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INTRODUCTION
Oral cavity cancer is one of the predominant cancers across the 
world and its prevalence and incidence is sharply increasing in 
several parts of the world, especially in Bangladesh, SriLanka and 
India [1]. Though multiple risk factors have been implicated in the 
oral cancer pathogenesis, the strongest risk factors associated 
with oral cancer development include consumption of tobacco 
products and alcohol abuse [2]. Histopathologically, 90% of the 
oral cancers are diagnosed as oral squamous cell carcinoma. 
Recent epidemiological and aetiological studies pointed out that 
unawareness on oral cancer risk factors and diagnostic delay 
are the two major factors, influencing the higher incidence of oral 
carcinoma worldwide [3]. 

In recent years, accumulating literatures focused the role of Reactive 
Oxygen Species (ROS) mediated oxidative DNA damage in the 
pathogenesis of several illness including diabetes, cardiovascular 
diseases and cancer [4-6]. Though ROS play a pivotal functions 
in various physiological and biochemical processes, their over 
production could lead to oxidative DNA adduct formation, which 
in turn leads to several pathological diseases [7]. Human body, 
however, has a vital antioxidant (enzymatic and non-enzymatic) 
defence mechanism to combat the adverse effects of ROS 
[8]. Imbalance in the oxidant and antioxidant status could thus 
lead to a pathological condition called oxidative stress, which is 
responsible for the pathogenesis of various illnesses. Human body 
has sophisticated detoxification mechanisms as well to detoxify 

the carcinogenic agents that enter the body. Liver phase I and 
phase II detoxification agents play a vital role in these processes 
and any defect in the status of phase I and phase II detoxification 
agents could thus lead to various pathological conditions including 
cancer [9-11].

The suppression, prevention or reversal of carcinogenesis 
using natural products or synthetic substances is termed as 
chemoprevention, which is now recognised worldwide as an 
appealing approach in experimental oncology [12]. Profound 
experimental studies explored the chemopreventive efficacies of 
a large number of medicinal plants, bioactive constituents and 
synthetic agents [13,14]. Previous experimental studies from our 
laboratory explored the anticancer effect of several medical plants 
and their bioactive principles and also analysed the status of 
oxidative stress markers during 7, 12-dimethylbenz (a) anthracene 
(DMBA) induced oral carcinogenesis [15,16].

DMBA has been recognised as an organ and site specific carcinoma 
and thus widely employed to induce several types of tumours in 
experimental animals, which include oral, skin and mammary 
cancers [17-19]. DMBA induces oral carcinogenesis via multiple 
mechanisms, which mainly involves the induction of oxidative 
stress, stimulation of chronic inflammatory response and by causing 
mutations in the DNA [20]. Due to biochemical and molecular 
similarities with human oral cancer, DMBA induced oral carcinoma 
was most commonly employed in experimental animals to assess 
the anticancer (chemopreventive) efficacy of natural products.
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ABSTRACT
Introduction: Oxidative stress has been associated with the 
pathogenesis of several diseases including cancer. 
Myrtenal, a monoterpene, has been shown to possess 
various therapeutic potentials including anti-inflammatory, 
hypolipidemic, antidiabetic and antioxidant properties.

Aim: The present study utilises the status of oxidative stress and 
detoxification cascade markers to explore the chemopreventive 
potential of myrtenal in experimental oral carcinogenesis 
induced in Golden Syrian hamsters.

Materials and Methods: Oral neoplasms were developed 
using 0.5% 7,12-dimethylbenz(a) anthracene (DMBA), three 
times a week for 14 weeks in the buccal pouch of Golden 
Syrian hamsters. the developed lesions were confirmed 
histopathologically as well differentiated squamous cell 
carcinoma. The status of oxidative stress markers {Thiobarbituric 
Acid Reactive Substances (TBARS)}, antioxidants {Superoxide 
Dismutase (SOD), Catalase (CAT), vitamin E, vitamin C, 
reduced glutathione (GSH), Glutathione Peroxidase (GPx)} 

and detoxification agents {cytochrome p450, cytochrome b5, 
Glutathione-S-Transferase (GST), Glutathione Reductase (GR), 
oxidised glutathione (GSSG), DT diaphorase} were determined 
using suitable colorimetric assays. The statistical comparison 
between the experimental groups was done by one-way analysis 
of variance followed by Duncan’s multiple range test.

