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Abstract 

Acute kidney injury (AKI) frequently occurs due to renal ischemia/reperfusion injury (IRI), which is marked 

by damaged tissue and a decrease in blood flow to the kidneys. IRI causes Oxidative damage, inflammation, 

and cell death. Autophagy, which recycles cytoplasmic components and breaks them down into smaller pieces, 

may have a role in cell death or survival in certain pathological states. 

Objective: Through antioxidant, anti-inflammatory, and anti-apoptotic actions, as well as activation of the 

autophagy system, this study explores the potential nephroprotective benefits of trandolapril against renal 

ischemia-reperfusion damage. Material and method: There were four groups of rats used in this study: sham, 

RIRI, Dimethyl sulfoxide, and Trandolapril pretreated groups. The sham group underwent the same anesthesia 

and surgical procedures except for ischemia. Other groups undergo bilateral renal ischemia for 30 minutes and 

then reperfusion for 24 hours. DMSO group vehicle for trandolapril and trandolapril group 0.3mg/kg given 2 

hours before ischemia induction. Results: The study found that blood urea and serum creatinine levels 

increased in the RIRI and DMSO groups when compared with the sham group. Renal tissue levels of IL-6, 

Kim-1, caspase-3, LC-3, and Akt were also elevated in RIRI while GSH levels decreased in the RIRI. The 

Trandolapril group showed significant increases in GSH, LC-3, and Akt levels when compared to the sham 

group. Trandolapril reduced serum urea and creatinine levels, and renal tissue levels of IL-6, Kim-1, and 

caspase-3 also reduced. 

Conclusion: Male rat models of ischemia-reperfusion injury showed that trandolapril significantly decreased 

kidney damage. 

Keywords: Ischemia, trandolapril, autophagy, LC-3, RIRI, Akt 

----------------------------------------------------------------------------------------------------------------------------------- 

1. Introduction 

Reduced blood flow to an organ, such as the kidneys 

(two bean-shaped organs), causes hypoxia and 

reduces the delivery of oxygen to tissues, this 

situation is known as ischemia. Problems like 

electrolyte imbalance, pericarditis, fluid retention, 

anemia, and heart failure can arise from ischemia 

[1]. Right and left renal arteries branch out into 

numerous levels to create glomeruli, which are 

specialized capillary beds that feed blood to the 

kidneys [2]. Reduced renal blood flow and 

subsequent renal hypoxia induce renal ischemia and 

reperfusion injury (RIRI), the most common kind of 

acute kidney injury (AKI) [3]. This syndrome affects 
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10–20% of patients who have received a kidney 

transplant [4]. Damage to the proximal tubule brush 

boundary casts in the distal tubule, and areas of 

cellular regeneration are hallmarks of RIRI [5]. 

Intrinsic renal, postrenal, and prerenal AKI are the 

three main types of AKI. The renal tubules, 

glomeruli, blood arteries, and interstitium are 

directly affected by intrinsic renal AKI, which is 

more common than prerenal and postrenal AKI [6]. 

While the exact mechanisms that caused renal 

damage by IRI remain unclear, it is believed that 

inflammation, cell death, and acute kidney injury 

(AKI) are all caused by reactive oxygen species 

(ROS) which are produced during the reperfusion 

period [7]. Chemokines such as neutrophils, 

lymphocytes, monocytes, and dendritic cells initiate 

inflammatory pathways that ultimately cause kidney 

damage in renal ischemia/reperfusion injury (RIRI) 

[8]. The use of anti-inflammatory therapies is crucial 

for protecting kidney cells and tissues during RIRI 

[9]. 

During ischemia, the kidneys are unable to eliminate 

waste products effectively, because of a reduction in 

blood flow and cell count. Reactive oxygen species 

(ROS), hydrogen peroxide, hydroxyl radicals, and 

superoxide anion are among the pathogenic 

processes that occur during renal ischemia-

reperfusion injury. Injured cells go through a few 

different stages, the cell membrane and nucleus can 

be damaged in these reactions, [10].This damage in 

turn activates protease enzymes, reduces ATP 

generation, increases intracellular calcium ions, and 

oxidative phosphorylation in the mitochondria. [11] 

[12]. 

Glutathione (GSH) is an important antioxidant 

present in plants, fungi, animals, and even certain 

microbes. Protecting intracellular molecules against 

both internal and external reactive oxygen and 

nitrogen species and directly scavenging certain free 

radicals. It directly scavenges certain free radicals 

and provides crucial protection for intracellular 

molecules from both internal and external reactive 

oxygen and nitrogen species [13] [14]. Apoptosis is 

enzymes mediated process, these enzymes destroy 

cytoplasmic and nuclear proteins and damage cell 

DNA this leads to the initiation of apoptosis, the last 

stage of an undesired cell's life cycle [15]. 

