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INTRODUCTION
A temporary decrease in blood flow that carrying oxy-
gen to the renal then followed by reperfusion, referred 
to a renal ischemia reperfusion injury (IRI). During IRI, 
kidney tissue injury promotes excess production of 
reactive oxygen species (ROS), which induces oxidative 
stress. During reperfusion time, restoration of blood flow 
generates even greater generation of ROS that ends up 
with apoptosis and cell death [1]. A clinical state known 
as acute kidney injury (AKI), which is marked by fast renal 
failure and high mortality rates, is developed as a result 
of IRI involving renal tissues. Renal IRI pathology involves 
a number of pathogenic processes, including the gen-
eration of reactive oxygen species and the activation of 
various inflammatory mediators such adhesion mole-
cules and a number of cytokines [2]. When compared 
to other organs, there are several notable differences in 
the hemodynamics and oxygenation of the kidneys. 20 
percent of the cardiac output is delivered to the kidneys, 
but while 100 percent of this reaches the cortex, only 15 
percent reaches the medulla [3]. Unquestionably, the 
inflammatory response plays a significant role in the 
etiology of IRI. Numerous experimental studies have 

demonstrated that inhibiting inflammatory responses 
lowers renal IRI while maintaining renal function [4]. It 
has been demonstrated in numerous organs that the mi-
crovascular and parenchymal tissue damage that results 
from ischemia and reperfusion is predominantly caused 
by reactive oxygen-free radicals. As a result of a reduction 
in the synthesis of antioxidant enzymes, post-ischemic 
reperfused tissue has more damage caused by free rad-
icals [5]. A cytokine called tumor necrosis factor alpha 
(TNF α) has pleiotropic effects on several cell types. TNF-α 
has been identified as a critical regulator of inflammatory 
reactions and is known to have a part in the genesis of 
a number of inflammatory and autoimmune diseases 
[6]. Additionally, it induces the production of additional 
cytokines since IL-1β, a key proinflammatory cytokine, 
has a variety of purposes in various organs and diseases 
[7]. Despite being multifaceted, IRI pathophysiology 
involves inflammation and oxidative stress. During the 
ischemia phase, a lack of oxygen and nutrients results 
in the accumulation of hypoxanthine, and induction 
of pro-inflammatory cytokines. The reperfusion phase 
causes a rise in iNOS and NOXs in endothelial cells, and 
the influx of neutrophils [8]. 
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ABSTRACT
The aim: To determine whether Tilianin (TIL) may have Nephroprotective effects on bilateral renal IRI in rats by analyzing kidney function biomarkers U and Cr, 
inflammatory cytokines like TNF α and IL-1β, antioxidant marker total anti-oxidant Capacity (TAC), anti-apoptotic markers caspase-3, and histopathological scores. 
Materials and methods: 20 rats divided into even 4 groups as: Sham group: Rats underwent median laparotomies without having their ischemia induced. 
Control group: Rats had bilateral renal ischemia for 30 minutes, followed by 2 hours of reperfusion. Vehicle group: 30 minutes prior to the onset of ischemia, 
rats were given a pretreatment of corn oil and DMSO. Tilianin treated group: Rats administered Tilianin 5 mg/kg for 30 min prior to ischemia induction, then IRI. 
Results: The study found that the serum levels of TNF, IL-1, caspase-3, urea and creatinine, as well as TNF and creatinine in the Tilianin group were significantly 
lower than those of the control and vehicle groups. On the other hand, it revealed that TAC levels are remarkably higher in the Tilianin group than they are in 
the control and vehicle groups. 
Conclusions: This study concluded that Tilianin have a Nephroprotective effect via multiple impacts as anti-inflammatory, anti-apoptotic, and anti-oxidant agents.
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One of the primary signs of oxidative stress is 
malondialdehyde (MDA), which is formed upon break-
ing down of lipid peroxyl radicals. The only reliable 
method for determining an organism’s antioxidant 
capability is through TAC measurement [9]. A decrease 
in kidney tissue TAC levels was noted during renal IRI 
[10]. Apoptosis is the process through which a cell 
ceases to divide and develop in favor of an action that 
finally results in the cell’s controlled death without dis-
charging its contents into the immediate environment 
[11]. Apoptosis occurs as a result of excessive reactive 
oxygen species (ROS) generation that causes oxidative 
stress, which in turn triggers lipid peroxidation and 
ultimately results in cell death during the process of 
renal ischemia reperfusion damage [12]. When a cell 
undergoes apoptosis, caspase-3, the final caspases in 
the cascade, is activated by both internal and extrinsic 
mechanisms [13]. Caspase-3 has been extensively 
examined among the several caspases proteins, and 
it has been suggested that it plays a major factor in 
renal dysfunction [14]. A protein kinase signalling 
molecule called extracellular signal-regulated kinase 
(ERK) belongs to the MAPK family along with p38 
MAPKs, extracellular signal-regulated kinase 5 (ERK5), 
and c-Jun N-terminal kinases (JNKs). The phosphoryla-
tion processes that trigger these enzymes, which are a 
component of the mitochondrial route for apoptosis, 
amplify and send signals from the cell membrane to 
the nucleus. Growing data suggests that the MAPK 
protein family is essential for ROS-mediated apoptosis 
[15]. Among the three recognized MAPK signalling 
pathways, ERK-associated intracellular signal trans-
duction pathways are considered as traditional MAPK 
pathways. Activation of the P38MAPK and ERK1/2 
signal transduction pathways is known to regulate 
cell growth and differentiation, but accumulating 
evidence suggests that these pathways also play a 
role in cell death [16]. An immediate early gene called 
transcription factor-early growth response-1 (EGR1) is 
involved in the processes of growth, differentiation, 
apoptosis, and wound healing [17]. EGR1 was found 
in the proximal tubule of kidney disease patients and 
was activated by hypoxic stimuli. EGR1 silencing could 
improve diabetic kidney disease and prevent renal 
fibrosis and inflammation [18]. 

