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ABSTRACT

Introduction: 5-Fluorouracil (5-FU) is a common chemotherapeutic drug for 
treatment of oral squamous cell carcinoma. However, its toxicity to normal tissues has 
limited its role as an effective cancer therapy. Aim: This research aimed to investigate 
the effect of combining 5-FU with honokiol (HNK) on enhancing the anticancer 
activity of 5-FU without increasing its toxicity. Material and methods: HNK was used 
in combination with 5-FU for treatment of tongue carcinoma induced chemically by 
4-nitroquinoline 1 oxide (4-NQO) in albino rats.  Rats were divided into five groups (10 
animals each) including control, 4-NQO, 5-FU, HNK, and combined 5-FU with HNK. 
Serial sections of the tongues from all animals were examined microscopically and 
real-time PCR quantification of P53 gene expression was also assessed. Results: The 
results showed that treatment with both 5-FU + HNK had significantly regressed the 
number and size of malignant lesions seen in the carcinogen-only group. Data analysis 
revealed a statistically significant decrease in the expression levels of mutant P53 in 
the combined treatment group compared to control groups. Conclusion: This study 
reported that HNK and 5-FU had a synergistic cytotoxic effect on this model, without 
notable intensification of the side effects associated with 5-FU treatment. 

INTRODUCTION

 Oral cancer refers to a subgroup of head and neck malignancies that 
develop at the tongue, salivary glands, lips, gingiva, floor of the mouth, 
buccal surfaces, palate, and oropharynx(1). It is the sixth most common 
cancer worldwide and among the top three leading malignancies 
accounting about 300,000 new cases diagnosed annually(2). Importantly, 
the crude incidence and mortality rates of oral cancer are projected to 
double by 2030 especially in Egypt, Iran, Morocco, Sudan, and Turkey(3)

.

The most commonly used animal model to induce tongue carcinoma 
is the rat, through using 4NQO in the drinking water for 20 weeks(4). 
Chronic administration of 4NQO stimulates rat tongue carcinogenesis 
in the same manner that occurs in humans, in terms of initiation, 
promotion, and progression(5). Chemotherapy is one of the most 
common treatment modalities that can be considered as a first choice, 
especially in patients who cannot tolerate surgical interventions. One of 
the most commonly used chemotherapeutic agents is 5-Fluoro-2, 4 (1H, 
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3H) pyrimidinedione (5-FU) (commercial name: 
Fluorouracil). It is a pyrimidine analogue that was 
first described in 1957 and has remained an essential 
chemotherapeutic drug for a number of solid 
tumors, including oral squamous cell carcinoma 
(OSCC)(6). The intracellular metabolites of 5-FU 
exert cytotoxic effects via their incorporation 
into RNA and DNA, or through the inhibition of 
thymidylate synthetase, in turn, lead to activation 
of apoptosis. However, systemic use of 5-FU leads 
to significant toxic side effects that accompanies 
tumor therapy, with development of drug resistance. 
This subsequently have limited the role of 5-FU(6, 

7).Combination of different chemotherapeutic agents 
that work through different molecular pathways is 
a growing strategy aiming to enhance the effect of 
chemotherapy and lowering systemic toxicity to a 
minimal level(8).

Honokiol (HNK) is a pure biphenyl compound 
isolated from Magnolia species (Magnolia offici-
nalis) extracts, which is commonly used as a me-
dicinal herb in traditional Chinese medicine. HNK 
has anti-inflammatory, antibacterial, antifungal and 
antioxidant effects(9). It also has anticancer effects 
against different types of cancer mainly through in-
duction of apoptosis(9, 10) .

P53 is one of the most intensively studied tumor 
suppressor proteins. Mutations of the P53 gene that 
lead 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 restoration or reactivation 
of P53 function will have significant therapeutic 
benefits (11). Most OSCC were found to be associated 
with mutations of the P53 gene(12). Mutation of the 
P53 inhibits the tumor suppressor functions of the 
wild-type P53 and also acquires the mutant protein 
with new activities(13). The synergism achieved by 
using a phytochemical that has an antitumor effect 

and exerts no toxic side effects with 5-FU may 
enhance its cytotoxic effect without increasing its 
toxicity to normal tissue / organs. This subsequently 
allows for use of a lower drug concentration and 
further reduction of its toxic side effects.

MATERIALS AND METHODS

1. Experimental design

[Approval of the research ethical committee 
(REC), Faculty of Dentistry, Suez Canal University 
was obtained before starting the study].

The sample size was calculated using the 
following formula using a confidence level of 95% 
and confidence interval of 2.5.

sample size = z2 * (P) * (1-p)
c2

Where:

*Z=z value 

*P=proportion of the population having the attribute

*C=Confidence interval, expressed as decimal. 

