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Abstract: Objective: To investigate the effect of bradykinin (BK) on cisplatin (DDP)-induced cardiotoxicity at the cel-
lular level and its cytological mechanism. Methods: The toxic effects of DDP on GP-H1 cells, and the effects of BK on
DDP cardiomyocyte survival rate, DDP-induced malondialdehyde (MDA), lactate dehydrogenase (LDH), superoxide
dismutase (SOD), reactive oxygen species (ROS), mitochondria membrane potential (MMP) and apoptosis were
explored. Results: DDP at different concentrations inhibited GP-H1 cells at 12 h after administration, and the in-
hibitory effect was more prominent at 24 h after administration and continued until 72 h after administration. The
severity of GP-H1 cell damage induced by DDP was reduced by 0.1 uM, 1 uM, and 10 uM BK. After GP-H1 cells were
treated with DDP, ROS levels increased and MMP levels decreased, while BK intervention inhibited these effects. At
24 h after DDP treatment, Bax/bcl-2 increased in GP-H1 cells, and the expressions of Caspase-3, p-NF-«kB, p-p38
and p-Smad2 decreased. After intervention with BK, it was shown that Bax/Bcl-2 was significantly reduced, and the
expressions of Caspase-3, p-NF-kB, p-p38 and p-Smad2 decreased. Bax/Bcl-2 and the expressions of Caspase-3,
p-NF-kB, p-p38 and p-Smad2 of GP-H1 cells were basically not affected by BK alone. Conclusion: The protective
effect of BK on DDP-induced GP-H1 cell damage in guinea pig is related to the activation of PI3K/Akt/NO signaling
pathway by BK, which reduces oxidative stress levels in cardiomyocytes and also acts as an anti-apoptotic agent.
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Introduction

Cisplatin (DDP) is a chemotherapeutic drug
used in the treatment of a variety of solid
tumors, including cervical cancer, bladder can-
cer, testicular cancer, etc., but its clinical appli-
cation is severely limited due to its serious toxic
side effects, such as ototoxicity, nephrotoxicity,
cardiotoxicity and neurotoxicity. Although it is
commonly used in the treatment of malignant
tumors, clinical studies have also found that
DDP exhibits an excessive affinity for myocar-
dial tissue while being anti-tumor, leading to an
accumulation in cardiomyocytes and inducing
cardiotoxicity, thus resulting in its limited clini-
cal application [1, 2]. The main cardiotoxic

mechanism of DDP is related to excessive oxi-
dative stress caused by overproduction of myo-
cardial oxygen free radicals. DDP can be re-
duced to semiquinone DDP in cardiomyocytes,
and the latter converts oxygen molecule (0,) to
superoxide anion (0,) with increased produc-
tion of hydrogen peroxide (H,0,) [3]. Increased
production of these free radicals can trigger
lipid peroxidation, leading to damages to cell
membrane structure, DNA and proteins in car-
diomyocytes that manifest as inflammatory and
apoptotic changes, both of which can limit car-
diac function [4]. There is increasing evidence
that oxidative stress and inflammation are the
main toxic mechanisms of DDP-induced cardio-
toxicity, and that inducible nitric oxide synthase
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(iNOS)-induced NO and O, are key cellular
components of DDP-induced cardiotoxicity [5].
However, the specific molecular cytological
mechanism is still unclear.

Bradykinin (BK) is produced by the transforma-
tion of kininogen under the action of kinin-
releasing enzyme when the body is subjected
to pathological stimuli such as tissue damage,
hypoxia, and inflammation [6]. The kallikrein-
kinin system (KKS) is found in a wide range of
animal tissues, and it produces multiple bio-
logical effects through various signaling path-
ways and is involved in the regulation of mul-
tiple organ functions and pathophysiological
processes, such as cardiovascular, renal and
nervous system regulation, as well as cell prolif-
eration, inflammation and apoptosis [7]. KKS
attenuates apoptosis and enhances cardiac
function [8]. Studies have found that decreas-
ed KKS activity is associated with left ventricu-
lar hypertrophy, heart failure, hypertension, dia-
betes and myocardial infarction, confirming
that KKS can protect the heart [9, 10]. However,
whether there is a correlation between KKS
and DDP-related myocardial injury has not been
analyzed. It is of great significance to study
how to mitigate the cardiotoxicity of DDP in its
application.

