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Risk of hepatocellular carcinoma due to aflatoxin infested
areca nut consumption-a review
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Areca nut (AN) consumption is a practice of great antiquity in India and
reported to be consumed by 20% to 30% of the Indian population in the
last 2-3 decades. Various mechanisms have been reported with reference to
its adverse effects on the liver, one of which could be ingestion of aflatoxin
infected AN, as aflatoxin B1 is a known hepatotoxin. Reports are available
stating that most of the ANs available in the market are substandard and
contaminated with cancer-causing fungus and chewing of such poor quality,
infested ANs would definitely pose severe health problems on human beings
in a long time. But, to our knowledge, scanty literature is available reporting
the role of aflatoxin infested AN on the risk of liver cancer. The evolution of
such risk factors provides insight into the understanding of the future burden
of the disease.
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INTRODUCTION

Areca nut (AN) is a fruit of the areca catechu palm tree,
which is native of South Asia and the Pacific Islands. It is chewed
regularly by at least 10% of the world population of all the groups
and is the fourth most widely used addictive substance [1, 2].

In regards to the Indian scenario, India is the largest producer
of AN, producing nearly half of global AN production. It ranks
first in both areas (58%) and production (53%) of AN. It is
estimated that nearly ten million people depend on AN industry
for their livelihood in India [3]. Similarly, AN consumption is a
practice of great antiquity in India and reported to be consumed
by 20 to 30% of the Indian population in the last 2-3 decades.

As per the previous evaluation (1895) by the International
Agency for Research on Cancer, chewing BQ with tobacco was
stated to be carcinogenic to humans. However, the new evaluation
(2004) concluded that chewing AN alone is also carcinogenic to
humans [4-6]. For that reason, to study the consequences of AN
consumption on the human body, including the liver is an area of
keen importance.

Effects of AN on the human body in general

The great untoward effects of AN consumption on oral
mucosa such as oral submucous fibrosis and oral cancer are widely
reported in the literature [7, 8]. Accordingly, it is stated that
bringing AN products into the ambit of the tobacco products act
is absolutely essential to decelerate the rapidly evolving epidemic
of oral submucous fibrosis and oral cancer among youngsters
of the country [9]. But, it is equally essential to be aware of the
systemic effects of AN as a result of its break down and excretion
products, such as on liver, one of the vital organs.

AN contains water 30%, protein 5%, fat 3%, carbohydrate
47%, and alkaloids with arecoline been the major alkaloid
constitute 0.2%-0.7% [10]. Alkaloids, flavonoids, tannins are
the proven carcinogenic contents of AN. Though AN contains
many alkaloids, arecoline is blamed mostly as it is responsible
for fibroblast proliferation. Under the influence of slaked lime,
arecoline gets hydrolyzed to arecadine, which has pronounced
effects on fibroblasts [11]. Areca flavonoids, tannins, and
catechins can cause increased fibrosis by forming a more stable and
non-soluble collagen structure by inhibiting collagenase enzyme
activity [12, 13]. Similarly the trace element, copper present in
AN is also responsible for fibrosis as it enhances the functioning
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of lysyl oxidase, a copper-dependent enzyme. So, these are the few
AN induced mechanisms responsible for liver fibrosis, an early
stage of liver cancer.

Apart from this, one of the reasons for liver damage in AN
habitual could be the ingestion of aflatoxin (AF) BI infected AN,
as AF Bl isaknown hepatotoxin [14]. Reports are already available
that most of the ANs available in the market were of substandard
and contaminated with cancer-causing fungus [15, 16] and
chewing of such poor quality, infested ANs would definitely pose
severe health problems on human beings in a long time. But, to
our knowledge, scanty literature is available reporting the role of
AF infested AN on the risk of liver cancer. The evolution of such
risk factors provides insight into the understanding of the future
burden of liver disease.

AFsare the groups of structurally related mycotoxins produced
as food-borne metabolites by toxigenic strains of Aspergillus
flavus and A. parasiticus due to bad storage conditions [17-19].
Four types of AFs, B, B2, G1, and G2 commonly infest food
items though there are others too. Among this B1 is considered
to be the most potent and accounts for nearly 70% of the total AF
content in food [17].

