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Abstract

Prevention of Cisplatin-induced oral mucositis (OM) Presents substantial challenges due to its
association with oxidative stress, inflammation, apoptosis and NF«kB pathway activation. This study aims
to evaluate the potential of Nigella sativa (NS) extract in inhibiting a cisplatin-induced oral mucositis.
Cisplatin-induced oral mucositis was modeled in experimental groups treated with varying doses of NS
extract (125, 250 and 500 mg/kg BW), compared to negative controls and N-acetylcysteine (NAC) as a
positive control. Expression levels of tumor necrosis factor-alpha (TNF-a) were analysed under Western
blot analysis, the p50 and p65 gene expression level was determined by qRT-PCR analysis. NS extract
notably inhibited TNF-a expression compared to the negative control group, akin to the positive control
(NAC). Additionally, NS extract exhibited a dose-dependent regulation of NF«kB pathway subunits (p50
and p65) towards levels closer to the baseline, indicating its potential in modulating the inflammatory
pathway. The findings suggest that NS extract possesses promising therapeutic potential in mitigating

inflammation and NF«B pathway activation in cisplatin-induced oral mucositis.
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Introduction

Oral mucositis (OM) is a common and debilitating side effect of systemic oncologic therapy and/or
radiation, characterized by acute inflammation of the oral mucosa [1]. It presents clinically as erythematous
lesions, erosion and ulceration, and histologically as epithelial layer thickening, inflammatory cell
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infiltration and decreased blood vessels [2]. OM significantly impacts patient prognosis, with symptoms
such as pain, reduced oral intake, and the onset of local or systemic secondary infections leading to
decreased quality of life and treatment adherence issues [3,4]. The incidence of OM is particularly high in
patients with head and neck cancer undergoing chemoradiation, especially those with primary tumors in
the oral cavity, oropharynx and nasopharynx [5]. Approximately 80 - 100 % of these patients experience
OM, with 26.4 % classified as severe [6,7]. Conventional chemotherapy can also result in OM in up to 40
% of cases [8]. OM typically manifests 3 - 4 days post-chemotherapy, with severe cases occurring between
days 7 and 14 [9]. Cisplatin, a platinum-based chemotherapy drug, is frequently chosen for its broad utility
in both nasopharyngeal and non-nasopharyngeal cases. However, it carries a high risk of inducing mucositis
[10]. Cisplatin functions by targeting malignant cells in various cell cycle stages, impeding DNA
transcription and replication, but also yields adverse effects such as OM [11]. OM associated with cisplatin
is notably more severe in the gastrointestinal tract compared to other platinum-based agents like oxaliplatin
and carboplatin [7].

Cisplatin-induced OM is a complex process involving Reactive Oxygen Species (ROS) generation
and the activation of transcription factors such as NFkB, crucial in the inflammatory phase [12]. The
subunits pS0 and p65 of NF«B is a key transcription factor involved in various cellular processes, including
inflammation, immune responses and cell growth [13]. The process begins with DNA chain breaks induced
by anticancer therapy, followed by ROS formation and the generation of damage-associated molecule
patterns (DAMPs), such as Chemotherapy Radiation Associated Molecule Pattern (CRAMP) [14,15].
These initiators trigger biological events, including the activation of key cascades like the NF«kB pathway,
culminating in the expression of over 200 pro-inflammatory cytokine genes, modulatory cytokines, stress
response molecules, and cell adhesion molecules, ultimately leading to apoptosis [12,16]. Despite the high
incidence and clinical significance of OM, current management strategies are mostly palliative or
supportive care, focusing on pain management, nutritional support and maintenance of good oral hygiene
[6,7]. Natural products have shown efficacy in addressing radiation or chemotherapy-induced OM due to
their antioxidant and anti-inflammatory functions. Nigella sativa (NS) has been used historically for its
therapeutic potential and safety [17]. Several studies reported that NS functions as an antioxidant, anti-
inflammatory, antibacterial, antifungal and cytoprotective agent [18-20]. Previous study showed that NS’s
role in managing chemotherapy-induced OM in head and neck cancer patients and animal models [21-23].
However, research has mainly focused on cisplatin-induced gastrointestinal toxicity, leaving a significant
gap in understanding mechanisms and developing effective protective strategies or agents, particularly in
the oral region.

