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Abstract:

The present study evaluated the chemopreventive potential of (6)-paradol, a pungent phenolic constituent of ginger, on 7,12-di-

methylbenz(a)anthracene (DMBA)-induced hamster buccal pouch carcinogenesis. The mechanistic pathway for the chemopreven-

tive potential of (6)-paradol was evaluated by measuring the status of tumor incidence, volume and burden as well as by analyzing

the status of phase II detoxification agents, lipid peroxidation and antioxidants. Oral squamous cell carcinoma was induced in ham-

ster buccal pouches by painting them with 0.5% DMBA in liquid paraffin three times a week for 14 weeks. We observed 100% tumor

formation with marked biochemical abnormalities in tumor-bearing animals compared to control animals. Oral administration of

30 mg/kg b.w. (6)-paradol to DMBA-treated hamsters on alternate days from DMBA painting for 14 weeks, significantly reduced

the formation of tumors and improved the status of detoxification agents, lipid peroxidation and antioxidants. Therefore, the present

study suggests that (6)-paradol has potent chemopreventive, anti-lipid peroxidative and antioxidant potentials as well as a modulat-

ing effect on phase II detoxification enzyme and reduced glutathione (GSH) in DMBA-induced hamster buccal pouch

carcinogenesis.
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Abbreviations: CAT – catalase, DMBA – 7,12-dimethylbenz(a)an-

thracene, DMSO – dimethyl sulfoxide, GPx – glutathione peroxi-

dase, GR – glutathione reductase, GSH – reduced glutathione, GST

– glutathione-S-transferase, H�O� – hydrogen peroxide, NBT – nitro

blue tetrazolium, OSCC – oral squamous cell carcinoma, ROS – re-

active oxygen species, SOD – superoxide dismutase, TBARS – thio-

barbituric acid reactive substances

Introduction

Oral squamous cell carcinoma (OSCC) is the fifth

most common malignancy worldwide with an inci-

dence of over 300,000 new cases annually [32]. It

causes the highest morbidity and mortality in India

where this form of cancer accounts for 40% of all ma-

lignancies. Tobacco chewing with and without betel

quid and alcohol consumption have been identified as

risk factors for the high incidence of oral cancer in

these regions [29]. DMBA, a potent organ and site-

specific carcinogen, is commonly used to induce buc-

cal pouch carcinogenesis in hamsters. Dihydrodiol ep-

oxide, the ultimate carcinogen of DMBA, mediates

the carcinogenic process by inducing chronic inflam-

mation and through the overproduction of reactive

oxygen species (ROS) [38].
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Experimental, clinical and epidemiological studies

have provided evidence for the role of ROS in the

pathogenesis of several cancers including oral cancer.

Oxidative stress, an imbalance in oxidant and antioxi-

dant status, has been well documented in both human

and experimental carcinogenesis [25, 34]. ROS-

mediated lipid peroxidation can cause damage to nu-

cleic acids, lipids and proteins. ROS-induced lipid

peroxidation in biomembranes leads to an increase in

membrane rigidity and permeability and a decrease in

cell fluidity [26]. Lipid peroxides play an important

role in the control of cell division. An inverse rela-

tionship has been observed between lipid peroxida-

tion and the rate of cell proliferation [16, 44]. How-

ever, an array of sophisticated non-enzymatic (vitamins

E, C and reduced glutathione (GSH)) and enzymatic

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

glutathione peroxidase (GPx)) antioxidant defense

mechanisms exist in the host to counteract the delete-

rious effect of ROS-mediated lipid peroxidation [15].

The measurement of detoxification enzymes such

as glutathione-S-transferase (GST), glutathione re-

ductase (GR) and GSH in the liver may help to assess

the chemopreventive potential of medicinal plants and

their constituents [45]. GSTs, a family of phase-II de-

toxification enzymes, facilitate the excretion of car-

cinogenic metabolites through a conjugation process

with GSH [43]. GSTs have emerged as a promising

therapeutic target because many of their specific iso-

zymes are over expressed in a wide variety of tumors

[27, 42]. GR catalyzes the NADPH-dependent reduc-

tion of glutathione disulfide to GSH. Altered statuses

of liver phase-II detoxification agents were well docu-

mented in several cancers including oral cancer [36].