Tilianin, also known as acacetin-7-glucoside, is 
an active flavonoid glycoside that is obtained from 
several medicinal plants, most notably Dracocepha-
lum moldavica. It was highlighted for a wide range 
of biological activities, including anti-diabetic 
characteristics [19], anti-inflammatory, antioxidant, 
and anti-depressant effects, Cardioprotection [20, 
21], and neuroprotection. Tilianin suppresses cell 

death through the mitochondrial route, making it a 
potential therapeutic treatment for ischemia reperfu-
sion-induced AKI. This impact is achieved by reducing 
ERK pathway activation and downregulating EGR1 
expression [18]. 

THE AIM
The aim of this research is to determine whether Tilianin 
(TIL) may have nephroprotective effects on bilateral 
renal IRI in rats by analyzing kidney function biomarkers 
U and Cr, inflammatory cytokines like TNF α and IL-1β, 
antioxidant marker total anti-oxidant capacity (TAC), 
anti-apoptotic markers caspase-3, and histopatholog-
ical scores.

MATERIALS AND METHODS

ANIMAL PREPARATION, TREATMENT, AND 
SACRIFICE
Adult Spragge-Dawley rats were used in this study 
weighing between 200 and 350 g at ages 20 to 24 
weeks. They were acquired from the Ministry of Health/
Center of Control and Pharmaceutical Research/Bagh-
dad and housed in the animal home at the Animal Re-
sources Center/College of Sciences/University of Kufa. 
The rats were fed a normal diet made up of food and 
tap water. All rats were included in the study once the 
Institutional Animal Care and Use Committee (IACUC) 
at the University of Kufa gave its consent. 

STUDY DESIGN
The rats were randomly separated into an even 4 groups 
(each group had five rats) for the case control study’s 
case study design: 
•  Sham group: Rats experienced median laparotomy 

for around 2 hours and 30 minutes, but with no 
ischemia induction; 

•  Control group: Rats experienced bilateral renal isch-
emia for 30 min, then initiate reperfusion through 
restoring renal blood flow for 2 hours [22]; 

•  Vehicle group: Rats administered intraperitoneal 
injection of mixture of corn oil and DMSO (Medche-
mexpress/USA) 30 min before ischemia induction. 
Then rats experienced 30 min bilateral renal isch-
emia and 2 hours’ reperfusion [22]; 

•  Tilianin treated group: Total of five rats administered 
intraperitoneal injection of Tilianin 5 mg/kg [23] 
30 min [24] before ischemia induction. Then after 
receiving anesthesia, the rats experienced 30 min 
bilateral renal ischemia and 2 hours’ reperfusion [22].
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EXPERIMENTAL STUDY MODEL
Before the experiment, rats must be weighed, for 
which 100 mg/kg ketamine and 10 mg/kg xylazine 
are injected intraperitoneally to provide anesthesia. 
After the rats were fixed with stickers, their chest and 
abdominal hair were shaved, and the full sedation 
were ensured. Through a midline laparotomy incision, 
the intestine was withdrawn, exposing the abdomen 
and both renal pedicles. The renal pedicles were 
isolated for the bilateral ischemia model by securing 
non-trauma micro vascular clamps around the renal 
arteries and veins [25].  After a few minutes, the color 
of the kidneys changes from red to dark purple, and 
light stains start to develop on the surface, indicating 
that blood flow is being blocked. The pedicles were 
released from the clamps after 30 minutes, allowing 
renal blood flow to be restored, and the dark purple 
color of the kidneys changed to pale red [31], sig-
naling the start of the two-hour reperfusion phase 
[25].  The kidney was repositioned and the abdominal 
cavity incision was stitched with three interrupted 
sutures.  Then euthanasia is performed by deep 
anesthesia. Finally, blood and tissue samples were 
gathered for the study. It has been demonstrated 
that ischemia lasting more than 20 minutes causes 
kidney injury [27]. 

PREPARATION OF TILIANIN
The pure powder of Tilianin was purchased from 
Medchemexpress, USA Company. Molecular Formula: 
C₂₂H₂₂O₁₀. Chemical name: acacetin-7-O-β-D-glucopyra-
noside. CAS Number: 4291-60-5. Purity: > 98% (HPLC). 
Physical description: solubility is more than 2.08 mg/
mL (4.66 mM). Administer 2.403 ml/kg intraperitoneally, 
prepared by dissolving 2.08 mg of Tilianin in a mixture 
of 10% DMSO and 90% corn oil according to instruc-
tions leaflet of manufactured company and prepared 
immediately before use (Med Chem Express company 
instructions). The dose of drug that was used is 5mg/
kg of rat weight intraperitoneally [23].

PREPARATION SAMPLES OF BLOOD FOR 
DETERMINING OF KIDNEY FUNCTION 
PARAMETERS
After two hours of reperfusion, the surgery was com-
pleted, and blood was immediately drawn from each 
rat’s heart (3.5-5 ml). The blood sample was placed in a 
gel tube that had been pre-labeled and left untreated 
for 30 minutes at a temperature of 37°C. The serum 
required for determining urea and creatinine was then 

produced by centrifuging each gel tube at 3000 rpm 
for 10 minutes [28]. 

