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Abstract. Ginaton injection (Ginkgo biloba extract; GBE) has 
been reported to protect against cisplatin‑induced acute renal 
failure in rats. In the present study, the effects and molecular 
mechanisms of GBE on cisplatin‑induced renal interstitial 
fibrosis were evaluated using a rat model. The rats were intra‑
peritoneally injected with cisplatin once on the first day and 
a subset of rats were treated with GBE or SB203580 (SB; a 
specific p38 MAPK inhibitor) daily from days 22 to 40. The 
levels of N‑acetyl‑β‑D‑Glucosaminidase (NAG) in the urine, 
and of urea nitrogen (BUN) and creatinine (Scr) in the blood 
were assessed. The damage and fibrosis of renal tissues were 
evaluated using hematoxylin and eosin staining, as well as 
Masson's trichrome staining, respectively. Apoptosis in renal 
tissues was detected using a TUNEL assay. The protein expres‑
sion levels of α‑smooth muscle actin (SMA), collagen 1 (Col I), 
Bax, Bcl‑2, caspase‑3/cleaved caspase‑3, hypoxia‑inducible 
factor‑1α (HIF‑1α), TGF‑β1 and p38MAPK, as well as the 
mRNA levels of p38MAPK in renal tissues were investigated. 
The results showed that GBE markedly reduced the levels of 
urinary NAG, Scr and BUN, and renal expression of α‑SMA 
and Col I levels were also reduced. Furthermore, GBE signifi‑
cantly reduced renal tissue injury and the relative area of renal 

interstitial fibrosis induced by cisplatin. GBE effectively 
reduced the apoptotic rate of renal tissues, the protein expres‑
sion levels of Bax, cleaved caspase‑3, phospho‑p38MAPK, 
TGF‑β1 and HIF‑1α, as well as the mRNA expression levels of 
p38MAPK in renal tissues induced by cisplatin, whereas GBE 
significantly increased Bcl‑2 protein expression. SB exhib‑
ited similar effects to GBE, although it was not as effective. 
In summary, the present study is the first to show that GBE 
significantly alleviated renal interstitial fibrosis following 
cisplatin‑induced acute renal injury. The mechanisms by which 
GBE exhibited its effects were associated with the inhibition 
of apoptosis via downregulation of the p38MAPK/TGF‑β1 
and p38MAPK/HIF‑1α signaling pathways.

Introduction

Cisplatin remains the primary and most frequently used 
chemotherapeutic option for the management of solid 
tumors (1). However, cisplatin, even at commonly used doses, 
may induce acute renal injury to varying degrees, and this 
may affect the continuous administration of chemotherapy and 
thus, the prognosis of patients. If left untreated, acute kidney 
damage can lead to renal interstitial fibrosis and, in severe 
cases, renal failure (2).

The renal tubular area is the key area affected by acute 
kidney injury (AKI) caused by cisplatin that eventually 
develops into interstitial fibrosis (3), and renal interstitial 
fibrosis is considered to be a key factor underlying chronic 
renal failure (4). However, the mechanism underlying renal 
interstitial fibrosis following acute renal injury induced by 
cisplatin has not been fully elucidated, and there is still a lack 
of effective preventative and curative measures.

Inflammatory injury, oxidative stress injury and apoptosis 
are the primary mechanisms of cisplatin‑induced kidney 
injury (5,6), and hypoxia is hypothesized to be a common 
feature of all types of AKI (7). Cisplatin has been reported 
to induce renal cell damage by upregulating the phosphory‑
lation of p38MAPK (8,9). Additionally, hypoxia‑inducible 
factor (HIF)‑1α levels are significantly increased in rats 
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with cisplatin‑induced acute kidney damage, which, in‑turn 
protects against renal injury (10,11). However, the roles of 
p38MAPK and HIF‑1α, and their association with apoptosis 
in renal interstitial fibrosis following cisplatin‑induced acute 
renal injury have not been previously reported, to the best of 
our knowledge.

Ginaton injection is derived from ginkgo biloba leaves 
(GBE) and has been used for several decades for the treat‑
ment of cardiovascular and cerebrovascular diseases (12,13). 
Previous reports have shown that GBE can prevent testicular 
injury via its anti‑apoptotic and anti‑inflammatory effects (14), 
reducing H2O2‑induced cell cytotoxicity via downregulation 
of p38 MAPK (15), and can also inhibit the hepatic fibrosis 
and attenuate brain death‑induced renal injury by reducing 
the activity of p38MAPK (16,17). Additionally, GBE can 
inhibit the growth of transplanted solid tumors in mice, and 
dose‑dependently reduce the protein and mRNA expression 
levels of HIF‑1α (18). Our previous study showed that GBE 
can protect against cisplatin‑induced acute renal injury, and 
thus the subsequent renal interstitial fibrosis (19). However, 
whether GBE can reduce renal interstitial fibrosis following 
cisplatin‑induced acute renal injury, and the mechanisms 
underlying its effects, remain to be determined. In the present 
study, the effects of GBE were assessed on renal intersti‑
tial fibrosis following cisplatin‑induced acute renal injury 
via detection of apoptosis, and based on the expression of 
p38MAPK, TGF‑β1 and HIF‑1α during this process.