So by calculation, the sample size was equal to 
10 animals per group, giving a total sample size of 
50 animals.

Fifty male Wistar albino rats with mean weight 
of 150 gm were used in this experiment. They were 
divided into 5 main groups (10 animals each): 
Group (1): Negative control group, were given 
regular tap water only for 24 weeks. Group (2): 
Positive control group, were given 4NQO (0.002%) 
in drinking water for 20 weeks, then regular tap 
water for 4 weeks. Group (3): The animals were 
given 4NQO (0.002%) as in G2, then, injected with 
5-FU, (40mg/kg/day), three times/week for 4 weeks, 
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i.p. Group (4): The animals were given 4NQO 
(0.002%) as in G2, then, injected with HNK, (20mg/
kg/day), three times/week for 4 weeks, i.p. Group 
(5): The animals were given 4NQO (0.002%) as in 
G2, then injected with both 5-FU (40mg/kg/day) 
and HNK (20mg/kg/day), three times/week for 
4 weeks, i.p. All rats were euthanized on the 40th 
day after chemotherapeutic drugs administration, 
and a snap from the dissected tongue was kept in 
-80°C for RT-qPCR (for detection of mutant P53 
gene). The remaining tongue tissues were fixed 
overnight in buffered 10% formalin then embedded 
in paraffin. Serial longitudinal sections (antero-
posterior) of 5 μ thickness were prepared with 
routine hematoxylin and eosin (H&E). The vital 
organs of the experimental animals were evaluated 
for gross changes. 

2. Real time-quantitative Polymerase chain 
reaction (RT-qPCR)

Briefly, total RNA extracted from homogenized 
fine powder of removed tongue tissues as described 
in detail by Chomczynski and Sacchi method(14). 
RNA was reverse transcribed to cDNA using Revert 
Aid first strand cDNA synthesis kit (Thermo Fisher 
Scientific, USA, #cat EP0442). The resulting cDNA 
was diluted 1:30 fold and the PCR reaction were 
performed with 2μl cDNA. Reaction volume was 
12.5 μl, 5μg RNA sample (in X μl) was taken and 
completed into 11.5 μl with DEPC treated water. 0.5 
μl Random primer and 0.5 μl oligo dT were added. 
Their working concentration was 10 μM. Master 
Mix of reverse transcriptase was prepared in a new 
tube by adding 4μl of MMLV buffers (5X), 2 μl of 
dNTP’s Mixture (10mM each), 0.5 μl of RNase in-
hibitor (40 u/μl) and 1μl of MMLV-RTase (20 u/μl), 
the total volume was 7.5 μl. cDNA samples were di-
luted tenfold before introducing into qPCR reaction 
and each one was processed as triplet set. All pipet-
ting was performed with filter tips and the reaction 

mixture was prepared by adding 4μl Sybr Green 
qPCR Master Mixture (HOT FIREPol EvaGreen 
qPCR Mix Plus 5X), 0.5μl forward primer (10mM), 
0.5μl reverse primer (10mM),1μl diluted cDNA 
template and filled up 20μl with nuclease free water. 
The qPCR was performed according to the follow-
ing program: Initial denaturation and polymerase 
activation step for 2 minutes at 95°C, denaturation 
step at 95°C for 15 seconds, annealing step for 
30 seconds at 60°C. Denaturation, annealing and 
elongation steps were performed 60 cycles. The 
following rat primers were used: P53 “CCCTG-
GCACCTACAATGAAA” (Forward), “GCTTTG-
CAGAATGGAAGGAAAG” (Reverse). GAPDH 
“TCACCACCATGGAGAAGGC” (Foreword),” 
GCTAAGCAGTTGGTGGTGCA” (Reverse). The 
data were statistically analyzed using One-Way 
Analysis of Variance (ANOVA) via SPSS® 22 
(IBM, New York, USA).

RESULTS

1. Clinico-pathologic findings

  In group “1” (Negative control), tongues of the 
control animals appeared normal without any change 
in color or architecture with no skin lesions, hair loss 
or mortality. In group “2” (4NQO- only), hair loss 
was seen mainly at the abdominal and neck region, 
with no skin lesions. Lesions detected on the surface 
of the tongue were either exophytic (protruding 
from the tongue) or endophytic (malignant ulcers) 
that varied in size, two mortalities were detected 
in this group (effective number of rats is 8). In 
Group “3” (5-FU only); tongues showed nodular 
masses that exhibited smaller sizes than group 2 
with irregular surfaces. Skin ulcers, hair loss, liver 
lesions, and diarrhea were all noted. Two animals 
died in this group. In group “4” (HNK only); the 
lesions were large nodules at the base, dorsal and 
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lateral surfaces of the tongue. No skin lesions, hair 
loss, or gastrointestinal tract (GIT) abnormalities 
were detected. Single mortality was detected in this 
group.  In group “5” (HNK and FU); the tongue 
lesions were minute nodules at the dorsal surfaces. 
No GIT abnormalities, skin ulcers or hair loss were 
detected, with single mortality.

