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Effects of Neurotrophic Factor on Fetal Mesencephalic Grafis in
Parkinsonian Rat Models

Sang Sup Chung, M.D., Jin Woo Chang, M.T}., Yong Gou Park, M.D.,
Won Young Lee, M.D.,** Tai Seung Kim, M.D. *** Won Taik Lee, M.D.#*#%
Department of Neurosurgery, Microbiology,** Pathology*** & Anatomy,**** Yonsei University,
College of Medicine, Seoul, Korea

We investigated the usage of basic fibroblast growth factor administration to promote the sur-
vival of the dopaminergic neurons and behavioral efficacy of fetal mesencephalic grafts in rat
parkinsonian models induced by 6-hydroxydopamine. The authors made partial lesioned rat par-
kinsonian models in which there was destruction of the dopaminergic nigrostriatal pathway &
sparing of the mesolimbic pathway. A basic fibroblastic growth factor was given continously by
using osmotic minipump inte the lateral ventricle of the rat parkinsonian model for 2 wecks.
Twelve weeks after graft, all of the fetal mesencephalic grafts with basic fibroblast growth factor
showed enhancement of the survival of dopaminergic neurons as well as activity of tyrosine hy-
droxylase in the caudate-putamen. Aslo, they accelerated the recovery in the grafted animals in
test of apomorphine-induced rotational behavior when compare with that of the fetal mesen-
cephalic grafts alone. The levels of tyrosine hydroxylase activity in the caudate-putamen were
significantly enhanced in the fetal mesencephalic grafts with basic fibroblast growth factor and
basic fibroblast growth factor alone compared with the control group. Those rats with fetal
mesencephalic grafts with/without basic fibroblast growth factor or basic fibroblast growth fac-
tor alone showed the recovery in tests of apomorphine-induced rotational behaviors. Our study
suggests that the basic fibroblast growth factor may be a neurowophic factor for dopaminergic
neurons, or may act indirectly by inducing the release of a dopaminergic trophic factor from
other sources.
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5, wA TZIEME 2Holel Alzet osmotic
minipump2| &+

WA BFiAY 28E gedium  pentobarbital
(30mg/kg) & B7ule] FAlske vh3 & Wi gl
A B “‘L*Wr TUF Yo E e $F
Exl o] alal: 5919 Fis
o] Ul"ﬂL—P‘P— A F Alzet osmotic minipump
(model 2002)5 $5 R Hef AYe & A2F(bone

cement) & °)83led YA} Alzet osmotic mini-

ah

Fig. 1. Schematic view of the target point{*) in substantia ni-
gra, pars compacta(SNpc) for 6-hydroxydopamine
in rat brain atlas™.

Fi

ig. 2. Schematic drawing of Alzet osmatic minipump(A)
for continous administration of b-FGF or vehicle to
the lateral ventricle(V). The cannula was main-
tained in position by dental cement(D), fixed to the
skull by screws. CPu ; caudate-putamen.
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Ae £30] AEH Ag49} 200mle] 10% T=TH
oF #FE FHE 7—1%—31'04 10% F4 ¥2ueode|
24X3k 014 wASAT TAH WS vibratomes ©]
fated AP FHTH 74‘”ﬁi o4 BAE 250um7t
Ao 4HTL 5ipme FAZ HOGT. A =

il
1 £
TR A

\

N

Flow Moderator
l
3

Infusion

} Ormatic pump Catherer tube
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Fig. 3. Schematic drawing of the Kit for continous infusion
with Alzet osmotic minipump.
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Fig. 5= 61g9] 6-hydroxydopamines] A} & ¢t
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tyrosine hydroxylase Wez231818 o4 ~7A(A)
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A desden yW 59 A=A tyrosine hy-

N

~o=Gralt
—=—Grafis bFGF
e BFGE

——Vehicle

Tarns in 10 mip

Preop. 4 weeks 8 weeks 12 weeks

Period of rofalion Lest ‘

L. _

Fig. 4. Apomorphine-induced rotation test of rat par-
kinsonian model before and after graft (mean + S.
E.M))

Fig. 5. Tyrosine hydroxylase(TH) immunohistochemical
staining of partial lesioned rat parkinsonian
model'™. A ! Left substance nigrapars compacta
{(SNpc) showed severe loss of TH-immunoreactive
neurons, but left ventral tegmental area(VTA) was
well preserved. B : Nissie staining of the same le-
sion confirmed the severe loss of neurons in the
left SNpc. * ; needle tract.

