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WA ER DR R LIS Introduction: Oral cancer is a common cause of death in human, its treatment

involves chemotherapy. However, toxicity is an obstacle to this treatment. Studies
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cancer effect of resveratrol alone or combined with 5-Fu on experimentally induced
tongue cancer. Materials and Methods: Forty male albino rats were divided into five

Clarainame groups: Group I: untreated (negative control), group II: positive-control, receiving 50

p33; Rat tongue; Resveratrol. ppm 4-NQO in drinking water, group III: received i.p injection of (5-FU), group IV:

oral-administration of resveratrol (RV), and group V: receiving both RV and 5-FU.
Before euthanasia, blood samples were withdrawn to evaluate serum level of ALT, AST
and creatinine. After euthanasia, the tongues were surgically excised, and processed
for H&E, and mutant p53 IHC. The mean of positive cells/group were statistically
analyzed. Results: Group I showed normal tongue mucosa with negative immune ex-
pression of mutant p53 cells. Group II revealed malignant ulcers in a form of well/mod-
erately differentiated SCC, and the highest mean of mutant p53 immuno-expression.
Group III showed mild dysplasia of the tongue epithelium with a significant regression
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Head and neck cancer (HNC) is one of the most common causes of
death in human. In most cases, its treatment involves chemotherapy®.
However, the drug toxicity and/or tumor cell resistance are obstacles to
the choice of chemotherapy®. Scientific studies proved that combining
chemotherapy with specific antioxidants, at defined dosages can
improve drug efficacy and/or may reduce the severity of side effects®¥.
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The most commonly used chemotherapeutic
drug is S5-fluorouracil (5-FU) in treatment of oral,
breast, stomach and pancreatic cancer, that remains
the cornerstone of chemotherapy®®. It has been
widely used in combination with other drugs as
well. Many of these effective drugs have been de-
veloped from botanical sources.

Due to the side effects of 5-FU in chemother-
apy, an introduction of a natural extract had been
used in different in vivo studies to enhance the
efficacy of chemotherapy, reduce the treatment
duration, reduce the expected dose and in turn its
toxicity.” Resveratrol (RV) is one of the natural ex-
tracts that plays a synergistic effect with 5-FU, as
revealed in a recent study on rat colorectal cancer®.
It’s effects include antibacterial, antifungal, antioxi-
dant (through scavenging reactive oxygen species
(ROS)®, stimulates cell cycle arrest, that in turn
stimulates apoptosis®. It inhibits invasion and me-
tastasis through modulation of ecto-mesenchymal
transition"'?. Furthermore, it leads to protein kinases
inhibition, antiapoptotic gene expression, as well as
angiogenic, metastatic gene products and inflamma-
tory biomarkers!".

P53 is an intensively studied tumor suppressor
gene. When mutated , it leads to loss of wild type p53
activity.!? Disturbances in P53 signaling pathways
are believed to be required for the development
of most cancers, and there is evidence to suggest
that its restoration or reactivation will lead to a
therapeutic benefit!>14,

For studying oral cancer prevention and
treatment, one of the most commonly used animal
model is cancer induction in the rat tongue, by the
water-soluble 4-nitroquinolinel-oxide (4NQO)!"Y.
Chronic administration of 4NQO induces rat tongue
cancer at the same manner that occurs in humans, in

terms of initiation, promotion, and progression‘'®,

The mechanism of 4NQO- induced malignancy is
through reactive oxygen species (ROS) generation,
such as superoxide radicals, hydrogen peroxide and
reactive nitrogen species (RNS)U”. The damage
induced by ROS and RNS are direct and indirect to
macromolecules, including DNA"®. The mentioned
damages are almost the same as those caused by
other carcinogens present in tobacco smoking,
which is one of the most common risk factors for
human OSCC!719,

In the present study, the anticancer effect of
resveratrol combined with 5-FU has been assessed
on experimentally- induced tongue cancer in rats,
which could be a promising alternative for resistant
oral cancers.

