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Abstract 

Although many studies have shown that administration of Nigella sativa oil can decrease 

inflammation and facilitate tissue regeneration, the efficacy of its systemic administration for 

treatment of chemotherapy-induced oral mucositis has not been investigated. This study aimed 

to assess the effect of intraperitoneal injection of N. sativa oil on 5-fluorouracil (5-FU)-induced 

oral mucositis in rats.  This study evaluated 72 healthy Wistar rats, weighing 250-300 g. The rats 

were randomly divided into three groups of control, placebo, and treatment (n=24). The rats 

received intraperitoneal injection of 5-FU on days 1 and 3. The rats’ cheek mucosa was then 

wounded with a linear scratch by an 18-gauge needle on day 3. The placebo and N. sativa oil 

were administered in groups B and C, respectively during the study period. Histological 

changes in oral mucosa were assessed on days 4, 6, and 8. Data were statistically analyzed using 

SPSS via the ANOVA, and the Kruskal-Wallis test, followed by the Mann Whitney multiple 

comparisons test. The mucositis score and inflammation score significantly decreased in the 

treatment group compared with the control and placebo groups (P<0.05). But there was no 

significant different between the groups regarding the connective tissue changes (P>0.05). Our 

findings suggest that N. sativa oil can have a notable efficacy for improvement of oral mucositis 

and can decrease the inflammation score in rats undergoing chemotherapy. Our results suggest 
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that Nigella sativa can be used as a valuable remedial agent and can be a possible candidate for 

treatment of chemotherapy-induced oral mucositis. 
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1 Introduction 

Oral mucositis is a common side effect of antineoplastic treatments, which increases the 

medical costs and decreases the quality of life and survival rate of patients undergoing 

chemotherapy (Scully et al., 2006; Shankar et al., 2017). Despite the advances made in cancer 

treatment and anti-cancer medications, chemotherapy with its disabling side effects is still 

among the most common treatments for cancer. Oral mucositis is a common side effect of 

chemotherapy with adverse clinical, social, emotional, and economical effects on patients. It 

decreases the quality of life, prolongs the hospital stay, and increases the costs of treatment and 

risk of opportunistic infections, as well as patient morbidity and mortality (Aghamohamamdi 

and Hosseinimehr, 2016; Peterson et al., 2008; Elting et al., 2003; Lalla et al., 2008). Although oral 

mucositis is a serious, painful and debilitating complication of anticancer treatments and 

imposes limitations on the dosage of drugs, there is currently no established treatment for it. 

Further investigations regarding the treatment of mucositis are therefore necessary to improve 

the quality of life and well-being of patients undergoing chemotherapy. The emerging concerns 

regarding the potentially undesirable side effects of chemical drugs have increased the 

tendency towards the use of medicinal herbs as an alternative to conventional medical 

treatments in the recent decades. 

Medicinal herbs have been used for thousands of years around the world to cure various 

diseases including digestive, reproductive, respiratory, and inflammatory conditions 

(Rakotoarivelo et al., 2015; Tulunay et al., 2015; Boadu and Asase, 2017; Moslemi et al., 2016). 

The effectiveness of the organic compounds isolated from the medicinal plants to control 

inflammation has been well documented (Nworu and Akah, 2015; Verma, 2016). Various 

studies have indicated that medicinal plants can be used for treatment of inflammatory diseases 

of the oral cavity such as aphthous stomatitis (Rezvaninejad et al., 2017; Al-Attas et al., 2016; 

AL-Douri and Al-kazaz, 2010). Plants with anti-inflammatory and antioxidant properties have 

also been effectively used for the palliative care of chemotherapy-induced mucositis (Tanideh et 

al., 2013; Dos Santos Filho et al., 2016). 

