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ABSTRACT

The objective of this study was to evaluate the development of porcine follicular oocytes fertilized
by intracytoplasmic sperm injection (ICSI). Cumulus-oocyte-complexes (COCs) were collected by
aspiration from follicles of 2~7 mm in diameter from a local slaughterhouse. Oocytes were matured
in vitro for 40~44 h, and spermatozoa were prepared by swim-up in the presence or absence of 5 mM
dithiothreitol (DTT) and then M stages of the oocyte were either centrifuged or not centrifuged for
the following injection of ooplasm. Injected oocytes were cultured in NCSU 23 medium for 6 to 8 days.
The results obtained were as follows:

1. The rates of cleavage and development rates into blastocyst by ICSI were not significantly different
between the with (53.0% and 19.7%) or without (48.3% and 23.8%) centrifugation, respectively
(P<0.05).

2. The cleavage and developmental rates to blastocyst after ICSI with or without 5 mM DTT
treated-sperm were not significantly different (60.4% vs 16.4% and 48.5% vs 22.2%), respectively
(P<0.05).

3. The cleavage and the developmental rates to blastocyst were not significantly different between the
zygotes obtained by IVF (51.8% vs: 22.4%) and ICSI (51.4% vs. 21.6%) (P<0.05).

4, The number of blastomere in blastocyst stages after IVF or ICSI was not significantly different (46.7
+2.9 and 41.9+4.6).
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I.M B

7t5%E TS A8 FEO Ao MxA A
A5 9] ¥ (Intracytoplasmic sperm injection, ICSI)l]
o1&k kA AR 98 A3 7} rabbit(Hosoi %,
1988), murine(Kimura$} Yanagimachi, 1995; Perry
5, 1999), ovine(Catt 5, 1996), equine(Grondahl
=, 1997), bovine(Hamano %5, 1999) 2 monkey
(Chan &, 2000) SolA &d3tA = o
v, HZo AN ARds EAE ol &8t Al
EAW AAFAHA A3 Hx A A4S B
128 tH(Martin, 2000).

Y, dEEE 18T AREW AAFAN
o Qo4 vertE BAE F shie fAF
slod ALEE AYNE GEIAL GIAE AA
FAE ALGRA EAsE AR Zo| FHY
ARe) 79 ARE 3 FAL Pk
Holth. wetA o) & A7) st dETS 4
AggAle Wil Y JISedA EiHAG
(Wall 5, 1985; Nagashima 5, 1994; Tatham %
1995, 1996; Kim %, 1998; Rho %, 1998). o]#{ &t
AME E]“ AR ET FEA L7 AAE dE S

F2 A7 ICSIel Slojxe] HEE ER
%% Bok ohvet F8 YA AFE &
ted A8AAE =Y F UL, FYA AHE
gee] dEx T Ide Hast & 5 3
Eok oz, Z7M 29 wEgo] YoM E &
aFE JehiA dedil B8 HHKim
£, 1998; Rho &, 1998; Martin, 2000).

w3 ICSIZ &}7] Ad A AXRE 5 mM
DTTY) Aestd FANEE #7188 s AEd
ol F9& st AR FAN &) Foldnx
B 7319 H(Perreault 5, 1988; Rho 5, 1998). &
% THEE9) G4l DITE Asthe of Y2
Ao FHF =3 RS e
2 wizls Jepddy g oiCalvin £, 1971; Ol-
son %, 1976; 1997; Rho 5 1998). ©]& 3 DTTA
2 F Yo BAWHE AN FHH 7
FRETH TR HE gl E JTT v

A

S e o O a% mlo
rsL' i r\r ‘?L 1 r*°

o ¢

8} tH(Martin, 2000).

