Bulletin of Experimental Biology and Medicine, Vol. 138, No. 5, November, 2004 475

PHARMACOLOGY AND TOXICOLOGY

Effect of Betula Bark Extract on Spontaneous

and Induced Mutagenesis in Mice

A. K. Zhanataev, G. A. Presnova, A. N. Chistyakov, and A. D. Durnev

Translated from Byulleten’ Eksperimental noi Biologii i Meditsiny, Vol. 138, No. 11, pp. 535-539, November, 2004

Original article submitted July 28, 2004

Study was performed by counting cells with chromosomal aberrations in C57Bl/6 mice. Bark
dry extract was given perorally in doses of 50, 150, 450, and 1500 mg/kg. Mutagens dioxidine
and cyclophosphamide were injected intraperitoneally in doses of 200 and 20 mg/kg, respec-
tively. Bark dry extract in doses of 150 and 1500 mg/kg did not possess cytogenetic activity.
Bark dry extract in doses of 50, 150, and 450 mg/kg significantly decreased the cytogenetic
effect of mutagens under various regimens of treatment with the preparation (single combined
administration, 5-day pretreatment, and 5-day combined administration). Our results indicate
that bark dry extract possesses antimutagenic properties.
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Birch bark (Betula) is a rich source of lupane triterpe-
noids betulin, lupeol, and betulinic acid. These com-
pounds possess antiinflammatory, radioprotective, he-
patoprotective, antiviral, antitumor, immunomodula-
tory, and antioxidant properties [2,4,6,9,12].

The substances possessing antioxidant and immu-
nomodulatory properties often exhibit antimutagenic
activity [3]. Antimutagenic activity was revealed in
triterpenoids lupeol and betulinic acid [8,13].

The extract of birch bark (BETULA PENDULA
Roth and BETULA PUBESCENS Ehrh) containing
not less than 70% betulin is manufactured by the Bere-
zovyi Mir Company. Bark dry extract (BDE) exhibits
a variety of biological properties.

A genotoxicological study is required to deter-
mine antimutagenic activity of BDE in mammals (ex-
periment) and evaluate the safety of this preparation
(preclinical trial).

Here we studied the effects of BDE on spontane-
ous and dioxidine- or cyclophosphamide-induced mu-
tagenesis in mice.

Institute of Pharmacology, Russian Academy of Medical Sciences, Mos-
cow. Address for correspondence: pharmacol@yandex.ru. A. K. Zha-
nataev

MATERIALS AND METHODS

The method of counting chromosomal aberrations is
extensively used to study mutagenic and antimuta-
genic properties of various chemical compounds [1,5].

Experiments were performed on male and female
C57Bl1/6 mice aging 8-12 weeks and weighing 22-25
g. The animals were kept in a vivarium of the Institute
of Pharmacology under a 12:12-h light/dark regimen
and standard conditions and had free access to water
and food (balanced briquetted mixed fodder).

We used BDE (Berezovyi Mir) suspension in
Tween 80 (Sigma). BDE was administered intragas-
trically in doses of 50, 150, 450, and 1500 mg/kg.
Control animals received an equivalent volume of dis-
tilled water and detergent.

Mutagenesis was induced by a wide-spectrum anti-
bacterial preparation dioxidine (DN, 1,4-di-N-oxide of
2,3-bis-(hydroxymethyl) quinoxaline, Farmakon) and
cytostatic antitumor preparation cyclophosphamide
(CP, N’-bis-(b-chloroethyl)-N’-O-trimethyl ester of
phosphoric acid diamine, Deko Company) in doses of
200 and 20 mg/kg, respectively. Both mutagens were
injected intraperitoneally.
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Mutagenic activity of BDE (150 and 1500 mg/kg
perorally) in mice was studied according to metho-
dical recommendations of the Pharmacological Com-
mittee (Russian Ministry of Health) [1].

