
Carcinogenic Effect of a Dimethyl 
ulphoxide Extract of Betel N ut 

on the Mucosa of the Hamster 
Buccal Pouch 
THF high inc idence o f o ra l ca nce r in th e F a r East is ge nera lly 
at tri buted to the ha b itua l use of bete l n ut " q uid," wh ich may 
contain . a, well a s bet e l nut, cured tobacco a nd various other 
organic an d in orga n ic ma te ria ls I 4. A tt em p ts to extract from 

etel nut a mater ia l ca rc inogen ic for o ra l t issues have not been 
successful5.". possibly because ex t racts we re prepa red w ith 
solvents in w h ich the ca rc inogen ic ma te ria ls we re not so lu ble. 
We have the refo re extr ac ted bet el nu t , a lone o r in co m bina tio n 
with cured to bacco. w ith d imethyl s ulphox idc (D M SO ) a nd 
app lied the extra cts in th is veh icle, O ur choice o f DMSO was 
based on the ev ide nce tha t it is an exce lle nt solvent wi th a low 
toxicity 7 , tha t it ha s gr ea t po we rs of penetration" a nd t ha t it 
enhances the a bsorp tio n of va r io us d rugs through ski n a nd 
muco us me mbra nes wi thout apparently affec ting th e ir p harm a ­
cologic al pro pe rl ies Q 

- 2 • F u r ther m o re, the lise o f D MSO as a ' 

vehicle decreases the la te ncy period fo r the prod uct ion of oral 
tumours in hamsters wit h d im ethy lben za nt hra cene 13 - ' 4 • \ Ve 
have fo u nd th a t re pea ted , to pica l a p plicat io ns o f DM SO 
extract s o f be tel nu t to the mucosa o f the bu cca l po uch of 
hamsters resu lt in th e de ve lopmen t o f leuko pla k ia an d 
tumou rs. T he inc idence of tum ou rs inc reases when the e xt ract 
is ma de fro m a m ixt ure o f be tel n u l a nd cured to bacco, a lt ho ugh 
extracts o f to ba cco a lo ne ca use leuk oplak ia but not tumo urs. 

Extracts were p re pa red a s foll o ws. Bet e l nut (Ba na rsi Pa n 
Shop, Jam m u, Ind ia) was hand-ground in a porcelain m ortar, 
and 30 g o f the grou nd mat er ia l m ixed wi th 10 ml , o f D M SO 
(Ald rich C he m ical Co., Ced a r K no lls . New Je rsey) in a glass 
flask a nd ke p t in the col d (4 °_5" C) fo r 48 h. T he content s of 
the flask we re the n tra nsfe rred to a porcela in mo rt ar, ha nd­
gro un d to a past e a nd tho ro ughly m ixed wit h 10 m l. o f D MSO. 
The m ixture was sto red a t 4°_5 ° C in a glass flask for 24 h and 
strained th rough cheesecloth a nd s tored a t 4"_5° C fo r fut ure 
usc in a gla ss-s to p pe red , a m ber bott le. Extracts o f a mixt ure o f 
betel n ut a nd to bac co were pre pa re d in a s imi la r fas h ion wi th 
5 g of c ured to bacco (Ba na rsi Pa n Sho p), grou nd by ha nd a nd 
added to the grou nd betel n ut be fore th e first m ixing with 
DMSO. E xt rac ts o f tobacco a lo ne, w ith 5 g o f hand-ground 
tobacco se rving as the sta rt ing ma te r ia l, we re s imil a rly p repa red 
an d sto red . 

Table 1 Occurrence of Leukoplakia and Tumours in Hamster Buccal 
Pouches after Chronic Topical Application of Dimethyl Sulphoxide 
(DMSO) Extracts or Betel Nut and of a Betel Nut and Tobacco Mixture 

No. of ham sters with 
T reat ment leukopla kia tumours 

DMSO 
Tobac co 

(11) 
(12) 

o 
8 

0 
0 

Betel nul 
Betel nut and tob acco 

(21 ) 
(21 ) 

19 
18 

8 
16 

The num ber of hamsters is given in paren theses. 

Male, go lde n Syr ia n hamsters (Dennen ' A n im al Ind ustr ies, 
Gl ouceste r, M assach use tts), a p prox im a te ly 9 weeks o ld, were 
housed in pairs in small mes h wire cag es ov er a bed ding of 
' Pcllice l' . T he ir di et co ns isted o f la bora to ry c ho w a nd wa ter 
given ad libit um . 

Ex tracts a nd co n tro l so lu tio n (D M SO ) we re a p p lied to the 
right bucca l pouch mucosa with sepa rate camel ha ir brushes 
three times a week fo r 2 1 weeks. Be fore eac h application, the 
bottles o f extr a ct s an d control solution were a llowed to rea ch 
room te m pera ture , In the course of eac h a p p lica tio n, the 
mucosa of t he b ucca l po uc h was exa m ined for gross pat ho ­
logica l a lte ra t ion s. 

