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ABSTRACT
Introduction: Nowadays, fructose uses dramatically increased in form of High-Fructose Corn  
Syrup (HFCS) found in juices and packed food. Sustained fructose utilization is detrimental 
to long-term human health. Objectives: To assess the additive effects of HFCS during 
7,12-Dimethylbenz(a)Anthracene (DMBA)-induced Hamster Buccal Pouch Carcinogenesis (HBPCs) 
model. Materials and Methods: The animals were separated into eight groups: Group I; vehicle 
control; Group II (0.5% DMBA); Group III and IV (HFCS 8% and 25%); Group V (Sucrose 10%); Group 
VI and VII (0.5% DMBA+HFCS 8 and 25%) and VIII group (0.5% DMBA+Sucrose 10%) respectively 
for 14 weeks. After the 14th week of treatment; the tumor morphology, buccal histopathology, and 
biochemical markers were measured and compared with carcinogenic control as well as vehicle 
control. Observations and Results: The buccal pouch of golden Syrian hamsters developed 
well-differentiated squamous cell carcinoma after getting topical applications of 0.5% DMBA in 
liquid paraffin three times a week for 14 weeks. Although DMBA treatment alone caused 100% 
tumor development in hamsters, drinking water administration of HFCS at a concentration of 
25%/kg body weight (b.w.) to DMBA-treated hamster greatly accelerated the development of oral 
tumors. Additionally, during DMBA-induced oral carcinogenesis, HFCS moderatingly increased 
the lipid peroxidation by-products, decreased the status of enzymatic and non-enzymatic 
antioxidants, modulated the levels of phase I and phase II detoxification agents, and favored 
the excretion of carcinogenic metabolite. Conclusion: The present study concludes that the 
additive effect of HFCS relies on its altered peroxidative and antioxidant function as well as 
effects on phase I and II detoxification enzymes during DMBA-induced hamster buccal pouch 
carcinogenesis. Taken together the current study described that HFCS induced oral tumour 
development. From this study we suggested HFCS usage to be curtailed.

Keywords: DMBA, Oral cancer, Hamsters, HFCS, Detoxification enzymes, Lipid peroxidation, 
Antioxidants.

INTRODUCTION

The largest prevalence of oral cancer are seen in South and 
Southeast Asia (such as Sri Lanka, India, and Taiwan), where 
it ranks as the eleventh most prevalent cancer globally.[1] The 
survival rate for oral cancer at five years is still around 50%.[2] The 
proportion of patients with advanced disease has not changed 
over the past 40 years.[3] Despite efforts in public education and 
screening, it is anticipated around 10 to 35% of occasions result 
in the formation of a second main tumor. The majority of head 

and neck cancers, which have an incidence of around 630,000 
new cases each year worldwide and nearly 10,000 annual deaths 
in the United States, are squamous cell carcinomas.[4,5] The most 
common risk factors for HNSCC includes unhealthy habits like 
drinking alcohol, using tobacco products, and chewing betel 
nut.[6]

Chemical carcinogen 7,12-Dimethyl Benzantracene (DMBA) 
induces carcinogenesis in oral cancer tissue.[7] Oral tissue injury is 
correlated with DMBA and abnormal cell division.[8] Researchers 
can investigate the mechanisms of mouth cancer using animal 
models, particularly hamsters.[9]

Compared to the 19th century, fructose intake increased 
in the 21st century.[10] Despite the fact that high fructose 
consumption led to metabolic conditions such obesity and 
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insulin resistance.[11] It might lead to the growth of tumors and 
encourage carcinogenesis.[12] Fructose promotes the generation of 
acinar-cell tumor nodules in the pancreas tissue treated with N- 
nitrosomorpholine and can introduce alternative carbohydrate 
substrate for pancreatic cancer growth.[13,14] A commercial sugar 
addition called HFCS is utilized in processed foods and beverages 
because of its potent sweetening effect and low cost.[15]

Consumption of high fructose foods and beverages has increased 
recently, and this eating habits has been linked to an increase 
in a variety of chronic diseases. Consumption of HFCS and 
high fructose corn syrup raises the chance of developing some 
potentially fatal cancers.[16] Further research may reveal that 
consumption of fructose exceeding confidential comes out 
is followed by tissue conditions.[17] Liu and Heaney reported 
that Consuming excessive fructose alters cellular metabolism, 
produces more reactive oxygen species, damages DNA, and 
causes inflammation, which all contribute to the growth of 
cancer. Cancer cells utilize fructose for proliferation and nucleic 
acid production.[18] According to Coussens et al., the environment 
for the development of malignancy is made more favorable by 
the overexpression of inflammatory response mediators and 
angiogenesis, and the development of cancer with enhanced 
production of inflammatory cells has been documented.[19]

In the present study we hypothesized that HFCS had additive 
effects during DMBA induced HBPCs. Tumor morphology, 
buccal histology, and biochemical markers such as LPOs and 
the status of enzymatic and nonenzymatic antioxidants as well 
as the levels of phase I and phase II detoxification agents, and 
execution of apoptosis were measured to find additive effects of 
HFCS during DMBA-induced oral carcinogenesis.

