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The Protective Effects of Indole-Acetic Acid on the Renal 
Ischemia-Reperfusion Injury via Antioxidant and Anti-
apoptotic Properties in A Rat Model
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Fattah Sotoodehnejadnematalahi,4 Parichehreh Yaghmaei1

Introduction. The significant role of oxidative stress in the 
occurrence and development of a variety of diseases, including 
renal ischemia-reperfusion injury, has been thoroughly studied in 
this research. In this study, the protective role of indole-acetic acid 
on antioxidant, apoptotic and histopathological parameters in a rat 
model of renal ischemia-reperfusion (IR) injury were investigated.
Methods. We divided 40 rats into the following four groups 
(n = 10 per group): healthy control, IR control, IR + indole-acetic 
acid 40 mg/kg, and IR + indole-acetic acid 60 mg/kg. After two 
weeks, the rats were anesthetized and their kidneys were removed. 
The effects of indole-acetic acid on biochemical parameters 
[glutathione peroxidase (GPx) and catalase (CAT) were measured 
by spectrophotometry and expression of apoptotic genes (BAX 
and Bcl2) using real-time RT-PCR. Tubular necrosis was evaluated 
using a histopathological study.
Results. There were significant improvements in biochemical 
parameters (GPx), expression of the apoptotic genes (BAX) and 
tubular necrosis in rats treated with indole-acetic acid.
Conclusion. Indole-acetic acid could reduce the effects of factors 
involved in the pathogenesis of IR, including oxidative stress, 
apoptosis and tubular necrosis. It can be recommended that, indole-
acetic acid may be useful for amelioration of damages caused by IR.
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INTRODUCTION
The high prevalence of chronic kidney disease 

(CKD) and end-stage kidney disease (ESKD) 
has become a challenging health problem with 
an extensive financial burden on the healthcare 
systems.1 Identifying the risk factors associated 
with CKD and ESRD is key in reducing the 
incidence of this disease. Researchers have 
identified the role of acute kidney injury (AKI) as 
a risk factor for CKD.2 Acute kidney injury is most 
commonly caused by the transient interruption 

of blood flow to the kidneys, which is known as 
renal ischemia-reperfusion injury (RIRI).3 Several 
factors are involved in developmentof ischemia-
reperfusion (IR), including kidney transplantation, 
nephrectomy, repair of suprarenal aneurysm, 
surgery, cardiac arrest, hemorrhagic shock, heart 
failure, trauma, and sepsis.4 Ischemia- reperfusion 
occurs due to the temporary cessation of blood 
flow to the kidneys, followed by the resumption 
of the flow. The onset of ischemia, as the first 
phase of IR, is accompanied by the occurrence 
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of a reduction or an interruption of the entry 
of oxygen and nutrients into the kidney tissue. 
Production of toxic metabolites and reduction in 
cellular energy could be regarded as outcomes of 
renal ischemia.5 Moreover, ischemia can induce 
the disruption of cellular metabolism. That is, the 
conversion of aerobic to anaerobic metabolism and 
ultimately leads to the induction of oxidative stress 
through the production of free radicals, including 
reactive oxygen species (ROS).6 In the next phase 
of IR, reperfusion begins with restoration of blood 
flow and reoxygenation of kidney tissue. This 
phenomenon doubles the post-ischemia damage to 
the kidneys through activation of neutrophils, and 
production of ROS, inflammatory cytokines and 
chemokines.7 Researchers have found that IR can 
be involved in the induction of renal cell apoptosis 
directly or indirectly through the production 
of ROS.8 The role of ROS in the occurrence of 
IR has been proven.9 They can damage cellular 
components by targeting biomolecules such as 
proteins and lipids and are also highly toxic to 
cellular components, particularly cell membranes, 
which are predominantly composed of lipids. 
Reactive oxygen species breakdown membrane 
lipids and creates lipid peroxides that are highly 
toxic to cells. They are metabolized via various 
non-enzymatic and enzymatic pathways to reduce 
oxidative stress within the cells. Hence, the use of 
antioxidants is efficient in the neutralization of 
ROS that are central to the development of IR.10,11