The significant burden of OM in patients undergoing cisplatin-based chemotherapy, there is a pressing
need for effective interventions to prevent or mitigate this debilitating condition. The ethanol extract of NS
known for its antioxidant and anti-inflammatory properties, presents a promising candidate for such an
intervention. This study aims to evaluate the efficacy of NS ethanol extract in cisplatin-induced OM in

animal model.

Materials and methods

Extraction of Nigella sativa extract

Nigella sativa seeds were collected from Semarang in Central Java Indonesia in May 2023 (Latitude
—7.6565111 and Longitude 109.129500). They were rinsed with tap water followed by distilled water to
remove the dirt on the surface. The dried seeds were blended until small pieces and sieved with a mesh size
of 120 mesh. The 500 g of NS seeds was extraction in a maceration apparatus with 5 L 98 % ethanol for 24
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h. The filtrated was then evaporated under rotary vacuum evaporator (IKA) and the crude extract was kept
in refrigerator 4 °C [24,25]. The NS extract was stored at 4 °C until further analysis.

Cisplatin-induced oral mucositis animal model

The study utilized thirty male Wistar rats (250 + 20 g) maintained under controlled conditions of room
temperature (21 °C + 2), humidity (55 % =+ 10) and a 12-hour light-dark cycle, with ad libitum access to
food and water. After a week of acclimation, the rats were randomly divided into 6 groups: Healthy,
negative control (induced with cisplatin 5 mg/kg BW and received no treatment), N-acetylcysteine (NAC)
500 mg/kg BW and 3 groups receiving different doses of Nigella sativa (NS) extract (125, 250 and 500
mg/kg BW) were administered by oral gavage on days 1, 3, 5and 7. Cisplatin was administered
intraperitoneally on days 1, 3 and 5, and the rats were sacrificed on day 8 by dislocation decapitation
[18,26].

Protein expression analysis by western blot

The oral mucosa tissue was lysed in RIPA buffer and protein concentration was measured using Pierce
BSA CBB Assay. Aliquots of 10 pg total protein were mixed with 2x Laemmeli buffer (Biorad) with ratio
1:1, boiled and separated on 10 % SDS-PAGE gels, transferred to Polyvinylidene Fluoride (PVDF)
membranes. Then blocked with 5 % Bovine Serum Albumin (BSA) (Sigma Aldrich, Louis St, MO) in
Phosphate Buffered Saline with Tween (PBST) (Sigma Aldrich, Louis St, MO) for 1 h. TNF-a antibodies
(Santa Cruz Biotechnology) were applied in blocker overnight at dilutions of 1:1,000 separately, after which
membranes were washed, incubated with HRP-conjugated secondary antibody (GeneTex Biotechnology),
washed again, incubated with ECL reagent and exposed to chemiluminescence ECL chemiluminescence
was captured using the Invitrogen IBright ChemiDoc Imaging System [27-29].

p50 and p65 gene expression by qRT-PCR

Total RNA from rat oral mucosa tissue was extracted with TRIzol (Invitrogen, Shanghai, China)
according to the manufacturer’s protocol. Briefly, first-stranded cDNA was synthesized with 1 g of total
RNA using Super-Script II (Invitrogen, Massachusetts, USA). SYBR No ROX Green 1 dye (SMOBIO
Technology Inc, Hsinchu, Taiwan) was used for reverse-transcription in a real-time PCR instrument (PCR
max Eco 48) and mRNA levels of the p50 and p65 genes were measured using the respective primers
(Table 1). The thermocycler conditions used were as follows: Initial step at 95 °C for 10 min, followed by
50 cycles at 95 °C for 15 s, and 60 °C for 1 min. The gene expression was recorded as the Cycles threshold
(Ct). Data were obtained using Eco Software v5.0 (Illumina Inc, San Diego, CA, USA). All reactions were
performed in triplicate, and data analysis used the 27* Ct method (Livak method) [30-33].

Table 1 Primer sequence.

