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Fertilization of Goat and Ovine Ova in vitro by Ejaculated

Spermatozoa after Treatment with Ionophore A 23187

Bou SHORGAN
(Received February 24,1984 Z. No.70)
Department of Animal Reproduction

Nippon Veterinary and Zootechnical College

The progress in the studies on in vitro fertili-
zation in domestic animals has been delayed far
behind those studies in rabbit, rodents and human
being. Effective induction of sperm capacitation
and the acrosome reaction of spermatozoa,which
are essential for sperm penetration into mamma-
lian ova, has not been methodologically developed
yet with spermatozoa of domestic animals, espe-
cially with ejaculated spermatozoa. The importance
of calcium in the acrosome reaction of mamma-
lian spermatozoa and chemical induction of the
reaction in vitro by treating spermatozoa with iono-
phore A 23187 (I-A) in the medium containing
calcium are well documented.In spite of this fa-
vorable action, I-A has been limitedly used in the
studies of in vitro fertilization owing to the quick
loss of sperm motility after treatment with I-A.

An idea is to treat spermatozoa with I-A un-
der the conditions which satisfy both the induc-
tion of the acrosome reaction and the maintenance
of sperm motility at least up to the time of sperm
penetration into the ovum in vitro. To furnish a
firm basis for this idea a series of experiments
were firstly conducted for the following up of the
adequate conditions to treat goat and ram sperma-
tozoa with I-A. In vitro penetration of zona-free
hamster ova by spermatozoa of both species was
used as the parameter to know the effects of I-A
on spermatozoa. After the fixation of treating con-
ditions which presumed to be adequate, in vitro

fertilization of goat and ovine ova were studied

secondary to confirm the justification of the idea.

I. Penetration of zona-free hamster ova by
goat and ram spermatozoa in vitro

Ejaculated spermatozoa from he-goats of
Japanese native breed and from rams of various
breeds were washed and resuspended in a modi-
fied Tyrode solution (BD medium) without BSA
but containing caffeine and added with I-A. Zona-
free hamster ova in the medium with BSA were
then seminated by spermatozoa pretreated with I-
A and incubated until morphological examination
of the ova. The effects of following factors were
investigated in these studies; caffeine concentra-
tion in the medium, I-A concentration, treating time
with I-A , sperm concentration at the time of I-A
treatment, incubation hrs after semination, sper-
matozoa from different male individuals. Sperm
motility during incubation and the morphological
changes of sperm heads after penetration into the
ova were during incubation and the morphologi-
cal changes of sperm heads after penetration into
the ova were also investigated.

The facts demonstrated in these studies are
as follows.

1) Practically none of the ova was penetrated
by spermatozoa without I-A treatment. After treat-
ment with I-A the penetration of goat and ram
spermatozoa was easily confirmed. The presence
of caffeine in the medium does not act on sper-
matozoa principally in itself but augmented the

effect of I-A on spermatozoa. Adequate concen-
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tration of caffeine for goat and ram spermatozoa
was found to be 2mM and 0.5 to 10mM,
respectively. High proportions of ova, 73.8~93.3%
by goat spermatozoa and 60.7~100% by ram
spermatozoa, were constantly penetrated, when
goat spermatozoa were resuspended at 25X 10¢
cells/ml and pretreated with 0.5 #M I-A for 2.0
min and when ram spermatozoa were resuspended
at 10 to 70 X 10°ells/ml and pretreated with 0.2 to
0.5 #M I-A for 0.5 to 2.5 min. These differences
in the conditions for I-A treatment indicate that
the allowable ranges of the factors involved in the
effect of I-A are narrow for goat spermatozoa but
comparatively broad for ram spermatozoa.

2) The maintenance hrs of sperm motility dur-
ing incubation were shortened according to the
increase of caffeine concentration, to the increase
of I-A concentration and to the prolongation of
treating time with I-A. Sperm motility was also
different by the donors of spermatozoa and this
individual difference was closely related to the dif-
ference of the proportions of penetrated ova by
spermatozoa from different males. From this find-
ing the selection of males with good sperm motil-
ity is recommended for the study of in vitro
fertilization. When spermatozoa were pretreated
under the conditions presumed to be adequate, goat
sperm maintained gbod motility for at least 3 hrs
and most of the ova were penetrated within 3 hrs.
On the contrary, temporal depression of sperm
motility was occasionally observed after semina-
tion of ram spermatozoa. It took usually 30 min to
2 hrs for the recovery from this characteristic
depression of ram sperm motility. Motile sperma-
tozoa of both species after I-A treatment exhib-
ited whiplash-like activated movement which has
been known as a characteristic feature of capaci-
tated spermatozoa. Most of the ova were penetrated
by ram spermatozoa within 2 hrs in the tests with-
out temporal depression of sperm motility.

