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1. INTRODUCTION 

Oral cancer, a subset of head and neck 
cancers, poses a significant global health burden, 

particularly in developing countries. It is 

characterized by the malignant transformation of 
epithelial cells in the oral cavity and is often 

diagnosed at advanced stages, contributing to high 

morbidity and mortality.1 

Key etiological factors include tobacco 

use, alcohol consumption, poor oral hygiene, viral 

infections such as Human Papilloma Virus (HPV), and 

genetic predisposition. Despite the availability of 
conventional treatments such as surgery, 

chemotherapy, and radiation, these interventions often 

have limited efficacy, serious side effects, and high 

recurrence rates. Consequently, there is a growing 
interest in alternative and complementary therapies, 

particularly those based on medicinal plants, to 
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ABSTRACT 
Background: Oral cancer remains a significant global health challenge, characterized by high mortality rates and 

limited effective treatment options. There is a growing interest in natural bioactive compounds as potential 

therapeutic agents to overcome the limitations of conventional therapies. 

Purpose: This review aims to explore the therapeutic potential of bioactive compounds derived from Ocimum 

tenuiflorum L. (Holy basil or Tulsi) in the management of oral cancer. 
Methods: A comprehensive literature survey was conducted PubMed, Scopus, and Web od Science database to 

analyze the mechanisms through which key phytochemicals from O. tenuiflorum, such as eugenol, rosmarinic acid, 

apigenin, and linalool, exert anticancer effects. Keywords included: “Ocimum tenuiflorum,” “Tulsi,” “Bioactive 

Compounds,” “Nanotechnology,” “Oral Cancer,” “Personalized Medicine.” We focused on modulating oxidative 
stress, inducing apoptosis, and inhibiting metastasis by interfering with critical signaling pathways. 

Results: The selected phytochemicals demonstrated potent anticancer properties against oral cancer cells in 

preclinical studies. They effectively modulated oxidative stress, promoted apoptosis, and inhibited metastatic 
progression. However, significant gaps persist regarding their clinical applicability and long-term safety profiles. 

Conclusions: Ocimum tenuiflorum exhibits transformative potential in oral cancer therapy. Future research should 

prioritize clinical translation of these preclinical findings and focus on developing novel therapeutic agents tailored 

to individual patient needs. 
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address these limitations. Among the many 

botanicals studied for their anticancer properties, 
Ocimum tenuiflorum L., commonly known as Holy 

basil or Tulsi, has emerged as a prominent 

candidate. Revered in Ayurvedic and other 
traditional systems of medicine, Tulsi is known for 

its wide spectrum of therapeutic properties. The 

plant contains a diverse array of phytochemicals, 

including eugenol, rosmarinic acid, apigenin, 
linalool, and other phenolic compounds, which 

have demonstrated potent antioxidant, anti- 

inflammatory, antimicrobial, and anticancer 
effects.2,3,4,5 These compounds interact with 

multiple cellular pathways and have been shown to 

exert a significant influence on tumor growth and 
progression. 

One of the primary mechanisms through 

which O. tenuiflorum exerts its anticancer effects is 

oxidative stress modulation. Oxidative stress plays 
a pivotal role in carcinogenesis by damaging 

cellular components and inducing mutations. The 

phytoconstituents in Tulsi exhibit strong free 
radical scavenging activities and enhance 

endogenous antioxidant defenses, thereby reducing 

the risk of cancer initiation and progression.6 

Additionally, Tulsi compounds can inhibit 
inflammatory pathways implicated in tumor 

promotion and metastasis, such as NF-κB and 

PI3K/Akt signaling. These pathways are essential 
for cancer cell survival, proliferation, and 

resistance to apoptosis. Another critical anticancer 

mechanism of O. tenuiflorum is the induction of 
apoptosis, or programmed cell death, in malignant 

cells. Compounds like apigenin and eugenol have 

been shown to modulate signaling pathways such 

as MAPK and HIF-1α, which regulate cell cycle 
arrest and apoptosis.7,8 This selective cytotoxicity 

towards cancer cells, while sparing normal cells, 

presents a distinct advantage over conventional 
chemotherapy. Furthermore, O. tenuiflorum has 

been reported to inhibit angiogenesis, the process 

of new blood vessel formation that tumors rely on 
for growth and metastasis by downregulating pro- 

angiogenic factors such as VEGF.1,9 

The affordability and accessibility of O. 

tenuiflorum make it an attractive option, especially 

in resource limited settings where oral cancer 
prevalence is disproportionately high. However, 

despite promising in vitro and in vivo findings, 

significant challenges remain. Variability in 

phytochemical composition due to environmental 
factors, limited bioavailability of active 

compounds, and lack of clinical validation are 

major obstacles to its integration into mainstream 
oncology.10 Innovative approaches such as 

nanotechnology-based drug delivery systems have 

shown promise in enhancing the solubility, stability, 

and targeted delivery of Tulsi phytochemicals, 
potentially overcoming these limitations.11 This 

review consolidates the current understanding of O. 

tenuiflorum’s phytochemical profile and its anticancer 
activities against oral malignancies. It also highlights 

emerging technologies and future directions aimed at 

optimizing its therapeutic potential. By bridging 

traditional wisdom and modern scientific research, O. 
tenuiflorum holds promise as a safe and effective 

adjunct in oral cancer management. 

 

2. ORAL CANCER: EPIDEMIOLOGY AND 

RISK FACTORS 
Oral cancer constitutes approximately 3% of 

all cancers worldwide, with a disproportionate burden 

in LMICs.12,13,14 Regions such as South Asia, Eastern 

Europe, and parts of Latin America report some of the 
highest incidence rates, largely attributed to 

sociocultural habits like tobacco and areca nut use.15 

For example, India and Sri Lanka report alarmingly 
high prevalence of oral cancer due to widespread 

tobacco chewing and betel quid consumption. In 

contrast, Western countries show relatively lower 
incidence, though late-stage diagnoses and healthcare 

access inequalities persist.16,17 The five-year survival 

rate remains suboptimal between 50–60% and is 

heavily dependent on the stage of diagnosis.18 Patients 
diagnosed at earlier stages exhibit markedly better 

outcomes compared to those with advanced disease, 

highlighting the critical need for timely detection and 
treatment.16,19 Multiple risk factors contribute to oral 

cancer development. Tobacco use and smoking, 

chewing, or using snuffs, remains the most significant 
carcinogen, delivering mutagenic agents that induce 

DNA damage and chronic inflammation.20 Prolonged 

and intense tobacco use elevates cancer risk up to 15- 

fold.15,21 Alcohol further exacerbates this risk, 
particularly when combined with tobacco. Metabolism 

of ethanol into acetaldehyde, a known carcinogen, 

disrupts DNA repair mechanisms, promoting 
malignancy.22,23 In recent years, HPV, especially type 

16, has emerged as a major risk factor for 

oropharyngeal cancer. Unlike tobacco-related cancers, 

HPV-positive cases often affect younger individuals 
and are localized to the tonsillar region and tongue 

base. The virus integrates into host DNA, leading to 

deregulation of oncogenes and inhibition of tumor 
suppressor proteins.24,25 

Genetic predispositions, particularly 

mutations in DNA repair genes, can also elevate 

susceptibility to oral malignancies.26,27 Environmental 
and dietary factors including high intake of smoked 

meats, refined carbohydrates, and nutrient-deficient 

diets have been implicated in modulating cancer 
risk.28,29 Furthermore, recent studies implicate 

microbial dysbiosis in chronic oral inflammation and 
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carcinogenesis, pointing to a role for the oral 

microbiome.30,31 
Early symptoms of oral cancer such as 

non-healing ulcers, leukoplakia, and unexplained 

lesions are often mistaken for benign conditions, 
resulting in delayed diagnosis and reduced 

therapeutic efficacy.18,32 Existing diagnostic tools 

suffer from limitations in sensitivity and 

specificity, underscoring the urgent need for non- 
invasive biomarkers and improved screening 

strategies.33,34 

Treatment typically involves surgery, 
often accompanied by radiotherapy and 

chemotherapy. While effective in managing 

localized disease, these approaches can result in 
debilitating side effects, functional impairment, 

and disfigurement.35,36 Hence, there is a growing 

interest in alternative therapeutic strategies that are 

safer, more effective, and tailored to individual 
patient profiles. 

 

3. TULSI: AN OVERVIEW 

Tulsi (O. tenuiflorum) is a distinguished 

member of the Lamiaceae family, mostly used for 

its aromatic leaves and multipurpose applications 

in culinary, spiritual, and medicinal contexts. 
Native to the Indian subcontinent, this perennial 

herb thrives in warm, humid climates, growing up 

to 1 meter in height depending on environmental 
conditions.37,38 

Its distinct elliptical, serrated leaves not 

only serve an ornamental role but also play a 
central part in traditional medical systems such as 

Ayurveda and Siddha.39,40 

Tulsi holds profound cultural and religious 

significance in Hinduism, being revered as a sacred 
plant. Ancient scriptures detail its use in spiritual 

rituals, attributing purifying and protective 

properties to it.41,42 
Beyond religious importance, O. 

tenuiflorum has been widely employed in 

managing ailments such as respiratory conditions, 

fevers, bronchitis, and digestive issues. Decoctions 
made from its leaves and stems have long served as 

remedies across traditional healthcare systems.43 

The herb’s antimicrobial properties are 

particularly notable, with historical usage in wound 
healing, treating ulcers, and controlling oral 

inflammation and toothache in rural 

populations.44,45 Classified as an adaptogen, O. 
tenuiflorum is known to bolster the body’s 

resilience to physical and emotional stress by 

regulating cortisol levels.46 
Consumed regularly as teas or herbal 

supplements, it is integrated into health-promoting 

diets aiming to support holistic well-being.47,48 Its 

therapeutic potential is attributed to a rich 

phytochemical profile, including phenolic acids, 

flavonoids, terpenoids, 
and essential oils.49,50 Compounds like rosmarinic acid 

and caffeic acid exhibit strong antioxidant activity by 

neutralizing free radicals, chelating metal ions, and 
reducing lipid peroxidation, thereby mitigating 

oxidative stress.51 Flavonoids such as apigenin and 

orientin contribute anti-inflammatory and anticancer 

activities, making them promising agents in cancer 
research.52,53 

The essential oils of Tulsi, rich in terpenoids 

like eugenol and linalool, contribute analgesic, 
antibacterial, and anticancer activities. Eugenol, in 

particular, has demonstrated the ability to inhibit 

tumor growth and modulate immune responses.54,55 
Additional oil components like citral and camphor, 

along with alkaloids, glycosides, and saponins, 

enhance its pharmacological efficacy.56,57 

Multiple studies affirm the herb's safety, with 
consistent evidence showing minimal adverse effects 

at therapeutic doses in both animal and human 

trials.58,59 Nonetheless, caution is advised for 
individuals with known hypersensitivity or those on 

certain medications. Pregnant and lactating women are 

advised to moderate intake due to insufficient safety 

data.60,61 In preclinical disease models, O. tenuiflorum 
extracts have demonstrated anti-inflammatory effects 

through the suppression of pro-inflammatory 

cytokines and NF-κB signaling pathways.62,63 

Its anticancer potential is evidenced by its 

ability to inhibit tumor cell proliferation, induce 

apoptosis, and suppress metastasis, primarily through 
bioactive compounds like eugenol and rosmarinic 

acid, which regulate MMPs and VEGF, 

respectively.64,65 
Advanced extraction techniques such as 

supercritical fluid extraction and ultrasound-assisted 

methods are being adopted to optimize the purity and 
potency of Tulsi based formulations.66 These 

advancements bolster its value in modern integrative 

medicine and reaffirm its relevance in both traditional 

and contemporary healthcare systems. 

