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Abstract Cisplatin-induced generation of reactive oxygen
species leads to acute nephrotoxicity limiting its use in the
treatment of various cancers. Gelsemine, an alkaloid isolated
from Gelsemium elegans, is known to possess anti-inflam-
matory and anti-cancer activities. This study was aimed to
investigate as to whether gelsemine can serve as a protective
agent against cisplatin-induced nephrotoxicity. Male Wistar
rats were divided into 6 groups, each with 6 rats. Group 1
served as control and received the vehicles (peanut oil for
14 days and 0.9 % saline on day 14 for gelsemine and cis-
platin respectively). Group 2 received a single intraperito-
neal injection of cisplatin on day 14. Group 3 and 4 were
pretreated with two different doses of gelsemine in addition
to cisplatin, and group 5 and 6 received only gelsemine. The
effects of gelsemine on cisplatin-induced nephrotoxicity
were examined by measuring anti-oxidant enzymes activi-
ties, lipid peroxidation, and DNA damage in the kidneys, a
well-established model of oxidative damage. Pretreatment of
rats with gelsemine caused a significant attenuation of cis-
platin-induced DNA and oxidative damages. The blockade
of lipid peroxidation and xanthine oxidase activity was
accompanied by increased production and/or activity of anti-
oxidants, both enzymatic (catalase, glutathione peroxidase,
glutathione reductase, and glutathione-S-transferase) and
non-enzymatic (GSH). The biomarkers of kidney malfunc-
tioning, creatinine, and blood urea nitrogen were amelio-
rated. The results of the present study suggest that gelsemine
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effectively suppressed cisplatin-induced renal injury by
improving redox status.
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Introduction

Cisplatin is the most potent anti-tumor agent used for the
treatment of a wide variety of cancers including, testicular,
ovarian, bladder, endometrial, cervical, and lung [1-5].
However, the dose-limiting toxicities caused by cisplatin
constraint its use to a full therapeutic potential [6]. The
mitochondrion is considered to be the primary target of
cisplatin-induced oxidative damage resulting in the loss of
sulphydryl proteins, inhibition of calcium uptake, and a
reduction in the mitochondrial membrane potential [1, 6, 7].
Cisplatin accumulated in the renal cortex (proximal tubular
epithelium) mitochondria of the kidney, the major route of
its excretion [1, 8-10], generates reactive oxygen species
(ROS). The ROS are known to directly bind with the cellular
macromolecules, including lipids, proteins, and DNA, and
impair their normal functioning [1, 11-14]. In an aqueous
environment, the chloride ligands of cisplatin are replaced
by water molecules, generating the positively charged
electrophiles. These electrophiles react with nucleophilic
sites of DNA, RNA, and proteins and impair their normal
functioning. As a result of lipid peroxidation, the integrity of
the renal cell membrane is compromised, the proteins are
denatured. The adduct formation with DNA results in
interstrand and intra-strand crosslinks causing the arrest of
DNA synthesis and replication in rapidly proliferating cells.
The endogenous anti-oxidant defense system is also depleted
which further aggravates oxidative damage leading to
impaired kidney functioning and inflammation [1, 15-18].
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In recent years, a growing interest in the use of phyto-
chemicals as free radical scavengers and inhibitors of
oxidative stress has been considerably exploited. For
instance, anti-oxidant rich foods have been suggested to
play an essential role in the prevention of cardiovascular
diseases and cancer [17, 18]. Gelsemine, an alkaloid has
been isolated from plants of genus Gelsemium of the
family Loganiaceae. The family comprises three popularly
known species: Gelsemium elegans Benth. (G. elegans),
Gelsemium sempervirens Ait. (G. sempervirens), and
Gelsemium rankinii Small (G. rankinii). Whereas, G. ele-
gans is native to China and Southeast Asia, G. sempervi-
rens Ait. and G. rankinii are native to North America. The
use of G. sempervirens has for long been known to alle-
viate pain and reduce anxiety in the traditional folk med-
icine. Also, very low doses of G. sempervirens extracts
have been shown to potently reduce anxiety in animal
models [19, 20]. In fact, a single administration of gelse-
mine at a dose far below its LDsq in mice exerted a potent
anxiolytic effect that could be blocked by strychnine, a
glycine receptor antagonist [21]. Therefore, the G. elegans
alkaloids have been considered to be promising in treating
anxiety-related psychiatric disorders; however, they
showed no significant anti-depressant effect [19, 20].