MATERIALS AND METHODS

Experimental Animals

Mesocricetus auratus (golden Syrian hamsters) 8-10 weeks old 
(80-120 g) Male, 48 numbers, proposed source of animal were 
procured from Biogen, Animal Laboratory House, Bangalore and 
maintained at Central Animal House, K M College of Pharmacy, 
Madurai. The animals were acclimatized for 1 week prior to the 
experiment and then randomized into 8 groups with six animals 
in each group. The Committee for the Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA-Proposal no 
IAEC/K.KAVITHA/AU/PhD/KMCP/161/2022-23), Ministry 
of Environment, Forests and Climate Change, Government of 
India, provided the guidelines for all animal quarantine and 
experimental procedures. The animals are kept in polypropylene 
cages and fed a standard pellet diet (carbohydrate 48.8%, protein 
21%, and fat 3%, calcium 0.8%, phosphorus 0.4%, fiber 5%, 
moisture 13%, and ash 8%). Mysore snacks feed Ltd, Mysore, 
India, water without restriction, and regulate temperature and 
humidity using an oscillating cycle of light and dark.

Tumor induction

Buccal pouch carcinogenesis induced in male golden Syrian 
hamsters in the left buccal pouch using 0.5% DMBA in liquid 
paraffin three times per week for 12 weeks by using the No. 4 
painting brush.

HFCS preparation

The HFCS dissolved in tap water as 8% and 25% per kg body 
weight respectively and each hamster administered through water 
bottles as water ad libitum. 10% Sucrose also prepared in the same 
way in tap water and each hamster administered through water 
bottles as water ad libitum.

Experimental design

48 animals were divided into eight groups (n=6) to evaluate the 
effect of HFCS on oral carcinogenesis by cellular and molecular 
studies.: Group I; Vehicle control (the animals were painted 
using liquid paraffin); Group II (0.5% DMBA); Group III and 
IV (HFCS 8% and 25%); Group V (Sucrose 10%); Group VI 
and VII (0.5% DMBA+HFCS 8% and 25%) and VIII group 
(0.5% DMBA+Sucrose 10%) respectively for 12 weeks. Tumor 
morphology, buccal histology, and biochemical markers were 
assessed after the 14th week of treatment. The left buccal pouch 
of hamsters was treated with 0.5% DMBA in liquid paraffin using 
a no. 4 brush three times per week for a period of twelve weeks. 
HFCS was provided in the study's water supply. The experimental 
layout is depicted in Figure 1.

Animal will be sacrificed by over dose of ketamine, 24 hr after 
the end of treatment. Blood was collected through intra orbital 
sinus puncture from each hamster and were centrifuged at 
3000 rpm for 15 min. The serum were collected and stored at 

Figure 1: Schematic illustration of the experimental design.

DMBA; 7,12-dimethylbenz(a)anthracene, HFCS-High fructose corn syrup.



Pharmacognosy Research, Vol 15, Issue 4, Oct-Dec, 2023 821

﻿Running Title

−20°C for biochemical analysis. Liver and Buccal pouches were 
removed and processed for the preparation of homogenates and 
histological studies. To determine the animal's body weight; the 
starting and final weights were subtracted. It was determined 
how many tumors there were overall in the HBP. Volume of the 
tumor was measured using the formula V= 4/3π (D1/2), (D2/2), 
(D3/2), in which D1, D2, and D3 are the three diameters (mm3) of 
the tumor. The number of tumours per hamster was multiplied by 
the tumour volume to determine the tumour burden.

Histological study

Buccal tissues were preserved in a 10% formalin solution, and 
then dried in ethanol that ranged from 50% to 100% before being 
covered in paraffin. On a revolving microtome, the 2-3 m pieces 
were cut and collected on clean, dried glass slides at 37°C. It had 
hematoxylin and eosin on it. These slides were examined under 
a microscope at 10X and 40X for histopathological pictures of 
OSCC.

Biochemical analysis

The protein content was estimated by Lowry et al.,[20] method. 
The quantification methodology was used to quantify CD, LOOH 
and TBARS[21,22] respectively. The activity of SOD, GPx, and 
CAT were measured using methods created by respectively.[23-25] 
Using methods outlined by respectively, the levels of Vit-E and 
GSH.[26-29] in the plasma and buccal mucosa were measured. 
Cytochrome P450, Cytochrome b5, GSH and GR were measured 
by the method.[30]

Enzyme-Linked Immunosorbent Assay (ELISA) 
estimation of caspase-3 and 9 activities

The apoptotic marker enzymes caspase-3 and 9 have been 
examined in the buccal mucosa using the ELISA assay kit. The 
findings are supported by the spectrophotometric detection 
of the chromophore pNA, which is detected at 405 nm using 
microplate reader as the result of the cleavage of the labelled 
substrates caspase-3 substrate DEVDpNA and caspase-9 
substrate LEHD-pNA.

