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Effects of Glycosaminoglycan on the Development
of In Vitro Fertilized Mouse Embryo

Kim, J. W., D. S. Seo, S. H. Yoon *

and Y. Ko

Department of Animal Science, College of Natural Resources, Korea University

ABSTRACT

The present study was carried out to evaluate the effect of glycosaminoglycans added to the culture
medium on the mouse embryo development to the blastocyst stage. In vitro fertilized mouse oocytes
were cultured in Ham's F-10 supplemented with 10% FBS either in the absence or presence of 0.1, 0.5,

1.0 mg/m! hyaluronic acid, chondroitin sulfate, and dermatan sulfate, respectively. After 4 days in

culture, embryos developed to blastocysts were observed in all groups. There was a significant increase
in blastocyst yield in the presence of hyaluronic acid and chondroitin sulfate (p<0.05), whereas dermatan
sulfate was ineffective. Development to the blastocyst stage was best supported in 0.1, 0.5, 1.0 mg/ml
hyaluronic acid and 0.5 mg/ml chondroitin sulfate. It is concluded that hyaluronic acid and chondroitin
sulfate support the development of mouse oocyte fertilized in vitro to the blastocyst stage. Furthermore,

these results suggest that glycosaminoglycans can be utilized to support embryo development in vitro

as a nutrient instead of serum.

(Key words: Glycosaminoglycans, Serum-free, Culture media, Mouse embryo)
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GAR S PR B A FAS Ham's
F-10 (Gibco BRL, USA)o| 10% fetal bovine serum
(FBS, Gibco BRL, USA)E 713l 30 mm” wj <k
Z Al(Falcon, USA)o| A 2417+ o] 4 A ) 9K(prein-
cubation) 3} ch
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o GRS B GE 9326 guge T4
o] &3t HHAWTE HEDZ DA-GTA
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4. H2i+H

F34 u ¥l Ham's F-109] 10% FBSE 3
7¥8ted 30 mm’ Wl FF A 50 p1® £H L WEo]
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5. A<l

A 2in] kL vl okl 2 Ham's F-10¢]) 10% FBSE
A7hete] 30mm’ B R Ao 30 41¥ AHE wE
o] 3ml9] mineral oil& o] 37°C, 5% CO, 8] <k7]
AlA 2 AZE o) el ok STk AAFH = 3‘?1
o MHAAYE AN 3 =ATL A 9 ul opol
2FF 8~10% o] 37C, 5% CO, HH°§7]°¥]H
HjFatTh A T 48AZE rF o2 A
Hgdo 2 was) FUM, £ F 5UA7A b
FE ALSAT. AYFA F 2, 3, 4, 597 2
A Z 7)o A, ul8kE(blastocyst), 5 3H(hatching) Wl
WEE, B S, G A REAES Y FFe
St

6. GAGs &H7|x¢

gz A4 F A E U5k Ham's F-10
o2k w3 EF 23 Ham's F-10¢] 10% FBS
T A7HE Ao i R RS
BiRrE7ER] W AT

AP7od H7HAZ AMHES GAGs: hyaluronic

acid, chondroitin sulfate 78] dermatan sulfate
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(Sigma, USA)E Al43}%1 0, Ham's F-100) z}z}
0.1, 0.5, 1.0 mg/ml& A7} o} Hyaluronic acid
9} chondroitin sulfate®] Z3d7}= zhz} 0.25, 0.5
mg/mlg ZEstel A7HHsch

7. SAH 24

EA 2 gl Statistical Analysis System 27 =
ZIYL oLty en, GAGsE HUte 183
F7retA] & IFY A HEE-E one way
ANOVA ¥4 2] Duncan 7414 JuH o] 93] &
A3k

mé

1. Hyaluronic acid &7{&1}

A 9w} o (Ham's F-10)9)] hyaluronic acid #7}
A3z Table 13 Zch 0.1, 0.5, 1.0 mg/mlg
hyaluronic acidE o] Q= A ujkao] H7}
F9E w, 0.1} 0.5 mg/ml ArM5FANA hZZ
3 st 21zt 87%, 84% 2 Aldu) g 9] weo)
FAH(P<O.05)E ZFIHEAG. I3y whwE
AN 4 TR gun

