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Abstract Objective: The aim of this experimental study was to 
investigate the histopathologic effect of Nigella Sativa 
oil (NSO) on cisplatin (Cis) induced oral mucositis 
(OM) in rats.
Methods: Twenty-four rats were divided into four 
equal groups. The animals in Group 1 and Group 2 
were given 5 mg/kg intraperitoneal (ip) Cis system-
ically on the 1st, 3rd and 5th days of the study. Addi-
tionally, 15 mL NSO were given to the rats in Group 
2, with gavage feeding on days 1, 3, 5, 7, and 9. The 
animals in Group 3 were given per oral 15 ml NSO 
on days 1, 3, 5, 7 and 9. As the control group, Group 4 
received a total of 15 mL 0.9% saline solution divided 
into 5 doses on days 1, 3, 5, 7 and 9 by oral gavage. 
On the 14th day, animals were euthanized and buccal 
mucosa from both sides, including submucosal tissues, 

were excised and taken to histopathological examina-
tion. 
Results: The mean mucosal thicknesses of the groups 
were 224.58 µm, 276.1 µm, 323.33 µm, and 331.33 µm, 
respectively for Groups 1, 2, 3, and 4 (p<0.05). When 
the degree of mucosal inflammation was examined, the 
most intense inflammation was detected in Group 1 
and the least intense inflammation was in Group 4 
(p<0.01). The degree of inflammation in Group 2 and 
Group 3 were similar to Group 4 (p>0.05).
Conclusion: According to the results of this study, 
NSO, for which anti-inflammatory and antioxidant 
properties have been shown in previous studies, may 
also be effective in preventing Cis-induced OM. 
Keywords: Nigella sativa oil, cisplatin, oral mucositis, 
animal experimentation
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Introduction
More than half a million new head and neck can-
cers are seen in the world in a year (1). In Europe, 
139,000 new head and neck cancer cases are re-
ported each year (2). Chemotherapy is one of the 
important options in the treatment of head and 
neck cancers. One of the most commonly used 
agents is Cis-diamminedichloroplatinum (Cis) 
(3).

Cis is used for the treatment of head and neck 
cancers as well as genitourinary, lung, esophagus, 
stomach, colon, testis, ovary, and bladder cancers 
(4-6). It acts similarly to alkylating agents. It kills 
malignant cells at all stages of the cell cycle. It 
binds to DNA, prevents transcription and repli-
cation, therefore, DNA synthesis is prevented (7, 
8). In addition to its therapeutic effect, many side 

effects such as myelosuppression, nephrotoxicity, 
oral mucositis (OM), ototoxicity, peripheral neu-
ropathy, thromboembolism, and tumor lysis syn-
drome can be seen during Cis treatment (3).

There is no definitive method to prevent or treat 
OM secondary to chemotherapy. Current treat-
ments show limited efficacy in cancer patients. 
Nutritional support, palliative care and also phyto-
therapeutic agents have been shown to be effective 
in preventing chemotherapy-induced OM in ani-
mal studies (9, 10). 

Nigella sativa (NS) is a plant species belonging 
to the Ranunculaceae family. NS seeds have been 
used as spices, and supplements food material in 
the Middle Eastern and the Mediterranean coun-
tries for centuries. NS contains tocopherol, thymo-
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quinone, carvacrol, t-anethol, and 4-terpineol, which neutralize 
free radicals. 

Antimicrobial, anti-inflammatory, antioxidant, antihistaminic, cy-
toprotective, and antineoplastic effects of NS have been explored 
in some in-vitro and in-vivo studies with successful results (11, 12). 
To our knowledge, however, there are no studies on the effect of 
NS on oral mucositis. The aim of this study was to investigate the 
protective effects of NS on oral mucositis induced by Cis in rats.

Methods

Ethical Approval
The study was approved by the Experimental Animals Ethics 
Committee of Yeditepe University (February 2, 2017-585).

Animals
Twenty-four healthy adult male Wistar albino rats, weighing 
250-300 g were used. The rats were kept in a temperature-con-
trolled room (21°C±2), in a dark/light cycle of 12 hours, with 
free access to food and water, and in cages with a humidity of 
55%±10.