In this study, we analyzed the role of BK in DDP-
induced cardiotoxicity and the possible intra-
cellular signal transduction pathways of BK
using a cytotoxicity model of DDP-induced myo-
cardial injury. The clinical significance of this
study is to provide a new approach for the treat-
ment of cardiotoxicity, and to give evidence
support at a receptor level for the development
of highly effective and low-toxicity antitumor
drugs.

Materials and methods
Materials

GP-H1 cells were used in this study. The instru-
ments and equipment used in this study includ-
ed optical microscope (Leica Microsystems
GmbH, Wetzlar, Germany), -86°C cryogenic
incubator (Thermo Fisher Scientific, Waltham,
USA), automatic biochemical analyzer (CHE-
MIX-180, Shanghai Lishen Scientific Equip-
ment Co., Ltd., China), UV spectrophotometer
(Shanghai Anting Scientific Instrument Fac-
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tory, China), centrifuge (Eppendorf, Hamburg,
Germany), constant temperature water bath
(Edmund Buhler GmbH, Bodelshausen, Ger-
many), electronic balance (Shanghai Anting
Scientific Instrument Factory, China) and pipe-
tte (Zealway (Xiamen) Instrument Inc., China).
All the antibodies used in this study were
bought from Affinity Biosciences, including
cleaved-Caspase 3 (No. AF7022, 1:1000),
NF-kB (No. AF6217, 1:1000), p-NF-kB (No.
AF3219, 1:1000), p38 (No. AF6456, 1:1000),
p-p38 (No. AF4001, 1:1000), Smad2 (No.
AF6449, 1:500) and p-Smad2 (No. AF3449,
1:1000).

Methodology

Cardiomyocyte culture: The procedures for car-
diomyocyte culture included cell culture, medi-
um change and passaging-freeze-thawing of
adherent cells.

Determination of DDP toxicity on GP-H1 cells:
GP-H1 cells in good conditions and about 85%
confluence were selected. The single-cell sus-
pension was prepared by tryptic digestion. Cells
were inoculated in a 96-well plate with a den-
sity of 5x10%/mL, 100 pL per well, at saturated
humidity, 5% COQ, 37°C for 1 day of routine
incubation, followed by washing with PBS, and
adding with 0.1, 0.3, 1, 3, 10 and 30 um of DDP
at 12, 24, 36, 48, 60 and 72 h, respectively,
using medium containing fetal bovine serum.
Afterwards, 5 mg/mL MTT was added, 20 uL
per well and incubated for 5 h. The supernatant
was discarded, and each well was added with
150 uL of dimethyl sulfoxide, shaken and mixed
well, and wells without cells were set as the
blank controls. The multifunctional enzyme im-
munoassay was used to determine the optical
density at 490 nm for three times.

Determination of the viability of GP-H1 cells:
The effect of DDP on the viability of GP-H1 cells
were determined with similar procedures de-
scribed above.

Determination of cardiomyocyte survival rate:
GP-H1 cells in a good condition at logarithmic
growth stage (80-90% confluency) were digest-
ed to prepare cell suspension. Cells were in-
oculated with 5x10%/mL cells in a 96-well plate,
100 pL per well, and incubated at 37°C, 5%
CO, and saturated humidity overnight. The cells
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were added with 10 yM, 1 yM and 0.1 pM BK
for 30 min of incubation, followed by adding
with DDP. The cells were grouped into control
group, 0.1 uM BK group, 1 uM BK group, 10 uM
BK group, 0.1 uM BK+DDP group, 1 uM BK+DDP
group, and 10 uM BK+DDP group. The concen-
tration of BK that could inhibit the toxicity of
DDP was determined.

Determination of malondialdehyde (MDA), lac-
tate dehydrogenase (LDH) and superoxide dis-
mutase (SOD): GP-H1 cells in a good condition
at logarithmic growth stage (80-90% confluen-
cy) were divided into four groups: control group,
DDP group, DDP+BK group, and BK group. BK
was added 30 min before DDP and incubated
for 24 h. The supernatant and cell lysate of
each group were taken, and the protein con-
centration was determined with UV spectro-
photometer. SOD activity (SOD ELISA kit, No.
SP11149) and MDA content (MDA ELISA Kkit,
No. SP10462) in cell lysate and LDH content
(LDH ELISA kit, No. SP10961) in supernatant
were determined according to the kit instruc-
tions. All the kits were purchased from Wuhan
Saipei Biotechnology Co., Ltd., China.