FEA4 w| g hyaluronic acidE H 713k A3
+ Table 28} 2t} 0.1, 0.5, 1.0mg/ml 2] hyaluronic
acid® 27k R8A wiopelo] Frhake o, W
E7129 ddo] 0.1, 0.5, 1.0mg/mle} A 7}42(z}
Zt 63%, 64%, 63%)1M ZZE BAH L Hrtst
o MG HEHT1%)F st F94 2jolE
YeRf A ¢kgkth whebA] hyaluronic acidel Arte=
0.1, 0.5, 1.0mg/mle] F= FF)A BHA &3
7F ARNLo.w, BHo) glE Mo WL dxF
(51%)3 B3 A S o vty o) fojzoz
N Z Bt lr_.O_ lg= AR =3 L]-E]—‘é} o§1,q
hyaluronic acid®] 7}t A ee] W
#7F A&E e A THP<0.05).

2. Chondroitin sulfate &7}l&1}

Aol kedo] chondroitin sulfate H/}AIE=
Table 33} Ztc} 0.1, 0.5, 1.0 mg/mle] chondroitin
sulfate & @A o] Sl Aujokdlo] Hriste



Table 1. The effects of hyaluronic acid on the mouse embryo development

Media Hyaluronic acid No. of eggs

No. of embryos developed to (%)

(mg/ml) fertilized 2-cell 4-cell Morula Blastocyst
54446 45+11 AL+49° 36+4.1
Hams F-10 + FBS 0 55 =
ams (98%) (81%) (74%) (65%)
464202 42435 42435 32455
Hams F-10 + FBS 0.1 48 -
ams (95%) ®7%)  (87%) (66%)
+8. 50+2. +1.5° +8.5
Hams F-10 + FBS 0.5 58 S4%8.5 025 49%13 43
(93%) (86%) (84%) (74%)
4740 38447 34430° 32432
Hams F-10 + FBS 1.0 4 =
ams (100%) (80%) (12%) (68%)

**Means +£SEM in the same column with different superscripts differ (P<0.05).

Table 2. The effects of hyaluronic acid in the serum-free medium on the mouse embryo development

Hyaluronic acid No. of eggs

No. of embryos developed to (%)

Media "

(mg/ml) fertilized 2-cell 4-cell Morula Blastocyst

+ £11. 4+14 :

Hams F-10 0 31 30 261122 16£354
(100%)  (83%) (77%) (51%)

+ + + b

Hams F-10 + FBS 0 4 47467 40464 3715 35446
%)  B1%)  (75%) (71%)

+ +10. 2945, b

Hams F-10 0.1 38 80 34xI01 29235 24471
(100%) (89%) (76%) (63%)

+9. 41+9. +6. b

Hams F-10 0.5 48 44295 4197 3663 31458
(91%) (85%) (75%) (64%)

+ + + b

Hams F-10 Lo 36 3610 31493  27+142 23469
(100%)  (86%) (75%) (63%)

**Means +SEM in the same column with different superscripts differ (P<0.05).

ufek 39S wf, 0.1mg/mle] H7}5Zo A (73%)
T2 H66%) 3 Wiarste] wintE FAlof glo] £
o) wrazlolE UelgozM wuix AL =
A= AFHE 7FASTHP<0.05). 18y 0.5,
1.0 mg/mle] HA7I5EAME(66%, 67%) WZTE
(66%)3} vlsted f-9]3 el e 2ol & e A
3t

283 wjordol chondroitin sulfateE H 713
A3+ Table 49 72th 0.1, 0.5, 1.0mg/mle] chon-

droitin sulfateS z}z} F718tHS o, winkE 4
o glel 0.5mg/mle) H7HpFEel A(64%) BAHS 3
7hate] vl ¥ o) 2 2(68%) Bl st EAH §
AL Ve A ggton, SAlo] FEA wlgy
o A ejufFet thxZ(48%)F Bl A e S W F9
HOZ H2 HIWEE YA E(64%)S YEPIOEN
chondroitin sulfates= 0.5mg/mlol| A X A a3}
b 9ee ARE T & 5 ATHP<0.05). 1
0.1, 1.0mg/mie] H7tpEdME nivtE §
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Table 3. The effects of chondroitin sulfate on the mouse embryo development