2. Histological findings: 

In group (1), Tissue sections showed normal 
thin keratinized stratified squamous epithelium 
of filiform papillae covering dorsal surface of 
tongue, and underlying connective tissue was 
free of inflammatory cells. [Figure.1a] In Group 
(2), all the examined tongues showed invasive 
squamous cell carcinoma of different grades. Well, 
moderately and severely differentiated squamous 
cell carcinoma were recorded with invading islands 
are shown to destruct the underlying musculature. 
[Figure.1b]  In group (3), mild, moderate, and 
severe dysplasia were recorded. Two tongues were 
recorded with well differentiated squamous cell 
carcinoma with multiple keratin pearls invading the 
underlying connective tissue. [Figure.1c]  In group 
(4), mild, moderate, and severe dysplasia were 
recorded. Two tongues were recorded with well 
differentiated squamous cell carcinoma, and one 
with moderately differentiated SCC. [Figure.1d]  In 
group (5), where the animals were injected with the 
combination drugs, nine tongues showed different 
grades of dysplasia, while one tongue showed 
well differentiated squamous cell carcinoma, with 
superficial invasion of the dysplastic epithelial 
island. [Figure.1e]

3. Quantitative real time polymerase chain 
reaction (RT-qPCR) of P53 gene 

The expression levels of the P53 gene in the 
experimental groups were evaluated using RT-qPCR. 

The mean values of the quantitation cycle (Cq) 
were recorded for each group. Glyceraldehyd-3- 
phosphate dehydrogenase (GAPDH) gene was used 
as a reference gene, accordingly, Cq values were 
normalized then statistically analyzed. Transcripts 
of p53 gene were the most abundant in group “2” 
(mean Cq =19.45±3.46), followed by group “4” 
(Cq=36±2.05), then group “3” Cq=37.8±2.42), and 
were least abundant at group “5” (Cq=39.4±1.58) 
and group “1”, (Cq = 53.6±7.36).

The mean difference between groups was 
significant (p≤0.05). There is significant decrease 
between all groups compared to group 1, in group 
2 by 63.7%, in group 3 by 29.4%, and in group 4 
by 30%. There is  significant increase between 
all groups compared to group 2. In group (1) by 
175.5%, in group 3 by 94.4%, and in group 4 by 
92.6%. [Figure.2]

Fig. (1) Photomicrograph of H&E stained sections of:  (A): nor-
mal tongue mucosa in group 1 (untreated) (H&Ex10), 
(B): invasion of dysplastic island into underlying con-
nective tissue (moderately/poorly differentiated SCC) 
in group 2 (4NQO-only) (H&Ex20), (C): superficial 
invasion with keratin pearls formation (well differenti-
ated SCC) in group 3 (5-FU-only) (H&Ex10), (D) well 
differentiated squamous cell carcinoma invading deep 
into underlying connective tissue in group 4 (HNK-on-
ly) (H&Ex10) (E) severe dysplastic criteria and super-
ficial invasion in group 5 (5-FU and HNK) (H&Ex10).
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Fig. (2) Bar chart showing the mean score of Cq in the four 
groups.

Transcripts of p53 gene were the most abundant in 
group (2-carcinogen only) (mean Cq = 19.45±3.46), 
whereas group (1, negative control) were the least 
abundant (mean Cq = 53.6±7.36). GAPDH was 
used as a reference gene. 

# P <0.05 compared to control group

 *P <0.05 compared to 4-NQO group

DISCUSSION

This study aimed to investigate the possible 
effects of using the naturally occurring material 
“HNK” in combination with the popular 
chemotherapeutic drug “5-FU” in 4-NQO-rat 
tongue carcinogenesis model. The aim was to 
benefit the powerful synergistic antitumor effect of 
both 5-FU and HNK without any further increase 
in toxicity associated with the use of 5-FU. The 
results showed a marked regression of malignancy 
and improvement of the general health and clinical 
picture of the experimental animals treated with 
both 5-FU and HNK, if compared to those treated 
with either drug alone. 

Induction of OSCC in tongue using 4NQO shows 
morphological and histopathological similarities 

to those of human tumors(15). Also, the tongue is 
the most common intraoral site for cancer in most 
countries (16). Administration of drinking water 
containing 4-NQO was a simple and easy method 
in terms of the ease of handling and availability of 
rats. Importantly; it did not necessitate the extensive 
handling of both the animal and carcinogen. 

