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B. ANALYSIS OF BETEL NUT CONTENTS 
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Thin layer chromatography of 
AEBN 

~igure 1. Thin layer chromatography of aqueous extract 
of betel nut (AEBN) for detection of pre­
sence of alkaloids. A. ar~coline, B. arecai­
dine and C & D AEBN following use of Dragen­
dorff1s reagent (see Materials and Methods). 
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Figure 2. High performance liquid chromatography profile of A. areco­
line, B. arecaidine, C & D AEBN. 10 lll of test sample were 
injected (see Materials and Methods for details) to a Zorbax 
ODS

1
R reverse phase analytical column. The CQlumn was equi­

librated with 1% acetic acid. A linear gradient of 25% aceto­
nitrile in 1% acetic acid at a flow rate of 0.5 ml/minute 
for 16 minutes at 37°C was used for elution. 
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Figure 3. Count of viable cells as a function of time for control, 
arecoline and AEBN treated mouse kidney cells in culture 
(also see Materials and Methods). Each data point is 
mean ± S.D. (shown by bars) of 5-7 independent experi­
ments. No bar means S.D. is smaller than the thickness 
of the point. 



"' t-
z 
:> 
>­
a: 
<( 
a: 
1--m 
a: 
<( -<( 
z 
0 
Cl) 

"tJ 
....... 
<( 
z 
0 
Cl) 
Cl) 

lL 
0 
0 
(-
c:( 

-60-

6.------------------------------------

5 

4 

3 

2 

o---o Control 
o-o AEBN (100 ,ug /ml) 
A- -A Arecoline (IO~g/ml) 

/ 
/ 

/ 
~I 

1~"'--
1 " 

I """ "4 I 

/ 
/~ ----g 

/ 0 Q 0 
~------X .. ---2 A~--¥------i--- ---2---

a: 0--~r--------r--------~------~--------~~ 

0 I 2 3 4 
TlME (DAYS)_...,.,.. 

Figure 4. Damage to DNA ( expressed as the ratio of ssDNA/dsDNA) 
as a function of time for control, arecoline and AEBN 
treated mouse kidney cells in culture (also see Materials 
and Methods and Srivastava, Sharan & Pozzi 1982). Each 
point is mean S.D. (S.D. is shown by bars) of at least 
4 determinants. 
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Figure 5. Gamma-glutamyl transpeptidase enzyme activity (units/100 mg 
protein) following areca nut or arecoline treatments over 
a period of 180 days (mean ± SEM). The bars indicate 
SEM; when there is no bar it means the deviation was 
smaller than the thickness of the line. The inset shows 
the average total protein in kidneys over the same protocol. 
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Figure 6. Count of viable cells as a function of concentration for 
arecoline, AEBN, alcohol extract of betel nut, 0.1 N HCl 
extract of betel nut and 1% acetic acid extract of betel 
nut treated Hep 2 cell culture (see also Materials and 
Methods) • Each data point is mean ± S. E. M. of 7 indepen­
dent experiments ( S. E. M. is smaller than the thickness 
of the point) • 
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Figure 7. Unscheduled DNA synthesis following exposure of Hep 2 
cell culture as a function of various concentration of 
arecoline, AEBN, 0. 1 H HCl extract of betel nut and 1% 
acetic acid extract of betel nut. Each point represents 
mean ± S.E.M. obtained from at least 4 independent expe­
riments (S.E.M. is smaller than the thickness of point). 



-67-

~. E~FECfS OF ARECQLINF VIS-A-VIS SODIUM N£fkir~ 

< ·::< ,,. l <·<I I l '' 1 I I< < I It 

,,, <·< t!lllit' l<•<d 1•1•-•< <• 1 < 'tilllliiJ lli llil' t<•l'lliid l<•li 1.( lit< 1,L td 

'''l' <,•,ur_ullif•Uttlid~., <.H- dl'<-·culu,<· (~-Jiit)li ~.udttt111 Iii L1 11 ~~ dtld ii-<·•-~'Litl<' 

~\lt•lt' ( 11t"t It'd (Jtll OliiV l.d-1.(-•1' 11jJjil ("1Jjt 1,~1_,~ <:UiidLliUii'> ~-~( •I ( • \ I II til (I l I J 

IILl"tiJ<;,::ilit:<l"l (Jt" d<.!liLlrn• .. :d.iPfl <!l"i<l pil ·~.·.· v-1<.1 1 > f()llil!J "\n li~> 

-'J'J!I'IJJII-I<!lt•,, v•JlJJtJI J<, il('<ll' (j<l 1·,li'J( I•~J lL< llillfll( lJi(' 11,\lttruJ J<JI 

11' Cell surv1val 

Figure 8 I .IH Jvl!~-. I IH · (It 

L•1,, ·.~·-• •.;liid t)O /-tq> or t-ntil,Jut c~I'"8CULli~<::.> dl J-dl (J.',: 1ti 111 <-••,1=1,<:•, 

l) 1
/ ((tl .:!ttl' (•. lit!' fli!HIII!'I' <J!- ( t•J J L I' f-·<ltH t·tl Ill' <1 1.1 I (,./I 'I WIIPII l·<> /''' 

,., t:Lol Llll:.' du•,(.;.' ~·Jc1S •:11 v'tO::Ii .. ~-llllill.::ir-lv, Ln figure 9. ':•Jdl!tifl n11.r-tl 1-= 

•.L•l, ~j•J <'ilid J•J!_I /-ttl) •,llLH"\Ied rt•dttCt::.'d l"t•lJ •;til •/t'/,.1 Wtl_i1 t::.' ~I t•H1I: 

lc•.:iLil'f Lo Lit<:-• n~lJt .. ,-~L ~~u /111 <..~r,rJ lt•tJ jll"t LUIJt t·r,Lrc.d LUll'"" 111 lltu 

•_,ttiJ•:;t:!ttU<'?nt- f::.>::pt2r-unL"tll:•.::.. Lli<?t"<~+orf=', LU jttJ •:;,Jd1l!!Yi nt t_,-1 I<--· v''<=~'~ 

t ilt! 1 ,(•il. ~Jill( f:.1 l!ltF lltlllll E~lfi~JJi<\'>3 <-, v'''-''-• l<• Pldi<IIJ( (> ll1f• t<!l lillll L(Jil 



-~ 
w 
UJ 
+I 

Iii 
<U 
E -

Q) 

