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Introduction

1.
Areca nut is an ingredient of betel quid or pan masala which is chewed as an aid to digestion and as a stimulant.  Areca nut may have limited use as a food ingredient.  The COC first considered the carcinogenicity of areca nut in 1993 and 1994.  Following the publication of a number of new, relevant papers, the COC was asked to look at this subject again in November 2006. 
Background

2.
Areca nut is widely used in Asian immigrant populations in the UK and other countries in Europe (Warnakulasuriya, 2002).  Areca nut is primarily used as an ingredient of betel quid, which is made up of areca nut mixed with slaked lime (calcium hydroxide) and catechu
, wrapped in a betel leaf (Piper betel).  The betel quid is usually chewed for between five minutes and an hour or maybe more.  Traditional use varies between countries; sometimes tobacco is added to the quid and sometimes spices such as cardamom or ginger.  Recently, pan masala has become a  popular alternative to betel quid.  This is a pre-prepared mixture containing the same ingredients as the betel quid, but is not wrapped in a betel leaf.  Betel quid and pan masala are chewed to aid digestion and for their stimulatory effects.  The juice is often spat out but sometimes it is swallowed.  Once chewed, the fibrous remains of the quid are also normally spat out (Zain et al, 1999).

3.
Whole areca nuts can be bought in some supermarkets in the UK but more commonly they are bought in shops stocking traditional Asian foods.  It is thought that these are generally used to prepare betel quid at home, but it has also been suggested that they may be used to add flavour when cooking by adding grated or sliced nut to food.  However, it has not been possible to substantiate this use.

4.
Under the terms of The Medicines (Retail Sale or Supply of Herbal Remedies) Order 1977 part 1, Areca catechu (the botanical source of areca nut) is considered to be a medicinal plant and any substance derived from it should only be sold on licensed premises (a registered pharmacy or where a pharmacist is present) (HMSO, 1977).  However betel quid is not considered medicinal by the Medicines and Healthcare Products Regulatory Agency (MHRA) and is therefore covered by food law.
Constituents and metabolism of betel quid ingredients
5.
Areca nuts may be used ripe or unripe and may be processed by being sun-dried and/or cured.  Uncured areca nut is reported to contain 11.4- 26% tannins and among the polyphenols identified are leucocyanadins, catechins, 3,4-flavandiols and hexahydroxyflavan.  The main pharmacological action of areca nuts is attributed to the alkaloids arecoline, arecaidine, guvacine, guvacoline and arecolidine, which make up 0.15-0.67% of uncured nuts (Awang, 1986).  In vitro experiments suggest that nitrosation of arecoline occurs readily, giving rise to at least four N-nitrosocompounds: N-nitrosoguvacoline (NGCO), N-nitrosoguvacine (NGCI), 3-(methylnitrosamino)proprionitrile (MNPN) and 3-(methylnitrosamino)proprionaldehyde (MNPA).  Several of these N-nitroso compounds have been detected in the saliva of betel quid chewers (Wenke and Hoffmann, (1983), Nair et al, (1985), Nair et al (1987)).
6.
Among their other components, the mature green leaves of Piper betel contain volatile oils including eugenol, chavicol, terpenes, and tannins. 

7.
Catechu is the residue of a hot water-extraction of the heartwood of Acacia catechu (also see note 1).  It contains mainly tannin and polyphenols, including catechutannic acid, catechin, catechu red, quercetin, kaempferol, dihydroxycaempferol, taxifolin, isorhamnetin, (+) afzechin and dimeric procyanidin (IARC, 1985). 
8.
Metabolic studies suggest that arecoline is de-esterified in the liver and both arecoline and arecaidine are excreted in the urine as the mercapturic acid N-acetyl-S-(3-carboxyl-1-methylpiperid-4-yl)-L-cysteine.  NGCO and NGCI are metabolised in the liver to N-nitrosonipectoic acid.  This is largely excreted in the urine, though faecal excretion also occurs (IARC, 1985).
Previous COC advice

9.
The Committee reviewed the use of areca nut in betel quid and pan masala in 1993 and 1994 and considered a range of human epidemiology studies, animal carcinogenicity studies and in vivo and in vitro mutagenicity studies
.  On the basis of this evidence, the COC concluded the following:

