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ABSTRACT
Aim:Aim: The current study’s objective was to assess high fructose corn syrup (HFCS) affected oral 
squamous cell carcinoma (OSCC) SCC-9 cells through apoptosis, DNA fragmentation, and the cell 
cycle. Materials and Methods:Materials and Methods: The MTT experiment showed that treatment of SCC-9 cells with HFCS 
causes internucleosomal DNA breakage and loss of cell viability in a concentration-dependent 
manner, with an IC50 of 679.2 µM. PI and Annexin-FITC labelling were utilized to evaluate the 
apoptotic nuclear characteristics and migration by fluorescence microscope and flow cytometry 
during HFCS therapy for apoptosis and cell cycle arrest. Results:Results: Key findings are HFCS decreased 
the cell viability (IC50 values of 679.2 µm), reduced migration, enhanced DNA fragmentation 
and decreased colony formation in SCC-9 cells and Caspase 3 and 9 gene expressions. DNA 
fragmentation assay revealed HFCS might cause oxidative DNA damage in SCC-9 cells significantly  
(p < 0.05). Similarly, we observed apoptotic stage changes in HFCS-treated cells. Furthermore, 
HFCS-treated SCC9 cells accumulated in the G0/G1 phase compared to the standard drug 
Colchicine. All things considered, the results suggest that HFCS affects the SCC-9 cell line by causing 
DNA damage, cell cycle arrest at the G0/G1 phase, and production of caspase 3 and caspase 9. 
Conclusion: Conclusion: Contrary to earlier literature, our study concluded that higher concentrations of HFCS 
(500 and 1000µM) reduce cell viability, cell migration and enhance apoptosis in oral cancer cells 
SCC-9. So that these findings may be generalised to human intake equivalent, more research is 
needed to confirm its effect on predisposition to mouth cancer.

Keywords: Keywords: HFCS, Oral cancer, MTT, Cell cycle arrest, Apoptosis, Cell migration.

INTRODUCTION

Since 1970, High Fructose Corn Syrup (HFCS) has been 
used as a source of  fructose, increasing the quantity of  
fructose consumed by individuals.[1] In the United States, 

HFCS consumption developed from 64 g/day in 1970 
to 81 g/day in 1997. Consumption of  monosaccharide 
increased from lower than 0.5 g/day to higher than 
40 g/day.[2] HFCS is essential to fully appreciate the 
roles that fructose plays in cancer cell metabolism, 
enter good cells, exit human metabolism and the main 
enzymes involved in fructose metabolism.[3] Hereafter, 
because obesity, diabetes, and metabolic syndrome are 
important risk factors for the development of  a wide 
range of  cancer types, associations between fructose 
consumption and non-cancer manipulators are also 
considered.
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Consumption of  fructose increased in the twenty-first 
century compared to the nineteenth. High fructose 
consumption causes metabolic problems such as 
obesity and insulin resistance, which are linked to the 
aetiology of  pancreatic cancer. Fructose has been 
linked to tumour development and carcinogenesis. In 
N-nitrosomorpholine-treated pancreas tissue, fructose 
induces the growth of  acinar-cell tumor nodules and 
may provide a novel glucose substrate for pancreatic 
cancer.[4]

A major worldwide health problem, Oral Squamous 
Cell Carcinoma (OSCC) among human beings causes 
145,000 deaths and 247,000 new cases every 5 years. 
Oral Cancer (OC), the world’s eleventh-leading type of  
cancer, has emerged as the leading cause of  mortality in 
India. When healthy cells are exposed to carcinogenic 
chemicals, cigarette smoke, and other environmental 
variables, cancer cells form.[5] The disease’s causes are 
dysregulation of  cellular proliferation and disruption 
of  the apoptotic process, which is ultimately critical to 
tumor organization and expansion.[6]

Cancer cells derived not only provide an important 
platform for studying the molecular biology of  
neoplasms, but they are also a source for the 
investigation of  precise therapeutic choices that are 
similar to cancer traits.[7] The in vitro systems agree on 
both drug dose and experience length in a consistently, 
chemically, and experimentally unique intermediate. 
Cancer cells proliferate in an unbalanced manner due to 
compensatory apoptosis.[8] Apoptosis (programmed cell 
death) refers to the caspase cascade and endonucleases 
that are responsible for the protein damage of  cellular 
proteins that are most important in the description of  
apoptotic characteristics such as plasma membrane 
blebbing, fragmentation, chromatin condensation, and 
cell shrinkage.[9] Mitochondria are important organelles 
that regulate cell death through the expression of  
apoptosis molecular markers.[10] To ascertain whether or 
not apoptosis has taken place as a result of  the loss of  
Mitochondrial Membrane Potential (MMP) substances 
endomembrane produces a transmembrane potential.[11]

