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Summary Many mutagenic nitroso compounds are 
also diabetogenic. Betel-nut (Areca catechu) chewing 
populations have an increased incidence of foregut 
cancers related to betel-nut nitrosamines which sug- 
gests that betel consumption could be diabetogenic. 
Young adult CD1 mice with a low spontaneous in- 
cidence of diabetes were fed betel nut in standard feed 
for 2~5 days. Single point (90 min) intra-peritoneal glu- 
cose tolerance tests were used to follow glucose toler- 
ance up to 6 months of age. Glucose intolerance was 
defined as over 3 SD above mean control values. Glu- 
cose intolerance was found in 3 of 51 male and 4 of 
33 female adult mice which were fed the betel diet 
(p < 0.01). Studies on the progeny of these mice are 
presented separately for animals studied in Aberdeen 
(Group 1) and London (Group2).  In matings of 
Group 1 betel-fed parents glucose intolerance was 
found in 4 of 25 male and 1 of 22 female F1 offspring, 
with significant hyperglycaemia in F1 males born to 
hyperglycaemic but not to normoglycaemic mothers 
(p < 0.01). In the F2 generation 4 of 23 males and 1 of 
16 females and in the F3 generation 1 of 16 males and 0 
of 20 females were glucose intolerant. In the Group 2 
studies where betel-fed parents were mated to normal 

controls glucose intolerance was found in 10 of 35 male 
and 10 of 33 female F1 progeny (p < 0.005), and mean 
islet areas were increased in offspring of betel-fed par- 
ents (p < 0.001). The total incidence of glucose intoler- 
ance in F1 progeny from studies in Groups 1 and 2 was 
14 of 60 males and 11 of 55 females (p < 0.005). Insulin 
dependence did not develop in the glucose-intolerant 
betel-fed animals or their descendants; affected ani- 
mals appearing well built and active. The development 
of glucose intolerance in F1 offspring was not depen- 
dent on maternal glucose intolerance or on maternal 
betel-feeding, and 90-min glucose levels of F1 offspring 
were directly related to paternal but not to maternal 
glycaemia (p < 0.01). Our findings suggest that betel- 
nut (Areca) consumption may be diabetogenic and in- 
duce an inheritable abnormality. The hypothesis is of 
interest in view of the widespread habit of betel con- 
sumption and of the strategies known to inhibit the in- 
duction of experimental diabetes by diabetogenic ni- 
troso compounds. [Diabetologia (1994) 37: 49-55] 
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The prevalence of Type 2 (non-insulin-dependent) 
diabetes mellitus in Asians who have migrated from 
Bangladesh to the United Kingdom over the last 
30 years is high, as it is in other immigrant Asian groups 

Received: 25January 1993 
and in revised form: 29 July 1993 

Corresponding author: Dr. B. J. Boucher, The Medical Unit, The 
Royal London Hospital, Whitechapel Road, London E11BB, 
UK 

[1, 2]. This is not due simply to an increase in Western 
life styles since an equally high prevalence has been 
found in some groups of Asians in Fiji and in India, 
both in towns and in certain rural areas [3, 4]. It has also 
been noted that Asians with Type 2 diabetes living in 
the United Kingdom require insulin at a much younger 
age than Type 2 diabetic Caucasians [5]. The prev- 
alence of Type 2 diabetes in the Asian immigrant popu- 
lation has not begun to decline towards that of the 
indigenous population of the United Kingdom. In addi- 
tion to possible genetic factors, this community may 
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Table 1. Results of intra-peritoneal glucose tolerance tests on Group 1 Control and betel-fed CD-1 mice and their offspring 

Adults 

F1 Offspring 

Parentage 
Mother 

Betel +, I G T -  

Betel +, IGT + 

Betel +, I G T -  

Control 

Sex 

Control Male 
Female 

Betel fed Male 
Female 

n 

126 
86 

27 
18 

90-min plasma glucose (mmol/1). n with IGT 
Mean + SD (range) 

