleotide phosphate (NADPH) 

oxidase-1 (NOX1) in the kidneys, may contribute to renal 

damage (9&10). Furthermore, studies indicate that 

hypertensive persons receiving CsA medication exhibit 

increased plasma hydroperoxide levels (2,10). Furthermore, 

LLC-PK1 tubular cells have demonstrated diminished levels 

of renal antioxidants, including reduced glutathione (GSH) 

(2&11). The mechanisms underlying CsA-induced kidney 

impairment are intricate, with inflammation significantly 

contributing to the deterioration of the condition (12&13). 

Inflammation is typically viewed as a defensive reaction that 

aids in removing harmful agents and provides time for tissue 

recovery. Conversely, heightened inflammation and the 

creation of pro-inflammatory cytokines like TNF-α and IL-1β 

have been associated with more severe kidney damage. CsA 

therapy has been demonstrated to enhance TNF-alpha mRNA 

levels, raise the count of dendritic cells, and augment the 

expression of MHC class II antigens (1&14). By increasing 

the production of inflammatory substances such as TNF-α and 

TGF-β, cyclosporine may damage kidney tissues. In lupus 

nephritis, TNF-α enhances the production of chemokines and 

cytokines, activates innate immune responses, and aids in the 

development of dendritic cells (15&16). TNF-α is a cytokine 

that exhibits multiple functions and is both pro-inflammatory 

and immunomodulatory. It can cause tissue injury by initiating 

an inflammatory response. A significant factor in the 

expression of pro-inflammatory genes such as cytokines, the 

nuclear factor-kappa B (NF-κB) pathway is regarded as a 

crucial pro-inflammatory signalling pathway. Chemokines 

and adhesion proteins (17). CsA therapy led to elevated levels 

of iNOS and NF-κB in the kidneys (18). DPP-4 inhibitors have 

been demonstrated to decrease protein levels in urine by 

alleviating kidney inflammation in individuals with diabetes. 

Numerous studies have been conducted to determine whether 

analogous effects might occur in kidney diseases that are not 

related to diabetes. These studies demonstrated that DPP-4 

inhibitors substantially reduce protein levels in urine without 

impacting glucose metabolism, evidenced by enhancements in 

various kidney inflammation markers (19&20). Sitagliptin 

was the inaugural DPP-4 inhibitor sanctioned by the US FDA 

for managing type 2 diabetes, receiving approval in 2006. 

Clinical research has shown that sitagliptin is well tolerated, 

has a minimal risk of inducing low blood sugar, does not 

significantly affect body weight, and can be used by those with 

chronic kidney disease (21&22). Due to its anti-inflammatory 

and anti-apoptotic properties, sitagliptin could play a crucial 

role in slowing the progression of diabetic kidney disease 

(DN) (23&24). Moreover, sitagliptin enhanced renal health 

and alterations in tissue, reduced inflammation, oxidative 

stress, remodeling of kidney tissue, and scarring, while 

activating the PI3K/AKT pathway, underscoring its protective 

role on kidneys in different rat models of diabetic kidney 

disease (25–27). Studies have shown that sitagliptin possesses 

protective, antioxidant, and anti-inflammatory properties. 

Consequently, it can mitigate the detrimental impacts of 

deltamethrin on the kidneys by eliminating free radicals and 

functioning as a potent antioxidant. (28). Furthermore, 

sitagliptin demonstrated considerable protection against 

kidney damage produced by methotrexate (29), gentamicin 

(30), acute ischemia-reperfusion injury (31&32), and adenine-

induced kidney disease in rats (33). This study aimed to 

examine the potential protective benefits of sitagliptin against 

CsA-induced kidney injury and to obtain a more 

comprehensive understanding of the underlying mechanisms. 

The efficacy of the selected drug and the extent of kidney 

injury were evaluated through biochemical, pathological, and 

protein expression investigations. 

