138—(1256) HR&3E 9% 125

FEBBROFE I35 VIP (vasoactive intestinal
polypeptide) D&EE|—#fd ERG i3 5% =09

ToPT e AE B g e e g
E :,g% - ?EE %% (KPR AFE AR )

Influence of Vasoactive Intestinal Polypeptide (VIP)

upon the Chick ERG during Development

Takashi Fujikado, Tatsuya Omoto, Yoko Cho and Masakatsu Fukuda
Department of Ophthalmology, Osaka University Medical School

E 00
FEBRICHHHOMEIIH L TERG OEERE, VIP 870 ERG tX T 5EH, L URERPICES
ha VIPOSHEEAHA~, UTORRELE. 1. B85/ VEEEERT 1 B & DRSS 4 0 BEERRs
RIEOEAS & UTESEOER AR, 1ARMMREEEDLLICELE, 2. VIP &ficL ) OP, 0FE
Ay OP,OJBESHHEENHRNFBH btz ZhbDHREIMLERNH SMEE 1AM EE (B oy’
BB RS L, BA#EIEHNBCR3Er CRobhsDHE -T2, 3. BENEMEELL-NOVIPE
HEBEB{ATABCRIEHTETH = BHLAT 1 BICRMEBOBREAFIAEE 4 0, BEESM L TS5HEBLC
BAEAE NUBEECHS L. 2AonFREELS VIP (3, BRE0 + 7 ESHHFRAT 2B —FL T
EEHVEBE N, EBRNECERI NS FTRAERCHLT, T L TRESECSVCTEMYHEE LT

fERT A eh Rt (AR 91 :1256—1263, 1987)

F—7—F VIP, &, ERG, #i8i%, RIAZE

Abstract

Although vasoactive intestinal polypeptide (VIP) has been immunohistochemically identified in
chick retina, its physiological role is still unclear. In this study, we evaluated how VIP might affect
ERG of chick retina, in vivo at various stages of development. As oscillatory potentials (OPs) are
considered to reflect neuronal activities in inner layers of retina we studied particularly how OPs are
modulated after intravitreal injection of VIP. In normal development, OPs were at first detectable 2
~3 days before hatching and after that their peak times reduced rapidly to adult values within a week.
Increase of OP,-amplitude and retardation of OP.-peaktime were observed 10~20 minutes after
injection of VIP (100xM, 20xl). These effects were significant at early stages (—1~9 days) after
hatching, reducing gradually with age and were only slightly observable at 3 weeks. We also studied
the retinal content of VIP by radioimmunoassay. VIP was barely detectable just before hatching,
lincreased dramatically and peaked 5 days after hatching and decreased gradually to the adult value.
These observations suggest that VIP is produced concomitantly with the onset of synaptic activity in
the retina and has modulatory effects on the synaptic circuits represented by OPs during development.
(Acta Soc Ophthalmol Jpn 91 : 1256—1263, 1987)

BURIEERAE © 563 AKEMEEEEE1—1—-50 ABRAFEEETBRRE#E A2 M

Reprint requests to : Takashi Fujikado, M.D. Dept. of Ophthalmol. Osaka Univ. Medical School
1-1-50 Fukushima, Fukushima-ku, Osaka 533, Japan

(A8FI624E 7 H14A3A+) (Accepted July 14, 1987)



HEF0624E12 A 10H

139—(1257)

Key words: Vasoactive intestinal polypeptide (VIP), ERG, Development, Radioimmunoassay, Chick

retina

I #&

Bl O REEHS MR L b, FET/AEDYHE
fEizik, Tz, 1088 LL o neuropeptide DHFELES
Abf#] T4 Y, vasoactive intestinal polypeptide
VIP) b xo—oT, NENBO7 <2 v vH#llaici
RLTHFELT VA998, VIP O #EE K T o
20T, Mg v S A coB\RAERENTE T, VIP
T2 A oREMB R LR aE A FR TS 2 LY,
¥ oW OREMRB OIS, VIP = ) wFEH:M
RO+ EHT5 2 L9 RHER TV BICBE R
V. ShBOBIFES S, VIPIZ, —E oM@t
LCirA LBt E & LTIERT A 2 LAVREX
NDH, BEEEN 27 VIP OFElIco>W Tt
B 5 A3 Tidinus,