T able I sh ows tha t the a pp licatio n o f ext rac ts o f betel nut 
alone resulted in the develo p me nt o f tu mours in 38 %, an d o f 

Fig. I Microscopic appeara nce of buccal po uch mu cosa after 
chronic ap plica tion of the D MSO ext racts. G , Betel nu t extract 
stained with haematoxylin and eosin ( x 15). Epithelia l cells 
show loss of po larity . Th ere is dyskerat osis with " pea rl" fo rm a­
lion . This tumour was class ified as a sq uamous cell ca rcinom a, 
grade II. b, Bete l nu t an d tob acco ex tract s tain ed with haema­
tox ylin an d eosin ( y.) 5). Epithelial pearl fo rma tion is ver y 
ma rked. Ce ll po larity is lost. T here is ma rked enla rgem ent of 
cells and o f the ir nucl ei. Under highe r power, numerous 
mitotic figures were clearl y eviden t. Thi s tumour was cla ssified 

as a sq uamous cell carcinoma , grace Il l. 

le uko plak ia in 90 %, o f the hamsters receiving th e extrac t. 
A pplicat io n o f th e e xt ract p repa red fro m th e m ixture o f bete l 
n ut a nd to bacco result ed in th e developme nt of t u mours in 
76 %o f the gro up. Extrac ts made fro m tobacco ca use d leu ko ­
pl ak ia in 66 % o f the group, bu t no tumo ur s we re obse rved . 
T op ica l a p plica t io n of the control so lu t io n ( JOO % DM SO) 
d id not resu lt in the de ve lop ment o f le ukopla ki a o r tum ou rs. 
The c umula t ive inc ide nc e o f leuko pla kia a nd tum o ur s dur ing 
the 2 1 week e xpe r iment a l pe r iod is s ho w n in T a ble 2. T he 
data ind icat e a n earlie r appea ra nce o f tumou rs in th e ha ms te rs 

T able 2 Time Course of the Appearance of Leukoplakia and Tumours 
during the Application of Extr ac ts of Betel Nut and of the Betel Nut and 

Tobacco Mixture 
----­ - --­

Leu kop la kia T umours 
T ime Betel nut Betel nut 

(weeks) Betel nu t a nd Betel nut and 
( %) tob acco ( %) ( %) tobacco % 

1-6 0 10 0 0 
7-9 19 24 0 10 

10-12 38 38 14 33 
13-1 5 52 57 24 57 
16-18 76 76 38 76 
19- 21 90 86 3S 76 



rece ivinj; the extract made from the bet el nut an d to bacco 
mixtu re : In both groups, all tumours had develo ped by the 
end o f 18 weeks. The incidence of leukopla kia , on th e o the r 
hand , was st ill increasing at the end of the ex perimental period . 

By gross observa tio n, leukoplakia developed in th e fo rm o f 
pa tch es th a t ha d a bluish-white or m ilky-w hi te ap peara nce . 
Ea rly in the ir de velopment leukopla kia lesio ns were not 
ind ur ated but lat er they de veloped a c lea rly ele vated ma rg in 
an d beca me rough to pa lpat io n. Le ukopla kia ap pea red befo re 
tumours, a nd tum o ur s de veloped on ly in ha ms te rs wit h leuko­
pla kia . G ro ssly, the tumours were of the pa pillary type a nd 
had a no d u la r a ppea ra nce. They seemed to gro w more rap idly 
in hamsters th at rece ived the extract mad e fro m the betel nut 
a nd to bacco mixture. The extent o f grow th o f the tumo ur s 
a lso appea red to be grea te r in th is group, a nd so me o f the 
tum o urs reac hed a very lar ge size a nd bled q ui te easi ly whe n 
the ca mel hair br ush was a pplied . 

At a utopsy, the hamste rs were killed wit h e th er an d right 
a nd left buccal pouches were di ssected , fixed in 10 % neu tra l 
fo rma lin, sec tio ned in paraffin and sta ine d w ith haema toxylin 
a nd eosin . Submandibular lymph nodes wer e a lso removed for 
hist ol ogical study. Microscopic exami nati on revea led th at the 
tumours were squamous cell carcinomas with a va ria ble de gree 
o f mal ign ancy (Fig. I). Examination of the lymph nod es 
revea led no signs of metastases. 

DMSO ca n solubilize so many co mp o und s th at it is not 

, Poss ible to ma ke a reasonable spe culat ion a bo u t the ident ity o f 
th e ac tive ca rcin ogen ic materials in betel nu t. It seems likely 
t ha t they a re fai r ly potent, fo r the y were effect ive in pro ducing 
pat hological lesion s in spite of the simplici ty of the method use d 
to pre pa re the ext ract s. 