Recently, the Ranunculaceae family was suggested as an anti-inflammatory and anti-

oxidative agent that may be useful for management of inflammatory diseases (Malik et al., 

2017). Nigella sativa (N. sativa) is reported to be able to control inflammation by inhibiting the 

inflammatory cytokines such as interleukin-6, interleukin-1, NF-kappa B, and transcription 

factors (Ahmad et al., 2013). The medicinal properties of N. sativa are attributed to 

thymoquinone, which is the main bioactive component of N. sativa (Ermumcu and Snalier, 

2017). Experimental models have shown that thymoquinone has a slight inhibitory effect on 

cyclooxygenase-1 expression and prostaglandin-E2 production (Al-Attas et al., 2016). In 
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addition, it has been shown that N. sativa can resolve inflammation and decrease the oxidative 

stress and subsequently help in treatment of some forms of inflammatory diseases such as 

rheumatoid arthritis, diabetes mellitus, bronchitis, asthma, and immune disorders (Ahmad et 

al., 2013; Ermumcu and Snalier, 2017). A previous study on the efficacy of N. sativa for 

treatment of oral inflammatory diseases such as gingivitis, periodontitis, pulpitis, and oral 

ulcers showed that flavonoids and other components of N. sativa make this herb an effective 

wound-healing accelerator (Al-Attas et al., 2016). Because of its anti-inflammatory and 

antioxidant properties, N. sativa is known to have beneficial effects on periodontal disease (Al-

Attas et al., 2016). It has been demonstrated that the aqueous extract of N. sativa seeds has the 

potential to accelerate wound healing by increasing the proliferation of gingival fibroblasts (Ab 

Rahman et al., 2014). An animal study on a rat model evaluated the efficacy of N. sativa extract 

to decrease the severity of chemotherapy-induced mucositis. The results showed that gavage 

and topical use of N. sativa decreased the histological damage to the mucosa in an experimental 

oral and nasal mucositis model and suggested N. sativa as a promising agent to decrease the 

severity of induced oral mucositis in patients receiving anticancer treatments (Çanakci et al., 

2018; Lotfy and Zayed, 2009). 

This study investigated the effect of intraperitoneal injection of N. sativa oil on 5-

fluorouracil (5-FU)-induced oral mucositis in Wistar rats. 

 

2 Materials and Methods 

2. 1. Drugs & chemicals 

The N. sativa oil (Barij Essence Pharmaceutical Co., Iran), 5-FU (EBEWE pharma, Austria), 

xylazine hydrochloride, and ketamine hydrochloride (Merck, Germany), and other chemicals 

used in this study were purchased from local commercial sources. 

  

2. 2. Animals 

In this experimental animal study, 74 Wistar albino rats weighing 250-300 g were obtained 

from the animal house of Shahid Beheshti University of Medical Sciences. All animals were kept 

in polycarbonate cages for 7 days before the commencement of the experiment to allow for 

acclimatization to laboratory conditions. A 12-h light-dark cycle was maintained. The animals 

were kept under standard laboratory conditions and had free access to food and water ad 

libitum. The Animal Ethics Committee of Shahid Beheshti University of Medical Sciences 

approved the experimental procedure (Ethics code: IR.SBMU.RETECH.REC.1397.607). 

  

2. 3. Treatment 

At the beginning of the experiment, two of the rats were sacrificed to obtain excisional 

biopsies of normal buccal mucosa. Oral mucositis was induced in the rats using 5-FU (Ebewe 

Pharma Ges.m.b.H.Nfg.KG Unterach, Austria). All rats were injected intraperitoneally with 100 

and 65 mg/kg 5-FU on days 1 and 3, respectively (Aras et al., 2013; Vanhoecke et al., 2015). On 

day 4, an area approximately 0.5 cm2 on the mucosa of the left cheek pouch was scratched with 

an 18-guage needle tip (Avapezeshk, Iran), dragging twice in a linear movement with constant 

force and equal depth. The common method of inducing mucositis is to create a scratch on the 
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3rd day after chemotherapy and repeat it on the 5th day (Peterson et al., 2008). In this study, the 

cheek was only scratched on the 3rd day and it was not repeated (Fig. 1). This was done to 

reduce the mortality and infection in rates throughout the study (based on pilot observations) 

and was sufficient to induce ulcerative mucositis based on histological observations. Prior to 

performing these procedures, the animals were anesthetized by subcutaneous injection of 

xylazine hydrochloride (XylazineBio; 3 mg/kg) and ketamine hydrochloride (Ketasol; 90 

mg/kg). The rats were randomly divided into three groups (n=24) of control, placebo, and 

treatment. The control rats did not receive any other intervention. The placebo group was 

injected with a daily dose of 400 μL/kg placebo (Barij Essence Pharmaceutical Co., Iran), and the 

treatment group was injected with a daily dose of 400 μL/kg N. sativa oil intraperitoneally. 

