o235 X|, The Journal of Applied Pharmacology 2, 183-187(1993)

Anticlastogenic Effects of Galangin
against N-Methyl-N’-nitro-/N-nitrosoguanidine-induced
Micronuclei in Bone-marrow Cells of C57BL/6 Mice

Su Jun Leg', Chang Ho KwoN?,

Kyeong Ho KM, Dong Hun SoHN?, Moon Young HEOY* and William W. Auv*
‘College of Natural Sciences, Kangweon National University, Chuncheon 200-701, Korea
*College of Pharmacy, Chungang University, Seoul 156-756, Korea
%College of Phavmacy, Kangweon National University, Chuncheon 200-701, Korea
*Department of Preventive Medicine and Community Health,

University of Texas Medical Branch, Galveston 77555-10100, US.A.

(Received August 17, 1993; accepted November 2, 1993)

Abstract— The anticlastogenic effect of galangin, flavonoid derivative, was studied in vivo micronucleus test
using C57BL/6 mice. The frequencies of micronuclei induced by N-methyl-N-nitro-N-nitrosoguanidine (MNNG)
in bone-marrow cells of C57BL/6 mice were significantly decreased by the simultaneous treatment or multiple
pre-treatment of galangin.

When galangin was orally administered at 0, 0.1, 1.0, or 10.0 mg/kg twice with 24 hr interval, together
with intraperitoneally administered MNNG, there were suppressive effects in the tested doses. The most
marked suppressive effect was observed in the treatment group of 1.0 mg/kg (64.5%), not in the treatment
group of 10.0 mg/kg (36.3%). When galangin was multiply administered at 1/7 or 1 mg/kg for 7 days respecti-
vely, galangin showed higher suppressive effect in the treatment group of 1/7 mg/kg (23.5%) rather than
in the treatment group of 1 mg/kg (13.5%). In another experiment, galangin was administered at 0.001, 0.01
or 0.1 mg/kg for 1 month respectively. The suppressive effects in one month treatment gradually increased
with dose-dependent manner, although suppressive effects were not high.

The results showed that galangin was effective in suppressing the frequencies of micronuclei induced by
MNNG. Our study indicates that galangin is a potent anticlastogenic agent against MNNG.
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Galangin, the flavone derivative having 3,5,7-trihy-
droxyl groups, is one of flavonoid compounds which dis-
tributed widely in the plant kingdom (Kuhnau, 1976).
Galangin inhibited the clastogenicity of benzo(a)pyrene
(B(a)P) in mouse bone-marrow micronucleus assay.
Galangin also showed a stronger anticlastogenic effect
than (—)-epicatechin, flavan-3-ol derivative, against
ethyl methane sulfonate and 7,12-dimethyl benzo(a)an-
thracene as well as B(a)P (Heo et al, 1992). On the
other hand, it has been reported that galangin had
strong inhibition (97%) of the mutagenicity of 2-ami-
noanthracene on Salmonella typhimurium, TA 98 (Wall
el al., 1988). It was suggested that galangin has a supp-
ressive activity to the several types of genotoxic che-
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micals. These anticlastogenic effects of galangin were
founded to attribute from the direct inhibition of meta-
bolism of B(a)P and the inhibition of binding between
DNA and B(a)P metabolites (Kim ef al, 1991). Thus,
galangin may potentially- act as a chemopreventive
agent for several classes of chemical carcinogens.
In the present paper, N-methyl-N'-nitro-N-nitroso-
guanidine (MNNG) was used as positive mutagen. Mono-
fuctional alkylating agents such as MNNG are both
mutagenic and carcinogenic in a variety of organism
(Mandell and Greenberg, 1960; Schoenthal, 1966; Su-
gimura ef al., 1970). Their occurence is widespread
in the environment and human exposure from natural
and pollutant source is universal. In our previous
study, polyhydroxy flavonols including galangin were
screened their anticlastogenic activity against MNNG-
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induced micronuclei using ICR mice. Galangin showed
highest suppressive effect among polyhydroxy flavo-
nols tested (Heo ef al., 1993). It might be very interes-
ting to study more intensively the anticlastogenic acti-
vities of galangin toward MNNG-induced clastogenicity
in order to develop galangin as a chemopreventive
agent and as a model compound to evaluate the biolo-
gical activities against direct acting genotoxic agents.

Therefore, we have investigated to elucidate the anti-
clastogenic effects of galangin against the induction
of micronulei by MNNG in bone-marrow polychromatic
erythrocytes of CH7BL/6 inbred mice.