0 hdO~ 

- 68 -

Arecoline 

4 

5 

24 48 72 96 120 

Growth in hours 

Figure 8. The number of cells were scored at intervals, after 30 
minutes of treatment with or without arecoline at pH 4.2 
in presence of S-9 mixture. 1 • pH 7. 2 ( o-----o) ; 2. pH 
4.2 (---...); 3. 10 llg arecoline (G---O); 4. 20 llg arecoline 
( • a) and 5. 80 ll g arecoline ( t:r----f). ) • Each data point 
represents mean ± S.E.M. {S.E.M. is shown by bars). 
No bar means S. E. M. is smaller than the thickness of 
point. Each data point was obtained from at least 4 inde­
pendent experiments. 
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Figure 9. The number of cells were scored at intervals, after 30 
minutes of treatment with or without sodium nitrite at 
pH 4. 2 in presence of S-9 mixture • 1 . pH 7 . 2 ( o---o) ; 2 • 
pH 4.2 (------); 3. 10 llg sodium nitrite (o---c); 4. 50 llg 
sodium nitrite ( --> and 5. 100 llg sodium nitrite ( ~). 
Each data point represents mean ± S. E. M. ( S. E. M. is 
shown by bars) obtained from at least 4 independent expe­
riments. No bar means S.E.M. is smaller than the thickness 
of point. 
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Figure 10. The number of cells were scored at intervals, after 30 
minutes treatment with or without sodium nitrite and are­
coline in combination at pH 4.2 in presence of S-9 mix­
ture. 1. 10 JJ g sodium nitrite and 10 JJ g arecoline ( o---o) ; 
2. 10 JJ g sodium nitrite and 20 Jlg arecoline (..,..___....) and 
3. 10 JJg sodium nitrite and 80 Jlg arecoline ( o--o). 
,Each data point represents mean ± S.E.M. (S.E.M. is 
shown by bars) obtained from at least 4 independent 
experiments. 
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Figure 11. 14C-Thymidine (1 ll Ci/ml) incorporation to the cells were 
studied at intervals following 30 minutes treatment with 
or without arecoline at pH 4.2 in presence of S-9 mixture. 
1. pH 7.2 (~); 2. pH 4.2 (-----...); 3. 10 ll g arecoline 
(D--O); 4. 20 llg arecoline ( .._.) and 5. 80 ll g arecoline 
( !:r----11). Each data point represents mean ± S.E.M. (S.E.M. 
is shown by bars) obtained from at least 5 independent 
experiments (no bar means S. E. M. is smaller than the 
thickness of point). 
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Figure 12. lite-Thymidine (1 J1 Ci/ml) incorporation to the cells studied 
at intervals following 30 minutes treatment with or without 
sodium nitrite at pH 4.2 in presence of S-9 mixture. 1. pH 
7.2 (~); 2. pH 4.2 (-------..); 3. 10 Jlg sodium· nitrite 
( o--a); 4. 50 J1 g sodium nitrite ( .-) and 5. 100 J1 g 
sodium nitrite ( fr..--1::,). Each data point represents mean ± 
S.E.M. (S.E.M. is shown by bars) obtained from at least 
4 independent experiments (no bar means S. E. M. is smaller 
than the thickness of point). 
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Figure 13. l'tC-Thymidine (1 jJCi/ml) incorporation to the cells were 
studied at intervals following 30 minutes treatment with 
or without sodium nitrite and arecoline at pH 4.2 in pre­
sence of S-9 mixture. 1. pH 7.2 (~); 2. pH 4.2 (...._.); 
3. 10 J..lg sodium nitrite and 10 J..lg arecoline ( 0 o); 4. 
10 ]..1 g sodium nitrite and 20 ]..1 g arecoline ( • •) and 5. 
10 jlg sodium nitrite and 80 J..lg arecoline ( ~). Each 
data point represents mean ± S. E. M. ( S. E. M. is shown 
by bars) obtained from at least 4 independent experiments 
(no bar means S.E.M. is smaller than the thickness of 
point). 
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Figure 14. l'tC-Leucine (1 J.1Ci/ml) incorporation to the cells were 
studied at intervals following 30 minutes treatment with or 
without sodium nitrite, arecoline, sodium nitrite and areco­
line (in combination) at pH 4. 2 in presence of S-9 mixture . 
1. pH 7.2 (~); 2. pH 4.2 (..-.); 3. 10 J.lg sodium 
nitrite ( o--c ) ; 4. 50 J.l g sodium nitrite ( ------..); 5. 100 
J.lg sodium nitrite (' •>; 6. 10 J.lg arecoline (o--n); 
7. 20 J.lg arecoline (D--O); 8. 80 J.l g arecoline ( ~); 
9 . 10 J.l g sodium nitrite and 1 0 J.l g arecoline ( er--a ) ; 
10. 10 !Jg sodium nitrite and 20 !Jg arecoline (• •); 
11. 10 J.lg sodium nitrite and 80 J.lg arecoline ( ~). 
Each data point represents mean ± S.E.M. (S.E.M. is 
shown by bars) obtained from at least 4 independent 
experiments (no bar means S. E. M. is smaller than the 
thickness of the point). 
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Figure 15. Unscheduled DNA synthesis in cells following treatment 
with sodium nitrite and arecoline (in combination) for 
30 minutes at pH 4. 2 in presence of S-9 mixture. 1. 
10 llg sodium nitrite and 10 J.lg arecoline (o o); 2. 
10 llg sodium nitrite and 20 llg arecoline (• e) and 
3. 10 llg sodium nitrite and 80 llg arecoline ( D---0). 
Each data point represents mean ± S.E.M. (S.E.M. is 
shown by bars) obtained from at least 4 independent 
experiments. 
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Figure 16. DNA inhibition test expressed as % of control in Hep 2 
cells following treatment with sodium nitrite and arecoline 
(in combination) at pH 4.2 in presence of S-9 mixture. 
Arrow mark indicates removal of S-9 mixture (see Materials 
and Methods for details). The cells were pulsed for 10 
minutes prior to addition of S-9 mixt1,1re and test chemicals 
and incubation continued upto 180 minutes. 1. 10 J.lg sodium 
nitrite and 10 J.lg arecoline (~); 2'. 10 J.lg sodium nitrite 
and 20 J.lg arecoline (• e); 3. 10 J.lg sodium nitrite 
and 80 J.lg arecoline { o---c). Each data point represents 
mean ± S.E.M. (S.E.M. is shown by bars) obtained at 
least 4 independent experiments (no bar means S. E. M. 
is smaller than the thickness of point). 
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, Figure 17. Optical absorbance spectra of Cytochrome P-450 from micro­
somes of mice liver (A). Curve (B) represents reduced 
spectra of cytochrome P-450 following reduction with sodium 
dithionite and curve (G) represents carbon monoxide binding 
spectra of Cytochrome P-450. { 30 mg protein /ml, Cyto­
chrome P-450 4.6 llM/mg protein, at 37°C, path-length 
10 mm). 
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Figure 18. Optical absorbance spectra of Cytochrome P-450 (Curve A). 
Following 30 minutes of incubation of Cytochrome P-450 
with 10 J.lg arecoline curve B was obtained. On further 
incubation (10 minutes) curve C was obtained. The concen­
tration of Cytochrome P-450 was 4.6 ].lM/mg protein at 
37°C and 10 mm pathlength. 
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Aqueous extract of betel-nut of North-East India 
induces DNA-strand breaks and enhances rate 
of cell proliferation in vitro* 

