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Thin layer chromatography of

AEBN

Figure 1. Thin layer chromatography of aqueous extract

of betel nut (AEBN) for detection of pre-
sence of alkaloids. A. arecoline, B. arecai-
dine and C & D AEBN following use of Dragen-
dorff's 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 U1l of test sample were
injected (see Materials and Methods for details) to a Zorbax
ODS1 reverse phase analytical column. The column was equi-
1ibra§:ed 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). FEach 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.
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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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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 1line. The inset shows
the average total protein in kidneys over the same protocol.
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Count of viable cells as a function of concentration for
arecoline, AEBN, alcohol extract of betel nut, 0.1 N HCIl
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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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 (o0——0); 2. pH
4.2 (e—e); 3. 10 Mg arecoline (O—a); 4. 20 Ug arecoline
(w—ma) and 5. 80 ug arecoline (A—A). 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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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—o0); 2.
pH 4.2 (e—e); 3. 10 Mg sodium nitrite (o—o); 4. 50 ug
sodium nitrite (wm—m) and 5. 100 Ug sodium nitrite (4—A).
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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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 Hg sodium nitrite and 10 Mg arecoline (o0—o0);
2. 10 g sodium nitrite and 20 Mg arecoline (e—e) and
3. 10 ug sodium nitrite and 80 Ug arecoline ( G—1).
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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1"C—Thymidine (1 WCi/ml) incorporation to the cells were
studied at intervals following 30 minutes treatment with
or without arecoline at pH 4.2 in presence of S5-9 mixture.
1. pH 7.2 (0—o0); 2. pH 4.2 (e—e); 3. 10 Hg arecoline
(O0—<a); 4. 20 Mg arecoline (m—=a) and 5. 80 Ug arecoline
(A~—A). 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. 1L'C---Thymicfline (1 uCi/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 (0—o0); 2. pH 4.2 (e—e); 3. 10 Ug sodium  nitrite
(O0—); 4. 50 UuUg sodium nitrite (@m—®) and 5. 100 ug
sodium nitrite (4—A). 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"C—Thymidine (1 uCi/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 (0—o0); 2. pH 4.2 (e—e);
3. 10 ug sodium nitrite and 10 Ug arecoline (B B); 4.
10 Mg sodium nitrite and 20 Mg arecoline (m—®) and 5.
10 ug sodium nitrite and 80 ug arecoline (4—A). 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. 1%C-Leucine (1 uCi/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 $-9 mixture.
1. pH 7.2 (0—o0); 2. pH 4.2 (e—e); 3. 10 Mg sodium
nitrite (0—ao); 4. 50 Ug sodium nitrite (®—a); 5. 100
Ug sodium nitrite (A—A); 6. 10 ug arecoline (D—n);
7. 20 ug arecoline (B3—n); 8. 80 Wg arecoline (A—A);
9. 10 Mg sodium nitrite and 10 Wg arecoline (BG—-0);
10. 10 Ug sodium nitrite and 20 Ug arecoline (®—8&);
11. 10 Mg sodium nitrite and 80 Wg arecoline (4——4).
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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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 ug sodium nitrite and 10 Ug arecoline (o—o0); 2.
10 ug sodium nitrite and 20 ug arecoline (e——e) and
3. 10 Ug sodium nitrite and 80 Ug arecoline (B—mn).
Fach 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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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 mixture and test chemicals
and incubation continued upto 180 minutes. 1. 10 Mg sodium
nitrite and 10 ug arecoline (o—o0); 2. 10 ug sodium nitrite
and 20 Mg arecoline (e——e); 3. 10 Ug sodium nitrite
and 80 Mg arecoline (o—mn). 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 (C) represents carbon monoxide binding
spectra of Cytochrome P-450. (30 mg protein/ml, Cyto-
chrome P-450 4.6 UM/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 Hg arecoline curve B was obtained. On further
incubation (10 minutes) curve C was obtained. The concen-
tration of Cytochrome P-450 was 4.6 UM/mg protein at
37°C and 10 mm pathlength.
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apud chiesser v (Wenk o cord Haf bmarns, 19287 Naar ol ol el 1L
s al been shown Lhal  aguaeuis estbr wel. ot boelol b
etthiniiib st ered olony warth praline and  pelrale tn rale voead oo
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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 hetél—nut extract in vitro