Autophagy is a cellular process related to cell 

homeostasis, precisely controls and regulates cell 

degradation and the recycling of cellular elements 

and organelles, it is a catabolic state that is needed to 

maintain normal cell physiology in extreme 

conditions, it plays an important role in combating 

infectious, carcinogenic, and degenerative agents to 

maintain healthy bodily systems and processes 

through cell cycle regulation, many health problems 

and diseases are linked to malfunctions in the body's 

autophagy mechanisms [16] [17]. 

Trandolapril is a heavily studied ACE inhibitor, it is 

largely used in the treatment of hypertension, and 

cardiovascular diseases, and it plays a critical role in 

the prevention and management of proteinuria, 

initially, it was believed that ACE inhibitors (ACEI) 

reduce proteinuria and protect the kidneys by 

dilating the efferent arterioles, which leads to a 

decrease in glomerular capillary pressure [18]. 

However, current evidence suggests that ACEI 

changes the size and permeability of the glomerulus 

and increases the negative electric charge across the 

glomerular membrane [19]. 

Examining biochemical parameters and 

histopathological changes in adult male rats, this 

study seeks to discover whether trandolapril has any 

nephroprotective effects against renal ischemia-

reperfusion injury. 

Trandolapril is tested for its ability to activate the 

autophagy pathway, as well as its antioxidant, anti-

inflammatory, and anti-apoptotic effects. 

2. Method 

2.1. Animal preparation 

The Sprague Dawley rats utilized in this study were 

obtained from the University of Kufa/Faculty of 

Science. The rats stayed in an animal house on the 
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Faculty of Pharmacy campus, where they remained 

at a temperature of 24 ± 2°C and changed every 12 

hours between cycles of light and dark. They had 

access to drinking water and a typical meal. The 

participation of the rats was permitted by the 

University of Kufa's Animal Care and Research 

Committee 

2.2. Study design 

The study involved 28 male rats, divided into four 

groups seven rats in each group [20], sham group, 

RIRI group, vehicle group (DMSO + RIRI), and 

Trandolapril+ RIRI pretreated group. The sham 

group was anesthetized and underwent bilateral 

flank incisions without ischemia induction. The 

RIRI group was anesthetized and underwent 

bilateral flank incisions to induce renal ischemia for 

30 minutes, followed by a 24-hour reperfusion 

period. The vehicle group received dimethyl 

sulfoxide (DMSO) vehicle for Trandolapril via oral 

administration 2 hours before ischemia, followed by 

30 minutes of bilateral renal ischemia and 

reperfusion for another 24 hours [21]. Trandolapril 

pretreated group received 0.3mg/kg of Trandolapril 

orally two hours before ischemia, then underwent 

bilateral flank incisions to induce renal ischemia for 

30 min. and 24 hours of reperfusion [22]. Following 

24 hours of reperfusion, kidney and blood samples 

were obtained via a midline laparotomy incision. An 

intraperitoneal injection of anesthesia for the 

procedure was induced by administering ketamine 

and xylazine at a dose of 100 mg/kg and 10 mg/kg 

respectively. 

2.3. Preparation of drug 

Trandolapril powder was dissolved in DMSO (100 

mg/ml) as described by the manufacturer’s 

guidelines (Shanghai Macklin Biochemical/China). 

The dose was administered orally according to the 

body weight [22]. 

2.4. The experimental model of renal 

ischemia/reperfusion injury 

The procedure starts by weighing rats and 

anesthetizing them with intraperitoneal ketamine 

and xylazine. The rats are placed in a prone position 

over heating pads to maintain body temperature and 

stability. The operative site is disinfected with a 

povidone-iodine solution. A bilateral 1.5 cm vertical 

flank incision is made, and a layer-by-layer 

dissection is carried out. The kidney is found below 

the 13th rib, and the perinephric fat is dissected to 

expose the renal hilum. To avoid partial renal 

ischemia, the pedicle is skeletonized, and all fat has 

been removed. The ischemia time is determined by 

obstructing the renal pedicle and starting the timer. 

Renal arteries are left claimed for around 30 

minutes after that the kidneys are returned to the 

retroperitoneal area. The clamps can be removed 

once the ischemia period is over, and reperfusion is 

visually observed. Before the wound is closed, 1 mL 

of 0.9% saline that has been preheated to 37°C is 

applied to the retroperitoneal region [21]. The skin 

wounds are closed into two layers. The rats are then 

moved back to their cages and provided with food. 

After 24 hours, the rats are anesthetized and 

sacrificed, and blood and kidney tissue samples are 

obtained for analysis. 

2.5. Collection of samples 

2.5.1. Blood samples collection for measurement 

of renal function 

After 24 h of reperfusion, the rats are anesthetized, 

and blood samples are aspirated directly from the 

heart. Approximately 2-5 mL of blood was inserted 

in a simple tube at 37°C with no anticoagulant. To 

separate the serum, the tube was centrifuged at 3000 

rpm for ten minutes. The manufacturer's instructions 

were followed while measuring urea and creatinine 

levels in serum  

2.5.2. Tissue preparation for measurement of 

apoptotic, autophagy, and oxidative parameters 

Following the completion of the trial, each animal's 

kidney is removed and divided into two halves. 

