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Abstract: The goal of this experiment was to investigate the protective effect and the molecular mechanism of Panax 
Notoginseng Saponins (PNS) on cisplatin-induced nephrotoxicity through mitochondrial pathway of apoptosis. The 
rats underwent intraperitoneal injection with a single dose of cisplatin, a subset of rats were also intraperitoneally 
injected with 31.35 mg/kg PNS once a day for 8 days. At day 1, 4 and 8 after exposure to cisplatin, the concentra-
tions of blood urea nitrogen (BUN), serum creatinine (Scr) and urinary N-acetyl-β-D-Glucosaminidase (NAG) were 
determined using commercial kits. The pathological change of renal tissue were examined using H & E staining 
and transmission electron microscopy. The rate of apoptosis and the expression of Bcl-2 in rat renal tissue were de-
tected by using TUNEL staining and Western bloting, respectively. And the expressions of Bax and caspases 9 were 
detected by immunnohistochemistry. The results showed that PNS significantly protected against cisplatin-induced 
nephrotoxicity, as evidenced by the decrease in concentration of blood BUN, Scr and urinary NAG, as well as the at-
tenuation of renal histopathological damage. Furthermore, PNS reduced the rate of apoptosis, and the mechanism 
studies showed that PNS inhibited the expression of Bax and caspase 9, while increased the expression of Bcl-2. 
This study first demonstrated that PNS can protect against cisplatin-induced nephrotoxicity and reduce renal tissue 
apoptosis via inhibiting the mitochondrial pathway.
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Introduction

Cisplatin is one of the most commonly used 
chemotherapy drugs, but its renal toxicity limits 
cisplatin clinical use. The molecular mecha-
nism of cisplatin-induced renal toxicity has not 
been fully elucidated. Studies had reported 
that apoptosis of renal tubular epithelial cells 
induced by cisplatin is one of the main mecha-
nism in cisplatin-induced nephrotoxicity [1]. 
Increasing apoptosis of tubular epithelial cells 
may contribute to the increased nephrotoxicity 
induced by cisplatin [2]. Mitochondrial damage 
is an important factor involved in the renal tis-
sue apoptosis induced by cisplatin [3]. Bax pro-
tein was translocated to mitochondrial [4], and 
then caspase 9 was activated after exposure of 
renal cells to cisplatin, finally the intrinsic mito-
chondrial pathway of apoptosis in renal cells 
was activated [5]. That is to say, cisplatin induc-
es the apoptosis of renal cells via the mitochon-

drial pathway [6]. Thus, inhibition of renal tissue 
apoptosis via mitochondrial pathway can pro-
tect against cisplatin-induced nephrotoxicity 
[7].

It is lack of effective drugs to remedy cisplatin-
induced nephrotoxicity in clinic at present. Pan- 
ax Notoginseng Saponins (PNS) is the main 
active ingredients of Panax notoginseng. 
Clinical studies showed that PNS could reverse 
the multi-drug resistance of cancer, and 
improve the patients’ immune function [8]. 
Previous researches reported that PNS could 
protect ischemic myocardial cells and diabetic 
nephropathy via inhibiting apoptosis [9, 10]. 
Recent study found that PNS had protection 
against cisplatin-induced renal injury [11], but 
the mechanism is still unclear. It has not been 
reported that whether or not PNS protected 
against cisplatin-induced renal damage through 
inhibiting apoptosis. In this study, we hypothe-
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sized that PNS would attenuate cisplatin-
induced nephrotoxicity by inhibiting the mito-
chondrial pathway of renal cells apoptosis in 
rats.

Materials and methods

Chemicals

Cisplatin powder for injection (Batch number 
0070152DB) was obtained from Qilu Phar- 
maceutical Co., Ltd. (Jinan, China). Panax 
notoginseng saponins (PNS) are a marketed 
drug. In this study, PNS (Batch number 
20120305) was purchased from Guangxi 
Wuzhou Pharmaceutical Co., Ltd. (Wuzhou, 
China). BUN (urinary enzyme method), Scr, and 
N-acetyl-β-D-Glucosaminidase (NAG) kits were 
purchased from Nanjing Jiancheng Bioen- 
gineering Research Institute (Nanjing, China).