K. K. Wary and R. N. Sharan

Radiation and Molccular Biology Unit, Department of Biochemistry, School of Life Sciences, North-Eastern 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 able to enhance the rate of cell division at a dose of
100 pg/ml while a higher dose of 250 pg/ml was ex-
tremely toxic to the cells. Compared with arecoline
(10 pg/ml), 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
catechu L.) is normally chewed with betel leal (Piper
betle L.) and a little slaked lime. This results in charac-
teristically 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. 1979; IARC 1985) and accounts for
over 50% ol the total cancer incidence in India
(Sanghvi 1981). The Khasi 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 reccived from D.O.E.
under Himalayan Eco-Development Praject, N.E.H.U. (Eco-Dev/
85/6)

Offprint requests to: R. N. Sharan at his current address: Institut fiic
Medizin, 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 IARC 1985).
From this region a higher frequency of occurrence of
micronucleated cells in buccal mucosa of people who
chew betel-nuts has been reported (Stich et al. 1982;
Stich et al. 1983). 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 increased rate of
mutation in Salmonella typhimuriven (Shirname 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 ct al.
1979; Sharp 1948), becomes an important subject 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 capable ol breaking DNA
strands in the bone marrow cells in vitro (Panigrahi
and Rao 1982). These reports of work using purified
alkaloids of the beltel-nut (arecoline, arccaidine ctc.)
provide valuable information about their role in the
process ol carcinogenesis. But the results may not be
the same when a complex mixture of alkaloids and
other organic materials, such as those in betel-nut, is
administered. This information, however, will be very
relevant to the human condition where betel-nut
chewers are exposed to such a complex mixture of
alkaloids and other organic matcerials. 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
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caused by betel-nut products (IARC 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

Chemicals. Al chemicals for tissue culture were ol tissuc-culture
prade. Other chemicals were of analytical grade and were used with-
vt tuether purification. Delonized double-distilled water was used
o piepare reagents and solutions.

Preparation of betel-nut extract. For these lests, 250 g ripe betel-nuts
from the West Khasi Hills arca were obtained from the local market.
Alter removal of the librous coats, the nuts were ground and sus-
pended in 250 ml distilled water and kept at room temperature for
24 h. The suspension was (iltered through a 0.45 pm Millipore filter
and the filtrate was lyophilized in a Secfroid Lyolab BII lyophilizer.
The lyophilized mass was kept at 4 °C until use. This procedure is
henceforth called aqueous extract of betel-nut (AEBN).

Tissue culture. Three-week-old Swiss albino mice (male and lemale)
were sacrificed Tor kidney cell culture. The kidneys were aspetically re-
moved, minced and suspended in suline solution. Aller thorough
washing the tissue was trypsinized at 37 °C in 0.25% trypsin solution
in Ca®*- and MG?* -Iree-phosphate-bulffered 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 10°%) were dispensed into each culture tube and in-
cubated at 37£0.2 °C in a sterile incubator.

Enumeration of cells in culiure. 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% trypan blue. Five minutes later this was counted in a light
microscope using i haemaocytometer. From this, the population dou-
bling time and the toxicities of AEBN or arecoline treatments were
caleulated by counting the viable and dead cell populations.

Treatment of cell culture with arecoline and AEBN. Sterile arecoline
(1 mg/ml) and AEBN (5 mg/ml) stock solutions were prepared in
Fhanks® bulanced salt solution. Cullures were exposcd 1o these two
chemicals on the day of seeding. A single dose of arccoline (10 pg/ml)
and two doses of AEBN (100 pg/m! and 250 pg/mly were used in
these experiments. A dose of 100 pg/ml AEBN conlains approxi-
malely 2%-3.5% arccoline and 2%-3% arccaidine as analysed in
our faboratory, higher values than that reported in the literature (see
1ARC 1985).

Chromatography. The alkaline DNA-unwinding technique of
Rydberg (1975) was employed with minor modifications to analyse
DNA strand breaks on hydroxyapatite columns. The exact method
has been described in our earlier publication (Srivastava ct al. 1982).
DNA estimation was carried out according to Burton (1968) with
winor modificalions.