 

4. BIOACTIVE COMPOUNDS IN TULSI 

Tulsi contains multiple bioactive 
compounds, notably eugenol, rosmarinic acid, 

apigenin, and linalool, each contributing to its 

remarkable anticancer properties, especially in oral 
cancer. (Figure 1, Table 1). 
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Table 1. Anticancer properties of major bioactive compounds from O. tenuiflorum (Tulsi) 

 

Compound Key Mechanisms Molecular Targets 
/ Pathways 

Cancer-Relevant 
Effects 

References 

Eugenol Antioxidant, pro- 

apoptotic, anti- 

inflammatory, anti- 

metastatic 

ROS scavenging, 
↑SOD & catalase, 

↓PI3K/Akt/mTOR, 
↓NF-κB, ↓MMP- 
2/9, ↑cytochrome c 

Induces apoptosis, 

inhibits proliferation, 

EMT, metastasis, and 
enhances 
chemosensitivity 

38,67,68 

Rosmarinic 

Acid 

Antioxidant, anti- 

inflammatory, pro- 
apoptotic 

↓IL-6, IL-8, TNF-α, 
↓NF-κB, ↓STAT3, 
↑Bax, ↓Bcl-2 

Enhances intrinsic 

apoptosis, modulates 
tumor 
microenvironment, 
synergizes with eugenol 

46,56,57 

Apigenin Cell cycle arrest, pro- 

apoptotic, anti- 
angiogenic 

↓CDK2/4, 

↑p21/p27, ↑caspase 
cascade, ↓VEGF 

Induces G1/S arrest, 

promotes apoptosis, 
inhibits angiogenesis 

60,69 

Linalool Antioxidant, 

mitochondrial 

apoptosis, anti- 
inflammatory 

↓ROS, ↑SOD, ↓IL- 

6, ↓VEGF, ↓MMPs 

Induces apoptosis, 

inhibits metastasis, 

angiogenesis 

46,70,71 

Synergistic 

Action 

Multi-targeted effect Combination of 

above pathways 

Enhances therapeutic 

response, overcomes 

drug resistance, minimal 

cytotoxicity to normal 
 cells  

72,73 

 

Figure 1. Key constituents of O. tenuiflorum with anticancer potential. (A) O. tenuiflorum (Green type); (B) O. 

tenuiflorum (Purple type); (C) Eugenol; (D) Apigenin; (E) Rosmarinic acid; (F) Linalool. These compounds contribute 
to oxidative stress modulation, apoptosis induction, metastasis inhibition, and oncogenic pathway regulation in oral 

cancer. 
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Eugenol, a phenylpropanoid, is the most extensively studied compound from O. tenuiflorum. It permeates 

cell membranes and targets mitochondrial pathways, disrupting oxidative stress balance and inducing apoptosis. 

Eugenol scavenges reactive oxygen species (ROS) and enhances antioxidant enzymes such as superoxide dismutase 

(SOD) and catalase, thus reducing oxidative stress implicated in carcinogenesis.74,75 It also impairs the electron 
transport chain, promoting cytochrome c release and activating the intrinsic apoptotic pathway.46 

Eugenol downregulates anti-apoptotic proteins (e.g., Bcl-2) while upregulating pro-apoptotic proteins (e.g., 

Bax), shifting the balance toward cell death.73 Eugenol modulates critical oncogenic pathways like PI3K/Akt/mTOR 
and NF-κB. It inhibits Akt phosphorylation, reducing glucose uptake and halting tumor growth.38 By suppressing 

NF-κB, it lowers inflammation and anti-apoptotic gene expression, both of which are central to cancer progression.43 

Eugenol also exhibits anti-metastatic properties by downregulating matrix metalloproteinases MMP-2 and MMP-9 
and reversing epithelial-to-mesenchymal transition (EMT), enhancing E-cadherin while suppressing vimentin.71 

Particularly, eugenol enhances the efficacy of chemotherapeutics like cisplatin by inhibiting multidrug resistance 

(MDR) proteins, thereby increasing intracellular drug accumulation. Its selective cytotoxicity toward cancer cells, 

attributed to their altered redox states, and its lipophilic properties, enabling better mucosal penetration, make it 
ideal for oral cancer therapy.56 

Rosmarinic acid, a polyphenol found in O. tenuiflorum, complements eugenol through its potent anti- 

inflammatory and antioxidant properties. It inhibits pro-inflammatory cytokines such as IL-6 and TNF-α, altering 

the tumor microenvironment.76 At the molecular level, it suppresses STAT3 and NF-κB signaling pathways, 

reducing cancer cell proliferation and enhancing apoptosis.57 Additionally, it modulates Bcl-2 family proteins, 
increasing Bax/Bak and decreasing Bcl-2 expression, leading to mitochondrial membrane destabilization and 

caspase activation. It also arrests the cell cycle at the G1/S checkpoint by downregulating cyclins and CDKs. 70 

Apigenin, a flavonoid in O. tenuiflorum, induces cell cycle arrest and apoptosis. It inhibits CDK2/CDK4 

activity, halting the G1/S transition, and upregulates p21 and p27 to reinforce checkpoint control.69 Like eugenol 
and rosmarinic acid, apigenin promotes cytochrome c release and caspase cascade activation. It also suppresses 

inflammatory mediators and reduces VEGF expression, impairing angiogenesis.60 

Linalool, a monoterpene, exerts antioxidant and anti-inflammatory effects by scavenging ROS and 

downregulating cytokines, thereby reducing tumor-favoring inflammation.70 It induces mitochondrial 
depolarization, cytochrome-c release, and apoptosis. Like other compounds in O. tenuiflorum, it inhibits MMPs and 

VEGF, limiting metastasis and angiogenesis.46 The synergistic interactions among these phytochemicals offer a 

holistic and multi-targeted strategy against cancer. Their collective activities apoptotic induction, oxidative stress 
modulation, signaling pathway disruption, and metastasis inhibition highlight the therapeutic promise of O. 

tenuiflorum. Ongoing research continues to explore these compounds for future applications in integrative and 

localized oral cancer therapy. 

 

5. MECHANISMS OF ACTION AGAINST ORAL CANCER 

The bioactive compounds of O. tenuiflorum, notably eugenol, rosmarinic acid, and apigenin, exhibit 
promising chemo-preventive and therapeutic potential against oral cancer. These phytochemicals exert synergistic 

effects across multiple pathways, targeting oxidative stress, inflammation, cellular signaling, apoptosis, and 

metastasis, while sparing normal cells (Figure 2). Oxidative stress and chronic inflammation are critical contributors 

to oral carcinogenesis. Excessive reactive oxygen species (ROS) promote DNA damage, genomic instability, and 
tumor progression.77 Eugenol, the major active component of O. tenuiflorum, demonstrates potent antioxidant 

activity by scavenging superoxide anions and hydroxyl radicals.78,79 

It also enhances endogenous antioxidant enzymes such as superoxide dismutase (SOD), catalase, and 

glutathione peroxidase, thereby restoring redox homeostasis and reducing oxidative DNA damage.78,80 
Inflammation is another hallmark of cancer progression. Elevated levels of cytokines like IL-6 and TNF-α promote 

a pro-tumorigenic microenvironment.77 

Rosmarinic acid and linalool, present in O. tenuiflorum, modulate inflammation by downregulating IL-6, 
IL-8, and TNF-α expression and inhibiting the NF-κB pathway, a central mediator of inflammation.77,81 

This downregulation mitigates chronic inflammation and contributes to tissue homeostasis. Disruption of 

oncogenic signaling pathways further strengthens the anticancer efficacy of these phytocompounds. The 
PI3K/Akt/mTOR signaling axis, commonly activated in oral cancers, promotes proliferation and apoptosis 

resistance.82 Eugenol and apigenin inhibit Akt phosphorylation, leading to downstream suppression of mTOR 

signaling and halting cell cycle progression.81,83 Additionally, suppression of NF-κB phosphorylation and nuclear 

translocation by eugenol and rosmarinic acid blocks the transcription of anti-apoptotic and pro-inflammatory genes, 
sensitizing cancer cells to cell death.84,85 
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Figure 2. Mechanisms of Ocimum tenuiflorum bioactive compounds against oral cancer, including modulation of 
oxidative stress, suppression of inflammation, inhibition of PI3K/Akt and NF-κB signaling, induction of apoptosis, 

and prevention of metastasis and angiogenesis, while sparing normal cells. 

 

Apoptosis induction through the intrinsic mitochondrial pathway is a pivotal mechanism. Eugenol disrupts 

mitochondrial membrane potential, triggering cytochrome c release and activating caspase-9 and caspase-3, 

culminating in apoptosis.86,87 Apigenin complements this effect by upregulating pro-apoptotic proteins and 

downregulating anti-apoptotic Bcl-2, thus promoting selective apoptosis of cancer cells.88,89 Cell cycle arrest is 
another key target. Apigenin inhibits G1/S phase transition by downregulating cyclin D1 and CDK4 while 

upregulating p21, a cyclin-dependent kinase inhibitor.90,91 This blockade prevents uncontrolled cell proliferation 

and facilitates apoptotic signaling. The inhibition of metastasis and angiogenesis by O. tenuiflorum compounds 
further enhances its anticancer potential. Eugenol and linalool suppress matrix metalloproteinases MMP-2 and 

MMP-9, enzymes essential for extracellular matrix degradation and cancer cell invasion.92,93 Eugenol also represses 

epithelial-to-mesenchymal transition (EMT) by restoring E-cadherin expression and reducing vimentin levels, thus 
reducing metastatic spread.94,95 Angiogenesis, a process vital for tumor survival and expansion, is impeded by 

apigenin and rosmarinic acid, which inhibit vascular endothelial growth factor (VEGF) expression.96,97,98 The 

inhibition of VEGF limits endothelial cell recruitment and neovascularization, depriving tumors of essential 

nutrients and oxygen. Collectively, these bioactive compounds act on diverse molecular targets to combat oral 
cancer. Their multi-modal mechanisms as antioxidant, anti-inflammatory, anti-proliferative, pro-apoptotic, anti- 

metastatic, and anti-angiogenic position, Tulsi as a potent natural adjunct in oral cancer therapy, warranting further 

exploration in clinical settings. 

