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Figure 1 Effects of oocyte age post-hCG administration on PB1 position. x-axis, Time of oocyte post-hCG; y-axis, percentage
of oocytes (number of oocytes with a certain Pb1 – spindle angle/total number of oocytes). Numbers in the right-hand key
represent the angle between Pb1 and the spindle.

Table 1 Changes in PB1 position post-hCG administration

No. (%) of oocytes with different PB1 positionsa

Oocyte age post-hCG (h) No. of oocytes 0–30◦ 30–45◦ 45–90◦ 90–180◦

10 86 69 (80.23) 13 (15.12) 2 (2.33) 2 (2.33)
11 81 55 (67.90) 20 (24.69) 3 (3.70) 3 (3.70)
12 78 45 (57.69) 18 (23.08) 5 (6.41) 10 (12.82)
13 59 28 (47.46) 16 (27.12) 11 (18.64) 4 (6.78)
14 80 31 (38.75) 21 (26.25) 15 (18.75) 13 (16.25)
16 61 5 (8.20) 9 (14.75) 12 (19.67) 35 (57.38)

a Angle between Pb1 and spindle.

Figure 2 The changes in angle between Pb1 and the spindle
at different ages post-hCG. (A), (B), (C), (D), (E) and (F)
individually illustrate 0◦, 30◦, 45◦, 90◦, 135◦ and 180o. Sp,
spindle; Pb, first polar body.

in optimal fertilization and number of 2PN zygotes, but
the results using other positions are fairly poor (p <

0.05) as shown in Table 2. This suggests that the position

Table 2 Effects of different injection position on pronucleus
formation in mouse zygotes

Injection position No. of No. (%) No. (%)
(Pb1 = 0 o’clock) oocytes of 1PN of 2PN

0 o’clock 186 41 (22.40)a 43 (32.12)a

1.5 o’clock 181 31 (17.13)a 32 (17.68)a

3 o’clock 188 28 (14.89)a 91 (48.40)b

6 o’clock 161 30 (18.63)a 32 (19.86)a

a ,bData within the same column with different superscripts
are significantly different (p < 0.01).

of ROSI can significantly influence the formation of
2PN rather than 1PN in zygotes.

Relationship between rate of pronucleus formation
and early-stage development

As shown in Table 3 and Fig. 3, the rate of 2PN
formation for ROSI is closely related to the formation
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Figure 3 Pronuclei and development of ROSI mouse zygotes. Zygotes with a single pronucleus (1PN, A), 2PN with equal-
sized male and female pronuclei (B), 2PN with a normal-sized female pronucleus and a small male pronucleus (C), and mouse
embryos developed to the 2-cell (D), 4-cell (E), 8-cell (F) and blastocyst (G) stages. PN, pronucleus; fPN, female pronucleus;
mPN, male pronucleus; sPN, small pronucleus.

Table 3 Effect of pronucleus number on development of
ROSI mouse embryos

No. of No. of 2-cell No. of No. of
No. of oocytes embryos morulae blastocysts
pronuclei cultured (%) (%) (%)

1PN 130 124 (95.38)a 49 (37.69)a 6 (4.62)a

2PN 197 189 (95.94)a 108 (54.82)a 54 (27.41)b

a ,bData within the same column with different superscripts
are significantly different (p < 0.01).

of a blastocyst. Although the rate of formation of 2-
cell embryos and morulae is not markedly different
between 1PN and 2PN zygotes, the rate of blastocyst
formation from 2PN zygotes is significantly greater
than that from 1PN zygotes (27.41% vs 4.62%; p <

0.01), suggesting that 2PN are necessary for the later
development of mouse embryos.

Discussion

This study investigated how the relative position of Pb1
and the spindle changed following the elongation of
oocytes post-hCG administration, whether the injection
position could affect the rate of 2PN and 1PN zygotes,
and how both 2PN and 1PN influence the in vitro
development of mouse zygotes.

Our results indicate that the angle between Pb1 and
the spindle is significantly affected by the time post-
hCG, i.e. the position and distance between Pb1 and
the spindle obviously change, and the optimal time for
ROSI is from 11.5 to 13 h post-hCG while the angle
between Pb1 and the spindle of most oocytes (67–85%;

Table 1) is between 0◦ and 45◦. As regards ROSI at dif-
ferent injection positions, injection at 3 o’clock results in
an optimal rate of 2PN formation while the rate of 1PN
formation is not affected by injection position; however,
the rate of 2PN formation at 0, 1.5 and 6 o’clock is rather
lower than that at 3 o’clock.

In general, during in vivo fertilization and/or assisted
reproduction, most zygotes can form a male pronucleus
and a female pronucleus, the size of the two pronuclei
is not equal, and the morphology and pronucleus
score shows (Kahraman et al., 2002) correlations with
implantation and development to the blastocyst stage.
A normal pronucleus has a cytoplasmic halo, and
presence/absence of a halo had a significant effect
on the rate of development and the overall embryo
morphology score. Therefore the determination of
the pronucleus can help predict the developmental
potential of embryos, aid in early selection and may
indicate the health of the oocyte.

However, the present study shows that the rate
of 2PN in ROSI zygotes is lower than that in
normally fertilized oocytes. Many zygotes have a single
pronucleus (1PN; Fig. 3A), and pronuclear morphology
and the size of the two pronuclei in ROSI zygotes can
differ: the size of male and female pronucleus may be
almost equal (Fig. 3B), or the male pronucleus may be
a great deal smaller than the female one (Fig. 3C), the
formation of a small pronucleus perhaps resulting from
insufficient decondensation of the round spermatid.
Furthermore, importantly, although round spermatids
have the ability to form a pronucleus in oocytes, and
several kinds of animals (Ogura et al., 1994; Hirabayashi
et al., 2002; Sofikitis et al., 1994; Tesarik et al., 1995; Haigo
et al., 2004) have been produced, mouse oocytes are
easily activated and the relative position of Pb1 and the
spindle can significantly change in vitro. Therefore, it
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would appear that the time restriction that applies to
ROSI limits the ability of haploid male cells to become
incorporated into a zygote, or (and) the ROSI procedure
may also damage the spindle due to changes in the
spindle, which can decrease the rate of 2PN formation
and increase oocyte death. The results of our study
reveal that a higher rate of male pronucleus formation
is maintained if injections are carried out at 3 o’clock at
11.5–13 h post-hCG injection.

In addition, the results of the present study indicate
that male pronuclei could support in vitro development
of mouse zygotes. ROSI zygotes with 2PN can develop
to the blastocyst stage more successfully than those
with 1PN, which indicates that the function of a male
pronucleus is necessary for the later development of
mouse zygotes.

Therefore, we conclude that a specific time and
injection position are required for injected round
spermatids to become male pronuclei that are capable
of supporting in vitro development; this may indicate
male pronuclei need to be critically reprogrammed.
Furthermore, during the development of embryos the
formation of 2PN (a male pronucleus and a female one)
is required, rather than 1PN, which suggests to some
extent the male pronucleus is absolutely necessary for
blastocyst formation and later production of offspring.
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