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Abstract: The present study was performed to investigate the effect of Ca ion concentration
on sperm viability and acrosome reaction rate and to evaluate the effect of treatments using
caffeine and Ca-ionophore A23187 on acrosome reaction rate in frozen-thawed bull spermatozoa.

Viabilities of in vitro capacitated bull spermatozoa at 0, 2.25 and 4.5 mM Ca ion concenra-
tions were 21.00, 26.00 and 22.59%, respectively and significantly higher in Ca ion 2,25mM
added group than Ca ion free group (p<{0.05) and acrosome reaction rates of in vitro capaci-
tated bull spermatozoa were 17,09, 52.15 and 47.92%, respectively and significantly high in
Ca ion added groups(p<0.05).

Viabilities in vitro capacitation by caffeine and Ca-ionophore A23187 in control, caffeine
treated group, Ca-ionophore A23187 treated group and caffeine4Ca-ionophore A23187 treated
group were 37.91, 27.67, 22.33 and 25.59%, respectively and significantly higher in control
than treated groups(p<0.05), there were no significant differences among the treated groups,
and acrosome reaction rates were 10.33, 37.92, 48.09 and 57.17%, respectively and there were
significant differences among the groups(p<{0.05), especially higher in caffeine+Ca-ionophore
A23187 treated group than others.
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Yanagimachi®} Usui*s 553 289 %4 (hype-
ractivation)o] FAE Y5 £ AR A vehgoim
sgen AxAy Caclee F2esk AAJddy 3
a8 o7l wsle] Baeddm nwsigo. = Ba
beock et al®2 Al zA 9 Caol23} 7] Ca-ionophore

A2318701 S A FA AT me} $EAHol FrH
ok ® sy e},
Ca o] & felx &= 9 pH?, Kol 2! Mgo] &%,

glucoser} pyruvate & oYY albumin 3
& AN EABIBE Fo] AR $A 5 S HANS
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2317 93« heparin, % Ca-ionophore,?"% bovine
serum albumin,® 242,27, caffeine,?»2%%,25 high ionic
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Table 1. Components of a brackett & orliphant

medium
Components mg/100ml  mM
A solution NaCl 655.0 112.00
KCI 30.0 4.02
CaCl;+2H,0 33.0 2.25
NaH,PO,-2H,0 11.3 0.52
MgCl,-6H,0 10.6 0.83
B solution NaHCOQ, 310.4 38.00

B B M2y =M FAY A g4 x
o okg A& w k) o & Bracketts} Orliphant wj ¢k
A (elsl ‘BO ke’ 0 5 o#) & )4 wjokal o 7 2}
8319 v} (Table 1).

Adelz AL Adke FAWR Yo 9 ol
¥ pH A A ko2 1% phenol red% 0.2ml 5 7}ahgl
v, B el+ 1% phenol red % 0,08ml & 7} % CO,
gas® 3047k bubblingg A A8} o},

wpegel AgAlel= A9 380mlel glucose 1.25g,
pyruvate 0.06875g3 Y AYA & penicillin 37. 5mg=}
streptomycin 25mg-g 3 71gk ¥ 120mle] B & 4 o]
A1 0.2pm®] millipore% A}83}9 WFIF F Agat
ot

Caffeine(Fluka chemika, Switzerland) 2] 3 o)A
¥ BOw k9l o] 10mM ¥ %2 caffeined 748 & %
A oz wUFste] AHE3lgl (o] ‘BO-caffeine’
LR ).

Caffeine 3 &)+, Ca-ionophore A23187(Sigma Che-
mical Co, USA; ©]%} ‘Ca-ionophore’® k%) 4 o &
2 caffeine, Ca-ionophore ¥ & Fo] 4 BO uj
%elel bovine serum albumin(BSA)¢ 2% Hx= A
b g AR W on WFetd ALsieng
(o3 ‘BO-BSA’ 2 <kg}).