One half was placed in a deep freezer at -80°C. The 

frozen half was subsequently homogenized. Using a 

protease inhibitor cocktail, 1% Triton X-100, and 

phosphate-buffered saline (at a weight/volume ratio 
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of 1:10), the mixture was homogenized in a powerful 

ultrasonic liquid processor [23]. The homogenate 

was then centrifuged at 5000 rpm for 10 min. at 4°C, 

the resulting supernatant was used for the 

measurement of IL-6, Caspase-3, LC-3, GSH, KIM-

1, and Akt using the ELISA technique according to 

the manufacturer's guidelines. 

2.5.3. Preparation of tissue samples for 

Histopathology 

Before being embedded in a paraffin block, the other 

kidney half was soaked in 10% Neutral-Buffered 

Formalin, dehydrated in alcohol, and cleaned in 

xylene. The staining technique employed for the 

horizontal slide sections, which were approximately 

5μm thick, involved the application of hematoxylin 

and eosin stain [24]. 

2.6. Measure study parameters 

2.6.1. Measurement of urea and creatinine 

The Urea and Creatinine Kits, manufactured by 

Sunlong Biotech Co., Ltd. of China, were used to 

measure Urea and Creatinine levels according to the 

manufacturer's instructions. 

2.6.2. Measurement of IL-6 

The IL-6 Elisa Kit, manufactured by Sunlong 

Biotech Co., Ltd. of China, was used to measure IL-

6 levels according to the manufacturer's instructions. 

2.6.3. Measurement of KIM 

KIM-1 Elisa Kit, manufactured by Sunlong Biotech 

Co., Ltd. of China, was used to measure KIM-1 

according to the manufacturer's instructions. 

2.6.4. Measurement of GSH 

The GSH Elisa Kit, manufactured by Sunlong 

Biotech Co., Ltd. of China, was used to measure 

GSH levels according to the manufacturer's 

instructions. 

2.6.5. Measurement of Caspase-3 

The Caspase-3 Elisa Kit, manufactured by Sunlong 

Biotech Co., Ltd. of China, was used to measure 

Caspase levels according to the manufacturer's 

instructions. 

2.6.6. Measurement of LC-3  

The LC-3 Elisa Kit, manufactured by Sunlong 

Biotech Co., Ltd. of China, was used to measure LC-

3 levels according to the manufacturer's instructions. 

2.6.7. Measurement of Akt 

The Akt Elisa Kit, manufactured by Sunlong Biotech 

Co., Ltd. (China) Akt Elisa was used to measure Akt 

levels following the directions provided by the 

manufacturer. 

2.7. Statistical Analyses 

The data collected in this study was analyzed using 

GraphPad Prism 8.0.1 (GraphPad Software, La Jolla, 

California, USA). Results were shown as mean ± 

Standard Error Mean (SEM). One-way analysis of 

Variance (ANOVA) followed by the Bonferroni 

multiple comparison test was used to analyze the 

data. P <0.05 was used to indicate statistical 

significance in all tests. Additionally, the Jablonski 

Score system criteria were used to compare 

alterations in histopathology between the study 

groups. 

3. Results 

The study found that blood urea and serum 

creatinine levels increased in the RIRI and vehicle 

groups when compared with the sham group. Renal 

tissue levels of IL-6, Kim-1, caspase-3, LC-3, and 

Akt were also increased in RIRI and vehicle groups 

when compared with the sham group. GSH levels 

decreased in the RIRI and vehicle groups when 

compared with the sham group. Trandolapril 

significantly reduced serum urea and creatinine 

levels, and renal tissue levels of IL-6, Kim-1, and 

caspase-3 were significantly reduced (Figure 1, 

Figure 2, Figure 3, figure 4, Figure 6) respectively. 

Trandolapril pretreated groups showed significant 

increases in GSH, LC-3, and Akt levels (Figure 5, 

Figure 7, and Figure 8). Trandolapril reduced the 

severity of kidney damage in ischemia-reperfusion 

injury, but the RIRI group showed substantial renal 

damage when compared with the sham group that 

occurred in histopathologic examination (Figure 9). 
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Figure 1: Blood urea level of study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and 

then reperfusion for 24 hr. Rats pretreated with either DMSO, and Trandolapril (0.3mg/kg), or remained 

without treatment (sham and RIRI). One-way ANOVA followed by the Bonferroni comparison test was used 

for analysis. Data are presented as mean ± SEM, n=7 rats in each group, ****P< 0.0001 vs sham and RIRI. 
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Figure 2: creatinine level of study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and 

then reperfusion for 24 h. Rats were administered either DMSO, and Trandolapril (0.3mg/kg), or remained 

without treatment (sham and RIRI).  One-way ANOVA followed by the Bonferroni comparison test was used 

for analysis. Data are presented as mean ± SEM, n=7 rats in each group, *P< 0.05 vs RIRI. 
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Figure 2: IL-6 level in study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and then 