Effects of betel-nut extract in vitro 

K. K. Wary and R. N. Sharan 
Radiation and Molecular Biology Unit, Department of Biochemistry, School of Life Sciences, North-Eastcrn Hill University, Shillong 793014 
India 

Summary. An aqueous extract of betel-nut has been 
found to be able to induce strand breaks in DNA of 
mouse kidney cells in vitro. It has been also found to 
be uble to enhance the rate of cell division at a dose of 
1 00 j.tg/ml while a higher dose of 250 j.tgfml was ex­
tremely toxic to the cells. Compared with arecoline 
( 10 j.tgfml), the aqueous extract of betel-nut seems to 
be a more potent carcinogen to mouse kidney cells in 
vilro. 

Key words: Betel-nut- DNA-strand breaks- Carcino­
genesis-- In vitro 

Introduction 

In the North-Eastern part of India, betel-nut (Areca 
caleclm L.) is normally chewed with betel leaf (Piper 
betle L.) and a little slaked lime. This results in charac­
leristically red saliva and teeth. The habit of betel-nut 
chewing and occasional swallowing is associated with 
oropharyngeal cancers in humans (Muir and Kirk 
1960; Ashby et aL 1 979; IARC 1 985) and accounts for 
over 50'X, or the total cancer incidence in India 
(Sanghvi I 'JX I). The K hasi tribe of North-Eastern In­
dia chew raw and unprocessed betel-nut (locally 
known as "Kwai') as part of the normal social cus­
tom. This betel-nut consumption shows an immediate 
thermogenic physiological response, lasting 2--3 min, 
with significant perspiration on the forehead. This is 
markedly different from the effect of processed betel­
nut consumed elsewhere in the world, especially in 
Southeast Asian countries (see IARC 1985). Various 

* Financial support for this work has been received from D.O.E. 
under Himalayan Eco-Developmcnt Project, N.E.H.U. (Eco-Dcv/ 
85/6) 
Ojfpri/11 requests to: R. N. Sharan at his current address: Institut fiir 
Mcdizin, KFA, Postfach 1913, D-5170 Jiilich, FRG 

constituents of betel-nut have been shown to induce 
mutation, sister chromatid exchange and transforma­
tion (Umezawa et al. 1981; for review sec I ARC 1985). 
From this region a higher frequency of oceurrcm:c of 
micronucleated cells in buccal mucosa of people who 
chew betel-nuts has been reported (Stich et al. 1982; 
Stich et al. 1 983). Chromosome-damaging activity has 
also been reported in the saliva of people who chew 
betel-nuts (Stich and Stich 1982). It has also been 
found that betel-nut can induce an incrcased rate of 
mutation in Salmonella typhimurium (Shirnamc et aL 
1983). 

In the process of carcinogenesis, DNA is the prime 
target for various chemicals and agents. Betel-nut, 
which is rich in alkaloids (Arjungi 1976; Ashby el <tl. 
1979; Sharp 1948), becomes an imporlanl suh_jccl of 
investigation because of its customary large consump­
tion in Southeast Asian countries and the fact that the 
major alkaloids of betel-nut, arecoline and arecaidine, 
are capable of inducing cell transformation (Ashby et 
al. 1979); arccoline is also c<tpahle ur hrcal.ing DNA 
strands in the bone marrow cells in vitro (Panigrahi 
and Rao 1 982). These reports of work using purified 

"" alk<tloids of the hctcl-nut (arecoline:, arccaidinc elc.) 
provide valuable: informalion about their ruk in the: 
process of carcinogcncsis. But the rcsulls may nul he 
the same when a complex mixture of alkaloids and 
other organic materials, such as those in betel-nut, is 
administered. This information, however. will he very 
relevant to the human condition where betel-nut 
chewers are exposed to such a complex mixture of 
alkaloids and other organic materials. The behaviour 
of a purified alkaloid and that of the same alkaloid in 
combination with other chemicals may not be the 
same. Furthermore, in a biological environment, these 
chemicals, especially alkaloids, are likely to be metab­
olized to produce an array of metabolites that may 
also influence the process of carcinogenesis. In addi­
tion, we have no information on damage to DNA 



580 

caused by betel-nul products (lARC 1985). With this 
in mind, we have attempted to shed more light on the 
situation. We report the ability of aqueous extracts of 
betel-nut (AEBN) to break DNA strands of mouse 
kidney cells in vitro. We relate this event to the process 
of transformation. 

Materials and methods 

( 'hemim/.1'. All !:hemicals for tissue culture were of tissue-culture 
gaade. ()lherdaeanil'als were ofanalyli.:;il grade and were useJ wilh­
"UI lurllu:r purili.:aliun. Deionized duublc-dislilled walcr was used 
In pll·parl' n·agcuts ami solutions. 

l'rt·pumJion tJ/'beJe/-mtJ e.\'Jruc/. For these tests, 250 gripe betel-nuts 
fromllae Wcsl Khasi llills area were obtained from the local market. 
After remov;al of llu: libruus coats, the nuts were ground and sus­
pended in 250 ml distilled water and kept at room temperature for 
24 h. The suspension was filtered through a 0.45 filll Millipore filler 
and the lillrale was lyophilized in a Sccfroid Lyolab Dlllyophilizer. 
The lyophilized mass was kepi at 4 "C until usc. This procedure is 
henceforth called aqueous extract of betel-nut (AEBN). 

