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ABSTRACT

Methotrexate (MTX), a chemotherapeutic drug, causes severe cytotoxic effects 
on lingual mucosa. Pomegranate peel extract (PPE) and pumpkin seed oil (PSO) are 
natural substances, that are used to decrease the toxic effect on tissues because of their 
anti-oxidant effects. Aim of the study: The current study was conducted to evaluate 
and compare between the preventive role of pomegranate peel extract and pumpkin 
seed oil against cytotoxicity induced by methotrexate on albino rats’ lingual mucosa. 
Methodology: This investigation involved 32 adult male albino rats, which were evenly 
distributed into four groups, each containing eight rats: control, MTX, PPE+MTX, and 
PSO+MTX. Following a duration of 21 days, all the animals were humanely euthanized. 
Their tongues were then collected and subjected to staining with Hematoxylin & Eosin 
(H&E) and immunohistochemical analysis for PCNA. Results: MTX group revealed 
markedly atrophic degenerative changes in lingual papillae, lamina propria showed 
degeneration and dissociation of collagen fibers, inflammatory cell infiltrations and 
acinar and ductal degeneration compared to control group. However, PPE and PSO 
groups showed fewer damaging effects on tongue papillae comparing to MTX group 
only. PCNA was significantly increased in PPE and PSO groups compared to MTX 
group. Conclusions: Pomegranate peel extract showed obvious improvement against 
methotrexate degenerative effect than pumpkin seed oil which demonstrated poor 
improvement thus, PPE was outstanding anti-inflammatory and anti-oxidant than PSO. 

INTRODUCTION

Chemotherapy is a family of drugs that is used in different forms 
these days to treat cancer. It’s critical to find drugs that can mitigate 
the side effects of anti-cancer drugs without reducing their efficacy, in-
creasing their toxicity or endangering the target organs (1). Chemothera-
peutic agents significantly affect the mouth, leading to both primary and 
ancillary toxicity. This arises from several reasons, notably the swift 
regeneration of cells in the mucous membrane of the mouth (2).

Methotrexate (MTX), an analog of folic acid, is commonly prescribed 
for several autoimmune diseases such as psoriasis, lichen planus, and 
rheumatoid arthritis, in addition to being used in the treatment of various 
cancers, including acute leukemia and osteosarcoma (3). The primary 
mechanism of action of MTX relies on inhibiting DNA synthesis.  
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MTX disturbs the balance between pro-oxidants and 
antioxidants, resulting in oxidative stress, leading to 
increased reactive oxygen species and later cellular 
apoptosis (4).

Despite being a common component of cancer 
therapy, it also has adverse effects on a variety of 
tissues. These adverse effects caused by MTX 
include nephrotoxicity, hepatotoxicity, lung toxicity, 
and bone marrow toxicity (5). Stomatitis, diarrhea, 
nausea, vomiting and alopecia are the most frequent 
side effects in MTX patients; these side effects are 
frequently brought on by the production of free 
radicals and lipid peroxidation (6). 

Administering natural antioxidants could be 
a viable strategy to mitigate the negative effects 
associated with treatment using MTX (7). Because 
antioxidants play a crucial role in preserving both 
general and dental health, there has been a particular 
focus on using them in treatment. Utilizing natural 
dietary additives, particularly those enriched with 
components like extract from pomegranate peels 
and oil from pumpkin seeds, can hasten recuperation 
from critical health conditions and lessen the adverse 
effects caused by treatments such as chemotherapy 
and radiotherapy (8). 

Pomegranates (Punica granatum L.) have gained 
a lot of attention because of its advantageous and 
nutraceutical qualities in relation to a number of 
illnesses, including diabetes mellitus, cancer, and 
cardiovascular disorders(9). Extract from pomegran-
ate peels is rich in phytochemicals, predominantly 
from the family of phenolic compounds, including 
elements like anthocyanins, tannins, flavonoids, and 
specific phenolic acids (like gallic acid) (10).

Pomegranate peel extracts (PPE) exhibit notable 
properties such as antioxidation, anti-inflammation, 
infection resistance, microbial defense, liver protec-
tion, anti-atherosclerosis, diarrheal prevention, and 

mutation prevention capabilities (11).  Polyphenols 
such as ellagannins and the pomegranate-peculiar 
punicalagin play a crucial role as antioxidants and 
anti-inflammatory agents. According to the results 
of recent studies, PPE has a more significant and 
promising role in the regulation of oxidative stress 
due to its ability to scavenge radicals and chelate 
transition metals (9).

Pumpkins, with origins dating back over 4,000 
years in South America, belong to the genus Cu-
curbita maxima and the family “Cucurbitaceae” 
where they were first cultivated. Rich in bioactive 
compounds such as proteins, peptides, polysaccha-
rides, para-aminobenzoic acid, sterols, and fixed 
oils, pumpkin consumption is known to combat 
cancer, eye disorders, and skin conditions. Pump-
kin seeds enhance the body’s immune response and 
reduce cell damage. Their nutritional and health-
maintaining qualities have attracted considerable 
attention(12). 

Oil derived from pumpkin seeds is rich in phe-
nolic substances such as vanillic acid, tyrosol, and 
vanillin. It also contains abundant selenium and 
lutein, alongside squalene, phytosterols, carbohy-
drates, minerals, and proteins. The pharmacological 
properties of the pumpkin seed oil include anti-in-
flammatory, antibacterial, antifungal, anti-diabetic, 
antitumor, anti-obesity and antioxidant properties 
(13). Several studies have documented its therapeutic 
benefits including immunomodulation, anticancer 
and antihypertensive properties (14). 

