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Abstract
This study aimed to document traditional ethnomedicinal practices (EMPs) used for cancer treatment among tribal farmers in Idukki, Kerala, scientifically validate selected remedies, and assess their adoption and perceived effectiveness. Field surveys, interviews, and participatory tools were used to record local practices, while literature review provided scientific validation. Nine EMPs were identified, eight of which had strong pharmacological evidence supporting their anticancer properties, and one without documented proof. Adoption rates ranged from 65% to 94.96%, with high community trust and reported positive outcomes. Commonly used plants included Ocimum sanctum, Tinospora cordifolia, Azadirachta indica, and Solanum nigrum, which possess bioactive compounds with antioxidant, anti-proliferative, and immunomodulatory effects. The findings highlight the cultural significance, therapeutic potential, and continued relevance of these practices, while stressing the need for further research, biodiversity conservation, and preservation of indigenous knowledge for future generations.
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1. Introduction
Cancer is a major global health challenge, accounting for nearly 10 million deaths in 2020 (WHO, 2021). Though modern oncology has advanced considerably, access to specialized treatment remains limited in rural and tribal areas due to high costs, inadequate infrastructure, and treatment-related side effects. In such settings, communities continue to rely on ethnomedicinal practices (EMPs) and culturally embedded healthcare systems developed through generations of empirical use.
India, with its rich biodiversity and long-standing tradition of plant-based medicine, holds extensive knowledge of medicinal plants among its tribal populations. In Kerala’s Idukki district, which is home to several distinct tribal groups, EMPs form an integral part of local healthcare. These practices, often involving multiple plant species, are used for a wide range of ailments, including chronic diseases such as cancer. However, most of this knowledge is transmitted orally and remains undocumented, making it susceptible to loss Suhaima et al. (2025).
While certain medicinal plants used in EMPs have been investigated for anticancer properties, there is limited systematic research that combines ethnobotanical documentation with scientific validation and adoption studies. Moreover, little is known about the degree to which these practices are currently used within the community and how their perceived effectiveness aligns with biomedical evidence Murugesan et al. (2024).
Given this background, the present study was designed to bridge the gap between indigenous medical knowledge and scientific evaluation with the following specific objectives.
2. Objectives:
1. To identify and document ethnomedicinal practices (EMPs) used for cancer treatment among tribal farmers in Idukki.
2. To scientifically assess the therapeutic potential and rationality of selected EMPs.
3. To analyze the extent of adoption and the perceived effectiveness of these selected EMPs within the community.
3. Research Methodology
In the first phase of the study nine major different tribal groups of the Idukki district were selected and they were Muthuvan, Mannan, Malayaraya, Ullada, Hill Pulayan/ Mala Pulayan, Paliyan, Malavedan and Malapandaram. The local health care system includes EMPs, and the sampling procedure was designed to cover tribal healers from all major tribal groups. All the eight blocks in the district were purposively selected based on the high percentage and scattered population of the tribal farmers after discussing with officers from the Integrated Tribal Development Project (ITDP), Todupuzha. Ten tribal healers and farmers with the age of more than 60 years and experience of more than 30-40 years from each tribal group were identified through judgment sampling, in consultation with the tribal promoter workers of each village panchayat office, making a total of 90 respondents for elucidating EMPS on cancer. The information was gathered on EMPs on cancer through the participatory informal interview method. Nine focus group discussion sessions were also conducted (one per tribal group) to confirm the authenticity and refine the information gathered, in which a total of 111 healers and farmers have participated. 
In the second phase, after excluding the tribal group and block specific EMPs, a rationality analysis on the remaining 9 EMPS was performed. The collection of 9 EMPs chosen was administered using a four-point continuum to experts who were asked to judge the rationality or otherwise. The response categories were rational based on scientific evidence, rational based on experience, irrational based on experience, and irrational based on scientific evidence with a score of 4, 3, 2, and 1 respectively Husain, A.S., and Sundaramari, M. (2011). The respondents were drawn from among the Agadathanthra (Toxicology) scientists of various Ayurveda and Siddha medical colleges from Kerala and Tamil Nadu.
 A total of 64 experts belonging to Agadathanthra were approached, and 52 responded by returning the filled out questionnaires, mean score was calculated for each EMPS, and those with a mean score of 2.5 and above were identified as rational and those below 2.5 were considered as irrational.
With experts' guidance, the underlying principles of the rational EMPS were also articulated during data collection on rationality using open-ended questions. For validating the EMPS, 43 experts from Dravyaguna (Ayurvedic Pharmacology) department were contacted.
 In the third phase, the extent of adoption and perceived effectiveness of the EMPs among tribal farmers were assessed using a structured interview schedule. Two or more villages in each of the eight blocks viz., Adimali, Devikulam, Nedumkandam, Elamdesam, Idukki, Kattappana, Todupuzha and Azhutha were selected. Thus, a total of forty village panchayats spread over the blocks were selected and total of 452 tribal farmers were selected through a proportionate random sampling technique.
In this study, adoption was operationalized as whether an individual respondent had ever practiced the selected EMPs. For this purpose, the collection of selected EMPs was extensively described to the tribal farmers, discussing whether the EMP in question had ever been followed in the past. If the answer was "Yes," a score of one was assigned, and zero was given if the answer was "No." The scores allocated to a specific EMP by all respondents were summed up, and an adoption index was established to determine the degree of adoption.

