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ABSTRACT 

Oral cancer remains one of the leading global health challenges, with alcohol and tobacco consumption being 

major risk factors. Despite advancements in medical research, conventional treatments like surgery, radiotherapy, and 

chemotherapy for oral cancer are often accompanied by severe side effects, including toxicity, deformity, and compromised 

functionality. While effective in reducing tumor size, these treatments frequently impact patients' quality of life. Recent 

interest has shifted towards natural bioactive compounds found in Indian spices, renowned for their therapeutic properties 

rooted in ancient medicinal traditions. Studies have shown that compounds from spices such as turmeric, clove, black pepper, 

chili, and cumin exhibit significant anticancer activity, specifically inhibiting oral cancer. These bioactive molecules 

effectively induce programmed cell death, inhibit cell proliferation, reduce metastasis, and suppress angiogenesis in various 

oral cancer cell lines, including KB, L292, HEp-2, HSC-4, Ca-9-22, and ORL-48. This review aims to provide a 

comprehensive overview of the therapeutic potential of spice-derived compounds, emphasizing their mechanisms of action 

and efficacy against diverse oral cancer cell lines, and highlighting their promise for innovative treatment strategies in 

environmental and therapeutic nanotechnology. 

Keywords: Oral cancer; Bioactive compounds; Indian spices; Phytotherapy; Tumor inhibition; Cell Proliferation; 

Angiogenesis. 

1. INTRODUCTION

Oral cancer is a major global medical issue that 

ranks sixth overall, although it is the worldwide sixth 

major cause of death related to cancer. The annual 

prevalence of new cases of oral cancer was estimated to 

be 187,000, and as of the year 2020, oral cancer 

accounted for 377,173 fatalities that were publicly 

acknowledged (Sung et al. 2021; Sun et al. 2023; Kumari 

et al. 2024) An extensive variety of cancers that manifest 

themselves within the oral cavity are collectively referred 

to as oral cancer. This category encompasses a range of 

cancers that can develop in various parts of the oral cavity 

and surrounding areas. It includes cancers that may affect 

the cheeks, tongue, lips, and the floor of the mouth, as 

well as the soft palate, hard palate, and sinuses. 

Additionally, these cancers can impact the pharynx, 

which is the part of the throat behind the mouth and nasal 

cavity. Due to their location, these cancers can 

significantly impair essential functions such as speaking, 

chewing, swallowing, and breathing, and they often 

require complex treatment approaches involving surgery, 

radiation, or chemotherapy to manage their spread and 

impact on the patient's quality of life (Chi et al. 2015). 

These cancers, if not diagnosed and treated early, can be 

life-threatening, with a survival rate of less than 60% 

(Jansen et al. 2018; Aires et al. 2017). Oral cancer like 

any other type of cancer has more than one cause, but the 

most important cause is tobacco products. Smokeless 

tobacco products include naswar and gutka, while 

tobacco smoking products include cigarettes, cigars, and 

pipes all of which deposit several carcinogenic products 

into the human system. Benzopyrene, polonium, 

formaldehyde, cadmium, and lead are some of the 

compounds that can be found in tobacco smoke. Tobacco 

smoke also contains several other compounds, including 

tobacco-specific nitrosamines (TSNAs). Other 

compounds that can be found in tobacco smoke include 

formaldehyde. It is well-established that all of these 

toxins are known to cause oral cancer (Lakshmi et al. 
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2017; Janbaz et al. 2014; Grasso and Mann, 1998). 

Furthermore, the incidence is also elevated when people 

habitually use products such as chewing betel quid which 

are known to contain carcinogens (Norton, 1998). The 

risk is boosted by alcohol when taken with tobacco as it 

opens up the conduits for carcinogens and thus results in 

DNA damage through acetaldehyde. Oral cancer is well 

understood to be caused by many factors (Fig. 1) 

including bacterial and viral; however, HPV, especially 

HPV 16 and HPV 18, are definite causes of oral cancers. 

Infections with HPV can cause a series of persistent 

physiological changes in the cells resulting to cause 

malignant transformation (Paver et al. 2020; Hubbers and 

Akgul, 2015). Furthermore, cancers caused by 

inflammation from bacterial and viral infections, in 

addition to exposure to toxic substances such as 

formaldehyde and asbestos fibers are linked to an 

increased risk of oral cancer by researchers (Kumar et al. 

2016). 

Fig. 1: Oral cancer causes  

As for the primary therapies applied in the case 

of oral cancer, one can distinguish between surgery, 

radiotherapy, as well as chemotherapy. While these 

treatments can bring down the tumor size and control the 

direction of the disease, the side effects are often severe 

and the treatment, specifically in the later stages, is 

relatively unfruitful (Deivayanai et al. 2024). Surgical 

interventions, although sometimes necessary, can lead to 

significant disfigurement, impaired functionality, and a 

profound impact on the patient's quality of life. 

Radiotherapy, while effective in targeting cancerous 

tissues, can cause salivary gland damage, mucositis, loss 

of taste, and other complications (Beumer et al. 1979; 

Vissink et al. 2003).  

Chemotherapeutic agents, such as 5-

Fluorouracil (5-FU), Cisplatin, Cetuximab, Docetaxel, 

Erlotinib, Nivolumab, Methotrexate, Imatinib, 

Paclitaxel, and Carboplatin, although widely used, are 

associated with a range of adverse effects including acute 

renal toxicity, neurotoxicity, nephrotoxicity, 

cardiotoxicity, hypomagnesemia, pulmonary toxicity, 

myelosuppression, hair loss, reduced blood cell counts, 

xerostomia, dysgeusia, and dry lips  (Bostan et al. 2021; 

Tsvetkova and Ivanova, 2022; Gold and  Raja, 2023; 

Andreadis et al. 2003; García-Chías et al. 2019). Due to 

the restrictions and adverse reactions linked to traditional 

treatments, there has been an increasing fascination with 

alternative therapeutic methods. An encouraging 

approach to explore is the utilization of phytomedicine, 

which refers to medicinal substances obtained from 

plants. Phytomedicine, which has been utilized in 

traditional medicine systems for centuries, is now being 

supported by recent scientists, confirming their 

effectiveness in treating a diverse array of diseases.  

Spices have garnered attention for their 

potential anti-cancer properties. These spices contain 

bioactive compounds that have been shown to exhibit 

significant anti-cancer, anti-inflammatory, and 

antioxidant activities (Juana et al. 2012). Some of the 

most extensively studied spices include turmeric, clove, 

black pepper, chilli, and cumin. These spices are not only 

the ones valued for Indian cuisine but are also credited to 

the traditional systems of medicine such as Ayurveda.  