Detection of intracellular reactive oxygen spe-
cies (ROS): A circular coverslip soaked in 75%
alcohol was burned on an alcohol lamp and
placed in a 24-well plate. GP-H1 cells in a good
condition at the logarithmic growth stage (80-
90% confluency) were digested to prepare the
cell suspension and placed on circular cover-
slip, 100 pL per well, and then they were incu-
bated at 37°C, 5% CO, and saturated humidity
for 4 h. After that, 100 pL of culture medium
was supplemented in each well and incubated
overnight. The cells were grouped into control
group, DDP group, DDP+BK group and BK
group. BK was added 30 min before DDP and
incubated for 24 h. After 24 h of culture in the
incubator, the cells were washed twice with
PBS. The fluorogenic probe 2,7-dichlorofluo-
rescin diacetate (DCFH-DA) for reactive oxygen
molecules (ROS) was diluted to 1 pM and
stained for 30 min. The fluorescence density of
cells was detected under laser confocal micros-
copy in FITC mode. DCFH-DA itself is not fluo-
rescent and can freely cross the cell membrane
and hydrolyze in the cell to generate DCFH,
which in combination with ROS can become
fluorescent DCF. Therefore, fluorescence inten-
sity can reflect the ROS level in the cells.
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Detection of mitochondrial membrane poten-
tial (MMP): GP-H1 cells were treated and
grouped as previously described. The fluoro-
genic probe Rh123 for MMP was diluted to 0.5
MM and stained for 30 min. The fluorescence
density of cells was detected under laser confo-
cal microscope in FITC mode. Rh123 is a lipo-
philic cationic fluorescent dye, which is perme-
able to cell membrane and can be selectively
enriched in mitochondria. When cells are in a
viable state, Rh123 is permeable to the cell
membrane, accumulates in mitochondria and
emits green fluorescence. In the process of
apoptosis, the transport capacity and electro-
negativity of the mitochondrial membrane are
decreased, the ability of the cell mitochondria
to accumulate Rh123 is also lost, and the fluo-
rescence intensity is reduced. Accordingly, the
changes of MMP can be detected to reflect the
apoptosis of cells.

Whole cell protein extraction: The whole protein
was extracted in the following steps: cell collec-
tion and lysis, protein quantification, and pro-
tein sample processing. The procedures to de-
termine DDP-induced cell apoptosis were as
follows: protein electrophoresis, protein trans-
fer, immunostaining method showing target
protein bands, and result analysis.

The mechanism of BK protection against DDP-
induced cardiomyocyte injury: (1) The role of
PI3K/Akt/NO signaling pathway in BK protec-
tion against DDP induced cardiomyocyte injury
was analyzed. GP-H1 cells in a good condition
at logarithmic growth stage (80-90% confluen-
cy) were digested to prepare cell suspension.
The cells were inoculated with 5x10%/mL cells
in a 96-well plate, 100 pL per well, and incu-
bated at 37°C, 5% CO, and saturated humidity
overnight. After BK incubation for 30 min, DDP
and B2 receptor inhibitor HOE-140 (H), PI3K
inhibitor LY294002 (LY), NOS inhibitor L-NAME
(L) and PLC inhibitor U-73122 (U) were added,
respectively. The cells were grouped to control
group, DDP group, BK+DDP group, BK+DDP+H
group, BK+DDP+L group, BK+DDP+LY group
and BK+DDP+U group. MTT assay was used to
detect the survival rate of each group. (2) The
effect of PLC/PI3K/Akt/NO signaling pathway
on BK reducing ROS content in cardiomyocytes
induced by DDP was analyzed. A circular cover-
slip soaked in 75% alcohol was burned on an
alcohol lamp and placed in a 24-well plate.
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Figure 1. Toxic effects of DDP on GP-H1 cells. The reduction in GP-H1 cell
survival in the other six groups was greater than that in the control group at
12 h,24 h, 36 h, 48 h, 60 h and 72 h, and the survival rate of GP-H1 cells
decreased significantly with the increase of concentration (P < 0.05). DDP:
cisplatin. *P < 0.05 compared with control group.