Chemicals
Nigella sativa oil (NSO) (Zade Vital Natural Supplements, Kon-
ya, Turkey) was administered by gavage feeding. NSO was pro-
duced by cold extrusion and as stated by the manufacturer con-
tained; linoleic acid (57.537%), palmitic acid (11.75%), oleic acid 
(23.851%), cis-11,14-eicosapentaenoic acid (2.413%), stearic acid 
(3.086%), gondoic acid (0.33%), arachidic acid (0.194%), linolenic 
acid (0.247%), myristic acid (0.139%), palmitoleic acid (0.171%), 
erucic acid (0.085%), behenic acid (0.030%), heptadecanoic acid 
(0.064%), cis-10 -heptadecanoic acid (0.044%), lignoceric acid 
(0.023%) and cis-13,16-docosahexaenoic acid (0.037%).

Cis (cis-diamminedichloroplatinum of 0.5 mg/mL, Liba Drug 
Co., Istanbul, Turkey) was administered intraperitoneally (ip).

Xylazine (Rompun, Bayer) and ketamine hydrochloride (Ketalar, 
Eczacıbaşı, İstanbul, Turkey) were used for anesthetizing the rats. 

Experimental Design
The animals were randomly divided into four groups of six rats 
each. Group 1 was administered a total of 15 mg/kg Cis ip di-
vided into three equal doses on days 1, 3 and 5. The rats in Group 
2 received 15 mL NSO by gavage feeding divided into five doses 
on days 1, 3, 5, 7 and 9 and 15 mg/kg Cis was administered ip on 
days 1, 3 and 5. Group 3 received 15 mL NSO by gavage feeding 
divided into five doses on days 1, 3, 5, 7 and 9. In Group 4, 15 
ml of 0.9% saline solution divided into five doses and were given 
orally by gavage on days 1, 3, 5, 7 and 9.

We explored the preventive effect of NSO via using consecutive 
high doses to obtain optimum systemic effect in a short time. As 
reported in the literature (13-15), oral usage of 10 mL/kg, even 
2 g/kg NSO did not have any serious toxic effect in rats and 

mice, therefore we used 15 mL of NSO (approximately equiva-
lent to 10 mL/kg) divided into 5 doses on days 1, 3, 5, 7 and 9, 
which represents a maximum nontoxic dose.

Anesthesia
Animals were sedated with the ip administration of 7.5 mg/kg 
xylazine and 50 mg/kg of ketamine hydrochloride.

Histopathological Examination
On the 14th day of the experiment, animals were decapitated by 
guillotine after carbon dioxide inhalation. The right and left side 
oral mucosal tissues including the submucosa were excised for 
histopathological examination in two separate samples. The sam-
ples were fixed in 10% formal saline for 24 hours. They were then 
dehydrated and cleaned and embedded in paraffin wax. Sections 
of 5 micrometers (µm) thickness were taken and stained with he-
matoxylin and eosin (H&E) for light microscopy studies. 

Tissues were evaluated by a single pathologist blinded to the 
study groups using a light microscope (Olympus BX53, Olym-
pus Corporation, Tokyo, Japan) at x200 magnification. Mea-
surements were made quantitatively using an Olympus DP73 
camera (Olympus Corporation, Tokyo, Japan) and digital mi-
croscopy software, and all parameters were classified separately. 
The classification was made in accordance with previous studies 
(16) as follows: 1 = epithelial and connective tissue without va-
sodilatation, absence or low cellular infiltration, absence of ede-
ma, ulceration and abscess; 2 = scattered vasodilatation, areas 
of reepithelization, diffuse cell infiltration with multiple mono-
nuclear leukocytes, and absence of bleeding, edema, ulcers and 
abscesses; 3 = moderate vasodilatation, epithelial hydropic de-
generation (vacuolization), moderate cell infiltration dominated 
by polymorph nuclear leukocytes, the presence of hemorrhagic 
areas, edema and rarely small ulcers but absence of abscesses; 4 
= marked vasodilation, cell infiltration with multiple polymorph 
nuclear leukocytes, presence of hemorrhagic sites, presence of 
edema and ulceration, and absence of abscess; 5 = severe vasodi-
latation and inflammatory infiltration, characterized by neutro-
phils, abscesses and diffuse ulcers. In addition, epithelial thick-
ness in each sample was measured in μm and noted.