Infestation of AF in AN

AN may be infested by AF during various stages of its
production, storage, and transportation. The ANs are generally
dried naturally after harvest for 30-40 days, later dehusked and
stored in hessian bags. The inner soft endosperm of the nuts may
be colonized by a range of fungi [20]. Various studies have been
carried out to check the occurrence of AFs in the marketed AN
or betel nut samples and the infestation was found in a number of
samples [17,21-23]. AN has high moisture content and if they are
not processed and dried properly or are harvested prematurely or
allowed to dry in heaps then they can become infected with fungi

like AFs.

The infestation of A. flavus was commonly reported in Indian
AN. For example, the concentration of AF B1 was found to be
51.09 pg/kg in AN samples of Lucknow which was much higher
than the tolerance limit fixed by WHO. Similarly, A. flavus
and A. niger were also isolated from the AN samples from the
Gulbarga cities of India [20, 21]. In another study conducted
on the infestation of AFs in AN in India, an average AF Bl
content was found to be as high as 94 pg/kg and average total AF
(B14+B2+G1+G2) content of 37 pg/kg. So, the studies revealed
that the concentration of AF largely exceeding the commonly

accepted food limit of 5 pg/kg.

Another surprising issue is, even though India is one of the
largest producers of AN, thousands of tons of dehusked AN are
imported from neighboring countries every year, which are also
infested by AFs[21-24,25]. A rapid cross-sectional study conducted
at Bangladesh on the extent of AF contamination in several
human food items and poultry feed revealed the presence of AF
at 30.6 ng/g level in the samples of their ANs [26]. In Nepal, it
was reported that as many as 25% of AN samples were found to
be contaminated with AF B1 or B2 [27]. In South Africa it was
noticed that nearly 40 to 60% of dried AN samples (sliced or
whole) imported were found to be contaminated with A. flavus,

and the concentration of AFs Bl in such ANs was found to be
in excess of the commonly accepted food limit [28, 29]. Based
on the AN consumption data it was also calculated that chewers
of un-boiled dried ANs in South Africa may consume a total AF
(B1+B2+G1+G2) content of 3.6-1080 ng per day [28]. Similar
observations are also reported in a study from Pakistan [30]. So, it
can be presumed that in countries like India and Taiwan where the
people mostly chew similar types of AN, it can be susceptible to
AF induced liver disease [31].

AF and risk of liver disease

Amongst the number of ill effects of AF on the human body,
liver toxicity is the one [32]. Rather the most severe effect of AF
in the human body is seen in the liver [33]. AF is considered as
the agent naturally causing hepatocarcinogens and the impact
of AF on public health is detected in both acute and chronic
exposure [34, 35]. Early symptoms of hepatotoxicity of the liver
caused by AFs comprise fever, malaise, and anorexia followed
with abdominal pain, vomiting, and hepatitis. Acute exposure of
AF can result in fulminant liver failure [36, 37]. However, cases
of acute poisoning are exceptional [38]. Chronic toxicity by AFs
comprises immunosuppressive and carcinogenic effects that have

been linked to the development of HCC [35, 39-41].

The hepatocarcinogenicity of AF is mainly due to
the lipid peroxidation and oxidative damage to DNA
[42]. Several studies have shown the detrimental effects
of AFs exposure on the liver [43, 44]. AFs toxicity is regulated by
factors such as age, sex, species, and status of nutrition of infected
animals [45]. A recent study proposed that myofibroblasts may be
involved in the fibrosis-associated liver damage induced by AFB1
exposure [46]. Molecular mechanisms involved in AF induced
carcinogenesis include the formation of DNA and protein

adducts, and also lipid peroxidation [47].

GongYY etal. [48] reported that AF exposure can occur atany
stage of life and is a major risk factor for hepatocellular carcinoma,
especially when hepatitis B infection is present. They stated that
AFs may lower cell-mediated immunity, thereby increasing disease
susceptibility.