Turmeric, obtained from the root of the 

Curcuma longa plant, contains curcumin, a polyphenolic 

pigment known for its potent anti-cancer effects. 

Turmeric is a botanical ingredient employed in 

traditional medicinal practices. Curcumin has been 

shown to impede angiogenesis, the physiological process 

responsible for the formation of new blood vessels that 

provide blood to tumors (Thamarai et al. 2024). 

Additionally, it can trigger apoptosis, a type of 

programmed cell death, in cancer cells; both of these 

effects have been empirically proven. Another advantage 

of curcumin is its demonstrated ability to inhibit the 

metastasis of cancer to other anatomical sites. The 

aforementioned analyses were authored by (Kim et al. 

2012; Mosaddad et al. 2021; Shin et al. 2009). Thus, the 

inhibitory effect on the synthesis of COX-2 and other 

inflammatory mediators is a contributing factor to its 

anti-cancer characteristics. Another spice that has been 

found to possess a great anti-cancer compound is clove 

(Syzygium aromaticum). The bioactive compound known 

as eugenol that is found in cloves was used as the material 

by demonstrating that it possesses anti-oral cancer cells. 

Eugenol causes cell death, and cell growth suppression, 

and exhibits anti-inflammatory activity and, therefore, 

has the potential of being used in treating cancer (Prakash 

et al. 2021; Sanikop et al. 2021).  

Nigella sativa or black seed is a plant that has 

the substance thymoquinone in it. Almatroodi et al. 2020 

have reported experimental evidence of its usefulness in 

suppressing the proliferation of several types of cancer 

cells, including oral cancer cells. Thymoquinone can 

induce cancer cell apoptosis and suppress cancer cell 

growth and proliferation. In addition, studies have 

confirmed that it contains characteristics that assist in the 

inhibition of inflammation (Rooney and Ryan, 2005, Chu 

et al. 2014). Further, it has also been established that the 

black seed extract is capable of decreasing the survival of 

head and neck squamous cell carcinoma cells based on 

the concentration and the time factor (Alaufi et al. 2017). 
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Numerous research findings have proved that 

Cinnamomum zeylanicum, also known as Cinnamon, 

contains cinnamaldehyde, an active compound that has 

potential anti-cancer characteristics against oral cancer 

cells. The repellent cinnamaldehyde stimulates apoptosis 

and the NF-κB pathway and reduces the viability of 

tumor cells (Yang et al. 2016; Nazhvani et al. 2020; 

Ahmed and Ghani, 2022).  

Fig. 2: Spices and their potential anti-cancer properties  

Chilli peppers (Capsicum annuum) are known 

to contain capsaicin which according to the report has a 

pro-apoptotic effect on cancer cells. Capsaicin leads to 

the alteration of the mitochondrial-dependent signaling 

that enhances ROS generation which in turn activates 

apoptotic pathways and causes cancer cell death (Lin et 

al. 2013; Ip et al. 2010). Kamaruddin et al. 2019) have 

also pointed out that the c- sure capsaicin can inhibit the 

growth of oral cancer cells in a concentration and time-

dependent manner. Besides, cardamom, scientifically 

referred to as Elettaria cardamomum has also been 

studied as another anti-cancer agent. As per (Jou et al. 

2015; Zaki et al. 2024) it has been found that the aqueous 

extract of cardamom and one of its active compounds γ-

bisabolene has a suppressive effect against oral cancer 

cell lines. These effects are obtained due to caspases-3/9 

activation and a decrease in the mitochondrial 

membrane’s establishment of the potential. A study by 

(Al-Oqail et al. 2013) revealed that the seeds from 

Trigonella foenum-graecum, more commonly known as 

fenugreek, have anti-inflammatory activity as well as the 

ability to inhibit the growth of human laryngeal 

carcinoma cells. Ginger, scientifically referred to as 

Zingiber officinale, is credited for the existence of a 

bioactive compound known as 6-gingerol with the 

natural potential to suppress the growth of oral cancer 

cells. The studies carried out by  (Kapoor et al. 2016; 

Zhang et al. 2021; Saravanan et al. 2022) have 

demonstrated that ginger extract is armed with potential 

anticancer properties as it has the potential to suppress 

the growth viability of oral cancer cell lines and trigger 

apoptosis.Positive outcomes from the studies bring hope 

to another potential fact that bioactive spices found in 

spices could be used as either an adjunct therapy for oral 

cancer or even a complete replacement therapy  (Butnariu 

et al. 2022). These compounds also inhibit the growth 

and multiplication of cancer cells, inhibit the formation 

of new blood vessels, restrict cancer, and cause cancer 

cells to die in a predetermined manner. Another reason 

for the curative effect of such substances are due to the 

properties of anti-inflammatory and antioxidant 

activities, as illustrated in Fig. 2. 

While the therapeutic potential of these 

phytochemicals is well-documented, a major challenge in 

their clinical application is their limited bioavailability. 

Many of these compounds have low solubility and rapid 

metabolism, resulting in poor absorption and distribution 

within the body. Consequently, high doses are often 

required to achieve therapeutic effects, which can limit 

their practicality and effectiveness as standalone 

treatments (Jamuna et al. 2023). To overcome these 

limitations, nanotechnology has emerged as a powerful 

tool for enhancing the bioavailability, stability, and 

targeted delivery of spice-derived phytochemicals. 

Nano-delivery systems, including nanoparticles, 

liposomes, and nano-emulsions, can encapsulate these 

bioactive compounds, protecting them from degradation 

and facilitating their controlled release at specific cancer 

sites (Saravanan et al. 2020). This targeted delivery not 

only enhances therapeutic efficacy but also reduces the 

need for high doses, minimizing potential side effects. 

The integration of nanotechnology with spice-derived 

phytochemicals presents a promising avenue for oral 

cancer treatment, offering a novel approach that 

combines natural anticancer agents with advanced drug 

delivery methods. These nano-delivery systems can be 

engineered to bypass biological barriers, ensuring that the 

active compounds reach the cancer cells directly, thus 

enhancing treatment precision and potency. Additionally, 

nano-formulations can be modified to improve cellular 

uptake and extend the circulation time of phytochemicals 

in the body, further increasing their therapeutic potential. 

This review explores the advancements in nano-delivery 

systems for spice-derived phytochemicals in oral cancer 

treatment, examining how these innovative technologies 

can optimize the therapeutic effects of natural 

compounds. By highlighting recent research on nano-

engineered phytochemicals, this study aims to provide 

insights into the potential of these integrative approaches 

to address the limitations of traditional cancer therapies. 

The development of nano-formulations for spice 

phytochemicals represents a significant step forward in 

medicine and drug development, offering a safer, more 

effective, and patient-friendly alternative for oral cancer 

management. 