reperfusion for 24 h. Rats were administered either DMSO, and Trandolapril (0.3mg/kg), or remained without 

treatment (sham and RIRI). The tissue concentration levels of IL-6 were measured by using the ELISA 

technique. One-way ANOVA followed by the Bonferroni comparison test was used for analysis. Data are 

presented as mean ± SEM, n=7 rats in each group, *P< 0.05 vs RIRI, **P<0.01 vs sham. 
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Figure 3:kim-1 level of study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and then 

reperfusion for 24 h. Rats administered either DMSO, and Trandolapril (0.3mg/kg), or remained without 

treatment (sham and RIRI). The tissue kim-1 concentration levels were measured by using the ELISA 

technique. One-way ANOVA followed by the Bonferroni comparison test was used for analysis. Data are 

presented as mean ± SEM, n=7 rats in each group, ****P< 0.0001 vs sham & vs RIRI. 
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Figure 4: GSH level in study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and then 

reperfusion for 24 h. Rats were administered either DMSO, and Trandolapril (0.3mg/kg), or remained without 

treatment (sham and RIRI). Tissue GSH concentration levels were measured by using the ELISA technique. 

One-way ANOVA followed by the Bonferroni comparison test was used for analysis. Data are presented as 

mean ± SEM, n=7 rats in each group, ****P <0.0001 vs sham and RIRI. 
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Figure 5: Caspase-3 level of study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and 

then reperfusion for 24 hr. Rats administered either DMSO, and Trandolapril (0.3mg/kg), or remained without 

treatment (sham and RIRI). The tissue concentration levels of caspase were measured by using the ELISA 

technique. One-way ANOVA followed by the Bonferroni comparison test was used for analysis. Data are 

presented as mean ± SEM, n=7 rats in each group *P< 0.05 vs RIRI, ***P<0.001 vs sham. 
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Figure 6: LC3 level of study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and then 

reperfusion for 24 h. Rats administered either DMSO, and Trandolapril (0.3mg/kg), or remained without 

treatment (sham and RIRI). The tissue concentration levels of LC-3 were measured by using the ELISA 

technique. One-way ANOVA followed by the Bonferroni comparison test was used for analysis. Data are 

presented as mean ± SEM, n=7 rats in each group, *P< 0.05 vs RIRI ****P< 0.0001 vs sham. 
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Figure 7: Akt level of study groups. Rats of the RIRI group were exposed to 30 min. of ischemia and then 

reperfusion for 24 h. Rats administered with either DMSO, Trandolapril (0.3mg/kg), or remained without 

treatment (sham and RIRI). The tissue concentration levels of AKT were measured by Using the ELISA 

technique. One-way ANOVA followed by the Bonferroni comparison test was used for analysis. Data are 

presented as mean ± SEM, n=7 rats in each group, ****P <0.0001 vs sham and RIRI. 
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Figure 9: (A) Sham group normal histological architectures of kidney medulla, note the loop of Henle tubules (black 

arrow) and collecting ducts (yellow arrow). H&E.100x. (B) RIRI groups, the massive severe coagulative necrosis (black 

arrow) that involved all affected medulla areas led to the loss of normal architectures of the medulla observed, with the 

presence of inflammatory cell infiltrations (red arrow) in the affected area. Coagulative necrosis was observed as the 

absence of the nucleus of renal tubules epithelial cells in most renal tubules of the loop of Henle. Also, severe hemorrhage 

(yellow arrow) was observed in the affected area of the medulla. H&E.100x. (C) DMSO groups, the massive severe 

coagulative necrosis (black arrow) that involved all affected medulla areas led to the loss of normal architectures of the 

medulla was observed, with the presence of inflammatory cell infiltrations (red arrow) in the affected area. Coagulative 

necrosis was observed as the absence of the nucleus of renal tubules epithelial cells in most renal tubules of the loop of 

Henle. H&E.100x. (D) Trandolapril pretreated group, the coagulative necrosis (black arrow) of the loop of Henle’s renal 

tubules epithelial cells was observed in affected medulla areas, however, the coagulative necrosis did not involve all 

medulla areas, where coagulative necrosis involved about 10%-15% of the medulla area. Also, the hemorrhage (yellow 

arrow) was observed in the affected area of the medulla. H&E. 100x. 

 

 

 

4. Discussion 

Reduced urine production and an increase in serum 

creatinine are signs of acute kidney injury (AKI), a 

fast decline in renal function. Ischemia/reperfusion 

injury, hypoxia, inflammation, oxidative stress, 

medications, and sepsis are the main causes of AKI. 

A complicated chain of events of 

ischemia/reperfusion injury involves fast energy 

loss, a decrease in membrane potential, a breakdown 

of ionic hemostasis, and cell death. In addition to 

being involved in the start and progression of 

ischemia injury, mitochondria also play a part in the 

healing process and other procedures that lead to the 

development of chronic kidney disease (CKD). [25] 

[26] [27] 

Drugs that reduce inflammation and boost 

antioxidant levels, such as trandolapril have been 

studied for their potential to protect against 

experimental RIRI rat models. This medication has 

been shown to lower blood urea nitrogen and 

creatinine concentrations while having a reno-

protective impact against IR injury.  