Chondrotin No. of eggs No. of embryos developed to (%)
Media e
sulfate(mg/ml) fertilized 2-cell 4-cell Morula  Blastocyst
Hams F-10 + FBS 0 5 5140 40+£1.0  40+1.0 34426
ams &= (100%)  (78%) (78%) (66%)
5720  49+105  45+75 42420
210 + .
Hams F-10 + FBS 0.1 57 (100%) (E5%) 8% %)
46+103 4120 36+2.6 33+3.5°
.10 + . 9
Hams F-10 + FBS 0.5 4 @3%) %) %) %)
4540 37457 360 30+2.6°
Hams F-10 + FBS 1.0 45
ams F-10 (100%)  (82%)  (82%) (66%)

**Means+SEM in the same column with different superscripts differ (P<0.05).

Table 4. The effects of chondroitin sulfate in the serum-free medium on the mouse embryo

development
Med Chondroitin ~ No. of eggs No. of embryo developed to (%)
edia aye
sulfate(mg/ml)  fertilized 2-cell 4-cell Morula Blastocyst
3540 27450 25465 17+4.0"
Hams F-10 0 35 =
ams (100%) (77%) (71%) (48%)
48485 41425 37+7.1 34+4.9°
Hams F-10 + FBS 0 5 -
ams 0 (96%) (82%) (74%) (68%)
48493 45442 42474 29+1.8°
Hams F-10 0.1 52 -
ams (92%) (86%) (80%) (55%)
$2+438 35+4.9 35+4.9 29+2.8°
Hams E-10 0.5 45 =
ams (93%) (11%) (17%) (64%)
374112 33490  30+84 23+5.1°
Hams F-10 1.0 41 »
ams (90%) (80%) (73%) (56%)

**Means +SEM in the same column with different superscripts differ (P<0.05).

RBE&o) 747} 55%, 56%2 Bgo) Arre uj ke
o] gl wiFy ol wiFst F 2T E5%
Bl s ES o §9AHQ Zolzk vehdAl &t
© 2 =2 chondroitin sulfate 0.1, 1.0 mg/mle) FA7}=2
AT AT W v e AT

3. Dermatan sulfate X7}(& 3}
A 2Jull okl ol dermatan suifate H7}12 = Table

59 7+t 0.1, 0.5, 1.0mg/ml€] dermatan sulfate&
A7t L W, 0.59 1.0mg/ml A7 EF0A A
W B 59%, 60%)s) ol HZF(19%)3
23RS W feHA LEAelE JERAUT
(P<0.05). 33, 0.1 mg/ml A7tFEFAME 22
I 22 A A4 -&60%)s Jeh At

I werE FAAZ|A 0.1, 0.5, 1.0mg/mle)
BE JEEAA 32 51%, 59%, 53%S Ho
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Table 5. The effects of dermatan sulfate on the mouse embryo development

. Dermatan  No. of eggs No. of embryos developed to (%)
Media sulfate(mg/ml)  fertilized 2-cell 4-cell Morula Blastocyst
Hams F-10 + FBS 0 44 (‘]‘?)(;—:/‘:) 3(98;2-)3 35( ;_rg 3;))8 2(9;;;)&
R
Hams F-10 + FBS 0.5 47 (‘]‘(7);/‘:) 3(67;—2)6 2?;;;;)" 2:251;23“
w0 e e

**Means +SEM in the same column with different superscripts differ (P<0.05).

Table 6. The effects of dermatan sulfate in the serum-free medium on the mouse embryo development

Dermatan  No. of eggs No. of embryos developed to (%)
Media "
sulfate(mg/ml)  fertilized 2-cell 4ocell Morula Blastocyst
-+ a ab a
Hams F-10 0 18 3757 33+7.6 28+11.5 20+2.5
(97%) (86%) (73%) (52%)
+ ab a b
Hams F-10 + FBS 0 s 51+0 4410 43£10.2 36102
(100) (86%) (84%) (70%)
+ b b b
Hams F-10 0.1 49 49£0 35+3.7 29+1.0 22+36
(100%) (71%) (59%) (44%)
2+ ab 4 ab +3. b
Hams F-10 0.5 42 420 33£15.3 29+15.0 22+5.2
(100%) (78%) (69%) (52%)
43+3.4 +6.5% +66° +35. b
Hams F-10 1.0 45 3 32+6.5 28+6.6 24452
(95%) (71%) (62%) (53%)

*® Means+SEM in the same column with different superscripts differ (P<0.05).

