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Abstract

The objectives of this research were to study the morphology and structure of porcine
oviductal epithelial cells (POEC), cumulus-oocyte complexes (COCs) and granulosa cells
(GC). They were investigated in vivo and in vitro conditions using scanning electron
microscopy (SEM) and inverted microscopy. The protein pattern of their secretion were
studied and determined ability of acrosome reaction with bovine sperm.

From in vivoe study, the mucosal surfaces of the POEC at the follicular and luteal
phases were examined to observe the cell types and cellular populations. At the follicular
phase, the POEC contained a great number of high ciliated cells, whereas those at the
luteal phase consisted of lesser number and were filled up with numerous of round shaped
non-ciliated cells with short microvilli on the apical surface. This change in morphological
features of POEC seemed to serve well on their functions as oocyte transporters at
follicular phase. Meanwhile, the GC in the follicular fluid was also round in shape and found
as clusters. From in vitro study, the POEC contained columnar ciliated cells and spherical
shaped non-ciliated cells. Both non-ciliated cells and ciliated cells appeared either in groups
or distributing among each other. However, the isolation of cells was observed after culture
for 48 h.

COCs were round in shape, surrounded by zona pellucida with layers of cumuius
cells ranging between 89.16-144.68 um in size. They were morphologically classified into 4
types based on the accumulation and arrangement of cumulus cells around the oocytes.
These were intact-, multi-, partial-cumulus cell layers and completely denuded ococyte at the
percentage composition of 19.87%, 18.13 %, 28.88 % and 33.12 %, respectively. The
mean diameters of four types of COCs were found that, the mean diameter of intact
cumulus cell layer from the healthy antral follicle was significantly different from those of
multi cumulus cell layer, partial cumulus cell layer and completely denuded oocyte (144.68
+ 879 um, 122.82 + 478 um, 106.20 + 8.72 um and 89.16 + 5.69 um, respectively).
Interestingly, ehanges in the morphology of COCs were observed after culturing for 24 h. In

Type 1 COCs the cumulus cell layer was peel off from the oocyte, but the cell shape was



still round. Moreover, it was also found that COCs Type | contained expanded cumulus cell
shape, while the cells remained intact on the surface of the cocytes. After 24 h of culture of
COCs in the culture M199 mediumn, it was observed that the round shape CC, which
attached to the surface of the oocyte before adapted themselves info a teardrop-like shape.
They had a pointy, conical end that clearly stuck into the oocyte. Meanwhile, the elongated
CC of COCs Type Il was detached from the occyte surface. The GC in the follicular fluid
was also round in shape and found as clusters. Afier culturing in in vitro for 48 h, no
change in morphology was observed. The GC appeared in smaller clusters were present as
single cells and their sizes ranged form 6-8 um.

The resuits from SDS-PAGE to determine secretion proteins from POEC when
cuttured in the M199 medium for 48, 72, 96 h showed a similar pattern. From the comassie
biue-stained gels, the protein bands sized about 17, 22, and > 220 kDa were observed.
These protein bands were also found in the CC cultured in the same conditions media and
penods of time.

The ability of frozen secretion proteins from POEC and CC+GC (storage for 1, 2 or 3
months) in inducing acrosome reaction of bovine spermatozoa was determined. The
percentage of the tested groups (added with POEC: storage for 1, 2 or 3 months) were
7844 + 7.25 7578 + 441, 6522 + 559, 50.56 + 6.25, respectively. Meanwhile the
percentage of the other tested groups (added with CC+GC: storage for 1, 2 or 3 months)
were 88.67 + 4.03, 82.22 + 3.46, 71.00 + 3.16, 58.56 + 4.69 respectively. It was higher
than those of the controlled groups (without secretion proteins). Comparison of percentage
between two groups was statistically analyzed and the results indicated that it was
significantly different.

The results obtained from this study allow us to have a beiter understanding of the
morphology and nature of cells under both in vivo and in vitro conditions. This information is
also important for the study of their secretions and biochemical compositions, which is of

great importance to the use of cells as feeder cells in in vitro fertilization in current studies.
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mU‘l@'fnﬁaaqaﬂﬁﬁﬁuuuﬁmﬂﬁﬂ (Scanning electron microscope)
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n¥8a3aNTIAILULAINGY (Inverted microscope) LazNABIIANTIABIANATAU

WUUEIHIU (Transmission electron microscope)
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nunamananminnmiewidevasonasdywlne 2547

a"iﬁfna'mﬂmzniwm'smsqﬂuﬁnmuazﬁﬂﬁfnmunaanuaﬁuawnmﬁ%’a

lassnsdnwunaftanismizidee fugmwing uasansmellsfiniinasan

4 » o [] & ]
maaqﬂauﬂwuamjaaaamaumaéﬂmqni

1. UNW (Introduction)

muﬁﬁumamaﬁyﬁaﬁﬂﬂj (oviductal cells) aztwlunmsiaSeuniauvas
AA = [] = - » d‘
\TAROFITITANBFIVLHIUNTZLIUNILAA capacitation Waz acrosome reaction 7
a & w T A A ' a o e P .
fatuldisnlaadagiinfenrdueipizfuviuiinails  (female  reproductive
Aa v o \ . A ¢ o A
tract) naNARN (uterus) uarviavinla (oviduct) ﬂmﬁnﬂaqmm'lunaﬂﬁmmma:
tilumslunWaimadegiiianszuaums capacitation uasfinuhesfalszam
(neurotransmitter chemicals) LI epinephrine, taurine Wz hypotaurine Twadpas
a4 & w Ay P o v a e ee o o w
Suduinanadussinailotomioniiife  capacitation  wanmadagIdATld
@t (Chang., 1951)
MIANMIVBI Anderson uag Killian (1994) wulus@unwainniadyrai
Tigm  isthmic  luszosfiiluge  (estrus  cycle)  NunummAnaamItiy
. . L -3 [ .
MITUIUNTT  capacitation JaILTRRAFII  URZIINMIANEIVEI Grippo (1995)
] . ﬂi J ] o 4 0 1 ]
wudngadaadfivwzdslussdy st lifinduueuns (ampulla part) 1n
nonluteal phase Wwlwifia acrosome reaction unzvhlfitlasifuanisjauslun
; - J A = L5 [ 3 - A ; 5 ] o '
nuwnissiaguiisfouifsuiusaseai Itz ssluaadyriaild
1 1) o Qv :‘ J 1 o [ )
NEMUBNNEIY luteal phase uazirasagiNNzRpIbwaasyYimhligm
] el W o st - d 2 g = b
Isthmic 114 nonluteal phase atNINRBEAUNNRER TIrpAANDINLNUITLTD
Wegner uss Kilian (1992) fiwuhenudunuivasldsfunumsindalungig
I3u61UT89 nonluteal phase Wi aNwTnTuasilsfiudinuaryizunniEm

A- a4 ] o= A. o [] '] i
isthmic ) King uszame (1994) ldsonuwihdinaldsduinasannviavinlisg

u
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a’m*mm:l,amﬁmwanwuﬁ‘ﬂu LNALUTUY E’ls]!.‘ﬁaE“{Elii'ﬁ]‘ﬁd"ﬂtvllllwuﬂ‘il‘ﬂ’luﬂ’l‘i

capacitation waztiumMmniaudlumadoqivasinld

Kitiyanant wazams (1993) Tpawinassyavnlisesgnshinasluaims

J ] ' ) s a i ar v e ]
LWW:LRUO’D”IUENLﬂ?ﬁJﬂ'ﬁWW%’]@]’lﬂﬂ%’J'ﬂV}W@&!%ﬂN’]u cells block vL‘lJ?l'N:ﬁd‘iZﬂ:

' = % ' = v o y s LY A oo
NﬂEﬂWLLﬂ:?ZUZUﬂ"Iﬁiﬂsﬁﬁvlﬂw"]ﬂﬂ')'u‘]jﬁﬁﬂlgﬂﬂu’]vl.'ﬂ‘llE]\‘J'J')La\ﬂl,ﬂzﬂﬂllﬁ']%?ftlﬂﬂ

03U mmé’ammﬁaqmuluﬂaﬁwvhimmé'ﬂ'fummﬁﬂ LT ﬂhumﬁf Wi

waumaAas NIEBUNTANT FIWANFTUNMINAIUIRITIUGNTAIUGATZBZITNAUTUDS

sruzgavhosaImINamdIgen uazamastitwdnaiuliidofidudnsjaus
“ X . ‘

WOINBOUFIIUGIL (White URTATE, 1989)

Suzuki WAZAMEE (2000) ANWIANNFUNUTUDILTARNINDNTAULTAN N
, - K . . 4 LT d
\ad lansiuia Wizl 11 (in vitro oocyte maturation) wurinlutaluef 44
¥ » ; &l v ] e
(@u729 M-l uaz M-Il stage) 18INSINZIRDY LTAATIROUTAUITAS LTULNG 88N

l‘d | » ] [ = ] | s
nnsd lidaiugrfiaad lihdannsdyaysaliaznuhdilimameiuey

' v . . . = w“W o,
TEWIITRANAONTOULTAN 1TLad  (cumulus-cumulus communications) @A

| A o &
ﬂ'i']U“%'lﬂYﬂ\"Ti')ﬂ']W?] ﬂﬂl‘ﬁﬂﬁﬂlﬂ']:ﬂuu

Hashimoto WazAmE (1988) TIHNWINANRUIUUUYRILTRAA ONTAUILDAS
1% g Qs = 9 a a i A' o o o 3
Thdman 1.6 s 19 3.2 S Aduluemiamnzidoasss langs liwamlu
A o . . N & o e ] = ar vdn[ 4 fﬁl
w2uziLfia in vitro oocyte maturation wuvhlWimad liasyWam ldanae Gaoadn
'Y ' \ ) o oo ' - v -
dausouiaad sz lomidaimad I lunsmasasniinadamsinsywaunioan
. . o a o . &
Hrulunsihasiinanisiasaidvla (growth inhibitor) aanlUanarmisiwizidng
] = ] o 5 A T+ L]
uas Romar uazAtiz (2003) wuhmaduzadyvai liuszsiadndaasauioad 4
n‘ J 1 W ) ] L] Q
ansfinanluamsnndustisliisadagimunsmanzdwasd lignslunia
- s [ - & PREVINE & = ¢l o & '
Ufmusluauuifunndu  swdpnmaadumsanmdslomiimbiaaduria
i lduazimadsausauirss 1 ldltlunsid jeuslunaaauds  udmseinwie
ar - o a ) & a A a2 ¥ o 'y
snwoelilsin augminsusassanizassiamwizidoanu Imsdanwiaeann
A [ ﬂ.J o GIJ [l [
atanmsansmsusuimmaInnaasuamMahasrasusudunfnwns
ol v ¢ oY o v asct o & = & Fa a
wsnanaunienvausadagIuuidaliiidlalaanmn  datunsfinmnaTafie
L4 ; ] o [ 2 ]
Ulomlann iwnzdaansamnzidsasadyviei liuszisaddonsauioad iy
2 4 = [ =) vﬂ’j = A
WIUANFEIIWININTE TS ENIRLE LA LN IUENIWEITTUTIRUAZENINN
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guﬁnmﬂum‘nﬁu stock TAIRIIRAINLTRAFYIRDITHALABUNILYIIUAUNI=N
mwé’aiﬂﬂﬁnm%’aLm:thvlﬂﬂi:qné‘lﬂﬁtﬁﬂﬂiﬂwﬁ:@ia‘hJ

2. 18RI IAVDINTIALAWASIVY (Material and Method)
o A e el X o F-9 S
nwinliagUradaednsuazianinaiiamawnziasy POEC usz CC
= | o '3 ' -~ [y a o &
Fymegnumadunsuladn  (GC) lugasemmfinanzaudrsnaiianlasaite
ANANHAUNNTUTININGIVANTIANIFOS IUFMWDIINTIR (in vivo) URTININ
& . ) v A a 5 P SR
WIZLRBY (in vitro) wianAnwSSinnwagUuuzasllsdunioadinztomiaes
“ & o & W . o L) v A
nasgamwzsmaITmwzasstudluianamil NuTugaiufa
ANMANATBIRIINAY (condition medium) NNITRENIFBITIRARDNTILAA acrosome
. ¢ o a P - A £ A @ o, o=
reaction DaaLTadadd ludaileswaiafifenfnmfaimadagivasiutuds  u
- Jm ar o =, = G — [ 2 v = A v
nidTuifidn ldduiunuitvamuunmnuinalildiduesned  Falsznausie
Qs [} L A‘
mIinumuenasuszndaysavandoasounay  lddadaasiniiuazatnal

99 awasunudaeIsunsandmiuewiin  udildisudny  d33uve

ﬁ.'uauaﬁaﬁsJa:tﬁumaamﬁ@‘i’lLﬁumﬁi"uua:maaﬁmwnﬁuﬂauazhaa:l,ﬁua
A P o a  wad w Py o P g
ot lgmigsgadvsuinassnsAn T wikea 1
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2.1 msﬁmsnuazﬁ'wmmaﬁammmztﬁmvzsaﬁqnam’[ﬂuazmaﬁ'
Jonsauwad lduumlaaniio
2.1.1 msfnwuazRanIaAiansNzALy POEC was CC damzéa
nugsdliifa COCs uazagimny GG Q"‘jﬁ'a‘lﬁﬁ'ﬂLﬁanLm:m‘%mummstwmﬁrm
wudsaaida 3 gas Lﬁaé’umgmmmsﬁmm:ﬁu‘lﬁ’ﬁnmmnﬁ'mLta:nuﬁﬁ'u
maa;ﬁuaﬂﬁqaztﬁuasauaau T@wﬁwﬁnnﬁ’hgmmmsi{ﬁmtﬂugﬁsmmﬁ
musnaionldiasdluiojiims  @louhe  szam egn swnsald
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2.1.2 L;Javl,@gmam’mmwaLiwm‘umamcmnhamqnﬂummw

o & A& ] . 0 o &
uAsUIN LOTDULRZINZIRBILTRS ILENTWLIRaAL TS (sterile technique) lasvingad

n. 3Bmsfiuuaziaisn POEC uar CC+GC gnaialnnzidssfaifiy
via lduazislgansoinlssiunazgnsludmiauasgy laoldnsslnsdadandas
8oNINTINVBIGN IR 19riavi luazSaludan 0.9% normal saline finaw

A =2 & s . = Vo & A o =
pFus 2 09 3 031 JswTnaldgafiudadisidaeae (nmwh 9) ey
L [ » =Y :I' i 7 r [ A =3 yd =
medwldnsz@ninaasioiingu Nauguennnilin 25 fs 30 esmnuoaibos
wazhdatenauiasUjiinisnele 3 wilay Sebhuueduuerssussns

& g o o
LWITLA UG‘L%E]FI‘W’]'SL@ EILDRNFI b

T nassSnmamugiildalodn

¥ =
= 1na 0.9 tlasidud

A0LYY =
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Wi Tugmnndl 25 f9 30
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2. rioliuss3als s 0.9% normal saline AnaueUfFus
uhldnsslnaasunandaiiafudngg aanaswde Liameviaih lawintu (nw
fi2nouse4a)

a. mamuuanrianii lauazsely sevhenuszaemeuanuuy
Uanaiiinana3asiy 0.9% normal saline finaunUfFus udsurmemuszenn
- fi gauze Ausamia

3. 1914u99 0.9% normal saline Anane fFmedeny syringe saa
meluvaiadminondnmeln amindurianuszenadaud gauze drnmadia
Unaalie

2. utismadnriei lrdmnitaiandnndugwineluammw
57NTd lasdadauanviah liduzainga najuﬁﬂﬁasm:gtﬁm (luteal phase)
Lm:nsju'?iaaa‘sw:waaﬁﬂm (follicular phase) ('n'aﬁw"l’ﬂ'szuzgl,ﬁmﬁ?mﬁfatﬁmau
vafidumdsaunanannidudsazasrwnatnajlsznouiusliaswounaniol
\ugauatugastimaiantsanly mmiaﬂ'lvhi's:uzwaaﬁﬂﬂ'"afmf’imﬁaﬂﬁmmia
Aafiaideseuviaivmalnduazselivassruzinuuswasfifadisslianld) da
et lauwia 2 9 3 Haduas tﬁaﬁnvl.a_lﬁnmmané’aoqamiﬁﬁﬁtﬁnmau
WUUEDINTIA

a. Wvia lielwauuhudgamadyviedh lidowdiu glass
slide Wyamnandwdurialufsdulmeradisanuunie (MWl 2 9) L9afes
waaaannlaeria udaiioadldly cap tube 1w 15 Saddas
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: 1 o 1 a k3 o L% Qs e LY a
amfl 2 (n) redlindsnndeihanuszaraudiBegndudiui gauze Nisae

dg’ a4 A 1 ] [ r a ] el |A={ﬂ-l A L7 1
e (1) mieeasenainvatild (a) vavhlduazTilandeibadusdnig asn
Suuden (3) paumadyrioth lidaouniu glass slide laggaainanaiueurialyds

fiptanayia

4. 1¥1@1 Hepes buffered tyrodes medium USunms 10 Jafdas adlu
cap tube UANVENFWFILANNITOUN 1 T 2 wifl aansaa lilugLivgunni

= A & '3 & 6 = & o
37 avewondus Niianfuanlasanlod 5 wediduduazianuiugowin 10 wi
P W ! o [y A by [y o 9 A
Walilaadnauasnaniifunaaauss (mwil 3) Tagahmduuuiislulianse

LALTRRN T WRADAULAISIIUTREEIDN 5 019 7 AT
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A v
LEIRANAANRIREHY

A v
NNUHRRan

A 3 msdamadyrisdn lgluiion Hepes buffered tyrodes medium

9. FNSUMTATEN CC+GC Iasuulandesslisiy 0.9% normal
saline UA1312091Y (follicles) (MW7 4 @ uar 9) Aflwwe 2 59 6 Tadwasaan
Fulwe$ 18 fisadan 5 HsRfaIuss disposable syringe waﬁam:ﬁ’ﬁwluqavﬁi
(follicutar fluid) Femelufl cc ﬁay;é'amamfﬁﬂﬁ‘lml,a:ﬁ GC ﬁafgmmluﬁﬂuqﬂﬂ
lﬁsausauﬁﬂuqﬁﬂﬁ’lu pertri dish udldliavanidnvwalidurhaudnana
200 lulaTiuas L§ang}ﬂmaﬂﬂﬁﬁmaé‘fﬁamaumaﬂﬁi (373138n cumulus oocyte
cumulus complex: COCs) Aﬂ’m'lﬁﬂﬁaa stereo microscope (mwﬁ 4 @) RICR
athaiathandnmnduguinmrensassonsaimad lwluanwsssumasn
naesRanssEtuuLAIndsudh lieIoudednanindasgansimidianata

wuyudsInTIasa b
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Tnuagn () Syldgndurenuazanadoi gauze Usaaida (3) m3ldiduues
18 gﬂﬁﬂgqﬂﬂiaanmn%iﬂj (3) me@hLLm\aqavhjﬁ'L%ﬁum:maﬁ"L’ﬂ (@) M7ld

mouth piece 9aN1TUHN COCs waz GC aanani lugslifivhmsldndas stereo
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MW 5 (N) COCs waz (1) GC Agauun i lundlafiaglugiuasialy
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ol U wes CC+GC &unaaldly cap tube AUIA 15 NARAAT UA2
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4 9 o &
A13191 1 gﬂ?ﬂ']ﬁ'ﬁﬂl‘ﬁlW’l:LﬁUﬁ POEC uaz CC+GC

=y
BTWTITINIZLRES

§ﬂ$ﬂ1ﬂ'1‘5

gash 1: Medium 199*

Medium 199 with Earle’s salts (Sigma) supplement with
10% Fetal calf serum, 2.2 mg/mi NaHCO, (Sigma), 1 M
Hepes (Sigma, H-9136), 0.2 mM pyruvic acid and 50
Hg/mL gentamicin sulfate (pH 7.2)

gashl 2: RPMI 1640

RPMI 1640 (Gibco), 10% Fetal calf serum, 0.2 mM
pyruvic acid and 50 Llg/mL, gentamicin sulfate, penicillin-
streptomycin (Dumex), Fungizone, 1 M Hepes (Sigma,

H-9136), NaHCO , (10%) (Sigma) (pH 7.2)

p
gnin 3: DMEM*™*

DMEM with 10% Fetal calf serum, 2.2 mg/ml NaHCO,
(Sigma), 1 M Hepes (Sigma, H-9136), 0.2 mM pyruvic
acid and 50 Ug/mL gentamicin sulfate (pH 7.2)

o ar V: . ] ]
2IMIgAT M 199 wanzd@msulFiane endothetium cells F19¢) @AWW
L] o A‘ é = n‘:
893 Roswell Park Memorial Institute (RPM1) 1640 FwSuiisasasnidwirade

[ 7] A @ »
FuradLTastlalfon TgaseMIaaulaIanIIn McCoy 5A medium  1wane

o ar VJ N .
FmIulFiRse human leukemia, human tumor cells, human lymphoblastoid cell

lines, mouse leukemia, mouse erythroleukemia, mouse myeloma LREDIVIIRAT

'3 Qs o o vA’ . . .
DMEM LﬂummigﬂmﬂLLﬂmmmzmwsu'lmam epithelial cells Was endothelium
a P AA
cells (LSE};} n'ﬁwcﬂ‘wna; 2540) M199* ua: RPMI1640™* uaz ez DMEM™* Ny
[ ) - L] A o Qs A as d'
peelsznauraInTaaIdln Jandin Wi Yang MaTIN 2
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M15191 2 aaﬁﬂs:naumaoa’]wﬁgm M 199" uat RPMI1640** uax DMEM***

(Freshney, R. |.; 1987)

8dAUsznay 81M13gas Medium 199" awm13gas RPMI 1640™  amm13gas DMEM***
mgfi mg/l mag/l
Amino acids
L-alanine 25.0 - .
L-arginine (freebase} - 200. .
L.-arginine.HC! 70.0 - 84.0
L-asparagine - 50.0 -
L-asparagine.Hz-O - - -
.L-aspartic acid 30.0 20.0 -
L-cysteine (free base) - - -
L-cystine - S0,0 48.0
L-cystine,2Na 237 - -
L-cysteine HCI.H,O 0.0987 - -
L-glutamic acid 56.8 20.0 -
L-glutamine 100 300 584
Glycine 50.0 10.0 300
L-histidine (free base) - 15.0 -
L-histidine HCL.H,O 21.9 - 42.0
L-hydroxy-proline 10.0 20.0 -
L-isoleucine 20.0 50.0 105
L-leucine 0.0 50.0 105
L-lysine HCI 70,0 40.0 146
L-methionine 15.0 15.0 300
L-phenylalanine 25.0 15.0 66.0
L-proline 40.0 20.0 .
L-serine 25.0 30.0 42.0
L-threonine 30.0 20.0 95.¢
L-tryptophan 10.0 5.00 16.0
L-tyrosine - 20.0 72.0
L-tyrosine 2Na 49.7 - -
L-Valine 25.0 20.0 94.0
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asfUsznay