Results: Topical application of DMBA not only resulted in tumour 
formation but also caused severe biochemical abnormalities in 
both plasma and buccal mucosa of Golden Syrian hamsters. 
Myrtenal administration (230 mg/kg bw p.o) to the hamsters 
painted with DMBA, suppressed or inhibited the formation of 
tumours and restored the status of oxidative stress markers and 
detoxification agents as well.

Conclusion: The present study thus concludes that the 
chemopreventive efficacy of myrtenal is either due to its anti-
lipid peroxidative efficacy or due to its modulating effect 
on the detoxification agents towards the inhibition of oral 
carcinogenesis.
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Biochemical parameters Samples References

Thiobarbituric acid reactive 
substances (TBARS)

Plasma Yagi K [27]

TBARS Buccal mucosa Ohkawa H et al., [28]

Superoxide dismutase 
(SOD)

Plasma and buccal 
mucosa

Kakkar PD and 
Viswanathan PN [29]

Catalase (CAT)
Plasma and buccal 
mucosa

Sinha AK [30]

Vitamin E Plasma Desai ID [31]

Vitamin E Buccal mucosa Palan PR et al., [32]

Vitamin C Plasma Omaye ST et al., [33]

Reduced glutathione (GSH)
Plasma, liver and 
buccal mucosa

Beutler E and Kelly BM 
[34]

Oxidised glutathione (GSSG) Buccal mucosa Tietze F [35]

Glutathione peroxidase 
(GPx)

Plasma and buccal 
mucosa

Rotruck JT et al., [36] 

Cytochrome p450
Liver and buccal 
mucosa

Omura T and Sato R [37]

Cytochrome b5
Liver and buccal 
mucosa

Omura T and Sato R [37]

Glutathione-s-transferase 
(GST)

Liver and buccal 
mucosa

Habig WH et al., [38]

Glutathione reductase (GR) Liver
Carlberg BM and 
Mannervik G [39]

DT-diaphorase Liver Ernster L [40]

[Table/Fig-2]: The biochemical parameters that are analysed in the plasma, liver 
and buccal mucosa of experimental animals [27-40].

glutathione (GSSG) are given in [Table/Fig-2] with the corresponding 
references [27-40].

Monoterpenes, the bioactive constituent of several natural 
products, have been reported to possess diverse pharmacological 
properties. Myrtenal, a monoterpene, is the essential oil of pepper, 
mint and cumin. Profound studies have explored the therapeutic 
potential of myrtenal, which include antioxidant, anti-inflammatory 
and hypolipidemic effects [21]. Lokeshkumar B et al., reported 
that myrtenal suppressed experimental colon carcinogenesis 
through its antioxidant efficacy [22]. Myrtenal has been shown to 
possess membrane stabilising effects and played a vital role in the 
maintenance of cellular homeostasis [23]. Rathinam A and Pari L 
have shown the antidiabetic potential of myrtenal in experimental 
diabetes mellitus [24]. They suggested that myrtenal improved 
the secretion of insulin and activities of metabolising enzymes in 
streptozotocin induced diabetic rats. Hari Babu L et al., reported that 
the anticancer potential of myrtenal in diethylnitrosamine induced 
hepatocarcinogenesis [25]. They suggested that the anticancer 
effect of myrtenal might be due to its antioxidant and apoptotic 
induction potential. Babu LH et al., pointed out that the anticancer 
potential of myrtenal could be due to its ability to down regulate 
the expression of TNF-α in diethylnitrosamine induced hepato-
carcinogenesis [26]. Though very few studies have demonstrated 
the anticancer potential of myrtenal in experimental cancer, there 
are no reports to scientifically validate the anticancer potential of 
myrtenal in DMBA induced hamster buccal pouch carcinogenesis. 
The present study, thus takes an intensive effort to explore the 
chemopreventive potential of myrtenal by assessing its antilipid 
peroxidative potential and modulating effect on detoxification agents 
in experimental oral carcinogenesis. 