3) The sperm heads in the ova initiated their
enlargement from the posterior region and the en-
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largement spread toward the anterior portion. Male
pronuclei were formed in the ova incubated for
longer hrs such as 3 or 4 hrs.

These results were considered as indirect evi-
dences of effective induction of sperm capacita-
tion and the acrosome reaction of goat and ram
spermatozoa by treatment with I-A, and practical
treatment conditions with I-A for in vitro fertiliza-
tion of goat and ovine ova were presented.

II. Fertilization of goat and ovine ova in vitro

i. Goat ova

Ejaculated spermatozoa were washed and re-
suspended in the medium containing 2mM caffeine
at sperm concentration of 25 to 50X 10°cells/ml
and pretreated with 0.5 #M I-A for 2 min. Goat
ova were recovered surgically from follicles and
Fallopian tubes of 23 female kids (2.5 to 7 months
old) of Japanese native breed after injection of
FSH, 8A.U. in total, over a 3 day period and 500 i.u.
hCG on the 4th day. The ova recovered at 19.5 to
24.0 hrs after hCG injection were seminated by
spermatozoa pretreated with I-A and incubated.
When the ova were incubated longer than 6 hrs,
the culture medium of the ova was changed to
Ham's F12 or M199 containing detoxified goat
serum or fetal calf serum. Transfer of fertilized
ova at two-cell stage to female goats was also
conducted to know the possibility of pregnancy.
The facts demonstrated in this study are as follows.

1) Number of matured ova recovered from a
kid was 8.5 to 13.8 in average, and this number
tended to decrease according to the ageing of kids.
The ovulation appeared to be initiated after about
22 hrs from hCG injection.

2) The fertilization rates of ova recovered at 19.5
to 24.0 hrs and 22.0 to 22.5 hrs after hCG injection
were 27.3% and 49.4%, respectively. This differ-
ence suggests the importance of the timing of
ovum recovery at around the time of ovulation.
Among the ova undergoing fertilization 33.3% to
50.0% were of polyspermic.

3) The enlarged sperm heads in the ova be-
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came clear 6 hrs after semination. Cleaved ova to
two-cell stage emerged from 26 hrs of incubation.
Surgical transfer of these cleaved ova,12 in total,
to five recipients produced a case of pregnancy
which delivered a male kid after normal length of
gestation.

ii. Ovine ova

Ejaculated spermatozoa from rams of Finn-
ish Landrace breed were washed and resuspended
in the medium containing 0.5mM caffeine at sperm
concentration of 25X 106 cells/ml and pretreated
with 0.2 #M I-A for 0.5 min. Ovine ova were
recovered surgically from follicles and Fallopian
tubes of 14 growing lambs (4.5 to 8 months old)
of various breeds after injecting various combina-
tions of hormones. The facts demonstrated in this
study are as follows.

1) Owing to small numbers of lambs avail-
able for this study the effective way of hormonal
treatment and the timing of ovum recovery was
not conclusively determined. However, the injec-
tion of FSH,20A.U. in total, over a 4-day period
and of 500 i.u. hCG on the 5th day to the lambs
appeared to provide rather many ova for the study.

Progesterone injection before these hormonal

treatments was found to be useless.

2) After 7 to 10 hrs of incubation 44.1% (15/
34) of matured ova and 27.3% (15/55) of imma-
ture oocytes were penetrated by spermatozoa. In
the former, 14 ova were undergoing fertilization
including 5 polyspermic ova. In the latter, the sperm
heads remained at condensed stage in the ova at
germinal vesicle stage but enlarged after the stage
of metaphase of first meiosis.

3) For hastening the recovery from the tem-
poral depression of sperm motility after semina-
tion caffeine concentration should be increased
from 0.5mM to 10mM which shortened the re-
covery time for about one hour. To avoid the risk
of ovum ageing it was suggested to treat sperma-
tozoa at first before the recovery of ova for fer-
tilization of ovine ova in vitro.