Prevention of AF infestation of AN

Multiple public health interventions exist to control the burden
of AF in the body and to prevent HCC. These interventions can
be grouped into three categories: agricultural, dietary, and clinical
[49]. Agricultural interventions can be applied either in the field
(pre-harvest) or in storage and transportation (post-harvest)
to reduce AF levels in key crops. They can thus be considered
primary interventions. Dietary and clinical interventions can be
considered as secondary interventions. They cannot reduce actual
AF levels in food, but they can reduce AF related illness, either
by reducing AF’s bioavailability in the body or by ameliorating
AF induced damage. One highly effective clinical intervention to
reduce AF related HCC is vaccination against HBV.

With reference to the prevention of AF infestation of AN,
various methods like Ultra Hermetic storage, AF binders,
physical, chemical, natural methods, etc which are mentioned
for the protection of various food products including other nuts
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may be recommended for AN also [50, 51]. But, in spite of
recommending protection of AN from AFs, stoppage of the habit
of AN consumption should be recommended; as irrespective of
AF, many other components of AN are equally responsible for its
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adverse effects.

CONCLUSION

Two concerns are apparent from this review; i) AN are

often infested by AF, ii) AF is known to cause liver damage.

Based on this, it may be concluded that chronic consumption
of AF contaminated AN can induce liver damage leading

to hepatocellular carcinoma. Thus, scheming the areca nut

consumption habit will definitely contribute to reducing the

overall burden of liver cancer, which might be to a small extent.

Due to the scarcity of literature pertaining to the consumption of

AF infested AN and the risk of liver cancer; there is a dire need for

more studies to better understand the overall scenario.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest among

authors.

Boucher BJ, Mannan N. Metabolic effects of the consumption of Areca
catechu. Addict Biol. 2002;7:103-110.

Garg A, Chaturvedi P, Gupta PC. A review of the systemic adverse effects
of areca nut or betel nut. Indian J Med Paediatr Oncol. 2014;35:3-9.

Mathew P, Austin RD, Varghese SS, kumar M. Role of areca nut and its
commercial products in the oral submucous fibrosis-a review. J Adv Med
Dent Sci Res. 2014;2:192-200.

Gupta PC, Warnakulasuriya KA. Global epidemiology of areca nut use.
Addict Biol. 2002;7:77-83.

International Agency for Research on Cancer. IARC Monographs on
the Evaluation of Carcinogenic Risks to Humans, Tobacco Habits Other
than Smoking; Betel Quid and Areca-Nut Chewing; and Some Related
Nitrosamines. IARC Press, Lyon, France. 1985:37.

International Agency for Research on Cancer. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans, Betel-Quid and Areca-Nut
Chewing and Some Areca-Nut Derived Nitrosamines. IARC Press, Lyon,
France. 2004:85.

Hande AH, Chaudhary MS, Gawande MN, Gadbail AR, Bajaj S, et al.
Oral submucous fibrosis: An enigmatic morpho-insight. J Can Res Ther.
2019;1:463-469.

Kadashetti V, Shivakumar KM, Chaudhary M, Patil S. Gawande M, et al.
Influence of risk factors on patients suffering from potentially malignant
disorders and oral cancer. A case-control study. J Oral Maxillofac Pathol.
2017;21:455-456.

Gupta PC. Areca nut use in India. Indian J Med Sci. 2007;61:317-318.

Adediji JA, Eze GI, Ehimigbai ARO. Histological changes induced by
aqueous extract of areca nut (Areca catechu) on the liver of adult Wistar
rats. J Pharm Sci Innov. 2015;4:258-261.

Tilakaratne WM, Klinikowski MF, Saku T, Peters TJ, Warnakulasuriya S.
Oral submucous fibrosis: Review on aetiology and pathogenesis. Oral
Oncol. 2006;42:561-568.

Meghji S, Scutt A, Cannif JP, Harvey W, Phillipson JD. Inhibition of
collagenase activity by areca nut tannins: A mechanism of collagen
accumulation in oral submucous fibrosis? J Dent Res. 1982;61:545.

