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Cytotoxic potential of culinary herbs 
Carcinogenesis is a multistage process which involves initiation, promotion, 

progression, and sequential generation of cells (1). Agents that have the ability to suppress 
the multiphase events in carcinogenesis offer potential for chemoprevention (2). The 
investigation of anticancer agents from plant sources started in earnest in the 1950’s with the 
discovery of the vinca alkaloids, vinblastine, vincristine and the isolation of the cytotoxic 
podophyllotoxins, colchicine and combretastatin. Plant-derived compounds have played an 
important role in the development of several clinically useful anti-cancer agents. Several 
epidemiological studies have shown a consistent relationship between the consumption of 
plant-derived food, such as fruits, vegetables, whole grains, legumes, nuts, seeds and tea, and 
the decreased risk of development of various cancers (AICR) (3, 4). Buiatti et al determined 
that individuals who consumed more meat, salted fish, cold cuts and hard cheese are at a 
higher risk for gastric cancer than individuals who consumed more fresh fruit, raw 
vegetables, onion, garlic and spices (5). Studies have indicated that as many as 75% of 
colorectal cancers, the second leading cause of death in Canada, could be prevented by 
measuring the amount of plant-based food in the diet (6). Numerous commonly used culinary 
herbs have been identified by the National Cancer Institute to possess cancer-preventive 
properties, including  garlic, onions chives, mint, basil, mints, oregano, rosemary, sage, 
thyme, turmeric, ginger, licorice root; green tea, flax, anise, caraway, celery, chervil, cilantro, 
coriander, cumin, dill, fennel,  parsley and tarragon. (Winston, 1999). Isothiocyanates 
compound found in cruciferous vegetables inhibit tumorigenesis by reducing genetic damage 
induced by a wide variety of carcinogens (7, 8). Several phytochemicals inhibit tumor growth 
by directly inducing cancer cell death by apoptosis. For e.g. phenyl isothiocyanate from 
cruciferous vegetables, curcumin from turmeric, and reservetrol from grapes have been 
shown to possess strong pro-apoptotic activity against cells isolated from a variety of tumors 
(9). Tumericidal activity of the extracts of wild yam root, blood root, teasel root, bakuchi 
seed, garcinia fruit, mace and dragon blood have been indicated by cytotoxicity testing (10). 
Anti-proliferative activity of essential oils from Thai medicinal plants demonstrated that 
Gauva and sweeet basil has the highest anti-proliferative activity tested in KB cell lines (11). 
Partially purified fractions of Centella asiatica displayed cytotoxic and antitumor activity by 
retarding the ascites tumors and increasing the life span of tumor bearing mice (12). Ocimum 
sanctum, Terminalia arjuna, ginger, turmeric and Chinese herbs (Poria cocos, Magnolia 
officinalis) have anticancer properties (13). 
    
Molecular basis of carcinogenesis 
Recent advances in our understanding of the cellular and molecular events of carcinogenesis 
have led to the development of promising therapeutic strategy for the treatment and 
prevention of cancer (14). Chemoprevention can be defined as the use of substances of 
chemical (natural or synthetic) origin to retard or reverse the process of carcinogenesis and 
has become the novel approach for cancer control.  Carcinogenesis is a complex event 
characterized by three distinct stages; Initiation, promotion and progression. Initiation is an 
irreversible event that begins when normal cells are exposed to a carcinogen where their 
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genomic DNA is damaged and remains unrepaired. Promotion, the next stage, is 
characterized by the expansion of damaged cells occurs to form an actively proliferating 
multi-cellular premalignant tumor cell population. Progression is the final irreversible stage 
with a new clone of tumor cells with increased proliferative capacity and metastatic potential 
(15). Based on the underlying mechanisms, cancer chemo preventive chemicals can be 
divided into two categories: blocking agents and suppressing agents (16). Blocking agents act 
by inhibiting initiation process by inhibition of the formation of carcinogens or by blocking 
the interaction of the carcinogens with the cellular target molecules such as DNA, RNA and 
proteins. Suppressing agents inhibit malignant expression of the initiated cells either in the 
promotion or progression stage. Some agents (eg., curcumin and resveratrol) can exhibit both 
mechanisms (17).  
 