 

 
 

Figure 1. A slight scratch on the buccal mucous made by using a 18-gauge needle 

 
2. 4. Tissue collection and histological staining 

In each group, the animals were euthanized on days 4 (n = 8), 6 (n = 8) and 8 (n = 8), and the 

left cheek pouch was removed for histopathological analysis. All animals were sacrificed by an 

overdose of a combination of ketamine and xylazine (the anesthetic dose was administered 

intraperitoneally 4 times). All animals were monitored until no respiration was noted for ≥ 1 

min before the biopsy. The cheek pouch areas were excised and prepared for histological 

examination (Fig. 2). The biopsy samples were fixed in 10% buffered formalin for 24 h, 

embedded in paraffin, and sliced with 5 μm thickness (Kazemi et al., 2017). The tissue sections 

were stained with hematoxylin and eosin (H&E), after which the degree of inflammatory cell 

infiltration was assessed. The sections were then observed under a light microscope (Zeiss, 

Germany). 
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Figure 2. Punch biopsy of buccal mucosa 

 

Histopathological analysis was performed to evaluate the severity of oral mucosal damage 

caused by 5-FU. To do this, three different scales were defined, namely the “inflammatory 

scale”, the “connective tissue changes scale”, and the “mucositis scale”. Blinded observers were 

then asked to grade the histological samples. For the “inflammatory scale”, the samples were 

graded 0, 1, 2, or 3 indicating no inflammation, mild inflammation (10%-30%), moderate 

inflammation (20%-50%) and severe inflammation (more than 50%), respectively. For the 

“connective tissue changes scale”, the samples were graded 0, 1, 2, and 3 indicating normal 

connective tissue, granulation tissue formation, fibrosis, and necrosis, respectively.  A 

previously established grading system was used for the “mucositis scale” 

(Sunnyvale‐Dossabhoy et al., 2015) as follows: 

Grade 0: No injury, normal mucosa; grade 1: focal or diffuse alteration of basal cell layer 

with nuclear atypia and ≤ two dyskeratotic squamous cells; grade 2: epithelial thinning (2-4 cell 

layers) or ≥ 3 dyskeratotic squamous cells in the epithelium; grade 3a: loss of epithelium 

without a break in keratinization or presence of atrophied eosinophilic epithelium; grade 3b: 

subepithelial vesicle or bullous formation; grade 4:  complete loss of epithelial and keratinized 

cell layers, ulceration (Table 1). 

 
Table 1- Histopathologic criteria for staging of oral mucositis 

 

Grade Histopathologic manifestation 

0 Normal mucosa 

1 
Focal or diffuse alteration of basal cell layer with nuclear atypia 

and ≤2 dyskeratotic squamous cells 

2 
2 Epithelial thinning (2–4 cell layer) and/or ≥3 dyskeratotic 

squamous cells in the epithelium 

3A 
Loss of epithelium without a break in keratinization or presence 

of atrophied eosinophilic epithelium 

3B Subepithelial vesicle or bullous formation 

4 Complete loss of epithelial and keratinized cell layers; ulceration 

 

2. 5. Statistical analysis 

Data were expressed as mean ± standard error, or median, as appropriate. ANOVA, and the 
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Kruskal-Wallis test, followed by Mann Whitney multiple comparisons test, were used to 

compare the data between the three groups. The data were analyzed using SPSS version 24 

(2016). The level of significance was set at 5% (p<0.05). 

  

3 Results and Discussions 

Table 2 represents the inflammatory reaction, connective tissue changes, and mucositis 

scores. Data were analyzed at the three time points to find out whether there was a significant 

effect of group on the three dependent variables of connective tissue changes, inflammation and 

mucositis scores. The Kruskal-Wallis test showed the significant effects of group on the 

mucositis score (ᵡ2 = 11.868b, p=0.003) and inflammation score (ᵡ2 =9.480b, p=0.009) but there 

was no significant difference between the groups regarding the connective tissue changes (ᵡ2 

=0.553b, p=0.758). As shown in figure 3.A, the mucositis score decreased in the N. sativa 

treatment group. Figure 3.B shows significant differences in the inflammation scores of the 

three groups. Figure 3.C shows no difference between the three groups regarding the 

connective tissue changes. 