2. ROLE OF PHYTOCHEMICALS IN CANCER

T There are different types of phytochemicals in 

spices that have shown efficacy in the prevention and 

control of oral cancer. Investigators have found that some 

spices may help prevent the formation and growth of 

cancer by regulating numerous biological pathways. The 

health benefits of curcumin are numerous and include 

reduction in inflammation and oxidative stress, induction 
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of apoptosis, inhibition of growth and proliferation of 

oral cancer cells, amongst others. The bioactive 

component of black pepper, piperine, is an anti-cancer 

agent and is known to enhance the bioavailability of 

curcumin (Hatcher et al. 2008). Allicin which is derived 

from garlic possesses the features of an antioxidant agent 

and can check the proliferation of cancer cells and thus 

possesses the potential to prevent oral cancer risk (Shukla 

and Kalra, 2007). Gingerol which is obtained from ginger 

has been well proven to possess anti-cancer components 

(Kapoor et al. 2016). This is done by the promotion of 

apoptosis on oral cancer cell lines and the suppression of 

inflammation (Fig. 3). 

Since there has been no discernible progress 

made in the treatment of oral cancer in recent years, these 

spices have the potential to be utilized as additional 

treatments for the treatment of this disease. There is a list 

of spices and their phytochemicals in Table 1 that pertains 

to the prevention of oral cancer. 

Table 1. Spices and their phytochemicals in oral cancer prevention 

Spice Phytochemical Mechanism of Action Evidence in Oral Cancer 

Turmeric Curcumin 
Reduces inflammation, inhibits cell proliferation, induces 

apoptosis 

Inhibits oral cancer cell growth, and 

reduces tumor size in animal studies 

Black Pepper Piperine Enhances bioavailability of curcumin, induces apoptosis 
Potentiates anti-cancer effects of curcumin 

in oral cancer models 

Garlic Allicin Antioxidant inhibits tumor growth, modulates apoptosis 
Shows potential in reducing oral cancer 

risk and cell proliferation 

Ginger Gingerol Reduces inflammation, induces apoptosis, inhibits cell growth 
Reduces oral cancer cell proliferation and 

induces apoptosis in preclinical studies 

Clove Eugenol Antioxidant induces apoptosis, inhibits cell growth 
Exhibits anti-cancer effects in oral cancer 

cell lines 

3. THERAPEUTIC POTENTIAL OF DIFFERENT
SPECIES AGAINST ORAL CANCER 

3.1 Anise Seed (Pimpinella anisum)

A solvent extract from anise seeds has been 

reported to exhibit dose-dependent cytotoxicity against 

KB oral cancer cell lines, with higher concentrations of 

the extract (100 µg/ml) reducing cell viability by 

approximately 32%. This sensitization resulted in a 19% 

reduction in cell viability, with an average IC50 achieved 

at 48 hours. (Mukunda et al. 2020) were able to detect 

effective concentrations of 0.35 µg/ml and 0.705 µg/ml. 

3.2 Black Cumin (Nigella sativa)

The bioactive compound known as 

thymoquinone (TQ) is extracted from the seeds of black 

cumin. An antiproliferative effect against cancer cells, 

including those that have been linked with oral cancer, 

has been exhibited by it (Rooney and Ryan, 2005a; Chu 

et al. 2014; Alaufi et al. 2017) have investigated and 

reported the impact of black cumin extract (TQ) on 

squamous cell carcinoma of the head and neck cells 

(UMSCC-14C). By inhibiting UMSCC-14 oral cells in a 

concentration-dependent and time-dependent manner, 

the TQ extract exhibits an IC50 value of 8.6±0.4 μM at 

24 hours, subsequently followed by 7.0±2.3 μM at 48 

hours, and finally 7.0±0.7 μM at 72 hours. Both of these 

values are significant. (Rooney and Ryan, 2005) 

investigated and reported the black cumin bioactive 

compounds such as alpha hederin and thymoquinone on 

human laryngeal carcinoma cells (Hep2 cell lines). 

Alpha-hederin inhibited cellular viability in a time-

dependent manner with an IC50 value of 21.6±1.4 μM at 

24 h and 13.1±1.9 μM at 48 h followed by 11.3±0.4 μM 

at 72 h. Thymoquinone hederin inhibited cellular 

viability in a time-dependent manner with an IC50 value 

of 51.6±3.0 μM at 24 h and 28.5±2.7 μM at 48 h followed 

by 22.9±1.1 μM at 72 h.  

Fig. 3: Common phytochemicals and their mechanisms in 
cancer prevention  

3.3 Cinnamon (Cinnamomum zeylanicum 
Breyn.)

Cinnamaldehyde, a bioactive compound 

sourced from cinnamon bark has been found to exhibit 

anti-cancer effects against oral cancer (Yang et al. 2016 

Nazhvani et al. 2020) investigated and reported the 

cytotoxicity of Cinnamon extract having potential 

anticancer activity on KB oral cell lines. Cinnamon 
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exhibited anticancer activity at 5 mg/ml concentration. It 

showed 80% inhibition at 10 mg/ml in 24 h and 100% at 

40 mg/ml at 48 h. IC30 value is 3.3 mg/ml. (Ahmed and 

Ghani, 2022) investigated and reported that cinnamon 

extract inhibits the activity of NF-κB and AP-1, both of 

which are involved in promoting the survival and 

proliferation of cancer cells. The study also documented 

that cinnamon oil induces mitochondria-mediated 

apoptosis in cancer cells. Additionally, the research 

revealed the cytotoxic effectiveness of cinnamon oil 

extract against OSCC cell lines, with an IC50 of 90.40 

μg/ml after 24 hours and 42.95 μg/ml after 48 hours. 

3.4 Chilli Peppers (Capsicum annuum)

Capsaicin, a bioactive component included in 

chilli peppers, has attracted considerable interest due to 

its potential to inhibit oral cancer (Lin et al. 2013; Ip et 

al. 2010) Through the inhibition of a wide variety of 

signal transduction pathways, including NF-kB and AP-

1, it achieves this goal. According to the findings of the 

research, capsaicin is responsible for the disruption of 

these activities by interfering with the processes that 

occur within mitochondria, increasing the formation of 

reactive oxygen species (ROS), and activating several 

apoptotic pathways that are present within cells. Caspase-

3, caspase-7, and caspase-9 are the enzymes that are 

responsible for bringing about apoptosis, also known as 

programmed cell death, in cancer cells. This ensures the 

removal of malignant cells completely from the body (Ip 

et al. 2010; Kamaruddin et al. 2019) examined and 

reported the viability and growth of ORL-48 cells 

incubated under the effect of various capsaicin doses and 

treatment durations. The viability of cells went down 

gradually with a rise time in incubation, as IC50 (the 

amount of capsicum that suppresses cell growth by 50%) 

reached 200 µM after 48 hours. Capsaicin showed 

cytotoxicity as evidenced by decreased cell viability at 

increasing concentrations. The presence of capsaicin, 

however, stopped ORL-48 cell growth in such a way that 

depended on both concentration and duration. Optical 

density values declined in line with this inhibition. (Lin 

et al. 2013) evaluated and reported the proliferation and 

viability of the KB cells treated with capsaicin at different 

concentrations. The IC50 value of the Capsaicin was 150 

µM at 48 h.   