MATERIAL AND METHODS 

Approval of the Ethics Committee of Scientific 
Research, Faculty of Dentistry, Suez Canal 
University, has been obtained before starting the 
search (approval number: 430\2021). 
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Materials

Methotrexate: was purchased as ampoule (50 
mg/2 ml) (Sigma Chemical Company, Saint Louis, 
Mo, USA. Cat. No. A6770). 

Pumpkin seed oil: was purchased from Nano 
Gate Company Cairo in form of cold-pressed PSO 
(liquid) 

Pomegranate peel extract: was prepared at 
Nano Gate Company, Cairo.

PCNA for IHC stain: mouse monoclonal 
anti-PCNA (Cat # MS-862-P, Thermo Scientific, 
CA, USA at dilution 1:300) was used as primary 
antibodies. 

Preparation of pomegranate peel extract:

Pomegranate peel extract prepared at Nano 
Gate Company, Cairo according to manufacture 
instructions (15), 100 g oven dried peel of pomegranate 
(Punica granatum L. Family: Punicaceae) were 
extracted by adding 1000 ml of distilled water and 
boiled at 80ºC for 30 min. The extract underwent 
filtration through filter paper, and the resulting 
filtrate was then subjected to evaporation using 
a rotary evaporator at low pressure until dry. 
Subsequently, 5 grams of this dried extract was 
reconstituted in 100 milliliters of distilled water 
prior to administration. The aqueous extract was 
then delivered orally via an oropharyngeal tube, at a 
dosage of 250 mg per kilogram of body weight, for 
a duration of three weeks. 

Study design and animals grouping

Animals: This study was carried out on 32 male 
albino rats, weighting (200 ±15) grams. The sam-
ple size for this study was calculated according to 
Charan and Biswas, (16) used the following equation:

N =
(Zα)2 * (SD)2

(d)2

N = Total sample size

Zα= Is Standard normal variate and its equal 1.96 
at P < 0.05

SD = Standard deviation of variable 

d = Absolute error or precision

 Zα SD d
1.96 5.77 2

Total sample size N =
(1.96)2 x (5.77)2

= 31.97 ≈ 32 samples
(2)2

The sample size in this study is in agreement 
with Ghamarzad Shishavan et al.(17) who have 
published on this point.

The rats were purchased from College of 
Veterinary Medicine. They were housed into four 
groups in a well-ventilated room with controlled 
temperature, 50-70% humidity and 12-hour day/
night cycle. All animals were given water and 
recommended diet adlibitum.The experiment 
was performed in the Animal House, Faculty of 
Dentistry, Suez Canal University. 

Thirty-two rats were divided into four (4) groups 
as follows:

Group 1 (control negative): containing 8 rats, 
the rats did not receive any treatment.

Group 2 (MTX group): containing 8 rats, the 
rats were received methotrexate (MTX) 10mg\kg 
intramuscularly for 3 consecutive days, beginning 
from the 10th day (18).

Group 3 (PPE + MTX group): containing 8 
rats, the rats were received 250mg\kg pomegranate 
peel extract (PPE) orally by oropharyngeal tube for 
21 days and methotrexate (MTX) 10mg\kg intra-
muscularly for 3consecutive days, beginning from 
the 10th day (15).
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Group 4 (PSO + MTX group): containing 8 
rats, the rats were received pumpkin seed oil 1.5 
ml/kg/day orally by oropharyngeal tube once daily 
for 21days and methotrexate (MTX) 10mg\kg intra-
muscularly for 3 consecutive days, beginning from 
the 10th day (19). 

Following euthanasia (achieved through an ex-
cessive amount of ether vapor), the tongues were 
extracted for histological and immunohistochemi-
cal analysis. These tongue samples were preserved 
in a 10% buffered formalin solution for a period of 
48 hours. After fixation, the samples were dehy-
drated using increasing concentrations of ethyl al-
cohol, cleared in xylene, and subsequently embed-
ded in paraffin. Using a microtome, each block was 
sectioned to produce five serial sections, each 5μm 
thick, which were then prepared for Hematoxylin 
& Eosin (H&E) and Immunohistochemical (IHC) 
staining for PCNA (20). 

Immunohistochemical procedures:

For the immunohistochemical examination of 
PCNA, sections of 5 microns thickness were sliced 
from each paraffin block and placed onto positively-
charged glass slides. These sections were then rid 
of paraffin in xylene and passed through a series 
of ethanol solutions of decreasing concentration 
for rehydration. Following this, the sections were 
rinsed with TBS (20 mM Tris-HCl, 150 mM NaCl, 
pH 7.4). Subsequently, they underwent a 30-min-
ute room temperature treatment with 0.3% H2O2 in 
distilled water to suppress endogenous peroxidase 
activity. Adhering to the manufacturer’s guidelines, 
antigen retrieval was carried out. The slides were 
then treated with 100 µl of blocking solution from 
Abcam for 30 minutes at ambient temperature. This 
was followed by an overnight incubation at 4ºC 
with primary monoclonal antibodies (specifically, 
anti-PCNA primary antibody, Cat # MS-862-P, 
from Thermo Scientific, CA, USA, used at a 1:300 
dilution).

The sections were first rinsed in 1X Phosphate 
Buffered Saline (PBS) and then treated with a 
biotinylated secondary antibody (anti-mouse) in 
a blocking buffer. This incubation took place for 
one hour at room temperature within a moisture-
controlled chamber. To visualize peroxidase activity, 
the sections were soaked in an ABC solution for one 
hour at a consistent temperature. The development 
of color began with the application of DAB solution 
(0.5 mg/ml DAB and 0.1% H2O) on the sections. 
Once the color reaction reached the intended level, 
it was stopped by rinsing the sections in H2O for 
a duration of 5 to 10 minutes. Following a gradual 
dehydration process, the sections were prepared with 
coverslips for observation. Immunohistochemical 
staining was evaluated using a light microscope 
(Olympus BX53, Tokyo, Japan). An image analysis 
system (Image J / Fiji 1.46) was employed to analyze 
the results of immune-expression.