Researchers have long concentrated on the use 
of plant-derived antioxidants in the treatment of 
various diseases. These compounds have been 
widely used due to their natural origin, fewer 
side effects and greater efficacy.12 Alkaloids are 
one of the most significant groups of secondary 
metabolites with several therapeutic properties.13 
Indole-acetic acid (IAA) is a member of the indole 
family of alkaloids, which is a plant hormone and 
is the most abundant plant auxin. The effect of 
IAA on increasing antioxidant enzymes during 
difficult conditions in plants has been investigated.14 
Moreover, researchers have found small amounts 
of IAA in mammals. Indole-acetic acid is produced 
by body through the metabolism of tryptophan 
and is excreted in the urine.15 Numerous biological 
roles have been reported for IAA, including anti-
inflammatory, antioxidant, and anti-apoptotic 
properties.16 It has been shown that IAA exerts 

its anti-inflammatory properties by acting as a 
prostaglandin D2 (PGD₂) antagonist.17 Furthermore, 
since PGD2 is involved in apoptosis, IAA has an 
anti-apoptotic function, and with its antioxidant 
properties inhibits tumor protein P53 (P53) by 
neutralizing free radicals and subsequently 
inhibiting the induction of apoptosis. It has also 
been reported that it plays an efficient anti-apoptotic 
role in activating B-cell lymphoma 2 (Bcl2) gene 
and inhibiting the caspase cascade by reducing 
Bcl-2-associated X protein (BAX) synthesis and 
activating the ATF factor.18 Since inflammation 
and oxidative stress are two significant factors in 
inducing apoptosis and cellular cell necrosis, we 
investigated the antioxidant, anti-apoptotic and 
the ameliorating effects of IAA on tubular cell 
necrosis in a rat model of IR.

MATERIALS AND METHODS
Ethical Approval 

The Animal Ethics Committee of Lorestan 
University of Medical Sciences approved all the 
experimental protocols.

Chemicals
The following kits and chemicals were used in 

this study: biochemical kits (Pars Azmoon Company, 
Iran) and indole-acetic acid, Glutathione, trichloric 
acid (TCA), tris-EDTA, dinitrothiocyanobenzene 
(DTNB), and phosphate-buffered saline (PBS) (all 
from Merck Company, Germany).

Animals and Study Design
The experimental procedures were carried 

out at Razi Herbal Medicines Research Center, 
affiliated to Lorestan University of Medical Sciences, 
Khorramabad, Iran. A total of 40 adult male Wistar 
rats (two months old; weight: 220 ± 10 g) were 
purchased and kept in standard cages. The rats 
were housed under appropriate environmental 
conditions including a temperature of 22 ℃, 12 
hours light-dark cycles, and with free access to 
standard laboratory food and tap water. Razi 
Institutional Animal Care Committee at Lorestan 
University of Medical Sciences confirmed all of 
the study protocols and experimental procedures. 
The rats were randomly divided into four groups 
(10 rats per group): control (healthy) rats without 
IR surgery (group 1); control (IR) rats without 
receiving any treatment (group 2); IR + IAA rats 
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receiving 40 mg/kg oral IAA daily for two weeks 
(group 3), and IR + IAA rats receiving 60 mg/kg 
oral IAA daily for two weeks (group 4).

Induction of RIRI Model
Two weeks after pretreatment with IAA, 

the rats were fasted for 8 hours for IR surgery. 
Subsequently, the rats were anesthetized via 
intraperitoneal injection of thiopental (60 mg/
kg). After anesthesia, the abdominal surface was 
shaved and sterilized using the povidone-iodine 
solution. The abdominal cavity was then exposed 
using a midline incision. Then, the location of the 
kidneys and renal pedicles was determined in the 
abdominal cavity, and their arteries were clamped 
for 45 minutes without damaging the arteries. Pale-
color kidneys were considered as evidence of the 
ischemic phase. During ischemia, the abdominal 
cavity was covered with warm and humid sterile 
gauzes. After 45 minutes, the clamps were removed 
and blood flow to the kidneys was restored and 
the reperfusion phase began. The abdomens of the 
rats were then sutured and the rats were placed 
in the reperfusion phase for 24 hours.