Chemoprevention is a novel and promising ap-

proach to control, inhibit or suppress tumor formation

using natural or synthetic entities. A large number of

phytochemicals ingested in the human diet exhibit

anticarcinogenic and antimutagenic effects [24, 30].

Natural or synthetic agents that possess antimuta-

genic, anticarcinogenic, antioxidant, anti-lipid peroxi-

dative and anti-cell proliferation properties are con-

sidered good chemopreventive agents [28]. Ginger is

widely used as a dietary condiment throughout the

world. In addition to its extensive utilization as

a spice, the rhizome of ginger has been used in tradi-

tional medicine to ameliorate disorders such as in-

flammation, rheumatoid arthritis and gastrointestinal

discomfort [21]. Ginger is used extensively in tradi-

tional Chinese medicine to treat headaches, nausea

and colds and in western herbal medicine for the treat-

ment of arthritis, rheumatoid disorders and muscular

discomfort [40]. Ginger contains several biologically

active constituents including gingerol, (6)-paradol and

shogaols [7].

(6)-Paradol – 1-(4’-hydroxy-3’-methoxyphenyl)-3-de-

canone, a major pungent phenolic compound, is abun-

dant in the rhizome of ginger. (6)-Paradol has ex-

hibited substantial cytotoxicity against human pro-

myelocytic leukemia HL-60 cells [22]. Keum et al.

[20] reported the cytotoxicity of (6)-paradol and its

analogs against the oral squamosa carcinoma KB cell

line. Chung et al. [6] reported that (6)-paradol signifi-

cantly inhibited the formation of skin cancer in mice.

However, no scientific reports were available in the

literature about its chemopreventive and anti-lipid

peroxidative effects in DMBA-induced hamster buc-

cal pouch carcinogenesis. The present study was

therefore designed to examine the chemopreventive

and anti-lipid peroxidative effects of (6)-paradol in

DMBA-induced hamster buccal pouch carcinogene-

sis.

Materials and Methods

Chemicals

The carcinogen 7,12-dimethylbenz(a)anthracene (DMBA)

was obtained from Sigma-Aldrich Chemical Pvt.,

Ltd., Bangalore, India. All other chemicals used were

of analytical grade.

Animals

Eight to ten week old male golden Syrian hamsters

weighing 80–120 g were purchased from the National

Institute of Nutrition, Hyderabad, India and were

maintained in the Central Animal House, Rajah

Muthiah Medical College and Hospital, Annamalai

University. The animals were housed in polypropyl-

ene cages and provided with a standard pellet diet and

water ad libitum. The animals were maintained under

controlled conditions of temperature and humidity

with a 12 h light/dark cycle.
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Isolation of (6)-paradol

(6)-Paradol was extracted and isolated from Zingiber

officinale root powder using the method of Locksley

et al. [23]. Crude extract was prepared with hexane

and further fractionation was carried out using hexane

and ethyl acetate (9:1, v/v). The fractions were sub-

jected to column chromatography (silica gel). The fi-

nal product – (6)-paradol was isolated as a waxy crys-

talline substance. The identity of isolated (6)-paradol

was determined by LC-MS and NMR. Its identity was

confirmed by comparison to the reference (6)-paradol,

which was purchased from Betapharma (Shanghai)

Co., Ltd., China. The yield and purity of the isolated

(6)-paradol were found to be 0.11% and > 90%, re-

spectively. For experimental studies, (6)-paradol was

first dissolved in 0.5% dimethyl sulfoxide (DMSO).