High-Fructose Corn Syrup (HFCS), a new sweetener, is 
frequently used as a replacement in the food business. 
In recent years, HFCS, which is composed of  45% 
glucose and 55% fructose, has been extensively added to 
beverages, breads, dairy products, and canned goods.[12] 

HFCS is already found in 70% of  beverages in the United 
States, and it is becoming increasingly popular in China. 
As a commonly used food additive, more emphasis 
is being paid to the health risks of  a high HFCS diet.
[13] According to certain research, HFCS consumption 
can contribute to cardiovascular disease, diabetes, and 

obesity.[14] Significant preclinical evidence indicates that 
the combination of  dietary glucose and fructose, even at 
low doses, can promote the establishment of  intestinal 
tumours.[15] However, there is minimal research on the 
carcinogenicity of  HFCS, maybe because it is considered 
that any sucrose alternative would be an improvement.
As a result, we wanted to explore how High Fructose 
Corn Syrup (HFCS) affected SCC-9 cells from Oral 
Squamous Cell Carcinoma (OSCC). The current 
study looks at the effects of  HFCS on SCC-9 cells by 
evaluating cell survival, apoptosis, cell cycle arrest, cell 
migration, DNA fragmentation, colony formation, 
and the expression of  apoptotic gene marker enzymes 
Caspase 3 and 9.

MATERIALS AND METHODS
Reagents and chemicals

ATCC SCC-9 cell lines, DMEM media, Foetal Bovine 
Serum (FBS), Penicillin, MTT 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide, Annexin V/ 
FITS C, Propidium Iodide (PI), RNase, Tween-20, 
and PBS (Himedia, Mumbai). Acetone, ethanol, and 
Dimethyl Sulfoxide (DMSO) are all available from 
Fisher Scientific (India).

Evaluation of cell culture and growth

SCC-9 cells were grown in Dulbecco’s Modified Eagle 
Medium (DMEM) at 37°C in a humidified incubator 
with 95% air, 5% CO2, and 10% heat-inactivated 
Foetal Bovine Serum (FBS), 100 U/mL penicillin, and  
100 mg/mL streptomycin. Cells were planted in 12 
well plates prior to the addition of  HFCS. HFCS was 
exposed to the SCC-9 cells (0, 15.63, 31.25, 62.5, 125, 
250, 500 and 1000 µM/mL) for 24 hr.

Cytotoxicity assay

SCC-9 cells were seeded in 96-well plates at a density 
of  6x103 cells each. The medium was removed after 24 
hr and reconstituted with media containing HFCS in 
a range of  concentrations (0, 15.63, 31.25, 62.5, 125, 
250, 500, and 1000 µM/mL). Similarly, the medium 
was dosed with Doxorubicin to Vero cells and SCC-9 
cells concentration of  (0, 0.5, 1.0, 1.5, 2.0, 2.5 µM/mL). 
After 48 hr, the medium containing Doxorubicin and 
HFCS was replaced with a 100 mL media containing 
MTT (tetrazolium bromide solution in PBS, 5 mg/mL). 
After 4 hr of  dark incubation, living cells dissolved in  
100 mL of  DMSO shorten MTT’s yellow thiazolyl 
groups to purple tetrazolium crystals. A multi-well plate 
reader (Bio-Rad) was used to measure absorbance at 
540 nm.
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Apoptosis and cell cycle flow cytometric analysis

1.5×105 cells/mL SCC-9 were treated for 24 hr with 
control and HFCS at concentrations of  500 and  
1000 M/mL for flow cytometric cell cycle assessment.  
For 24 hr, Doxorubicin and Colchicine (20 µM/mL) 
were used. At 37°C for 30 min, the cells were stained 
in the dark with 500 mL of  hypotonic PI solution  
(10 mL sodium citrate, 0.25 mg PI, 0.4 mg RNase, and 
0.3 mL tween-20 per 10 mL). An air-cooled Argon laser 
was used to perform flow cytometry analyses at 633, 
488, and 375 nm, recording at least 10,000 events. The 
DNA profile revealed the relative abundance of  the cell 
population in sub-G1, G0/G1, S, and G2/M phases.