Perceived effectiveness of the EMPs, i.e., the degree of the relative usefulness of the EMP as perceived by the farmers in resolving the health issues in cancer was measured using the Perceived Effectiveness Index (PEI) methodology developed by Sundaramari (2001) and followed by Husain, A.S., and Sundaramari, M. (2011). 
An EMP with mean perceived effectiveness index (MPEI) of 3 was assumed to be the most effective, and most ineffective EMP was found to have an MPEI of 1. An averagely  effective EMP would get an MPEI of 2.0. Hence, EMPs with MPEI of greater than 2 were considered effective, as per farmers' perception and others as less effective. EMPs on cancer adopted by 50 percent of farmers were alone selected for assessing their perceived effectiveness.
Results and Discussion
Scientific rationale behind the rational EMPs on cancer
Cancer is still one of the major causes of mortality. In the present study, nine traditional herbal formulations which consisted of different plant ingradients were evaluated in terms of rationality. In the case of cancer, nine EMPs were selected for the study, of which only eight practices were rated as rational by the scientists, and the rest one practice was irrational. Hence the rationale outlined by scientists for the rational practices has been presented in the table 1.
It can be observed from the Table 1 that almost all the plants used in the rational EMPs were found to contain various phytochemicals such as steroids, glycosides, flavonoids, triterpenoids, tannin, phenolic compounds etc. in different combination as indicated against each medical practices in the above table. These phytochemicals are indicated to possess antioxidant and anticancer activities, which would help to cure cancer and related health issues. This inference derives support from the study of Dua and Srivastav (2013).
Table 1. Practice wise rationality, adoption and perceived effectiveness of EMPs on Cancer
There are nine EMPs on Cancer, consisting of nine medical plant species. The detailed results are explained in the Table
	Sl.No
	Ethno medicinal  Practices
	Rationality
	Adoption
	MPEI

	
	
	
	Number
	%
	

	1
	EMP 1
Custard apple (Annona reticulata L) Paste prepared by mixing one fruit pulp, three leaves, 2 gm root, 13 ml Aloe Vera extract, and a pinch of turmeric powder with a shelf life of 1 hour, taking twice a day to cure cancer.
	3.1
R
	427
	94.46
	2.665
E

