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______________________________________________________________________________________________________________ 

 Abstract: This study focuses on the pharmacognostic evaluation of medicinal plants with potential anticancer 

properties, specifically targeting Oral Squamous Cell Carcinoma (OSCC). The research encompasses a 

comprehensive analysis of botanical characteristics, macroscopic and microscopic features, physicochemical 

parameters, and preliminary phytochemical screening of selected medicinal plants known for their traditional use 

in cancer treatment. The investigation aims to provide valuable insights into the pharmacognostic profile of these 

plants, laying the groundwork for future research and development of novel therapeutic agents against OSCC. This 

research undertakes a systematic pharmacognostic evaluation of medicinal plants recognized for their potential 

anticancer properties, specifically addressing Oral Squamous Cell Carcinoma (OSCC). A diverse selection of these 

plants, esteemed for their traditional use in cancer management, undergoes a rigorous examination encompassing 

botanical characteristics, macroscopic and microscopic features, and physicochemical parameters. The study also 

includes a detailed preliminary phytochemical screening to identify bioactive compounds with potential therapeutic 

relevance against OSCC. By offering a comprehensive understanding of the pharmacognostic profile of these 

medicinal plants, this review contributes to the ongoing exploration of natural sources for developing novel and 

effective anticancer agents. The findings herein provide a valuable foundation for further investigations, fostering 

advancements in the field of oncopharmacognosy and the development of targeted therapeutics for Oral Squamous 

Cell Carcinoma. 

 Keywords:  Pharmacognostic evaluation, Medicinal plants, Anticancer properties, Oral Squamous Cell Carcinoma 
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Introduction 

Oral Squamous Cell Carcinoma (OSCC) is a 

significant type of cancer that primarily affects the 

squamous cells lining the oral cavity. This includes 

areas such as the lips, tongue, floor of the mouth, 

and the hard palate. OSCC is a subset of head and 

neck squamous cell carcinoma (HNSCC) and is 

notable for its aggressiveness and potential for 

metastasis (Bray et al., 2018). OSCC has a 

considerable prevalence worldwide, with a higher 

incidence in specific regions and populations. It is 

particularly prevalent in South Asian countries, 

partly due to the widespread use of tobacco and 

areca nut, which are significant risk factors. 

Globally, the incidence rates vary, influenced by 

factors such as lifestyle, environmental factors, 

and genetic predisposition (Nobili et al., 2009; 

Karpuz et al., 2018). 

 Risk Factors: The multiple risk factors are 

depicted in a flowchart (Fig. 1). 

Early symptoms of OSCC may include 

persistent ulcers, red or white patches in the 

mouth, unexplained bleeding, and difficulty in 

chewing or swallowing. Diagnosis typically 

involves a biopsy of the affected area, followed by 

histopathological examination. Imaging tests like 

MRI, CT scans, and PET scans may be employed 

for staging the cancer. Treatment often involves a 

combination of surgery, radiation therapy, and 

chemotherapy, depending on the stage and 

location of the cancer (Cheng, 1995). The 

prognosis of OSCC is generally better when 

diagnosed at an early stage, but it decreases 

significantly with advanced disease. The impact of 

OSCC is profound, affecting not just the physical 

health but also the quality of life due to its 

location in the oral cavity. Challenges include late 

presentation, which often leads to a poor 

prognosis, and the side effects of treatment, 

which can significantly affect functions like 

speech and swallowing. The use of plants in 

cancer treatment is an area of growing interest, 

with research focusing on identifying plant-

derived compounds that might be effective 

against OSCC. This approach opens up 

possibilities for more targeted and less toxic 

treatment options (Faried et al., 2007; Shehab  et 

al., 2011).  

(A) Importance of medicinal plants in cancer 

therapy, with a focus on OSCC: 

The use of medicinal plants in cancer therapy, 

particularly in the context of Oral Squamous Cell 

Carcinoma (OSCC), is an area of significant 

interest and research (Sohi et al., 2003). Detailed 

overview of the importance and potential of 

medicinal plants in this contex is given as: 

(i) Historical Context and Current Relevance: 

Medicinal plants have been used for centuries in 

various traditional medicine systems across the 

world, such as Ayurveda, Traditional Chinese 

Medicine, and African traditional medicine. In 

recent times, there is a growing interest in 

integrating these traditional knowledge systems 

with modern oncology, especially for diseases like 

OSCC where conventional treatments have 

limitations (Inoue et al., 1994; Sun et al., 2002). 

(ii)  Rationale for Using Medicinal Plants in OSCC: 

1. Targeted Action: Certain plant-derived 

compounds have been found to have targeted 

action      against     cancer     cells,     potentially 
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Fig.1: Key Risk Factors for OSCC. 

reducing the side effects seen with 

conventional chemotherapy and radiation 

(Taraphdar and Roy, 2001). 

2. Multifaceted Effects: Many medicinal plants 

exhibit a range of biological activities, 

including anti-inflammatory, antioxidant, 

and immunomodulatory effects, which 

might help in combating cancer. 

3. Overcoming Drug Resistance: There is a 

growing concern about cancer cells 

developing resistance to standard 

chemotherapeutic agents. Plant compounds 

might offer a way to overcome or bypass 

such resistance (Pal and Shukla, 2003). 

(iii) Potential Mechanisms of Action: 

1. Apoptosis Induction: Some plant extracts 

can induce apoptosis (programmed cell 

death) in cancer cells, a mechanism often 

impaired in cancerous cells. 

2. Angiogenesis Inhibition: They can inhibit 

the formation of new blood vessels 

necessary for tumor growth. 

3. Metastasis Inhibition: Certain compounds 

might prevent cancer cells from spreading 

to other parts of the body (Koehn and 

Carter, 2005). 