Statistical Analysis:

For the statistical evaluation of IHC outcomes, 
the Statistical Package for the Social Sciences 
(SPSS) software, version 26, was utilized. The in-
tensity of the IHC staining was presented as a mean 
± standard deviation. To conduct comparisons 
across different groups, a One-way ANOVA was 
employed. For specific pairwise comparisons, Bon-
ferroni post hoc test was used. A P value of less than 
0.05 was deemed to indicate statistical significance. 

RESULTS 

Histological evaluation

Group 1 (control group): Histological analysis 
of the rats’ tongue mucosa revealed typical 
characteristics of the surface epithelium and the 
supporting lamina propria beneath. Various papilla 
types such as filiform, fungiform, and circumvallate 
were observed on the tongue’s dorsal aspect  
(Fig. 1.A,B,C), while the lingual glands exhibited 
standard histological structure (Fig. 2.A,B).   
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Fig. (1) Photomicrographs of dorsal surface of the tongue. A: Control group showing normal structure of filiform papillae with 
keratinized stratified squamous epithelial coverage and lamina propria B: Control group showing a fungiform papillae with taste 
bud (arrow) C: control group showing circumvallate papillae with normal stratified squamous epithelium, lamina propria and a 
lot of taste buds in its side walls (arrows) D: MTX group showing atrophied filliform papillae with cytoplasmic vacuolization 
of epithelium (black arrows), focal disruption of basment membrane (blue arrows), hyperkretanization, and inflammatory cell 
infilteration in the underlying lamina propria (star) E: MTX group showing atrophic fungiform papilla with degenerating taste bud 
(arrow) and inflammatory cells infilteration (star) F: MTX group showing degenrated taste buds (black arrows),dialtion of blood 
vessels engorged with RBCs (blue arrow) and disassociaton of underlying connective tissue with inflammatory cell infilteration 
(star) G: PPE+MTX group showing normal filiform papillae with normal keratinization and normal underlying lamina propria 
H: PPE+MTX group showing almost normal fungiform with cytoplasmic vacuolization in taste bud (arrow) I: PPE+MTX group 
showing circumvallate papillae with almost normal stratified squamous epithelium and taste buds with cytoplamic vacuolizations 
(arrows) J: PSO+MTX group showing atrophied filiform papillae with almost normal underlying lamina propria K: PSO+MTX 
group showing atrophied fungiform papilla with cytoplasmic vacuolization in its taste bud (arrow) L: PSO+MTX group showing 
circumvallate with atrophied epithelium, degenerated taste buds (arrows), the underlying lamina propria showed inflammatory cell 
infilteration (star) and blood vessels engorged with RBCs (blue arrow) (H&E, orig. mag. 400,200). 
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Fig. (2) Photomicrographs of immunohistochemistry-stained sections of tongues (A): Control   group showing moderate positive 
nuclear PCNA immunoexpression in the basal and suprabasal cells (B): MTX group showing weak nuclear PCNA 
immunoexpression in the basal and suprabasal cells (C): PPE+MTX group showing strongly positive nuclear PCNA 
immunoexpression in the basal and suprabasal cells (D): PSO+MTX group showing weak nuclear PCNA immunoexpression 
in the basal and suprabasal cells (orig. mag. 400).
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Group 2 (MTX group): showed the filiform 
papillae were markedly atrophic and with 
decreasing in their number. Atrophy and contraction 
were observed in the fungiform and circumvallate 
papillae, along with degeneration in their taste buds. 
In the lamina propria, there was evidence of collagen 
fiber degeneration and separation, infiltration by 
inflammatory cells, and expanded blood vessels 
filled with congested red blood cells (Fig.1. D, E, F). 
The lingual salivary glands displayed vacuolization 
in the cytoplasm of serous acinar cells and cyst-
like changes in mucous acinar cells, accompanied 
by infiltration of inflammatory cells in the adjacent 
connective tissue (Fig. 2. C, D).

Group 3 (PPE + MTX group): showed 
obvious improvement in their histological picture 
represented by regain of the epithelium thickness 
of lingual papillae and almost normal taste buds 
architecture with marked decreasing in cytoplasmic 
vacuolization. The lamina propria showed an 
apparent increase in cellularity and vascularity with 
no inflammatory cell infiltrations recording (Fig.1. 
G, H, I ). The lingual glands exhibited typical 
histological features, except for a few mucous 

acinar cells undergoing cystic changes and minor 
cytoplasmic vacuolization in some serous acinar 
cells (Fig. 2. E, F).

Group 4 (PSO + MTX group): The histological 
appearance of PSO-treated rats revealed minimal 
improvement in their histological image represented 
by little cytoplasmic vacuolization in the epithelium 
of dorsal surface with diminished in thickness and 
partial degeneration of the lingual taste buds. Lamina 
propria showed partially regain their cellularity and 
vascularity with localized areas of inflammatory 
cell infiltration (Fig.1. J, K, L). The lingual salivary 
glands exhibited vacuolization in the cytoplasm of 
serous acinar cells and a cystic transformation in 
mucous acini (Fig. 2. G, H).

Immunohistochemical localization of proliferat-
ing cell nuclear antigen (PCNA):

  Group 1 (control group): Immunohistochemical 
examination of the surface epithelium of the lingual 
mucosa of the control group showing moderate 
positive nuclear PCNA immunoexpression in the 
basal and suprabasal cells (Fig. 3 A). 