ERG OB NE VT, BN BRIE 55 X U
BrATtorr 7 AESHEREL TVE08LE L
LhTwa, FoChhbhil, VIP&fick hEE
BRI i A HER R L SR BET A Lin
H, VIP OffER o~ 7 7 ARERICH 1T 5 & E2m2 o
ExRAAT, i, HESBROMEOBAENRIIC
WTiE, ERG @ a i, b, HMROEIEED, H
FEEMROS R OLIEE L LEEAH 5, bh
bhi Atk EOEE0RKECEFH L, VIP ol
Bhtex o E8rRELolfciRzs bick
h, FBEBRICHDPED >+ 7 AEBICHT 5 VIP
DRECOWTE ML, b, BEcgs
1% VIP BEoZECHE > B> 0» T b if 2 TR
L7c., EB#EE LTk, oo, VIP SHMa
AEHERTED, 220, HBRBORELCVH=7
bV DR T,

I SEERHE

1. REREMD C ZHE1THE (BL 5 BHAD o bR
3AEIEAABLY ¥4 v OB80HAHHL 7,

2. ERGOBERZ B+ FTHHEMATERYH
38C IR Lz, Jel®uzi: Xenon 7 5 » & = K& {f
AL, Bail0em X b A LA, BERZ=2v 22+ 1L
v AMEBEYHA Lt oAy, REEEIZET
EWEBEETIC R iz, JEREIR20 5 E O R IEE O
#, 1580 EibRE% & Tiry, d@E0.5]oule O

il

YA Rz, E oBIBOETEREE X neutral density filter
(ND 7 4 & # =) & HCTHBRNIC (L &1, HiE
FORFERR0.03sec, highcut 121KHz & Lz, 8
B E iR (amplitude) #5 X OFTH A (peak time)
DFRIEI R T OB PIZHE - T,

3. FHEA B L UKREHE: VIP (Porcine
synthesized) (& Sigma #: CKE) #5 L O\ 77 Ffoe
AT (KB © % ox @R L1, VIP O#EIR10xM
~300uM GEF100M) #HHL, ZhxKFEBoOMMT
Az 20 TEA L7z, RO TR I B
FIE K20 ZFEA LKW & L,

4, VIPoER (RIA k) | S04 (4B5) &
L, REREIE LACH U 2 HE0BEEE
%, 100C CLARIFE LB rES =71 XL, &
A% 3,000rpm CL1045 [l B U 7o kil 2 wifs g
BUCHARE L, o oK Ry VIP Mgk X O
I'BVIP®#z 4 CTT2RRIA v Fai—avk
fT-7c, T #uic dextran coated charcoal % 0 z,
2,000rpm Tl0Z OB Lo, EiFdr v =2
v v —TRELK.

Im & X%

1. $0REE ERG 0Z{t

BEME N IRLET 1 B (2H520R) wHEBEHO S
LEEDIE L Lo (aBER L O b Bixip ksl 3 B
(ZFE16R) L OB THETH - 7). Fig. 1 3E&F%E
BREO ERG Lt b 0T, BbEEEE/ g0l
REFOEHL X CIRIEOHASED b i, Fig 2@
FE5F 5 HicowT, HENREOTH SRR X UYRIED
FECHIBEERLELb DT, B{b#2~5HTH
FEFFO QB L RIFO A BEE L 50, Kb
#2AMTHESR, BEVCThbiERBDO v 1
LT

2. VIP &7 & 2 280zt

Fig. 3k 2 B B oMl BT VIPEAH D
HRERNEOE LR R LI D THS, VIP AFic
h OP, DIRIE D REK 35 X 0 OP, o TH & I 0 B IE 2332
dbhhl, alBsLUbBECRBEELRFEITDLA
Teinofo, Fig. 412 VIP A HB O @B NE OIRIE 3
L UTHRRHC > W TR L 2R LAz, VIP EAK
X % OP, D iRIEH A 35 X O OP, D [H &4 B i oo 2



140—(1258)

