primordial germ cells

spermatogonia spermatogonia mitosis
primary spermatocyte meiosis
haploid spermatids spermatids
spermatids Spermiogenesis
(Gier and Marian, 1970)
1.1
seminiferous tubule Rete testis, vasa efferentia
epididymis epididymis (

sea urchins) ( )

epididymis  (Young, 1931; Nishikawa and Waide, 1952,
Blandau and Rumery, 1964; Bedford, 1966; Orgebin-Crist, 1967)
) epididymis maturation

(Bedford, 1975; Hamiton, 1977)

(female reproductive tract)
Austin (1951)
capacitation (Austin, 1952)
capacitation (
1.1) capacitation
(Johnson and Hunter, 1972; oliphant and Brackett, 1973; Schill
1979) glycoprotein  plasma membrane



capacitation

Species times (hr)
mouse <1
Sheep 1.5

Rat 2-3
Hamster 2-4

Pig 3-6
Ferret 3.5-11.5
Rahbit 5
Rhesus monkey 5-6
Man 5-6

Austin, 1974,



PLASMA
MEMBRANE

ACROSOME

—~EQUATORIAL
SEGMENT

POSTACROSOMAL
REGION

1.1 fll o * A I



(Gordon
reproductive
capacitation

1975) capacitation female

tract

(Oviduct) (Hunter, 1968; Zamboni,

1972; Hunter Hall, 1974) capacitation
capacitation
acrosome membrane-bound
nucleus acrosome reaction
acrosome reaction Austin
Bishop (1958)
zona pellucida acrosome
multiple fusion plasma membrane  outer acrosome membrane (
1.2) acrosomal enzyme acrosin Trypsin-like
enzyme zona pellucida '
(Meizel Lui, 1976) acrosome reaction Cakt
ATP (Barros, 1974; Roomans, 1975; Rogers , 1977

Santos-Saechi

Everitt, 1983) m

space

ooplasm

Gordon, 1980)

acrosome
whiplashing.
, " (Johnson
m zona pellucida perivitelline
nucleus vitelline membrane
* (fertilization)
decondensation pronuclei

(Yanagiimachi, 1981) 1.3



1.2 acrosome reaction

( Yanagimachi , 1981)



PYS

( Yanagimachi, 1981)



capacitation, acrosome reaction
in vitro
1.4

zona pellucida

zona pellucida glycoprotein

vitelline membrane \ Z0na
pellucida (Yanagimachi, 1977) 1962 Mintz , 05%
pronase zona pellucida
Toyoda Chang (1968) zona-pellueida
in vitro fertilization 1 ?
(Yanagimachi Noda, 1970), (Brackett . 1971),
(Yanagimachi, 1972) (Pavlok McLaren, 1972)
1972 cross-species Yanagimachi
’ zona
pellucida Yanagimachi

zona pellucida  (Zona-free
hamster egg)
(Hanada Chang, 1972, 1976 ; Pavlok, 1979), deer  mouse,
(Hanada Chang, 1978),  (Imai , 1977; Pavlok, 1981;
Smith . 1983), (Hanada Nagase, 1981; Bousquet
Brackett, 1982; Brackett , 1982), (Kim . 1980),



1Ji 1.4

(

Yanagimachi, 1981)

Epldidymal

maturation

_____ X L ————

I

Hyperactivation

Capacitation

leesd)

Acrosome reaction

e

b e I

Release ol
cumulus lysin

Exposure of
Inner acrosomal
membrane

Exposure of
zona lysin

ed

Y

Cumulus penetration

)

Zona attachment
and recognition

)

J

Y

Zona penetration }=

[

Changes in plasma membrane

Perivitelline space passage

over the equatorial segment
.and/or postacrosomal region

Y

Sperm-egg fusion

gt

Disappearance

of sperm nuclear
envelope

Y

Decondensation
of sperm nucleus

P

Development of
sperm pronucleus

Zona reaction

Activation of

egg cytoplasm

Exocytosis of

Y

cortical granules

Y

Vitelline surface
block to

Resumpllon
of melosis

polyspermy

\

Aclivation and rearrangemant of
cyloskeletal systems

egg pronucleu

Development of

S

e

Union of genomes

-




(Brackett , 1982), (Lambert, 1981), (Fleming
, 1981), marmoset monkey (Moore, 1981), rhesus monkey (Boatman
Bavister, 1984), cynomolgus monkey (Hoffman Curtis, 1984)
(Graham , 1987) (Yanagimachi, 1976)
1.2 zona-free eqg 6

zona-free hamster eqg :

male fertility
(Semen analysis) ? (semen  volume),
! (sperm density), (morphology),
(motility) (grade of progression)
’ .
1)
, 2) capacitation acrosome reaction, 3)
I oocyte (cumulus oophorus zona pellucida), 4) oocyte
5) DNA male female pronuclei 6)