Statistical analysis

In SPSS version 17.0 for Windows, the data were compared using 
one-way Analysis of Variance (ANOVA) and Duncan's Multiple 
Range Test (DMRT). Data is presented as mean SD. (SPSS Inc., 
Chicago, IL).

RESULTS

Effect of HFCS on body weight changes in Oral 
cancer hamsters

The differences in body weight measurements were noted in 
control and experimental hamsters are shown in Figure 2 at the 
beginning and end of each stage. As compare to group 1 hamsters, 
the level of body weight were considerably (p<0.05) lower in 
group 2 hamsters. For group 6, 7 and 8 DMBA painted plus HFCS 
drank hamsters at various doses of 10% sucrose, 8% and 25%/
kg b.w. resulted a decrease in body weight that was substantial 
(p<0.05). For group 3, 4 and 5 hamsters with water intake of 10% 
sucrose, HFCS 8% and 25%/kg b.w showed appreciable gain in 
body weight.

Tumor burden, incidence, and volume

Table 1 described in hamsters painted with DMBA alone, we 
saw 100% tumour formation with mean tumour volume (175.05 
mm3) and tumour burden (1575.45 mm3) (Group 2). DMBA plus 
sucrose 10%, HFCS (8% and 25%) fed hamsters in groups 6, 7, 
and 8 extensively (p<0.05) increased with the tumor occurrence, 
tumour volume (75.09, 125.05 and 158.05 mm3) and tumour 
burden (525.63, 1125.45 and 1896.6 mm3) respectively. In Control 
group, 10% sucrose and HFCS (8% and 25%) alone fed hamsters, 
no tumour was seen. At week 6, all DMBA-treated animals had a 
mucosal mucosa surface that was noticeably roughened, grainy, 
and occasionally had a white plaque-like lesion. Animals from 
the vehicle treated and untreated groups both had the same 
appearance in their cheek pouches. Compared to hamsters treated 

Figure 2: Body weight of hamsters used in the experimental and control 
groups.

Values are presented as the mean SD for each set of six hamsters. At p<0.05 
(DMRT), values that do not have the same superscript letter differ significantly.

Figure 3: Photograph showing the gross appearance of oral tumors.

Buccal pouch mucosa of experimental and control animals (n=6): gross 
appearance (40X). Group 2, 6, 7 and 8 Exophytic well-defined tumor mass 
in the hamster’s buccal pouch at 14 and 16 weeks after being painted with 
DMBA and DMBA+HFCS (8 and 25%). Group 1 and 6 UMB alone and the 
normal buccal pouch in control
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with DMBA alone, HFCS plus DMBA painting caused the tumor 
to appear 8 to 10 weeks earlier. However, tumor formation in 
DMBA-alone-induced hamsters took 10 to 12 weeks to manifest.

Buccal mucosa's histological alterations

Figure 3 showed the gross appearance of oral tumours in hamsters 
with DMBA alone, HFCS plus DMBA and sucrose plus DMBA 
exposure. Table 2 shows the results of buccal mucosa tissues from 
control and test hamsters have been analysed histologically. Figure 
4 have demonstrated that DMBA alone, sucrose with DMBA, and 
HFCS (8% and 25%) with DMBA all caused significant keratosis, 
hyperplasia, dysplasia, and well-differentiated squamous cell 
carcinoma in the buccal pouches of hamsters. Figure 4 b, e-h 
Further it is also shown as malignant tumor invasion and 

the keratin pearl. Hyper keratosis was noticed in 25% HFCS 
alone treated hamsters Figure 4 c. Hamsters in group 1, 3 and 
4 demonstrated a normal epithelium, no dysplastic stromal 
alterations, and no evidence of cell proliferation Figure 4a and 
c, d.

Enzymatic antioxidants tests

Figures 5 and 6 is the buccal and Plasma of each group of 
experimental and control hamsters were examined for the 
presence of demonstrated a normal epithelium, no dysplastic 
stromal alterations, and no evidence of cell proliferation content 
in the hamsters administered DMBA alone, Sucrose 10% and 
HFCS (8% and 25%) with DMBA was noticeably (p≤0.05) lower, 
with the exception of GPx (which increased in group 2, 6, 7 
and 8).When uptake of Sucrose, HFCS (8% in drinking water) 
to hamsters in groups 3 and 4, current test were considerably 
(p<0.05) shown normal level compared to Group 1. But in HFCS 
25% alone hamsters observed with altered activity.