PREPARATION OF TISSUE FOR 
MEASUREMENT OF TNF-Α, IL1-Β, AND 
CASPASES 3 BY ELISA, AND MEASUREMENT 
OF TOTAL ANTI-OXIDANT CAPACITY BY 
COLORIMETRIC METHOD
At the end of reperfusion period, the left kidney was 
removed and rinsed with ice-cold isotonic solution 0.9% 
to eliminate any blood clots before being divided into 
two parts.  One part undergo homogenization with a 
high intensity ultrasonic liquid processor in a percent 
of 1:10 (w/v) phosphate buffered saline that contain 
1% Triton X-100 and a protease inhibitor cocktail. Then 
the homogenate undergo centrifugation at 14000 rpm 
for 20 min at a temperature 4°C [29]. Thereafter, the 
supernatant is collected for determination of TNF-α, 
IL1-β, and Caspase3 by ELIZA technique as well as TAC 
measurement through colorimetric method.

SAMPLING OF TISSUE FOR HISTOPATHOLOGY 
ANALYSIS AND GRADING THE SCORE DAMAGE 
The remaining left renal tissue was fixed in 10% forma-
lin, dehydrated in a series of alcohols, cleaned in xylene, 
and then embedded in paraffin to create the paraffin 
block. Once fixation was complete, a score evaluation 
utilizing light microscopy was done by a researcher who 
was unaware of the experimental treatment groups. 
Renal tubule injury is indicated by tubular epithelial 
swelling, brush boundary loss, vacuolar degeneration, 
and cast formation [30]. A magnification of X100 and 
X400 was used to determine renal damage.  The per-
centage of renal tubular damage was calculated from 
the score of histological alterations in the kidney tissue 
segment: 
Score 0, represents normal;
Score 1, represent < 25% of damage tubules;
Score 2, represent 26%-50% of damage tubules;
Score 3, represent 51% -75% of damage tubules;
Score 4, represent 76% -100% of damage tubules [31].

STATISTICAL ANALYSIS
According to GraphPad Prism version 7, the experi-
mental results were statistically analyzed using Tukey 
multiple comparisons. A one-way analysis of variance 
(ANOVA) was used to determine the significance of 
group differences. P value ≤ 0.01 was regarded as sta-
tistically significant. The values were given as mean ± 
standard errors of the mean (SEM). 
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RESULTS
Effects of IRI and Tilianin on kidney function parameters 
(blood urea nitrogen and serum creatinine)

The results of the current study showed that serum 
levels of urea (U) and creatinine (Cr) were significantly 
elevated (p ≤ 0.01) in the control and vehicle groups 
compared to the sham group. However, there was no 
significant (p ≥ 0.01) difference between the control and 
vehicle groups when compared. However, when com-
pared to the levels in the control and vehicle groups, the 
Tilianin-treated group demonstrated a substantial (p ≤ 
0.01) decrease in serum levels of urea and creatinine. 

Mean serum U and Cr level as it shown in figure 1 and 
figure 2, respectively.

EFFECTS OF IRI AND TILIANIN ON 
INFLAMMATORY MARKERS TNF-Α AND IL1-Β
The results of the current study showed that renal tissue 
levels of Tumor Necrosis Factor (TNF-α) and Interluk-
ine-1β (IL1-β) were significantly elevated (p ≤ 0.01) in 
the control and vehicle groups compared to the sham 
group. However, there was no significant (p ≥ 0.01) dif-
ference between the control and vehicle groups when 

Fig. 1. Mean serum urea (mg/dl) level of the 
4 groups after collecting all samples. The data 
are presented as mean ± SEM, with a sample 
size of five. For statistical analysis, a one-way 
ANOVA with Tukey multiple comparisons was 
used. Control & Vehicle groups vs. Sham group. 
p-value ≤ 0.01; TIL group vs. Control & Vehicle 
groups: p-value ≤ 0.01; TIL: Tilianin. 

Fig. 2. Mean serum creatinine (mg/dl) level 
of the 4 groups after collecting all samples. 
The data are presented as mean ± SEM, with 
a sample size of five. For statistical analysis, 
a one-way ANOVA with Tukey multiple com-
parisons was used. Control & Vehicle groups 
vs. Sham group. P value ≤ 0.01; TIL group 
vs. Control & Vehicle groups: p-value ≤ 0.01; 
TIL: Tilianin.
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compared. However, when compared to the levels in 
the control and vehicle groups, the Tilianin-treated 
group demonstrated a substantial (p ≤ 0.01) decrease 
in renal tissue levels of TNF-α, and IL1-β. Mean tissue 
TNF-α and IL1-β level are shown in figure 3 and figure 
4 respectively.

EFFECTS OF IRI AND TILIANIN ON 
APOPTOTIC MARKER (CASPASE-3)
The results of the current study showed that renal tissue lev-
el of caspase-3 were significantly elevated (p ≤ 0.01) in the 

control and vehicle groups compared to the sham group. 
However, there was no significant (p ≥ 0.01) difference 
between the control and vehicle groups when compared. 
However, when compared to the levels in the control and 
vehicle groups, the Tilianin-treated group demonstrated 
a substantial (p ≤ 0.01) decrease in renal tissue levels of 
caspase-3. Mean tissue caspases 3 level (Fig. 5).

EFFECTS OF IRI AND TILIANIN ON TAC
The results of the current study showed that renal 
tissue level of total anti-oxidant capacity (TAC) were 

Fig. 3. Mean level of TNFα in renal tissue (ng/l) 
of the 4 groups after collecting all samples. 
The data are presented as mean ± SEM, with 
a sample size of five. For statistical analysis, 
a one-way ANOVA with Tukey multiple com-
parisons was used. Control & Vehicle groups 
vs. Sham group. p-value ≤ 0.01; TIL group 
vs. Control & Vehicle groups: p-value ≤ 0.01; 
TIL: Tilianin.