(Bedford, 1981)
post-coital test (Sims-Huhner

test) N Vivo
(Jaszezak Hafez, 1976), Kremer test ?
(Human cervical mucus) (Bovine cervical mucus)
in vitro (Alexander, 1981; Gaddum-Rosse , 1980; Moghissi
, 1982) 7

3 4 in vitro fertitization system



1.2

spermatozoa

Golden hamster
Chinese hamster
Mouse

Deer mouse

Rat

Guinea pig

Bat

Rabbit

Dog

Dolphin

Pig

Bull

Goat

Horse

Mamoset monkey
Human

”

( Yanagimachi, 1984)

Golden
hamster hamster

Chinese

Yes No
Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes No

Zona-free egg
Mouse

pig

YesNo No  Yes

Yes Yes  Yes
No No

Yes,No Yes

No No  Yes
No No No

No

Yes

Yes
No

Yes

10

Rat guinea rabbit,



7
7 Overstreet Hembree (1976)
17 non-living human oocytes

Yanagimachi
(1976) 1 zona-free
hamster egg
Yanagimachi 7 Barros
(1978) 7
1 (penetration rate 76%)
(penetration rate 3%
(Rogers , 1979; Binor , 1980, Karp , 1981; Martin
Tayler, 1982; stenchever , 1982; Albertsen , 1983)
: 1
, y
capacitation acrosome reaction 7
Ultrastructure
ooplasm acrosome reaction
(Acrosome-reacted spermatozoa) (Koehler , 1982;  Talbot
Chacon, 1982; Gould , 1983), 2) plasma membrane
Chacon Talbot (1980) plasma membrane
equatorial segment postacrosomal region "M
plasma membrang 3) male pronuclei (

Yanagimachi, 1984)

11



1.3
(fertile men)

12

0-100

1) (Abstinence time)  Rogers
(1983 a) (abstinence time)
8 24 2
(5 )
48
2-5
2. Seminal plasma  Berger  { (1983 b)
seminal plasma 3—
seminal plasma 1-2
Rogers (1983 a) seminal plasma
30 seminal
plasma macromolecule 10,000 dalton
capacitation ®
(Kanwar , 1979; Van der Ven, 1982)
3. Preincubation capacitation time
capacitation  in vitro  (Dukelow  chernoff, 1968;

Soupart

Morgenstern, 1973)

, serum albumin
37



13 ,

investigators number of Percent eggs penetrated
men Mean £ S.D. (Range)
Menge and Black(1979) 3 67 + 5
Rogers et al (1979) 21 56 (14-100)
Overstreet et al (1980) 6 (11-100)
Hall (1981) 22 66 (20-100)
Karp et al (1981) 25 (15-96)
Tyler et al (1981) 15 62 + 20 (24-89)
Zausner-Guelman et al(1981) 9 8l + 26 (15-100)
Aitken et al (1982) 35 44 £ 3 (14-90)
Cohen et al (1982) 26 b4 (11-100)
Albertsen et al (1983) 11 45 + 27 ( 0-90)
wickings et al (1983) 30 49 £ 16 (15-82)
Johnson and Alexander (1984) 9 (12-64)
Hamdi et al (1985) 21 53 + 23 (20-96)
Fredericks et al (1987) 3 54 t 4 (19-100)
This study 15 41 + 13 (20-69)



I 5

capacitation 1 (Barros . 1979)
18-20 ' (Rogers , 1979; Tyler , 1981, Cohen ,
1982)  Hirshel Mixon (1983)
7 ") (18
) Johnson Alexander (1984)
20
7 \
capacitation (Perreault
Rogers, 1982) preincubation period
(18-20 - ) (Gould ,
1983; Hall, 1981; Hamdi , 1985; Margalioth , 1986; Dyonne
Van Duren , 1987; Van Kooij , 1986)
I -

Martin Tayler (1983)

sx10a [ 107 | .
107 /. , Tyler (1981)
10e- 107/
Albert
(1986) (motile
spermatozoa) 3
(5x10e [ )
5-10x106 |
B, ]