Fig. 6. Partial lesioned rat parkinsonian model showing
faint TH-immunohistochemical staining of the right
caudate-putamen{CPu) compared with the left non-
lesion side. Ac ; nucleus accumbens.
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A 5 AE AN o4 2 14800 5 kg T
T °l4 ¥ tyrosine hydroxylase Wz slst® o
AN Mzae] o}Al Mojofa tyrosine hy-
droxylase®] #Ae] &4 44 W1¢-S Wol= AT
T BET £ Uz, oy 23 Fgl Mz
tyrosine hydroxylase®] o] %4d 44 wrgo n
ol AZAF ol2 BAY 5 Y%enl(Fig 7).
ol F ZobulA AAMEE o)A Fusold] 2
2 AT AS 48 5 AT (Fig. 7B, 1C). %
T HA THEH M FGld Alget osmotic mini-
pumpE °l83dle] A7y AfrAE APz 9z
G ASHLE PR A 22WT e UMM E o
A P F o)A 23 F9)2) M A ol 4] tyrosine hy-
droxylase®] FAd| W4 G4 942 Hel:= AAAS
o] etz wnAyg U131 (Fig. 8), tyrosine hy-
droxylase BREA29E oAals 7ol H HEA ) o]
954 tyrosine hydroxylased] aao) ¢4 o4

T AGNhE o)A F 5ol vzt WF 21 4 0.7 )
ol BEHATG (g, 8). e} HzAe o4 Eel|
A tyrosine hydroxylasee] &halel 94 o =1e.g
Mol AAMTY F7F 5% g Fulax AT ¥

HRE o2& Aol |oe] BE3 wedw 25
Al 1HE I A 24 8Fe] M)Al iyrosine hy-
droxylase®] Aol 44 4 ¥12 S poj= Ly
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Fig. 7. Tyrosine hydroxylase staining after fetal mesen-
cephalic tissue grafts alone. (A, O : Low-power
phatograph showing TH-immunoreactive neurons
(arrows) and also reappearence of TH- im-

munoreactive staining from the previouly den-
ervated. caudate-putameni{CPu). (8,D) High-power
photograph showing TH-immunoreactive neurons
and outgrowth of TH-immunoreactive fibers
(arrows). V ; lateral ventricle.

o

AT T e T .

Fig. 8. Low and high-power photegraph(A, B) after bFGF
infusion with osmotic minipump and fetal mesen-
cephalic tissue grafts showing well survived TH-im-
munoreactive neurons and outgrowth of TH-im-
munoreactive  fibersfarrows). Caudate-putamen ;
CPu. -

Alzet osmotic minipumpZ ¢85t 9714 A%
BAZ AAR1ASE 273t A48 oz 2z FA)
S Al 3H¥EY ¥AHE % % tyrosine hy-
droxylase Nz 388 AhzdA] Wl Folg
AERAA Q7432 dold) 2% tyrosine hy-
droxylase B 2235 A 94 whge] 218 @
28 sl (Fig. 9, Fig. 10) ¥£8 Alzet osmotic
minipump U799 o= s@ 2344 o] 244l
FEEo| Basgls.

Al 42ETR), dEF WAME vl (vehicle) A}
F tyrosine hydroxylase Wej==5}at% o 47 Ak

of the partial lesioned rat parkinsonian model after
bFGF infusion with osmotic minipump showing the
trac{T) and the change of the cortical surface(C)
due to Alzet osmotic minipump. Also, denervated
right caudate-putamen showing positive TH-im-
munoreactive staining. Caudate-putamen ; CPu, La-
teral ventricle ; V.