GP-H1 cells in a good condition at the logarith-
mic growth stage (80-90% confluency) were
digested to prepare the cell suspension, placed
on circular coverslip 100 uL per well, and incu-
bated at 37°C, 5% CO, and saturated humidity
for 4 h. After that, 100 pL of culture medium
was supplemented in each well and incubated
overnight. After incubating with BK for 30 min,
DDP and blocking agent were added, and the
cells were grouped as previously described.
After 24 h of culture in the incubator, the cells
were washed twice with PBS. The fluorogenic
probe DCFH-DA for ROS was diluted to 1 uM
and stained for 30 min. The fluorescence den-

Results

as well as the mechanism of
BK protection against DDP-
induced cardiomyocyte injury
were observed and analyzed.

Statistical analysis

Statistical analyses were per-
formed using Statistical Pack-
age for Social Science (SPSS)
23.0 software. Normally dis-
tributed measurement data
were expressed as mean + SD,
and comparison between two
groups was performed by us-
ing independent sample t-test,
comparison between multiple
groups by one-way analysis of
variance (ANOVA), and pair-
wise comparison by SNK test.
Graphs were plotted using Gra-

phPad Prism 8. P < 0.05 was considered statis-
tically significant.

Toxic effects of DDP on GP-H1 cells

GP-H1 cells were incubated with varying con-
centrations of DDP for 12-72 h, and cell viability
was compared by MTT method. It was found
that DDP at different concentrations began to
inhibit GP-H1 cells at 12 h after administration,
and the inhibitory effect was more prominent at
24 h after administration and continued until

72 h after administration. The survival rate of

sity of cells was detected under a laser confo-
cal microscope in FITC mode. (3) The effect of
PLC/PI3K/Akt/NO signaling pathway on BK
alleviating MMP in cardiomyocytes induced by
DDP was analyzed. GP-H1 cells were treated cells
and grouped as previously described. The fluo-
rogenic probe Rh123 for MMP was diluted to
0.5 UM and stained for 30 min. The fluores-
cence density of cells was detected under the
laser confocal microscope in FITC mode.

Outcomes measures

GP-H1 cells decreased significantly with the
increase of concentration (P < 0.05) (Figure 1).

Effect of DDP on the cell viability of GP-H1

The 24 h of incubation with DDP decreased the
viability of GP-H1 cells by 50% at a concentra-
tion of 1.14 um, so the DDP injury model was
subsequently prepared at a concentration of 1
um (Figure 2).

Effects of BK on viability of DDP-induced car-

The toxic effects of DDP on GP-H1 cells and
GP-H1 cell viability, the effects of BK on surviv-
al rate of cardiomyocyte with the presence of
DDP, and the effects of BK on DDP-induced
MDA, LDH, SOD, ROS levels, MMP, apoptosis

diomyocytes

The viability of GP-H1 cells was basically unaf-
fected when 0.1 um, 1 ym and 10 um BK were
applied to GP-H1 cells for 24 h. All the three
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Figure 2. Effect of DDP on the survival rate of GP-H1
cells. The survival rate of GP-H1 cells in the other six
groups decreased significantly when compared with
that in the control group (P < 0.05), and the survival
rate of GP-H1 cells showed a downward trend with
the increase of drug concentration. DDP: cisplatin. *
indicates pairwise comparison, P < 0.05.

concentrations of BK reduced the DDP-induced
damage of GP-H1 cells. To avoid non-specific
toxic responses, 0.1 ym BK was used to resist
DDP-induced toxicity (Figure 3).

Effect of BK on DDP-induced change of MDA,
LDH, and SOD levels

After 24 h of treatment with DDP on GP-H1
cells, the levels of LDH in the cell culture medi-
um and the levels of MDA in the cell lysate
increased significantly while the SOD activity
decreased significantly. Through BK induction,
MDA and LDH levels decreased significantly,
and SOD activity increased. GP-H1 cells treat-
ed with BK alone had no significant effect on
MDA and LDH levels and SOD activity (Figure
4).

The effect of BK on DDP-induced change of
ROS levels

GP-H1 cells were treated with DDP, and the
change in ROS level was measured by the ROS-
specific fluorescent probe 2,7-DCFH-DA. It was
found that DDP could induce an increase in
ROS level in GP-H1 cells at 24 h after adminis-
tration. Continuous half-hour induction with BK
prior to the use of DDP resulted in a decrease
in cellular ROS levels (Figure 5).
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Figure 3. Effect of BK on cardiomyocyte survival
rate. The decrease in GP-H1 cell survival rate in the
DDP group was lower than that in the control group
(P < 0.05), and the survival rate was higher in the
BK treatment groups than that in the DDP group (P
< 0.05). The highest survival rate was observed in
1 um BK group. DDP: cisplatin; BK: bradykinin. *
indicates pairwise comparison, P < 0.05.