Fig. 4. Mean serum IL-1β (ng/ml) level of the 
4 groups after collecting all samples. The data 
are presented as mean ± SEM, with a sample 
size of five. For statistical analysis, a one-way 
ANOVA with Tukey multiple comparisons was 
used. Control & Vehicle groups vs. Sham group. 
p-value ≤ 0.01; TIL group vs. Control & Vehicle 
groups: p-value ≤ 0.01; TIL: Tilianin.
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The kidney tissue cross section from the sham group 
displayed a normal renal structure, glomerulus, and 
kidney tubules (Fig. 8A).  As it shown, the renal tissue 
cross section from the control group (Fig. 8B), on the 
other hand, showed aberrant renal structure and 
severe kidney damage, with the renal tubules being 
damaged to an extent of 80% and showing enhanced 
eosinophilia, vacuolated epithelium, and Eosinophilic 
cast; interpreted in high severity score (severity score 
mean=4).  The kidney tissue of the vehicle group was 
cross-sectioned, revealing injured kidney structure and 
severe renal injury (damage of about 80%), including 
renal tubules dilatation, loss of the brush border, in-

significantly reduced (p ≤0.01) in the control and vehicle 
groups compared to the sham group. However, there 
was no significant (p ≥0.01) difference between the 
control and vehicle groups when compared. However, 
when compared to the levels in the control and vehi-
cle groups, the Tilianin-treated group demonstrated a 
substantial (p ≤0.01) increase in renal tissue levels of 
TAC. Mean tissue TAC level (Fig. 6).

HISTOPATHOLOGICAL EXAMINATION
The damage score and the histology results are dis-
played in figure 7 and figure 8 at the end of the study. 

Fig. 5. Mean serum caspase-3 (ng/ml) level 
of the 4 groups after collecting all samples. 
The data are presented as mean ± SEM, with 
a sample size of five. For statistical analysis, 
a one-way ANOVA with Tukey multiple com-
parisons was used. Control & Vehicle groups 
vs. Sham group. p-value ≤0.01; TIL group 
vs. Control & Vehicle groups: p-value ≤ 0.01; 
TIL: Tilianin.

Fig. 6. Mean serum TAC (U/ml) level of the 4 
groups after collecting all samples. The data 
are presented as mean ± SEM, with a sample 
size of five. For statistical analysis, a one-way 
ANOVA with Tukey multiple comparisons was 
used. Control & Vehicle groups vs. Sham group. 
p-value ≤ 0.01; TIL group vs. Control & Vehicle 
groups: p-value ≤ 0.01; TIL: Tilianin.
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period is referred as “ischemia reperfusion injury” (IRI). 
In addition to the negative effects of ischemia, resto-
ration of blood flow can also have harmful impacts on 
the tissue, such as necrosis of irreparably damaged 
cells, apparent cell swelling, and uneven restoration of 
blood flow [1]. Acute kidney injury (AKI) brought on by 
renal ischemia-reperfusion injury (IRI) is still a significant 
disorder that is accompanied by an unacceptable high 
morbidity rate. This leads to extended hospitalization, 
major renal disease, and occasionally even death [4]. 

creased cytoplasmic eosinophilia, vascular congestion, 
and hemorrhage (figure 8C). The kidney tissue cross sec-
tion of the TIL-treated group showed mild to moderate 
kidney structural alterations, with damage impacting 
35% of the renal tubules (Fig. 8D). 

DISCUSSION
The structural and functional alterations take place in 
response to restoration of blood flow after an ischemia 

Fig. 7. Severity score mean of histopatho-
logical kidney tissue of the 4 groups after 
collecting all samples. The data are presented 
as mean ± SEM, with a sample size of five. For 
statistical analysis, a one-way ANOVA with 
Tukey multiple comparisons was used. Control 
& Vehicle groups vs. Sham group. p-value ≤ 
0.01; TIL group vs. Control & Vehicle groups: 
p-value ≤ 0.01; TIL: Tilianin.

Fig. 8. Renal tissues undergo staining with 
hematoxylin and eosin A. Sham group. A cross 
section of left kidney showed normal histolo-
gy. 400×. B. Control group. Cellular swelling 
and cytoplasmic eosinophilia, vacuolated 
epithelium, and Eosinophilic cast. 100×. C. 
Vehicle group cellular swelling and cytoplas-
mic eosinophilia (red arrow). 400×. D. Tilianin 
treated group. A cross section of left kidney 
revealed score 2. The renal ischemic changes 
with damage affecting 35% of renal tubules, 
including cellular swelling and cytoplasmic 
eosinophilia (red arrows) and presence of 
normal renal tubules (blue arrow). 400×.
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to both control and vehicle groups. The score severity 
mean for the vehicle and control groups indicated se-
vere kidney damage, but the score severity mean for 
the group receiving Tilianin treatment suggested mild 
to moderate damage.  Our findings in settlement with 
other studies. One experimental investigation that eval-
uated Tilianin renoprotective impact after giving it to 
diabetic rats, showed improvement in glomerular and 
tubular damage. The fact that TIL improved the renal 
functions of diabetic rats in the results shows that it has 
anti-oxidative and anti-inflammatory properties [34]. 
A different experimental study suggested that Tilianin 
enhances kidney function following the generation 
of ischemia-reperfusion damage  causes AKI in mice. 
The tubular damage score dropped to around the half 
of what was seen in the IRI group after TIL injection, 
indicating that Tilianin protects kidney function in vivo 
by suppressing the ERK/EGR1 signalling pathway [18]. 
This study discovered that after ischemia reperfusion 
damage, both the control and vehicle groups’ levels of 
TNF-α and IL-1β were considerably (p ≤ 0.01) higher 
than those of the sham group. The findings supported 
those of other studies. According to the study, renal 
ischemia for 45 minutes followed by reperfusion for 6 or 
24 hours induced structural and functional damage to 
the kidneys, as well as systemic and renal inflammation, 
which is shown by a rise in TNF-α levels in injured tissue 
[37]. As for IL-1β, several studies revealed a significant 
elevation in its level in both control and vehicle groups 
as compared to sham group. 