 
Table 2. Grading of mucositis in connective tissue 

 

Grade Histopathological manifestation 

0 Normal connective tissue 

1 Granulation tissue formation 

2 Fibrosis 

3 Necrosis 

 

 
 

Figure 3. A. Mucositis, B. Inflammation score, and C. Connective tissue changes in the groups. 
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Mann-Whitney test showed significantly higher mucositis score in the control group 

compared with the treatment group (u=138, p=0.001). There was also a significantly higher 

inflammation score in the control group compared with the treatment group (u=150, p=0.003). 

There was no significant difference regarding the connective tissue changes between the control 

and treatment groups (u=260, p=0.530). No significant difference was found between the control 

and the placebo groups in either the mucositis score (u=250, p=0.337), the inflammation score 

(u=284.5, p=0.940) or the connective tissue changes (u=258, p=0.496). The results also showed a 

significantly higher mucositis score (u=184, p=0.02) and inflammation score (u=178, p=0.018) in 

the placebo group than the treatment group. There was no significant difference regarding the 

connective tissue changes between the placebo and the treatment groups (u=286, p=0.966).  

Statistical analysis revealed that the severity of mucositis was significantly different 

between the groups on day 4 after chemotherapy (ᵡ2 =9. 823b, p=0.007); whereas, there were no 

significant differences between the three groups on days 6 (ᵡ2 =1.640b, p=0.440) and 8 (ᵡ2 

=4.112b, p=0.128) after chemotherapy. Statistical analysis also revealed a significant difference in 

the inflammation score between three groups at 4 days after chemotherapy (ᵡ2 =7.872b, p=0.020); 

while, there was no significant difference between the three groups at 6 (ᵡ2 =5.099b, p=0.078) 

and 8 days (ᵡ2 =4.369b, p=0.113) after chemotherapy. There was no significant difference in 

connective tissue changes between the three groups at any time point (Fig. 4). 

 

 
 

Figure 4. Mucositis and inflammation scores and connective tissue changes in different groups of study on the 

days 4, 6 and 8 after treatment. 

 

On day 4, the control and the placebo groups showed severe inflammation and complete 

loss of epithelium. In these specimens, subepithelial vesicle formation was also noted, but the 

mucosa was quite normal in the treatment group, and the subjacent connective tissue exhibited 

moderate fibrosis. A few blood vessels and some degrees of inflammation were also visible in 

the treatment group (Fig 5. A.1, A.2, A.3). On day 6, the control and the placebo groups showed 

complete loss of epithelium with some degrees of angiogenesis and infiltration of 

polymorphonuclear cells in the ulcerative mucosa, but the treatment group showed normal 

mucosa with mild angiogenesis and moderate fibrosis (Fig 6. B.1, B.2, B.3). 
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On day 8, the mucositis score increased in all groups. A complete loss of epithelium was 

observed in the control and the placebo groups. Furthermore, severe coagulation necrosis and 

angiogenesis were observed in the submucosa. The treatment group showed complete loss of 

epithelium. The differences in the mucositis and inflammation scores were not significant 

between the three groups on days 6 and 8 (Fig. 7. C.1, C.2, C.3). 

 

 
 

Figure 5. Histopathologic views in different groups on 4th after chemotherapy. Figure A.1 shows normal mucosa 

and moderate inflammation with submucosal fibrosis in treated group. Figure A.2 shows complete loss of 

epithelium with severe inflammation in placebo group and figure A.3 shows subepithelial vesicle formation in the 

control group. 

 

 
 

Figure 6. Histopathologic views in different groups on 6th after chemotherapy. Figure B.1 shows submucosal mild 

angiogenesis (short arrows) and moderate fibrosis (long arrows) in treated group. Figure B.2 shows mild 

angiogenesis (short arrows) and moderate fibrosis (long arrows) in placebo group. Figure B.3 shows complete loss 

of epithelium and severe infiltration of polymorph nuclear (PMN) cells in control group. 
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Figure 7. Histopathologic views in different groups on 8th after chemotherapy. Figure C.1 shows complete loss of 

epithelium in treated group. Figure C.2 shows severe coagulation necrosis of mucosa (shirt arrow) and submucosa 

(long arrow) in placebo group. Figure C.3 shows severe necrosis of mucosa (short arrow) and mild angiogenesis of 

submucosa (long arrow) in control group. 

