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Abstract

Background: Cancer is one of the most significant causes of death around the world, and oral squamous cell carcinoma (OSCC)
represents 90% of oral malignancies. Ferula persicahas been used for treatment of different diseases in Iranian traditional medicine.
Previous studies reveal some evidence relating to the value of preventing malignancies through F. persica.
Objectives: The aim of the present study was to evaluate the protective effect of methanolic extract of Ferula persica in rat tongue
neoplasm induced by 4-Nitroquinoline-1-Oxide (4-NQO).
Materials andMethods: This experimental study was carried out in the pharmaceutical research center in Tabriz, Iran. According
to ethical considerations, the results of the pilot study (five rats in each group) and pathologic changes in 30% of cases with consid-
eringα = 5%, P = 80%, and d = 5%, 15 samples for each group were determined. In this study, the OSCC was induced by 4-NQO in 60 SD
rats (in four groups). At the same time, three groups of rats received Ferula persica methanolic extract (FPME) intraperitoneally (IP)
in the doses 50, 250, and 500 mg per kilogram of body weight twice each week for 14 weeks.
Results: The obtained weight differences between groups were not significant (P = 0.18). Pathological changes in the treated and
non-treated groups were significantly different (P < 0.001). After treatment, pathologic changes were seen in groups A, B, C, and D
(the cancer control group) respectively as follows: mild dysplasia - 13.3%, 26.7%, 20%, and 0.0%; moderate dysplasia - 33.3%, 13.3%, 40%,
and 0.0%; severe dysplasia - 33.3%, 40%, 26.7%, and 0.0%; carcinoma in situ - 6.7%, 13.3%, 6.7%, and 20%; and squamous cell carcinoma -
13.3%, 6.7%, 6.7%, and 80%.
Conclusions: The results showed that the FPME prevented the progress of the malignancy in the OSCC model in rats. However, fur-
ther investigations are necessary to clarify effective fractions, mode of action of the FPME, and its potential therapeutic application
in different types of cancer.

Keywords: Ferula, Persica, Squamous Cell Carcinoma, 4-Nitroquinoline-1-Oxide

1. Background

Cancer is one of the most significant causes of death
around the world. There are 14.1 million new cancer cases,
8.2 million cancer-related deaths, and 32.6 million people
living with cancer (within five years of diagnosis) world-
wide in 2012 (1), and at the current rate, an estimated 15
million people will be diagnosed annually by 2020 (2). In-
cidence, mortality, and five-year prevalence of lip and oral
cavity cancers are 2.1%, 1.8%, and 2.2% of all cancers, respec-
tively (1). The estimated numbers of new tongue cancer
cases and deaths in the United States in 2013 are 13,590
and 2,070, respectively (3). Oral squamous cell carcinoma

(OSCC) represents 90% of all oral malignancies (4).

Despite recent advances in surgical procedures, radio-
therapy, and chemotherapy, oral cancer remains a major
problem (5). Cancer chemoprevention has been regarded
as one of the most efficient strategies to prevent cancer.
In recent years, the development of more effective and
safer agents has been intensively pursued for the chemo-
prevention of human cancer, and natural products from
plants and their synthetic derivatives are expected to play
an important role in creating new and better chemopre-
ventive agents (6). In addition, several chemotherapeu-
tic, cytotoxic, and immunomodulating agents are avail-
able in Western medicine to treat cancer. Besides being
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enormously expensive, these drugs are associated with se-
rious side effects and morbidity (2).

Nonetheless, the continuing search for an ideal treat-
ment has minimal side effects and is cost-effective. Today,
only a limited number of natural products are used to treat
cancer. However, some of the widely used anticancer drugs
are obtained from medicinal plants (2). Some preclinical
studies have suggested that components of plants like gar-
lic and shallot possess anticancer properties including an
inhibition of cell proliferation, invasion and metastasis,
hormonal stimulation, and stimulatory effects on expres-
sion of metabolizing enzymes (7). Furthermore, recent
studies have shown that ginger extract owns antioxidant
activity (8).

It is worth noting that the exclusively Old World genus
Ferula belongs to the family Umbelliferae with about 130
species distributed throughout the Mediterranean area
and central Asia, especially in Iran (9-12). Many Ferula
species including F. assa-foetida synthesize terpenyloxy
coumarins. One of these coumarins is umbelliprenin that
has a structure close to that of auraptene (13). The umbel-
liprenin is a naturally occurring prenylated coumarin that
is synthesized by various Ferula species (5).