Results and discussion

Figure 1 shows the viable cell growth with respect to
time for control (untreated), arecoline-treated and

K. K. Wary and R. N. Shdrun? Effects of betel-nut extract in vitro
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Fig. [. Count of viable cclls as a lunction of time for control, areco-
line and AEBN-treated mouse kidney cells in culture (see also Mate-
rials and methods). Each point is mean +SD (shown by bars) of 5-7
independent experiments. No bar means that SD is smaller than the
thickness of the point

AEBN-treated cultures. The control tubes showed ap-
proximately 100% increase in population after 18-19h
with confluent monolayer formation on the 3rd day
after seeding. The arecoline (10 pg/ml)-treated cells
showed a delayed cell duplication time and monolayer
formation. While 250 pg/ml AEBN was drastically
toxic to the cells, the culture tubes with 100 pg/mi
AEBN exhibited attainment of confluency 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 ug/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 ssDNA/dsDNA 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 pg/ml)-treated cells show significant
damage to DNA compared with the controls, but this
is not as drastic as that caused by arccoline. These data
have been tabulated from the total amounts of ssDNA
and dsDNA recovered from hydroxyapatite columns
from different groups of cells (data not shown here).
The dose of AEBN Lo be administered in our ex-
periment was determined such that we have a dose
comparable to that to which the population in this
ared is exposed following the customary consumption
of betel-nuts. On the basis of our surveys (1o be com-
municated separiately), a dose of 100 pg/ml ALBN
was found appropriate. In addition, a higher dose of
250 pg/ml AEBN was also chosen. Similarly, the dose
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Fig.2. Damage to DNA (expressed as the ratio of ssDNA o
dsDNA) as function of time for control, arccoline and AEBN-
treated mouse kidney cells in culture (see also Matenals and methods
and Savastava ol al 1982) 1 ach pomt st the mean § S (shown by
bary) ol at least four determimations

of arecoline was adjusted to have approximately the
same amount ol this alkalowd present as the average
total atkaloids in 100 pg/mt AEBN (see IARC 1985).

We observe no morphological signs of transforma-
tion until the end of 4 days with either arecoline or
AEBN, cxceplt for a reduced cell-cycle time (see be-
low) Ashby et al. (1979) have reported induction of
cell transformation by both arecoline and arecaidine
from betel-nut. The difference in our results could be
due to the doses of arecoline (10 pg/ml) and AEBN
(100 pg/ml); 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 pg/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 pg/ml AEBN does not cause drastic damage to
DNA through strand breakage (Fig. 2) it hastens the
process of monolayer formation by 1 day (which
could be taken as an important sign of mitiation of
catciogenesis or transformation). As against this,
10 pg/ml arecoline does cause drastic damage to DNA
through strand breakage but fails to accelerate the
monolayer formation. The cells of this group, instead,
show a slower rate of proliferation, as the monolayer
was formed on the 4th day after seeding. Both AEBN
(100 pg/ml) and arecoline (10 pg/ml) showed respee-
uvely 5%-7.5% and 10%-12% toxicity Pamgrahi
and Rao (1982) have also shown the chromosome-
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breaking ability of arccoline i bone matrow cells.
Our results conform with therr results, but in addition
we observe an important phenomenon of higher DNA
damage and a lower rate of cell prohleration aller
10 pg/ml arccohne, und welatively low DNA damage
and an enhanced rate of cell proliferation after 100 pg/
ml AEBN. This, therefore, suggests that in additional
to an ability to break DNA strands, the AEBN has
some additional factor(s) that can initiate and/or pro-
mote cell proliferation, which could eventually lead to
carcinogenic transformation. These additional factors
may be present in the AEBN or may be a metabolic
product of the constituents of AEBN n the biological
system. Apparently, optimal (or specific?) DNA dam-
age and the presence of this (these) additional factor(s)
seem necessary to cnhance the cell prohferation rate
because a higher dose of AEBN (250 pg/ml) was lethal
to the cells tn culture (Fig.1) This may mean that a
higher dose of AEBN may cause very severe damage
or more nonspecific damage to DNA so that 1t leads
to cell death rather than transformation. Failure of
arccoline (10 pg/ml) to enhance monolayer formation
could be due to luck ol additional factor(s) that may
have been present i ALBN We aie in the process of
analysing the components of these unprocessed betel-
nuts and monitoring unscheduled DNA synthesis
(UDS) under these expenimental conditions
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Effect of the Radioprotector 2-Mercaptopropionylglycine (MPG) on the