8.8 + 2.46 (3.0-16.05) 0 
6.16 + 1.58 (2.45-12.1) 1 

9.86 + 3.0 (5.18-20.3) 1 
7.96 _+ 3.89 (3.8-17.5) b 3 

Father 

Betel +, IGT + Male 3 17.4 + 5.5 (13.2-26.1) b 2 
Female 4 7.85 + 0.55 (7.3-8.6) a 0 

Betel +, IGT - Male 5 11.3 + 0.87 (10.2-12.5) b 0 
Female 3 6.5 + 0.64 (6.0-7.2) 0 

Betel +, IGT - Male 6 6.4 + 0.62 (5.5-7.4) 0 
1st litter Female 5 5.6 + 0.7 (4.6-6.55) 0 

2nd litter Male 5 9.9 + 3.2 (7.15-14.45) 0 
Female 5 5.9 + 0.78 (4.%6.8) 0 

3rd litter Male 3 17.3 + 7.9 (10.9-26.1) 1 
Female 1 11.1 1 

Betel +, IGT + Male 3 15.9 + 4.3 (13.2-24.6) a 1 
Female 4 7.85 + 0.55 (7.3-8.6) a 0 

All F1 offspring Male 25 11.72 + 4.96 (5.5-26.1)a 4 
Female 22 6.86 + 1.48 (4.6-11.1) 1 

ap < 0.01; b p < 0.001;p = NS for all other comparisons 
Betel +, Betel-fed (2-8 days); IGT +, impaired glucose tolerance defined as 90-min plasma glucose > 3SD above mean control levels 

t he re fo re  have  b rough t  act ive aet iological  agents  for  
d iabetes  with them.  

T h e  increased  mor ta l i ty  f rom oral  and oesophagea l  
cancer  in m a n y  As i an  communi t ies ,  including those  
who have  immigra t ed  to the  Un i t ed  Kingdom,  is be-  
l ieved to be  due  to n i t rosamines  f o r m e d  af ter  chewing 
bete l  nut  [6] w h e t h e r  plain or  w r a p p e d  into a p iper  
be te l  leaf  'quid ' .  This habi t  persists as is evident  f r o m  
m o u t h  staining and  the widespread  availabil i ty of  
A r e c a  nuts in local shops  in the  Tower  H a m l e t s  a rea  of  
the east  end  of London .  T h e r e  is good  ev idence  tha t  
cer ta in  n i t rosamines  and n i t rosamides  are diabe-  
togenic  in animals  and in man ,  including the well- 
k n o w n  d iabe togenic  agent  s t rep tozo toc in  (STZ)  and 
the ra t  po i son  Vacor. These  agents  p r o v o k e  Type  1 (in- 
su l in -dependent )  d iabetes  af ter  single large doses  
whilst bo th  induce  Type  2 d iabe tes  at lower  doses  as 
does  S T Z  in rats  if given within 2 days of  b i r th  [7, 8]. 
Specific n i t rosamines  f rom Icelandic  s m o k e d  mut ton ,  
which m a y  be  d iabe togen ic  in man ,  induce d iabetes  in 
the offspr ing of  CD1  mice fed be fo r e  ma t ing  [9]. Since 
n i t rosamines  are p resen t  in be te l  nut  and  also f o r m e d  
af ter  ingest ion ( f rom Areca l  alkaloids),  the possibil i ty 
that  be te l  consumpt ion  might  be  d iabe togenic  and  con- 
t r ibute  to the  increased  p reva lence  of  Type  2 d iabetes  
found  in Asians  w a r r a n t e d  invest igation.  This  r epo r t  
descr ibes  a s tudy in the mouse  as par t  of  a larger  inves- 
t igat ion of  the  hypothes is  [10]. 