It has been sugges ted that lime sal ts in t he betel q uid ea ten 
in so me coun tries a re the carcinogen" ; o ur results do not su ppo rt 
thi s sugg es tio n, fo r lime salts were not adde d to o ur ex tracts . 
N or, acco rd ing to o ur results, is th e tobacco in the quid the 
so urce o f the carc ino genic materials 1 5 . T hey sugges t, however, 
th at the to bacco co nta ins mat er ials whic h, a ltho ugh not them­
selves ca rci nogenic, ca n enhance th e ca rcinogenic ac tions of 
subs ta nces present in betel nut. But it is possib le that a ca r­
cinogen ic action of the tobacco ex trac t co uld have been 
demonstrated in a longer experi ment o r if a mo re po te nt ext ra ct 
h ad been utilized. 
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Epidermal Antigens in Cutaneous 
Dysplasia and Neoplasia 
THE loss of tissue-specific anti gens, which has been considered 
to be important in neoplastic beh a viou r i r ' . occurs in both 
experimental and human tumours, including squa mo us cell 
ca rcinomas of human": 5 and mu rine" or igin. Techniques used 
to demonstrate ant igen delet ion have involved he tero logo us 
anti-t issue sera or nat ur all y occ ur ring organ-sp ecific auto­
an ti bo d ies. Among the latter, the d isco very of an t i-skin 
ac tivi ty in the sera of huma n subjec ts with the sk in dise ases 
pem phigus vulga ris 7 an d bullo us pemphigoid " has pr ov ided 
reagents for the demo ns tratio n of a ntige nic change in ex per i­
mental sk in dysp lasia a nd neopla sia , 

We have assessed a ntige nic patterns in the epiderma l e lements 
by the indirect immunoflu orescen ce method ? using (a) pemphi­
gus vulga ris se rum, which s ta ins specifica lly the in te rce llular 
a reas a nd ce ll mern br an esl- ! ? of stra tified squamo us epi the lium, 
particularl y o f the stra tum spinosurn, an d (b) bullo us pem phi­
goid se rum , wh ich reacts spec ifica lly wit h th e basem ent me m­
brane zone" o f st rat ified sq uamous epith eliu m . Pr evention of 
immunofluorescent stain ing by Seru m absorptions wit h human 
epidermis, but not other tissue s, confirmed the speci ficity of 
the reactions studied. 

Dysplastic and neoplastic lesion s were induced in the skin 
of hairless mice by five applicat ions o f a 0.5% solutio n of 
3-methylchola nthrene in benzene a t 14 day int erv als" or by 
daily irradiation for 1 min with ultraviolet light o f wa velength 
2800-3200 A. The histology o f the var io us sk in lesion s which 
de veloped was correlated with the pa tte rn of ep ide rma l a nti­
gens. Epidermal hy perplasia developed in 1-2 mo nt hs, dys­
plas tic cha nges in 2-5 mo nt hs, a nd squamous ce ll carcino mas 
fro m 4 months onwards . Bo th u ltravio le t light and 3-m ethyl ­
cho lanthrene ind uced simila r ski n lesion s, with the same an ti­
genic patterns, a lt hough th e cha nges occu rre d ea rl ier with 
3-me thy lcho lan thren e . 

In sim ple hyperplasti c lesions, antige n deleti on was no t 
o bserved- the inte rce llula r a nd cell membrane immuno­
fluorescen ce was uni fo rm throu gh out the entir e th ickn ess of 
the ep idermis, which varied from fo ur to eig ht cells, a nd the 
underlying basement me m brane zone sta ined eve nly thro ugh ­
out its length. In dysplasias, cha racterized by focal area s of 
three to six irregular layers of heaped up cells in the basal 
region of the epidermis, a loss of intercell ular and cell mem­
brane antigenicity was detected by immunofluorescen ce (Fig. I). 
Conventional histological examinat ion sh owed that the 
morphology of the antigen-negative a reas was that of pre­
mali gnancy. The cells were pleomorphic, had frequ ently 
lost the ir polarity and their sq ua mo us matu rat io n was poor; 
a clea r perinuclear halo zone was o ften seen in the cy toplasm 
an d the nuclei were hyperchromat ic. The fluorescent staining 
of the adjacent ba sement membran e zone, however, rema ined 
essentia lly no rm a l. 

Fig. 1 Immunofluorescent staining by pemphigus serum of 
dysplastic hairless mouse epidermis. Stai ning is absent in 
dysplastic epidermis in contrast to br ight fluorescence In 

adjacent areas. ( x 200.) 