Cell migration assay

SCC-9 cells 1.75×106 cells/well in a six-well plate reached 
confluence after 24 hr. The confluent monolayer was 
then scraped through using a 200 L tip. The dishes were 
then cleaned twice before being incubated for 0, 1, and 
3 days at 37°C in fresh media containing 10% foetal 
bovine serum, Doxorubicin (20 M), and two dosages of  
HFCS (500 and 1000 µM). A 4X inverted microscope 
(Olympus, Tokyo, Japan) was used to measure the width 
of  the wound at two different random points on the 
top surface of  each well. The wound difference between 
measurements recorded at time zero and the 2 and 
6-hour time periods was computed as the mean SEM 
of  migration.

Assay for DNA Fragmentation

1×106 cells incubated for 24 hr at 37°C and 5% CO2. 
Confluent cells were treated with doxorubicin 20 µM, 
HFCS at 500 µM and 1000 µM, and 200 µM H2O2 after 24 
hr of  incubation. Cells were collected by centrifugation 
at 2000 rpm for 5 min.  The cell pellet was suspended in 
0.5 mL of  lysis buffer (pH 7.8) containing TritonX-100 
0.2% or Sodium-N-lauroylsarcosinate, 4 M NaCl, 
EDTA 20 mM, and Tris-HCl 10 mM. After adding 0.5 
CC of  phenol, chloroform, and isoamyl alcohol, the 
lysate was mixed for two to 3 min then centrifuged.  
The top aqueous layer with twice as much cold 100% 
ethanol and 3M sodium acetate. After 10 min before 
being centrifuged at 10,000 rpm for 15 min, removing 
the supernatant, the DNA pellet air dried, dissolved in 
TE buffer (10 mM Tris-HCl, pH 7.4, 1 mM EDTA, pH 
8.0), and separated by 2% agarose gel electrophoresis at 
100 V for 50 min.

Assay for colony development

SCC-9 cells were incubated at 37°C overnight. The 
following day, cells were exposed to DMSO as the 
vehicle, 20 µM doxorubicin, 500 µM and 1000 µM 

doses of  HFCS, all at 37C. Every three days, cells were 
changed with brand-new growth media containing the 
same medicine. The medium was changed once a week 
and replaced with new, medication-free media after 7 
days. After two weeks of  culture, the cells were washed 
twice with PBS, fixed with cold methanol for 30 min 
at 4°C, and stained for an hour with 1% crystal violet 
dye (dissolved in 25% methanol). Using an Epson 
Perfection V550 Photo Colour Scanner, the plates were 
cleaned, dried, and scanned.

Assay for Reactive Oxygen Species

The SCC-9 cells were cultivated for 24 hr with 
doxorubicin (20 M) and two doses of  HFCS (500 and 
1000 M) before being treated with the fluorescent dye 
DCFHDA. The cells were only kept in the incubator 
for 30 min more. To remove the extra color, the cells 
were rinsed with PBS. The fluorescence intensity was 
calculated using excitation and emission filters with 
wavelengths of  488 nm and 530 nm, respectively. 
During fluorescence microscopy, pictures were taken 
with blue (450-490 nm) filters.

Real-time PCR

TRIzol solution (Himedia, USA) was used to separate 
the total RNA from the brain tissues, and RT master 
mix (Himedia) was used to label the cDNA. Real-time 
qPCR was used to accomplish the amplification and 
qPCR measurements utilizing the qPCR master mix 
SYBR advantage (Himedia) in accordance with the 
prescribed procedure. GAPDH was used to measure 
and correct target mRNA levels (Caspase 3 and  
Caspase 9). Evaluation of  expression was conducted 
using the comparative Cp technique.