A A e AAFFAL SepaE Y3t
i 37°C, 5% CO., 95% ¥7) 9 %7 £3el CO,
Wz el A A A E o

Axtel EHl I FAHY L
of A1 307k Hzo] A F F
o 37°C F2W 4 nastg .

FAREAE A st 5mle] BOW gk (=
£ BO-caffeine)& g8l 3 Ao A3 71 + 1,500
rpmell A 587 A4 e st AE e ;‘*]713}%1‘% o]
F4¢ 23 MEAATY FARTAEF 9A3 AA G
F 3AS7 5x107/ml7t 5 55 BOw ¢k9) (% & BO-

+HEAge g 37°C &=
Fehad Ay g
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Fig 1. Photomicrograph of bovine sperm using light
microscopy. Sperm were stained for viability
by Eosin-Nigrosin stain. Sperm that are
lived(L) are apparent as lighter uptake of
stain as compared to dead(D). x400.

BRrel oy

R wAgY A Fa F, A ¥ Y e
Fo YEA L AAE7 3o Eosin-Nigrosin® 4 ¥
oz GAR ¥ B4 (x400)5l 4 EE T 200
AHS ARE Aol JEEE BaAsAH

AAREE AEAAE He 23, AEAAE

Eosin g4je] A% 2 AA 9444 A& /g2 8
A= (Fig 1).

Fig 2. Photomicrograph of bovine sperm using light microscopy. Sperm were stained for acrosome
reaction by Bryan & Akruk stain. Sperm that are acrosome reacted(AR) are apparent as lighter
uptake of stain as compared to sperm with intact acrosomes(IA). x1000.
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Txtel HUHY 34 RARSE el
“g wgsted Ag

44y o2 Bryan# Akruk 444
sl

o o AA HfAdg Fetole Febxe] =23
¥ F7 FoAA 83 AzAFHY. =TEEL 1%
acetic acid %o naphthol yellow S (Sigma Che-
mical Co., USA)E 0.1% S22 L34z Ao
30%7F Fze] GAE AAG F EUEES ogFHA
8 Ze)s 1% acetic acid FE&4o 2 1027 AH
3led ok, oo} 0.2% naphthol yellow S &4 5} 0.2%
erythrosin B (Sigma Chemical Co. USA) &4 &
FFor 4.2 G (pH 4.6~5.0)14 1387 G2
of JAle& AAY ¥ pH 4.8 FHFF2 AHsx o
#A 2 g wd F I FAAN $AdE AzAZA
AA" Fetole ZFepAE xylened ®2Z F Aol
A EP ¢ 92 FdelF(x1000)3te 4 TR T
20070 M9 AAE Ao HAugg Fdtg .
AAS A e HAukSe] doid AL HAFH
I 2" R3A gelaA dAd Aoz, AFHA
2 kA AAe AA9 G4 FA 948" AL 7
Foz st =(Fig 2).

BAXME AFAAANE FAEHLR
o f94¢ AAF ¥ LSDE o &
Fote] v w A

oS
E3
40
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7 AQER
B B39 Fule

2 o

A AR FASLEFAH A Ca o] ol AAY A
253 AL v = o ¥ caffeine®t Ca-iono-
phore7t MY FASY S v adE dolrrs] 9
s 43¢ AT A S 2o

Ca Ol20| x| YEEO DXl & :BO W
4% Caol® ¥5 0, 2.256 L 4.5mMo]| A FA
9 YEEL 27 21.00, 26.00 ¥ 22.59% 2 Ca o] &
% 2.25mMel Fo] Ca oj&e] HAHA gL
o AZEo FA4RA e (p<0.05), Ca o] &
AAEZAE FAHE 4T F ddet 2.25mM
5 g Aty Fo) 4.5mMel Fxck %7 EA ek
s} (Table 2).