MATERIALS AND METHODS
An experimental study was conducted on experimental animals, 
male Golden Syrian hamsters, which were obtained from National 
Institute of Nutrition, Hyderabad from January 2018 to May 2018. The 
experimental design was approved by Institutional Animals Ethical 
Committee as well (Proposal N0: 1175). The total duration of the 
experimental period was around 5 months from the acclimatisation 
period to the scarification of the animals (Acclimatisation period 
14 days and experimental study duration 126 days). The sample 
size (30) taken was based on previous literatures [15,16]. The 
experimental animals were maintained in the Central Animal House, 
Annamalai University as per ethical principles and the animals were 
provided with food and water ad libitum. The age and weight of 
the animals were 7-8 weeks and 80-120 g, respectively. The 
experimental animals were divided into five groups and each group 
contained six animals. The experimental groups were categorised 
into five groups with more or less, similar mean weight.  Group I 
served as vehicle treated control (liquid paraffin alone) and Groups II 
– V experimental animals were treated with DMBA, DMBA+myrtenal 
DMBA→myrtenal (denotes a chemotherapeutic phase. DMBA 
treatment first 10 weeks followed by 8 weeks myrtenal treatment) and 
myrtenal alone respectively. The experimental design is depicted in 
the [Table/Fig-1]. The animals were sacrificed by cervical dislocation 
after completing the experimental protocol [15,16].

The biochemical studies were carried out in the plasma, liver 
and buccal mucosa of control and experimental animals. 
Histopathological studies were carried out in the buccal mucosa of 
control and experimental animals.

tumour induction: Hamster’s buccal pouch exposed to DMBA 
painting 14 weeks (3 times a week) developed oral squamous cell 
carcinoma. Myrtenal at a dose of 230 mg/kg body weight was 
administrated orally to the experimental hamsters [25,26].

Biochemical estimations: The biochemical parameters that were 
analysed in the plasma (TBARS, SOD, CAT, vitamin E, vitamin C, 
GSH, GPx, liver (cytochrome p450, cytochrome b5, GSH, GST, GR, 
DT diaphorase) and buccal mucosa (TBARS, SOD, CAT, vitamin 
E, GSH, GPx, cytochrome p450, cytochrome b5, GST, oxidised 

[Table/Fig-1]: Experimental design for chemoprevention study.

STATISTICAL ANALYSIS
The results obtained for the estimation of biochemical variables are 
expressed as mean±SD (n=6). The statistical significance between 
the experimental groups was analysed using ANOVA followed by 
DMRT. The p-value less than 0.05 between two different experimental 
groups were considered statistically significant. The SPSS software 
version 15.0 was used for the statistical analysis.

RESULTS
The gross appearance of tumours and histopathological alterations 
were shown in [Table/Fig-3,4], respectively. DMBA induced tumour 
incidence and histopathological abnormalities in the buccal mucosa 
of experimental animals was shown in [Table/Fig-5,6], respectively. 
Topical application of DMBA alone (group II) on the buccal mucosa 
resulted in severe hyperplastic and dysplastic changes accompanied 
by well differentiated squamous cell carcinoma in the 14th week of 
experimental period. While myrtenal administration to hamsters 
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Parameter Control dmBa alone
dmBa+ 
myrtenal

dmBa→ 
myrtenal

myrtenal 
alone

Oral tumour 
incidence

0 100% 0 50% 0

Total number 
of tumours

0 19/6 0 4/3 0

Tumour 
volume (mm3)

0 216.87±16.60 0 32.41±2.47 0

Tumour 
burden (mm3)

0 686.755±52.31 0 43.213±3.29 0

[Table/Fig-5]: Oral neoplasm incidence within expreimental hamsters (n=6).
Tumour volume was measured using the formula, v= (4/3)π (D1/2) (D2/2) (D3/2) where D1,D2 
and D3 are the three diameter (mm3) of the tumour. Tumour burden was calculated by multiplying 
of tumour volume and number of tumours in animals.

[Table/Fig-3]: The gross appearance of buccal mucosa in control and experimental 
animals in each group.
a-Vehicle treated control: b-DMBA alone treated: c-DMBA+Myrtenal treated: d-DMBA→Myrtenal 
treated: e-Myrtenal alone treated

[Table/Fig-4]: Histopathological features observed in the buccal mucosa of control  
and experimental animals in each group (H and E stain, 40x).
a. Control (normal epithelium):
b. DMBA alone keratin pearls
c. DMBA+Myrtenal (mild dysplastic epithelium)
d. DMBA→Myrtenal (severe dysplastic epithelium)
e. Myrtenal alone (normal epithelium)

painted with DMBA (group III) suppressed the tumour formation, 
mild hyperplastic and mild dysplastic changes were noticed in the 
buccal mucosa. Though 50% of hamsters in the chemotherapeutic 
phase (group IV; DMBA→myrtenal) developed oral tumours, the 
tumour size, volume and burden was very small as compared to 
DMBA alone treated hamsters (group II).