RESULTS
The effect of HFCS on Vero and SCC-9 cell viability 
and growth

Figure 1A depicts the percentage of  inhibition in 
normal Vero cells. HFCS was found in concentrations 
of  (0, 15.63, 1.25, 62.5, 125, 250, 500, and 1000M) 
that showed a significantly decreased percentage of  
inhibition (p <0.05) in (0, 0.76, 1.14, 3.03, 5.49, 9.28, 
11.36, and 18.94), but the IC50 value could not be 
calculated.  (Figure 1 B) But SCC-9 cells showed 
significantly increased % (0, 1.31, 6.28, 11.24, 18.98, 
25.55, 32.70 and 53.43) of  inhibition respectively. 
Standard drug Doxorubicin added Vero cells showed (0, 
10.14, 18.18, 22.35, 34.66, 39.02, and 59.47) % inhibition 
respectively at a concentration of  (0, 1.56, 3.13, 6.25, 
12.5, 25, 50 and 100) after 24 hr and calculated IC50 
of  71.96. % of  inhibition of  standard drug on SCC-9 
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cells was observed for the concentration range of  (0, 
1.56, 3.13, 6.25, 12.5, 25, 50 and 100µM) that showed 
(Figure 1 C) significantly increased (p< 0.05) (0, 11.68, 
21.75, 38.10, 44.53, 54.45, 62.63 and 85.26) after 24 hr 
respectively. At 17.49M, 50% of  viable cells were found 
on SCC-9 cells after 24 hr. Based on this result, the IC50 
values for HFCS and Doxorubicin in SCC-9 cells were 
determined to be 679.2 and 17.49M, respectively. For 
subsequent examination, we used 500 and 1000 M since 
they significantly (p0.05) encouraged/supported anti-
proliferative responses in SCC-9 cells.

Flow cytometry detection of apoptotic cells

Using FITC-conjugated Annexin-V and PI labeling, 
flow cytometric analysis indicated increased apoptotic 
cells (PI negative, FITC Annexin-V positive). FITC 
Annexin-V and PI were used to monitor SCC-9 cells 
in the presence of  HFCS (500 and 1000 µM) and 
Doxorubicin (20 µM), as shown in (Figure 2A and 2B). 
The majority of  cells had repressed to late apoptosis/
secondary necrosis 48 hr after HFCS treatment, but 
an early stage of  apoptosis was discovered at around 
12 hr. In SCC-9, HFCS added at 500M and 1000M 
was associated with 6.80%, 3.34% early apoptosis and 
7.14%, 18.26% late apoptosis, respectively. In SCC-9 
cells, standard doxorubicin at 20M triggered 55.37% 
complete apoptosis.

Effects of HFCS on SCC-9 cell cycle distribution

HFCS on cell cycle distribution in SCC-9 cells were 
studied after 24 hr of  exposure to HFCS at varied 
doses of  500 and 1000 M/mL. The DNA contents 
of  SCC-9 cells were evaluated by flow cytometric 

analysis to determine whether a specific disruption of  
cell cycle-related activities was to blame for the growth 
effect of  HFCS (Figure 3A). SCC-9 cell proliferation 
was increased following treatment with HFCS (500 and 
1000 M/mL) in a concentration-dependent manner. 
In comparison to the vehicle control and Colchicine  
20 M/mL treated SCC-9 cells, we found an increase in the 
proportion of  HFCS-added SCC-9 cells in the S phase 
(from 15.48 to 22.43%) and in the G2/M phase (9.26 
to 13.34%). However, as shown in Figure 3B, HFCS-
treated SCC-9 cells consistently tended to accumulate 
(p 0.02 and p 0.1) in the G0/G1 phase of  the cell cycle 
(from 75.64 to 64.48%). The observed decrease in S and 
G2M phase accumulation but rise in the standard drug 
is most likely due to the influence of  mild G0/G1 phase 

Figure 1: Effect of HFCS on cell viability of Vero cells and 
SCC-9 cells was assessed by MTT assay. (A) Results are 
expressed as vero cells treated with Doxorubicin (20 µM). 

(B) SCC-9 cells treated with HFCS for 24 hr. (C) SCC-9 cells 
treated with Doxorubicin (20 µM) for 24 hr.

Figure 2: Flow cytometric analysis of HFCS and Doxorubicin 
alters apoptosis in SCC-9 cells (A) SCC-9 cells were treated 

with different concentrations of HFCS (500 and 1000 µM) and 
Doxorubicin followed by Annexin V-FITC staining to analyze 

the effect of HFCS in apoptosis. (B) This was determined 
by FACS analysis showing the percentage of early (lower 
right quadrant) and late (upper right quadrant) apoptotic 

cells.  The data represents the mean ± SD of five independent 
experiments. 
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accumulation. These data imply that HFCS influences 
SCC-9 cell proliferation via modulating the G0/G1 and 
S stages of  the cell cycle.