AGE

(days)
op1 OP2

|

— pxkuf/ﬁwv/m\\vw“ﬁ

L

y Vﬂ\w

l
Fig. 1 F&ERECH 580/ FEH ERG, ¥k 1 81
X b L2208 EF ToBO KM ERG R L,
HENEE ) EMEET 1 B (CERE200 B) @l TR
FEOHRE L fr o, LB EOHEA RO
8, B X URBOBA,ED b, (BIES0LV,
10msec)

AiE&EE 91% 125

40[—
8
v 30r-
E
@ OP:
£ 20 }--_.;
= i
= OoP,
o L
g 1 —3

— Hatchi

— e s nlg 1 1 1 0w ]
>
3
@
o
2
a 60
E
<

40

20+

Hatching
1 1 1 1 1 1 |
0 5 10 15 20 80
Age (days)

Fig. 2 8R0S 5 B b—TEA8 (&R
FILUPRE (BT iwouvt—, BEESEcES
B (ML) ¥ X UdRIEOHA (RTF) 2 0P,
FIUOPLbicRbh, Bik5 HBICRIRER
BOuv s LT, (BEESHOFH)

Fig. 3 VIP oftf/ o+ 58%, k&2 A B offic-ovT, VIP(100xM)
EABOEBRNEOERE LR Lo (BB REE, TR VIP AR, VIP
EABRTREANSHICE OP, OIRIEHM AL L U OP,0HARBIEL DL b, &
DRFNIA TR & 60T HEIFHE L 7o, (BIEX504V, 10msec)



FEF62412 H10H

=
E
E 15
fé
101
2 OP.
5 9
3 o
0
& oP,
L I L J
=
o 60 oP,
o
2 40
‘a
£ 20
o0
-
° -20 DR
)
a L 1 L I
3 0 30 60 90
S
£ Time after injection (min.)

Fig. 4 VIP i A o REER/ N O BERHEL—IR
A (BB HsXodgiE (BT oFfk—, VIPE
ABoESRE (HE) sLUdRE (BTF) ©2nwT
SRR+ 5HE (%) #RLA, VIPEAKX
h OP,nTHARFDEE (K1) X U P, DiRiFHk
(AT BEECRESbht, OBREREARE
10~203TRAkEb, FOELL EL05FH
L, OP,olEAR (KL, B3) 8L U0P, (X
T, B OIRBICIEH b2 e E IR bhith »
7=, (B{k# 2 ~ 5 Aoffic>\WT 4 PO EH)

FEABI~20FTRAERD, TOEDRLLEL60
GiElFE L7z, OP, @ TES R X U OP, ORIEIZ (LB
LhEERRH LRI 5T,
3. VIP R BERTHE
Fig. 5 T FERICEAT S VIP ORE > H(L X

KEXHBRCS LTRkdrbod R L, VIPDE
BIEAREL LM (BEFERcy— i Lo & 5
ELEHEOM T HRERILM) TR LTI
Droted’, EABREIOLM G TR M) THEN
I RDbh, EHLEREY EFCh BRIk EE
e o,

4. VIP ¥R ORI A MR

REABROMEEI kTS VIP ofdl - R—Fift

141—(1259)

20r

To- OP:

OoP,

Delay of peaktime (%)

Increase of amplitude (%)
S
T

100(

OoP,

OP:

e
10

1
30700 300

Concentration (uM)

Fig. 5 VIP o#hRoRERFE—HAk (KB &
I UHEIR (RTF) ieowt—, VIP oEARE (10
aM~300p MO xt+ %, B SR/ E O TH SR ORI
X, B OREOHARLHBRICH L TRz
oxR L, VIP o1, EAREIMS—i
WL EEE L BE oW FHRRE 1M Tk
B b Tidkleh o tehd, EAREIMEETFHRE
3uM) THEHE I BEDbh, IHLICEREY EWT
LI ROk E B R fe, Bk 2 ~5 Bl
KOWTERE 4 Bo¥E)