The biochemical alterations in the status of TBARS, antioxidants 
and phase I and phase II detoxification agents are depicted in 
the [Table/Fig-7,8] (plasma and buccal mucosa TBARS and 

Parameter Control dmBa alone
dmBa+ 
myrtenal

dmBa 
myrtenal

myrtenal 
alone

Hyperkeratosis ns Severe Mild Moderate ns

Hyperplasia ns Severe Mild
Moderate to 
severe

ns

Dysplasia ns Severe Mild
Moderate to 
Severe

ns

Squamous cell 
carcinoma

ns

Large size, well 
differentiated 
squamous 
cell carcinoma 
observed 
in 100% of 
animals

Not 
observed

Small size, well 
differentiated 
squamous 
cell carcinoma 
observed in 
50% of animals

ns

[Table/Fig-6]: Histopathological features observed in the buccal mucosa of control 
and experimental hamsters in each group (n=6).
ns: No significant change within epithelium

[Table/Fig-7]: TBARS, SOD, CAT, vitamin E, vitamin C, GSH, GPx, in the plasma 
of control and experimental hamsters in each group (n=6).
Values that do not share a common superscript between two groups differ significantly at p<0.05 
(DMRT). A-the amount of enzyme required to inhibit 50% NBT reduction; B-micromoles of hydrogen 
peroxide utilised/s; C-micromoles of glutathione utilised/min

[Table/Fig-8]: TBARS, SOD, CAT, vitamin E, GSH, GPx in the buccal mucosa of 
control and experimental hamsters in each group (n=6).
Values that do not share a common superscript between two groups differ significantly at p<0.05 
(DMRT). A-the amount of enzyme required to inhibit 50% NBT reduction; B-micromoles of hydrogen 
peroxide utilsed/s; C-micromoles of glutathione utilised/min

antioxidants) and [Table/Fig-9,10] (liver and buccal mucosa 
detoxification agents). All the tabulated values are expressed as 
mean±Standard Deviation (SD) for six hamsters in each groups. 
Increase in TBARS levels with compromised antioxidants were 
noticed in the plasma of tumour bearing hamsters (group II). 
However, the present study observed a disturbances in the 
antioxidants status (vitamin E, GSH and GPx were increased; 
SOD and CAT were decreased) with the reduction in the TBARS 
levels in the buccal mucosa of tumour bearing hamsters. Similarly, 
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sections from DMBA→Myrtenal treated hamsters (chemotherapeutic 
phase) showed dysplastic epithelium with basement membrane. Few 
areas were hyperkeratotic. Increase in the epithelial thickness was 
observed. The cells are hyperplastic with nuclear hyperchromatism. 
The underlying connective fibrous tissues with muscle fibers appeared 
normal [Table/Fig-4d]. Tissue sections from Myrtenal alone treated 
hamsters showed uniform thickness stratified squamous epithelium 
with thin layer of keratin. The cells appeared normal and the basement 
membrane was well demarcated. The underlying connective fibrous 
tissue with muscle fibres appeared normal [Table/Fig-4e].

Excessive formation of ROS and lack of antioxidants defence system 
were well documented in several types of cancers including oral 
cancer [41]. DMBA induced oxidative stress has been implicated 
as a major mechanism in the pathogenesis of oral carcinogenesis 
[42,43]. Both human and experimental oral cancer reported an 
altered status of lipid peroxidation and enzymatic and non-enzymatic 
defence mechanism in the plasma and buccal mucosa [42,44,45]. 
While enhanced plasma TBARS could be a reflection of diminished 
antioxidants, decreased buccal mucosa. TBARS could be due to 
higher utilisation of vitamin E and vitamin C by the tumour tissues.

Previous literatures have also documented higher production of 
superoxide and hydrogen peroxides in the tumour tissues, which 
could be the reason for the exhaustion of SOD and  CAT in the 
tumour tissues [22,46]. Higher content of GSH accompanied by 
increased activity of GPx and lowered oxidised glutathione content 
reflected the role of GSH and GPx in the regulation of cellular 
proliferation. A few studies claimed high rate of cell proliferation and 
low PUFA content, a substrate of lipid peroxidation, could be the 
reason for the lowered TBARS levels in the tumour tissues [16,47].