Animals

Male Sprague-Dawley (SD) rats (200 g ± 20 g) 
were provided by the Experimental Animal 
Center of Guangxi Medical University (Guangxi, 
China Approval No.: GX MU2010032418) and 
were housed four per cage. The research was 
conducted according to protocols approved by 
the institutional ethics committee of Guangxi 
Medical University.

Experimental design of drug treatment

Animals were divided into the following three 
groups (n = 36):

(I) The control group: rats received the same 
volume of saline from day 1 to 8.

(II) The cisplatin-only group: rats received a sin-
gle dose of cisplatin (5 mg/kg) at day 1, and the 
same volume of saline once daily from day 1 to 
8.

(III) The cisplatin + PNS group: rats received a 
single dose of cisplatin (5 mg/kg) at day 1, and 
PNS (31.35 mg/kg) once daily from day 1 to 8.

The rats in Group II and III were administered 
cisplatin to induce kidney damage. The doses 
of cisplatin and PNS were adopted according to 
a previous study [12]. All drugs were adminis-
tered by intraperitoneal injection.

Urine samples, blood samples and renal tis-
sues were collected after exposure to cisplatin 

1 day, 4 days and 8 days. Rats were anesthe-
tized with pentobarbital sodium (30 mg/kg 
b.w., i.v.). Kidneys were lavaged in situ with ice-
cold saline through the abdominal aorta. Next, 
the kidneys of rat were dissected and washed 
immediately with ice-cold saline. A portion of 
the renal samples was fixed for 2 hours in 3% 
glutaraldehyde for histopathological analysis. 
The other portion of the renal samples was 
embedded in paraffin and cut into slices for 
immunohistochemistry analysis.

Determinate the concentration of Serum BUN, 
Scr and urinary NAG

The concentration of serum BUN, Scr was 
determined respectively using a rate assay, oxi-
dase method. The concentration of urinary NAG 
was detected using the nitrophenol colorimet-
ric method. All performed procedures were 
strictly in accordance with the kit require- 
ments.

H & E staining

Renal tissues were fixed with 10% formalin. 
Then, the renal tissues were cut into sections. 
Finally, the sections were stained with hema-
toxylin and eosin (H & E) reagents for patholo- 
gical histological examination.

Transmission electron microscopy (TEM) ex-
amination

Renal tissues were fixed for 2 hours with 3% 
glutaraldehyde. Next, the renal tissues were 
embedded in paraffin and cut into slices. 
Finally, the slices were processed in standard 
fashion for pathological examination using 
transmission electron microscopy (Hitachi 
H7650, Japan). All histological examinations 
were performed by an experienced pathologist 
who was blinded to the experimental groups.

Terminal deoxynucleotidyl transferase-mediat-
ednick-end labeling (TUNEL) assays

The apoptosis of renal tissue was detected 
using the TUNEL assay accordance with the 
instruction provided by the kit (Roche Diag- 
nostics, Penzberg, Germany). In brief, the par-
affin-embedded renal tissues were cut into 
4-μm sections. The sections were deparaf-
finized and incubated with 10 g/ml proteinase 
K for 15 minutes at room temperature. Then, 
the sections were exposed to terminal deoxy-
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nucleotidyl transferase labeling reaction mix-
ture for 90 minutes, and incubated with anti-
FITC-horseradish peroxidase conjugate for 30 
minutes in a 37°C humidified chamber. Finally, 
the sections were reacted with a kit containing 
3, ’-diaminobenzidine (DAB) (Boster, Wuhan, 
China). The TUNEL-positive cell was count using 
microscope and photos were taken with the 
imaging analysis system (Olympus Soft Imaging 
Solutions, Germany).