Materials and methods

Drugs and antibodies. GBE injection (batch number IB122) 
was purchased from Dr Willmar Schwabe Pharmaceuticals. 
Each 17.5 mg ampule of GBE consisted of 24% Ginkgo flavonol 
glycosides and 6% terpene lactones. Cisplatin power injection 
(batch no. 5050272DB) was provided by Qilu Pharmaceutical 
Co., Ltd. The anti‑α‑smooth muscle actin (SMA) 
(cat. no. BM0002), anti‑collagen 1 (Col I) (cat. no. BA0325), 
anti‑p38MAPK (cat. no. 9215S), anti phospho‑(p‑)p38MAPK 
(cat. no. 8690S), anti‑TGF‑β1 (cat. no. ab179695), anti‑HIF‑1α 
(cat. no BS‑3514) and anti‑β‑actin (cat. no. 3700S) anti‑
bodies were purchased from Cell Signaling Technology, 
Inc. Antibodies against Bcl‑2 (cat. no. BM4985), caspase‑3 
(cat. no. BM4620) and Bax (cat. no. BM3964) were obtained 
from Wuhan Boster Biological Technology, Ltd.

Animals. Male Sprague‑Dawley rats (body weight, 200±20 g) 
were purchased from the Experimental Animal Center of 
Guangxi Medical University, and were bred in an air‑conditioned 
room where the relative humidity was 60±10% at 25±2˚C, with 
a 12‑h light/dark cycle and ad libitum access to food and water. 
The present study was approved by the Ethics Committee of 
Guangxi Medical University (approval no. 201310009).

Experimental design. Rats were randomly divided into 
5 groups following a 1‑week acclimation period (n=9 per 
group). The rats were grouped as follows: i) Control group, 
on day 1, rats received saline equal to the volume of cisplatin, 
and equal to the volume of GBE from days 22 to 40; ii) CDDP 
group, rats received saline equivalent to the volume of GBE, 
once a day from days 22 to 40; iii) CDDP + GBE group, 

rats received GBE (3.17 mg/kg) once a day from days 22 
to 40; iv) CDDP + SB203580 (SB; a specific p38 MAPK 
inhibitor) group, rats received SB (1 mg/kg) once a week from 
days 22 to 40, and saline equivalent to the volume of GBE 
once a day (on days where no SB was administered); and 
v) CDDP + Enalapril group, rats received enalapril (10 mg/kg) 
once a day from days 22 to 40.

Additionally, the rats in groups ii) to v) were treated with 
a single dose of cisplatin (5 mg/kg) on day 1 to induce AKI, 
which developed into renal interstitial fibrosis, as described 
previously (10,11). Cisplatin, GBE and SB were administered 
via intraperitoneal injection, whereas enalapril was adminis‑
tered by gavage.

According to the drug dose conversion formulas of different 
species of animals in China's pharmacological experimental 
methodology (20), the dose of EGB in this study was converted 
from the clinically commonly used adult dose to the rat dose, 
and was also based on the results of the preliminary experiments 
(data not shown). Enalapril exhibits antioxidant effects and alle‑
viates renal fibrosis (21,22), and these effects are similar to those 
of GBE (23,24), and is has been used as a positive control drug 
in an anti‑fibrotic study previously (25), thus enalapril was used 
as a positive control in the present study as well.

Blood, urine and renal tissue collection. On the 40th day, 12 h 
after administration of the final dose, urine, blood and kidneys 
were collected and stored at ‑80˚C. First, urine from each rat 
was gathered separately. Next, the rats were anesthetized by 
intraperitoneal injection of sodium pentobarbital (30 mg/kg, ip). 
When rats were under deep anesthesia (the limbs and abdom‑
inal muscles became relaxed, breathing became slow, and 
the corneal reflex was absent), blood samples were collected 
from the abdominal aorta and centrifuged at 4˚C for 15 min 
at 1,409 x g. Finally, exsanguination was performed to eutha‑
nize the animals, and when no reflexes and no breathing was 
observed, the renal samples were obtained and washed using 
ice‑cold saline. A portion of these renal specimens were fixed 
at room temperature using buffered formalin (10%) for 24 h, 
and then TUNEL staining, Masson's trichrome staining, hema‑
toxylin and eosin (H&E) staining and immunohistochemistry 
were performed as soon as possible. The remainder of the renal 
specimens were immediately refrigerated at ‑80˚C for western 
blotting and reverse transcription‑quantitative (RT‑q)PCR.