'fi:1:1'11<' m/iun·. Three-week-old Swiss albitlll mice (male andlcmale) 
were sacriliccd l'or kidney cell culture. The kidneys wen: aspctically rc­
mowd, minced and suspended in saline solution. After thorough 
washing the tissue was trypsinized at 37 OC in 0.25% trypsin solution 
in Ca2+- and MGZ+ -free-phosphate-buffered saline. Sterile Eagle's 
minimal essential medium, buffered with sodium bicarbonate 
(2.8%), containing 100 units/ml antibiotics (streptomycin, penicillin 
and fungizone) and 10% fetal calf serum was used as growth me­
dium. Cells (2.85 x 1 05) were dispensed into each culture tube and in­
cubated at 37 ± 0.2 "C in a sterile incubator. 

EmoneruJion of<·e/ls in culture. Enumeration of viable cells in the cul­
ture tubes was done by a dye-exclusion technique (Phillips 1973). In 
brief, a drop of the content of each tissue-culture tube was stained 
with 1% try pan blue. Five minutes later this was counted in a light 
microscope using a hacmocytometer. From this, the population dou­
bling time and the toxicities of AEBN or arecoline treatments were 
calculated by counting the viable and dead cell populations. 

TrcuJmenJ of cell cui Jure wilh arecoline and AEBN. Sterile arecoline 
(I mg/ml) and AEBN (S mgfml) stock solutions were prepared in 
llanks' balanced sail solution. Cultures were exposed to these two 
d1emicals on the day of seeding. A single dose of arecoline ( 10 figfml) 
and two doses of AEBN (100 llgfml and 250 figfml) were used in 
these experiments. A dose of 100 llg/ml AEBN contains approxi­
m:ltcly 2%-3.5% arecoline and 2%-3% arecaidine as analysed in 
our laburatmy, high.:r values than that reported in the literature (sec 
IARC t9M5). 

O~ronwlograpii.J'. The alkaline DNA-unw·lml'mg \cchnique of 
Rydberg (1975) was employed with minor modilications to analyse 
DNA strand breaks on hydroxyapatite columns. The exact method 
lws been described in our earlier publication (Srivastava ct al. 1982). 
DNA estimation was carried out according to Burton (1968) with 
minor modifications.' 

Results and discussion 

Figure 1 shows the viable cell growth with respect to 
time for control (untreated), arecoline-treated and 
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Fig. I. Count of viable cells as a function of time for control, areco­
line and AEBN-treated mouse kidney cells in culture (sec also M:ltc­
rials and methods). Each poinl is mean ±SO (shown by bars) of 5-7 
independent experiments. No bar means that SD is smaller than th..: 
thick ness of the point 

AEBN-treated cultures. The control tubes showed ap­
proximately 100% increase in population after 18-19 h 
with confluent monolayer formation on the 3rd day 
after seeding. The arecoline (10 ~g/ml)-treated cells 
showed a delayed cell duplication time and monolayer 
formation. While 250 ~tg/ml AEBN was drastically 
toxic to the cells, the culture tubes with 100 ~tg/ml 
AEBN exhibited attainment of con fluency a day ear­
lier than the control. However, it showed an approxi­
mately 10% lower viable cell count. Owing to the 
acute toxicity of 250 ~tg/ml AEBN, this dose has not 
been used in the following experimental protocol. 

Figure 2 shows the results of DNA strand break 
analysis. Damage to DNA has been expressed as the 
ratio of ssDNAjdsDNA recovered. Arecoline-treated 
cells show a very significant increase in the ssDNA/ 
dsDNA ratio (which means DNA damage) with time. 
The damage reduces slightly after 3rd day. The 
AEBN-(100 ~g/ml)-treated cells show significant 
damage to DNA compared with the controls, bul this 
is not as drastic as that caused by arecoline. These data 
have been tabulated from the total amounts ofssDNA 
and dsDNA recovered from hydroxyapa\ite columm 
from different groups of cells (data not shown here). 

The dose of AEBN Lo be administered in our ex­
periment was determined such Lhal we have a dose 
comparable to that to which the population in this 
area is exposed following the customary consumption 
of betel-nuts. On the basis of our surveys (to be com­
municated separately), a dose of 100 ltg/ml AEBN 
was found appropriate. In addition, a higher dose of 
250 jlgjml AEBN was also chosen. Similarly, the dose 
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l<ag. 2. D,unagc to DNA (expre~~ed a~ the rallo of ~~DNA lo 
dsDNA) as functaon of tame for control, arccohnc ,md AEBN­
Ireatcd mnu'>c kadncy t.ell'> an cullure ('>ee .1bn Mdtenab ,and method~ 
.ua<l'i11v."t.av.a ~~ .al I'JX::!) I .a~ra pomt "'the m~.111 j_Sl> bhuwn by 
han) ul .at lc."l lour dctcnnm.IIIOIJ\ 

of arecoline was adjusted to have approximately the 
-..ulle ,IIIHIUlll of lim ,llt...,l101d pll!'>Clll a-; the ,!Vel ,,ge 
total alkaloids m 100 Jlgfml AEBN (see IARC 1985). 

We observe no morphological signs of transforma­
tion until the end of 4 days with either arecoline or 
AEBN, except for a reduced cell-cycle ttme (see be­
low) Ashby et al. (1979) have reported mduction of 
cell tran~formatJOn by both arecoline and arecaidme 
from betel-nut. The difference in our results could be 
due to the doses of arecoline (10 Jlg/ml) and AEBN 
(1 00 Jlgfml); probably both are below the threshold 
dose for showing morphological signs of transforma­
tiOn in JUSt 4 days. However, we make a significant ob­
servation that 100 Jlg/ml AEBN is able to reduce the 
duration of the cell cycle such that monolayer forma­
tion occurs a day earlier as compared to the control 
tubes (Fig. 2). It is interesting to note that while 
100 Jlg/ml AEBN does not cause drastic damage to 
DNA through strand breakage (Ftg. 2) it hastens the 
process of monolayer formation by 1 day (which 
could be taken as an important sign of mitiation of 
ca1 cmogene~is or transformatiOn). As ag.tin~t this, 
10 ~g/ml arecoline does cause drastic damage to DNA 
through ~11 . .tnd breakage but fmls lo accelerate the 
monolayer formation. The cells of this group, instead, 
~how a ~lower rate of proltferation, as the monolayer 
wa~ formed on the 4th day after seedmg. Both AEBN 
(I 00 ~tg/ml) ,md a1ccolmc (I 0 ~g/ml) showed re~pcc­
ttvcly 5%-7.5% and 10%-12% tox1c1ty Pamgrahi 
and Rao (1982) have also shown the chromosome-