Immunohistochemical detection of Bax and 
caspase9 protein expression

The expression of Bax and caspase9 was 
detected using immunohistochemical method. 
Sections were cut from paraffin-embedded rat 
renal tissues, 0.3% H2O2 was used to block the 
endogenous peroxidase activity. The sections 
were incubated with the Bax antibodies (1:500 
dilution in PBS, Cell Signaling technology Co, 

Figure 1. The effects of PNS on the levels of 
Serum Cr, BUN and urine NAG. The results are 
presented as the means ± SE. *P < 0.01 when 
compared with the control group, #P < 0.01 
when compared with the cisplatin-only group.

Figure 2. Histomorphological examination of rat renal tissue (H & E staining, 400×). A, D, G: The control group at 
day 1, 4 and 8; B, E, H: The cisplatin-only group at day 1, 4 and 8; C, F, I: The cisplatin-PNS group at day 1, 4 and 8.
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Danvers, MA) or Caspase9 antibodies (1:300 
dilution in PBS, Epitomics-an Abcam Co. 
Cambridge, England) overnight at 4°C in a 
moist chamber. Next, biotinylated secondary 
antibodies and ABC reagent were added 
according to the kit’s instructions (Boster, 
Wuhan, China). Color development was induced 
by incubation with DAB kit (Boster, Wuhan, 
China) for 3 to 5 minutes. Finally, the sections 
were dehydrated in ethanol, transparent in 
xylene and sealed. The specific staining was 
visualized and images were acquired using 
Upright microscope (Olympus Soft Imaging 
Solutions, Germany). The morphometric exami-

nation was performed in a blinded manner by 
two independent investigators.

Western blotting detection of Bcl-2 protein ex-
pression

The protein Bcl-2 expression of rat renal tis-
sues was detected by Western blotting. In brief, 
proteins in renal specimen were separated 
using 12% Tris-glycine gel electrophoresis, and 
then transferred to polyvinylidene fluoride 
(PVDF) membrane (Milli-pore, USA). The trans-
fer films were incubated with Bcl-2 rabbit mono-
clonal antibody (1:1,000 dilution in tPBS; Cell 

Figure 3. The effects of PNS on the mitochondrial of renal tubular epithelial cells. A, D, G: The control group at day 
1, 4 and 8, the structure and shape of renal tubular epithelial cells were normal; B, E, H: The cisplatin-only group at 
day 1, 4 and 8, the mitochondrial were swelling, mitochondrial cristae were vague, rupture and melted; C, F, I: The 
cisplatin-PNS group at day 1, 4 and 8, the mitochondrial injury was improved.
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Signaling, Danvers, MA), or internal loading 
control protein β-actin (1:1,000 in tPBS; Santa 
Cruz Biotechnology, Santa Cruz, CA) overnight 
on a 4°C shaker. Finally, the PVDF membranes 
were incubated using a secondary fluorescent 
antibody (Anti-Rabbit IgG, LICOR, USA) and 
detected using Odyssey infrared fluorescence 
scanning imaging system (Odyssey, LICOR, 
USA).

Statistical analysis

Statistical analysis was performed using SPSS 
16.0 for Windows. Differences between the 
groups were assessed using a one-way analy-
sis of variance (ANOVA). The quantitative data 
were presented as the means ± SE. A P-value < 

0.05 was considered to be statistically 
significant. 