These results indicate that fertilization of goat
and ovine ova is possible by using ejaculated sper-
matozoa after treatment with I-A under adequate
conditions and ova from immature kids and grow-
ing lambs. Normal development to newborn was
also proven to be possible after transfer of goat

ova fertilized in vitro.
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WE L, TORGRIGHFEHRLFIR L TCRERFOH
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B~ AR % —IIF (LT, HIFF) ~OMTRAET
FAE LIRSS, [-A LB ORI ET 5 v v
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HBLTWABIY, @i, vFV27 2204 BT
T5 I-A ABIZ oo 5 BHERE
LAR—RF~NOREFRACEDTHDZ EMHEZH
TWwb, Linl, I-A BB T2 RAEINTF oSN TR
FERT 5o, I-A MIBFTE D LMD\ TEEH
TSRVDBDETH D, L RTETERDLN T B LEE
ZHEY OBFIEE L b, Y S TRDLRATLAEFIE
T DFERFEIRFERT % Bh < 7o D @) 7o T &z oy
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Penetration of zona-free hamster eggs in virto by
ejaculated goat spermatozoa after treatment with
ionophore A23187.

Bou, Shorgan & Akira HanApa* (Department of
Biology, Inner Mongolia University, People’s Re-
public of China, *National Institute of Animal
Industry, Tsukuba Norindanchi P.O. Box 5, Iba-
raki 305)

Japan. J. Anim. Reprod., 31 (3), 1985.
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DEFRALXEEREL LTUTORR® T »To i1
TRETOFEEHAN 7 =1 VIREN I-A ABCK
ETHR, KB 2 Tk I-A WEE L £ OAERRM OB,
%8 3 Tk I-A ABROBTREOKE, KR4 T
BRisHHEN LD BTFERT S [-A AEBHREOME, £
85 T IFA AEBROHRAETIRM LIFFCB/ALE
BFHREOMENELL Th ZThike L,

&S

b LU I-A: EBEESH & LT, BRACKETT % Oul-
PHANT DHEBEEH® (2.25 mm H{bH A > v A EHLE

W LT, BOW) © 0~10mm BEDH 7 = 1 v

(Sigma WREEE > ) T AH T =4 VEON T =4
vERY 50% & UTEHE) %z THEA L. S
FoOUE»L [-A WEHET ik BSA &5, H
PRF & DS LI 3 mg/ml @ BSA Hinkx Fh
Zh{EM Lo I-A (Ionophore A23187; Calbiochem
B) ZEHRCDO X 51 10mm RERALIER L, LRE
BCREAKCHRLUTER L,

HEINF: BREBEIPAE LR — LT v~ AR
£ = ORIP & IF O FEHH IR E NI LR D FIF
TiTleotco HIFRHEIMCEMB LI ST AFy 2V 4
—V (35x11mm) D BO % 350 pl (257 4 v
T) e 10~20 E3F oS LT T 1~2 B
37.5°C, 5% COq, 95% ZEKOEBRBACHEE Lo
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Table 1.

Effects of ionophore-pretreatments of ejaculated ‘goat spermatozoa in the pres-

ence or absence of caffeine'on the maintenance of sperm motility and thelr penetratlon

into zona-free hamster eggs in vitro

Concentration

Motility score: time after

No. of eggs

: X s e Average No.
Caffeine  Ionophore ol i Examined  Penetrated of sperm in
(mw) (um) 0.5h 1.0h 2.0h 3.0h (%) vitellus

0 0.1 3.7 3.7 3.3 2.3 60 4 (6.7 0.08
0.5 3.7 3.0 2.3 1.3 ! 60 13 (21.7) 0.28
1.0 2.3 2.0 1.3 0.7 57 2¢(.13.5) 0.05
2 0.1 3.7 3.0 1.0 0.3 58 3 (5.2 0.09
0.5 3.7 3.0 1.0 0 60 56-(93. 3) * 3.07
1.0 2.7 13 0 0 63 25 (39.7) 1.51
5 0.1 3.7 2.7 0.7 0.3 61 4 (6.6) 0.07
0.5 3.3 2.7 0.3 0 61 17 (27.9) 0.95
1./0 2.7 113 0 0 60 21 (35.0) 0.47
10 0.1 2.3 117 1.3 0 45 10 (22.2) 0. 36
0.5 1.3 0.3 0 0 58 1.2C: 7) 0.02
1.0 0.3 (03 0 0 55 1 (1.8 0.02

Mixed sperm suspension from male-goats A, C, D, F, 25x 106 cells/m! in BSA-free BO medium, was

pretreated with ionophore A 23187 for 2 min.

Eggs were inseminated with the treated spermatozoa

(final sperm concentration at 32-280 x 104 cells/m/) in the medium containing the same concentration of

caffeine and with 3 mg BSA/ml,Mand examined 6-7h from the insemination.

