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Abstract 

The status of detoxification agents were used as biochemical end points to assess the chemo preventive potential of syringic acid 

(SA), a polyphenol, in 7,12-dimethylbenz[a]- anthracene (DMBA)-induced hamster buccal pouch carcinogenesis. Topical 

application of 0.5% DMBA in liquid paraffin, thrice a week for 10 weeks on their buccal pouches hasmters. 100% tumor formation 

was noticed in hamsters treated with DMBA alone, orally administration of SA, at a dose of 50 mg/kg bw., to DMBA-treated 

hamster completely prevented the development of oral tumors. Moreover, SA significantly restored the status of phase I and phase 

II detoxification agents and favoring the secretion of carcinogenic metabolite, during DMBA-induced oral carcinogenesis. The 

present study concludes that the chemo preventive potential of SA relies on its modulatory effects on phase I and II detoxification 

agents to excrete the carcinogenic metabolite, during DMBA-induced hamster OSCC. 
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Introduction 

Cancer development is associated with increased cell 

proliferation formed in squamous cell carcinoma of the oral 

cavity (Baillie et al., 2017) [2]. The most common risk factors 

for oral carcinogenesis are tobacco smoking, betel quid 

chewing, alcohol drinking and viral infection (Stefano et al., 

2013). On catabolism of DMBA, a procarcinogenic substance 

converted to ultimate carcinogenic form 7,12-DMBA-3,4-

dihydrodiol-1,2-epoxied that causes tissue redox imbalance 

and excess generation of ROS, which results in oxidative 

damage in DNA bases forming adducts, damage cell 

membranes, lipids, proteins and nucleic acid leads to 

pathological outcome which results in carcinogenesis 

(Shimada et al., 2013; Ye et al., 2016) [22, 29]. Also, defect in 

detoxification cascade leads to accumulation of toxic 

metabolites, which causes mutation in DNA and leads to 

neoplastic transformation (Birben, 2012; Bhattacharyya et al., 

2014) [5, 4]. Liver is the primary site for biotransformation of 

xenobiotics and detoxification measures. Phases I and II 

detoxification agents perform a crucial function in the 

metabolic activation and excretion of carcinogenic metabolites 

(Cederbaum, 2015) [8]. 

The hamster buccal pouch (HBP) carcinogenesis model is the 

best known animal system for investigating the efficacy of 

chemopreventive agents in oral carcinogenesis. 

Chemoprevention by dietary agents is a cost-effective method 

for the preventing of oral cancer incidence (Shklar and Oh, 

2000) [23]. We therefore undertook the present study to 

investigate the chemopreventive potential of SA on DMBA-

induced buccal pouch carcinogenesis in Syrian hamsters. The 

status of phase I and phase II enzymes were used as 

biomarkers of chemoprevention. 

Oxidative stress defined as a state of imbalance between the 

concentrations of ROS and the antioxidant defense 

mechanisms. It is one of the most important phenotypes 

implicated in the conversion to normal cell into malignant 

one. Imbalance in oxidant and antioxidant status is one of the 

commonly observed phenomenons in several pathological 

conditions including cancer. The chemopreventive agent 

exhibited significant protective effects against various free 

radicals generated from pathological conditions including 

cancer (Guimaraes et al., 2007) [11]. 

The present study has investigated the chemopreventive effect 

of SA by utilizing the status of phase I and II detoxification 

enzymes as biochemical end points in DMBA-induced 

hamster buccal pouch carcinogenesis. 

 

Materials and methods 

Chemicals and reagents 

SA (≥ 95% Purity, CAS NO: 530-57-4) and DMBA (≥ 95% 

Purity, CAS NO: 57-97-8) were purchased from Sigma 

Aldrich Chemicals Pvt. Ltd (Bangalore, Karnataka, India). All 

other chemicals used were of analytical grade, purchased from 

Hi media Laboratories Pvt. Ltd., Mumbai, India. 

 

Animals 

Male golden Syrian hamsters (Mesocricetus auratus), 8-10 

weeks old, weighing 80-120 g, were purchased from the 

National Institute of Nutrition, Hyderabad, India and were 

maintained in the central animal house, Rajah Muthaiah 

medical college and hospital, Annamalai University, 

Annamalainagar, India. They were housed 8 propylene cages, 

each cage contains 5 hamsters were maintained separately and 

provided standard pellet diet (Amrut laboratory Animal Feed 

Mysore Feeds Limited, Bangalore, Karnataka, India) and 

water ad libitum. The hamsters were maintained under 

controlled conditions of temperature (27 ± 2°C) and humidity 

(55 ± 5%) with a 12 h light/dark cycle. The local institutional 
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animal ethics committee (Registration number 

160/1999/CPCSEA) of Annamalai University approved the 

experimental design (Proposal number 1113; Dated 

16.04.2015). 

