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Okadaic acid (OA) was applied in different concentrations for 1 or 2 hours on in vitro maturing and ovu-
lated mouse oocytes. Actin, tubulin and chromatin were fluorescently stained and chromatin condensa-
tion, chromosome spreading, presence and morphology of meiotic spindle and actin cap were analyzed. 
One hour OA treatment of in vitro maturing oocytes produced slender spindles and was not enough for 
chromosome condensation. In vitro maturing oocytes treated for 2 h had abnormal or destroyed spindles 
and often condensed chromatin. When chromosomes were well spread, actin cap was lacking and actin 
was distributed uniformly in cortical cytoplasm. These changes preceded changes in meiotic spindle and 
chromatin. Chromatin condensation was higher for in vivo ovulated oocytes and good quality chromo-
some plates were obtained from them. In conclusion, OA treatment of oocytes affects the actin cap first, 
causes spindle abnormalities depending on meiotic maturation stage and provides good chromosome 
spreading and condensation.
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Introduction

Okadaic acid (C44H68O13) is a cytotoxin produced by dinoflagellates. It is named after 
the marine sponge Halichondria okadai, from which this compound was first isolated. 
Its hydrophobic backbone enables it to enter cells where it stimulates intracellular pro-
tein phosphorylation. Okadaic acid (OA) is a reversible, potent and selective inhibitor 
of serine threonine protein phosphatases PP2A and PP1, especially the former [6]. In 
oocytes, OA induces activation of MPF, entry to M-phase and chromosome conden-
sation. In Xenopus eggs, OA provokes lamin depolymerization and nuclear envelope 
breakdown and strongly affects the microtubule organizing center [5]. Because of its 
effect on chromosome condensation, okadaic acid was applied on human second polar 
bodies to obtain readable metaphase plates as an approach for preimplantation diagnos-
tics in assisted reproduction [7]. The authors reported some benefits of OA treatment 
(no need of hypotonic incubation during oocyte fixation) but also a disadvantage (cell 
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fragmentation). According to [1], OA prevents polar body extrusion and causes ruf-
fling of cell membrane and formation of large vacuoles in the ooplasm. Treatment of 
canine oocytes of different sizes with 0.5 μM OA for 1 h reportedly improves mei-
otic maturation [2]. These data, however, are still preliminary and no benefit of OA 
as methodological tool for oocytes is generally accepted. To study the potential of 
okadaic acid in this respect, we investigated its effects on chromosome condensation 
and spreading as well as on tubulin and actin cytoskeleton in ovulated and in vitro 
maturing mouse oocytes.

Materials and Methods

The study used 141 mouse oocytes obtained after hormonal stimulation of the animals. 
Ninety-one oocytes were obtained by ovarian section and subjected to in vitro matura-
tion (IVM). Fifty oocytes were isolated from the oviduct after their in vivo ovulation. 
The stimulation was carried out by FSH (Follicle Stimulating Hormone) treatment of 
animals for the oocytes subjected to in vitro maturation and a combination of FSH/hCG 
(human Chorionic Gonadotropin) for ovulated oocytes. 

Three different concentrations (0.4 µМ, 2 µМ and 5 µМ) of okadaic acid were 
applied for 1 or 2 hours to mouse oocytes at different maturation stages (in vitro matur-
ing or ovulated). Oocytes were then subjected to fluorescent detection of tubulin, actin 
and chromatin or to classical karyotyping. In the latter case, hypotonic incubation was 
omitted in some samples. Chromatin was visualized by Giemsa for karyotyping and by 
HOECHST 33258 (Sigma-Aldrich) for fluorescent analysis. Monoclonal mouse anti-
α-tubulin antibody followed by FITC-conjugated goat antibody (Sigma-Aldrich) were 
used for detection of tubulin. Fibrillar actin was visualized using its specific reaction 
with phalloidin-TRITC (Sigma-Aldrich).

The results were analyzed regarding chromatin condensation, chromosome spread-
ing, presence and morphology of meiotic spindle and actin cap.

Results

In vitro maturing oocytes
Incubation of in vitro maturing oocytes 
with OA in different concentrations for 1 
hour did not cause chromosome spread-
ing. A slender meiotic spindle containing 
few fibers was present in these oocytes. 
The proportion of oocytes with visible 
spindles was comparable between samples 
exposed to low and high concentration of 
OA: 36.36% of oocytes treated by 0.4 µМ 
OA and 32-34% of cells treated by 2 µМ or 
5 µМ OA. 