Three tests in each

group. Motility score: 0, 1, 2, 3, and 4; none, less than 25%), 25-50%, 50-75% and more than 75% of

motile spermatozoa, respectively.

* Significantly higher than the other _vélues within the same column (P <0.01; kz test).

il 1 ml FONENABRE (1x7.5cm) i@ {4
L, SO EBRECHFR LA [-A %% 5pl o5k
lice Ao 1-A RE L0 % TOMERRREIL,
EE 1 TIX0.1~L0pm 1T 2.0 58, £8 2 TIX
0.1~0.5 M 1T 0.5~3.0 4>f8, 5B 3, 4, 5, TiX 0.5
oM 2 2.0 ofElE LT, TOMFEHRTPALBH L
MHERR Lo

IR & A ABEROBFIFERIT 50 pl TO0H
L, ELICHIIFXES LTH5 IR LT
%Ltoﬂﬁ&@ﬁ%ﬁ%&?m%~lumawﬁ%/
m/ @ﬁﬂfﬁcto _
BREOINT L MFEBEORE: BREE 6~7 B5
(525% 5 TiX 0.5~5 FfH) REE» ABEFEA TS v+ 2
N— MLAEHIFFIZ, BO BTHEEIr—1 =y v}
BEARLL, fEAr <) v TIREIERS 7 1 VG
BETieoTco BF~DRETRAMEERERSET T
BALKS THREMBD 5 X ERRTE L Th b AT 5T
RBE OB X D HE Lico 7ods, FB 5 TR IS
DIALA T — % X DIALREIC X b 3 #ICX 4 Lico
Tihebb, HBESH LD AL 1/3 Ko b orf)
#, 1/3~2/3 b ox i, 2/3~3/3 yox#EHE L

o 4 VF 2= g VRO T OEREI, —ERRE
TLWHERILO ¥ ¥ HEBEMET THE Lo L OFH
mEE LT, EBETIRLME0 3/4 UEkobow 4,
3/4~2/4 DH D% 3, 2/4~1/4 DL DX 2, 1/4 ki
Db0E 1, & E#HErEsT LD 0 TELL,

w R

L W7z ACRES A REORE (KRR 1)

P72 A Vi EHRM F00L 2~10 mm FRIn L7 B
WO ERETFRERT, I-FA % 0.1, 0.5 F7:1% 1.0 um
&Kél5?%xf%h%h2ﬁﬁ?0wﬂﬂbt%%
X BHIFADBARSLE TR Lico Bt 12 0
I-A MBXDOFT, 2mm » 7 =1 v, 0.5 um [-A D4
BRIZBT 5B TRAIER (93.3%) 2MbOAEKIT I
FBXhEEL (P<0.01), REIFH- b ORAKF
BOEHLME L DB\ @Bt i, H7 =
A VERNEMC T, 2mM 5 7 = 1 VRN T
RTINS 0.5 om I-A DMEBZHR B ICHLE X
nBH, 5mm PUEDH T =4 VEMEBTIIoDL S
7t I-A BB EDZE L\ EEIZZED HIish - oo
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Table 2. Effects of pretreating time of goat spermatozoa at various concentrations of
ionophore A23187 in the presence of caffeine (2 mm) on their penetration into zona-free

hamster eggs in vitro

Ionophore No. of eggs
Average No. of
Conc. Time Examined Penetrated (%) sperm in vitellus
(pem) (min)

0.1 0.5 42 0(0 ) 0
1..0 40 0(0 ) 0
1.5 47 0(0 ) 0
2.0 82 6 (7.3 0.10
2.5 41 6 (14.6) 0.17
3.0 41 8 (19.5) 0.22

0.2 0.5 41 0(0 ) 0
1.0 37 0(0 ) 0
1.5 49 7 (14.3) 0.16
2.0 94 15 (16.0) 0.22
2.5 35 17 (48.6) 0. 63
3.0 37 11 (29.7) 0.35

0.3 0.5 45 4 (8.9 0.13
1.0 42 15 (35.7) 0. 62
1.5 47 5 (10.6) 0.15
2.0 75 22 (29.3) 0.45
2.5 40 11 (27.5) 0.45
3.0 42 10 (23.8) 0.50

0.4 0.5 48 8 (16.7) 0.19
1.0 39 13 (33.9) 0.56
1.5 46 11 (23.9) 0.33
2.0 87 23 (26.4) 0.30
2.5 44 23 (52.3) 0.73
3.0 37 14 (37.8) 0. 65

0.5 0:5 40 10 (25.0) 0. 30
1.0 48 14 (29.2) 0.48
1.5 44 23 (52.3) 0.75
2.0 84 62 (73.8)* 1.18
2.5 39 16 (41.0) 0.51
3.0 38 12 (31.6) 0. 42

Eggs were inseminated with the mixed spermatozoa from male goats A, C, D, F (pretreated at 25x
10% cells/m/; final sperm concentration at 182-580 x 10%cells/m/) in the same manner as indicated in

Table 1, and examined after 6-7 h from the insemination.