Ca 0/20| X2 ALK 0jXl&= A& :BO W)
gl &) Ca o)L ¥E 0, 2.25 @ 4.5mMol g A
o) AASEL 27 17.09, 52.15 R 47.92% =2
Ca o] o] Astd Fol AMHA gL Frek {94
AA E%es (p<0.05), Ca ] & ¥x 2.25mMal F
o] 4.5mMel Fro 7 ¥ FFL g
(Table 3).

Table 2. Effect of calcium ion concentration on
sperm viabilities

Calcium jon concentration  *Percent of sperm lived

(mM

0 21.001-2. 49a

2.25 26.00+5.17b

4.5 22.59-+3, 84ab
*: Mean=SD.

a, b: Different superscripts denote significant diffe-
rences(p< 0. 05).

Table 3. Effect of calcium ion concentration on
sperm acrosome reaction rates

Calcium ion concentration *Percent of sperm

(mM) acrosome reacted

0 17.09%3.79a

2.25 52.15+4,79b

4.5 47.92+3.53b
*. Mean=+SD.

a, b: Different superscripts denote significant diffe-
rences(p<0. 05).

Table 4. Effect of caffeine and Ca-ionophore on
sperm viabilities

Sperm treatments Percent of sperm

lived*
control 37.91+9.99a
caffeine 27.67+2.54b
Ca-ionophore 22.33+3.31b
caffeine+-Ca-ionophore 25.59-+2. 89b

*. Mean=+SD.
a, b: Different superscripts denote significant diffe-
rences(p< 0. 05).

Table 5. Effect of caffeine and Ca-ionophore on
sperm acrosome reaction rates

Percent of sperm

S
perm treatments acrosome reacted*

control 10.33% 2.34a
caffeine 37.92+10.70b
Ca-ionophore 48. 09+ 5.06¢c
caffeine+Ca-ionophore 57.17+ 2.36d

*: Mean+SD.
a,b,c: Different superscripts
differences(p<<0. 05).

denote significant
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Caffeinel} Ca-ionophore2| X 2|7t FAto] MZEE
O oixle & Ao YEEL 2T, caffeine
23, Ca- 1onophore A # - 4 caffeine, Ca-ionophore
EgpA el el A 27t 37.91, 27.67, 22.33 B 25.59%
= Az :fLO] /4‘4’7*’1 ulle] G A QA EA e
ou) (p<0.05), A FEdelE 935 dAT 5+ o
Stk 22} caffeineo] #7bs] ol At A go F
Bk o7t HL FFe AEE S vhebd gl g (Table 4).

Caffeinen} Ca-ionophore2i X 2|7t X =Xte] x|t
S0l OiXlEe & A4 HAMTEL d=F, ca-
ffeinex] #] %, Ca-ionophore A #]F 2 caffeine, Ca-
ionophore %3+ 2] Foll A Zh7F 10.33, 37.92, 48.09
R 57.17%2 TR Yt Spol & v gle

=} (p<0.05), caffeine ?—] ] #® )= Ca-ionophore X

fgo]l AAEEel ¥gkeor], %% caffeine, Ca-
ionophore gt FelA e FFE rehiglel
(Table 5).

I E

Ll 01317P7<] 7}*,3_ o] ]]ﬂ%{grﬂ 2
Yanagimachi®7} A A3 714 & AAS} AAzlon B
H A48 vgg 4 A2 dgd o] Jads
AaigAduel 4 o8 g3 71] s]m] AAA B
He ARAEE 4¥949e o A AQ Al
B fARA Aoz gk o) "a‘ﬂl«l At ke
AAEf o]t vl oy 9PAtE Jdu g
EAEA] AAHAY A o] AE FATYE
ol #tir gteh. oW whEeld A2E §ole Ca o] 9
frlHa, o) zlel st fFAtat ARt Mo}
7} F35}¥ e, phospholipid®] W3l7} wrsle] QA
vhs Ao 2k T2 s st Fuhe) g
o 223 E FA%z ol Aol %o wgd 5
&8 Fulzb o] Fef Az gk, 2 Y o] JAd
B3 EAAEAQ o]d)s) ol7 FAA gL Ay
o]