Sample Collection
Twenty-four hours after the onset of the 

reperfusion, the rats were anesthetized with 
intraperitoneal injection of thiopental (60 mg/kg). 
Then, 5 mL of blood samples were directly collected 
from the hearts of the rats. The blood samples were 
kept in the laboratory for 20 minutes to allow for 
clot formation after which they were centrifuged 
at 3000 rpm for 15 min. The sera were isolated and 
kept at -70 °C till the biochemical measurements. 
The rats’ kidneys were surgically removed. One 
of the kidneys was frozen in liquid nitrogen, and 
stored at -80 ºC until gene expression studies. 
Another one was kept in 10% formalin solution 
(Histological) for histopathologicalevaluations.19

Biochemical Analysis
Measurement of Catalase (CAT). Catalase 

(CAT) activity (the conversion rate of H2O2 to 
H2O) was measured using a modified version of 
the method proposed by Aebi et al. Accordingly, the 
catalase converts H2O2 to H2O and the activity of 
the catalase is measured based on the consumption 
of H2O2 and its reduced absorbance at 240 nm 
wavelength. For this purpose, 1 mL of 50 mM 

potassium phosphate (pH: 8) was added to 50 µL 
of the sample, followed by the addition of 50 µL 
H2O2. We used a spectrophotometer to measure 
the absorbance of sample in triplicate at 240 nm 
versus a blank for 0, 30, and 60 s. The absorbance 
was reported as U/mg.20

Measurement of Glutathione Peroxidase 
(GPx). Glutathione peroxidase (GPx) was measured 
using a modified version of the method proposed 
by Rotruck et al. In this method,the enzyme uses 
glutathione as the ultimate electron donor to 
regenerate the reduced form of the selenocysteine. 
By adding excess GSH, GPX converts it to GSSG 
and the remaining GSH can reduce and generate 
a yellow color by reducing DTNB. First, we added 
200 µL of 0.4 M tris-HCl (pH 7), 100 µL of 1 mM 
NaN3, 200 µL of the sample, 200 µL of 2 mM 
glutathione, and 100 µL of 0.2 mM H2O2 into a 
tube, respectively. The tubes were kept at 37 ℃ for 
10 min, after which we added 0.4 mL of 10% TCA 
to the tubes. The tubes were centrifuged at 2000 
rpm for 3 min. A total of 25 µL of the supernatant 
was poured into an ELISA microplate where it was 
mixed with 140 µL of 0.2 M tris-EDTA (pH 8) and 
30 µL of DTNB. After 30 min incubation at room 
temperature, an ELISA reader was used to calculate 
the absorbance of each sample in triplicate at 420 
nm versus a blank. The GPx levels were reported 
as U/mg.Sodium citrate was used as the solvent 
for DTNB.21

Antioxidant Enzyme Gene Expression
RNA Extraction and Quantitative Real-Time 

PCR. Total RNA was extracted from kidney tissues 
using the TriPure RNA Isolation Reagent (Roche 
Applied Science, Germany) according to the 
manufacturer’s instructions. Purified RNA was kept 
at -80 °C until use. Electrophoresis on an agarose gel 
was used to determine integrity of purified RNA. 
cDNA synthesis was carried out with 2.0 µg of the 
total RNA sample and oligo dT primers with an 
M-MuLV RT kit (MBI Fermentas, Lithuania) in a 
net reaction volume of 20 µL. The levels of mRNA 
levels for target genes (Bax, and Bcl-2) and the 
reference gene (β-actin) were analyzed in triplicate 
by quantitative real-time RT-PCR using ABI 7500 
Sequence Detection System (Applied Biosystems, 
USA). For this purpose, initial pre-cycling thermal 
activation was carried out for 10 min at 95 °C. 
Then, 40 cycles of amplification was performed for 
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as the following steps: denaturation at 95 °C for 
15 s, annealing at 60 °C for 1 min, and extension 
at 72 °C for 1 min. Ultimately, the period of the 
final extension reaction was increased to 10 min 
at 72 °C for the fulfillment of reaction products. 
Table 1 shows the primer sequences.22