Gene Sequence

Forward: TGGACAGCAAATCCGCCCTG
Reverse: TGTTGTAATGAGTCGTCATCCT

Forward: TGAACCGAAACTCTGGCAGCTG
Reverse: CATCAGCTTGCGAAAAGGAGCC

p50

po5
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Statistical analysis

Statistical analyses were accomplished with software SPSS 26.0 (SPSS Inc., Chicago, IL, USA). All
data are presented as mean + standard deviation (SD). Data analysis used 1-way ANOVA and continued
with the Least Significant Difference (LSD) test with p-value < 0.05.

Results and discussion

Results

NS extract regulated subunit p50 and p65 NFxB pathway

The mean expression ratio of the pS0 gene exhibited a significant decrease in the NAC 500 mg/kg
BW group (0.94 + 0.21), NS 125 mg/kg BW group (0.70 £ 0.24), NS 250 mg/kg BW group (0.67 £ 0.35)
and NS 500 mg/kg BW group (1.10 = 0.34) compared to the negative control group (3.16 = 0.41) (Figure
1(A)). Similarly, the mean expression ratio of the p65 gene also notably decreased in the NAC 500 mg/kg
BW group (1.26 + 0.24), NS 125 mg/kg BW group (0.68 £ 0.39), 250 mg/kg BW group (1.06 + 0.20) and
500 mg/kg BW group (1.30 +0.26) in comparison to the negative control group (2.11 £ 0.38) (Figure 1(B)).
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Figure 1 NFkB pathway analysis by qRT-PCR. (A) ratio gene expression level of p50 and (B) ratio gene
expression level of p65. Data are presented as mean £ SD with n = 4, *p < 0.03, **p < 0.002, indicates

significant difference.

NS extract inhibit TNF-a expression on Cisplatin-induced OM

Tumor necrosis factor-alpha (TNF-a) is a pro-inflammatory cytokine that is transcriptionally
regulated by the nuclear factor kappa B (NFkB) pathway due to the presence of increased oxidative stress.
In this study we also evaluate the effect of NS in the inflammation process. We found that the expression
of TNF-a decreased significantly in the NAC 500 mg/kg BW group (34.64 + 3.12), NS 125 mg/kg BW
group (29.23 £ 5.68), NS 250 mg/kg BW group (28.76 +4.55) and NS 500 mg/kg BW group (34.33 +4.44)
compared to the negative control group (52.93 + 3.47) (Figure 2).
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Figure 2 Expression of TNF-o among different study groups in Cisplatin-induced MO. (A) Band intensity
of TNF-a and B-actin in Western blot analysis. (B) Quantification of the TNF-a expression ratio to B-actin.
Data are presented as mean + SD with n=4, ***p <0.0002, ****p <(0.0001 indicates significant difference.

Discussion

Oral mucositis (OM) is the inflammation of the oral mucosa commonly found in patients undergoing
anticancer chemotherapy [2,7]. OM is associated with increased levels of pro-inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-a) and oxidative stress markers [4,16,34]. The use of natural
compounds containing various secondary metabolites such as flavonoids, alkaloids, saponins and tannins
from Nigella sativa (NS) has been reported to have both anti-inflammatory and antioxidant effects
[17-23,35]. However, its role in OM has not been fully elucidated. The N'S metabolite compounds can affect
the regulation of the p50 and p65 subunits. This study also yielded results that support previous research,
demonstrating that NS doses ranging from 125 to 500 mg/kg BB can suppress the expression of the p50
and p65 genes. This proves that NS compounds can inhibit NF«B activation. The suppression of NF-kB
activation by thymoquinone has been correlated with the sequential inhibition of IkBa kinase activation,
IkBa phosphorylation, IkBa degradation, p65 phosphorylation, nuclear translocation of p65 and the
expression of NFxB-regulated reporter genes [36]. Thymoquinone has been found to specifically inhibit
the direct binding of nuclear p65 and recombinant p65 to DNA, and this binding can be reversed by reducing
agents, indicating that thymoquinone can modify cysteine residues in p65 [37]. This indicates that
thymoquinone exerts its regulatory effect on the NFxB pathway by inhibiting key signaling molecules and
suppressing NFkB-regulated gene products [38].