Statistical Analysis
To analyze the differences in microscopic scores between the 
four groups, the Statistical Package for Social Sciences version 
22.0 (IBM Corp., Armonk, NY, USA) program was used. Fish-
er’s exact x2 and Kruskal-Wallis tests were used to compare the 
data. Significance level was accepted as p<0.05.

Results
A rat from Group 2 was excluded from the study because 
of death after anesthesia on the first day of the experiment.

In histopathological examination, epithelial thickness was 
found 55 to 350 µm (mean, 224.58 µm±103.139) in Group 1; 
90 to 376 µm (mean, 276.1 µm±80.97) in Group 2; 220 to 450 
µm (mean, 323.33 µm±77.404) in Group 3; and 200 to 414 µm 
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(mean, 331.33 µm±62.248) in Group 4 (Figure 1). When Group 
1 was compared with the other groups, the difference was sig-
nificant (p=0.005 for all groups). The comparisons between the 
other groups were not significant (p=0.356, 0.065 and 0.583 for 
Group pairs 2-3, 2-4 and 3-4, respectively) (Table 1).

When the degree of mucosal inflammation was evaluated, none 
of the groups had signs of inflammation at grade 4 or 5. The 

most intense inflammation was detected in Group 1. Intense 
inflammation was not observed in Groups 2, 3 and 4. The de-
gree of inflammation in Group 2 was similar to that of Groups 
3 and 4 (Figure 2). There were significant differences between 
Group 1 and the other groups in terms of degree of inflamma-
tion (p<0.001). The differences between Groups 2, 3 and 4 were 
not significant (Table 2).

Figure 1. a-d. Histopathological images of epithelial specimens (Hematoxylin & Eosin staining, x200). (a) Sample from Group 1 (only cisplatin): 
moderate vasodilatation, epithelial hydropic degeneration (vacuolization), polymorphonuclear leukocytes predominate, moderate cell infiltration, 
presence of hemorrhagic areas, edema and ulcer areas (*) are observed. (b) Sample from Group 2 (Cisplatin + Nigella sativa oil): inflammation 
is partially less, ulcer areas are not observed. (c) Sample from Group 3 (only Nigella sativa), and (d) sample from the control group (Group 4): 
epithelial and connective tissue without vasodilation is observed, cellular infiltration is much less, edema, ulceration and abscess are not seen

a

c

b

d

Table 1. Epithelial thickness values of all groups

Group	 n	 Mean (µm)	 SD	 Minimum (µm)	 Maximum (µm)	 Median (µm)
Group 1	 12	 224.58	 103.139	 55	 350	 251
Group 2	 10	 276.10	 80.970	 90	 376	 294
Group 3	 12	 323.33	 77.404	 220	 450	 311
Group 4	 12	 331.33	 62.248	 200	 414	 344
p between Group 1 and 2, 3, 4 = <0.005; p between Group 2 and 3 = 0.356; p between Group 2 and 4 = 0.065; and p between Group 3 and 4 =0.583
n: number of samples; SD: standard deviation
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Discussion
Cis, as part of chemotherapy, has been used in the management 
of many types of solid tumors for more than 30 years. However, 
it has reversible or irreversible side effects on many organs in-
cluding the bone marrow, the gastrointestinal tract, the kidneys, 
the brain and the inner ear (3-6). One of the side effects is OM. 
It is an inflammatory condition of the oral and oropharyngeal 
mucosa caused by cytotoxic effect of the medication. In its most 
severe form, OM occurs as united, deep ulcers. It may cause 
pain and affect the quality of life. Severe OM may lead to dose 
reduction and unplanned discontinuation of cancer therapies. 
Ulcerative mucositis is also an important risk factor for system-
ic infection in neutropenic or immunosuppressed patients. This 
imposes more economic burden and adversely affects the quality 
of life and survival (9).

The pathophysiology of OM is complex. This happens with sev-
eral signaling pathways like the nuclear factor kappa B (NFκB) 
signal transduction pathway participating in the process. The 
classical pathway of NFκB is predominantly created by two di-
mers p50/p65. They are inactive in the cytoplasm. When they 
are activated, they migrate to the cell nucleus and then interfere 
with gene transcription. In OM, NFκB increases the pro-in-
flammatory cytokines expressions, such as interleukin-1 alpha, 
tumor necrosis factor alpha, cyclooxygenase-2, transforming 

growth factor-gamma, and matrix metalloproteinase. Pro-in-
flammatory cytokines damage the connective tissue. This causes 
activation on mucosal epithelial signaling. Thereby the lesion is 
strengthened (17-19). 