The roots of the F. persica are used for the treatment
of diabetes, carminative, diuretic, laxative, alexipharmic,
digestive, emmenagogue, antispasmodic, hot and dry ef-
fects, anti-flatulence, renal calculus, arthralgia, gout, stom-
ach worms, diuretic, and antihysteriain folk medicine (10,
14). In this respect, the F. assa-foetida species shows an-
ticarcinogenic properties and affords protection against
free-radical-mediated diseases (15). In addition, the umbel-
liprenin inhibits the red pigment production in Serratia
marcescens (16) and decreases the MMP activity (13).

The administration of 4-NQO in drinking water can in-
duce tumors in the oral cavities of rats. OSCC, which is
induced by 4-NQO in rats’ tongues, shows morphologi-
cal and histopathological similarities to those of human
tumors; they are extensively used to investigate and test
a wide variety of synthetic and natural agents for their
chemopreventive potential (16). The 4-NQO can cause DNA
adduct formation and also undergoes redox cycling to pro-
duce reactive oxygen species that result in mutations and
DNA strand breaks (17, 18). The animal model is considered
as the most representative model to examine OSSC. This
model is based on the multi-step process of the carcinogen-
esis that is characterized by initiation, promotion, and tu-
mor progression (19, 20).

2. Objectives

Considering the importance of preventing tongue can-
cers and evidence about the chemoprotective property of

the Ferula species, the aim of the present study was to eval-
uate the formalin were protective effect of methanolic ex-
tract of Ferula persica in rat tongue neoplasm induced by
4-NQO.

3. Materials andMethods

This experimental study was carried out in the pharma-
ceutical research center of the Tabriz University of Medical
Sciences, Tabriz, Iran.

3.1. Chemicals

Methanol and formalin were purchased from Merck
(Darmstadt, Germany). 4-NQO was purchased from Sigma
(Poole, UK).

3.2. Plant Material and Extraction

The roots (500g) of the F. persica were obtained from
the Khalkhal mountains (Ardabil, Iran). The roots were
washed and air-dried and protected from direct sunlight.
Afterward, the air-dried roots were ground into a coarse
powder, and 300 grams of the powder was extracted by the
methanol at 25± 2°C. The mixture was also filtered and the
solvent completely removed by the rotary vacuum evapo-
rator. Finally, the desired concentration of the extract was
prepared. Thus 500 mg of dry matter was resolved in 50
mL of distilled water. Then, 5ml of the prepared solution
per kilogram of body weight (50 mg/kg dose) was injected
into the rats. Doses of 250 mg and 500 mg were prepared
by dilution with distilled water.

3.3. Animals

In this experimental study, pathologic changes be-
tween study groups were considered as the primary out-
come. According to ethical considerations, the results of
the pilot study (five rats in each group) and pathologic
changes in 30% of cases with considering α = 5%, P = 80%,
and d = 5%, 15 samples for each group were determined.

Sixty male Sprague-Dawley rats weighing 180 ± 20
grams were used for the present study. The animals were
housed in polycarbonate standard cages in a temperature-
controlled room (22 ± 2°C) with a 12-hours light/12-hours
dark cycle during the experiments. The animals were pro-
vided a standard rat pellet diet ad libitum. Drinking wa-
ter containing the 4-NQO was prepared by dissolving the
carcinogen in distilled water three times per week. It was
given in light-opaque bottles because the 4-NQO is a syn-
thetic carcinogen derivative of quinoline, soluble in water
and sensitive to high temperature and light (21).
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3.4. Experimental Design

The animals were randomly divided into four groups
(15 animals in each group) as follows:

Group A, B, and C served as the treatment groups and
received the 4-NQO at the concentration of 30ppm in their
drinking water for 14 weeks. They also intraperitoneally re-
ceived the FPME at the doses of 50, 250, and 500mg per kilo-
gram of body weight three times per week for 14 weeks ret-
rospectively.

Group D served as the carcinoma control group and re-
ceived the 4-NQO at the concentration of 30ppm in drink-
ing water for 14 weeks without any treatment.

All the animals were weighed before and after the ex-
periment; weight changes was calculated for each one of
the animals. After ulceration of rats’ tongues, which took
14 weeks, the animals were euthanized under anesthetic
condition (Pentobarbital, 150 mg/kg IP) (22) for histopatho-
logic evaluation.

3.5. Histological Evaluations

At the end of the interventional period, tongue tissue
samples were taken from each animal and were immedi-
ately fixed in 10% phosphate-buffered formalin. Then, the
samples were embedded in paraffin and 5 µm thick mi-
croscopic sections were prepared. Afterward, the sections
were stained by the hematoxylin-eosin staining method.
Histological evaluations were performed with light mi-
croscopy (Olympus CH30).

