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Abstract: Previous studies established the toxicity of busulfan (1, 4-butanediol dimethanesulfonate) suspension
in sesame oil or emulsion to Primordial Germ Cells (PGC) and present study examined the survival rate of chicken
embryos treated with different dosage of busulfan emulsion (0, 120, 240 360 and 480 pg) then observed the
morphology of testes and ovaries at 8.5, 11.5 and 14.5 days. The results showed that low dosage treatment
(<120 pg) did not have significant nfluence (p>0.05) on the survival rate of embryos compared with blank
control and medium dosage treatment (240 and 360 pg) significantly reduced the survival rate (p<<0.05), the high
dosage treatment (480 pg) further reduced the survival rate (p<<0.05). The increasing dosage of busulfan has
positive correlation with both the death rate of embryos and the abnormal of the morphology structure in testes
and ovaries. About <120 pg busulfan treatment is recommended to obtain recipient chick embryo m producing

germline chimera.

Key words: Busulfan, testes, ovaries, chicken embryos, toxicity, China

INTRODUCTION

Eliminating the endogenous PGC in gonads and then
transferring exogenous PGC to the host gonads could
produce germline chimera which have potential
applications in the generation of transgenic chicken and
in research of gonad development. In the past years,
soft X-ray wrradiation (L1 ef af., 2001; Naito ef al., 2007,
Atsumi et al, 2008) surgical operation (Kagami ef al.,
1997) and chemical agent (Song ef al., 2005) were used to
remove endogenous PGC in early developing chicken
embryos.

However, these methods have their disadvantages
for example, soft X-ray method needs very expensive
equipment that many institites can not afford it
surgical operation needs skilled operator. Busulfan, a
chemical agent was used as a convenient and suitable
tool to eliminate endogenous PGC in many researches
(Aige-Gil and Simkiss, 1991; Shin et al., 2008).

Chicken embryonic gonads mamtamn bipotential from
3.5-6.5 days and then the testes and ovaries begm to
differentiate. The medulla of testis is occupied by well-
developed seminiferous
epithelium 1s surrounded. The left ovary 1s comprised of
thick cortex and underlying medulla and the night ovary
will degenerate and become vestigial (Smith ez al., 2003,

cords and a thin surface

2009; Guioli and Lovell-Badge, 2007). Since, the structures
of male and female gonads are different eventually it is not
clear whether the sensitivity of the testes and ovary to the
treatment of busulfan are the same or not. Previous
studies focused on the effect of busulfan suspension or
emulsion for the deprivation of endogenous PGC in
gonads but didn’t consider much about both the survival
rate of embryos and the morphology changes of testes
and ovaries (Song et al., 2005; Nakamura et al., 2009). The
purpose of present research is to study the effects of
busulfan on gonads of different sexes. To mvestigate the
effect of busulfan on embryomic embryos, different
dosages of busulfan emulsion were used in the early
developing chicken embryos then the morphological and

structural change of gonads were studied by
Haematoxylin and Eosin (HE) staining.
MATERITALS AND METHODS

A total 540 fertilized white leghom chicken eggs were
obtained from experimental chicken farm, Department of
Amnimal Science of Huazhong Agricultural University. The
eggs were randomly divided into six groups and
incubated at 37.8°C mn a humid meubator. Five treated
groups were irjected a dosages of 0, 120, 240, 360 and
480 pg busulfan, respectively by using the method
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described previously by Song et al. (2005). The control
group was normal incubating eggs. After injection, the
eggs were incubated continuously and 30 eggs were
collected, respectively at 8.5, 11.5 and 14.5 days the
swvival rate of embryos was analyzed using t-test at each
stage.

Immunohistochemical identification of gonocytes in
gonads: The urogenital systems were rapidly removed and
fixed immediately in 4% Paraformaldehyde (PFA)
overnight. All samples were routinely dehydrated in an
ethanol series from low to high and subsequently
embedded in paraffin. The samples were then dissected
into sections of 6 pm thickness and mounted on poly-1-
lysine-coated glass slides. All the slides were dried
overnight at 37°C. Streptavidin-Biotin-peroxidase Complex
(SABC) Immunohistochemical method was proceeded as
described previously (Zhang ef al, 2009) by using the
antibody of SSEA-1 (Santa cruz).

Haematoxylin and eosin staining: To understand the
morphological and structural changes of testes treated by
busulfan of different dosage, haematoxylin and eosin
staining were used on the adjacent sections by using the
method described by Zhang et al. (2009).

RESULTS AND DISCUSSION

Survival rate of embryos: Embryos treated with busulfan
showed no developmental delaying but presented some
abnormalities including small eyes or died when hatching.
The survival rates of embryos treated with different
dosages of busulfan evaluated, respectively at days 8.5,
11.5 and 14.5 after setting were shown i Table 1. It
showed from the table that there was no significant
difference in survival rate at 8.5, 11.5 and 14.5 days,
respectively among the blank control (normal embryos),
negative control (injection of emulsion only) and low
dosage group (mnjection of 120 pg busulfan) (p=0.05).

Table 1: Survival rate of embryos after injection of different dosage of

busulfan treatment
Percentage surviving (days)
Busulfan dose 85 11.5 14.5
Blank control (pg)  83.3 (n=30)" 82.8(n=29¢ 82.1 (n=128¢
0 833 (Mm=30r 81.5@m=27r  78.6(n=28F
120 81.5(m=27¢  767(Mm=30F  76.0(n=25¢
240 60.0(n=30F  462Mm=26F  S50.0(n=24p
360 64.0 (n=25°  47.8(n=23F  458(n=24p
480 37.5m=24F  222(n=27F 214 (n=28

Means with different superscripts in the same column are significantly
different (p<0.05)
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However, The survival rates of embryos treated with
240, 360 and 480 pg busulfan were all significantly lower
than the controls (p<i0.05). As, the dosage of the busulfan
increased the mortality rate of embryos mcreased anyhow,
there was no significant difference between the treatment
with dosage of 240 and 360 pg (p=0.03). Tt seemed that the
higher the dosage of busulfan injected, the less the
embryos surviving at the late developing period but the
precentage of surviving decreasing in a stepwise way.