Current treatments against chemoterapy-induced mucosi-
tis have very limited efficacy. Although there is no definitive 
treatment for the prevention or treatment of OM, nutritional 
support and palliative care have shown good results (9). Oral 
hygiene is a key factor in the prevention and the reduction of 
oral mucosal injury; therefore, educating the patient on oral hy-
giene is very important to reduce microbial burden. To prevent 
the side effect, cryotherapy, keratinocyte growth factor-1 (KGF-
1), low-level laser therapy, benzydamine mouthwash, and zinc 
are recommended (9, 20). In a systematic review on OM treat-
ment in cancer patients receiving chemotherapy, benzydamine 
mouthwash is recommended for the prevention of OM (21). 
Another meta-analysis, however, has reported no therapeutic or 
preventive results of chlorhexidine on OM (22). Additionally, 
it was reported that substances such as Royal jelly, Lactobacillus 
brevis lozenges, Palifermin Smecta, Actovegin, Kangfuxin, and 
phytotherapeutic extracts might have effects on the prevention 
and the treatment of OM (10, 23). 

Control of oxidative stress is important in the prevention and the 
treatment of OM. Some studies report that antioxidant agents 
such as edaravone and sesame oil might be effective in solving 
this problem (24, 25). Nakajima et al. (24) reported that edara-
vone prevented OM and the effect was due to the antioxidant 
properties. In spite of all these reports, OM is still seen as one 
of the important side effects of chemotherapy and impairing the 
quality of life.

NSO is another plant extract containing tocopherol such 
as sesame oil. It also contains thymoquinone, 4-terpineol, 
t-anethol and carvecol which neutralize free radicals (1, 11). 
Traditionally, this herb has been used in the treatment of asth-
ma, hypertension, diabetes, inflammation, cough, bronchitis, 
headache, fever and gastrointestinal disorders. In clinical and 
experimental studies, some effects of thymoquinone, which 
is the main component of NSO, such as anti-inflammatory, 

Table 2. Distribution of inflammation degrees in groups

		                                                      Inflammation Degree			   Total
Group	 0	 1	 2	 3	
Group 1	 0	 5	 6	 1	 12
	 0%	 41.7%	 50%	 8.3%	 100%
Group 2	 0	 8	 2	 0	 10
	 0%	 80%	 20%	 0%	 100%
Group 3	 8	 4	 0	 0	 12
	 66.6%	 33.3%	 0%	 0%	 100%
Group 4	 12	 0	 0	 0	 12
	 100%	 0%	 0%	 0%	
p between Group 1 and other groups (2, 3, 4) separately = <0.001 **p inbetween Group 2, 3, 4 = > 0.05
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Figure 2. Distribution of inflammation degrees according to the groups
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antibacterial, antihistaminic, antioxidant, cytoprotective, and 
antineoplastic effects have been reported (11). There are no an-
imal studies in the literature on the effect of NSO in OM. In 
the current study, the results showed that NSO might have a 
protective role in preventing oral mucosal damage and be sig-
nificantly effective in the prevention of Cis-induced superficial 
erosion of the oral mucosa. According to the results, inflam-
matory cell infiltration, vascular dilatation, superficial erosion, 
and exudates were found to be better in rats given Cis plus 
NSO (Group 2) than those given only Cis (Group 1). The re-
sults in Group 2 were also similar to the results of the control 
groups (Groups 3 and 4). The possible mechanism of action of 
NSO in preventing oral mucositis caused by cisplatin-induced 
pro-inflammatory cytokines was anti-inflammatory, antioxi-
dant and cytoprotective effects.

Conclusion
To the best of our knowledge, this is the first experimental study 
showing that NSO might be effective in preventing superficial 
erosion of the oral mucosa caused by Cis. The results of the cur-
rent study showed that NSO might prevent chemotherapy-in-
duced OM. Further studies are needed to more clearly under-
stand the mechanism of NSO on this subject. 
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