 
   
                                                                      
Figure 1.0 Schematic representation of multi-stage carcinogenesis 
                                                                                           (Source:Pisamai, 2005)(18) 
                                                 
Chemo-preventive phytochemicals  

A vast variety of chemical compounds have been identified to elicit pronounced 
chemo preventive effects and many of them are derived from plants of natural origin or 
dietary foods or traditional medicine (19). Some spices or herbs contain bioactive phenolic 
substances with potent antimutagenic and anticarcinogenic properties. Numerous phenolic 
substances present in fruits and vegetables or on medicinal plants have been found to elicit 
cancer chemo preventive activities. Antioxidant vitamins from fruits and vegetables are 
known to exert chemo preventive effects. Alteration of carcinogen metabolism and 
subsequent DNA adduction may represent an important mechanism by which a 
phytochemical modulates chemically- induced carcinogenesis in the initiation stage. 
Modulation of carcinogen metabolism is a mechanistic basis for chemo-protective effect of 
phytochemicals.  
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Figure 2.0 Classification of chemo-preventive phytochemicals 

based on their mechanisms of action (Pisamai, 2005)(18) 
 
Carcinogen-metabolizing enzymes may have dual roles, suppression of activation or 
acceleration of detoxification of one carcinogen, may alter the fate of other xenobiotics and 
endogenous compounds (20). Recent chemo-preventive strategies are focused on identifying 
substances with antiproliferative or antiprogressive activities that can suppress the 
transformation of initiated or precancerous cells to malignant ones. Cancer-preventive agents 
which can be categorized under this list include, modulators of signal transduction, inhibitors 
of oncogene activation, inhibitors of polyamine metabolism, enhancers of gap junctional 
intercellular communication, inhibitors of angiogenesis (21). Recently considerable attention 
has been driven onto apoptotic inducers from dietary and other sources as promising strategy 
for cancer chemoprevention. Various chemicals are known to exert their antiproliferative or 
cytostatic effect by inducing apoptosis in premalignant cells (22).  

Selected chemo preventive vitamins and phytochemicals (isothiocyanates, diallyl 
disulfides suppress the growth of cancer cells by inducing apoptosis (23). Suppression of 
prostaglandin synthesis through selective inhibition of cyclooxygenase-2 (COX-2) is another 
strategy for the development of chemo preventive drugs. Prostaglandins are known to play 
crucial role in pathogenesis of malignancy, particularly in colon carcinogenesis and certain 
non-steroidal anti-inflammatory drugs (NSAIDs) have protective effects on experimental 
carcinogenesis (24). Some phenolic substances derived from Zingiberaceae plants have 
potent anti-inflammatory activity and induce apoptosis in human cancer cell lines (25). 
Resveratrol and phytoalexin found in grapes and other dietary medicinal plants and 
epigallocatechin gallate, a polyphenol present in green tea exert inhibitory effects on diverse 
cellular events associated with multi-stage carcinogenesis and also induction of apoptosis 
(26). 
Animal cell culture  

Animal cell culture has become one of the major tools used in cell and molecular 
biology, and employed as model systems for cancer research, toxicity testing, cell-based 
manufacturing in biotechnology, genetic engineering, and drug development in 
pharmaceutical industries. Although it was first discovered in 1907 by Ross Harrison, several 
developments have been made from 1950's until date and has been used as a major technique 
for scientific research. Newer developments like the introduction of antibiotics to reduce the 
contamination problems and trypsination to detach the cells have been lately employed in the 
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cell culture systems (27). The two basic culture system are monolayer culture system based 
on ability of cells to grow attached to a glass or treated plastic substrate and suspension 
culture system where cells grow floating free in the culture medium.  

Monolayer culture system is usually grown in T-flasks, roller bottles or multiple well 
plates. Suspension cultures are usually grown in rotating spinner flasks or agitating stationary 
culture vessels. Normal cell lines are anchorage-dependent, grows only when attached to 
suitable substrate whereas transformed cells can be either anchorage-dependent or anchorage-
independent and some normal cells found in blood can grow as suspension in culture (28). 
Cultured cells based on their morphology can be classified as; epithelial cells (flattened shape 
and polygonal in shape attached to substrate), lymphoblast cells (spherical in shape, remain in 
suspension culture), and fibroblast cells (elongated, bipolar, attached to substrate) (Paul, (29).  

 
In vitro methods for evaluating cytotoxicity 

Several methods have been developed to study cell viability and cell proliferation in 
cell populations. ELISA with micro-plate allows miniaturization and numerous samples can 
be analyzed rapidly, simultaneously, and cost-effectively. Micro-plate assays have been 
developed based on different properties associated with the cell viability and cell 
proliferation. The most important parameter analyzed is based on metabolic activity and 
DNA synthesis. Cellular damage will result in the loss of metabolic function and growth 
which can be measured by metabolic assays in which mitochondrial activity is usually 
measured.  