otograph of the partial lesioned rat
parkinsonian model after bFGF infusion with os-
motic minipump showing reappearance of TH-im-
munoreactive staining of the caudate-putamen(A).
The density of the TH-immunoreactive staining is
fess than that of the “non-lesioned side(B).
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brillary acidic protein) 8¢l Z713 woli= 4434
¥ #A45E fueln] @Ak AdAEE NAA%
1z fAl 22 @43 EF(nerve growth factor-
like neurite-promoting compounds)S 8| FT}aL
S dAzx mabgA ALY Ao GRE
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AR olm] Al o] 429 YX|Sn HeEAE
QALY FALE AESA Z5L Hol INT-29,
HHRAT AN} ofo] At wdo] 509 Yx|ah=
FGF-5 3 AFEAE A43dakel ofn|weat vjge]
39% YR 3= keratinocyte growth factor{KGF)®%
Fol 2714 g9l ¥ mwo] gli= Aol

SATFA AT olHE Fr1A AHEAE AAe)
ATE B s, WA RAd ol fEY 7E
WAl AN Bl ge) Fde vt glu B
e A 2EE BEEA SN BES AL
SHTE. 7iEe] wlA drledy ByTe 2y B
SRS 204 AAAE A 572 Q18]
Yoz <7t B2 945 wleay ngs
B2 Aol & Kol o]4] Hga] W &
Yoo A B2 gdale], olaal e WEs
of ot Waleha H& A4z Fate] Wals gEs 4

T AP0 AT mata B
T AN Qaty aa5e BF3Y £ s WEeR
1991 Carman®™4] WHE $-83t 24 924
61g9] G-hydroxydopamines FAFele] @ia] dlzl&H
3 238 TEYP
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Eed
3 B=

RA R

HAZAAN TF HA T2 A2HAE o)y

# A AYE WAE ol F ol el vste] B
42+ 5.8%2 BAHLE R AT 22 B
L, tyrosine hydroxylase 9Y=25}8t4 g4
M= HdzFe] o4 RelA  tyrosine hy-
droxylase®] #Ae] &4 HA ¥HE-& Hol= AAAE
EGEY AU, AP AXY AEE o)A 239 F
7L obd 2 o] A3z o) FRPY A BAFH Y
o]y 27 80 MEAefA] ojal FeAd
8 = 21219 tyrosine hydroxylase®] #ajof o4
A vhg g HolE ABMFe welZ wdE & 9
ot oM & 2L F o] X 2Z g A Ha R
A9 Fg7t Solgk FHERI ) FE FapulAd NAAE
7F BEsigivE Hoz vl Ao s FuAMY
A5E o4 2H G4 FYL A$ 2ol A4
X ATFE IME T 2 sl daa A
a4 it

BAFAA FF A FH2F AFEHNE Alzet
osmotic minipumpE o83t 974 A-FEAE A
NS 25 ASH g P FARIGE A 24 ¥ T

WA 5 etEe] AP ARE Avnd x| o]4 Hel
o141 tyrosine hydroxylases) #ae] 94l o4 ule-g
B HAAARY 71 % g2 FHRA AL el
& o] A% Aol Wiste] HF 2.1 2079 o4 ol @
ZHUT £ 0|4 Ho| vlale} WF 54+ 7.4%9) 3
Hese] gag 8 A 1 2879 42+ 58%0 Hls}
ol Fo ¥& HHEy F4aE By oe§ g 7]
Eo| Ll o] & AEY Tl Az WA
4] apomorphine 4 34 &% AAMY AL T ul
¥l 3 AgeA "7 dledt A & 99 A 1,
2HEL] AR el ARES 9714 dERAE
AR dete} Tugld AFMEL PEo| F7}8)
3, 94 F7iEHNY 289 apomorphine £ A&
9 At FAEE ¥ 5 Ul 2y o) 23
F9]2] Mz oA tyrosine hydroxylase®) shad] o
4 B4 W3S HolE: AFER doly YAt Aol
FHaricte] AMA T 2ol A9 28850
= Jgs) TRt HE £7h gl