Determination of blood urea nitrogen (BUN), serum creati‑
nine (Scr) and urinary N‑acetyl‑β‑D‑glucosaminidase (NAG) 
levels. The levels of NAG (cat no. A031) in the urine were 
determined using the nitrophenol colorimetric method, and 
the levels of BUN (cat. no. C013‑2) and Scr (cat. no. C011‑1) 
in the peripheral blood were detected using a 7100 automatic 
biochemical analyzer (Hitachi, Ltd.) using specific kits 
purchased from Nanjing Jiancheng Bioengineering Research 
Institute. All procedures were performed strictly in accor‑
dance with the manufacturer's protocol (Nanjing Jiancheng 
Bioengineering Institute).

Hematoxylin and eosin (H&E) staining. Kidney tissues were 
fixed (as described above) and routinely embedded in paraffin. 
Next, the kidney tissues were sectioned into 3‑4 µm thick slices 
and then stained with H&E according to the manufacturer's 
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protocol (Lot no. 0904A18, Beijing Leagene Biotech. Co., 
Ltd.). Slices were dewaxed with xylene, hydrated using a 
decreasing gradient of ethanol solutions, and then stained with 
hematoxylin staining solution for 15 min at room temperature, 
differentiated using the differentiation solution for 30 sec, 
stained with the eosin staining solution for 2 min at room 
temperature, and finally sealed with neutral gum after dehy‑
dration using an increasing gradient of ethanol solutions, and 
clearing using xylene. The stained slices were examined using 
a light microscope (IX51; Olympus Corporation; magnifica‑
tion, x200). In each sample evaluated, five randomly selected 
fields of view were assessed and the average score of tubule 
interstitial injury was calculated. The scoring criteria were 
based on a previous study (26): 0, normal; 1, cortical damage 
≤25%; 2, cortical damage 25‑50%; 3, cortical damage 50‑75%; 
and 4, cortical damage >75%. Histopathological changes were 
scored by an experienced pathologist who was blinded to the 
conditions of the study.

Masson's trichrome staining. To evaluate renal interstitial fibrosis, 
the fixed renal sections were stained using a Masson's trichrome 
staining kit (Lot no. 0215A16, Beijing Leagene Biotech. Co., 
Ltd). Sections were dewaxed and hydrated as above, then stained 
at room temperature using a Weigert ferryhematoxylin staining 
solution for 8 min, Lichunred fuchsin staining solution for 5 min, 
washed with phosphomolybdate solution for 2 min, and finally, 
stained with aniline blue staining solution for 2 min. Each renal 
section was evaluated in five randomly selected non‑overlapping 
visual fields (magnification, x400). The relative area of interstitial 
fibrosis was measured using the Colour Image Analyser function 
of Image‑Pro Plus version 6.0 (Media Cybernetics, Inc.). The 
areas overlaying the tubular basement membrane and interstitial 
space were evaluated, whereas the glomeruli and large vessels 
were not included in the analysis.

Immunohistochemical detection of renal α‑SMA, Col I, 
TGF‑β1 and HIF‑1α protein expression. The protein expression 
levels of α‑SMA, Col I, TGF‑β1 and HIF‑1α in renal tissues 
were detected using immunohistochemical staining. Briefly, 
paraffin‑embedded renal specimens were cut into slices. After 
dewaxing with xylene and dehydrating with a gradient of 
increasing ethanol solutions (95% ethanol followed by anhy‑
drous ethanol 3 times, 5‑10 sec each time), the renal slices were 
incubated in hydrogen peroxide solution (0.3%, 37˚C, 10 min) 
to quench the endogenous peroxidase activity, followed by incu‑
bation at room temperature for 20 min with 10% goat serum for 
blocking non‑specific binding. Next, the corresponding primary 
antibody was added and incubated with the renal sections 
(4˚C, overnight). The primary antibodies used were: α‑SMA 
(1:6,000; cat. no. BM0002; Cell Signaling Technology, Inc.), 
Col I (1:1,400; cat. no. BA0325; Cell Signaling Technology, 
Inc.), TGF‑β1 (1:6,000; cat. no. ab179695; Cell Signaling 
Technology, Inc.) and HIF‑1α (1:1,000; cat. no. BS‑3514; Novus 
Biologicals, LLC). After incubation at 37˚C for 1 h with the 
secondary antibody diluted in PBS (1:100; cat. no. WP151228; 
Beijing Zhongshan Jinqiao Biotechnology Co., Ltd), the renal 
sections were treated with DAB (Wuhan Boster Biological 
Technology, Ltd.) to develop the signal. Finally, renal slices were 
visualized using Olympus Soft Imaging Solutions. The sections 
were observed using a light microscope (IX51; Olympus 

Corporation). The integrated optical density (IOD) was used 
to quantify the positively stained area in Image Pro‑Plus. The 
average value of 5 randomly selected fields of view (magnifica‑
tion, x400) for each renal sample was calculated. The protein 
levels of α‑SMA, Col I, TGF‑β1 and HIF‑1α in renal tissues 
are expressed as the ratio of IOD to the positive staining area.