MTT assay which is based on the metabolic activity of the viable cells is a microtiter 
plate assay which uses the tetrazolium salt (MTT-3- (4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolim bromide) that is widely being used to quantitate cell proliferation and 
cytotoxicity (30, 31). Tetrazolium salts are reduced to a colored formazan only by 
metabolically active cells; hence these assays detect viable cells exclusively. MTT is cleaved 
by the enzyme succinate-tetrazolium reductase which is a mitochondrial enzyme and 
cofactors NADH and NADPH present in cytoplasm. Recently modified tetrazolium salts such 
as XTT (sodium 2, 3, bis (2-methoxy-4-nitro-5-sulfophenyl)-5- (phenylamino)-carbonyl) -2H 
tetrazolium tetrazolium inner salt, and WST (water-soluble tetrazolium) have become 
available. The major advantage of these compounds is the formation of water-soluble 
formazan and hence solubilization is not needed for this assay unlike MTT assay. 
 
Cytotoxic activity of Ocimum basilicum, Mentha spicata, and Centella asiatica using 
MTT assay against human cancer cell lines (HL60).  
   
Plants from tropical regions are one of the potential sources of screening of anticancer agents. 
Out of these many culinary herbs including Ocimum basilicum have the potential to be 
developed as nutraceutical, immuno-modulating, and cancer chemo preventive agents (32). 
The use of chemotherapeutic drugs in cancer therapy involves the risk of life-threatening host 
toxicity. The search, therefore, goes on to develop the drugs which selectively act on tumor 
cells (Babu et al., 1995). Cytotoxicity screening models provide important preliminary data 
to identify plants with potential anticancer and antineoplastic activity (32).  
 
Ocimum basilicum, Mentha spicata, and Centella asiatica were found to possess significant 
antioxidant and antithrombotic activities as reported in our previous studies (34).  Our 
previous scientific studies have indicated the cytotoxicity potential of Ocimum basilicum, 
Mentha spicata, and Centella asiatica extracts using MTT assay against human cancerous 
cell lines (HL60-promyelocytic blood leukemia cells). The cytotoxicity index of Ocimum 
basilicum and Mentha was found to be  52% and 50% respectively. The morphology of the 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 06, June 2022  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

249 

HL60 cells treated with Ocimum basilicum, Mentha spicata extracts at high concentrations 
(100, 200 µg/ml) indicated cell shrinkage and clumping, signs of apoptosis, macrophage 
differentiation accompanied by cell adhesion and spreading on tissue culture plastic, and 
inhibited cell growth. Ocimum basilicum indicated an ICR50 Rvalue of 45.67 µg/ml (44). A 
recent study indicated that, Ocimum basilicum (sweet basil) oil showed potent cytotoxic 
effect with an ICR50 Rvalue of 36.2 µg/ml in murine leukemia cell lines (P388). Another study 
has also reported the ICR50 Rvalues of hairy basil oil and holy basil oil as 51.8 and 84.8 µg/ml, 
respectively (33). Sweet basil and hairy basil have been used in Thai traditional medicine and 
Thai dishes. The essential oil from Ocimum spp  is composed of monoterpene derivatives 
such as camphor, limonene, thymol, citral, geranoil, linalool as reported in a recent study 
(34).  In addition, Ocimum basilicum species was found to possess, phenolic compounds 
such as cinnamic acid, caffeic acid, sinapic acid, ferulic acid and rosmarinic (35). These 
reported phenolic compounds are potent antioxidants, free radical scavengers, and metal 
chelators. Basil has proven antioxidant, antimicrobial, and antitumor activities due to its 
phenolic acids which may be associated with anticancer potential (36, 37, 38). These 
beneficial substances can act as antioxidants and electrophile scavengers, stimulate the 
immune system, inhibit nitrosation and the formation of DNA adducts via carcinogens and 
induce detoxification enzymes (39). Based on our previous investigations, preliminary 
phytochemical/chemical characterization of Ocimum basilicum extracts have confirmed the 
presence of polyphenols including quercetin, rutin, kaempferol, caffeic acid, terpenoids and 
terpenoid alcohols and potent antioxidant activity which may be the basis of the cytotoxic 
activity of Ocimum of the extracts. 
 