3.5 Cloves (Syzygium aromaticum)

Clove spice contains bioactive compounds such 

as eugenol, which has shown the potential to inhibit oral 

cancer (Prakash et al. 2021; Sanikop et al. 2021) 

investigated the ethanolic extract of cloves on KB oral 

cancer cells. The ethanolic extract significantly inhibited 

the KB oral cells with an IC50 value of 224.3 µg/ml. 

3.6 Cardamom (Elettaria cardamom (L.) Maton.)

It has been reported that the aqueous extract of 

cardamom demonstrates cytotoxic effects against oral 

cancer cell lines (Ca9-22 and SAS) in a manner that is 

dependent on the concentration, with the cytotoxic 

concentration (CC50) being observed at 81.2 µg/ml (Jou 

et al. 2015). Additionally, the same study has brought to 

light that γ-bisabolene, a bioactive compound found in 

cardamom, exhibited a powerful cytotoxic effect against 

the development of these cell lines. The IC50 was 

achieved at an extremely low concentration of 5.15 

µg/ml, and it was found to be 29.5 µg/ml against these 

cell lines when compared to the aqueous extract. This 

effect was attributed to the activation of caspases-3/9 and 

a reduction in the potential of the mitochondrial 

membrane. (Zaki et al. 2024) conducted research on 

cardamom extract, which resulted in a decrease in the 

percentage of viable cells. This finding suggests that 

cardamom extract may have the ability to exert cytotoxic 

impacts on laryngeal cancer cells (Hep-2 cells). The IC50 

value for cardamom extract was reported as 186 µg/ml. 

3.7 Fenugreek (Trigonella foenum-graecum L.)

(Liu et al. 2012) have demonstrated that 

fenugreek seeds possess notable anti-inflammatory 

properties, making them a subject of interest in various 

medicinal and therapeutic studies. Specifically, in the 

context of cancer research, these seeds have shown 

promising effects against certain types of oral cancer. For 

example, when tested on human laryngeal carcinoma 

cells (Hep2 cell lines), the aqueous extract of fenugreek 

seeds exhibited significant cytotoxicity. According to a 

study by (Al-Oqail et al. 2013), treating these cancer cells 

with the extract at a concentration of 1000 µg/ml for 24 

hours resulted in a reduction of cell viability to 55%. This 

finding suggests that fenugreek seed extract could 

potentially serve as a natural therapeutic agent with 

anticancer properties, particularly against laryngeal 

carcinoma cells. 

3.8 Ginger (Zingiber officinale)

Ginger has been documented to possess 6-

gingerol as a bioactive constituent for exhibiting anti-

proliferative effects against oral cancer (Kapoor et al. 

2016). Methanolic extract of ginger has demonstrated an 

in-vitro cytotoxic effect against SCC4 and KB oral 

cancer cell lines with IC50 values achieved at 480 µM for 

the former and 500 µM for the latter cell lines, 

respectively (Kapoor et al. 2016). Another in-vitro study 

has authenticated the potent inhibitory effect of 6-

gingerol against cancerous cells with inhibitory 

concentration (IC50) observed at very low 

concentrations- 64.38 μM against Ca9-22 and 79.46 μM 

for YD10B cells at 72 h (Zhang et al. 2021). 
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3.9 Turmeric (Curcuma longa)

Curcumin is the polyphenol or bioactive 

compound extracted from the turmeric. It can inhibit the 

overly proliferated cancer cells by programmed cell 

death, thereby inhibiting angiogenesis. Curcumin stands 

out as a promising therapeutic agent to inhibit the growth 

and progression of head and neck cancer (Kim et al. 

2012; Mosaddad et al. 2021; Shin et al. 2009; Shin et al. 

2009) investigated and reported that the cytotoxicity of 

the curcumin extract has potential anticancer activity on 

YD10b oral cell lines extracted from the human tongue. 

Curcumin extract inhibited 50% growth of YD10b oral 

cell lines at 8.37 ± 1.13 μM in 24 h. (Kim et al. 2012) 

investigated and reported that the cytotoxicity of the 

curcumin extract has potential anticancer activity on 

YD10b oral cell lines extracted from the human tongue. 

Curcumin extract suppressed the growth of YD10b cells 

in a concentration-dependent manner with 40% viability 

at 20 µM and 20% viability at 40 µM in 24 h.  (Nazhvani 

et al. 2020) investigated and reported that the 

cytotoxicity of the curcumin extract has potential 

anticancer activity on KB oral cell lines extracted from 

epidermal carcinoma of the mouth. Cinnamon exhibited 

an anticancer activity impact at 5 mg/ml concentration; it 

showed 50% cell viability at 145 mg/ml in 24 hours 

followed by 48 hours reaching a maximum efficacy of 

80% at 2.2 mg/ml concentration. The IC50 value was 145 

mg/ml. The study conducted by (Ohnishi et al. 2020) on 

HCS- 4 and Ca9-22 oral cell lines treated with curcumin 

extract at different concentrations of 10µM – 20µM; 

15µM showed the (IC50) inhibition of 50% viability of 

the cells. The curcumin inhibited HGF-induced 

activation of MET/ ERK pathway and migration of HSC-

4 oral cells and suppressed HGF-induced epithelial-

mesenchymal transition (EMT) in HSC -4 and Ca9-22 

oral cell lines.  

Table 2: Therapeutic potential of different species against oral cancer 

Name of the spice 
Type of oral cancer cell line tested in 

vitro 
IC50 values reported Reference 

Possible bioactive 

constituent 

responsible for 

anti-proliferative 

effect 

Reference 

Anise seed (Pimpinella 

anisum) 
Epidermal carcinoma of mouth (Kb) 48.0705 µg/ml 

Mukunda et al. 

(2020) 
- 

Mukunda et al. 

(2020) 

Black Cumin (Nigella 

sativa) 

Head and neck squamous cell 

carcinoma cells (UMSCC-14) 

8.6±0.4 μM at 24 h 

7.0±2.3 μM at 48 h 

7.0±0.7 μM at 72 h 

Alaufi et al. 