Previous studies have reported that clinical trials using NS oil mouthwash improved chemotherapy-
induced oral mucositis in acute myeloid leukemia patients, leading to a subsequent reduction in pro-

inflammatory cytokine levels such as TNF-a [19,37]. The findings of these studies are consistent with the
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results of the current study, where NS administration suppressed TNF-a expression. Notably, the 125 mg/kg
BW dose of NS exhibited the most significant suppression of TNF-a expression. The potential mechanism
behind this effect could be attributed to the anti-inflammatory and antioxidant properties of NS. The
phytochemical content of NS, including thymoquinone, has been reported to possess anti-inflammatory and
antioxidant properties [39]. Thymoquinone in NS has also been shown to inhibit TNF-a-induced
inflammation through various mechanisms, such as regulating the apoptosis signal-regulating kinase 1
(ASK1) pathway and inhibiting the activation of p38 and JNK, which are involved in the inflammatory
signaling cascade [36]. These findings indicate that thymoquinone provides anti-inflammatory effects by
modulating intracellular signaling pathways associated with inflammation and suppressing TNF-a. In this
study, the 125 mg/kg BW dose of NS extract was more potent in suppressing pS0/p65 and TNF-a compared
to the 250 and 500 mg/kg BW doses in a cisplatin-induced oral mucositis model. The effects of different
doses of NS extract can be influenced by various factors, including the pharmacokinetics of the compounds,
bioavailability and their specific interactions with the molecular pathways involved in the regulation of
p50/p65 and TNF-a [40].

Conclusions

Overall, the administration of NS extract therapy shows potential in reducing inflammation in oral
mucositis by suppressing pro-inflammatory cytokines such as TNF-a and preventing cell death through
NF«B pathways. Further research is needed to explain the specific mechanisms underlying the effects of

Nigella sativa on oral mucositis due to cisplatin.

Acknowledgements

We would like to express our sincere gratitude to all those who contributed to this research project.
We are deeply thankful to Stem Cell and Cancer Research Indonesia in which significantly enhanced the
quality of our work. Furthermore, we acknowledge the financial support provided by Faculty of Medicine,
Universitas Muhammadiyah Purwokerto, Central Java, Indonesia which enabled us to conduct this

research.

References

[1] C Pulito, A Cristaudo, CL Porta, S Zapperi, G Blandino, A Morrone and S Strano. Oral mucositis:
The hidden side of cancer therapy. J. Exp. Clin. Canc. Res. 2020; 39, 210.

[2] D Jicman, MI Sarbu, S Fotea, A Nechifor, G Bélan, M Anghele, CI Vasile, E Niculet, N Sarbu, LF
Rebegea and AL Tatu. Oral mucositis induced by chemoradiotherapy in head and neck cancer - a
short review about the therapeutic management and the benefits of bee honey. Medicina 2022; 58,
751.

[3] SS Shetty, M Maruthi, V Dhara, JAA de Arruda, LG Abreu, RA Mesquita, AL Teixeira, TA Silva
and Y Merchant. Oral mucositis: Current knowledge and future directions. Disease-a-Month 2022,
68, 101300.

[4] A Blakaj, M Bonomi, ME Gamez and DM Blakaj. Oral mucositis in head and neck cancer: Evidence-
based management and review of clinical trial data. Oral Oncol. 2019; 95, 29-34.

[5] SKPs, A Balan, A Sankar and T Bose. Radiation induced oral mucositis. Indian J. Palliat. Care 2009;
15, 95-102.



Trends Sci. 2024; 21(9): 8105 7 of 9

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

VL Rajesh, TS Stephen and EP Douglas. Management of oral mucositis in patients with cancer. Dent.
Clin. North Am. 2008; 52, 61-8.

EU Cidon. Chemotherapy induced oral mucositis: Prevention is possible. Chin. Clin. Oncol. 2018; 7,
6.

NT Hasanah and TS Dewi. Holistic approach of a leukemic child suffering from oral mucositis with
coinfections: A case report. Int. Med. Case Rep. J. 2023; 16, 363-9.

S Elad, N Yarom, Y Zadik, M Kuten-Shorrer and ST Sonis. The broadening scope of oral mucositis
and oral ulcerative mucosal toxicities of anticancer therapies. CA: Can. J. Clin. 2022; 72, 57-77.