Non-enzymatic antioxidants tests

Figure 7 demonstrates the levels of non-enzymatic antioxidants 
(Vitamin E and GSH) in the blood and buccal mucosa of 
each group of control and experimental hamsters. Plasma 
non-enzymatic antioxidant levels significantly (p≤0.05) reduced, 
although they increased in the buccal mucosa of the hamsters 
in group 2, 6,7 and 8 who received DMBA alone compared to 
groups 1, 3 and 4, But in Hamster with 25% alone HFCS showed 
some changes in the level of current parameters. Both the buccal 
mucosa and plasma of hamsters treated with DMBA significantly 
(p<0.05) affects from non-enzymatic antioxidant status by HFCS 
drinking water uptake.

Parameters Control DMBA 10% 
Sucrose

8% HFCS 25% 
HFCS

DMBA+10% 
Sucrose

DMBA + 8% 
HFCS

DMBA +25% 
HFCS

Tumor 
incidence

0 100% 0 0 0 100% 100% 100%

Total 
number 
of tumor/
hamsters

0 9 ± 0.69b 0 0 0 7 9 ± 0.69b 12 ± 0.69b

Total 
volume 
(mm3)/
hamsters

0 175.05 ± 
12.41 b

0 0 0 75.09 ± 08.21 
b

125.05±11.81 b 158.05±13.41 b

Tumor 
burden 
(mm3)/
hamsters

0 1575.45 ± 
120.65 b

0 0 0 525.63 ± 
08.21 b

1125.45±120.65 
b

1896.6±120.65 b

Values are presented as the mean SD for each set of six hamsters. Values with different superscript letters have a significant difference at p<0.05.

Table 1: Shows the incidence, frequency, volume, and burden of tumors in experimental and control hamsters.

Figure 4: Hematoxylin and eosin (10X) histopathological abnormalities in the 
buccal mucosa of experimental and control hamsters (n=6) per group.

Photomicrograph of well-differentiated squamous cell carcinoma in DMBA 
alone, DMBA+sucrose, and DMBA+HFCS (8 and 25%) hamsters with larger 
cells, hyperchromatic nuclei, irregular edges, and pleomorphic. Control, 
sucrose, and HFCS alone hamster buccal pouch epithelium displayed typical 
squamous epithelium with no indication of cellular growth. Hamsters given 
HFCS 25% alone developed hyperkeratosis.
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Estimation of LPO

Figures 8 and 9 indicates the LPO markers amounts (TBARS, CD, 
and LOOH) in the buccal mucosa and plasma of experimental and 
control hamsters. All study groups' overall DMBA consumption 
levels varied significantly from one another. When compared, 
LPO by-product levels were significantly (p<0.05) higher in the 
blood sample and lower in the considerable buccal tissues of 
DMBA, DMBA with HFCS hamsters (group 2). In the hamsters 
of groups 1, 3 and 4, no significant change was found. But HFCS 
25% alone hamsters showed a change in the levels of LPO. From 
the data it indicates that HFCS shows negative effects on normal 
hamsters at high concentration.

Phase I and phase II biotransformation enzymes

In the oral tissue of experimental and control hamsters, Table 3 
displays the concentrations of phase I (Cyt-p450 and Cytb5) and 
phase II (GST and GR) biotransformation enzymes. When DMBA 
and DMBA+HFCS hamsters were compared to control, it was 

found that Phase II enzymes were significantly lowered (p<0.05) 
while phase I enzymes were significantly enhanced (p<0.05). 
In hamsters with sucrose and lower HFCS these activities were 
significant (p<0.05) and declined back to nearly normal levels. 
But differences were found between hamsters treated to HFCS 
25% alone. It indicates that HFCS were induced toxicity in liver 
by reduced their xenobiotic enzyme activities.

Analysis of apoptotic markers in buccal region tissue 
by ELISA

Activities of the apoptotic marker enzyme caspase-3 and 
caspase-9 in experimental and control hamster buccal mucosa 
were seen in Figure 10. In Group 2, 6, 7 and 8, the caspase-3 
and caspase-9 reactions were significantly (p≤0.05) diminished. 
When compared to DMBA treated groups (2, 6, 7 and 8) in 
control, 10% sucrose, 8% and 25% HFCS alone treated hamsters 
the status of the aforementioned markers was noticeably (p≤0.05) 
shifted towards the usual range.

Groups/
Treatment

Control DMBA 10% 
Sucrose

8% HFCS 25% HFCS DMBA+10% 
Sucrose

DMBA + 
8% HFCS

DMBA 
+25% HFCS

Keratosis 0 +++ 0 0 + + +++ +++
Hyperplasia 0 +++ 0 0 0 ++ +++ +++
Dysplasia 0 +++ 0 0 0 ++ +++ +++
OSCC 0 +++ 0 0 0 +++ +++ +++

- = No change, + = Mild, ++ = Moderate, +++ = Severe.