8IMIFAT Medium 199* 8IMIFAT RPMI 1640**

2INIFNT DMEM***

22

mg/l mg/l ' mgri

Vitamir;s

L- ascorbic acid 0.050 - )
Biotin 0.010 0.200 -
D-Ca pantothenate 0.010 0.250 4.00
Caiciferol 0.100 i ]
Choline chlaride 0:500 3.00 4.00
Folic acid 0.010 1.00 4.00
i-inositol 0.050 35.0 7.20
Nicotinamide 0.025 1.00 4.00
Pyrigaxal HCI 0.025 - 4.00
Riboflavin 0.010 0.20 0.40
Thiamine HCI '0.010 1.00 4.00
Vitamine B,, - 0.005 -
Pyrido:-:iné HCI 0.025 1.00 -
Cholesterol - - -
Para-aminobenzoic acid 0.050 1.00 -
Nicotinic acid 0.025 - -
Menaphthone sodium 0.019 - -

bisuiphite 3H,0

Bl-a tucopherol PO,.2Na 0.01 - -
Vitamin A acetate 0.115 - -
Riboflavin PO,.2Na - - -
Thizmin mono PO, 2H, - : . '
Inorganic salls

CaCl, (anhyd.) - - 200
CaCl,.2H,0 186.0 . .
Fe(NOa)J.-gHzo 0.10 - 0.10
KCI ' 400 400 400
KH,PO, 60.0 - .



pansznay

pIMIIFNT Medium 199~

9IMIYNT RPMI 1640**

81H1§‘§GIT DMEM**

MgCl,.6H,0
MgS0,.7H,0

NaCl

NaHCO,
NaH,PO,.H,O
Na,HPO, {anhyd.)
Na,H,PO,.7H,0
CuS0,.5H,0
FeS0,.7H,0
ZnS04,75,0
CaNQ,.4H,0
Other components
D-glucose
D-galactose
Lipoic acid

Phenol red
Sodium pyruvate
Hypoxanthine
Linoleic acid
Putrescine 2HCI
Thymidine
Cocarboxylase
Coenzyme A
Deoxyadenosine
Ceoxycyiidine HCI
Deoxyguanosine
Diphosphopyridine

nuclectide.4H,0

mg/l mg/l mg/}
200 100 200
8,000 6,000 65,400
350 2,200 3,700_

- - 125
47.5 - -

- 1.512 -

- 100 -
1,000 2,000 4,500
17.0 5.00 15.0

- - 110
0.30 - -

- - 0.084
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aenUsznau 8113877 Medium 199*

Ethanol for solubilizing
lipid component
dinucieotide
Glutathiqne (reduced)
S-methyi-deoxycytidine
Sodium acetate . 3H,0
Sodium glucuronate. H,O
Triphosphopyridine
nucleotide
Tween 80
Uridine triphosphate.4H,0
Adenine S5O,
5./ AMP
ATP- 2Na
Cholesteroi
2-Deoxyribose
Guanine HCI
D-ribose
Na acétate
Thyming
Uracil
Xanthine

COQ, (gas phase)

mg/l

DINIIFNT RPMI 1640
mg/l

El’l%'ﬁﬁﬂ? DMEM***
mg/i

0.05

5.00

10.0
0.02
10.0
0.02
0.50
0.30°
0.50

36.7
0.30
C.30
0.30

Ambient

24
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(7 s‘r-J =] 9 A’ d‘.’ g t:i A

1. Whssnies s lduimwiziosluavsinaassd 3 SURIGRHLY
L4 k3 b 0 0 [] J 0 -:‘l.’

Hudqludasdmiassd 1 §udaaImisiwizlios 50 8% lamfoasasaln 60
P i . ot \ [ S al Ao o
fiafluas falcon dish (MwH 7) ummaﬁ‘luguuqm&gu 37 2IFNTRLTOR AR

& & p € & & da & E =S Pl
msvanlasanlad 5 09 10 wWaesidua AleNNTUFY tNansanwasidusng
- A A g ! o
TDAFNDVDILTEE LuaLﬁangmmmiﬂmm:mma;@'lumﬂww:l,ammaﬁ NI

= s o = cr 1
ANWANBMUEIFIMIWINETBLTas lup eiwIzLan seia b

o
=)

-
o %ia,
el
bl
L)
a

<

o <

P L]
o
-]
L]
L]
-]
-1
0

1 . a ] 2
MAN 7 ﬂ’]W'ﬂﬂLLﬁﬂ\‘]ﬂ‘ﬁﬂ’]ULsﬁﬂﬁ’LW’]ZLﬂUﬂﬂ\?l% falcon dish YWIQLFUNT

a e et 1 [ ] J 1
ﬂ%i’j’ﬂﬂﬂﬂ 60 URaLUAT luam’\mm‘ﬁaﬁ 1 RIUADDIWRITENITLABY 5O RIN
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~TITIIII Il L ITIT u..'uﬁrr*

(1)

pe; . . v, Py 9 g A
NN 8 (ﬂ) Laminar air flow 1‘HLW6ﬂ’]G’)HLLUUﬂaaﬂL‘Ha (GD) @LW’]:LRUGL%RETT&‘SE]@

[ - aA =t ~ & L d
UNLwad (incubator) ATUANYWANIN 37 a3MITRTUR WWIuanuianisuanle-

panlod 5 19 10 Waiiduduaziianuiugs (1) ueassnmwmalugduafingm
o . e od
WWAREN falcon dish (AnFrIniTui 2)
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Ls":‘iaﬁnmé’numzmaﬁmgwu%mmaaLfnaﬁﬁ';aaaa'luan’\wmsu'mﬁl,mzﬁmw
LW'}:Lgﬂamu'lﬁ’né’aqammﬁuuuﬁ‘mé’mm:ﬂa"aaagaﬂﬁmfu,nudmm’m BAIIN
AmziRvsmadmigasriiawuilunm 48, 96 uaz 144 $2la SafiUaINaIn
TRAINIAEY (condition medium) ﬁnmuﬁuﬁaﬁqmﬂgﬁﬁw (NeRDURDILLLADT
aunnll 20 avALTALDR wazdl 196 asramda) wianTaUSunmllsau
ﬁ”nnmwwﬁwiﬂsﬁuwaom‘mé‘i’ammmaﬁuﬁumﬁauﬁ'umm‘igﬂnﬁuuﬂwaﬂﬂiﬁu
Nasu i dnmansullfuuasiiensinmsinniaadioses

SMIUFMgWING1289 CC H31T9naw (round shape) uazliliidy &9 cc
AiTaRANUMNILTWIBNTAN 19 §au GC ﬁagluqa“hiﬁ?uﬁgﬂiwmau \wRsIFeal)
riedszano 5 D3 8 lulasiues a%immﬂunsjmmzmmsnLW']:Lﬁ’m‘l@Tﬁlumms
03 M199, RPMI 1640 uas DMEM VEUN

nﬁsﬁnmgﬂuuumaﬂﬂsﬁuﬁné’ammmaﬁﬁoaaa@i’mﬁ% SDS-PAGE  WuM
31]u,mmaﬂﬂiﬁuﬁa%"la%m’mmaﬁﬁaaaaﬁﬁﬂﬁﬂﬁﬁuﬂﬁﬁuaﬁaﬁ'u laswuuau
Tusaufvinawlafivuadszanm 17, 22 kDa uasALawIANNNNT1 220 kDa Ta809
nsanwda Windluldsdnsiiale

2.2 MydnsuasliautnauansuenwamgInIna12ad POEC uaz
CC+GC 7MiM COCs Tuammsssamauazanminzia e

gﬁ%’ﬂ"lﬁﬁnmLfnmﬂm:L"E‘{mLm:tﬁmﬁﬁﬁ‘lﬁtwmguwaamaﬁﬁmmmﬂlﬁ
ndosganssmiuuuiInduuszndasgansimtBiinesauuuudaansa  lasitms
m’%'ﬁm'hamamaqan'ﬁﬂﬁﬁLﬁnmauuuuﬁaanﬂﬂﬁﬁaﬁ

2.2 1dathansanwusiiaidalwintnaiamniie 2.5% glutaraldehyde
ﬁwaulu 0.1M phosphate buffered pH 7.2 W% 24 ‘f’ﬂm Lﬁuﬁqmﬁ{]ﬁ 4 a3¢N-
CEIGHE:

2.2.2 AsUM IWaIa38819 (washing) T 0.1M phosphate buffered pH 7.2
W% 3 A33 WINASIAZ 15 Wifl ﬁqnmgﬁ 4 DI TALTYN

2.2.3 anheananimainlasutsaisluwasnases sananutuduian
usamuidauduann (10, 20, 30, 50, 70, 80, 90 waz 100 tWafifud) rduasuay

& 4 a a
2 ¥ 'ﬂa‘m“{}” 4 23FNLTRLBUR
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2.2.4 fdnatliuds o geinnedipiTasinliuds o 9e3nne (critical

, A o ! @ , o o 9 ! Y o
point dryer) TIHBIRALATUNAIDLIAIAINT 9 FirdratrTLeTad

{ 4 a L A 1 [ 1
MNN 9 uFeIMIViadiedne (n 9 ) Nagluueanaaad 100 wedidud newi

a 1 2 a [ S
ﬂ’JaU’NL’!T’ll.ﬂ'iaaYl’fLﬁ LY T "g@]']ﬂf](ﬂ

A , v wa o . O \ Y
2.2.5 ot uisli@asadisuugiusoseintng (stub) e

ASUB (carbon tape)

2.2.6 21UAIBE1968NEd (god coat) MADAMNEUT 20 WlwuAT Wi
vmsdnsmeldndasganssesluuysoinsia  (CamScan  Analytical, Maxim
A
2000S) Nnszua Wi 10 kv,

2.3 msanwndasifudnissanaiauasisag (Percent viability) 14
DNSIHNZLAES 3 g0

Tan@nwudlamnzdoasagun 48, 96, 144, 192 uaz 240 5lue 1938
fiuLﬁamsnaﬁmm'a’vmmnmmwn:L?;mmﬁﬁw pRdaNaaIEF 0.4% trypan blue 1
woa Wan g iu e cover slide Lﬁia@LmaaT“?iﬁ%%mLLa:Lmaﬁﬁmumﬂié’né’ao

qamsmfuuu‘lﬁl,m BUIIBIBLAZAAL T TR saaa N YINN1TnaRad 3 90
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-3 [ o o g
2. 4 NMINUFITHAILATINHIATIIRRIDI NG A ALNIZLR Y (condition
. LY o a v w
medium) AIYISLB LY

-

2.4.1 Lﬁ'umwé’i’ammaﬁl.wmgmﬁgeaaaLLa:%’anT'Jumswﬁuﬁaﬁqmﬂ{}u
1 RAINIANIRLILTRRU 48, 96 Waz 144 T21a4

2.4.2 suasnuaulussnasluunwiosd 2,500 saudewft win 10 wift
gaiivsnsdmuulanasausudiudnih busudsiululasiowmnen (@unnl -196
ssnaldos) Semasafiusmmasldwn  uadssnaniduandialulasiouludy

ARDAIRIDLN IFRNTIN L1 lATL IR

2.5 AnsansuzlUsanIgas NIz gINId0ITHANRI LHDINIT

J o = o &
WNzaEe lauinsaneagd

2.5.1 Jaliunaldsinuasmsmasanadesitues Lowry (1951) 19
spectrophotometer AT NUIMAARIES 280 Wlwuas fwdrmmian s
WisufisuivsmIganiuuaizaslus@iuinasgu (standard protein of bovine
serum albumin)

25.2 ﬁnm‘[ﬂiﬁuﬁwaﬁﬁé’eﬁmﬁfﬁ Sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) 3Lﬂﬂ;1§mw5’ammma5%§’amm,m:|.§mt.ﬂu
W 48, 96 uax 144 F2lus TaeTAEnseail

mMaeEpuIEguazanIal

n. Automatic pipette: Pipetteman, Gilson, France
2. Freezer (-20°C)
f. UV/VIS Spectrophotometer: Model 7800, Jasco Ltd., Japan
J. Vortex mixer: Science Industries
3. 139BEnInslnGSs XCell SureLock’" Mini-Cell (invitrogen)
a. NuUPAGE ® Novex Bis-Tris Gels (invitrogen)
4. NuUPAGE ® LSD Sample buffer (4 X) (invitrogen)
. NuPAGE ® Reducing Agent (10 X) (invitrogen)
nl. Iﬂiﬁumﬂ‘ig’m BenchMark ™ Protein ladder (invitrogen)
7). Staining solution Usznauaas
- Coomassie Brilliant Blue R-250 142 250 n3u
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- Destaining solution

- LUNMUBNUINNTI 500 UARART
- Glacial acetic acid USunm 170 1adany
- nawBnm 1,300 NNARAT
2.5.3 AianzimSunmllsduluansalatrilasituss Lowry (1951) uda
winumsmad s IviSinaldsiuasfiiniuie 50 lulasniu dadredng lag
NRNANTIIALNY Fail

/I8 x  lules@es
NuPAGE ® LSD Sample buffer (4 X) 2.5 lulasans

NuPAGE © Reducing Agent (10 X) 1.0 lulasans
1 deionized 1AW laUSI LTI 10 lulesaas

=)

a ' @ W ° av ' L Y =
254 Naumsmamﬂmmnuﬁ ‘Wlﬁ’ﬁ'@nﬂU’lﬂiﬂﬂﬂ&llﬂﬂ?’l&l%ﬂ%ﬂqmﬂﬂu

au

70 aseniaiTor win 10 wif ud il load asluusas well iugunulusau
ANAT§IH BenchMark " Protein ladder vnmsusnlaglfanusnsdndlnimn 200
Taadl windszanm 50 wifi lu MOPS buffer

255 daafilalydanl staining solution ¥u 2 F2lug u§? destain ¢

destaining solution

o [
2.6 NAADVANTHAIIIN POEC uar CC+GC Tunsasauanunsansad
& o 1 &
\mad ogdTIuBude
A‘ = A =) =,
msfnmfivsaduanmsfiwsdegdmansniianszuaums  acrosome
v as ¢ A o - A A a
reaction lewasninuuniuamasIMmasfitAzapy  tRal T diugmn Wy
o [ J -=l' N o 1 P ] ]
pasnmadtsIAanInuTRdluTzozIaNe9g (1, 2 uwaz 3 1@ou) lasuwgims |
nasaaiiu 9 ngu
] A ] -~ [ - ] [ 7 ot [P } L7 &5 ! s
ndun 1 nqumuquﬂm‘naaagﬁfluvlﬂuunumwmlﬂLm'lmmaaaqauunu

& a
MSIRBILTARE ﬁ:il Unu

. a 1 b o A Me &
ngul 2 radegILiniumInasn POEC flai'leusuds

1
1 ﬂ‘ aeo o I‘IIJ

NaNN 3 Lmaﬁaqﬁmunumwmmn POEC NUWTUDIUIW 1 LAan

L ]
oo Y ds a -~
NANN 4 LTANDRILNNUIITRRINN POEC AALTUTIWIY 2 LABW

9
Ed [} G a

= A . o= -
nayn 5 L%ﬂﬁﬂﬂﬂﬂﬂﬂﬂﬁ’]‘iﬂﬁd%’lﬂ POEC Nl siniv 3 iaak

q
oA o e ar

nauf 6 LTataRIUUNLEITHAIIIN CC+GC wmqnﬂajvlﬁwﬁuﬁa

1 ]

b

-

o
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» ] 1
' o = s Qs =i

naun 7 L‘HﬂﬁTﬂﬁﬁ]UNﬂUﬁ’liﬂﬂﬂ'ﬂﬁﬂ CC+GC ‘IJE']{Iﬁ;ﬂTYiLL"ﬁLL%GW]H 11804

q

1 i & as uld A [}
naun 8 maﬁaqauunummmmn CC+GC maaqn‘mu’mw‘iamu AGH
[ A o o [ i [
NANN 9 Lfﬁﬂé?ﬂtjauunuaﬂsﬂaaﬁ]wn CC+GC ’naaqmﬁu‘mlﬁomu 3 1501

9

-

26.1 muaIvumasogI INTUIIieunITLLAL m*sﬁwnaﬁaqﬁ'?’xﬁu'ﬁwﬁa
mﬁ'mﬁanLmaﬁaqﬁﬁu'}"]amﬂﬂUfi%'m‘s'j'm'i'fu (swim-up technique) @MUV
Kittiyanant uazame (1993) ftuaanie

n. uaadagdusudeanaindsiulaianina (liquid nitrogen)
U 20 vaoa mm‘lﬁagﬁqmﬂgﬁ 35 pIfLTaLTUE (post thawing deep frozen
semen) T@]mjuﬁaamﬁmsgwnaﬁaqﬁ'lmfwﬁqmmﬁ 35 IALTALTHE WU 1 D14 2
wifl uf3aFanasalimzoadiuieanefiveenida (w10 n uss 1)

7, é’ﬂﬂmwaamﬁmaa@i‘maanLﬁalﬁt‘naﬁaq%vlﬂaaanmué’aﬁwm'ld
waaanAaINUsanLme (MW 10 A ua 9)

f. Lﬂ?ﬂﬂﬁ’]ﬂﬁé’nmaﬁaqﬁ (sperm washing medium) gmIuaLsas
pgInRana: 2 J0a8as Ltﬁmﬂamfnaﬁaqﬁlﬁmm 200 lulnsaas aefitunsas
naney (I 10 3 fis @) ﬁmaawﬁ‘ng‘l’ﬂuﬁ%amé’amﬁmﬁnnﬁwmaﬁrm
astnad w1 Flu Lﬁaﬁ'ﬂ15amﬁijaﬁaqﬁﬁuﬁaLﬁﬂﬁ'}'ﬂﬂ’i{ugjﬁmumm

¥ & ' AWM = @ A
UWIHUNWIZLRE ﬁ?%l‘ﬁﬂﬂ“ﬂvluumﬂlﬁ\‘]f.l\?ﬂ\'iagﬂﬂu“ﬂﬂﬂﬂﬂﬂﬂd
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r . . : o
AINN 10 (N) WRAINTINT post thawing deep frozen semen T@uqumaﬂ'ﬂmsq

2

= a .=1 =3 = . L
ipadagd i amnni 35 asenomdon 1 19 2 wifl (2) Bansaaliazanasdiy
a P & a & 9 A % & a
darnsilsenie (A uaz 1) Aaasvasenisasduaaniveliioadesd lnans
al ‘:! ¥ Y = A 2 i
fininainlraaida (3 uaz a) noaaimasagiUinnny 200 lulasAatasiiiunasad

i sperm washing medium U3n1m 2 Hadaas
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| = - d = = ' a
3. LllﬂﬂiUL?ﬂWﬁ]dﬂ@]L‘DﬂﬂBQ'?J@]']%ﬂ%ﬂLL“U\TLLTGLﬂUvL'ﬂﬁVSﬂaﬂYI@]ﬂaﬁau
' = v Uy [y by [ =
lﬁwﬂﬂwﬂqul 11 LRIV TITR 5@ qﬂlﬁa:a’l@]m HUWIHIRNNILTER ﬁaqfuﬂ%mm 10
a aa oS | Ao § = ' 9 I o L [
Iadany losidulanasanlissdagiuazwindaung Iahldduwendionimgu

o = ' ~ Y by w
LWJU{I‘ﬂﬂ’J’]uL%’J 1,500 5\1 2,000 sausauInuiw 10 ‘Hﬂﬁ ﬂiUL?ﬂ'\LLQFJ%‘I@%’]Uqﬂ'}{'

LELREEE pIBINaK
4 o
EHRRDEIN
' -—> ) .
e A
N Jausunbeu
| 44
7 T AYUSmUuUD
f'.r._-_-\x o ac -1
=y , B wocoqdh hiudauss

* T X ¢ a v A ¢ o SR 908R U4
u1ﬂ]lﬁﬂﬁi“ﬂﬁ@@q@ 1«“9%!@“@’31!““@“39@'% *

A

t:ll ad = L2 &’ 18/ ;’ A’ & o » s’nl
aMun 11 LLH@NE]'sa"'iml.l,‘ﬂ\‘lLL?GVLQQWU‘IILL%@W%UHTBGW}UWLﬂﬂdt‘ﬁﬂﬂaqfﬂ AAWLTREN

[] ~ Q- .A 9
VI,NLL‘UGLL‘NE!\TFI\?EIQﬂﬂ%ﬁﬂﬂ@]‘ﬂ@]ﬂa{l

=1 J [ = o A’
2. m‘smsuwuma'r‘mimﬂ:mmw}aaaqa'!.ﬁ'l'ﬁmmﬂww:mmlﬁmm 50
=Y J 9 L7 : k7 =y
lulasias vsUﬂ'lummww::mmmuuu’lﬁﬂﬂﬂgmmmmmmwﬁﬁms USu1as 10
o Ass R =9 AQ/- a ’ P~ 1 : A’
108das uddnioadagdiadiuan 500,000 G4 1,000,000 LERS G81ENWIZLIAN
a . @ A9 =2 - a
1 wo@ AUNTURITHAINABINISANWY (POEC %38 CC+GC) Usuas 50 lulasdas
A oA , [ a =
ANINTIA 3 UaNFUNFILINALATNAILEY CC+GC MuATIN 4
) =3 \x [ Lo ﬂﬂ! ~
. umfﬁaa‘aqfem 9 n@ulug}umma‘ AILANAUNNTN 37 BImLTADUS
o T Fid & [ & & & = .:Y
WWSuMoLARASUsK laaan lad 10 1)asiaue IREREPREAIES
IJ T4 L7 L s ar o (. ¥)
%, LsJaﬂ'suL’Jm'lmﬁﬂmmﬂ@maaagammﬁuuumnauwsauuuﬁnmw
=
(MWA 12)
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i A [ = . o s i
A3 N 3 LuLLNBNNINaaadiNaYsziiunT9iiia acrosome reaction ‘]}EJ\'IE]’sIﬁ]'J’Jﬁ

N W & A . ]
vunuaImal POEC Nutudsluszoziiaidieg

LTRE aTnas &15Ma3 POEC MRaa AR
a§s | POEC Tld | wrudowm POEC % POEC ut
ng:u?i wrndl9 1 170U WBIUIU udaun
2 1fou 3 108U
1. n&iumuqu / - - - -
2. \rodagi + ames POEC lailduguds / / - - -
3. waﬁasﬁ + §13WA9 POEC wtuds 1 1dau / - ! - -
4. Loﬁaﬁafﬁ + E1IWAI POEC wiuds 2 1dau / - . / -
5. unaé’aqﬁ + SHe9 POEC wiuds 3 (dau ! . - - /
A =4 = d. =9 ﬂ'a
“N']ﬂl'ﬁ@!: LATRNWUNY / A8NRIBNLANRITHAY
d‘ A t e & G'-l [
LOTBININY — fia L L ANRIINRIINLTAS
: 1 a I3 . (3 =
Gl'li'lﬂﬁ 4 LLUULLN%ﬂ"I?ﬂﬂﬂﬂJLﬁﬂﬂ?:t“%ﬂ'ﬁlﬂﬂ acrosome reaction 'IIEIGL‘IjﬁﬂaEE"ﬂ
- =) Qe ﬂld A [] 1
TINUFIINRIIIN CC+GC Antudvluinaisdneg
a8 | aIHaY INA? ) )
ngufl g3 | CC+GC CC+GC CC+GC CC+GC
1w wiudouwm | windoww | wdudoun
Wi 1 18an 2 \fau 31004

1, ntjumuqu

2. Luadagd + MIRAI CC+GC Lalduguda

3, Lqma’mﬁ + F1IRAY CC+GC wruwdl 1 1han

4. \BaRagl + M1INAI CC+GC uuds 2 \heu

5. \adegd + F1TWAI CC+GC usudie 3 1iiow

aﬁ' = 1 ﬂl o
WANEAA: LATBIMANL / AadigIuid

A -1 ' 4 o 'll/
WIBINANg — aa W ldAussnasnras
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o a by & a A e
AN 12 LESINITLATUUV AU LW LA (CUitUl'e dl'Op) L‘Uaﬁ‘aa;ﬂlawauunum‘i

