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Protective effects of pine bark extract against cisplatin-induced 
hepatotoxicity and oxidative stress in rats
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We investigated the protective effects of pine bark extract (pycnogenol®, PYC) against cisplatin-induced
hepatotoxicity and oxidative stress in rats. Twenty-four male rats were divided into the following four
groups: (1) vehicle control, (2) cisplatin (7.5 mg/kg), (3) cisplatin & PYC 10 (10 mg/kg/day), and (4)
cisplatin & PYC 20 (20 mg/kg/day). A single intraperitoneal injection of cisplatin induced hepatotoxicity, as
evidenced by an increase in serum aminotransferase and histopathological alterations, including
degeneration/necrosis of hepatocytes, vacuolation, and sinusoidal dilation. In addition, an increase in the
malondialdehyde (MDA) concentration and a decrease in the reduced glutathione (GSH) content and
catalase (CAT), superoxide dismutase (SOD), and glutathione S-transferase (GST) activities were observed
in the cisplatin-treated rat hepatic tissues. In contrast, PYC treatment effectively prevented cisplatin-induced
hepatotoxicity, including the elevation of aminotransferase and histopathological lesions, in a dose-
dependent manner. Moreover, PYC treatment also induced antioxidant activity by decreasing MDA level
and increasing GSH content and SOD and GST activities in liver tissues. These results indicate that PYC
has a protective effect against acute hepatotoxicity induced by cisplatin in rats, and that the protective
effects of PYC may be due to inhibiting lipid peroxidation and increasing antioxidant activity.
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Cisplatin (cis-diamminedichloroplatinum-II) is an

effective chemotherapeutic agent to treat various solid

tumors, including cancers of the ovary, cervix, colon,

lung, and testis [1-3]. The chemotherapeutic mechanism

of cisplatin involves cisplatin entering cells and its

chloride ligands are replaced by water, and hydrated

species that form react with nucleophilic sites on cellular

macromolecules. The presence of cisplatin adducts in

DNA sequences is thought to trigger cell cycle arrest and

apoptosis [4,5]. Nevertheless, its clinical usefulness has

frequently been limited by undesirable side effects on the

kidneys, gastrointestinal tract, liver, peripheral nerves,

inner ears, and testes [6-8]. Many studies on cisplatin

toxicity have focused on well-known nephrotoxicity.

However, some studies have shown that cisplatin also

induces hepatotoxicity when it administered at a high

dose and its mechanism may involve increased production

of reactive oxygen species (ROS) and oxidative stress

[9-12]. Therefore, it is essential to minimize potential

side effect and preserved chemotherapeutic efficacy by

co-administering an effective antioxidant agent to inhibit

free radical generation. Antioxidants confer protection

against cisplatin-induced oxidative stress in the liver

[13,14].

Pine bark extract (Pycnogenol®, PYC) is a standardized

proprietary mixture of bioflavonoids extracted from the

bark of the French maritime pine (Pinus pinaster Aiton).

It has been used in medically in Europe and North

America for inflammatory diseases and wound healing

among other applications [15]. Major constituents of
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PYC are polyphenols, flavonoids, and oligomeric

procyanidins [16]. Polyphenols are comprised a wide

range of natural plant substances and almost all exhibit

marked antioxidant activity. PYC is a potent antioxidant

and much of its pharmacologic activity comes from

antioxidant activity, as it enhances synthesis of anti-

oxidative enzymes and regenerate vitamins C and E, but

also acts as a free-radical scavenger [17]. For this reason,

the diverse beneficial effects of PYC have been claimed

to protect against various degenerative conditions caused

by oxidative stress [18,19].

Despite the favorable pharmacological properties of

PYC, its protective capacity against hepatotoxicity and

oxidative stress caused by cisplatin has not been

explored previously. The present study investigated the

protective effects of PYC on cisplatin-induced hepato-

toxicity and oxidative damage in rats based on its strong

antioxidant properties.

Materials and Methods

Animals and environmental conditions

Twenty-four male Sprague-Dawley rats aged 9 weeks

were obtained from a specific pathogen-free colony at

Samtako Co. (Osan, Republic of Korea) and used after

1 week of quarantine and acclimation. Two animals per

cage were housed in a room maintained at 23±3oC and

a relative humidity of 50±10% with artificial lighting

from 08:00 to 20:00 and with 13-18 air changes per hr.

Commercial rodent chow (Samyang Feed, Wonju,

Republic of Korea) sterilized by radiation and sterilized

tap water were available ad libitum. The Institutional

Animal Care and Use Committee of Chonnam National

University approved the protocols for the animal study

(CNU IACUC-YB-2012-6), and the animals were cared

for in accordance with the Guidelines for Animal

Experiments of Chonnam National University.

