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Comparative studies of D2 receptors and brain perfllsion in

hemi—parkinsonism rats

LIN Yan-Song，LIN XiaIlg—Tong
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Abstract The relationship between dopamine D2 receptors越ld hrain pernlslon 111

hemoparkinsonism rats was studied．Hemi．parkinsoⅡism rats were made by stereotaxic

6一hydr02y dopamine(6一OH—DA)lesions in substantia nigra(sN)and ventral t89mental
area(VTA)，apomorphine(Apo)which could induced the successful model rat rotates

toward the intact 8ide was 118ed to select the rats，125T-TBZM ez一"200 autoradlography

analysis and 99mTc．HM，PA0 rcgional ccrcbral biodistribution were used to cvalllatP

_D2 reccptors and cercbral bloodnow．The HPLC—ECD were used to measllre stnatllm

DA and its metabolite8 content．The lesioIled 8ide striatum DA and it8 mctabolitcs

HVA DOPAC reduced signi矗cantly thaIl that of the intact side aⅡd 8eudo’oDerated

审oup，8triatum／cerebelluIIl 125I—IBzM uptake ratio was 8．(J4士0．7l in 1esioned side
of hemi_parkinsonism rats，sign谕cantly i11creascd compared with tl心intact sidc and

Ihe selldo-operated group(p<0．05)，30．1l土4．53％cIlllancem㈣t as comparcd¨tl⋯
；：ltact 8ide，and also shdw good correlation with 30 IIliIl Apo iIlduced rotatbIl IluInbers

(r=0．98)，the regional cerebral blood矗ow study didn’t show s垃ni矗cant di虢reIlcr
hetween bilaterd brain cortex areaf口>0 051 These resuIts indicated that in the 6—0H—

DA lesioned side DA content decreased signi矗cantly and an up．reEulation of striatuIIl

D2 receptor bindiIlg 8lte8 wa8 induced iIl lleml—parkiIl80Ili8m rats，wllich 8Ilowed goo(I

correlatioⅡwith rotatioIl behavior induced by Apo． ConlpariI堰with cerebral bluod

丑dw，D2 rec8ptor re丑ected by IBZM seems to be more 8pecmc aⅡd e龃lier to detect

the cerebral functionalimpairment in experimentalhemi—parkinsonism．
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1 INTRoDUCTIoN

Park血son’s disease(PD)is characterized by selective loss of d叩aminer酗c ceus
in substantia nigra(sN)which project to striatum(sT)，14％～80％patients would ac—

companjed而th deInentia d11ring their 1ater stage of PD accordjng to various statis—

tic data，studies revealed de丘cit of regional cerebral blood now frCBFl and 91ucose
metaboUsm in frontal cortex etc． area in these patients吵 The relationship between

central dopar血e(DA)transI工litter system and brajn per缸sion in PD rem出ns to be clar—
i矗ed．In the previous work【引，we estabhshed he血一parkinsonism rats，expbred their DA
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D2 rec印tors varja“。n Tb further jnvestigate the rela“。nsh如between brain perfusion

and D2 receptor，125I—IBZM autoTadiography，aIld 9胁Tc—HM—PAO bram biodistribution

were used in hemi-p缸kinso工lism rats，meanwhne，HPLC-ECD was also used
to detect

the contents of DA and its metaboⅡtes主n ST of the models．

2 MATERIALS AND METHoD

2．1 InstruⅡlent and reagents

Narishjnge ST．79—28 stereo—ta】【ic instrument(Kasuya，Japan)；865一model cryotate

rnicrotome(Bufr砒o，usA)；HPLc—EcD(salfⅥralters，usA)．s(一)·3一iodine-2_hydroxy一

6一methoXy—N[(1-ethyl-2一pyrrilidinyl)methyl汕enza血de(IBzM(s)(一))，s(_)-2一hydr。xy一
6一methoxy—N[(1-ethyl一2-pyrrilidinyl)methyl]benzanⅡde(BzM(s)(-))w盯e synthesized in