Experimental protocol

The Annamalai University animal ethics committee,

Annamalai Nagar, India, approved the experimental

design. A total of 40 hamsters were randomized into

four groups of ten animals each. Group I animals

served as the untreated control and were painted with

liquid paraffin only. Animals in Groups II and III

were painted with 0.5% DMBA in liquid paraffin

three times a week for 14 weeks on the left buccal

pouches (No. 4 brush). Group II animals received no

other treatment. Group III animals were orally admin-

istered (6)-paradol (30 mg/kg b.w.; dissolved in 0.5%

DMSO) starting one week before exposure to the car-

cinogen and continuing on alternate days of the

DMBA painting until the animals were sacrificed.

Group IV animals received (6)-paradol only through-

out the experimental period. The experiment was ter-

minated at the end of 14 weeks and all animals were

sacrificed by cervical dislocation. Biochemical stud-

ies were conducted on the plasma and erythrocytes of

control and experimental animals in each group. For

histopathological examination, buccal mucosa tissues

were fixed in 10% formalin, routinely processed and

embedded with paraffin; 2–3 µm sections were cut in

a rotary microtome and stained with hematoxylin and

eosin.

Biochemical analysis

After plasma separation, the buffy coat was removed

and the packed cells were washed three times with

physiological saline. A known volume of erythrocytes

was lysed with hypotonic buffer at pH 7.4. The hemo-

lysate was separated by centrifugation at 10,000 rpm

for 15 min at 20°C. The erythrocyte membrane was

prepared using the method of Dodge et al. [9] as

modified by Quist [33]. Thiobarbituric acid reactive

substances (TBARS) were assayed in the plasma and

erythrocytes according to the methods of Yagi [46]

and Donnan [10], respectively. Reduced glutathione

(GSH) was determined using the method of Beutler

and Kelley [3]. Vitamins C and E were measured ac-

cording to the methods of Omaye et al. [31] and Desai

[8], respectively. Activities of the enzymatic antioxi-

dants SOD, CAT and GPx were estimated using the

methods of Kakkar et al. [17], Sinha [39] and Rotruck

et al. [35], respectively. GST activity was assayed

using the method of Habig et al. [12]. Glutathione re-

ductase activity was assayed according to the method

of Carlberg and Mannervik [5].

Statistical analysis

Values are expressed as the mean ± SD. Statistical

comparisons were performed by one-way analysis of

variance (ANOVA), followed by Duncan’s Multiple

Range Test (DMRT). Values were considered statisti-

cally significant if the p-values were less than 0.05.

Results

Table 1 shows the tumor incidence, tumor volume and

histological changes in the buccal pouches of

DMBA-treated hamsters. The total number of oral tu-

mors in the buccal pouches was counted and the di-

ameter of each tumor was measured with a vernier

caliper. Tumor volume was calculated by the formula:

where D�, D�, and D� are the three diameters (mm) of

the tumors. We observed 100% tumor formation with

a mean tumor volume of 270.37 ± 50.9 mm� in

DMBA only-treated hamsters (Group II). Oral ad-

ministration of (6)-paradol significantly reduced the
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tumor incidence and tumor volume in DMBA-treated

hamsters (Group III). No tumors were observed in the

control (Group I) and (6)-paradol only (Group IV)

animals.

Mild to moderate preneoplastic lesions (hyperpla-

sia, keratosis and dysplasia) were observed in DMBA

and (6)-paradol-treated animals. Control animals

showed a well defined, intact epithelial layer whereas

animal treated with DMBA only revealed hyperkera-

tosis, hyperplasia, dysplasia and moderately differen-

tiated squamous cell carcinoma. A thick, rough and

reddish oral mucosa was seen in DMBA only-treated

hamsters after 4 weeks. Dysplasia with minimal tu-

mor growth and well-developed oral squamous cell
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Fig. 1. Histological features observed in the buccal mucosa of con-
trol and experimental animals

Fig. 2. Activities of detoxification enzymes (GSH, GST and GR) in the liver homogenate of control and experimental animals. Values are ex-
pressed as ± SD for 10 animals in each group. Values not sharing a common superscript significantly differ at p < 0.05. (DMRT). A) µ moles of
GSH-CDNB conjugate formed/min; B) µ moles p-nitroaniline formed per hour; C) µ moles of NADPH oxidized/hour