Table 2: Buccal mucosal histopathological alterations in experimental and control hamsters.

Figure 5: Shows the buccal tissue levels of enzymatic antioxidants in the experimental and control groups of hamsters.

The mean SD for the six animals in each group is given as bars. Values that do not belong to the same group as a common superscript 
letter have a different significance (a and b). 
a significantly different from group 6, 7 and 8; b significantly different from group 3, 4 and 5 (DMRT).
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DISCUSSION

Hamsters possess a pocket like anatomical structure (buccal 
pouch) and used to examine the development and intervention 
of oral carcinoma by chemopreventive agents. Hamster buccal 
pouch carcinogenesis is an excellent model to study oral 

carcinogenesis because the development of 7,12-dimethylbenz[a] 
anthracene (DMBA)-induced squamous cell carcinoma in 
hamster buccal pouch simulates many of the histological, 
biochemical, and molecular alterations that occur in human oral 
carcinoma. Since, hamster has been used as an experimental 
model to study the biochemical, molecular, or morphological 

Figure 7: Shows the condition of the non-enzymatic antioxidants in plasma & buccal tissue in the experimental and control groups of hamsters.

The mean SD for the six animals in each group is given as bars. Values that do not belong to the same group as a common superscript letter have a different 
significance (a and b). Significant differences from groups 3, 4, and 5 and groups 6, 7, and 8 are shown in (DMRT). 
A – Micromoles of glutathione utilized/min; B – The number of enzymes required to inhibit 50% Nitroblue-Tetrazolium (NBT) reduction; C – Micromoles of H2O2 
utilized/s.

Figure 6: Shows the plasma levels of enzymatic antioxidants in the experimental and control groups of hamsters.

Bars are expressed as mean SD for 6 animals in each group. (a and b) Values that do not share a common superscript letter between groups different 
significance. a significantly different from group 6, 7 and 8; b significantly different from group 3, 4 and 5 (DMRT).
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aspects of oral carcinogenesis.[9] Cancerous and non-cancerous 
oral tissues of hamsters, which were fed sugar and HFCS were 
assessed. The purpose of this study was to determine whether 
HFCS, at a dosage suitable for real-world consumption, can affect 
chemically-induced oral carcinogenesis in male hamsters as well 

as its potential impact on apoptosis during this process. Oral 
squamous cell carcinoma was induced by DMBA.

7,12-Dimethylbenz[a] Anthracene (DMBA), a potent organ and 
site-specific carcinogen with immunosuppressive property, is 
widely used to induce Oral Squamous Cell Carcinoma (OSCC) in 

Figure 8: Shows the current status of LPO (TBARS, CD, and LOOH) levels in the buccal mucosa of each group of experimental and control 
hamsters

The mean SD for the six animals in each group is given as bars. Values that do not belong to the same group as a common superscript letter have 
a different significance (a and b). Significant differences from groups 3, 4, and 5 and groups 6, 7, and 8 are shown in (DMRT). 
A – Micromoles of glutathione utilized/min; B – The number of enzymes required to inhibit 50% Nitroblue-Tetrazolium (NBT) reduction; C – 
Micromoles of H2O2 utilized/sec. Thiobarbuturic Acid Reactive Substances (TBARS).

Parameters Control DMBA 10% 
Sucrose

8% HFCS 25% HFCS DMBA+10% 
Sucrose

DMBA + 
8% HFCS

DMBA 
+25% HFCS

Phase I
Cyt P450 (UX/
mg protein)

0.98±0.09a 3.89±0.35b 1.02±0.35a 0.97±0.13a 0.95±0.14a 3.68±0.09b 3.92±0.09b 4.03±0.09b

Cyt b5 (UY/
mgprotein)

0.29±0.02a 0.57±0.05a 0.31±0.04a 0.36±0.04a 0.38±0.03a 0.59±0.02b 0.62±0.02b 0.67±0.02b

Phase II
GSH (µg/
mg tissue)

7.91±0.78a 14.90±1.39b 7.21±1.08c 8.12±0.94d 8.98±0.93d 13.89±0.77a 14.98±0.77a 15.49±0.77a

GST (UA/
mg protein)

0.93±0.08a 2.70±0.26b 1.01±0.18a 1.09±0.08a 1.48±0.07a 2.77±0.08b 3.01±0.08b 3.46±0.08b

GR (UB/mg 
protein)

2.24±0.22a 6.94±0.39b 2.23±0.57a 3.49±0.48a 4.89±0.45a 6.12±0.28b 6.99±0.28b 7.19±0.28b

The mean SD for the six animals in each group is given as bars. Values that do not belong to the same group as a common superscript letter have a different significance 
(a and b). A substantial difference from groups 6, 7, and 8; b a significant difference from groups 3, 4, and 5 (DMRT; Duncan's Multiple Range Test). Per milligram of 
protein, a nanomole of CDNB-GSH conjugates is generated per minute. B Per milligram of protein, no moles of NADPH are oxidized every minute. C Per minute per 
mg of protein, micromoles of 2, 6-dichloroindophenol are decreased. cytochrome P450 X micromoles. Cytochrome b5 molecules, Y.