Specimens were qualified blindly by two indepen-
dent observers with an agreement of 92%. Histological
slides were evaluated by using a light microscope. In
the stained slides, morphological study of epithelium in-
cluding hyperplasia, hyperkeratosis, drop-shaped rete pro-
cesses, basal cell hyperplasia, irregular epithelial strat-
ification, nuclear hyperchromatism, increased nuclear-
cytoplasmic ratio, increased normal and abnormal mitosis
in the basal and suprabasal layer of epithelium, enlarged
nucleoli, individual cell keratinization, loss or reduction of
cellular cohesion, cellular pleomorphism, and loss of basal
cell polarity were determined in the epithelium. Then the
samples were scaled as normal, mild dysplasia, moderate
dysplasia, severe dysplasia, carcinoma in situ, and squa-
mous cell carcinoma according to Table 2.

3.6. Ethics

All the ethical and humanity considerations were con-
sidered and performed according to the Declaration of
Helsinki during the experiments and euthanasia of the an-
imals.

This article is the result of research project no. 441
approved by the research committee, Tabriz University of

Medical Sciences, and the ethical considerations have been
approved by the ethics committee.

3.7. Data Analyses

Statistical analysis was performed using SPSS 20.0 soft-
ware.

The weight changes results were expressed as mean ±
SD. The data was analyzed by One-Way Analysis of variance
(ANOVA) and repeated measurement of ANOVA was used
to compare them. A P value < 0.05 was considered signifi-
cant. A Fischer’s exact test was also used for analyzing the
pathological changes, and a P value < 0.001 was consid-
ered significant.

4. Results

weight changes in study groups was higher than the
non-treated (cancer control) group; however, the differ-
ences were not significant P = 0.18 (Table 1).

After 14 weeks, ulcers that varied in size were de-
tected in the dorsal of the rats’ tongues. Microscop-
ically, morphological alterations on the tongue epithe-
lium were seen. These changes included macroscopic le-
sions, changes in cell size, and pathological changes. The
changes were varied in the tongue tissue samples from
mild dysplasia to squamous cell carcinoma; they were sig-
nificantly different between groups (P < 0.001). Table 2
shows frequency and percent of the pathologic changes in
different groups.

The histological evaluations of the tissue samples of
the cancer control group (i.e., without any treatment)
showed severe pathological changes. The squamous cell
carcinoma (Figure 1) and the carcinoma in situ (Figure 2)
were the changes seen most frequently in this group (80%
and 20%, respectively). In the tissue samples of the FPME-
treated rats, mild (Figure 3), moderate (Figure 4), and se-
vere dysplasia (Figure 5) were the dominant pathological
changes (Table 2).

5. Discussion

Tumorigenesis is a multistep process that involves
three phases: tumor initiation, promotion, and progres-
sion (2, 23). The oral cancer usually develops in the tongue
epithelium during the carcinogenesis pass from hyperpla-
sia through mild to moderate and severe dysplasia before
the onset of the OSSC (24, 25).

Similar to previous studies (1), in the present study, the
histopathological evaluation of the tongue tissue samples
of the cancer control group showed that the OSCC model
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Table 1. Weight Changes in Study GroupsaS

Groups A B C D P-Value

Weight Changes After 14Weeks, grams 27.0 (12.7) 24.7 (10.8) 36.0 (14.5) 17.0 (8.2) 0.18

aValues are expressed as mean ± SD.

Table 2. Frequency of Pathologic Changes in Tongue Tissues of Study Groups (P < 0.001)a

Group Type of Lesion

Mild Dysplasia Moderate Dysplasia Severe Dysplasia Carcinoma in situ OSCC

A 2 (13.3) 5 (33.3) 5 (33.3) 1 (6.7) 2 (13.3)

B 4 (26.7) 2 (13.3) 6 (40.0) 2 (13.3) 1 (6.7)

C 3 (20.0) 6 (40.0) 4 (26.7) 1 (6.7) 1 (6.7)

D 0 (0.0) 0 (0.0) 0 (0.0) 3 (20.0) 12 (80.0)

Total 9 (15.0) 13 (21.7) 15 (25.0) 7 (11.7) 16 (26.7)

aValues are expressed as No. (%).