Results

Effects of PNS on levels of serum Cr, BUN and 
urine NAG

The levels of serum Cr, BUN and urine NAG in 
the control group has no obvious change at day 
1, 4 and 8. The levels of serum Cr and BUN in 
the cisplatin-only group significantly increased 
at day 1, 4 and 8, and the level of urine NAG 
significantly increased at day 4 and 8 when 
compared with the control group (Figure 1). 
Compared with the cisplatin-only group, both 
serum Cr and BUN levels in the cisplatin + PNS 
group significantly decreased at day 1, 4 and 8, 

Figure 4. The effect of PNS on the apoptosis rate of rat renal tissue detected using TUNEL staining. A, D, G: The 
control group at day 1, 4 and 8; B, E, H: The cisplatin-only group at day 1, 4 and 8; C, F, I: The cisplatin-PNS group at 
day 1, 4 and 8. *P < 0.01 when compared with the control group, #P < 0.01 when compared with the cisplatin-only 
group.

Figure 5. The effects of PNS on the expression of caspase9 detected using immunohistochemical method. A, D, G: 
Normal control group at 1, 4 and 8 d; B, E, H: Cisplatin-only group at day 1, 4 and 8; C, F, I: Cisplatin-PNS group at 
day 1, 4 and 8. The results are presented as the means ± SE. *P < 0.01 when compared with the control group, #P 
< 0.01 when compared with the cisplatin-only group.
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and the level of urine NAG significantly 
decreased at day 4 and 8 (Figure 1).

Pathological examination of renal tissue using 
H & E-staining 

The structure of rat renal tissues in the control 
group is normal (Figure 2A, 2D, 2G). In the cis-
platin-only group, the renal tubular epithelial 
cells were edema, and renal tubular lumens 
were local stenosis at day 1 (Figure 2B). The 
edema of cells were aggravated, a lot shedding 
of epithelial cells and a large number of protein 
cast or red blood cell casts were found in the 
cisplatin-only group (Figure 2E, 2H) at day 4 
and day 8. The pathological damages of renal 
tissues in the cisplatin + PNS group were 
obviously improved when compared with the 
cisplatin-only group (Figure 2C, 2F, 2I).

Transmission electron microscopy examination 
of renal tubular epithelial cell

The structure and shape of renal tubular epi-
thelial cells in the control group were normal 
(Figure 3A, 3D, 3G) at day 1, 4 and 8. The lyso-
some number in renal tubular epithelial cells 
was increased, the mitochondrial were swelling 
and mitochondrial cristae were vague in the 
cisplatin-only group (Figure 3B) at day 1. The 
mitochondrial swelling of renal tubular epitheli-
al cells was aggravated, mitochondrial cristae 
were ruptured or melted in the cisplatin-only 
group (Figure 3E, 3H) at day 4 and 8. PNS could 
improve the mitochondrial injury of renal tubu-
lar epithelial cells when compared with the cis-
platin-only group (Figure 3C, 3F, 3I) at day 1, 4 
and 8.

Effects of PNS on the apoptosis of renal tissue

The apoptosis rate of renal tissue was detected 
using TUNEL staining (Figure 4). As shown in 
Figure 4, the apoptosis rate of renal tissue in 
the control group had no changes at day 1, 4 
and 8. The apoptosis rate was significantly 
higher in the cisplatin-only group when com-
pared with the control group at day 1, 4 and 8. 
Compared with the cisplatin-only group, the 
apoptosis rate of renal tissue in the cis- 
platin + PNS group was significantly lower at 
day 4 and 8 (Figure 4). 

Effects of PNS on the expression of caspase9 
in renal tissue of rat

The caspase9 protein was mainly expressed in 
renal tubular epithelial cells (Figure 5). The 
level of caspase9 protein expression in the con-
trol group had no changes at day 1, 4 and 8 
(Figure 5). Compared with the control group, 
the expression of caspase9 protein in the cispl-
atin-only group was significantly increased, it 
increased respectively by 1.13, 2.23, 1.75 
times at day 1, 4 and 8. PNS significantly 
reduced the expression of caspase9 when 
compared with the cisplatin-only group, it 
respectively decreased by 16.9%, 19.7%, 
30.2% at day 1, 4 and 8 (Figure 5).