Material and Methods 

Animals 

The study comprised 24 adult male Wistar albino rats, each of 

which weighed 200±20 g. In a laboratory that consisted of a 

12-hour light and 12-hour dark cycle, as well as standard 

temperature and humidity levels, the rats were permitted to 

adjust to their new environment for a period of 10 days. They 

were granted unlimited access to water and food. The National 

Research Council's Guide for the Care and Use of Laboratory 

Animals was adhered to in all experimental methods and 

animal welfare practices, and the Beni-Suef University (BSU-

IACUC) Faculty of Pharmacy's Research Ethics Committee 

granted approval (approval number 022-360). 

 Drug and Chemicals 

We bought hesperidin, sitagliptin, and cyclosporine from 

Sigma-Aldrich in St. Louis, Missouri. The study's other 

chemicals were all analytical grade.  

Animal Trial: 

A total of four separate categories were assigned to the six 

animals who were a part of the experiment. In Group 1 (G1), 

the vehicle was given to the rats being used as controls for a 

period of fourteen days. Over the course of seven days, rats in 

Group 2 (G2) were given an intraperitoneal injection of CsA 

at a dose of 25 mg/kg/day (1&34) in a stock solution of saline. 

A total of fourteen days were spent giving rats in Group 3 (G3) 

a dosage of sitagliptin that was mixed with saline and supplied 

orally at a rate of thirty milligrams per kilogram each day. 

There are 35 and 36. In the same way as was stated before for 

Group 4 (G4), CsA and sitagliptin were given to rats in the 

same environment. Seven days before to beginning CsA 

therapy, sitagliptin was administered, and each of the two 

treatments continued for an additional seven days between 

them. While the individual was under intraperitoneal 

pentobarbital anesthesia (35 mg/kg), blood was drawn from 

the retro-orbital plexus without the use of heparinized tubes. 

This was done immediately after the experiment. The serum 

was separated by centrifugation at a speed of 4000 revolutions 

per minute for a period of five minutes after the blood samples 

had clotted for a period of thirty minutes. After the serum was 

collected, it was transferred to a freezer at a temperature of -

80 degrees Celsius for further analysis. Immediately after the 

cervical dislocation that was used to kill the animals, the 

kidneys were extracted and washed three times with ice-cold 

normal saline. During the preparation of the left kidneys, 500 



Merit Medical Journal  Sohayla et al  

 46  
 

mg of tissue was crushed in 5 mL of phosphate buffer with a 

concentration of 0.1 M and a pH of 7.4. In order to conduct 

biochemical analysis, the supernatants that were produced 

from the centrifugation of the homogenates have been 

collected and kept at a temperature of -80 degrees Celsius. In 

preparation for immunohistochemical and histological testing, 

the right kidneys were fixed with neutral buffered formalin at 

a concentration of 10%. 

Biochemical analysis: 

Serum level of urea and creatinine  

To prepare the left kidneys, 500 mg of tissue was crushed and 

then placed in 5 mL of phosphate buffer with a concentration 

of 0.1 M and a pH of 7.4. The supernatants of the centrifuged 

homogenate were collected and kept at a temperature of -80 

degrees Celsius for the purpose of conducting biochemical 

tests. The right kidneys were preserved with 10% neutral 

buffered formalin so that histological and 

immunohistochemical investigations could be performed to 

analyze them. 

Serum cystatin C  

In accordance with the instructions provided by the 

manufacturer (Elabscience Biotechnology Co., Ltd., Wuhan, 

Hubei, China), a Rat Cys-C ELISA reagent purchased from a 

commercial supplier (Catalogue No. E-EL-R0304) was used 

in order to determine the levels of cystatin-C in the blood.  

Determination of tissue malondialdehyde (MDA)  

In renal tissue, MDA, which is a marker of lipid peroxidation, 

was measured by using a colorimetric technique that was 

developed by Ohkawa et al. (1979). Following the steps 

outlined in a kit that is available for purchase (CAT. No. MD 

2529, Biodiagnostic, Giza, Egypt) wasa the method that was 

used to successfully complete the approach.  

Determination of glutathione reduced (GSH) 

A commercially available reagent (Catalog Number: GR 

2511, Biodiagnostic, Giza, Egypt) was used in conjunction 

with the methodology that was outlined by Beutler et al. 