Test chemicals and treatment

Cisplatin (CAS No. 15663-27-1) was purchased from

Sigma Aldrich Co. (St. Louis, MO, USA). PYC was

purchased from Horphag Research Ltd. (Route de Belis,

Le Sen, France). All other chemicals were of the highest

grade commercially available. Test chemicals were

dissolved in sterilized normal saline and were prepared

immediately before treatment. The daily application

volumes of cisplatin (2 mL/kg body weight) and PYC

(10 mL/kg body weight) were calculated based on the

most recently recorded body weight of the individual

animal. PYC was gavaged to rats once daily for 10 days

at dose levels of 10 and 20 mg/kg/day. The rats were

given a single intraperitoneal dose of cisplatin (7.5 mg/

kg) to induce liver injury 1 h after the PYC treatment on

test day 5 [20]. All animals were sacrificed 5 days after

administration of cisplatin (test day 10).

Experimental groups and dose selection

A total of 24 healthy male rats were randomly assigned

to four experimental groups: (1) vehicle control, (2) (2)

cisplatin (7.5 mg/kg) (3) cisplatin & PYC 10 (10 mg/kg/

day), and (4) cisplatin & PYC 20 (20 mg/kg/day) (n=6

per group). The effective doses of PYC were based on

previous studies [21,22].

Clinical observations and body weight

All animals were observed daily for clinical signs of

toxicity and mortality throughout the study period.

Abnormal signs were recorded individually by type,

observation day, and time. The body weight of each rat

was measured every other day.

Autopsy, organ weight, and serum biochemistry

All treated animals were euthanized with carbon

dioxide for blood samples on the scheduled termination

day (test day 10). Blood samples were drawn from the

posterior vena cava, and serum samples were collected

by centrifugation at 800×g for 10 min within 1 h after

collection and stored at −80oC before analysis. Serum

aspartate aminotransferase (AST) and alanine amino-

transferase (ALT) were measured with an autoanalyzer

(Dri-chem 4000i, Fujifilm Co., Tokyo, Japan). The

absolute and relative (organ-to-body weight ratio)

weights of the liver were measured.

Histopathological examination

A portion of the liver was dissected and fixed in 10%

neutral buffered formalin solution for 2 weeks. The

remaining liver portion was frozen quickly in dry ice and

stored at −80oC for biochemical analyses. The fixed

tissues were processed routinely, embedded in paraffin,

sectioned to 4µm thickness, deparaffinized, and rehydrated

using standard techniques. The extent of cisplatin-

induced liver injury and the protective effects of PYC

were evaluated by assessing morphological changes in

liver sections stained with hematoxylin and eosin. All

observations were made manually with a light microscope
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with ×5, ×10, ×20, and ×40 objective lenses, as well as

a ×100 oil immersion lens in a totally blinded manner.

The following variables were used to assess histological

changes in the liver: (1) hepatocyte degeneration/

necrosis; (2) vacuolation; and (3) sinusoidal dilation.

Determination of lipid peroxidation (LPO), reduced

glutathione (GSH), and antioxidant enzymes activities

A portion of frozen liver was homogenized in a glass-

Teflon homogenizer with 50 mM phosphate buffer (pH

7.4) to obtain a 1:9 (w/v) whole homogenate. The

homogenates were centrifuged at 11,000×g for 15 min at

4oC to remove cell debris, and the supernatant was used

to measure malondialdehyde (MDA) and GSH

concentrations. MDA concentrations were assayed by

monitoring the formation of thiobarbituric acid reactive

substance using the method of Berton et al. (1998) [23].

GSH content was measured by the method of Moron et

al. (1979) [24]. Antioxidant enzyme activities, including

catalase (CAT), superoxide dismutase (SOD), and

glutathione S-transferase (GST) were determined using

commercial assay kits (Cayman Chemical, Ann Arbor,

MI, USA). Total protein content was determined by the

method of Lowry et al. (1951) [25], using bovine serum

albumin as the standard.

Statistical analyses

Data are expressed as mean±standard deviation, and

all statistical comparisons were made by one-way analysis

of variance followed by the Tukey-Kramer or Dunnett’s

multiple comparison tests. The data were analyzed with

GraphPad InStat ver. 3.0 (GraphPad Software, Inc., La

Jolla, CA, USA). Differences with a P-value0.05 were

considered statistically significant.