NEZ(66%)ETH oz 2 wivtx A4
2 el 2 ZH(P<0.05) dermatan sulfate=
o] AgS Asjste AAE JEA%h
o] gl wieko] dermatan sulfateE 7}
& AsE Table 63 7tk wjokale] 0.1, 0.5, 1.0
mg/ml®] dermatan sulfateE FH7}E49L o, 0.1
mg/ml H7tFEAA 4-AL7) HAZ(T1%)e] 310
Y227 86%)3) ThE A7HrZelA Bk £

oX MO

Hog W 4AZ/ ¥AEE usiged
(P<0.05), 444 BAEL 0.1, 1.0 mgmle] B}
SN 27k 59%, 62%EH T T(84%)F ThE
BAEERTY F9H0R RS 0 AolE vg
WATHP<0.05). MIWE FHE QoAM= 0.1,
0.5, 1.0 mg/ml BE B7A5zolN 8RS A7t
YRZ(0HET R W) T LHOHEP<
0.05), BHo] P Mol W FE 2252 %)
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Table 7. The effects of GAGs combined on the mouse embryo development

Hyaluronic acid

No. of embryos developed to (%)

No. of
Media and chondroitin © (?.eggs

sulfate(mg/ml) fertilized 2-cell 4-cell Morula Blastocyst

Homs F-10 0 &0 55 54446 45+11.0° 41+4.9° 36+4.1°
(98%) (81%) (74%) (65%)

Hams F-10 025 & 025 5 51=10 32+10° 31x13° 20+1.5°
’ ‘ (89%) (56%) (54%) (35%)

Hams E-10 05 & 05 7 63+4.4 41+5.0° 38+3.4° 354+2.5°
' ) (86%) (56%) (52%) (47%)

ab.c

F= KA Aolg UehliA] &2 2 dermatan
sulfate= F7la 77} gsith

4. Hyaluronic acid2} Chondroitin sulfate &% 7}

99 ARSS wHem TR Mol 7}
& GAGs 3 dx+3 ¥astiS o oo
E2 wexio]E UERd hyaluronic acid®h chon-
droitin sulfateS Ztz} 0.25mg/ml &3 ztz} 0.5
mg/ml F&& 23 A3 Table 75} 7t} Hy-
aluronic acid®} chondroitin sulfateZ z}z} 0.5 mg/
mle] A7t ZHSAE o U= 2(65%)0)
Ha Fo)H R W 44 7], AfAdul, wivkz
HA LS JEMI L5 (P<0.05), 0.25 mg/ml F7}
FEAMNE 4-A27), ), Wtz FAo] Qo
Z}7} 56%, 54%, 35%S HYo BN tglxad vy
ste] oA g e wg Aol & BT (P<0.05).
wtz} A hyaluronic acid®} chondroitin sulfate 2% 3&}

A7be AT TEe e ¢ + A%

, 3, Abgoll EAstE GAGs& Xﬂ-‘llﬁﬂ
ANGoEN FHTY Mgud g 83
WA ZAE 2AFSH] 918t AAjEYoh

2 AYd A= GAGs &2 Z hyaluronic acid,

Means +SEM in the same column with different superscripts differ (P<0.05).

chondroitin sulfate®} dermatan sulfateS A o) A}
$ag o BATS FRA F) Weo-cul
Oture)ol] AME-ste FFMESD Y} dx Ao
,\1 %__g_s-]. 935‘1-_0. —3],1: 7-]03 olaq;q 0101;1
(Eriksen 5, 1994), =3 & éza AFAME M

Aogdd] ot Fo& FIS Yehiz
gelg 4 e Hyaluronic ac1d—‘ Aol
wj Fhol F7Het A3} 0.1 mg/ml FEAA A
ke Qo froHeR w& Uy folE Ho
F9om, o] gl Wkl o] hyaluronic acidZ
718 A3} 0.1, 0.5, 1.0 mg/ml BE 42064 w)
i 2ol wgo] foA o g Fytstgth o A
+ hyaluronic acid7} 4 &9 W& ZANHS
B oele A oA EAENY steAdel e S
AASE 31 9lon, Koichiro S(1998)0] B &
A A oJufoklol hyaluronic acid @ 7}7} =] &
&9 Mt Ao EHo|Ydd Azl vk
& S Bl 23 9leh £ Stojkovic S(1999)
of RAgt 4 FATe] Aou) kool hyaluronic
acidE 713t S W Day 5 o5 £ ik
T dgd gndogithe A FAE e