The pharmacological effects of gelsemine on cisplatin-
induced nephrotoxicity have not been studied so far. The
present study was aimed to investigate the effects of gel-
semine on cisplatin-induced oxidative and DNA damages.

Materials and Methods
Chemicals

Reduced glutathione, glutathione reductase, oxidized glu-
tathione, bovine serum albumin, oxidized and reduced
nicotinamide adenine dinucleotide phosphate, reduced
nicotinamide adeninedinucleotide phosphate, gelsemine,
flavine adenine dinucleotide, glucose-6-phosphate, 2,6-
dichlorophenolindophenol, thiobarbituric acid, xanthine,
and dinitrophenyl hydrazine were obtained from Abcam.
Cisplatin was purchased from Sigma; ferric nitrate, am-
moniumthiocyanate, 1,2-dichloroethane, hydrogen perox-
ide, magnesium chloride, di-sodium hydrogen phosphate,
sodium di-hydrogen phosphate, and sodium hydroxide
were purchased from Aladdin (China). All of the other
reagents used were of highest purity and commercially
available.

Animals

Male Wistar rats, 150-250 g, 6-8 weeks old, were obtained
from Shanghai Laboratory Animal Center, Chinese Academy
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of Sciences. Rats were housed in polypropylene cages in
groups of four rats per cage in the animal care facility under
room temperature (25 + 1 °C) with a 12-h light-dark cycle.
The rats were allowed free access to standard laboratory ani-
mal feed and water. Before treatment, the rats were allowed to
acclimatize for a week. All of the used experimental proce-
dures were checked and approved by the institutional animal
ethics committee.

Experimental Procedure

Rats were randomly divided into six groups, each con-
sisting of eight animals. Group 1 served as control and
received peanut oil (vehicle of gelsemine) for 14 days and
0.9 % saline (vehicle of cisplatin) on day 14 only. Group 2
served as negative control and received an oral dose of
peanut oil daily for 14 days and a single intraperitoneal
injection of cisplatin (7.5 mg/kg) on the 14th day. Cisplatin
was dissolved in 0.9 % saline at 25 °C at a concentration of
1 mg/ml. Groups 3 and 4 were pretreated with an oral dose
of gelsemine 5 mg/kg (G1) and 25 mg/kg (G2), respec-
tively, for 14 days and a single intraperitoneal injection of
cisplatin (7.5 mg/kg) was administered on the 14th day in
both the groups. Group 5 and 6 received only G1 and G2 of
gelsemine for 14 days. On the 15th day, the rats were
subjected to mild ether anesthesia and then sacrificed by
cervical dislocation. The blood was drawn from the retro-
orbital sinus, and serum was obtained. The kidneys were
excised after perfusion washed with ice-cold saline, and
homogenates were prepared in chilled phosphate buffer.

Preparation of Post-Mitochondrial Supernatant

Tissue processing and preparation of post-mitochondrial
supernatant (PMS) were carried out as described before [1].
Kidneys were removed quickly, cleaned free of extraneous
material, and immediately perfused with ice-cold saline
(0.85 % sodium chloride). The homogenates prepared in
chilled phosphate buffer (0.1 m, pH 7.4) containing KCI
(1.17 %) were filtered through muslin cloth, and centri-
fuged at 800x g for 5 min at 4 °C. The nuclear supernatants
were separated from the nuclear pellets and centrifuged at
10 500x g for 20 min at 4 °C to obtain PMS, which was
used for measuring activity of various enzymes.

Biochemical Parameters and Toxicity Markers

Measurement of malondialdehyde (MDA), glutathione-S-
transferase (GST) activity, glutathione peroxidase (GPx)
activity, glutathione reductase (GR) activity, reduced glu-
tathione (GSH), catalase (CAT) activity, xanthine oxidase
(XO) activity, creatinine, and estimation of blood urea



Cell Biochem Biophys (2015) 71:535-541

nitrogen (BUN) was carried out by the method described
before [1, 22-28].

Statistical Analysis

Differences between groups were analyzed using analysis
of variance followed by Dunnet’s multiple comparisons
test. All data points represent the mean with standard
deviation of the treatment groups.

Results

Effect of Gelsemine Pretreatment on Cisplatin-Induced
Increase in the Levels of Malondialdehyde

Compared with the untreated (control) group, cisplatin
induced a significant amplification (P < 0.01) in the for-
mation of the malondialdehyde (MDA), the biomarker of
lipid peroxidation (Fig. 1a). Pretreatment with gelsemine at
both doses G1 and G2 led to a significant (P < 0.01) res-
toration of membrane lipids integrity when compared with
the group treated with cisplatin only. Gelsemine alone did
not show any significant effect compared with control.