 

6. PRECLINICAL STUDIES ON O. TENUIFLORUM AND ORAL CANCER 

Preclinical investigations provide strong evidence for the anticancer efficacy of O. tenuiflorum in oral 

cancer models (Table 2). These studies, involving both in vitro assays using oral cancer cell lines (e.g., SCC-9, 
SCC-25, CAL-27) and in vivo animal models, highlight the therapeutic potential of its bioactive compound’s 

eugenol, rosmarinic acid, apigenin, and linalool. Eugenol, a dominant phytochemical in O. tenuiflorum, exhibits 

potent cytotoxic effects by inhibiting cancer cell proliferation and inducing apoptosis in a dose-dependent manner. 
The apoptotic effects are marked by morphological changes such as cell shrinkage and nuclear condensation.38,99 

Mechanistically, eugenol disrupts mitochondrial membrane potential, triggering cytochrome c release, and 

activation of caspase-9 and caspase-3, thereby initiating the intrinsic apoptotic pathway.43 Importantly, eugenol 
demonstrates selective toxicity, preferentially targeting cancer cells while sparing normal cells, which enhances its 

therapeutic appeal. 
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Table 2. Preclinical Evidence Supporting the Anticancer Potential of O. tenuiflorum in Oral Cancer 

 

Bioactive 

Compound 

Experimental 

Model 

Mechanisms of 

Action 

Key Outcomes in 

Oral Cancer 

Models 

References 

Eugenol In vitro (SCC- 

9, SCC-25, 

CAL-27); In 

vivo (4-NQO, 

DMBA 
models) 

↓Mitochondrial 
membrane potential, 

↑cytochrome c, 
↑caspase-9/3, ↓Bcl-2, 

↑Bax 

Apoptosis 
induction, selective 

cytotoxicity, 

reduced lesion 
severity, no organ 
toxicity 

38,43,99 

Rosmarinic Acid In vitro; In 

vivo (rat oral 

carcinogenesis 

models) 

G1/S arrest, ↓Cyclin 

D1, ↓CDK4, ↑p21, 

↓IL-6, TNF-α, 

↑antioxidants 

Inhibits 

proliferation, 

suppresses 

inflammation, 
enhances DNA 
protection 

71,100 

Apigenin In vitro oral 

cancer cell 

lines 

↑p21/p27, ↓Cyclin 

D1/CDK4, ↑Caspase- 

3, ↓Bcl-2 

Cell cycle arrest, 

apoptosis 

promotion, synergy 
with 
eugenol/rosmarinic 
acid 

71,89,101 

Linalool In vitro and in 

vivo models 
↓IL-6, ↓TNF-α, 
↓MMP-2/9, ↓NF-κB, 
↓migration/invasion 

Anti-inflammatory, 

anti-metastatic, 
inhibits EMT 

43,102,103 

Whole Extract (O. 

tenuiflorum) 

Rodent 

carcinogen- 

induced oral 

cancer models 
(4-NQO, 
DMBA) 

↑SOD, ↑catalase, 
↓ROS, 

↓hyperplasia/dysplasia 

Reduction in tumor 

incidence and 

lesion grade; 

preserves 
liver/kidney health 

71,104,100 

Combination with 

Chemotherapeutics 

Eugenol + 
Cisplatin / 

Rosmarinic 

Acid + 
Doxorubicin 

↓MDR proteins, 
↑chemosensitivity, 
↓toxicity 

Synergistic effects; 
enhanced efficacy 

and tolerability vs. 

standard 
chemotherapy 

 alone  

38,93,105 

 

Rosmarinic acid further contributes to 
anticancer activity by inducing cell cycle arrest at 

the G1/S checkpoint through downregulation of 

cyclin D1 and CDKs, and upregulation of the CDK 

inhibitor p21.71,100 It also cooperates with eugenol 
in modulating apoptosis-related proteins, 

upregulating Bax and downregulating Bcl-2.60 

These synergistic actions enhance the overall 
anticancer potency of O. tenuiflorum extracts. 

Apigenin, another bioactive flavonoid in O. 

tenuiflorum, complements these effects by 
reinforcing intrinsic apoptosis in oral cancer cells, 

amplifying the impact of eugenol and rosmarinic 

acid.71,101 Collectively, these compounds present 

opportunities for combination therapy with 
enhanced efficacy and lower toxicity.43 Linalool, a 

monoterpenoid  component,  provides  anti- 

inflammatory and antimetastatic effects. It suppresses 
pro-inflammatory cytokines such as IL-6 and TNF-α 

and inhibits matrix metalloproteinases (MMPs), 

reducing tumor-promoting inflammation and cell 

invasion.102,103 These effects underscore O. 
tenuiflorum role in preventing metastasis and 

promoting cancer cell containment. 

The in vivo studies using rodent models with 

chemically induced oral cancer (e.g., 4-NQO and 

DMBA) validate the chemo-preventive effects of O. 
tenuiflorum extracts. Treatment results in reduced 

incidence and severity of precancerous lesions and 

histological improvements, including decreased 
dysplasia and hyperplasia.71,101 These outcomes are 

linked to enhanced antioxidant defenses and reduced 

oxidative stress via free radical scavenging by 

eugenol and rosmarinic acid.103,104 
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Additional mechanistic insights show that 

pyrazine derivatives and linalool modulate pro- 
apoptotic signaling and downregulate 

inflammatory markers, improving organ health 

and supporting the systemic safety of the 
extract.106,107,108 Toxicological evaluations confirm 

that therapeutic doses of O. tenuiflorum do not 

adversely affect the liver, heart, or kidneys, 

validating its biocompatibility.99,104 Comparative 
analyses with chemotherapeutic agents reveal that 

eugenol matches or surpasses cisplatin in 

cytotoxic activity, while causing less damage to 
healthy tissues.38 Moreover, rosmarinic acid and 

apigenin can enhance doxorubicin’s effect by 

mitigating multidrug resistance mechanisms.93,105 
Co-administration of O. tenuiflorum with 

chemotherapeutics enhances overall cytotoxicity 

and reduces required dosages, thereby minimizing 

side effects and improving patient tolerance.71 
Overall, preclinical data firmly support the chemo- 

preventive and therapeutic potential of O. 

tenuiflorum in oral cancer. Its multi-targeted 
mechanisms, safety profile, and synergy with 

existing drugs make it a strong candidate for future 

clinical trials in oncology. 

 

7. DRUG DELIVERY SYSTEMS FOR 

ENHANCING BIOAVAILABILITY 
The therapeutic potential of O. 

tenuiflorum in treating oral cancer is limited by 

challenges in the bioavailability and stability of its 

bioactive compounds such as eugenol, rosmarinic 
acid, and apigenin. These phytochemicals possess 

low aqueous solubility, high lipophilicity, and are 

prone to rapid metabolic degradation, limiting 
their systemic absorption and clinical 

efficacy.28,109,110 Due to their lipophilic nature, 

compounds like eugenol and apigenin are poorly 
absorbed in conventional oral formulations, 

reducing their therapeutic concentrations in target 

tissues.111,112 In addition to poor solubility, many 

of these constituents undergo rapid enzymatic 
metabolism primarily via cytochrome P450 

enzymes resulting in the formation of less active 

metabolites before they reach systemic 
circulation.112 For example, rosmarinic acid is 

especially unstable when exposed to 

environmental stressors like pH fluctuations, light, 

and heat, requiring special formulation strategies 
to preserve its bioactivity.111,113 These 

pharmacokinetic drawbacks result in 

subtherapeutic plasma levels that are inadequate 
for meaningful anti-cancer activity. Furthermore, 

the non-targeted nature of traditional delivery 

systems increases the risk of off-target effects. 
When administered orally or topically, these 

bioactives are dispersed non-specifically 

throughout the body, reducing their concentration at 

cancer sites and increasing the risk of side effects in 
healthy tissues.114,115 This lack of site-specificity is a 

major limitation in cancer therapy, where precise drug 

delivery is essential. 
Advancements in nanotechnology have 

introduced novel drug delivery systems that address 

these limitations. Nanocarriers such as liposomes, 

polymeric nanoparticles, and solid lipid nanoparticles 
(SLNs) can encapsulate lipophilic phytochemicals, 

enhancing solubility, stability, and targeted 

delivery.116,117,118 Liposomes protect compounds from 
degradation and improve membrane permeability. 

Functionalization with tumor-specific ligands enables 

targeted delivery, increasing therapeutic efficacy and 
minimizing systemic toxicity.109,119,120,121 Polymeric 

nanoparticles made from biocompatible materials like 

chitosan and polylactic-co-glycolic acid (PLGA) 

offer controlled, sustained release of bioactives. 
PLGA-based systems have shown to enhance the 

bioavailability of rosmarinic acid, boosting 

cytotoxicity against tumor cells while protecting 
normal tissues.122,123,124 SLNs provide a hybrid 

approach, stabilizing lipophilic compounds within a 

solid lipid matrix, improving pharmacological 

properties, and allowing for stimulus-responsive, 
localized release at tumor sites.118,125,126 Combination 

therapies incorporating phytochemicals with 

conventional chemotherapeutics have shown 
synergistic effects, reducing the required doses of 

synthetic drugs and associated side effects.127,128,129 

Solubility enhancers like cyclodextrins and 
hydrocolloid carriers have also been effective in 

improving the pharmacokinetics of poorly soluble 

compounds.130,131 While natural product-based 

therapies are attractive due to their low toxicity and 
rich pharmacological profiles, their success depends 

on innovative delivery systems that address inherent 

limitations in solubility, metabolism, and 
targeting.132,133 Integrated therapeutic strategies 

combining nanocarriers and natural phytochemicals 

may be especially effective in complex conditions like 
oral cancer.124,134 O. tenuiflorum holds immense 

potential for oral cancer treatment, but overcoming its 

bioavailability hurdles is essential. Advanced drug 

delivery platforms, particularly those leveraging 
nanotechnology, offer promising avenues to 

maximize its therapeutic value. Further in vivo and 

clinical validations are warranted to translate these 
promising results into effective cancer therapeutics. 

