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We studied apoptotic fragmentation in ovulated mouse oocytes. Some cells were fixed immediately 
after isolation, while others were cultured for 3 hours with or without prostaglandin F2 alpha. 
Membrane organelles, fibrillar actin and DNA were stained with DiOC6, TRITC-phalloidin and 
Hoechst 33342, respectively. While fragmented cells were generally rare, most of them were 
in samples treated with prostaglandin F2α, revealing it as a potential inducer of apoptosis. The 
chromatin had interphase appearance, indicating exit from meiosis or arrest at germinal vesicle 
stage. Fragmentation tended to be more pronounced in the vicinity of chromatin, which could 
be explained with the concentration of actin in the cap region. These preliminary data confirm 
the active participation of cytoplasm in oocyte apoptosis, and suggest that this process could be 
induced by mediators of inflammation.
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Introduction

The morphology of programmed cell death (apoptosis) is characterized by fragmentation 
of the cell [6]. So far, few studies have addressed this process in mature ovulated 
oocytes where it is complicated by their metaphase II arrest. After induced apoptosis 
in ovulated oocytes, cytoplasmic fragmentation reportedly requires activation and exit 
from meiosis [3]. In line with this, ovulated eggs undergoing degeneration known 
as postovulatory aging are often activated and exit metaphase II [7], and apoptosis 
of dividing somatic cells (a.k.a. mitotic catastrophe) typically includes formation of 
nuclear envelopes around chromosome clusters [9]. Postovulatory aging and apoptosis 
of oocytes can be influenced by culture conditions such as presence of signaling 
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molecules. The inflammation-associated signal prostaglandin F2α has been reported to 
induce both cell survival [1] and apoptosis [8] in different cell types, and even in the 
same cell type [2]. We have investigated the impact of prostaglandin F2α on ovulated 
mouse oocytes, and the main effect observed was degeneration of the cytoskeleton [4]. 
In the present study, untreated and prostaglandin F2α-treated ovulated oocytes were 
examined for cytoplasmic fragmentation indicating apoptotic cell death.

Materials and Methods

All experiments conformed to legislature and ethical guidelines concerning animal 
research. Oocytes were obtained as described in [4] and stained as in [5] with small 
modifications. Briefly, female ICR mice were stimulated with follicle-stimulating 
hormone and luteinizing hormone, 7.5 IU each. After 48 h, ovulation was induced by 
10 IU of human chorionic gonadotropin, and oocytes were collected on the next day. 
Some of them were immediately fixed in 2% paraformaldehyde, while others were 
cultured for 3 hours in α-MEM medium with or without prostaglandin F2α (50 or 100 
ng/ml) before fixation. Membrane organelles, fibrillar actin and DNA were visualized 
using the lipophilic dye DiOC6, TRITC-phalloidin and Hoechst 33342, respectively. 
Cells were observed by epifluorescence and confocal microscopy.

Results and Discussion

Apoptotic fragmentation was observed in a small proportion of oocytes. It was absent 
in freshly isolated oocytes and very rare in those cultured without prostaglandin. 
Though the vast majority of prostaglandin-treated cells also showed no fragmentation, 
most fragmented cells were prostaglandin-treated, indicating its possible pro-apoptotic 
action. 

Fragmented oocytes had condensed interphase chromatin, indicating either exit 
from meiosis or arrest at germinal vesicle stage, in accordance with literature data [3]. 
In some cells, nucleolus-like bodies could be seen (Fig. 1A). 

When fragmentation was limited to a part of the cell, it tended to be more 
pronounced in the vicinity of chromatin, which could be explained with the 
concentration of fibrillar actin in the cap region. In some oocytes, membrane staining 
was particularly strong in the zona pellucida (Fig. 1B). This was most likely due to 
membrane material released from the fragmenting cell and captured in the zona matrix. 
These morphological peculiarities of the process, and the role of prostaglandin F2α as 
its potential inducer, are not discussed in the literature available to us and so provide 
new details about apoptosis of ovulated mammalian oocytes.

Conclusions

Our preliminary study confirms the active participation of cytoplasm in oocyte 
apoptosis, and suggests that apoptotic fragmentation could be induced by mediators of 
inflammation such as prostaglandin F2α.
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Fig. 1. Apoptotic fragmentation in mouse ovulated oocytes cultured for 3 h, staining for 
membranes (Lip), fibrillar actin (Act) and DNA (Chr). A. Complete fragmentation in a cell 
treated with 50 ng/ml prostaglandin F2α, epifluorescence. The main nuclear fragment, shown 
magnified in the inset, has two nucleolus-like bodies. B. Partial fragmentation in the chromatin-
containing region of a cell treated with 100 ng/ml prostaglandin F2α, confocal microscopy. 
Zona pellucida is brightly stained for membrane material. Bars = 20 μm.
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