(iv) Examples of Medicinal Plants and Their 

Compounds: 

Several plants have been identified for their 

potential anti-OSCC properties. These may 

include: 

1. Green   Tea   (Camellia   sinensis):     Rich    in  

catechins, it has shown potential in inhibiting 

the growth of OSCC cells. 

2. Turmeric (Curcuma longa): Curcumin, the 

active compound in turmeric, has been 

extensively studied for its anti-cancer 

properties, including against OSCC. 

3. Grapes (Vitis vinifera): Resveratrol, found in 

grapes, is noted for its anticancer effects 

(Saklani and Kutty, 2008). 

(v) Challenges and Considerations: 

Figure 2 depicts various challenges and 

considerations. 

(B) Future Directions: 

1. Drug Development: Isolating and 

characterizing active compounds from medicinal 

plants for development into new anticancer 

drugs. 

2. Combinatorial Approaches: Exploring 

synergistic effects when used in combination with 

conventional cancer therapies. 

3. Personalized Medicine: Investigating the role of 

these plants in personalized medicine, 

considering individual differences in response to 

these natural compounds (Wang et al., 2012). 

(C) Objectives and Scope:  

 Objectives: 

1. Identification of Medicinal Plants: To identify 

and list various medicinal plants that have shown 

potential anticancer properties, particularly 

focusing on their effects against Oral Squamous 

Cell Carcinoma (OSCC). 
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Fig. 2: Various Challenges & Considerations. 

2. Pharmacognostic Evaluation: To conduct a 

detailed pharmacognostic analysis of these 

plants, which includes studying their botanical 

characteristics, chemical composition, and 

potential therapeutic properties. 

3. Assessment of Anticancer Properties: To 

evaluate the anticancer efficacy of these identified 

plants or their extracts specifically against OSCC, 

potentially through in vitro (cellular level) or in 

vivo (animal models) studies (Fattovich et al., 

2004). 

4. Mechanism of Action (MOA): To investigate the 

mechanisms through which these plants exert 

their anticancer effects. This could involve 

studying how they induce cell death in cancerous 

cells, inhibit cell proliferation, or prevent 

metastasis. 

5. Safety and Toxicity Analysis: To assess the 

safety profile and potential toxicity of these 

medicinal plants, which is crucial for their future 

application in human therapy (Llovet, 2005; Ruan 

et al., 2006). 

 Scope: 

1. Comprehensive Review: The article likely 

provides a comprehensive review of existing 

literature and research on medicinal plants with 

potential anticancer properties relevant to OSCC. 

2. Experimental Studies: It may include 

experimental studies or data analysis that offer 

new insights into the efficacy of these plants in 

treating OSCC. 

3. Pharmacological Insights: The scope might 

extend to a detailed pharmacological analysis, 

providing insights into the bioactive compounds 

in these plants and their pharmacokinetics and 

pharmacodynamics. 

4. Clinical Relevance: The article could discuss the 

potential clinical applications of these findings, 

highlighting how these plants could be integrated 

into existing cancer treatment protocols or 

developed into new therapeutic agents (Trease 

and Evans, 1983). 

5. Future Research Directions: It might also 

outline gaps in current research and suggest 

future directions for the study of medicinal plants 

in the context of OSCC therapy (Ghorani-Azam et 

al., 2018). 

BACKGROUND: 

 (i) Overview of pharmacognosy as it relates to 

medicinal plants: 

Pharmacognosy, as it relates to the study and use 

of medicinal plants, is a crucial field that bridges 

traditional herbal medicine and modern 

pharmaceutical science. The background of 

pharmacognosy provides vital insights into how 

this discipline is applied in researching cancer, 

particularly OSCC (Abad et al., 2013). 

(a) Pharmacognosy: 



974 

 

Pharmacognosy is the study of medicinal drugs 

derived from plants, animals, and other natural 

sources. It involves identifying, extracting, and 

analyzing bioactive compounds that have 

therapeutic potential. The field encompasses 

various disciplines including botany, 

biochemistry, ethnobotany, phytochemistry, and 

pharmacology (Tan et al., 1998). 

(b) Historical Context: 

 Traditional Roots: The use of plants for 

medicinal purposes dates back thousands of 

years, forming the basis of traditional 

medicine systems worldwide. 

 Modern Development: In the 19th and 20th 

centuries, pharmacognosy evolved with the 

isolation and characterization of active 

compounds from plants, leading to the 

development of many modern drugs (Lu et al., 

2000). 

(c)  Role in Medicinal Plant Study: 

1. Identification and Authentication: 

Pharmacognosy involves accurately 

identifying plant species and ensuring the 

correct part of the plant is used. This is crucial 

for consistency and safety in herbal medicine. 

2. Active Compound Extraction: It focuses on 

extracting and isolating bioactive compounds 

from plants, which are potential sources for 

new drug development. 

3. Standardization and Quality Control: Ensuring 

the consistency and quality of plant extracts 

through standardization of active constituents 

and quality control measures (Efferth, 2005). 

(d) Pharmacognostic Techniques: 

Table 1 illustrates multiple pharmacognistic 

techniques. 

(e)  Relevance to Anticancer Research: 

Targeting Cancer: Many plant-derived 

compounds have been found to possess 

anticancer properties, targeting various stages of 

cancer development, from initiation to 

metastasis. 

Mechanism of Action: Pharmacognosy helps in 

understanding how these compounds act at a 

molecular level, whether by inducing apoptosis, 

inhibiting angiogenesis, or enhancing the immune 

response (Xie et al., 2011). 

(f) Application in OSCC: 

1. Identifying Potential Plants: The article likely 

discusses the identification of plants with 

historical or empirical evidence of anticancer 

properties relevant to OSCC. 

2. Evaluating Efficacy and Safety: It involves 

assessing the efficacy of these plants or their 

extracts against OSCC cells and evaluating 

their safety profile. 