B A 

D C 
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When trandolapril is administered two hours before 

ischemia induction, blood urea, and serum creatinine 

levels are considerably lower than in the RIRI and 

vehicle groups (Figure 1, Figure 2). This protective 

effect is comparable to that of a study by Yashida et 

al., which showed that trandolapril exerts its reno-

protective effect without causing any obvious side 

effects in hypertensive patients with chronic renal 

failure by considerably lowering the serum 

creatinine levels. [28] 

According to this study, compared to the sham 

group, the RIRI and vehicle groups had higher levels 

of interleukin-6 (IL-6) and kidney injury molecule-1 

(KIM-1) following renal ischemia/reperfusion 

(Figure3, Figure 4) 

Another well-known indicator of renal injury is 

KIM-1, which is particularly active when RIRI is 

present. According to published research, early RIRI 

was associated with a significant increase in KIM-1 

mRNA and protein expression in rat kidneys, 

suggesting that KIM-1 is a sensitive marker for 

tubular injury in RIRI [29]. 

It has also been discovered that trandolapril, a 

different medication that has been demonstrated to 

lower KIM-1 and IL-6 levels in rats, has a positive 

reno-protective impact on RIRI by regulating the 

RAS system and lowering inflammation and 

oxidative stress. Their advantages typically exceed 

their disadvantages when utilized and supervised 

appropriately. ACEI inhibitors that block the renin-

angiotensin system (RAS) can help lower 

inflammation and enhance renal function [30] [31] 

According to this study, compared to the sham 

group, the RIRI and vehicle groups had lower GSH 

levels following I/R (Figure 5). The research shows 

that GSH concentrations significantly fall in 

response to renal ischemia, suggesting a 

deterioration in the kidney's ability to function as an 

antioxidant [25]. Previous research by Ahmadvand 

et al., Baltaci and associates, and Scaduto Jr. and 

colleagues support this study. Within 35 minutes of 

renal artery closure, the renal level of GSH dropped 

to 40%, and after 120 minutes of blood flow, it only 

partially recovered [33] [34] [35]. ACE inhibitors 

reduce the synthesis of angiotensin II, a powerful 

vasoconstrictor that aggravates oxidative stress and 

damage in the heart and kidneys. It was shown that 

trandolapril dramatically increased the activity of 

mitochondrial enzymes I, II, and IV and decreased 

oxidative stress in the rat brain by decreasing lipid 

peroxidation and raising glutathione and catalase 

levels. By slowing the rate of ATP and 

mitochondrial oxygen consumption drop, it also 

avoids mitochondrial dysfunction that occurs after 

an acute myocardial infarction [36] [37]. 

When compared to the sham group, renal 

ischemia/reperfusion injury causes a substantial 

increase in the levels of the kidney marker of 

apoptosis, caspase-3 (Figure 6) [25] [27]. This study 

supports the findings of earlier research by Eraslan 

et al. [40]  

The research indicates that trandolapril pretreatment 

two hours before ischemia induction causes 

considerably reduced tissue levels of caspase-3, 

suggesting that trandolapril protects the kidneys by 

reducing renal apoptosis. Caspase-3 activity is 

significantly reduced when Angiotensin II synthesis 

is blocked. Angiotensin II promotes apoptosis and 

elevates apoptotic markers like caspase-3. This 

indicates that trandolapril inhibits the release of 

cytochrome C from the mitochondria and the 

activation of intracellular caspase-3, hence 

preventing apoptosis in cardiac cells [41] 

Rats with acute myocardial infarction were given 

trandolapril as part of an experimental investigation. 

This improved mitochondrial dysfunction by 

decreasing the decrease in mitochondrial oxygen 

consumption and ATP generation and elevating the 

amounts of mitochondrial thiobarbiturate-reacting 

chemicals. Additionally, trandolapril has antioxidant 

qualities. By decreasing lipid peroxidation, and 

raising catalase and glutathione levels, it reduces 

oxidative stress markers in the rat brain. These 
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results imply that trandolapril inhibits caspase-3 

activity through enhancement of mitochondrial 

efficiency and reduction of oxidative stress [42] [41] 

Furthermore, the study demonstrates that in 

comparison to the sham group, the LC-3 and Akt 

levels of autophagy indicators were significantly 

higher in the RIRI and vehicle groups of rats that 

underwent 30 minutes of ischemia followed by 24 

hours of reperfusion (Figure 7, Figure 8). This 

implies that autophagy might be activated in 

response to ischemia/reperfusion injury, perhaps 

acting as protective against I/R damage [43] [44]. 