Fig. (3) Photomicrographs of immunohistochemistry-stained sections of tongues (A): Control   group showing moderate positive 
nuclear PCNA immunoexpression in the basal and suprabasal cells (B): MTX group showing weak nuclear PCNA 
immunoexpression in the basal and suprabasal cells (C): PPE+MTX group showing strongly positive nuclear PCNA 
immunoexpression in the basal and suprabasal cells (D): PSO+MTX group showing weak nuclear PCNA immunoexpression 
in the basal and suprabasal cells (orig. mag. 400).
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Group 2 (MTX group): In the lingual mucous 
membrane treated with a 10 mg/kg dose of MTX, the 
basal and suprabasal cells of the surface epithelium 
exhibited a faint response to PCNA (Fig. 3 B). 

Group 3 (PPE + MTX group): In group III, 
treated with PPE at a dosage of 250mg/kg, the sur-
face epithelium of the tongue’s mucous membrane 
displayed pronounced immunoreactivity to PCNA 
in both basal and suprabasal cells (Fig. 3 C). 

Group 4 (PSO + MTX group): In group IV, 
which was treated with PSO at a dosage of 1.5 
ml/kg/day, the surface epithelium of the mucous 
membrane of the tongue displayed a weak immune 
response to PCNA (Fig. 3 D).

Statistical Analysis for PCNA:

   Table 1 presents the outcomes of the statistical 
analysis, indicating distinct and significant differ-
ences when compared to the control group, MTX, 
PEE+MTX and PSO+MTX groups for PCNA (p 
<0.001) using one way ANOVAs at a significant 
level P< 0.05. The pairwise comparison showed a 
significant difference between each group to an-
other. The PEE+MTX group had the high mean 
value (24.84±1.35) followed by Control group 
(21.32±0.85) then PSO+MTX (13.35±1.52) while 
MTX group was the lowest one (5.32±0.54).

Table (1) Illustrates difference in mean of PCNA 
optical density between different group

Mean SD F test P value

Control (G1) 21.32 b 0.85

470.17 <0.001**
MTX (G2) 5.32 d 0.54

PPE+MTX  (G3) 24.84 a 1.35

PSO+MTX (G4) 13.35 c 1.52

Multiple Comparisons using Bonferroni post-hoc

Pair wise Mean 
difference

95% Confidence 
Interval(CI) P value

Lower Upper

G1 Vs G2 16.01 14.39 17.62 <0.001**

G1 Vs G3 -3.52 -5.13 -1.90 <0.001**

G1 Vs G4 7.97 6.36 9.58 <0.001**

G2 Vs G3 -19.52 -21.13 -17.91 <0.001**

G2 Vs G4 -8.04 -9.65 -6.42 <0.001**

G3 Vs G4 11.49 9.87 13.10 <0.001**

Test used: ANOVAs  test (F) 

**;  and different letters means  significant at P<0.05

DISCUSSION

Methotrexate (MTX) is a cytotoxic chemother-
apy drug that is recommended for inflammatory 
disorders such as rheumatoid arthritis and psoriasis, 
as well as for treating various tumour types such as 
breast cancer, lung cancer, leukaemia, testicular tu-
mours, and other malignancies (3). Oral mucositis, a 
condition characterized by inflammation and ulcer-
ation, commonly occurs in cancer patients undergo-
ing chemotherapy and radiotherapy. Around 40% of 
individuals undergoing chemotherapy and 80% of 
patients receiving radiotherapy for head and neck 
cancers suffer from oral mucositis (21). 

   The present study demonstrated the negative 
side effects of methotrexate on lingual mucosa 
and aimed to evaluate the preventive role of 
pomegranate peel extract and pumpkin seed oil 
against cytotoxicity induced by methotrexate on 
albino rats’ lingual mucosa.

In current  investigation, the tongue was tissue 
of choice because it is a helpful investigative tool 
for examining the effects of pharmacological 
substances on various tissues as the enormous 
morphological variations of the tongue which is 
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crucial for chewing and swallowing food, are a 
reflection of different lifestyles (22) additionally, 
it has high turnover and renewal rate of epithelial 
cells, thus cytotoxic medicines that target rapidly 
proliferating cells can have an adverse effect on it(23)

In this study, rats administered with MTX 
exhibited signs of atrophy and degeneration affecting 
the surface epithelium and lamina propria of the 
dorsal surface of the tongue, including the lingual 
salivary glands. Surface epithelium of the dorsal 
surface demonstrated a lot of vacuolizations in the 
epithelial cells, atrophy and hyperkertanization that 
could be due to its direct inhibitory effects on DNA 
replication and mucosal cellular proliferation reduce 
the basal epithelium’s ability for regeneration. The 
study of Ahmad and Kaz (24) was agreed with the 
present study result, the authors demonstrated 
atrophied epithelium with flattening or shortening 
of rete ridge during studying the histological effect 
of methotrexate and folinic acid on oral epithelium 
of albino rats.

The lamina propria displayed signs of collagen 
fiber degeneration and separation, along with 
infiltration by inflammatory cells and the widening of 
blood vessels, which were filled with an abundance 
of red blood cells. These results are in agreement 
with Al-Refai et al. (25) study. In their research, the 
authors examined the defensive effects of honey 
on the dorsal side of the tongue in rats treated with 
methotrexate, concluding that methotrexate induced 
degenerative alterations in the lingual mucosa.

Marked hemorrhage, vascular congestion and 
inflammatory cell infiltration in lamina propria were 
also noticed in the present study, these results were 
supported by Hsu et al. (26). The author proposed that 
the primary cause of the observed effects was the 
oxidative stress induced by MTX. It was found that 
MTX, during its intracellular metabolism, reduced 
glutathione-based antioxidants and generated 

oxygen free radicals. This led to lipid peroxidation, 
subsequently causing lysis of organelles and plasma 
membranes due to an imbalance between oxidants 
and antioxidants. Such inflammatory responses 
might aim to enhance blood flow to the damaged 
tissues. According to Garipardic et al.27 () and Abeer 
et al. (28) elucidated that the dilation and congestion 
observed were due to an inflammatory reaction to the 
MTX treatment, which heightened the permeability 
of endothelial cells. 