 

Preparation of SA and their oral administration 

SA (fig 1) dissolved in 0.9% saline and oral supplementation 

animals three times a week for 14 weeks on days alternate to 

DMBA application, starting a week before the exposure to the 

carcinogen. 

 

 
 

Fig 1: Chemical structure of SA 

 

DMBA preparation and their topical application 

DMBA (fig 2) 0.5% in liquid paraffin, painted on the left 

buccal pouches using a number 4 brush, three times a week 

for 10 weeks (Shklar, 1999) [24]. 

 

 
 

Fig 2: Structure of DMBA 

 

Tumor assessment 

The total number of tumors in each HBP was examined 

microscopically when the hamsters were euthanized and the 

diameter of each tumor was measured with a vernier caliper. 

Tumor volume was measured using the formula 

V= , where D1, D2 and D3 are the three diameters 

(mm3) of the tumor. The tumor burden was calculated by 

multiplying the tumor volume and the number of tumors per 

hamsters. 

 

Experimental design: (optimum dose study) 

A total of 40 hamsters were randomized into four groups of 10 

hamsters in each group. As shown in fig 3. 

Group 1: Untreated untreated control hamsters 

Group 2: DMBA (0.5% DMBA painted three times a week for 

10 weeks). 

Group 3: DMBA (0.5% DMBA painted three times a week for 

10 weeks) + SA (50 mg/kg bw, by orally for 14 weeks on days 

alternate to DMBA painting). 

Group 4: SA alone (50 mg/kg bw, by orally for 14 weeks on 

days alternate). 

The experiment was terminated at the end of 14th weeks and 

all the hamsters were sacrificed by cervical dislocation. 

Animal body weight was calculated by subtracting the initial 

and final. Tissues for histopathological examination were 

immediately fixed in 10% neutral buffered formalin, 

embedded in paraffin, processed by histological technique 

stained with hematoxylin and eosin (H&E).  

 

 
 

Fig 3: Experimental protocol 

 

Biochemical analysis 

Sample collection 

Biochemical studies were conducted on liver and buccal 

mucosa of control and experimental hamsters in each group. 

Blood samples were collected into heparinized tubes. Tissue 

samples were washed with ice cold saline and homogenized 

using the appropriate buffer in an All-glass homogenizer with 

a Teflon (DuPont, Wilmington, Delaware, USA) pestle and 

used for biochemical estimations. 

The protein content was estimated by the method of Lowry et 

al., (1951) [17]. The level of detoxification metabolizing agents 

such as cytochrome-p450 (cyt-p450) and cytochrome-b5 (cyt-

b5), DT-diaphorase (DTD), glutathione-S-transferase (GST), 

glutathione reductase (GR), reduced glutathione (GSH) and 

oxidised glutathione (GSSG) liver and buccal mucosal tissue 

according to the methods of Omura and Sato (1964) [18], Lind 

et al. (1990) [16], Habig et al. (1974) [12], Carlberg and 

Mannervik (1985) [7] and Anderson (1985) [1], Tietze, (1969) 

[26] and Ernster, (1967) respectively [10]. 

 

Results 

Body weight 

Table 1 shows the initial and final body weight of control and 

experimental hamsters in each group. The mean body weight 

(89.60) was significantly (p < 0.05) decreased in DMBA alone 

painted hamsters as compared to untreated control hamsters. 

However, oral administration of SA (50 mg/kg bw), three 

times per week for 14 weeks significantly (p < 0.05) increased 

body weight (125.42) in DMBA treated hamsters. Oral 

administration of SA alone treated hamsters showed no 

significant difference in body weight (139.67) as compared to 

untreated control hamsters. 



International Journal of Advanced Science and Research 

 

92 

Table 1: Initial and final body weight of control and experimental 

hamsters in each group (n=10). 
 

Groups/Treatment* 
Initial body 

weight 

Final body 

weight 

Untreated control 115.11 ± 8.77a 137.02 ± 10.43a 

DMBA 121.65 ± 9.26a 89.60 ± 6.82b 

DMBA + SA (50 mg/kg bw) 113.44 ± 8.68a 125.42 ± 9.86c 

SA-Alone (50 mg/kg bw) 114.31 ± 8.70a 139.67 ± 10.67a 
*The hamsters left buccal pouch with topical application of 0.5% 

DMBA thrice a week for 10 weeks. Oral pre-administration of SA to 

group 3-4 hamsters for 14 consecutive weeks on days alternate to 

DMBA painting. Values are expressed as mean ± SD for ten 

hamsters in each group. Values not sharing a common superscript 

letter differ significantly at (a-c) p < 0.05. 