= rir NIO

o
i=)
o}
M
Ay
E

O

o|Ats} Z+o] hyaluronic acid7} #3e whg
45 3t AL Az gl I7HE hyalu-
ronic acnd7} ligandZ A Z 9ol &) stH A A X2
VA FAARAS AAEIE Aot oo F
25 = 7182 AH R Y hyaluronic acids A Z 9]
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714 #2319 hyaluronic acid®] EZ ¢ &
A2 ¢#7 CD44 proteoglycand] ZAEsHA He
g, Culty 5(1990)°] Ao} 23l CD44 pro-
teoglycan®] amino-terminal domain-2 hyaluronic acid
9] six-sugar sequenceE <A 3}led hyaluronic acid
o Ay Rusigoh AEer|de £ 3}
£ CD44 proteoglycandl hyaluronic acid7} 233}
A EH® <lars}(phosphorylation)7} Yol o ZH
AlgAGo] o]Fo]x L hyaluronic acid®] Al o]
Z7vsttt. @A hyaluronic acidv  translational
modifications] 4L A = GAGsSh g 9|
34l proteoglycane] HelZ M E7|dE B
ZH} o224 E& 3 hyaluronic acide HljoFel o]
HA7F AET 9% g2 HEE AEY7Ad &4
aim o) Alxe A3 7)er AEARre A
3l AEEES &8 o= Algdnh
Hyaluronic acid®= 7} GAGs 2 & 714 &
< 84 dAEHE JerdEd, ol#s A3t
et 8 AL FAHFE A4#HE 9 hyalur-
onic acid®] FFAT o|Fox|E= Ae] ozt
chondroitin sulfate® ¥ gtsled th2 GAGs AFE S
# core proteino]gt= T Ho] ARt EHEHA
o2 9AH proteoglycanse] HElE A7 M E
Y7IAE #5547 WFoll & GAGSERT A X
9 EAEY Az AG Wo] AAY ASE AE

et w28 dHo] le Al gle AdEdA 3
7t whgl weggo] ApolE Bol ojf= 3
o] d& AeioliA FH 71 hyaluronic acid: ionic

strengthol] ]3]

- \=] K}
SO K

sl o Exjsts A A
EE5 A3 GAAAEHN APEo
29 e dge] FAodts AsHg] ot
q7eg d8 YAl gk st e Wl
ZpolE Heol Zlog AlEH

Chondroitin sulfateS 8 0] AE W FAel F
7t A3 0.1mg/ml FEAA HiFEE A £9
Al wEatelE He FUoh T FHo] gle
’z}EH ol ] chondroitin sulfate 37} 0.5mg/ml =&
ol A WiHERE Aol olo] el Bisl] f98Q
wgalolE Ho] Frh o] A= chondroitin
sulfate7} A3 WEE FAAPE Arks) F

=276~

7 9029 Koichiro S(1998)0] B8 A A9
ujj ekl of| chondroitin sulfate 712 =}k B) =28 oF
A Hol =)

Chondroitin sulfate®} A& wgd £ 7%
o3 2ol Al dh wgel] A28 chondro-
itin sulfate”} ligand 2 A X Qlo) EA351HA CD44
proteoglycan< hyaluronic acid9} 37 chondroitin
sulfate®] 44 9% i+ Larson $(1992)9
AFH I o8] CD44 proteoglycandl] 72 §31A
¥t} Hyaluronic acid®} mFE7FAZ  chondroitin
sulfate7} CD44 proteoglycandl] AgstA =@ A
FEA T AG0] o]F 0] A Y, chondroitin sulfates] &
Aol ZF7kete Azer1dE EEHA "o
Chondroitin sulfate’= A&AAAE £ 83+ 4 L 97
2 Bas ge AB4S AT dEd, Moy-
ano 5(1999)8] -7l 9]3H chondroitin sulfate
< fibronectinz} A33te] A Teo] AFAH Hslo
FA ST BT, Milev 5(1998)9] E 1)
9]3t ™ chondroitin sulfates= bFGFIE A 351
Az 8 FR803 Bustqnh oo AlXE
27122 ¥% 3 chondroitin sulfates= A X 2] ¢
A3 47FAA -’F A Qe FoEn 4%E

Bt AERWE S EJAME ZoE MEd.