#as (POEC w32 CC) (1) weadnsAnwInsiia acrosome reaction mulanaad

ﬁ;aw*ﬁﬂﬁuuuﬁ”mé’u

2.6.2 ?Tuﬂaum‘im%ﬂuﬁdaU"NLﬁalJ'i:Lﬁum‘iLﬁ@] acrosome reaction B89
Lfnaﬁaaﬁ%é’dmsﬂuﬁmmwﬁ’aﬁﬁaam‘iﬁnm mulendasaanssmidiinasau
nunsasrinuisussBoaaat

n. ﬁnwaﬁaqﬁwé’aﬂwﬁ’uaﬁwﬁamn POEC uaz CC+GC (fwimueal
U5unes003mnanai 2.6.1) Lﬁaﬂ‘sunmﬁﬂulﬁ'ﬂmnnéjumammﬂuéﬁaﬁm
Lﬂ‘%'aaﬂuwsaga 1,500 £ 2,000 38URBUNT W1 10 W7 RaLFonuazdriva
RislANaan

7. mamwéhasm@'ﬁU'tfiuwmﬂaamwngmﬁamaﬁ 2.5 Wesidus
(2.5% glutaraldehyde) ﬁwﬁmagﬂu 0.1M phosphate buffer pH 7.2 latsatnsatfln
dhmnessn s 24 2l (ﬁn%’umauégau@iﬂ’a . T4 m. daavhlugoanin

f. l‘ﬁ'ﬁLﬂﬂﬂﬂ‘lf’]UWﬂGﬁﬂ’]WLﬁNﬁdLLﬁ’JﬁNﬁ?@Li’lx‘iﬁ’mﬁ’NLWa{ﬁa 0.1 M
phosphate buffer pH 7.2 Tnaidn 2 ﬂ%‘:\? mnﬂfmauﬁﬂmﬂmmwﬁaﬁﬁaaﬁa 1%
osmium tetroxide (0s0,) %awawaglu 0.1 M phosphate buffer pH 7.2 WRILT
srathaluininasanmunu 2 9alug (ﬁﬂuﬁﬁmaz‘luﬁﬂﬂﬂi’u)

1. e lilithidage 0s0, aanufdsaredrisoliwivesan 2
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3. aoheeananuadlaslfiefiawasnasad IaariWinadideanan
fathauddviafiauaanazes el 30, 50, 70, 80, 90 uaz 95 1Wlafifue
muday Tapuddmauiwaiias 10 89 15 WAl vinduasuaz 2 ats (Y}ﬂﬂ%ﬁ‘fﬂd
dwiafiaueanagasvasavean) gavhoidulefiausanagad 100 wlesiGud i 2
ATTUY

a. unuiafiausansaaseunaanlauld propylene oxide tonslyl
IWviaudatnefieliwn 20 il ﬁqmﬁgﬁﬁaa [Hansuaudnn  propylene
oxide DANUANAN propylene oxide lmidn 2 a9 é\guﬁaaﬂ'ﬂo'lfi’ﬁqmwgﬁﬁ’auﬁa
propylene oxide unsnduidrdusiiatnaldainmiage

4, |ANaN epoxy resin wikaEwi propylene oxide witosan mawl
SuNENIATUEtNIR Sundunauiiadly capsule 1w 1.5 SadAns udadan s
-:'i':z.iﬁ"aumaafaq’ﬁlﬁ’aumvlﬂ'ludmmu 9larn capsule Lﬁu"li'ﬁqmugﬁﬁ’aamu 1
Tl

%. WEY epoxy resin 8oL propylene oxide witydau udamuly
FUNFNTINWa s NRLR TR U0 NIINTIMHEULAN (FIWHEY epoxy
resin WitsgInA propylene oxide witidan) anlaluaunaulng (#ungn epoxy
resin §84@IU6a propylene oxide ﬂﬁad’m) tRarin i epoxy resin fAag g WNINGN
i ludnatnlda snmiudlasn capsule Lﬁu"ld"ﬁqmnqﬁﬁmmu 12 2l

a. asunalwilladh capsule tiAelW propylene oxide suiwwaanlw
wualdiimszanm 2 89 3 Fla unzeiaavilugaaniunaz propylene oxide
us s

7. Haudaatng (embedding) aslu pure epoxy resin latnh pure
epoxy resin nad L luuaiRuw (mole) udadan g Wadatnaianielu pure epoxy
resin ﬁag‘lmuj'ﬁuﬁ 'Lﬁﬁ"maiﬁuw“lfﬂuﬁ@ﬂvlamﬂﬂﬁﬁqmﬂgﬁﬁaamu 24 1319
Li‘iaﬂsunmlﬁ’ﬂmajﬁuﬁﬁﬁé’aaa’w"lﬂm‘i"]ﬁau (hot oven) égoqmuqﬁﬁ 45 93¢0
AL auIn 48 Fala ﬂsunmué’m%'uqmﬁgﬁ’nmﬁaulﬁﬂu 60 DIFNTRITUR
Lté’?@%ﬁﬁaﬂ’lﬂﬂuﬁauﬁﬂﬂﬁn 72 dalus avhlw pure epoxy resin ufasaiiu
(polymerize)

1. ilo pure epoxy resin uiseaudrlwunsiugnainsaananuaifiam

a ) L 3 ﬂ‘
uazaauss block IWldawiamununzau

36



7. ¥ block famalidalwung 60 8s 90 wlwwas doiadssdaan
lulaslaw (ultra microtome) Taolfiianszan (glass knife) uﬁﬁs“ﬁ’aué‘mmaﬁgn
AAUWTNAIUL grid (iiwgudnantlszanm 3 Taflwas) Bdauaatwmos-
finazine 5 Wasidud (UO,) (CH,0,), 2H,0 uaz taadinie 0.5 wWasidud
Pb,(CeHs0,).3H,0 tiatiuanuiousie (contrast) uazsnathain Wil lse uda
fresmfiiinaandainngn 2 89 3 adedaduliuts

3. hiudatalimnlansaiumeludondasganssmitundes

AR ﬁnizuﬂﬂ.wmag}m 80 kV.

2.7 NMTAHIHANIAN A

MIAIWINE Mean Was Standard deviation %2R TNEIVEIUARSNIINARDY
TUMTIALEUITOLITDNTAR MinIaitasiduduasnisiia acrosome reaction B84
Lfnaﬁaqﬁ‘luu@ia:ﬂéjumimaaa AN TMNRNIENAAIY Analysis of variance
(ANOVA) amaniiniiudl 95% (P-value < 0.05)

3. HANIINA DY (Results)

3.1 NIIANBILAAIBINATANIIINIZIA LY POEC KAaCC+GC uy
g =
tlasadauaznisansldasioueanissaanauanTas
& a s a &
MIWITIREY POEC Ua: CC+GC luamisiwizilasy 3 gasfiadondna
& v, a = 4 a v I I3 -
twwzmuolu@uunqmuqu 37 asFwaldor Masuaroarsuanlasanlad 5 De 10
e A & [y P e A &
wadidug  uaslianaaugs aanwdasifudnissoaauva i rasLllalnIzLREN
& a v v Py
VIRALEIWIRT 48, 96, 144, 192 uaz 240 Tlu T@U‘lﬂjmiqmaanwasﬁm:muo
Py @ v o o ade o
NTUWIIRITaNATIIR 0.4% trypan blue (WagLIasNNTINUALITANNMEY
nusmniazfalafiiudsonay Tﬂmimﬁan 3 A9 NANITINARDIWLINTRANI
= & & [ 1 [ A’
aaomﬂawnuﬂmsagiaﬂmu

3.1.1 'l.umm'igm M199 Lfnaﬁqﬁaﬁﬂﬂjﬁ%ﬁmammﬁu 95, 88, 81, 70
uas 65 WasiSudamuday LaslTadaaNTaLITas NTIeTaainny 94, 90, 83,

72 uae 66 LadiSuaausrau
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3.1.2 lwamsgas RPMI laadyviesih liiTiesaawiiniu 8o, 74, 70, 67
Uy 60 WaTlTUAeNENAY LA TRANNTAULTAA UTIATasYINNY 82, 77, 71,

67 WAy 59 sl Fudausay

313 'l.umm‘sgm DMEM Lﬁnaﬁqﬁaﬁﬂ?}ﬁ%ﬁmammﬁu 92, 84, 78, 68
WL 62 LaSITUAAUANTY 1TRRRONTIOUITRA MITINTOMYINNL 94, 85 76, 68

£ = & s e A [ P
Wz 60 LUaSITUaAINAIAL TINALFAIAIAITINN 5

ATWN 5 LLﬁﬂGLﬂB%L‘%%@TﬂWiiaﬂﬂﬁU‘HBGL‘DR&%BW?\"ITLW’]ZL&UG 3 'LEG]S

FLOXANLTAR  aMITINLREY M199 ATRITWIZLAEY RPME awslWnzLass DMEM

(@ lug) 1640
POEC cc+Gc POEC CC+GC  poOEC CC+GC
(1UoTidud) (afiFud) (Uasiaud)

0 100 100 100 100 100 100
48 a5 94 80 82 92 94
96 88 90 74 77 84 85
144 81 83 70 71 78 76
192 70 72 67 67 68 68
240 65 66 60 59 62 60

WUBLAG)
POEC: pocine oviductal epithelial cells = Lfnaﬁqﬁaﬁ'}vlﬂiqni

CC: cumulus cells = Lmaa‘é’amamsﬁaaﬂlﬂiqm, GC: Lﬁmsﬁmikﬂaﬁﬁ’]

NATNN 5 Wudn POEC uax CC+GC ﬁ%"’;ma@lumﬂmwmgmqm
M199 gamnnfhmmnwwmgﬂagmﬁus] (RPMI usz DMEM) AatiiaimnziResioas
POEC W&z CC+GC winile 240 52lus wuinmadgesiiafifudmssaamolu
mmnwwuﬁmqm M199 Figafa 65 uaz 66 iUafifudaiudy usdee
WafifudmITanaorasmaaluamisimzapang 3 g0 HFlduandranunn

YsznaunuaInlsznauwoIanns ST ISR BN AL A DI N WA
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- = w v & & &
AnNEEAINBMIEToNMITIRIRGES Amuninazldemisiwinioms 3 gas i
v o v I ' o b & A [ ¥ 9 A J g z
Ioiduenined  wadmsuanwisvluaueeudeg lldiRenimzavaoadnizeslu
| & e & &V et ar ar
BWMIEAT  M199  uazluume B D I nENIReIA IRAN AN IEN 1IN AT IN
neU8s POEC, COCs uar CC+GC vasanimuldndaszansimiluuninauuas
% - = . A a nd y o ot
niaaRanTIALBEnaTeuLULFRINTIAANIAL (TannnihidwualuiTmmaass

“’S L] I o A L
AILLFALLIN u.tﬂmLwammangsrﬁ}nmwmmmU)

3. 2 AnBmeNdMgIwINg19a9 POEC Tuanmassaznd (in vivo
study of POEC) Laz@nWINIZLAEN (In vitro study of POEC)
3.2.1 POEC lu&mws3suT@ (In vivo study of POEC)
o o 4 Y ad L dv G‘; J =
HanuItonuiunadiaflfinzidvioadnizasluamisiniztes 3 gasde
M199, RPMI 1640 uaz DMEM 7ita3usag 10% fetal calf serum tinluglingmngd
=3 [ =t A’

37 asenniBu iaSudwmivaulasenlod 5 69 10 wafidusduaslanuiugs
@ X aa s o &) ad & 4,
Winamamnaiasaaliulafidudronmavassadnanuags widnmsimizidesim
lav%e lidufasauatszndacldsne dasnnldmaailumsiedonainis

O E 2 ' = o “a
wnziassuasinuudTa bilnussnsanmndmgwineves  POEC  1u
ENNTITNTA (in vivo) muldndasianssminirasuuuivafinndmugiwingives

- [ A ) L ) r
wadrilaseg  AnuuszAnmaamwwinseasad  wuiluszozwaadai
. & A & Ve ' . v

(follicular phases: estrus cycle days 15) (iabaytulurialiansauuaumye

= € 1 e ¢ A el A - v o= o P
(ampulla) TiadyriavirlisianliFide (ciiated cells) agifludmamann luumeh
‘i:ﬂ:g}l.ﬁm (leuteal phases: estrus cycle days 1-2) WUNAURLTaNITIRDT U
2 ) ot ' AW (A A . -
PR tHEN LLﬂ&Jt‘nﬂﬁgﬂ‘s"Nnﬂu (round shape) Aludidae (non-ciliated cells) LLaz3l

- z » R [of o J B A
lulasialasug (short microvill) agemunwsnmadiudimwamnnidnu (Fanwh
13, 14 uaz 15)
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=l o

1 o [l el Adﬂi
‘ﬂa%’ﬂ"ﬂ“ﬁ%ﬂﬂ UTLREITWIUNIN

= ) TRl = - = :
NNl 14 (N) uE99 POEC suzWanigen AnwsnundasantsmiBiinasauuuudanye
I3 ’ e - Ao w 4 & B e o
wunaasuitnanlufifiis (non-ciliated cells: NC) (1) Afhdsnsfigsluusarasyva
Tiguiananlalfi@i@ouszil short microvilli (

sM) agllanTauirad
L et 2 \

j" T L : 3 B

A o . . =~ | . g (-2
AN 15 (N) WRAINIINN post thawing deep frozen semen #nweILNABIFENTIAN

o o > ‘ vl gl o - 2
ALANATAULLUFAINTIA wuwaa?gﬂﬁonauvlmumau (NC) Srwamannuasimasdnddiie (ciliated cells: CC)

3 @ ' o oa & ' At e Al . e '
waudaondt (@) Afdetegsluuans POEC gﬂmanau"l,uwmamm:m short microvilli (SM) agj
Tanvouirad
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o . v o o e & : s A = i e ,
nwdesndy (1) AMABLFARLEaY POEC susananldfififouazd shot microvili (SM) ag
TaosaLiaas

LI wazd I U eSS uauas POEC Migadsianuitluszuzwas-
aqmﬁfmmaﬁﬁ'{;jﬁ%ﬁﬂﬁﬁmm 40.67 LU TUA WRLTRANATIRUI 1IN 59.33
= & p & [ , CaiV] s A A o o & e
Wasidiud aaulu‘s:ﬂ:@LﬂmuuﬂauwmnLfnaaﬂvl.wsmawmmmwwmﬂu 80.17
& & FeasA A Ao & - § & I o A w
WWasiTud LaslTRANITIRDTIITWIBAARIRROLNDY 19.83 1asidud aud1ay a9
= 4 A 2 A A ' ° ' & = P [
M1 6 m@wmaunm’]Luamaqmmhqnmuum‘nﬂauuuﬂmimaaﬂa

V [ l'-" ] o ] dl' o ) = o [
SNW Y aamaamaqmuﬂmw aiJ'S:IU’ﬂlﬂunﬁmamluﬂﬁ"nawaammnwug

3w 6 wafidudues POEC namasriiafaisaaniidinayliifids (non-
ciliated cells) LaziBAANAGIEY (ciliated cells) Nwuluszozgianuarszuzaaiam

maamums:ﬂué’mluqn's

sruzWaafaan (follicular phase) 5EpgLiind (luteal phase)
FIUINUDY
ZERLigh non-ciliated cells  ciliated cells  non-ciliated cells ciliated cells
(No.of 'sample) 1 JafiFud) (Wosiiud) cUafidud)  vasidud)
1 40 60 82 18
2 42 58 80 20
3 41 59 83 17
4 44 56 82 18
5 39 61 79 21
6 38 62 75 25
Means + SD 40674192  59.33+1.92 80.17+2.67  19.83+2.67

a
3.2.2 Main POECIuamwiwnziins (/n vitro study of POEC)
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iy a-'szL (A ) s o & = &
celis) WRXWLLTRRN NN‘ULEULT‘\"I‘:S?&JHQ@YJB tLﬂ:LlJE]LW'T:LﬂUﬁLﬂ%L'Jﬂ']%"I%Jﬂﬂ'ﬂ%
7 5 ; d"VLv = ¢ d o & o
WUINDIILWRIU ﬂ%qmmﬂaamﬂm‘naamms} LALNY USRIl
o [P a TS A & P
ﬁ']%'illﬁmg']%?ﬂﬂrl’ﬂﬂ\ﬂqﬂ'ﬂﬁlgﬂET%']VL?H’HW’”WLQEN'L%Q']WWT@'@I? M199 T
a
A v @ & “ e i i « ar ~
ﬂﬂ‘l&ﬂﬂ'}Uﬂﬂa\‘l?ﬂﬂiiﬂHLLUU‘W}ﬂﬂU WU?’IL‘HQﬁﬁ?%NWﬂLﬂ?ﬁi?ﬂﬂﬂ&]ﬂ%uﬂ:ﬂﬂq‘i
a o & a | o ' LA w & 4 .:: i A A
LIEINITULALT (NTWN 16 n) ﬂﬂ?&!’m&“ﬁaé—lﬁlﬂﬂﬁ'}vLTL‘ﬁ'U\‘l@'J’D’HLﬂEJ']?JE?J“J'NU'TJTGN
%Lﬁsagﬁ’muu (simple ciliated columnar epithelial cells) unzdiimaan ISR
| P & e = I =
imeTmate (Mwh 16 9) uananifinaaadingausnidueasiaeae usz
A g & w & & & ; s & e a L &
L3JE]LWT&LQU\TLﬂHL?ﬂ"IH’]%"J%‘H%ﬂDﬂ\‘ILL@] 48 "H’JIN\‘]THVLU IRANWANG LT ULTAN

4 Py & o
LA LWNNINYY (NIWH 19)

4 @ e s el a e &
NN 16 (1) MWINNABIANTTAULULWINAUULERY POEC (Fsailuivaden

= A o A o A
W (9) sl TR psnaasivziansluamIgas M199 NLaTy 10% fetal calf
serum ﬂu'l,ug'}’ﬂu 37 a9 TaIT R Aansuanlaoanlud 5 wWafifuduazguud

& L7 a a~ -
ﬂ?qu"ﬂu%ﬂ ﬂ']Wﬂ"ﬂﬂﬂﬂﬁqaﬂiiﬂﬁuﬁﬂﬁ’lﬂﬁuuﬁ@ﬂ 24 °U’JI§J\3 (NNadvene 100

L¥i1)
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i A Qs s Ad 1 J
nnn 17 .ﬂ']Wﬁ]'Wﬂﬂﬂﬂd?ﬂﬂ'ﬁ‘iﬂﬁLLUUﬂ'JﬂﬂULLﬂ@G POEC YISJEﬂi’]GﬂE\]&JLWWZLﬁE]G

lummsgm M 199 @328 10% fetal calf serum ﬂulu@j’ﬂw 37 IGNTRLTUR

a  w & & f % & w A A g iy &
Lﬁiﬂ@?ﬂﬂ’ﬁﬂauﬂ@aanq‘ﬁ@ 5 Lﬂﬂ?lfﬁu\'ﬂ (ﬂ Nﬂwﬂ?'lll“ﬁ%ﬁﬁ LWIZLIREY 24 ’D"JIJN

(fasBEng 400 Lvin)

e i
] . y

(%)

] o as @ g
NN 18 MWNNNRDIPANTIARULURINAULAAT (N UAE U) POEC LRl
81WIFAT M199 LeFNEIY 10% fetal calf serum ﬂnlu@:’ﬂu 37 asenLalgoR §

€ & S G v oA & Py o ,
msuanlaoanlod 5 1astdue wasdUulinnuTugs Lwzlang 24 a1 lud wud

o ! B a : A A ) a An caa a .
maﬁnmmwmU»ﬂugﬂ‘mzmwsmaUagmuumm:mfnaﬁn"luwmamm:‘nu@g

o (faseiy 100 Lviv)
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(n) | (1)

& @:py

N

() ()

o w o T &
AW{ 19 MuwanndasgantsriluuiInauuaas POEC twizniiedluaimns
L= L [ b2 [= ni = T
M 199 (83udaL 10% fetal calf serum wazUalugiiin 37 aseniraiBon Mssudae
= A A & iy o
aiuanlasaniod 5 wefidud nlianuiugs il 48 Tlus (0 A uaz )
& . P v A = ¢ = & ] |
wuassUTeiRisagduuuingennniduoadiann g @) wadzUaman’al

Ad A 4 | o e g
Addonvaeusnidweaadian g (hsswuio 400 )

3.3 1HAR [DURZIDAR A DNTDUIHAE UGN T IWIANETINDE (In vivo
study of COCs) LAAMNWLINIZLAE (In vitro study of COCs)
MIANAUFIWINEIVBUTAS [DuaiTadfaNTaLLTaN [IgNT (COCs)

né’aaqamwﬁuuuﬁ”mé’uLm:nﬁaaqamﬁﬂﬁﬁLﬁnmammua’aani’m WU NTRE b

2

ftianan fuwraagluda 89 D 145 lulasiues gndausausinlinilalus@u

U
H

. ar i & v Vo ot ! =
f8 zonapellucida ﬂ@]&J’IﬂﬂL“ﬁﬂﬂﬂﬂﬂJSﬂUL‘ﬂﬁﬂ’U‘NL‘Dﬂamgﬂ‘i’]\‘]ﬂﬂm (NN 20)
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A 1o ar ] k2 1 3_’, A a 9 ar
LLﬂ:i]ﬂﬂﬂ’l‘iLﬁ]’]:‘i\‘]vL"LlﬁTl%"J% 20 inL‘IJ vL@]L‘]IE]Eﬂ‘IJY]G%&J@ 921 LBRS DILDRYLRT 1 T4

laifarad sz u e 46 ag

L Zona pellucida

L LTRdaaNTaULEad 1 (CC)

1 *+=— unsylazugad (GC)

- I P @ W 5 o Y [ =
AN 20 J'nWﬁlplﬂﬂﬂaﬂﬂﬂﬂiiﬂ%uuu%qnﬂuuﬂﬂﬁL“ﬁﬁﬂﬂlmiﬂﬂ?'ﬂLﬁ]’]:vlaﬂﬁnﬂfﬂvl"ﬂl,ﬂu
5 . Y Y : a A ) .