National Laboratorv of Nuclear Medicine HexamethyLpropylene aIlline oxime(HM—

PAo，Anlersh眦，uK)；6．hydroxy dopamne(6-oH-DA)(sigma)；apomorp¨ne ch】o“de
(shenyang First Pharmaceutical Factory，china)

2．2 Rat experimental hemi-parkinsonism model

Studies were carried out usingmale orfemale SPrague—Dawleyrats wej曲ted 197土21．39

珏erni．．p龃k证sonism model rats weTe ma“bY Btereotaxic 6一OH—DA 1esions in SN(A

2．0mm，R 2．omm，H 7 8nun)and ventral tegmental area(VTA)(A 2．omm，R O 8nⅡn，H

7．2珊n)，aIlima】model and seudo—opera￡ed control rats were established and screened ou L
as described previously【20J．Apomorphine(Apo)(o．2mg／kg intraperitoneal injection i p)
whjch could iIlduced the successfm model rotate toward the intac“left or lmlesioned)

side was used to screen#he model at 1 week post—operation

2．3 Experimental group

We chose 18 seudo—operated contT01 rats and 18 hemi—parkinsonism m。del rats after

4 weeks 6一OH—DA 1esioned，and the rats were randorllly diVided int。3 gr。ups：gr。up 1

for 125I．IBZM autoradiography，gToup II for 991“Tc—HM—PAO brajn biodistribuLiull and

groupIⅡforHPLC—ECD detection ofDA anditsmetabohtehomoVanjⅡic acl^’H VA)，3，4

dihydroxyphenylacetic acid(DOPAc)in striat眦

2．4 Pr印aratlon of 125I—IBZM

125I-IBzM was synthesized by the k“process r印orted by Kung MP【引，the radi。-

出eT血cal pllIity was up to 92％，special actiVity 2 22 PBq／m01

2．5．Ek一"iuo autoradiography in rats brain

125I—IBzM 7，4MBq(o．3mL)wasjnjectedjntothefemoraI vejIl ofeach heInj—p甜k佃s。njsm
model and controlrats．The rats w盯e sacrmced under anesthesia(山ethyl ether)by de—

capitation 2 hours mer injection．The brains were rapidly rem。ved and placed血OCT
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embedding me dilIIll，and frozen at-15。C After reachjng equ血bTium at that temperature，

consecutive 20“m coronal sections were cut with a cryostat I工licrotome，thaw—mounted

on gelatin—coated nlicroscope shdes，and air dried at room temperatllre．The sⅡdes con—

tajns the brajn sections were exposed to GS一250 Phosphor Imaging Screen·BI for 2h and

im89ed in GS·250 Mokcular Imager The optic出density VolllHle whjch showed good

correlationship with the radioactivi‘y。f each brajn R01 was deterrnined w“h an im89e

andysis system．

2．6 oomTc_HM．PAo biodistribution in rats

9。mTc．HM．PAO 7．4MBq(0．3mLlwasinjectedi工ltothefeInoral vem ofeach rat The

rats were sacrmced undeT缸lestheEia(diethyl ether)by decapitation 20 mh postinjectiou，
bra试s were qllickly removed on the iced plate，the interested brain region such as矗ont“

cortex，occipital cortex，parietal cortex and ST were dissected，we培hed，then Lhe ra-

dioactivity of ahquot sample were measllred using a 7一counter Th8 percent of injected

dose(％ID)per即am of sample was caLculated by conlp甜ing the s锄ple counts with the
1％count of the djluted iIlitial dose．The upt alce ratios ofeadl region to cerebeum(cB)
were then recorded

2．7 HPLC．ECD detection of DA and HVA DoPAC in striatum

The rats were sacri丘ced under anesthesia(diethyl etherl by decapitation，brains

were q证ckIv removed on the iced plate，the interested brain region such as ST was

dissected，weighed，put血to 1 mL H3C104(0 005moI／L)，homogenized under iced bath，

then centrim臣ed at 15000xg for 30min，the supernatants were taken for f缸ther HPLC—