The development of renal IRI is significantly influ-
enced by the inflammatory response. During the in-
flammatory process, there is a marked accumulation 
of neutrophils, and inflammatory factors, chemokines, 
and adhesion molecules produced as a result of the 
inflammatory response can further activate neutro-
phils. Chemotaxis then causes them to infiltrate and 
aggregate, which exacerbates renal injury [38]. Tilianin 
pretreated group showed a remarkable (p≤ 0.01) reduc-
tion in the level of inflammatory mediators (TNFα, and 
IL-1β) in kidney ischemic tissues as compared with the 
levels of those inflammatory cytokines in both control 
and vehicle groups. This result indicates that Tilianin 
has an anti-inflammatory effect on kidney tissues that 
underwent ischemia and then had their blood flow 
restored. Our findings agreed with other experimental 
studies. According to one study, Tilianin significantly 
reduced of the gene expression of TNF-α, suggesting 
that the main cause of its anti-inflammatory actions was 
the downregulation of the TNF-α/NF-КB pathways [39]. 
According to a study, pretreatment with Tilianin dramat-
ically reduced the production of the pro-inflammatory 
mediators IL-1β and TNF-α in a dose-dependent way. 

The current experimental study showed that following 
ischemia reperfusion injury, urea and creatinine serum 
levels were elevated significantly (p ≤ 0.01) in both 
the control and vehicle groups compared to the sham 
group. These results agreed with other studies. In a rat 
model research using IRI, blood levels of urea and cre-
atinine were significantly elevated in the control group 
due to renal tubule injury after a 45-minute ischemia 
period and a 24-hour reperfusion period [32]. Anoth-
er study that compared the control group to a sham 
group likewise found that blood urea and creatinine 
levels were higher in the control group. This increase 
in serum nitrogenous waste products, including urea 
and creatinine, was explained by reduction in oxygen 
and nutrient availability [33]. Tilianin pretreated group 
showed significant (p ≤ 0.01) reduction in serum urea 
and creatinine levels as compared with their levels in 
control and vehicle groups. This research demonstrates 
that TIL protects parameters of kidney function after 
development of renal IRI  in a rat model (urea and cre-
atinine). This finding agreed with other studies. One 
trial involving the renoprotective impact of Tilianin in 
diabetic rats revealed a significant drop in blood levels 
of urea and creatinine, which was attributed to the 
anti-oxidative and anti-inflammatory properties of TIL 
and led to an improvement in the diabetic rats’ renal 
functioning. The NrF2/Keap1 signaling pathway is the 
mechanism via which TIL exerts its antioxidant effects 
[34]. This experimental study found that the control 
and vehicle groups’ mean severity scores for a portion 
of the left kidney were significantly (p≤ 0.01) higher 
than the score for the sham group. Cellular edema, 
cytoplasmic eosinophilia, the disappearance of brush 
borders, desquamation of epithelial cells, formation of 
casts in tubular lumens, vascular congestion, interstitial 
inflammation and bleeding are some of these histolog-
ical alterations. These results had been consistent with 
those of other studies. According to one of these inves-
tigations, the ischemia reperfusion injury can result in 
epithelial cell vacuolization, tubule casting, tubule dila-
tation, and loss of brush border [35]. Other studies have 
demonstrated renal histological deformation due to 
ischemia reperfusion damage, including cell desquama-
tion, congestion, necrosis, and apoptosis. Another study 
found that bilateral IRI could significantly damage the 
renal tubules, reduce the number of normal renal cells, 
and increase gene expression that causes macrophage 
accumulation, which in turn affects cell proliferation, 
leukocyte migration to the site of injury, suppresses 
cellular immunity, and ultimately activates the inflam-
matory response that results in additional renal damage 
[36]. Tilianin pretreated group showed a remarkable (P 
≤ 0.01) reduction in renal damage severity compared 



THE POTENTIAL RENOPROTECTIVE EFFECT OF TILIANIN IN RENAL ISCHEMIA REPERFUSION INJURY IN MALE RAT...

2665

This outcome was consistent with findings from prior 
research. Caspase-3 levels in the sham group were lower 
than in the control group, according to an experimental 
investigation that involved bilateral renal ischemia for 
60 minutes, followed by 24 hours of reperfusion in a 
rat study model [10]. A rat model experiment revealed 
that after 30 minutes of ischemia and two hours of 
reperfusion, the levels of caspase-3 in the control and 
vehicle groups were significantly higher than in the 
sham group [42]. The ROS generation during IR injury, 
which also causes the initiation of the inflammatory 
response and the occurrence of AKI, is responsible for 
the adverse effects of IR injury on the cell. Furthermore, 
the generation of ROS activates the signaling pathways 
that lead to cell death and necrosis [34]. According to 
the results of the current study, pretreatment with the 
phenolic flavonoid Tilianin before the induction of isch-
emia can significantly (p ≤ 0.01) reduce the expression 
of caspase-3 in injured kidney tissues as compared to 
the control and vehicle groups. Our result is in settle-
ment with other studies. In one study, the effectiveness 
of Tilianin against ischemia injury in neuronal cells was 
demonstrated. TIL administration reduced pro-apoptot-
ic cytochrome c production and caspase-3 activation 
in vitro. These findings showed that Tilianin effectively 
controlled mitochondrial malfunction and played a 
significant role in preventing apoptosis [21]. When used 
as a pretreatment for oxidative stress and apoptosis in a 
cellular model of Parkinson’s disease, a study indicated 
that Tilianin had a dose-dependent reduction in the 
number of apoptotic cells. Additionally, after receiving 
Tilianin administration, caspase-3 protein expression 
levels decreased [40]. 