	2
	EMP 2
 Neem tree (Azadirachta indicaA.Juss.)130 ml decoction prepared by boiling three gm shade dried leaves in 450 ml water mixed with 7 ml fresh cow's urine with a shelf life of 1 hour, taking twice a day for 21 days to cure cancer. 
	3.38
R
	317
	70.13
	2.632
E

	3
	EMP 3
Gray nicker (Caesalpinia crista) 10 gm fresh root paste mixed with few drops of tulsi leaves extract
with a shelf life of 1 hour taking twice a day in an empty stomach to cure tumour.
	2.85
R
	326
	72.12
	2.171
E

	4
	EMP 4
Bermuda grass (Cynodon dactylon (L.) Pers) 30 ml whole plant extract diluted with 90 ml water with a shelf life of 30 minutes, taking twice a
day for 43 days to cure cancer.
	2.42
IR
	141
	31.19
	-

	5
	EMP 5
Bael (Aegle marmelos (L.) |Corrêa) 15 ml leaf extract mixed with few drops of tulsi leaf extract twice a day to cure cancer.

	3.36
R
	312
	69.02
	2.577
E

	6
	EMP 6
Gulf sandmat (Euphorbia Ethymifolia) Formulation prepared by  mixing fresh extract from three whole plants and 100 ml boiled cow's milk with a shelf life of 1 hour, taking twice
a day in an empty stomach for 21 days
	2.79
R
	321
	71.01
	2.101
E

	7
	EMP 7
Holy basil (Ocimum Osanctum) 13 ml fresh leaf extract mixed with few drops of Aloe Vera extract with a shelf life of 30 minutes, taking twice a day to cure cancer.
	3.68
R
	331
	73.23


	2.562
E

	8
	EMP 8
Black nightshade (Solanum nigrum L.) Extract from one hand full of leaves and berries mixed with few drops of bael leaf extracts with a shelf life of 1 hour, taking twice a day on an empty stomach to cure cancer.

	3.25
R
	315
	69.69
	2.236
E

	9
	EMP 9
Heart-leaved moon-seed (Tinospora cordifolia) 3 ml leaf extract mixed with 1 ml honey with: shelf life of 30 minutes, taking twice a day in an empty stomach for 21 days to cure cancer.