(1963) in order to determine the amount of GSH that was 

present in kidney tissue. This process involves reducing 5,5'-

dithiobis (2-nitrobenzoic acid) (DTNB) with glutathione 

(GSH), which results in the production of a yellow 

chromogen. An absorbance of 405 nm is shown to have a 

direct correlation with the chromogen intensity, which is 

directly proportional to the GSH concentration.  

Determination of catalase (CAT) activity 

The Aebi (1984) technique and a commercial colorimetric 

reagent (CAT. No.: CA 2517, Biodiagnostic, Giza, Egypt) 

were employed in this study. 

  

The SOD activity  

A total SOD activity was determined by blocking the 

reduction of nitro blue tetrazolium (NBT) using the 

xanthine/xanthine oxidase system (43). This was done in order 

to measure the total SOD activity. In order to create the ethanol 

phase of the serum, 1.0 milliliters of an ethanol/chloroform 

combination with a volume-to-volume ratio of 5:3 was 

combined with an equal amount of the sample that had been 

centrifuged. One unit of superoxide dismutase (SOD) activity 

was defined as the quantity of enzyme required to lower the 

rate of NBT degradation by fifty percent. The SOD activity 

was measured in terms of protein units per gram. In order to 

carry out the test, a colorimetric kit that is readily available for 

purchase was used (Catalog Number: SD 2521, Biodiagnostic, 

Giza, Egypt). 

Histopathological examination  

A solution consisting of 40 mL of paraformaldehyde, 125 mL 

of phosphate buffer (0.2 M, pH 7.4), 37.5 mL of saturated 

picric acid, 0.5 mg of calcium chloride, 1.25 mL of 25% 

glutaraldehyde, and distilled water was used to preserve the 

kidney tissues of each rat. The total volume of the solution was 

250 mL. In the beginning, the specimens were fixed with 

Wrobel-Moustafa for a period of twenty-four hours. After that, 

they were rinsed three times with seventy percent ethanol for 

a period of twenty-four hours. First, the specimens were 

cleaned, and then they were encapsulated in paraffin wax. In 

order to segment specimens of a size ranging from 5 to 7 µm, 

a Reichert Leica RM2125 microtome was used. For the 

purpose of histological evaluation and scoring, the paraffin 

sections were stained with hematoxylin and eosin (H&E). This 

was done in order to determine the extent of the degradation 

and thickness of the glomerular basement membrane. 

Statistical analysis 

The mean ± standard error is employed to represent the entire 

dataset. Statistical analyses were conducted using GraphPad 

Prism 8, employing one-way ANOVA with Tukey's post-hoc 

test. Statistical significance was established as a p-value below 

0.05.  

Results 

The serum levels of urea and creatinine 

Both serum urea (as shown in Figure 1A) and creatinine (as 

shown in Figure 1B) levels were found to be considerably 

higher after the administration of CsA in contrast to the control 

group (p<0.001). When compared to the administration of 

CsA alone, the combination of sitagliptin and CsA proved to 

be considerably effective in lowering blood levels of urea and 

creatinine (p<0.001). Sitagliptin on its own did not have a 

significant impact on the metabolic parameters that were being 

studied, in contrast to the control group that was given the 

vehicle. 



 

Fig. (1) Creatinine (B) and serum urea (A) levels are impacted by the treatment of sitagliptin and cyclosporine. The data (n=6) 

is displayed as mean ± SEM. (Groups G1 and G2 represent the control group, CsA-treated rats, Sitagliptin-treated rats, 

and Sitagliptin + CsA group, respectively). **** ### compared to G2 rats; ### compared to G1 rats (p<0.0001). 

The levels of serum cystatin-C (CYS-C) 

Figure 2 illustrates that CsA therapy resulted in a significant 

increase in Cystatin-C (CYS-C) levels (p<0.0001). Sitagliptin 

significantly diminished this increase in contrast to animals 

administered with CsA (p<0.0001). Moreover, as illustrated in 

Figure 2, sitagliptin administration did not yield any 

significant variations in cystatin-C levels relative to the 

control group.  