Our previous investigation have indicated the ICR50 Rvalue of Mentha spicata extracts as 98.1 
µg/ml (44).  Another recent report which indicated that six mentha species extracts and 
essential oils exerted cytotoxic activity against Vero, Hela and HepG2 cell lines at different 
concentrations (ICR50 R28.1-166.2 µg/ml), in HepG2 the ICR50 Rvalue was found to be 94.3 µg/ml 
(40). Spearmint oil has demonstrated cytotoxic activity with an ICR50 Rvalue of 64.7 µg/ml 
against KB and 61.3 µg/ml for P388 cell lines (33). In addition, preliminary 
phytochemical/chemical characterization have also confirmed the presence of polyphenols 
including quercetin, rutin, kaempferol, caffeic acid and terpenoids and terpenoid alcohols in 
Mentha spicata extracts in the our previous study. Mentha spicata extracts were proven to 
have potent antioxidant effect causing free radical quenching effect. Hence the reported 
cytotoxic activity of Mentha spicata may be due to the presence of polyphenolic compounds 
and antioxidant potential of the extracts. 

 
Our previous studies have reported an ICR50 Rvalue of Centella asiatica extracts as 137.48 

µg/ml (44).  A recent study has reported that Centella asiatica demonstrated a promising 
cytotoxic activity against human breast cancer cell lines and mouse melanoma cells with ICR50 
Rvalues of 648 and 698 µg/ml, respectively (41). Crude methanolic extracts of Centella 
asiatica was found to be cytotoxic to Ehrlich ascites tumor cells (EAL) and Dalton's 
lymphoma ascites tumor cells (DAL) with ICR50 Rvalues of 62 µg/ml and 75 µg/ml, 
respectively. Centella asiatica exhibited tumor reducing property by reducing in ascites and 
solid tumors by stimulation of immune system. The dose range tested for cytotoxic activity 
was found to be 10 - 1000 µg/ml  as reported by a recent study done in  breast cancer cell 
lines (42, 43). The Centella asiatica extracts was not toxic to lung carcinoma and normal 
kidney cell lines. A possible selectivity of the cytotoxic action may be due to the differences 
in the morphology of the cell line (29).  

 
Our previous research on preliminary phytochemical/chemical characterization of 
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Centella asiatica extracts have confirmed the presence of polyphenols including quercetin, 
rutin and terpenoids and terpenoid alcohols (44).  The reported cytotoxic activity of may be 
due to the presence of polyphenolic compounds. The phenolic constituents, especially 
flavonoids have antioxidant potential and neutralizes the free radicals thereby protecting 
oxidative damage (Basile et al., 2005). Our previous study reported, morphological changes 
such as, cell shrinkage and clumping, vacuolation, distorted cells, cell adhesion and spreading 
on tissue culture plastic, cell growth inhibition were observed in the HL60 cells treated with 
Ocimum basilicum, Mentha spicata and Centella asiatica extracts indicating the signs of 
apoptosis (45). Important features of apoptotic cell death are cell shrinkage, chromatin 
condensation, DNA fragmentation, and apoptotic bodies (46).  
 

Several reports have indicated that a variety of naturally occurring compounds play 
roles in the prevention or therapy of cancer (47). These studies have proven that the bioactive 
compounds lead to cancer cell apoptosis, the suicide of the cell (48). Cancer is a disorder of 
deregulated cell proliferation and cell survival (49), therefore, inhibition of cell proliferation 
and increasing apoptosis in tumors are effective strategies for preventing tumor growth. 
Inducing apoptosis of cancer cells may be ideal for cancer therapy and management and has 
become a new target for drug discovery (51). Hence screening for apoptotic inducers from 
plants may be useful in chemoprevention. since most cancer drugs severely affect host's 
normal cells, the use of natural products has now been contemplated of exceptional value in 
the control of cancer cell. 

 
Conclusions  
 The review clearly indicates the possibility of the culinary herbs for further development to 
cancer therapeutic agent and warrants further studies to understand the mechanisms of 
cytotoxic activity and purification studies to streamline the bioactive principle responsible for 
the reported activity. Hence the inclusion of these herbs in the diet will provide additional 
nutritive value and added health benefits.  
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  Plate 2.3 Centella asiatica  
                 

        Taxanomy 
 

Kingdom: Plantae  
Order: Apiales  
Family:Mackinlayaceae 
Genus: Centella 
Species: C. asiatica  
 
 

  Plate  2.2 Mentha spicata 
              

      Taxanomy 
Kingdom: Plantae  
Order: Lamiales  
Family: Lamiaceae  
Genus:  Mentha 
Species: M. spicata 
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       Taxanomy 
 

Kingdom: Plantae  
Order: Lamiales  
Family: Lamiaceae  
Genus: Ocimum  
Species: O. basilicum  
 
 

               Plate  2.1 Ocimum  basilicum                 

  Plate 2.4  Cymbopogan citratus  
                

      Taxanomy 
 

Kingdom: Plantae  
Order: Poales  
Family: Poaceae  
Genus: Cymbopogan 
Species: C. citratus  
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