Results

Effects of PYC on Clinical Signs, Body Weight, and

Liver Weight

No treatment-related mortality was observed in

animals treated with PYC and cisplatin during the study

period (data not shown). However, the cisplatin group

showed treatment-related clinical signs, including depression

(n=1) and piloerection (n=4) 10 min after administering

cisplatin. Loss of fur (n=2) was observed on day 2. In

contrast, no clinical signs were detected in the cisplatin

& PYC groups. A significant decrease in body weight

was observed on day 8 and 10 in the cisplatin group,

compared to those in the control group (data not shown).

No significant differences in body weights were

observed between the cisplatin group and cisplatin &

PYC groups. In addition, no significant differences were

observed in the absolute or relative liver weights

between the groups (data not shown).

Effects of PYC on Hepatic Function

As shown in Table 1, serum AST level in the cisplatin

group increased significantly compared to that in the

control group. Although serum ALT level in the cisplatin

group also increased slightly, no significant differences

were observed between the cisplatin group and cisplatin

& PYC groups. In contrast, AST levels in the cisplatin

& PYC groups decreased significantly in a dose-

dependent manner compared to that in the cisplatin

group.

Effects of PYC on Hepatic Histopathology

The control group had livers with normal architecture

(Figure 1A). However, liver tissue in the cisplatin group

developed various histopathological changes, including

degeneration/necrosis of hepatocytes, cytoplasmic

vacuolation, and sinusoidal dilation (Figure 1B). Although

some of these findings were also observed in the

cisplatin & PYC groups, the incidence and severity of

histopathological lesions were less than those of the

cisplatin group (Figure 1C, D).

Effects of PYC on LPO and reduced GSH Levels 

The MDA concentration and GSH activity in liver

tissues are presented in Figure 2. The concentration of

MDA, an end product of LPO, in rats treated with

cisplatin increased significantly, whereas hepatic GSH

content decreased significantly compared to those in the

control group. However, hepatic MDA concentration

decreased significantly in a dose-dependent manner in

the cisplatin & PYC groups, compared to that in the

cisplatin group. Hepatic GSH content also dose-

dependently increased compared to that in the cisplatin

group.

Effects of PYC on Antioxidant Enzyme Activities

As presented in Figure 3, GST, CAT, and SOD

activities in the cisplatin group decreased significantly

compared to those in the control group. In contrast, GST

and SOD activities in the cisplatin & PYC groups

showed a dose-dependent increase compared to those in
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Figure 1. Representative photographs of liver sections treated with (A) vehicle, (B) cisplatin (7.5 mg/kg), (C) cisplatin & PYC 10
(10 mg/kg) and (D) cisplatin & PYC 20 (20 mg/kg). Liver from cisplatin-treated rats showing moderate degeneration/necrosis of
hepatocytes around the central vein region (open arrow head), vacuolation (closed arrow), and sinusoidal dilation (closed arrow
head). H&E stain. Bar=50 µm (×400). 

Figure 2. (A) Malondialdehyde (MDA) and (B) reduced glutathione (GSH) concentrations in the liver of male rats treated with
cisplatin and/or PYC. Each bar represents the mean±SD (n=6). **P<0.01 versus the control group; ††

P<0.01 versus the cisplatin
group.

Table 1. Serum biochemical values of male rats treated with cisplatin and/or PYC

Items
Cisplatin/PYC (mg/kg)

0/0 7.5/0 7.5/10 7.5/20

No. of rats 6 6 6 6

AST (IU/L) 127.8±32.20 a 174.7±16.23* 139.0±12.43† 132.0±17.70††

ALT (IU/L) 56.3±4.97 65.0±12.20 52.3±14.10 53.3±5.86

aValues are presented as means±SD.
PYC; pine bark extract, AST; aspartate aminotransferase, ALT; alanine aminotransferase
*, **P<0.05, P<0.01 versus the control group
†, †† P<0.05, P<0.01 versus the cisplatin group
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the cisplatin group. However, no significant differences

were observed in CAT activities between the cisplatin

and cisplatin & PYC groups.

Discussion

Cisplatin is a highly active anti-neoplastic agent used

to treat several types of cancer; however, its clinical

utility is often limited by undesirable side effects on

various organs including the liver [13]. Cisplatin interferes

with the tissue antioxidant defense system and generates

highly reactive oxygen free radicals that may be a

predominant cause of its side effects [26]. One of the

approaches to minimize cisplatin-induced hepatotoxicity

is administration of protective antioxidant agents, such

as selenium, fosfomycin, methionine, or taurine [27].