 

The present results reveal that the intraperitoneal administration of N. sativa oil decreased 

the severity of oral mucositis. The results obtained in the current study are in good agreement 

with the previously reported results showing that N. sativa could partially decrease the severity 

of oral mucositis by promoting mucosal healing (Lofty and Zayed, 2009) and that N. sativa oil 

can facilitate the healing of mucosal epithelium (AL-Douri and Al-kazaz, 2010). The present 

results are also in line with those of an in vitro study that demonstrated that the aqueous extract 

of N. sativa enhanced wound healing by reduce inflammation (Sari et al., 2013). Another study 

also reported that N. sativa accelerated the process of wound healing in burn-related skin 

injuries (Yaman et al., 2010). In contrast to the present findings, another study demonstrated 

that N. sativa increased granulation tissue formation in diabetic wounds of rats (Yaman et al., 

2010). In line with our findings, another study demonstrated no significant effect of N. sativa oil 

on the Behcet’s disease as a connective tissue disorder (Kavandi et al., 2018). The indices that we 

assessed to analyze the connective tissue changes have not been evaluated previously in 

treatment of oral mucositis. The insignificant effect of N. sativa oil on the connective tissue may 

be related to the insufficient dose of N. sativa, and further research is needed to give us an 

insight into the connective tissues changes. 

Since the antioxidant effect of N. sativa oil is even higher than that of thymoquinone, we 

used N. sativa oil in this study (Ali and Blunden, 2003). While previous studies looked for the 

topical effects using gavage or topical gel, this study is unique in systemic administration of N. 

sativa oil for treatment of chemotherapy-induced oral mucositis. Furthermore, the method by 

which mucositis was induced in this study is slightly different from the previous studies 

because our pilot study revealed higher mortality rate in case of repeating the scratch. Also, the 

method adopted in this study was easier and safer. 

The present study also shows that administration of N. sativa oil significantly decreased the 

amount of inflammatory infiltration. A large body of experimental research has confirmed the 

anti-inflammatory activity of N. sativa (Ahmad et al., 2013; Yildiz and Balikci, 2016; Rahmani 

and Aly, 2015). This anti-inflammatory effect may be appropriate to inhibit the release of 

mediators by thymoquinone and other constituents of N. sativa which have anti-inflammatory, 
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anti-parasitic, and antimicrobial properties (Yaman et al., 2010). 

One possible mechanism by which N. sativa exerts its anti-inflammatory effect is through 

the inhibition of both cyclooxygenase and lipoxygenase pathways (Ali and Blunden, 2003). 

Also, the anti-inflammatory and antioxidant effects of N. sativa oil can enhance its phagocytic 

activity; thus, it can play a significant therapeutic role in fighting against the microorganisms 

(Yildiz and Balikci, 2016). The anti-inflammatory and antioxidant effects of N. sativa oil have 

been found to be higher than those of thymoquinone, which is known to be the active 

component of N. sativa oil (Ali and Blunden, 2003). In addition, N. sativa oil has been reported 

to possess a broad-spectrum antibiotic effect against many microorganisms; thus, it can help 

prevent bacterial colonization and wound infection (Al-Attas et al., 2016; Ermumcu and Şanlıer, 

2017, Ali and Blunden, 2003; Yildiz and Balikci, 2016). Previous evidence indicates that the over-

generation of several reactive oxygen species induced by anti-cancer treatments not only may 

directly damage the tissue but also can lead to a series of cellular destructive events and 

cascades that may indirectly lead to the destruction of the epithelial barrier (Yildiz and Balikci, 

2016). Moreover, many studies have shown that inhibition of reactive oxygen species may 

successfully ameliorate mucositis. On the other hand, a broad range of antioxidant properties of 

N. sativa have been documented in the literature (Ermumcu and Şanlıer, 2017; Ali and Blunden, 

2003; Yildiz and Balikci, 2016). The antioxidant properties of this medicinal plant have been 

mostly linked to the presence of thymoquinone and carvacrol in its composition. However, 

more detailed studies are needed to uncover the exact mechanism of N. sativa activity and its 

therapeutic effects on chemotherapy-induced oral mucositis. 