3. Potential for New Therapies: By elucidating 

the pharmacognostic properties of these 

plants, the study could pave the way for 

developing new therapeutic agents or adjunct 

treatments for OSCC (Yin et al., 2008). 

(ii) Natural products in anticancer drug 

development: 

The role of natural products in the development 

of anticancer drugs is depicted in Table 2. 

(iii) Application of medicinal plants in cancer 

treatment: 

The use of medicinal plants in cancer treatment 

has a rich and diverse historical background, 

spanning across various cultures and civilizations 

(Liu and Ng, 2000). This history reflects the long-

standing human quest to find effective remedies 

against cancer, a quest that continues to shape 

modern oncology. An overview of this historical 

perspective is depicted in Table 3. 

(a) Ancient Practices: 

1. Traditional Medicine Systems: 

 Ayurveda (India): Ayurvedic texts dating back 

to 1000 BC mention the use of various herbs 

for tumor-like conditions. 
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Table 1: Multiple Pharmacognistic Tecniques 

Technique Description 

Macroscopic and 

Microscopic Analysis 

Examining the physical characteristics of plants and their parts to 

ascertain their identity and quality. 

Phytochemical Screening Identifying the chemical constituents of plants, such as alkaloids, 

flavonoids, terpenoids, and their concentration. 

Biological Assays Testing the biological activity of plant extracts or compounds, 

including their efficacy against cancer cells (Ryu et al., 2011). 

 

 

Table 2: Role of Natural Products 

Aspects Areas Covered Description 

 

 

Historical Context 

1. Traditional Medicine For centuries, various cultures have used plant 

extracts for healing purposes. 

2. Discovery of Key Drugs Discovery of paclitaxel (Taxol), derived from 

the Pacific yew tree, revolutionized the 

treatment of several cancers. 

 

 

 

Source of Novel 

Compounds 

1. Diverse Chemical Structures Natural products offer a vast array of unique 

chemical structures not found in synthetic 

libraries, providing a rich resource for novel 

drug discovery. 

2. Bioactivity Many natural compounds have inherent 

bioactivity that can be harnessed for 

therapeutic purposes, particularly in targeting 

cancer cells. 

 

 

 

 

Mechanism of Anti-

Cancer Action 

1. Targeted Action Some natural products can target specific 

molecular pathways in cancer cells, like cell 

cycle regulation, apoptosis (programmed cell 

death), and angiogenesis (formation of new 

blood vessels). 

2. Synergy with Conventional Drugs Natural products can enhance the efficacy of 

conventional chemotherapy and reduce side 

effects, offering a synergistic approach to cancer 

treatment (Hu and Davies, 2010). 

Overcoming Drug 

Resistance 

1. New Mechanisms of Action As cancer cells often develop resistance to 

chemotherapy drugs, natural products can 

provide alternative mechanisms of action to 

overcome this resistance 

2. Combinatorial Approaches Using natural products in combination with 

other drugs can reduce the likelihood of cancer 

cells developing resistance. 

Examples of Success 1. Vinca Alkaloids Derived from the Madagascar periwinkle, these 

alkaloids (like vincristine and vinblastine) are 

used to treat various cancers. 

2. Camptothecin Analogs Derived from the Chinese tree Camptotheca 

acuminata, these compounds are effective in 

treating colorectal, ovarian, and other cancers 

(Tang et al., 2009). 

Future Directions 1. Integration with Modern Drug 

Development 

There's a growing trend of integrating 

traditional knowledge with modern drug 

discovery processes. 

2.. Personalized Medicine Natural products offer potential for 

personalized medicine approaches, where 

treatments are tailored based on individual 

genetic and disease profiles (Ammon and Wahl, 

1991). 
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Table 3: Historical Perspective of Medicinal Plants 

Time Period Highlights Key Developments 

Ancient Times Use of plants in traditional medicine 

systems like Ayurveda, Traditional 

Chinese Medicine. 

Empirical use of plants based on 

observational knowledge. 

Middle Ages Continued use in folk medicine; 

documentation in herbal compendiums. 

Herbalism becomes more 

structured; early forms of 

standardization. 

17th to 19th Century Scientific interest in botanicals begins; 

early pharmacological studies. 

Foundation of pharmacognosy; 

beginnings of modern drug 

discovery (Sung et al., 2021). 

Early 20th Century Isolation of specific compounds from 

plants; early drug development. 

Development of chemotherapy 

drugs from plant sources; 

foundational cancer research. 

Late 20th Century Breakthrough discoveries like Paclitaxel 

from Pacific yew; rise of phytotherapy. 

Recognition of plant-derived 

compounds as major sources of 

anticancer drugs. 

21st Century Integration with modern oncology; focus 

on targeted therapies and drug 

discovery. 

Advanced research using 

biotechnology; personalized 

medicine approaches (Hema et 

al., 2017). 

 

 

 Traditional Chinese Medicine: Ancient Chinese 

texts describe the use of plants and herbal 

formulas for treating tumor-like symptoms. 

 Egyptian Papyri: Ancient Egyptian medical 

papyri mention remedies for tumor-like 

growths, likely using local flora (Yasmine and 

Elnaaj, 2017). 

2. Indigenous Knowledge:  

Indigenous tribes across the world, from the 

Amazon to African savannas, have used their 

native plants for treating various ailments, 

including cancer-like symptoms. 

(b) Middle Ages to Early Modern Period: 

1. European Herbalism: In medieval Europe, 

herbalism flourished with monks and 

apothecaries using plant-based remedies for 

various diseases, including cancer. 

2. Islamic Golden Age: Islamic physicians like 

Avicenna compiled works that included plant-

based treatments for tumors (Hoare et al., 2019). 

(c) 19th to Early 20th Century: 

1. Scientific Exploration: The 19th century saw the 

beginnings of scientific exploration into plant 

compounds, with researchers starting to isolate 

and characterize active ingredients. 