CONCLUSIONS
Our results show that Tilianin has a significant nephro-
protective effect in renal ischemia-reperfusion injury, 
as demonstrated by improvements in kidney function 
parameters (urea and creatinine), and a reduction in 
the expression of inflammatory mediators (TNF-α, and 
IL-1β), a confirmation of the anti-inflammatory effect, 
an increase in the TAC of cells against free radicals 
and ROS in ischemic kidney tissues, an indication of 
antioxidant activity, and a decrease in the level of the  
anti-apoptotic impact. 

These findings suggested that Tilianin might reduce 
inflammation. Additionally, this research showed that 
Tilianin has an anti-inflammatory effect via inhibiting 
the MAPK/ERK signaling pathway [40]. The current ex-
perimental study found that after IRI, that the levels of 
total antioxidant capacity (TAC) in renal tissues in both 
the control and vehicle groups significantly decreased 
(p≤ 0.01) compared to the sham group. In comparison 
to normal tissues, injured kidney tissues (control and 
vehicle groups) exhibit this downregulation that is ex-
plained by an increase in oxidative stress and ROS (sham 
group).  Other studies have endorsed our conclusion. 
According to one study, reoxygenation of the ischemic 
kidney causes the creation of ROS, which in turn causes 
the activation of cytokines and chemokines, which is 
what causes the large fall in TAC tissue level after IRI. 
After IRI, the antioxidant defense system deteriorates, 
and the amount of MDA, a byproduct of lipid peroxi-
dation, increases while antioxidant levels decrease.  All 
of these processes result in cell apoptosis [41]. In com-
parison to the control and vehicle groups, the Tilianin 
pretreatment group had a significant (p≤0.01) increase 
of TAC expression while a reduction in oxidative stress 
and the production of free radicals in injured kidney 
tissues. This suggests that Tilianin has an anti-oxidative 
effect on damaged renal tissues brought on by ischemia 
and reperfusion. The effect of Tilianin on total antiox-
idant capacity in rat or mouse models has not been 
studied previously. One study, however, examined the 
cardio-protective action of TIL in a rat model of cardiac 
ischemia and reperfusion injury and examined the an-
ti-oxidative effect of TIL by assessing malondialdehyde 
(MDA), an oxidative stress marker, and superoxide 
dismutase (SOD), an antioxidant enzyme. The outcome 
confirmed the antioxidant effect of tilianin, showing 
that it decreased MDA levels and increased SOD ac-
tivity [20]. The Nrf2 signaling pathway, amplification 
of Nrf2-regulated genes, and several cytoprotective 
enzymes, particularly HO-1, are the mechanisms that 
underlie the enhancement of SOD and the down-reg-
ulation of MDA. The activation of the HO-1 enzyme 
was confirmed to protect cells from oxidative-induced 
damage [34]. The current experimental investigation 
showed that following IRI, the levels of caspase-3 in the 
renal tissues were considerably higher in the control 
and vehicle groups (p ≤ 0.01) than in the sham group. 

REFERENCES
 1.  Soares ROS, Losada DM, Jordani MC, et al. Ischemia/Reperfusion Injury Revisited: An Overview of the Latest Pharmacological Strategies. 

Int J Mol Sci. 2019;20(20):5034. doi:10.3390/ijms20205034.
 2.  Malek M, Nematbakhsh M. Renal ischemia/reperfusion injury; from pathophysiology to treatment. J Renal Inj Prev. 2015;4(2):20-27. 

doi:10.12861/jrip.2015.06.



Raghad Abdul Hameed Ali et al. 

2666

 3.  Evans RG, Ince C, Joles JA, et al. Haemodynamic influences on kidney oxygenation: clinical implications of integrative physiology. Clin 
Exp Pharmacol Physiol. 2013;40(2):106-122. doi:10.1111/1440-1681.12031.

 4.  Kezić A, Stajic N, Thaiss F. Innate Immune Response in Kidney Ischemia/Reperfusion Injury: Potential Target for Therapy. J Immunol Res. 
2017;2017:6305439. doi:10.1155/2017/6305439.

 5.  Zou G, Zhou Z, Xi X, et al. Pioglitazone Ameliorates Renal Ischemia-Reperfusion Injury via Inhibition of NF-κB Activation and Inflammation 
in Rats. Front Physiol. 2021;12:707344. doi:10.3389/fphys.2021.707344.

 6.  Jang DI, Lee AH, Shin HY, et al. The Role of Tumor Necrosis Factor Alpha (TNF-α) in Autoimmune Disease and Current TNF-α Inhibitors in 
Therapeutics. Int J Mol Sci. 2021;22(5):2719. doi:10.3390/ijms22052719.

 7.  Bent R, Moll L, Grabbe S, et al. Interleukin-1 Beta-A Friend or Foe in Malignancies? Int J Mol Sci. 2018;19(8):2155. doi:10.3390/
ijms19082155.