Materials and methods 

Adult CD1 (random bred) mice as used in earlier studies with 
Icelandic smoked cured mutton [9] because of their low sponta- 
neous incidence of diabetes (< 0.05 %) were obtained from 
Charles River Co. (Manston, Kent, UK). The incidence of 
diabetes in control animals studied in Aberdeen (Group 1) was 
0 % in male and 1.2 % in female mice and in animals studied in 
London (Group 2) it was 0 %. Only mice confirmed as having a 
normal intraperitoneal glucose tolerance test (IPGTT) at age 6- 
8 weeks were used for feeding experiments and subsequent 
breeding. The normal feed was Rat and Mouse i (RM1) pellets 
(SDS, Witham, Essex, UK) low in nitrosamines at under 
0.2 gg/kg [9]. Areca catechu (betel nut) was purchased locally 
and ground to a powder for incorporation into feed for Group 1 
at 30 % in pure corn starch biscuits (Boots Pharmaceuticals, Not- 
tingham, UK) and for Group 2 at 20 % into reconstituted RMI 
pellets. These feeds were given on alternate days over 4-12 days 
(Group 1), or pair-fed for 5 consecutive days (Group 2), i.e. fed 
for 2-6 days, much as in the earlier work with smoked mut- 
ton [91. 

Adult mice fed RM1 pellets throughout the study were used 
as controls for Group i mice and follow-up glucose tolerance 
studies were carried out on 2-3 occasions from 10 days to 
12 weeks after completion of test feeding. Reconstituted RM1 
pellets without betel were pair-fed to control Group 2 mice dur- 
ing test feeding at age 4-6 weeks and glucose tolerance re-as- 
sessed on 2-3 occasions at age 12-24 weeks. Eight animals in 
Group 2 were fed betel nut similarly but with added fl-ca- 
rotene, known to reduce damage to DNA in human betel che- 
wers [11], at 15 mg per 100 g of feed. Breeding commenced 
14 days after the end of test or pair-test feeding. The glucose 
tolerance of F1 offspring has been followed from 7-24 weeks, 
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Table 2. Results of intra-peritoneal glucose tolerance tests in Group 2 control and betel-fed CD1 mice and their F1 offspring 

Group Sex n 90-min plasma glucose (mmol/1) n with IGT 
mean + SD (range) 

51 

Adults 

Control Male 16 9.8 + 2.5 (3.8-12.09) 0 
Female 8 7.6 + 1.0 (5.2-8.06) 0 

Betel-fed Male 24 10.25 + 3.6 (4.7-17.05) 2 
Female 15 7.2 + 1.77 (4.4-10.07) 1 

F1 Offspring 

Parentage 
Mother Father 

Control Control 

Control Betel + 
IGT + 

Betel + Control 
IGT + 

All F1 offspring Total 

Male 10 12.11 + 2.97 (6.6-16.01) 0 
Female 13 8.72 + 1.77 (4.4-10.07) 0 

Male 29 12.7 + 3.01 (6.5-18.05) 4 
Female 22 9.2 + 2.87 (5.65-15.06) 6 

Male 6 22.26 + 3.63 (17.03-27.02) a 6 
Female 11 10.55 _+4.47 (6.15-20.09) 4 

Male 35 13.74 + 4.76 (6.05-27.02) 10 
Female 33 9.65 + 3.48 (5.65-20.09) 10 

ap < 0.001;p = NS for all other comparisons of mean 90-min plasma glucose levels in test vs control groups 

90- min 
plasma 
glucose 
mean+SD 
(range) 

M F M F M F 
Fo | �9 | | | 

I I I I I 
I I I 

I I I I IM I 
M F M F F 

F1 Q @ Q Q Q @ 

I I l I I I 
I I I 

F2 I I 1 I I I 
I G T 012 0/4 2/5 114 115 0/6 

M F M F M F 
13.5:f.2.62 8.2+1.46 12.8:1:2.38 8.2t:2.38 12.1:1:2.28 8.6+0.91 
(11.6-15.4) (6.9-10.2) (9.5-16.8) (6.0-14.9) (8.4-17.3) (7.3-10.3) 