Effect of BK on DDP-induced change of MMP
levels

GP-H1 cells were treated with DDP, and the
changes in MMP at 24 h after DDP administra-
tion were measured by Rh123. It was found
that DDP significantly reduced the MMP level of
GP-H1 cells at 24 h after administration, while
half-hour induction with BK before DDP usage
increased the MMP level (Figure 6).

Effect of BK on DDP-induced apoptosis

After DDP and BK administration to GP-H1
cells, the expressions of apoptotic proteins
Bax, Bcl-2 and others were examined by
Western blot. It was found that the expression
of pro-apoptotic protein Bax was significantly
increased, and the expressions of anti-apop-
totic protein Bcl-2, Caspase-3, p-NF-kB, p-p38
and p-Smad2 were significantly decreased.
There was a significant increase in the level of
Bax/Bcl-2 of GP-H1 cells at 24 h after admi-
nistration. The induction with BK resulted in
decreased expression of Bax, increased expres-
sion of Bcl-2, and significantly reduced ratio of
Bax/Bcl-2. The Bax/Bcl-2 expression of GP-H1
cells was basically not affected by BK alone.

Am J Transl Res 2023;15(2):745-754
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Figure 5. Effect of BK on DDP-induced ROS levels.
The ROS levels of GP-H1 cells were higher in the DDP
group than that in the control group (P < 0.05), while
the ROS levels of GP-H1 cells were significantly lower
in the BK+DDP group and the BK group than that in
the DDP group (P < 0.05). DDP: cisplatin; BK: bra-
dykinin; ROS: Reactive Oxygen Species. * indicates
pairwise comparison, P < 0.05.

750

B

LDH (mM)

6.0 ) .
e A
5.5- a2 1
] i
5.0-

1 1
4.5+ _L I

4.0 T

Control

T
DDP BK+DDP BK

Figure 4. Effect of BK on DDP-induced MDA, LDH,
and SOD levels. The MDA (A), LDH (B) and SOD
(C) levels were higher in the DDP and BK+DDP
groups than those in the control group (P < 0.05).
DDP: cisplatin; BK: bradykinin; MDA: malondial-
dehyde; LDH: lactate dehydrogenase; SOD: super-
oxide dismutase. * indicates pairwise compari-
son, P < 0.05.
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Figure 6. Effect of BK on DDP-induced MMP. Com-
pared with that in the control group, MMP level of
GP-H1 cells was lower in the DDP group (P < 0.05).
Compared with that in the DDP group, MMP levels of
GP-H1 cells were higher in the BK+DDP group and
the BK group (P < 0.05). DDP: cisplatin; BK: bradyki-
nin; MMP: Mitochondria Membrane Potential. * indi-
cates pairwise comparison, P < 0.05.

Am J Transl Res 2023;15(2):745-754



Effect of bradykinin and its cytological mechanism

A B
* *
0.6
p-actin §
o
% 0.4+ hs
Bax % 02
2
5
Bel-2
“ 004
control DDP BK+DDP BK
Caspase-3
E
@ 1.0
NF-kB I
Z 0.8
=3
c
p-NF-xB g %
£ 0.4-
H
£ 024
p38 K]
& 0.0-
control DDP BK+DDP BK
p-p38 H *
% 0.8+ s *
I * ‘
Smad2 g 0.64 |—|
. g 0.4
p-Smad2 - e — g 0.2+
k]
ontrol +) 0.0-
Control DDP BK+DDP BK &