HFCS reduces cancer cell migration and invasion 
in the mouth

Migration and invasion of  cancer cells are critical stages 
in the metastatic process. SCC-9 cancer cells were treated 
with Doxorubicin (20 M/mL) and HFCS (500 and  
1000 M/mL) and imaged at intervals ranging from 
0 to 3 days of  incubation to see if  HFCS caused cell 
migration and invasion in vitro. Figure 4B shows that 
SCC-9 oral cancer cell proliferation and migration are 
time and concentration-dependent. Furthermore, as 
compared to the conventional treatment of  doxorubicin, 
HFCS did not effectively inhibit SCC-9 cancer cell 

Figure 3: (A) Effect of HFCS on cell cycle distribution 
in SCC-9 cells was detected by flow cytometry. Cell 
cycle distributions of vehicle control and HFCS with 

determinations and where indicated, by *, **, # showed a 
significant difference p < 0.01, 0.02, 0.1 respectively relative 
to the relevant vehicle control. d SCC-9 cells with various 

concentrations (500 and 1000 mM) for 24 hr were determined 
by PI staining in flow cytometry.

Figure 4: HFCS develops the cellular migration of SCC-9 cells. 
(A) Confluent monolayers of each cell line were wounded by 
scratching the surface as uniformly as possible using a 1 µL 
pipette tip. Cells were treated with Doxorubicin (20 µM/mL) 
and HFCS (500 and 1000 µM/mL). Every 0 days to 3 days of 
incubation, wound healing was evaluated by photography. 

Each figure is representative of three experiments performed 
in triplicate. Scale bar = 500 µm.  (B) The mean denuded zone 
was measured. The data represent the means ± S.D. of three 

independent experiments. *p < 0.05 and **p < 0.01.

Figure 5: DNA fragmentation of SCC-9 cells exposed to HFCS 
and Doxorubicin, Fragmentations of genomic DNA in SCC-9 

cells were treated with 500 and 1000 µM/mL of HFCS and 
Doxorubicin 20 µM/mL for 24 hr. DNA laddering formation 

was viewed on ethidium bromide-stained gel (2%) and 
photographed by UV illumination.  DNA fragmentation studies 

on Vero and SCC-9 cells. Quick detection of apoptotic DNA 
ladder in Vero cells (right side) and SCC-9 (Left side) cell line 
Lane 1: Ladder; Lane 2: Control; Lane 3: HFCS 500 µM; Lane 

4: HFCS 1000 µM; Lane 5: H2O2 200 µM.

invasion and migration in a concentration-dependent 
way. The anti-metastatic effect of  HFCS was questioned 
based on this data.

DNA fragmentation studies on Vero and SCC-9 
cells

The effect of  HFCS on Vero cells and SCC-9 cells was 
determined in DNA fragmentation assay by agarose 
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gel electrophoresis. Figures 5A and B When HFCS was 
applied to SCC9 cells at 500 and 1000 µM concentrations, 
DNA fragmentation was found to be better at higher 
concentrations. The positive control H2O2 treatment at 
200M generated significant DNA damage as compared 
to the Sample. Vero cells treated with HFCS showed no 
substantial DNA fragmentation, but H2O2 treatment at 
200µM caused DNA damage.

Effect on SCC-9 cells by Colony formation assay

Colonogenic survival assays are used to study the effect 
of  HFCS on SCC-9 cells. Oral Squamous cell lines were 
added with 500 and 1000 μM of  HFSC and Doxorubicin 
20 μM. SCC-9 cells showed 100% surviving fraction for 
Control, 83.82% and 69.02% for 500 µM and 1000 µM 
of  HFCS, and Standard Doxorubicin showed 15.21% 
recovery at 20 µM treatment respectively. We choose 
HFCS doses that in single agent experiments resulted in 
a reduction in viability at higher 500 and 1000 µM in the 
investigated cell lines. The colony formation of  SCC-9 
cells is demonstrated to be dose-dependently influenced 
by HFCS in (Figures 6A and B).

Measuring the amount of ROS inside cells using 
HFCS

DCFH-DA was utilized in this study to access the ROS 
produced in SCC-9 cells exposed to varied levels of  
HFSC (500 and 1000 M) and Doxorubicin (20 M). When 
compared to untreated cells, the ROS seen in SCC-9 
cells subjected to 500 and 1000 M of  HFSC and 20 M 
of  doxorubicin were moderately altered respectively 
(Figure 7). In contrast, HFCS administration (24 hr) 
reduced ROS production in a dose-dependent manner, 

as demonstrated by an increase in DCF staining in the 
nucleus. According to recent findings, HFCS produces 
ROS in SCC-9 cancer cells, which suggests that HFCS 
consumption causes the development of  cancer.