MATERIAL AND METHODS

Approval of the research ethics committee
(REC), Faculty of Dentistry, Suez Canal University
was obtained before starting the study (129/2018).

Chemicals: 1. Carcinogen (The 4-Nitroquinoline
1-oxide (4NQO) (Sigma-Aldrich, USA), solution
in a concentration of 0.005%, 2. Resveratrol (RV)
(Sigma-Aldrich, USA), 3.Fluorouracil: 5-Fluoro-
2 A(1H,3H)-pyrimidinedione (5-FU) (Pfizer Inc.
Company, USA). 4. Dimethyl sulfoxide (DMSO)
(Pfizer Inc. Company, USA).

Animals: Forty male albino rats weighing 150-
170 gm average 5-7 months of age. Rats were
kept five per cage in a well-ventilated room with
controlled temperature, 50-70 % humidity and 12
hours day/dark cycle. They were given water and
recommended diet ad libitum.

Grouping and treatment protocol:

The animals were divided in groups as follows:

Group I: Negative control group: five animals
were euthanized at day zero
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Group II: Positive control group: five animals
were treated with 4-Nitroquinoline (4NQO) in
drinking water in a dose of 50 ppm (0.005%) for
twenty weeks, then were euthanized a day after the
twentieth week.

Group III: Ten animals were intraperitoneally
(i.p) injected by 5-fluorouracil (5-FU) in a dose
of 40 mg/kg, 3 days weekly, day after day,for two
months.

Group IV: Ten animals treated with resveratrol
(RV) orally administrated dissolved in DMSO in
a dose of 200 ug /kg body weight daily for two
months.

Group V: Ten animals treated with both
5-fluorouracil (i.p.) in a dose of 20 mg/kg 3 days a
week (day after day, for 2 months) and resveratrol
orally (100 pug/kg/body weight daily for two
months).

Hematologic investigation and euthanization

Liver and kidney toxicity were assessed through
measuring ALT, AST and serum creatinine levels,
following cancer induction and treatment. Blood
samples were withdrawn before euthanasia as
follows:

Each animal was anaesthetized in a closed glass
container with cotton piece soaked with diethyl
ether, Fine capillary tube was introduced into the
orbital sinus through the mesial angle of the eye.
Blood sample (2 ml) was withdrawn into a blood
collection tube with liquid EDTA and immediately
sent to the laboratory.

Euthanasia method: Animals were euthanized
by inhalation of diethyl ether (lethal dose of cotton
piece soaked with diethyl ether).

Histologic sections preparation

The tongue was excised from each animal and
grossly inspected to evaluate any apparent lesions.
Tongues were fixed in 10% neutral formalin solution,
processed, embedded in soft paraffin, sectioned
serially into 5y m, and stained with hematoxylin and
eosin (H&E) for histopathologic analysis.

Histopathologic evaluation

The H&E
diagnosed by two pathologists. Histologic grading

stained sections were blindly
of dysplasia was classified according to the WHO
(2017)2” , while, histological grading of carcinoma

followed Broder’s classification®V.

P53 Immuno-histochemical staining (IHC)

Five ym thick sections were cut and picked up
on positively charged slides for p53 immunohisto-
chemical (IHC) staining procedure. The antibody
used was p53; a mouse monoclonal antibody Ab-1
(Clone PAb 240). The detection system used was
UltraVision Detection System Anti-polyvalent,
HRP/DAB. Both from Neo Markers Lab Vision
Corporation, Westinghouse, Fremont, USA. Stain-
ing protocol was performed as instructed by the
manufacture.

P53 scoring

Stained tissue sections were examined and
assessed by using Image J Soft Imaging Analysis
System. Three slides from each tongue were IHC
stained, then three fields from each slide were
randomly counted for the mean of positive cells of
each slide. Adding the mean of all 3 slides to get the
mean of positive cells/group. A standard measuring
frame of counted cells was used, to count positive
cells (nuclear stain), and statistically analyzed.
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Statistical analysis

Measurements were expressed as means =+
The statistical differences
of each treated group compared to negative and
positive control groups (group I and group II), were
evaluated by One-Way Analysis of Variance, and
descriptive tests (ANOVA). A p value of <0.05 was
considered as statistically significant difference.

standard deviations.