Tab. 1. Incidence of oral neoplasm and histological changes in the control and experimental animals in each group

Parameters Control
(Group I)

DMBA
(Group II)

DMBA + (6)-paradol
(Group III)

(6)-Paradol only
(Group IV)

Tumor incidence
(Oral squamous cell carcinoma)

0 100% 20% 0

Total number of tumors/animals 0 32/10 6/2 0

Tumor volume (mm3) 0 270.37 ± 50.9b 94.96 ± 12.09c 0a

Keratosis No change Severe Mild No change

Hyperplasia No change Severe Mild No change

Dysplasia No change Severe Mild No change

Squamous cell carcinoma – Moderately
differentiated

Well differentiated
(2 animals)

–

Values not sharing a common superscript letter in the same row differ significantly at p < 0.05 (DMRT)



carcinoma were seen in the mucosa of the DMBA

only-treated animals after 10 and 14 weeks, respec-

tively. Tumor cells in DMBA-treated animals contain

preneoplastic hyperchromatic nuclei with epithelial

peal formation (Fig. 1).

Figure 2 (A–C) shows the activities of detoxifica-

tion enzymes such as GST, GR and GSH content in the

control and experimental animals in each group. De-

toxification enzyme activities and GSH content were

significantly decreased in DMBA-treated hamsters

(Group II) compared to the control animals. The oral

administration of (6)-paradol to DMBA-treated ham-

sters restored the status of detoxification enzymes and

GSH content to normal levels. No significant differ-

ence was observed between the control animals

(Group I) and (6)-paradol only-treated animals

(Group IV).

Tables 2 and 3 show the statuses of TBARS and an-

tioxidants in the plasma and erythrocytes of the con-

trol and experimental animals in each group. The con-

centration of TBARS increased, whereas the levels of

non-enzymatic antioxidants (GSH, vitamin C and vi-

tamin E) and activities of enzymatic antioxidants (SOD,

CAT and GPx) significantly decreased in DMBA

only-treated hamsters. The oral administration of

(6)-paradol significantly decreased the TBARS levels

and improved the antioxidant statuses in DMBA-

treated hamsters. (6)-Paradol only-treated hamsters
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Tab. 2. Statuses of plasma thiobarbituric acid reactive substances (TBARS) and antioxidants in the control and experimental animals in each
group

Parameters Control
(Group I)

DMBA
(Group II)

DMBA + (6)-paradol
(Group III)

(6)-Paradol only
(Group IV)

TBARS (nm/ml) 2.71 ± 0.26a 4.35 ± 0.6b 3.34 ± 0.27c 2.61 ± 0.24 a

GSH (mg/dl) 29.70 ± 3.01a 12.99 ± 2.52b 17.61 ± 2.58c 29.32 ± 2.53a

Vitamin C (mg/dl) 1.28 ± 0.14 a 0.60 ± 0.78b 0.90 ± 0.88c 1.34 ± 0.19a

Vitamin E (mg/dl) 1.47 ± 0.22a 0.77 ± 0.07b 1.12 ± 0.12c 1.58 ± 0.16a

SOD (U* /ml) 3.61 ± 0.13a 1.65 ± 0.21b 2.61 ± 0.25c 3.57 ± 0.34a

CAT (U**/ ml) 0.35 ± 0.03a 0.12 ± 0.04b 0.28 ± 0.02c 0.34 ± 0.04a

GPx (U*** /l) 130.61 ± 11.04a 91.82 ± 7.63b 112.21 ± 3.03c 133.10 ± 3.22a

Data are expressed as the mean ± SD for 10 hamsters in each group. Units for SOD*, CAT**, and GPx*** are expressed as the amount of en-
zyme required to inhibit 50% of NBT reduction, micromoles of H�O� utilized/second, and micromoles of glutathione utilized/minute, respec-
tively. Values not sharing a common superscript letter in the same row differ significantly at p < 0.05 (DMRT)

