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Puerarin alleviates renal ischemia/reperfusion injury by
inhibiting apoptosis and endoplasmic reticulum stress via Nrf2/
HO-1 pathway
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ARTICLEINFO ABSTRACT

Article type: Objective(s): To explore the effects of puerarin on renal ischemia/reperfusion injury and the possible
Original mechanism.
Article history: Materials and Methods: The experimental mice were injected with puerarin (50 or 100 mg/kg) per

day or equal sterile saline by intraperitoneal injection for one week, and a renal I/R injury model
was constructed. HK-2 cells were incubated with puerarin (1T uM and 10 uM) before the H/R model.
Immunohistochemistry, immunocytochemistry, and Western blot analysis were used to detect the
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/E\r?cjl)gt(l):;nic reticulum- Results: Puerarin could improve renal function and attenuate tissue structural damage after renal I/R.
stressp Meanwhile, puerarin alleviated apoptosis and endoplasmic reticulum stress by decreasing expression
NI2/HO-1 pathway levels of specific biomarkers such as caspase-3, GRP78, CHOP, and p-elF2o/ elF2a in animals and
Puerarin HK-2 cells. The up-regulated expression of Nrf2 and HO-1 protein after puerarin treatment indicated
Renal ischemia/reperfusion- that the Nrf2/HO-1 signaling pathway might mediate the protective mechanism of puerarin against
injury renal I/R.

Conclusion: Our results suggest that puerarin alleviated renal ischemia/reperfusion injury by
inhibiting apoptosis and endoplasmic reticulum stress via the Nrf2/HO-1 pathway and offered new
insights for preventing and treating renal I/R.
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Introduction

Acute Kidney Injury (AKI) poses a complex clinical
challenge with high incidence and mortality rates. It
frequently progresses to chronic kidney disease, serving as
a significant risk factor for end-stage kidney disease. Renal
ischemia/reperfusion (I/R) injury is identified as a primary
cause of AKI (1). Despite this, the specific mechanisms
of I/R injury remain unclear. Research suggests that
apoptosis, oxidative stress, endoplasmic reticulum stress,
mitochondrial dysfunction, and ion accumulation are
crucial molecular mechanisms (2-4). Whereas AKI and
related complications caused by renal ischemia-reperfusion
pose a serious threat to human health, it is very valuable
to lucubrate its pathophysiological mechanism to provide
more effective treatment strategies for renal I/R injury.

Apoptosis emerges as the predominant pathway for cell
death in renal tubular epithelial cells during renal I/R. The
increased exposure to hypoxia and free radicals disrupts
homeostasis in the endoplasmic reticulum, leading to

abnormal accumulation of misfolded or unfolded proteins
and subsequent endoplasmic reticulum stress, a pivotal
process in renal I/R injury (5, 6). Prolonged stress conditions
activate the associated apoptosis pathways, culminating in
the apoptosis of renal tubular epithelial cells (7).

Puerarin, a naturally occurring isoflavone, has been
extensively studied for its pharmacological activities and
widespread application in various diseases (8). Numerous
studies have confirmed its protective role against I/R
injury (9), primarily attributed to its ability to mitigate
inflammatory response, oxidative stress, endoplasmic
reticulum stress, and apoptosis (10-13). For instance, it was
reported that puerarin could alleviate retinal ganglion cell
damage induced by retinal ischemia/reperfusion through
the TLR4/NLRP3 pathway (14). It has been confirmed
that puerarin might protect the brain against I/R injury
by suppressing autophagy via the AMPK-mTOR-ULK1
signaling pathway (15). However, its effects on renal I/R
remain insufficiently explored.
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In this study, we investigated whether puerarin could
protect the kidney against I/R and determined the potential
mechanism and signaling pathway involved in its protective
effects.