SHI 

breakmg ability of aiecohne Ill bone lll,lllOW cdb. 
Our results conform with their re~ulb, but m add!lton 
we observe an import,mt phenomenon ofh1ghe1 DNA 
damage and ,1 lower I ,tte or c.elJ pwhrct.ltiOn .tfll!J 
10 ~g/ml arecoline, and td.ltlwly low DNA d.uu.1ge 
and an enhanced rate of cell proliferatiOn after 100 Jlg/ 
ml AEBN. This, therefore, suggests that Ill additiOnal 
to an ability to break DNA strand~. the AEBN h.ts 
some additional factor(s) that can imtmte and/or pro­
mote cell proliferation, which could eventually lead to 
carcinogenic tran!>l"ormation. These additwn.lll~lctors 
may be present in the AEBN or may be a metabolic 
product of the cono.,tituenh of AEBN 111 the h1ologlc<ll 
system. Apparently, optimal (or specific?) DNA dam­
age and the presence ortlm (these) additwn,il factor(s) 
seem necessary to enhance the cell plllllrei.Ition r.1tc 
because a higher dose ofAEBN (250 Jlg/ml) wa~ lethal 
to the cells m culture (Fig. 1) Tim may mean that a 
h1gher dose of AEBN may cau~c vc1y severe d.1m.1ge 
or more nonspecific damage to DNA ~o tho~t It lead:. 
to cell death rather than transformation. Failure of 
arecoline (10 pg/ml) In enhance monolayc1 formaL1on 
could be due to fact... or ,!ddlltOil.ll r.u.:llll('>) Lh,lt m.1y 
h.tve been ple~enl Ill ALBN We ,IJC Ill the plllL"l!~~ or 
analysing the components of these unprocessed betel­
nuts and monitoring unscheduled DNA synthesis 
(UDS) undc1 lhc~L' c\pctlliiL'IIl.llrondtiHlll" 

Atknow/edgemenl~ Author~ gratdully acknowll:dg.: help laom Or 
A K Prasdd, V P Chest In~lllule, Dehh and Mr LaltanpUid 
Thanks are due Io Mass D BcdUJCdn for typmg the manuscnpl 

References 

ArJunga KN (!976) Areca nul A rcvaew Arzneamaltelfor;chung 
26.951-956 

Ashby J, Siyles JA, Boyland E (1979) U.:td nub. aiCL.udan.: and ur,d 
cancer Ldncel I 112 

Burton K (1968) Dclcrnun.allon of DNA l:Onu:nlr.allon wllh diphc­
nyl.unm.: Mcthmh h11ymul 12 II 161 166 

!ARC (1985) lnlernallonal Agency for Research on Cancer, Lyons 
Tobdcco hdbat; other Ihan ~moking betel-quad .and arec.t-nut 
chcwmg and some related mlrosanuncs (I ARC monogr.1phs on 
the evaluallon of Ihe carcmogemc nsk of chemacdb to hum.an~. 
vol 37) 

Muir CS, Kark R (1960) ll.:ld, Iobacco .tnd c..an~.ocr ul mouth Ur J 
C.1ncer 14 597-608 

Pamgr.1h1 GB, R.1o AR (1982) Chrumo~umc bre.aJ..mg .abahty of 
arecohne, a m.aJor betel nul .aiLaload, m mou'c bone marrow 
c.dh 111 VIVO Mut.at Rc\ till I'J7 204 

Ph1lhps HJ (1973) Dye cxclu~aon Ie;t~ for cell vaabahly In Kru~c PI 
Jr, P.lllerson MK (cd~) Tas•uc cultur.: nu:lhOlh .and .apphc,ataons 
Acadcm1c Pre_., N.:w Y 01 k p 406 

Rydberg B (1975) The rail! ol ~lr.md \Cp.ar.alllln 111 ,I!J....dlul ONA ol 
Jrradl.!tcd mamm.aho~n cclb R.ldJ.II Rc> 66 274 287 

Shangva LD (1981) Cancer epada:maolugy, the lndJ.an ~ccnc J Cancer 
Rc., Clan Oncol 99 I 14 

Shaq> rM (l<J4!l) 1\lk.lllliJ, ol IIIII/ "' held IIIII In 1\htdadl (" \ 
(cd) Allen·~ comm.:reao~l mg.amL .an.aly"'· 'ilh cdn. vol 7 
Churchall, London, pp 52-57 



51!2 

Sh1rn.unc LP, Menon MM, N,ur J, Bh1dc SV (1983) Correl.1t10n ol 
mul.tl'~n•'- .uul llnnongcncllly of h~id q111d .111<1 1h mgrcd1cnh 
Null ( .tJILLI '> X7 '.II 

'>IIV."I.tv,, I'N, ~h.tr.m RN, Pon1 L (19ll2) lffcl.l oflntiJicd w.ucr 
mgc~liun on llliLC Ill D.!m.lgc .1t Lcllul.!r v1~ .t-v•~ ~ubu:llul.1r 
levd mumlon:d upl four gcncr.!hon~ In Rc:yn.1nd, C (cd) 
Nude.tr mcdJLmc .111d h1ology Adv, vol 4, Pcrg.1mon Pre~~. 

Oxf01<1, pp 291!'.1 29'.12 
Slll.h II F. Bohm B, Ch.illCrJI K, S.tllo J (1983) The role of S.!hve­

bornc mutJgcn~ .md cMcmogcn~ 111 the etiOlogy of ordl Jnd 
oc~ophJgc.JIL.trcmom.ts of betel nut dnd tobacco chewers ln 
~ll1.h IIF (cd) Carcmogen~ .tnd mutagens 111 the environment, 
vol 3, N.uur.!lly occumng compounds CRC Press, Boca Raton, 
Fl 

K K W.try .md R N Sl1.1r.1n f fled\ ol held nul c,II.ILIIII \Hill 

SIILh HF, SIKh W (191!2) Chromowmc-dJnldgmg .iLIIVIty of ~.~hvd 
of he lei nul h>h.ILL o 'h<'W<'r\ \.1 11<<'1 I <'II I ~ Ill l 1 (1" 