Mutagen-modifying properties of BDE were de-
termined in 3 series of experiments: single combined
treatment with BDE and mutagen (acute experiment,
series I); daily administration of BDE for 5 days, last
treatment with BDE in combination with mutagen in-
jection (pretreatment, series II); daily combined treat-
ment with BDE and mutagen for 5 days (combined
treatment, series III). The animals were killed 6 (series
IIT) or 24 h after the last injection (series I and II).

Cytogenetic preparations of the femoral bone mar-
row were prepared by the standard air drying method
[11]. Cytogenetic study determined the presence of
cells with achromatic gaps, single and paired frag-
ments of chromosomes, and various exchanges. A se-
parate category (cells with multiple abnormalities)
encompassed metaphases with more than 5 chromoso-
mal aberrations. The ratio of cells with chromosomal
aberrations in control and treated animals was com-
pared by means of @-test. The experimental groups
consisted of 4-5 mice. We analyzed 100 metaphases
from each animal.
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RESULTS

Cytogenetic analysis of bone marrow cells showed
that single and 5-day administration of 150 mg/kg
BDE to male and female mice and single treatment of
males with 1500 mg/kg BDE produced no mutagenic
effects. The count of cells with chromosomal aberra-
tions practically did not differ in treated and control
animals.

Administration of BDE in a single dose of 200
mg/kg did not increase the count of cells with chromo-
somal aberrations (Table 1).

The number of aberrant metaphases in mice re-
ceiving 50 mg/kg BDE and DN was much lower com-
pared to the positive control (53% decrease in the
effect of DN). BDE in a dose of 150 mg/kg produce
more pronounced antimutagenic effect. Further in-
crease in the dose of BDE to 450 mg/kg was followed
by a slight decrease in its antimutagenic activity (Ta-
ble 1).

The antimutagenic effect of BDE was also revea-
led in experiments with CP (Table 1).

BDE in doses of 50 and 150 mg/kg had the same
antimutagenic effect and decreased damaging activity
of the mutagen by 60%. However, the antimutagenic
effect was not observed after treatment with BDE in a
higher dose (450 mg/kg). Under these conditions the
count of aberrant metaphases did not differ from the
positive control.
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TABLE 1. Effect of Single Treatment with BDE on Mutagenesis Induced by DN and CP

Note. MCA, cells with multiple chromosome abnormalities;

CP.



TABLE 2. Effect of 5-Day Pretreatment with BDE on Mutagenesis Induced by DN and CP

Number per 100 cells

Total number of | Decrease in
Mutagen, BDE dose Cell count . . abnormal meta- | mutagenic
gaps single paired exchanges MCA phases, M+tm, % effect, %
fragments | fragments
Control 500 0.2 1.4 0 0 0 1.6+0.6
DN, mg/kg 500 0.2 11.4 0.4 0.6 4.4 9.8+1.3
DN and BDE 50 mg/kg 400 0.4 5.3 0.3 0.3 2.0 5.0+1.1** 49
150 mg/kg 500 0.2 5.8 0 0 0.4 3.6+0.8* 63
450 mg/kg 500 0.2 4.6 0 0 0.2 2.6+0.7* 73
CP, mg/kg 500 0.6 15.0 0.6 1.0 1.6 12.0+£1.5
CP and BDE 50 mg/kg 400 0.4 6.2 0.2 0 0 5.5+1.1* 54
150 mg/kg 500 0 6.0 0.2 0 0.2 4.2+0.9* 65
450 mg/kg 500 0 7.2 0 0.2 0 4.4+0.9* 63
TABLE 3. Effect of 5-Day Combined Pretreatment with BDE on Mutagenesis Induced by DN and CP
Number per 100 cells Total number of | Decrease in
Mutagen, BDE dose Cell count ' . abnormal meta- mutagenic
gaps single paired exchanges MCA phases, M+m, % effect, %
fragments fragments
Control 500 0.2 1.4 0 0 0 1.6+£0.6
DN, mg/kg 500 0.2 8.2 0.2 0 5.0 11.6+1.4
DN and BDE 50 mg/kg 500 0.4 10.4 0 0.2 0.6 6.6+1.2** 43
150 mg/kg 400 0.8 5.3 0.3 0 0.3 4.8%1.1* 59
450 mg/kg 500 0.2 6.8 0.2 0 1.0 5.8+1.0* 50
CP, mg/kg 500 0.8 8.2 0.2 1.0 2.6 8.4+1.2
CP and BDE 50 mg/kg 500 0.4 5.4 0 0 0 3.8+0.7** 54
150 mg/kg 500 0.8 6.4 0.2 0 0 5.0+£1.0*** 40
450 mg/kg 500 0.6 6.4 0 0.2 0.6 5.2+1.0*** 38
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BDE exhibited higher antimutagenic activity in
series II (compared to single administration, Table 2).
BDE in a dose of 50 mg/kg decreased the damaging
effect of DN. The protective effect increased with an
increasing the dose of BDE to 150 mg/kg. BDE in a
dose of 450 mg/kg had maximum protective activity
and completely blocked the damaging effect of DN.
The count of aberrant metaphases in these mice did
not differ from the level typical of spontaneous muta-
genesis (control, Table 2).