Table 3: Phase I and II enzyme activities and GSH levels in the livers of control and experimental hamsters.
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hamsters’ buccal mucosa. DMBA manifests its carcinogenic effect 
in the target tissues through formation of DNA adducts, induction 
of chronic inflammation, over production of Reactive Oxygen 
Species (ROS), and oxidative DNA damage. DMBA-induced 
hamster buccal pouch carcinogenesis is a commonly employed 
and widely accepted model to investigate the chemopreventive 
potential of natural products since DMBA-induced cell surface 
abnormalities closely mimics that of human oral tumor.[7]

There is debate concerning the relationship between fructose 
consumption and cancer, and more research is needed in this area. 
According to a short-term study, sugar and HFCS consumption 
had the same effects.[31] Therefore, it is important to research 
the long-term clinical trials linking fructose consumption to 
a range of cancer risks.[32] In postmenopausal Danish women 
between 1993 and 1997, Nielsen et al.[33] observed no correlation 
between fructose intake and either estrogen-dependent or 
estrogen-independent breast cancer. According to Holmes et 
al.,[34] there is no link between dietary carbohydrate intake and 
breast cancer in women between the ages of 34 and 59. Sucrose 
intake did not appear to raise the risk of pancreatic cancer in a 
cohort study,[35] while fructose intake. The purpose of the current 
investigation was to test our hypothesis regarding the additive 
effects of HFCS in a model of hamster cheek pouch carcinogenesis 
caused by 7,12-Dimethylbenz(a)Anthracene (DMBA). Tumor 
morphology, buccal histopathology, and biochemical markers 
such as DMBA-induced oral carcinogenesis: lipid peroxidation 
by-products, status of enzymatic and non-enzymatic antioxidants, 
levels of phase I and phase II detoxification agents, and excretion 
of carcinogenic metabolite.

Fructose consumption has increased recently, and processed foods 
and beverages contain HFCS, a commercial sugar ingredient, 

Figure 10: Caspase 3 and 9 activity levels in the buccal mucosa of untreated 
control and experimental hamsters.

For each set of six animals, the bars are expressed as mean SD. Values that 
don’t have a common superscript differ from one another significantly at p .05 
(variance analysis followed by DMRT).

Figure 9: Status of LPO (TBARS, CD and LOOH) levels in Plasma of control and experimental hamsters in each group.

The mean SD for the six animals in each group is given as bars. Values that do not belong to the same group as a common superscript letter have a different significance 
(a and b). Significant differences from groups 3, 4, and 5 and groups 6, 7, and 8 are shown in (DMRT).
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because of its potent sweetening power and low cost.[36] A decline 
in physical activity and an increase in body weight are significant 
risk factors for a number of diseases. Fructose consumption may 
contribute to metabolic syndrome and obesity.[37] According 
to Goncalves et al., mice given HFCS showed a marked rise in 
tumor size and grade even in the absence of obesity and the 
metabolic syndrome. Fructose and glucose concentrations in the 
intestinal lumen and serum were both enhanced by HFCS, and 
tumors transported both sugars due to greater expression of the 
transporter proteins GLUT 2 and GLUT 5.[38]

The impact of HFCS on body weight is unclear and up for debate. 
The various researches on how fructose or sweeteners containing 
fructose affects weight gain have been on the radar for a time. The 
effects on body weight were altered by altering the fructose intake 
and research duration.[39] According to Rizkalla, male Wistar rats 
were fed 15% fructose or cornstarch as energy for 15 months, and 
body weight changes were not statistically significant.[40] After two 
weeks of feeding 60% fructose to golden Syrian hamsters, obesity 
and subsequent weight gain were observed.[41] Studies on males, 
females, and middle-aged males have shown that body weight 
rose as a result of varying food amounts and study duration.[42] 
According to Vedra et al.[40] persons who are fat or overweight 
do not experience any physical changes as a result of consuming 
fructose at typical levels. In terms of anthropometric, insulin, 
high-density lipoprotein cholesterol (HDL-C), triglycerides 
(TG), and total cholesterol measures, Stanhope et al.[43] found 
no differences between the glucose, fructose, and HFCS groups. 
According to Forshee et al.,[44] the differences in weight gain 
between HFCS and sucrose and ecological studies linked to 
HFCS use are unclear. Bocarsly[45] stated that male rats with 12 
hr of 8% HFCS feeding had more body weight than sucrose 
feeding groups in 2 months, and no difference was discovered in 
blood glucose levels between groups and animals with ad libitum 
HFCS were seen. Our volume of food and duration of study were 
different from theirs greater body weight, belly fat, and TG in 
comparison to the chow group after 6 or 7 months. In the current 
study, hamsters who consumed DMBA alone had lower body 
weights than hamsters in groups 3, 4, and 5, however hamsters 
that consumed HFCS at various levels of 10% sucrose, 8%, and 
25%/kg b.w. had heavier bodies. When compared to the control 
group, hamsters receiving water containing 10% sucrose, 8%, and 
25%/kg b.w. showed significant increases in body weight. Our 
results corroborated to earlier reports.

