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Previous studies indicated that Taiwan betel quid is a promoter rather than an initiator during the 
carcinogenesis of hamster buccal pouch carcinoma. The maximum promoting activity can be 
demonstrated 24 weeks after betel quid implantation, following an initial application of 0.5% DMBA 
(7,12-dimethyl benzanthracene) three times per week for 4 weeks. In the present study, components 
of Taiwan betel quid and its additives (dry betel nut fibre, piper betel, slaked lime, cold aqueous 
extract, and hot aqueous extract) were applied respectively or in various combinations to investigate 
their promoting activity. One hundred and thirty Syrian hamsters were divided into 13 groups 
based on different combinations of the betel quid ingredients applied. The incidence of tumours in 
the hamster buccal pouch was significantly higher in groups exposed to dry betel nut fibre (Z’ < 0.01) 
and cold aqueous extract (P C 0.05). The results indicate that betel nut fibre and cold aqueous 
extract are the major components of betel quid that may promote carcinogenesis in the hamster 
buccal pouch. Copyright 0 1996 Elsevier Science Ltd 
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INTRODUCTION 
The high incidence of oral cancer in South Asia has long 
been attributed to the betel quid chewing habit [l, 21. 
Epidemiological studies and animal experiments using 
extracts from betel quid have both suggested that there is a 
statistically significant correlation between betel quid chew- 
ing and oral cancer [3-71. However, the mechanism or bio- 
chemical processes from betel quid chewing to oral cancer, 
the kinetics of neoplastic transformation in terms of the 
quantity, frequency and duration of exposure to betel quid 
versus the inception of neoplasm in humans, are not clearly 
elucidated. 

The hamsrer buccal pouch has been used as an exper- 
imental model for oral cancer for many years [8]. 
Squamous cell carcinoma can be induced by continued ap- 
plication of certain chemical carcinogens, such as dimethyl 
benzanthracene. This model has subsequently been refined 
[9] and it is established that application of a 0.5% solution 
of 7,12-dimethyl benzanthracene (DMBA) three times per 
week in heavy mineral oil to the buccal pouch mucosa will 
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produce, histologically, areas of hyperkeratosis and dysplasia 
at 6-8 weeks, early squamous cell carcinoma at 8-10 weeks, 
and, finally invasive carcinoma at lo-12 weeks. 
Traditionally the carcinogen application is continued until 
the termination of the experiment. Eisenberg has, however, 
demonstrated that it is not necessary to apply the carcino- 
gen throughout. In an alternative regime pathological 
changes occur by lo-12 weeks of application, and are irre- 
versible leading to cancer formation despite cessation of the 
DMBA applications [lo]. 

Carcinogenesis is a multistep process which is most 
readily demonstrated in experimental models by chemical 
carcinogenesis [Ill. The cancer induction can be broadly 
divided into two stages: initiation and promotion [12]. 
Initiation and promotion by DMBA may be demonstrated 
in the hamster buccal pouch model system [13], using 0.1% 
DMBA as an initiator and 0.5% DMBA as a promoter. 
Previous reports also demonstrate that 2-acetyl-aminofluor- 
ene can act as an initiator when croton oil is used as a pro- 
moter [14]. 

It has not yet been possible to induce cancer in the 
hamster buccal pouch by betel quid alone [15, 161. 
However, a few studies have shown that carcinomas could 
be induced by betel quid together with other carcinogens in 
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the hamster buccal pouch [4, 171. Unfortunately, most of 
these effects are either statistically insignificant or insuffi- 
cient to draw firm conclusions. 

We have used the hamster check pouch model to eluci- 

date the role of Taiwan betel quid in oral carcinogenesis 
[7]. In that study, 160 Syrian hamsters were divided into 
eight experimental and control groups, each group com- 
posed of 10 animals. The incidence of tumour in cheek 
pouches was recorded after short-term (12 weeks) or mid- 
term (24 weeks) insertion of betel quid subsequent to varied 

periods (2 weeks, 4 weeks, or 6 weeks, respectively) of 0.5% 
DMBA (7,12-dimethyl benz[a]anthracene) topical appli- 
cation three times a week. The tumour development rate 
was significantly higher in the group in which betel quid 

was used as a promoter for 24 weeks as compared with that 
in the control group, using DMBA as the initiator only for 
4 weeks. Treatment by betel quid alone for 36 weeks or 52 
weeks, or 0.1% DMBA applied for 10 weeks after betel 
quid treatment did not lead to tumour formation. These 
results indicated that Taiwanese betel quid was probably a 
promoting factor in oral carcinogenesis, rather than a cancer 
initiator or a significant carcinogen by itself [7, 181. 