Radiation Inactivation of Catalase In Vitro
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MPG/Radiation protection/Radiolysis/Catalase
Studies were performed to provide mechanistic mnsights mto the action of the radioprotector drug,

2-mercaptopropionylglycine (MPG) followmng the radiolysis of catalase, a detoxifying enzyme The enzyme
solution was Y-irradiated i the presence and absence of MPG The enzyme activity was monitored a1 vitro
using H, 05, as 4 substrate MPG behaved primarnily as a radioprotective drug However, duc to the presence of
| c*/l“ e"*, and the in homogeneity of catalase, under certain conditions there was circumstancial interaction
ot 1e™/T'e™ with MPG, resulting 1n the formation of an unstable catalase I e™/I'e™ -MPG chelate/complex
This resulted in the radiosensitizing effect of MPG on enzyme catalase.

INTRODUCTION

2-mercaptopropionylglycine (MPG) has been widely used as a potent radioprotector in
vwo and n virro'™®), The proposed radioprotective mechanism varies from a release of endo
genous protectors®), to a high 1edox potenual”, to free radical scavenging®’ However, MPG
did not exhibit the protection charactenstic of spontaneous or chemically induced hpid pero-
xidation”| o1 certan conditions of radiation-induced microsomal hpid peroxndatlonz) Fiom
these view points, we have stived to reason the protection/non-protection ofteied by MPG We
have chosen an enzyme catalase because. (1) 1t acts as an oxidizing agent to cthanol, with the
consumption of 1 mole of peroxide, that 1s, 1t decomposes hydrogen peroxide (detoxification),
providing a convenient assay procedure, and (1) 1t has been used extensively to deciplier the
mechanism of 1adiolysis of prolems). Our experimental goal was to procute msight mto the
mechamism of radioprotection or lack of protection by MPG m the radiation induced mnacti
vation of catalase

*To whom all correspondence should be addressed Presently on leave at Institut fur Medwan, KI A,
Postfach 1913, D-5170 Julich (FRG)
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EXPERIMENTAL

Chenucals
All chemicals used were of analytical grade and were used without further purification.

Water was deiomzed before glass-double distillation,

Catalase (EC.1 11 1.6)

Catalase was obtained from Sigma Chemical Co., USA. Fieshly prepared catalase solution
in 50 mM phosphate buffer, pH 7.0, was used The following concentrations of catalase weie
used 10 this work (in pg/ml) 0.44, 1.32, 2.20, 3.10, 3.70, and 4.80 Onc unnt of envyme
decomposes 1 0 umole of H, O, per nunute, at pH 7.0 and 25°C.

Catalase Assay System
Imediately after madiation at 1oom temperatue (23°C), assay was peiformed accoding

to the method of Aebi (1984)?), with minor modifications. The duration of assay was 30 sec.
The enzyme activity is expressed as a difference in absorbance (AA,40) per unit time. Each data
point represents a mean * S.E. for 10 to 15 assays 1n a Hitachi spectrophotometer.

2-mercaptopropionylglycine (MPG)

MPG was obtamed from Prof, Tsutomu Sugahara, Kyoto (Japan), under the tiade name,
Tiopronin, 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 expeiiments

was 0 001 M.