RESULTS

Clinical findings

Group I (Negative control): Showed no gross
changes. Hair appeared normal, and the animals
looked healthy and active throughout the experi-
mental period.

Group II (Positive control : Five rats received
4NQO only for 20 weeks, showed multiple tongue
ulcerated lesions with necrotic debris and indurated
base. Debilitation of all animals was a noticeable
remark, with extreme weight loss.

Group III: Ten animals (received 4NQO for 20
weeks followed by 5-FU for two months) suffered
from multiple tongue ulcerations measuring about
2-3 mm on the dorsal surface, general edema and
erythema of the tongue, as well as less extensive
necrotic debris till week twenty. They slightly
recovered by end of the experiment after treatment;
in comparison to group II. Ulcerations were partially
reduced in size/number during the fourth week of
treatment, measuring about 1.5-2mm and regressed
to 0.5 -1mm at end of treatment. Two rats died at
the fourth week of cancer induction, and three at
the second and third weeks of treatment. They were
compensated with other rats to get the same count
(10 rats).

Overall, the rats showed better activity, diet
consumption and gained some of their weight as
compared to group II.

Group IV. (Ten rats receiving resveratrol only
after cancer induction by 4NQO) showed significant
weight loss as that detected in group II during cancer
induction and didn’t totally recover by end of the
experiment. Necrosis and ulcerations were less
extensive than in group II. The ulcers were smaller
with reduced edema and erythema of the tongue.
The ulcers measuring aboutl.5 -2 mm after the first
month of treatment and regressed to approximately
1-1.5 mm in diameter at end of the eighth week of
treatment (end of experiment). Comparing to group
II, there was a noticeable better activity and weight
gain almost comparable to group III. However,
four animals died by the seventh week of cancer
induction and other two during the first and second
weeks of treatment. They were compensated by
other animals.

Group V. (Ten rats receiving 4NQO for cancer
induction, followed by treatment with both SFU and
RV in half the doses given in groups III and IV).
The animals showed the least necrotic tongue debri
and ulcerations regarding size and number after
the first month of treatment. The general tongue
architecture was getting better by end of treatment,
as the ulcers were markedly less in number and
size than groups II, III and I'V. However, six out of
ten rats died during the tenth and fifteenth week of
cancer induction and were compensated with other
animals. They regained their normal activity, and
diet consumption, as reflected by gaining most of
their weight.

Hematologic findings.

According to the results, it was found that group
II showed the maximum elevation of ALT and AST
reflecting liver toxicity, as well as the creatinine
level, reflecting kidney toxicity compared to group
I. These levels were decreased significantly in the
treated groups; where group III (5FU) showed a
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significant decrease in liver and kidney enzymes
compared to group II, but high as compared to the
untreated animals (group I).Animals treated with
RV only (group IV) or in combination with 5-FU
(group V) showed significant decrease in liver and
kidney enzymes compared to group II (positive
control), with almost comparable values to the
negative control (group I).

Histopathological (H&E) and immune histo-
chemical findings (IHC):

Group I (negative control): The features of
normal tongue mucosa were revealed as keratinized
stratified squamous epithelium with rete processes,
and a normal appearing filiform papillae. The
underlying submucosa consists of a layer of dense
collagenous fibrous tissue (lamina propria) devoid
of inflammatory infiltrate and dense striated muscle
fibers. (Figure 1A, B). The IHC findings, of p53
expression, showed negative mutant p53 positive
cells. (Figure 1C)