_YL

mxﬂoame] Ca o] &8 F=9 2+ A8 F79
Azl A Fo% A5 E Aoty A& JdoH AR
d A s 9GA regulatory mediator® &3 o
elx geh% AAL 434 +4% Se] Ca o] Lol
g3 Aoz ez ‘D]—. Yanaglmachl_‘ﬂr Usui®*=
Ca o]0l ZAdse] i AdoAz 74 F A9
B4z AARGe] dAFHA FHFH FAdddm
st on, A H4 HAREE A g7

Hagte Ca o] LFy 2 & 0.2mMo] 2tx g}, Mor-
ton et al%ie WaE9 AA} Ao TEA
qAH e & cAMPY Ca o]-29 Ao wfo]z}s
Sex Ca o]&o o 540 IR 39w,
Davis®= ul-f-n Ao 4 Ca o] & 5 1,7mMe} 4]
AR 5% F459E A58 gkgl 2 Bre
ddermans} Foote®: 29| A Aol A, 28]z McGrady
et al’2 2ok AWAY FAohA 22 AgHdeos =
2 AzAe Caole Fr(&dA 2z 7.5mMs}
10mM o) & 2318 Ao £F34% AAHdx ¢
et ¥ Aol s Ca oo Hrld #(2.26mM)
9 AL (26.00%)0° At A e F(21.00%) 2}
FAAAA wA vetgten, AAuEEE Caof 20
27" F(52.15% )] *‘7}5174 o2 (17.09%) B}
FA AU E=A ek, o) AskR vl Fo] wol 4
Aol Y &E3 AANSl Ca o] o] Hedtx 47
Hel, Ca o] & Fxo] W& A9 Aol FA LA
FAAL AdAE & el et 2.25mM FFo] Ao
WjeFg S Aol Hrste Ca ol FER AY
T FeR Y4,

Yanagimachig} Usuit 7 v 93 8] 289 A&
freld Ca o] 2ol FAe Ad a9 +¥4& v

ol 1:}1 319 2, Babcock et al®e Ca-ionophores] 2
AA fald Ca o]l ol & A} 7Y A A
A FA AR EEAE #Asdda wastg e,

E FAFY ST AHE 4 Az sy A
gol = Ca-ionophore A& Fo] £AAY FA 4%
TEFE AER AAAA AZF F 9o AEF ¢
o xme dXEg e oyl 4L HAY FAY%
Y5¢ A4 5 gt ARR o] ¢ £ 9& Ao
ALE. A o},

Kopf et al'’e A A9 44 ~‘g—§] S e &
23t 5YP3E 992 cAMP ¥olzlm dtg e Ca
ol 28] AAW 43 cAMP &9 Frte i w
A% #AA 7+ gl st e}, Casillas®d Hoskins
= fd50°] AAolA thyroxinesd triiodothyronineo)
adenyl cyclase® B3 A7 A a4 cAMPA
ksl AAe FAutgol $x® otz 5=}k, Mor-
ton¥ Albagli®= )£ 4 =bo] 4], Fraser'®: w}$
A bl Azt caffeinec] A9 cAMP 28 %
A AL AASE FEIddw wasdd, o

fr elf o

Aol A S f g 5 E5AE0l Fohd
ge AL £F349 F7E dus A=, phos

phodiesterase &4 ¢} 749 adenyl cyclase @49 &
7t AN cAMPE F71A9 2 ez ATP
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7t radaa b L Agd s A A9 )
FAlel caffeinec} 3 7td F9 AEFH £F Aol A
7HEHA 4E TEG 20 AP AR 5 e
u ool gl A A whel e A o] A
ol &g X AR Aadd

g 7o) Aol 49 45353 *JAI‘& ?: =
sl s1d wyew o s seEA L
uHor};g )\] -6}_‘_—_ H(}\ﬂ'x_ﬂ:ol /g/qs‘]()dq, 20 22, 25, 28,30,31 e
b Az AR Ao gL FALY YEFo
Ede T Aed 2 ASstz A uhy