Gamma-wrradiation

A ®°Co-source (Model-Gamma Chamber-900, BARC, India) delivering 7-radiation at a
dose rate of 1 Gy/sec, was used. 1 ml enzyme solutions of appropriate concentrations weie
mixed with 1 ml phosphate buffer or 1 ml MPG, as required, were allowed to stand for 15
minutes at room temperature (23°C), then wradiated under noimal atmosphene conditions
with doses of 10, 20, 40 and 80 Gy,

RESULTS AND DISCUSSIONS

Changes in enzyme activity n terms of change in absorbance at 240 nm following various
doses %°Co wurradiation, with and without MPG, are shown in Figures 1 and 2 A relatwvely sharp
reduction n catalase activity (50 to 68%) was observed 1n all cases, when it was supplemented
with MPG. At low enzyme concentrations (0.44 and 1.32 ug/ml), the mitial depression
activity at 10 Gy 7Y-ray shows increased activity up to 40 Gy (Figures 1A and 1B). At higher
concentrations of enzyme (2.20, 3.10, 3.90 and 4.80 ug/ml), howevei, the observed activity at
10 Gy is followed by a gradual dechne 1n activity with increasing y-ray doses (Fig 2A. B, Cand
D). While the radiation dose remains the same for the low enzyme concentiation gioup (Fig.
1A and B) and the high enzyme concentration group (Fig.2A, B, C and D), only the former
shows a trend of reversibility of effect after 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 D). These results indicate that the concentration of the
enzyme may influence radiation damage after a dose of 10 Gy.

In the presence of MPG (0.002 M added to the enzyme preparation 15 min prior to jrradia-
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.s1) 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 ol MPG can
be explained by the formation of MPG-Fe* chelate compound, as suggested by Ayene and
Srivastava (1985)*); 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 partiatly
exposed for this chelate formation (see below). This has also been suggested by Ayenc and
Srivastava (1985)?). This may possibly result in the formation of a complex like MPG-Fe™*-
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™ jons 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 (ic., 11,0,)
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) Formation of MPG-Fe™ chelate/complex, partially disturbing the structural entity of 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;
iit) Interaction of free radicals produced as a result of radiation, with the amino acid moictics
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, thercby showing protective effect.

The differences in the pattern of MPG-mediated protective action in Fig. 1 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. 1), since there was only partial MPG-
mediated restoration of activity (below MPG treated control level), apparently, the apocatalase
portion was damaged more significantly. This may be due to the concentration of free radicals
available to react with unit amino acid residues of the apocatalase is higher in the case of low
enzyme conéentration group, and vice versa.

Thus, our results seem to indicate that the radioprotective effect ol MPG is primarily due
to free radical scavenging. This is supported by Mishra and Srivastava(1981)6) , and Ambanelli
et al. (1981)“’). 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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This paper was published in the
last Issue (Vol.8 No.l). But since It
included some serious misprint, the same
paper is published agaln in its complete
form. The editor apologizes for the
mistake to the authors.

2-Mercaptoproplonyl Glyclne (MPG) Induced
Protection of DNA Damnge
in Gamma-Irradiated Human Lymphocytes:
A Preliminary Report

K.K. Wary
Laltanpuia
R.N. Sharan
{Shillong)

2-Mercaptoproplonyl glyclne (MPG) 1s 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) In mice (1-4). The influence of
MPG, Thloproline, WR 2721 and Cysteamine
on radiation induced lipid peroxidation of
erythrocytes show that MPG renders the
most effective radioprotection {5).

Lymphocytes are a vulnerable radiation
warget. It has been shown that lymphocyte
count did not Increase in cervical
carcinoma patients followlng radiotherapy
when the patients received MPG (250
mg/patient) 15 to 30 min prior to
trradiatlon (6). In DNA, lonizing
radiations induce predominantly single
strand breaks (SSB) but double strand
breaks {DSB) and altered DNA bases are
also produced (7). The formatlons of SSB,
DSB and intermolecularly linked 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
avallable, Due to therapeutic importance
in- radlotherapy it would be desirable to
see the Influence of MPG on DNA damage.

It Is further necessitated because our
recent study on MPG affordable protection
to the enzyme catalase has shown that
under gpecific circumstances MPG may
apparently behave as a radiosensitizer
rather than radloprotector (4). .

Materlals and Methods
Chemical:

All chemlcals were of analytlcal grade
and were used without further
purificatlon. Deionized double distilied
water was used to prepare reagents and
solutions.