Hetd £ @7l H ICSIe] 9% A A 9%
Bge] QAEES FolTA, ICSI) A= 3
A 4G dESY QAR 9 A A
Aol FYshe FAte] DIT A 23, 324
& QEF) AYFYA F2 ALHE VPPER
ICSIPY Abgol S $ReT TR g
2g 24 193 IVERE ISP S8 2

2 WY §75E 2ASET

0. Mz 3 Uy

1. Hi Q¥

dEH YKol AR wigd S NCSU
238 ZjEufd o 2 3lo] Baxter(Baxter Health-
care Co., US.A)9 & l/Z A 23t 0.2 pm filter
(Gelman Sci,, US.A)Z o33 ¥ pH 7.2~732
2 ZA3lo 50 ml tissue culture flask (Falcon,
U.S.A)Y 45 mIB EF3lo 4Ce WA 23
SRA o 277 AHgSiTh AEEE Ml
2 NCSU 23 wjFoio} 10% WE, 0.1 mg/ml
cysteine, 0.01 ug/ml EGF, 10 IU/ml eCG 18]
10 [U/ml hCGE 7tsted A Z3ATH A
e NCSU 23 wjokelo] 0.4% BSAE #7}shed
Al2-stgh SR GERL 2~7 mm A718) GE
M GENE N3t 1,900 xg=E 33 LA ET
3, 3% 02 um BEZ AS £ -20C ¥IT
of B#ste] ARE-E4th

2. LIS A2t

£ A8 FAE dave 53N 248 F
WA E 4 &8k penicillin G (100 units/mi)$} stre-
ptomycin (100 gg/mlo) 3HHH A2l HR30~
35C)7F Eolle B&Wol ol 3~443 el
APAE e, mAs dxEe YU
A s F99 A 2gzA e AARL, A
AHFE 3~43] MAHG F, 18-G needleo] F27
20 ml FA71E olg5el 2~7 mme] A RES
FAeel GESS DA GE B A
AFEE Hokd 2 0.1 mg/ml PVAZ} ¥71E TALP
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-HEPES (Prather %, 1995)& AM&-3tgth. 299
dEH2 5~10 B AXA F JAAE s
S 5mle AHeZ FYstd A7 60 mm ¥ %
Aol &A 40X wWj&9 =& v ZA(Olympus Co.,
Japan)oll A} dEHE FIT F AYH&E 72
Bl okl NCSU 230.8 4~53) A A Agsl
Aok dE T AL GpAEe] FAHL e} A
TA9 4z gt dAstger, Had 2%
Ao GFAEZO R Hol 9l AEHe) #d
13 248 e Adstd Ao FAISA

o]

3. HEE| Held=s

Gx A A& E A E5E WgdE 35
mm dish (Nunc, Denmark)el] 100 g% drop &5
sto] 18 AJZF o] A W %S AAE] HFE F
3 O3, AdHSE gl dFAET} 2F
)gol MEHo] FAE 15208 FEHE
43 5% CO,, 98~99% &%, 39°C CO, incubator
N 20~22417F Bt 28] Hrtg A&
& iAol A Wi gt v 20~22A4172 B2
Zo] H7te ] b vl ol A vkt F 40~
MAIZF FQt Wl gt T

4. YR8l Fhj

AR Exle AAYAE o] 43t Swim-up
3062 25 mM caffeined} 0.4% bovine serum
ibumin (BSA)o] #7Fgl modified Tris-buffered
nedium© 2 o] & FAE AH371 A5t
1% CO,, 98~99% %X, 39°C CO;, incubatordl] A
YA 8L ). Swim-up®} F %+ 15 ml conical pla-
itic tubeo] FFAAL AAFHE wFdo] F&
NFEE 37) A tubed olEhTo) HAE ¥
T 1 99 =9 modified Tris-buffered medium-&
HolA &8s ZALHA FF5H F 459 4%
2 WA 1A B9 89 A REE fxst
At Swim-upg FEs] /8 FFH A
g AHT F 500xgoM 23 5 7+ AAEE 3}
5 AAE AR

ICSIe °]&& UF A= Rho 5(1998)9]
Aol wha} 5 mM dithiothreitol (DTT)) A 1417 &
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5. HHEEO] Hel4H

AL AYAdEE XS 2.5 mM caf-
feine3} 0.4% BSA7} F7Fe 448 modified Tris
-buffered medium© 2 3~43] M3 F F=HE&
mediumel] 50 gl drop@ 30~40712} YAE &7