The current findings related to MTX are 
consistent with the research of Ahmed et al. (29), 
which focused on the impact of α-Lipoic acid 
on oral mucositis and oxidative stress caused by 
methotrexate in rats. The authors deduced that 
methotrexate led to degenerative alterations in the 
surface epithelium and lamina propria of the buccal 
and lingual mucosa.

After MTX administration, lingual glands 
showed degenerative changes represented as cyto-
plasmic vacuolization, number of mucous acinar 
cells revealed cystic transformations. Some serous 
acinar cells presented with marked atrophy, areas of 
complete loss of acinar cells and inflammatory cell 
infilteration of surrounding connective tissue. These 
findings align with the research of Abdel-Fatah et 
al. (30), who showed that MTX treatment led to the 
disruption of the normal structure of parotid tissue. 
This was characterized by a total disappearance and 
deterioration of parotid acini, creating vast empty 
spaces, while some acini displayed a high number 
of intracellular vacuoles. Additionally, ducts were 
observed to be expanded with accumulated secre-
tions. The presence of collagen fibers, infiltration by 
inflammatory cells, overloaded blood vessels, and 
hemorrhaging among the acini were also noted. 

El-Agamy et al. (31) suggest that the vacuolization 
observed in the cytoplasm of certain epithelial 
or acinar cells could stem from cytoplasmic 
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deterioration that leads to the formation of voids, 
or from the buildup of fat droplets. This fatty 
degeneration, resulting in empty spaces, may be 
attributed to unused fatty acids, a consequence of 
cellular malfunction. 

Methotrexate triggers the generation of 
reactive oxygen species, which harm the DNA of 
epithelial cells, initiating a cascade of biological 
responses. This includes the activation of nuclear 
factor-kappa B, culminating in the release of 
inflammatory cytokines that lead to tissue damage 

(32). The interaction of these reactive species with 
biological macromolecules correlates with the 
creation of lipid peroxides, impairment of cellular 
function, membrane breakdown, and the production 
of deactivated proteins and mutated DNA (33). Pro-
inflammatory cytokines and reactive oxygen species 
both play a vital role in the onset of mucositis (34). 

Some antineoplastic drugs’ mode of action during 
cancer chemotherapy involves the production of 
free radicals which further causes cellular damage 
and necrosis in cancer cells. As a result, taking 
antioxidant supplements helps patients tolerate 
potentially greater effective chemotherapy doses, 
which increases the likelihood of a stronger tumour 
response and a higher survival rate. So that, co-
administration of antioxidant during chemotherapy 
has been highly controversial topic (35).

Antioxidants defend the body against the 
damaging effects of free radicals and reduce or 
repair the damage through slowing down or stopping 
cellular damage and are essential for oxidative 
stress prevention (36). As a consequent of previous 
researches, the present investigation suggested that 
the antioxidant could have preventive role during 
methotrexate treatment.  Pomegranate peel extract 
and pumpkin seed oil were chosen as antioxidant 
agents (37) in the present study to evaluate their 
preventive role against the negative effect of MTX.

Pomegranate peel extract (PPE) is a valuable 
source of bioactive compounds such as carbohy-
drates, minerals, and bioactive substances like fla-
vonoids, ellagitannins, phenolics, and proantho-
cyanidins. Poly-phenols and flavonoids have anti-
oxidant properties that include scavenging reactive 
species, modifying enzymes to interfere with cell 
signalling, and oxidative stability (38). 

This study found that pre-treatment with 
PPE prior to administering MTX (PPE+MTX) 
significantly enhanced the histological condition 
of the lingual mucosa in rats treated with MTX. 
Notably, there was a restoration of normal epithelial 
thickness of the dorsal surface of the tongue, a 
decreased extent of disintegration and separation 
of the collagen fibers in the lamina propria, and a 
reduction in the infiltration of inflammatory cells. 
Minor salivary glands showed almost normal 
histological picture and their ducts showed normal 
appearance with normal potent lumen. 

The outcomes align with the findings of Bassiri-
Jahrom et al. (39), who determined that pomegran-
ate peel extract acts as an in vivo suppressor of oral 
candida infections, making it a promising candidate 
for research into novel anti-candida agents. Addi-
tionally, Al-Gareeb and Mohammed,(40) investi-
gated the liver-protective properties of pomegranate 
against acute liver injury caused by methotrexate. 
Their research indicated that pomegranate lessened 
ROS and inflammation, and ameliorated the histo-
logical alterations induced by MTX.

These marked improvement in the histological 
structures of the lingual mucosa of rats that received 
PPE could be explained as a plentiful source of 
organic antioxidants, immunostimulants, cancer-
fighting, anti-atherosclerosis, anti-inflammatory and 
anti-microbiota agents (41). Pomegranate peel extract 
reduces oxidative stress, which in turn reduces 
cell death and tissue fibrosis in wounded tissues.  
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It includes phenolic compounds that can prevent 
lipid peroxidation by activating antioxidant enzymes 
including glutathione reductase, glutathione 
peroxidase, and sodium oxide dismutase or by 
scavenging free radicals. This impact will maintain 
the level of both enzymatic and non-enzymatic 
antioxidants (42).