Lymphocyte culture: ,
From 20.00 ml asepticully drawn human
venous blood, lymphocytes were obtalned by
use of histop.que. Cell population was
enumerated, in a hemocytometer and adjusted
to 2 x 107 cells/m! in a growth medium
(RPMI 1640, Difco Labs., USA) containing
0.2% phytohemagglutinin (Glbco Labs., USA)
and 2.8% sodlum bicarbonate at pH 7.2 and
supplemented with 15% fetal calf serum
{Sigma Chem. Co., USA). The culture tubes
were Incubated in a CO, 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 - 7 x 106 in 3.00 mi
%6 PBS) were irradlated in cold with a
Co source (Gamma Chamber 900, BARC,
India) dellvering gamma-radiation at a
dose rate of 0.6 Gy/sec.

Hydroxylapatite column chromatography:

Alkallne unwinding technlque was
employed to analyze DNA strand breaks by
use of hydroxylapatite as described by
Rydberg (8). The detalls of the
methodology has been described In our
previous publicatlion (9). DNA was
estimated by the method of Burton (10)
with mlnor modificatlons.

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

amant of MNA cluted by 125 i phosphate bufter (SsB)

amount of INA eluted by 250 mM phosphate buf’ fc}‘ (sB)



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 slgnificant Increase
In the SSB to DSB ratlo 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 radlation 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 of 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 necessary to repalr the
damage to DNA. In order to check the
influence of 0.1 mM MPG on lymphocyte
survival following gamma-irradiation in
this dose range, another experlment 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 agalnst Gamma-ray
induced strand breaks of MPG (0.02mM and
0.05 mM) show protection only up to 4 Gy
dose. For slgnificant protectlon beyond 4
Gy dose, a higher dose of MPG (0.1 mM)
seem necessary. We, therefore, conclude
that depending on the dose of radlation
required in radlotherapy it may be
necessary to adjust the quantity of MPG to
be administered for most optimal
radioprotection.
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FERIODICITY OF GOAMMA-GLULIAMYL TRONSFLEEFT IDAST ACTHIVITY b MICr
b IDNEY FOLLOWING ARECA-NUT AND ARECOLINE FEEDINU
ad libitum.
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funnine title: Areca mut and arecoline induced GGT activity in mice.

ey _words: Areca-nubt, Arecoline, Gamma-glutamyl transpeptidase,
preneoplastic changes. '

To evaluate the caroinogentr. p&tunuy of areca nat (O coea Cote b
l..) mice were fed with crushed areca nub or arecoline . willy Lhieor
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preneuplastic chianges tollowing s eea nb wd b bt odond
treatment.
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* to whom all correspondences should be addressed.
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INTRODUET TON:
Gamma—glutamyl tranuvpepllidaue (LU e an ensyme, predomlnantly
membrane bound, occuwriring 1n both normal and preneoplastic
tissues. This enzyme plays 1mportant roles 1n glutathirone, 5-
substituted glutathione derivatives and gamma—glutamyl coampound
metabolisms-and transport of amino acids and peptides across the
membrane [Richards 19821. Evyen though the role of GGT 1n normal
cellular metabolism o wille reuspect Lo Lomor tge st e Lo nial
absolutely clear, this has been eaployed on bhiee nout widely weed
tndicabor  af prenecplactic Lirahiw Format Lon Fltachvar ddes 192870
Fadenyagl et al 19701 boecoauwse elevabed  levels ob ULE Lae been
repor ted o neoplasm OF oover al Lo atn OF var Lots and mal S e,
Laowe Richardos 1987100 A e a b Qe a_calboolan ) contatnes several
allalolde, notably arecoline, lar ecardine, guvacaline, and
guvacine [LAKE 16859 ). freculine  has Leon  reporbted as mod agenlc
and carclnogentc i vivo  and o vitro C1ARC 12891, Earlier we
have reported thal agqueous etlract of betel (areca) ool tonduced
signtfircanl DNA by and bhreaks 1 primary  hidiey celle o vitro
»
atid apprecrably enhecniced the rale of cell proliferation which was
nterpreted ws  preneoplastic change  LWary and Sharan 1968 1. In
this report we have uoed GG s mar lor of pranvoplastic chiaaige Lo
wvive 1n mouse Frdoey cells bto recontirm Lhie  carcliinageninc potency
of raw arceca nul  of North-~kast Indita becarse this raw ar oca nut
cunstined here 19 remar halily  difteroent fram  Lhe pruceswed bolel
nut consumed  eluewhere 10 the world Dfor detarled acoounl see