 

8. INTEGRATION WITH CONVENTIONAL 

THERAPIES 

The integration of O. tenuiflorum compounds 
with conventional cancer therapies has gained 

prominence for enhancing therapeutic efficacy and 

minimizing side effects from chemotherapy and 
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radiotherapy. This synergistic approach involves 

combining natural bioactive compounds from O. 
tenuiflorum with standard treatments to optimize 

outcomes tailored to individual patients. Eugenol, 

a major constituent of O. tenuiflorum, has shown 
promise in potentiating the effects of 

chemotherapeutics such as cisplatin. Preclinical 

studies indicate that the co-administration of 

eugenol with cisplatin significantly reduces tumor 
volume compared to cisplatin alone.135 Eugenol’s 

mechanism includes downregulation of multidrug 

resistance (MDR) proteins like P-glycoprotein (P- 
gp), thereby enhancing intracellular drug retention 

and efficacy.136,137 

Additionally, its antioxidant properties may 

reduce cisplatin-induced nephrotoxicity, 

preserving renal function.138 Other O. tenuiflorum 

compounds also contribute to combination 
therapy. Rosmarinic acid, for example, augments 

the cytotoxic effects of doxorubicin by inducing 

apoptosis and cell cycle arrest.70 Linalool, another 
bioactive component, acts as a radiosensitizer, 

increasing radiation-induced cytotoxicity by 

elevating reactive oxygen species (ROS) and 
inhibiting DNA repair in tumor cells.135,139,140 This 

dual effect enhances tumor cell mortality while 

potentially protecting normal tissues via 

antioxidant mechanisms.141 
The rise of personalized medicine further 

advances the clinical utility of O. tenuiflorum. 

Tailored treatment regimens based on genetic 
polymorphisms in drug metabolism can optimize 

dosages and therapeutic response.136,142 Proteomic 

and metabolomic profiling aids in identifying 
biomarkers predictive of responsiveness to O. 

tenuiflorum, supporting stratified treatment.143 

Additionally, combining eugenol with targeted 

therapies may offer enhanced outcomes in patients 
with mutations in specific signaling pathways.144 

Thus, incorporating O. tenuiflorum compounds 

into standard and personalized cancer treatments 
offers a promising strategy to boost efficacy and 

reduce toxicity. Continued research may solidify 

their role in integrative oncology. 

 

9. CLINICAL RELEVANCE AND FUTURE 

DIRECTIONS 
Compounds from O. tenuiflorum show 

significant potential in oral cancer therapeutics. 

Bioactive compounds like eugenol, linalool, and 
rosmarinic acid demonstrate antioxidant, anti- 

inflammatory, and chemoprotective effects, 

making them valuable for both prevention and 

treatment.38,145 For instance, eugenol has been 
shown to reduce cisplatin-induced nephrotoxicity 

and potentially enhance its efficacy when co- 

administered.38,45 Linalool, with radiosensitizing 

properties, may enhance radiation therapy 

effectiveness while reducing collateral tissue 
damage.51,146 

The chemo-preventive role of O. tenuiflorum is 

compelling, particularly for individuals at risk due to 
tobacco, alcohol, or HPV exposure. Rosmarinic acid 

and apigenin may counteract chronic inflammation 

and oxidative stress, pivotal in oral cancer 

development.147,148,149 
Additionally, localized applications, such as 

mouthwashes or lozenges, show promise for 

addressing precancerous lesions.45,150 Challenges 

include standardizing extracts, considering variations 
in phytochemical composition.75 Further exploration 

of pharmacokinetics and potential drug interactions, 

particularly with cytochrome P450 enzymes, is 
essential to ensure safety and efficacy.151,152 

Understanding molecular mechanisms via pathways 

like PI3K/Akt/mTOR and NF-κB is critical for 
optimizing therapeutic regimens.153,154 Advancements 

in medicinal chemistry, nanotechnology, and 

theranostic platforms could revolutionize O. 

tenuiflorum clinical application.155,156 Investigating its 
potential in combinatorial therapies, particularly with 

immunotherapy, could further enhance treatment 

outcomes.45,157 
 

10. CONCLUSION 

O. tenuiflorum, with its bioactive compounds 

such as eugenol, rosmarinic acid, apigenin, and 

linalool, offers a transformative approach to oral 

cancer treatment by targeting key cancer hallmarks 
like oxidative stress, inflammation, apoptosis, and 

metastasis. Preclinical studies demonstrate their 

potential in reducing tumor growth, enhancing the 
effects of conventional therapies, and reducing 

chemotherapy and radiation related toxicities. 

Nanotechnology-based drug delivery systems have 
helped overcome bioavailability challenges, ensuring 

efficient targeting of affected tissues. The synergy 

between O. tenuiflorum and conventional therapies 

highlights its potential to improve therapeutic 
outcomes while minimizing side effects. Personalized 

medicine approaches, utilizing genetic, proteomic, 

and metabolomic data, could further tailor treatments 
to individual patients, optimizing safety and efficacy. 

However, challenges remain, including the need for 

standardized extracts, long-term toxicity studies, and 
a deeper understanding of its mechanisms to enable 

clinical application. The development of novel 

therapeutic agents through synthetic modifications or 

advanced platforms, such as theragnostic 
nanoparticles, could enhance its impact. Beyond its 

anticancer potential, Tulsi shows promise in 

chemoprevention, palliative care, and integrative 
oncology, addressing both physical and psychosocial 

aspects of cancer management. As research 
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progresses, O. tenuiflorum holds great promise in 

revolutionizing oral cancer treatment, providing 
safer, more effective, and personalized solutions. 

This botanical powerhouse exemplifies the 

intersection of nature and technology, offering 
hope for better patient outcomes and a future 

where oral cancer can be managed with precision 

and compassion. 

DECLARATIONS 

ACKNOWLEDGEMENTS 

The authors are thankful to Saveetha Medical College 

and Hospital, Saveetha Institute of Medical and 

Technical Sciences, Chennai for providing necessary 

facilities. 

CONFLICT OF INTEREST 

Authors declared that they do not have any conflicts of 
interest. 

 

FUNDING 

Not Applicable 

 

 

1. Huang C, Wang Y, Huang J, Liu W. Sema3A 

drastically suppresses tumor growth in oral cancer 

xenograft model of mice. BMC Pharmacol 

Toxicol. 2017;18(1). doi:10.1186/s40360-017- 
0163-4 

2. Balaji R, Prakash G, Suganya DP, Aravinthan KM. 

Antioxidant activity of methanol extract of 

Ocimum tenuiflorum L. (dried leaf and stem). 

Indian J Pharm Res Dev. 2011;3:281-288 

3. Shan K, Deng Y, Du Z, Yue P, Yang S. 
Examination of combined treatment of ginsenoside 

Rg3 and 5-fluorouracil in lung adenocarcinoma 

cells. Comput Math Methods Med. 

2022;2022:2813142. doi:10.1155/2022/2813142 
4. Shaibi M, Balaji R, Parani M. Molecular 

differentiation of the green and purple Tulsi 

(Ocimum tenuiflorum L.) and its application in 
authentication of market samples. J Plant Biochem 

Biotechnol. 2024. doi:10.1007/s13562-024-00883- 

3. 
5. Keerthana B, Nidhita S, Karthikeyan M. Synthesis 

of magnesium oxide nanoparticles from Ocimum 
tenuiflorum and its toxicity analysis and 

antimicrobial activity. Custinoes Fisioterapia. 

2025;54(2):2259-2268. doi:10.48047/jamtrf74 

6. Zhao J, Lin W, Zhuang Q, Zhong X, Cao Z, Hong 
Z, et al. Total alkaloids of Rubus alceifolius Poir 

shows anti-angiogenic activity in vivo and in vitro. 

Integr Cancer Ther. 2014;13(6):520-528. 
doi:10.1177/1534735414547109 

 

 

7. Tsuboi K, Matsuo Y, Shamoto T, Shibata T, 

Koide S, Morimoto M, et al. Zerumbone 
inhibits tumor angiogenesis via NF-κB in 

gastric cancer. Oncol Rep. 2013;31(1):57- 

64. doi:10.3892/or.2013.2842 
8. Imir N, Aydemir E, Şimşek E. Mechanism of 

the anti-angiogenic effect of Avemar on 

tumor cells. Oncol Lett. 2017. 

doi:10.3892/ol.2017.7604 
9. Dong S, Chen Z, Wang L, Liu Y, Stagos D, 

Lin X, et al. Marine bromophenol bis (2,3,6- 

tribromo-4,5-dihydroxybenzyl ether) 
inhibits angiogenesis in human umbilical 

vein endothelial cells and reduces 

vasculogenic mimicry in human lung cancer 

A549 cells. Mar Drugs. 2021;19(11):641. 
doi:10.3390/md19110641 

10. Han J, Lim J, Jung H. Hovenia dulcis Thunb. 

and its active compound ampelopsin inhibit 
angiogenesis through suppression of 

VEGFR2 signaling and HIF-1α expression. 

Oncol Rep. 2017. doi:10.3892/or.2017.6021 
11. Wang Z, Jiang L, Wang J, Chai Z, Xiong W. 

Morphine promotes angiogenesis by 

activating PI3K/AKT/HIF-1α pathway and 

upregulating VEGF in hepatocellular 
carcinoma. J Gastrointest Oncol. 

2021;12(4):1761-1772.  doi:10.21037/jgo- 

20-394 
12. Khatri U, Singh N. Public awareness of oral 

cancer in Chennai, India. Int J Indian 

Psychol. 2016;3(3). doi:10.25215/0303.175 

13. Bajracharya B, Dahal A, Deo R. Oral cancer 
awareness among dental patients. Med J 

Shree Birendra Hosp. 2021;20(2):162-169. 

doi:10.3126/mjsbh.v20i2.33507 

14. Anirudh P, TY S, Sagayaraj A, Ravishankar 
S. Assessment of knowledge of and attitude 
toward oral cancer among the outpatient 

population in a tertiary care rural hospital. 

Cureus. 2023. doi:10.7759/cureus.36637 
15. Gayathri C, Sivaramakrishnan M, Suganya 

R, Santhadevy A, Vezhavendhan N. 

Pathogenesis of oral squamous cell 

carcinoma: an update. Int Dent J Stud Res. 
2020;7(4):84-86. 

doi:10.18231/j.idjsr.2019.022 
16. Kumar V, Patra S, Agrawal K. Oral cancer: 

general awareness, in-depth knowledge and 
associated biosocial factors. Int J 

Community Med Public Health. 

2018;5(2):639. doi:10.18203/2394- 

6040.ijcmph20170242 
17. Salehiniya H, Rafiemanesh M. Oral cavity 

and lip cancer in the world: an 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

154 

 

 

epidemiological review. Biomed Res Ther. 

2020;7(8):3898-3905. 

doi:10.15419/bmrat.v7i8.619 
18. Kassim N, Adnan M, Wern C, Ru L, Hanafi M, 

Yusoff A. Awareness and knowledge of oral cancer 

among Siamese ethnic group in Tumpat, Kelantan. 

Malays J Med Sci. 2017;24(4):47-54. 
doi:10.21315/mjms2017.24.4.6 

19. Wimardhani Y, Soegyanto A, Pratiwi A. Oral 

cancer knowledge among a sample of elderly 

people in Depok city, West Java, Indonesia. Pesqui 
Bras Odontopediatria Clin Integr. 