After 5-day pretreatment antimutagenic activity of
BDE surpassed that observed in experiments with single
administration of the preparation and CP (Table 2).
Study of aberrant metaphases showed that the cyto-
genetic effect of CP decreases by 54% in mice recei-
ving 50 mg/kg BDE. The effect of BDE became more
pronounced with increasing the dose of this prepara-
tion. As differentiated form single treatment, the anti-
mutagenic effect was observed after administration of
BDE in a dose of 450 mg/kg (Table 2).

Series III showed that the mutagenic effect of DN
decreases by 43% after combined treatment with 50
mg/kg BDE. Pairwise comparison of the results re-
vealed statistically significant differences between
treated and positive control mice. The preparation in
a dose of 150 mg/kg produced a more pronounced
antimutagenic effect than 450 mg/kg BDE (Table 3).

BDE in various doses had an antimutagenic effect
in CP-receiving mice. Study of aberrant metaphases
showed that the mutagenic effect of CP decreases by
54% after combined treatment with 50 mg/kg BDE.
BDE in doses of 150 and 450 mg/kg exhibited the
same antimutagenic properties and decreased the dam-
aging effect of CP (Table 3).

Our study indicates that BDE has antimutagenic ac-
tivity. These results are consistent with published data on
antimutagenic activity of betulinic acid and lupeol [8,13].

The antimutagenic effect was most pronounced
after repeated pretreatment and administration of BDE
in a dose of 150 mg/kg. Comparative study of anti-
mutagenic activity showed that BDE is most effective
in animals receiving DN.

Bark extracts, betulin (74% in the test sample),
lupeol, and betulinic acid entering the composition of
BDE possess high antioxidant activity [10]. BDE abo-
lished the effect of prooxidant mutagen DN [3]. These
data suggest that the antimutagenic effect of BDE is
related to inhibition of free radical oxidation.

The cytogenetic effect of CP is mediated by lipid
peroxidation products. Therefore, prevention of muta-
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gen-produced changes can be related to antioxidant
activity of BDE. It should be emphasized that CP acts
as an indirect mitogen, whose effects are associated
with the ability of its metabolites (e.g., acrolein) to
alkylate the DNA molecule [3,7]. The protective effect
of DBE is probably realized via inhibition of cyto-
chromes P450 playing a role in the metabolism of CP.

The antimutagenic effect of DBE can be mediated
by various mechanisms. Previous studies showed that
BDE stimulates production of interferons, which im-
proves DNA reparation [3].

Published data [3] show that antimutagenic acti-
vity of natural compounds and their complexes does
not exceed 50%. Apart from antimutagenic properties,
they often have undesirable comutagenic activity. The
advantage of BDE is that this preparation does not
have comutagenic activity and produces a strong anti-
mutagenic effect. The protective effect of single ad-
ministration and pretreatment with BDE is not less
than 60%.

Our results indicate that BDE has pronounced anti-
mutagenic activity and produces no undesirable muta-
genic and comutagenic effects in mammals.
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