Pumpkin seed oil (PSO) has a variety of anti-
tumor, antioxidant, antibacterial, anti-diabetic, and 
anti-obesity properties. They are a good source of 
phenolic compounds like vanillic acid, tyrosol, and 
vanillin, as well as high levels of selenium and lu-
tein. They also contain, phytosterols, carbohydrates, 
minerals, and proteins (13).

In the present investigation, PSO-treated rats 
before MTX administration (PSO+MTX) showed 
partial improvement in their histological picture 
of lingual mucosa of rats treated with MTX. The 
epithelium of the dorsal surface of the tongue 
partially retain thickness comparing to MTX group, 
filliform showed partial regain of the their number, 
decreasing in inflammatory in filtration, connective 
tissue fibers of lamina propria regained their density 
and arrangement. A number of mucous acinar cells 
exhibited cystic changes, while some serous acinar 
cells displayed signs of vacuolization. 

These results correspond with those of Kassab et 
al. (43), who found that pumpkin seed oil may play a 
protective role in mitigating damage to the mucosa of 
the tongue caused by orlistat in adult male albino rats. 
Furthermore, this is consistent with the research by 
Siham et al. (44), who explored the protective effects 
of pumpkin seed oil on nephrotoxicity induced by 
methotrexate in rats. Their study revealed that PSO 
administration significantly reduced nephrotoxicity 
caused by methotrexate in rats, attributed to its 
antioxidant and anti-inflammatory properties. 

Pumpkin seed oil greatly reduces the severity 
of lipid peroxidation and increases the activity 
of antioxidant enzymes this due to high amount 
of tocopherol (vitamin E) was thought to be the 
main cause of antioxidant effect. It is also a strong 
scavenger of peroxyl radicals which can shield 
biological cell membranes from the negative effects 
of free radicals. It inhibits DNA oxidative damage 
by neutralizing the increased generation of reactive 
oxygen species (45).

PCNA plays a critical role in the regulation 
of the cell cycle, as well as in DNA replication 
and repair. The expression of PCNA has been 
suggested as a possible biomarker for evaluating 
the proliferation rate in tissues (46). The current 
study’s immunohistochemistry findings showed 
that the MTX group’s PCNA immunoexpression 
was noticeably lower than that of the control group 
showing that MTX directly inhibits DNA replication 
and mucosal cell proliferation, resulting in a low 
rate of cellular proliferation. 

These results are corroborated by Ahmed et 
al. (29), which indicated that MTX diminishes the 
proliferative ability of epithelial cells, consequently 
leading to a thinner epithelium. This reduction is 
due to the impaired renewal capability of the basal 
epithelium. MTX acts by hindering the synthesis 
of purine and pyrimidine through its competitive 
binding to dihydrofolate reductase, resulting in 
DNA damage and triggering apoptosis (47). 

This study demonstrates that PPE enhances the 
proliferation of epithelial cells, as evidenced by the 
statistical data from the PPE+MTX group, which re-
corded the highest mean value of 24.84±1.35. This 
finding is in line with the research of Ricci et al. (48), 
which showed a link between the use of pomegran-
ate peel extract and the regulation of critical cell 
functions such as cell growth and differentiation. 
Their study also highlighted the strong antioxidant 
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properties of pomegranate peel extract and its effec-
tiveness in neutralizing free radicals. 

On the other hand, PSO+MTX enhanced the 
epithelium’s ability to proliferate but not enough 
to improve degeneration caused by MTX that 
indicated statistically as mean value of PSO+MTX 
(13.35±1.52). PSO partially increased thickness 
of epithelium when compared to MTX group that 
indicated histologically. 

Pumpkin seed oil contains active ingredients 
such as fatty acids, tocopherols, and phytosterols. 
These bioactive components contribute to the oil’s 
regenerative abilities, offering a connective tissue 
matrix that aids in complete re-epithelialization and 
the migration of fibroblasts. Moreover, vitamin E 
in pumpkin oil is an antioxidant and prevents cell 
degeneration, it helps the oil’s healing properties 
by promoting DNA synthesis (49). Accordingly, 
the present investigation revealed that PPE were 
potent than  PSO through increasing proliferation 
rate of epithelium and consequently improving the 
degenerated lingual mucosa , which was confirmed 
by histological results. 

CONCLUSIONS

Pomegranate peel extract has more potential 
preventative effect against MTX cytotoxicity than 
pumpkin seed oil.

RECOMMENDATIONS

•	 More researches utilizing combination of 
pomegranate peel extract and pumpkin seed oil 
are recommended as a trial to reinforce their 
preventive effects 

•	 Further studies using different dose concentra-
tion of pomegranate peel extract and pumpkin 
seed oil to determine the perfect preventive ef-
fective dose.

REFERENCES

1. Tarantino P, Carmagnani Pestana R, Corti C, Modi 
S, Bardia A, Tolaney S, Cortes J, Soria J, Curigliano G. 
Antibody–drug conjugates: smart chemotherapy delivery 
across tumor histologies. Cancer J Clin 2022; 72:95-195.  

2. Lopez B, Esteve C, Pérez M. Dental treatment consider-
ations in the chemotherapy patient. J Clin Exp Dent 2011; 
3:31–42. 

3. Kozminski P, Halik P, Chesori R, Gniazdowska E. 
Overview of dual-acting drug methotrexate in different 
neurological diseases, autoimmune pathologies and can-
cers. Int J Mol Sci 2020; 21:1-38. 

4. Chan E, Cronstein B. Mechanism of Action of 
Methotrexate. Bull Hosp J Dis 2013; 71:5–8. 

5. Abd-Allah O, Sharaf El-Din A. The possible protective ef-
fect of ginger against intestinal damage induced by metho-
trexate in rats. Med J Cairo Univ 2013; 81:1073- 1084. 