TUNEL staining. The paraffin‑embedded renal tissues were 
cut into slices (4 µm). Next, the slices were stained using a 
TUNEL Apoptosis Detection kit I, POD, according to the 
manufacturer's protocol (Wuhan Boster Biological Technology, 
Ltd.). Finally, 5 non‑overlapping fields of view of the tubules 
per renal section were randomly selected using a light micro‑
scope (magnification, x400), and the number of positive cells 
were counted. TUNEL‑positive cells showed brown staining 
in the nucleus, indicative of apoptotic cells. The apoptotic rate 
(%) was calculated by counting the proportion of positive cells 
in the total number of cells using Image Pro‑Plus.

Western blotting. Kidney tissues of rats were lysed into homog‑
enate with an appropriate amount of tissue Lysis Buffer and 
liquid nitrogen, and the protein concentration of the lysates was 
measured using a BCA protein assay kit. Next, equal amounts 
of protein lysates (100 µg) were separated by 12% SDS‑PAGE 
at 100 V for 2 h, and transferred to PVDF membranes (EMD 
Millipore) at 4˚C (100 V, 1.5 h). After blocking using Quick 
Block™ Buffer (Beyotime Institute of Biotechnology) for 
15 min at room temperature, the membranes were incu‑
bated overnight at 4˚C with the primary antibodies. The 
primary antibodies included the following: Anti‑Bax (1:200; 
cat. no. BM3964; Wuhan Boster Biological Technology, Ltd.), 
anti‑Bcl‑2 (1:200; cat. no. BM4985; Wuhan Boster Biological 
Technology, Ltd.), anti‑caspase‑3 (1:200; cat. no. BM4620; 
Wuhan Boster Biological Technology, Ltd.), anti‑p38MAPK 
(1:500; cat. no. 9215S; Cell Signaling Technology, Inc.) and 
anti‑p‑p38MAPK (1:1,000; cat. no. 8690S; Cell Signaling 
Technology, Inc.). β‑actin (1:10,000; cat. no. 3700S, Cell 
Signaling Technology, Inc.) was used as the internal control. 
Finally, the membranes were incubated for 1 h with secondary 
antibody (fluorescent goat anti‑rabbit antibody; 1:10,000; 
cat. no. 5151S; Cell Signaling Technology, Inc.) and signals were 
visualized using a near‑infrared bicolor fluorescence imaging 
system (Odyssey CLx; Li‑COR Biosciences). Densitometry 
analysis was performed using ImageJ2x (National Institutes 
of Health).

RT‑qPCR. The samples of renal tissues stored at ‑80˚C were 
grounded in homogenate with liquid nitrogen to extract RNA. 
AxyPrep™ Multisource Total RNA Miniprep kit (Axygen; 
Corning, Inc.) was used to extract total RNA, and then the gDNA 
Eraser (Takara Bio, Inc.) and the Prime Script™ RT reagent 
kit were used to reverse transcribe 1 µg total RNA, according 
to the manufacturer's protocol. qPCR was used to detect the 
expression levels of target genes using a SYBR® Premix Ex 
Taq™ II kit (Takara Bio, Inc.) and an Applied Biosystems 
7500 Real‑Time PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The PCR reaction mix (10 µl) consisted 
of SYBR Premix Ex Taq II, forward primer (0.5 µl), reverse 
primer (0.5 µl), ROX Reference DyeII (50x), cDNA (2 µl) and 
RNase free dH2O (2 µl). The thermocycling conditions were: 
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Denaturation at 95˚C for 30 sec; followed by 40 cycles of 5 sec 
at 95˚C and 60˚C for 34 sec. The sequences of the primers 
were: p38MAPK forward, 5'‑TTA CCG ATG ACC ACG TTC 
AGT TTC‑3' and reverse, 5'‑AGC GAG GTT GCT GGG CTT 
TA‑3'; and GAPDH forward, 5'‑GGC ACA GTC AAG GCT 
GAG AAT G‑3' and reverse, 5'‑ATG GTG GTG AAG ACG CCA 
GTA‑3'. The levels of p38MAPK gene were normalized to that 
of GAPDH using the 2‑ΔΔCq method: ΔΔCq=(Cq control‑Cq treat‑

ment) reference‑(Cq control‑Cq treatment) target (27).