AP Cotrim, M Yoshikawa, AN Sunshine, C Zheng, AL Sowers, AD Thetford, JA Cook, JB Mitchell
and BJ Baum. Pharmacological protection from radiation =+ cisplatin-induced oral mucositis. Int. J.
Radiat. Oncol. Biol. Phys. 2012; 83, 1284-90.

Z Li, C Li, D Yang, J Song, T Liu, Z Zhou, L Zhou and M Kang. Comparing the efficacy and safety
of cisplatin and other platinum-based chemotherapies in locally advanced nasopharyngeal carcinoma:
A systematic review and meta-analysis. BMC Cancer 2022; 22, 616.

S Mirzaei, K Hushmandi, A Zabolian, H Saleki, SMR Torabi, A Ranjbar, SH SeyedSaleh, SO
Sharifzadeh, H Khan, M Ashrafizadeh, A Zarrabi and KS Ahn. Elucidating role of Reactive Oxygen
Species (Ros) in cisplatin chemotherapy: A focus on molecular pathways and possible therapeutic
strategies. Molecules 2021; 26, 2382.

S Giridharan and M Srinivasan. Mechanisms of NF-kB p65 and strategies for therapeutic
manipulation. J. Inflamm. Res. 2018; 11, 407-19.

MJ Morgan and ZG Liu. Crosstalk of reactive oxygen species and NF-«B signaling. Cell Res. 2011;
21, 103-15.

H Nguyen, S Sangha, M Pan, DH Shin, H Park, Al Mohammed and N Cirillo. Oxidative stress and
chemoradiation-induced oral mucositis: A scoping review of in vitro, in vivo and clinical studies. Int.
J. Mol. Sci. 2022; 23, 4863.

C Chen, Q Zhang, W Yu, B Chang and AD Le. Oral mucositis: An update on innate immunity and
new interventional targets. J. Dent. Res. 2020; 99, 1122-30.

OK Egilmez, N Kokten, MT Kalcioglu, AID Ekici, S Serifler and E Yesilada. Investigation of the
protective effect of Nigella sativa oil in cisplatin induced oral mucositis: An experimental study. Turk.
Arch. Otorhinolaryngol. 2020; 58, 10-5.

HAM Ameen, MO Mohammed, RHG Ali, KM Ahmed and SA Hussain. Nigella sativa oil for oral
mucositis. A/ Mustansiriyah J. Pharmaceut. Sci. 2019; 19, 54-67.

RM Pop, O Sabin, S Suciu, SC Vesa, SA Socaci, VS Chedea, IC Bocsan and AD Buzoianu. Nigella
sativa’s anti-inflammatory and antioxidative effects in experimental inflammation. Antioxidants
2020; 9, 921.

A Ahmad, A Husain, M Mujeeb, SA Khan, AK Najmi, NA Siddique, ZA Damanhouri and F Anwar.
A review on therapeutic potential of Nigella sativa: A miracle herb. Asian Pac. J. Trop. Biomed. 2013;
3, 337-52.

M Dalli, O Bekkouch, SE Azizi, A Azghar, N Gseyra and B Kim. Phytochemistry and
pharmacological activities: A review (2019 - 2021). Biomolecules 2022; 12, 20.

D Kadam and SS Lele. Extraction, characterization and bioactive properties of Nigella sativa
seedcake. J. Food Sci. Tech. 2017; 54, 3936-47.

N Chehl, G Chipitsyna, Q Gong, CJ Yeo and HA Arafat. Anti-inflammatory effects of the Nigella
sativa seed extract, thymoquinone, in pancreatic cancer cells. HPB 2009; 11, 373-81.



Trends Sci. 2024; 21(9): 8105 8 of 9

[24]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[36]

[37]

[38]

[39]

ND Amalina, S Wahyuni and Harjito. Cytotoxic effects of the synthesized Citrus aurantium peels
extract nanoparticles against MDA-MB-231 breast cancer cells. J. Phys. Conf. Ser. 2021; 1918,
032006.

M Suzery, B Cahyono and ND Amalina. Antiproliferative and apoptosis effect of hyptolide from
Hyptis pectinata (L.) Poit on human breast cancer cells. J. Appl. Pharmaceut. Sci. 2020; 10, 001-6.
Y Shimamura, I Takeuchi, H Terada and K Makino. A mouse model for oral mucositis induced by
cancer chemotherapy. Anticancer Res. 2018; 38, 307-12.