Wary and Sharasny 12881,



MOLEILALS . AND HE DH0RS
Chemical ey Arecol Lie, glycylyl yoane, Lo~eatminer —¢f Lok oy L -~
sl oannl sde and Bovine seroam ald bimin (LSO wer o puar chasaadd 4 o

Si1yma Chemtcal Co (USar. Al chemltcales used 1n Lhese @iper tnaenba

were  of aftadl yl t el Y addes arich  woer e tteadsdd e Lot fur ther

prrrrfrealron.

Miece: Specitic pathogen free Hwiss albino mice were obtoained from
t
Assam Veter tnary Biologicals, Goauhatys Glndia) s Fuove weehks ald

aye matched male mice were selected for Lhis enpertoent.

freca ot _and_ arecol ane direb: Freshy, raw o areca nul,

chtarned lucally, were finely crushed and 41ed to mice along withn
regular food and armal deantbang water o AL Lhe same Lowe,
arecoline (1 mM or 2 w) an dranking waler were grven to wseparale
batches ot mice Lo serve as poutbive controle.  Thewe groups of
mice recerved noromal food.

rifrice Mice were matntatned o areca nult and arecal ine
subastitutled diet  and were  bidled oo bhe 10, ZOlh, Aot Y0l

120k, 150th and on Lthe 180th  day. Frdnoys were remnoved and

werghed. The Liscues wer e washed with phospbhate buffer ed saline,

-,

Fasay _systam: The asuay of gamma—glulamy!l branwspeplildasce «clivity
nomantse | rdney homogenate O 15% w/v o 00t Mo brre~HEL, pk o B.O)
woelre carried out according to Merwster et _al. C19317. Thoe assay
Lime was five minutes. EFach ausay was repected W to & bLiaes 4noa
Uier mostated (7°0) UV-150 JASCOD spettrophotrometer. The onayae
acllivily 19 egproseed as untLu[iOO milllgram proutetn.

Total protein _eutimalions lThe tobtal protein eslimabion wao



. ",I .

corrred onl atcrdung Lo e adford 11927001 o) BUGOY cva s banddbaa d.

AND. D LSLULS LON =
Antmals were divided inko fouw ditfor ent el (ezarchy we bl v mal
mice) as fallows (1) mice matntained on noarma diet and walor
(control),y (11) mice ted wilh ground raw arecoa rat o wi lbe nor mal
diet atd normal waler, (Li1) mitce o normal dioet and waber
contatning 1 mM arccoline «nd (Lv) mlce o narmed diel and wat er
cuntalting 2 ol arecoline. Figuwre [ shows Lhe o cangea 1ne Gl
activily over the enlire cpon of wludy tor var bows greaips ot
antmale. G611 activibty subowtantially Incrcased up to the S0LL day
as compar 2d Lo the control regardless of Lhe mode of Lreoaboent.
This wae foullowed by & greedual decline 10 GGI oactaiviby e @l
groups L1111l Lhe 20U day. However , thie decline was agarn
succeeded by anolher pealt 1n Lhe GLT activiely protole tor o0l
sets, whereby 1t reached a relatively higher value by the 1HOth
day followed by a slower decline witil the evid of Uk esperboent.
GORT aclivity 1n bthe control web ohowed gr aduald tner cowe walh
Lime. The 1nmet of tiguwr o 1 shows the tobul prolewn contonl an
mice hidhney {ur these ol ob experimenls. Uolile the recuarr g
periodicaty 1n GBI activity, Lhe tutal proteln conloent woees

compar ativel y stabley bthe 1ncerenose probably deprocle the sworaal

growth af the micw.