Aoyl Al YLA Rl AAMAY Rt A7) w o] n
D’r el wlel AedtAl HQoE? &gt A
Ca~ionophore~+ o] &3leof Ca o] 2] AA R 9l
F FEegenA AR A5 5
=3HA S gl
Byrd®3& BSA7} A 7bR il ol o] A] Ca-ionophore
9 F#HEFFE7} 10pMo) EJE% gted 24 7hol A wj k3t
W 90%0] 49 HANGES A& 4 Ydrdx sPoe
Takahashi¢} Hanada*¥& BSAZt A 1=A .8 wgk
Aol 4 0,.5¢M ¥ %2 Ca-ionophored 2.5% 7 4l
7 3F-AZkel A Wl RS ) A e dAET
2tz g rt. Aoyagi et al?& BSAZF A s1E )
gFallol A caffeine] 2| A= 4A 7}, caffeine®}t Ca-
ionophore ¥-§A ) A= 2~3A 7 wFsle] FH %5
5% AdsA e AN 45 BgA Aol 80%0] 4
o AgeAES daddz g B A
Ca-ionophored A 743t Foll Al A A9 A AukS5(2.25
mM, 4.5mM; 48.09%, 57.17%)°] A el ow

HANEEE

A

0

GS{O olo

27 W ke PEE(2.25mM, 4.5mM; 22.33%,
25.69%)% wtE el & AEYch FEE AL caffeine
HAA | AR HEEo] 28 R&HctE Zo|w,

Ca-jonophores} caffeined %33 2lslgl& = A 42
AL A3 B R n(7.17%) JEEE
Ca-ionophore &5 4 2] A ¥t} caffeines} g3 2] A o
A e E(25.50%). 2BV AEY RadAE
80%0]32l AANA HAuGFE Rz sgoey
E AYlAE I 57.17% 24 tx ¢
B gls o] AL A wjokA ) wl Fel Ao Alm
t}, ol& o] Ca- 1onophore9l caffeine % 534 2] 3k
F oA 7 WekslE A ] wEAuLS YJEF
AL 9 5 & Jon Z}EJ,E’r-
olg} & AAR FlFo] &AL FZE HAu
¥ AR AN E Ca ol dgaeands &

T 395, Ca-ionophore®] He)e 4449 das
= Feded geld fré&dtden 53 caffeines}o
X °)5:1t+. e vt

FHYAd ¢ 449 4¢ +
oG A = AAY AE 2
AL A A o] £ < &
Soer el g vl Be ATt ol Fejalol F Ao
g 4= o,

o\}\
lC)
o
P
o, -{

ol

fe

2 B

4 AAY FAGIE FA A Ca o]fe] AAY
ALEst AANS WX 9 &3} caffeines} Ca-
ionophore A23187¢] A7t AYd4A Y53 At
Sel WX B3 golrnr] $idte] E APL AN
g Asde obge g

1. Ca o]-& ¥X 0, 2.25 9 4.56mMe] W& & AA
o A el Ae] BEHL ]/}‘ 21.00, 26.00 2 22.59%
2 2.26mMEe] Al Ca o]o] AsEA oL Furch
frel A A=A ekt (p<0.05).

2. Caol 55 0, 2.25 ¢ 4.5mMe] Hg £ A
Ao AAUEELE 74 17.09, 52.15 9 47.92% %
Ca o] o] H7te Fol A F49E Aol ey g
=H(p<0. 05).

3. Caffeine®} Ca-ionophore A23187¢] &3] 4= A=A
o ANTAFYEL A% A Fo A2EFL Hx2F
caffeine # 2], Ca-ionophore A23187 H=F 2 ca-
ffeine, Ca-ionophore A23187 R3H ) FolA =2
37.91, 27.67, 22.33 2 25.50% % W &0 i‘]ﬂq'f’ﬂ
uls] o A A E=A vhebgen (p<0.05), Ao)F2t
ol e FEXE A = Al