Fructose serves as a fuel for cancer cells and stimulates cancer 
growth. Definitely other dietary components or lifestyle factors 
could contribute to cancer development. According to Port AM,[46] 
fructose is used by cancer cells for proliferating and making nucleic 
acids, and eating high fructose foods can accelerate the growth of 
cancer by altering cellular metabolism and causing DNA damage, 
inflammation, and reactive oxygen species. According to O'Byrne 
and Dalgleish,[47] angiogenesis and inflammatory mediators 

are upregulated during the inflammatory phase, creating the 
ideal conditions for the growth of malignancy. Consuming 
excessive fructose and HFCS contributes to the development of 
cancer by encouraging the expression of inflammatory cells.[48] 
According to the current study's histological findings, hamsters 
exposed to DMBA alone and HFCS (8% and 25%) with DMBA 
developed significant keratosis, hyperplasia, dysplasia, and 
well-differentiated squamous cell carcinoma in their buccal 
pouches. Malignant tumors and the keratin pearl are also seen 
as signs of well-differentiated Squamous Cell Carcinoma (SCC). 
Hamsters given 25% HFCS had hyperkeratosis and hyperplasia 
with mitotic alterations, which were associated with earlier 
observations.

Consuming fructose could influence how pancreatic cancer 
cells proliferate and behave.[8] In another study[49] male Sprague 
Dawley rats received either water and food or fructose in the 
drinking water (120 g/L) and were exposed to the carcinogen 
N-nitrosomorpholine (NNM) for 7 weeks. The fructose group 
with NNM had a 46% incidence of hepatocellular carcinoma 
compared to 24% in the NNM alone group, and there was no 
difference in the incidences of other malignancies between 
the groups. In the current study after 8 weeks feeding period, 
hamsters painted with DMBA (0.5%) plus HFCS groups were 
observed oral squamous cell carcinoma and comparable cancers 
in all DMBA groups that have been administered were observed 
after 10th week only. From this HFCS triggering effect on the 
tumour development very promptly were confirmed.

Numbers of tumours were also increased in HFCS plus DMBA 
groups and no tumours were found in sucrose and HFCS alone 
groups. Even less information is available regarding the precise 
impact of HFCS on oral cancer; there are actually no published 
statistics. According to Wang et al. 2022,[50] HFCS stimulates 
the production of proinflammatory cytokines in RAW264.7 
macrophages through nuclear factor-B (NF-B) signaling mediated 
by Reactive Oxygen Species (ROS). Additionally, the ROS 
scavenger N-acetylcysteine (NAC) suppresses the ROS-mediated 
NF-B signaling pathway in RAW264.7 macrophages and treats 
animals with HFCS-aggravated colitis. We examined the LOOH, 
TBARS, and CD in plasma and buccal tissues for the current 
investigation.

Estimating the plasma TBARS level is thought to be a trustworthy 
signal for determining the severity of tissue damage. Oral cavity 
malignancies are the most common places where low amounts 
of TBARS have been detected. Previous research conducted in 
our lab showed that the circulation of rats with tumors included 
higher levels of TBARS. Therefore, increased plasma TBARS 
levels may be the result of excessive synthesis and diffusion from 
injured tissues that then leak into the plasma.[51] In the current 
study HFCS might be increased the oral mucosa's vulnerability to 
lipid peroxidation, suggesting that HFCS has a stimulatory effect 
on cell proliferation in the target area.
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Cells may develop structural and functional defects as a result of 
free radical-mediated oxidative stress, rendering them vulnerable 
and defenseless.[52] Reduced levels of non-enzymatic antioxidants 
in the plasma of tumor-bearing animals imply that malignant 
tumors use these antioxidants to meet their nutritional needs 
as they grow or to counteract the harmful effects of ROS in the 
circulatory system. Enzymatic antioxidants' decreased activity is 
likely caused by their depletion from controlling the high levels 
of circulating lipid peroxidation by products[53] HFCS groups 
realized the lower level of antioxidants marker SOD, CAT and 
GPx expressions were observed in plasma and buccal tissues. 
Even effect of HFCS alone was higher expressions observed than 
the control hamster; it indicates that HFCS induced toxicity at 
25% dose administered by water ad libitum. Toxic effects of HFCS 
were proved by increase LPO, inhibition of antioxidants and cell 
death suppression process and induction of cell proliferation 
were confirmed in DMBA induced hamsters. Phase II enzymes 
are involved in the detoxification of carcinogenic chemicals, 
whereas phase I biotransformation enzymes are involved in 
the metabolic activation of carcinogens. According to studies, 
DMBA-induced oral carcinogenesis considerably changed the 
activity of phase I and phase II enzymes.[54] The liver of hamsters 
given DMBA treatment showed increased phase I enzyme activity 
and decreased phase II enzyme activity, indicating that the 
ultimate carcinogenic metabolite of DMBA, dihydrodiolepoxide, 
was deposited and not eliminated during DMBA-induced 
oral carcinogenesis. Given that glutathione is essential for the 
detoxification of cancer-causing compounds and the scavenging 
of ROS, the decreased activity of GST and GR in the liver of 
DMBA-treated hamsters is most likely caused by the reduced 
availability of this enzyme's substrate.