 
Tumor incidence, tumor volume, tumor number and 

tumor burden 

Table 2 shows the tumor incidence, tumor volume, tumor 

number and tumor burden of control and experimental 

hamsters in each group. In DMBA alone painted hamsters a 

100% tumor formation with mean tumor volume (215.72) and 

tumor burden (2156.88) was observed. Oral administration of 

SA (50 mg/kg bw) completely prevented tumor incidence in 

DMBA painted hamsters. No tumor was observed in untreated 

control as well as SA alone treated hamsters. 

 
Table 2: Tumor incidence, number, volume and burden of control and experimental hamsters in each group (n = 10). 

 

Groups/ Treatment Untreated control DMBA DMBA + SA (50 mg/kg bw) SA-Alone (50 mg/kg bw) 

Tumor incidence 0% 100% 0% 0% 

Total number of tumor/hamsters 0 10 ± 0.76 0 0 

Tumor volume (mm3)/hamsters 0 215.72 ± 16.43 0 0 

Tumor burden (mm3)/hamsters 0 2156.88 ± 65.39 0 0 

 

Values are expressed as mean ± SD for ten hamsters in each 

group. Values not sharing a common superscript letter differ 

significantly at p < 0.05. The total number of tumors in each 

HBP was examined microscopically when the hamsters were 

euthanized and the diameter of each tumor was measured with 

a vernier caliper. Tumor volume was measured using the 

formula V= , where D1, D2 and D3 are the three 

diameters (mm3) of the tumor. The tumor burden was 

calculated by multiplying the tumor volume and the number of 

tumors per hamsters. Values are expressed as mean ± SD for 

ten hamsters in each group. 

Histopathological observations 
The histopathological differences were observed in the buccal 

mucosa of control and experimental hamsters in each group 

(fig 4 and Table 3). The histopathological analysis on 

untreated control hamsters and SA alone showed normal 

buccal mucosal epithelium (fig 4A and D). The buccal tissues 

from the DMBA alone painted hamsters depicted that severe 

keratosis, hyperplasia, dysplasia and well differentiated 

exophytic squamous cell carcinoma with keratin pearls, 

hyperchromatic modulations were appeared fig 4B. The 

buccal mucosa from the oral administered SA (50 mg/kg bw) 

to DMBA treated hamsters showed mild to moderate keratosis 

and mild hyperplasia (fig 4C). 

 

 
 

Fig 4: Photomicrograph showing the histopathological changes in the buccal mucosa of untreated control and experimental hamsters (H&E, 40x) 

in each group (n = 10). 
 

Group 1 and 4 hamster buccal pouches showing well defined 

and intact epithelial layers. Group 2 showing well 

differentiated squamous cell carcinoma with keratin pearls in 

hamsters treated with DMBA alone. Group 3 showing mild to 

moderate keratosis and mild hyperplastic epithelium in 

hamsters treated with SA 50 mg/kg bw. 

 

Effect of SA on phase I and II detoxification agents in the 

liver 

Table 4 shows the status of phase I (Cyt P450 and b5) and 

phase II (GSH, GST, GR and DTD) detoxification enzymes, 

in the liver of control and experimental hamsters in each 

group. The status of phase I enzymes were enhanced, whereas 

phase II enzymes were significantly (p < 0.05) diminished in 

hamsters treated with DMBA alone (group 2) as compared 

with untreated control hamsters. Oral administration of SA at 

50 mg/kg bw, with DMBA-treated hamsters (group 3) 

significantly (p < 0.05) brought back the status of phase I and 

II enzyme to near normal range. However, hamsters treated 

with SA alone 50 mg/kg bw, (group 4) showed no significant 

modification in phase I and II enzyme status as compared to 

untreated control hamsters (Group 1). 

 



International Journal of Advanced Science and Research 

 

93 

Table 4: The status of phase I and phase II detoxification enzymes in the liver of experimental hamsters in each group (n = 10). 
 