Materials and Methods
Experimental animals and renal I/R model

This research project received approval from the Research
Ethics Committee of Renmin Hospital of Wuhan University,
and all experimental procedures strictly adhered to the
guidelines for the Care and Use of Laboratory Animals.
Ten-week-old adult male Sprague Dawley rats (250-270
g) were sourced from the Experimental Animal Center
of the Medical College of Wuhan University (Wuhan,
China). Firstly, the rats were completely anesthetized
with pentobarbital sodium (50 mg/kg) by intraperitoneal
injection and placed on a thermostatic blanket. All rats were
randomly allocated to different groups. Subsequently, all
rats were exposed to longitudinal abdominal incisions and
had their right kidney removed. Then, in the I/R group, the
left renal artery was clamped with a non-invasive vascular
clamp, and the arterial clamp was removed 45 min later
to restore blood supply. At the same time, the incision was
sutured without follow-up treatment in the sham group.
Following previous protocols, puerarin was dissolved in
physiological saline'® and administered intraperitoneally
once daily for seven days, with 50 and 100 mg/kg16 doses.
The sham group, receiving 0 mg/kg of puerarin, was given
an equivalent amount of physiological saline. On the
7th day, one hour after puerarin administration, the rats
underwent the aforementioned surgical procedure based on
their respective groups.

Cell culture and hypoxia/reoxygenation (H/R) model

Human renal proximal tubular epithelial cells (HK-2)
were obtained from the China Center for Type Culture
Collection (CCTCC, Wuhan, China) and cultured in
Dulbeccos modified Eagles medium (DMEM) from
Invitrogen, United States, supplemented with 10% fetal
bovine serum. The incubation environment consisted of
5% carbon dioxide and 95% air, maintaining a temperature
of 37 °C. Three days before establishing the hypoxia/
reoxygenation (H/R) model, cells were treated with
puerarin at concentrations of 1 uM and 10 uM once a day,
respectively. In the control group, an equivalent volume of
physiological saline was administered to the cells. The H/R
model in vitro was created following established protocols.
HK-2 cells were subjected to a nutrient-free medium for 12
hr under hypoxic conditions (1% O,, 94% N, and 5% CO,).
Next, the medium was replaced with a normal medium, and
then the cells were cultured under a normoxic cell incubator
(5% CO, and 95% air) for 24 hr. The control group was
incubated in a complete culture medium under normoxic
conditions.

Hematoxylin and eosin (H&E) staining

Kidney tissues were fixed in 4% paraformaldehyde
and subsequently embedded in paraffin. Sections of 4
um thickness were prepared for hematoxylin and eosin
(H&E) staining. The ischemia/reperfusion (I/R) injury
was evaluated using a well-established grading scale, as
proposed previously (17).
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Immunohistochemistry and immunocytochemistry

A Polink-1 one-step polymer detection system
(ZSGB-BIO, Beijing, China) was used to perform
immunohistochemistry and immunocytochemistry. The
kidney section and cell sample were stained with anti-
caspase-3 (1:200, Abcam, Ab13847), followed by incubation
with secondary antibodies, and then detected with the
EnVision/HRP Kit (Dako, Denmark). Each group’s relative
mean integrated optical density (IOD) was divided by the
average IOD of the control. All sections were photographed
at a magnification of 400x.

Western blot analysis

Kidney tissue and HK-2 cells were lysed with RIPA buffer
(Beyotime, Jiangsu, China) containing protease inhibitors
to collect total proteins. The BCA kit (Abcam, Shanghai,
China) was used to quantify the total proteins. The protein
samples were separated in sodium dodecyl sulfate (SDS)
polyacrylamide gel and transferred to polyvinylidene
difluoride (PVDF) membranes, which were blocked with 5%
skimmed milk. Next, the membranes were immunoblotted
with primary antibodies as follows: GRP78 (Abcam, dilution
1:1000); p-elF2a (Abcam, dilution 1:1000); elF2a (Abcam,
dilution 1:1000); CHOP (Cell Signaling, dilution 1:1000);
Nrf2 (Abcam, dilution 1:1000); HO-1 (Abcam, dilution
1:10000); P-actin (Boster Biological Technology, dilution
1:5000). Subsequently, the membranes were incubated with
an appropriate secondary antibody for 2 hr, followed by
western blot using the Chemiluminescent HRP. Image Lab
Software (NIH, USA) was applied to quantify protein levels.

Assessment of renal function

Assessments were carried out using commercial kits,
and 2 ml of blood was collected immediately after 24 hr
reperfusion from the experimental rats. The kits were
employed in accordance with the product instructions
(Nanjing Jiancheng Co., China). Serum levels of blood urea
nitrogen (BUN) and creatinine (Cr) were calculated by
spectrophotometric measurements.