Materials and methods

Chemicals

Galangin (CAS No. 548-83-4) was purchased from
Aldrich Chemical Company, Milwaukee, Wisconsin,
USA. N-methyl-N-nitro-N-nitrosoguanidine (MNNG,
CAS NOQ. 70-25-7) was obtained from Fluka Chemical
Company, Swizerland. Galangin was dissolved in corn
oil. MNNG was dissolved in dimethyl sulfoxide
(DMSQ). In all experiments, the administration volume
to mice was 0.1 ml/25 g orally or intraperitoneally.
Animals

Male C57BL/6 (15-20 g) were obtained from the
Animal Center of the Seoul National University (Seoul,
Korea). Mice were maintained in the chambers with
laminar air flow at a temperature of 22+ 14 % and re-
lative humidity of 55+ 7% on the standard diet and
water ad [ibitum.
Mouse Bone-marrow Micronucleus assay

Mice were treated intraperitoneally with different
doses (0, 100, 150, and 200 mg/kg) for double adminis-
tration with 24 hr interval to elucidate a dose-depen-
dent effect of MNNG. In order to know an anticlasto-
genic activity against MNNG-induced micronuclel in
bone-marrow cells of mice, galangin (0, 0.1, 1, and 10
mg/kg) was administered orally twice with 24 hr inter-
val. MNNG was administered immediately and intra-
peritoneally after the dose of galangin. To know the
effects of multiple pre-treatment, galangin was admini-
stered orally every day for one week or 5 days a week
for one month. MNNG also was administered intraperi-
toneally and immediately after two last doses of gala-
ngin. Mice were treated with corn oil or DMSO as
vehicle controls. The treated mice were sacrificed at
32 hr after the treatment with first dose of MNNG
by cervical dislocation. The bone-marrow preparations
were performed according to Shimid (1975) and 1,000
polychromatic erythrocytes (PCEs) were scored per

» Dong Hun SohnMoon Young Heo « Wiliam W. Au

animal to determine the frequency of micronucleated
polychromatic erythrocytes (MNPCEs). And PCEs per
400 red blood cells in each mouse were determined
to know bone-marrow effect of chemicals. For the sta-
tisical analysis, Student’s t-test and Analysis of Varia-
nce test were used to compare the galangin-treated
groups with the untreated group.

Results

In order to establish the proper treatment method
and the dose level of MNNG, various concentrations
of MNNG were injected intraperitoneally at double
treatment with 24 hr interval. Mice were sacrificed
at 32 hr after first dose of MNNG for micronucleus
assay. As shown in Fig. 1, the frequencics of MNPCEs
showed a dose-dependent increase in the double treat-
ment. The highest frequency of MNPCEs in mouse
bone-marrow cells showed in the double dose of 200
mg/kg body weight, but half number of mice treated
died of high dose. Therefore, a double dose of 150
mg/kg was chosen to evaluate an anticlastogeicity of
galangin.

In the subsequent experiment, galangin was orally
administered at 0, 0.1, 1 or 10 mg/kg body weight
with a concomitant injection of MNNG. Galangin dec-
reased the frequency of induced MNPCEs at all doses
tested, even at 0.1 mg/kg (Table I). However, the sup-
pressive effect in the group of 10 mg/kg decreased
slightly to compare with the group of 1mg/kg, although
they were still lower than the group of MNNG alone.
When galangin was administered at 10 mg/kg without
MNNG as a negative contrel experiment, galangin did
not any clastogenic activity.

When galangin was multiply administered at 1/7 or
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Fig. 1. Effect of N-methyl-N'-nitro-N-nitrosoguanidine con-
centration on MNPCEs in bone-marrow cells of C57BL/6
mice. Each point represents the mean* SE.
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Table L. Suppression of MNNG-induced MNPCEs by simultaneous treatment of galangin in bone-marrow cells in C57BL/6

mice
MNNG* Galangina No. of MNPCEs/1000 PCEs® PCE/NCE %
(mg/ke, ip.) (mg/kg, p-o.) mice meant SE meant SE Suppression’

0 0 5 1.78+ 0.37 1.14+ 0.06

0 10 5 0.79£0.37 1.03% 0.07

150 0 5 8.27+ 0.38¢ 0.63+ 0.07
150 0.1 5 6.27+ 0.86%* 0.68=0.09 242
150 1 5 294+ 1530+ 0.50+ 0.10 64.5
150 10 b 527+ 1.554%% 0.44% 0.03 36.3

*Galangin was administered orally twice with 24 h interval, and immediately MNNG was injected intaperitoneally after the dose of

galangin.
81000 PCEs were scored per animal.
°gp Suppression was calculated by using the following formular.

MNPCEs/1000PCEs in the presence of galangin

% Suppression=100—

MNPCEs/1000PCEs in the absence of galangin

X100

dSignificant dose-dependent decrease of MNPCEs (P<0.01; Analysis of Variance).
*P<0.05, **P<0.01; Significant induction of MNPCEs compared to the control group by Student’s t-test.

Table II. Suppression of MNNG-induced MNPCEs by multiple pretreatment of galangin in bone-marrow cells in C57BL/6

mice
MNNG? Galangin® Period of MNPCEs/1000 PCEsP PCE/NCE 73
(mg/kg,ip.) (mg/kg, p.o.) treatment meant SE mean® SE Suppression®

150 0 - 8.27£0.38 0.63£ 0.07
150 1/7 7 days 552+ 0.97* 047+ 0.04 235
150 1 7 days 7.15%0.97 0.62+ 0.04 13.5

0 1 7 days 1.74+ 048 1.20+ 0.09
150 0.001 1 month 8.69+ 1.53 0.57+ 0.03 —5.1
150 0.01 1 month 8.22+2.00 0.63+0.11 5.5
150 0.1 1 month 6.66+ 1.29* 043x 0.04 195

*Galangin was administered orally every day for 1 week or 5 days a week for 1 month. MNNG was injected intaperitoneally after

two last dose of galangin.