2018;18(1):e4092. doi:10.4034/pboci.2018.181.76 

20. Shah H, Saranath D, Pradhan S. Single nucleotide 

polymorphisms in transcription factor genes 

associated with susceptibility to oral cancer. J Cell 

Biochem. 2019;121(2):1050-1060. 

doi:10.1002/jcb.29341 
21. Canto M, Drury T, Horowitz A. Maryland dentists’ 

knowledge of oral cancer risk factors and 

diagnostic procedures. Health Promot Pract. 
2001;2(3):255-262. 

doi:10.1177/152483990100200309 

22. Carter L, Harris A, Kavi V, Johnson S, Kanatas A. 

Oral cancer awareness amongst hospital nursing 
staff: a pilot study. BMC Oral Health. 2009;9(1):4. 

doi:10.1186/1472-6831-9-4 

23. Gerber H, Gedrange T, Szymor P, Leszczyszyn A, 
Kubiak M, Rutkowska M, et al. Oral cancer 

awareness among patients at three university 

hospitals in Poland and Germany: a survey 
research. Adv Clin Exp Med. 2022;31(6):607-613. 

doi:10.17219/acem/146455 

24. More P, Kheur S, Patekar D, Kheur M, Gupta A, 

Raj A, et al. Assessing the nature of the association 
of human papillomavirus in oral cancer with and 

without known risk factors. Transl Cancer Res. 

2020;9(4):3119-3125. 

doi:10.21037/tcr.2020.03.81 
25. Yang Z, Sun P, Dahlstrom K, Gross N, Li G. Joint 

effect of human papillomavirus exposure, smoking 
and alcohol on risk of oral squamous cell 

carcinoma. 2023. doi:10.21203/rs.3.rs-2488951/v1 

26. Kingsley K, Johnson D, O’Malley S. Transfection 

of oral squamous cell carcinoma with human 
papillomavirus-16 induces proliferative and 

morphological changes in vitro. Cancer Cell Int. 

2006;6(1):14. doi:10.1186/1475-2867-6-14 
27. Yang P, Miao N, Lin C, Chou Y, Yang S, Huang 

H, et al. Impact of MASPIN polymorphism 

rs2289520 G/C and its interaction with gene to 

gene, alcohol consumption increase susceptibility 
to oral cancer occurrence. PLoS One. 

2016;11(8):e0160841. 

doi:10.1371/journal.pone.0160841 
28. Archilla A. Oral cancers adjacent to dental 

implants: a descriptive study. Dent Oral Biol 

Craniofac Res. 2019. 
doi:10.31487/j.dobcr.2019.03.04 

29. Saraswat N, Pillay R, Prabhu N, Everett B, 

George A. Perceptions and practices of 

general practitioners towards oral cancer 
and emerging risk factors among Indian 

immigrants in Australia: a qualitative study. 

Int J Environ Res Public Health. 
2021;18(21):11111. 

doi:10.3390/ijerph182111111 
30. Mittal S, Mohandas U, Natraj C, 

Ramanarayanan S, Hiregoudar M, Mahuli 

A, et al. Knowledge of oral cancer and 

screening practice of B.Sc. nursing students 

in Davangere city, India. J Educ Ethics 
Dent. 2013;3(1):40. doi:10.4103/0974- 

7761.126944 
31. Rindal DA, Macek P. Leveraging clinical 

decision support and integrated medical- 

dental electronic health records to 

implementing precision in oral cancer risk 

assessment and preventive intervention. J 
Pers Med. 2021;11(9):832. 

doi:10.3390/jpm11090832 
32. Sharma S. Oral cancer and HPV connection: 

a review. Int Healthc Res J. 2017;1(8):240- 

242. doi:10.26440/ihrj/01_08/122 
33. Hung L, Kung P, Lung C, Tsai M, Liu S, 

Chiu L, et al. Assessment of the risk of oral 

cancer incidence in a high-risk population 

and establishment of a predictive model for 

oral cancer incidence using a population- 
based cohort in Taiwan. Int J Environ Res 

Public Health. 2020;17(2):665. 

doi:10.3390/ijerph17020665 

34. Hoffman M, Hale D, Hale E. Patient 

characteristics in oral cancer staging. Front 

Oral Health. 2022;3:923032. 

doi:10.3389/froh.2022.923032 

35. Radoï L, Luce D. A review of risk factors 

for oral cavity cancer: the importance of a 
standardized case definition. Community 

Dent Oral Epidemiol. 2013;41(2):97-109. 

doi:10.1111/j.1600-0528.2012.00710.x 
36. Webster J, Batstone M, Farah C. Missed 

opportunities for oral cancer screening in 

Australia. J Oral Pathol Med. 

2019;48(7):595-603. 

doi:10.1111/jop.12915 
37. Harini P, Balaji R, Parani M. The complete 

chloroplast genome of Ocimum tenuiflorum 

L. subtype Rama Tulsi and its phylogenetic 
analysis. Mitochondrial DNA Part B. 

2021;6(8):2224-2226. 

doi:10.1080/23802359.2021.1944381 

38. Bhattarai K, Bhattarai R, Pandey R, Paudel 
B, Bhattarai H. A comprehensive review of 

 
 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
Surgery.2025;21(4).144-161. doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
 

155 

 

 

the phytochemical constituents and bioactivities 

of Ocimum tenuiflorum. Sci World J. 
2024;2024:8895039. doi:10.1155/2024/8895039 

39. Sudha P, Zinjarde S, Bhargava S, Kumar A. 

Potent α-amylase inhibitory activity of Indian 
Ayurvedic medicinal plants. BMC Complement 

Altern Med. 2011;11(1):5. doi:10.1186/1472- 

6882-11-5 

40. Balaji R, Parani M. Development of an allele- 
specific PCR (AS-PCR) method for identifying 

high-methyl eugenol-containing purple Tulsi 

(Ocimum tenuiflorum L.) in market samples. Mol 
Biol Rep. 2024;51:439 

41. Mirgal A, Ghoshal S, Ghule C, Bhatt K, Patel K, 

Girme A, et al. Comparative morpho-micrometric 
investigations in six indigenous Ocimum species 

of India with DOE-based HPTLC method for 

multi-class component analysis. Planta Med. 

2022;89(4):441-453. doi:10.1055/a-1876-3009 

42. Singh V. Characterizing the circadian 

connectome of Ocimum tenuiflorum using an 

integrated network theoretic framework. Sci Rep. 

2023;13(1):40212.  doi:10.1038/s41598-023- 

40212-7 
43. Utispan K, Niyomtham N, Yingyongnarongkul B, 

Koontongkaew S. Ethanolic extract of Ocimum 

sanctum leaves reduced invasion and matrix 

metalloproteinase activity of head and neck 
cancer cell lines. Asian Pac J Cancer Prev. 

2020;21(2):363-370. 

doi:10.31557/apjcp.2020.21.2.363 
44. Purohit P, Mishra S, Mishra B. Plant growth 

promoting microbes: Potential link to sustainable 

agriculture and biofertilizer development. Int J 

Green Pharm. 2018;12(2). 
doi:10.22377/ijgp.v12i02.1795 

45. Varghese R, Subramanian A, Shanmugam R. 

Antimicrobial activity of silver nanoparticles 
synthesized using Ocimum tenuiflorum and 

Ocimum gratissimum herbal formulations. 

Cureus. 2024. doi:10.7759/cureus.54994 
46. Boonyanugomol W, Rukseree K, Prapatpong P, 

Reamtong O, Baik S, Jung M, et al. An in vitro 

anti-cancer activity of Ocimum tenuiflorum 

essential oil by inducing apoptosis in human 
gastric cancer cell line. Medicina (Kaunas). 

2021;57(8):784. doi:10.3390/medicina57080784 

47. Rajagopal P. Molecular docking analysis of 
PPARγ with compounds from Ocimum 

tenuiflorum. Bioinformation. 2021;17(11):928- 

931. doi:10.6026/97320630017928 
48. Lopresti A, Smith S, Metse A, Drummond P. A 

randomized, double-blind, placebo-controlled 

trial investigating the effects of an Ocimum 

tenuiflorum (holy basil) extract (Holixer™) on 
stress, mood, and sleep in adults experiencing 

stress. Front Nutr. 2022;9:965130. 

doi:10.3389/fnut.2022.965130 
49. Antora R, Salleh R, Rozalli N. Evaluation of 

in vitro sucrase  inhibitory  and non- 

enzymatic glycation properties of Ocimum 
tenuiflorum L. leaves. Food  Res. 

2018;2(4):368-377. 

doi:10.26656/fr.2017.2(4).076 

50. Valarmathi S, Thangapandian S. 
Phytochemical study and antioxidant 

activity of Ocimum tenuiflorum and 

Ocimum sanctum. Sciexplore Int J Res Sci. 
2018;5(2):22. 

doi:10.15613/sijrs/2018/v5i2/207620 

51. Sharma A, Kaur I, Angish S, Thakur A, 

Sania  S, Singh A.   Comparative 

phytochemistry, antioxidant, antidiabetic, 

and anti-inflammatory  activities of 
traditionally used Ocimum basilicum L., 

Ocimum gratissimum L., and Ocimum 

tenuiflorum  L.  Biotechnologia. 
2022;103(2):131-142. 

doi:10.5114/bta.2022.116206 

52. Sahu P, Singh S, Singh U, Chakdar H, 
Sharma P, Sarma B, et al. Inter-genera 

colonization of Ocimum tenuiflorum 

endophytes in tomato and their 

complementary effects on Na+/K+ balance, 
oxidative stress regulation, and root 

architecture under elevated soil salinity. 

Front Microbiol. 2021;12:744733. 
doi:10.3389/fmicb.2021.744733 

53. Beltrán-Noboa A, Jordan-Álvarez A, 

Guevara-Terán M, Gallo B, Berrueta L, 

Giampieri F, et al. Exploring the chemistry 
of Ocimum species under specific 

extractions and chromatographic methods: a 

systematic review. ACS Omega. 
2023;8(12):10747-10756. 

doi:10.1021/acsomega.3c00043 
54. Bast F, Rani P, Meena D. Chloroplast DNA 

phylogeography of holy basil (Ocimum 
tenuiflorum) in Indian subcontinent. Sci 

World J. 2014;2014:847482. 

doi:10.1155/2014/847482 

55. Reeta K, Ajay A. Evaluation of free radical- 

scavenging and nitric oxide inhibition 
activities of selected medicinal plants. Mater 

Sci Res India. 2023;20(SpecialIssue1):31- 

39. doi:10.13005/msri.20.special-issue1.04 
56. Kunihiro K, Kikuchi Y, Nojima S, Myoda 

T. Characteristic of aroma components and 

antioxidant activity of essential oil from 
Ocimum tenuiflorum leaves. Flavour Fragr 

J.2022;37(4):210-218. doi:10.1002/ffj.3701 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
 

156 

 

 

57. Mandal M, Kumar M, Kumari P. Allelopathic 

influence of Ocimum tenuiflorum (L.) Merr. on 
germination and seedling growth of wheat 

genotypes. J Pharmacogn Phytochem. 