Statistical analysis. Data are presented as the mean ± standard 
deviation. SPSS 24.0 (IBM Corp.) was used for statistical anal‑
ysis. The differences between multiple groups were assessed 
using a one‑way ANOVA with a post‑hoc Tukey's test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Effect of GBE on kidney function in rats treated with cisplatin. 
As shown in Fig. 1, cisplatin induced damage to renal func‑
tion and increased the levels of BUN, Scr and urinary NAG 
significantly (P<0.05). GBE treatment significantly decreased 
the cisplatin‑induced increase in the levels of BUN and Scr 
(P<0.05), and there was no significant difference in the NAG 

levels (P>0.05). SB treatment significantly lowered Scr levels 
(P<0.05), but had no significant effect on BUN and NAG levels 
(P>0.05). Enalapril treatment significantly reduced Scr levels, 
but increased NAG levels (P<0.05). No significant differences 
were observed in Scr, BUN and NAG levels between the GBE 
treatment and SB treatment (P>0.05; Fig. 1B and C).

Effect of GBE on renal tissue damage induced by cisplatin. H&E 
staining showed that there were no histopathological changes 
in the control rats. Cisplatin treatment resulted in renal tubular 
lumen stenosis, and a portion of the tubular epithelial cells exhib‑
ited signs of oedema, degeneration or necrosis. Conversely, the 
GBE treatment alleviated renal injury induced by cisplatin, as 
did the enalapril and SB treatments (P<0.05; Fig. 2A).

The tubular injury score was significantly higher in the 
CDDP group compared with the Control group (P<0.05). 
The increased tubular injury score induced by cisplatin was 
significantly reduced following GBE, SB or enalapril treat‑
ment (P<0.05). Additionally, GBE treated rats exhibited 
significantly lower tubule injury scores compared with the rats 
treated with SB or enalapril (P<0.05; Fig. 2B).

Masson's trichrome staining showed there was no apparent 
renal fibrogenesis in the control rats, whereas cisplatin treatment 
resulted in severe renal interstitial fibrosis (Fig. 3). Cisplatin 

Figure 1. Effects of GBE on renal function in rats with cisplatin‑induced renal fibrosis. Concentrations of (A) BUN, (B) Scr, (C) NAG in rats were detected. 
Data are presented as the mean ± standard deviation. n=9. *P<0.05 vs. CDDP group, #P<0.05 vs. CDDP + GBE group. BUN, blood urea nitrogen; Scr, serum 
creatinine; NAG, urinary N‑acetyl‑β‑D‑glucosaminidase; GBE, Ginkgo biloba extract; SB, SB203580.

Figure 2. Effects of GBE on the histopathological changes of rat kidney were analyzed using H&E staining. (A) Representative images of H&E stained renal 
samples. Magnification, x200. The differences in renal tubular lumens stenosis, edema, degeneration and necrosis of tubular epithelial cells were observed 
using light microscopy. (B) Quantitative analysis of tubulointerstitial injury index. Data are presented as the mean ± standard deviation. n=9. *P<0.05 vs. CDDP 
group, #P<0.05 vs. CDDP + GBE group. H&E, hematoxylin and eosin; GBE, Ginkgo biloba extract; SB, SB203580.
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treatment resulted in a higher relative area of renal interstitial 
fibrosis compared with the control rats (P<0.05). The area of renal 
interstitial fibrosis induced by cisplatin was significantly reduced 
following treatment with GBE or SB (P<0.05), whereas enalapril 
had no notable effect (P>0.05). Additionally, The rats treated with 
GBE exhibited minimal areas of renal interstitial fibrosis compared 
with the rats treated with SB or enalapril (P<0.05; Fig. 3).

Effect of GBE on the protein expression levels of renal α‑SMA 
and Col I in rats treated with cisplatin. As shown in Fig. 4, 
immunohistochemical staining showed that the expression of 

α‑SMA and Col I in renal tubular tissues was very low in the 
control rats. Cisplatin increased the levels of α‑SMA and Col 
I significantly (P<0.05). Additionally, GBE, SB or Enalapril 
treatment reduced the levels of α‑SMA and Col I induced by 
cisplatin (P<0.05). The levels of α‑SMA and Col I were higher 
in the SB treated rats compared with the GBE treated rats 
(P<0.05).

Effect of GBE on renal apoptosis in rats treated with cisplatin. 
TUNEL staining showed the proportion of apoptotic cells 
in the control rats was very low, and cisplatin significantly 

Figure 3. Effect of GBE on the degree of renal tubulointerstitial fibrosis was detected using Masson's trichrome staining. (A) Representative images of Masson's 
trichrome stained renal tissue samples. Magnification, x400. Blue stained areas are the collagen fibers, which is indicative of fibrosis, whereas the unaffected 
areas are stained purplish red. (B) Quantitative assessment of tubulointerstitial fibrosis. Data are presented as the mean ± standard deviation. n=9. *P<0.05 
vs. CDDP group, #P<0.05 vs. CDDP + GBE group. GBE, Ginkgo biloba extract; SB, SB203580.