L‘Hﬂﬂgﬂi'\@ﬂﬂﬁﬁﬂlﬁﬂﬂ@?ﬂ zonapetlucida Lmznﬂaaﬂmﬂm‘naaaamam‘naﬂm

(CC) wazwuiadunIulam (GC)

'i}’]ﬂﬂﬁiﬁmsﬂﬁ’mﬁ‘iﬂuﬂ\‘] COCs vLﬁL‘ﬂ% 4 Tk I@]ULLﬂG@I’]ﬂJﬂ’ﬁL‘%UGﬁ’maG
A e W e
iaaniotRausauLrad b1 |diiln
Lt 1 ~ 1 GI
3.3.1 \TARN ONTOULTRS MLULAALK (Intact cumulus cell layer) (MMWH 21

N WAz )

& ' & ’ P
3.3.2 ITRANONTOULTRS MILULWAETH (Multi cumulus cells layer) (NN

21 @ uaz 3)

e L ! =
3.3.3 LURNRANTOULTRS ML BIUNIEIU (Partial cumulus cells) (NMWN 21 9
LR @)
3.3.4 788 Mif i dioassansay (Completed denude oocyte) (m‘w"ﬁ 217

WaE @)
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NN 21 mwmﬂnﬁaaﬁlaﬂﬁﬂﬁl,muﬁ’ané’mt,a: SEM ug@d (N WAz ) o8
SONTAULTAN LUUULAAUUL (A UAY 1) ITRRAOUTALLTRA LILLLRRILTY (3 UAS &)

v = . Al oA ¢ v
L‘HaaﬂaNiaULﬁﬁﬂmﬂJLWUdUWdﬁ?uLLax (°If e %) L‘ﬂﬂﬂdl“lm‘hlm‘ﬁﬂaaawiau

NNTHUT W IBURZ WIS LT UG LTAR A NR NS NTRANTALT DI
[ ] ] |=l| v & o = o = -

LfnaaaamauLfnaﬁ"l‘uwmﬁLfnaﬂmvl,wmsnaaaamauwmmumrmq@ﬂa 33.12
A o W A = A v A \ P y e
Wasigue fauNRaI WA AN TaagaNTa LN BILNIEIUTIIHIUYAY
28.88 LUasiTud @IuLTas NITasaa NI ULLLAALUMLA ILTaa8 N TOULTS
] L4 = oo [ o [ o o o o o ool & & &
Tuuuwasruldvulndldoanuiludrdunriuuasdraunafe 19.87 twasisud

LAz 18.13 1asidud asas N 7

AN 7 LLﬁ@]-ﬂﬁi’]%’)uL‘Hﬂm‘ﬂ‘ﬂLLﬂﬁﬂﬁEJﬂ']'iavE]&I‘imJ?J DITARR ONTOLLTA ﬂﬂl"li

@09 COCs WU RS L wasidue
(LORR) (%)
1. LTARNBNTOULTRA ITULLAALLL 183 19.87

{Intact cumulus cell layer)

2. Lfmﬁﬁamamfnaﬂmmummm%v'u . 167 18.13
(Multi cumulus cell layer)

3. LTARRONTOULTAR LULADILNIEI 266 28.88
{Partial cumulus cell layer)

4. wradlof L Siaddansau 305 33.12

(Completely denude oocyte)

EREY 921 100.00

AMNNITANBIIWIALAI COCs ﬁfuﬁmm@]aglwﬁaa 89 114 145 lulasiuasuas
MnMIIAEUHGUINa1Y (diameter) 784 COCs uazhnaulszianues COCs
el Tl E NG L R ER kA G )

N. ITARADNTALLTRE WLUURAUUK (Intact cumulus cells layer) Huuaioas

Winny 144,68 + 8.79 lulasiwes (n=30)
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U, LTARHONTAULYAE MILULRIETW (Multi cumulus cells layers) fiuiaioag
winAy 122.82 + 4.78 lulasiuas (n=30)

A, LTANAONTALLDAA MIINOILNIEIN (Partial cumulus cells) TuwiaLaad
winnu 106.20 + 8.72 laulasiuas (n=30)

.Avl = & - I3

3. wad ki ludmaddansou {Completely denuded oocyte) UVUIALDAR

D 89.16 + 5.69 lulasiuas (n=30) Fanwd 22

Diameter (Lm)

180 - _ e I — —

160 -

140 - b

1204 c

100 1

80 - )
60 1

40 1

20 1

O : = - —
Intact cumulus Multi cumulus Partial cumulus Denuded
cell layer cell layer cell layer oocyte

ANA 22 NTIHLEAITUIATDILTAN MIUREITRA AU TOLLTRE 11 (COCs) fitanzla

o e

nsdlusnaudszinnuas COCs (MvFaniianWuaasdnataninang

o s

LANAI WA ENIN U FIAYNI9EDE P<0.05)

] [ | = 1A A oY L [
LN@ﬂﬂ‘l&ﬂL‘UﬂﬂaElll'iallL‘Haﬁ"ﬂ"r’lag“ﬁ@@}ﬂﬂumqmaﬂeﬂﬂmml@ﬂﬂaﬂﬁga“ﬂiiﬂu

a = ) Aol o a & ! 9 | =
E}Lﬂﬂ@iauLLUUaaGﬂ?’]ﬂ'ﬂlln']&\?“ﬂf;ﬂ?_lEE\??»J’!“THWU')']L‘UQES‘QE}llsﬂULsﬂﬂﬁvL?JLﬂuL‘Uﬂa‘

A & \-g o o i

hiigddranau (round shape) TITARUUFNAFUUWNLAIDAE [IaanInd 23
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= & w el v v €a o ;
NN 23 LB/ E-]N‘ie’]‘ijt‘ﬁﬂﬁvlﬁlﬂﬂﬁ’lﬂ’mﬂaaﬂ?aﬂiiﬂ%atﬂﬂ@liauLLUUﬁadﬂ‘i’m

UEAY (N) LTARRDNTALLTAR 19 (CC) ANHUNANRUNFEITAN 1 (00) (1) MW

YU LTRANONTOULTRR MIN NS U NANFUHRALTIA L2

3.4 m‘:ﬁnmLszsaé'ﬁamaumaa"hiqni (coCs) Tuamrwrziass (In

vitro study of COCs)
A . 2 9 . = [y o A oA
Wakaad luszisaddanseusy (COCs) fazldnnisliduianiaw:

@ . = ' a A A
\TARRDNTALLTRS LT UL AR (Compacted cells layers: TUan 1) (NMWN 24 n
b 1 ‘g: . S n:{
ez f) LASLTARNANTALLTAR [IRA LT (Multiple cumulus cells layer: Tuan 2)
a A:? 1 LA A =) a A
irlwiz@oaluamagas M 199 uartinluguangunnil 37 asmuaaidoe 7
a L7 g 5 6 = & = d%‘ 4 = o ar g
windwmiveulasanlad 5 wediduduszlionadugs HafnwauFURUE
. &2 & A = a o &
20 T8A [DlazITassaNsalasIansilfuuuts lvassmpwinavasss
& L 7 ‘o ' oL o ar A A} 1
nseasnuldndasganssmiiinaseuuuudanmadiumdeusengsiunui
) ' A~ oo & ! o w a o e
ioaddeNTauITad (Y afian 1 Uu nduiaadfidenseuiTuaiaaaan (peel off) 91N
= 1 o 4=T ; o A
RAITBITAR [DRAITMWIZRa UMWz e 24 T3lag (wh 24 2)  uas
& . a A & a =l & s S
waasenTaulTaatl  Hefl 2 wuiimTUfouuUaif i s aNTOULTARN 1A

POIUADAN (expansion) SININN 24 3 %ﬂd'ﬂ]"lﬂLW’l:LﬂUGI%E]’M’WLW"I:LGU\‘] 24

144
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NN 24 mwmnné’aagamﬁﬁﬁLﬁﬂmammuﬁaaﬂﬂ@u,am COCs (n waz @)

o= { A [ = A ] 1 R i o
ofiaf 1 uss 2 wluagluamwmwmm (V) uged CC mgé"amamfﬁaﬁﬂmﬁm
- 4:1 (.3 | ' a Qs ,:|'

28NN zonapellucida (3) weay CC YIE]QNENSBUL‘ITR&VL?JLLN"UU?Uﬂ?ﬂﬂﬂﬁﬂ\ﬁ"lﬂﬂ

INN2LRES COCs IHaTMITWNELa DS 24 Tl

A s af or. e o A A e ; e & = &

WaAn M AMAIVIN UGN QRIFUARTNINIDRINIFBINWIEBEIUIN 48
a 1 &l oo & P = ool a1 o 2
s wudussannolanwusnaunwlfowidsnduwaasnianemeadanoa
;’ o L7 g =9 P G Y dl d? =Y
A LA AUFIUUARNITIATNWEIVDILTRS [TAINTWA 25 N WA U LUafANEINBAD

& .ai o Qs J 1 o Fal U & Qs .:a'
°uammaaauaauwnaé"l,mﬂmﬂwmuguwmuwm']munaamnwmztﬂﬂmamﬂm
\ugwiu (mesh-like structure) SUIMANNARAUTANAINIWA 26 1 Uaz ¥ FMIV
Lsﬁaﬁa"auaauvnaéﬂl‘zjﬁmmaa’%’w,flwUﬂﬁwmmafhm:w@ﬂaanmnﬁ’;tfma‘"hi

' e L - v & & o A
Ll@]'ﬁ]tﬁﬁlﬂ@]lmu'}l']ﬁﬂ']EJW'l%LLVlﬂJJEI@]LI']'J&J'Iﬂ’IJ%(ﬂ{l.ﬂTWVI 27 N e @
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i o = ; P

.n"l‘W‘ﬁ 25 ﬂ’)W‘-ﬂ’lﬂnﬂBdgﬂﬂiiﬁﬁmﬁﬂﬁlﬁ}%uﬂﬂﬁadﬂ?’]@LLﬁ@\T (n) CC a3 of COCs TUAN 13.131.1‘5’)01’]3&
L oA e o o a F

Lm:ﬂgjmumma\‘mnaﬂm (cumulus cells: CC, oocyte: Oo) CC of COCs 7UaN 2 HaINLWILLEaLd 24

a s v e 3 2w dd o '

“IF’JIEN () ks CC NPEUMBLAINURILTRD (gﬂﬁi) '.LYNL‘]}"IﬂW%N’J‘lJ@Gt‘HE!ﬂ’U

i ] g o f

= Y = . d . a
NIun 27 m‘wmnnaaaaﬁamwﬁmﬁnmammuaaanﬂm'ﬂmawmugma@a (n uaz 2) WRAI CC U4 of

&

& - e | e = = C
COCs uaaINUAI VDI TARADNALILTAN | ﬁanunma.lu‘[mamﬁmugwgu (mesh-like structure)

£

i v s o . oy
N 28 m‘wmnnaad':gamsﬂﬁ.manmammuaaan‘a"mﬂn'mwmugmﬁm (N uaz v) u§ad CC vas of

o @ E a ' ™ o d ey Py
COCs ’Y]NIﬂi\‘] E‘T‘S'IGL‘TJH% E’Jﬂﬂ’w}‘m@a@ aanmnw’n‘ﬁﬁﬂ"ﬂ LLQ:UUQ’] HOULA a“‘ﬁﬂﬂ 113470 (ﬁﬂﬂiﬁ)
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3.5 nMs@Enwunasdunsylagi luaniwsssuz& (In vivo study of GC)

RAZANWINIZLABY (In vitro study of GC)

o er Qs o ol . ol s a &

fmiudugwingires G wadniaglugalinuonldnnmuanztsad

) ' , B [V \ A ' = A o

'memwmaﬁﬁgﬂmanau sawnnIunmdunguiawinwinu (nwh 28) e
J = 1] 1

GC 1waa lwrztasslua 1T M199 LRSue8 10% fetal calf serum Lm:mﬂu@:’w
A A4 a e & ¢ & =5 & Ao &

37 asrnaalfoy Masuduasusulasenlad 5 1asidud uwazNdaNuTug

WAZIRES 48 Talag ﬁnméﬁ"nUna"aaﬁlamwﬁuuuﬁ"mﬁuLL&:ﬂé}”ﬁdﬁgﬁﬂﬁﬂﬁ
a = o & el ot ' A &, b
atanmauwm’]Lﬂmma‘nugﬂswﬂauLm:'lwmaﬂuumumn‘@:m’mamqunu

1y & o : ¢ e & 2 - & a!
RHERN uaﬂi]’]ﬂ%ﬂ\‘]wuqflllr]\‘lL‘Uﬂﬂﬁq@lLLﬁﬂLﬂ%LaﬁaaLﬂﬂq‘;] LWIANNUL (.ﬂ'TW'Y] 29)

cl' Qs & ar a S‘A ' 1
AT 28 MWINNRBIYANTIATLLLWINALURAS (N usz @) GC iwadnatlugsli
(follicular fluid) LadagLianauduidungy (AW 100 1) (1 waz §) MW

o e = \ el @ "
NNNFDIANTTAUBLANATOUNUUFRINTIAUEA GC Lsnaamm:vl@mnqa”lm
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A v [ 8 ar a [ &
NN 29 NMINIINNADIFANTTEIUULWINALUARS GC Loadiwziandluanis
a e s q @ =t a4 a w
M 199 (850638 10% fetal calf serum Uaztinlugy 37 sseraifoy Maduedan
5 iWedidud anfuenlasanloduaziionuimgoun 48 Talas () mwanndas
¢ s @ & ' [ Y 4 '3
anssmiuuuInduuges GC madzUinaviuiunsaiaunsdiutsisadnga
[ P a ol 1 L7 (=]
sonifluoadideng (haswme 100 1) waznwanndasganieudiinasou

LULEDINTIOLEAI (U UL f) Lsnaﬁgﬂiwnau

& ar o g
3.6 M IAUTABIFIIRRIINLGARINIZLALY (condition medium)

ﬂ'}*:LﬁU%’ﬂH’nﬁ’]Wé"ﬂ%“nﬂL&ﬁﬂﬁtWﬂ:LﬁUaﬁy’aaaaI@mvﬁnﬁalmj’muqugmﬁgﬁ
i 20 sveTREua uwaznautuddululosaumraannodl -196 ssriaagos
luszuzafidanwida 48, 72, 144 use 196 2lus wuhanwae lsiufiaadnas
uazInTzRea83% Sodium dodecyl sulfate polyacrylamide gel electrophoresis

W = 1:! = a
(SDS-PAGE) Muamsitanednmilauwnn
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3.7 NSANBIANHME L TAWITA NI RAINIHDIBRANRI LHDINTS
6
IW1ELA Y9 (Condition medium)

miﬁn‘mé’nwmﬂﬂs?mﬁmmﬁwwnﬁrmmaamaﬁgﬁaﬁﬂ'ﬂ FINAITIN (POEC) LASITAE
dewsauiman li+imasuniulaty (CC+GC) Anaaluainswizid st iodlutinie 48, 72,
144 usz 196 92lus lanl43% sps-PAGE wudwgﬂLLquUiaumnmmSi"a'l.ummuww:ﬁmﬁmaa
frfiafianuadoiudinini 30 fawuunulusiuiifowetssanm 17 kDa ludaagnsves OFD,
way ¢) uszuavlilsiuiiasdainludnagne OFD, uar OFD, (woulusin d uszuoulusiu f s
fagam At nadsansauiwas o iwunavrlusdudansnludratng CFD, wawunoullsau
fla139 lusrotna CFD, uaza1a8nd CFD, (uaU g uaz wnuldséu n iniounulusdurma 17 kDa
wunoullsuifivuwe 22 kDa OFD, waulusiu a) usswuunuldsdwmnadeiiuiudeeni
Tudagng CFD, (woulysin b) iadunanuwvansa wunoulUsiuddumweunnin 220 kDa

(1,2, 3, 4, 5 Unz 6)

3 ' ' 22 kil

17 kDa

Control BSA OFD2 OFD4 OFD6 STD CFD2 CFD4 CFDé6

fdae1 Y092 o933 Yovd Tos5 Teeb Tos7  TasB8 Hed 9

{ A - A d
ﬂ']Wﬁ 30 LLE‘T@NLLﬂUIU?@]u"ﬂqﬂﬁqiﬂﬂﬁﬁnﬂ POEC uaz CC+GC ﬂﬁﬂ\‘]‘luﬂq'ﬂq?

& - & & o
WWIZLRILUDLWIZLRENLTRRUIW 48, 96 LLaz144 ﬁ?IN\‘]
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MU
%971 1: Control = M199 + 10% fetal calf serum

4297} 2: BSA = Bovine serum albumin

%391 3: OFD2 = §1IMAIINN POEC AtWztananm 2 3 (48 52 1u4)
F29f} 4: OFD4 = M1IM&ITIN POEC MwztRosun 4 3% (96 F2lx4)
047l 5: OFD6 = MIMAta~n POEC Mw1zlanIun 6 S (144 12lu9)
997 6: STD = Standard protein marker

0971 7: CFD2 = 1318997n CC+GC mziipawn 2 3u (48 12ls)
%2971 8: CFD4 = €15¥839n CC+GC Mmwizidpawn 4 Su (96 52luv)
1097 9: CFD6 = §19nad91n CC+GC Tmwnztiuawn 6 3 (144 9219)
1,2,3,4,5,6,ab,c,d.efg = unulusdufinyluanswds POEC uaz CC+GC

3.8 m'snﬂaaumwﬁamnmaé'ﬁ'aaaamiu‘lumsm'%zmmww%’au
o, e ) & r- i oy -y
mwma‘aqmummofm aﬂ‘muuwamnmsﬁmaﬁaqammsmnﬂ

acrosome reaction

ar ¥ - O 0./ n‘: v as DIJ A -3
PRITMUNLTT IR IMAITIMLTATIFOINGN (NagaunuamInaIiiiy
g = o a0 & ' o dod 4 o=
nnmawziasaiiuvum 48 17l9) Autudeluszpziaadre g Rammasnusuds
= A ) [ =l
W% 1, 2 uAz 3 1fau JImInaasIuLitaan 9 nEnfe
» A [ - 5 =y " [ 72 Qs o ¥ L7 & ‘r
ngui 1 nqumuquﬂammaaqﬂvlu'l@munumwm'lmm‘lmmaaum‘lumwmﬂuo

LBAND gaunu

1 A L= A a

nauh 2 Lmaﬁaqwunummmmn POEC 7 lailelaudy

nquf 3 L‘nﬂﬁaqﬁﬁuﬁ'ummﬁ"wm POEC 7lugudauin 1 tiou
nauT 4 \IRSaE
nauA 5 L‘naﬁ'aqﬁﬂuﬁ’umwﬁ’amn POEC flutudswiu 3 1aau
mjuﬁ 6 LTANDE

| a oy o &

A L
nRuN 7 19adaaUNNUIIINGINN CC+GC 'llﬂﬁf‘!ﬂ?ﬂll’ml,’ﬂﬁu'lu 1.160%

h | 9
1 :‘ =] gt [

A
NAYT 8 ITaR O RIUNNURTIIRAINN CC+GC maoqn‘mumﬁamu 2 1Gau

q
] :‘ -] s n'a

A . &
nauf 9 iradagIvunuaInaIeIn CC+GC maaqnimmmmu 3 lRan

9 1

-

=

FUNVETIINGIN POEC NUTUTIUW 2 1@8%

1

=

FLUNUETHAIIN CC+GC waaqnivlai"lﬁl.rﬁm“]a

55



v‘hmi'u';JLfnaﬁafﬁﬁ'fuenwé/aﬁ@‘i'aam‘iﬁnmswﬁgamjumuQumu 4 Tlug
'luﬁlm:tﬁmﬁgmmgﬁ 37 pIFTRLBLE  wUsIEIMAvasansuaulaaanlad 5
LflI:]'h“ﬁ%ﬁLLﬂ&ﬁﬂ’ﬂN%ﬂ@'d lummeasasld@nsnoldndasqantsaiuuuiingy
u,a:mUmw"li’w‘\'iaﬁua‘immwaa‘uazﬁwmmuJaﬁ%uﬁma&aqﬁﬁtﬁ@ acrosome
reaction lunguasg wisnutsdagnlundaznguinll@nmdiondasaansyan
ALlEnATaULULRDIHIL (TEM) Wafnindnemenadugwinguasidunsbuiu
fuginonuaunlaslvossadog3fiia acrosome reaction Lilaasuiaath
Lﬁﬁaa’?aq%m?mmua:ﬂfm"wmuw%’auﬁwmmma‘i%mﬂsﬁaﬁafﬁﬁﬁ@ acrosome
chion luudaznganiinaasy wm’m&juﬁ 1 ﬁamaﬁaaﬁﬁiﬂﬁﬂwﬁumwéﬁlﬂ
\JLTARDFILTIG acrosome reaction WEH 3.89 + 3.72 i Tenimadaiunnla
"4 acrosome reaction Lsnaﬁaﬁg%mumn'jwmﬂmmaﬁtﬁms] Tuduninldasnin
LaAnTIALUURINAL (w31 ) LLa:LﬁaﬁnmﬁaUﬂé:”aaagaﬂﬁﬁﬁ
AlnasanuuudasiunuFuginsuasiiaadagd W ldl madfunusous
pti141509A9WLIN plasma membrane (PM), inner acrosomal membrane, outer
acrosomal membrane, nuclear membrane uasiuaaua uina uaﬂmﬂﬁ
FINITOVAY subacrosomal space ﬁuamqmaaﬁfamﬁﬁﬁﬁamwmmmm‘ﬁ 32 (a)
WA 33 (LTRATAUST) URTAWD 34 S'fjot.snaﬁﬁamwmﬁaumaﬁaq‘%ﬁ%ﬁaaaﬂ
nnriaisadeqd (ejaculatory duct) NNUTENI (Oba UazAme, 1990; Campbel
Lazpue, 1999)
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=
=
e 5
»
N
© -
——
TR O
sy J 5
[
- -
- Y
(2)
— 'I;.__,.-'_
e pr. :
= - 4 -~
1 b
P 5 Mt ¥a,
I
I 3 -"'.j:'-."' :
s LA g
v o Y s
e i i
SETA A A AN {}
[
.
E
(M)

AR 31 mwanandesaanssefuuuRInauLaas () naun 1 nduenuquii

iadeg 3N bl ldunduasnatle wudioadegdlaiie acrosome reaction $1wn
D« d me A ,

wnuaziuiiaadiaes g (n uaz 2) 1wadagd i acrosome reaction

(lwasnaw) wmadogifanuinnnd 2 waduazisadeadne hldni
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(e)

(a)

AT 32 MNIAUEAY (a) ﬁ’aLsﬁaﬁaqﬁ@T@mmnmmﬁ@ acrosome reaction g
”L;jﬁmﬂ%m membrane J:%319 plasma membrane (PM) 1 outer acrosomal
membrane (OM) (b) YuzINA acrosome reaction wm'}ﬁm‘n%aw membrane Va4
PM AUy OM ¥k acrosin  (AC) ﬁagﬁﬁ’amaa”aqﬁwé’aaanmtﬁal"ﬁ’ﬂaﬂ
zonapellucida wodwadld (c) LwadaaIwAINIIAA acrosome reaction 1@33
suysol wuuliao fusion point (FP) ﬁau‘%nmﬁmaﬂ‘aeﬁé’mﬁaﬁu membrane V84
wadliiedefineios (N vonsaogId ety (IM e inner acrosomal
membrane, ES Ao equatorial segment, PA Aa plasma membrane, SAS a0

subacrosomal space) (37N Yanagimachi, 1994)
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m‘wﬁl 33 mwa’mnﬁadgaﬂﬁﬂﬁﬁLﬁﬂmammuﬁadm%ﬁ@mmmummmaﬁaqﬁ
’S'QLﬁnaaT@TmuuﬁLﬁ@ acrosome reaction ﬁaﬁm‘n%am membrane T:¥119 plasma
membrane 71 outer acrosomal membrane (ANATVWN) Iﬂﬂt‘ﬁﬂéﬂaqmﬁngﬁ
acrosin (AC) ldu E&’Jmﬁmﬁatﬁmaﬁﬁ’maiﬁﬂliLﬁ(ﬂ acrosome reaction £IWL
acrosin ﬁdﬁuﬁvtmaﬁaqﬁ (SAS fa subacrosomal space, OM fa outer acrosomal