FIWRRE A W BENIC G S ¢ 5 &, WRER LW
VIP AR & b @R/ o IR ig i LT S8
ZEER L7z, VIP AR T2 OP, DIRIEH A%
REA L, OP,nHaMBEDR T A L (Fig
6). - TUTORBRICIH\TIZ, VIPDHREXZ 5
BRI BGREE £ LC0.5] oRIBOER A,

5. VIP D RORERRE(C L 58\,

LAl 1 A2 SR EH20H F CORFEERBE ORI
* LT, VIP &ffo#E% Fig. 7w L, BLER
HHEEE T OP,DIRIFE KB X UOP,0TES
BREREMNER RS bR, RREE LD ZORE



142—(1260) AiR&EE 91% 129

(b) i
' o
@ = 1.5%
5 £
D +
B 1.4
2 g
- 2 @
© o =
o & s
- -——’I‘“"" {1.0 3 - 1.0 &
-1 it
E I’---T - % 1.6 VIP injected
[e] VIP injected 40.5 o
° as i Sse] . EeesRs Control
8 o
3 > 1.4
. ]
- Jo0 ©
e 5
© @ 1.2
[
=
© 1.0
K oP,
0 S L Il i L ] P "
5 4 3 2 1 o0 -5 4 -3 -2 -1 0
(0.5J) (104) (0.54) (104)
Log stimulus intensity Log stimulus intensity

Fig. 6 VIP 0% o SOGTHEKESE —IRIE (K a) 5L OCHLR (" b) ioowT—, BIROBSEEEL0] iz
X5, @B EORE (Ka) 3L OELR (®b) #1.0& L, ND 74 42 —2ATH#E L,
BRI BOGIRETo R RIR S X O VIP AR ORIES L OEAKOMEMEL R L, (VIP EA®RI~304, BE
100M D&M TFToORIE), BIHOGHE 2 NHMckE b 225 &, MRS L O VIP EARG B ok
OB L OTRAROIERAED b, VIPEARTO OP, 0iREHAEEEAL L (Ka), OP,0IHA
FREREZ R A L7 (b)) (ki 2 ~ 5 B ol 4 FoEH),

OP1 op2
AGE i i

(days) SALINE

Fig. 7 VIP 0 R—ZREFERBOMONEL ERG—, EBZBER, TR VIP EA#HO ERG T(HEAL0~20
534, VIP JEEE100MD, F{LEi 1 B X » OP, OiREHADRS L U OP,0HAKEBEGRAZED LI, Z0%)
BRB(CERHCIBRZECR SR, 200 B @rciflh b ARE Lo 7o, (BESRIE50. V #5812 10msec
Rt RRELUBMEET L BeouwTRIRES 2 iRl 1.)



HFI62412 A10H

a
150 ( )
8
p 100F
el
3
=4
2 spk oP,
©
&
[e]
o L
a2 0
'
Q OP:
&
-50 "~ Hatching
[ 1 L 1 ]
251 (b)
) 20+
£
£ 15+
X
©
o
o 101
<o
(o]
k) 5¢ Sl
[
a
. g atehiog ’ i = :
=3 5 10 15 20
Age (days)

Fig. 8 VIP o#F o Rz fk 5 T/ —IBIE (= a) 25
LOHAR (A bicowT—, {FREEEETO VIP
EABROIRERM AR (K a) & L OHAKEBER (8
b) HHRIRCH LTRSS DRRLE, OP, 0
IR A RIBLER L Y BD 5, BB IR
e =7 I E L EEHA L20B B3R Eimamn s
hoaoahkbicstc (Ka). OP,0IE SRR (L
Bl 1 BWCiAfE% & b fbigsh Bl L, 2088
CRFBREIBDbA ko72(Hb), (£B4FOF
#1)

2N E < fe 572, Fig. 812 VIP &z X 2 IRIE Ok
B L UVHAROBERORZICH > BlLa R L,
OP, ORIEHAELER X b BB h, HLEkoH
Bice — 2 LEEA L, SEMSICIIBRECR
BRADLE T, OP,0E SEHEIE G IR(LE R A
BhAKEL, BBk L, 3EMEcdEs
ALEBDBRhic o,

6. MENBENEZLI-N 25 3L VIP ORE
& HEAL

WMo ERY: D cEEhD VIP 0 EIL, Bk
AT 4 B 3B REETH - fond, BLAT 1 Hic i E
DRHAFREL e, BLEAMLSBRIY —271c
FLBERCEL L (Fig. 9).