Kidney MDA and GSH 

MDA, a lipid peroxidation marker, was significantly elevated 

in the renal tissue of rats treated with CsA in comparison to 

the control group (p<0.0001). (Fig. 3A). The combination of 

sitagliptin and CsA markedly reduced the CsA-induced 

elevation in MDA levels in rats (p<0.0001) in comparison to 

CsA administered alone. Furthermore, compared to control 

rats, CsA therapy significantly lowered renal tissue 

glutathione (GSH) levels (p<0.0001). Figure 3B shows that 

sitagliptin and CsA co-administration improved antioxidant 

defense and conserved kidney GSH levels (p<0.0001). MDA 

and GSH levels remained near to normal during this therapy, 

and sitagliptin had no noticeable influence on them (Fig. 3A, 

B) 

 



Fig. (2) Impact of cyclosporine and sitagliptin therapy on serum cystatin-C (Cys-C) concentrations. The data is 

presented as mean ± SEM (n=6). G1 represents the control group, G2 denotes rats administered with CsA, G3 

signifies sitagliptin, and G4 indicates sitagliptin combined with CsA. **** (p < 0.0001) relative to G1, ### (p < 

0.001) and #### (p < 0.0001) relative to G2. 

 

Kidney CAT activity 

The CAT activity of rats that were treated with CsA was found 

to be significantly lower compared to the activity of control 

rats that were treated with vehicle (Fig. 3C, p<0.0001). A 

significant preservation of kidney CAT activity was observed 

when sitagliptin was administered in conjunction with CsA, as 

demonstrated in Figure 3C (p < 0.0001).  There was no 

discernible effect of sitagliptin on the activity of CAT in renal 

tissues when it was administered alone. 

 

 

Kidney SOD activity 

In the renal tissues of rats that were treated with CsA, the level 

of superoxide dismutase (SOD) activity was found to be 

considerably reduced compared to the control group (Fig. 3D, 

p<0.0001). Compared to rats that had renal damage caused by 

CsA, the treatment of sitagliptin in conjunction with CsA was 

able to stabilize superoxide dismutase (SOD) activity, 

ensuring that levels remained at or near normal levels (p < 

0.0001). As illustrated in Figure 3D, the activity of SOD was 

not substantially impacted by sitagliptin in comparison to that 

of control rats.

Fig. (3) The effect of CsA and sitagliptin treatment on kidney tissue levels of MDA, GSH, CAT, and SOD. Data 

are shown as mean ± SEM (n=6). MDA: Malondialdehyde, GSH: Reduced glutathione, CAT: Catalase, SOD: 

Superoxide dismutase, CsA: Cyclosporine A. (G1=Control, G2=CsA-treated rats, G3=Sitagliptin, G4=Sitagliptin + 

CsA). **** (p<0.0001) shows a significant difference from normal control rats, #### (p<0.0001) shows a significant 

difference from CsA-treated rats. 

Histopathological examination  

The renal cortex demonstrated normal proximal and distal 

convoluted tubules, as well as normal glomeruli with an 

exceptional Bowman's capsule, in photomicrographs of renal 

slices taken from control rats (Fig. 4). Rats administered CsA 

showed visible symptoms in their renal cortex slices, 

including renal corpuscles, reduced Bowmen's space, and 
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glomerular atrophy. Some tubules' lining epithelium had been 

destroyed, causing dilation and severe necrosis. The renal 

tubules demonstrated dilation in addition to the presence of 

macrophage giant cells, interstitial haemorrhage, vascular 

congestion, and interstitial inflammatory cells around blood 

vessels (Fig. 4). These findings were much more visible than 

in the control mice (Fig. 4). When kidney slices from the other 

groups were compared to CsA-treated rats, it was discovered 

that sitagliptin treatment caused no major pathological 

abnormalities. The development of kidney injury was reduced 

by sitagliptin and CsA treatment in comparison to the 

nephrotoxicity group. This effect was more pronounced when 

sitagliptin and CsA were administered in combination (Fig. 4). 