Figure 4. Effect of GBE on α‑SMA and Col I expression in rat renal tissues. α‑SMA and Col I levels were detected using immunohistochemical staining. 
(A and C) Representative images of immunohistochemically stained renal tissue sections. Magnification, x400. α‑SMA and Col I proteins were primarily 
expressed in renal tubular epithelial cells. Quantitative analysis of the expression levels of α‑SMA (B) and Col I (D) in renal tissues. Data are presented as the 
mean ± standard deviation. n=9. *P<0.05 vs. CDDP group, #P<0.05 vs. CDDP + GBE group. GBE, Ginkgo biloba extract; SB, SB203580; α‑SMA, α‑smooth 
muscle actin; Col I, collagen 1.
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increased apoptosis (P<0.05). GBE and SB notably reduced 
the increase in apoptosis induced by cisplatin (P<0.05), and the 
effects of GBE were greater than that of SB (P<0.05; Fig. 5).

Effect of GBE on the protein expression levels of apoptosis 
associated proteins. Western blotting analysis indicated 
that compared with the control rats, Bax and cleaved 

Figure 5. Effects of GBE on apoptosis of renal tissues was analyzed using TUNEL staining. (A) Representative images of TUNEL staining. Magnification, 
x400. Apoptotic cells were stained brown and normal cells appeared blue‑purple. (B) Quantitative analysis of the TUNEL staining. Data are presented as the 
mean ± standard deviation. n=9. *P<0.05 vs. CDDP group, #P<0.05 vs. CDDP + GBE group. GBE, Ginkgo biloba extract; SB, SB203580.

Figure 6. Effects of GBE on protein expression levels of Bcl‑2, Bax, caspase‑3 and cleaved caspase‑3 in renal tissue. Protein expression levels were detected 
using western blotting. (A and B) Representative blots of apoptosis‑associated proteins. (C‑F) Densitometry analysis of the apoptosis‑associated proteins. Data 
are presented as the mean ± standard deviation. n=9. *P<0.05 vs. CDDP group, #P<0.05 vs. CDDP + GBE group. GBE, Ginkgo biloba extract; SB, SB203580.
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caspase‑3 protein expression levels, as well as the cleaved 
caspase‑3/caspase‑3 ratio in rats treated with cisplatin were all 
markedly elevated (P<0.05). GBE and SB lowered the levels 
of Bax and cleaved caspase‑3 levels, as well as the cleaved 
caspase‑3/caspase‑3 ratio induced by cisplatin significantly 
(P<0.05), and the effects of GBE were greater than that of SB 
(P<0.05; Fig. 6).

Conversely, Bcl‑2 levels in the rats treated with cisplatin 
were reduced significantly compared with the control rats 
(P<0.05). GBE and SB increased Bcl‑2 protein expression 
levels significantly (P<0.05; Fig. 6).

Effect of GBE on the protein expression levels of renal 
p38MAPK, p‑p38MAPK and the phosphorylation ratio in 
rats treated with cisplatin. The expression levels of p38MAPK 
and p‑p38MAPK were detected using western blotting. The 
results showed that the endogenously low expression of 
p‑p38MAPK, as well as the low p‑p38MAPK/p38MAPK ratio 
in control rats was increased following cisplatin treatment 
(P<0.05). Additionally, GBE and SB significantly decreased 
the p‑p38MAPK levels and the p‑p38MAPK/p38MAPK ratio 
compared with cisplatin treated rats (P<0.05). The effects 
of GBE were greater than that of SB in reducing p38MAPK 
levels (P<0.05; Fig. 7).

Effect of GBE on the levels of p38MAPK mRNA in rats treated 
with cisplatin. The results of RT‑qPCR analysis showed that 
the p38MAPK mRNA expression levels were low in the 
control rats, and that cisplatin treatment alone significantly 
increased its levels (P<0.05). The levels of p38MAPK mRNA 
were significantly reduced following GBE or SB treatment. 
(P<0.05; Fig. 8).

Effect of GBE on the protein expression levels of renal TGF‑β1 
and HIF‑1α in rats treated with cisplatin. As shown in Fig. 9, 
immunohistochemical analysis was used to measure TGF‑β1 
and HIF‑1α levels. It could be seen that TGF‑β1 and HIF‑1α 
protein expression was concentrated in the epithelial cells of 
renal tubules. The TGF‑β1 and HIF‑1α levels in the cisplatin 
treated rats were significantly increased compared with 
the normal rats. Additionally, GBE and SB all significantly 
reduced TGF‑β1 levels, as well as the HIF‑1α levels induced 
by cisplatin (P<0.05). Moreover, the effect of GBE on lowering 
HIF‑1α levels was greater than that of SB (P<0.05).