(2017) 
Thymoquinone (TQ) 

Rooney and 

Ryan, 2005; 

Chu et al. 2014 

Human laryngeal carcinoma cells 

(Hep-2 cell lines) 

21.6±1.4 μM at 24 h 

13.1±1.9 μM at 48h 

11.3±0.4 μM in 72 h 

Rooney and Ryan, 

(2005) 
Alpha-hederin 

Rooney and 

Ryan, 2005 

Human laryngeal carcinoma cells 

(Hep-2 cell lines) 

Rooney and Ryan, 

(2005) 
Thymoquinone 

Rooney and 

Ryan, 2005; 

Chu et al. 2014 

Chillis (Capsicum) Oral cavity (ORL-48 Cell lines) 200 µM after 48 h 
Kamaruddin et al. 

(2019) 
Capsaicin 

Lin et al. 2013; 

Ip et al. 2010 

Cloves (Syzygium 

aromaticum) 

Epidermal carcinoma of mouth (KB 

Cell lines) 
800 µg after 48 h 

Sanikop et al. 

(2021) 
Eugenol 

Prakash et al. 

(2021) 

Cinnamon 

(Cinnamomum 

zeylanicum Breyn.) 

Mucosal epithelium of oral cavity 

(SCC25) 

90.40 μg/ml after 24 h 

42.95 μg/ml after 48 h 

Ahmed & Ghani, 

(2022) 
Cinnamaldehyde 

Yang et al. 

(2016) 

Epidermal carcinoma of mouth (KB 

cell line) 

80% inhibited at 10 

mg/ml in 24 h 

100% at 40 mg/ml in 48 h 

Nazhvani et al. 

(2020) 
Cinnamaldehyde 

Yang et al. 

(2016) 

Cardamom (Elettaria 

cardamom (L.) Maton.) 

Human laryngeal carcinoma cells 

(Hep-2 cell lines) 
186 μg/ml Zaki et al. (2024) Aqueous extract Jou et al. (2015) 

Human gingival (Ca9-22) 81.2 μM Jou et al. (2015) γ-bisabolene Jou et al. (2015) 

Human gingival (Ca9-22) 5.15μM Jou et al. (2015) γ-bisabolene Jou et al. (2015) 

Human tongue squamous cell (SAS) 29.5 μM Jou et al. (2015) γ-bisabolene Jou et al. (2015) 

Fenugreek (Trigonella 

foenum-graecum L.) 

Human laryngeal carcinoma cells 

(Hep-2 cell lines) 
55% at 1000 µg/ml 

Al-Oqail et al. 

(2013) 

Al-Oqail et al. 

(2013) 

Ginger (Zingiber 

officinale) 

Tongue squamous cell carcinoma 

(SCC4) 
480 µM 

Kapoor et al. 

(2016) 
6-gingerol 

Kapoor et al. 

(2016) 

Epidermal carcinoma of mouth (KB 

oral) 
500 µM 

Kapoor et al. 

(2016) 
6-gingerol 

Kapoor et al. 

(2016) 

Human gingival (Ca9-22) 64.38 μM 
Zhang et al. 

(2021) 
6-gingerol 

Kapoor et al. 

(2016) 

Human tongue (YD10B cells) 79.46 μM 
Zhang et al. 

(2021) 
6-gingerol 

Kapoor et al. 

(2016) 
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Turmeric (Curcuma 

longa) 

Human tongue YD10b 

Inhibited 50% cells at 

8.37 ± 1.13 μM in 24 h 
Shin et al. (2009) Curcumin 

(Kim et al. 

2012; 

Mosaddad et al. 

2021; Shin et 

al. 2009) 

40% viability at 20 µM 

and 20% viability at 40 

µM. 

Kim et al. (2012) Curcumin 

(Kim et al. 

2012; 

Mosaddad et al. 

2021; Shin et 

al. 2009) 

Human tongue squamous cell HSC-4 15 µM after 24 h 
Ohnishi et al. 

(2020) 
Curcumin 

(Kim et al. 

2012; 

Mosaddad et al. 

2021; Shin et 

al. 2009) 

Human gingival (gum) squamous cell 

Ca9-22 
15 µM after 24 h 

Ohnishi et al. 

(2020) 
Curcumin 

(Kim et al. 

2012; 

Mosaddad et al. 

2021; Shin et 

al. 2009) 

Epidermal carcinoma of mouth KB 145 mg/ml in 24 h 
Nazhvani et al. 

(2020) 
Curcumin 

(Kim et al. 

2012; 

Mosaddad et al. 

2021; Shin et 

al. 2009) 

4. CONCLUSION

Oral cancer, recognized as one of the most 

common types of cancer globally, can be managed with 

several treatment options, including chemotherapy and 

radiotherapy. However, these treatments are more likely 

to result in adverse effects as a consequence. There has 

been a significant amount of research conducted to 

discover a treatment that is effective for oral cancer. 

Recently, medicinal phytochemicals extracted from 

natural spices have grabbed attention due to their efficacy 

in treating oral cancer due to their anticancer activity. By 

incorporating natural spices into one's daily routine, one 

can lessen the likelihood of developing prostate cancer. 

Nanotechnology has emerged as a solution to these 

challenges, offering advanced nano-delivery systems that 

enhance the absorption, targeted delivery, and controlled 

release of spice-derived compounds. Nano-formulations 

such as nanoparticles, liposomes, and nano-emulsions 

enable these bioactive agents to reach cancerous tissues 

more effectively, reducing the required dosage and 

minimizing side effects. This integration of natural 

phytochemicals with nanotechnology presents an 

innovative approach, combining the strengths of both 

natural therapies and cutting-edge medical 

advancements. Scientists have been conducting research 

on natural remedies for the treatment of cancer, as well 

as combinations of natural phytochemicals and 

chemotherapeutic drugs, in oral cancer cell lines over the 

past few years. 

FUNDING 

 There is no funding source. 

CONFLICT OF INTEREST 

The authors declared no conflict of interest in 

this manuscript regarding publication. 