Tab. 3. Statuses of erythrocyte TBARS and antioxidants in the control and experimental animals in each group

Parameters Control
(Group I)

DMBA
(Group II)

DMBA + (6)-paradol
(Group III)

(6)-Paradol only
(Group IV)

Erythrocyte TBARS (nm/mg) 1.83 ± 0.13a 2.52 ± 0.30b 2.18 ± 0.18c 1.71 ± 0.13a

Erythrocyte membrane TBARS (nm/mg) 0.30 ± 0.03a 1.22 ± 0.11b 0.22 ± 0.02c 0.28 ± 0.04a

Vitamin E (µg/mg) 2.28 ± 0.27a 1.46 ± 0.12b 2.07 ± 0.30c 2.30 ± 0.27a

Erythrocytes GSH (mg /dl) 40.10 ± 5.87a 24.82 ± 4.09b 32.07 ± 4.76c 38.89 ± 5.09a

Erythrocyte lysate SOD(U*/mg ) 2.11 ± 0.33a 1.47 ± 0.19b 1.81 ± 0.20c 2.20 ± 0.30a

CAT (U**/mg) 1.18 ± 0.29a 0.77 ± 0.07b 1.01 ± 0.13c 1.24 ± 0.21a

GPx (U***/mg) 13.97 ± 1.51a 7.20 ± 0.78b 11.26 ± 2.02c 14.91 ± 2.05a

Data are expressed as the mean ± SD for 10 hamsters in each group. Units for SOD*, CAT** and GPx*** are expressed as the amount of en-
zyme required to inhibit 50% of NBT reduction, micromoles of H�O� utilized/second, and micromoles of glutathione utilized/minute, respec-
tively. Values not sharing a common superscript letter in the same row differ significantly at p < 0.05 (DMRT)



showed no significant differences in TBARS and anti-

oxidant statuses compared to the control hamsters.

Table 4 shows the statuses of TBARS and antioxi-

dants in the buccal mucosa of the control and experi-

mental animals in each group. The levels of TBARS,

SOD and CAT decreased, whereas the levels of anti-

oxidants (vitamin E, GSH, GPx) increased in DMBA

only-treated hamsters. Oral administration of (6)-par-

adol significantly increased the levels of TBARS and

improved the antioxidant statuses in DMBA-treated

hamsters. (6)-Paradol only-treated hamsters showed

no significant differences in TBARS and antioxidant

statuses compared to the control hamsters.

Discussion

Oral cancer is the most common neoplasm in Indian

populations and has a tremendous impact on health

and morbidity [11]. DMBA-induced hamster buccal

pouch carcinogenesis is commonly used to assess the

chemopreventive potential of natural products be-

cause the oral tumor induced by DMBA closely re-

sembles the human oral tumor both histologically and

morphologically [2, 4]. We observed 100% tumor for-

mation in the buccal pouches of hamsters treated with

DMBA only. The tumor was histopathologically con-

firmed as moderately differentiated squamous cell

carcinoma. Oral administration of 30 mg/kg b.w.

(6)-paradol to DMBA-treated animals significantly

reduced and delayed tumor formation. Therefore, our

results indicate that (6)-paradol has significant che-

mopreventive potential during DMBA-induced oral

carcinogenesis. The chemopreventive potential of

(6)-paradol is probably due to its suppressive effect

on abnormal cell proliferation during oral carcino-

genesis.

Chemopreventive agents convert DNA damaging

entities into excretable metabolites through the induc-

tion of detoxification agents [1]. Schwartz and Shklar

[37] demonstrated that any agent that induces the ac-

tivity of glutathione-S-transferase has significant che-

mopreventive potential during carcinogenesis. De-

creased activities of phase II detoxification agents

were reported in several types of carcinogenesis [19].

Oral administration of (6)-paradol to DMBA-treated

animals returned the status of phase II detoxification

agents to near the normal range. Our results imply

that (6)-paradol enhanced the process of conjugation

and the subsequent elimination carcinogenic metabo-

lites during DMBA-induced oral carcinogenesis.