In this study, we used the same animal model to investi- 
gate the carcinogenic effect of the various components of 
Taiwan betel quid. Consideration was also applied to par- 

ameters such as mucosal trauma due to betel nut fibres 

[ 191, quantity of betel quid, frequency and duration of 
areca nut extract application, and the possible carcinogenic 

activity of additives (slaked lime or piper betel). The ulti- 
mate goal of this study was to assess or identify the carci- 
nogenicity or promoting potency of various ingredients of 
betel quid. 

Animals 
MATERIALS AND METHODS 

One hundred and thirty male Syrian hamsters, aged 2 
months, were used as experimental animals and divided into 
13 equal groups. The hamsters were fed standard Purina 
laboratory pellets and water ad Zibitum. 

Ripe, unprocessed betel nuts (Areca catechu), were each 
cut into four pieces, and ground in a pestle and mortar and 
immersed in distilled water at 4°C overnight to extract 
water soluble components. The insoluble fraction was oven- 
dried at 45°C overnight to extract water soluble com- 
ponents. The insoluble fraction was oven-dried at 45°C and 
used as betel nut fibre (BNF) [17] 

One hundred grams of betel nut was ground with 200 ml 
of distilled water and left at 4°C for 24 h. The mixture was 
then removed, magnetically stirred for 4 h and again left at 
4°C for 24 h. Then it was filtered under vacuum and the fil- 
trate stored at 4°C as cold aqueous extract of betel nut 
(CEB) [16]. 

Statistical analysis 
The difference in tumour incidence dysplasia and carci- 

noma between the experimental groups and the control 

group was evaluated by Student’s t-test (two-tailed). 

Table 1. Experimental period and ingredients of betel quid used 
in each experimental group 

One hundred grams of betel nut was cut into pieces and 
boiled in 200 ml of distilled water for 4 h in a round- 
bottomed flask fitted with reflux after which it was filtered 
under vacuum and the filtrate (hot aqueous extract of betel 
nut (HEB)) stored at 4°C [16] 

Week 

o-4 
5 

6-29 

30-35 
36 

Treatment 

DMBA three times weekly 

No treatment 

Three times weekly application of 

Group 1, SL, Group 2, BNF; Group 3, PB; Group 4, 
PB + SL; Group 5, HEB; Group 6, HEB + SL, 

Group 7, CEB; Group 8, CEB + SL; 
Group 9, HEB + PB; Group 10, CEB + PB; Group 

ll,HEB+PB+SL, 
Group 12, CEB + PB + SL, Group 13, no treatment 
(control). 
No application 
Sacrifice 

Piper betel (PB) was cut into pieces and stored at 4°C. SL, slaked lime; BNF, betel nut fibre; PB, piper betle; HEB, hot aqueous 
Slaked lime (SL) was stored at 4°C before use. extract of betel nut; CEB, cold aqueous extract of betel nut. 

All components of betel quid were obtained freshly from 
retail source and prepared weekly. 

The carcinogen (initiator) DMBA (7,12-dimethyl benzan- 
thracene) was dissolved in heavy mineral oil at 0.5% con- 
centration. Both were purchased from Sigma Chemical Ltd 

(Missouri, U.S.A.). 