COPYRIGHT 

This article is an open-access article distributed 

under the terms and conditions of the Creative Commons 

Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 

REFERENCES 

Ahmed, B. and Ghani,  A. A. S., Effect of Cinnamon Oil 

and Scorpion Venom on Oral Squamous Cell 

Carcinoma Cell Line  In vitro study, Egyptian Dental 

J., 68(1), 533–541(2022). 

https://doi.org/10.21608/edj.2021.107325.1879 

Aires, F. T., Lin, C. S., Matos, L. L., Kulcsar, M. A. V. 

and Cernea, C. R., Risk Factors for Distant Metastasis 

in Patients with Oral Cavity Squamous Cell 

Carcinoma Undergoing Surgical Treatment, Journal 

for Oto-Rhino-Laryngology, Head and Neck Surgery, 

79(6), 347–355(2017). 

https://doi.org/10.1159/000485627 

Alaufi, O. M., Noorwali, A., Zahran, F., Al-Abd, A. M. 

and Al-Attas, S., Cytotoxicity of thymoquinone alone 

or in combination with cisplatin (CDDP) against oral 

squamous cell carcinoma in vitro, Sci. Rep., 7(1), 

13131(2017).  

     https://doi.org/10.1038/s41598-017-13357-5 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.21608/edj.2021.107325.1879
https://doi.org/10.1159/000485627
https://doi.org/10.1038/s41598-017-13357-5


Naveen Sahith Veeramalli et al. / J. Environ. Nanotechnol., Vol. 13(4), 208-217 (2024) 

215 

Almatroodi, S. A., Almatroudi, A., Alsahli, M. A., Khan, 

A. A. and Rahmani, A. H., Thymoquinone, Active 

Compound of Nigella sativa: Role in Prevention and 

Treatment of Cancer, Current Pharm. Biotechnol., 

21(11), 1028–1041(2020). 
https://doi.org/10.2174/1389201021666200416092743 

Al-Oqail, M. M., Farshori, N. N., Al-Sheddi, E. S., 

Musarrat, J., Al-Khedhairy, A. A. and Siddiqui, M. A., 

In Vitro Cytotoxic Activity of Seed Oil of Fenugreek 

Against Various Cancer Cell Lines, Asian Pac. J. 

Cancer Prev., 14(3), 1829–1832(2013). 

https://doi.org/10.7314/APJCP.2013.14.3.1829 

Andreadis, C., Vahtsevanos, K., Sidiras, T., Thomaidis, 

I., Antoniadis, K. and Mouratidou, D., 5 Fluorouracil 

and cisplatin in the treatment of advanced oral cancer, 

Oral Oncol., 39(4), 380–385(2003). 

https://doi.org/10.1016/S1368-8375(02)00141-0 

Beumer, J., Curtis, T. and Harrison, R. E., Radiation 

therapy of the oral cavity: Sequelae and management, 

part 1, Head. Neck, 1(4), 301–312(1979). 

https://doi.org/10.1002/hed.2890010404 

Bostan, M., Mihaila, M., Petrica-Matei, G. G., Radu, N., 

Hainarosie, R., Stefanescu, C. D., Roman, V. and 

Diaconu, C. C., Resveratrol Modulation of Apoptosis 

and Cell Cycle Response to Cisplatin in Head and 

Neck Cancer Cell Lines, Int. J. Mol. Sci., 22(12), 

6322(2021).               

https://doi.org/10.3390/ijms22126322 

Butnariu, M., Quispe, C., Sharifi-Rad, J., Pons-Fuster, E., 

Lopez-Jornet, P., Zam, W., Das, T., Dey, A., Kumar, 

M., Pentea, M., H. Eid, A., Umbetova, A. and Chen, J. 

T., Naturally-Occurring Bioactives in Oral Cancer: 

Preclinical and Clinical Studies, Bottlenecks and 

Future Directions, Front. Biosci (Schol Ed), 14(3), 

24(2022).                        

https://doi.org/10.31083/j.fbs1403024 

Chi, A. C., Day, T. A. and Neville, B. W., Oral cavity and 

oropharyngeal squamous cell carcinoma—an update, 

CA Cancer J. Clinicians, 65(5), 401–421(2015). 

https://doi.org/10.3322/caac.21293 

Chu, S. C., Hsieh, Y. S., Yu, C. C., Lai, Y. Y. and Chen, P. 

N., Thymoquinone Induces Cell Death in Human 

Squamous Carcinoma Cells via Caspase Activation-

Dependent Apoptosis and LC3-II Activation-

Dependent Autophagy, Public Lib. Sci., ONE, 9(7), 

e101579(2014). 

https://doi.org/10.1371/journal.pone.0101579 

Nazhvani, D. A., Sarafraz, N., Askari, F., Heidari, F. and 

Razmkhah, M., Anti-Cancer Effects of Traditional 

Medicinal Herbs on Oral Squamous Cell Carcinoma, 

Asian Pac. J. Cancer Prev., 21(2), 479–484(2020). 

https://doi.org/10.31557/APJCP.2020.21.2.479 

Deivayanai, V. C., Karishma, S., Thamarai, P., 

Saravanan, A. and Yaashikaa, P. R., Efficient red azo 

dye removal from wastewater using magnetic 

nanoparticle impregnated Prosopis juliflora biomass: 

ANN modeling approach, Desalin. Water Treat., 320, 

100746(2024). 

https://doi.org/10.1016/j.dwt.2024.100746 

García-Chías, B., Figuero, E., Castelo-Fernández, B., 

Cebrián-Carretero, J. L. and Cerero-Lapiedra, R., 

Prevalence of oral side effects of chemotherapy and its 

relationship with periodontal risk: a cross sectional 

study, Support Care Cancer, 27(9), 3479–3490(2019).  

    https://doi.org/10.1007/s00520-019-4650-6 

Grasso, P. and Mann, A. H., Smokeless Tobacco and Oral 

Cancer: An Assessment of Evidence Derived from 

Laboratory Animals, Food Chem. Toxicol., 36(11), 

1015–1029(1998).  

     https://doi.org/10.1016/S0278-6915(98)00070-2 

Hatcher, H., Planalp, R., Cho, J., Torti, F. M. and Torti, S. 

V., Curcumin: From ancient medicine to current 

clinical trials, Cell. Mol. Life Sci., 65(11), 1631–

1652(2008).  

     https://doi.org/10.1007/s00018-008-7452-4 

Hubbers, C. U. and Akgul, B., HPV and cancer of the oral 

cavity, Virulence, 6(3), 244–248(2015). 

https://doi.org/10.1080/21505594.2014.999570 

Ip, S., Lan, S., Huang, A., Yang, J., Chen, Y., Huang, H., 

Lin, Z., Hsu, Y., Yang, M., Chiu, C. and Chung, J., 

Capsaicin induces apoptosis in SCC‐4 human tongue 

cancer cells through mitochondria‐dependent and ‐

independent pathways, Environ. Toxicol., 27(6), 332–

341(2012).  

    https://doi.org/10.1002/tox.20646 

Jamuna, G., Yasodha, S., Thamarai, P., Vickram, A. S., 

Swaminaathan, P., Saravanan, A. and Yaashikaa, P. R., 

Design strategies, utilization and applications of nano-

engineered biomaterials for the enhancement of 

bioenergy: A sustainable approach, Biochem. Eng. J., 

200, 109104(2023). 

https://doi.org/10.1016/j.bej.2023.109104 

Janbaz, K. H., Qadir, M. I., Basser, H. T., Bokhari, T. H. 