	3.45
R
	295
	65.26
	2.477
E



It is fascinating to see that eight were rated as rational out of the 9 EMPs related to cancer, and one was rated as irrational. One EMP  (1), four EMPS (2, 3, 6, and 7), three EMPs (5, 8, and 9), and another EMP (4) were adopted by more than 90, 70-80, 60-70 and less than 40 percent of the respondents respectively. In general, out of the 9 EMPS, a majority of the eight were found adopted by more than 60 percent of the respondents. It is observed from the table that all the practices on cancer were perceived as effective by the farmers.
The following six EMPs, which were perceived as effective by the farmers, had a rationality score of more than three. The alcoholic extract of leaves of Ocimum sanctum has a modulatory influence on carcinogen metabolizing enzymes such as cytochrome P450, cytochrome b5, aryl hydrocarbon hydroxylase, and glutathione transferase, which are essential in the detoxification of carcinogen and mutagens. O. sanctum was shown to have an inhibitory effect on chemically induced skin papillomas in mice. Leaf extract of O. sanctum blocks or suppresses the events associated with chemical carcinogenesis by inhibiting metabolic activation of the carcinogen. 
The leaves of O. sanctum concealed benzo (a) pyrine-induced chromosomal aberrations in the bone marrow, and elevated glutathione and glutathio-S-transferase activities in the liver of mice suggested a possible role of the plant in protecting against cancer. O. sanctum, known as the "elixir of life," had proved its efficiency in treating a variety of diseases. It shows that O. sanctum could be effective in treating cancer such as skin, lung, breast, prostate, cervical, oral and gastric carcinoma (Joseph and Nair, 2013). The flavonoid, orientin isolated from the leaf extract of O. sanctum, was shown to protect against radiation. Orientin inhibited free radical formation in the absence of EDTA (Uma Devi et al., 2000). The phytochemical compounds present in O. sanctum are dimethyl benzene oleic acid, ethylbenzene camphene eugenol, linolenic acid, vicenin-2, citronella, ocimarin, isorientin, circineol, myrecene, orientin, chlorogenic acid, esulectin isovitexin, gallic acid, limocene, galuteolin, rosmarinic acid, vitamin C, saminene, calcium, phosphorous and various other micronutrients which can prevent the early changes of carcinogenesis (Joseph and Nair, 2013; Mishral and Khantia, 2014). 
O. sanctum possesses chemopreventive and radioprotective effects. Several mechanisms are likely to be responsible for the observed effect, the most important being the free radical scavenging, antioxidant, antimutagenic activities, anti-inflammatory, increase in the antioxidant enzymes, modulation of Phase I and II enzymes, induction of apoptosis of neoplastic cells and immunomodulatory effect (Baliga et al., 2013). Hence the high percentage of adoption of this EMP is understandable.
EMP 9 was adopted by 65.26 percent of the respondents with an MPEI of 2.477. Tinospora cordifolia exhibits anti-proliferative activity. It increases intracellular reactive oxygen species levels, altered expression of pro and anti-apoptotic genes, decreased colony formation ability, and induced apoptosis in breast cancer cells. Inhibition of reactive oxygen species abrogated T. cordifolia induced apoptosis in breast cancer cells, emphasizing reactive oxygen species' role in T. cordifolia induced breast cancer cell death. T. cordifolia contains pharmacologically active compounds like rutin and quercetin, which account for the anticancer property of T. cordifolia against breast cancer cells (Ansari et al., 2017). T. cordifolia contains androgenic compounds that appear to act via androgen receptor and stimulated proliferation of the prostate cells. Hence, it works against prostate cancer cells. T.cordifolia contains the phytochemical diterpene glycoside (TC-2), which acts as a potential candidate for colon cancer treatment (Sharma et al., 2018). This may be the reason for the adoption of this practice.
EMP 2 was adopted by 70.13 percent of the respondents with an MPEI of 2.632. Azadirachta indica has been indicated as an effective chemopreventive agent against N- nitrosodiethyl amine induced hepatocarcinogenesis. It played an essential role in tumour induction and progression (Bharati et al., 2012). A. indica contains phytochemicals such as nimbin, nimbolide, nimbidin, quercetin, azadirachtin, gallic acid, catechins, gedunin, flavonoids, tannins, carbohydrates, and polysaccharides. The phytochemicals have been documented to retard carcinogenesis at initiation as well as promotion stages of carcinogenesis under their radical Scavenging properties. Carbohydrate and glucosamine are the active components of the neem leaf responsible for its immunostimulatory activity. Two water-soluble polysaccharides Gla and Glb, demonstrated an anti-tumour effect, and GIIa and GIIIa are known to be effective anti-inflammatory components in neem. Azadirachtin, nimbolide, and salannin-triterpenoids have been documented as inhibitors of cell proliferation and inducers of apoptosis in cancerous cells.