2. Foundation for Modern Chemotherapy: By the 

early 20th century, the groundwork for using 

plant-derived compounds in cancer therapy was 

being laid, though the understanding of cancer 

was still primitive (Irani, 2020). 

(d) Mid to Late 20th Century: 

1. Discovery of Key Drugs: 

The discovery of vincristine and vinblastine from 

the Madagascar periwinkle in the 1950s marked a 

turning point in the use of plants in cancer 

therapy. 

Taxol (paclitaxel), derived from the Pacific 

yew tree, was discovered in the 1970s, becoming 

a groundbreaking drug for breast and ovarian 

cancer. 

2. Integration into Conventional Medicine: These 

discoveries helped integrate plant-based 
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treatments into mainstream oncology (Sun et al., 

2016). 

(e)  21st Century and Beyond: 

1. Modern Pharmacognosy: Ongoing research 

continues to explore the potential of plants, with 

a focus on identifying, isolating, and synthesizing 

bioactive compounds. 

2. Complementary and Alternative Medicine 

(CAM): There's a growing interest in integrating 

medicinal plants into CAM approaches for cancer, 

focusing on holistic patient care. 

3. Drug Development and Personalized Medicine: 

The current focus includes the development of 

new drugs from plant sources and investigating 

their role in personalized medicine strategies 

(Singh et al., 2020). 

METHODOLOGY: 

(a) Selection of medicinal plants:  

The methodology for selecting medicinal plants 

and studies for review would likely involve a 

structured approach. This is a hypothetical 

outline of how this might be conducted: 

1. Objective: Determine the specific criteria for 

inclusion, focusing on plants with potential 

anticancer properties relevant to Oral Squamous 

Cell Carcinoma (OSCC). 

Research Goals: Define the goals, such as 

identifying pharmacognostic characteristics, 

understanding mechanisms of action, or 

assessing efficacy and safety (Kumar et al., 

2021a). 

2. Criteria for Selection of Medicinal Plants: 

Ethnobotanical Evidence: Prioritize plants with a 

history of use in traditional medicine for cancer 

or related conditions. 

Phytochemical Properties: Focus on plants known 

to contain bioactive compounds with anticancer 

activity (Kumar et al., 2021b). 

3. Criteria for Selecting Studies: 

Study   Design:    Preference    for    well - designed  

studies, including in vitro, in vivo, and clinical 

trials. 

Relevance to OSCC: Studies must be directly 

related to OSCC or provide insights that are 

transferable to OSCC. 

Quality of Research: High-quality research with 

robust methodology, clear data presentation, and 

thorough analysis (Kumar et al., 2021c). 

4. Database and Literature Search: 

Databases: Utilize comprehensive databases like 

PubMed, Scopus, Web of Science for literature 

search. 

Inclusion and Exclusion Criteria: Clearly define 

these criteria to filter relevant studies (Kumar et 

al., 2021d). 

5. Data Extraction and Analysis: 

Extraction Strategy: Systematically extract data 

such as plant name, active compounds, observed 

anticancer effects, methodologies used, and 

conclusions. 

Comparative Analysis: Compare and contrast 

findings from different studies to identify 

patterns and discrepancies (Choudhari et al., 

2020). 

6. Quality Assessment: 

Assessing Study Quality: Evaluate the quality of 

the studies based on predefined criteria such as 

sample size, control of biases, statistical analysis. 

Validity of Findings: Determine the validity of the 

study findings and their applicability to OSCC. 

7. Synthesis of Information:  

We need to integrate findings to provide a 

comprehensive overview of the pharmacognostic 

evaluation and Identify gaps in the existing 

literature for future research (Jain et al., 2016). 

8. Ethical Considerations:  

Ensure that all sources are ethically sourced and 

properly cited. 

(b) Inclusion and exclusion criteria for studies: 
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The inclusion and exclusion criteria for selecting 

studies would be meticulously defined to ensure a 

focused and relevant review. Inclusion criteria 

would encompass studies that are specifically 

related to the use of medicinal plants in the 

treatment or management of Oral Squamous Cell 

Carcinoma (OSCC), including both in vitro and in 

vivo research, as well as clinical trials. Emphasis 

would be placed on studies that provide detailed 

pharmacognostic analysis of the plants, including 

identification, extraction, and characterization of 

bioactive compounds, along with an evaluation of 

their anticancer efficacy and mechanism of action. 

High-quality studies with robust methodologies, 

clear data presentation, statistical rigor, and 

recent publications would be preferred to ensure 

the most current and comprehensive 

understanding of the topic (Thakur and Waske, 

2018). 

On the other hand, exclusion criteria would 

involve omitting studies that do not directly 

pertain to OSCC or the pharmacognostic 

evaluation of medicinal plants with anticancer 

properties. Studies with insufficient data, poor 

methodology, unclear outcomes, or those lacking 

peer-review would be excluded. Additionally, 

older studies that may have been superseded by 

more recent research, or studies focusing on non-

plant-based anticancer therapies, would not be 

considered relevant for the review. This careful 

selection process aims to create a focused and 

valuable compilation of research that significantly 

contributes to the understanding of medicinal 

plants in the context of OSCC treatment (a et al., 

2019). 

PHARMACOGNOSTIC EVALUATION OF 

SELECTED MEDICINAL PLANTS: 

Each of these plants selected is described in terms 

of their botanical characteristics and geographical 

distribution, which provides essential context for 

their pharmacognostic study in the context of 

anticancer properties. This type of detailed 

description aids in the understanding of the 

variability of the compounds they contain and 

how  these  might  be  influenced by their growing  

conditions (Radha et al., 2019c). 

(i)  Botanical Characteristics of Selected Plants: 

(a) Green Tea (Camellia sinensis) 

Botanical Characteristics: 

1. A small evergreen shrub or tree, growing up to 

3–4 meters in height. 