Alzet osmetic minipump% o]&8td d7|4 A&
EARE AZIAE 257 AL o FAS Y 4
3HETY WA 5ok B Al 1, 2 AFEd vlake]
g8 Ao} A o] 4o Hslel B 30 £4.5%
9 BA T AAE HAT BF AzxAdA Arjst
Ant FalAe] wlale] ofzie]l F71E tyrosine hy-
droxylase®] a-ael ok A4 98-8 Ho|= ARAH
9] drolg 9] BAY + YAt 22 o9 gzEl
A 4 AYE YA selE BEE RS FAL E
tyrosine hydroxylased] Aol %A |4 ks B
ol AFERY Lols: AFL F Y, apo-
morphine & FAEFHAAIAE &A] o]2] T {2
g AT 7rAE S & g

ol ide AAE Tk, A7 HREAXE 43U
A A BH Al malvia AAA T o}
A 2Rl AAAEY A2 S F7HAFIY ol ¢)sty]
A9 apomorphinefd BdEF9 #4428 F3A4
F U A ¢ Uw B ope), EamAg A
AAEY ol4gio] GEOE FrA AREMAE AFY
S FAE Aol WSe) Az xRy A
e ol opr|AlFIH, o]o] 43l HA] apo-
morphine®? FHALFY #F47F vehge 28 33
;e o) FE PR AL FAH4 94

rhr
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o 23te] & AEFE RNl AFHE 84
7} frd vl A orada g gk

ol @714 MAEMY 44AA= Ly 84
S {mitogenic activity)t TA FFAZ AN 27 A
£o] AZH 24k FF TAT JERHP®, g7y
BERAE ARt Eopflg AR A X AT 2
£ 19893 Ferrarig™o] Algddidlx =oa4 473
AEe) JES FFNFE Bad F, 19909 Otto #
Unsicker™d| ¢3te] 97|14 AREAE A3A247 vt
S YA EagA AFAT] AEFH 4TS F
A3 ZA7)E AL AT GU1E AREAR
QA W] iF A= 1990 Steinbushs*™
& WAl A B AL EY ol HiEH A83
Fa Wl o2 G714 AFEAE AARNAE Folsly
siulA AAAEY wobeh Eapulyg A7RAFe] wol
7} Z7ke Ag wasigich 2y ojHE e A
£7Q1 Fqlo] o|FAY, HARE wvhEH A9E FAL
o W FERNFY olaH BT FAER o4
oA olga717t iz, olel @ 7o o F el
2% g A2H7Er TAAAAAE) Y g™ el
7)ol Azhe] A A Tire] @714 AREAE 44
o] 32 fasteded £A7F g 7Rl sldz
Azt

AAEL 19919 Hadjiconstantinon$™# 1992
CummingS"# 4Fid fAR A4RE o83
s Z Alzet osmotic minipump o}-&% A &H ¢
714 AREAE AAAe) FYPE AH-EET o
3 aha AR e FFHAH FA WHEEN = 2
2] Fisher @ GageS2 #84 2&& oigate], WA
A AHRAR AAAAE H|Es AL vl
TolA AR EG 8 o|2A] o] 4 F5jelx =il
2 NAAEL] Ao Hx 1087HA @A FArehs
AL g3 paste F4x JadE o83 PAEYY
el F419) 7HsAL AABFA.

A7) AREAE AR AAA L
= A ED AR TS0 gAe] Bofsht FE
G714 HEEAT A0 A4S ABALAM o
FojAvtn LA Yt 4714 AFEAR AU
W5 4 ¥ (endothelial cell)®} 4 &7+ drtz &
A glev} oz wolAA] o4 z7 g A oHA 4
e u|x=x P83 dAAUA @gem”? of @7

A wAy Aol T ohd g AFA I o] A
£ %A ¥ (fibroblast), W14 ¥{endothelial cell), <
A ¥ (myoblast), & X (chondrocyte)d ZH4]
¥ (osteoblast) 5ol WA E AT Ao FEE ]3]
£ Zo] T},

| L=

BAYS Fale] Ty AFAFe] AEd #4l4
A elzbe] shiel 9714 AREAE ARl 2%
AL = AL PREGT FE YHEAE 44
Aol )3te] o] Aa WA HlEA BH F4 &4
o] ¥ g BRegrt way BATE Bt g4l
AA AT} S7ieA ge] tiE Hol4] 54 o 4g A
AAZe Q3 old) gk 4B A Fag dEE
T 5 UeS o AT, BF B Aatet 9
He-go] g |77l aE Ao AlREr
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