Group II (4NQO only for 20 weeks): Overall
H&E histopathological findings
malignant ulcers representing well/moderately
differentiated with
invading islands to the connective tissue and

showed focal

squamous cell carcinoma;
muscle fibers. The rest of the tongue showed areas
of epithelial hyperplasia and hyperkeratinization
with severe dysplastic changes. Loss of polarity
and hyperplasia of basal cell layer, cellular and
nuclear pleomorphism, nuclear hyperchromatism
and prominent nucleoli, altered nuclear/cytoplasmic
ratio, increased normal and abnormal mitotic
figures, dyskeratosis (individual or group cell
keratinization) and swirling pattern of spinous layer
representing the dysplastic changes. The underlying
connective tissue was collagenous, showing intense
chronic inflammatory cellular infiltrate and dilated
blood vessels (Figure 2). Regarding (IHC), the

highest mean of mutant p53 positive cells, with
expression along the epithelial thickness and the
invading islands in the connective tissue (Figure 3).

Group III (5-FU for 2 months after 4NQO for
20 weeks): Overall H&E findings showed epithelial
hyperplasia and hyperkeratinization with mild
dysplastic changes in the lower third as, basal cell
hyperplasia, drop shaped rete ridges, loss of polarity
of basal cells, nuclear hyperchromatism, as well as
nuclear and cellular pleomorphism. The underlying
connective tissue showed chronic inflammatory
cellular infiltrate and dilated blood vessels
(Figures 4A,B). Immunohistochemistry revealed
a significantly lower mean of mutant pS3 positive
cells compared to group II, and confined to the basal
cell layer. (Figure 4C)

Group IV (Received RV for two months, after
4NQO for 20 weeks): Histopathologic results
demonstrated moderate dysplasia in the lower
two thirds as, basal cell hyperplasia, cellular and
nuclear pleomorphism, prominent nucleoli and
hyperchromatic nuclei. The underlying connective
tissue showed inflammatory cell infiltrate (Figure
5A).
significantly lower mean of mutant p53 positive

Immunohistochemical results revealed a

cells compared to group II, but higher than the 5-FU-
treated group (Group III) , The mutant p53 positive
cells were confined to the basal and suprabasal cells
(Figure 5B)(Table 1).

Finally, Group V (received both 5-FU and RV
for two months following 4NQO for 20 weeks)
showed nearly similar features of (group III) as,
slight hyperplasia and thicker keratin layer with
mild dysplasia (Figure 6A). Inmunohistochemistry
revealed a comparable mean of mutant p53 positive
cells to the 5-FU treated group , and were confined
to the basal cells only.(Figure 6B,C). (Table 1)
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Fig. (1) A photomicrograph of tongue sections from group I (negative control), A, normal rat tongue epithelium, formed of
keratinized stratified squamous epithelium, the lamina propria contains dense collagenous fibrous tissue overlying striated
muscle fibers (H&Ex20), B. shows the conical shape keratinized filiform papillac. (H&E X10).C. mutant p53 IHC-stained
tongue section of group I (negative control). Negative p53 immunoreactivity in normal tongue epithelium (IHCX20).

Fig. (2) Photomicrograph of tongue sections from group II (4NQO). A. hyperplasia and hyperkeratinization of the filli-form papillae,
with severe dyplasia (black arrow). The underlying connective tissue shows inflammatory cell infiltrate (red arrow). (H&E
x20), B. malignant ulcer of a well/moderately differentiated squamous cell carcinoma ( green arrow), with invading islands
and keratin pearls deeper to the muscle layer, with inflammatory infiltrate in the underlying connective tissue (H&E X10)
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Fig. (3) Photomicrographs of mutant p53 IHC-stained tongue sections from group II showing, A. increase number of mutant p53
positive cells in the surface epithelium and invading epithelial nests (IHC X10), B. Higher power of group II (IHCx20).

AN

Fig. (4) (A and B), Photomicrographs of tongue sections from group III receiving (5-FU). Showing epithelial hyperplasia and
hyperkeratinization with mild dysplasia as, loss of basal cell polarity (yellow arrow), drop shaped rete ridges (red arrow),
hyperplasia of basal cell layer (green arrow), nuclear hyperchromatism (blue arrow), prominent nucleoli (black arrow),
nuclear and cellular pleomorphism (yellow arrow) (H&E x20). C, a photomicrograph of mutant p53 IHC-stained tongue
section from group III, representing mutant pS3 positive cells confined to the basal cell layer (IHCX20).