Chromosome spreading was ob-
tained in 26.67% of oocytes incubated 
for 2 h in 5 µМ OA, 30.77% of oocytes 
incubated in 2 µМ OA and 31.25% of 
oocytes incubated in 0.4 µМ OA. The 
chromosomes were condensed at regard-

Fig. 1. Spread of chromosomes in an in vitro ma-
turing oocyte treated by 5 µМ OA for 2 h. The 
chromosomes are well condensed and distri-
buted in the ooplasm. Most of them are seen re-
presented by single chromatids and their number 
is corresponding to the diploid set. Bar = 20 µm
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less of the stage of meiotic maturation  and the spread occupied nearly half of the 
oocyte volume (Fig. 1).

Meiotic spindles had abnormal shape and/or length or were fully destroyed. The 
low (0.4 µМ) or high (2 µМ and 5 µМ) concentration of OA had different effect on 
tubulin: spindles were present in 43.75% of oocytes incubated in 0.4 µМ ОA compared 
to 23% and 20% respectively of cells treated by 2 µМ and 5 µМ OA.

In vivo ovulated oocytes
The incubation in OA for two hours result-
ed in very good chromosome spreading. 
Ovulated mouse oocytes had well spread 
metaphase chromosomes after incubation 
with OA for 2 hours at concentrations of 
2 µМ (60%) and 5 µМ (75%). No micro-
tubules were observed in these cells. In 
cases when chromosomes were not spread, 
the peripheral region adjacent to the chro-
mosomes showed diffuse fluorescence for 
tubulin. 

Good quality chromosome spreads 
suitable for classical cytogenetic analy-
sis (Fig. 2) were obtained from in vivo 
ovulated oocytes incubated in OA for 2 h 
(58.33% of cells treated by 5 µМ ОA and 
56.25% of those treated by 2 µМ ОA).

The quality of spreads was slightly 
variable: most of them had well condensed 
chromosomes but some had chromosomes 

longer than normal or not well condensed. On average, spreading was better in cells 
subjected to hypotonic incubation, therefore this protocol was used for most samples.

Actin cap was lacking in cells with well spread chromosomes and actin was dis-
tributed uniformly in the cortical cytoplasm. These changes in actin cytoskeleton pre-
ceded changes in meiotic spindle and chromatin.

All groups of oocytes treated by OA had intact cell membrane and no vacuoles or 
cell fragments were observed.

Discussion

Our study provides data about the sequence of effects caused by OA on actin and tubu-
lin cytoskeleton and their relation to chromosome condensation. Treatment by okadaic 
acid affects the actin cytoskeleton first and causes abnormalities of meiotic spindle 
depending on the maturation stage of the oocyte. By our opinion, these dramatic cyto-
skeletal changes make controversial the stimulating effects of OA on oocyte maturation 
[2] even if reversibility of the treatment is taken into account. 

While okadaic acid suitability to improve the outcome of assisted mammalian re-
production is questionable, it has a potential use in cytogenetic analysis by increasing 
the yield of good metaphase plates from oocytes. In our study, chromosome conden-
sation was achieved for both mature and immature mouse oocytes after treatment by 
okadaic acid. The main obstacles in mammalian oocyte cytogenetic analysis are the low 
number of cells for analysis (especially for human oocytes) and the quality of chromo-

Fig. 2. Good quality chromosome spread of an in 
vivo ovulated oocyte incubated in 2 µМ OA for 
2 h. Chromosomes have good morphology and 
condensation and are suitable for classical cyto-
genetics. Bar = 20 µm
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some spreads [8]. Increasing the number of analyzable cells could improve both classi-
cal and molecular cytogenetic analysis. 

The advantage of OA treatment cited in [7] – skipping of hypotonic incubation, 
was not confirmed by this study. Our previous experience with mammalian oocyte chro-
mosome spreads [3, 4] has shown strain-dependent differences in chromosome clump-
ing. In the present study, spreading of mouse chromosomes fixed for cytogenetics was 
better when hypotonic incubation was applied during fixation. 

The data reported in [1, 7] concerning changes of oocyte membrane or integrity 
caused by OA were also not supported by our results. Even after oocyte incubation for 
2 hours in the highest (5 µМ) concentration of OA, cell membrane was intact and no 
vacuoles or cell fragments were formed.

In conclusion, our study of the effects of okadaic acid treatment on oocyte chro-
mosomes and cytoskeleton showed that this procedure can be used to obtain metaphase 
plates suitable for karyotyping from both mature and immature oocytes.
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