TUNNEL staining

An In Situ Cell Death Detection Kit, POD (Roche,
Germany), was used to perform the TUNNEL staining
according to the manufacturer’s protocols. Kidney sections
were stained with TUNEL kits to label the nuclei of apoptotic
cells. The apoptosis index was calculated as the percentage
of TUNEL-positive nuclei relative to the total number of
nuclei, as determined by I Image-Pro Plus 6.0 software.

Hoechst staining

Hoechst 33342 staining (ThermoFisher, USA) was used
to measure cell apoptosis following previously reported
methods (18). In brief, cells were treated with a vehicle for
48 hr, then centrifuged and collected in Eppendorf tubes.
Then, the cells were fixed with 4% paraformaldehyde and
stained with Hoechst 33342 reagent for 10 min at room
temperature. A fluorescence microscope was used to
observe the frequency of apoptotic cells.

Statistical analysis

All data were expressed as mean+standard error of the
mean (SEM). Group means were compared using one-way
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analysis of variance (ANOVA) followed by Tukey’s test for
post hoc analysis. SPSS version 18.0 (IBM, Armonk, NY,
USA) was used for statistical analysis, and differences were
considered statistically significant when P<0.05.

Results
Puerarin alleviated renal ischemia/reperfusion in vivo
We established the ischemia/reperfusion (I/R) model
and administered the rats with varying concentrations of
puerarin. As depicted in Figure 1A, H&E staining verified
that puerarin mitigated tubular epithelium dilatation
and loss of the brush border. Moreover, compared to the
Sham group, rats subjected to I/R exhibited evident renal
function impairment, whereas those treated with puerarin
demonstrated marked improvement in renal function
(Figure 1B-D).

Puerarin alleviated apoptosis and endoplasmic reticulum
stress via the Nrf2/HO-1 pathway in vivo

To assess whether puerarin could inhibit apoptosis in
kidney tissues, TUNEL staining was performed. The results
revealed that renal I/R led to a higher number of TUNEL-
positive cells compared to the Sham group, which could
be markedly eliminated by puerarin treatment (Figure 2).
Moreover, immunohistochemistry results for Caspase-3
indicated that I/R enhanced Caspase-3 expression compared
to the Sham group, while rats treated with puerarin
exhibited a significant reduction in Caspase-3 expression
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Figure 1. Puerarin alleviated renal ischemia/reperfusion injury in rats
(A?Effect of puerarin at 50 mg/kg and 100 mg/kg on kidney tissue damage detected
by H&E (x400). (B-C) Effect of puerarin at doses of 50 mg/kg and 100 mg/kg on
serum Cr and BUN levels. (D) Jablonski Grade was used to quantify renal tubular
injury (n=8). Values were carried out as the mean+SEM. *P<0.05, relative to the sham
group; “P<0.05, relative to the IR+puerarin (0 mg/kg) group; “P<0.05, relative to
IR+puerarin (50 mg/kg) group

(Figure 3). Next, we performed a Western blot analysis to
investigate the potential regulatory effect of puerarin on
endoplasmic reticulum stress. Obviously, the expression of
endoplasmic reticulum stress-associated proteins, including
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Effect of puerarin at doses of 50 mg/kg and 100 mg/kg on numbers of TUNEL-positive cells. (B) Relative Tunnel level was calculated as the percent of TUNEL-positive nuclei
relative to total number of nuclei (n=8). Values were carried out as the mean+SEM. *P<0.05, relative to sham group; *P<0.05, relative to the IR+sterile saline group; #P<0.05,

relative to IR +puerarin (50 mg/kg) group
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Figure 3. Puerarin inhibit the expression of Caspse-3 in rats
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(A-B) Effect of puerarin at 50 mg/kg and 100 mg/kg on Caspse-3 level in rat kidney tissues(n==8). Values were carried out as the mean + SEM. *P<0.05, relative to sham group; #
P<0.05, relative to the IR+ puerarin (0 mg/kg) group; “P<0.05, relative to IR +puerarin (50 mg/kg) group
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Figure 4. Puerarin inhibited apoptosis and endoplasmic reticulum stress induced by renal I/R in rats

