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Assessment of Lipid Peroxidation
and Antioxidant Status in Vanillic
Acid Treated 7,12-Dimethylbenz[a]

anthracene Induced Hamster Buccal

ABSTRACT

Introduction: Vanillic acid, a naturally occurring bioactive
substance, possesses diverse pharmacological potential
including free radical scavenging and anticancer properties.
Excessive generation of Reactive Oxygen Species (ROS) and
insufficient antioxidant potential has been involved in numerous
pathological disorders, including cancer.

Aim: To explore the anti-lipid peroxidative and antioxidant
efficacy of vanillic acid in Dimethylbenz[a]Anthracene (DMBA)
induced oral carcinogenesis.

Materials and Methods: Topical application of DMBA for
14 weeks in the buccal pouch of hamsters resulted in well
developed oral squamous cell carcinoma. Vanillic acid at a
dosage of 200 mg/kg body weight was orally administrated to
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the hamsters for 14 weeks. The status of lipid peroxidation and
antioxidants were measured in the plasma and buccal mucosa
of hamsters using specific colorimetric methods.

Results: Altered levels of lipid peroxidation by-products
{Thiobarbituric Acid Reactive Substances (TBARS)} and
disturbances in antioxidants status {Superoxide Dismutase (SOD),
Catalase (CAT), Glutathione Peroxidase (GPx), vitamin E, vitamin
C and reduced Glutathione (GSH)} were observed in the plasma
and buccal mucosa tissues of hamsters treated with DMBA alone.
Vanillic acid (200 mg/kg bw p.o) significantly restored the above
mentioned plasma and buccal mucosa biochemical variables to
near normal range in DMBA treated hamsters.

Conclusion: Present findings thus confirm the anti-lipid
peroxidative and antioxidant efficacy of vanillic acid in DMBA
induced hamster buccal pouch carcinogenesis.
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INTRODUCTION

Oral cancer is the widespread malignant neoplasm and the fifth
most common cancer globally [1]. In spite of recent progression in
the cancer treatment, the morbidity as well as mortality due to oral
cancer is still greater in developing countries including India. Oral
cancer accountability is 40-50% of all cancers. The prime risk factor
of oral cancer is tobacco and alcohol consumption, and 80% of oral
cancer patients are accustomed to tobacco and alcohol utilization
[2]. Out of all oral cancer cases, 90% of the cases are squamous
cell carcinoma and its five year survival rate is still poor [3].

Oral cancer develops through three stages, initiation, promotion
and progression. Golden Syrian hamsters are the ideal model
to understand the pathogenesis of human oral cancer [4]. 7,12-
DMBA, an effective site specific carcinogenic agent, is generally
used to induce cancer in oral (buccal pouch), skin and mammary
tissues [5]. DMBA induces cancer through alteration of DNA base
pairs, initiation of chronic inflammation and excessive generation
of Reactive Oxygen Species (ROS). Cancerous and precancerous
lesions of DMBA induced tumours of hamster buccal mucosa
closely resemble the human oral squamous cell carcinoma. Golden
Syrian hamsters are generally used and commonly accepted model
for exploring the chemopreventive potential of natural entities and
synthetic drugs [6].

Lipid peroxidation, a chain reaction mediated by free radicals,
oxidizes the lipids, predominantly Polyunsaturated Fatty Acids
(PUFA). During the cell division, lipid peroxides play a key role
to control the cell division. Profound studies reported an inverse
correlation between lipid peroxidation and cell proliferation [7].
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Previous studies explored low levels of TBARS in the tumours of
the oral squamous cell carcinoma [8]. Lipid peroxidation has been
implicated by over-production of ROS, causing altered structural
integrity of the cell membrane, DNA, proteins and lipids. Living
organisms have different antioxidant systems that counteract the
adverse effect of ROS. Over-generation of ROS and poor activities
of antioxidant defense mechanism results in oxidative stress, which
in turn is involved in numerous pathological disorders, including
cancer [9].

The liver detoxifies and counteracts the mutagenic and carcinogenic
substances [10]. Glutathione-S-Transferase (GST), Glutathione
Reductase (GR) and reduced GSH detoxify the carcinogen by
depleting their reactive centres or facilitating their excretion by
conjugation process [11]. Assessment of phase | and phase |l
detoxification enzymes in the liver and buccal mucosa could help to
assess the chemopreventive potential of the test entities.