Fig. 1 

Fig. 1. The incidence of impaired glucose tolerance (IGT) in five 
families of CD1 mice in which the F ~ grandparents were fed betel 
as shown. (C), control. (B), betel-fed, I G T - .  (BD), betel fed 
with IGT, ( - ) F1 without IGT, ( + ) F1 with IGT. M, male; F, fe- 
male 

and of second and third generation litters for up to 3 months in 
Group 1 animals. Glucose tolerance has been assessed on two 
occasions up to 24 weeks of age in F1 offspring of Group 2 ani- 
mals. 

Glucose tolerance was assessed by IPGTF, as previously de- 
scribed [9], using 0.1 ml/g body weight of 20 % glucose in 0.9 % 
NaC1 i.p. after an 18-h overnight fast (water ad libitum), with 
blood sampling at 90 rain. Initial studies showed that fasting 
plasma glucose levels were not significantly raised in glucose in- 

M F M F 

| | 1 7 4  | 
I I I 

I I 
I I I 

IM F M g 
Q @ Q  @ 

I I ] I 
I I 

I I [ I 
018 0/6 115 0/0 

M F M F 
9.4:1:1.24 5.9+0.78 11.0:P,,2.51 - -  
(8.0-11.3) (4.4-6.6) (7.7-16.8) 

tolerant animals, as was found in feeding studies with smoked 
cured mutton [9]. All  studies therafler used single point 90 min 
sampling IPGTT's. The plasma glucose levels given are the 
average of duplicate measurements using a Beckman glucose 
analyser; coefficient of variation 1.8 % at 4.65 mmol/1, 1.9 % at 
9.76 mmol/1 for Group i and 2.1% at 8.22 mmol/1, 2.05 % at 
ll .8mmol/1 for Group 2; triplicate measurements were made 
whenever possible and especially for higher levels. Significantly 
impaired glucose tolerance (IGT) was diagnosed by 90-min 
blood glucose levels more than 3.0 SD above the mean 90-min 
blood glucose level for the relevant control animals, i.e. at over 
16.18 mmol/1 in males and over 10.9 mmol/1 in females in 
Group 1 (mean normal 90-min levels 8.8 mmol/1 (SD 2.46) in 
126 males and 6.16 (SD 1.38) in 86 females), and for Group 2 
mice at over 15.8 mmol/1 in males and over 10.6 mmol/1 in fe- 
males (mean normal 90-min levels 9.8 mmol/1 (SD 2.0) in 
40 males and 7.6 mmol/1 (SD 1.0) in 23 females). Histological 
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examination of pancreatic tissue from Group 2 adults and off- 
spring with and without IGT was carried out after standard 
staining with haematoxylin and eosin of a randomly-selected 
section through the length of each gland. Planimetry of every 
islet seen in one such section from each of 84 animals killed 
aged 6 months in Group 2 (randomly selected and blinded by 
an independent worker before measurement) was carried out 
with a Magiscan image analysis system (Applied Imaging, 
Sunderland, UK) using standard histomorphometric tech- 
niques [12]. Group 1 mice were not examined in significant 
numbers as they were in use for breeding. Measurements made 
included the areas of the islets with and without the acinar 

tissue. The percentage of islet tissue and the numbers of islets 
per unit area of pancreas were then determined, as well as islet 
area per gramme body weight. 

Statistical analysis 

Statistical analyses included Chi-square tests (corrected for con- 
tinuity) and Standardized Incidence Ratios (with 95 % con- 
fidence limits) for the incidence of IGT and Student's two-tailed 
t-tests of the differences between mean blood glucose levels [13]. 