Nimbolid, a limonoid present in A. indica, exhibited a cytotoxic effect on leukemic cell lines. A. indica modulated the apoptosis, proliferation, and differentiation during hamster buccal pouch carcinogenesis. A.indica is an efficient immunomodulatory agent in cervical cancer. Leaf glycoprotein is a natural immunomodulatory that exercises activity on mature dendritic cells, characterized by an increased level of indoleamine 23 dioxygenase (Roy et al., 2013). Nimbolide, a natural triterpenoid present in the A. indica, was found to be growth -inhibitory in human colon carcinoma HT-029 cells. Nimbolide inhibited a colon cancer cell line's growth by blocking the cell cycle at the G2/M and G0/G1 Phases, associated with the up-regulation of p21, cyclin D2, ChK2 in a time-dependent fashion .Hence high adoption of this EMP is quite natural.
EMP 5 was adopted by 69.02 percent of the respondents with an MPEI of 2.577. Aegle marmelos leaves have shown anticancer effect. A. marmelos inhibited in-vitro proliferation of human tumour cell lines, including the lecukenic K562, T-lymphoid jurhat, beta lymphoid Raji, Erythro leukemic HEL. It also possesses anti-proliferative activity on MCF7 and MDA-MB-231 breast cancer cell lines. Induction of apoptosis may be due to the presence o skimmianine in the leaf extract, which may have killed the tumour cells. Hence the adoption of this EMP is justified.
EMP 8 was adopted by 69.69 percent of the respondents with an MPEI of 2.236. Clanum nigrum extract causes cell cycle arrest and apoptosis in various human prostate cancer cells. S. nigrum leaves were found to be richer in polyphenols. It contained the highest concentration of gentisic acid, luteoline, apigenin, kaempferol M-coumaric acid. Fruit contains anthocyanidin. Thus AU565 breast cancer cells were more sensitive, to the extract of S. nigrum antineoplastic activities, the ability to induce apoptosis and autophagy. The leaf extract of S. nigrum induced cell death in breast cells via two specific Lunasisn is a bioactive and bioavailable component in S. nigrum, and its consumption may play an at role in cancer prevention. S. nigrum markedly inhibited cell viability of MCF-7 breast cancer cell through apoptosis induction and cell cycle arrest mediated by activation of caspase-3 and production of reactive oxygen species. In addition to the elevation of E- cadherine, down regulations of ZEB1, N-cadherin and vimentin were found in S. nigrum treated MCF-7 breast cancer cells. SN-ppF3 a polysaccharide fraction from S. nigrum, which shows anti-tumour properties. Moreover, it shows an immunomodulatory effect, probably improving the host immune response (Razali et al., 2016). This justifies the adoption of the above EMP.
EMP 1 was adopted by 94.46 percent of the respondents with an MPEI of 2.665. Leaf extract of Annona reticulata possesses potent in vitro antioxidant activity suggesting its role as an effective free radical scavenger augmenting its therapeutic potential. It is rich in tannins, cytotoxic compounds, and antioxidant agents, which show anti-proliferative activity (Dua and Srivastav, 2013).
Out of the nine EMPs selected for the study in cancer, eight practices were judged as rational by the scientists. Eight EMPs were adopted by more than fifty percent of the respondents and all the eight practices were perceived as effective.
Conclusion
             The study underscores the significant role of ethnomedical practices (EMPs) in managing cancer among tribal communities in Idukki District, Kerala. The evaluation of nine ethno-medicinal practices (EMPs) for cancer management revealed that eight were scientifically validated as rational, and one was rated as irrational. Adoption levels were generally high, with the majority of EMPs being used by over 65% of respondents, and one practice achieving nearly universal adoption (94.96%). Farmers perceived all nine EMPs as effective, indicating strong local confidence in these traditional remedies.
Scientific evidence supported the pharmacological potential of key species such as Ocimum sanctum, Tinospora cordifolia, Azadirachta indica, Aegle marmelos, Solanum nigrum, and Annona reticulata. Their bioactive compounds exhibit antioxidant, anti-proliferative, apoptosis-inducing, and immunomodulatory effects, aligning with both traditional claims and modern biomedical understanding. The high adoption rates of these EMPs can be attributed to their perceived therapeutic efficacy, cultural acceptance, accessibility, and the alignment of indigenous knowledge with scientific validation.
The findings highlight the importance of preserving and systematically documenting indigenous cancer management practices. They also underscore the need for further pharmacological studies, clinical validation, and safe integration of proven EMPs into complementary cancer care strategies. This approach not only safeguards traditional knowledge but also fosters the discovery of novel bioactive compounds that could contribute to future anticancer drug development.
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