6. Wen J, Maxwell R, Wolf A, Spira M, Gulinello M, Cole 
P. Methotrexate causes persistent deficits in memory 
and executive function in a juvenile animal model. 
Neuropharmacology 2018; 139:76-84. 

7. Mello T, Zanieri F, Ceni E, Galli A. Oxidative stress in 
the healthy and wounded hepatocyte: a cellular organelles 
perspective. Oxid Med Cell Longev 2016; 3:1-15. 

8. Curro D. The role of gut microbiota in the modulation of 
drug action: a focus on some clinically significant issues. 
Expert Rev Clin Pharmacol 2018; 11:171–183. 

9. Akhtar S, Ismail T, Fraternale D, Sestili P. Pomegranate 
peel and peel extracts: chemistry and food features. Food 
Chem 2015; 174:417-25. 

10. Akuru E, Chukwuma C, Oyeagu C, Erukainure O, Mashile 
B, Setlhodi R, Mashele S, Makhafola T, Unuofin J, Abifarin 
T, Mpendulo T. Nutritional and phytochemical profile of 
pomegranate (“wonderful variety”) peel and its effects on 
hepatic oxidative stress and metabolic alterations. J Food 
Biochem 2021; 46:1-17. 

11. Devi Khwairakpam A, Bordoloi D, Kumar Thakur K, 
Monisha J, Arfuso F, Sethi G. Possible use of punica 
granatum(pomegranate) in cancer therapy. Pharmacol Res 
2018; 133:53-64.



399V O L .  5    •    N O . 2

Potential Role of Pomegranate Peel Extract Versus Pumpkin Seed Oil in Prevention of Tongue Cytotoxicity Induced by MXT

12. Dar A, Sofi S, Rafiq S. Pumpkin the functional and thera-
peutic ingredient: A review. Int J Food Sci Nutr 2017; 
2:165-170

13. Yu G, Zhao J, Wei Y. Physicochemical properties and an-
tioxidant activity of pumpkin polysaccharide (cucurbita 
moschata duchesne ex poiret) modified by subcritical wa-
ter. Foods 2021; 10:197-202.

14. Habib A, Biswas S, Siddique A, Manirujjaman M, Uddin 
B, Hasan S, Khan MMH, Uddin M, Islam M, Hasan M, 
Rahman M, Asaduzzaman M, Sohanur R, Khatun M, 
Islam M, Rahman M. Nutritional and Lipid Composition 
Analysis of Pumpkin Seed (Cucurbita maxima Linn.). J 
Food Sci Nutr 2015; 5:1-6.

15. Alqahtani F, Elsaid F, Alsyaad K.The role of olive leaves 
and pomegranate peel extracts on diabetes mellitus induced 
in male rats. Egypt J Hosp Med 2018; 71:3079-3085. 

16. Charan J, Biswas T. How to Calculate Sample Size for 
Different Study Designs in Medical Research?. Indian J 
Psychol Med 2013; 35:121–126. 

17. Ghamarzad Shishavan N, Mesgari Abbas M, Amini Afshar 
R, Zakeri Milani P, Yahyavi F. The Effects of Pomegranate 
(Punica granatum L.) Peel Methanolic Extract on Methotrexate 
Induced Changes in Hepatic Antioxidant Enzymes of Rats. 
Jundishapur J Nat Pharm Prod 2017; 12:1-7.

18. Doostan F, Abbasi M, Khordadmehr M, Fallah F, Behrouzy 
A. Effects of pomegranate seed and peel methanolic ex-
tracts on methotrexate-induced hepatotoxicity in rats. 
Pharm Sci 2019; 25:111-117.

19. DM A, WY A. Possible protective effect of pumpkin seed 
oil against sodium nitrite in rats, a biochemical and genetic 
study. Int J Clin Pharm Toxic 2017; 6:262-269. 

20. Suvarna S, Layton C, Bancroft J. Bancroft’s theory and 
practice of histological techniques. 8th edition, Elsevier 
Health Sciences, London, United Kingdom: Medical; 
2018: 1-672. 

21. Pulito C, Cristaudo A, Porta C, Zapperi S. Oral mucositis: 
the hidden side of cancer therapy. J Exp Clin Cancer Res 
2020; 39: 1-15. 

22. Dehkordi R, Parchami A, Bahadoran S. Light and scanning 
electron microscopic study of the tongue in the zebra finch 
cardueliscarduelis (aves: passeriformes: fringillidae). Slov 
Vet Zb 2010; 47:139–144. 

23. Sultan A, Ali A, Kamal A. Immunohistochemical study of 
the effect of green tea extract on methotrexate induced oral 
mucositis in albino rats. J Cyto Histol 2014; 5:1-7. 

24. Ahmad A, Kaz M. Histological effect of methotrexate 
and folinic acid on oral epithelium of albino rats.  J Coll 
Physicians Surg Pak 2016; 26:455-458.

25. Al-Refai A, Al-Barazenchy H, Abdulqader H, Khalil A. 
Protective role of honey on the dorsal surface of the tongue 
of methotrexate treated rats, histological and immunohis-
tochemical study. Med J Babylon 2016; 13:670 – 678. 

26. Hsu P, Hour T, Liao Y, Hun Y, Chang W, Kao M, Tsay G, 
Hung H, Liu G. Increasing ornithine decarboxylase activ-
ity is another way of prolactin preventing methotrexate-
induced apoptosis, crosstalk between ODC and BCL-2. 
Apoptosis 2006; 11:389-399. 

27. Garipardic M, Bakan V, Davutoglu M, Sayar H, Kuruta 
E. Oxidative stress and protective effect of erythropoietin 
on methotrexate induced esophageal damage. J Pediatr 
Hematol Oncol 2010; 32:108-112.