Table 3. Incidence of impaired glucose tolerance (IGT) in con- 
trol and betel-fed CD1 mice and their F1 offspring 

Group Male Female 

Adults (Groups 1 + 2) 
Control 0/142 1/94 
Betel fed 3/5P 4/33 b 

F1 Litters Group 1 
of control mice - - 
of Betel-fed mice 4/25 a 1/22 

F1 Litters Group 2 
of control mice 0/10 0/13 
of Betel-fed mice 10/35 a 10/33" 

F1 Litters (Groups 1 + 2) 
of control mice 0/10 0/13 
of any Betel-fed parent 14/60 a 11/55 ~ 

a p < 0.005, b p < 0.025,p = NS for all other Chi-square tests, cor- 
rected for continuity, on incidence of IGT in test compared with 
control group 

Results 

All adult mice studied were non-diabet ic  before  feed- 
ing experiments  began,  as de termined  by the initial 
IPGTT.  Tables 1 and 2 show the incidence of I G T  2 to 
24 weeks after complet ion of  test feeding for 2-6  days. 
I G T  was present  in 1 of 27 male and 3 of 18 female 
betel-fed G r o u p  1 and 2 of  24 male, 1 of 15 female 
Group  2 betel-fed mice, and 0 of the 8 mice fed betel 
and fl-carotene.  The incidence of I G T  in betel-fed 
adults was significant (Z 2~ = 5.1 for males ;p  < 0.025 and 
Z 2c = 5.2 for females; p < 0.025). The Standardized In- 
cidence Rat io  (SIR) for I G T  in the adults (Groups  1 
and 2) was 1.95 (95 % confidence interval 1.62-2.44). 

I G T  was found in 3 of  6 male offspring of  Group  1 
betel-fed fathers with I G T  when the mothe r  was either 
betel fed but  normoglycaemic  or normal  and non-bete l  
fed (Table 1). W h e n  bo th  betel-fed parents  were nor- 

Table 4. Histomorphometry of pancreas in betel-fed and control mice and their F1 offspring 

Group No. Islet area Pancreas area Islet/pancreas No. of islets No. of islets Islet density 
of mice (gin 2) (mm 2) area (%) examined measured (n/~tm 2 of 

per pancreas pancreas) 

Adults 
Control 5 26 781 33.46 1.195 14.56 84 0.48 

(470-127900) (25.7M3.6) (0.42-2.93) (%35) (0.3-0.8) 

Betel + 6 30 046 25.46 1.028 15.89 50 0.40 
IGT - (1410-144 300) (7.47M3.4) (0.06-1.7) (3-14) (0.134).92) 

Betel + 3 30471 31.98 4.031 &33 53 0.62 
IGT + (58590-259400) (6.35-46.3) (0.62-9.89) (5.33) (0.32-0.77) 

Betel + BC + 5 15 911 a 32.98 0.509 16.8 53 0.35 
IGT - (11.33850) (22.3-43.5) (0.22-0.76) (5-17) (0.184).76) 

F1 offspring 
Control 9 15 240 31.56 0.887 15.44 143 0.55 

(453-253000) (8 .77~54.8)  (0.29-2.25) (4-35) (0.25-1.15) 

Father Betel + 16 20 800" 33.76 0.851 11.87 233 0.44 
F1 IGT + (410-166300) (6 .86~60.9)  (0.01%1.65) (1-30) (0.14).81) 

Mother Betel + 9 36 331: 30.94 1.618 10.6 139 0.47 
F1 IGT + (378-392000) (19.6~59.2)  (0.019-4.12) (2-30) (0.050-0.81) 