Fig. (5) A, a photomicrograph of tongue section from group IV (receiving RV) showing, hyperkeratinization and hyperplasia,
with moderate dysplasia to the middle 1/3 of epithelium, as basal cell hyperplasia (black arrows), prominent nucleoli
(yellow arrow), cellular/nuclear pleomorphism (red arrow) and nuclear hyperchromatism (blue arrow). (H&E X20). B.
a photomicrograph of p53 IHC tongue section from group IV, representing mutant p53 positive cells, where the nuclear
reaction was confined to the basal and supra basal cells. THCX20)
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Fig. (6) Photomicrographs of tongue sections from group V (receiving both (RV) and (5FU). A, Showing epithelial hyperplasia

|

A\

and hyperkeratinization (black arrow) with mild dysplasia confined to the basal one third, as basal cell hyperplasia (yellow
arrow) and increased nuclear/ cytoplasmic ratio (blue arrow). B, Showing hyperplasia and hyperkeratinization of the
filiform papillae (red arrows) (H&EX?20).C,Showing mutant p53 IHC-stained tongue section from group V, representing
mutant p53 positive cells , where the nuclear reaction is confined to the basal cells (arrow)(IHCX20).

Statistical analysis of p53 immune expression

Numerical data were explored for normality by
checking the distribution of data and using tests of
normality (Kolmogorov-Smirnov and Shapiro-Wilk
tests). Number of positive cells data showed non-
normal (non-parametric) distribution while weight,
ALT, AST and creatinine level data showed normal
(parametric) distribution. Data were presented as
mean, + standard deviation (SD), median and range
values. For non-parametric data, Kruskal-Wallis test
was used to compare between groups. Dunn’s test
was used for pair-wise comparisons when Kruskal-
Wallis test is significant. For parametric data, one-
way ANOVA test was used to compare between
groups. Tukey’s (post-hoc test) was used for pair-
wise comparisons when ANOVA test is significant.
Spearman’s correlation coefficient was used to
determine significant correlation between different
variables. Qualitative data were presented as
frequencies and percentages. Fisher’s Exact test was
used to compare between groups. The significance
level was set at p < 0.001. Statistical analysis was
performed with IBM SPSS Statistics for Windows,
Version 23.0. Armonk, NY: IBM Corp.

1.1 Number of positive cells: (Table 1)

There was a statistically significant difference
between the groups (P-value <0.05, Effect size =
0.843). Pair-wise comparisons between the groups
revealed that positive control group II, showed the
statistically significant highest mean number of
cells. Resveratrol (group IV) showed statistically
significant lower mean value. There was no
statistically significant difference between (5-FU)
(group III), and (resveratrol and fluorouracil) (group
V), where both showed statistically significant
lower mean number of positive cells. Negative
control group showed the statistically significant
lowest mean number of positive cells (Figure 7A).

Table 1: Descriptive statistics and results of
Kruskal-Wallis test for comparison between number
of p53 positive cells in all groups.

Group | Mean | SD | P-value (Part]iiﬁfzg :ilzlfared)
Group I 18P 13

GroupII | 1264 85

Group III | 394°¢ | 38 |=<0.001* 0.843

Group IV | 56558 25

Group V | 39.5¢ 3

Different superscripts are statistically significant,
* Significant at P < 0.05
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Correlation between number of p53 positive cells
and animal’s weight (Figure 7A)

There was a statistically significant inverse
(negative) correlation between weight and number
of p53 positive cells (9 = -0.596, P-value <0.05).
An increase in weight is associated with a decrease

in number of p53 positive cells.