Additionally, the study discovered that rather than 

causing autophagy through ischemia, reperfusion 

significantly increases it, possibly averting cell 

death. An active PI3K/Akt signaling system can 

control oxidative stress, inflammation, autophagy, 

and anti-apoptosis to lessen the damage caused by 

hepatic ischemia-reperfusion. It is anticipated that 

management of the PI3K and Akt signaling pathway 

would prove to be a successful focused strategy in 

the therapeutic prevention and mitigation of liver 

ischemia-reperfusion injury. In rats undergoing 

renal ischemia/reperfusion, the effects of 

trandolapril on autophagy markers are examined in 

this study. Administration of trandolapril two hours 

before ischemia causes a considerable rise in LC-3 

and Akt levels, which is in line with another 

research. When administered two hours before 

ischemia induction, trandolapril raises tissue levels 

of LC-3 and Akt, Administration of Trandolapril 

Significantly increased tissue levels of LC-3 and Akt 

are found two hours before ischemia induction, 

suggesting that this time has a protective impact on 

the kidneys by encouraging autophagy. This is in 

line with earlier studies that demonstrated that in rats 

with acute myocardial infarction generated by 

inhibiting Angiotensin II, the PTP1B/PI3K/Akt 

pathway was upregulated, leading to a substantial 

increase in Akt phosphorylation [43] 

In this study, renal parenchyma is also investigated. 

Significant changes were observed in the 

histological analysis of the RIRI and vehicle groups, 

including coagulative necrosis, loss of normal 

architecture, infiltration of inflammatory cells, and 

significant bleeding (Figure 9). When compared to 

the RIRI and vehicle groups, Treatment with 

trandolapril lessened renal tubular injuries and 

decreased the severity of renal injury in the group 

receiving trandolapril [45] 

This study demonstrates the possible advantages of 

trandolapril in the treatment of ischemia and kidney 

injury and how trandolapril may encourage 

autophagy and lessen the degree of kidney damage 

in ischemia patients. The precise mechanisms 

behind its protective effects on the kidneys and renal 

parenchyma require more investigation. 

5. Conclusion  

This study showed that trandolapril dramatically 

reduced renal damage from ischemia-reperfusion 

injury in male rat models through its antioxidant 

effect by elevation of antioxidant marker GSH, anti-

inflammatory by reducing inflammatory markers IL-

6 and KIM-1, anti-apoptotic by decreasing apoptotic 

marker Caspase-3, activation autophagy by 

increasing LC-3, Akt, and ameliorating 

histopathological changes.  

Conflict of interest: NIL 

Funding: NIL 

Reference: 

[1]  John E. Hall, Arther C. Guyton. Guyton and 

Hall textbook of medical physiology (13th 

edition). 2016.  

[2]  C., Jarvis. Physical examination and health 

assessment (6th edition). St. Louis: W.B. 

Saunders, 2011.  

[3]  Chih-Kang Chiang, Jui-Zhi Loh, Ting Hua 

Yang, Kuo-Tong Huang, Cheng-Tien Wu, 

Siao-Syun Guan, Shing Hwa Liu, and Kuan 

Yu Hung. "Prevention of acute kidney injury 



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 6, P.114 -127             pISSN: 2356-9174, eISSN: 2356-9182           125 

 

 

by low intensity pulsed ultrasound via anti-

inflammation and anti-apoptosis." Scientific 

Repor.  

[4]  Jie Feng, Ranran Kong, Liyi Xie, Wanhong 

Lu, Yali Zhang, Hongiuan Dong, Hongli 

Jiang. "Clematichinenoside protects renal 

tubular epithelial cells from 

hypoxi/reoxygenation injury in vitro through 

activating the Nrf2/HO-1 signalling pathway." 

Clinical and.  

[5]  Kobayashi T., Terada Y., Kuwana H., Tanaka 

H., Okado T., Kuwahara M., Tohda S., Sakano 

S., and Sasaki S. "Expression and function of 

the Delta-1/Notch-2/Hes-1 pathway during 

experimental acute kidney injury." Kidney 

Int., 2008: 1240-1250.  

[6]  Al-Jaghbeer, M., Dealmeida, D., Bilderback, 

A., Ambrosino, R., & Kellum, J. A. "Clinical 

decision support for in-hospital AKI." Journal 

of the American Society of Nephrology, 2018: 

654-660.  

[7]  Bhargava, P., & Schnellmann, R. G. 

"Mitochondrial energetics in the kidney." 

Nature Reviews Nephrology, 2017: 629-646.  

[8]  Voss, A., Bode, G., & Kerkhoff, C. "Double-

stranded RNA induces IL-8 and MCP-1 gene 

expression via TLR3 in HaCaT-

keratinocytes." Inflammation & Allergy-Drug 

Targets, 2012: 397-405.  

[9]  Stroo, I., Stokman, G., Teske, G. J., Raven, A., 

Butter, L. M., Florquin, S., & Leemans, J. C. 

"Chemokine expression in renal 

ischemia/reperfusion injury is most profound 

during the reparative phase." International 

immunology, 2010: 433-442.  

[10]  Eltzschig, H.K. and Eckle, T. "Ischemia and 

reperfusion—from mechanism to translation." 

Nature medicine, 2011: 1391.  