Experimental procedures 
The right buccal pouch of each hamster was painted with 

0.5% DMBA solution in heavy mineral oil with a No. 4 
camel brush three times weekly. The DMBA application 
was continued for 4 weeks and the animals then remained 

untreated for 1 week. They were then randomly divided 
into 13 groups of 10 animals. Twelve groups served as ex- 

perimental groups and their right buccal pouches were filled 
or painted with components of betel quid thrice weekly for 

24 weeks as previously described [7]. Animals were 
untreated for a further 6 weeks before sacrifice. The 13th 
group served as the control, and was left untreated after the 
initial 4 weeks’ application of DMBA and sacrificed at the 
same time as the experimental groups. The ingredients or 
combination of ingredients of betel quid used in the exper- 
imental groups are shown in Table 1. At the end of the ex- 

periment, the animals were killed by inhalation of an 
overdose of ethyl ether. Both right and left buccal pouches 
were excised, examined grossly for evidence of pathological 

lesions, and photographed. Tumours, if present, were 
measured and recorded. The pouches were then tixed in 
10% neutral buffered formalin, embedded in paraffin, sec- 
tioned, and stained with haematoxylin and eosin for micro- 
scopic study. Dysplasia was diagnosed based on the 
presence of cellular pleomorphism, nuclear atypicality, 
hyperchromatism, loss of polarity, and individual cell dys- 
keratosis. Carcinoma was defined by the presence of stromal 
invasion on top of cytological dysplastic features, including 
those pure exophytic tumours invading their own stroma. 
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Table 2. Incidence of dysplasia or carcinoma in hamster buccal pouch treated with ingredient alone or combination of ingredients of 
Taiwan betel quid as promoting factor after the initiation of DMBA 

Group Ingredients 

Effective 
no. of 

animals 

No. of animals 

with dysplasia 
or carcinoma 

No. of animals 
with carcinoma 

Average tumour 
size (mm’) 1 

S.D. 

1 SL 8 
2 BNF 10 
3 PB 9 
4 PB+SL 9 
5 HEB 10 
6 HEB + SL 9 
7 CEB 10 
8 CEB + SL 9 
9 HEB + PB 9 

10 CEB + PB 10 
11 HEB+PB+SL 9 
12 CEB+PB+SL 10 
13 Control 9 

4 2 183.3 f 506.5 
10** 9** 478.0 + 1463.2 
5 5 132.3 f 358.7 
6 4 147.6 +_ 276.0 
6 5 697.9 f 1551.5 
5 4 277.2 + 454.2 
9** 7* 1310.1 f. 2763.6 
6 5 962.6 + 2895.7 
5 4 303.9 f 613.9 
7 5 1111.2f2076.9 
5 4 353.3 + 594.8 
6 6 804.0 + 1579.0 
4 2 132.8 + 210.5 

**P< 0.01 vers*s control. 
*PC 0.05 versus control. 
SL, slaked lime; BNF, betel nut fibre; PB, piper betle; HEB, hot aqueous extract of betel nut; CEB, cold aqueous extract of betel nut. 

RESULTS 
The left buccal pouches of all animals and some right 

pouches of experimental animals appeared to be normal, 
with no visible tumours. The others showed between one 
and eight tumours per pouch ranging in diameter from 1 to 
13 mm. Most of them were exophytic. The average tumour 
volume in each group was calculated. The largest were in 
the group using cold aqueous extract of betel nut. There 

was no statistically significant difference in tumour volume 

between groups (Table 2). 
Microscopic observation revealed that the left buccal 

pouches of all animals were essentially normal. The right 
buccal pouches showed variable histopathological changes 
from focal hyperkeratosis, dysplasia, to carcinoma. In the 
control group, two of nine animals developed carcinoma. 

The tumour incidence was significantly high in the group 
using dry betel nut fibre and in the group using cold aqu- 
eous extract as the promoter for 24 weeks (I’< 0.05). There 
was no significant difference in tumour incidence between 
the control group and other experimental groups (Table 2). 

DISCUSSION 
In animal studies on the carcinogenicity of betel quid, 

one of the serious defects has been that the investigators 
could not make hamsters or other animals chew or retain 
betel quid in their oral cavity, simulating the situation in 
man. Therefore, studies in the hamster buccal pouch have 
mostly used extracts from betel nut, such as betel alkaloids 
or their derivatives, by direct application, feeding or perito- 
neal injection, which are different in terms of composition, 
concentration and duration. In our previous experiments 
[7], using a newly devised external wire collar, we can retain 
a solid piece of betel quid in the buccal pouch of hamster 
for a period of time, closely simulating the situation in man. 
We showed that betel quid may play a promoter role in 
hamster buccal pouch carcinogenesis although we could not 
ascertain which of the major components in betel quid, or 
rather what combination of these components, might be re- 
sponsible. 