Mother or father 30 25 796 b 37.02 0.835 17.67 356 0.33 
Betel + (447-334000) (16.2-39.2) (0.56-5.43) (2-26) (0.124).74) 
F1 I G T -  

ap <0.01; bp <0.001; :p  <0.0001 
Showing number of animals examined, mean values and ranges 
(rain-max) of islet and pancreatic areas, islet/pancreatic area ra- 

tios (as %), numbers of islets/pancreas per animal examined and 
per unit area of pancreas 
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Fig.2 a-e. The islets of betel-fed CD1 mice with IGT (a) are en- 
larged compared to age-matched normally fed control CD1 mice 
(b). Insulitis (r was present in one betel-fed CD1 mouse with 
impaired glucose tolerance. Haematoxylin and eosin stain. Mag- 
nification (a), (b) x 65, (c) x 350 

moglycaemic, i of 14 male and 1 of 11 female offspring 
had IGT; moreover the mean 90-min plasma glucose le- 
vels of male progeny of any Group 1 betel-fed parent 
with IGT was significantly raised (mean 13.6 mmol/1) 
compared to those of betel-fed but normoglycaemic 
parents (mean 8.77 mmol/1,p < 0.01). There was no dif- 
ference in the corresponding means of female progeny 
(7.27 and 6.2 mmol/1, respectively). The incidence of 
IGT in the offspring of control-fed Group 2 animals 
(Table 2) was nil but was significant (p < 0.005) for 
male and female offspring of matings of male or female 
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betel-fed animals with control-fed animals. The overall 
incidence of IGT in F1 offspring of the various betel-fed 
parents in Groups I and 2 was significant (p < 0.005), 14 
of 60 in males and 11 of 55 in females with an SIR of 105.5 
(95 % confidence limits 11.2%985.5). There were no 
progeny that survived to be weaned from matings be- 
tween betel-fed adults when both had IGT. The impor- 
tant role of the betel-fed father even when normogly- 
caemic is shown by the appearance of IGT in progeny 
from matings with normal control females, and by the 
positive relationship found for the combined Group 1 
and 2 F1 offspring 90-min glucose levels to paternal 
(p < 0.01), but not to maternal glycaemia. The incidence 
of IGT in litters of F2 offspring from betel-fed Group 1 
grandparents is shown in Figure 1 which also shows 
that the level of IGT in F1 females did not appear to in- 
fluence the incidence of IGTin the next (F2) generation. 
Four F3 litters descended from Group 1 betel-fed great- 
grandparents were tested (in 2 of the 3 litters I great- 
grandmother and one grandfather had IGT) and 1 of 
16 males and 0 of 20 females had developed IGT. The 
mean 90-min plasma glucose levels were 9.5 (7.15-17.1) 
and 6.5 (5.2-8.4) in males and females, respectively. 
Table 3 shows the incidence of IGTin the various groups 
studied. Examination of the pancreas of betel-fed 
Group 2 adult mice (Table 4) revealed hyperplasia of 
some islets in normoglycaemic animals and in those with 
IGT, but  without a significant increase in mean areas. 
No hyperplasia was found in animals fed betel with fl- 
carotene. The mean area of the islets was larger than 
normal (i. e. than in F1 offspring control animals), in all 
Group 2 F1 offspring with a betel-fed parent. The 
largest islets were found in those whose mothers had 
been betel fed and themselves had IGT. The least en- 
larged islets were the offspring without IGT, one of 
whose parents had been betel fed; whilst the offspring 
with IGT whose fathers had been betel fed had islets 
of intermediate size. There were no differences in islet 
number/unit pancreatic area or in islet/pancreatic area 
ratios between these groups of animals. Mean islet areas 
per gramme body weight were increased in line with 
islet areas in betel-fed animals and their offspring. 
Minor increases in periductal lymphocytes near the 
islets were seen in glucose-intolerant betel-fed adult 
mice. Marked lymphocytic infiltration was seen in and 
around the islets of one Group 1 offspring with IGT 
though the islets of all other such offspring appeared 
similar to those of betel-fed adult mice with IGT (Fig. 2). 