 8.  Forman HJ, Zhang H. Targeting oxidative stress in disease: promise and limitations of antioxidant therapy [published correction appears 
in Nat Rev Drug Discov. 2021 Aug;20(8):652]. Nat Rev Drug Discov. 2021;20(9):689-709. doi:10.1038/s41573-021-00233-1.

 9.  Awad AS, Elariny HA, Sallam AS. The possible protective effect of colchicine against liver damage induced by renal ischemia-reperfusion 
injury: role of Nrf2 and NLRP3 inflammasome. Can J Physiol Pharmacol. 2020;98(12):849-854. doi:10.1139/cjpp-2020-0230.

 10.  Karimi Z, SoukhakLari R, Rahimi-Jaberi K, et al. Nanomicellar curcuminoids attenuates renal ischemia/reperfusion injury in rat through 
prevention of apoptosis and downregulation of MAPKs pathways. Mol Biol Rep. 2021;48(2):1735-1743. doi:10.1007/s11033-021-06214-2.

 11.  D’Arcy MS. Cell death: a review of the major forms of apoptosis, necrosis and autophagy. Cell Biol Int. 2019;43(6):582-592. doi:10.1002/
cbin.11137.

 12.  Liu D, Tang S, Gan L, et al. Renal-protective effects and potential mechanisms of traditional Chinese medicine after ischemia-reperfusion 
injury. Evid Based Complement Alternat Med. 2021;2021:5579327. doi:10.1155/2021/5579327.

 13.  Nagata S. Apoptosis and clearance of apoptotic cells. Annu Rev Immunol. 2018;36:489-517. doi:10.1146/annurev-immunol-042617-053010.
 14.  Yang B, Lan S, Dieudé M, et al. Caspase-3 Is a pivotal regulator of microvascular rarefaction and renal fibrosis after ischemia-reperfusion 

injury. J Am Soc Nephrol. 2018;29(7):1900-1916. doi:10.1681/ASN.2017050581.
 15.  Li J, Wang F, Xia Y, et al. Astaxanthin pretreatment attenuates hepatic ischemia reperfusion-induced apoptosis and autophagy via the 

ROS/MAPK pathway in mice. Mar Drugs. 2015;13(6):3368-3387. doi:10.3390/md13063368.
 16.  Liu B, Hu D, Zhou Y, et al. Exosomes released by human umbilical cord mesenchymal stem cells protect against renal interstitial fibrosis 

through ROS-mediated P38MAPK/ERK signaling pathway. Am J Transl Res. 2020;12(9):4998-5014. 
 17.  Li L, Ameri AH, Wang S, et al. EGR1 regulates angiogenic and osteoclastogenic factors in prostate cancer and promotes metastasis. 

Oncogene. 2019;38(35):6241-6255. doi:10.1038/s41388-019-0873-8.
 18.  Liu Z, Guan C, Li C, et al. Tilianin reduces apoptosis via the ERK/EGR1/BCL2L1 pathway in ischemia/reperfusion-induced acute kidney 

injury mice. Front Pharmacol. 2022;13:862584. doi:10.3389/fphar.2022.862584.
 19.  García-Díaz JA, Navarrete-Vázquez G, García-Jiménez S, et al. Antidiabetic, antihyperlipidemic and anti-inflammatory effects of tilianin 

in streptozotocin-nicotinamide diabetic rats. Biomed Pharmacother. 2016;83:667-675. doi:10.1016/j.biopha.2016.07.023. 
 20.  Zeng C, Zheng RF, Du YW, et al. Optimization and in vitro evaluation of TAT and PEG co-modified tilianin-loaded composite phospholipid 

liposomes. Chinese Traditional and Herbal Drugs. 2018;49(21):5061-5069. doi:10.7501/j.issn.0253-2670.2018.21.017.
 21.  Jiang H, Fang J, Xing J, et al. Tilianin mediates neuroprotection against ischemic injury by attenuating CaMKII-dependent mitochondrion-

mediated apoptosis and MAPK/NF-κB signaling. Life Sci. 2019;216:233-245. doi:10.1016/j.lfs.2018.11.035.
 22.  Zografos CG, Chrysikos D, Pittaras T, et al. The effects of ascorbic acid and U-74389G on renal ischemia-reperfusion injury in a rat model. 

In Vivo. 2020;34(5):2475-2484. doi:10.21873/invivo.12063.
 23.  Tian L, Cao W, Yue R, et al. Pretreatment with Tilianin improves mitochondrial energy metabolism and oxidative stress in rats with 

myocardial ischemia/reperfusion injury via AMPK/SIRT1/PGC-1 alpha signaling pathway. J Pharmacol Sci. 2019;139(4):352-360. 
doi:10.1016/j.jphs.2019.02.008.

 24.  Jiang H, Xing J, Fang J, et al. Tilianin protects against ischemia/reperfusion-induced myocardial injury through the inhibition of the Ca2+/
Calmodulin-dependent protein kinase II-dependent apoptotic and inflammatory signaling pathways. Biomed Res Int. 2020;2020:5939715. 
doi:10.1155/2020/5939715.

 25.  Park WS, Park MS, Kang SW, et al. Hesperidin shows protective effects on renal function in ischemia-induced acute kidney injury (Sprague-
Dawley Rats). Transplant Proc. 2019;51(8):2838-2841. doi:10.1016/j.transproceed.2019.02.055. 

 26.  Goncharov RG, Rogov KA, Temnov AA, et al. Protective role of exogenous recombinant peroxiredoxin 6 under ischemia-reperfusion injury 
of kidney. Cell Tissue Res. 2019;378(2):319-332. doi:10.1007/s00441-019-03073-z.