· There was evidence of mutagenic and carcinogenic activity of areca nut extracts and derived compounds in experimental systems. In particular, the potent carcinogenic activity of the areca-derived nitrosamine, MNPN had been confirmed, and methyl and cyanoethyl adducts had been detected in the DNA of the target tissues in which the tumours developed. There was evidence that endogenous nitrosation of areca nut alkaloids can occur in animals and humans; and areca nut derived nitrosoamines, including MNPN, have been detected in the saliva of betel quid chewers.

· There were very limited data from epidemiological studies on the effect of betel or areca nut products without tobacco, which did not allow any conclusion to be drawn. There was, however, sufficient epidemiological evidence of a link between the chewing of betel quid containing tobacco and cancer in humans.

· The Committee concluded that the use of these products without tobacco was possibly carcinogenic in humans.

Considerations by other expert bodies
10.
The International Agency for Research on Cancer (IARC) assessed the use of betel quid in 2003 and concluded that both chewing of betel quid and areca nut should be categorised as Group 1 (known) human carcinogens.  In its conclusions it stated that there is sufficient evidence in humans to conclude that betel quid chewed without tobacco causes oral cancer.  IARC also concluded that there was sufficient evidence in animals to confirm the carcinogenicity of betel quid and areca nut without tobacco (IARC, 2003).  The 2003 report followed up a previous review from 1985 in which it was concluded that there was inadequate evidence for the carcinogenicity of betel quid chewed without tobacco. 
Studies published since 1993

11. Most of the epidemiological data available concerns the use of areca nut in betel quid or pan masala and the link with oral cancers and pre-cancerous lesions.  The epidemiological studies are summarised in Table 1.

12. Other epidemiological data have linked the use of areca nut with other cancers such as liver cancers.  There are also some limited animal studies and in vitro studies.  The studies linking betel quid use with liver cancer have been summarised in Table 2.
Discussion

13.
The Committee considered the data that had been published since its previous discussion and agreed with the recent IARC conclusions, as given above.   The Committee considered that most of the evidence suggested that areca nut is a site of contact carcinogen acting by a genotoxic mechanism, and noted that there was some evidence that a non-genotoxic mechanism could also be involved.  It seems likely that the carcinogenic mechanism involved nitrosation of the alkaloids present in the areca nut, which form N-nitroso products that can be detected in saliva.  The Committee noted that these have been demonstrated to have mutagenic activity in vitro.  Most of the available data indicates that areca nut and betel quid cause cancer of the oral cavity where the quid can be held for significant amounts of time.
14.
The Committee concluded that, although there was insufficient evidence to definitively link the use of areca nut as a food ingredient with an increased incidence of cancer, this use should be regarded as potentially carcinogenic.  The studies reviewed did not appear to show variations in cancer incidence in populations using differently prepared areca nut products; this and the possible genotoxic mode of activity led the Committee to conclude that areca nut may be carcinogenic in all forms.
Summary 

15.
The Committee was satisfied that there was sufficient epidemiological evidence to conclude that areca nut, when used in the form of betel quid or pan masala, is carcinogenic to humans.  This relates primarily to an increased risk of oral cancers from the keeping the areca nut or betel quid in the mouth for a significant length of time.  Members also considered that the use of areca nut as a food ingredient may also result in an increased risk of cancer.
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	Table 1: Human epidemiological studies on areca nut and betel quid usage and the link to oral cancers. 

	Study
	Cases (No.)
	Controls (No.) (if applicable)
	Cancer types
	Published results

	Sankaranarayanan et al (1989)
	228
	456 (age and sex matched)
	Carcinoma: Tongue (188) Buccal floor (40)
	Regular use of betel quid with tobacco was associated with an increase in the incidence of the two types of cancer studied.

	Ko et al (1995)
	107 

(m=104, f=3) 
	194 (age and sex matched)
	Oral carcinoma
	Compared with abstainers, betel quid chewers had an OR of 8.5, CI of 4.4-16.2 of developing oral cancer.

