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The inhibitary effects of B-carotene on cyclo-
phosphamide (CPA)-induced chromosomal ab-
errghions in mouse bone marrow cells were in-
vestigoted. Male Balb C mice, B=10 weeks old,
were freated with B-carotene (0.5, 1.0, 2.0, 5.0,
10, 25, 50, 100, and 200 mg/kg) or with carn oil
{0.05 mI/10 g b.w.) by gavage for 5 consecutive
days. Four hours after the last treatment with or
without B-caratene, the animals were inlraperi-
toneally injected with CPA and killed 24 hr later
for cytological preparations and analysis, The
results oblained show that B-carotens provides
significant protection against the clostogenicity

of CPA. The maximum reduction in the frequency
of aberrant melophoses (26.9%) ond in folal
number of chromosamal aberrations were ob-
served when R-carotene was used ot 50 mg/kg.
MNevertheless, no direct dose-response relation-
ship wos defected, suggesting that §-carclene
might act 1hrough different mechanisms at dif-
ferents doses. The results obtained in animals
studies have served as part of the basis for the
hyman intervention studies now underway to de-
termine if P-carotene does indeed funclion as a
chemapreventive agent in human nulrition.
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INTRODUCTION

Recently, B-carotene has reccived attention as a possible
antimutagen, based on studies in bacteria, rodents, and hu-
man populations. Several papers have reported that B-caro-
tene prevents chromosomal damage caused by mutagenic
agents, including mutagenicity in a Safmonefla tvphimurium
strain (Behsario ct al., 1983), sister chromatid exchanges in
mouse mammary cells (Manoharan and Banerjee, 1983),
chromosome aberrations and micronuclei (Renner, 1985,
1990; Mukherjee et al., 1991), and micronuclei formation in
the buccal mucosa of betel quid chewers (Stich et al., 1988).

The properties of B-carotene as an efficient antioxidant,
its ability to trap organic free radical molecules, and its
ability to be converted into vitamin A make it a desirable
dietary prophylactic agent, particularly in chemical carcino-
penesis. Nevertheless, there have been relatively few stud-
ies with B-carotene compared with the larger number of
experiments dealing with vitamin A in carcinogenesis,
Since B-carotene occurs naturally in fruits and vegetables,
this provitamin appears important in accounting, in part, for
the protective action of fruits and vegetables. Abraham et al.
(1986) and Darroudi et al. (1988) have reported. for exam-
ple. the antimutagenicity of carrot juice in both in vitro and
in vivo tests. Carrot was chosen since it is one of the main
source of B-carotene.
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Because of its lack of toxicity, B-carotenc is a very attrac-
tive agent for chemoprevention, In the present study we thus
investigated the cffects of some concentrations of pure
B-carotene on cyclophosphamide (CPA)-induced chromo-
somal aberrations in mouse bone marrow cells.

MATERIAL AND METHODS

Eight- to 10-week-old male Balb C mice, obtained from
our own colony, were used in this study, Animals were kept
in temperature- (20-25°C) and humidity- (40-60%) con-
trolled conditions with a 12-hr light-dark cycle and were
maintained on mouse feed (Muvital, Nuvilab) and water ad
libitum until treatment.

B-carotene (beta-carotene 30%, Roche, Brazil) dissolved
in corn oil was administered by gavage (0.05 ml/10 g body
weight) for 5 consecutive days. Cyclophosphamide (En-
duxan, Pravaz) was dissolved in distilled water and injected
intraperitoneally (i.p) at 20 mg/kg b.w. 4 hr after the last
treatment with B-carotene.
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centrations of B-carotenc (0.5, 1.0, 2.0, 5.0, 10, 25, and 50
me/kg), the greatest reduction (26.9%) in the frequency ol
aberrant metaphascs was observed with 50 mg/ke of B-caro-
tene. On the other hand, no reduction was detected for the
two higher concentrations (100 and 200 mg/kg) tested.

Regarding the frequencics of chromosomal aberrations
(Table 1), a statistically significant decrease was observed
only for 5 concentrations of B-carotene (0.5. 1.0, 2.0, 25,
and 50 mg/kg). Thus, the two higher concentrations used
(100 and 200 mg/kg), together with the two intermediates (5
and 10 mg/kg). did not induce a significant decrease in the
frequency of chromosomal aberrations.

The data did not show any significant difference in clasto-
genicity when the positive control (treated Jjust with CPA)
was compared with the control group (oil plus CPA). The
same result can also be observed between the negative con-
trol (corn oil) and the group exposed to the highest concen-
tration of B-carotene used.