Angelica sinensis has several phytochemicals and is an important
source of natural antioxidants. Vanillic acid [Table/Fig-1] is a dietary
phenolic compound that protects biological membrane and inhibits
lipid peroxidation in cells [12]. Profound studies reported that vanillic
acid has the potential to scavenge or eliminate the ROS including
hydroxyl radicals and lipid peroxy radicals [13]. Vanillic acid also
exerted antimicrobial [14], anti-inflammatory [15], anti-tumourigenic
[16] and hepatoprotective effects [17]. The present study was
focused to assess the anti-lipid peroxidative and antioxidant
potential of vanillic acid in 7,12 DMBA induced hamster buccal
pouch carcinogenesis.
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MATERIALS AND METHODS

The present study was an in vivo study conducted in the Department
of Biochemistry and Biotechnology, Faculty of Science, Annamalai
University, Annamalainagar, Tamil Nadu, India. The total study period
was 16 weeks (four months), The local institutional animal ethics
committee (Registration Number 160/1999/CPCSEA), Annamalai
University, Annamalainagar, India, approved the experimental design
(Proposal No.1106, dated 09.10.2014, sample size 24 hamsters).

DMBA and vanillic acid were purchased from Sigma-Aldrich Chemicals
Pvt. Ltd., Bengaluru, India. All other chemicals used were of analytical
grade purchased from Himedia laboratories, Bengaluru, India.

Experimental Animal Model Used

The animals (golden Syrian hamsters-male, 56-70-day-old,
weighing 80-120g) were purchased from National Institute of
Nutrition (NIN), Hyderabad, India and maintained at Central Animal
House, Annamalai University, Annamalainagar, India. The hamsters
were housed in controlled environment. The hamsters were
maintained according to the principles and guidelines of the ethical
committee for animal care of Annamalai University. Oral squamous
cell carcinomas were induced in each hamster’s buccal pouch (left
side only) with topical application of DMBA (0.5%) in liquid paraffin
three times a week for 14 weeks.

Experimental Protocol

A total of 24 hamsters were divided into four groups of six hamsters
in each. The experimental protocol followed in the present study is
given in [Table/Fig-2].

Biochemical Estimations

Blood samples (3 ml) were collected into heparinized tubes. Plasma
was separated by centrifugation at 1000 rpm for 15 minutes.
Tissue samples from hamsters were washed with ice cold saline
and dried between folds of filter paper, weighed and homogenized
using appropriate buffer (TBARS: 0.025 M Tris-HCL buffer, pH 7.5;
SOD: 0.025 M sodium pyrophosphate buffer pH 8.3; CAT: 0.01 M
phosphate buffer, pH 7.0; GSH and GPX: 0.4 M phosphate buffer,
pH 7.0) in an all glass homogenizer with Teflon pestle and used for
biochemical estimations.

TBARS were assayed in the plasma and buccal mucosa according
to the methods of Yagi K and Ohkawa H et al., respectively [18,19].
The levels of enzymatic antioxidants such as SOD, CAT and GPx
were estimated by the methods of Kakkar P et al., Sinha AK
and Rotruck JT et al., respectively [20-22]. Reduced GSH was
determined by the method of Beutler E and Kelley BM [23]. Vitamin
C and E were measured by methods of Omaye ST et al., and Desai
ID respectively [24,25].

STATISTICAL ANALYSIS

All quantitative data are expressed as mean+Standard Deviation
(SD). The statistical comparisons were performed by one-way
analysis of variance (ANOVA), followed by DMRT. The results were
considered statistically significant if the p-values were less than
0.05. The data were analyzed using SPSS 17.0 package.

RESULTS

The status of TBARS and antioxidants (SOD, CAT, GPx, vitamin
E, vitamin C and GSH) in the plasma of control and experimental
hamsters in each group are shown in [Table/Fig-3]. The concentration
of TBARS was raised, whereas the status of the antioxidants was
substantially decreased in the DMBA alone treated hamsters, as
compared to control hamsters. DMBA-+vanillic acid treated hamsters
showed near normal levels of TBARS and antioxidants.

The levels of TBARS and antioxidants (SOD, CAT, vitamin E,

GSH and GPx) in the buccal mucosa of control and experimental
hamsters in each group are shown in [Table/Fig-4]. TBARS, SOD
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[Table/Fig-1]: Molecular structure of vanillic acid.

Weeks 0 1 10 14 16

Groups .
I Control (Liquid paraffin alone)

| DMBA alone

DMBA + Vanillic acid
(Pre-initiation)

v | S | Vanillic acid alone

Liquid paraffin alone B8 DMBA (0.5% in liquid paraffin) [ Vanillic acid (200 mg/kg bw)
[Table/Fig-2]: Experimental protocol.

and CAT levels were decreased and vitamin E, GSH and GPx levels
were increased in tumour bearing hamsters as compared with
control hamsters. Vanillic acid alone treated experimental animals
showed no significant difference in TBARS and antioxidants levels,
as compared to control hamsters. Vanillic acid administration to the
DMBA treated hamsters brought back the status of buccal mucosa
TBARS and antioxidants to the near normal range.