Total of three tests except for the experi-

ments with spermatozoa pretreated for 2 min where the figures are total of 6 tests, respectively.
* Significantly higher than the other values within the same column (P <0.05; 2 test).

—fC. FEHA A7 =1 VIREO LR L [-A QERE
D_EF T ONTHEF DOEB MR O R LB R
dbhlee H BFAOEFRARBE RIF Th »
2mMA 7 = A v, 0.5 pm I-A UEX TIZ, NEH 1K
% CRTOEBMIIRIFTH -1, 2RERITIIEAE
WARR LD, 3FMITIRELEDEF* R Db -
oo 7t¥s, I-A JERFEFIXAEEREHY 30 4 DERZE THET
DX IEGEB Y R T IO D, TOX 5 IEE

_.6_

BFiE2mm L EDd 7 = 4 vEINE#RT 0.5 M LI E
DIFA I NWBLEBEC HBEHRTHZ L2RD
126
2. I-A BELZOABRMOKE (R 2)

2mm H 7 =4 VEMEMAO BT ERERT, 0.1~
0.5pum &7 X5 I-A #x T, £hZLh 0.5~3.0
SERTAE LI FOHIBFNDOBRABME R 2 IT/RL
2o & 30 HOMERX D 5 b, BTFRAIRDOREEIX
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Effects of sperm concentration at the time of ionophore treatment on the penet-

Table 3.
ration of zona-free hamster eggs by goat spermatozoa in vitro
\
Sperm Conc. (x 10%cells/ml) No. of eggs
Average No. of
At the time of In the medium Examined Penetrated (%) sperm in vitellus
ionophore treatment with the eggs
1, 000 112- 168 29 10 (34.5) 0.62
2, 500 456- 506 29 24 (82.8)** 1.17
5, 000 824- 936 30 14 (46.7) 0.70
7, 000 1, 380-1, 440 28 5.(17.9) 0.29

Eggs were inseminated with the mixed spermatozoa from male goat A and C (pretreated with 0.5 um
ionophore A23187 for 2 min in the presence of 2 mm caffeine) by the same manners indicated in Table

1, and examined after 6-7 h from the insemination.

Three tests in each group.

* Significantly higher than the other values within the same column (P<0.01; %* test).

Table 4.

Individual variation among male goats in the maintenance of sperm motility

and their penetrating ability into zona-free hamster eggs in vitro after treatment of sper-

matozoa with ionophore A23187

Motility score: time

No. of eggs Average No. of

Sperm from Age after insem. A
he-goat (months) Examined Penetrated sperm in the
0.5h 1L.Oh 2.0h 3.0h (%) viteklus
A 17 4.0 4.0 3.0 3.0 36 34 (94.4)a 2.53
B 58 3:3 343 3::0 2.0 52 36 (69.2)b 1.86
C 33 3.0 2.8 2.5 1.8 54 37 (68.5)b 1.33
D 31 2.0 1.8 0.8 0 53 21 (39.6)c 0.60
E 58 1.5 1.5 0.8 0.8 52 19 (36.5)c 0.56
F 67 1.8 1.5 0.8 0 58 21 (36.2)c 0.43
G 58 1.8 0.8 0.3 0 47 13 (27.7)c 0.30

Sperm suspension, 25x 10%cells/m/ in the medium containing 2 mwm caffeine, were treated with 0.5

g™ ionophore for 2 min.

Eggs were inseminated with the treated spermatozoa by the same manner
as indicated in Table 1, and examined 6-7 h after the insemination.

Motility score, as indicated in

Table 2, was the average of three tests in each group. The difference between the percentages with

different superscripts is significant (P <0.01; 32 test).

EEEL LML 0.5pm I-A, 2.0 HEMERTHELIL
(73.8%) 0 0.5pum » I-A BET 1.5 AHELIT ik
2.5 SR Lo MEEE TRAEECHEFRAIRIVET
Lico I-A B 0.4 pm LT OB5E b ABEEEIZ X b £
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