2024;13(1):248-250. 

doi:10.22271/phyto.2024.v13.i1c.14834 
58. Mousavi L, Salleh R, Murugaiyah V. 

Antidiabetic and in vitro enzyme inhibition 

studies of methanol extract of Ocimum 

tenuiflorum Linn leaves and its fractions. Trop 
Life Sci Res. 2020;31(1):141-158. 

doi:10.21315/tlsr2020.31.1.9 

59. Ganesan A, Subbiayan R, Ilakiya M. Formulation 

and analysis of nutrients, antioxidants and 
phytonutrients in millet barfi using finger and 

barnyard millets incorporated with 

Cardiospermum halicacabum and Ocimum 
tenuiflorum. Int J Sci Healthc Res. 

2022;7(3):250-257. doi:10.52403/ijshr.20220736 

60. Patel J, AA S. Systematic analysis of compounds 

present in Ocimum tenuiflorum (Tulsi) regarding 
its anti-inflammatory properties using in-silico 

techniques. Aresty Rutgers Undergrad Res J. 

2021;1(3). doi:10.14713/arestyrurj.v1i3.173 

61. Martiz R, Patil S, Abdulaziz M, Babalghith A, Al- 

Areefi M, Al‐Ghorbani M, et al. Defining the role 
of isoeugenol from Ocimum tenuiflorum against 

diabetes mellitus-linked Alzheimer’s disease 

through network pharmacology and 

computational methods. Molecules. 
2022;27(8):2398. 

doi:10.3390/molecules27082398 
62. Rastogi S, Shah S, Kumar R, Vashisth D, Akhtar 

M, Kumar A, et al. Ocimum metabolomics in 
response to abiotic stresses: cold, flood, drought 

and salinity. PLoS One. 2019;14(2):e0210903. 

doi:10.1371/journal.pone.0210903. 

63. Bhat U, Uddin M, Chishti A, Singh S, Singh S, 

Khan M, et al. Enhancing growth, vitality, and 

aromatic richness: unveiling the dual magic of 
silicon dioxide and titanium dioxide 

nanoparticles in Ocimum tenuiflorum L. Front 

Plant Sci. 2024;15:1335965. 
doi:10.3389/fpls.2024.1335965 

64. Bhattacharjya D, Adhikari S, Biswas A, Bhuimali 

A, Ghosh P, Saha S. Ocimum phytochemicals and 

their potential impact on human health. 2020. 
doi:10.5772/intechopen.88555 

65. Divakar A, Varghese R, Subramanian A, 

Shanmugam R. Comparative anti-inflammatory 
activity of a nanocomposite-based herbal oral 

rinse and a commercial oral rinse. Cureus. 2024. 

doi:10.7759/cureus.61548 
66. Lekhapan P, Anamthawat‐Jónsson K, 

Chokchaichamnankit P. Chromosome evolution 

based on variation in chromosome number and 

chiasma frequency in the genus Ocimum L. from 

Thailand. Cytologia (Tokyo). 

2019;84(3):199-206. 

doi:10.1508/cytologia.84.199 
67. Boonyanugomol W, Rukseree K, 

Prapatpong P, Reamtong O, Baik S, Jung M, 

et al. An in vitro anti-cancer activity of 

Ocimum tenuiflorum essential oil by 
inducing apoptosis in human gastric cancer 

cell line. Medicina (Kaunas). 

2021;57(8):784. 

doi:10.3390/medicina57080784 
68. Pandiyan I, Arumugham M, Doraikannan S, 

Rathinavelu P, Prabakar J, Rajeshkumar S. 

Antimicrobial and cytotoxic activity of 
Ocimum tenuiflorum and Stevia rebaudiana- 

mediated silver nanoparticles – an in vitro 

study. 

69. Sankhalkar S, Vernekar V. Quantitative and 

qualitative analysis of phenolic and 
flavonoid content in Moringa oleifera Lam 

and Ocimum tenuiflorum L. Pharmacogn 

Res.  2016;8(1):16.  doi:10.4103/0974- 

8490.171095 
70. Bhagarathi L, Pestano M, Phillips-Henry M, 

Cossiah M, DaSilva M, Singh M. A review 

on the properties of Azadirachta indica, 

Ocimum tenuiflorum and Cymbopogon 
citratus. Int J Sci Res Manag. 2021;9(10):96- 

164. doi:10.18535/ijsrm/v9i10.b01 
71. Hasan M, Alotaibi B, Althafar Z, 

Mujamammi A, Jameela J. An update on the 

therapeutic anticancer potential of Ocimum 

sanctum L.: "Elixir of Life". Molecules. 

2023;28(3):1193. 

doi:10.3390/molecules28031193 
72. Rohini J, NV M, R Al-S F, Salleh R, Shah A. 

Preliminary screening on wound healing 

potential of Ocimum tenuiflorum L. using in 
vitro assays. Food Res. 2018;3(3):258-264. 

doi:10.26656/fr.2017.3(3).010 

73. Valarmathi S, Thangapandian S. 

Phytochemical study and antioxidant activity 

of Ocimum tenuiflorum and Ocimum 
sanctum. Sciexplore Int J Res Sci. 

2018;5(2):22. 

doi:10.15613/sijrs/2018/v5i2/207620 
74. Lam S, Neda G, Salleh R. The anticancer 

effect of Ocimum tenuiflorum leaves. Food 

Res. 2017;2(2):154-162. 
doi:10.26656/fr.2017.2(2).251 

75. Hikmawanti N, Hariyanti H, Nurkamalia N, 

Nurhidayah S. Chemical components of 
Ocimum basilicum L. and Ocimum 

tenuiflorum L. stem essential oils and 

evaluation of their antioxidant activities 
using DPPH method. Pharm Sci Res. 

2019;6(3). doi:10.7454/psr.v6i3.4576 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
 

157 

 

 

76. Mahomoodally MF. Traditional medicines in 

Africa: an appraisal of ten potent African 
medicinal plants. Evid Based Complement 

Alternat Med. 2013;2013:617459. 

doi:10.1155/2013/617459 

77. Ionescu C, Kamal F, Ciobîcă A, Halitchi G, 

Burlui V, Petroaie A. Oxidative stress in the 

pathogenesis of oral cancer. Biomedicines. 

2024;12(6):1150. 

doi:10.3390/biomedicines12061150 
78. Bezerra D, Militão G, Morais M, Sousa D. 

The dual antioxidant/prooxidant effect of 

eugenol and its action in cancer development 

and treatment. Nutrients. 2017;9(12):1367. 
doi:10.3390/nu9121367 

79. Issa H, Loubaki L, Alamri A, Zibara K, 

Almutairi M, Rouabhia M, et al. Eugenol as a 

potential adjuvant therapy for gingival 
squamous cell carcinoma. Sci Rep. 

2024;14(1). doi:10.1038/s41598-024-60754- 

8 
80. Bal S, Yadav A, Verma N, Aggarwal N, 

Gupta R. Ameliorative effect of eugenol and 

anethole on arsenic induced oxidative DNA 
damage in cultured human peripheral blood 

lymphocytes. Int J Pharm Sci Drug Res. 

2017;9(3):134-138. 

doi:10.25004/ijpsdr.2017.090306 
81. Yang K, Tang J, Chen Y, Chuang Y, Tsai I, 

Chiu C, et al. Nepenthes extract induces 

selective killing, necrosis, and apoptosis in 
oral cancer cells. J Pers Med. 2021;11(9):871. 

doi:10.3390/jpm11090871 

82. Wang S, Chang M, Shiau J, Farooqi A, Huang 

Y, Tang J, et al. Antiproliferation- and 
apoptosis-inducible effects of a novel nitrated 

[6,6,6]tricycle derivative (SK2) on oral cancer 

cells. Molecules. 2022;27(5):1576. 
doi:10.3390/molecules27051576 

83. Melo N, Marques L, Neto H, Silva M, Fechine 

F, Cavalcanti B, et al. Enhancement of the 

antigenotoxic and antioxidant actions of 
eugenol from spice clove and the stabilizer 

gum arabic on colorectal carcinogenesis. Food 

Nutr Sci. 2024;15(1):71-100. 
doi:10.4236/fns.2024.151004 

84. Kaneko M, Ishikawa M, Ishihara K, 

Nakanishi S. Cell-membrane permeable redox 

phospholipid polymers induce apoptosis in 

MDA-MB-231 human breast cancer cells. 
Biomacromolecules. 2019;20(12):4447-4456. 

doi:10.1021/acs.biomac.9b01184 

85. Morsy H, Ahmed O, Zoheir K, Abdel‐ 

Moneim A. The anticarcinogenic effect of 
eugenol on lung cancer induced by 

diethylnitrosamine/2-acetylaminofluorene in 

Wistar rats: insight on the mechanisms of 

action. Apoptosis. 2023;28(7-8):1184-1197. 

doi:10.1007/s10495-023-01852-2 
86. Sarkar A, Bhattacharjee S, Mandal D. 

Induction of apoptosis by eugenol and 

capsaicin in human gastric cancer AGS cells 

- elucidating the role of p53. Asian Pac J 

Cancer Prev. 2015;16(15):6753-6759. 

doi:10.7314/apjcp.2015.16.15.6753 

87. Wulan S, Anggraini J, Hidayat W. In vitro 

anticancer potential of eugenol on oral 
cancer cell lines: a systematic review. 

Malays J Med Sci. 2024;31(5):10-31. 

doi:10.21315/mjms2024.31.5.2 
88. Tang J, Wu C, Shu C, Wang S, Chang M, 

Chang H. A novel sulfonyl chromen‐4‐ones 

(CHW09) preferentially kills oral cancer 
cells showing apoptosis, oxidative stress, 

and DNA damage. Environ Toxicol. 

2018;33(11):1195-1203. 

doi:10.1002/tox.22625 
89. Lena Q, Liu J, Lin Q, Gu Y, Yu W. Eugenol 

protects cells against oxidative stress via 

NRF2. Exp Ther Med. 2020;21(2). 

doi:10.3892/etm.2020.9539 

90. Yousefi M, Vatnikov Y, Kulikov E, 
Ghelichpour M. Change in blood stress and 

antioxidant markers and hydromineral 

balance of common carp (Cyprinus carpio) 
anaesthetized with citronellal and linalool: 

comparison with eugenol. Aquac Res. 