Given that glutathione is essential for the detoxification of 
cancer-causing compounds and the scavenging of ROS, the 
decreased activity of GST and GR in the liver of DMBA-treated 
hamsters is most likely caused by the reduced availability of 
this enzyme's substrate. Phase I and phase II enzyme status was 
altered in the liver and buccal mucosa of hamsters given DMBA 
treatment, suggesting that HFCS may have played a significant 
role in the carcinogens' toxic effects by either promoting the 
development of DMBA's metabolic activation or delaying the 
excretion of the carcinogenic metabolite.

Savran et al. 2019 investigated Melatonin (MLT)'s protective 
effects in Sprague-Dawley rats against HFCS-induced 
endothelial and cardiac dysfunction through oxidative stress and 
inflammation.[55] Then they explained the caspase 3 expressions 
were suppressed in HFCS induced rats. Similarly, the apoptotic 
markers enzyme caspase-3 and caspase-9 expressions were 
reduced in DMBA and HFCS+DMBA exposed hamsters. The 

status of the aforementioned markers was noticeably shifted 
opposite to the usual range especially HFCS 25% concentration 
showed lower expression of caspase 3 and 9. It indicates the effects 
of HFCS on hamsters.

Excess consumption of fructose in additives like table sugar 
or High-Fructose Corn Syrup (HFCS) not only contributes 
to obesity, but it may increase Colorectal Cancer (CRC) cell 
survival, leading to larger tumors and increased symptom burden 
in patients at higher risk, researchers showed in study results 
published in Nature.[56] In the overall hypothesis of the current 
study we analysed HFCS with DMBA gives more effect in tumour 
development, suppressed antioxidant enzymes, increased lipid 
peroxidation, and suppressed the expression of caspase 3 and 
caspase 9 in experimental hamster’s dose dependently. And also, 
histological pattern were totally disaggregated pattern of oral 
tissues arrangements showed transformed tissue cells, keratin 
pearls, hyperplasia, dysplasia, and in situ carcinoma development 
higher in HFCS with DMBA.

CONCLUSION

This study showed how HFCS affected DMBA-induced hamster 
buccal pouch carcinogenesis and came to the conclusion that 
HFCS may trigger the early stages of oral carcinogenesis. The 
additive potential of HFCS is probably by meeting nutrient 
demands of growing tumors or to its inhibition of antioxidant 
potential and modulating effect on the toxic cascade during 
DMBA-induced oral carcinogenesis. To further validate the effect 
of HFCS, this study is extended to investigate the effect of HFCS 
on the expression of different molecular markers linked to the 
development of oral cancer.
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SUMMARY

We summarised from the current study to the main hypothesis, 
HFCS combined with DMBA has a greater impact on the 
growth of tumors, inhibits antioxidant enzymes, increases lipid 
peroxidation, and suppresses caspase 3 and caspase 9 expression 
in experimental hamsters in a dose-dependent manner. In situ 
carcinoma development was increased in HFCS with DMBA, 
and the histological pattern of the oral tissue’s arrangements 
revealed altered tissue cells, keratin pearls, hyperplasia, dysplasia, 
and hyperplasia. Main impact of HFCS on DMBA-induced 
HBPCs, may initiate the early stages of oral carcinogenesis. 
The dietary requirements of developing tumors are likely met 
by HFCS, which also has the additional potential of inhibiting 
antioxidant capability and modifying the harmful cascade during 
DMBA-induced oral carcinogenesis. This study is expanded to 
look at how HFCS affects the expression of various molecular 
markers connected to the emergence of oral cancer in order to 
further validate the effect of HFCS.
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