control DDP BK+DDP BK

O

3

0.5-

Relative expression of Bcl-2
< e o
9 =
Relative expression of Caspase-
o
o

control DDP BK+DDP BK control DDP BK+DDP BK

n

G

Dl £

control DDP BK+DDP BK

e o =
T

Relative expression of p-NF-xB
Relative expression of p38
£

contrel DDP BK+DDP BK

J

1.5+ %1.5- * -
£ 5| = .
3 5
1,04 1.0
§ §
g 3
& 054 %a‘s-
£ 2
ﬁ 0.0 2 0o

control DPP BK+DDP BK control DDP BK+DDP BK

Figure 7. The protein expressions detected by Western blot. A. Results of Western blot; B-J. Statistical chart of
Western blot. Compared with those in the control group, the expressions of Bcl-2, Caspase-3, p-NF-«kB, p-p38 and
p-Smad?2 of GP-H1 cells were lower in the DDP group, while Bax was higher (P < 0.05). Compared with those in the
DDP group, the expressions of Bcl-2, Caspase-3, p-NF-kB, p-p38 and p-Smad2 of GP-H1 cells were higher in the
BK+DDP group and the BK group, while Bax was lower (P < 0.05). DDP: cisplatin; BK: bradykinin. * indicates pair-

wise comparison, P < 0.05.

There were no statistically significant differenc-
es in the expressions of NF-kB, p38 and Samd2
among different groups (Figure 7).

Effect of PIBK/Akt/NO signaling pathway on
BK protection against DDP-induced myocardial
injury

Four inhibitors were used in addition to BK and
DDP: PLC inhibitor U-73122 (U), B2 receptor
inhibitor HOE-140 (H), NOS inhibitor L-NAME (L)
and PI3K inhibitor LY294002 (LY). It was re-
vealed that cell survival was decreased in all
cases compared with the BK+DDP group, and
the protective effect of BK against DDP-induced
myocardial injury was attenuated (Figure 8).

Effect of the PI3K/Akt/NO signaling pathway
on the reduction of DDP-induced elevation of
ROS by BK

According to the above grouping and adminis-
tration method, laser confocal microscopy was
used to detect intracellular ROS levels, and all
four inhibitors exhibited inhibitory effect of BK
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on reducing ROS levels induced by DDP in car-
diomyocytes (Figure 9).

Effect of the PI3K/Akt/NO signaling pathway
on BK mitigation of DDP-induced MMP reduc-
tion

GP-H1 cells were grouped and administered
according to the above methods, and laser con-
focal microscopy was used to detect cellular
MMP. It was found that the BK mitigation of
DDP-induced decrease in cellular MMP was
blocked by the use of the four antagonists
(Figure 10).

Discussion

DDP has been widely applied in cancer treat-
ment, because it can inhibit DNA and RNA syn-
thesis and has a strong anti-tumor activity in a
wide range of antimicrobial spectrum [11].
Previous studies have shown that DDP can
increase the serum levels of CK, CK-MB, AST,
ALT and LDH. At a pathological level, it has
been indicated that myocardial tissue shows

Am J Transl Res 2023;15(2):745-754
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Figure 8. Effect of PI3K/Akt/NO signaling pathway
on BK'’s protection against DDP-induced myocardial
injury. Compared with that in the control group, the
survival rate of GP-H1 cells was lower in the other
six groups (P < 0.05). Compared with that in the
BK+DDP group, the survival rate of GP-H1 cells was
lower in other four groups (P < 0.05). DDP: cisplatin;
BK: bradykinin. *P < 0.05.
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Figure 9. Effect of the PI3K/Akt/NO signaling path-
way on the increase in ROS caused by BK lowering
DDP. Compared with that in the control group, the
ROS activity of GP-H1 cells was higher in the DDP
group and the four inhibitor groups (P < 0.05). The
ROS activity of GP-H1 cells was lower in the BK+DDP
group (P < 0.05) compared with those in the other
five groups administered with the drug. DDP: cispla-
tin; BK: bradykinin; ROS: reactive oxygen species. *P
< 0.05.
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Figure 10. Effect of PI3K/Akt/NO signaling pathway
on BK’s mitigation of DDP-induced MMP reduc-
tion. Compared with the control group, the other six
groups had decreased MMP levels (P < 0.05), and
compared with the BK+DDP group, the other five
groups had lower MMP levels (P < 0.05). DDP: cispla-
tin; BK: bradykinin; MMP: Mitochondria Membrane
Potential. *P < 0.05.

capillary edema and stasis after DDP adminis-
tration, changes in vacuolar degeneration, and
inflammatory cell infiltration, which are consid-
ered as precursors of heart failure [12, 13].