Effect of Gelsemine Pretreatment on Reduced Activity
of Catalase Caused by Cisplatin

A significant reduction in the CAT activity (P < 0.01) was
observed in the kidneys of cisplatin-treated rats compared with
the untreated control (Fig. 1b). Pretreatment with gelsemine
caused a significant and dose-dependent elevation of the CAT
activity (P < 0.01). Compared with the control, gelsemine
alone did not produce a significant effect on the catalase activity.

Effect of Gelsemine Pretreatment on the Cisplatin-
Induced Activity of Xanthine Oxidase

A significant increase (P < 0.01) in the activity of XO was
detected in the renal tissue of cisplatin-treated rats when
compared with controls (Fig. 1c). Pretreatment with both
Gl and G2 doses of gelsemine caused a significant resto-
ration of XO activity (P < 0.01). A treatment with gelse-
mine alone (G1 and G2) showed no significant change
when compared with the control group.

Effect of Gelsemine Pretreatment on the Cisplatin-
Induced Decrease in the Levels of Reduced Glutathione

The level of GSH was depressed significantly (P < 0.01) in
the cisplatin-treated group compared with the untreated
control group (Fig. 2a). Gelsemine pretreatment caused a
significant elevation in the GSH levels (P < 0.01) compared
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Fig. 1 Effect of gelsemine on cisplatin-induced increase in lipid
peroxidation (a), reduction of catalase (CAT) activity (b) and elevation
of xanthine oxidase (XO) activity (c) in rat kidney. CIS cisplatin,
G1 gelsemine 5 mg/kg, G2 gelsemine 25 mg/kg. Each value indicates
mean + SEM of six observations. *P < 0.05, P < 0.01, compared
with corresponding value of control. *P < 0.05, **P < 0.01, compared
with the corresponding value for cisplatin-treated group

with the cisplatin-treated group. The GSH levels in the group

treated with gelsemine alone were not significantly different
from those of the control group.
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Effect of Gelsemine Pretreatment on the Cisplatin-
Induced Decrease in the Activity of Glutathione-S-
Transferase

A significant decrease in GST activity (P < 0.01) was
observed in cisplatin-treated rats compared with the control
(Fig. 2b). Two weeks pretreatment with gelsemine dose-
dependently and significantly elevated the GST activity
(P < 0.01).

Effect of Gelsemine Pretreatment on the Cisplatin-
Induced Reduction of the Glutathione Peroxidase
Activity

Rats treated with cisplatin showed a significant reduction in
the activity of GPx (P < 0.01) when compared with control
(Fig. 2c). However, rats pretreated with either G1 or G2
doses of gelsemine caused a significant restoration of GPx
activity (P < 0.01). Compared to the control group, Gel-
semine alone (Gl or G2) produced no significant effect.

Effect of Cisplatin and Gelsemine Pretreatment
on the Activity of Glutathione Reductase

Compared with the controls, the cisplatin-treated rats
showed a significant decrease in GR activity (P < 0.001)
(Fig. 2d). The activity was found to be restored and sig-
nificantly elevated in the rats pretreated with gelsemine G1
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and G2 (P < 0.01). Gelsemine alone did not show any
significant effect compared with control.

Effect of Gelsemine Pretreatment on the Levels
of Cisplatin-Caused Nephrotoxicity Markers

Cisplatin administration resulted in a significantly
increased (P < 0.001) creatinine concentration compared
with the untreated control group (Fig. 3a). The adminis-
tration of gelsemine at G1 and G2 doses prevented the
elevation of creatinine levels, and the effect was dose-
dependent and significant compared with the untreated
group (P < 0.01). A significant increase (P < 0.01) in the
BUN levels of cisplatin-treated rats was observed when
compared with controls (Fig. 3b). Pretreatment with gel-
semine G1 and G2 doses caused a marked reduction of
BUN (P < 0.01). Gelsemine alone was not found to pro-
duce a significant effect compared with control.