2019;50(4):1313-1320. 

doi:10.1111/are.14007 
91. Wang S, Wang Y, Lin L, Chang M, Yuan S, 

Tang J, et al. Combined treatment of sulfonyl 
chromen-4-ones (CHW09) and ultraviolet-C 

(UVC) enhances proliferation inhibition, 

apoptosis, oxidative stress, and DNA 
damage against oral cancer cells. Int J Mol 

Sci. 2020;21(17):6443. 

doi:10.3390/ijms21176443 
92. Abdullah M, Hafez M, Alhoshani A, Al‐ 

Shabanah O. Anti-metastatic and anti- 

proliferative activity of eugenol against 
triple negative and HER2 positive breast 

cancer cells. BMC Complement Altern Med. 

2018;18(1). doi:10.1186/s12906-018-2392- 

5 
93. Ullah MA, Hassan A. Role of clove in 

human medical history. Sar J Anat Physiol. 

2023;4(2):10-19. 

doi:10.36346/sarjap.2023.v04i02.001 
94. Hsu Y, Chuang Y, Yen C, Cheng M, Chen 

C, Cheng Y, et al. Methanol extract of 

Clavularia inflata exerts apoptosis and DNA 

damage to oral cancer cells. Antioxidants 
(Basel).2022;11(9):1777. 

doi:10.3390/antiox11091777 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
 

158 

 

 

95. Peng S, Yen C, Lan T, Jeng J, Tang J, Chang 
H. Combined treatment (ultraviolet- 
C/physapruin A) enhances antiproliferation 

and oxidative-stress-associated mechanism in 

oral cancer cells. Antioxidants (Basel). 
2022;11(11):2227. 

doi:10.3390/antiox11112227 

96. Peng S, Tang J, Li R, Huang H, Wu C, Chiu 

C, et al. Oxidative stress-dependent 

synergistic antiproliferation, apoptosis, and 

DNA damage of ultraviolet-C and coral- 
derived sinularin combined treatment for oral 

cancer cells. Cancers (Basel). 

2021;13(10):2450. 

doi:10.3390/cancers13102450 
97. Shiau J, Chuang Y, Tang J, Chen S, Hou M, 

Jeng J, et al. Antiproliferation effects of 

marine-sponge-derived methanol extract of 

Theonella swinhoei in oral cancer cells in 

vitro. Antioxidants (Basel). 
2022;11(10):1982. 

doi:10.3390/antiox11101982 
98. Morsy H, Ahmed O, Zoheir K, Abdel‐ 

Moneim A. The anticarcinogenic effect of 
eugenol on lung cancer induced by 

diethylnitrosamine/2-acetylaminofluorene in 

Wistar rats: insight on the mechanisms of 
action. Apoptosis. 2023;28(7-8):1184-1197. 

doi:10.1007/s10495-023-01852-2 

99. Baliga M, Jimmy R, Thilakchand K, 

Venkatesh S, Bhat N, Saldanha E, et al. 
Ocimum sanctum (holy basil or tulsi) and its 

phytochemicals in the prevention and 

treatment of cancer. Nutr Cancer. 
2013;65(Suppl 1):26-35. 

doi:10.1080/01635581.2013.785010 

100. Nabhi K, AR Z. Medical plants and 

natural compounds as anti-viral agents: 

present and future trends. Arch Biol Life Sci. 
2024;1(1):1-25. doi:10.33140/abls.01.01.01 

101. Agarwal K, Singh D, Jyotshna J, 

Ahmad A, Shanker K, Tandon S, et al. 
Antioxidative potential of two chemically 

characterized Ocimum (tulsi) species extracts. 

Biomed Res Ther. 2017;4(9):1574. 
doi:10.15419/bmrat.v4i9.366 

102. Akşit H, Keçeci M, Demirtaş İ, Genç 
N. Rapid isolation of rosmarinic acid from 

Ocimum basilicum using flash 
chromatography. Int J Chem Technol. 

2019;3(1):72-76. doi:10.32571/ijct.577183 

103. Pushpa K, Sakthivel P, 

Saravanakumar K, Anuradha N, 
Sankaranarayanan R, Paulraj M. Structural, 

morphological, optical, and antibacterial 

activities of zinc oxide nanopowders: a 

comparative study of green and soft chemical 

synthesis. Adv Mater Sci Eng. 

2022;2022:7778328. 
doi:10.1155/2022/7778328 

104. Devi R, Monika M, Dua A, Gupta 

S, Mittal A, Sharma S. Antioxidant 
potential and polyphenols analysis of 

medicinal herb Ocimum tenuiflorum 

(Shyama Tulsi). J Appl Nat Sci. 

2024;16(1):289-298. 

doi:10.31018/jans.v16i1.5318 
105. Firke N, Markandeya A, Deshmukh 

R, Pingale S. Tripeptides observed in 

hydro-distillation analysis of Ocimum 
tenuiflorum L. by LC-MS/MS. Int J Chem 

Phys  Sci. 2018;7(2):46-51. 

doi:10.30731/ijcps.7.2.2018.46-51 

106. Costa R, Carneiro T, Lima A, 
Queiroz N, Alcântara‐Neves N, Pontes-de- 

Carvalho L, et al. Ocimum gratissimum 

Linn. and rosmarinic acid attenuate 
eosinophilic airway inflammation in an 

experimental model of respiratory allergy 

to  Blomia tropicalis. Int 

Immunopharmacol. 2012;13(1):126-134. 
doi:10.1016/j.intimp.2012.03.012 

107. Maggini R, Kiferle C, Guidi L, 

Pardossi A, Raffaelli A. Growing medicinal 
plants in hydroponic culture. Acta Hortic. 

2012;(952):697-704. 

doi:10.17660/actahortic.2012.952.88 
108. Katrolia A, Pal V, Shukla V, Singh 

R. Exploring the therapeutic potential of 
herbal plants in managing blood sugar 

levels: a comprehensive evaluation. 

Pharmacogn Res. 2023;16(1):10-18. 
doi:10.5530/pres.16.1.2 

109. Manzari‐Tavakoli A, Babajani A, 

Tavakoli M, Safaeinejad F, Jafari A. 

Integrating natural compounds and 

nanoparticle‐based drug delivery systems: a 

novel strategy for enhanced efficacy and 
selectivity in cancer therapy. Cancer Med. 

2024;13(5). doi:10.1002/cam4.7010 

110. Bhuia M, Chowdhury R, Akter M, 

Ali M, Afroz M, Akbor M, et al. A 
mechanistic insight into the anticancer 

potentials of resveratrol: current 

perspectives. Phytother Res. 
2024;38(8):3877-3898. 

doi:10.1002/ptr.8239 
111. Jia W, Zhou L, Li L, Zhou P, Shen 

Z. Nano-based drug delivery of 

polyphenolic compounds for cancer 

treatment: progress, opportunities, and 
challenges. Pharmaceuticals. 

2023;16(1):101. doi:10.3390/ph16010101 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
 

159 

 

 

112. Mardiana L, Milanda T, Hadisaputri 

Y, Chaerunisaa A. Phytosome-enhanced 
secondary metabolites for improved 

anticancer efficacy: mechanisms and 

bioavailability review. Drug Des Devel Ther. 
2025;19:201-218. doi:10.2147/dddt.s483404 

113. Pandey P, Verma M, Lakhanpal S, 

Pandey S, Kumar M, Bhat M, et al. An 

updated review summarizing the anticancer 
potential of poly(lactic‐co‐glycolic acid) 

(PLGA) based curcumin, epigallocatechin 

gallate, and resveratrol nanocarriers. 
Biopolymers. 2024;116(1). 

doi:10.1002/bip.23637 

114. Briguglio G, Costa C, Pollicino M, 

Giambò F, Catania S, Fenga C. Polyphenols 

in cancer prevention: new insights (review). 

Int J Funct Nutr. 2020;1(2). 
doi:10.3892/ijfn.2020.9 

115. Meenakshi D, Narde G, Ahuja A, 

Balushi K, Francis A, Khan S. Therapeutic 
applications of nanoformulated resveratrol 

and quercetin phytochemicals in colorectal 

cancer—an updated review. Pharmaceutics. 
2024;16(6):761. 

doi:10.3390/pharmaceutics16060761 
116. Chavda V, Patel A, Mistry K, Suthar 

S, Wu Z, Chen Z, et al. Nano-drug delivery 
systems   entrapping natural bioactive 

compounds for cancer: recent progress and 

future  challenges.  Front  Oncol. 
2022;12:867655. 

doi:10.3389/fonc.2022.867655 

117. Singla M, Gupta S, Behal P, Singh S, 
Preetam S, Rustagi S, et al. Unlocking the 

power of nanomedicine: the future of 

nutraceuticals in oncology treatment. Front 

Nutr.  2023;10:1258516. 
doi:10.3389/fnut.2023.1258516 

118. Rani S, Aslam S, Irfan A, Mateev E, 

Al‐Hussain S, Zaki M. From rings to 
remedies: investigating the structure-activity 

relationship of macrocyclic anticancer agents. 

2024. doi:10.5772/intechopen.1004657 

119. Liu Z, Huang L, Sun L, Nie H, Liang 

Y, Huang J, et al. ECUST004 suppresses 

breast cancer cell growth, invasion, and 
migration via EMT regulation. Drug Des 

Devel  Ther. 2021;15:3451-3461. 

doi:10.2147/dddt.s309132 
120. Yap K, Sekar M, Fuloria S, Wu Y, 

Gan S, Rani N, et al. Drug delivery of natural 
products through nanocarriers for effective 

breast cancer therapy: a comprehensive 

review of literature. Int J Nanomedicine. 
2021;16:7891-7941. doi:10.2147/ijn.s328135 

121. Auti A, Tathode M, Marino M, Vitiello A, 

Ballini A, Miele F, et al. Nature's weapons: 
bioactive compounds as anti-cancer agents. 

AIMS Public Health. 2024;11(3):747-772. 

doi:10.3934/publichealth.2024038 
122. Mundekkad D, Chauhan W. Applications of 

curcumin and its nanoforms in the treatment of 

cancer. Pharmaceutics. 2023;15(9):2223. 

doi:10.3390/pharmaceutics15092223 

123. Shoeibi A, Karimi E, Zareian M, Oskoueian 
E. Enhancing healthcare outcomes and 

modulating apoptosis- and antioxidant-related 

genes through the nano-phytosomal delivery of 
phenolics extracted from Allium 

ampeloprasum. Genes (Basel). 

2023;14(8):1547. doi:10.3390/genes14081547 
124. Razavi M, Ahmadi F, Ebrahimnejad P, 

Akbarzadeh A, Farokhrou M, Nokhodchi A. 

Harnessing nanotechnology for optimized 

herbal cancer treatment: a comprehensive 
review of nanoscale drug delivery systems. 