1000 PCEs were scored per animal. All data indicate mean SE of at least three mice per group.

‘same as in Table I

*P<0.05; Significant induction of MNPCEs compared to the control

1 mg/kg for 7 days respectively, galangin showed hi-
gher suppressive effect in the group of 1/7 mg/kg than
in the group of 1 mg/kg (Table II). As a control experi-
ment, galangin (1 mg/kg) was administered for 7 con-
secutive days without MNNG injection to evaluate clas-
togenic activity of this compound. There was no clas-
togenic effect to compare with solvent control. In ano-
ther experiment, galangin was administered at 0.001,
0.01 and 0.1 mg/kg for 1 month respectively. The sup-
pressive effects in the group of 1 month treatment
gradually increased with a dose-dependent manner.
However, galangin showed a significant suppressive
effect in the dose of 0.1 mg/kg only.

Discussion

It is well established that minor dietary constituents

group by Student’s t-test.

such as flavonoids could show protective effects against
experimental  carcinogenesis/mutagenesis  (Huang,
1983; Nixon el al., 1984; Francis et al., 1989). The ave-
rage daily intake of all flavonoids by human is estima-
ted to be about 1 g per day (Herman, 1976). In our
previous study, 14 flavonoids including galangin, sho-
wed an anticlastogenic activities against B(a)P-induced
MNPCEs in mice. Among of them, galangin showed
a potent anticlastogenic effect(Heo et al, 1992). These
activity of galangin against B(a)P-induced MNPCEs in
mice might be, partly at least, due to the direct inhibi-
tion of arylhydrocarbon hydroxylase and DNA-B(a)P
metabolite adduct formation (Kim ef al., 1991).

In this study, our results indicate that the MNPCEs
induced by MNNG in bone-marrow cells of C57BL/6
mice were also suppressed by simultaneous treatment
or multiple pre-treatment of galangin. When galangin
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was orally administered at 0, 0.1, 1.0, or 10.0 mg/kg
twice with 24 hr interval, together with intraperitoneally
administered MNNG, there were suppressive effects
in the tested doses (Table I). The most marked supp-
ressive effect was observed in the treatment group
of 1.0 mg/kg (64.5%), not in the treatment group of
10.0 mg/kg(36.3%).

When galangin was multiply administered at 1/7 or
1 mg/kg for 7 days respectively, galangin showed hi-
gher suppressive effect in the treatment group of 1/7
mg/kg (23.5%) rather than in the treatment group of
1 mg/kg (13.5%)(Table II). Although suppression was
observed with MNNG doses, the suppressive effect
was more pronounced at low dose. It was similar to
simultaneous treatment which showed higher suppres-
sive effect in the treatment group of 1 mg/kg (64.5%)
than in the treatment group of 10 mg/kg (36.3%).
Based on these results, it i1s assumed that an anticlasto-
genicity of galangin depend on its administrative dose,
and this could be due to the toxicity of galangin at
cumulative dose.

In another experiment, galangin was administered
at 0.001, 0.01 and 0.1 mg/kg for 1 month respectively.
The suppressive effects in the multiple pre-treatment
of 1 month gradually increased with dose-dependent
manner (Table II). Since administrative doses of gala-
ngin tested were too low, galangin showed a significant
suppressive effect in the dose of 0.1 mg/kg only.

In our recent study, polyhydroxy flavonols including
galangin have been screening their anticlastogenic acti-
vity against MNNG-induced micronuclei using ICR
mice. Most of flavonols tested were elfective in supp-
ressing the frequencies of micronuclei induced by
MNNG (Heo et al., 1993). We have not yet determined
the mechanism which can explain the suppression of
galangin on MNNG-induced MNPCEs. The genotoxic
action of MNNG is thought to involve its decomposi-
tion to short-lived, high reactive electrophiles, of which
the alkonium ion is probably the ultimate mutagen
(Magee et al. 1976). Electrophilic attack on nucleophillic
sites of DNA bases, some of which result in base-subs-
tition mutation (Loveless, 1969; Nicoll ef al., 1975).
It is therefore possible that galangin may have a sca-
venging effect to react with alkonium ion or protect
to bind between DNA and alkonium ions, although po-
ssibilities of other mechanisms such as enhancement
of DNA-repair system could not be excluded.

Wall et al. (1988) reported an antimutagenic effect
of galangin that examined in the salmonella typhimu-
rim strain treated with 2-aminoanthracene, and 2-ami-
noanthracene in combination with galangin. We also

show that galangin is a potent anticlastogen against
MNNG in an i vive mouse bone-marrow micronucleus
assay. All of our results could suggest that galangin
may be useful as a chemopreventive agent of MNNG.
Therefore, galangin may have capable of protecting car-
cinogensis. And more intensive research is required
to find out the action mechanisms of galangin against
various genotoxic agents.
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