 27.  Shen S, Zhou J, Meng S, et al. The protective effects of ischemic preconditioning on rats with renal ischemia-reperfusion injury and the 
effects on the expression of Bcl-2 and Bax. Exp Ther Med. 2017;14(5):4077-4082. doi:10.3892/etm.2017.5047.

 28.  Sun W, Li A, Wang Z, et al. Tetramethylpyrazine alleviates acute kidney injury by inhibiting NLRP3/HIF-1α and apoptosis. Mol Med Rep. 
2020;22(4):2655-2664. doi:10.3892/mmr.2020.11378.



THE POTENTIAL RENOPROTECTIVE EFFECT OF TILIANIN IN RENAL ISCHEMIA REPERFUSION INJURY IN MALE RAT...

2667

 29.  Gao X, Tsai RYL, Ma J, et al. Determination and validation of mycophenolic acid by a UPLC-MS/MS method: Applications to pharmacokinetics 
and tongue tissue distribution studies in rats. J Chromatogr B Analyt Technol Biomed Life Sci. 2020;1136:121930. doi:10.1016/j.
jchromb.2019.121930.

 30.  McLarnon SR, Wilson K, Patel B, et al. Lipopolysaccharide pretreatment prevents medullary vascular congestion following renal ischemia 
by limiting early reperfusion of the medullary circulation. J Am Soc Nephrol. 2022;33(4):769-785. doi:10.1681/ASN.2021081089.

 31.  Feng R, Xiong Y, Lei Y, et al. Lysine-specific demethylase 1 aggravated oxidative stress and ferroptosis induced by renal ischemia and 
reperfusion injury through activation of TLR4/NOX4 pathway in mice. J Cell Mol Med. 2022;26(15):4254-4267. doi:10.1111/jcmm.17444. 

 32.  Ahmadvand H, Yalameha B, Adibhesami G, et al. The protective role of gallic acid pretreatment on renal ischemia-reperfusion injury in 
rats. Rep Biochem Mol Biol. 2019;8(1):42-48.

 33.  Güvenç M, Cellat M, Uyar A, et al. Nobiletin protects from renal ischemia-reperfusion injury in rats by suppressing inflammatory cytokines 
and regulating iNOS-eNOS expressions. Inflammation. 2020;43(1):336-346. doi:10.1007/s10753-019-01123-w.

 34.  Zhang R, Lu M, Zhang S, et al. Renoprotective effects of Tilianin in diabetic rats through modulation of oxidative stress via Nrf2-Keap1 
pathway and inflammation via TLR4/MAPK/NF-κB pathways. Int Immunopharmacol. 2020;88:106967. doi:10.1016/j.intimp.2020.106967.

 35.  Zhao F, Zhu J, Zhang M, et al. OGG1 aggravates renal ischemia-reperfusion injury by repressing PINK1-mediated mitophagy. Cell Prolif. 
2023;56(8):e13418. doi:10.1111/cpr.13418.

 36.  Hammad FT, Al-Salam S, Ahmad R, et al. The effect of nerolidol renal dysfunction following ischemia-reperfusion injury in the rat. 
Nutrients. 2023;15(2):455. doi:10.3390/nu15020455.

 37.  Elshazly S, Soliman E. PPAR gamma agonist, pioglitazone, rescues liver damage induced by renal ischemia/reperfusion injury. Toxicol 
Appl Pharmacol. 2019;362:86-94. doi:10.1016/j.taap.2018.10.022.

 38.  Xu X, Deng R, Zou L, et al. Sevoflurane participates in the protection of rat renal ischemia-reperfusion injury by down-regulating the 
expression of TRPM7. Immun Inflamm Dis. 2023;11(1):e753. DOI:10.1002/iid3.753.

 39.  Shen W, Anwaier G, Cao Y, et al. Atheroprotective mechanisms of Tilianin by inhibiting inflammation through down-regulating NF-κB 
pathway and foam cells formation. Front Physiol. 2019;10:825. doi:10.3389/fphys.2019.00825.

 40.  Li J, Xu S. Tilianin attenuates MPP+-induced oxidative stress and apoptosis of dopaminergic neurons in a cellular model of Parkinson’s 
disease. Exp Ther Med. 2022;23(4):293. doi:10.3892/etm.2022.11223.

 41.  Çakır M, Tekin S, Taşlıdere A, et al. Protective effect of N-(p-amylcinnamoyl) anthranilic acid, phospholipase A2 enzyme inhibitor, and transient receptor 
potential melastatin-2 channel blocker against renal ischemia-reperfusion injury. J Cell Biochem. 2019;120(3):3822-3832. doi:10.1002/jcb.27664.

 42.  Hasan RF, Altimimi ML, Alaridy HM et al. Nephroprotective potential effect of quercttin in renal ischemia reperfusion injury in rat model 
(role of Akt/m TOR pathway). Sys Rev Pharm 2020;11(1):315-325. doi: 10.5530/srp.2020.1.41.

ORCID and contributionship: 
Raghad Abdul Hameed Ali: 0009-0007-0163-678X B-C

Murooj Altimimi: 0009-0003-8457-9792 A-B,D-E

Najah Rayish Hadi: 0000-0001-9084-591X A,E-F

Conflict of interest: 
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Najah Rayish Hadi 
Department of Pharmacology & Therapeutics, 
Faculty of Medicine, University of Kufa, Iraq
e-mail: drnajahhadi@yahoo.com

Received: 23.09.2023
Accepted: 20.11.2023

A - Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis, D – Writing the article, E – Critical review, F – Final approval of the article

     Article published on-line and available in open access are published under Creative Com mon Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)