HFCS was found to increase Caspase-3 and 
Caspase-9 expression

Caspase-3 and caspase-9 genes were considerably 
over-expressed on SCC-9 cells in response to HFCS  
(Figure 8). Doxorubicin 20 M also raised caspase-3 
and 9 gene expression. Caspase-3 and caspase-9 
gene expression levels in control cells did not differ 

Figure 6: (A) HFCS and Doxorubicin promote colony 
formation in SCC-9 cells. (A)  SCC-9 cells were seeded on 
6well plates and treated with HFCS (500 and 1000 µM) and 
20 µM doxorubicin to induce DNA damage response and 
apoptosis. After 2 weeks, the colonies were stained with 

crystal violet and the number of colonies was counted. (B) 
Mean denuded zone was measured. The data represent the 
means ± S.D. of three independent experiments. *p < 0.05,  

**p < 0.01 and #p < 0.001.

Figure 7: HFCS induces intracellular ROS production in 
SCC-9 cells by DCFH-DA staining assay. Intracellular 

ROS measurement by spectrofluoremetry. Results in a 
dose dependent enhance in ROS production as shown by 

increased% DCF staining ratio.

Figure 8: HFCS induces apoptotic marker enzyme analyzed 
by RT PCR. mRNA Expression Levels of Caspase 3 and 9 in 
HFCS (500 and 1000 µM) and 20 µM doxorubicin with SCC-9 

cells.
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significantly. A diagram is shown in Figure 8. Caspase-3 
and caspase-9 levels were lower in cells treated with 
HFCS 1000M than in cells treated with Doxorubicin 
20M. In this study, caspase-3 and caspase-9 gene 
expression levels were revealed to have a substantial 
positive relationship with HFSC-treated moderately 
induced apoptosis.

DISCUSSION
There has been no research on the effect of  High 
Fructose Corn Syrup (HFCS) on SCC-9 cell lines 
from the mouth. The current study hypothesized that 
the effects HFCS on SCC-9 cells through cytotoxicity, 
apoptosis, cell cycle arrest, cell migration, DNA 
fragmentation and colony formation assay in a dose-
dependent manner with Doxorubicin standard drug. 
Due to its powerful sweetening properties and low cost, 
HFCS, is used in processed foods and beverages, and 
fructose intake has surged in recent years.[16] According 
to Chávez-Rodrguez, 2021[17] Fructose is required for 
cancer cell proliferation and nucleic acid formation, 
and consuming more fructose promotes cancer 
development by altering cellular metabolism, increasing 
reactive oxygen species, increasing DNA damage, and 
generating inflammation. O’Byrne and Dalgleish state 
that,[18] the inflammatory process boosts angiogenesis 
and inflammatory response mediators, which aid in 
the growth of  malignancy. The relationship between 
fructose consumption and cancer is debatable, and 
additional research into HFCS consumption and cancer 
is needed.
Studies on short-term HFCS consumption found 
no distinctions in outcomes between HFCS and 
sucrose. HFCS is important to do long-term clinical 
investigations on the association between fructose 
consumption and cancer risk.[19] The MTT test is 
commonly used to assess the effect of  HFCS on cancer 
cell viability and proliferation. Metabolically active cells 
can transform MTT into a pink product that can be 
assessed colorimetrically.[20] The effect of  HFCS on 
Squamous oral Cancer Cells (SCC-9) was investigated in 
this study. Only at higher concentrations (500 and 1000 
µM) did HFCS inhibit SCC-9 cell growth.
ROS is a harmful species that can cause apoptosis. 
Overproduction of  ROS may cause oxidative stress, 
while lipid peroxidation may cause double-stranded 
DNA damage, genotoxicity, and apoptosis. A kind 
of  cell death known as apoptosis is distinguished by 
morphological modifications and DNA damage. As 
a result, the effects of  HFCS on apoptotic induction 
were not similar to the conventional medication 