Groups/Treatment Untreated control DMBA DMBA + SA (50 mg/kg bw) SA-Alone (50 mg/kg bw) 

liver 

CYT P450 (Ux/mg protein) 0.69 ± 0.05a 1.71 ± 0.13b 0.95 ± 0.07c 0.80 ± 0.05a 

CYT b5 (Uy/mg protein) 1.26 ± 0.10a 2.47 ± 0.19b 1.41 ± 0.11c 1.38 ± 0.10a 

Liver 

GSH (nmol/mg protein) 2.81 ± 0.21a 0.90 ± 0.07a 2.61 ± 0.20c 2.95 ± 0.21a 

GST (UA/mg protein) 37.27 ± 2.84a 12.82 ± 0.98a 31.90 ± 2.43c 38.93 ± 2.88a 

GR (UB/mg protein) 17.03 ± 1.30a 8.53 ± 0.65a 14.67 ± 1.12c 16.06 ± 1.31a 

DTD (UC/mg protein) 0.76 ± 0.06 a 0.31 ± 0.02a 0.59 ± 0.04c 0.80 ± 0.06a 

 

Ux – µmoles of cytochrome P450, Uy – µmoles of cytochrome 

b5, UA – µmoles of 1-chloro-2, 4-dinitro benzene reduced 

glutathione conjugate formed/minute, UB – µmoles of 

NADPH oxidized/ hour, UC – µmoles of 2,6-dichloro 

indophenols reduced/ minute. Values are expressed as mean ± 

SD for six animals in each group.  Values not sharing a 

common superscript (a-c) differ significantly at p<0.05 

(DMRT). 

 

Effect of SA on phase I and II detoxification agents in the 

buccal mucosa 

Table 5 shows the status of phase I (Cyt p450 and b5) and 

phase II (GST, GR, GSH, GSSG and GSH/GSSG) 

detoxification enzymes in the buccal mucosa of control and 

experimental hamsters. In the buccal mucosa, the activities of 

phase I (Cyt p450 and b5) detoxification agents where 

significantly (p < 0.05) increased, where as phase II altered 

(GST, GR, GSH, GSSG and GSH/GSSG ratio were increased; 

GSSG was decreased) in hamsters treated with DMBA alone 

(group 2) as compared with untreated control hamsters. Oral 

administration of SA at 50 mg/kg bw, to DMBA-treated 

hamsters (group 3) significantly (p < 0.05) restored the 

activities of phase I and II enzyme to near normal range. 

However, hamsters treated with SA alone (group 5) showed 

no significant difference in phase I and II enzyme levels as 

when compared to untreated control hamsters. The current 

study thus concluded that SA inhibited the metabolic 

activation of DMBA and enhanced elevation of carcinogenic 

metabolites through triggering the activities of phase I and II 

detoxification cascade in the buccal mucosa. 

 
Table 5: The status of phase I and phase II detoxification enzymes in the buccal mucosa of experimental hamsters in each group (n = 10). 

 

Groups/Treatment Untreated control DMBA DMBA + SA (50 mg/kg bw) SA-Alone (50 mg/kg bw) 

Buccal mucosa 

CYT P450 (Ux/mg protein) 1.33 ± 0.10a 3.26 ± 0.25a 1.45 ± 0.11c 1.42 ± 0.11a 

CYT b5 (Uy/mg protein) 0.41 ± 0.03a 0.69 ± 0.05a 0.45 ± 0.03c 0.49 ± 0.03a 

Buccal mucosa 

GST (UA/mg protein) 1.45 ± 0.11a 3.48 ± 0.27a 1.61 ± 0.12c 1.47 ± 0.12a 

GR (UB/mg protein) 57.92 ± 4.41a 119.16 ± 9.12b 63.74 ± 4.88c 59.21 ± 4.61a 

GSH (µg/g tissue) 59.39 ± 4.58a 113.07 ± 8.61a 64.02 ± 4.87c 59.85 ± 4.69a 

GSSG (µg/g tissue) 13.71 ± 0.89a 9.16 ± 0.70a 12.03 ± 0.92c 14.33 ± 1.02a 

GSH/ GSSG (µg/g protein) 4.33 ± 32a 12.34 ± 0.94a 5.32 ± 0.41c 4.17 ± 0.35a 

 

Ux – µmoles of cytochrome P450, Uy – µmoles of cytochrome 

b5, UA – µmoles of 1-chloro-2, 4-dinitro benzene reduced 

glutathione conjugate formed/minute, UB – µmoles of 

NADPH oxidized/ hour, UC – µmoles of 2,6-dichloro 

indophenols reduced/ minute. Values are expressed as mean ± 

SD for 10 hamsters in each group. Values not sharing a 

common superscript (a-c) differ significantly at p<0.05 

(DMRT). 