Figure 1. Well Differentiated Squamous Cell Carcinoma

Nests of markedly atypical squamous cells invading into the connective tissue (a) (H
and E staining, × 400).

was successfully induced by the 4-NQO in the rats. The 4-
NQO-induced OSCC is used to examine various stages of the
oral carcinogenesis because of its capability of inducing se-
quentially the phases of the carcinogenesis (hyperplasia,
dysplasia, severe dysplasia, carcinoma in situ, and OSSC)
(22). The carcinogenic action of the 4-NQO is initiated by
the enzymatic reduction of its nitro group (26). The four-
electron reduction product 4-hydroxy-aminoquinoline 1-
oxide (4HAQO) is believed to be the proximate carcino-
genic metabolite of the 4-NQO. After metabolizing an elec-
trophilic reactant, selyl-4HAQO reacts with DNA and forms

Figure 2. Carcinoma in situ shows full-thickness dysplastic changes in epithelium

Basement membrane is intact (H and E staining,× 200, lower left figure). The same
illustration with high magnification shows dyskeratotic cells (a), mitosis (b), pleo-
morphism and hyperchromatism (c) (H and E staining, ×400).

stable quinoline mono adducts such as 3-(deoxyadenosin-
N6-yl)-4AQO and N4-(guanosin-7-yl-4AQO) that are respon-
sible for its mutagenicity (17, 25, 26).

The described damage is similar to that caused by the
carcinogens that exist in tobacco and that are an important
risk factor for oral cancer. On the other hand, the chronic
administration of the 4-NQO produces molecular and cel-
lular changes that lead to histopathological changes sim-
ilar to those seen in human OSCC (27, 28). Therefore, the
model of the carcinogenesis in rats is more appropriate to
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Figure 3. Mild Dysplasia and a Large Amount of Mitosis (a), Nuclear Hyperchroma-
tism and Pleomorphism (b) in Basal and Parabasal Cell Layers (H and E staining, ×
400).

Figure 4. Moderate Dysplasia Shows Architectural Changes Extend Well Into the
Middle Third of the Epithelium With Cellular Crowding, Nuclear Hyperchromatism
and a Large Amount of Mitosis (a) (H and E staining, × 400).

examine OSSC.

Based on the obtained results, the FPME prevented the
progress of the malignancy in the OSCC model in rats. The
findings are based on some previous studies: assa-foetida
(the oleogumresin obtained from some Ferula species)
could inhibit early events of the carcinogenesis (15). Iran-
shahi et al. (6) showed the activity of the diversin from Fer-
ula diversivittata in inhibiting the tumor promotion stage
in the in-vitro EBV inhibition test. In addition, they indi-
cated that the diversin was also active in an in-vivo two-
stage mouse skin carcinogenesis test and concluded that
the compound could be valuable as an anti-tumor pro-

Figure 5. Severe Dysplasia Shows Near Full Thickness Architectural Disorder With
Nuclear Pleomorphism (a) and Mitosis (b) (H and E staining, × 400).

moter or as a lead compound for new anti-cancer drug de-
velopment. They also stated that different Ferula species
might be good sources of cancer chemopreventive agents
(6).

Umbelliprenin is synthesized by various Ferula species
(6, 12, 13). However, overall, the parent structure of the au-
raptene and the umbelliprenin, the preferential toxicity of
the umbelliprenin for M4Beu cells, and its capacity to de-
crease the MMP activity and the expression in cancer cells
(13) support the hypothesis that the umbelliprenin is orally
administered, and foods or folk medicines containing this
coumarin may afford protection against the development
and recurrence of malignant melanoma in humans with
minimal side effects (29).

In addition, the umbelliprenin induces apoptosis in
Jurkat cells through caspase-mediated programmed cell
death. The umbelliprenin activates intrinsic and extrin-
sic pathways of the apoptosis through activation of cas-
pase 9 and caspase 8 proteins, respectively (5). In this
regard, some evidence also supports that umbelliprenin
might afford protection against the development and re-
currence of malignant melanoma in humans with mini-
mal side effects (29). Previous studies suggested that um-
belliprenin and auraptene compounds of Ferula species
might be more valuable tumor promoting agents in cases
of chemical carcinogenesis, and presence of prenyl moiety
on the structure of the umbelliferone nucleus plays an im-
portant role in anti-tumor promoting activity (30, 31).

Moreover, the pattern of tumor promotion was slower
in mice treated with umbelliprenin compared with the
curcumin. Therefore, umbelliprenin might be valuable
as a cancer chemopreventive agent (32). This study sug-
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gested that umbelliprenin from Ferula species acts as an
anticancer factor like garlic, shallot, and ginger extracts (7,
8). Because this study was an animal study, we had some
limitation on the number of rats. One strong point of the
study was the availability of the F. persica plant, which is
one of the endemic plants in Iran.

5.1. Conclusion

The results of the present study indicate that all doses
of the FPME used in the present study caused significant de-
creases in the severity of the histopathological changes in
rat 4-NQO-induced OSCC. However, further investigations
are necessary to clarify effective fractions, mode of action
of the FPME, and its potential therapeutic application in
different types of cancer.
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