Histopathological Evaluation
PeriodicAcid-Schiff (PAS) staining was used to 

evaluate tubular necrosis. About 40 fields of view 
from each kidney specimen with 400× magnification 
were examined for detection of tubular necrosis, 
leukocyte infiltration, and eosinophilic casts 
using Nikon model light microscope. Leukocyte 
infiltration was assessed using the Velasquez 
method. Tubular necrosis was assessed using the 
Caramelo method.23

Statistical Analysis
The biochemical and histopathological results 

were calculated as Mean ± SD and the gene 
expression results as Mean ± SEM. We used SPSS 
18 software for statistical analyses. Data analysis 
was performed using one-way ANOVA (Tukey’s 

multiple comparison test). P < .05 indicated 
statistical significance.

RESULTS
Effects of IAA on Serum Catalase (CAT) Levels

Our findings showed significant reduction in 
serum CAT levels (nmol/minute/mg protein) 
in the control (IR) rats compared with control 
(healthy) rats (P < .05). Nevertheless, there were 
no significant changes in serum CAT levels in the 
groups treated with IAA at a dose of 40 mg/kg 
and 60 mg/kg (Figure 1).

Effects of IAA on Serum Glutathione Peroxidase 
(GPx) Levels

As shown in Figure 2, the induction of IR 
significantly decreased GPx (µmol/mg protein) 
levels in the control (IR) rats compared to the control 
(healthy) rats (P < .05). Administration of IAA in the 
IR + IAA 60 mg/kg group significantly increased GPx 
levels compared to the control (IR) group (P < .05). 
Nonetheless, there were no significant difference in 
serum GPx levels between the IR + IAA 40 mg/kg 
group compared to the control (IR) group.

Gene Forward Primer Reverse Primer Product 
Size (bp)

Bax (Gene ID: 116892149) 5´CGTGGTTGCCCTCTTCTACTTT3´ 5´GATCAGCTCGGGCACTTTAGTG3´ 73
Bcl-2 (Gene ID: 116913126) 5´GATGACTTCTCTCGTCGCTA3´ 5´GTCATCCACAGAGAGCGATGTT3´ 229
β-actin (Gene ID: 116895656) 5´CATCGGCTTGAGAAAAGGAG3´ 5´TATCGGCAATGAGCGGTTCC3´ 150

Table 1. Primers’ Sequence Used for Quantitative RT-PCR
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Figure 1. Effects of IAA on serum CAT levels in different groups 
(A: Shows a significant difference with the control (healthy) group 
(P < .05), B: shows a significant difference with the control (IR) 
group (P < .05)). Values have been expressed as mean ± SD.
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Figure 2. Effects of IAA on serum GPx levels in different groups 
(A: shows a significant difference with the control (healthy) group 
(P < .05), B: shows a significant difference with the control (IR) 
group (P < .05)). Values have been expressed as mean ± SD.
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Effects of IAA on the Gene Expression of Bcl-2 
in the Rats’ Kidney Tissues

Figure 3 and Figure 4 show the fluctuations in 
the relative gene expression of Bcl-2 in the rat’s 
kidney tissues. 

Effects of IAA on the Gene Expression of Bax in 
the Rats’ Kidney Tissues

As it has been shown in Figure 5 and Figure 6, 
the results showed that induction of IR could 
significantly increase the relative gene expression 

of Bax in the kidney tissues of the control (IR) rats 
compared to the control (healthy) rats (P < .05). 
Administration of IAA in the IR + IAA 40 mg/
kg group significantly decreased the relative gene 
expression of Bax in comparison with the control 
(IR) group (P < .05). Moreover, the use of IAA at 
a dose of 60 mg/kg significantly decreased the 
relative gene expression of Bax in the rats of the 
IR + IAA 60 mg/kg group in comparison with the 
control (IR) rats (P < .05).