 

Discussion 
In the present study, the chemopreventive effect of SA was 

analyzed in DMBA induced hamsters buccal mucosal oral 

carcinogenesis, due to their various pharmacological actions 

on different cancers both in vitro and in vivo (Boutayeb and 

Boutayeb 2005) [6]. Current treatment methods against oral 

cancer are limited by the number of drugs and their side 

effects which warrant the need of new chemopreventive 

agents against oral cancer. Even though SA has been shown to 

possess anticancer property aganist many cancer models (Siew 

Hon Ng, 2011, Itoh et al., 2009, Ramachandran and Raja, 

2010) [25, 13, 19]. There is no data available in the literature 

regarding its chemopreventive effect of SA on DMBA-

induced oral cancer. Topical application of DMBA to the 

hamster buccal mucosa for 10 weeks, we observed decreased 

body weight, 100% tumor formation with very high tumor 

incidence, number, volume and burden, which was 

histopathologically confirmed as well as differentiated 

exophytic SCC. DMBA, a potent pro-carcinogen affects the 

hamsters, which is evidenced by a substantial levels of body 

weight decline. There also significant decrease in the food 

intake due to the occurrence of tumor in the buccal mucosa, 

resultant in reduced body weight in DMBA alone treated 

hamsters (Kamaraj et al., 2010) [14]. Earlier study documented 

that carcinogen increases the progressions of tumor leads to 

inhibition of growth rate of animals (Li et al., 2002) [15]. Our 

results corroborate with these finding. When treating with SA 

(50 mg/kg bw) in DMBA treated hamsters shows the 

increased body weight and completely prevented tumor 

number, volume and burden in the buccal mucosa when 

compared to DMBA and untreated control hamsters. A mild to 

moderated keratosis and a mild hyperplasia were depicted in 

the SA (50 mg/kg bw) treated hamsters, which was probably 
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due to the mechanical irritation of the brush for 10 weeks. 

From this results, we suggested that SA (50 mg/kg bw) orally 

administered significantly delayed the tumor formation. In our 

previous study reported that SA (50 and 100 mg/kg bw) exerts 

chemopreventive effect to restored the activity of biochemical 

and molecular markers against DMBA induced hamsters oral 

cancer (Velu et al., 2017) [27]. Yan et al. (2016) [28] 

demonstrated that mice administered with SA showed 

production against ethanol induced hepatotoxicity. 

Ramachandran and Raja, (2010) [19] demonstrated that SA (50 

mg/kg bw) significantly decreased the activity of hepatic and 

renal markers against acetaminophen (APAP)-induced 

hepatotoxicity in rats. 

Liver play major role in the metabolic homeostasis of toxic 

substances which are eliminated through detoxification agents 

and thus assessment of these agents could useful for the 

chemopreventive potential of SA during DMBA-induced 

buccal pouch carcinogenesis. DMBA undergoes metabolic 

activation forming reactive intermediates diol epoxide which 

is capable of binding covalently to adenine residues of DNA 

forming adducts that could ultimately leads to riding of 

normal cells into a malignant phenotype. Extensive study have 

documented that the activities of phase I detoxification 

enzymes (Cyt P450 and Cyt b5) were increased significantly 

in both liver and tumor tissues of hamsters treated with 

DMBA, due to oxidative reactions occurred with 

procarinognes/promutagens (Baskaran et al., 2017) [3]. Our 

data corroborate with above findings. GST, GR, DTD, GSSG 

and GSH are plays a major role in the detoxication of 

epoxides formed from aromatic hydrocarbons which include 

DMBA and these metabolic intermediates formed by phase I 

enzymes. DTD, a flavoprotein, helps the 2-electron reduction 

of the metabolic merchandise of polycyclic aromatic 

hydrocarbons inclusive of quinines, thereby stopping the 

formation of semiquinones (Danson et al., 2004) [9]. Disturbed 

activities of phase II agents are associated with many types of 

cancer (Sheweita and Tilmisany, 2003) [21]. In our present 

study, the activities of phase II detoxification agents were 

altered significantly in both liver and buccal mucosa in 

hamsters painted with DMBA, which represents that both liver 

and buccal tissue were affected by carcinogenic metabolites. 

Previous literature has shown that phenolic compounds are act 

as transcriptional activators of phase II xenobiotic enzymes. 

These agents could substantially stimulate antioxidant 

response elements (ARE) in the activated region of phase II 

detoxification genes and transcriptional factors are associated 

with excretion of carcinogens (Romilly et al., 2015) [20]. SA 

supplementation restored the status of xenobiotic agents in 

both liver and buccal tissue, which indicates that SA inhibited 

the metabolic activation and the elimination of carcinogenic 

metabolites during DMBA-induced hamster buccal pouch 

cancer. 

 

Conclusion 

Therefore, the present study concludes that SA has potent 

chemopreventive agent, due to its modulating effect on phase 

I and II xenobiotic metabolizing agents in favor of the 

excretion of carcinogenic metabolites during DMBA-induced 

oral carcinogenesis 
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