[11]  Johnson KJ, Weinberg JM. "Postischemic 

renal injury due to oxygen radicals." Curr Opin 

Nephrol Hypertens, 1993: 625–35.  

[12]  JP, Kehrer. "Free radicals as mediators of 

tissue injury and disease." Crit Rev Toxicol, 

1993: 21–48.  

[13]  Singh I, Gulati S, Orak JK, Singh AK. 

"Expression of antioxidant enzymes in rat 

kidney during ischemia-reperfusion injury." 

Mol Cell Biochem, 1993: 97–104.  

[14]  Giovannini L, Migliori M, Longoni B, Das 

DK, Bertelli A, Panichi V., et al. "Resveratrol, 

a polyphenol found in wine, reduces ischemia 

reperfusion injury in rat kidneys." J 

Cardiovasc Pharmacol, 2001: 262–70.  

[15]  Vinay Kumar, Abul K. Abbas, Jon C. Aster. 

"Cell Injury, Cell Death, and Adaptations." In 

Robbins Basic Pathology (10th edition), 37-

40. 2018.  

[16]  Mizushima, N., Levine, B., Cuervo, A. M., and 

Klionsky, D. J. "Autophagy fights disease 

through cellular self-digestion." Nature, 2008: 

1069-1075.  

[17]  Mizushima, N. "Autophagy: Process and 

function." Genes & Development, 2007: 2861-

2873.  

[18]  Miettinen H, Haffner SM, Lehto S, et al. 

"Proteinuria predicts stroke and other 

atherosclerotic vascular disease events in non-

diabetic and non-insulin-dependent diabetic 

subjects.. ." Stroke, 1996: 27:2033–9.  

[19]  Amann K, Irzyniec T, Mall G, et al. "The 

effect of enalapril on glomerular growth and 

glomerular lesions after subtotal nephrectomy 

in the rat: a stereological analysis." J 

Hypertens., 1993: 11:969–75.  



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 6, P.114 -127             pISSN: 2356-9174, eISSN: 2356-9182           126 

 

 

[20]  A. J. N. R. H. Hussein Al-Amir, "Ameliorative 

effect of nebivolol in doxorubicin-induced 

cardiotoxicity," Journal of Medicine and Life, 

vol. 16, no. 9, 2023.  

[21]  Cheng YT, Tu YC, Chou YH, Lai CF. 

"Protocol for renal ischemia-reperfusion 

injury by flank incisions in mice." STAR 

Protoc, 2022: 16;3(4):101678.  

[22]  Cargnoni A, Comini L, Bernocchi P, Bachetti 

T, Ceconi C, Curello S, Ferrari R. "Role of 

bradykinin and eNOS in the anti-ischaemic 

effect of trandolapril." Br J Pharmacol, 2001: 

133(1):145-53.  

[23]  Tiba, A.-T., H. Qassam, and N.R. Hadi, 

Semaglutide in renal ischemia-reperfusion 

injury in mice. Journal of Medicine and Life, 

2023. 16(2): p. 317.  

[24]  Erkılıç, E., et al., Does remifentanil attenuate 

renal ischemia–reperfusion injury better than 

dexmedetomidine in rat kidney? Drug Design, 

Development and Therapy, 2017: p. 677-683.  

[25]  Kellum, J. A., Romagnani, P., Ashuntantang, 

G., Ronco, C., Zarbock, A., & Anders, H. J. 

"Acute kidney injury." Nat Rev Dis Primers, 

2021.  

[26]  Ow, C. P., Trask-Marino, A., Betrie, A. H., 

Evans, R. G., May, C. N., & Lankadeva, Y. R. 

"Targeting oxidative stress in septic acute 

kidney injury: From theory to practice." 

Journal of Clinical Medicine, 2021.  

[27]  Pabla, N., & Bajwa, A. "Role of mitochondrial 

therapy for ischemicreperfusion injury and 

acute kidney injury." Nephron, 2022: 253-25.  

[28]  Yoshida A, Takeda A, Fukuda M, Toda S, 

Morozumi K. "Clinical effects of trandolapril 

in chronic glomerulonephritis patients with 

renal insufficiency." Nihon Jinzo Gakkai Shi, 

2000: 42(4):333-7.  

[29]  Jerny, Haerani Rasyid, Rina Masadah, 

Muhammad Husni Cangara, Agussalim, 

Dwiyanti, Ressy Bukhari, and Mochammad 

Hatta. "Analysis of mRNA and protein kidney 

injury Molecule-1 (KIM-1) expression in a 

kidney model during the initiation phase of 

ischemia rep., 2022 Feb 11:75:103373. 

[30]  Martin H. de Borst, Mirjan M. van Timmeren, 

Vishal S. Vaidya, Rudolf A. de Boer, Mario B. 