Correlation between number of p53 positive cells
and toxicity tests: (Figures 7 B-D)

There was a statistically significant direct
(positive) correlation between kidney and liver
enzyme analysis (serum creatinine, ALT and AST)
respectively, with the number of p53 positive cells
(0 =0.596, P-value <0.05). An increase in enzyme
levels is associated with an increase in number of
p53 positive cells.

0 50 100 150 200 250 300 350
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Number of positive cells

0 100 200 300 400 500 600
Number of positive cells

0 100 200 300 400 500 600
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Fig. (7) Scatter diagram representing, A, Inverse correlation between weight and number of p53 positive cells. Statistically
significance at p<0.05 B, Correlation between serum creatinine level and number of positive cells. Statistically significance
at p<0.05 C, Correlation between AST levels and number of positive cells. Statistically significance at p<0.05 D. Correlation
between ALT and number of positive cells. Statistically significance at p<0.05

DISCUSSION

Through this study the anticancer effects of
resveratrol alone or combined with 5-FU were assessed
on induced tongue carcinoma in albino rats.

Serum blood analysis of ALT, AST and
creatinine to detect liver and kidney toxicity
before euthanization of all animals were analyzed.
Significantly high levels of ALT, AST and serum

creatinine were detected in animals of group II as
compared to group I. The previous observation
confirmed the toxic effect of 4NQO.

Serum blood analysis of group III (5-FU)
resulted in a significant toxicity for liver and kidney
but still not comparable to group II, which was
highly significant.
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Animals of group IV and V revealed the least
toxicity to the liver and kidney, proving that
resveratrol has the least significant toxicity, thereby
it diminished the cytotoxic effect of 5-FU.

These observations are in accordance with
Madankumar er al.??, in a rat cancer induction
study by 4NQO (in drinking water) in a dose of 50
ppm. They documented that all rats were generally
debilitated with reduced hemoglobin levels and
aplastic anemia, in addition to high mortality rate
due to the toxic effect on liver and kidney.

Another study by Carneiro-Filho et al. * 5-FU
used for treatment of oral, colon, esophageal,
stomach and pancreatic cancers, still carries side
effects as liver and kidney toxicity, hair fall as well
as loss of body weight.

In a study by Crowell er al. ®®, to detect renal
toxicity of resveratrol at different doses on rats , by
measuring kidney enzymes. They concluded that
resveratrol has no side effects on kidneys in all doses
used, except extremely high doses reaching 300mg/
kg. This dose caused elevation of kidney enzymes,
in comparison to the dose used in the current study.

Five animals were selected as negative control
(Group I), were clinically healthy, without any signs
of debilitation, the tongue and perioral tissues were
healthy without any inflammations or ulcerations
till end of the experiment.

As for groups (II, III, IV and V); the tumor
induction protocol of Vered et al.?® and Ribeiro et
al.?® was used.

In brief, 4NQO in drinking water, in a dose of
50 ppm for twenty weeks, resulted in multiple tongue
carcinomas, clinically in the form of malignant
ulcers on the dorsal surface, with loss of normal
tongue architecture, as atrophy of tongue papillae
with general severe edema and erythema. However,

not all animals developed identical appearance of
malignancy at the same time, possibly because all
rats didn’t drink equal amounts of water where the
carcinogen is dissolved in.

These observations were in accordance with
Madankumar et al.*®, who used the same induction
protocol on male Wistar rats. They documented that
4NQO provoked multiple tongue malignancies after
twenty weeks.

The general debilitation of rats received 4NQO
(Group II), were also similar to reports by Liu et
al *? The authors used the same induction protocol
on a rat model with a dose of 20 ppm for 32 weeks.
Erosions, leukoplakia, papillomas and malignant
ulcerations appeared after the ninth, twelfth and
twentieth week, respectively. The overall debilitated
appearance of rats, have been mentioned, indicating
4NQO toxicity as well as its immune suppressive
effect.