Busulfan reduces the PGCs in gonads: THC was
proceeded to identify SSEA-1 positive gonocytes in
chicken gonads with 120 pg busulfan treatment at
5.5 days (Fig. 1). The results showed that busulfan can
effectively reduce the PGCs in chicken embryo testes and
ovaries.

Structural and morphological changes of gonads by HE
staining: HE staming was performed to compare the
morphological and structural changes of embryos treated
with different dosages of busulfan. In the controls,
well-developed seminiferous cords occupied the medulla
and a thm surface epithelium could be observed in left
and right testes and the gonocytes spread within the
medulla (Fig. 2A-C). When treated with busulfan at the
low dosage (120 ug), the orgamzation and structure of the
testes was not affected until 14.5 days but at medium and
high dosage (240, 360 and 480 pg), the normal
organization and structure was damaged the seminiferous
cords became fewer and poorly organized and the
interstitium unusually expanded (Fig. 2A4, B3, B4, C2, C3,
C4). It could be observed that the time of damage in the

Fig. 1: SSEA-1 positive PGCs in the embryonic gonads at
5.5 days. A, B: Control male and female embryos.
C, D: Male and female embryos injected with
120 pg busulfan suspended in 80 ul. mineral oil,
respectively. It showed positive PGCs were much
fewer in treated embryos than control embryos.
About 10 ocular x40 objective
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Fig. 2: Micrographs of testes treated with 0 ug (A-C), 120 pg (A1-C1), 240 pg (A2-C2), 360 ug (A3-C3) and 480 pg (A4-C4)
busulfan emulsion. A-A4: at 8.5 days; B-B4: at 11.5 days; C-C4: at 14.5 days. Busulfan reduces the number of
Seminiferous Cords (SC) at 11.5 and 14.5 days. PGC represents primary germ cell (10 ocular x40 objective). HE

staining

organization and structure in testes was related the
dosage used with the higher the dosage used the earlier
the damage began. For instance at a dosage of 480 g, the
damage began at 8.5 days and lasted to 14.5 days and at
360 g, it began at 11.5 days and also there was damage
at 14.5 days but at 240 ug it began late at 14.5 days. It was
unclear if there was any damage of the organization and
the structure in the testes after 14.5 days at the low
(120 pg). Control ovary showed typical
asymmetric development that was characterized by a large
left ovary and a smaller regressing right ovary. At the

dosage

histological level, the left ovary had a well developed
outer cortex and a vacuolated medulla riddled with
lacunae (Fig. 3A-C). The ovaries at 8.5 and 11.5 days
showed normal medulla and thinner cortex when treated
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with different dosages of busulfan emulsion (Fig. 3A3,
A4, B3 and B4). The embryos treated with 360 and 480 pg
busulfan caused a reduction i the thickness of the cortex
and the development of lacunae at 14.5 days (Fig. 3C and
C4). It 18 found that gonads have response to busulfan
treatment and the THC results and the changes of the
histological structure of gonads have confimed it
Song et al. (2005) showed that 75 pg busulfan emulsion
resulted in 38% swrvival rate at the 6th embryonic day.
The survival rate was sigmficantly lower than in the
control group.

However, recent research obtained over 80% survival
rate in blank control group and about 70% swrvival rate in
treated group at the 7th embryonic day (Nakamura ef af.,
2009), this result was similar to present study. The
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Control |

120 pg

360 ug

Fig. 3: Micrographs of left ovaries treated with O pg (A-C), 120 pug (A1-C1), 240 pg (A2-C2), 360 g (A3-C3) and 480 pg
(A4-C4) busulfan emulsion. A-A4: at 8.5 days, B-B4: at 11.5 days; C-C4: at 14.5 days. Busulfan lower the
thickness of Cortex (C) at 14.5 days. The gonads treated with 360 and 480 pg busulfan showed abnormal
morphology at 14.5 days. The red bar shows the thickness of cortex. M represents medulla (10 ocular x40

objective). HE staining

survival rate of chicken embryo was decreased stepwise
with the increasing of busulfan treatment. In the research
it is found when treated with low dosage of busulfan
(120 pg), morphology and structure of embryomc testes
are normal but when treated with 240 pg or more busulfan
they are damaged.

It seems that the dosage of busulfan should be above
a threshold when 1t will impact the morphology and
structure of embryonic testes. Vick ef al. (1993) found that
mjection of 250 pg busulfan reduced the mumber of
testicular cords and this 1s consistent with the result.
Song et al. (2005) confirmed that busulfan directly
depletes PGC by degenerating PGC rather than the
somatic cells of the gonads. They pointed out that
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busulfan selectively cytotoxic to PGC at low dosages. It
1s presumed that busulfan have accumulative cytotoxic to
gonads and embryos at medium and high dosages which
results in the abnormal gonads structure and the high
death rate.

Busulfan influencing the gonocytes and the
histological structure of gonad will result in the death of
embryos finally.

CONCLUSION
Testes have different response to diversity busulfan

treatment. About <120 ug busulfan treatment could
reduce the PGCs but did not effect on the survival rate of
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embryos and the morphology structure of chicken
embryonic gonads. Therefore, the dosage of busulfan
treatment is suggested to <120 ug in transgenic chicken.
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