Chondroitin sulfate% A Q) wjokdof Hletg S
o il A9 fFol we St & A
o}& YehliAl &2 A2, Obrink $(1975)8) A+
B 30} uk&} chondroitin sulfate7} TF& GAGsE ¥
3t 7ler Wikl EAlle EFET YU
2 o8l ionic charge® H 1 §)7] WEo] A
JE O AL Agdo] Bojx o] ¢l
= WAl Ao} v e At U2 AR AR
Hoh 5 "o 59 Q= AP FoNA 2L ol
AA vE2A g2 FHeE Ved A2 chondr-
oitin sulfate®] JEEL dHexEae A+E 3
(synergy effect)= Q1SS AlAle] F2 A} AA)
7R Bg d7o) 98 chondroitin sulfate =
AR GE FQ EHo|n(Bellin 7, 1984), 44
AEY FAL&E AsAZITY RIS cKGitte
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2 1o 3t} o] 43ty dermatan sulfate’} 23
o wegs Asdas Al T e,
Koichiro £(1998)0] H.1d =i=x] =) &ju) kool
dermatan sulfateE 7[5} o £ o] wEA}
of o]zt gHd AdE vE FE HY £
t}. WA dermatan sulfate:= A ZEbgo] glo] &
Eo|F¢] ¢3S v HoE Atg#oh

Dermatan sulfate®} A& 2g Asf 7|2 o}
S3 7o} FZ=Hr} Stanford §(1999)8] Bl
wWZH  dermatan sulfate®] $-&4= dermatan
sulfate z}7] PRI Z A, A Evjokeldo] Hrtd
dermatan sulfate= ligand24 A E 9ol =A) 5l
dermatan sulfateo] A3} F328 4 vk k3
dermatan sulfatet 7}3 £0]&S g7 97 &
o & Axe dIEF A3 AFFHE AE
£l ArHLyon F, 1998). 1B E o)
ZA e Axe B2 Fv 9HASS 33
ionic chargeo] ojsf] AFgTFo N MEY Tdyd
o th&l blocking &2 82 M X wo] A E A
o8 ALEEY. Ed Hol e 4 ﬁ:f“ﬂ*i =]
T2 LB AolE HERNA BIHOEE der-
matan sulfater A1 A9 A=F 3= ge A
o= Alg¥oh

AEdg) 71 E33 9 G8kS 2 hyaluronic
acid9} chondroitin sulfateE 0.25 mg/mls} 0.5 mg/
ml #E)H 77t EGANG A, WA @
< A2 MER[E 9§ FYFes v iy
2018 B FtHTable 7). ¢) A#+= hyalur-
onic acid®} chondroitin sulfate®) Z3ro) A 2t9]
dEE AHRASS EEY, Hed 347
g B3 2ol A7 4 1ok Lyon $(1998)
o] By &R A Zrjoraiol recombinant GAGs
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L = GAGs 23 Aol 78 xstd LS H
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FAA d4l GAGsE 7M. 24 7|£9) X /%
9 AAui gl o] A Huto o3 A=
AE o) g3 718& Fola, 7+ 84 AATNA
A2le 298 Aol Eoln=2 A9 T8 AP
o] 712AHA AF 2B E B ol 3 o
Hell glo} B8 AAHe|Z BHA v} AHE
7tAE Ao g Al ¥ 1882 o volrt GAGs
9 agd TS 58 Y Ak A E=R
DR £33 (sequencial) H7Hol 9@ S} W

w oy TH

b

I £ o2 & &
N O
-

m[o A oz&

of



go gk I Y 9% Zog AlgEY.

V. E=d

. Bellin, M.E. and Ax, R.L. 1984. Chondroitin
sulfate : An indicator of atresia in bovine
follicles. Endocrinology 114:428-434.