OLT ensyme ackivily have, beot found TO Iner edahe Lo many o awiiigg

trocsues, ayeing cells and i difterentiating Lisuuen TRicharde
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19871, This 1ncreace 10 aclivily of GG pirabably induicatos thatl
Al o actd requar enenl s have titreased 1n responue to growlh, as

Lthis enzyme 19 lopllcated an Lhe tranasporl of amng acida «Cl 0Ss

tLhie membe wne: LMedoter L9751, 1L can be ween trom 1he figuare that

——

areca nulb  and both douses of arecoline feeding exert many fold

et ease i the GG wctivity over Lhe controls for the Lwo doses

of arecoline (I and 2 aM)  Lhe anduction of  GGT  was dooe
;

dependent. The  tncreauste tn GGT otivily  had  been shown to

signtficanltly incremée SH-TAR labelling tondes: 100 GET postlive atl

hepatocyte foct [TFRagh and  Goldfarbh 197830 O own wtludy, to be

publiched separalaely, ustng Hep 2 cells in

vilro <haw  an
ar 2coline dowse dependent  enhianced "H-TAR labelliong apporently
indicating  enhanced cell praloterating activily. Bul, o
earlier repor bt on diredcl whnervat1qn of cell proliferalion TWary
and Sharan 19881 showe that while aqueous exbract of betel ot
cain enhaiice the rate of cell proli feratian, argeoline fatls Lu do
o. This may mean thal the procent obicer vat ton of  eabiand ed B
wclivilby bath by areca il and arecoline need not nececswsaraly
thdrtcute enbanced cell proliferalion as aleso suygusbbod Ly
Richards [19821. Since GOT plays a major role 1o the gamma—
glutamy]l cycle which meltabblices glulalbuone, 1hoe e ecaned
acktivity af GGT may 1ndicate tnoreased  local  caoncentrabion ol
glutathione following areca il and arecoline Lreatwenle. s
may meah 1nvolvement ot glutaltnone Ln Lhe process ot

detoxitfication ot llhiest carclnogon. The  1ncr eased amount of

L}
glutathione, on Lhe other hand, enhances the abwarplion of



e

aminGg aclde by Lhe renal cells prolbably Lo ar(Lunl foar Lles Wil
L ate  of prabtorn wynbhoseo, o ladang Lhiatl tif Ll e
sigmficance of Lhe perrtodicily  of  wncrease  and decrease n
atLivily of LG rcowarns obecor o al Lhie momnenld bot 1o prabiably
indicative of the alteration ot glubtathione metabolism 1o nouse
Frdney atter exposuwre 1o areca nut and arecoline. Thue ol ois
apparent that areca uk and th albaloids may be able Lo directly
tnfluence the normal glutallaone metaboliswm. The peal  of BGT
activity p}ubdbly wl il t1es that  some Ccarcinogen may be
metabolrred or detoail fred by goama-glatamyl cycle wibth the help
af BOT. Hawever, glubtalhiltane metabolism anamoltes may thdoce
mitobtic anamolies aw had been suggeosted by Melrober carlier 197591
leading bto preneoplastic changes.  Worlk  1s under progres:ds to
eramineg the signiticance of pertodicity of  GLT following areca
nut  trealment. Nonethelecs, ow  esperimental  dala  provide a
clinical basts uf evaluation wt areca nubt «and  corecoline vndoced
pruneoplabklc changes. The concentralion of arecolineg used 1n our
eperiments 1s wlintcally beluw the Loiic level L1900 Lur

Feeul Lo, Lhus,  whow  thalt  chronic  estpousure ol ou oo il and

|
arecal tne gn_vavo below tosite levels can aloeo adtor Lhe noraal

GAET related metabolioc functions of Lhe Fadoey cello.
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FIGURE LEGENDS s

Figure 1. Gamma—glulamyl Lrancspeplldase endyme acbivety

L Wiitts/100 my  prolerndl  ftobllowing areca itk o areCcoline
Lreabimenls  ovelr & perlodas of 100 days  Lmean g SEMY. The barw
tndicate SEMy when Lherao 1 no bar b means Lhe dovialion was

smaller thann Lhe thiclkrneus of thae  l1ine. fhe 1nsel tliwes Lhe

aver aye loutal protern 1o Hidneys over Lhe same protocol.
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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 I, 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. Mugagenecity was
further substantiated by the fact that on “H-Thymidinc
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. The 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.