4. Caffeine®} Ca-ionophore A23187¢] & 4 A=}
o Ao ¥ AAWNGER d2F, caffeine A F,
Ca-jonophore A23187 X #lF 2 caffeine, Ca-iono
phore A23187 Aol =2 10.33, 37.92,
48.09 ¥ 57.17% % 7} THE F49% FolH o}
e} 2l 2w (p<0.05), 53] caffeine, Ca-ionophore A
23187 HA Tl A B AANSHE 2y

o 2 o

i

1. Chang MC. Fertilizing capacity of spermatozoa
deposited into fallopian tubes. Nature 1951;168:
697~698.

2. Yanagimachi R, Usui N, Calcium dependence of
the acrosome reaction and activation of guinea
pig spermatozoa. Exp Cell Res 1974;89:161~174.

3. Morton B, Harrigan-Lum ], Albagli L. The

— 128 —



8.

10.

11

13.

14.

activation of motility in quiescent hamster sperm
from the epididymis by calcium and cyclic
nucleotides. Biockem Biophys Res Commun 1974;
56:372~379.

Morton BE, Fraser CF, Sagadraca R. Initiation
of hamster sperm motility from quiescence; Effect
of conditions upon flagellation and respiration.
Fertil Steril 1979;32:222~227.

Davis BK. Effect of calcium on motility and
fertilization by rat spermatozoa in vitro. Proc
Soc Exp Biol Med 1978;157:54~56.

5. Bredderman PJ, Foote RH. The effect of calcium

ions on cell volume and motility of bovine
spermatozoa. Proc Soc Exp Biol Med 1971;137:
1440~1443.

McGrady AV, Nelson L, Ireland M. Ionic effects
on the motility of bull and chimpanzee sperma-
tozoa. J Reprod Fert 1974;40:71~66.

Babcock DF, First NL, Lardy HA. Action of
ionophore A23187 at the cellular level: Separa-
tion of effects at the plasma and mitochondrial
membranes. J Biol Chem 1976;251:3881~3886.
Mahi CA, Yanagimachi R. The effects of tem-
perature, osmolality and hydrogen ion concentra-
tion on the activation and acrosome reaction of
golden hamster spermatoza. J Reprod Fert 1973;
35:55~66.

Toyota Y, Chang MC. Capacitation of epididy-
mal spermatozoa in a medium with high K/Na
ratio and cyclic AMP for the fertilization of rat
eggs in vitro. J Reprod Fert 197;36:125~134.
Fraser LR. Potassium ions modulate expression
of mouse sperm fertilizing ability, acrosome
reaction and hyperactivated motility in vitro. J
Reprod Fert 1983;69:539~553.

2. Johnson MH. The macromolecular organization

of membranes and its bearing on events leading
up to fertilization. J Reprod Fert 1975;44:167~
184.

Miyamoto H, Chang MC. The importance of
serum albumin and metabolic intermediates for
capacitation of spermatozoa and fertilization of
mouse eggs in vitro. J Reprod Fert 1973;32:

193~205.
Niwa K, Iritani A, Effect of various hexoses

— 129 —

15.

16.

17.

18.

19.

20.

21.

22.

23,

24,

25.

on sperm capacitation and penetration of rat
eggs in vitro. J Reprod Fert 1978;53:267~271.
Hoppe PC, Whitten WK. An albumin require-
ment for fertilization of mouse eggs in vitro. J
Reprod Fert 1974;39:433~436.

Kopf GS, Tubb DJ, Garbers DL. Activation of
sperm respiration by a low molecular weight
egg factor and by 8-bromoguanosine 3’,5’~mono-
phosphate. J Biol Chem 1979;254:8554~8560.
Casillas ER, Hoskins DD. Activation of monkey
spermatozoa adenyl cyclase by thyroxine and
triiodothyronine. Biochem Biophys Res Commun
1970;50:697~703.