	Warnakulasuriya et al (1999)
	7521 (m=5072, f=2449)
	-
	Lip, mouth, pharynx, nasal cavity, larynx, bronchus
	Age of onset was significantly lower in Chinese and Asian populations than in other groups

	Merchant et al (2000)
	79
	149 (age, sex, hospital and time of attendance matched)
	Oral squamous cell carcinoma, OSF1
	After adjustment individuals with OSF were 19.1 times more likely to develop oral cancer than those without and individuals using betel quid without tobacco were 9.9 times more likely to develop oral cancer than non-users. Risk of oral cancer increased with higher intakes of betel quid with and without tobacco.

	Hasibe et al (2000)
	100
	47773
	Erythroplakia
	Current chewing habits were 74.5% and 83.7% amongst male and female cases respectively. The adjusted odds ratio for regular chewers was 19.8 (95% confidence interval 9.8-40) after adjustment.

	Znaor et al (2003)
	1563 oral, 636 pharyngeal 566 oesophageal. All male.
	1711 male patients with non-tobacco related cancers and 1927 healthy male hospital visitors.
	Oral (lip, tongue mouth), pharyngeal (oropharynx, hypopharynx and pharynx), oesophageal  
	An increased risk for oral cancers of over 2 fold and a 60% increased risk for oesophageal cancers were observed among chewers without tobacco. Among chewers with tobacco, the increase in risk was 5-fold.for oral cancers and 2-fold for pharyngeal and oesophageal cancers.

	Lee et al (2003)
	219
	876 (age and sex matched)
	OL2 (125 patients) and OSF1 (94 patients) 
	The risk of developing the two preneoplastic lesions studied was 22.3-40.7 fold higher in regular chewers of betel quid than in those who had never chewed. Ex-chewers were 7.1-12.1 times more likely to develop these lesions than non-chewers. Of the factors investigated, betel quid was found to be the strongest risk factor for OSF and OL. 

	Ranganathan et al (2004)
	185
	185 (age and sex matched)
	OSF1
	All OSF patients in this study had a history of chewing betel quid. Only low levels of areca nut use (in all forms) was seen in the control group, but higher use of alcohol and tobacco smoking was observed.

	Chitra et al (2004)
	90
	90 (age and sex matched)
	Squamous cell carcinoma of the oesophagus
	Odds ratio between cases and controls for areca nut usage was 2.8 with a CI of 1.3-5.9.


1: Oral sub-mucous fibrosis – a pre-cancerous condition shown to precede oral cancer and manifests itself through discolouration of the oral mucosa and decreased flexibility of the cheeks.

2: Oral leukoplakia – A pre-cancerous lesion
	Table 2: Human epidemiological studies on areca nut and betel quid usage and the link to other cancers. 

	Study
	Cases (No.)
	Controls (No.) (if applicable)
	Cancer types
	Published results

	Srivatanakul et al (1991)
	65 (47 M & 18 F)
	65 (age and sex matched)
	HCCa
	The study suggests that regular use of betel quid conferred a higher risk of HCC although this was not statistically significant.

	Tsai et al (2001)
	263
	263 (age and sex matched)
	HCCa
	The authors concluded that there was an association between regular betel quid use and HCC after controlling for confounding factors such as cirrhosis. A weak synergistic relationship was proposed between betel quid use and hepatitis B and C virus and the development of HCC.

	Tsai et al (2004)
	210
	420 (210 patients with cirrhosis and 210 healthy controls) (age and sex matched)
	HCCa complicating cirrhosis 
	Betel quid chewing was found to be an independent risk factor for HCC in patients with chronic viral infections. Evidence of a link in otherwise healthy patients was very weak and the authors concluded that betel quid was not a risk factor for HCC complicating cirrhosis in subjects without chronic viral hepatitis.


a: Hepatocellular Carcinoma
� An extract of wood from a variety of acacia species but can also be obtained from the leaves and bark of other plants.


� The conclusions can be found in the 1994 report of the Committees on Toxicity, Mutagenicity and Carcinogenicity of Chemicals in Food, Consumer Products and the Environment (HMSO, 1994).  
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