RI Jenie, ND Amalina, GPN Ilmawati, RY Utomo, M Ikawati, A Khumaira, JY Kato and E Meiyanto.
Cell cycle modulation of CHO-K1 cells under genistein treatment correlates with cells senescence,
apoptosis and ROS level but in a dose-dependent manner. Adv. Pharmaceut. Bull. 2019; 9, 453.

DA Paramita, D Hermansyah, DA Paramita and ND Amalina. Regulation of p53 and surviving by
Curcuma longa extract to caspase-3 dependent apoptosis in triple negative breast cancer cells. Med.
Glasnik 2022; 19, 189-96.

S Mursiti, ND Amalina and A Marianti. Inhibition of breast cancer cell development using Citrus
maxima extract through increasing levels of Reactive Oxygen Species (ROS). J. Phys. Conf. Ser.
2021; 1918, 052005.

ND Amalina, S Wahyuni and Harjito. Cytotoxic effects of the synthesized Citrus aurantium peels
extract nanoparticles against MDA-MB-231 breast cancer cells. J. Phys. Conf. Ser. 2021; 1918,
032006.

D Hermansyah, A Putra, D Munir, A Lelo, ND Amalina and I Alif. Synergistic effect of Curcuma
longa extract in combination with Phyllanthus niruri extract in regulating annexin A2, epidermal
growth factor receptor, matrix metalloproteinases, and pyruvate kinase M1/2 signaling pathway on
breast cancer stem cell. Open Access Macedonian J. Med. Sci. 2021; 9, 271-85.

ND Amalina, IA Salsabila, UM Zulfin, RI Jenie and E Meiyanto. In vitro synergistic effect of
hesperidin and doxorubicin downregulates epithelial-mesenchymal transition in highly metastatic
breast cancer cells. J. Egypt. Natl. Canc. Inst. 2023; 35, 6.

A Utami, A Putra, JW Wibowo, ND Amalina and RCS Irawan. Hypoxic secretome mesenchymal
stem cells inhibiting interleukin-6 expression prevent oxidative stress in type 1 diabetes mellitus. Med.
Glasnik 2023; 20, 148-55.

N Ozawa, T Onda, K Hayashi, H Honda and T Shibahara. Effects of topical hangeshashinto (TJ-14)
on chemotherapy-induced oral mucositis. Canc. Manag. Res. 2020; 12, 1069-78.

KF Shad, W Soubra and DJ Cordato. The role of thymoquinone, a major constituent of Nigella sativa,
in the treatment of inflammatory and infectious diseases. Clin. Exp. Pharmacol. Physiol. 2021; 48,
1445-53.

L Peng, A Liu, Y Shen, HZ Xu, SZ Yang, XZ Ying, W Liao, HX Liu, ZQ Lin, QY Chen, SW Cheng
and WD Shen. Antitumor and anti-angiogenesis effects of thymoquinone on osteosarcoma through
the NF-kB pathway. Oncol. Rep. 2013; 29, 571-8.

MS Butt, M Imran, A Imran, MS Arshad, F Saeed, TA Gondal, MA Shariati, SA Gilani, T Tufail, I
Ahmad, NA Rind, MF Mahomoodally, S Islam and Z Mehmood. Therapeutic perspective of
thymoquinone: A mechanistic treatise. Food Sci. Nutr. 2021; 9, 1792-809.

G Sethi, KS Ahn and BB Aggarwal. Targeting nuclear factor-xB activation pathway by
thymoquinone: Role in suppression of antiapoptotic gene products and enhancement of apoptosis.
Mol. Canc. Res. 2008; 6, 1059-70.

AFC Silva, PI Haris, ML Serralheir and R Pacheco. Mechanism of action and the biological activities
of Nigella sativa oil components. Food Biosci. 2020; 38, 100783.



Trends Sci. 2024; 21(9): 8105 90f9

[40] OK Egilmez, N Kokten, MT Kalcioglu, AID Ekici, S Serifle and E Yesilada. Investigation of the
protective effect of Nigella sativa oil in cisplatin induced oral mucositis: An experimental study. Turk.
Arch. Otorhinolaryngol. 2020; 58, 10-5.