(A-C) Endoplasmic reticulum stress-associated proteins, including GRP78, p-elF2a, and CHOP during renal I/R injury, were down-regulated by puerarin treatment. (D) Western
blot analysis of Nrf2 and HO-1 in rats after treatment with puerarin at doses of 50 mg/kg and 100 mg/kg (n=8). Values were carried out as the mean+SEM. *P<0.05, relative to
sham group; “P<0.05, relative to the IR+ puerarin (0 mg/kg) group; #P<0.05, relative to IR+puerarin (50 mg/kg) group

GRP78, p-elF2a, and CHOP, were noticeably increased after
renal I/R. Meanwhile, rats treated with puerarin resulted
in a dose-dependent reduction in the expression of these
proteins than the I/R group, indicating that puerarin could
alleviate I/R-induced endoplasmic reticulum stress (Figure
4A-C). Furthermore, to explore the underlying mechanism,
we examined the Nrf2/HO-1 pathway in each group, known
to be closely related to endoplasmic reticulum stress and
apoptosis. Western blot analysis showed that Nrf2/HO-1
expression was elevated in the I/R group, and this elevation
was further enhanced by puerarin treatment (Figure 4D).
These findings collectively indicate that puerarin alleviated
I/R-induced apoptosis and endoplasmic reticulum stress via
the Nrf2/HO-1 pathway in vivo.

Puerarin effectively alleviated apoptosis in H/R exposed
HK-2 cells

The in vitro H/R model was constructed further to verify
puerarin’s protective effects on renal I/R injury. Hoechst
staining demonstrated that H/R exposure would promote

HK-2 cells’ apoptosis, and puerarin treatment could relieve
this effect (Figure 5). Similarly, as shown in Figure 6, the
expression of Caspase-3 was significantly enhanced in
HK-2 cells compared with the control group, which was
dose-dependently decreased by puerarin treatment.

Puerarin alleviated endoplasmic reticulum stress via the
Nrf2/HO-1 pathway in vitro

Western blot analysis revealed that the expression of
endoplasmic reticulum stress-associated proteins, such
as GRP78, p-elF2a, and CHOP, were elevated in the H/R
group. Moreover, puerarin could obviously reduce the
expression of these proteins in a dose-dependent manner
(Figure 7A-C), which was consistent with the conclusions
in in vivo experiments. Next, western blot analysis indicated
that Nrf2/HO-1 expression was elevated in the H/R group
compared with the control group, while these changes were
reversed by puerarin (Figure 7D). Therefore, our results
suggested puerarin could alleviate endoplasmic reticulum
stress induced by H/R via the Nrf2/HO-1 pathway in vitro.
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Effects of puerarin at doses of 50 mg/kg and 100 mg/kg on the frequency of apoptotic cells. (B) Relative Hoechst level was reduced by puerarin treatment in a dose-dependent
manner. Values were carried out as the mean + SEM. *P<0.05, relative to control group; *P<0.05, relative to HR +puerarin (0 uM) group; “P<0.05, relative to HR+puerarin (1uM)
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Figure 6. Inmunocytochemistry staining of Caspse-3 in HK-2 cells
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(A-B) Effect of puerarin at 50 mg/kg and 100 mg/kg on Caspse-3 level in HK-2 cells. Values were carried out as the mean+SEM. *P<0.05, relative to control group; *P<0.05, relative
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Figure 7. Puerarin inhibited apoptosis and endoplasmic reticulum stress via the Nrf2/HO-1 pathway in HK-2 cells
(A-C) Expression of endoplasmic reticulum stress-associated proteins, including GRP78, p-elF2a, and CHOP after H/R, was down-regulated by puerarin treatment. (D) Western
blot analysis of Nrf2 and HO-1 in HK-2 cells at 50 and 100 mg/kg after puerarin treatment. Values are presented as mean+SEM. *P<0.05, relative to the control group; “P<0.05,

relative to HR+puerarin (OuM) group; #P<0.05, relative to HR +puerarin (1 uM) group

Discussion

According to incomplete statistics, at least 60% of AKI
cases are attributed to renal I/R, establishing it as a significant
contributor to morbidity and mortality, particularly in
intensive care unit (ICU) patients (19, 20). Renal I/R
injury is prevalent in many clinical settings, such as major
vascular and cardiac surgery, trauma, sepsis, nephrectomy;,
and kidney transplantation (21). Its pathophysiological
pathogenesis is complicated, and available treatment options
are often limited and ineffective, underscoring the urgent
need to explore and identify new therapeutic targets (22).
Our project is designed to investigate whether puerarin has
the potential to alleviate renal I/R injury and elucidate the
possible underlying mechanisms.