ECD detection．The content of DA and its metabolites HVA DOPAC in striattlITl were

measured by HPLC．ECD detection descrjbed previouslyI引

2．8 statistical analysis

Data were expressed as mean standard deViation，statistical analysis were carried

out bv￡test．

3 RESUIⅡS

3．1 Behavioral change induced by Apo in heHli—parkinsonism rats

2～5 Tnjn after Ap。Ⅻection，the successnl hellli-parkinsonism modelrats showed

its cllaracte“stic rotation toward the血tact side accompanjed by snⅢ’mg and seeking

behavior，the mea工l rotation nu士11_ber induced by Apo was aboVe 7 times／耐nute，show

sig工li重icantly di艉rrence compare with the pseudo—operated group(p<o．05)

   



3 2I一⋯ofl 25I-IBZM Dz一8p
tor blndl”g 8ites

舢toramog。ap时Ⅱd瓶山娜(№1)
sllo珊d ulm th kⅢned(rl咖)日】de
sT，cB 1t‘I口ZM ll"t“⋯⋯as
8口4±o T1．hj曲ef t1⋯he kn(m‰‘)
日1de(6 20 Lo d71 md p 8cud。1一L“
E。伽p(6 23±0 32∞d 6 22±0 63 br 1en

Ⅻd T1Rhl sl“螂p8ctlvdy)(p(D 05)．Ⅻd
30 11=_=d 53％eIm抓一en【⋯c叩口Ⅺ“
wlmtheⅢtan 5l“(F15 2)，wud^⋯d
g。。d⋯datⅢshlp”ltlL th 30⋯。t十
L】⋯曲1}j。⋯ducd by D^⋯P Lor“go
mst Ap。(r=o 9800)FJg 3

■◆：
．o，一H绷”口m1一b⋯

■■j。。。⋯
、～ ’

00mmI

FB2 D1日L⋯，【l‰tl_|f】1 5l 1⋯Ⅲcor∞“
h⋯*ll¨sⅢ⋯rcdlw uz v；wo

^1l c⋯dlo口ophy“h⋯p4rkul⋯1日111iI⋯【cl
-1|ldf“l【Erolf r“

i虹

F19 3 TJ⋯crc-*d P”rc|_u h·‘"。}¨‘川⋯】
·川L㈣1日【m m r-kt ra叽{sT／cB)“

12。iIBzM⋯hn¨_p“rhmnl⋯‘C忙61
n r目【⋯口I⋯Ⅱhl】l⋯d⋯d【【，ta‘】DII IⅢⅢ¨

3 3 m“Tc-HM-PA0一I)rBl P。rm目m1 study
””T[HM FAO r⋯n■bT衄b】om日t11butI∞dl“1 L sht⋯v mnⅢⅢllI brmn

r。E1。】11)et⋯n h～p“fkl一一m。delⅫd∞ntr01 rmi“<2 57l、p>o 05)(nblclj
   



232 NUCLEAR SCIENCE AND TECHNIQuES V()1．1l

T矗ble l 99mTc—HM—PAO r。gional brain perhlslon stlldy(n二6
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3．4 Reduced content of DA and its Ynetabolites

The c。ntent of DA，HVA and DOPAC in lesi0Iled side。f heTnj．parkins。nism de

creased slgni矗cantly th aII that of the Intact side and pseudo—operated grollp rats(Table
21．

Thble 2 The concentratioIl of DA．HVA and DOPAC iIl bilateral striatuIn

+SllowiIlg signi右cant di舭nrcncc coInpared with intact and pselldo—operakd contlol rat}

4 DISCUSSIoN

The synaptlc neural transIIlission is of great jmportance for cerebral functloIlal ac—

t1Vity It has been reabzed that during PD，n。t only presynaptlc dopa“n盯gic neur。n

degenerated but also the doPamjnerglc receptor which Teceive the DA neural transnⅡs—

sion changed c。rrespondingly and can sensibly re丑ect pathophysi0109ic出change of PD