& . P
membrane, IM A8 inner acrosomal membrane, NA f8 nuclear membrane)
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e 34 nMwanndasanssaddiinasauiurdeIi LA TadegITa9a
RERe na;uﬁ 1 (maﬁaqﬁ’i’ﬂwLﬁumwé’mmﬂmmu 4 qlag) (n) \radagd
$awuannlsiifie acrosome reaction wuliluiadiana g (@ war @) CERLL Rl
AN nﬁjuﬁ 1 13iiRe acrosome reaction wWuiNLUSIIwALUsENAUIY plasma
membrane (PM), outer acrosomal membrane (OM), inner acrosomal membrane

(IM), nuclear membrane (NM), acrosin (AC) uasfiuadus (N)
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o (- ¥ 1 A 1 { ‘d ] =1 [ a- 0..1
fwiumneaaaIngun 2 ﬁaﬂsguﬁ 9 mtﬂuna}mmaﬁaqwunumwaamn POEC
WILUNURITHAIIN CC+GC maaqmﬁ"l,;i"l@ﬁrmlﬁw%aﬁLL"ziu,ﬁamu 1 09 3 16on
ﬁﬁ’nmimaam;Jﬁ’fumwé’aﬁandnlu@:ﬁmmnﬁmqmvxgﬁ 37  AI-LURLTUE
U 4 7109 ﬁnnmiﬁnmmﬂlﬁﬂé’aaqammﬁuuuﬁ'sﬂﬁu ﬂfuwudmnn@mﬁ@
acrosome reaction wiUastEuwanuInninnTiuiia acrosome reacton Nata@a
nauil 2 09 NN 5 wuLra RNy uiUa1IMaIN POEC Al leugudy waznusy
[ - = A = & = o . P oo
LI 1 LRa% D 3 1fau UitlallauwanIIiie acrosome reaction LYinNU 78.44 +
7.25,75.78 + 4.41, 65.22 + 5.59, 50.56 + 6.25 anudau dmIungun 6 angu
e & ad o w o AN M e = P V= 2t
9 AaTaRagINUNNUAINAINN CC+GC Alaileugude wazhurudiuww 1 1fou
9 3 liau Awadiiudnsiia acrosome reaction LML 88.67 + 4.03, 82.22 +

3.46, 71.00 + 3.16, 58.56 + 4.69 AT FINTI 1N 8 UaTMNT 35

ANWYBINTLTAA acrosome reaction Aatzadagdtiansilaouulaimig
A a A @ PR o A <
FITINNAIUMITENTAIaFIRINNYNITANIIN  POEC  #IBRNTHAIIN
CC+GC (311 condition medium) ﬂ‘i:é:l:uﬁﬂ.ﬁ' plasma membrane L& outer
& dl' O == o @ = 3 o L2 'y . d'
acrosomal membrane \iaiauiu F9viliAnzian g Mlwidulad acrosin (AC) 1
ayWITANagINAIBANA Inalidwivategiaaiuuazinfounludromb
atnsTIaswsanlunazavsatsTias lunsarhtimnsfesaanni 31 1
19 A UAZIBANHIAIINABIIANTIAUBLANATOURD AN UL ATIWINEN DS
L & P A P = dl' 0s Qs
mvnaaaqﬁ]mﬂn'mﬂauuuﬂmvlﬂ ADUNTTITOUAINWYDS membrane V94 plasma
membrane U outer membrane ¥il# acrosin NagNWIlTadegInatsenuLNea:
\ A ' . W oW o =)
teuisasNdansouiTaaluaz zonapellucida BaATAA T lS wasINITadaaiiia
. k3 — = . . & = o [ o
acrosome reaction WRIWULSLIeNILIL fusion point (FP) ﬂaUSL’Jmm‘Hﬂaaqﬂm
FUAENL membrane 2adtuaa luiNard (penetration) ﬁfamaﬂamaaLsﬁaﬁaq%Lﬁ’l"lﬂ
. Yo .
TwlalawaaBuvansadls wonaniaoawy inner acrosomal membrane Wuuda
AU nuclear membrane tanltiiufinefos (Mwh 32 2 uaz A) nasnsidia
acrosome reaction WazWU equatorial segment (mwﬁ 36 N LRT D) wananie
wuhamlesiaisniduniiosdeginaauing  (cross  section) i central
microtubule 1 ¢ (CM) (gneavusz) aHasinaniiay g i spoke head (SH) uaz

L% [ ] I A s .
1assain9tiu microtubule doublet (MD) 9 g agnaaani? w3 fibrous sheath (FS)
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(anF17) Huptsauuanga (MwWA 36 n uaz A) laolassadsvasdrunraitiale
wasuudasldanidunauiaziia acrosome reaction 188 (Oba uazamiz, 1990;

Campbell Lazatuy, 1999)

@1319N 7 ueILasiEuamMsiie acrosome reaction maauﬁaﬁaqﬁ%’ﬂu 9 nau

NIINERD I
wadagiinie T
ng;;;ﬁ acrosome reaction +SD
Mean (%)

1. NEUNIVAY (maﬁazﬁ'lﬂﬁﬂuﬁumwé"alﬂ) 3.89 3.72
2. maﬁaqﬁﬂuﬁ'umwﬁamn PoEC #ila'ldutuda 78.44 7.25
3. wasTaq%ﬂwﬁ‘umwé’amn POEC flugudoun 1 ian 7578 4.41
4. Lmaéaqﬁﬂuﬁumw{ﬁmn POEC fiutudouu 2 ifou 65.22 5.59
5, maﬁaq%ﬂuﬁumwﬁamn POEC fiutudaum 3 1iau 50.56 6.25
6. \radegivunu FITAATIIN CC+GC 289807 1 i sud 88.67 4.03
7. maﬁaqﬁﬂuﬁumwﬁamn CC+GC ’uaaqn‘sﬁ&’ﬁuiamu 100U 8222 3.46
8. Lmaﬁaﬁﬂuﬁ'ﬁmmﬁhmn CC+GC maaqn‘sﬁwﬁl,vi'hmu 2 1fan 71.00 3.16
g. L«uaﬁaqﬁﬁuﬁumwﬁ‘amn CC+GC maaqniﬁuﬁuﬁamu 3 1heu 58.56 4.69
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100 7

o0
=

N

i
=]
o

Acrosome reaction (%)

=
AN

1 2 3 4 5 6 7 8 9

Treatment }:Mean = 3.8889 8.D, = 3.7231 B3 Treamment 2Mean - 78,4444 §.D. = 7.2476

B Teeatment 3Mean = 1577718 8.D. = 4.40%6 O Treatment 4:Mean = 65.2222 S.D. = 5.5852
Treatment SMean = 50.5556 $.D. = 6.2472 B Treatment 6:Mcan = 88 6667 $.D. = 4,031t
B Treaimen T:Mean = §2.2222 5.0. = 34561 Treament S:Mean = 71 0000 S.D. = 3.1623
Treaiment 9:Mean = 58.5556 5.D. = 4.6934

il 35 nougeslafiiudmatiia acrosome reaction lwiwadegiITaNtuny
A ] 1 n'/ ar o =
POEC Uaz GC+CC Nurudeluiigans g win 4 salag (@anisdamiannuzas

AnaianiauuanaIn et IIRyd A YNINana P<0.05)
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A 36 MWINNABITANTTANBIANATOUULUFBINY (N) UAAILTATOETIIY
AUFIIMAS POEC tuwn 4 49lug (AAAINLNT) WUT TR 2 LTARGANULAZLIAG
acrosome reaction fa plasma membrane L%au membrane ¥84J outer acrosomal
membrane (3Nes) (T AasIunIITIdaFI) (1) LLamLsnaé'aq%ﬁﬂmﬁ“umwé'aawn
CC+GC Yumn 4 Filag (FamImgn7) wuLTasaanu 3 LTasIia acrosome
reaction WRWU equatorial segment (3NF17) (A) WFNIMINTAIAFIIITAL meddle
piece (AaN1NVINN) AINA9N central microtubule 1 fl (CM) (ansisiez) uazd)
microtubule doublet (MD) 9 g}' aauilu outer fibers (OF) a1 g %oﬁ mitochondria
(MT) (ans17) Aiuatisauuan

= '3 . .
4. 71919 N1INA[DY (Discussion)

mmﬁmmﬁmaé‘luﬁaﬂ'fl*’zi“uaaé’wﬁgﬂaﬁnﬁaﬂuuﬁﬁmwﬁw%uﬁ’m%’u
NITUIUNIRUWUS Lau m‘smé"auﬁmmmaﬁaqﬁLLazamwﬁmm:auﬁm%’mmaﬁ
lfinoanannisla msﬂﬁau’ﬁuazmiﬁmmmaaﬁadau’[wﬁ'm‘%'uﬁu (The early
embryonic development) ﬁL‘i‘lu'i]'lﬂﬂ"lei\‘iL‘Ha5@3\1LL61'3:U':H§L’3% (cleavage) b
uafgd’l (morular) LAz LT UARIATR (blastocyte) amwﬁmmmuﬁtﬁﬂmmﬂnaﬁ
mulwrioi lasussasfioasiuvadn landsoanu wradyvievi laiinsis e
[Humadsuiien (simple epithelium cells) Usznaudinimasaasriindaioadnid-
Bouazimaan DT (Nilsson waz Reinius, 1969) HIA1MAULANGITOIFATI-
Snouazlanirfrevanaadndnwlan Areekiseree Ul a.e. 2005 waz 2006
ma‘hﬁ’né’aaqam'sﬂﬁ:uuuﬁ’ané’mm:na"aaqaﬂﬁﬂﬁﬁLﬁnmammuﬁaansm WU
wasyriedhldans  (POEC)  Tuanmwsssumd  (in vivo) wesvieshldans
UsznaumslsadaadIriia ﬁmsﬁaﬁqﬁaﬂﬂ“ﬂﬁﬁgﬂﬁanau”lsJﬁfBLﬁmwiﬁ"l.ﬂﬂﬁavla
ﬁy'u‘] agli‘ﬁ'ﬁ’) {round shape of oviductal with non-ciliated epithelial cells and short
microvili on the apical surface) LLazLsnaﬁui‘viaﬁﬂﬂgﬂﬂﬁﬂizuaﬂﬁﬁ%tﬁU
(columnar oviductal epithelial with ciliated cells) ﬁgﬂu‘i:U:Naaﬁﬁd’um:‘i:u:g-
Her anmsdnmadiivinldnui POEC fimsasuudassiuandszmnnszas
madnizasTiialudiszoznamasmsiuda (estrous cyde) lanimadnidans

a o P B = g
nmwummu’l.m:u:%laaaﬂmua:amm’maa’lm:u:gtﬁm TINANTTNARDIT
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REAARBINUNUILYBI Songthaveesin b T a. @, 1998 ﬁﬁnmmaé’qﬁaﬁﬂﬁn
Lm:ﬁau.ﬁ'n’mﬂﬁﬂmmawaqa’hmuﬂszmnwaaLfnaa‘qﬁaﬁwvhimaoé'ﬂfﬁgaamaz
mlaunu u@iﬁ'nwm:maﬁ'mgmﬁnmmaamaﬁqﬁaﬁw"lﬂimaaé'ﬂ{ﬁgmaaﬁ?uﬂﬁu
UaNENITH FenTIBuDad Xu uazamlu T a.d. 1992 wuInTadyviain i
inlivansmadofiivuar  (wormlike) %auﬂn@mmnLmaﬁqﬁaﬁﬂ'ﬁqmﬁﬁ
ymRinan g uargUnTInszuen ewnenuad Murray lu ¥ e @ 1992
wuinasdn ldSapiahuamaimslnslalsdwuneadsluudnmiean:
wizndaiiudnemnamszluinvsinjausussludefinaviladinsiaou
wasludrsasmaiiuga Inslalusauiinufideanaians (secretory granules)
voaLwaan LufiFiEe %awuﬁﬁaﬁﬂvﬁﬁmuauwﬂﬁq (ampulla part) i Tasezly
wufiimdug  vasio ldss 'lumm@maaiﬂﬁ’t'ﬁ’ﬁaﬁ'lvhiqmﬁ’ml,tamﬂm‘lu
nmsfnw  iwseriaih l@uuauwdniuwSnudmaysainszumnsiuiul da
Lﬂuu‘inmﬁtfmﬁaff«?}l.ﬂ?iauﬁt%mmaﬂﬁummsmﬁauﬁmaamaﬁ"lﬂﬁ‘ﬂnmmn
SliwdaRansufauiationi  aseesuinsSnaindnsiawsasisen
TugsSudn Lﬁnﬂﬁﬁ"q'lmim’h‘hiEhuu.auqdwﬁnwa%’w.mwé"amiﬁtﬁm*’ﬁmﬁ'u
n’rsﬁuﬁuﬁmnﬁqﬂ (Murray, 1992; Campbell WazAniz, 1999) viowldduuay
siwaaﬁ’@]ﬁgmﬁné’wuutfumamzu:ﬂaaﬁﬂm WU SiaanadE s wIneN
Tuniszoydu %aaaﬂﬂé’aoﬁ'nmnaﬁauﬁwm“hiﬁqnLtamnmmn%'qvlﬂ (ovulated
oocytes) mﬂmw:gu?nmwudﬁtfnﬂﬁqﬁaﬁﬂ‘lﬂiﬁ‘lﬂﬁ&ﬁmwiﬁ"lﬂﬂﬁa"laév'w] Bl
SMIMINNIITzEE AN SIRAARBIRUIITITRAWAY (secreted substance) Tildlu
mﬂﬁ‘mﬁaéau'l,ﬁ'tﬁrgﬁmm (Hole Wasz Koos, 1994) mmwiiuahldifianms
Lﬂﬁuuuﬂawaatfnaﬁﬁuﬁuﬂuﬁ'ﬂﬁﬁruag}nﬁ"sﬂ%ﬁ%ﬂﬁ'ﬂi:é’ﬂﬂaﬂuuﬁafﬂstau
(estrogen) WURe gaslunlysiamaailsn (progesterone) (Verhange Wa: Jaffe,
1986) Eio"lﬂn’h‘lfuifaﬁﬂumm"]vﬁﬂﬁqﬁaﬁﬂ’ﬂmmsn‘l‘ﬁigﬂmfnﬂf‘i"hilﬁtgﬂ'lﬂ"lu
PMMRE (in vitro oocytes maturation) anunsnlfiasulunisieIouaawion
maovmﬁaqﬁ (sperm preparation) 'lui]'lul,ww:l.gm "IJN Nagai L8z Moor (1990) £
wuiﬂnﬂﬂmiﬁumnuna@ﬁam"lnhjﬁﬂﬁhiﬁ%tﬁummﬁ'm'fuﬁ'uvnﬂﬁaq%qn'ma:
Taamaineginmoainziaad liludsnule (polyspermy) uanmni{maﬁq
viohlsimansolfissulumsnameasanluamininies (in vitro embryonic
development) It Buny (White, 1989; Nagai Waz Moor, 1990; Kitiyanant W&z
A, 1993; Park, 1996; Vatzias war Hargen; 1999; Romar Lasatke, 2001; 2003)
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Tunsanwitldiozaaslivsion antral folide FaduisarIwldazaan
Wuinasd inHwasaousoy (COCs) N mawnnie 46 Loadsanieials o9
COCs pnutisaanldiiu 4 wflamuanwme CC fidonsovimanline irasdausay
IAa liAeuYW  (Intact cumulus cells layer) L TRASOTOLLTRS ITULUAANBTH
(Multi cumulus cells layers) L TasnaNTALITAS [NHILNIEIW (Partial cumulus
cells) oad Ui W dmasdausoy (Completely denuded ococyte) Nilasiduaivinnu
19.87, 18.13, 28.88 uar 33.12 wWasifudmuddu @9 cocs ™ 4 wfia T
wWwrhaudnaeglugie 89 Dy 145 lulaswas uazanmyiawdurgudnan
(diameter) W83 COCs UazuonmyUssinnaad COCs WUINLTRAaoNTOULTRA 11

wundausinlinneidurhaudnareasadunigafoniniy 14468 + 879
lulesiuas sodavanluiaadaaNTaUITaR LUURA BTR IR ALTASL YA
122.82 + 4.78 lulasuas drduaudoiraddansauITad MiRsILNRIRITUe
iRy 106.20 + 8.72 lulasaes Seugavnofaimad il Semassousaud
i e a % e
swasdiniy 8916 + 569 lulanwes  Inewdsoillaldiasdling
+“ 1 o e A =4 a 1 = [}
LR EUINE NI LN UAZAB IR TARAONTALLDAN [TULLAAUURLAZITRS
v ' & o g g A a w
FONTBULTAS MU Rae T hatwiziisdluanvisiwisiiss M 199 faSudan
10% HTFCS, 2.2 mg/mL NaHCO; Wad 1 M Hepes (Sigma, St louis MO), 0.25
mM pyruvate, 15 Ug/mL porcine follicle-stimulating hormone, 1 Lig/mL LH, 1
Hg/ml  W&Y estradiol with ethanol Uz 50 Pg/mL uszenijmuzfa gentamycin
L) [} 8 = =l s ol ¥
sulfate  wuiugad linssasriiadidnonwlunsiamlilign (matured oocyte)
k3 A g a e . ~ v - A = A‘
Idgedansaiuawisoues Mori (2000) i COCs vasgnITRaNMilmazsaIn
% o P g ‘:Y & [~ ko . . .
T ldmwzaeluemsiwnzidsamasnigSuens follicular stimulating hormone
0'5 o o [ L A’ E o
(FSH) uaz leutinizing hormone (LH) wusnunsnwamniiiiuwlignldgauwguinu
A‘U = s ﬂ:’ L2 d‘ [
wannnidiiimsAnmludai@ogndroundnusg sunsdinmnlunyg (Magnusson,
1980) unz (Staigmiller uaz Moor, 1984) TURSAMY (Kitiyanant Lazatwe, 1989,
1 1 . ) A“ o ot | |ﬂi Y
1995) wuinaad lirasdaiindrfamasassywaniuosdlingnides uasna
mnmiﬁnmﬁauné’asqamsﬂﬁﬁaﬁnmauuuuﬁaan'mflumu%’m%"oﬁ‘lﬁuam'lﬁ
' a d 4 & A e o o o al
Wiwh COCs wflafivinu CC fegdousaulanddiaen (peel off) uariims
= oA ) « . W ¥ o]
uJﬂuu.u.ﬂmmm‘m5nu3ﬂi"mnnu"lﬂLﬂumaﬁgﬂﬁoﬂmwUﬂm@rﬂwnm:ﬂ COCs
P & = e M e a  a . a -
iiaNFeI CC Ndantouiwad i1 lauaasnsiafiaan (expansion) fAanitia
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o & & o - a g
#188NT89 CC RAIINIWIIRBUTAaUIN 24 11109 uasiila ldiwistins COCs
P d = o 1 oA e a -
rian@anu 48 Hluy Adunaiu CC fagdavseuifiamisbasisanuas
munsnugasanMINALEad 1 e MnnsAnsmmuavh e ldiusad lisssiie
a8 P o Y [
umm'mm:wenmuﬂ:qn‘lﬂ (oocyte become developed and matured) %a39N
g b4 g Vo a - & v A
MIWZRBITRE lenaRoas AR N za s luutaseTontwadluia sy
ad 1 |=‘ [ - wd ] = -
nnnqudiinnuigslifiiu antral folicles Simadag 2 il iradriia
= . cl 1 r=Y o N = HI =
wIntIeni1 cumulus cells (CC) ﬂag‘nﬂﬂﬂﬂumaiﬂ.‘ﬂ FhanwaInoTaa granulosa
ol e , o ¢ o A A v oAa a .
(6C) Ndpusavlugsliuu wwadng 2 oiia Gnihfide cc nasaaslumaslanaug
v ) A wod o, = ) ° ) .
ilugald safluweslasianiinihfidsmsnll molecular weight @19 19w ion
. . . ' [l A a [ = nrd ]
nucleotides Waz amino acids gLfﬁﬂﬂ'ﬂs:U:Lﬁnﬂm‘luwwm TIRTIWLTHNIN
oocyte maturation inhibitor (OMI) W38 meiosis arresting factor ﬁﬁ’mﬁﬁﬁﬂqﬂm‘i
wignazeusadliliagluizoy diplotene stage of prophase | anaatIvuAz
] as 9 e . a = .
wedloanwlily primary oocytes WarwtiUiflu secondary oocytes (Eppig, 1993;
. ~ [ v
Whitaker, 1996; Li uazamz, 2000) FIRAANRDINUNTANIUBS Anderson URT
. P ar o ' ¥ ar & ar
Abertni (1976) AifinmaudIRuITwIN CC uaziwad liluaaiidosgndrou
dundasanseiuuudaiu wudl gap junction 1xnite ccC uazlulasials-
. oo o o e ar - ¥ o 4 e g as a
N CC Niwunduianua lrlawaraduvadiras Livulanuguwusnu lulasia-
A o g ' ar o X f
lavas cC Gesaviliandnlulwauusuroroasld lasanuauwusiiinaadgonn
gt = ] ' + = Ad ar 4o
fumsiasyraasas Winnzhdwdaesaslulasiala ve9 CC Afwaaninduna
nulelanaadurangas lwlanwmsiiunsmdsnzuazmeluiisnsn cc wes
) Jdll [ [ = A [ LE = 0':' o |A o a [
waald  asideiuiwlimshenduardugsmaiaSayvasas gy Iiiaad L
L= v 1 . |1=i 1 A WPt o .
m‘mmsmimﬂag’lmw primary oocyte agnIzUs prophase | saunflalasudninag
naaslauvas GnRH NnssnlaauaIdumin (Anterior pituitary gland) 1Tas 11
a ' = a = l . o
Jussdall Feaseiunsinswad Scott uaz Hedgen uil 1990 inwin cc A
y . ﬂl/ ﬂ' ol ] . . T A
BLRBNIBY primary oocyte WRIRTIINIILNIN oocyte maturation inhibiter (OMI) o3
33N meiotic process 11 yhlingamsiadgvaasad ol muszos prophase
s 1 ] =) 1 . e | LY )
| W s ez limunsniairiu primary division 1alig secondary oocyte
o YR a v ' s & o s v o
Idiaudhdall cc @aaatmuiuiu ud CC Aflumumlumanioniuasiue)
MINAUITBITES LULTUN (Richard uaz Sirard, 1996)
m3lfaaslun GnRH LAz steroid hormone 11w safluniaalasiauiduasln
A’ t = .=: - = ¥
psziasaras [eslinalunylifinBunamsd jauslusmuiiusenialu