Pharm Sci. 2024;30(2):153-186. 

doi:10.34172/ps.2023.27 
125. Gaspar V, McCaul J, Cassidy H, Slattery C, 

McMorrow T. Effects of curcumin analogues 

DMC and EF24 in combination with the 

cytokine TRAIL against kidney cancer. 
Molecules. 2021;26(20):6302. 

doi:10.3390/molecules26206302 

126. Guo M, Marek L, Liang Y, Saw P. 
Transforming tea catechins into potent 

anticancer compound: analysis of three 

boronated-PEG delivery  system. 
Micromachines.  2021;13(1):45. 

doi:10.3390/mi13010045 

127. Yu L, Jin Y, Song M, Zhao Y, Zhang H. 

When natural compounds meet 
nanotechnology:  nature-inspired 

nanomedicines for cancer immunotherapy. 

Pharmaceutics. 2022;14(8):1589. 
doi:10.3390/pharmaceutics14081589 

128. Zafar S, Khan K, Hafeez A, Irfan M, 

Armaghan M, Rahman A, et al. Ursolic acid: a 
natural modulator of signaling networks in 

different cancers. Cancer Cell Int. 2022;22(1). 

doi:10.1186/s12935-022-02804-7 

129. Nethi S, Kothadiya S, White B, Rachagani 
S, Bardhan R, Mallapragada S. Polyanhydride 

copolymer-based niclosamide nanoparticles 

for inhibiting triple-negative breast cancer: 
metabolic responses and synergism with 

paclitaxel. ACS Appl Mater Interfaces. 

2024;16(51):70362-70377. 

doi:10.1021/acsami.4c17961 
130. Gajbhiye S, Patil M. Solid lipid 

nanoparticles: a review on different techniques 

and approaches to treat breast cancer. Int J 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
 

160 

 

 

Appl Pharm. 2023;15(2):52-62. 
doi:10.22159/ijap.2023v15i2.46970 

131. Ribeiro A, Loureiro R, Cabral- 

Marques H. Enhancing cannabinoid 

bioavailability in pain management: the role 
of  cyclodextrins. Molecules. 

2024;29(22):5340. 

doi:10.3390/molecules29225340 
132. Barrajón‐Catalán E. Natural 

compounds as new cancer treatments. 

Medicines. 2019;6(3):78. 

doi:10.3390/medicines6030078 

133. Zhang J, Che J, Luo X, Wu M, Kan 
W, Jin Y, et al. Structural feature analyzation 

strategies toward discovery of orally 

bioavailable PROTACs of Bruton's tyrosine 
kinase for the treatment of lymphoma. J Med 

Chem.  2022;65(13):9096-9125. 

doi:10.1021/acs.jmedchem.2c00324 
134. Bouabdallah S, Al-Maktoum A, Amin 

A. Steroidal saponins: naturally occurring 

compounds as inhibitors of the hallmarks of 

cancer. Cancers (Basel). 2023;15(15):3900. 

doi:10.3390/cancers15153900 
135. Lahiri D, Nag M, Dutta B, Dey S, 

Mukherjee D, Joshi S, et al. Antibiofilm and 

anti-quorum sensing activities of eugenol and 
linalool from Ocimum tenuiflorum against 

Pseudomonas aeruginosa biofilm. J Appl 

Microbiol. 2021;131(6):2821-2837. 

doi:10.1111/jam.15171 
136. Marshall R, Lloyd G, Lawler A, 

Element S, Kaur J, Ciusa M, et al. New 
multidrug efflux inhibitors for Gram-negative 

bacteria. mBio. 2020;11(4):e01340-20. 

doi:10.1128/mbio.01340-20 
137. Abraham E, Wallace E, Kellogg J. A 

comparison of high‐ and low‐resolution gas 

chromatography–mass spectrometry for 

herbal product classification: a case study 
with Ocimum essential oils. Phytochem Anal. 

2023;34(6):680-691. doi:10.1002/pca.3258 

138. Annu A, Ali A, Ahmed S. Eco- 
friendly natural extract loaded antioxidative 

chitosan/polyvinyl alcohol based active films 

for food packaging. Heliyon. 
2021;7(3):e06550. 

doi:10.1016/j.heliyon.2021.e06550 
139. Follit C, Brewer F, Wise J, Vogel P. 

In silico identified targeted inhibitors of P‐ 

glycoprotein overcome multidrug resistance 

in human cancer cells in culture. Pharmacol 
Res  Perspect. 2015;3(5). 

doi:10.1002/prp2.170 

140. Finiuk N, Ostapiuk Y, Hreniukh V, 
Shalai Y, Matiychuk V, Obushak M, et al. 

Evaluation of antiproliferative activity of 

pyrazolothiazolopyrimidine derivatives. Ukr 

Biochem J. 2018;90(2):25-32. 
doi:10.15407/ubj90.02.025 

141. Ramalingam N, Natarajan T, Rajiv 
S. Preparation and characterization of 
electrospun curcumin loaded poly(2- 

hydroxyethyl methacrylate) nanofiber—a 

biomaterial for multidrug resistant 
organisms. J Biomed Mater Res A. 

2014;103(1):16-24. 

doi:10.1002/jbm.a.35138 
142. Handford M, Li Y, Riscoe T, 

Liebman K, Riscoe M. Discovery of 

amodiachins, a novel class of 4- 
aminoquinoline antimalarials active against 

multi-drug-resistant Plasmodium 

falciparum. 2023. doi:10.26434/chemrxiv- 
2023-lnkrm. 

143.  Hofmann J, Utz I, Spitaler M, Hofer 

S, Rybczyńska M, Beck W, et al. Resistance 

to the  new anti-cancer phospholipid 

Ilmofosine (BM 41 440). Br J Cancer. 
1997;76(7):862-869. 

doi:10.1038/bjc.1997.476 

144. Paulsen I, Littlejohn T, Rådström P, 

Sundström L, Sköld O, Swedberg G, et al. 
The 3' conserved segment of integrons 

contains a gene associated with multidrug 

resistance to antiseptics and disinfectants. 

Antimicrob Agents Chemother. 
1993;37(4):761-768. 

doi:10.1128/aac.37.4.761 

145. Kasmara D, Singarimbun N, 
Perangin-Angin S. Ocimum tenuiflorum 

Linne: a narrative review. Int J Nurs Inf. 

2024;3(1):25-41. doi:10.58418/ijni.v3i1.62. 

146. Panda P, Mohanty A. Aflatoxin 
detoxification potential of Ocimum 

tenuiflorum. J Food Saf. 2013;33(3):265- 

272. doi:10.1111/jfs.12048 
147. El-Emary G. Evaluation of 

antioxidant activity of some Saudi wild 

medicinal plants in Zulfi province. Asian J 
Biochem Pharm Res. 2017;7(4). 

doi:10.24214/ajbpr/7/4/3037 

148. Hussien HA. Essential oil content 
and composition of some Ocimum species 

and subspecies grown in Sudan. Univ 

Khartoum J Agric Sci. 2021;29(1). 
doi:10.53332/uofkjas.v29i1.5 

149. Hirose S, Sakai K, Kobayashi S, 

Tsuro M, Morikami A, Tsukagoshi H. 

Eugenol transport and biosynthesis through 
grafting in aromatic plants of the Ocimum 

genus. Plant Biotechnol. 2024;41(2):111- 

120. 

doi:10.5511/plantbiotechnology.24.0124a 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 4 

Lakshmi Thangavelu, Ramana Gangireddy, Raju Balaji et al. THERAPEUTIC POTENTIAL OF OCIMUM TENUIFLORUM 

PHYTOCHEMICALS IN ORAL CANCER-A COMPREHENSIVE REVIEW. Bulletin of Stomatology and Maxillofacial 
 

161 

 

 

150. Harikumar P, Maheshwari C. Study 

on the antibacterial activity of selected natural 
herbs and their application in water treatment. 

2013. doi:10.5194/dwesd-6-199-2013 

151. Kumar G, Kirubaharan C, 

Udhayakumar S, Ramachandran K, 
Karthikeyan C, Renganathan R, et al. 

Synthesis, structural, and morphological 

characterizations of reduced graphene oxide- 
supported polypyrrole anode catalysts for 

improved microbial fuel cell performances. 

ACS Sustain Chem Eng. 2014;2(10):2283- 

2290 
152. Niassy S, Mohamed S, Cheseto X, 

Omuse E, Ochola J, Khamis F, et al. Response 

of some mango-infesting fruit flies to aqueous 
solutions of the basil plant Ocimum 

tenuiflorum L. Front Hortic. 2023;2:1139525. 

doi:10.3389/fhort.2023.1139525 

153. Mulyati H, Yanti R, Supriyadi S. 
Physicochemical properties and antioxidant 

activity of essential oil from fresh, wilted, and 

dried leaves of holy basil (Ocimum 

tenuiflorum L.) planted in Yogyakarta. J 
Agritech. 2023;43(3):218. 

doi:10.22146/agritech.72545 
154.  Naicker D, Govender R, Abbai N. 

Busting the resistance: antimicrobial activity 

of plant‐infused nanoemulsions against 

Neisseria gonorrhoeae. Int J Microbiol. 
2024;2024:7084347. 

doi:10.1155/2024/7084347 

155. Bhamra S, Heinrich M, Johnson M, 
Howard C, Slater R. The cultural and 

commercial value of tulsi (Ocimum 

tenuiflorum L.): multidisciplinary approaches 
focusing on species authentication. Plants. 

2022;11(22):3160. 

doi:10.3390/plants11223160 
156. Giang L, Satyal P, Nguyen H, Nguyen 

T, Nguyen C, Le T, et al. Essential oil and 
waste hydrosol of Ocimum tenuiflorum L.: a 

low‐cost raw material source of eugenol, 

botanical pesticides, and therapeutic 

potentiality. Chem Biodivers. 
2024;21(11):e202401161. 

doi:10.1002/cbdv.202401161 
157. Fuller N, Pegg R, Affolter J, Berle D. 

Variation in growth and development, and 
essential oil yield between two Ocimum 

species (O. tenuiflorum and O. gratissimum) 

grown  in Georgia. 

HortScience2018;53(9):1275-1282. 
doi:10.21273/hortsci13156-18 

Surgery.2025;21(4). 144-161.doi: 10.58240/1829006X-2025.21.4-144


	1. INTRODUCTION
	2. ORAL CANCER: EPIDEMIOLOGY AND RISK FACTORS
	3. TULSI: AN OVERVIEW
	4. BIOACTIVE COMPOUNDS IN TULSI
	Table 1. Anticancer properties of major bioactive compounds from O. tenuiflorum (Tulsi)
	5. MECHANISMS OF ACTION AGAINST ORAL CANCER
	Table 2. Preclinical Evidence Supporting the Anticancer Potential of O. tenuiflorum in Oral Cancer
	7. DRUG DELIVERY SYSTEMS FOR ENHANCING BIOAVAILABILITY
	8. INTEGRATION WITH CONVENTIONAL THERAPIES
	9. CLINICAL RELEVANCE AND FUTURE DIRECTIONS
	10. CONCLUSION
	DECLARATIONS
	CONFLICT OF INTEREST
	FUNDING



