J. Mamm. Ova Res. Vol. 21, 123—-127, 2004

123

A Novel Assay System of Chemicals
Using In-vitro Maturation of Mouse
Oocytes: Effects of Carbendazim

and Griseofulvin

Ryota Tanaka' 2, Tomohiro Sasanami®,
Masaru Toriyama® and Makoto Mori**

!Biosafety Research Center, Foods, Drugs and Pesticides (An-Pyo Center), Fukude-cho,

Shizuoka 437-1213, Japan

2United Graduate School of Agricultural Science, Gifu University, 1-1 Yanagido, Gifu

501-1193, Japan

3Department of Applied Biological Chemistry, Faculty of Agriculture, Shizuoka University,

836 Ohya, Shizuoka 422-8529, Japan

Abstract: In order to develop an in-vitro assay system
for detection of cytogenetic toxicity of chemicals, we
cultured mouse oocytes in vitro with two kinds of spindle
poisons, carbendazim (MBC) and griseofulvin (GF).
When cultured for 15 h with MBC (6 ug/ml), the majority
of the oocytes arrested maturation at the metaphase in
the first meiosis. This effect of MBC could be achieved
with the latter half of the exposure during 15 h for the
entire culture. In contrast, a significant proportion of the
oocytes cultured with GF (10 ug/ml) could not continue
meiosis from the germinal vesicle stage. Therefore, we
characterized the difference in the effects of MBC and
GF on meiotic progression of mouse oocytes by using
this in-vitro assay system, demonstrating that the
system would be useful for detection of cytogenetic
toxicity of chemicals.
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Introduction

The cytogenetic toxicity of chemicals has been
studied and evaluated in various in-vivo and in-vitro
systems [1]. Strategies for the detection of cytogenetic
toxicity generally involve a variety of approaches which
involve exposing test chemicals to various stages of
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somatic cell division. Nevertheless, some chemicals
may cause damage to germ cells but not to somatic
cells, due to the differences between meiosis and
somatic cell division. Such differences may arise from
the biological characteristics in the process of cell
division.

The first meiotic division of oogenesis occurs during
the embryonic stage, where the cells are arrested at
diakinesis [2]. They remain at this stage, but the
liberation of oocytes from antral follicles into a
chemically defined medium is followed by synchronized
progress of meiosis and completion of the first meiotic
division [3]. As pointed out by Donahue [4], the
spontaneous resumption of meiosis together with the
ease in recognizing each stage makes the in-vitro
culture system suitable for screening chemicals for
cytogenetic toxicity [5].

The object of the present study was to develop the in-
vitro assay system for detection of the cytogenetic
toxicity of chemicals. To achieve this purpose, we
cultured mouse oocyte in vitro with two kinds of
chemicals, carbendazim (MBC) and griseofulvin (GF),
both of which are known as a spindle poison for various
somatic cells. MBC is a broad-spectrum benzimidazole
fungicide with low toxicity [6]. At high doses, inhibition
of fungal mitotic microtubule formation was reported [7].
GF, an oral antibiotic fungicide used for treating
dermatophytosis [8], is known to have a cytogenetic
effect in various mammalian cells [9]. It can bind to
microtubule-associated proteins (Maps) and affects
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their incorporation into microtubules, thereby influencing
the stability of microtubules [10].

Materials and Methods

Animals and collection of oocytes

Female mice (Slc:ICR) were obtained from Japan Slc
Inc. (Hamamatsu, Japan) at 3 weeks of age. They were
reared under a 12L:12D lighting schedule with lights on
at 0700, and provided water and commercial diet ad
libitum.

Oocytes were isolated from 3- to 4-week-old female
mice. Follicular development was stimulated by i.p.
injection of 5 |.U. pregnant mare’s serum gonadotropin
(PMSG; Peamex, Sankyo-ale, Tokyo). The animals
were sacrificed by cervical dislocation 48 h after the
PMSG treatment. The ovaries were removed
immediately, and each pair of ovaries was placed in a
tissue culture dish (Falcon 3001, Becton Dickinson
Labware, Franklin Lakes, NJ) containing 0.5 ml of
modified Whitten’s medium [11] supplemented with 0.2
mM 3-isobutyl-1-methylxanthine (IBMX, Sigma
Chemical, St. Louis, MO) to arrest the oocytes at
diakinesis of the meiosis until the beginning of culture.
Cumulus-oocyte complexes (COCs) were collected by
follicular puncture with a 27-gauge needle. In this way,
20-40 COCs were obtained from each mouse.