~IILh Ill, ~lrdl W, .111d l'.ulll.t 1111 (llJX2) 11<\.tlul lu<jllliiLY <~I 

nucronudeJted u:lb Ill I he hULLolllllULO~J of Uldlvldu,lb .11 lugh 
n~k lor or.1l C.IIILCr bctclqu•d dJcwcr~ C.inLcr Lclt 17 125 
134 

UmcJ'.IW.l K, f·UJie S, ~.1w.umu.1 S, M.1huhun.1 M T.m.1J...1 Y, 
T .iJ...ty.lm.l S lf 'Jill) Mill phologlc.illy ll.lll\fllllll.llillll, \l~lcr 

chrom.tlld exch.1ngc~ .1nd muiJgcnc~•~ .~~~.~y of betel con~lllu­
enls Toxtcol Lett 8 17-22 

Rece1ved M.1rch 28, 1988 I AcLcpted July 7, 19llll 



OTHER PUBLICATIONS 



J. RADIAl. RfS., 29,104-109 ( 191111) 

Effect of the Radioprotector 2-Mercaptopropionylglycine (MPG) on the 

Radiation Inactivation of Catalase in Vztro 
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(Rece1ved July 6, 1987) 
(Rev1~ed Vemon, accepted November 26, 1987) 

MPG /Rad 1a twn protechon/Rad 1olyMs/Ca talase 
Stud1cs were performed to proVIde mechamstlc ms1ghts mto the action of the radiOprotector drug, 

2-mercJptopropJOnylglycme (MPG) followmg the radJOlysts of catalase, a detoxtfymg enzyme The cn7yme 

solution WJS 'Y-urJdtJtcd m the presence .1nd Jbscnce of MPG The enzyme Jt.tJVIly was momtorcd 111 VItro 

usmg H2 0 2 as .1 substrate MPG beho~vcd pnmanly as a radiOprotectiVe drug However, due to the prc~cncc of 
I c*/re+++-, and the m homogeneity of catalase, under certam condtttons there was cucumstJnt.t.U tnterJctJon 

ot I c*/re-t+t- With MPG, resultmg m the formatiOn of <~n umt.1blc catJlo~~e I e*/re+++- -MPG chelate/complex 

Tins resulted m the radtosensJtumg effect of MPG on enzyme c.t.tJlase. 

INTRODUCTION 

2-mercaptopropwnylglycme (MPG) has been Widely used as a potent radtoprotector 111 

1'11'0 and m 1'llro1
-

3 >. The proposed radioprotective mechamsm vanes from d release of endo 

genous protet.tors4 >, to a lugh tedox potential5
), to free radic.li sc.IVengmg6 > However, MPC 

dtd not exlubtt the protection charactenstJc of spontaneous or chenucally mduced hprd pero­

xtdatJOn 7 >, 01 certam condtttons of rddiatJOn-mduced microsomal hptd peroxtddhon2 > F10m 

these vtew pomts, we have stuved to reason the protectmn/non-protectwn ofle1ed by MPC We 
have chosen an enzyme catalase because. (1) 1t acts as an oxtdtlmg agent to ethanol, wtth the 
consumption of 1 mole of peroxtde, that ts, 11 decomposes hydrogen peroxtde ( detoxtftcatton). 

p!Ovtdmg a convetuent Jssay procedure, and (u) 11 has been used extenSIVely to dec1plier the 

mc~.h • .uusm of tadwlysts of protcm8 >. Our cxpemncntJl godl was to plouue ulSight mto the 

mechdmsm of radioprotection or lack of protectiOn by MPG m the rad1atton mduced mad! 
vallon of catalase 

*To whom all correspondence should be addressed Presently on leave at lnsutut tur Mcdum, Kl A, 
PostfJch 1913, D-5170 JUhch (FRG) 
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EXPERIMENTAL 

Chenucals 

All chemacals used were of analytical grade and were used Without further punficat10n. 
Water was de10nu:ed before glass-double distillatiOn. 

Catalase (EC.l 11 1.6) 
Catalase was obtamed from Stgma Chemacal Co., USA. Faeshly prepared catalase solution 

m 'iO mM phosphate buffer. pH 7.0, was used The followmg concenlrJtiOns of c.atalJ\C weae 
u\eu m tlus work (m 1-1g/ml) 0.44, 1.32, 2.20, 3.10, 3.70, anti 4.80 One unat of en;yme 
uecomposes I 0 lllllole of 112 0 2 per nunute, at pH 7.0 and 25°C. 

Catalase Assay System 
lnuuclllalcly .a flea ua.u.ll.atton al aoum tcmpca.at111 e (::!3°C'). a~'·'Y w.1, p!!l folllll'd .lllllllllllg 

to the method of Aebi (1984)9
), wath minor modtficatlons. The durataon of assay was 30 ~ec. 

The enzyme actiVity is expressed as a dtfference in absorbance (t.A240 ) per umt time. Each data 
point represents a mean ± S.E. for 10 to 15 assays m a Hitachi spectrophotometer. 

2-mercaptopropiony/g/ycme ( MPG) 

MPG was obtamed from Prof. Tsutomu Sugahara, Kyoto (Japan), under the t1ade n.une, 
Ttopronm, marketed by Santen Pharmaceutical Co. Ltd., Japan. MPG, 0.002 M, was freshly 
prepared in 50 mM phosphate buffer, pH 7 .0. The concentration of MPG in the expeuments 
was 0 001 M. 

Gamma-zrrad~atwn 

A 6°Co-source (Model-Gamma Chamber-900, BARC, India) delivering 'Y-radaatwn at a 
dose rate of 1 Gy/sec, was used. 1 ml enzyme solutions of appropriate concentrations weae 
mixed wath 1 ml phosphate buffer or 1 ml MPG, as required, were allowed to stand foa IS 
nunute~ at room temperature (23°C), then uradaated under nmmal atmo!>phcau.: cunda11nn' 
wath doses of 10, 20, 40 and 80 Gy. 