FoEREOMEIZ3s 135 VIP o - AFifh

143—(1261)

1.0

0.5

VIP (pg/mg wet wt.)

0~ l,’Hau:hir\gl

1 1 1

<5 0 5 10 15 20 25
Age (days)

Fig. 9 VIPEEE (EEBMERY:H) oREic
OBk, M E R Y 0 VIP &4 B3Rk
Al 4 RIC3BHTAEETH - 2L 1 BAfic i
ORMATREE e b, BLESHMLS5BRRY -7
W L EBBE I L, (B84 PoEy)

IV % #

BEOMEDOIGR ISV TIL, FREEEMIED S g
HiffIC\ 7o 2 SAIBR B AT 5 £ Tz 13 B A
b, Z0#H3~4 BBy 7 AAER SR
DI EDFEERCH LI ATL DY, BT
DIEREHAHETHS, ERGO allids LU b
ERERIBAE (L2 HED X h@@shsc iy
HEEATVLR2, SEOERTLIDLINBRES
hic, BEENEOREICE S BbicowvTidAEir

Fixiewp, SEOER TEREENEAERE L <
HMETHEL LoD, aEB LU0 bELY1I~2H
EBNIcEHERII~208E BL2H~1HD T
7o, T, BEERNICRE X R B N ERE,
AfRE L A D>+ 7 =213, BEERICES Y
L, PbEeoEcmsis L%, 2 8~5 8 TiIEms
THELEELBLRS (Fig. 2), BaRAsBREcasbhR
T X, BLESL D BERELE s L
DERIRTED, - THERcE T cEiEo >
> 7 AFEHER S h, $FEEC O S
THZELREENTDS, 79 MEBICHIT LR
MdbFmpreci, VIP Bi#iaiBimk 2 0 (4
LRZB) HI v R#Leborn@obh (Zo¥EL h ERG
DFEFEAAE L 72 5), FREIL B M T 2 &2
WD LAT VLAY, SEOMBRIZE T2 VIP &4
BOERNLLE, VIP o@EARKRL 2 ~ 3 Bl
L, BMLEHCZML, BEEsS BcriEREor <
MEETHZ LD bR (Fig. 9). chboX



144—(1262)

#1335 . FAERCEVTY, BED s 7 AEEHO
BArAT A EEIc—3 L€ VIP Ml & h, v+ 7 A
ot oL VIP 0 EEXAECENT S
FEERLTEY, VIP A\EED >+ 7 AFEER L
HOFEY LT ATEEMYRYEL T35, VIP Of
BT s ERREOBA L4 L, OP,
R ERD v+ 7 ABED VIP w3+ 5 KM
PALER L D HFEL, BAEIBRY -2 £ LTL#E
wA L, Wbk AN TEECEDLhEDAL >
fo. E i OP o B X h A EEIC R 3 % Rt (b
BRI S & < B bk U, i 3 kT
FERdLNR Iso1z (Fig. 7). ThboHRI,
VIP DfFRIRsER Lice+ 72 L h 4, trL ARG
Bichsrrr7AARCH LTI WBEETCHHI LY
RLTWa, REOBOEELY AV HE~7+ VD
Wi xss, ranay, =vir 7y ) v LB EE
BICBENSERENEET A LARADLLATVED
T, ChbORFF P RELEET S LATH
xhp, ¥ M2) OBERETIRY < AEF Y,
H+7 ARV APHEFRNBECEEL S DLW
BELHL, L LEA R LARE T8O ERG
CHEELREEY S 2T F FPRBEDO L ZAVIP
DZTH1W, - THRERBOHME LKW T
VIP %, 475 &4 ERG O# B/ NEICBEGET S >
+ 7 ABRICBEL TIE, fho~<7F X b AKX B
ERAEE-LEZBRS, VIPOERABFIC2WT
3, #oJCEMECR L TIEEM Y EEE LS 5HE
WIEA &, Cyclic AMP D EA (R % /i LB W IER
DEETHC LN LML ERT WY, FiEEEH
b RA-SEoWE T, VIP X OP o L TIHARIC
gLz CMRIEEHEA SR, OP XL Tk
FiRCREELE 2 MV AEHAREEY L7cbT 28
725 (Fig. 4), VIP © OP, %3 % > 7+ 7 AEKIC
T AEE L, OP, MM TA0Kc+5@E 1R
TEoTWABIEMNHEEINS,

BT = H R oMeE, MEcEH o LET, T,
BlEpsc s GEEE 560480389, fiF BE) OEBE I
foz EREL, WEEERLET.