2. Leaves are dark green, glossy, and slightly 

serrated. 

3. Small white flowers with a sweet scent, 

followed by green seed-containing fruits 

(Radha et al., 2019b). 

Geographic Distribution: 

1. Originally native to East Asia. 

2. Extensively cultivated in China, Japan, India, 

and other parts of Asia. 

3. Thrives in tropical and subtropical climates 

(Radha et al., 2020). 

(b)  Turmeric (Curcuma longa) 

Botanical Characteristics: 

1. A perennial, rhizomatous herbaceous plant. 

2. Leaves are broad, elongated, and bright green. 

3. Produces yellow to orange, cylindrical, 

aromatic rhizomes (Radha et al., 2021a). 

Geographic Distribution: 

1. Indigenous to Southeast Asia and the Indian 

subcontinent. 

2. Widely cultivated in India, Bangladesh, 

Pakistan, Sri Lanka, and Southeast Asia. 

3. Requires temperatures between 20°C and 

30°C and a considerable amount of annual 

rainfall to thrive (Radha et al., 2021b). 

(c) Grapes (Vitis vinifera) 

Botanical Characteristics: 

1. A deciduous vine which can grow up to 32 

meters in length. 

2. Leaves are large, lobed, and green, turning red 

or purple in autumn. 
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3. Fruit, known as grapes, are borne in clusters, 

varying in colors like green, red, or purple 

(Veale et al., 1992). 

Geographic Distribution: 

1. Native to the Mediterranean region, Central 

Europe, and Southwestern Asia. 

2. Extensively cultivated in Europe, America, and 

parts of Asia. 

3. Prefers temperate climates, with well-drained 

soils and sufficient sun exposure (Anesini and 

Perez, 1993). 

(d) Garlic (Allium sativum) 

Botanical Characteristics: 

1. A bulbous perennial plant, growing up to 1 

meter in height. 

2. Leaves are flat, long, and narrow. 

3. Produces hermaphrodite flowers; however, 

bulbils are often more commonly produced 

(Cox, 1990). 

Geographic Distribution: 

1. Native to Central Asia and northeastern Iran. 

2. Cultivated worldwide, particularly in China, 

India, South Korea, Egypt, and Russia. 

3. Adaptable to a wide range of climates, from 

temperate to tropical (Cox and Balick, 1994). 

(ii)  Phytochemical components known to exhibit 

anticancer properties: 

Table 4 illustrates the phytochemical components 

which possess anticancer properties. 

MECHANISMS OF ACTION 

A detailed exploration of how medicinal plants or 

their constituents act against Oral Squamous Cell 

Carcinoma (OSCC) at the molecular and cellular 

levels involves understanding the complex 

interactions between phytochemicals and various 

cellular pathways. The action of medicinal plants 

and their constituents against OSCC at the 

molecular and cellular levels is multifaceted, 

involving a combination of mechanisms that work 

together to inhibit tumor growth, induce cancer 

cell death, and enhance the body’s natural 

defenses. Understanding these mechanisms is 

crucial for developing targeted therapies that 

effectively utilize the anticancer potential of these 

natural compounds (Manandhar, 1987;  Nair and 

Shastry, 1988; Tanira et al., 1994; El and 

Karakaya, 2004). 

These interactions can inhibit cancer 

progression, induce cell death, or enhance the 

efficacy of conventional treatments. Here is an in-

depth look into these mechanisms: 

 1. Induction of Apoptosis: 

Triggering Cell Death: Many plant-derived 

compounds can induce apoptosis, the 

programmed cell death, in cancer cells. This is 

often achieved by activating caspases, a family of 

enzymes that play a vital role in apoptosis. 

Mitochondrial Pathways: Some phytochemicals 

cause the release of cytochrome c from 

mitochondria, leading to apoptosis. This 

mechanism involves the disruption of the 

mitochondrial membrane potential, which is 

crucial for cell survival (Isbrucker and Burdock, 

2006). 

 2. Cell Cycle Arrest: 

Inhibiting Cell Proliferation: Certain compounds 

can halt the cell cycle at specific checkpoints 

(G0/G1, S, or G2/M phase), preventing cancer 

cells from dividing and proliferating. 

Targeting Cyclins and CDKs: These compounds 

may modulate the levels of cyclins and cyclin-

dependent kinases (CDKs), which are essential 

for the progression of the cell cycle (Nair et al., 

1996). 

 3. Inhibition of Angiogenesis: 

Preventing New Blood Vessel Formation: 

Angiogenesis, the formation of new blood vessels, 

is crucial for tumor growth and metastasis. 

Phytochemicals can inhibit this process, thereby 

starving the tumor of nutrients and oxygen. 

Downregulation of  Pro-Angiogenic  Factors:  This 
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Table 4: Phytochemical Components 

Plant Phytochemical Components Anticancer Properties 

Green Tea (Camellia 

sinensis) 

Catechins (e.g., epigallocatechin 

gallate), Flavonoids, Polyphenols 

Antioxidant activity, inhibition of cell 

proliferation, induction of apoptosis in 

cancer cells. 

Turmeric (Curcuma 

longa) 

Curcumin, Turmerones, 

Curcuminoids 

Anti-inflammatory, inhibits cell 

proliferation, induces apoptosis, 

inhibits angiogenesis. 

Grapes (Vitis vinifera) Resveratrol, Flavonoids, 

Proanthocyanidins 

Antioxidant activity, inhibits cancer cell 

growth, induces apoptosis, anti-

inflammatory effects. 

Garlic (Allium 

sativum) 

Allicin, Sulfur Compounds, Diallyl 

trisulfide 

Inhibits cancer cell proliferation, 

induces apoptosis, anti-microbial, 

detoxifying enzymes activation 

(Baohong,1985). 