Puerarin, derived from the Chinese medicine Pueraria
radix, offers several pharmacological benefits, including
reducing oxidative stress, enhancing microcirculation,
and improving insulin resistance (23). Many studies have
investigated its impact on ischemia-reperfusion injury in
various organs (24). For instance, research has shown that
puerarin can protect myocardial tissues from ischemia-
reperfusion (I/R) injury by up-regulating ANRIL and

Iran J Basic Med Sci, 2025, Vol. 28, No. 2

inhibiting autophagy. Another study suggested that puerarin
might inhibit neutrophil-mediated inflammatory response
after brain I/R by down-regulating ICAM-1 and suppressing
NF-«B activity (25). Our study further confirms puerarin’s
protective effect on renal I/R injury. Both in the mouse I/R
model and cell H/R model, we demonstrated that puerarin
could relieve renal I/R, aligning with the conclusions drawn
from I/R injury in other organs. Meanwhile, previous studies
have reported that puerarin exhibits protective effects on the
kidneys in various diseases such as diabetic nephropathy,
obstructive nephropathy, drug-induced kidney injury, and
chronic kidney disease. In diabetic nephropathy, puerarin
could regulate autophagy to inhibit inflammation and
ferroptosis, mitigate podocyte damage caused by oxidative
stress, and delay the progression of fibrosis (26-28). In cases
of kidney injury induced by multiple drugs, the protective
mechanism of puerarin on kidneys includes inhibition of
inflammation, oxidative stress, apoptosis, mitochondrial
fission, autophagy, and endoplasmic reticulum stress (29-
32). Researchers have found that puerarin could increase
the expression of renal uptake transporters and promote the
excretion of endogenous toxins, indicating that it may be a

191



Wang et al.

candidate drug for preventing methotrexate nephrotoxicity
(33). Similarly, in obstructive kidney disease and chronic
kidney disease, puerarin reverses renal damage by inhibiting
inflammation and fibrosis caused by extracellular matrix
(ECM) deposition (34, 35). Our study first discovered that
puerarin reduces renal damage in ischemia-reperfusion by
inhibiting cell apoptosis and endoplasmic reticulum stress.
Apoptosis, the programmed cell death, plays an
important role in I/R injury (36). In the context of renal
tissue ischemia, endoplasmic reticulum dysfunction ensues,
leading to the accumulation of unfolded proteins. This
triggers endoplasmic reticulum stress and the subsequent
induction of the unfolded protein response (UPR). While
UPR serves as a normal adaptive response, it can also foster
apoptosis (37). Glucose-regulated protein 78 (GRP78) is
pivotal in facilitating protein folding through ATP hydrolysis
and is recognized as a negative regulator of UPR (38).
Moreover, CHOP and p-elF2a are also regulation proteins
closely associated with endoplasmic reticulum dysfunction
during renal I/R injury (39, 40). Our results showed that the
expression of these proteins was up-regulated after I/R, and
puerarin could significantly prevent this process. Therefore,
we conclude that puerarin might protect renal I/R injury by
suppressing apoptosis and endoplasmic reticulum stress.
According to previous experimental studies, the Nrf2/HO-1
signaling pathway participated in endoplasmic reticulum
stress during renal I/R injury (41, 42). Thus, we detected
the expression of Nrf2 and HO-1. As expected, the results
showed that puerarin’s protective mechanism was possibly
related to the activation of the Nrf2/HO-1 signaling pathway.

Conclusion

In conclusion, we identified puerarins protective effect
during renal I/R injury. Further, we found that puerarin
inhibited apoptosis and endoplasmic reticulum stress
induced by renal I/R injury through the Nrf2/HO-1
signaling pathway, which suggests that puerarin might be
a potential therapeutic target in the treatment of renal I/R
injury.
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