Figure 3. Effect of IAA on the relative gene expression of Bcl-2 in the rats’ kidney tissues of different groups (A: shows a significant 
difference with the control (healthy) group (P < .05), B: shows a significant difference with the control (IR) group (P < .05)). Values have 
been expressed as mean ± SEM.
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Figure 4. Amplification curve of Bcl-2 mRNA gene expression (fluorescence signal plotted versus cycle number).
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Effects of IAA on Histopathological Parameters
Figure 7 exhibits the histopathological alterations 

in different groups. Figure 8 displays the tubular 
necrosisin different groups. It was revealed that 
induction of IR could significantly increase tubular 
necrosis in the kidney tissues of the control (IR) 
rats compared to the control (healthy) rats (P < .05). 
Administration of IAA in the IR + IAA 40 mg/
kg group significantly decreased tubular necrosis 
compared to the control (IR) group (P < .05). 
Furthermore, the use of IAA at a dose of 60 mg/

kg significantly decreased tubular necrosis in the 
rats of the IR + IAA 60 mg/kg group compared 
to the control (IR) rats (P < .05).

DISCUSSION
Ischemia-reperfusion is considered as one of the 

most significant causes of CKD. It can eventually lead 
to irreversible complications such as ESKD. Oxidative 
stress and the production of ROS have definite 
roles in the development of IR-induced damage. 
Researchers have found that ROS can be involved 

Figure 5. Effect of IAA on the relative gene expression of Bax in the rats’ kidney tissues of different groups (A: shows a significant 
difference with the control (healthy) group (P < .05), B: shows a significant difference with the control (IR) group (P < .05)). Values have 
been expressed as mean ± SEM.
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Figure 6. Amplification curve of Bax mRNA gene expression (fluorescence signal plotted versus cycle number).
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in the induction of apoptotic and inflammatory 
cascades. Hence, antioxidant compounds can be 
proposed as a good solution for scavenging ROS 
and preventing the development of IR-induced 
damage.5 Therefore, the aim of this study was to 
assess whether IAA could protect the kidneys from 
IR by its anti-oxidative and anti-apoptotic activities. 
This study was the first research which investigated 
the protective effect of IAA on the damage caused 
by IR through its antioxidant and anti-apoptotic 
effects. Another aspect of our findings indicated that 
IR could suppress antioxidant enzymes, including 

Gpx and CAT. Furthermore, administration of IAA 
reversed this effect, particularly in CAT in which this 
agent was accompanied by a significant elevation in 
enzyme levels. The underlying mechanism of this 
elevation could be related to the ability of IAA in 
scavenging ROS.24 Another proposed mechanism 
is that the IAA activates the transcription factor 
nuclear factor erythroid 2–related factor 2 (Nrf2), 
which promotes the expression and enhancement 
of antioxidant enzymes that ultimately reduce 
oxidant damage and cell death.25 A similar study 
assessed the effect of IAA on oxidative stress caused 

A B C D
Figure 7. Effects of IAA on histopathological parameters in different groups (Photomicrographs of rats’ renal tissue: A) micrograph 
from the kidney of a rat in the sham group showed normal tubules and brush border, B) micrograph from the kidney of a rat in the I/R 
group showed tubular necrosis without brush border, C) micrograph from the kidney of a rat in the IR + IAA 40 mg/kg group showed 
improvement in tubular necrosis and brush border compared with I/R group, D) micrograph from the kidney of a rat in the IR + IAA 60 
mg/kg group showed improvement in tubular necrosis and brush border compared with I/R group). 
Black arrow is showed PAS reaction along the basement membrane. Green arrow is showed brush border of renal tubules. Orange 
arrow is showed normal histological structure of renal tubular. Gray arrow is showed renal epithelial tubular necrosis.