PYC is a potent antioxidant agent and affects both

structural and functional characteristics of key enzymes

and other cellular antioxidant networks and protects

endogenous vitamin E and GSH [15,18]. Several studies

have reported that PYC has protective effects against

various pathological conditions and the side effects of

other chemotherapeutic agents caused by oxidative

stress [28-30]. Therefore, we hypothesized that PYC

might be useful attenuating cisplatin-induced oxidative

hepatic injury. Our results show that a single intraperitoneal

Figure 3. (A) Glutathione S-transferase (GST), (B) superoxide dismutase (SOD) and (C) catalase (CAT) activities in the liver of
male rats treated with cisplatin and/or PYC. Each bar represents the mean±SD (n=6). **P<0.01 versus the control group; †P<0.05,
††
P<0.01 versus the cisplatin group. 
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injection of cisplatin resulted in severe hepatotoxicity

and oxidative stress, as evidenced by increased serum

aminotransferase levels and hepatic MDA content,

histopathological alterations, and decreased GSH

concentration and antioxidant enzymes activities. In

contrast, PYC conferred a protective effect against

hepatotoxicity and oxidative damage caused by cisplatin

treatment in rats.

It has been well documented that cisplatin treatment

for chemotherapy causes many clinical signs, particularly

in the hair follicle, bone marrow, gastrointestinal tract,

testis, and ovary, where cell differentiation occurs

[31,32]. Treatment-related clinical signs, including

depression, piloerection, and loss of fur were observed at

high frequency in the cisplatin group. However, these

clinical signs were not found in the control and PYC-

treated groups. These results suggest that PYC effectively

protects against cisplatin-induced adverse effects.

Serum aminotransferase activities have long been

considered sensitive indicators of hepatic injury because

injury to hepatocytes alters their transport function and

membrane permeability causing leakage of enzymes

from the cells [33]. In this study, a single intraperitoneal

injection of cisplatin caused a significant increase in

serum AST level and a slight increase in serum ALT

level, suggesting the acute hepatotoxicity caused by

cisplatin. These alterations correlated well with histo-

pathological findings such as an increase in the incidence

of hepatocellular degeneration/necrosis, vacuolation, and

sinusoidal dilation. These results are in accordance with

those of previous studies [34]. However, the groups

treated with PYC were effectively protected from the

cisplatin-induced elevation in serum AST and ALT

levels, suggesting that PYC has hepatoprotective effects

against acute toxicity induced by cisplatin. This finding

was also confirmed by the histopathological examination

results, as evidenced by a decrease in the incidence and

severity of hepatic histopathological lesions caused by

cisplatin.

Oxidative stress is generally defined as excess formation

and/or insufficient removal of highly reactive molecules,

such as reactive oxygen species (ROS) and reactive

nitrogen species [35]. LPO is one of the principal causes

of liver damage and its end product, MDA, is a major

reactive aldehyde used as an oxidative stress marker

[36]. GSH acts as a non-enzymatic antioxidant in

conjugation with various enzymatic processes that

reduce H
2
O

2
 and hydroperoxides by direct interaction of

the -SH group with ROS [37]. The major antioxidant

enzyme CAT is a primary H
2
O

2
 scavenger providing

cellular defense against ROS [38]. Decreased CAT

activity indicates reduced conversion of the superoxide

radical to H
2
O

2
 by SOD. In this study, a single

intraperitoneal injection of cisplatin increased hepatic

MDA concentration and decreased GSH content and

GST, SOD, and CAT activities, indicating that oxidative

stress is associated with cisplatin-induced hepatotoxicity.

In contrast, PYC attenuated the cisplatin-induced elevation

in hepatic MDA concentration and improved cisplatin-

induced suppression of GSH content. These observations

indicate that PYC effectively inhibited hepatic LPO and

prevented depletion of GSH content induced by cisplatin.

These actions were associated with GST, SOD, CAT

activities in hepatic tissue. Those antioxidant enzymes

activities improved in the PYC groups in principle.

Although CAT activities in the PYC groups did not

significantly improve compared to those in the cisplatin

group, taken all our results together, these apparent

ameliorative effects may be due to the ability of PYC to

inhibit LPO and enhance antioxidant enzymes activities.

In conclusion, PYC had a protective effect against

acute hepatotoxicity induced by cisplatin administration

to rats, and the hepatoprotective effects of PYC may be

due to inhibiting lipid peroxidation and increasing

antioxidant activities. Our results suggest that PYC may

be a useful protective agent against various cisplatin-

induced side effects including hepatic injury caused by

oxidative stress.
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