68



Wumaaduidulavensasliia (Fukushima uax Zuelke, 1989) urstAwnns
L‘-ﬁtytaUI@\'lladl‘nﬂﬂ‘ﬂﬁiﬂui}’iuLW%Lgﬂﬂ.ﬁl'ﬁuﬁ’u (Shalgi, 1979) Iuldlén
aaﬂuuLnéﬂmﬂﬁuwumﬁwﬁ@@iaua:ﬂ'nuampnﬁm:msﬁ'@nmmaoﬁ':mﬁumm:
lalanmaduranaas B0l nuwisning Aidunuitomaiien wuowisy
289 Saeki Uae Heshi (1991) wuinmsidugaslun FSH, LH wazaaslauiaslas-
wu fissuluamsimnsioisadlidnarilioss e giawaniwiesing
TiRunsularsduassidonluzprumaladmfinanniugas uananii
Yoshinura w8z Hosoi (1989) wuinaasluulusiandiu (prolactin) LH, FSH uUas
gosluwaalasian dnadamsiaigiamwvasaad nseeslunsiniaadldlian
Tuawuia (in vitro oocyte maturation) mn‘ifml.ﬂ:msﬁﬂw’mad David uae Phillip
(1991) ﬁﬁﬂn‘s:@j'unhsé’waaﬂuu PMSG uaz hCG uazfin®n COCs lugiaaan
7199 wmf"nLﬁatmaé’lﬂi‘lﬁ%'umim:ﬁumnaaﬂm PMSG  azthlWiians
Waswwlaeas cC wazndannldsumsanslun hee luudr 2 57lus germinal
vesicle (GV) IAANTXLIUNT germinal vesicle break down (GVB) “}}{lﬁﬁﬂﬂ’h‘
RENENVDIRUARYTUBINTAN b (nuclear membrane break down) WA
primary oocyte Imnadawawisallnely 4 fa 8 drlumdilizaslun hce
wazfiawuin cC 17'ia:ﬁamamfnaﬂ'ﬂn'szmuﬁ’aaanw%’auﬁazﬁﬂﬁiﬂnaﬁ'hi ins
WIYWAIWINTEEE primary meiotic division 11§tz secondary oocyte stage
uszwianiiAamsanly  (ovulation) laluinandeaa ajﬂu,é"n'waﬂuummﬁ
mmsnﬂ’ﬂﬁtﬁnaé"hi‘lm:U:ﬁﬁ@ﬂaanmn%’avhiué‘qLm: COCs whafinitauasiiaas
ﬁﬁﬁ'ﬂumwmmmﬁ’wmvlﬁwﬁww:'l"ﬂqn'lumuuﬁﬂﬁ
sailunmmesasnsafiiiolnn: COCs aanan antral follicles fingnaiu
manld AavilW COCs nanaanain antral follicles Falwarinly’ CC unnseen
N GG uazdlah  COCs 'nﬁ@ﬁﬁﬁ’numw'lumsqn wwtassluams
nziasafisdudnasilan Taglif cc+ee muaanin co+ae lismansasians
ngaminigiannmadlilddn  faudladh  cocs sliafinitauazaasaniaolu
iz pafiBudne flaudsdinarnléd  cc ﬁag}iﬁamaumaﬂﬂﬁﬂﬁﬁ‘z
aamm:ﬁn’ﬁm‘ﬁ'wuﬂmmnLfnaﬁ'ﬁﬁgﬂﬁ'wnaﬂﬂLfJuLmaﬁgﬂ%wﬂé’wmmf'mﬂu
vt cC Iduanansdamasnnisaninnadsy CoCs luammmwinioanm
24 @ 48 dalue Fuduwnsusavinosdlmansmedyiawuiu  matured
oocytes ¢34 Hinrichs (1997) ldunwinaadlivesshimadywamndnds
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a V. ¢ ' o . 3 . PP I |
NUNITIYW LUITIUNIUINNTIINT in vitro maturation U839 COCs TUANVEWILAZRDI
O ol s ldl r-9 e ; 1 ] - d.
mawnaé"lmmuﬂnumwm:Lasrywwm'lummss.m:mmganﬂwnaﬁ‘lﬂumauq
PRI ¢ v & 4 e v = a d 4 '
'lummamuuamlwmm*rsﬂwaaqnm COCs wilahniliuaraatagizam
= A 0‘: ~ L5 ] [ [}
40 wadidud T3 CoCs mimasfiidureudnaalugs 120 fa 145 lulasiuas
) o P v iy o o a P
mu'na;gaﬂwummﬂu?ﬁammm’lmanumzmaamgﬂmnm'naa COCs a9
Y & ™ s 4
COCs uarpwiazaidwitgudnasves coCs uusmagiwianazldluns
o A . P ° & o | ° Y
Asldan  cocs  raunasihllimnzidseluanumnziiosmiesinlile  oocyted
= P P4 ' Ve A ] o e o [ Sge
maturation 'lm.ﬂaﬁfnuﬁﬂgwum’m'ﬁvluﬂmaamau mwamun@}wu’lﬂwuuumw
Wudsslominn  iwnedidsldussndanausznsldamaiisne g Aldluams
& = & Y 'Y A & W \ ° 9
NS RSANT IS s Nt W B suas MEa T lawaNoudntes udanansain i ldioad
[ o PRy o o = ] L% ) =
”l’uqnmmumnﬂmm'snmmmmiﬂnu’mavlﬂvlﬂamm
] = % ¥ IS as ar
NNMIANY GC Nusneanan COCs fundadganTsAiluuiinguuas
) o 1 L3 ' A [ :’ as ' .
ndasganssmidlanarasuuuganewasnyd 6C Nagluihluialy (follicular
. - o Vo . A =& ry
fluid) uamgmnauua:agtﬂunqmm:matwmawfmé"lua”\mmm:mmmu 48
n'a L 72 a: - | a‘ 4 -y =9 J ] » s
313 wimnazldimanasuulaimessugwineufiedn  uanwuinossusndd
[~ 1 -=l' [ ¥ [ A ] " -t
soniilunguildnasmIaudmuoniduimanamg  udadilsfieuannawise
. . L) .:i o [ 4=Y ﬂ't ]
189 Richard uaz Sirard, 1996 wui1 GC fwaneaniilunguiéng WnasanIgems
A’ o ﬂ.; 9 k3 a ar L% - &
IWIZLRE muumflqmaaaqam‘:ﬂﬁuuumnammznaaaqaﬂﬁﬁﬁamnmauum
gaanauazuuudasubniuwisnanmanzaunldlunisfinsnmasugiuinem
o a
wazMsAN¥DINSIWasuulaues POEC, COCs, CC uaz GC lwanwWsisnea

. . & . . [ ' =
(in vivo) uatluanwwzi® e (in vitro) Ieiiluatned

#MIUMIANWY oviductal secretory glycoprotein 'lwﬁaﬁmﬁn_;ﬁ'ufmm
[V 4 A s o = A a A | vl
HEAILWELU L W'.IJ‘T]YIﬂ%’]vl.'llllﬂ"ﬁlﬂaﬂullﬂﬁ{mﬂdfﬁ‘ﬂﬂﬂﬁLlﬂ:‘fl’tﬁ‘?ﬂl.ﬂ&ll.ﬂﬂlﬁll
] ° ld ’ = = Y] . e o
anmwmeluviad lifimanzandemsufaud  (fertilization) uazmIWAWITE96?
i d' J = J I
0% {(embryo development) lapmalasuudasiifiadwasausssunanong
mqums:unaaﬂuumn Hypothalamus E‘f Anterior pituitary gland Lngia"i'm:
JD o S A y 1] ¥
wWhwane (target organ) uanmnuumi}umwmnumﬂmaqﬂmmﬂlntynmmau
- v J o ] [] ' . A L 4 »
ﬁuﬂgnmﬂwuua:ﬁaﬂuﬂamh (oviductal lumen} Fa'laun estrogen-dependent
. . A o v o, aq v oA P '
oviductal secretory glycoprotein (OSP) ﬂn'mwm’mUtmaﬁaqillﬂtﬂaauﬂmuna
o e N o o A Ao Y] v v e
wlidgradialed wananiidmulusdiuivnminaug léun protease inhibitors,
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growth factors, cytokines binding proteins, enzymes W82 immunoglobulins “[‘idﬁ
ﬁumwiﬂﬂsﬁuﬁgna%’wLm:nﬁ'oaanmmn%’a‘lﬂua:mmsﬁaﬁqﬁaﬁﬂﬂimaum:ﬁ
Mluvasanaaad wu*hﬁn’rsa'z*']ﬂﬂ'i?mﬁﬁmumhLaqmé"nS] aflwwarlszanm
14 3 26 kDa wappia Isdwmaiionienuddydemsiadfauinions
Wanmwessasaudauialuginiingn (estous cycle) WRTTILSNVBINTAINTIS
(early pregnancy) aN&1ay UsAUA9 ﬁLﬂudfmﬂsznaumawmmmﬁagluﬁa
ildezdauuandeti  msasuulasssaseneg  manflezifaunniwiad
sevsasluwaslasoufvin - dwiunalnusewihfivaslusdumanfignisaed
nsanwdaly Snpudug nam'i'f'ln‘s'[ﬂlﬂiﬁu'lmaomaaﬁagluﬁam"himaa
qnimaﬁ'mﬁ'nﬁtﬁmﬁ’umiﬁwmmmﬁ"aa'au‘[ﬂmiaﬁﬂ’ﬂmaoqn?mmmﬁomﬁ:ﬁ
uaznaalus@nlefls 14 viia 1éun porcine oviduct-specific secretory glycoprotein
(POSP) uaz tissue inhibitor W83y matrix metalloproteinase-1 (TIMP-1}) Whuan Tu
msansldwummasn 6o anslu condition medium Suoulysduiidowe 76
kDa ugfslainswminainuiuen ﬁm%’mmﬁﬁ'wi‘fﬂ‘%{fﬂﬁﬁnHﬂTﬂiﬁu'aﬁn POEC
Lez CC+GC °uaaqnsﬁ%éﬁm'igl%a']msu,ww:tﬁmLLa:LfiaﬁnuwgﬂLLuuwaoTﬂsﬁuT@ﬂ
3% SDS-PAGE mwlé reducing conditions wu:hgﬂLLuuTﬂ'sﬁuﬁa%"m'ifumnwaﬁ
ﬁoaaonejuﬁuﬁm’]uﬂé’mﬂﬁaﬁ’uua:ﬁmﬁulaﬁﬁanﬁWULLnuTﬂsﬁuﬁﬁmmﬂ
Uszanns 17 kDa ludnagwanaasyrieshly e OFD, wszunulusauiiacdain
lus1ae19 OFD, Uas OFD, FusiatEm At niTasaousauLsas linu Tuwy
wouTusiiudansntudone cFD, uinunoultsdiuiansg ludaatne CFD, uas
Mate CFD, Sanaduiiwguldimadyriailsanafimaniavianaslusiu
sansmlwBinmfunnnisessovsanisadld  Sedesvimmessaiiiniuie
aplfasuydgudananisialy wllauouTusiuuune 17 kDa wuuouTus@udd
e 22 kDa OFD, uazwuunulseiumadoniuiiudosnilusiagg CFD,
wovlsiinswne 17 kDa invilenafumitodasvasTisduafionitsinuluams
INHREIINLTRALWNELEES (cell culture) nfiatunauuuvasasldnuwoulysan
fifluwiesnnnin 220 kDa (Bo nunweT 1, 2, 3, 4, 5 uaz 6) uadylinTwiudu
Tuseuriialoussiiniadiels dniumsfiasdnmlysiwmaiiuiinlusiusiia
lnenfnmlslasmsdanaudvimsuenlsuaansnies mmibwinluvinas
wiseuweInsaadluniarh  Immunoblotting  ieasssaviniiulusiuaiiale
daly uanilassnlisdiwawna 17 uaz 22 kba Urngluamanduasunuiiduile
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HauLIRA 8 comassie blue AILKIINITTaULIRGIH silver NUaNU I lumsaude
- , . 2 Yee a Ada v
Tﬂ'sﬂuganm comassie blue mum@uﬁm:mminmnaanTﬂsmuwuﬂ%mwmuan

o » “ A = e A

ludatele  SssnursousasnasasllsanlaaninuazaansonSoufouiSinm

rol ] Jﬂi‘d y J 3 [ o ] [ ¥ [ 73
maﬂﬂmummuﬂuag'lummsmmvmaqﬂamvlmm:l.enaaaamauLfﬁaﬁ‘hﬂﬂ

° a - A <. & A
TN ulSmlUs@uii POEC uar CC+GC PAIFOIMITINZIALIN

& P [ @ o v v

wnnanluszoziiaisninete leomsidSouAsuanud iU sdnnuuUwaaLa
afnadsznmdrlagdaysnnsAinene Biochemical compositions 2a98MIMAY

[ n‘; ] - ] ' L7 dld o s d. @ 9
nnmadisasnguiviuiiudayadsznaunianudaynzhenululddaly
lumsldmmannmsdnisasnguisfnsnaimsdjauslunasauds  (in

vitro fertilization) fia LU

nsfianendszlomivatsnsnas POEC uss CC+GC danisieipuwdou
wja5aq%éwﬂ¥uamﬂﬁau%uaninmUﬁ'?"mﬂaoﬁnmfnaﬁaqﬁmaoé’m{Lgqunﬁ’auuu
dasllanaunwiauraumsiujoudivioadli  laviwsdeadazdaariunszuiums
capacitation WRY acosome reaction %atﬁwﬁu’[ﬁmamuﬁﬁwﬁnfjamaﬁaqﬁi’m
w"m'riamaoai’m:ﬁnﬁuﬁjﬂjaoé’wﬁwmﬁu (female reproductive tract) fa Nagn
(uterus) e 'ﬂnmgn (oviduct) (Austin uaz Chang 1951) mnluafm:mmd’ﬁ
Lfﬂﬂﬁqmu‘lwﬁamm'mﬁé"amma:’ﬁ';qunﬁ’ﬂlﬁL‘naﬁaqﬁ‘lﬁ’mﬁaﬂﬂﬁ'}mﬁﬂ
WD capacitation \euaziawuans neurotransmitter chemicals LEWENTINWIN
epinephrine, taurine Was hypotaurine ﬁLﬂuﬁ’ﬁﬁwutluai'mzﬁuﬁuﬁ:ﬁgaLWﬂQ‘LLﬂ:
weflofitiomiianiliiAa capacitation rownsuauaguad (Meizel usznme
1981) ﬁaLﬁﬂm?Lﬂﬁuu.u.ﬂmmaﬁma‘%s:’umwﬁaﬁaqﬁ Tanissdasiafauitiin
Lm:mumwaomﬁaqﬁa:mﬁau"l.mLm:a:ﬂ’@Ln‘iﬁuﬁ'nwm:vﬁuﬁﬁﬂnfi'uﬁﬂ
hyperactivation  @sfianuduiuiifisnilesiunieumsifia capacitation T
\fi® capacitation wulnslalus@nuas seminal plasma IzLAfauaanIneINE I
\flu plasma membrane ﬁag}mﬁa acrosome (Aawsnaantiuge g vilhawlasi
agﬁmﬁ’wmmaﬁaqﬁvﬁu hyaluronidase, acrosin tiag) zonapellucida A [Tfaw
milsdnwinaadagiuiuaad lifol faus Fednwaziinaniazwing Wl
é’mfx&rmgnﬁmuu (Yanagimachi, 1981) lumsvhufeuslusmuifigunn
mmmm‘%'uuw%’ammﬁaqﬁmaoﬁmﬁﬁmgnﬁ’muulﬁtﬁﬂ capacitation WAz
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acrosome reaction 16" f‘fmﬁwamsmﬂaaamnmﬂﬁﬂi:ﬁu’lﬁmaﬁaqﬁmaaﬁ'@rf VU
fNanszUIUMST capacitation FINILFINSIANNTTGULTURITWIN caffein,
C-AMP, theophylline, heparin (Parrish, 1988, Ooba uazfwe, 1990, Pavasuthipisit
WAZATAY,1995) HanaaaIwLEIsIAfi LAY secondary messenger mtlu inner
membrane ﬁdmﬁ’maamaé’aqﬁmﬁmﬂunmﬁu Ca’’ (Ca” uptake) B3 ca” 7
rﬁuﬁuffﬁNﬂvlﬂtﬁuwé'amu'luﬁmmmaamaﬁaqﬁﬁﬂﬁiﬁﬂ hyperactivation $sn3
\fia acrosome reaction °11awms?aq%'lué’mﬁgmgmﬁdwm:tmnﬁwﬁ’ﬂﬂmwﬁﬂ
¥avdad daivnesiamunsofianszuawnseneg e lumsiedoanauifoaualw
tfnaﬁaqﬁi1Uﬁw‘%mﬁmlﬁ'maﬁaqﬁﬁu"lﬂu'flm‘iv'm'nwmﬁrm'lwﬁ'mnmé'suq
i iwmsAanm N SuazALaNaaD T Lﬁmﬁnmaﬁaq%mmé’m’fﬁv’maa'lﬁ
Lﬂﬁaumua'm'ﬁlwmgmrﬁu Tryrode's medium ﬁwﬁuﬁw glucose, albumin,
lactate Uaz pyruvate (TALP) finuigasaginmanduaznuuausiaad aunsaifia
capacitation LLax acrosome reaction lélan albumin Lﬂum‘iﬁmﬁmﬁﬂﬁlﬁﬂ
acrosome reaction Tuﬁ%ﬂfmaa (Bavister, 1969) Lwi'[ué'wfgmﬁuwﬂmmmamn
(AANTSUIWNNT capacitartion LLRE acrosome reaction Taluomawnziamiian
Ca’” ¥MMTI9BU2d Hyne Waz Gerbers (1981) WUIINTzLIUMT capacitation
WAL acrosome reaction Lﬁ@\'lé‘Lummsmw:LguwnaﬁﬁLﬂu@mﬁﬁ pH ¥ NI 7.8
uslua TN AR pH 7.4 dudasnnéy biological factor wazluaims
RN EIuHEITa s glucose, pyruvate lactate Wag albumin suRaansormly
\ianIzUIMM3 capacitation Wsz acrosome reaction leilgun & msuludailng 9
VW mmﬁ‘nﬁ'ﬂﬁtfmﬁaqﬁtﬁﬂ acrosome reaction lalagldas heparin (Parish
uazAtuE, 1988) msi{a:"ﬁammﬁ‘%u'lﬁ’m‘iﬂﬁauﬁﬁmjﬁu heparin 31N hock
intestinal mucosal heparin 9¢A81t sodium salt (Sigma chemical co. LTD) @I
Iﬂuﬁ.’]mimﬂ:mu’lmfﬂLnﬁauﬁ"n.ﬁu‘l'i‘ﬁqmmq}ﬁ 20 pINTAENR DS
heparin ﬁﬁlﬁﬁw‘lumimﬁmﬁﬂﬁmﬂﬁ’aqﬁmaaé’ﬂ‘ﬁﬁruaﬁné’auuwmwﬁﬂ T
o0 (Lenz Unzmmir 1983) nIzene §3 (Handrow uazAme 1984) ﬁ%tlauﬁlﬂa%—
(Weizel uaznue 1986) §n7 (Reyes uaznmi=1984) uazAu (Delgado UnzATS
1982) \AANISVIUNIT capacitation UAT acrosome reaction @
FoiwaziFiniinsliammacain POEC usz CC+GC maaqmﬁwﬁuﬁoﬁ
aoanniien mmmtﬁumwé"aﬁ;ﬁﬂsz‘[wﬂﬂﬂﬁ'muua:mwt'i"aﬁu'mmmju’l'&'lu

4 u

L 7 a [ 7N . d
msm:qumaﬁaqmﬂmnﬂ acrosome reaction 16 IUMABANAREY  BIRINIIA
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o 2/ =, = I} . . - . g A
i1z lomiluonudfautuansiame (in vitro fertilization) lef waziitasan
o U LK) A a A A =l 1o €| L A‘r dd
anuazedn  Ussndanauszdrliiouazidrdyngade ludndudasdemaaiin
Tondaahldiienssuaunis capacitation Way acrosome reaction N3y
Ufsusluaiuut  anssdsunadndald  wananfidsiispanwidszlomives
J o 1) “o ar L ' o ¥
POEC uar CC+GC lumsiwiziasvadanliadywamiluaiunii idualsauaas
s 3: s ] =19 s 1 1
Wz unzuaz medsmoutlanviindideunyanisuLiamas (cell block stage)
ar :‘ A a ] = = U
luszuz 8 i3 16 1rad Ganwd 37 wianmfdigdeunpansiadmifulaudianely
& . . a4 .
(cell dead) HanINH M9l condition medium 31 POEC uay CC+GC qNINLY
L Y A e & Ade & o
wladalilidaselsmaadvaszuniuiuiseng  Mnasindaanmsiioeigen
-l o 2 a ] P ' \ ] o Qs e =
wiasiparhnsdhornandeunadluhinsadngansudda lddanmnuiadanais
#57 o | v FAddada | e ) | o & ' ' , ° -
gaioh lludainiidinegiieg  gu  luvsihdsldvesnszdsudmaiigui
4BINNN (Pavasuthipaisit  uazAmE, 1993) iwsdaslfiudszanmlumsia
' [ ) ) a & = ) 2 i o
gaslunuazmsdaasa s llazaanias  GInWILLRWINMTITATNITasNng
a gy - Yoo
¥89 POEC WAz CC+GC gnindnmavitartinlfisiuluamisimiziansdidan
v oo A a % L o - & !
1ddidunudssinldmzarnuasendadldine . lafwdfasanuatrounn
2 4:;'0/ = G a .A = =
waninitannigidnunuisiiawnissinlnainauraldfiuniosuas  POEC,
cc uay GC wanwadlalumslesuilagnlalddndan (nun nagnTindg uaz
= =l /2 s T A Qs U @ 1
Bud Afeiud, 2544) Defaadszyndldldiuasdgnsld Fsivldduoadan
@ A w g o o o A \ o A v v, =&
alpfuiutansndasirdanionnlnahansludmiauastgn  Aldhandnmlu
AW i 5 a \ g [ a ' o
yudind  sohuduldliidudslomidarsmamnndosd@afiasugiadaly|d

1uaeea

s 3=

A 37 dhdandaszus 6 D9 18 Lad MiganaaTgLfivla (cell block stage) lun1ivhen

dauiIInRaaln (31N Pavasuthipaisit WasANE, 1993)
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ief
_hm!ogy and structure of porcine oviductal epithelial cells (POEC), cumulus-oocyte complexes (COCs) and granulosa cells (GC) were
m'm vivo and in vitro conditions using scanning electron microscopy (SEM) and inverted microscopy. The POEC contained columnar

end spherical shaped non-ciliated cells. Both non- and ciliated cells appeared either in groups or distributing among each other.
ﬁhiso!mion of cells was observed after culture for 48 h. A total of 921 oocytes from 20 ovaries was isolated resulting in an average of 46
{bvary. They were round in shape, surrounded by zona pellucida with layers of cumulus cells ranging between 89.16 and 144.68 pm in

WLOCs, they were classified into 4 types; intact-, multi-, partial-camulus cell Jayers and completely denuded cocyte. Interestingly, changes

{Bevier Lid. All rights reserved.

of COCs with intact and multi-cumulus cell layers were observed in the in vitro study, The GCs in the follicular fluid were also round
wi found as clusters. After culturing in in vitre for 48 h, no change in morphalogy was observed. The GC appeared in smalier clusters or
g single cells and their sizes ranged from 6 to 8 wm. The results obtained from this study allow us to have a better understanding of the
and nature of cells under both in vive and in vitro conditions. This information is also important for the study of their secretions and
4l compositions, which is of great importance to the use of cells as feeder cells in in vitro fertilization in current studies.

§ Cumulus cell complexes: Granulosa cells: Porcine oviductal epithelial cells: Scanning electron microscopy

Adaction

puslian oviducral epithelial cells and granulosa cells
4n be isolated and cultured in culture medium,
§r cultures of these cells have been widely used for
| t-culture because they have a direct effect and
_bn which contribute to the success of fertilization
it et al, 1993, 1995; Vatzias and Hargen, 1999;
flal, 2001, 2003; Kidson et al., 2003; Lucidi et al,,
[ animals that produce several offspring at one time
ipigs or rodents, there are some secretions in the
elive tract of the animals and these secretions were
tacilitate better growth and development of embryos of
gies (Kitiyanant et al., 1993). Since the reproductive
of pigs are not used as human food, they are readily
£ and can be readily collected from slaughterhouses for

iponding author. Tel.: +66 3424 3429; fax: +66 3425 5820.
{nddress: Muijackee @yahoo.com (M. Areekijseree).