Discussion 

This study demonstrates that feeding betel nut to 
young adult mice can induce lasting glucose intoler- 
ance. The incidence of IGT was greater, both in adults 
and their subsequent offspring, than that seen in mice 
fed Icelandic smoked cured mutton or its nitrosamines 
[9], and affected animals were well built and healthy. 
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Diabetogenic nitroso-compounds can induce Type 1 or 
Type 2 diabetes according to dose [7, 8]. The IGT pro- 
duced by betel feeding in the present study appears to 
be non-insulin-dependent. The increased islet size 
found in betel-fed mice with IGT and their offspring 
is similar to the changes found by Okamoto  et al. [14] 
after partial pancreatectomy or exposure to islet toxins 
with resultant activation of the R E G  gene, and islets 
seem not to have been lost but  to have hypertrophied at 
the expense of acinar tissue, though in the absence of 
weights or volumes for the whole gland this remains 
speculative. Individual susceptibility to the diabe- 
togenic agent STZ appears to depend on MHC type, 
(class 1 A, 1 E and 1J) [15, 16], and similar factors may 
determine betel,nut diabetogenicity. 

The present study shows that the transmission of sig- 
nificant glucose intolerance to offspring was not a 
simple effect of maternal hyperglycaemia during gesta- 
tion since F1 glycaemia related to paternal but not 
maternal glycaemia and IGT developed in some off- 
spring of betel-fed male mice mated with betel-fed nor- 
moglycaemic females or with normal control female 
mice. IGT was found in 11% of the F2 generation 
derived from betel-fed grandparents when neither par- 
ent was glucose intolerant. The mechanism by which N- 
nitroso compounds such as STZ cause diabetes has 
been suggested to be the binding of a glucose ring-like 
moiety in the molecule to beta-cell glucose receptors, 
leading to D N A  damage [14, 17]. Betel-nut nitro- 
samines include similar structures [18]. The induction 
of IGT in progeny of nitrosamine-treated animals is 
unlikely to be due to placental transfer, since clearance 
of nitrosamines from tissues takes less than 24 h, 
though it is slower from the testes [9]. In addition mat- 
ing began 2 weeks after completion of test feeding and 
second F1 litters contained diabetic offspring from 
Group 2 betel-fed adults, as reported with other nitro- 
samine-induced diabetes [19]. The major abnormalities 
reported in the heads of spermatozoa 30 days after 
completion of 5 days administration of pan masala (a 
betel-nut containing snack) to adult mice [20], and the 
damage to chromosomes in circulating lymphocytes in 
man and mouse following betel consumption suggests a 
nuclear mutation should be considered [21], though the 
more rapid rates of mitochondrial mutation would pro- 
vide a mechanism for the marked changes in disease in- 
cidence between generations [22]. Epidemiological 
studies of risk markers for diabetes in relation to di- 
etary factors including betel chewing carried out in 
East London are being analysed in relation to gly- 
caemia (B. J. Boucher, N. Mannan, unpublished obser- 
vations). Simple oral supplements of /3-carotene or 
eating betel nut in piper betel vine-leaf wrapped 'quids' 
(leaves shown to contain compounds suggestive of car- 
tainoids on preliminary spectrophotometry) reduces 
both D N A  damage and the incidence of mouth cancer 
in man [11, 18]. These observations together with the 
preliminary finding that islets in animals fed betel nut 
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with fl-carotene were smaller rather than larger, and 
recent work showing that fl-carotene is the most effec- 
tive antidote to the mutagenic effect of dilute aqueous 
extracts of betel nut on mouse and human tissues in cul- 
ture (D. N. Wheatley, J.M. Stowers, unpublished ob- 
servations) suggest that strategies could be found to re- 
duce the diabetogenicity of nitrosated compounds rele- 
vant to man, as demonstrated in experimental animals 
[14]. Further feeding studies with added r are 
therefore in progress. Betel nut has been chewed for 
hundreds of years, and is currently used by 10 % of the 
world's population [23], which makes the suggestion 
that it could be diabetogenic of potential practical 
importance. 
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