ROS-mediated oxidative stress has been implicated

in the pathogenesis of several cancers including oral

cancer. Estimation of the plasma or serum TBARS

level is considered to be a reliable marker to assess

the extent of tissue damage under pathological condi-

tions. Dihydrodiol epoxide, the ultimate carcinogen of

DMBA, generates toxic and highly diffusible reactive

oxygen species, which can cause damage to biomole-

cules and thereby contribute to carcinogenesis [4, 14].

Erythrocytes are more prone to oxidative stress under

pathological conditions. Previous studies demon-

strated elevated levels of TBARS in the circulation of

tumor-bearing animals [41]. Increased levels of
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Tab. 4. Statuses of buccal mucosa TBARS and antioxidants in the control and experimental animals in each group

Parameters Control
(Group I)

DMBA
(Group II)

DMBA + (6)-paradol
(Group III)

(6)-Paradol only
(Group IV)

Buccal TBARS (nm/mg ) 73.80 ± 7.62a 45.89 ± 4.30b 68.18 ± 5.18c 70.52 ± 6.45a

GSH (mg /dl) 8.12 ± 0.69a 13.77 ± 0.12b 8.57 ± 0.76c 8.10 ± 0.79a

Vitamin E (mg/ mg) 1.76 ± 0.11a 2.92 ± 0.19b 1.96 ± 0.20c 1.72 ± 0.18a

SOD (U*/mg) 5.90 ± 0.59a 2.91 ± 0.57b 3.29 ± 0.43c 5.45 ± 0.45a

CAT (U**/mg ) 39.17 ± 4.02a 23.84 ± 1.20b 31.72 ± 2.99c 38.40 ± 3.82a

GPx (U***/mg) 6.39 ± 0.78 a 9.20 ± 0.09b 7.50 ± 0.89c 6.00 ± 0.65a

Data are expressed as the mean ± SD for 10 hamsters in each group. Units for SOD*, CAT** and GPx*** are expressed as enzyme required to
inhibit 50% NBT reduction, micromoles of H�O� utilized/second, and micromoles of glutathione utilized/minute, respectively. Values not shar-
ing a common superscript letter in the same row differ significantly at p < 0.05 (DMRT)



plasma TBARS could therefore be due to overproduc-

tion and diffusion from damaged erythrocytes and

other host tissues with subsequent leakage into the

plasma. Oral administration of (6)-paradol signifi-

cantly decreased the levels of plasma and erythrocyte

TBARS in DMBA-treated animals, which suggests

that (6)-paradol has anti-lipid peroxidative potential

during oral carcinogenesis.

Enzymatic and non-enzymatic antioxidants play

crucial roles against ROS-mediated oxidative stress.

Decreased levels of non-enzymatic antioxidants were

reported in several types of carcinogenesis [18]. De-

creased levels of non-enzymatic antioxidants in the

plasma of tumor-bearing animals suggest that these

antioxidants are utilized by malignant tumors to meet

the nutrient demands of growing tumors or to combat

the deleterious effects of reactive oxygen species

(ROS) in the circulation system. Decreased activities

of enzymatic antioxidants are probably due to their

exhaustion in suppressing the elevated levels of lipid

peroxidation by products in circulation [13]. De-

creased levels of non-enzymatic antioxidants and de-

creased activities of enzymatic antioxidants were well

documented in cancerous conditions. Our results lend

credibility to these observations. Oral administration

of (6)-paradol significantly improved the status of en-

zymatic and non-enzymatic antioxidants in DMBA-

treated hamsters, which suggests an antioxidant po-

tential and free radical scavenging property during

oral carcinogenesis.

The present study has thus demonstrated the chemo-

preventive potential of (6)-paradol in DMBA-induced

oral carcinogenesis. Although the exact mechanism of

the chemopreventive potential of (6)-paradol is un-

clear, its free radical scavenging property and induction

of phase II detoxification agents during DMBA-

induced oral carcinogenesis could play a role.
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