Prabhu RV, Prabhu V, Chatra L, Shenai P, Suvarna N, et al. Areca nut and
its role in oral submucous fibrosis. J Clin Exp Dent. 2014,6:e569-e575.

Wiegand J, Berg T. The etiology, diagnosis and prevention of liver
cirrhosis. Dtsch Arztebl Int. 2013;110:85-91.

Selvan MT, Sivaraman K, Manojkumar K, Balasimha D, Rajagopal V. In:
Economics, marketing, and development. Arecanut India Kasaragod:
Central Plantation Crops Research Institute. 2004:259-301.

Mahdihassan S. Betel-nuts as contaminated with cancer-producing
fungus. Ancient Sci Life. 1987;4:244-246.

Verma RJ. Aflatoxin causes DNA damage. International. J Human Genet.
2004;4:231-236.

Abbés S, Ben Salah-Abbés J, Abdel-Wahhab MA, Ouslati R.
Immunotoxicological and biochemical effects of aflatoxins in rats
prevented by Tunisian montmorillonite with reference to HSCAS.
Immunopharmacol Immunotoxicol. 2010;32:514-522.

Abdel-Wahhab MA, Aljawish A, El-Nekeety AA, Abdel-Aiezm SH, Abdel-
Kader HAM, et al. Chitosan nanoparticles and quercetin modulate gene
expression and prevent the genotoxicity of aflatoxin B1 in rat liver.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Toxicol Rep. 2015;2:737-747.

Misra A, Misra JK. Fungal flora of marketed betelnuts. Mycologia.
1981;73:1202-1203.

Muralimohan GU, Reddy CN. Incidence of aflatoxins and Aspergillus
flavus in marketed arecanut and soapnut powder in Gulbarga city. Indian
Phytopath. 1995;48:371-373.

Chowdappa P, lyer R, Gunasekaran M. Storage diseases. In: Plant
Pathology Research at CPCRI. Kasargod India. 2004:113.

Sharma HSS, Gilmore C, Sharma HB. Comparison of chemical components
of healthy and spoiled arecanut. Mycological Res. 1991;95:747-751.

Raisuddin S, Misra JK. Aflatoxin in betel nut and its control by use of food
preservatives. Food Add Contam. 1991;8:707-712.

Misra JK, Raisuddin S. Occurrence of fungi in marketed betel nut. Ind J
Plant Path.1984;2:83-84.

Roy M, Harris J, Afreen S, Deak E, Gade L, et al. Aflatoxin contamination
in food commodities in Bangladesh. Food Addit Contam Part B Surveill.
2013;6:17-23.

Koirala P, Kumar S, Yadav BK, Premarajan KC. The occurrence of aflatoxin
in some of the food and feed in Nepal. Ind J Med Sci. 2005;59:331-336.

Bijl VDP, Stockenstrom S, Vismer HF, Wyk VCW. Incidence of fungi
and aflatoxins in imported arecanut samples. South African J Sci.
1996;92:154-156.

Bijl VDP, Stockenstrom S, Vismer HF, Wyk VCW. Further observations on
the incidence of fungi and aflatoxins in arecanut samples. Ind J Exp Biol.
1997,35:796-798.

Asghar MA, Igbal J, Ahmed A, Khan MA, Shamsuddinm ZA, et al. Aflatoxin
B1 in betelnuts (Areca catechu L.) imported to Pakistan from different
regions of South Asia. Food Addit Contam Part B Surveill. 2014;7:176-
181.

Bhat SK, Ashwin D, Sarpangala M. Contamination and adulteration
in arecanut (Areca Catechu L.) and its chewing foms: The less focused
subject by health researchers. I0OSR J Environ Sci. Toxicol Food Technol
(IOSR-JESTFT). 2017;11:7-12.

Abdel-Wahhab MA, Abdel-Galil MM, Hassan AM, Hassan NH, Nada SA,
et al. Zizyphusspina-christi extract protects against aflatoxinB1-intitiated
hepaticcarcinogenicity. Afr J Tradit Complement Altern Med. 2007;4:248-
256.