RESULTS AND DISCUSSIONS 

Changes in enzyme actav1ty m terms of change in absorbance at 240 nm followmg vanous 
doses 6°Co madiatlon, With and without MPG, are shown in Figures 1 and 2 A relatiVely sharp 
reduction m catalase acttvity (50 to 68%) was observed m all cases, when tt wa~ suppl!!mentcu 
wath MPG. At low enzyme concentratiOns (0.44 and 1.32 1-1g/ml), the uutml depressaun 111 

activity at 10 Gy 'Y-ray shows increased activity up to 40 Gy (Figures lA and IB). At h1gher 
concentrations of enzyme (2.20, 3.10, 3.90 and 4.80 1-1g/ml), howevet, the observed acttvlly at 
10 Gy is followed by a gradual dechne m activity wath mcreasmg -y-ray doses (Fag '2A. B. C and 
D). Whale the radJataon dose remams the same for the low eallyme concentt.atton gaoup (Fag. 

lA and B) and the lugh en7yme concentratiOn group (Fag. 2A, B, C and D), only the former 
shows a trend of reverstbthty of effect aftea a dose of 10 Gy. The damage seems to be severe, 
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and to some extent dose-dependent, beyond a radiation dose of 10 Gy for higher concentra­
tions of enzyme (Fig. 2A, B, C and 0). These results indicate that the concentration of the 
enzyme may influence radiation damage aJ'ter a dose of 10 Gy. 

In the presence of MPG (0.002 Madded to the enzyme preparation 15 min prior to irradia­

tion), from 20 to 40 Gy radiation for various concentrations of catalase induced further re­

duction in enzyme activity (meaning sensitization of catalase) instead of the expected increase 

in enzyme activity towards the normal value (which would have meant the protection of 

catalase). This was followed by an insignificant increase in enzyme activity (protection) in the 

low protein concentration group (Fig. •1) and a noticeable increase in enzyme activity (pro­

tection) in the high protein concentration group (Fig. 2). 

The initial decrease in enzyme activity in the controls with the mere addition of MPG cau 

be explained by the formation of MPG-Fe* chelate compound, as suggested by Ayene and 

Srivastava ( 1985)2 >; Fe* being provided by the four haematinic groups of the enzyme. We 

believe that Fe* may not be fully released from the enzyme, but rather, that it remains partially 
exposed for this chelate formation (see below). This has also been suggested by Aycnc and 

Srivastava ( 1985)2
). This may possibly result in the formation of a complex like MPC-Fc .. -

catalase. This presumption is advanced in an attempt to explain some of the observations in 
this experiment, cited. To determine whether of this complex involving Fe* was formed, we 

attempted to supply Fe* and Fe- ions exogenously to the catalase-MPG solution in order to 

check the competition of the exogenously supplied Fe*/Fe- and the haematinic groups of the 

catalase for MPG. Our efforts were unsuccessful due to the drastic lowering of pH, and pro­

blems in solubility and denaturation. Further work to ascertain this is in progress in this labo­
ratory. The possibility of an interaction of MPG with the substrate of catalase (i.e., 11 2 0 2 ) 

has been experimentally ruled out in our laboratory, but the results are not included here. 
Hence, three factors may be operating on catalase in the presence only of MPG, or MPG 

and radiation: 
i) Forml!tion of MPG-Fe* chelate/complex, partially disturbing the structural entity or cata­

lase in the haematinic unit, may be the reason for the decrease in enzyme activity in controls; 

ii) Radiation-mediated formation of the chelate/complex leading to the same factor as cited 

above; 
iii) Interaction of free radicals produced as a result of radiation, with the <~rniuo <rckl rnoidics 
of the enzyme causing deactivation. 

The results indicate that radiation probably enhances the MPG-Fe*/Fe- chelate/com­

plex formation which apparently induces the sensitization effect of MPG for up to 20 Gy (Fig. 

1) or 40 Gy (Fig. 2) radiation. The free radical population may not be scavenged by MPG in the 

form of MPG-Fe*/Fe- chelate/complex. With doses higher than 20-40 Gy, probably the 

MPG-Fe*/Fe+++ chelate/complex is broken down to MPG and Fe*/Fe- components. In this 
condition, while MPG can scavenge free radicals, Fe*/Fe- can freely restore the structural 
entity of the haematinic groups by interaction with apocatalase for the restoration of enzyme 
activity, thereby showing protective effect. 

The differences in the pattern of MPG-mediated protective action in Fig. I and Fig. 2 

needs further clarification. In the case of the high enzyme concentration group (Fig. 2), the 
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free Fe++/Fe+++ could probably restore catalase activity to the MPG treated control level (i.e. 
without radiation) indicating that the apocatalase portion was not irreversibly damaged by 
radiation. In the low enzyme concentration group (Fig. I). since there was only partial MPG­
IIIL'dialeu resloralioll or activity (below MPG lrcaleu COII(rullcvd), appareully, lhe apocalalase 

portion was damaged more significantly. This may be due to the concentration of free radicals 
available to :eact with unit amino acid residues of the apocatalase is higher in the case of low 
enzyme concentration group, and vice versa. 

Thus, our results seem to indicate that the radioprotective effect of Ml>G is primarily due 

to free radical scavenging. This is supported by Mishra and Srivastava (1981)6
), and Ambanelli 

et al. (1981)10 ). The apparent sensitization by MPG for lower doses of radiation was due to 
circumstantial interaction of MPG with Fe++/Fe+++. However, this dual behaviour of MPG 
(protection as well as sensitization) must be carefully considered in radiotherapy involving 

MPG, for the most effective use of this drug. 
Additional work is in progress in this laboratory to study the interaction of MPG with 

Fe++/Fe+++ using stopped flow spectroscopy to elucidate the chemical nature of this interaction. 
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2-Mercaptoproplonyl Glycine (MPG) Induced 
Protection of DNA Dam ·1ge 

In Gamma-Irradiated Human Lymphocytes: 
A Preliminary Report 

K.K. Wary 
Laltanpula 
R.N. Sbaran 
(Sblllong) 

2-Mercaptoproplonyl glycine (MPG) Is an 
aminothiol which has been found to be a 
promising radioprotective compound with 
the effective dose (20 mg/kg body weight) 
far below the toxic dose (2100 mg/kg body 
weight) ln mice (1-4). The Influence of 
MPG, Thloprollne, WR 2721 and Cysteamine 
on radiation Induced lipid peroxidatlon of 
erythrocytes show that MPG renders the 
most effective radioprotection (5), 

Lymphocytes are a vulnerable radiation 
L. .. rget. It bas been shown that lymphocyte 
count did not Increase In cervical 
carcinoma patients following radiotherapy 
when the patients received MPG (250 
mg/patient) 15 to 30 min prior to 
Irradiation (6). In DNA, Ionizing 
radiations Induce predominantly single 
strand breaks (SSB) but double strand 
breaks (DSB) and altered DNA bases are 
also produced (7). The formations of SSB, 
DSB and lntermolecularly llnked DNA due to 
exposure to radiation have been studied 
for many years. However, no clear 
understanding about the Influence of 
radioprotective drug, such as MPG, Is 
available. Due to therapeutic Importance 
In· radiotherapy it would be desirable to 
see the Influence of MPG on DNA damage. 
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It h further necessitated because our 
recent study on MPG affordable protection 
to the enzyme catalase has shown that 
under ~peclflc circumstances MI'G may 
apparently behave as a radlosensltlzer 
rather than radioprotector (4). ~ · 

Materials and Methods 
Chemical: 

All chemicals were of analytical grade 
and were used without further 
purification. Deionized double distilled 
water was used to prepare reagents and 
solutions. 