The PD patients in eaTly stage which dopanⅡnergic treatment naive had been demon—

strated the up。Te91ll砒i。n of D2 Tec印tors in ba暑al gan扣a contr alateral t。the suffered

limb by 125I—IBZM SPECT D2 im89ing【5] The D2 receptors’up—r。gulation in anim以

afteT SN—ST neuTal circuit destroyed by 6一OH—DA had been dem。nstrated by a lot。f

z礼一"托m experilllents，but the d89ree of up—r。gu】ation are variant，whicll血ght has some—

tlⅡng to do with the lesioned degree，measured techniques aIld time When doparninergic
neuron ofSN lesioned by 6一OH—DA，the release ofDA reduced markedln acc。rdiIlgly a se—

ries compensation mechanism in sN—sT dop甜Ilinergic circuit would oc咖r：(】)Increase(1
DA synthesis and release by the surviVed DA neurons，(2)Increased post—synaptic DA

receptors to compensate the de矗ciency ofDA，the compensatory role changed correspond—

ingly with the aⅡlount of lesioned DA neurons a肌d DA content until the c。mpensation
meclla证sm exhaustion occurred，the process implicated with a se“es of c。mphcate(1

mechanjsm 111 ollr stud y1 increa5ed 125I．IBZM 1lptake iIL lesioned side ST was observed

in hernj—parkinsonjsm，suggesting an up—reglllatjon whjch showed good coTrelation with

Apo i工lmLced rotation behavior㈣ A11 these indicated that叭lT prepared radiohbelkd

IBzM can objectively re丑ect the change of cerebral D2 recept∞邗。!1)ehavioral changes
induced by dopaⅡⅡnergic lesions．
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It j s s1】ggested that the bl。。d flow cha“ges of PD is due to the degeneration。f SN

c。rtex dopa曲nergic PT。jection whjclL ter血nate in interior of frontal conex，Lhereafter
caused the atrophy and hypofhnction of fiontal cortex【引．thus induced hypoperfllsion

。f『ront出conex Whereas t卜li s hypothcsis is disagTeed by otller people who inslst that

the degeneration of acetylchouner百c proJectlon wllich terrnjnate in fr。Tlt a1 c。rLex nlay
be responsible for brain blood change。f PD【7】 There are also some disa灯eement of

cerebral blood丑ow Tenected bv”9mTc—HM—PAO SPECT in PD whjch not accoInuanled

bv dementia．some reported that no si盛nj矗cant di任jrence between PD and controls圳，

whereas results of our departlnent血dicated the diverse hvpoperfuslon in cerebral cortex，

basal ganglia and ccrebellum which has no 5l串li矗cant correlation wi池the clirLical nlan—

ifestation，we ascribe it to PD accompanicl bv cerebral arterjosclerosisM In this stll(1v

we foll工1d there was no signi行cant change in brain perfusion during un订ateral ST—SN DA

transrnjtter exhaustion in he缸一park血sonism It suggests that D2 receptor is superi。r
to brain perfusion for re丑ecting the change of brain flmction，the D2 receptor change re-

ve“ed by radiolabeUed IBZM seems more speci矗c and ealier to renect the hypofunction of

SN—ST neural pathway in early period expeimental p盯kins。nism，this was cormrmed by

decreased DA and its metabolites in lesioned side，and“so shdwed good correlati[)11shlp

with apomorphjne iIlduced behavjoral change

It is worthwlⅡle to mention that we just chose smaU a血maJ model in this study，and

we could not observe detailed perfusion cha“ge i11 Tegional brain area such as putameIl，

caudate nuckus etc，this is diffbrent from the monkey model studies reported by Dr

Chen Shengdi【1⋯ Some further stu出es about the relati。nship between D，recept。rs a11d

bTain perfhsion rem出ns to be fhrtheT investigated
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