Figure 7. Effects of GBE on protein expression levels of p38MAPK and p‑p38MAPK in renal tissues. Protein expression levels were measured using western 
blotting. (A) Representative blots of p38 and p‑p38 expression. (B‑D) Densitometry analysis of p38 and p‑p38 expression. Data are presented as the mean ± stan‑
dard deviation. n=9. *P<0.05 vs. CDDP group, #P<0.05 vs. CDDP + GBE group. GBE, Ginkgo biloba extract; SB, SB203580; p‑, phospho‑.

Figure 8. Effects of GBE on p38MAPK mRNA expression in renal tissues. 
RT‑qPCR was used to detect p38MAPK mRNA expression. Data are 
presented as the mean ± standard deviation. n=9. *P<0.05 vs. CDDP group. 
GBE, Ginkgo biloba extract; SB, SB203580.
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Discussion

Cisplatin is a frequently‑used chemotherapeutic option, and 
nephrotoxicity is a common adverse reaction (28). Our previous 
studies have shown that a single dose of cisplatin (converted 
from a single common clinical dose used in adults) can induce 
AKI in rats (10,11,29). Without intervention, AKI may develop 
into renal interstitial fibrosis (30,31). In the present study, the 
Scr, BUN and NAG levels were significantly increased in rats 
treated with a single dose of cisplatin. Additionally, the tubular 
injury score, renal interstitial fibrosis, and protein expression 
levels of α‑SMA and Col I were all significantly increased, 
showing that cisplatin resulted in renal injury and interstitial 
fibrosis in rats. These results confirmed the successful estab‑
lishment of a rat model of renal interstitial fibrosis induced by 
cisplatin, and suggested that cisplatin‑induced renal interstitial 
fibrosis may be common in clinical applications.

The mechanism by which cisplatin induces renal intersti‑
tial fibrosis remains unclear, and there is a lack of effective 
treatment measures. According to previous studies, cell apop‑
tosis and inflammatory damage are the primary mechanisms 
by which cisplatin induces AKI (32‑34). Some traditional 
Chinese medicines, which possess anti‑inflammatory or 
anti‑apoptotic effects have been shown to protect against 

kidney injury induced by cisplatin (35,36). GBE is extracted 
from ginkgo biloba leaves, which is a traditional Chinese 
natural herb and has a long history of clinical use for treat‑
ment of cardiovascular and cerebrovascular diseases (37). 
Previously, GBE has been reported to ameliorate AKI in 
animal models induced by ischemia reperfusion (38,39) or by 
cisplatin (19,40). However, whether GBE can ameliorate renal 
interstitial fibrosis following cisplatin‑induced AKI has not 
been assessed. The results of the present study showed that 
GBE significantly reduced the deterioration in renal function 
induced by cisplatin, reversed the increase in fibrosis related 
indicators, and reduced the degree of renal interstitial injury 
and fibrosis in rats. These findings suggest that GBE protected 
against renal function in rats and improved renal interstitial 
fibrosis induced by cisplatin. However, the molecular mecha‑
nisms underlying its anti‑renal interstitial fibrosis effects have 
not been determined.

Several studies have shown that renal interstitial fibrosis 
is related to apoptosis of renal tubular epithelial cells and 
tubular damage (41,42). Apoptosis of renal tubular epithelial 
cells is a major mechanism underlying renal interstitial fibrosis 
and cisplatin‑induced AKI (9,43). Cisplatin may induce 
apoptosis of renal tubular epithelial cells both in vitro and 
in vivo (44). Previously, it has been shown GBE inhibits 

Figure 9. Effect of GBE on HIF‑1α and TGF‑β1 expression in rat renal tissues. The expression of HIF‑1α and TGF‑β1 was detected using immunohistochemical 
staining and quantified. (A and C) Representative images of immunohistochemically stained renal tissue sections. Magnification, x400. HIF‑1α and TGF‑β1 
protein expression was primarily observed in the renal tubular epithelial cells. (B and D) Quantitative analysis of HIF‑1α and TGF‑β1 proteins expression 
levels in renal tissues, respectively. Data are presented as the mean ± standard deviation. n=9. *P<0.05 vs. CDDP group, #P<0.05 vs. CDDP + GBE group. GBE, 
Ginkgo biloba extract; SB, SB203580; HIF‑1α, hypoxia inducible factor‑1α.
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hepatocyte apoptosis and improves liver fibrosis by regu‑
lating the p38MAPK and Bcl‑2/Bax pathways (45). In the 
present study, GBE significantly decreased cisplatin‑induced 
apoptosis in rat renal tissues, decreased the levels of Bax and 
caspase‑3, as well as the cleaved caspase‑3/caspase‑3 ratio, and 
increased Bcl‑2 protein expression. These results suggest that 
GBE attenuated cisplatin‑induced renal interstitial fibrosis via 
inhibition of apoptosis.