Afum C, Cudjoe L, Hills J, Hunt R, Padilla LA, et al. Association between
aflatoxin M1 and liver disease in HBV/HCV infected persons in Ghana. Int
J Environ Res Public Health. 2016;13:377.

Wray BB, Hayes AW. Aflatoxin B1 in the serum of a patient with primary
hepatic carcinoma. Environ Res. 1980;22:400-403.

IARC (International Agency for Research on Cancer). Aflatoxins IARC
Monogr Eval Carcinog Risks Hum. 1993;56:245-395.

Tchana AN, Moundipa PF, Tchouanguep FM. Aflatoxin contamination
in food and body fluids in relation to malnutrition and cancer status in
Cameroon. Int J Environ Res Public Health. 2010;7;178-188.

Lewis L, Onsongo M, Njapau H, Schurz-Rogers H, Luber G, et al. Aflatoxin
contamination of commercial maize products during an outbreak of
acute aflatoxicosis in eastern and central Kenya. Environ Health Perspect.
2005;113:1763-1767.

- 14


deepti_s
Highlight

deepti_s
Sticky Note
S.D.


© Oncology and Radiotherapy 1 (50) 2020: 012-015

38.
39.

40.

41.

42.

43.

44.

45,

Etzel RA. Mycotoxins. JAMA. 2002;287:425-427.

Barton CC, Hill DA, Yee SB, Barton EX, Ganey PE, et al. Bacterial
lipopolysaccharide exposure augments aflatoxin B(1)-induced liver injury.
Toxicol Sci. 2000;55:444-452.

Oguz HH, Hadimli V, Kurtoglu V, Erganis O. Evaluation of humoral
immunity of broilers during chronic aflatoxin (50 and 100ppb) and
clinoptilolite exposure. Revue De Medecine Veterinaire. 2003;154:483-
486.

Lakkawar AW, Chattopadhyay SK, Johri TS. Experimental aflatoxin
B1 toxicosis in young rabbits-a clinical and patho-anatomical study.
Slovenian Veter Res. 2004;41:73-81.

Verma RJ. Aflatoxin causes DNA damage. Int J Hum Genet. 2004;4:231-
236.

Igbal SZ, Mustafa HG, Asi MR, Jinap S. Variation in vitamin E level
and aflatoxins contamination in different rice varieties. J Cereal Sci.
2014;60:352-355.

Banu S, Kumar G, Murugesan AG. Ethanolic leaves extract of Trianthema
portulacastrum L. ameliorates aflatoxin B(1) induced hepaticdamage in
rats. Indian J Clin Biochem. 2009;24:250-256.

Williams JH, Phillips TD, Jolly PE, Stiles JK, Jolly CM, et al. Human
aflatoxicosis in developing countries: a review of toxicology, exposure,

46.

47.

48.

49.

50.
51.

potential health consequences, and interventions. Am J Clin Nutr.
2004;80:1106-1122.

Arana S, Alves VA, Sabino M, Tabata YA, Nonogaki S, et al.
Immunohistochemical evidence for myofibroblast-like cells associated
with liver injury induced by aflatoxin B1 in rainbow trout (Oncorhynchus
mykiss). J Comp Pathol. 2014;150:258-265.

Moudgil V, Redhu D, Dhanda S, Singh J. A review of molecular
mechanisms in the development of hepatocellular carcinoma by
aflatoxin and hepatitis B and C viruses. J Environ Pathol Toxicol Oncol.
2013;32:165-175.

Gong YY, Watson S, Routledge MN. Aflatoxin exposure and associated
human health effects, a Review of epidemiological studies. Food Safety.
2016;4:14-27.

Wau F, Khlangwiset P. Health economic impacts and cost-effectiveness of
aflatoxin reduction strategies in Africa: case studies in biocontrol and
postharvest interventions. Food Addit Contam Part A. 2010;27:496.

Villers P. Aflatoxins and safe storage. Front Microbiol. 2014;5:1-6.

Ahlberg S, Randolph D, Okoth S, Lindahl J. Aflatoxin binders in foods for
human consumption-can this be promoted safely and ethically? Toxins.
2019;11:410.