Lymphocyte culture: . 
From 20.00 ml asepllcully druwn lnun,m 

venous blood, lymphocytes were obtained by 
use of blstoj,~'-Jue. Cell population was 
enumerated

6
1n a hemocytometer and adjusted 

to 2 x 10 cells/ml In a growth medium 
(RPMI 1640, Dlfco Lobs., USA) containing 
0.2% phytohemagglutinin (Gibco Labs., USA) 
and 2.8% sodium bicarbonate at pH 7.2 and 
supplemented with 15% fetal calf :.crum 
(Sigma Chern. Co., USA). The culture tubes 
were Incubated in a C02 Incubator at 37 °C, 

Treatment of cells with MPG: 
Appropriate amounts of MPG were added 

to the 58 hour-old lymphocytes In culture 
tubes to get desired 0.02 mM, 0.05 mM and 
0.1 mM concentrations 15 min prior to 
Irradiation. MPG was a gift from 
Professor T.Sugahara, japan marketed by 
Santen Pharmaceutical Co., japan. 

Irradiation: 
The lymphocytes (6 - 1 x 106 In 3.00 ml 

%6 PBS) were Irradiated In cold with a 
Co source (Gamma Chamber 900, BARC, 

India) delivering gamma-radiation at a 
dose rate of 0.6 Gy/sec. 

Hydroxylapatite column chromatography: 
Alkaline unwinding technique was 

employed to analyze DNA strand breaks by 
use of hydroxylapatite as described by 
Rydberg (8). The details of the 
methodology has been described In our 
previous publication (9). DNA was 
estimated by the method of Burton (10) 
with minor modifications. 

The damage of DNA has been calculated 
as ratio of SSB to DSB obtained using the 
following relation: 

illlDLilt of J& elutro by 29J nf.J fhosfl-.ate buffer· {1\'ill) 



Each data point In the graph represents 
mean + SEM of 4 to 5 Independent 
experiments. 

Results and Discussion 
In figure 1, the control and MPG 

treated lymphocytes show a dose dependent 
Increase In the damage to DNA following 
gamma-Irradiation. A significant Increase 
In the SSB to DSB ratio was observed In 
all MPG treated groups, as compared to the 
control for the dose between 2. Gy and 4 Gy 
of gamma radiation. But beyond 4 Gy of 
gamma radiation 0.02 mM and 0,05 mM MPG 
appeared to Induce no significant 
protection. On the contrary, the group 
with 0.1 mM MPG continued to show 
protection to DNA beyond 4 Gy gamma dose 
also. Hence, our results show that the 
optimal concentration or MPG necessary to 
provide protection to DNA for the dose 
range used In our experiments Is 0.1 mM. 
Apparently, as the dose Increases, the 
amount of MPG should also Increase In 
order to cope up with the Increase In 
damage to DNA or, perhaps, to protect the 
repair enzymes necesso.ry to repair the 
damage to DNA. In order to check the 
Influence of 0. I mM MPG on lymphocyte 
survival following gamma-Irradiation In 
t.hls dose range, another experiment was 
conducted (Fig. 2). Progressively 
Increasing survival was seen as the dose 
Increased Indicating that this dose of MPG 
was effectively protecting the lymphocyte 
population without any apparent toxicity. 

Our results show that treatment of 
human lymphocytes with MPG can modify 
gamma-ray Induced DNA damage and repair. 
The effective dose of MPG to show 
protection to DNA against Gam rna-ray 
Induced strand breaks of MPG (0.02mM and 
0.05 mM) show protection only up to 4 Gy 
dose. for slgnlflcant protection beyond 4 
Gy dose, a higher dose of MPG (0.1 mM) 
seem necessary. We, therefore, conclude 
that depending on the dose of radiation 
required In radiotherapy lt may be 
necessary to adjust the quantity of MPG to 
be administered for most optimal 
radioprotection. 
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Fig. 1 
SSB ca DSB racla lallawlnc ral'lous 4ases 
of Gamma radiation to human lymphocytes 
without (o---c) and with 0.02 mM MPG 
( D-·····0 ), 0.05 mM MPG ( Cs:·-·--·A ) an<1 0.1 
mM MPG ( e-···-. ). 
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Fig. 2 
EHect of 0.1 mM MPG on the survival of 
human lymphocytes following gamma­
Irradiation. The cells were lncubllted 
with or without MPG (0.1 mM) 15 min before 
Irradiation. The survival count was <tone 
15 min post Irradiation using dye­
exclusion technique. The survival In 
absence of MPG Is shown by o----o and that 
In presence Is shown by •·····-• • 
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EFFECTS OF ARECOLINE AND SODIUM NITRITE ON IN VITRO 
CULTURED HUMAN CELLS 

K.K. WARY and R.N. SHARAN, Radiation & Molecular Biology 
Unit, Department of Biochemistry, North-Eastern Hill Univer­
sity, SHILLONG 793 014, India. 

Arecoline, an active alkaloid of Areca catechu L and sodium 
nitrite, a food additive, have been shown to be cytotoxic 
and cytostatic in Hep 2 human cell line if administered 
in an acid environment [pH 4.2] in presence of S-9 mixture. 
We have found that their effects were additive in nature. On 
treatment of Hep 2 cells to this combination, the decreased 
cell survival and de novo DNA synthesis indicates mutagene­
city of these chemicals to Hep 2 cells. Mu~agenecity was 
further substantiated by the fact that on H-Thymidin..: 
labelling showed synthesis of DNA outside the S-phase. The 
observation of temporary inhibition of DNA synthesis by 
these chemicals seemed due to metabolic block, because upon 
removal of these chemicals DNA synthesis was restored. We 
also observed delay in protein synthesis. ~he cytotoxicity 
seemed related to the replicative activity of DNA.The role of 
chemically reactive species formed by arecoline and sodium 
nitrite will be discussed in relation to cytotoxicity. 