p38 MAPK is closely related to apoptosis and serves a 
key role in this process (46). The activation of p38 MAPK 
(p‑p38 MAPK) mediated chemotherapeutic drug‑induced 
apoptosis (47), and administration of a p38 MAPK inhibitor 
completely abolished TGF‑β1 levels and inhibited fibrosis in 
human mesangial cells (48). The p38 MAPK/TGF‑β1 pathway 
was shown to mediate oxidative damage and promoted fibrosis 
of the liver (49). Additionally, HIF‑1α inhibition attenuated 
hypoxia‑induced apoptosis of renal tubular cells (50), and 
elevated levels of HIF‑1α may aggravate tissue fibrosis (51). 
Our previous study found that HIF‑1α was elevated in rat 
kidneys, which had a protective effect on cisplatin‑induced 
AKI (11). Importantly, GBE improved liver fibrosis by 
inhibiting the apoptosis of hepatic stellate cells via the p38 
MAPK pathway (16), and prevented rats from CCl4‑induced 
liver fibrosis by inhibiting TGF‑β1 (52). GBE also regulated 
the expression of HIF‑1α mRNA and protein expression 
induced by hypoxia or ischemic stroke (53,54). A previous 
study demonstrated that GBE prevented renal fibrosis in rats 
with diabetic nephropathy (24), which likely result3ed in 
reduced formation of glomerular lesions. This suggests that 
GBE improved tissue fibrosis via inhibition of apoptosis, by 
regulation of p38 MAPK, TGF‑β1 and HIF‑1α. In the present 
study, p38 MAPK mRNA expression levels, and the protein 
expression levels of p‑p38 MAPK, TGF‑β1 and HIF‑1α 
were significantly increased, and this was accompanied by 
an increase in the rate of apoptosis and apoptosis‑related 
proteins, and decreased expression of Bcl‑2 in renal tissues 
exposed to cisplatin. Furthermore, GBE significantly reversed 
the effects of cisplatin on these indicators of apoptosis, and 
this was accompanied by a decrease in the apoptotic rate and 
in the expression of apoptosis‑related proteins. These findings 
suggest that GBE improved cisplatin‑induced renal interstitial 
fibrosis via reduction of renal apoptosis and inhibition of p38 
MAPK, TGF‑β1 and HIF‑1α function.

It is worth noting that the specific p38MAPK inhibitor SB 
significantly reversed all cisplatin‑induced effects on indica‑
tors of renal function, renal tissue injury and fibrosis. These 
results confirm that p38MAPK is involved in promoting renal 
interstitial fibrosis in cisplatin‑induced AKI. Additionally, SB 
also significantly reversed the rate of renal tissue apoptosis and 
the changes in the expression of apoptosis‑associated proteins 
induced by cisplatin, and these results confirm that p38MAPK 
promoted renal interstitial fibrosis following cisplatin‑induced 
AKI by increasing renal tissue apoptosis. Moreover, SB also 
significantly reversed cisplatin‑induced changes in expres‑
sion of p38 MAPK, TGF‑β1 and HIF‑1α, and these results 
confirm that p38MAPK promoted the expression of TGF‑β1 
and HIF‑1α. The above results indicate that GBE improved 
renal interstitial fibrosis following cisplatin‑induced AKI 
by inhibiting apoptosis via the p38 MAPK/TGF‑β1 and p38 
MAPK/HIF‑1α pathways.

Although SB functions in a similar manner to GBE, GBE 
was significantly more effective than SB in reducing p‑P38 
MAPK, TGF‑β1 and HIF‑1α protein expression levels, as well as 
renal apoptosis, injury and fibrosis. This may be due to the fact 
that GBE contains multiple active ingredients (55), and several 
of these may exhibit anti‑fibrotic effects via different pathways, 
including quercetin and kaempferol (56,57). Kaempferoll 
exhibits an inhibitory effect on TGF‑β1‑induced fibrosis related 
genes in renal tubular epithelial cells, and improves renal func‑
tion in rats (58). Therefore, in addition to p38MAPK, GBE may 
inhibit TGF‑β1 and HIF‑1α through other pathways, thereby 
inhibiting apoptosis and fibrosis, and this may explain the 
improved effectiveness of GBE compared with SB, and high‑
lights a key advantage of Traditional Chinese Medicines.

In conclusion, the present study is the first to show that GBE 
could effectively ameliorate renal interstitial fibrosis following 
cisplatin‑induced AKI by inhibiting renal apoptosis, and this 
was mediated by downregulation of the p38MAPK/TGF‑β1 
and p38MAPK/HIF‑1α signaling pathways.
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