Figure 8. Effects of IAA on tubular necrosis in different groups (A: shows a significant difference with the control (healthy) group 
(P < .05), B: shows a significant difference with the control (IR) group (P < .05)). Values have been expressed as mean ± SD.
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by H2O2 in human stem cells. It was revealed 
that IAA administration could protect stem cells 
against oxidative stress induced by H2O2 through 
enhanced expression of Nrf2 and heme oxygenase 
1 (HO-1), which involved the AKT pathway.18 In 
yetanother study the effect of IAA on nonalcoholic 
fatty liver diseasein mice was evaluated. The results 
of this study indicated that IAA treatment could 
restore the markers of oxidative stress, including 
ROS, MDA, GSHand SOD. In fact, antioxidant 
compounds such as indole-3-acetic acid could reduce 
the damage to kidney tissue and the membranes 
of renal cells by reducing oxidative stress-related 
lipid peroxidation, particularly MDA, which in turn 
reduces the consumption of antioxidant enzymes 
scavengingfree radicals. Moreover, indole-3-acetic 
acid participates in prevention of the consumption 
of antioxidant enzymes such as CAT, Gpx and 
SOD in cells by restoring antioxidant stores such as 
glutathione.26 The results of the studies mentioned 
above were consistent with the findings of our study. 
During IR, oxidation of lipids, proteins, and nucleic 
acids cause damage. Researchers have shown that 
production of ROS during IR plays a central role 
in the development of inflammatory and apoptosis 
cascades, and ultimately cellular and tissue damage.27 
Our findings indicated that induction of IR could 
significantly enhance the relative gene expression 
of Bax in the kidney of the rats. Furthermore, 
pretreatment with the IAA could significantly 
suppress relative gene expression of Bax. We also 
evaluated the relative expression of another apoptotic 
gene Bcl-2 which had no significant fluctuation. 
Apoptosis begins as a result of an imbalance between 
two apoptosis-inducing proteins called BAX and an 
apoptosis-inhibiting protein called Bcl-2. Researchers 
have shown that during the ischemic process, 
the tissue becomes oxygen deficient. This lack of 
oxygen causes the apoptotic activating proteins 
to be released from the cytoplasm and travel to 
the mitochondrial membrane, causing changes in 
the outer mitochondrial membrane. Subsequently, 
cytochrome C is released and the apoptotic process 
begins. Unlike BAX, Bcl2 prevents rupture and 
changes in the mitochondrial membrane and acts 
as an inhibitor of apoptosis.28,29 Researchers have 
shown that IAA plays a significant role in reducing 
BAX protein expression by decreasing oxidative 
stress. The IAA can also be useful in inducing 
Bcl2 protein expression and inhibiting apoptosis 

by triggering certain activating factors. Moreover, 
it has been indicated that alkaloid compounds 
can be highly efficient in reducing IR damage by 
inhibiting BAX protein expression and inducing 
Bcl2 protein expression.29

Furthermore, evaluation of histopathological 
parameters revealed that induction of IR could 
significantly elevate tubular necrosis in the 
kidney tissue rats. It has been demonstrated that 
administration of IAA significantly decreases 
tubular necrosis. Researchers have reported that 
damage caused by IR is related to tubular necrosis 
and apoptosis. Certain events occur during necrosis, 
including cell lysis, protein denaturation, and 
activation of inflammatory factor receptors. It has 
been shown that IAA has an anti-inflammatory 
role as a prostaglandin inhibitor.17. In this study, 
IAA with its antioxidant and anti-inflammatory 
properties reduced oxidative damage and tubular 
necrosis. It has been established that IAA alleviates 
the production of pro-inflammatory cytokines 
from macrophages.

CONCLUSION
The results of the this study showed that indole-

acetic acid can attenuate the factors involved in 
the pathogenesis of IR, including oxidative stress, 
apoptosis and tubular necrosis. Furthermore, 
pretreatment with IAA enhanced the levels of 
antioxidant enzymes. Moreover, IAA may affect 
the apoptosis process through increased expression 
of Bcl2 and decreased expression of BAX.On the 
other hand, IAA improved tubular necrosis. Hence, 
the use of indole-acetic acid is suggested for the 
amelioration of damage caused by IR. Increasing 
the number of doses of IAA and evaluating the 
anti-inflammatory properties are advisable for 
further studies.
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