 

 

Fig. (4) Paraffin-embedded kidney tissue slices from the control group were photographed using haematoxylin and eosin (HE) 

staining. A, B: Histological analyses of the kidney tissues from control rats that were given the vehicle revealed that 

the proximal and distal convoluted tubules, in addition to the renal glomeruli, were all normal. The structural features 

of the renal corpuscle (RC), which is made up of Bowman's capsules, are distinct and reliable. Proximal (PCT) and 

distal convoluted tubules (DCT) are present in a normal epithelial cell. It is significant that there are so many 

glomerular cell nuclei (shown by two arrowheads). The phrase "capsular space" (CS) was used. C, D, E, and F: Typical 

photomicrographs of kidney tissue paraffin slices from the CsA. congestion of the vascular (white arrows). 

Inflammatory cell infiltration (**) and tubular degeneration with epithelial cell necrosis (black arrows) are examples 

of pathological findings. The proximal (PCT) and distal convoluted tubules of the kidney tissue exhibit necrosis. 

Alongside this necrosis, the capsular space (CS) narrows and the size of the glomeruli within the renal corpuscle (RC, 

arrowheads) decreases. G, H, I, J: Figures of the kidney cortex of experimental groups 3 and 4 at low and high 

magnification levels display the typical histological characteristics of renal corpuscles (RC), kidney tubules (PCT and 

DCT), and a capsular space (CS) that has been recreated inside the cortex to match the control group. It is evident that 

there are several glomerular cell nuclei (shown by two arrowheads). 

 

Discussion  

Cyclosporine A (CsA)'s principal side effect is nephrotoxicity 

(42). This might show as chronic renal failure or transitory 

acute kidney damage (43). It includes disorders like interstitial 

fibrosis and tubular atrophy (44). Numerous strategies have 

been developed to protect patients with autoimmune disorders 

and organ transplants from the adverse effects of cyclosporine 

therapy (3). The specific mechanism of cyclosporine-related 

nephrotoxicity remains uncertain. Cyclosporine induces 

oxidative stress, which causes tissue damage via many routes. 

The initial characterization of the infiltration of inflammatory 
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cells into the kidneys is an increase in the synthesis and release 

of inflammatory cytokines and chemokines (45). This is a 

common component. The present investigation is designed to 

evaluate the protective effects of hesperidin and sitagliptin on 

the kidneys of rats in response to cyclosporine. The goal was 

to discover a novel strategy for maintaining kidney structure 

and function following organ transplantation or cyclosporine 

therapy for autoimmune disorders. Rats receiving 

cyclosporine showed considerably elevated blood levels of 

kidney-related biochemical indicators, such as urea and 

creatinine, which validates findings from previous research 

using cyclosporine to cause kidney injury in experimental 

animals (19,46&23). Cyclosporine considerably raised blood 

creatinine (Cr), blood urea nitrogen (BUN), and urine protein 

levels while dramatically decreasing serum albumin levels 

(48&49). Animals fed CsA had increased neutrophil 

infiltration, which was connected to greater tissue levels of the 

enzyme MPO. The spike in MPO activity shows that 

inflammatory leukocytes are present in the kidneys, causing 

structural damage to the renal tissue (50). Daily dosages of 

CsA caused a marked deterioration in kidney function, as seen 

by higher blood creatinine, urea, and cystatin C levels (51). 

Our data showed that cyclosporine-A therapy significantly 

increased renal MDA levels and decreased renal GSH, as well 

as elevated serum Cyst-C levels, indicating compromised 

kidney function compared to control rats. Other investigations 

have revealed a considerable increase in oxidative markers in 

the renal tissues and serum of cyclosporine-treated mice 

compared to controls (52&53). Cyclosporine-A-induced 

kidney impairment was validated by substantial alterations in 

renal function tests, oxidative stress indicators, and renal 

histology. Administering CsA to rats caused a significant 

disturbance in redox equilibrium, as evidenced by an increase 

in the lipid peroxidation marker MDA and a reduction in tissue 

antioxidants, including GSH and SOD. CsA's effects are 

thought to stem from altering mitochondrial oxidative 

phosphorylation, which causes an increase in ROS generation 

(2&8). Cyclosporine-A elevates reactive oxygen species 

(ROS) production across several cell types, disrupting 

oxidative equilibrium, diminishing antioxidant levels, and 

enhancing lipid peroxidation (11&55). The antioxidant 

enzymes SOD and GSH-Px serve as the principal defense 

against oxidative damage generated by reactive oxygen 

species (ROS). In order to protect cells from the potentially 

damaging effects of free oxygen radicals, superoxide 

dismutase (SOD) is thought to be the primary defense agent. 