. Culty, M., Miyake, K. Kincade, P.W.
Sikorski, E., Butcher, E.C. and Underhill, C.B.
1990. The hyaluronate receptor is a member of
the CD44 (H-CAM) family of cell surface
glycoproteins. J. Cell Biol. 111:2765-2774.

. Erkki, R. and Yamaguchi, Y. 1991. Proteogly-
cans as modulators of growth factor activities.
Cell 64:867-869.

. Eriksen, G.V., Malmstrom, A., Uldbjerg, N.

G.A. 1994, Follicular fluid

chondroitin sulfate proteoglycan improves the

and Huszar,

retention of motility and velocity of human
spermatozoa. Fertil. Steril. 62:618-623.

. Gardner, D.K. Bames, F.L., Crombie, A,
Kausche, A., Lacham-Kaplan, O., Tiglias, J.,
Wood, C. and Trounson, A.O. 1995. Blastocyst
development and birth after in-vitro maturation
of human primary oocytes, intracytoplasmic
sperm injection and assisted hatching. Hum.
Reprod. 10:3243-3247.

. Gitte, V., Eriksen, A.M., Niels, U. and Gabor,
H. 1994. A follicular fluid chondroitin sulfate
proteoglycan improves the retention of motility
and velocity of human spermatozoa. Fertil. and
steril. 62:618-623.

. Koichiro, K., Takashi, M. and Seichiro, K.
1998. Effect of glycosaminoglycans on the
development of in vitro-matured and fertilized
porcine oocytes to the blastocyst stage in vitro.
Biol. Rerpod. 58:1226-1232.

. Larson, R.C., Ignotz, G.G. and Currie, W.B.
1992. Effect of fibronectin on early embryo
development in cows. J. Reprod. Fertil. 96:

-278 -

10.

11.

12.

13.

14,

15.

16.

289-297.

. Legge, M., Hill, B.L., Shackell, G.H. and

Mcleod, B.J. 1996. Glycosaminglycans of the
uterine and vaginal cul-de-sac tissue in the
brushtail possum. Reprod. Fertil. Dev. 8:819-
823.

Liu, Z. and Foote, R.H. 1996, Sodium chloride,
osmolyte, and osmolarity effects on blastocyst
formation in bovine embryos produced by in
vitro fertilization (IVF) and cultured in simple
serum-free media. J. Assist. Reprod. Genet.
13:562-568.

Lyon, M., Deakin, J.A., Rahmoune, H., Fernig,
D.G., Nakamura, T. and Gallagher, J.T. 1998.
Hepatocyte growth factor/scatter factor binds
with high affinity to dermatan sulfate. J. Biol.
Chem. 273:271-278.

Milev, P., Monnerie, H., Popp, S., Margolis,
RK. and Margolis, RU. 1998. The core
protein of the chondroitin sulfate proteoglycan
phosphacan is a high-affinity ligand of fibro-
blast growth factor-2 and potentiates its mi-
togenic activity. J. Biol. Chem. 273:21439-
21442.

Moyano, J.V., Carnemolla, B., Albar, J.P,
B., Zardi, L. and
Garcia-Pardo, A. 1999. Cooperative role for

Leprini, A., Gaggero,
activated alpha4 betal integrin and chondroitin
sulfate proteoglycans in cell adhesion to the
heparin [ domain of fibronectin. J. Biol.
Chem, 274:135-142.

DM. and Hassel, JR. 1993,
Proteoglycans of basement membranes. Acade-
mic Press Inc. New York, U.S.A. p189-210.
Obrink, B., Laurent, T.C. and Carlsson, B.
1975. The binding of chondroitin sulfate to
collagen. FEBS Lett. 56:166-169.

Stanford, C.M., Solursh, M. and Keller, J.C.
1999. Significant role of adhesion properties of

Noonan,

primary osteoblast-like cells in early adhesion



17.

events for chondroitin sulfate and dermatan
sulfate surface molecules. J. Biomed. Mater.
Res. 47:345-352.

Stojkovic, M., Thompson, J.G. and Tervit, H.R.
1999. Effects of hyaluronic acid supplementation

-279 -

on in vitro development of bovine embryos in a

two-step culture system. Theriogenology (suppl.)
254.

(A YAF:2000. 8. 21,/ =LA} 2000, 9. 20.)