and Ahmad, B., Review Risk for oral cancer from 

smokeless tobacco, Wo., (18)3, 160–164(2014). 

https://doi.org/10.5114/wo.2014.40524 

Jansen, L., Buttmann-Schweiger, N., Listl, S., Ressing, 

M., Holleczek, B., Katalinic, A., Luttmann, S., 

Kraywinkel, K. and Brenner, H., Differences in 

incidence and survival of oral cavity and pharyngeal 

cancers between Germany and the United States 

depend on the HPV-association of the cancer site, Oral 

Oncol., 76, 8–15(2018). 

https://doi.org/10.1016/j.oraloncology.2017.11.015 

Jou, Y., Chen, C., Liu, Y., Way, T., Lai, C., Hua, C., Wang, 

C., Huang, S., Kao, J. and Lin, C., Quantitative 

phosphoproteomic analysis reveals γ‐bisabolene 

inducing p53‐mediated apoptosis of human oral 

squamous cell carcinoma via HDAC2 inhibition and 

ERK1/2 activation, Proteomics, 15(19), 3296–

3309(2015).     

https://doi.org/10.1002/pmic.201400568 

Juana, F. L., Angel, P. A. J. and Manuel, V. M., Beneficial 

Health Effects of Bioactive Compounds Present in 

Spices and Aromatic Herbs,. In: Stud. Nat. Prod. 

Chem., Elsevier, 37, 115–134 (2012)., 

https://doi.org/10.1016/B978-0-444-59514-0.00004-3 

https://doi.org/10.2174/1389201021666200416092743
https://doi.org/10.7314/APJCP.2013.14.3.1829
https://doi.org/10.1016/S1368-8375(02)00141-0
https://doi.org/10.1002/hed.2890010404
https://doi.org/10.3390/ijms22126322
https://doi.org/10.31083/j.fbs1403024
https://doi.org/10.3322/caac.21293
https://doi.org/10.1371/journal.pone.0101579
https://doi.org/10.31557/APJCP.2020.21.2.479
https://doi.org/10.1016/j.dwt.2024.100746
https://doi.org/10.1007/s00520-019-4650-6
https://doi.org/10.1016/S0278-6915(98)00070-2
https://doi.org/10.1007/s00018-008-7452-4
https://doi.org/10.1080/21505594.2014.999570
https://doi.org/10.1002/tox.20646
https://doi.org/10.1016/j.bej.2023.109104
https://doi.org/10.5114/wo.2014.40524
https://doi.org/10.1016/j.oraloncology.2017.11.015
https://doi.org/10.1002/pmic.201400568
https://doi.org/10.1016/B978-0-444-59514-0.00004-3


Naveen Sahith Veeramalli et al. / J. Environ. Nanotechnol., Vol. 13(4), 208-217 (2024) 

216 

Kamaruddin, M. F., Hossain, M. Z., Mohamed, A. A. and 

Mohd Bakri, M., The Antiproliferative and Apoptotic 

Effects of Capsaicin on an Oral Squamous Cancer Cell 

Line of Asian Origin, ORL-48, Med., 55(7), 

322(2019). 

https://doi.org/10.3390/medicina55070322 

Kim, J. Y., Cho, T. J., Woo, B. H., Choi, K. U., Lee, C. 

H., Ryu, M. H. and Park, H. R., Curcumin-induced 

autophagy contributes to the decreased survival of oral 

cancer cells, Arch. Oral Biol., 57(8), 1018–

1025(2012). 

https://doi.org/10.1016/j.archoralbio.2012.04.005 

Kumar, M., Nanavati, R., Modi, T. and Dobariya, C., Oral 

cancer: Etiology and risk factors: A review, J. Can. 

Res. Ther., 12(2), 458(2016). 

https://doi.org/10.4103/0973-1482.186696 

Kumari, M., Chhikara, B. S., Singh, P. and Rathi, B., 

Signaling and molecular pathways implicated in oral 

cancer: A concise review, Comput. based lear., 11(1), 

(2024). 

https://doi.org/10.62110/sciencein.cbl.2024.v11.652 

Lakshmi, T., Ezhilarasan, D., Nagaich, U. and 

Vijayaragavan, R., Acacia catechu ethanolic seed 

extract triggers apoptosis of SCC-25 cells, Phcog. 

Mag., 13(51), 405(2017). 

https://doi.org/10.4103/pm.pm_458_16 

Lin, C. H., Lu, W. C., Wang, C. W., Chan, Y. C. and Chen, 

M. K., Capsaicin induces cell cycle arrest and 

apoptosis in human KB cancer cells, BMC 

Complement. Altern Med., 13(1), 46(2013). 

https://doi.org/10.1186/1472-6882-13-46 

Mosaddad, S. A., Beigi, K., Doroodizadeh, T., 

Haghnegahdar, M., Golfeshan, F., Ranjbar, R. and 

Tebyanian, H., Therapeutic applications of 

herbal/synthetic/bio-drug in oral cancer: An update, 

European J. Pharmacol., 890, 173657(2021). 

https://doi.org/10.1016/j.ejphar.2020.173657 

Norton, S. A., Betel: Consumption and consequences, J. 

Am. Acad Dermatol., 38(1), 81–88(1998). 

https://doi.org/10.1016/S0190-9622(98)70543-2 

Ohnishi, Y., Sakamoto, T., Zhengguang, L., Yasui, H., 

Hamada, H., Kubo, H. and Nakajima, M., Curcumin 

inhibits epithelial-mesenchymal transition in oral 

cancer cells via c-Met blockade,. Oncol. Lett., 19(6), 
4177-4182(2020).                     

https://doi.org/10.3892/ol.2020.11523 

Paver, E. C., Currie, A. M., Gupta, R. and Dahlstrom, J. 

E., Human papilloma virus related squamous cell 

carcinomas of the head and neck: diagnosis, clinical 

implications and detection of HPV, Pathol., 52(2), 

179–191(2020). 

https://doi.org/10.1016/j.pathol.2019.10.008 

Prakash, S., Radha., Kumar, M., Kumari, N., Thakur, M., 

Rathour, S., Pundir, A., Sharma, A. K., Bangar, S. P., 

Dhumal, S., Singh, S., Thiyagarajan, A., Sharma, A., 

Sharma, M., Changan, S., Sasi, M., Senapathy, M., 

Pradhan, P. C., Garg, N. K., Ilakiya, T., Nitin, M., 

Abdel-Daim, M. M., Puri, S., Natta, S., Dey, A., 

Amarowicz, R. and Mekhemar, M., Plant-Based 

Antioxidant Extracts and Compounds in the 

Management of Oral Cancer, Antioxid., 10(9), 

1358(2021).  

     https://doi.org/10.3390/antiox10091358 

Rooney, S. and Ryan, M., Effects of Alpha-hederin and 

Thymoquinone, constituents of Nigella sativa, on 

Human Cancer Cell Lines, Anticancer Res., 25, 2199-

2204 (2005). 