(Superovulation)
Pregnant  mare  serum gonadotropin  (PMSG) Human  chorionic



gonadotropin (hCG) 15-17 hCG
(immature hamster)
(Yanagimachi

Chang, 1964; Tyler , 1981)
16-18 hCG ( 5, )
' hCG (20-22 hCG)
(Berger , 1983 a) ,
!
cumulus oophorus hyaluronidase
bovine  testis trypsin
proteolytic enzyme zona pellucida
trypsin zona pellucida plasma membrane
trypsin proteolytic
enzyme (sensitivity)
(Hirao Yanagimachi, 1978) Hoshi
(1982 a) trypsin mercaptoethanol Z0na
pellucida proteotytic enzyme
( 1.4)
6.

modified  Tyrode’s
Krebs-Ringer’s salt solution

capacitation acrosome reaction (Lui ., 1977)

human  serum albumin bovine serum
albumin  (Menge Black, 1979; Hall, 1981; Karp , 1981,
Zausner-Guelman , 1981; Cohen , 1982) bovine serum
albumin seminal plasma

014486

15



1.4 &

Agent
(Concentration)

Trypsin (0.1%)

Pronase (0.05%)

pC-Chymotrypsin (0.1%)

Diapase (300 1U/ml)

Mercaptoethanol (50 mV)

Dithiothreitol (25 mV)

( Hoshi , 1982)

treatment period

(min)

20

20

20

20

20

20

Percent eggs
penetrated

16
16
63
54
64
51
61
63
16
83
26
13



J spermine polyamines
(Quinn stanger, 1980)
03 35 Gould (1983)
(3.5%) acrosome reaction
(0.3%)  Berger (1983)
, (Ham's F-10) human
preovulatory serum 10 human serum  albumin
0.5 maintain sperm motility (De Yi Liu
. 1986) (Human in  vitro
fertilization) human preovulatory serum
(Lopata , 1980; Marrs
. 1982; Leung , 1984)
- ,
(Hoshi , 1982)
(10-20 " )
(Osmolality)
! 285-410 mOsmikg Aitken
(1983) osmolality
3%
(410 mOsm/kg) BAWV 0.3
6 f

(305

17



mQOsm/kg)
(hypertonic medium) 410
mOsm/kg , maintain sperm motility
300 mOsmikg

pH
pH 7.4-7.6 Tyler (1981)
gas phase
P C02 pH
82 | f 5
2  pH 1.2 pH
pH
NaHCO3 buffer
(Yanagimachi, 1984)
7. Co-incubation period
2-5
(preincubation period) b (18-20
) 2-3
(Van Kooij , 1986)

fertility infertility

(fertile men)
10 ( 10-100)
(infertile men) 10-15 (Rogers
. 1979; Hall, 1981, Karp , 1981, Overstreet . 1980;
Tyler , 1981)
(Stenchever , 1982)

18



19

capacitation

acrosome reaction plasma membrane
(in vivo)
10-15
(Hammond , 1982) '
10-15 (Pryor
, 1981)
1
(Zausner-Guelman , 1981; Cohen . 1982;
Albertsen , 1983; Swanson , 1984; Tang , 1984)
(Wickings , 1983; Hamdi , 1985)
(Hall, 1981; Van-Duren , 1987, Van der
Ven, , 1986) Aitken (1982a,h,C)
25 /
amplitude of head displacement 10

(cervical mucus penetration)

«



20

(Soules

, 1982; Rogers , 1983 b; Takemoto , 1985)
i
Overstreet (1980)
non-living zona-intact human eggs living zona-free
hamster eggs.
(23 21 )
(Wolf , 1983; Foreman , 1984;
Ausmanas , 1984; Berger , 1984;  Van-Uem ,1985)
Margalioth (1983) 1 20
(08 (0
13 ( 20-100)
1 it 1
infertility (unexplained infertility)
?
(maturation) epididymis
epididymis 2

maturation
epididymis Hinrichsen Blaquier (1980)



maturation caput epididymis fi Moore
(1983) maturation corpus
epididymis ( 1.5)

’ il
antisperm antibodies (Menge
Black, 1979; Tsukui , 1986; Primakoff Hyatt, 1986)

10-20 / B antisperm
antibodies / I (Menge
Behrman,  1980) ! antisperm antibodies ! agglutination

varicocele (Mygatt , 1982)
b doxycycline  (Berger ;- 1983) /
Kallikrein (Comhaire Vermeulen, 1983)
!
chromosome (Rudak
, 1978; Martin , 1982, 1983) chromosome
chromosome
infertility gene

chromosome

« H '
vn ]

21



15
epididymis

Region of the epididymis percent hamster eggs penetrated
where sperm were collected  Hinrichsen and ~ Moore et al
Blaquier (1980) (1983)

Caput 3 0
Corpus, proximal - 11
Corpus, distal 8 15
Cauda 34 43

Ejaculated sperm 68
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