In-vitro maturation of oocytes

After washing twice with modified Whitten’s medium
without IBMX, COCs were cultured in a humidified
atmosphere of 5% CO, and 95% air at 37°C for 15 h
with or without various concentration of MBC (1H-
benzimidazol-2-ylcarbamic acid methyl ester; Aldrich
Chemical Co. Inc., Milwaukee, WI) or GF (7-chloro-2', 4,
6-trimethoxy-6'-methylspiro[benzofuran-2(3H),1'-
[2]cyclohexene]-3,4'-dione; purity 95%, Sigma
Chemical, St. Louis, MO). MBC and GF were dissolved
in dimethyl sulfoxide (DMSO) and freshly prepared
solutions in modified Whitten’s medium were used to
treat COCs. DMSO never exceeded 0.1%, and no
adverse effects of DMSO on oocyte maturation were
observed at this concentration.

All media were sterilized by passing through a 0.22
um Millipore filter and were equilibrated to culture
conditions for at least 3 h before use.

Analysis of oocytes

At the end of culture, cumulus cells were removed
from COCs by gentle pipetting. Oocytes were
examined microscopically for the presence of intact
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Fig. 1. Time course of oocyte maturation in modified
Whitten’s medium. The oocytes obtained from ICR
mice were cultured in modified Whitten’s medium for
0 (50), 0.25 (55), 0.5 (46), 0.75 (54), 1 (47), 1.5 (53),
3 (27), 6 (29), 7.5 (9), 9 (26), 12 (26) or 15 (36) h
(number of oocytes in parenthesis). Each oocyte was
observed to be classified as follows: germinal vesicle
stage (#); metaphase in the first meiosis (H);
metaphase in the second meiosis ().

germinal vesicle (GV) and the first polar body. When
the GV and the first polar body was not observed, the
oocyte was classified as at the metaphase in the first
meiosis (Met 1), and when the first polar body was
observed, the oocyte was classified as at the
metaphase in the second meiosis (Met II) [12].

Statistical analyses

All of the data obtained were statistically analyzed by
Fisher's exact test [13]. All statements of significance
were based on a probability level of <0.05.

Results

When oocytes were isolated from ICR mice after
PMSG treatment and cultured in modified Whitten’s
medium, most of them spontaneously resumed meiosis
(Fig. 1). Almost all oocytes exhibited intact GV until 30
min of culture and then the percentage of GV oocytes
decreased acutely until 1.5 h and then gradually
decreased until 6 h (Fig. 1). The proportion of Met |
oocytes increased after 30 min of culture and reached a
peak at 6 h following decrease until the end of culture
(Fig. 1). The Met Il oocytes were first observed at 7.5 h
of culture and almost all oocytes were arrested at Met |l
after 15 h of culture (Fig. 1).

In the next experiment, oocytes were cultured with
various concentrations of MBC (0.6, 2 or 6 ug/ml) or GF
(1, 3 or 10 ug/ml) for 15 h to examine the effects of



Table 1. Effects of MBC and GF on oocyte maturation in vitro
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Concentration of MBC No. of oocytes GV Metl Met 11
or GF (ug/ml) analyzed (%) (%) (%)
MBC 0 63 4(6.3) 3(4.8) 56 (88.9)
MBC 0.6 57 2(3.5) 2(3.5) 53 (93.0)
MBC 2.0 89 13 (14.6) 27 (30.3)** 49 (55.1)**
MBC 6.0 67 9(13.4) 45 (67.2)** 13 (19.4)**
GF 0 50 8 (16.0) 0 (0) 42 (84.0)
GF 1 65 9 (13.8) 3(4.6) 53 (81.5)
GF 3 62 15(24.2) 9 (14.5)** 38 (61.3)**
GF 10 71 26 (43.3)** 45 (56.7)** 0 (0)**

The oocytes obtained from ICR mice were cultured in modified Whitten’s medium containing
various concentration of MBC or GF at 37°C. After 15 h of culture, each oocyte was observed to
be classified as follows: GV; germinal vesicle stage, Met I; metaphase in the first meiosis, Met II;
metaphase in the second meiosis. An asterisk denotes a significant difference from the value
when cultured without chemicals of each corresponding stage. **; P<0.01.

Table 2. Stage specific effects of MBC and GF on mouse oocyte maturation in vitro

Time of exposure No. of oocytes GV Met I Met I1
(h) analyzed (%) (%) (%)

MBC 0 (0-15) 56 5(8.9) 3(54) 48 (85.7)
MBC15 (0-15) 51 2(3.9) 15 (29.4)** 34 (66.7)*
MBC 7 (0-7) 52 6(11.5) 1(1.9) 45 (86.5)
MBC 8 (7-15) 48 3(6.3) 20 (41.7)** 25 (52.1)**
GF 0(0-15) 34 3(8.8) 4(11.8) 27 (79.4)
GF 15 (0-15) 42 24 (57.1)** 18 (42.9)** 0 (0)**
GF  7(0-7) 34 2(5.9) 9 (26.5) 23 (67.6)
GF 8(7-15) 34 9(26.5) 17 (50.0)** 8 (23.5)**