A. van Dalen, Andrea B. Kramer, Theo A. 

Schuurs, Joseph V. Bonventre, Gerjan Navis, 

and Harry van Goor. "Induction of kidney 

injury molecule-1 in homozygous Ren2 rat 

2007 Jan;292:1, F313-20.  

[31]  Asif Zaman, Anees A. Banday. "Angiotensin 

(1–7) protects against renal ischemia-

reperfusion injury via regulating expression of 

NRF2 and microRNAs in Fisher 344 rats." 

American Journal of Physiology-Renal 

Physiology, 2022: 323:1, F33-F47.  

[32]  A. M. J. Esraa H. Alsaaty, "Moexipril 

Improves Renal Ischemia/Reperfusion Injury 

in Adult Male Rats," J Contemp Med Sci, vol. 

10, no. 1, 2024.  

[33]  Ahmadvand, H., Yalameha, B.,.Adibhesami, 

G., Nasri, M., Naderi, N.,. "The protective role 

of gallic acid pretreatment on renal ischemia-

reperfusion injury in rats." Reports of 

Biochemistry & Molecular Biolog, 2019: 42.  

[34]  Baltaci, A. K., Gokbudak, H., Baltaci, S. B., 

Mogulkoc, R., & Avunduk, M. C. "The effects 

of resveratrol administration on lipid oxidation 

in experimental renal ischemia-reperfusion 

injury in rats." Biotechnic & Histochemistry, 

2019: 1–8.  



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 6, P.114 -127             pISSN: 2356-9174, eISSN: 2356-9182           127 

 

 

[35]  Cui, X., Lin, L., Sun, X., Wang, L., & Shen, R. 

"Curcumin protects against renal 

ischemia/reperfusion injury by regulating 

oxidative stress and inflammatory response." 

Evidence-Based Complementary and 

Alternative Medicine, 2021.  

[36]  Tsutsui, Hiroyuki, et al. "Effects of ACE 

Inhibition on Left Ventricular Failure and 

Oxidative Stress in Dahl Salt-Sensitive Rats." 

Journal of Cardiovascular Pharmacology, 

2001: 37(6):p 725-733.  

[37]  Fabio Fiordaliso, Ivan Cuccovillo, Roberto 

Bianchi, Antonio Bai, Mirko Doni, Monica 

Salio, Noeleen De Angelis, Pietro Ghezzi, 

Roberto Latini, Serge Masson. 

"Cardiovascular oxidative stress is reduced by 

an ACE inhibitor in a rat model of 

streptozotocin-induced diabetes 2006 Jun 

6;79:2: 121-9.  

[38]  A. M. J. Elaf R Alaasam, "Erythropoietin 

Protects Against Renal Ischemia/Reperfusion 

Injury in Rats Via Inhibition of Oxidative 

Stress, Inflammation and Apoptosis.," Journal 

of Contemporary Medical Sciences, vol. 9, no. 

4, 2023.  

[39]  A. J. Mohammed Al-Chlaihawi, "Azilsartan 

improves doxorubicin-induced cardiotoxicity 

via inhibiting oxidative stress, 

proinflammatory pathway, and apoptosis," 

Journal of Medicine and Life, vol. 16, no. 12, 

2023.  

[40]  Eraslan, E., Tanyeli, A., Polat, E., & Yetim, Z. 

J. J. o. C. B. "Evodiamine alleviates kidney 

ischemia reperfusion injury in rats: A 

biochemical and histopathological study." 

Journal of Cellular Biochemistry, 2019.  

[41]  Bețiu, Alina M., Lavinia Noveanu, Iasmina M. 

Hâncu, Ana Lascu, Lucian Petrescu, Christoph 

Maack, Eskil Elmér, and Danina M. Muntean. 

"Mitochondrial Effects of Common 

Cardiovascular Medications: The Good, the 

Bad and the Mixed." International Journal of 

Molecular Sciences 2022 Nov 

7;23(21):13653.  

[42]  Ceconi, C., Francolini, G., Bastianon, D., et al. 

"Differences in the Effect of Angiotensin-

converting Enzyme Inhibitors on the Rate of 

Endothelial Cell Apoptosis: In Vitro and In 

Vivo Studies." Cardiovasc Drugs Ther, 2007: 

21, 423–429.  

[43]  Wang, Y., Fan, Y., Song, Y. et al. 

"Angiotensin II induces apoptosis of cardiac 

microvascular endothelial cells via regulating 

PTP1B/PI3K/Akt pathway." In Vitro 

Cell.Dev.Biol.-Animal, 2019: 55, 801–811.  

[44]  Man Jiang, Kebin Liu, Jia Luo, Zheng Dong. 

"Autophagy Is a Renoprotective Mechanism 

During in Vitro Hypoxia and in Vivo 

Ischemia-Reperfusion Injury." The American 

Journal of Pathology, 2010: 1181-1192.  

[45]  Okamoto, Ken & Takai, Shinji & Sasaki, 

Shinjiro & Miyazaki, Mizuo. "Trandolapril 

Reduces Infarction Area after Middle Cerebral 

Artery Occlusion in Rats. ." Hypertension 

research: official journal of the Japanese 

Society of Hypertension, 2002: 25. 583-8..  

 

 