Several more investigations have also shown a decrease in 

renal tissue SOD activity following CsA delivery (56), and 

therapy with the SOD mimic tempol was beneficial in halting 

kidney issues induced by CsA (57). The levels of blood SOD 

activity were also shown to be lower in rats that were 

administered CsA (58). CsA administration to test animals 

resulted in an increase in the amounts of MDA found in kidney 

tissues and a reduction in the activity of CAT (42). 

Additionally, the levels of key antioxidant enzymes, such as 

CAT, SOD, and GPx, were significantly decreased as a result 

of the treatment with CsA. On the other hand, the levels of 

MDA and nitric oxide (NO) in the tissue were not affected by 

the therapy. CsA-treated mice had substantially greater serum 

creatinine, LDH, BUN, and kidney MDA levels than controls, 

but lower kidney SOD and GSH levels. Furthermore, CsA has 

been shown to raise ROS levels in the kidneys, which directly 

contributes to CsA-induced kidney injury. Growing data 

suggests that apoptosis is critical to the detrimental effects of 

CsA on the kidneys (58&59). By inducing oxidative stress, 

mitochondria-based mechanisms can start cell apoptosis (60). 

In contrast, rats administered CsA showed mesangial 

lobulation, a larger capsular gap, and fewer, closely packed 

glomeruli. As inflammatory cells penetrated the stroma, the 

tubules exhibited extensive degeneration, localized tubular 

atrophy, and tubular enlargement (1). Chronic CsA-induced 

kidney diseases are distinguished by tubule and surrounding 

tissue destruction. Based on the findings of our research, it was 

determined that the administration of CsA to rats led to an 

increase in the oxidative damage that was caused to the kidney 

tissues. This was shown by the presence of greater levels of 

MDA and lower levels of GSH, SOD, and CAT. This was 

connected to a greater inflammatory response and increased 

cellular infiltration. Tissue structural abnormalities included 

tubular degeneration, shrinkage, thickening of basement 

membranes, inflammatory cell infiltration, and modifications 

in the renal parenchyma.These findings are consistent with 

previous investigations. The kidneys have the largest 

quantities of the enzyme DPP-4, which is suppressed by 

sitagliptin (61). DPP-4 inhibitors improve glucose metabolism 

and raise circulating GLP-1 levels, resulting in diabetes-

fighting benefits (62). When the GLP-1R in blood arteries is 

activated, smooth muscle relaxes, leading to increased blood 

flow to the kidneys (63). GLP-1 stimulates GLP-1R in a 

healthy kidney, causing natriuresis and water loss (64). DPP-

4 inhibitor medication increases GLP-1 levels, which has a 

number of benefits for kidney protection. These include an 

improvement in glomerular filtration rate (GFR), less 

inflammation and oxidative stress, better mesangial 

development, and lower blood glucose and cholesterol levels 

(65). Sitagliptin's kidney-protective actions against renal 

ischemia/reperfusion (I/R) damage, including the restoration 

of normal blood sugar levels, might be due to a variety of 

processes (66). The results that we obtained from a number of 

different experimental models, including diabetic 

nephropathy (67), ischemia-reperfusion injury (31), 

gentamicin nephrotoxicity (68), and cisplatin-induced 

nephrotoxicity in mice (69), are in agreement with the findings 

of other study that have demonstrated the effectiveness of 

sitagliptin in enhancing kidney function and minimizing tissue 

changes. In rats, sitagliptin substantially reduced creatinine, 

cyst-C, and blood urea levels in comparison to the 

nephrotoxicity group, as evidenced by previous research. The 

kidney tissues of the CsA-treated group exhibited significantly 

lower levels of catalase and SOD in comparison to the control 

group.  Nonetheless, the pairing of sitagliptin and CsA 

significantly enhanced these antioxidant enzymes. 