Effects of PNS on the expression of Bax in re-
nal tissue in rat

The Bax protein was expressed mainly in renal 
tubular epithelial cells (Figure 6). The level of 
Bax protein expression in the control group 
didn’t change at day 1, 4 and 8 (Figure 6). 

Figure 6. The effects of PNS on the expression of Bax and caspase9 in rat renal tissue detected using immunohis-
tochemical method. A, D, G: The control group at day 1, 4 and 8; B, E, H: The cisplatin-only group at day 1, 4 and 
8; C, F, I: The cisplatin-PNS group at day 1, 4 and 8. The results are presented as the means ± SE. *P < 0.01 when 
compared with the control group, #P < 0.01 when compared with the cisplatin-only group.
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Compared with the control group, the expres-
sion of Bax protein in the cisplatin-only group 
was significantly increased at day 1, 4 and 8, it 
was increased by 2.34, 4.51, 5.38 times, 
respectively. The expression level of Bax pro-
tein in the cisplatin + PNS group was signifi-
cantly decreased when compared with the cis-
platin-only group at day 1, 4 and 8, it decreased 
respectively by 40.7%, 22.2%, 50.9% (Figure 
6).

Effects of PNS on the expression of Bcl-2 in 
renal tissue of rat

The expression of Bcl-2 protein in the control 
group had no obvious changes at day 1, 4 and 

8 (Figure 7). The expression of Bcl-2 protein in 
the cisplatin-only group was significantly 
increased when compared with the control 
group, it increased respectively by 0.79, 1.39, 
3.47 times at day 1, 4 and 8 (Figure 7). PNS 
significantly increased the expression of Bcl-2 
protein when compared with the cisplatin-only 
group, it increased by 0.66, 0.70, 1.00 times 
respectively at day 1, 4 and 8 (Figure 7).

Discussion

The main pathological feature of cisplatin-
induced nephrotoxicity is renal tubular epitheli-
al cell injury, and cisplatin can reduce the rate 
of glomerular filtration, increase the levels of 

Figure 7. The effect of PNS on the expression of Bcl-2 in rat renal tissue detected by WB. A: The control group; B: 
The cisplatin-only group; C: The cisplatin + PNS group. The results are presented as the means ± SE. *P< 0.01 when 
compared with the control group, #P < 0.01 when compared with the cisplatin-only group.
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serum Cr, BUN [13-15] and urinary NAG [16]. 
This study found that the levels of serum Cr, 
BUN and urinary NAG in the cisplaitn-only group 
were significantly elevated when compared 
with the control group.

Apoptosis is also called programmed cell death. 
It is a form of cell death. Many studies have 
demonstrated that the apoptosis of renal tis-
sue induced by cisplatin plays an important role 
in cisplatin-induced nephropathy [17, 18]. 
Apoptosis of tubular epithelial cells induced by 
cisplatin may increase nephrotoxicity [2]. In this 
experiment, the apoptosis rate of rat renal cells 
in the cisplaitn-only group was significantly 
higher when compared with the control group 
at day 1, 4 and 8. The apoptosis rate at day 4 
was the highest among these three time points. 
The renal damage and the mitochondria injury 
of renal tubular epithelial cells at day 4 were 
the most serious among these three time 
points too. That is to say, the apoptosis rate 
was consistent with the damages of renal tis-
sue shown in pathological examination using H 
& E staining and TEM. These results suggest 
that cisplatin can induce apoptosis of renal tis-
sue and cause kidney damage. It is consistent 
with literature reports [19, 20].