£5 — see front matter €) 2006 Elsevier Lid. All rights reserved.
|8fj.micron.2006.03.004

rescarch. Kitiyanant et al. (1993) reported on the use of porcine
oviductal epithelial cells (POEC) to support in vitro bovine
embryo development. Besides, there is also evidence that
porcine oviductal cells can support in vitro maturation in sow
oocytes and fertilization (Kidson et al., 2003).

Cumulus cells and GC are cells that are found surrounding
an oocyle and lining antral follicles. Both cells promote the
penetration of spermatozoa into the oocyte by inducing an
acrosome reaction via its expansion of the cell mass (Anderson
and Killian, 1994; Mattioli et al., 1998; Romar et al., 2001}
leading to a higher rate of in vitro fertilization (Romar et al.,
2001, 2003). In addition, these cells are very useful in the
determination of the toxic effects of the environment which
could be accumulative and lead to abnormal development of an
embryo. Moreover, it is ethically more acceptable.

To be able to make the best utilization of cumulus cells,
POEC and GC, attempts have been made have been made to
thoroughly study their characteristics. Unfortunately, basic
knowledge on the morphological aspects of these cells both in
vivo and in vitro is poorly characterized, including the

JMIC-947; No of Pages 10



s an pocyte and its cumulus complex during

cumulus maturation in vitro. Thus, the
bwoek were 1o establish the culture technique
ii5 oocyte complexes (COCs) and GC and to
ngical features of in vivo and in vitro POEC,
i scanning electron microscopy (SEM) and

ethods

padium, consisting of M 199 with Earle’s salts
¢ §t Louis MO) supplement with 10% heat-
lerum (HTFCS), 2.2 mg/ml. NaHCO, (Sigma
jis MO), | M Hepes (Sigma, St Louis MO),
e, 15 pg/ml. porcine follicle-stimulating

LH, 1 pg/mL estradiol with ethano! and
ycin sutfate. The culiure medium was
1°C, 5% CO,, 95% air atmosphere with high
h before use.

cand GC collecrion and preparation

Wil ovary collection

iels and ovaries of Large White pigs were
ocal slaughterhouses. They were removed
Uf slughter and transported to the faboratory
hermos containing a saline solution kept
°C. The saline solution consisted of 0.9%
ented with 100 IU/mL penicillin, 100 pg/

8 and 250 pg/ml. amphotericin B).

Wllection

gerimmed free from fat and connective tissues
fimes in a washing medium (TALP-HEPES
ik 10% HTFCS and 50 pg/mL gentamycin).
led into 2 groups. The first group of oviducts
ull pigces (2-3 mm) and prepared for SEM
L The second group was used for in vitro culture
), and oviducts were placed in sterile Petri
‘gently scraped with a sterile glass slide
ithmus to the ampula for extracting porcine
Belium mucosal cells from the lumen of oviduct.
ilos were iransferred to a 12 mL sterile conical
containing 10 mL of washing medium. They
1 limes and then resuspended in the culture
iitio of 1:50. Ten milliliters of the suspension
L2 6) mm Falcon culture dish and cultured at
L6, 95% air atmosphere and high humidity
ke POEC viability was determined by trypan
i v, final concentration) using an inverted

jid GC collection
iries of Large White pigs were trimmed free
e lissues and rinsed 3 times in washing
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mediom. The follicular contents of selected healthy follicles of
4-6 mm in diameter were aspiraled by a 5 ml disposable
syringe with an !8-gauge ncedle containing saline solution.
The follicular contents were poaled in stenife Petri dishes.
After sedimentation, COCs were recovered under a stereo-
microscope. They were allocated to different groups depend-
ing on the number of cumulus cells layers. The diameters of
COCs were measured. The COCs were washed 2 times with
the washing medium and separated into 2 groups. The first
group was studied under inverted microscopy and prepared for
SEM (in vivo group). The second group was cultured in small
drops 0. culture medium (100 L) at 37 °C with 5% CO,, 95%
air atmosphere and high humidity for 48 h. After incubation,
COCs were studied under inverted microscopy and prepared
for SEM (in vitro group). Meanwhile, GC in the follicular ftuid
were pooled in 12 mL conical tubes. They were washed 7
times with the washing medium and separated into 2 groups.
The first group of GC was studied under inverted microscopy
and prepared for SEM (in vivo group). The second group was
cultured in the culture medium at a ratio of 1:50. Ten milliliters
of GC suspension were placed in a 60 mm Falcen culture
dish and cultured at 37 °C with 5% CQOj;, 95% air atmaosphere
and high humidity for 48 h. Granulosa cells viability was
determined by trypan blue (0.4%, v/v, final concentration)
with an inverted microscope and GCs were prepared for SEM
(in vitro group).

2.3. POEC, GC and COCs preparation for SEM

All samples were pre-fixed in 2.5% glutaraldehyde in 0.1 M
phosphate-buffer at pH 7.2 for 2 h, rinsed in phosphate buffer
and post-fixed in 1% osmium ietroxide for 24 h. They were then
dehydrated in a graded series of ethanol (30%, 50%, 70% 80%,
90% and absolute ethanol} and dried in a critical point dryer
machine. They were then mounted on stubs with conductive
carbon tape, coated with gold particle at 20 nm thickness in an
ion sputtering, observed and examined under SEM (CamScan
Analytical, Maxim 20008} operating at 10-15 kV.

2.4. Satistical analysis

Mean and standard deviation of the means of each diameter
of COCs were calculated. Statistical analysis at 95%
significance level was determined using analysis of variance
(ANOVA), and mulliple comparisons were analyzed by
Student-Newman-Keunls (SNK).

3. Results
3.1 In vivo study

3.1.1. POEC observation

From SEM observation (Fig. 1A), the surface of porcine
oviductal epithelium contained two different cell types, ciliated
cells and non-ciliated cells. The ciliated cells appeared either in
groups or were found to be distributed among the non-ciliated
cells. As could be clearly seen in the micrograph, the cilia of the



et microvilli (SMY on the apical surface.

. raph of COCs showing round shape of oecytes surrounded with
{£P) and several fayers of cumulus cells (CC).

% consistently project themselves above the apex of
ated cells. At high magnification, non-ciliated cells
Iy seen as spherical shape cells with nurmerous short

| of cumulus cells and non-ciliated cetis.
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agraph of POEC (A}, showing numerous non-ciliated cells (NC) and ciliated cells (CC). Al high magnification (BY; non-ciliated cells of spherical

3.1.2. COCs observation

A total of 921 oocytes were isolated from 20 ovaries: an
average of 46 oocytes per ovary. Fig. 2 shows observation of the
COCs collected from the follicular fluid using inverted
microscopy. The oocytes were round in shape and ranged
beiween §9.16 and 144.68 wm in size. They were surrounded
by a zona pellucida and several layers of cumulus cells.

By using SEM, the surface appearance of both ococytes and
cumulus cells from COCs was observed. As can be seen in
Fig. 3A, oocytes and cumulus cells have distingt surface
appearance. Similar to what was observed in the cocytes, the
cumulus cells were round in shape and they contained no
microvilli on the surface membrane (Fig. 3A and B).

Based on the number of cumulus cell layers surrounding the
oocyte, these COCs were classified into 4 types as follows
(Fig. 4): Type I: Intact cumulus cells Jayer. The oocytes of this
type were at an early development stage. Several compact
layers of cumulus cells were seen on the surface of these
occytes and the cytoplasm of the oocytes was homogeneous
with a dark zone around the periphery. This complex type was
found in secondary follicles (Fig. 4A). Type 11: Multi cumulus
cell layer., The oocytes contained 2-3 incomplete layers of

6 JLm

icrographs of COCs collected from the follicular fluid (A); the cumulus cetts (CC) on surface of the oocyte (0). Athigh magnification (B: showing



I bocyte.

iFig. 4B). Type II: Partial cumulus cell layer.
¢ partially covered with some cumulus cells.
lls were loosely attached to the zona pellucida.
T was faint in color (Fig. 4C). Type IV:
muded oocyte. The oocytes were completely
mlus cells. These oocyles were located in the
The cytoplasm was pale in color (Fig. 4D).

sl that 33.12% of these COCs has completely
25, 28.88% were of the partial cumulus cell layer
e of multi cumulus celt layer and intact cumulus
s were found at only 18.13% and 19.87%,
'-- ble ]).

lameters of four types of COCs were measured
wiphs (n=30). It was found that, the mean
atict cumulus cell layer from the healthy antral
pnificantly different from those of multi cumulus

OCs based on number of cumulus cell layers surrounding the

No. of COCs Percentage (%)
layer 183 19.87
wll layer 167 18.13
2ll layer 266 28.88
ded oocyte 305 3312
921 100,00
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*
3opm B 30 um
oum D 30 pm

. of COCs collected from the follicular Avid (A); intact cumulus cell tayer; {B); mulii comulus cell Jayer; (C); partial cumulus cell layer; and (D);

cell layer, partial cumulus cell layer and completely denuded
oocyte (144.68 + 8.79 wm, 122.82 £ pm, 10620 £ 8.72 pm
and 89,16 & 5.69 wm, respectively) (Fig. 5).

3.1.3. GC observation
Simtlar to the COCs, GCs were located in the follicular fluid.
These cells did not have cilia and were present as either single

Diameter {m)

180
160 1

149 1 ]

120 1 [ : [

100 1

80 1
G0
40 4

20 -

0 +—
intact cumulus
cell layer

Denuded
pocyle

Multi cwmulus
cell layer

Partial cuniulus
cell layer

Fig. 5. Mean diameters of the isolated COCs from antral follicles. Different
letters above the bar denole statistically significant differences (P < 0.05).
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uplt of GC (A); and SEM microgragh of GC (B) showing round shape of the cluster GC. Al high magnification (C); showing the round shape of the

fliout microvilli.

\elusters. They were all round in shape and their sizes

I 6-8 um (Fig. 6).

ww studdy of wltrastructures of POEC, COCs and

verted microscopic observation of POEC and GC,
ultured in M199 with Earle’s salts supplement with
LS, 2.2 mg/ml. NaHCO,, 1M Hepes, 0.25 mM

15 pg/mL porcine follicle-stimulating hormione,
LM, 1 pg/mL estradiol with ethanol and 50 pg/mL
i, at 37 °C with 5% CO,, 95% air atmosphere and
fidity for 48 h, the viability of these cells was found to
114-95% (Table 2).

uf POEC and GC viability during culturing in the culture medium
m £ S.E. (n =3 replicates; replicates were different cell batches)

Percentage (%)

POEC GC

160.00 100.00
06.33 £ 1.25 96.33 £ 1.70
95.00 £ (.82 94.00 + 0.82

3.2.1. POEC observation
Similar to the observation in the in vivo study, after 24 h in

.culture, POEC were found in clusters (Fig. 7A) and contained

two different cells types. They were columnar ciliated cells
(Fig. 7A; arrows) and spherical non-ciliated cells (Fig. 7A; ina
circle}. Following longer in culture (48 h), the movement of
columnar ciliated cells (arrows) in isolation from each other
(Fig. 7B) and the isolated spherical non-ciliated cells were
clearly apparent (Fig. 7C).

3.2.2. COCs ohservation

Cumulus cells of COCs classified as Type I (intact cumulus
layer) and Type II {multi cumulus layer) were collected and
cultured in M 199 as described in Section 2. After culturing for
24 h, the cell complex was examined by SEM and compared
with the cells from the in vivo condition. The cumulus cells
from COCs Type I and Type II before culturing in the culture
medium appeared spherical in shape (Fig. 8A and C)
Interestingly, changes in the morphology of the complex
were observed after culturing for 24 h. In Type I COCs the
cumulus cell layer was peeling off from the cocyte (Fig. 8B},
but the cell shape was still round. Moreover, it was also found
that COCs Type II contained expanded cumulus cell shape,
while the cells remained intact on the surface of the oocytes
(Fig. 8D).
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20 pm

C \ 10 pm

Jy
is of POEC in culture medium for 24 h (A) showing colummar ciliated cells (arrow) and round shape non-ciliated cells (in circle); (B and C) POEC
for 48 h showing moving isolated columnar ciliated cells and spherical cells.

W additional 24 h culture of COCs in the culture
(I was observed that the round shape cumulus cells,
ih:d to the surface of the cocyte before (Fig. 9A),
fhemselves into a teardrop-like shape. They had a
end that clearly stuck into the oocyte (Fig. 9B).
ification, Fig. 10A and B illustrate formation of
ﬁmlls as a mesh-like structure with numerous
a8 covering the oocyte. Meanwhile, the elongated
'fliﬂl of COCs Type I were detached from the oocyle
fiz. 11A and B).

:“d:sen'a!ion

fliuring in the culture medium for 48 h, there was no
ghinge in morphology of the GC. Similar to those
fiihe tn vivo condition, the cells were still all round in
fout microvilli but the GC clusters were present as
gle cells or in smaller clustets (Fig. 12).

sion

ference in morphology and structure of POEC,
U GC under in vivo and in vitro conditions was
Wing SEM and inverted microscopy. It was found
W condition, POECs were composed of two types of
ipithelial cells, non-ciliated and ciliated cells. The
iy of the porcine epithelial cells was distinctly

different from bovine. In bovine, oviductal epithelial cells
form a “‘wormlike” structure (Xu et al,, 1992) while those in
pig were columnar ciliated cells and round the non-ciliated
cells.

Since oviduet is the site of fertilization, it is found to contain
more synthetic secretions (Murray, 1992) and a high number of
columnar ciliated cells corresponding to the transpoertation of
ovulated oocytes. Hole and Koos (1994) reported that,
numerous round non-ciliated cells with short microvilli located
in the apical surface also corresponded to the presence of
secretory substance for nutritional support of embryonic
development. A similar result was reported by Areekijseree
et al. (2005) who found that POEC underwent changes in both
the morphological features and the population of cell types
during the estrus cycle. At the follicular phase, POEC contained
a greater number of long ciliated cells than at the luteal phase.
The luteal phase, however, was filled up with numerous round
shaped non-ciliated cells having short microvilli on the apical
surface. Under in vitro condition, POEC showed moving
isolated colummnar ciliated cells and non-moving spherical cells
in the culture medium. The POEC were used in in vitro co-
culture to support cocytes maturation and to increase normal
fertilization, sperm capacitation and early embryonic devel-
opment (Kitiyanant et al., 1993; Park and Sirard, 1996; Vatzias
and Hargen, 1999, Romar et al., 2001, 2003). Nagai and Moor
(1990) also suggested that glycoproteins secreted from non-
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cropraphs of COCs showing (A and C) Type I and Fype 11 before euliire. Cumulus eells were peel off (B); or expanded (D) after culture in culture

h

wituctal epithelial cells could bind to the porcine around the cocytes; intact cumulus cell layer, multi cumulus

pe and reduce the incidence of polyspermy. cell layer, partial camulus cell layer and completely denuded

iy exhibited that antral porcine follicular aspiration oocyle at the percentage composition of 19.87%. 18.13%,
the collection of a high number of oocytes 28.88% and 33.12%, respectively. The diameiers of the 4 types

d with cumolus cells. The overall recovery rate was of COCs were 89-145 pm.

s per ovary. The COCs were characterized into 4 types Mori et al. (2000) found that COCs Type I (intact cumulus

ligir accumutation and arrangement of cumulus cells cell layer) and Type IT (multi-cumulus cell layer) had a higher

M micrographs (A: cumulius cells of COCs Type I showing round shape attached to the cocyle surfuce (cumulus cells: CC, oocyte: O). Cumulus cells of
21 after colturing for 48 h showing; (B); the conical end (arrows) pointed towards the oocyte sutface.
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angraphs uf cumulus cells (A and B) showing round shape of cumuius cells having mesh-like structure with nemerous fenestrations on the surface.

Come mature oocytes invitro. These types of COCs
fully cultured in the culture medivm supplemented
stimulating hormone (FSH) and leutinizing
M using cell samples from rat (Magnusson, 1980),
ller and Moor, 1984), bovine and swamp buffalo
il 1989, 1995). Similarly, we cultured the COCs
pe 11 in M 199 supplemented with 109% HTFCS,
NaHCO,;, 1M Hepes (Sigma, St Louis MO),
Wiuvate, 15 pg/ml. porcine follicle-stimulating
zfmL LH, | pg/mL estradiol with ethanol and
imycin sulfate. The SEM study indicated that,
1i0f COCs Type 1 were peeled off and changed from
o a tear-drop like structure. Meanwhile, COCs
al signs of expansion such as elongation of cumulus
wlure for 24 h. It indicated that, the oocyte became
o pulturing in the culture medium. After longer
% Type T showed the elongation of cumulus cells
¢ detached from the oocyte.

y, the antral follicles have two types af follicular
icilled cumulus cells, which are adjacent to the
1hie GC lining in the antral follicles. Both cells have

wlvns. The GC were reported to secrete estradiol into
Wir fluid. Tt is known to function in transmilling tow

molecular weight substances, i.e., ion nucleotides and amino
acids to oocytes in the young non-reproductive females. These
substances are named oocyte maturation inhibitor (OMI) or
meiosis arresting factor which arrests cocyte development at the
diplotene stage of prophase I, leading to preventing the primary
oocytes from progressing to the secondary oocytes (Eppig, 1993;
Whitaker, 1996; Li et al,, 2000). The cumulus cells play an
important role in transmitting and/or modulating the inhibitory
activity of the GC on cocytes maturation (Richard and Sirard,
1996). When the COCs were isolated from the antral follicles,
ihis may separate the cumulus cells from the GC. Thus the COCs
were cultured in the absence of the GC thereby releasing the
suppression of maturation oocyles. As a result, peeling off or
expansion of the cumulus cells from the oocytes occurred to
allow oocyte maturation after culture for 24 h. Hinrichs (1997)
also reported a similar observation in equine cocytes. In vitro
maturation of horse oocytes showed a high proportion of cocytes
with COCs Type I and Type 1T in the maturation mediom. Qur
investigation demonstrated that the porcine ovary had around 40
percent of COCs Type 1 and Type 11 with the diameter ranging
from 120 to 145 pm. Consequently, the morphology and
diameters of Type I and Type II could be used as criteria for
selection of oocytes for in vitro embryo production.

1. SEM micrographs of detachable cumulus cells surface showing (A and B) elongation of the end point of cumulus cells (arrows).



ithout microvilli.

See-floating GC in the follicular fluid were round in
M were found as clusters. After culturing in in vitro
bz 48 h, no change in the morphology was observed.
ound in smaller clusters or as single cells. However,
GC clusters secreted the substance for oocyte
fato the culture medium (Richard and Sirard, 1996).
icells and GC conditioned medium could be used as
for in vitro fenilization. Their biochemical
ums and secretion are being further investigated to
Best use of them.

wlssion, SEM and inverted microscopy are excellent
¢ determination of morphological changes in the in
Lin vitro study of POEC, COCs and GC. This
i is important Lo the furture study of their secretions
smical compositions. The results could allow us more
on the use of these cells for mammalian in vitro
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Morphological Features of Porcine Oviductal Epithelial Cells
and Cumulus-Oocyte Complex

Mayuva Areekijseree! Amara Thongpan? and Renu Vejaratpimol !

ABSTRACT

Porcine oviductal epithelial cells (POEC) and cumulus-oocyte complexes (COCs) were observed
using inverted microsco'py and scanning electron microscopy. At follicular phase,. POEC contained a
greal number of long ciliated cells whereas thase at luteal phase consisted mostly of round shaped non-
ciliated cells with short microvilli on the apical surface. This change in morphelogical fedtures of POEC
seemed to serve well on their functions as ococyte transporters at follicular phase. As for COCs, théy were
morphologically classified into 4 types based on the accumulation and arrangement of cumulus cells
around the oocytes. These were intact curnulus cell kayer, single cumulus cell layer, partial curmulus cell
layer and corﬁpletely denuded oacytes at the percentages of composition of 19.87%, 18.13 %, 28.88 %
and 33.12 %, respecuvely. Cumulus cells attached on the surface of oocytes were teardrop-like shape
having the conical ends pointed towards the occytes membrane surface while free-floating cumulus cells i
in the follicular fluid and those at the outer layers were round in shape. These POEC and COCs were high
potential feeder cells and could be further cuttired for in vitro fertilization use.
Key words: cumulus-oocyte camplexes, m'brphology, porcine oviductal epithelial cells

’ " INTRODUCTION

Cellsin the mammalian female reproductive
system. i.e., oviducial epithelial cells and cumulus
cells have direct effect and interactions which
contribute to the success of fertilization. They are,
therefore. high potential cellular marterials to be
used as cultured feeder-cells for gamete
development and in vitro fertilization (White ef
al., 1989; Naga: and Moor, 1990; Kitiyanant er al..
{989, 1993, 1995; Park and Sirard, 1996, Vatzias
and Hargen, 1999; Romar er al., 2001, 2003).
Since the reproductive organs of pig are not used
as human food, they are readily available and can
be collected from the slaughter house for research

' Depantment of Binlogy. Eaculty of Science, Silpakorn University, Nukorn I |=Imn:1"71()()f! Tharilamd
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work. Kitiyanat er al. (1993} reported the use 0 i
porcine oviductal cells to support in vitro bov'_fﬁ-:
embryo development. It is also known that [hi:'iif‘
are some materials in the reproductive tracl 0
animalsthal produce several offspring at one tim:
i.e., pig, rodents, could better facilitate the gros
and development of embryo in other types:
animal in culture. These cells not only help i

sperm capacitation and acrosome reaction but alst

assist the penetration of cocytes and hence. iy
hagher percentage of in vitro Femlumlmn(Whlm :

. 1989: Anderson and Killian, 1994 Hylt
al.. 1997 Pusk and.Sirard, 1996 Romar ¢/
2003.2002). [n addition. these ceflsare VL"Y”"Ct :

in determining lhe toxic effect of uwnunmi
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| which could be accumulated and lead to the
b abnormal development of the embryo. The results
¢ lthese effects couid beclearly seen andevaluated

thanusing the esperimental animals and therelore,

* cthically acceptable.

To be able 1o make the best use of these

~ cells, attempls are made to thoroughly study the

:haracteristics of them. Unfortunately, basic
knowledge on their morphological aspects of these
cells are still unknown. This work was aimsed Lo
discern the morphological features of porcine
oviduetal epithelial cells during the estrous cycle
iveried microscopy and scanning electron
microscopy (SEM).

MATERIALS AND METHODS

POEC and COCs collection and preparation
Oviducts and ovaries of Large While pigs

were obtained from slaughter house at Nakom

Pathom Province. They were removed within 30

minutes afterbeing slaughtered and ransported 1o

the laboratory within | hourina thermos containing
0.9% normal saline.

< The oviduct lrom follicular phases {estrous
cycle, day 15)and luteal phases (estrous cycle, day
[-2) were trimmed free [rom fat and conneclive
tissues and rinsed 3 times in 0.1 M phosphate
buffer (pH 7.2). They were cut in small size (2-}
mim) and prepared for SEM observation.

For COCs collection, selected healthy
follicles of 2-6 mim in diameter were aspirated
using a 5 ml disposable syringe with {8-gauge
needle containing 0.9% normal saline and placed
in petri dishes. Follicular content was observed
under astereomicroscope and COCs were collected
using a pipelte of narrow pore size (200 um). After
aspiration, COCs were washed 3 times in TALP-
HEPES supplemented with 10% heat treated letal
call serum (HTFCS) and 50 mg/ml sentamycin,
then observed under an inverted microscope and

prepared for SEM observation.