No statistically significant difference was observed in the
distribution of damage among cells in the control group
when compared with those groups treated with CPA plus
B-carotenc, i.c.. a preferential reduction of aberrations was
not observed in cells with more or less damage (Table 11).

The mitotic index did not show any statistically signifi-
cant difference between all treated groups and controls.

DISCUSSION

Several investigators have attempted to assess the hypoth-
esis that B-carotene might function to reduce cancer rates.
Although not yet proven, this hypothesis has gencrated a
great deal of work with respect to the possible role of f3-car-
otene as cither an anticarcinogenic or an antimutagenic com-
pound.

It is clear from the data presented here that B-carotene
reduced the clastogenicity of CPA. Nevertheless. its modu-
latory action was not dose dependent; in other words. no
direct dose-response relationship was observed.

According to De Flora and Ramel (1988). prevention of
mutagenesis may be achieved at the metabolic stage, either
by inhibiting those biochemical mechanisms that are respon-
sible for the activation of promutagens to electrophilic me-
tabolites. by stimulating the enzymatic detoxification of
chemicals, or, since the mechanisms are quite often compet-
itively or sequentially involved, by shifting their balance in
favor of detoxification. Thus. as CPA is an indirect-acting
mutagen, alterations affecting the process of enzymatic acti-
vation might modify the formation of its ultimate mutagen
metabolite.

Masuda et al. (1990) reported that the CPA-induced SCEs
were substantially lower in rats predisposed to hereditary
hepatitis and liver cancer, which exhibited significantly re-
duced cytochrome P-450 contents and MmMOoNooOXygenase ac-
tivities,
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The cffects of dictary supplements of B-carotene on he-
patic microsomal drug metabolizing enzyme activities were
studied in mice by Basu et al. (1987). Supplementation tor
14 days resulted in a marked reduction in the concentration
of biphenyl d-hydroxylase and cytochrome P-450, the ter-
minal oxygenase for the mixed-function oxidase system.

Darroudi et al. (1988) observed that carrot juice. and
possibly B-carotene. may have an inhibitory effect on the
genotoxic activity of CPA, possibly by interfering with the
enzymatic process of its activation. In addition to the ability
of B-carotene to affect metabolic activation, the anticlasio-
zenic activity of this carolenoid may also be due to s
antioxidative property, which eliminates free radicals by
formation of complexes with one of its double bonds (Bur-
ton and Ingold, 1984). Many authors have auribued the
antimutagenicity/anticarcinogenicity of B-carolene to its ca-
pacity 1o inactivate clectronically excited molecules {Ames,
1983: Malone, 1991; Singh and Gaby, 1991).

Mukherjee et al. (1991). using 4 mice per concentration
and 2 concentrations (2.7 and 27 me/kg) of B-carotene (or 7
days, reported a significant dose-related etficiency of B-car-
atene in reducing chromosomal aberrations induced by CPA
in mice bone marrow cells in vivo. Nevertheless, they ob-
served that Becarotene alone (27 mg/kg) showed signili-
cantly higher cluastogenicity than the negative control. In our
experiments no statistically significamt difference was ob-
served between the negative control group and that exposed
just to B-carotene (200 mg/kg).

Although Renner (1985) did not obscrve an inhibitory
effect of B-carotene on CPA-induced chromosome aberra-
tions, this result is in agreement with our result, since we
also did not find an anticlastogenic effect when doses above
100 mgdkg of B-carotene were used.

In a previous study conducted i our laboratory (Salvadori
el al., 1992) using the same methodology as that described
here, but another B-carotene formulation (water soluble,
WS) at concentrations of 5. 10, 25, 50, 100, and 200 mg/kg,
we also observed that B-carotene was effective in reducing
chromosomal damage induced by CPA. However, in agree-
ment with the present results, no dose-response relationship
was ubserved. On the other hund, 7 concentrations of B-car-
otene under the formulation used in the present study (solu-
ble in oil) were active in reducing the frequency of cells with
chromosomal aberrations. while only 2 concentrations of
P-carotene WS tested (10 and 25 mg'kg) were elfective.
This difference could be arribured to a better absorption of
Becarotene when dissolved in oil.

The absence of a protective effect at the 2 highest concen-
trations of B-carotene observed in the present study might be
due 1o the fact that at low levels of B-carotene intake the
efficiency of absorption and utilization s farly good and the
conversion efficiency of [-carotene to vitamin A decreases
tremendously at higher levels (Erdman, 1988).

In conclusion, befare the potential benefits of B-carotene
in humans can be established more experimental studies
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must be conduced to elucidate its antimutagenic and anticar-
cinogenic mechanisms, as well as the best strategies (doscs
and formulations) for its use as a chemopreventive agent.
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