Effect of Gelsemine on Cisplatin-Induced DNA
Damage

Figure 4 shows analysis of isolated DNA in the different
groups. Group 2, treated with cisplatin, showed more
smearing pattern compared with group 1, thus validating
cisplatin-induced DNA damage. Groups 3 and 4 showed
the protective effects of gelsemine against cisplatin-
induced DNA damage. The DNA was not found to be
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Fig. 3 Effect of gelsemine on cisplatin-induced increase in serum
creatinine (a) and blood urea nitrogen levels (b). CIS cisplatin,
G1I gelsemine 5 mg/kg, G2 gelsemine 25 mg/kg. Each value indicates

Lane2 Lane3 Lane4 Lane5

Lane 1

Fig. 4 Effect of gelsemine on cisplatin-induced oxidative DNA
damage in rats. Group 1, control (Lane I), Group 2, treated with only
peanut oil (Lane 2), Group 3, cisplatin 7.5 mg/kg (Lane 3), Group 4,
gelsemine 25 mg/kg and cisplatin 7.5 mg/kg (Lane 4), Group 5, only
gelsemine 25 mg/kg (Lane 5)

damaged in groupl and group 5, which were treated only
with peanut oil and gelsemine, respectively.

Discussion

Cisplatin, one of the most effective and widely used
cytotoxic agents in the treatment of various cancers, is also
associated with nephrotoxicity [1, 17, 27-31]. The cis-
platin-induced acute renal toxicity is known to involve
mitochondrial oxidative stress. Cellular macromolecules,
including lipids, proteins and DNA, are directly affected by
the cisplatin-generated ROS. These reactive oxygen spe-
cies cause peroxidation of the membrane lipids, denaturing
of the proteins, and inactivation of the enzymes [6, 7].
Previous studies have also indicated that cisplatin potently
inhibited the cellular anti-oxidant armory and induced GSH
depletion, involved in nephrotoxicity [1, 8, 17]. A number
of anti-oxidants including natural products isolated from
plants have been reported to suppress the cytotoxic effects
of cisplatin [1, 8-14, 16, 18, 30-34]. Gelsemine, an alka-
loid isolated from G. elegans, has earlier been found to
exhibit anti-nociceptive and anti-tumor activities [19, 21,
34]. We studied for the first time the protective effects of
gelsemine against cisplatin-induced nephrotoxicity.
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mean & SEM of six observations. P < 0.05, #P < 0.01, compared
with corresponding value of control. *P < 0.05, **P < 0.01,
compared with the corresponding value for cisplatin-treated group

Our results demonstrated that cisplatin-induced increase
in the activity of oxidative enzyme, xanthine oxidase, was
substantially suppressed by gelsemine. Also, the lipid
peroxidation reflected in the enhanced production of mal-
ondialdehyde was reversed dose-dependently by gelsemine
pretreatment. The prevention of lipid peroxidation pro-
tected the membrane integrity thereby led to reduction in
the leakage of creatinine and BUN into the blood. Our
results clearly showed a decline of serum content of cre-
atinine and BUN in gelsemine-treated rats. We also found
that gelsemine effectively blocked the cisplatin-induced
impairment of anti-oxidant defense system including
enzymes (GPx, GST, GR, and CAT) and reduced gluta-
thione. The reversal of cisplatin-mediated nephrotoxicity is
evident from the prevention of DNA damage in the gel-
semine-treated animals. Clearly, gelsemine appears to play
a dual role in protecting the cells from oxidative damage,
which is blockade of ROS generation and enhancement of
the anti-oxidant system.

Since the toxic actions of the anti-cancer drugs are the
basis of their effectiveness in combating with the growing
tumors, the important question to ask is if the prevention of
cytotoxicity would impair the therapeutic efficacy of the
drug. Further work is needed to investigate the debilitating
effect of gelsemine on therapeutic efficacy of cisplatin.
However, the anti-cancer activity of gelsemine [34] may
actually prove to be an added advantage and impart this
compound with multiple beneficial effects. Thus, clinical
investigations are needed to be conducted to study the use
of gelsemine as adjuvant in cisplatin-based chemotherapy.

In conclusion, this study demonstrated that mechanism
of cisplatin toxicity is related to free radical generation and
depletion of the anti-oxidant defense system. A potent
inhibition of cisplatin-induced oxidative stress by gelse-
mine involved suppression of ROS and a concomitant
enhancement of the anti-oxidant statue of the cells. The
protective effect of gelsemine against cisplatin-mediated
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nephrotoxicity suggests the possibility of its use as an
adjuvant with antineoplastic drugs. Moreover, the anti-
tumor activity of the compound as reported previously
might prove to be of additive benefit.
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