As for treatment groups, animals treated with
5-FU (Group III), resulted in reduced clinical mani-
festations, as partial regain of normal tongue archi-
tecture, the ulcerations were markedly decreased in
comparison to group II. These results are in agree-
ment with Andreadis ef al. ®?®, who studied the ef-
fect of 5-FU and cisplatin in advanced OSCC, in
human. They stated that the 5-FU treated group
showed a marked regression of tumor size, howev-
er, many side effects have been reported as general
weight loss, nausea, vomiting, myelotoxicity, liver
and kidney toxicity.

On the other hand, animals treated with
resveratrol (GroupIV),revealed less liver and kidney
toxicity than animals treated with 5-FU (group III).
The animals partially regained their weight to near
animals of group I (untreated group). Clinically, the
tongues and perioral tissues showed remarkable
regression of ulcerations, edema, erythema and
started to regain their normal architecture.
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An explanation of the effective therapeutic ef-
fect of resveratrol could be that reported by Carbo
et al ®.They observed, in a resveratrol study, that
rats inoculated with a rapidly growing tumor (Yo-
shida AH-130 ascites hepatoma), caused a signifi-
cant regression (25%) in tumor size. Interestingly,
flow cytometric analysis of the tumor cell popula-
tion declared the existence of an aneuploidy peak
(representing 28% of total), suggesting that resve-
ratrol causes apoptosis resulting in a decreased tu-
mor cell number. Another in-vivo study by Garvin et
al .®”in human breast cancer xenografts treated with
resveratrol, showed a decrease in the tumor growth,
decreased angiogenesis and increased apoptotic in-
dex in resveratrol-treated nude mice compared with
controls.

Animals treated with both 5-FU and resveratrol
(group V), according to the present results, showed
a remarkable weight gain in comparison to groups
II and III. Moreover, marked reduction of tongue
edema, erythema and ulcerations, despite decreasing
the dose of 5-FU and resveratrol to their half.

The present results are online with Abdelatif
et al.®"; who studied the combined therapy of
resveratrol and 5-FU in treatment of colon cancer in
rats. They stated that this combination was effective
in regression of colon cancer and less debilitation in
comparison to the groups treated with 5-FU alone.

Results of the present work are also in accordance
with Soliman et al. study, who examined combined
5-FU and resveratrol, in colorectal cancer of rats.
They reported marked decrease of general debilita-
tion than those treated with 5-FU alone. The authors
explained the enhancing effect of resveratrol on 5-FU
treatment could be due to reducing cytotoxicity of a
decreased dose of 5-FU to half.

As clinical observations mostly reflect the his-
topathological findings, the following results were
obtained. Animals of group I (the untreated group),

showed normal tongue mucosa without any signs
of dysplasia. Regarding their immunohistochemical
observations in the present work, negative mutant
pS53 expression was revealed in that group.

These results are in accordance with Hasty and
Christy®?. As p53 is well known for suppressing
tumors, it responds to a variety of stresses to either
induce apoptosis or cell cycle arrest. Therefore,
pS53 is not mutated under normal physiological
conditions®?.

As for Group II animals, where cancer induction
by 4NQO had been developed at the twentieth week.
Immuntohistochemical results revealed the highest
mean of mutant p53 positive cells, in accordance
with Liu e al. @7,

According to Madankumar et al.??, 4NQO
developed well to moderately differentiated SCC
after week twenty, by upregulating the expression
of p65 (subunit of NF-#B) in the nucleus, TNF-a,
IL-1p3, COX-2 and iNOS.

In another study by Osugi ©¥, focused on p53
expression in different stages of 4-nitroquinoline
1-oxide- induced carcinoma in the rat tongues. He
documented that mutant p53-positive epithelial cells
increased in direct proportion to development of the
tumor. Significant increase was observed during the
eighth to twelfth week after 4NQO administration
and reached the highest significance of tumor size
and p53 positive cells after the twentieth week.

Animals treated with 5-FU (Group III) in the
present work, showed mild to moderate dysplastic
changes of the tongue epithelium with a siginificantly
lower mean of mutant p53 compared to group II.
These results are comparable to Soliman et al.?,
they documented that the 5-FU-treated group
showed mild dysplastic changes of colon cells than
those in the untreated colon cancer induction group,
which showed invasive SCC.
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Animals treated with resveratrol (Group IV),
showed moderate dysplasia of the tongue epitheli-
um, with a significantly lower mean value of mutant
p53 positive cells compared to group II.