 

includes reducing the expression of vascular 

endothelial growth factor (VEGF) and other 

angiogenic cytokines (Balasinor et al., 2007). 

 4. Modulating Immune Response: 

Enhancing Immune Surveillance: Some plant 

compounds can strengthen the body's immune 

response against cancer cells. They may increase 

the activity of natural killer cells, macrophages, 

and cytotoxic T lymphocytes. 

Reducing Immunosuppression: They can also 

counteract the immunosuppressive environment 

often created by tumors, allowing the immune 

system to target and destroy cancer cells more 

effectively (Caceres et al., 1991). 

 5. Epigenetic Alterations:  

 Occurrence of DNA Methylation and Histone 

Modification, certain phytochemicals can cause 

epigenetic modifications, such as changes in DNA 

methylation patterns and histone acetylation, 

affecting gene expression in cancer cells 

(Vlietinck et al., 1995). 

 6. Inhibiting Metastasis: 

Preventing Cancer Spread: By affecting adhesion 

molecules and matrix metalloproteinases 

(MMPs),     these    compounds    can    inhibit    the  

 

invasion and metastasis of cancer cells. 

Altering Cell Signaling Pathways: They can 

modulate signaling pathways like the MAPK, 

PI3K/Akt, and Wnt/β-catenin pathways, which 

are often implicated in the metastatic process 

(Dimayuga and Garcia, 1991). 

 7. Enhancing Efficacy of Chemotherapy:  

Some phytochemicals can enhance the efficacy of 

chemotherapy drugs, either by sensitizing cancer 

cells to these drugs or by protecting normal cells 

from their toxic effects. 

 8. Detoxification Enzymes Activation:  

Activation of Phase I and II enzymes can lead to 

the detoxification of carcinogens, reducing the 

risk of cancer development or progression. 

 9. Reactive Oxygen Species (ROS) Modulation:  

While some compounds induce oxidative stress in 

cancer cells, leading to cell death, others can 

decrease ROS levels, protecting normal cells from 

oxidative damage (Mukherjee and Wahile, 2006). 

SAFETY, EFFICACY AND REGULATORY 

CONSIDERATIONS 

The considerations of safety, efficacy, and 

regulatory compliance are critical. The 

integration of medicinal plants into cancer 
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treatment, particularly for Oral Squamous Cell 

Carcinoma, requires a balanced approach that 

rigorously addresses safety, efficacy, and 

regulatory requirements. Ensuring patient safety, 

proving the effectiveness of treatments, and 

adhering to regulatory guidelines are all critical 

steps in bringing these traditional remedies into 

modern medical practice. As research progresses, 

these considerations will guide the responsible 

and effective use of medicinal plants in oncology 

(Devasagayam and Sainis, 2002; Rajkumar et al., 

2003; Cooper, 2008a,b; Mashelkar, 2008; Joshi et 

al., 2011; Sanda et al., 2011; Swaminathan et al., 

2011; Sharma et al., 2012; Rajkovic et al., 2023). 

These aspects are essential for ensuring that 

the use of medicinal plants in cancer treatment is 

both beneficial and safe for patients. Here is a 

detailed look into each of these considerations: 

1. Safety 

Toxicity Assessment: It is crucial to conduct 

comprehensive toxicity studies on medicinal 

plants and their extracts. This includes acute, sub-

acute, and chronic toxicity testing, as well as 

genotoxicity assessments. 

Side Effects and Adverse Reactions: Identifying 

potential side effects and adverse reactions is 

necessary. This should include investigations into 

potential herb-drug interactions, especially for 

patients undergoing conventional cancer 

treatments (Regassa et al., 2022). 

Quality Control: Ensuring the purity and quality 

of plant extracts is paramount. This involves 

screening for contaminants such as heavy metals, 

pesticides, and microbial contamination. 

Dosage and Administration: Proper dosage 

guidelines need to be established, as the 

therapeutic window for many natural compounds 

can be narrow. Overdosing or underdosing can 

lead to ineffectiveness or toxicity (Mo et al., 2016; 

Reddy et al., 2020). 

2. Efficacy 

Clinical Trials: Rigorous clinical trials are 

required  to  establish  the  efficacy   of   medicinal  

plants in treating OSCC. These should include 

well-designed phase I, II, and III trials. 

Standardization of Extracts: There must be a 

focus on standardizing the extraction processes 

to ensure consistent and repeatable efficacy in 

clinical use. 

Mechanisms of Action: Understanding the exact 

mechanisms through which these plants exert 

anticancer effects is necessary for determining 

efficacy. This can be achieved through in-depth 

pharmacological studies. 

Comparative Studies: Comparing the efficacy of 

these medicinal plants with existing conventional 

treatments can help in positioning them within 

the current treatment landscape (Kharat and 

Kharat, 2019; Kumavath et al., 2021). 

3. Regulatory Considerations 

Compliance with Regulations: Medicinal plants 

and their derivatives must comply with the 

regulatory standards set by health authorities like 

the FDA, EMA, or other national bodies. 

Approval Processes: Navigating the approval 

process for new drugs derived from plants can be 

challenging. It requires a thorough demonstration 

of both safety and efficacy. 

Intellectual Property: Issues surrounding patents 

and intellectual property rights, especially when 

dealing with traditional knowledge, need careful 

handling. 

Labeling and Marketing: Accurate labeling, 

including information on ingredients, dosage, and 

warnings, is essential. Marketing claims must be 

substantiated by scientific evidence (Tian et al., 

2018; Wang et al., 2020). 

CHALLENGES AND FUTURE DIRECTIONS 

(i) Identification of gaps in current research: 

In the context of the article several gaps in 

current research can be identified. These gaps 

highlight areas where further investigation is 

needed to fully harness the potential of medicinal 

plants in treating OSCC (Nunez, 2001).  