The oocytes obtained from ICR mice were exposed in 2.0 ug/ml of MBC or 10 pg/ml of GF
for 15 h during the entire in-vitro maturation, 7 h between GV and Met I, 8 h between Met [
and Met II, respectively. After the culture, all oocytes were classified into each meiotic stage
as follows: GV; germinal vesicle, Met I; metaphase in the first meiosis, Met II; metaphase in
the second meiosis. An asterisk denotes a significant difference from the value when cul-
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tured without chemicals for each corresponding stage. *; P<0.05, **; P<0.01.

these chemicals on the meiotic progress. As shown in
Table 1, the oocytes treated with MBC showed a dose-
dependent inhibition of the meiotic progress. More than
60% of the oocytes cultured with 6 xg/ml of MBC
arrested the meiosis at Met |. In corresponding to the
increase in Met | oocytes, the percentage of Met Il
oocytes was significantly decreased in the presence of
MBC.

The meiosis in the oocytes exposed to more than 3
ug/ml of GF was inhibited dose-dependently, and more
than 40% of the oocytes cultured with 10 xg/ml of GF
were arrested at GV stage (Table 1). Corresponding to
the increase in GV stage oocytes, the proportion of Met
Il oocytes was significantly decreased. No oocyte at the
Met Il stage was observed when cultured with 10 zg/ml
of GF.

In the next series of experiments, we cultured mouse
oocytes with 2 ug/ml of MBC or 10 pg/ml of GF for 15 h,
for the initial 7 h, or for the latter 8 h of culture, to
evaluate the stage-specific effects of exposure to these
chemicals during meiotic progression. When the
oocytes were exposed to MBC for the initial 7 h and
continued to culture without chemical until 15 h, the
progression of meiosis was similar to the control (Table
2). On the other hand, a similar effect of MBC to the
entire 15 h of exposure was observed in the latter 8 h of
exposure (Table 2).

Whereas exposure of the oocytes to GF for 15 h
caused significant arrest of meiosis at the GV stage, a
similar proportion of Met Il oocytes as in the control
culture were detected in the oocytes exposed to GF for
the first 7 h of the culture (Table 2). The inhibition of
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meiotic progress of the oocytes was shown in the
exposure to GF during the latter half of the culture
period (Table 2).

Discussion

In the present study, we examined the effects of MBC
and GF, known as spindle poison, on meiotic
progression in maturing mouse oocytes in vitro.

MBC exposure interfered with meiotic cell cycle
progression by delaying advancement to Met Il in a
dose-related manner. It was reported that MBC
exposure for 7 h induced a delay in cell cycle
progression of mouse oocytes during in-vitro maturation
[14]. In the observation of stage-specific effects in the
present experiment, oocytes exposed to MBC for 7 h
and cultured in control medium for an additional 8 h
recovered the delay of cell cycle progression to Met II.
Similar reversibility was reported in diethylstilbestrol-
induced meiotic delay in mouse oocytes during in-vitro
maturation [15].

The effects of GF on meiotic progression in maturing
mouse oocytes in vitro were shown for first time. There
were some reports in which GF treatment induced
meiotic delay during in-vivo oocyte maturation [16—18].
In their reports, GF treatment at Met | resulted in the
induction of meiotic delay as demonstrated by the
detection of ovulated Met | oocytes. In this study,
oocytes arrested at the GV stage were prominent in the
treatment with 10 xg/ml of GF for 15 h of culture.
Although we have not observed the meiotic stage after
7 h of culture with GF, it could be speculated that most
of the oocytes not able to progress beyond the GV
stage can resume meiosis during the additional 8 h of
culture without GF.

Our findings indicate that there may be some
differences of the effect of spindle poisons on the first
and second meiotic divisions. In the first meiotic
division, homologous chromosome pairing and
crossing-over occur before segregation of homologous
chromosomes at anaphase |. The process of the
second meiotic division, similar to the mitotic cell
division, ended the chromatid segregation at anaphase
I. It is known that MBC disrupts mitosis by binding to
tubulin [19] and preventing polymerization [20], and GF
can reduce the incorporation of Maps into microtubules
and interact directly with tubulin [21]. Nevertheless, in
view of the scarcity of information on the effects of
spindle poisons in meiosis, it is necessary to conduct a
validated study of aneuploid induction during meiosis.

There is evidence for a very narrow time window for

activity for some chemicals in cell division [22, 23]. Itis
necessary to conduct a precise time-course study, with
treatment times narrowly spaced, to maximize the
chance of detecting a toxicity of chemicals. Therefore,
in-vitro maturating mouse oocytes are a useful model
for the identification of the cytogenetic toxicity of
chemicals and for the detection of stage-specific effects
of chemicals during meiosis.
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