Regardless of the underlying mechanism, our findings suggest that N. sativa could be a 

useful therapeutic agent and a safe candidate for treatment of chemotherapy-induced oral 

mucositis. Given the significant benefits associated with this drug, further studies are required 

to evaluate its therapeutic potential in treating oral mucositis and potentially other debilitating 

inflammatory conditions caused by chemotherapy. 

 

4 Conclusion 

This study showed that N. sativa improved the 5-FU-induced oral mucositis in rats. Our data 

clearly revealed the therapeutic potential of N. sativa oil in resolution of inflammation and 

reduction of mucositis score in rats undergoing chemotherapy. 
 

Acknowledgments 

The authors would like to thank Dr. Simindokht Motaghian and Dr. Naghmeh Javidnikoo for 

their help in providing the medicinal products for this study, Dr. Zahra Heydari Davijani for 

her expertise regarding the botanical properties of N. sativa, Mr. Borzou Abdi for his help in 

photography, Mr. Seyed Amin Afraz for his help in statistical analysis, and Dr. Maryam Vaziri-

Pashkam for her help in editing of the manuscript. This study was supported by the Vice-

Chancellor of Research Affairs of Shahid Beheshti University of Medical Sciences. 

 



Vol. 5 (1): 1-13, 2022 Journal of Biological Studies 11 

Effect of Nigella sativa oil on oral mucositis in rats                                                             Kazemi et al 

  
 

Conflict of interests 

The authors declare that there are no competing interests. 

 

References 
 

Ab Rahman, M. R., Abdul Razak, F., & Mohd Bakri, M. (2014). Evaluation of wound closure 

activity of Nigella sativa, Melastoma malabathricum, Pluchea indica, and Piper 

sarmentosum extracts on scratched monolayer of human gingival fibroblasts. Evidence-

Based Complementary and Alternative Medicine, 2014. https://doi.org/10.1155/2014/190342 

Aghamohamamdi, A., & Hosseinimehr, S. J. (2016). Natural products for management of oral 

mucositis induced by radiotherapy and chemotherapy. Integrative Cancer Therapies, 15(1), 

60-68. https://doi.org/10.1177/1534735415596570 

Ahmad, A., Husain, A., Mujeeb, M., Khan, S. A., Najmi, A. K., Siddique, N. A., Damanhouri, Z. 

A., & Anwar, F. (2013). A review on therapeutic potential of Nigella sativa: A miracle herb. 

Asian Pacific Journal of Tropical Biomedicine, 3(5), 337-352. https://doi.org/10.1016/S2221-

1691(13)60075-1 

Al-Attas, S. A., Fat’heya, M. Z., & Turkistany, S. A. (2016). Nigella sativa and its active 

constituent thymoquinone in oral health. Saudi Medical Journal, 37(3), 235. doi: 

10.15537/smj.2016.3.13006 

Al-Douri, A. S., & Al-kazaz, S. G. A. (2010). The Effect of Nigella Sativa Oil (Black Seed) on the 

Healing of Chemically In-duced Oral Ulcer in Rabbit (Experimen-tal Study). Al-Rafidain 

Dental Journal, 10(1), 151-157. doi: 10.1007/s40200-019-00439-6. 

Ali, B. H., & Blunden, G. (2003). Pharmacological and toxicological properties of Nigella sativa. 

Phytotherapy Research: An International Journal Devoted to Pharmacological and Toxicological 

Evaluation of Natural Product Derivatives, 17(4), 299-305. https://doi.org/10.1002/ptr.1309 

Aras, M. H., Sezer, U., Erkilic, S., Demir, T., & Dagli, S. N. (2013). Effect of dietary boron on 5-

fluorouracil induced oral mucositis in rats. European Journal of Dentistry, 7(03), 310-314. doi: 

10.4103/1305-7456.115415. 

Boadu, A. A., & Asase, A. (2017). Documentation of herbal medicines used for the treatment 

and management of human diseases by some communities in southern Ghana. Evidence-

Based Complementary and Alternative Medicine, 2017. https://doi.org/10.1155/2017/3043061 

Çanakci, H., Yilmaz, A. A. S., Canpolat, M. S., Seneldir, H., Kir, G., Eris, A. H., Mayadağli, A., & 

Oysu, Ç. (2018). Evaluation of the effect of topical application of Nigella sativa on acute 

radiation-induced nasal mucositis. Journal of Craniofacial Surgery, 29(3), e279-e282. doi: 

10.1097/SCS.0000000000004314 

Dos Santos Filho, E. X., Ávila, P. H. M., Bastos, C. C. C., Batista, A. C., Naves, L. N., Marreto, R. 