982 

 

(a) Lack of Comprehensive Clinical Trials: While 

there is significant laboratory (in vitro and in 

vivo) evidence of the anticancer properties of 

many medicinal plants, there is a notable gap in 

clinical trial data. These trials are crucial for 

determining the efficacy and safety of these plant-

derived compounds in humans. 

(b) Inadequate Understanding of Mechanisms: 

While some phytochemicals have been studied 

for their mechanisms of action against cancer 

cells, there is still a limited understanding of how 

these compounds work synergistically and their 

interactions with conventional cancer treatments. 

(c) Variability in Plant Composition: The 

phytochemical composition of plants can vary 

greatly depending on geographical location, 

cultivation methods, and processing techniques. 

This variability can affect the reproducibility and 

standardization of research findings. 

(d) Optimization of Extraction and Formulation: 

There is a need for more research on the 

optimization of extraction methods and 

formulation techniques to maximize the 

therapeutic potential of these plant compounds 

while minimizing any adverse effects. 

(e) Lack of Standardized Dosage Guidelines: The 

absence of standardized dosage guidelines for 

medicinal plant extracts or compounds is a 

significant gap. Without these guidelines, it 

becomes challenging to compare study results or 

to use these compounds in clinical settings 

(Porichi et al., 2009; Mateen et al., 2010; Li 

Yvonne et al., 2011; Crowley et al., 2016; Lu et al., 

2018; Sferrazza et al., 2020; Carlberg et al., 2021). 

(f) Insufficient Data on Long-term Effects: There 

is a lack of long-term studies on the use of 

medicinal plant extracts or compounds, which is 

necessary to understand their long-term efficacy 

and safety. 

(g) Interactions with Other Drugs: The 

interactions between phytochemicals and 

conventional chemotherapy or other medications 

used by cancer patients are not well-understood. 

This area requires more research to ensure safe 

and effective combined treatment regimens. 

(h) Limited Focus on Multi-Targeted Therapies: 

While many studies focus on the effects of single 

compounds, cancer treatment often requires a 

multi-targeted approach. The synergistic effects 

of combining different plant extracts or 

compounds with conventional therapies need 

more exploration. 

(i) Genetic and Epigenetic Factors: The influence 

of genetic and epigenetic factors on the efficacy of 

phytochemicals in treating OSCC is not well 

studied. Personalized medicine approaches 

considering these factors could significantly 

advance the field. 

(j) Ethnopharmacological Approaches: There is a 

gap in integrating ethnopharmacological 

knowledge with modern scientific approaches. 

Traditional knowledge can provide valuable 

insights into effective plant-based treatments that 

have been overlooked in contemporary research 

(Geyikoglu et al., 2017; Alagawany et al., 2020; Szechyńska-Hebda et al., 2022; Arul Jothi et al., 

2023;  Wen et al., 2023). 

Addressing these gaps through rigorous 

scientific research is essential to fully realize the 

potential of medicinal plants in the treatment of 

Oral Squamous Cell Carcinoma, paving the way 

for more effective, natural, and holistic cancer 

therapies (He et al., 2017). 

(ii)  Challenges in integrating traditional medicine 

with modern oncology practices: 

Integrating traditional medicine, especially the 

use of medicinal plants, with modern oncology 

practices presents multiple challenges. These 

challenges arise from differences in 

methodologies, cultural beliefs, scientific 

validation, and regulatory frameworks. 

Understanding and addressing these challenges is 

crucial for the effective and safe integration of 

these diverse treatment modalities. Here are 

some key challenges: 

1. Scientific Validation and Evidence-Based 

Practice:  
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Modern medicine relies heavily on evidence-

based practices, requiring rigorous scientific 

validation through clinical trials and research 

studies. Many traditional medicines, however, are 

based on historical and empirical evidence, 

lacking the extensive research data required to 

meet modern medical standards. 

There is often a lack of controlled, randomized 

clinical trials to prove the efficacy and safety of 

traditional medicinal practices (Hu et al., 2022). 

2. Standardization and Quality Control: 

Traditional medicinal products, particularly those 

derived from plants, often face challenges in 

standardization of active ingredients. The 

concentration of bioactive compounds can vary 

significantly depending on factors like plant 

species, growing conditions, and preparation 

methods. 

    Ensuring consistent quality and potency in 

each dose is a challenge, which is critical for their 

acceptance and integration into conventional 

medicine (Wani et al., 2023). 

3. Regulatory and Safety Concerns: 

The regulatory frameworks governing the 

approval and use of traditional medicines are 

often less stringent or standardized compared to 

conventional medicines. This can lead to concerns 

regarding the safety, efficacy, and quality of these 

products. 

Potential adverse effects, drug-herb 

interactions, and contraindications with 

conventional cancer therapies are areas of 

concern (Peng et al., 2022). 

4. Cultural and Philosophical Differences: 

Traditional medicine often encompasses holistic 

approaches, focusing on the balance of physical, 

emotional, and spiritual health. In contrast, 

modern medicine primarily adopts a more 

reductionist and disease-focused approach. 

Reconciling these differing philosophies and 

integrating them into a cohesive treatment plan 

can be challenging (Iakimova  et al., 2020). 

5. Lack of Trained Professionals: 

There is often a lack of practitioners who are 

adequately trained in both traditional and 

modern medical practices, making it difficult to 

effectively integrate these approaches. 

    Training and education programs that 

encompass both paradigms are required to 

bridge this gap (Samtiya et al., 2021). 

6. Communication and Acceptance: 

Effective communication between practitioners of 

traditional medicine and modern oncology is 

essential for integration but is often lacking. 

  Skepticism and bias among both practitioners 

and patients can hinder the acceptance and 

integration of traditional methods in mainstream 

oncology (Nouri et al., 2020). 

7. Research and Funding Limitations: 

Research in traditional medicine, particularly in 

the field of oncology, is often underfunded 

compared to conventional drug research. 