DISCUSSION

In this study, DMBA alone treated hamsters showed higher levels
of TBARS in the plasma and lower levels of TBARS in the buccal
mucosa tissues as compared with control hamsters. A number of
research reports have established the potential of DMBA and their
by-products to stimulate the creation of ROS such as peroxides
and superoxide anion radicals, which causes oxidative stress in the
cells [26]. Tissue damage may be evaluated by assessing the lipid
peroxidation products and antioxidant status [27]. Lipid peroxidation
by-products that leak from the site of inflammation enter into
circulation to provoke damage at distinct tissues. Elevated plasma
lipid peroxidation by-products have been well documented in oral
carcinogenesis [28].

Vitamin C is a vital water soluble vitamin and potent reducing agent
in humans and other animals. Vitamin C scavenges the oxygen
anion, hydrogen peroxide, hydroxyl radicals and singlet oxygen. It
plays a key role in the resuscitation of a-tocopherol and defenses
the plasma lipids against lipid peroxidation [29]. Vitamin E is the initial
defence mechanism to protect the peroxidation of biomembrane
polyunsaturated fatty acids. Profound studies explored an
inverse association between lipid peroxidation and vitamin E
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[Table/Fig-3]: The status of plasma TBARS and antioxidants in control and experimental hamsters in each group (n=6).

Values are expressed as meanzstandard deviation for six hamsters in each group. Values that do not share a common superscript between two groups differ significantly at p < 0.05 (DMRT). * - the
amount of enzyme required to inhibit 50% NBT reduction; ** - micromoles of hydrogen peroxide utilized/s; ** - micromoles of glutathione utilized/min
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[Table/Fig-4]: The status of buccal mucosa TBARS and antioxidants in control and experimental hamsters in each group (n=6).

Values are expressed as meanzstandard deviation (S.D.) for six hamsters in each group. Values that do not share a common superscript between two groups differ significantly at p<0.05 (DMRT). * - the

amount of enzyme required to inhibit 50% NBT reduction; ** - micromoles of hydrogen peroxide utilized/s; *** - micromoles of glutathione utilized/min

status in oral cancer [30]. GSH plays multiple biological activities
including the prevention of oxidative DNA damage, scavenging of
hydroperoxides and in the protection of the biological membrane.
Chen KH and Chang ML reported that vitamin C plays a vital role
in the regeneration of plasma vitamin E [31]. Vitamin E improves
the ascorbate and glutathione levels in the plasma [32]. Vitamin E
and vitamin C play a crucial role in the maintenance of glutathione
by preventing its oxidation. Insufficient antioxidant status could
account for enhanced plasma lipid peroxidation. Lowered TBARS
in tumour tissues might be due to low availability of PUFA or due to
disturbed antioxidant status.

Enzymatic and non-enzymatic antioxidants scavenge the free
radicals, decrease oxidative stress and lessen the adverse effect of
ROS. Superoxide dismutase and catalase activities were lowered in
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the tumour tissues of DMBA treated animals. The present results
indicate that the lowered activities of these enzymes could be due
to accumulation of superoxides and hydrogen peroxides. Decreased
activities of superoxide and catalase have been reported in a spectrum
of tumour tissues [33]. The present results are in agreement with
these findings.

Glutathione peroxidases are important enzymes that eliminate
hydrogen peroxides in the cytosol and mitochondria by converting
reduced GSH into oxidized glutathione (GSSH). Glutathione and
glutathione peroxidase have been reported to have a regulatory
effect on cell proliferation [34]. Increase in glutathione peroxidase
and reduced glutathione could account for lowered oxidative stress
[35]. DMBA is the preferred site specific chemical carcinogen to
induce several types of cancers in experimental animals, including
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oral, skin and mammary cancers. DMBA elicits its carcinogenic
response via excessive generation of ROS, induction of chronic
inflammation and excessive oxidative DNA damage [36,37].

In the present study, vanillic acid administration at a dose of 200
mg/kg bw improved the status of lipid peroxidation and antioxidants
in both plasma and buccal mucosa tissues of tumour bearing
hamsters, which clearly indicates its potent antioxidant efficacy
during DMBA induced hamster buccal pouch carcinogenesis. The
present study thus concludes that the antioxidant efficacy of vanillic
acid could be partly responsible for its antitumour potential during
DMBA induced oral carcinogenesis.

LIMITATION

The present study observed that hamsters treated with
DMBA+vanillic acid revealed hyperplasia, hyperkeratosis and
dysplastic changes in the buccal mucosa, which suggests that
vanillic acid delayed the tumour formation rather than inhibition of
tumour formation. Further studies are therefore warranted to extend
the duration of the experimental design to confirm the anticancer
potential of vanillic acid during DMBA induced hamster buccal
pouch carcinogenesis.

CONCLUSION

The present study, for the first time, revealed the anticancer potential of
vanillic acid in DMBA induced oral carcinogenesis by utilizing the status
of lipid peroxidation and antioxidants as biochemical end points.
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