Doxorubicin. The early, apoptotic, and late apoptotic 
cells of  SCC-9 cells were quantified using Annexin-V 
and FIT-C labelling, which helped to confirm  
cell death.[21] Similarly, at lesser dosages, HFCS has less 
promoted the development of  apoptosis. This study 
found that HFCS had an effect on oral squamous cell 
cancer.
Several oxidative DNA adducts, such as 8-Oxo-20-
deoxyguanosine have been implicated in the tumorigenic 
process. Only at higher levels did we notice or show 
that HFCS treatment led to DNA damage, as seen by 
the development of  DNA fragmentation. The DNA 
fragmentation revealed that the generation of  ROS may 
be the cause of  the enhanced DNA damage in HFCS. 
Our findings showed that HFCS (1000 µM) had more 
DNA fragment breakage as compared to a group that 
had been injected at a lower dosage of  HFCS (500 µM), 
inhibiting apoptosis. In contrast to the H2O2 (20 µM) 
supplemented cells, these two concentrations exhibited 
completely fragmented DNA.[22] Our findings are 
consistent with prior studies that HFCS causes DNA 
breakage in colon cancer cells. It has been proposed that 
HFCS has effects that are dose-dependent.
The cell cycle is stopped in the G0/G1 phase by HFCS. 
As a result of  the effects of  HFCS (500 and 1000 M) 
on SCC-9 cells, there were more cells in the G1/G0 
phase, fewer cells entering the S and G2/M phases, and 
fewer cells returning to the Sub-G0 phase. The G1 and 
S phase overlaps observed in Colchicine (20 M) could, 
however, be explained by an apparent early G1 phase 
accumulation, as evidenced by a broadening of  the Sub-
G0 phase and an increase in the G1 phase signal. HFCS 
promotes dose-dependent cell cycle arrest at the G0/
G1 phase, according to our most recent research. Our 
observations, however, indicate that the effect of  HFCS 
on cell cycle arrest during the G0/G1 phase is very mild 
when compared to the common medication colchicines.
Scratch wound healing experiments were used to 
investigate the effect of  HFCS treatment on tumor cell 
migration. In a time-dependent manner, administration 
of  HFCS (500 and 1000 µM/mL) did not significantly 
limit the migration of  HFCS cells over the denuded 
area compared to control. After 0-3 days of  incubation, 
the percentage of  cellular migration in different 
concentrations (500 and 1000 µM/mL) HFCS compared 
to the control was 64.2% and 78.98% in SCC-9 cells, 
respectively.[23] These data suggest that HFCS did not 
successfully limit the invasive nature of  oral cancer cell 
lines when compared to Doxorubicin (20 µM/mL).
As a result, decreased migration, cell-matrix 
adherence, and invasive potential may help to avoid 
metastasis. When compared to the traditional medicine 
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doxorubicin in wound healing experiments, HFCS did 
not significantly reduce the migration and invasion of  
oral cancer cells. HFCS inhibited the adherence of  oral 
cancer cells in the cell adhesion assay. The cell is strongly 
attached to the substrate and is unable to disperse. Our 
findings suggested that HFCS may have caused oral 
carcinogenesis. HFCS has the potential to stimulate 
human oral cancer cell proliferation via a variety of  
biological mechanisms such as cell cycle regulation, 
apoptosis, tumorigenesis, adhesion, and invasion. In 
this context, we demonstrated that HFCS was capable 
of  promoting SCC-9 cell migration via a wound-healing 
experiment.
To confirm the effect of  HFCS, we used the colony 
growth assay to test its potential to affect the growth 
capacity of  pre-formed colonies. SCC-9 cells were 
cultivated for 0 days, 1 day, 2 days, and 3 days to form 
colonies before being exposed to two concentrations 
of  HFCS for 3 days. HFCS (500-1000 M) treatment 
reduced the number of  colonies in a concentration-
dependent way.

CONCLUSION
We detected DNA damage, apoptotic stage alterations, 
induced cytotoxicity, ROS measurement, induced cell 
motility, colony-forming capacity, and caspase 3 and 9 
apoptotic gene expression. Furthermore, HFCS applied 
to SCC9 cells accumulated more cells in the G0/G1 
phase than Colchicine, the gold standard. According to 
the study’s findings, HFCS likely influences the SCC-9 
cell line’s produced oxidative stress, resulting in increased 
DNA damage and cell cycle arrest in the G0/G1 phase. 
Caspase-3 and 9 genes were shown to be moderately 
upregulated by HFCS. The findings also shed light on 
how HFCS may act as a causal or additive factor in the 
carcinogenesis process. So that these findings may be 
generalized to human intake equivalent, more research 
is needed to confirm its effect on predisposition to 
mouth cancer.
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