28. Abeer I, Marwa M, Eman A. Therapeutic mechanisms of 
granulocyte-colony stimulating factor in methotrexate-
induced parotid lesion in adult rats and possible role of 
telocytes, a histological study. Egypt J Histol 2017; 41:93- 
107. 

29. Ahmed A, Selim M, El-Sayed N. α-Lipoic acid amelio-
rates oral mucositis and oxidative stress induced by meth-
otrexate in rats, histological and  immunohistochemical 
study. Life Sci 2017; 171:51–59. 

30. Abdel-Fatah S, Yousef D, Al-Semeh A. Oxidative stress 
changes induced by methotrexate on parotid gland struc-
ture of adult male albino rat: can vitamin C ameliorate 
these changes?  Med J Cairo Univ 2019; 87:2555-2565. 

31. El-Agamy A, Aff O, Sheta A. Protective role of panax 
gensing on fluvoxamine maleate induced structural chang-
es in the submandibular salivary gland of rats. Nat Sci 
2014; 12:21-29. 

32. Shih A, Miaskowski C, Dodd M, Stotts N, MacPhail L. 
Mechanisms for radiation-induced oral mucositis and the 
consequences. Cancer Nurs 2003; 26: 222-229. 

33. Cetinkaya A, Bulbuloglu E, Kurutas E, Kantarceken B. 
N-acetylcysteine ameliorates methotrexate-induced oxidative 
liver damage in rats. Med Sci Monit 2006; 12:274–278.



400

Ola Bahaa Abd El-Hamid, et al.

34. Ozcicek F, Kara A, Akbas E. Effects of anakinra on the 
small intestine mucositis induced by methotrexate in rats. 
Exp Anim 2020; 69:144–152. 

35. Singh B, Singh J, Kaur A, Singh N. Phenolic compounds 
as beneficial phytochemicals in pomegranate (punica gra-
natum l.) peel, a review. Food Chem 2018; 261:75–86. 

36. Thobekile S, Sandy W, Nicolette N. Oxidative stress in 
ageing and chronic degenerative pathologies: molecular 
mechanisms involved in counteracting oxidative stress and 
chronic inflammation. Int J Mol Sci 2022; 23:1-28. 

37. Genc Y, Bardakci H, Yucel C, Karatoprak G, Akkol E, 
Barak T, Sanchez E. Oxidative stress and marine carot-
enoids, application by using nanoformulations. Mar Drugs 
2020; 18:1-32. 

38. Doostan F, Vafafar R, Zakeri-Milani P, Pouri A, Afshar R, 
Abbasi M. Effects of pomegranate (punica granatum l.) 
seed and peel methanolic extracts on oxidative stress and 
lipid profile changes induced by methotrexate in rats. Adv 
Pharm Bull 2017; 7:269–274. 

39. Bassiri-Jshromi S, Pourshafie M, Mirabzade Ardakani E, 
Ehsani A, Doostkam A, Katirae F, Mostafavi E. In vivo 
comparative evaluation of the pomegranate (punica grana-
tum) peel extract as an alternative agent to nystatin against 
oral candidiasis.  Iran J Med Sci 2018; 43:296-304. 

40. Al-Gareeb A, Mohammed G. Hepatoprotective effects 
of pomegranate against methotrexate-induced acute liver 
injury, an experimental study. Mustansiriya med J 2022; 
21:48-52. 

41. Caruso A, Barbarossa A, Tassone A, Ceramella J, Carocci 
A, Catalano A, Basile G, Fazio A, Lacopetta D, Franchini 
C, Sinicropi M. Pomegranate, nutraceutical with promis-
ing benefits on human health. Appl  Sci 2020; 10: 1-34. 

42. Kujawska M, Jourdes M, Kurpik M, Szaefer H, Chmielaz P, 
Kreiner G, Krajka-Kuzniak V, Mikolajczak P, Teissedre P. 
Neuroprotective effects of pomegranate juice against parkin-
son’s disease and presence of ellagitannins derived metabo-
lite-urolithin A in the brain. Int J Mol Sci 2020; 21:1-20. 

43. Kassab A, Moustafa K, Abd-El-Hafez A. The possible 
protective role of pumpkin seed oil in ameliorating tongue 
mucosal damage induced by orlistat in adult male albino 
rats, a light and scanning electron microscopic study. 
Foods, 2020; 43:975-987. 

44. Siham A, Marwa A, Entedhar R, Thuraia R, Kasim S. 
Protective effect of pumpkin seed oil on methotrexate 
-induced nephrotoxicity in rats. Biochem Cell Arch 2021; 
21:5383-5390. 

45. Syed Q, Akram M, Shukat R. Nutritional and therapeu-
tic importance of the pumpkin. Biomed 2019; 21:15798-
15803. 

46. Cai D, Ma X, Guo H, Zhang H, Bian A, Yu H, Cheng W. 
Prognostic value of p16, p53, and pcna in sarcoma and an 
evaluation of immune infltration. J Orthop Surg Res 2022; 
17: 1-14. 

47. AlMoula A, Azeez A, Abass K. Assessment of legalon on 
kidney functions and lipids profile in broiler chickens ex-
posed to hydrogen peroxide. J Adv Pharm Educ Res 2020; 
10:79-86. 

48. Ricci C, Pastukh V, Mozaffari M, Schaffer S. Insulin 
withdrawal induces apoptosis via a free radical mediated 
mechanism. Can J Physiol Pharmacol 2007; 85:455-464.

49. Bardaa S, Ben Halima N, Aloui F, Ben Mansour R, Jabeur 
H, Bouaziz M, Sahnoun Z. Oil from pumpkin (cucurbita 
pepo l.) seeds: evaluation of its functional properties on 
wound healing in rats.  Lipids Health Dis 2016; 15:1-12.