N., Lima, E. M., Mendonça, E. F., & Valadares, M. C. (2016). Curcuminoids from Curcuma 

longaL. reduced intestinal mucositis induced by 5-fluorouracil in mice: Bioadhesive, 



Vol. 5 (1): 1-13, 2022 Journal of Biological Studies 12 

Effect of Nigella sativa oil on oral mucositis in rats                                                             Kazemi et al 

  
 

proliferative, anti-inflammatory and antioxidant effects. Toxicology Reports, 3, 55-62. doi: 

10.1016/j.toxrep.2015.10.010 

Elting, L. S., Cooksley, C., Chambers, M., Cantor, S. B., Manzullo, E., & Rubenstein, E. B. (2003). 

The burdens of cancer therapy: clinical and economic outcomes of chemotherapy‐induced 

mucositis. Cancer: Interdisciplinary International Journal of the American Cancer Society, 98(7), 

1531-1539. https://doi.org/10.1002/cncr.11671 

Ermumcu, M. Ş. K., & Şanlıer, N. (2017). black cumin (Nigella sativa) and its active component 

of thymoquinone: Effects on health. Food and Health, 3(4), 170-183. doi: 10.3153/jfsh17020 

Kazemi, S., Kani, S. N. M., Rezazadeh, L., Pouramir, M., Ghasemi-Kasman, M., & 

Moghadamnia, A. A. (2017). Low dose administration of Bisphenol A induces liver toxicity 

in adult rats. Biochemical and Biophysical Research Communications, 494(1-2), 107-112. 

https://doi.org/10.1016/j.bbrc.2017.10.074 

Kavandi, H., Hajialilo, M., & Khabbazi, A. (2018). Efficacy of Nigella sativa seeds oil in patients 

with Behcet’s disease: a double-blind randomized controlled trial. Avicenna Journal of 

Phytomedicine, 8(6), 498. doi: 10.22038/AJP.2018.11101 

Lalla, R. V., Sonis, S. T., & Peterson, D. E. (2008). Management of oral mucositis in patients who 

have cancer. Dental Clinics of North America, 52(1), 61-77. https://doi.org/10.1016/j.cden.2007. 

10.002 

Lotfy, A. O., & Zayed, M. (2009). Immunohistochemical study of the effect of Nigella Sativa L 

extract on chemotherapy induced oral mucositis in Albino rats. Cairo Dental Journal, 25(2), 

159-166. https://search.emarefa.net/detail/BIM-274124 

Malik, J., Tauchen, J., Landa, P., Kutil, Z., Marsik, P., Kloucek, P., Havlik, J., & Kokoska, L. 

(2017). In vitro antiinflammatory and antioxidant potential of root extracts from 

Ranunculaceae species. South African Journal of Botany, 109, 128-137. doi: 10.1016/j.sajb. 

2016.12.008 

Moslemi, D., Nokhandani, A. M., Otaghsaraei, M. T., Moghadamnia, Y., Kazemi, S., & 

Moghadamnia, A. A. (2016). Management of chemo/radiation-induced oral mucositis in 

patients with head and neck cancer: A review of the current literature. Radiotherapy and 

Oncology, 120(1), 13-20. https://doi.org/10.1016/j.radonc.2016.04.001 

Nworu, C. S., & Akah, P. A. (2015). Anti-inflammatory medicinal plants and the molecular 

mechanisms underlying their activities. African Journal of Traditional, Complementary and 

Alternative Medicines, 12, 52-61. doi: 10.4314/ajtcam.v12i6.3S 

Peterson, D. E., Bensadoun, R. J., Roila, F., & ESMO Guidelines Working Group. (2008). 

Management of oral and gastrointestinal mucositis: ESMO clinical recommendations. 