The present study is an attempt to test the potency of 

various Taiwanese betel quid ingredients or their combi- 
nation in promoting carcinogenicity. The advantage of 

studying Taiwanese quid compared to the quid chewed in 
other Asian countries is its simplicity. For example, the 
complex composition of an Indian betel quid, which con- 
sists of three main ingredients (areca nut, betel leaf and 
slaked lime) and a great variety of additives, such as 

tobacco, catechu, seeds, spices and metal sheets (e.g. silver, 
gold), makes it difficult to trace the carcinogenic activity to 

a particular ingredient or compound [20]. The results of 
this study showed that the incidence of tumours in the 

hamster buccal pouch was significantly higher in the group 
exposed to dry betel nut fibre (PC 0.01) and in the group 

using cold aqueous extract (PC 0.05) as promoters for 24 
weeks. It thus indicates that during the promoting phase of 

carcinogenesis, the betel nut fibre and cold aqueous extract 
play an important role. The average tumour size varied 
greatly in each group, however, due to the wide range of the 

tumour size (1-13 mm in diameter), the standard deviation 
is too large to show any statistical significance among the 

groups (Table 2). 
During the change of betel nut fibre three times weekly, 

traumatic bleeding or oozing of hamster buccal pouch 
mucosa was seen, presumably a result of mechanical friction 

produced by the rough fibre. The promoting effect of 
chronic trauma has been identified previously in exper- 

iments using DMBA treatment with subsequent wounding 
of the hamster buccal pouch mucosa [19]. Our results 
suggest that the promoting capacity of betel nut fibre is due 
to chronic trauma. 

The cold aqueous extract of betel nut also showed signifi- 
cant promoting activity in our study. The exact composition 
and its promoting mechanism is under investigation. Our 
results are consistent with a previous report which demon- 
strated that in the areca nuts, besides known major alka- 
loids, there are other water extractable substances. Such 
substances are genotoxic in Chinese hamster ovary cells 

[211. 
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In the present study, we have also shown that the cancer 
promoting potency varies between mixtures of different 
composition. For example, cold aqueous extract alone will 
produce significant promoting activity while its combined 
application with slaked lime or piper betel will not. We 
speculate that slaked lime or components in piper betel 
might interact with ingredients in the betel cold aqueous 
extract, and thus neutralise or counteract its promoting 
effect. 

Slaked lime and piper betel are both reported to have 
genotoxic or carcinogenic potential [22-241. This potential 
was not confirmed in our animal model. 

There are two major betel alkaloids, arecoline and arecai- 
dine, present in high concentration in boiled betel nut 
extracts [25]. These alkaloids have been demonstrated to 
inhibit’ fibroblast proliferation in a concentration dependent 
manner. However, no significant promoting activity of hot 
aqueous extracts of betel nut was detected. 

Reports indicate that the habit of betel quid 
chewing is increasing in Taiwan, particularly among the 
young [26, 271. It appears that this unhealthy habit will 
not be voluntarily eradicated in the near future. It has 
been proposed that individual constituents shown to be 
carcinogenic might be identified and eliminated. 
Unfortunately, the results of these experiments indicate 
that fibre and cold aqueous extracts are the two most 
potent promoters and both are nearly impossible to 
remove. Therefore, it seems that elimination of the betel 
quid chewing habit by public health measures may be the 
only way to reduce the oral cancer incidence in Taiwan. 

Finally, this study used over 100 hamsters for the entire 
experiment. However, due to the many groups involved in 
the study comparison, only moderate numbers of animals 
were allowed in each group. Some of the insignificant differ- 
ences among the groups might turn out to be of biological 
importance in a larger study. This report points out the 
most remarkable differences that might implicate the most 
promising carcinogenic ingredients worth further study. 
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