    There is a need for more robust research 

methodologies tailored to assess traditional 

treatments, which may not fit into the 

conventional models of drug testing (Singh et al., 

2018). 

8. Intellectual Property and Ethical Concerns: 

Issues of intellectual property rights, benefit-

sharing, and ethical considerations in the use of 

traditional knowledge and natural resources are 

complex and need careful navigation. 

Addressing these challenges requires a 

multidisciplinary approach, incorporating 

scientific rigor, respect for traditional knowledge, 

regulatory reforms, and educational initiatives. 

Collaborative efforts between traditional 

medicine practitioners, oncologists, researchers, 

and policymakers are essential to develop a 

framework for the safe, effective, and integrated 

use of traditional and modern oncology practices 

(Mitchell et al., 2021). 

(iii) Potential future research directions, including 

genomics and bioinformatics approaches: 
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There are several potential future research 

directions that can be explored, particularly 

leveraging the advancements in genomics and 

bioinformatics. These approaches could 

significantly enhance our understanding of how 

natural compounds interact with cancer cells and 

help in developing more effective treatments. 

Here are some of the key future research 

directions: 

1. Genomic Profiling of OSCC: Comprehensive 

genomic profiling of OSCC can help identify 

specific genetic mutations and pathways involved 

in the disease. This knowledge can guide the 

selection of medicinal plants or their compounds 

that target these specific pathways (Herdiana et 

al., 2022). 

2. Bioinformatics in Compound Identification: 

Utilizing bioinformatics tools to analyze large 

datasets can aid in the identification of new 

bioactive compounds in medicinal plants. These 

tools can predict the pharmacological properties, 

toxicity, and potential interactions of these 

compounds (Yang et al., 2020). 

3. Molecular Docking and Drug Design: 

Implementing molecular docking studies can 

provide insights into how phytochemicals 

interact at the molecular level with various 

targets in cancer cells. This can assist in the 

design of more effective and targeted drug 

candidates (Annaji et al., 2021). 

4. Gene Expression Studies: Investigating the 

impact of medicinal plant compounds on gene 

expression in OSCC cells can reveal the 

mechanisms through which these compounds 

exert their anticancer effects. Techniques like 

RNA sequencing can be particularly informative 

(Sezgin-Bayindir et al., 2021). 

5. Systems Biology Approaches: Employing 

systems biology to understand the complex 

interactions between natural compounds and 

biological pathways in cancer. This holistic 

approach can uncover synergistic effects of 

various phytochemicals and their impact on 

cancer networks (Khalil et al., 2020). 

6. Personalized Medicine: Integrating genomic 

data of patients with OSCC with pharmacognostic 

data can pave the way for personalized medicine 

approaches. This could involve tailoring specific 

medicinal plant treatments based on individual 

genetic profiles (WHO, 2001). 

7. Pharmacogenomics: Pharmacogenomic studies 

can identify how genetic variations in individuals 

affect their response to certain phytochemicals. 

This could help predict efficacy and reduce 

adverse effects (Bannerman et al., 1983). 

8. In Silico Modelling and Simulation: Advanced in 

silico models and simulation techniques can be 

used to predict the behavior of phytochemicals in 

biological systems. This approach can save time 

and resources in early-stage drug discovery 

(Eisenberg et al., 1998). 

9. Integration of Traditional Knowledge: 

Digitization and analysis of traditional medicinal 

knowledge using bioinformatics tools can 

uncover new insights and validate the use of 

certain plants in cancer treatment (Dev, 1997). 

10. Collaborative Research Platforms: Developing 

collaborative platforms that bring together 

pharmacognosists, geneticists, bioinformaticians, 

and oncologists. Such platforms can facilitate the 

sharing of data and insights, accelerating the pace 

of discovery. 

By incorporating these advanced research 

approaches, future studies can enhance the 

understanding of the anticancer potential of 

medicinal plants and translate this knowledge 

into practical therapeutic strategies for treating 

Oral Squamous Cell Carcinoma (Schulz et al., 

1997; Fitzloff et al., 1998; Monmaney , 1998; 

Constantine and Karchesy, 1998; Awang et al., 

1999; Dev, 1999; WHO, 2000; Rees and Weil, 

2001). 

Conclusion 

The research  identified and assessed several 

medicinal plants, such as green tea, turmeric, 

grapes, and garlic, which possess bioactive 

compounds with potential anticancer properties. 
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These findings emphasize the pharmacological 

potential of natural products in combating oral 

squamous cell carcinoma. The phytochemical 

analysis revealed various active constituents, 

including catechins, curcuminoids, resveratrol, 

and allicin, which demonstrated a range of 

anticancer activities, such as antioxidant 

properties, apoptosis induction, cell proliferation 

inhibition, and anti-inflammatory effects. The 

diversity of mechanisms of action suggests that 

these plants could be crucial in developing 

multifaceted therapeutic strategies against OSCC. 

The significant therapeutic potential of these 

plants as standalone treatments and synergistic 

agents alongside conventional cancer therapies. 

Their ability to target various cancer pathways 

and potentially reduce the side effects of standard 

chemotherapy presents a promising avenue for 

integrative cancer treatment. The findings provide 

a foundation for future research, including in-

depth pharmacological studies, clinical trials, and 

exploration of the synergistic effects of these 

phytochemicals with existing cancer treatments. 

The highlighted plants and their compounds could 

pave the way for novel drug development in the 

fight against OSCC. It reaffirms the need for 

continued exploration of natural resources as a 

source for new, effective, and less toxic 

therapeutic options. 

In conclusion, the pharmacognostic evaluation 

of these medicinal plants opens up new horizons 

in the quest for effective and safer treatments for 

Oral Squamous Cell Carcinoma, highlighting the 

invaluable role of nature's pharmacy in addressing 

one of the major health challenges of our times. 
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