<+ FAT0] 858 €8nr 52 ARY HF
E=%7} 0.5%10° sperms/mlo] B EE ZH sl )
A &, 647+ £ 39T, 5% CO, incubatorel] A
FAE FEAT AF A9 F X+ hemocyto-

Makler Counting Chamber2. A x}2] 4>

jy g
&
[
rlv

6. Intracytoplasmic sperm injection acsne
LRt ZH

0~4N7 AANSE BAE GFAEE A
Ast7) 918t 0.1% hyaluronidase”} & 719 D-PBS
Hl9Fel 0. 2 vortexing B repipetting® &, A 15
7b AgsiA vehdy A xFe] #A% dAE A
Hate] AT AEH dEHY] d¥E 0]
mg/ml PVAZ} H7Fg TALP-HEPESE Al&3le]
12,000 x gofl A 787 A2 & AAls) AxZ e
AGHYEE FFORE X9-AA & thF ICSI9 o]
&3

7. Intracytoplasmic sperm injection (ICSI)
9173 1 mm capillary tube (Narishige Co., Japan)
o] &-3te] PAFY4L pipette> WA 6~7 pm,
73 8~9 pmZ A F3te AR LH, B
& pipette:2 ¢)70] 100~120 ym% ZHBHR T
AL 10~15 pmZE A3 A3
AxAY AAe] FL micromanipulator (Na-
rishige Co., Japan)7} 2= o] & 2008 =HE
u| ZA(Nikon Co., Japan)& ©|&3la] Kim 5(1998)
o e g FREY o8 AT

sulale) RS UL pipettedl] F91 - F &3}
7} B E AR FHE A7) K ek
10% polyvinylptrrolidone (PVP)o] d 718 10 ol A
A48 D-PBS dropell M A2}e] mejg BA F+U9&

L ox to



pipette & 2 E213led 0.4% BSAZF 7t 20 pl &
A4 D-PBS dropl. 2 o] gtk

AYAEd FAY FFAZE AAL =¥
#n7A e stage o) ZH B 0.4% BSA7L ¥7tE
ICSI& D-PBS drop2. 2 &7 Al 1537} 6A] B2E
12A] BHgko 2 &alA| 3l T AL pipette L2
AZ TAANZ F, A7 £ e FY4E pipette
TAE G ARRIGA] W) %2 off e
g A EF £02 AR o NEZY
WEES o7k FAsted HAE pipetted] AU
BE 3 F FAH Axde WEES I
AAE AED 02 AYAH old FAE A
A= ZA)9) 10% polyvinylptrrolidone (PVP)
o] F7tel A4 D-PBS Hjo) o] HAFS I
F918 & F9& pipetteS W] FEAHT. T}
o AEAY Az FYS A7 ZEE Y st-
age®] ICSIL dropo| M =&HE A7HE HA3)s
71 913 10709) @RS o] &35t 20% olvel &

£ ggsigeh

8. IVF3} ICSI & M ejFetol H <fuf Y

IVF 2} ICSI ¥ 0.4% BSA7} H718 A 2wl gl
NCSU 239} 3~43] A33% % 20~307}9] &3&
< 50 gl dropell ¥ ol 39C, 5% CO; incubatorel A}
vjokstdth £33 §F 48X FAES AR
ov, 144~192X707bA] wiwbE 7] Fefe] AT
& XA

9. HLHEo| R AL

AoFAge FFFE AR 89 A
I 8A7x] wjokst wjulE 7)ujE Hoechst 33342
(Sigma, U.S.A)E o) &3t Pursel 5(1985)9] %
ol Fate] AFML HAABtS FAEw A 200~
400 wj9] vl gslolA Ao F& ZAMIATH

10. AEAA

E a7 iRy dPoz dASAT 43
1o 4= ICSIo] AR & =X G2 A4EE
of 9% &3, 43 20ME AXAWA FYs=
Az DTT Mz &3, A 34 A=