Morton B, Albagli L. Modification of hamster
sperm adenyl cyclase by capacitation in wvitro.
Biochem Biophys Res Commun 1973;50:697-703.
Fraser LR. Accelerated mouse sperm penetration
in vitro in the presence of caffeine. J Reprod
Fert 1979;57:379~384.

Parrish JJ, Susko-Parrish JL, First NL. Effect
of heparin and chodroitin sulfate on the acrosome
reaction and fertility of bovine sperm in vitro.
Theriogenology 1985;24:537~549.

Niwa K, Ohgoda O. Synergistic effect of caffeine
and heparin on in wvitro fertilization of cattle
oocytes matured in culture. Theriogenology
1988;30:733~741.

Park CK, Ohgoda O, Niwa K. Penetration of
bovine follicular oocytes by frozen-thawed sper-
matozoa in the presence of caffeine and heparin.
J Reprod Fert 1989:86:577~582.

Byrd W. In vitro capacitation and chemically
induced acrosome reaction in bovine spermatozoa.
J Exp Zool 1981;215:35~46.

Takahashi Y, Hanada A. Penetration of zona-
free hamster eggs in wvitro by ejaculated bull
spermatozoa after treatment with ionophore
A23187. Japan J Anim Reprod 1984;30 :30~37.
Aoyagi Y, Fujii K, Iwazumi Y, et al. Effects
of two treatments on semen from different bulls
on in vitro fertilization results of bovine oocytes.
Theriogenology 1988;30:973~985.

. Siegel M, Graves CN. Protein effects on bovine

sperm acrosomal morphology and penetration
and binding to bovine oocytes. J Aanim Sci



27,

28.

29.

31.

1981;53(Suppl. 1):591.

Fulka J Jr, Pavlok A, Fulka J. In vitro fertili-
zation of zona-frec bovine ococytes matured in
culture. J Reprod Fert 1982;64:495~499.
Sirard MA, Lambert RD, Menard DP. Pregnan-
cies after in vitro fertilization of cow follicular
oocytes, their incubation in rabbit oviduct and
their transfer to the cow uterus. J Reprod Fert
1985;75:551~556.

Iritani A, Kasai M, Niwa K. Fertilization in
vitro of cattle follicular oocytes with ejaculated
spermatozoa capacitated in a chemically defined
medium. J Reprod Fert 1984;70:487~492.

30. Lenz RW, Ball GD, Lohse JK. Chondroitin

sulfate facilitates an acrosome reaction in bovine
spermatozoa as evidenced by light microscopy,
electron microscopy and in vitro fertilization.
Biol Reprod 1983;28:683~690.

Sugawara S, Hamano K, Kameyama K. Ir vitro
fertilization in bovine oocytes precultured in
various medium: Fertilizability of frozen sper-

matozoa preincubated in media contained with

— 130 —

33.

34.

35.

36.

BFF. Japan J Anim Reprod 1985:;31:62~67 (in
Japanese).

Parrish JJ, Susko-Parrish JL, Leibfried-Rutledge
ML. Bovine in wvitro fertilization with frozen-
thawed semen. Theriogenology 1986;25:591~
600.

Swanson EW, Bearden HJ. An eosin-nigrosin
stain for differentiating live and dead bovine
spermatozoa. J Anim Sci 1951;10:981~087.
Bryan HD, Akruk SR. A naphthol yellow S
and erythrosin B staining procedure for use in
studies of the acrosome reaction of rabbit sper-
matozoa. Stain Technol 1971;62:47~51.
Yanagimachi R. Mechanisms of fertilization in
mammals. In: Mastroianni L Jr, Biggers ]D,
Ed. Fertilization and embryonic development in
vitro. New York: Plenum Press, 1981;81~182.
Babcock DF, Singh JP, Lardy HA. Alteration
of membrane permeability to calcium ions during
maturation of bovine spermatozoa. Developmental
Biol 1979;69:85~93.