Liver is the vital organ, which plays a pivotal role in the process 
of carcinogen detoxification via phase I and phase II detoxification 
cascade. Phase I detoxification agents such as cytochrome p450 
and cytochrome b5 are involved in the metabolic activation of the 
xenobiotics [48]. The harmful products that are obtained during 
phase I reactions are excreted via phase II detoxification enzymes 
such as GST, GR and DT-diaphorase [49]. Lowered liver phase II 
detoxification agents in the tumour bearing animals clearly imply the 
accumulation of carcinogenic metabolites due to enhanced activities 
of phase I detoxification agents. Frequent topical application of 
DMBA to the buccal mucosa of DMBA alone treated hamsters 
could be the possible reason for the increases in the activities of 
both phase I and phase II detoxification agents.

Previous studies from our laboratory have explored the chemopreventive 
efficacy of several natural products in experimental oral carcinogenesis 
[15,16,42,50]. In the present study, myrtenal administration to 
DMBA treated hamsters restored the status of TBARS, antioxidants 
and detoxification agents as well as reverted the DMBA induced 
histopathological abnormalities, which clearly indicates the anticancer/
chemopreventive potential of myrtenal during DMBA induced oral 
carcinogenesis. The anti lipid peroxidative efficacy and modulating 
effects on detoxification agents towards tumour inhibition could thus 
be the possible mechanism [Table/Fig-11] for the anticancer potential 
of myrtenal in DMBA induced oral carcinogenesis.

Limitation(s)
In the present study, myrtenal exhibited a potent chemopreventive 
effect as evidenced by no tumour formation in hamsters treated with 
DMBA (Group III). However, the present study noticed tumour formation 
in 50% of the animals in the chemotherapeutic phase (Group IV). This 
might either be due to the dose fixed (230 mg/kg bw) for myrtenal or due 
to shorter treatment schedule (8 weeks) to the experimental animals. 
Further studies are warranted to evaluate the anticancer potential of 
myrtenal with a higher dose and should extend the treatment schedule 
for further 10 weeks to confirm the chemotherapeutic efficacy of 
myrtenal in experimental oral carcinogenesis.

[Table/Fig-9]: Phase I and phase II detoxification agents in the liver of control and 
experimental hamsters in each group (n=6).
Values that do not share a common superscript between two groups differ significantly at p<0.05 
(DMRT). X-micromoles of cytochrome p450; Y-micromoles of cytochrome b5; Z-micromoles of 
2,6-dichlorophenol reduced/min

[Table/Fig-10]: Phase I and phase II detoxification agents in the buccal mucosa of 
control and experimental hamsters in each group (n=6).
Values that do not share a common superscript between two groups differ significantly at p<0.05 
(DMRT). X-micromoles of cytochrome p450; Y-micromoles of cytochrome b5; Z-micromoles of 
1-chloro 2,4 dinitrobenzene (CDNB)/reduced glutathione conjugate formed/min

a different pattern of phase I and phase II detoxification agents 
were noticed in the liver (phase I agents were increased; phase II 
agents were decreased) and buccal mucosa (phase I and II agents 
were increased) of tumour bearing hamsters. Oral administration 
of myrtenal to DMBA treated golden Syrian hamsters restored the 
status of TBARS, antioxidants and detoxification agents in the 
chemopreventive phase (group III) and improved the above said 
biomarkers status in the chemotherapeutic phase (group IV).

DISCUSSION
In the present study, tissue sections from liquid paraffin alone (Group I) 
treated hamsters showed uniform thickness stratified squamous 
epithelium. Single layer of thin keratin was seen. The basement 
membrane was well demarcated. The underlying connective fibrous 
tissues along with muscle fibres appeared normal [Table/Fig-4a]. 
Tissue sections from DMBA alone treated hamsters showed dysplastic 
epithelium with keratin pearls. The epithelium invaded the underlying 
connective tissues. The features like hyperkeratosis, hyperchromatism 
of the nucleus and increase in the mitotic figure were noticed 
[Table/Fig-4b]. Tissue sections from DMBA+Myrtenal treated 
hamsters (chemopreventive phase) showed hyperkeratotic uniform 
thickness stratified squamous epithelium. The basement membrane 
was well demarcated. The underlying connective fibrous tissues 
along with muscle fibres appeared normal [Table/Fig-4c]. Tissue 
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[Table/Fig-11]: Possible mechanism of action of myrtenal.

CONCLUSION(S)
The chemopreventive potential of myrtenal has been explored in 
DMBA induced carcinogenesis. The  said effects of myrtenal could 
be due to its anti-lipid peroxidative, antioxidant and modulating 
effects on detoxification agents. This study has examined the 
modulating effect of myrtenal on various molecular pathogenetic 
pathways related to oral carcinogenesis.
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