In this study, the cellular analysis in vitro
showed that DDP reduced the survival rate of
GP-H1 cells. Also, higher DDP concentration
and longer duration of action led to more pro-
nounced reduction in survival rate. Most eu-
karyotic cells generate ROS in mitochondria,
and during aerobic respiration, the activated
NADPH oxidase complex binds to NADPH and
releases two electrons, which are delivered via
flavin adenine dinucleotide to ferrous heme,
and further binds two oxygen molecules out-
side the cytosol to generate O, finally generat-
ing other types of superoxide molecules via
multiple electron transfer [14, 15]. Oxidative
stress leads to a rapid increase of ROS, which
causes the peroxidation of a variety of biomol-
ecules and damages biofilms, and these oxida-
tion products are converted into MDA by oxi-
dase [16, 17]. In this study, the effects of DDP
and BK on ROS in GP-H1 cells were detected by
fluorescence staining method, and it was found
that DDP increased the ROS level in GP-H1
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cells, but when these cells were pretreated with
BK before DDP treatment, the ROS level did
not continue to increase. BK could inhibit the
increase of MDA level induced by DDP. The SOD
activity of antioxidant enzymes was decreas-
ed significantly in the DDP group, and was
increased again with the induction of BK.
Therefore, it is suggested that the enhanced
oxidative stress induced by DDP is a critical
cause of myocardial disease, and BK can regu-
late the intracellular oxidative stress to control
the cardiotoxicity of DDP.

Mitochondria are vulnerable to ROS attack
caused by oxidative stress response. ROS at-
tacks mitochondria, causing biomolecular per-
oxidation on the bilayer biofilm, altering mem-
brane permeability, leading to calcium outflow
and promoting the release of cytochrome C
[18, 19]. Studies have suggested that the ap-
optosis induced by mitochondrial injury is an
important cause of DDP-induced cardiotoxicity
[20]. The signals regulating apoptosis source
both from external and internal pathways, with
the latter being the mitochondrial apoptosis
pathway, in which Bcl-2 family proteins are vital
regulators [21]. The Bcl-2 family proteins can
be recognized intra- and intermolecularly to
form trimeric structures with good stability and
regulate the formation of ion channels, ulti-
mately exerting anti-apoptosis effects [22, 23].
In the Bcl-2 protein family, Bax is a pro-apoptot-
ic protein, which can resist the protective effect
of Bcl-2 and accelerate apoptosis if overex-
pressed [24]. A previous study has shown that
DDP can reduce the MMP level of GP-H1 cells,
and BK can control the MMP decline [25]. The
present study analyzed the influence of DDP
and BK on MMP in GP-H1 cells. We found that
DDP significantly reduced the MMP levels of
GP-H1 cells. When BK was used for pretreat-
ment, the MMP level did not continue to decline,
indicating that BK could inhibit the damage of
cell mitochondria induced by DDP and play a
role in protecting cell mitochondria. Further
monitoring of GP-H1 cell apoptosis revealed
that Bax/Bcl-2 elevation, Caspase-3, p-NF-kB,
p-p38 and p-Smad2 suppression and apopto-
sis were significant after DDP treatment, but
the changes were reversed by pretreatment
with BK, indicating that BK could inhibit the
apoptosis induced by DDP. A relevant study has
also shown that DDP can increase Bax/Bcl-2
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and promote apoptosis [26]. Studies on BK
showed that its cardioprotective effect was
mainly due to the ability of B2 receptor to me-
diate endothelial NOS activation and produce
NO [27]. Evidence has shown that Akt activa-
tion can promote the production of NO in endo-
thelial cells, inhibit the formation of DDP-in-
duced cardiomyocyte apoptosis, and also pre-
vent cardiac dysfunction [28]. During the ap-
optosis, Bcl-2 is located on the mitochondrial
membrane and is an anti-apoptotic protein
downstream of the PI3k/Akt pathway. The acti-
vation of the PI3k/Akt/NO pathway can also
inhibit the formation of apoptosis [29]. In the
present study, the treatment with four inhibi-
tors revealed that BK could inhibit the DDP-
induced enhancement of cellular oxidative st-
ress, the increased apoptosis and the reduced
cell survival rate.

However, there are some shortcomings in this
study, which are reflected in the lack of in-depth
study on the mechanism of action, and this
shortcoming will be improved in future studies.

In summary, BK can play a protective role
against cardiomyocyte injury induced by DDP,
which is mainly because BK can activate PI3k/
Akt/NO signaling pathway, leading to a reduc-
tion of DDP-induced oxidative stress and a de-
crease in apoptosis elevation.
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