Kasetsart J. (Nac, Sci) 39¢1)

of cumulus oocytes complex using .
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Preparation for scanning electron microscopy

Samples were pre-fixed in 2.5%
glutaraldehyde in 0.1 M phosphate-bulfer (pH
7.2yfor2hand posl-ﬂ;(ed 10 1 % osmium telroxide
in the same buffer for 24 h.  They werc then
dehydrated in a graded series of ethanol (30, 50,
70, 80, 90% and absolute ethanol) and dried in a
critical point dryer machine (CPD). Al samples
were mounted on stubs with conductive carbon
tape, coated with gold particle at 20 nm thick in an
ion sputtering, observed and examined under SEM
{CamScan Analytical, Maxim 20008) operating at
10 kV.

RESULTS

Ultrastructures of POEC

SEM of porcine ampullary oviduct (PAO)
showed two different celis types, ciliated and non-
ciliated cells. The porcine ampullary oviducial
epithelium at the follicular phase contained
numerous ciliated cells and some non-cilialed
cells. The cilia consistently projected themselves
above the apex of the non-ciliated cells (Figure
tA, Band C}. Athigh magniﬁcalioh. non-ciliated
cells were clearly seen as spherical shape cells
with numerous short microvilli (Figure 1D).

Atluteal phase, the number of ciliated cells
decreased while non-ciliated ceils increased (Figure
2A). At high magnification, the apical surfaces of
the non-ciliated cells were round in shape wilh
numerous small microvilli ‘(Figure 2B).

Ultrastructures of COCs

From twenty collected ovarics, 92 1 oocyles
were isolated resulting in the average of 46 pocyles
per ovary. Inverled microscopic observation of
COCs showed the oocyles from follicutar Muid
were round in shape and 1202745 pm insize. They
were surrounded with zona pelfucida and severad
layers of cumulus cells (Figure YA, C). The SEM
gave distinct surlace appearaaces ol both vocytes
and cumulus celfs (Figlre I8, D, FH) Cumulus
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Figure | Scanning electron micrographs of POEC at follicular phase. i A, B 1showing numerous ciliated

cells (CCYand non-ciliated cells (INC)Y. Athigh magnilication (C.0D) showing non-ciliated cells

(NCy ol spherical shape having short microvilli (SM) on the upical surfaces,

Figure 2 Scanning clectron microvcraphs of POLC w0 Jutcal phuse shasoe () numierous pon-cilisied
U E Liv] E
cells INC s number ot ailiated cell e CO Athigh magnihea ot B show e round shape
noa-cHated cols ENCTwith short pncres i e SN ae e apical <o lace.
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cells were aiso round in shape and contained no
microvilli on the surface membrane. Based on the
surrouncded cumulus cells of the ooeytes, COCs
were classified into 4 types as follows:-

Types I- Intact cumulus cells layer- The
oocytes were at early development stage having
several compact layers of cumuliuscell. They were
found at secondary follicle part (Figure 3 A,B).

Types [I-Singlecumulus cell layer- Oocytes
were found with one or incomplete two layers of
cumulus cell (Figure 3 C.D).

Type III- Partial cumulus cell layer-Oocytes
were partially covered with some cumulus cells,
The cumulus cells were loosely atiached to the
zonapellucida. Cytoplasm became fainted incoler
(Figure 3 E,F). .

Type [V- Completely deauded cocyte -
Oocytes were completely free from cumulus cells.
These oocyles were from follicle atresia. Cytoptasm
was pale in color (Figure 3 G, H).

[t was found that 33.12% of these COCs
was completely denuded oocyle, 28.88% was
partial cumulus cell layer type while those of
single cumulus cell fayer and intact cumulus cell
layer (ypes were found atonly- 19.87% and 18.13
%, respectively (Table 1),

Cumulus cells attached o the oocyte surface
were not round in shape like those in the follicular
fluid but conformed to a teardrop-like structure
having the conical end pointed tewards the oocfle
surface membrane (Figurc 4). The remaining
cumulus cells were all round in shape and could be
foundasasinglecell orasamonolayersurrounding

the vecyle (Fiaure 5).
" DISCUSSION

Two (ypes of mammalian oviductal
epithelial cell, i, e., non-cilialed and ciliated cell,
were present in porcine ampullary oviduct (PAO}
al both follicular and luteal phases. Ciliated cells
in ampulla, however, were found al increased

nuither ab the Fellivelar phuse thas we the luteal

I'39

phase. This finding agreed with thal ol bovine
oviductal epithelial cells as reporied by
Songthaveesin (1998). Although the aliernation of
popuiation of two types of cell in both phases were
similar in these two differenl species, the
morphology of the epithelial cells were distinctly
different. [n bovine, oviductal epithelial cells form
a “wormlike™ structure (Xu ef al., 1992) while
those in porcine were small and round ja shape.
Since ampullary oviduct was the site of
fertilization, it was found to contain more synthetic
secrétion than the whele oviduct (Murray, 1992).
In the ampullary oviduct at follicular phase. the
high number of ciliated cells corresponded (o the
transporting of ovulated oocytes. Atluteal phase.
nurnerous non-ciliated cells with short microvilli
at the apical surface also corresponded 1o the
secretory substance for nutritional supporl of
embryonicdevelopment(Hole and Koos, 1994}, [1
has been suggested that the cycle of long ciliated
and non-cibiated cells population as seen in the
mammalian oviduct depends on the levels of
circulating estrogen and progesterone {Verhanyy
and Jaffe, 1986). Futhermore, POEC are used as
co-culture in vitre 10 SUPPOrt COCYLes maluration
and increase normal fertitization, sperm

capacitation and early embryonic development

{White er al, 1989, Nagai and Moor. 1990;
Kitiyanant er al., 1993; Park and Sirard, 1994:
Vatzias and Hargen, 1999, Romar er of., 2001,

2003). Nagat and Moor {1990) also suggesied that

glycoproteins secreled from non-ciliated ovidueial

“epithelial cetls could bind to the porcine

spermalozoa and reduce the incidence ol
polyspermy. Further studies should be carried out
welucidate the characterization of prowin synthesis
from non-ciliated POEC during luieal phasc.
COCs were collcclliycly characterizued into
4 Lypes based on their accumulation und
arrangement ol cumulus cells around the oocyies
The co-existences ol these 4 1ypes of COC were
found in alf follicular fTaid samples coflectud . even

from the similar Follicle sizes, Howesor, these 4
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Figure 3 Micrographs and scining clectron micregrphs o COCs. (A B mtactcumules cell biyei €
Iy single cumulus cell tayer, (1217 partind comslus coll Gver, CGLTT conpleiely demided
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Table I Classification of COC« baxed on the types of cumulus cells surrounding vocyle.

Types

No. of COCs i

Intact cumulus cell layer
Single cumulus cell layer
Partial cumulus cell layer
Completely denuded cocyte

Total

183 Y87
i67 %13
266 I8N
305 EAR
921 : 10000

Figure 4 Scanningelectron micrographs of COCs, {A) teardrop-like structure of cumulus cells anached

1o the cocytes surface (cumuius cells: C. zona pellucida: Z, oacytes -O). (B) ~howing the

conical end {arrow) pointed towards the cocyle membrane.

typesof COC could be selectivelyused for different
experimental purposes. The partial cuimulus cell
luyer type and the completely denuded cocyte are
considered more mature in their nateral stage of
development and ready for sperm penetration. As
for culturing voucyte cells to reach the maturagon,
Maort er af. (20003 found that intact cumulus cell
layer type and single cumulus cell layer Lype had
higherpotential o become matured cocytes, Theve
types ol COC were successlully cultured in the
artificial mediuny supplemented with folheular
stimulating honnone (FSH)Y and lentnizing
hormune (LH) asing cell sanples Trom ral
(Magnusson, T9ROY shicep { Staigmiller and Moo,
1984). bovine and swamp bullalo (Kinyanant e
af.. 1989, 1995).

Cumulus cells are known to runsmit fow
molecular weight substances. i.e.. ion nucleotides
and amino acids 1o vocytes In lhe younyg non-
reproduective females {Dekel and Beers. 1980)
These substances are collectively called oneytes
maturation inhibiting lacior tor meiosis areesling
fuctor) which arrest the oocy e developaient al The
diplotens stage of prophase | therchy preventing
the primary cocyles from progressing o serondiary
vocytes (Eppia. 19930 Purther study an these
malecular seoretion rom cuimadus cells and the
oviduactal epithelial cellstn calture coudd render us

muore information on the use ol these celis Toe

Ferithization control,
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Figure 5 Micrographs (A.C) and scanning electron micrographs (B.D) showing the round shape
cumulus cells in follicular fluid {free-floating cumulus). :

CONCLUSION

These findings indicated that POEC
changed both the morphological features and the
population of ceil types during the estrus cycle. At
follicular phase. POEC contained the greater
number of tong ciliated cells than at luteal phase.
The luteal phase. however, was filled up with
numerous round shaped non-ciliated cells having
short microvilii on the apical suiface.

COCs could be collected from the untral
fallicle of porcine. They were classified uccording
tothe surrounding cumulus cells into 4 types. e .
intact cumulus cell layer, single cumulus cell
layer, partial cumuius cell layer, und completely
denuded oocytes at the pereentage compusition of
1987 1813, 28 88and 33.12% respectively, The
st two types of COC cauld be further develuped

tvto matured eges in culture while the st twe

types were 100 advarited in their developmenial
stages and became deteriorated in culture. The
first layer of cumulus cells artached to the oocyte
membrane were teardrop-like in shape having the
conical ends pointed towards the surface membrane
while free-floating cumulus cells in the follicular
fluid were round in shape and were found both as
singlecellor forming amonolayer. These cumulus
cells could be used as feeder cells for in vizie
fertilication. Their biechemical compesitions iind
secretion are being further investigated for the best

use of them.
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Porcine oviductal epithelial cells and cumulus-oocyte
complex observance

Mayuva Areckijserce,” Amara Thongpan ® and Renu Vejaratpimol *

* Department of Biology, Faculty of Science, Silpakorn University, Nakorn Pathom 73000, Thailand
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Abstract-Porcine oviductal epithelial cells (POEC) and cumulus-oocyte complexes
(COCs) were observed using light microscopy and scanning electron microscopy. At
follicular phase, POEC contained a great number of high ciliated cells whereas those at luteal
phase consisted mostly of round shaped non-ciliated cells with short microvilli on the apical
surface. This change in morphological features of POEC seemed to serve well on their
functions as oocyte transporters at follicular phase. As for COCs, they were morphologically
classified into four types based on the accumulation and arrangement of cumulus cells around
the oocytes. These were intact cumulus cell layer, single cumulus cell layer, partial cumulus
cell layer and completely denuded oocytes at the percentage composition of 19.87%, 18.13%,
28.88%: and 33.12%, respectively. Cumulus cells attached on the surface of oocytes were
teardrop-like shape having the conical ends pointed towards the oocytes membrane surface
while free-floating cumulus in the follicular fluid and those at the outer layers were round in
shape. These POEC and COCs are high potential feeder cells and could be further cultured for
in vitro fertilization use.

Keywords-Cumulus-oocyte complexes, Morphology, Porcine oviductal epithelial cells
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Abstract

Porcine oviductal epithelial cells (POEC) and cumulus-oocyte complexes (COCs)
were observed using light microscopy and scanning electron microscopy. At follicular
phase, POEC contained a great number of high ciliated cells whereas those at luteal
phase consisted mostly of round shaped non-ciliated cells with short microvilli on the -
apical surface. This change in morphological features of POEC seemed to serve well
on their functions as oocyte transporters at follicular phase. As for COCs, they were
morphologically classified into four types based on the accumulation and arrangement
of cumulus cells around the oocytes. These were intact cumulus cell layer, single
cumulus cell layer, partial cumulus cell layer and completely denuded oocytes at the
percentage composition of 19.87%, 18.13%, 28.88% and 33.12%, respectively.
Cumulus cells attached on the surface of oocytes were teardrop-like shape having the
conical ends pointed towards the oocytes membrane surface while free-floating
cumulus in the follicular fluid and those at the outer layers were round in shape. These
POEC and COCs are high potential feeder cells and could be further cultured for in
vitro fertilization use.

Key words
Cumulus-oocyte complexes, Light microscopy, Morphological, Porcine oviductal

epithelial cells, Scanning electron microscopy

Background

Cells in the mammalian female reproductive system, i.e., oviductal epithelial cells and
cumulus cells have direct effect and interactions which contribute to the success of
fertilization. They are, therefore, high potential cellular matérials to be used as
cultured feeder-cells for gamete development and in vitro fertilization [1-9]. Since the
reproductive organs of pig are not used as human food, they are readily available and
can be collected from the slaughter house for research work. Kitiyanat et af. [4]
reported on the use of porcine oviductal cells to support in vitro bovine embryo
development. It is also known that there are some materials in the reproductive tract
of animals that produce several offspring at one time, i.e., pig, rodents, could better
facilitate the growth and development of embryo in other types of animal in culture.
These cells not only help the sperm capacitation and acrosome reaction but also assist
the penetration of oocytes and hence, gave higher percentage of in vitro fertilization
[I, 6, 8-11}. In addition, these cells are very useful in determining the toxic effect of
environment which could be accumulated and lead to the abnormal development of
the embryo. The resulits of these effects could be clearly seen and evaluated than using
the experimental animals and therefore, ethically acceptable.

127



22 MST Annual Conference Journal of Microscopy Society of Thailand 2005, 19(1): 127-135

To be able to make the best use of these cells, attempts are made to thoroughly study
the characteristics of them. Unfortunately, basic knowledge on their morphological
aspects of these cells are still unknown in pigs. This work aims to discern the
morphological features of porcine oviductal epithelial cells (POEC) during the estrous
cycle and those of cumulus-oocyte complexes (COCs) using light microscopy (LM)
and scanning electron microscopy (SEM).

Materials and Methods

POEC and COCs collection and preparation

Twenty oviducts and twenty ovaries of Large white pigs were obtained from
slaughterhouse at Nakorn Pathom Province. They were removed within 30 min after
being slaughtered and transported to the laboratory within 1 h in a thermos containing
0.9% normal saline.

The ampullar part of oviduct from follicular phases (estrous cycle, day 15) and luteal
phases (estrous cycle, day 1-2) were trimmed free from fat and connective tissues and
rinsed 3 times in 0.1 M phosphate buffer (pH 7.2). They were cut in small size (2-3
mm) and prepared for SEM observation.

For COCs collection, selected healthy follicles of 2-6 mm in diameter were aspirated
using a 5 mi disposable syringe with 18-gauge needle containing 0.9% normal saline
and placed in petri dishes. Follicular content was observed under a stereomicroscope
and COCs were collected using a pipette of narrow pore size (200 pm). After
aspiration, COCs were washed 3 times in TALP-HEPES supplemented with 10% heat
treated fetal calf serum and 50 mg/ml gentamycin, then observed under an inverted
microscope and prepared for SEM observation.

Preparation for scanning electron microscopy

Samples were pre-fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer for 2 h and
post-fixed in 1% osmium tetroxide in the same buffer for 24 h. They were then
dehydrated in a graded series of ethanol (30%, 50%, 70% 80%, 90% and absolute
ethanol) and dried in a critical point dryer machine. All samples were mounted on
stubs with conductive carbon tape, coated with gold particles at 20 nm thick in an ion
sputtering and examined under SEM (CamScan Analytical, Maxim 2000S) operating
at 10 kV.

Results

Ultrastructures of POEC

SEM observation of the porcine ampullary oviduct showed two different cells types,
ciliated and non-ciliated cells. The porcine ampullary oviductal epithelium at the
follicular phase contained numerous ciliated cells. The cilia consistently projected
themselves above the apex of the non-ciliated cells (Figure 1A-C). At high
magnification, non-ciliated cells were clearly seen as spherical shape cells with
numerous short microvilli (Figure 1C and D},

At luteal phase, the number of ciliated cells were decreased while non-ciliated cells

were increased (Figure 2A). At high magnification, the apical surfaces of the non-
ciliated cells were round in shape with numerous small microvilli (Figure 2B).
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Figure 1. SEM micrographs of the POEC at follicular phase showed (A-B) numerous
ciliated cells (CC). An enlargement of (C-D) non-ciliated cells (NC} of
spherical shape having short microvilli (SM) on the apical surfaces.

Figure 2. SEM micrographs of the POEC at luteal phase showed (A) numerous non-
ciliated cells (NC) and small number of ciliated cells (CC). An enlargement
of round shape showed (B) non-ciliated cells (NC) with short microvilli
(SM) at the apical surfaces.
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Ultrastructures of COCs

From twenty collected ovaries, 921 oocytes were isolated resulting in the average of
46 oocytes per ovary. LM observation of COCs showed the oocytes from follicular
fluid were round in shape and 120-130 um in size. They were surrounded with zona
pelucida and several layers of cumulus cells (Figure 3A, C). SEM demonstrated
distinct surface appearances of both oocytes and cumulus cells (Figure 3B, D, F, H).
Cumulus cells were also round in shape and contained no microvilli on the surface
membrane. Based on the surrounded cumulus cells of the oocytes, COCs were

classified into four types as follows:-

Type I- Intact cumulus cell layer. The oocytes were at early development stage having
several compact layers of cumulus cells. They were found at secondary follicle part

. (Figure 3A-B).

Type II- Single cumulus cell layer. The oocytes were found with one or incomplete
two layers of cumulus celis (Figure 3C-D).

Type III- Partial cumulus cell layer. The oocytes were partially covered with some
cumulus cells. The cumulus cells were loosly attached to the zona pelucida. The
cytoplasmic appearance of these cells was faint (Figure 3E-F).

Type IV- Completely denuded oocyte. The oocytes were completely free from
cumulus cells. These oocytes were from follicle atresia. The cytoplasmic appearance
of these cells was pale (Figure 3 G-H). '

It was found that 33.12% of these COCs was completely denuded oocyte, 28.88% was
partial cumulus cell layer type while those of intact cumulus cell layer types and
single cumulus cell layer were found at only 19.87% and 18.13%, respectively (Table

).

Table 1. Classification of COCs based on the types of cumulus cells surrounding

oocyte.
Types No. of COCs (%)
Intact cumulus cell layer 183 19.87
Single cumulus cell layer 167 18.13
Partial cumulus cell layer 266 28.88
Completely denuded oocyte 305 33.12
Total 921 100.00

Cumulus cells attached to the oocyte surface were not round in shape like those in the
follicular fluid but conformed to a teardrop-like structure having the conical end
pointed towards the oocyte surface membrane (Figure 4). The remaining cumulus
cells were all round in shape and could be found as a single cell or as a monolayer
surrounding the oocyte (Figure 5).
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Figure 3. LM and SEM micrographs of COCs showed (A-B) mtact cumulus cell
layer, (C-D) single cumulus celi layer, (E-F) partial cumulus cell layer,
(G-H) completely denuded oocyte.
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, Figure 4. SEM micrographs of COCs showed (A) teardrop-like structure of cumulus

cells attached to the oocytes surface (cumulus cells: C, zona pellucida: Z,

oocytes :0), (B) the conical end (arrows) pointed towards the oocyte
membrane.

Figure 5. LM (A-C) and SEM micrographs (B-D)) showed the round shape cumulus
cells in follicular fluid (free-floating cumulus).
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Discussion

Two types of mammalian oviductal epithelial cells, i. e., ciliated cell and non-ciliated,
were present in porcine ampullary oviduct at both follicular and luteal phases. Ciliated
cells in ampulla, however, were found at increased number at the follicular phase than
at the luteal phase. This finding agreed with that of bovine oviductal epithelial cells as
reported by Songthaveesin [12]. Although the alternation of population of two cell
types in both phases were similar in these two different species, the morphology of
the epithelial cells were distinctly different. In bovine, oviductal epithelial cells form a
“wormlike” structure [13] while those in pig were small and round in shape.

Since ampullary oviduct is the fertilizdtion area, it was found to contain more
synthetic secretion than the whole oviduct [14]. In the ampu]]ary oviduct at follicular
phase, the high number of ciliated cells c'orresponded to the transporting of ovulated
oocytes. At luteal phase, numerous non-ciliated cells in the small spheres with short
microvilli at the apical surfaces correspoﬁdcd to the secretory substance for nutritional
support of embryonic development as also seen by Hole and Koos [15] It has been
suggested that the cycle of high ciliated and non-ciliated cells population as seen in
the mammalian oviduct depends on the levels of c1rculat1ng estrogen and
progesterone [16]. Furthermore, POEC were used as co-culture in vitro to support
oocytes maturation and increase normal fertilization, sperm preparatlon and early
embryonic development [1-9]. Nagai and Moor [2] also suggested that glycoproteins
secreted from non-ciliated oviductal epithelial cells could bind to the porcine
spermatozoa and reduce the incidence of polyspermy. Further studies should be
carried out to elucidate the characterization of protein synthesis from non-ciliated
POEC during luteal phase.

COCs were collectively characterized intb four types base on their accumulation and
arrangement of cumulus cells around the pocytes. The consistent mixing of these four
types of COCs were found in all follicle fluid samples collected, even from the similar
follicle sizes. However, these four types of COCs could be selectively used for
different experimental purposes. The partlal cumulus cell layer type and the
completely denuded oocyte are considered more mature in their natural stage of
development and ready for sperm penetrétlon As for culturing oocyte cells to reach
the maturation, Moni et al. [17] found that intact cumulus cel] layer type and single
cumulus cell layer type had higher potf‘;_ﬁtial to become matured oocytes. These types
of COCs were successfully cultured ii} the artificial medium supplemented with
follicular stimulating hormone and leutinizing hormone using cell samples from rat
[18], sheep [19], bovine and swamp buffalo [3,5].

Cumullus cells are known to transmit ]ow molecular weight substances, i.e., ion
nucleotides and amino acids to oocytes m the young non-reproductive females [19]
These substances are called oocyte maturation inhibiting factor (or meiosis arresting
factor) which arrest the oocyte development at the diplotene stage of prophase I,
thereby preventing the primary oocytes from progressing to secondary oocytes [20].
Further study on these molecular secretlons from cumulus cells and the oviductal
epithelial cells in culture could render us more information on the use of these cells
for fertilization control.

1313



22" MST Annual Conference Journal of Microscopy Society of Thailand 2005, 19(i). 127-135

Conclusions
Our findings indicated that POEC changed both the morphological features and the
population of cell types during the estrous cycle. At follicular phase, POEC contained
the greater number of high ciliated cells than at luteal phase. The luteal phase,
however, was filled up with numerous round shaped non-ciliated cells having short
microvilli on the apical surfaces. COCs could be collected from the antral follicle of
pig. They were classified according to the surrounding cumulus cells into four types,
i.e., intact cumulus cell layer, single cumulus cell layer, partial cumulus cell layer, and
completely denuded oocytes at the percentage composition of 19.87%, 18.13%,
28.88%, and 33.12%, respectively. The first two types of COCs could be further
developed into mature eggs in culture while the last two types were too advanced in
their developmental stages and became deteriorated in culture. The first layer of
. cumulus cells attached to the oocyte membrane were teardrop-like in shape having the
conical ends pointed towards the surface membrane while free-floating cumulus cells
in the follicular fluid were round in shape and were found both as single cell or
forming a monolayer. These cumulus cells could be used as feeder cells for in vitro

fertilization.
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