However, the molecular mechanisms of cisplat-
in-induced apoptosis of renal tubular epithelial 
cells have not been fully elucidated. According 
to the reports, the apoptosis of renal tubular 
epithelial cells induced by cisplatin was mainly 
through the mitochondrial pathway [21]. 
Caspase 9 plays an important role in the mito-
chondrial pathway of apoptosis. Cytochrome C 
is released from mitochondria to the cytosol 
when mitochondrial pathway is activated by cis-
platin, leading to the conversation of procas-
pase9 to caspase9 [5] and the formation of 
apoptosis bodies. Only the combination of cas-
pase9 and apoptosis body can effectively acti-
vate downstream of caspase, including cas-
pase 3/6/7, and eventually leads to cell apop-
tosis [22]. Thus, caspase9 is a key protein and 
promoter in the mitochondrial pathway of apop-
tosis [23]. It has not been reported that wheth-
er or not caspase9 participates in the apopto-
sis of renal cells induced by cisplatin. In this 
study, the caspase9 expressions of rat renal 
tissue in the cisplatin-only group were signifi-
cantly increased when compared with the con-
trol group at day 1, 4 and 8, the expression of 
caspase9 at day 4 was the highest among 

these three time points. It was at the same time 
that the apoptosis rate of renal cells was the 
highest, and the mitochondrial damage of renal 
cells was the most serious among these three 
time points in the cisplatin group. These results 
first suggest that caspase9 may be involved in 
the apoptosis of renal cells induced by cis- 
platin.

Mitochondrial pathway of apoptosis induced by 
cisplatin can be regulated by the pro-apoptotic 
protein Bax and the anti-apoptosis protein 
Bcl-2 [7]. Studies found that Bax genes were 
activated to increase the expression of Bax pro-
tein when cells were stimulated by cisplatin 
[24]. Bax protein binds to mitochondria mem-
brane after conformational change, and then 
causes the release of cytochrome C from mito-
chondria [25], eventually promotes the apopto-
sis. In contrast, the anti-apoptosis protein Bcl-2 
can stabilize the mitochondrial membrane 
potential through a variety of ways to inhibit the 
release of cytochrome C [26, 27], thereby inhib-
its the mitochondrial pathway of cell apoptosis. 
Thus, the expressions of protein Bax and Bcl-2 
are very important in the regulatory of apopto-
sis [28], the increasing of Bax expression pro-
motes apoptosis while the decreasing of Bcl-2 
expression inhibits apoptosis. In this experi-
ment, the Bax expression in the cisplatin-only 
group was significantly higher when compared 
with the control group. This result shows that 
cisplatin can increase the Bax expression of 
renal tissues to promote apoptosis.

PNS is the effective components extracted 
from traditional Chinese medicine herb Panax 
Notoginseng. It contains a variety of active 
ingredients including notoginseng saponin R1 
and ginseng saponin Rg1, Rb1, Re, Rd, etc. 
Therefore, PNS has a variety of activities such 
as antioxidant [29], anti-proliferative and anti-
apoptotic. According to the previous study, PNS 
can reduce the renal damage induced by cispl-
atin [11]. Other reports are that PNS plays a 
role of protection on ischemic myocardial cells 
and diabetic nephropathy by inhibiting apopto-
sis [3, 9]. In this experiment, the levels of Cr, 
BUN and urinary NAG in the cisplatin + PNS 
group were decreased significantly when com-
pared with the cisplatin-only group, the renal 
tubular necrosis and the mitochondrial injury of 
renal tubular epithelial cells in the cisplatin + 
PNS group were obviously improved too. 
Moreover, the apoptosis rate of rat renal in the 
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cisplatin + PNS group was significantly de- 
creased when compared with the cisplatin-only 
group at day 4 and 8. These results first prompt 
that PNS may be protect against cisplatin-
induced nephrotoxicity by inhibiting the apopto-
sis of renal cells. In addition, PNS significantly 
reduced the expression of caspase9 and Bax, 
while it significantly increased the Bcl-2 expres-
sion when compared with the cisplatin-only 
group. These results show that PNS inhibits the 
apoptosis of renal cells via mitochondrial 
pathway.

From what has been discussed above, PNS 
possible plays a role of protection against cispl-
atin-induced nephrotoxicity by inhibiting the 
apoptosis of renal cells induced by cisplatin via 
the mitochondrial pathway dependent caspase 
9.
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