In the research, the concentration of 20 p.p.m 
had produced clinically detectable lesions at the 
tongues by the end of the 20th week. The lesions 
were mainly at the dorsal and lateral surfaces. This 
result was in agreement with Miyamoto et al. 
who reported that tongue and esophageal tumors 
developed in the rasH2 mice that received 4-NQO 
(20 p.p.m. in drinking water) by the end of the 20th 
week(17). However, El-Rouby reported that tongue 
tumors were not induced before the 32nd week of the 
experiment(18).

The clinical findings of the control group showed 
no clinical lesions, no hair loss or skin lesions and the 
physical activity of the animals was normal. Upon 
euthanization; tongues had normal histological 
features with no inflammatory, or atypical changes. 
These results were in agreement with other studies 
that reported the same findings on control group 
when the same model was used (4, 19).

The tongues of the animals administrated 4NQO 
exhibited papillomatous masses and indurated ulcers 
starting from 16th week till end of induction period 
(20th week). These findings were also described 
by Niwa et al. who reported that apparent cancer 
formation was observed at almost the 20th week of 
the carcinogen administration (20).

No skin lesions or eruptions were recorded 
in any group except for the 5-FU treated group 
(Group 3). Skin ulcers, hair loss, diarrhea and 
reduced physical activity of the treated animals 
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were remarkable signs. These adverse effects and 
significant toxicity may be related to the mode 
of action of the 5-FU. 5-FU is proved to exert its 
cytotoxicity through alterations in protein and 
DNA synthesis. It inhibits the enzyme thymidine 
synthase (TS), the key to DNA synthesis(7). In 
addition, 5-FU significantly increased expression of 
pro-inflammatory cytokines, such as IL-6, (COX-2) 
and TNF-α, together with the generation of ROS 
by inducible nitric oxide synthase (iNOS). These 
significant peripheral toxicities are believed to arise 
from off-target specificity, targeting all rapidly 
dividing cells, like hair follicles, marrow cells and 
gastrointestinal epithelia(21) Administration of HNK 
with 5-FU significantly reduced these side effects on 
the treated animals. Similar results were concluded 
by Yazbeck et al., when 5-FU was administrated 
synergistically with muricid extract in rats (22).

Co–administration of HNK and 5-FU had 
resulted in synergistic effects that may be attributed 
to marked potency in inducing cancer cell apoptosis 
by both 5-FU and HNK. Chen et al. reported same 
results in vitro and related them to the synergistic 
enhancement of apoptosis (23) .This synergism did 
not result in intensification of FU side effects. This 
may be attributed to the use of lower concentrations 
of both drugs. In particular, the dose of 5-FU (40 
mg/kg) in this combination treatment was much 
lower than the 150 mg/kg dose used in previous 
studies(24, 25) and 20 mg/kg of HNK was lower than 
the common 25 mg/kg therapeutic dosage used in 
other models(26)

. Second reason is that HNK is a 
strong antioxidant, this could result in low toxicity 
exerted by the free HNK (27). Comparable results 
were obtained by Pearson et al. who concluded 
that combing HNK with cetuximab (a popular 
chemotherapeutic drug) had overcome its resistance 
and intensified its effect without enhancing its 
toxicity (28).

Third reason is concerned with the biological 
mechanisms of combining action of HNK with FU 
on the P53 gene. Oral carcinogenesis is commonly 
associated with mutations of the P53 gene, the level 
of which increases with oral cancer progression (11). 
In the present study, the expression level of P53 was 
highest in the carcinogen-treated group, while its 
level was significantly decreased in the combination 
group. The same result was concluded by Latif et 
al. as they addressed the expression levels of P53 
when the chemically-induced colon cancer in rats 
was treated with 5-FU. They regarded the significant 
difference in P53 expression level between 5-FU-
treated group and positive control group to several 
mechanisms. First, 5-FU can activate wild type p53. 
Second, incorporation of fluorouridine triphosphate 
into RNA, or incorporation of fluorodeoxyuridine 
triphosphate into DNA, in turn, inhibiting 
tymidine synthease (TS) by fluorodeoxyuridine 
monophosphate (FdUMP) with resultant DNA 
damage. They explained this effect as, both TS 
inhibition and mis-incorporation of 5-FU metabolites 
into RNA resulted in p53 stabilization(29).

CONCLUSION

The present results revealed that HNK 
synergistically used with 5-FU had resulted in 
marked regression of malignancy and enhanced 
clinical therapeutic efficacy without significant 
increase in 5-FU toxic side effects. This result will 
permit using 5-FU in much lower doses, in turn will 
lead to significant reduction of its side effects.
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