GEH] AFAHA IV ICSIEY ARl
e FAEI IUEY AeEd A 29)
AY 49l ME IVFEE S ICSIH o ofs) 2ad
R e &7 ZAE FYFAT

11. SAEE B

AAAHY FAGH 4L SAS packageE ©]
235t AXstEen, GLM (General Linear Mo-
del) procedureE 283l Z} 2919 least square
meang F3te] QA7HY] KAAE AASATH

m da % &

1. Intracytoplasmic sperm injection (ICSI)Oil
ALBEl= HiX| HERES| AR 2/F &3

ICSIel AMEE fAIFY Adds dExd2
FAE AAF JE2AR A ALAEFl
SHY R Y A¥E AR FAslo)E
ool W2k webA Table 144 ICSIEH]
Aol AYA&E dEHS 7t 4R E AA
3 23 ARYE AAA @& F2E Ul
zt 2ol oA FAEH Sz WEEE
Ztzh WAl - ZAREATE SRS AoAM AR
& AAIER) F& FF AN FoA Zhz) 483
% 53.0%2 FoHA AolE “EA Al
o, F 2} wEgd SlolMT Z+7} 23.8%3%
19.7%2 Jeht F AT {FdHA Aole=
UErA] gkt

AQ&E dETE ol &3t o7 1A 4
8e Fdst=d AN dEBES AR E
Wo] 9% st M RIHATHWall 5, 1985;
Nagashima 5, 1994; Tatham 5 1995, 1996; Kim
%, 1998; Rho &, 1998). & A QA&F A
27t AAE dX TS dAEYAIE ICSIol 9
ojN e WElg TEE F Y& BT ol F9Y
® AR 2L Lol 3o AFALL =Y
F A, FUYA ARSatE W g BEY Iy
S x5 T 4 g B ol TR B
ggo] oM F3F EAE A Feot
I BIEYeKKim &, 1998; Rho 5, 1998; Mar-
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Table 1. Effect of centrifugation on development in vitro of pig zygotes following intracytoplasmic

sperm injection

o No. of No.(%) of No.(%) of
ocyte Replicates oocytes oocytes embryos developed to blastocysts
treatments
used cleaved At day 6 At day 8
Control
onot 10 296 143 (483)" 8 (5.6)° 34 (238
(noncentrifugation)
Centrifugation* 10 268 142 (53.0)° 10 (7.0 28 (19.7

' Values with same superscripts in the column were not significantly different (P<0.05).

* At 12,000 X g for 7 min.

tin, 2000).

Gebal 919 BIAAA BAE AR} 4F
A YgAW, B APANE AYEAE 4N 7
S ANSH) e L wEsg FPLt F
29 WYES 2NN B B3 $Pe LU
o YAHE T 229 Rol7t vEhix) @3he ¥
g ozl ICSIE 338 AME 4Re)
4R JE3| BBY = Ao 10518 HE43
Age goltd HEF Pyelzm Azdth

2, MIEZEUo FQste HXI2| dithiothreitol
(DTT) MAMel &2

A& FET FYY FAE F A
S 2 o] ICSIY) AME-3tth DTTE X gstA
% A& 5 mM DTITE e AL o) 43}
o ztzh ISCIE 4¢3 Fruze] wida&s
vl - ZAFSEgth Table 2904 = DTTES A 2dh
Foll A FAE0] 60.4%E DTTE AR ¥
9] 48.5% Btk 2 43S Ve Y 79
Aol Zole Yeltr] okt w3t winkE el R

o] wrg-gd gloME DITE AHgsta g2 o
A 222%% DTTE A& g +9] 164% 2ot £2
AA8E& YA F952 Zole YERA|
gkt

ICSIo] A& ARE 5 mM DTTo) 223ty
AAEE #7138 g3 AZAY Y F9E &
SRS Ao} FolATh T B 173G tHPerreault
&, 1988; Rho &, 1998). =& thE AxzeAM L
EHEEY Azl DITE AZsH S o Hare
HA et 2HE 217 ojYyRBoMe FejEy
W3le Jehdthy 8¢ thCalvin 5, 1971; Olson
=, 1976; Sutovsky &, 1997a, 1997b; Rho % 19-
98). =& DTTAE] ¥ d&] A% gulde
ste 3RS g4 A A FUME
o g gol T 43S vAThT 8P cHMartin, 20-
00).