Annals of Oncology, 19, ii122-ii125. https://doi.org/10.1093/annonc/mdn109 

Rahmani, A. H., & Aly, S. M. (2015). Nigella sativa and its active constituents thymoquinone 

shows pivotal role in the diseases prevention and treatment. Asian J Pharm Clin Res, 8(1), 

48-53. https://innovareacademics.in/journals/index.php/ajpcr/article/view/3615 



Vol. 5 (1): 1-13, 2022 Journal of Biological Studies 13 

Effect of Nigella sativa oil on oral mucositis in rats                                                             Kazemi et al 

  
 

Rakotoarivelo, N. H., Rakotoarivony, F., Ramarosandratana, A. V., Jeannoda, V. H., Kuhlman, 

A. R., Randrianasolo, A., & Bussmann, R. W. (2015). Medicinal plants used to treat the most 

frequent diseases encountered in Ambalabe rural community, Eastern Madagascar. Journal 

of Ethnobiology and Ethnomedicine, 11(1), 1-16. doi: 10.1186/s13002-015-0050-2. 

Rezvaninejad, R., Nabavi, N., Khoshroo, S. M., Torabi, N., & Atai, Z. (2017). Herbal Medicine in 

Treatment of Recurrent Aphthous Stomatitis: A Literature Review. Journal of Iranian Dental 

Association, 29(3), 127-134. doi:10.30699/jidai.29.3.127 

Sari, Y., Kurniawan, D. W., Saryono, A. I., & Toshi, N. (2013, August). Nigella sativa gel 

improves granulation and reepithelialization tissue of diabetic rats. In International 

Conference on Sustainable Rural Development (pp. 23-24). 

Scully, C., Sonis, S., & Diz, P. D. (2006). Oral mucositis. Oral Diseases, 12(3), 229-241. 

https://doi.org/10.1111/j.1601-0825.2006.01258.x 

Shankar, A., Roy, S., Bhandari, M., Rath, G. K., Biswas, A. S., Kanodia, R., Adhikari, N., & 

Sachan, R. (2017). Current trends in management of oral mucositis in cancer treatment. 

Asian Pacific Journal of Cancer Prevention: APJCP, 18(8), 2019. doi: 10.22034/apjcp.2017.18. 

8.2019  

Sunavala‐Dossabhoy, G., Abreo, F., Timiri Shanmugam, P. S., & Caldito, G. (2015). 

Histopathologic grading of oral mucositis. Oral Diseases, 21(3), 355-360. https://doi.org/ 

10.1111/odi.12287 

Tanideh, N., Tavakoli, P., Saghiri, M. A., Garcia-Godoy, F., Amanat, D., Tadbir, A. A., Samani, 

S. M., & Tamadon, A. (2013). Healing acceleration in hamsters of oral mucositis induced by 

5-fluorouracil with topical Calendula officinalis. Oral surgery, oral medicine, oral pathology 

and Oral Radiology, 115(3), 332-338. https://doi.org/10.1016/j.oooo.2012.08.450 

Tulunay, M., Aypak, C., Yikilkan, H., & Gorpelioglu, S. (2015). Herbal medicine use among 

patients with chronic diseases. Journal of Intercultural Ethnopharmacology, 4(3), 217. doi: 

10.5455/jice.20150623090040 

Verma, S. (2016). Medicinal plants with anti-inflammatory activity. J Phytopharmacol, 5(4), 157-

159. doi: 10.31254/phyto.2016.5407 

Vanhoecke, B., Bateman, E., Mayo, B., Vanlancker, E., Stringer, A., Thorpe, D., & Keefe, D. 

(2015). Dark Agouti rat model of chemotherapy-induced mucositis: establishment and 

current state of the art. Experimental Biology and Medicine, 240(6), 725-741. doi: 

10.1177/1535370215581309. 

Yaman, I., Durmus, A. S., Ceribasi, S., & Yaman, M. (2010). Effects of Nigella sativa and silver 

sulfadiazine on burn wound healing in rats. Veterinarni Medicina, 55(12), 619-624. 

doi:10.17221/2948-VETMED 

Yildiz, A., & Balikci, E. (2016). Antimicrobial, anti-inflammatory and antioxidant activity of 

Nigella sativa in clinically endometritic cows. Journal of Applied Animal Research, 44(1), 431-

435. https://doi.org/10.1080/09712119.2015.1091341 

 