A study by Ko et al'?, showed that resveratrol
has regressed various cancer cell lines and from
dividing indefinitely. They explained that due to
the ability of resveratrol to avoid carcinogenesis
through the relief of oxidative stress and cancer-cell
proliferation, as well as the activation of regulated
cell death mechanisms. Furthermore, Baur and
Sinclair™”, had stated that resveratrol binds to
various cell-signaling molecules and modulates
cell-cycle regulatory genes. It activates transcription
factors, inhibits protein kinases and expression of
antiapoptotic genes, angiogenic and metastatic
gene products as well as, inflammatory biomarkers.
It also induces antioxidant enzymes and alters the
expression of enzymes such as cytochrome P450s
that are involved in drug metabolism !V,

The mutant p53 expression in group IV
(resveratrol-treated), was comparable to a study
done by Ferraz da Costa et al. They stated that
localization of mutant p53 with amyloid aggregates
in MDA-MB-231 human breast cancer cells, after
treatment by resveratrol (50 and 100um) for 24h,
promoted a significant (p < 0.05) reduction in
nuclear p53 aggregate formation®.

Finally group V, treated with half dose of both
resveratrol and 5-FU, showed in histologic sections
mild dysplasia, in comparison to other treated
groups.

These results are comparable to Soliman et
al @ study. They stated that resveratrol has an anti-
proliferative activity against colorectal cancer in-
vivo and enhanced the therapeutic effect of 5-FU.
In another study by Chung et al. They stated that
the combinational therapy of resveratrol with 5-FU

in colon cancer cell lines resulted in reduction of
tumor cell number and cytotoxicity ©9.

The expression of mutant p53 in that group
revealed a comparable mean number to group III (5-
FU), this may be an indication of enhancing action
of resveratrol to 5-FU due to reducing the dose of
5-FU, as compared to animals treated with 5-FU

alone.

These results are comparable to Chan ez al. in an
in vivo study of combinational therapy of resveratrol
with 5-FU in colon cancer. They concluded that
resveratrol combinational therapy promotes 5-FU
action, it also triggered 5-FU- induced apoptosis, in

turn reduces the number of p53 positive cells®?.

Also, in accordance with Wu et al., who studied
the combinational effect of 5-FU and resveratrol
on murine liver cancer (H22 murine hepatoma).
They concluded that resveratrol could induce the
S phase arrest of hepatoma cells, enhance the anti-
tumor effect of 5-FU on murine hepatoma H22 and

markedly antagonize its toxicity ©®.

The present results suggest that resveratrol, as a
biochemical modulator to enhance the therapeutic
effects of 5-FU, may be potentially useful in cancer
chemotherapy with reduction of 5-FU dose, as well

as minimizing the duration of treatment.

Finally, resveratrol mode of action could be
through decreasing angiogenesis, increasing apop-
totic index and inhibiting protein kinases®”. Add-
ing to the mechanism of 5-FU which is principally
a thymidylate synthase (TS)- inhibitor leading to
interruption of DNA replication®. Supporting the
use of both drugs in combination with reduction of
5-FU dose to half to minimize toxicity and duration
of oral cancer therapy.
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Synergistic Effect of Resveratrol with 5-FU in Oral Squamous Cell Carcinoma

CONCLUSION

1.

Resveratrol has a beneficial therapeutic effect
against the strong cytotoxic and carcinogenic
action of 4NQO in that model.

Resveratrol is a safe natural agent for enhancing
chemotherapy with 5-FU in that model.
Resveratrol helped in lowering 5-FU dose to
half with the same therapeutic effect on SCC
treatment with lower toxicity in that model.
Combination therapy with 5-fluorouracil and
resveratrol had regressed the OSCC to mild
dysplasia.
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