2 Ageae ICSIof AMEE AAE 5 mM
DTTE ol&dte] AAWSE §71% T3 A4
&8 G HJEAY FYaY £R38F 1
of W Frimze] WiLE&E FAAFHL ¥

Table 2. In vitro developmental capacity of porcine zygotes following intracytoplasmic injection of
oocytes with sperm either treated or not treated with dithiothreitol (DTT)

Sperm . No. of oocytes No.(%) of oocytes No.(%) of embryos developed
Replicates
treatments used cleaved to blastocysts
Control (no DTT) 6 167 81 (48.5)° 18 (22.2)°
DTT 4 101 61 (60.4)° 10 (16.4)°

! Values with same superscripts in the column were not significantly different (P<0.05).
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gou, £3&d JdoiA= 5 mM DTTE AT
ZolM A JERRL, FrpiEe) wEgEd o
oJdE DITE AsA Fe 24 & 438
el lou f93e Aols YA st
E7bol] o/t Aok &9 A S dEE ]
43 Rho 5(1998) A& wiwtz7)ufe) e
&l gle{A 5 mM DTTE g 2N T2 4
A& Vet Esged, ol $70 &
olg} &) ICSIY] 71&2 1 Apo)oF A7 ¥
9| oo s UYee TE A& ALR AEH
. gEbq HRe) GEEE o] &3 ICSIe] /lojA

£ DITd) 93 Az dxle 483 288
o] A AFE XA g AR YERH.

3. HoM% “ZE| IVF ¥ intracytoplasmic
sperm injection (ICSDO 28t M2+ £ 3
23 o LEE

E&AN EEHE HA e dAdA fHd
GETS o) 43l A& F IVF :

o3 A4 T FPEH IR 2EES
ZAe A3E &3 2} Table 3 A& IVFS
ICSIo) o3 %9144 48A17+52) A &L 51.8%

g 514%2A F AP0 F948E UEUA
okgkom, A olujok 8UA wintE7iuje) WEgof
UAME 224%9} 21.6%F eI F A7k
FA L YA HEstth

HZ A G S o] &3 AYFZTY Pt
AFE AFstd gAs 23 1w, o
o wEt AYFATL )83 AR YAt

o uro

i WU

(Mattioli %, 1989; Yoshida 5, 1993; Abeydeera
= 1998; Kikuchi %, 1999; Coy &, 1999). 18|
HIoe sAAM AAEE dAE ol Esd
ICSIe) % Hxo) bz AYu+g B K Mar-
tin, 2000).

Y olg) g X9 ICSIe] 98 Ao A
Ao Az AR AuUlels AEE GEFS o] &
st ozl AT wEtA B dAFdAMe &
29E A9 HAZFEH HTE %E%% o4&

sto] Ao A<F ICSIo o3 Wyl R FAEH
ZM R 2L XA Control2 *}*‘151
IVPgo) 9% $A &3 mutEr)u 2] deg
of QloyM = ICSIS} Wit AR ARE e
Uitk et ICSIo] o g A& 3 wiRtE 714
29] wehgo) 9lo]AE Catt9} Rhodes (1995), Kim
£(1998) 1] X Martin (2000) 53+2] Z 3ol = 7|
XA Bagrt o= dx e A&zAd ICSIY
71&AQ o), 2B T 77 AL gl 2t
ol B3 7+ @2 o7 ZASNA fFHE &
S RAog AFRHAN, ¢ TR AL olY7
olo] gt AN el
7t SRl ey d4E AATE
vglg Als gk

4. IVFEHH 2} 1CSIHOff 26l LB HiHt 7|
jo| Etpa ZA}

Table 4] IVFS} ICSIo) 98] A JFH S
FA B ol 8UAZIA] W gk v 7]u) o
g75E 24 ARE G 2ok IV e

Table 3. In vitro development of porcine zygotes cultured for 8 days following IVF or intracytoplasmic

sperm injection

In vit No.(%) of

nv r~o . No. of oocytes No.(%) of cocytes 0.(%) o

production Replicates embryos developed
i used cleaved

conditions* to blastocysts**

IVM-F-C 14 731 379 (51.8) 85 (22.4)

ICSI 14 397 204 (514) 44 (21.6)

' Values with same superscripts in the column were not significantly different (P<0.05).