Sanikop, S., Bhat, K., Kotrashetti, V., Kumbar, V., 

Ammanagi, R. and Mr, P., Anticancer and antioxidant 

activity of ethanolic extract of Clove (Syzygium 

aromaticum) on oral squamous cell carcinoma cell 

lines (KB cell lines)- An In-vitro study, Int. J. Adv. in 

Med., 12(3), 674–683(2021). 

https://doi.org/10.47552/ijam.v12i3.1931 

Saravanan, A., Kumar, P. S., Hemavathy, R. V., 

Jeevanantham, S., Jawahar, M. J., Neshaanthini, J. P. 

and Saravanan, R., A review on synthesis methods and 

recent applications of nanomaterial in wastewater 

treatment: Challenges and future perspectives, 

Chemosphere, 307(1), 35713(2022). 

https://doi.org/10.1016/j.chemosphere.2022.135713 

Saravanan, A., Kumar, P. S., Karishma, S., Vo, D. V. N., 

Jeevanantham, S., Yaashikaa, P. R. and George, C. S., 

A review on biosynthesis of metal nanoparticles and 

its environmental applications, Chemosphere, 264(2), 

128580(2021). 

https://doi.org/10.1016/j.chemosphere.2020.128580 

Shin, H. K., Kim, J., Lee, E. J. and Kim, S. H., Inhibitory 

effect of curcumin on motility of human oral 

squamous carcinoma YD‐10B cells via suppression of 

ERK and NF‐κB activations, Phytother. Res., 24(4), 

577–582(2010).                

https://doi.org/10.1002/ptr.2989 

Shukla, Y. and Kalra, N., Cancer chemoprevention with 

garlic and its constituents, Cancer Lett., 247(2), 167–

181(2007). 

https://doi.org/10.1016/j.canlet.2006.05.009 

Sun, R., Dou, W., Liu, W., Li, J., Han, X., Li, S., Wu, X., 

Wang, F., Xu, X. and Li, J., Global, regional, and 

national burden of oral cancer and its attributable risk 

factors from 1990 to 2019, Cancer Med., 12(12), 

13811–13820(2023). 

https://doi.org/10.1002/cam4.6025 

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., 

Soerjomataram, I., Jemal, A. and Bray, F., Global 

Cancer Statistics 2020: GLOBOCAN Estimates of 

Incidence and Mortality Worldwide for 36 Cancers in 

185 Countries, CA Cancer J. Clinicians, 71(3), 209–

249(2021).  

     https://doi.org/10.3322/caac.21660 
Thamarai, P., Kamalesh, R., Saravanan, A., 

Swaminaathan, P. and Deivayanai, V. C., Emerging 

trends and promising prospects in nanotechnology for 

improved remediation of wastewater contaminants: 

Present and future outlooks, Environ. Nanotechnol. 

Monit. Manage., 21, 100913(2024). 

https://doi.org/10.1016/j.enmm.2024.100913 

https://doi.org/10.3390/medicina55070322
https://doi.org/10.1016/j.archoralbio.2012.04.005
https://doi.org/10.4103/0973-1482.186696
https://doi.org/10.62110/sciencein.cbl.2024.v11.652
https://doi.org/10.4103/pm.pm_458_16
https://doi.org/10.1186/1472-6882-13-46
https://doi.org/10.1016/j.ejphar.2020.173657
https://doi.org/10.1016/S0190-9622(98)70543-2
https://doi.org/10.3892/ol.2020.11523
https://doi.org/10.1016/j.pathol.2019.10.008
https://doi.org/10.3390/antiox10091358
https://doi.org/10.47552/ijam.v12i3.1931
https://doi.org/10.1016/j.chemosphere.2022.135713
https://doi.org/10.1016/j.chemosphere.2020.128580
https://doi.org/10.1002/ptr.2989
https://doi.org/10.1016/j.canlet.2006.05.009
https://doi.org/10.1002/cam4.6025
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.enmm.2024.100913


Naveen Sahith Veeramalli et al. / J. Environ. Nanotechnol., Vol. 13(4), 208-217 (2024) 

217 

Tsvetkova, D. and Ivanova, S., Application of Approved 

Cisplatin Derivatives in Combination Therapy against 

Different Cancer Diseases, Mol., 27(8), 2466(2022). 

https://doi.org/10.3390/molecules27082466 

Vissink, A., Jansma, J., Spijkervet, F. K. L., Burlage, F. 

R. and Coppes, R. P., O ral S equelae of H ead and N 

eck R adiotherapy, Crit. Rev. Oral Biol. Med., 14(3), 

199–212(2003). 

https://doi.org/10.1177/154411130301400305 

Zaki, M., Farag, H., and Abd El Wahed, S., investigation 

of the apoptotic effect of cardamom oil on laryngeal 

cancer cell line (a non-randomized in vitro study), 

Egypt. Dent. J., 70(1), 189–198(2024). 

https://doi.org/10.21608/edj.2023.239191.2728 

Zhang, H., Kim, E., Yi, J., Hai, H., Kim, H., Park, S., 

Lim, S. G., Kim, S. Y., Jang, S., Kim, K., Kim, E. K., 

Lee, Y., Ryoo, Z. and Kim, M., [6]-Gingerol 

Suppresses Oral Cancer Cell Growth by Inducing the 

Activation of AMPK and Suppressing the 

AKT/mTOR Signaling Pathway, In. Vivo, 35(6), 

3193–3201(2021). 

https://doi.org/10.21873/invivo.12614 

Gold, J. M. and Raja, A., Cisplatin, StatPearls, (2023). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kapoor, V., Aggarwal, S. and Das, S. N., 6‐Gingerol 

Mediates its Anti Tumor Activities in Human Oral and 

Cervical Cancer Cell Lines through Apoptosis and 

Cell Cycle Arrest. PTR. Phytotherapy 

Research/Phytotherapy Research, 30(4), 588–595 

(2016).                                  

https://doi.org/10.1002/ptr.5561 

Yang, X., Zheng, H., Ye, Q., Li, R. and Chen, Y. Essential 

oil of Cinnamon exerts anti-cancer activity against 

head and neck squamous cell carcinoma via 

attenuating epidermal growth factor receptor - 

tyrosine kinase. PubMed Retrieved from, 20(6), 1518–

1525(2016). 

    
 

https://doi.org/10.3390/molecules27082466
https://doi.org/10.1177/154411130301400305
https://doi.org/10.21608/edj.2023.239191.2728
https://doi.org/10.21873/invivo.12614