Comparable results have been noted in additional studies (70). 

Sitagliptin provides kidney protection from ischemia-

reperfusion injury by mitigating oxidative stress (71). It also 

improves cardiac mitochondrial dysfunction in insulin-

resistant mice (72) and lowers brain mitochondrial 

dysfunction (73) in the same model (68). In 2K1C animals, 
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sitagliptin administration was able to restore the elevated 

plasma levels of oxidative stress indicators, including MDA, 

NO, and advanced protein oxidation products, to their normal 

state, which were higher than those of sham-operated mice 

(74). The administration of sitagliptin resulted in a significant 

reduction in the amount of total protein excreted in urine, as 

well as in serum BUN and creatinine levels, in rats that had 

been treated with gentamicin. Additionally, in contrast to the 

group that was given gentamicin, sitagliptin was able to 

restore the levels of GSH, GPx, SOD, CAT, and MDA (68). 

Likewise, in rats undergoing methotrexate treatment, 

sitagliptin administration notably reduced lipid peroxidation 

while boosting kidney SOD, GPx, and catalase activities (29). 

These results align with previous studies, which demonstrated 

that sitagliptin decreases MDA levels while enhancing SOD 

and GSH levels in an ovalbumin-induced asthma model (75). 

Consequently, sitagliptin might decrease oxidative stress by 

diminishing ROS production (49). Moreover, sitagliptin 

lowered the death rate of renal tubular cells induced by 

gentamicin, as shown by a significant reduction in Bax-

positive immunoreactive cells in kidney tissues (68). In 

comparison to control mice, streptozotocin-induced diabetic 

mice exhibited substantial renal alterations, such as tubular 

dilation, mesangial matrix expansion, and tubulointerstitial 

fibrosis, as evidenced by histological examination. These 

issues were substantially alleviated by sitagliptin treatment, 

which reduced morphological damage. Moreover, sitagliptin 

has demonstrated the ability to restore and preserve renal 

histological integrity in various acute kidney injury models. 

Our research demonstrated that sitagliptin effectively 

addresses kidney toxicity caused by cyclosporine (CsA). 

Renal function indicators like serum creatinine and blood urea 

concentrations normalized following the combination of 

sitagliptin with CsA. In addition, rats that were administered 

both sitagliptin and CsA experienced a decrease in blood 

cystatin-C levels when contrasted with those that were 

administered CsA alone. Through the reduction of lipid 

peroxidation, sitagliptin was discovered to be able to maintain 

the oxidant/antioxidant balance of the kidney, as was 

established by biochemical experiments. Biochemical studies 

showed that sitagliptin preserved the kidney's 

oxidant/antioxidant equilibrium by lowering lipid 

peroxidation, evidenced by reduced MDA levelsby improving 

the efficiency of essential antioxidant enzymes including 

catalase and superoxide dismutase (SOD) and by elevating 

levels of GSH. Histopathological analysis confirmed these 

results, showing that sitagliptin, given prior to or 

simultaneously with CsA, significantly diminished kidney 

injury. The renal tissue exhibited fewer structural problems, 

including reduced tubular and glomerular damage and 

minimal inflammatory cell infiltration, when compared with 

the CsA-only treatment group. This highlights sitagliptin's 

capacity to enhance renal cell protection against oxidative 

stress. Sitagliptin has the potential to function as a 

preventative therapy for kidney impairment that is caused by 

CsA. This is because sitagliptin has anti-inflammatory, 

antioxidant, and anti-apoptotic capabilities.  

These properties maintain the integrity of renal tissue and a 

virtually normal overall histological structure. 

Conclusion 

The biochemical and histological analyses conducted in this 

research indicate that the combination of sitagliptin and cyclo

sporine (CsA) offers significant nephroprotection. Sitagliptin

 effectively safeguarded renal tissues from damage caused by

 CsA by decreasing oxidative stress and inflammation while i

nhibiting apoptosis.  
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