* Maturation medium: NCSU 23; Fertilization medium: mTBM; IVF sperm concentration: 0.5x10° cells/ml:

Culture medium; NCSU 23
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Table 4. Number of blastomere of in vitro developed porcine blasticyst derived from IVF or ICSI

blastocysts*

In vitro production No. of blastocysts

conditions used

No. of blastomeres

Mean+S.E. Ranges
Control (IVM-F-C) 22 46.7+2.9° 22~68
ICS1 10 41.9+4.6° 27~52

' Values with same superscripts in the column were not significantly different (P<0.05).

* Examined at 192 h post-insemination.

urehl wintE (el e} EFpe} ICSIe] of3) W
W) Bt 7 el o] B 2zt 46.7+2.970 ¢ 41,
9+4.6702 e F AZFTY {FHA Ao
£ JehiA ¥t

P8 AdA&D FERE o] &35t IVFYH
3} ICSI Whol] o) Aar| wivtE7|uje] &
= AR 23S JeRd Aok T ICSIe) &3]
AarE Wit E 7o) g3 Kim $(1999)9) 4
Sl & vXA EaHch ole AR AAY A
g, & 45" FA == 99349 Zolg vdx
2ho] B4l 3}o)| 7lold $& 9oy, ICSIF A 9y
Gedo] w2 Frlwze LS FIANE F A
= 97 &% 2230y ASHT

AZ71A 9 ol 3 AHEE v Z 3o IC-
Siol g MR T A A A+ AL
Hoz s Yrtop & ZAo|n, =3 ASH
A2 Martin (2000)0] AFPRA ICSIE o] 431
JRGARY] Yol AT FAAEAFE 9 AJato]
Ve @ & 3lE AR AEE

rok

al

v. 2 ¢

B Ao e ICSIe} 93 =2 A,
ANEZEE Eo| TR, ICSI AHEE = A A9
A& dEaol dAReld 9 a3, H T
Fdsle FAe] DTT AAE &5 Ad45 dx
&Y AYFAHA FZ A= E IVFE 3 ICSTY
Y Aol ME FALTH F/MEY EEE X
A} 2812 IV 3 ICSIHg o) os) e st u)
WE ) §FS5E 2SI ogd 22 A
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ICSIo| AHEEE HA] AYASG xS o
st d4ReE AAEA ¥ T AAE
AolM FAES TR wEo] oA
T A2z §98Q Zole vERGA &4k
o, 3 ICSIY A& FAAE FYA A DTT
A2 +34 DTTE AHsA F oA e 4
&3 sz dggd] dAME FA4FA
apol= vehbA] gtk el AlQA4 & IVF
T ISCI) 93 AAFA §F FASH FIE
o] A& ME F A2 FALS U
ElA] gtk IVFSE ICSIel &js) A &8 +
Ao QoA 8YATLA L2 vt T
T8 AN A 47t 467129709 41.9+4.6
AZ Jeld T A2l §945Q 2ol& YE
WA stk

olde] A% AJEE FTH3 EY, ICSIY ¢
& AosAgTe] AR AAHEF GFM T}
AAE dExES AAEHA7I™ ICSIO] glo)A &)
HYE 2T ¢ IS Byt oy} FUH AA
o FFE FolaA o AFRE 5Y F U
FJA] AREEE W e dEEhy AYS A
3 ¢ 4 US REE AgH . Iy ICSIA J
A2 AANS FEo GET FA3), Ty &
7 29} g P mE 749 FUME 9
g A7t g Eojof & Aoz AgHY A7
29 ojH & AAEE v e 2 sto] ICSIo| &%
AFAHTY ANE AT A7t ASHLRE F
3 vrlol & Aojw, wF ALHA A
ICSIE ©] &3ty FRAAY Tl 93 32

o
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