Bulletin of Experimental Biology and Medicine, Vol. 120, N9, September, 1995 915

MICROBIOLOGY AND IMMUNOLOGY

Antimutagenic Activity of p-Carotene
V. M. Khabibulina, S. A. Korostelev, O. B. Drize,

and M. A. Shlyankevich

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 120, Ne 9, pp. 276-278, September, 1995

Original article submitted November 30, 1994

Data are presented on the ability of synthetic p-carotene to reduce the level of cyclo-
phosphane-induced chromosome aberrations in murine bone marrow cells. In Salmonella
typhimurium cells B-carotene exhibits antimutagenic activity only against an indirect mu-

tagen (2-acetylaminofluorene).
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The efficacy of B-carotene (BC) as an oncoprophy-
lactic agent has been proven in epidemiological tri-
als which demonstrated a correlation between the
plasma carotenoid level and cancer morbidity. There
are some data on the preventive effect of BC added
to food on the induction of tumors by chemical
agents in rodents [4]. It is currently believed that
the first stage of carcinogenesis (initiation) consists
in the induction of mutations by various agents
which results in the activation of cell protooncogenes
and in the formation of a primary tumor cell.
Hence, an analysis of the antimutagenic properties
of BC is very important for understanding its anti-
tumor effect. The aim of our study was thus to
investigate the antimutagenic properties of BC using
in vivo and in vitro models.

It should be noted that little is known about
the methodology of studies of the antimutagenic
effect of BC. The approach commonly used is one
whereby: the antimutagenic effect of BC is studied
in short-term mutagen tests with known inductors
in optimal concentrations.

Experiments on mice showed that BC in large
doses rapidly reduced the number of chromosome
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aberrations (CA) induced by direct mutagens [7,8].
BC lowered the frequency of micronucleation in
murine bone marrow cells induced by mitomycin C
and benzo(a)pyrene. The specificity of the effect of
BC was found in cultured CHO cells: when added
to the culture medium, it reliably lowered the level
of CA induced by directly acting mutagens but was
inactive against others [10]. Since little has been
reported on the antimutagenic effect of BC, estab-
lished [1,6,9] and not established [1,9,11] in the
Ames test, it seemed important to study this effect
using modeled gene mutations in microbial cells.

MATERIALS AND METHODS

For the in vivo model we used the cytogenetic test
which counts cyclophosphane (CP)-induced CA in
murine bone marrow cells. Synthetic BC (Vitaminy
Research-and-Manufacturing Plant) was applied in a
30% paste also supplemented with antioxidant. The
paste was dissolved in olive oil and given to 6-
month-old CBA male mice weighing 22-25 g (10
mg/kg body weight BC daily during 10-12 days). A
paste containing antioxidant and olive oil served as
control. CA were induced by intraperitoneal injec-
tion of CP (30 and 60 mg/kg body weight).
Metaphases were analyzed after 24 h, i.e., during the
first wave of mitoses (at least 50 metaphase plates
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TABLE 1. Effect of BC on Induction of CA (M*m)

Experimental Total number Metaphqse
conditions of metaphase plates with
plates CA, %

CP, 3 mg/kg

Control 100 39+4.8

Supplements 150 20=%3.3"

BC 100 11+3.1"
CP, 60 mg/kg

Control 150 64=+=3.9

Supplements 100 31==4.6"

BC 200 21%2.9"
Without CP

Control 157 3.2%+1.36

BC 100 2+=1.3*""

Note. Here and in Table 2: *p<0.01, **p<0.05, ***p<0.1 in
comparison with the respective control.

per mouse were counted). In the analysis of struc-
tural chromosome abnormalities we counted chroma-
tid and isochromatid breaks and translocations; genes
were counted separately and their number was not
entered in the general table.

For the in vitro model the classical Ames test
was used. Gene mutations were induced in Salmo-
nella typhimurium TA 98 and TA 100 by chemicals
of two types: directly acting agents (thiophosphami-
de, pyrene derivative, nitrulline) and agents requiring
preactivation in the presence of a microsomal enzy-
me mixture consisting of mouse liver homogenate and
cofactors. The inductors of activation phenobarbital
and sovol were used for the indirect mutagens 2-acety-
laminofluorene and benzo(a)pyrene. Synthetic crys-
talline BC was dissolved in acetone (100 ul/dish)
and used in the maximal available concentration of
18 pg/dish (spectrophotometrically determined).

In the statistical processing of the results the
reliability of differences between the mean values
was determined using the Student 7 test.

RESULTS

The data presented in Table 1 show that BC in
this medicinal form (oil paste of synthetic prepa-

TABLE 2. Effect of BC on Induction of Gene Mutations

Experimental conditions
- - Inhibition of
2‘ acetylaml' microsome His+/revertants’
nofluorene, enzyme mixture, %
ug/dish ml/dish
8 0.6 24
8 0.5 27
8 0.3 34"
25 0.3 18*
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ration) suppressed CP-induced CA. The medicinal
base containing antioxidant supplements reduced the
percentage of induced metaphase plates 2-fold.
Addition of BC to food enhanced the protective
effect, the percentage of induced CA decreasing 3-
4-fold depending on the dose of CP. It is impor-
tant to note that CP caused a relatively large num-
ber of multiple breaks and translocations. Against the
background of treatment with BC these serious chro-
mosome abnormalities were usually absent, while
single-strand breaks prevailed among CA. When this
study had been completed, a report appeared [5]
that BC in doses of 2.7-27 mg/kg body weight added
to food decreased the number of CP-induced CA
1.5-2-fold. This fully coincides with the parameters
of our model and with the results.

In the Ames test BC exhibited marked anti-
mutagenic activity only against the indirect mu-
tagen 2-acetylaminofluorene. This activity was di-
rectly proportional to the dose of the mutagen and
inversely proportional to the amount of microso-
mal enzyme mixture (Table 2). No such protec-
tive effect was observed in a preliminary experi-
ment with benzo(a)pyrene (5 and 10 pg/dish),
which is consistent with previous data [11]. The
positive effect of BC in experiments with CP [1]
(which requires an inductor of the microsomal
enzyme system common to 2-acetylaminofluorene)
implies its relationship with retinol [6] with respect
to inhibitory effects against mutagens activated by
certain forms of cytochrome P-450. Not one
modification of the Ames test revealed an effect of
BC on the mutagenicity of the three direct mu-
tagens, which is in conformity with previous data
[1,9]. The protective effect observed by us may
have resulted from an extracellular suppression of
the microsomal activation system, and this in vitro
model evidently cannot be used for the study of
an antioxidant protective effect observed in vivo.

For a better understanding of the mechanism
of the in vivo antimutagenic effect we should note
that BC has been reported to reduce the number
of CA induced by direct mutagens in Chinese
hamster bone marrow cells. The effect was observed
only when the preparation was administered 2
hours prior to the inductor [8], but no protective
effect was observed with CP [7]. As follows from
the comparison of these data with our findings, BC
evidently acts as a dismutagen (interceptor) of a
directly acting genotoxic agent at the time of in-
jection. For BC to manifest its full antimutagenic
effect against indirect mutagens, on the other
hand, a longer period of its utilization (or, possi-
bly, metabolism) is required. This is presumably
accomplished through inhibition of the induced
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form of cytochrome P-450 which is responsible for
transforming the mutagen into active forms.
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