X |
1) Brecha N: Retinal Neurotransmitters : Histo-
chemical and Biochemical Studies. Emson PC,
Ed, Chemical Neuroanatomy, 85—129, Raven
Press, New York, 1983.

2) Fukuda M, Kuwayama Y, Shiosaka S, et al:
Localization of vasoactive intestinal polype-

3

by

4

—

5)

6)

7

2

8)

i

11

12)

13)

14

~r

15)

16)

AR&E 9% 12%

ptide and neurotensin immunoreactivities in the
avian retina. Curr Eve Res 1: 115—118, 1981.
Léren I, Torngvist K, Alumets J: VIP
(vasoactive polypeptide)-
immunoreactive neurons in the retinal of the
rat. Cell Tiss Res 210: 167—170, 1980

Lasater EM, Watling KJ, Dowling JE:
Vasoactive intestunal peptide alters membrane
potential and cyclic nucleotide levels in retinal
horizontal cells. Science 221 : 1070—1072, 1983.
Fukuda M, Yeh HH, Puro DG: The VIP
system in retinal cell cultures: Histology and
pharmacology. Invest Ophthalmol Vis Sci (Sup-
ple) 25 291, 1984.

Ogden T, Wylie R: Avian retina. 1. Mi-
croelectrode depth and marking studies of local
ERG. ] Neurophysiol 34 : 357—2365, 1971.
Yonemura D, Masuda Y, Hatta M: The
oscillatory potentials of the human electror-
etinogram. Jap ] Physiol 13: 129—136, 1963.
Heynen H, Wachtmeister L, Norren DV:
Origin of the oscillatory potentials in the pri-
mate retina. Vision Res 25: 1365—1373, 1985.
Rager G: The cellular origin of the b-wave in
the electroretinogram—A developmental
approach. ] Comp Neur 188 : 225—244, 1979.
Rager G: Morphogenesis and physiogenesis
of the retino-tectal connection in the chicken 2.
The retino tectal synapses. Proc R Soc Lond B
192 : 353—370, 1976.

Masland RH : Maturation of function in the
developing retina. ] Comp Neur 175: 275—286,
1977.

¥F KR, JTE—x  ERG o404, EREEER
%, 104—108, E¥ERE, B, 1985,
Nishimura Y : Determination of the develop-
mental pattern of retinal ganglion cells in chick
embryos by Golgi impregnantion and other
methods. Anat. Embryol 158 : 329—347, 1980.
Hughes WF, LaVelle A: On the synaptogenic
sequence in the chick retina. Anat Rec 179 : 297
—302, 1974

Terubayashi H, Okumura H, Fujisawa H,
Postnatal development of vasoactive intestinal
polypeptide immunoreactive amacrine cells in
the rat retina. Neuroscience Letters 33: 259
—264, 1982.

Gall C, Brecha N, Paranvelas J: Develop-
ment of peptide immunoreactive in the
hippocampus, visual cortex and retina. In:
Sharma SC, Ed, Organizing Principle of Neural
Development, 205—249, Plenum Press, New

intestinal



AgFI624F12 4108 REABEOMEIZ L5 VIP 0% El « R Fifth 145—(1263)

York, 1984, 18) K&ZEH, TP, 8 FF, EHL=  ERG
17) Wachtmeister L: The action of peptide on H B R /> 8w B3 B vasoactive  intestinal
the mudpuppy electroretinogram (ERG). Exp polypeptide (VIP) o#% HE 90(ER#T

Eye Res 33: 429—437, 1983. ) : 55, 1986,




