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Abstract Thc aim of nle 8tudy was to denlonstratc tlle dc卫cnprati011()f tllt·

dopaminergic nigrostriat出pathway in Parkinson’8 di8easc(PD)and Essent“n¨川¨

fET)by usiIl《the cocaine deriva‘ive 99Ⅱ1T卜TRODAT一1 SPECT and correlate tllc 6n cI—

i“gs to th‘：linicm seVcritles(Hoelln and 1‰hr scale，H／Y)．28 patient8 with idiopatllit
Parkinson’s diseasc，10 patieⅡt8 wi池Essential 7neIrlor m1(1 19 healthv volIInteers wPr·-

invest吨atPd Thc acquisition were performc(1 3 h postiT巧cction of 99mTc-TR()DAT—l

RoIs were drawn ovcr the iⅡmges of s七riatum a11d ccrebellunl，a【-d ratios of striatull)1．¨

ccrel)e11ar(sT／CB)wcrc calclllated．Ratios di讹red 8ign讯c㈣tly betweeIl PD蛐(1 fom

trols，but ratios didIl’t 8how signi矗cant diffcrence betwecIl ET patients aIld coll¨(，ls A

signiHcallt(：orrclation didIl’t cxist between ratios and cllnical scveritics．HcⅢiI】m kill—

son’s paticnts reve alcd signi矗cantIy dim油ished 99n’Tc—TRODAT+l binding not【)I-Iy

cliIllcally affected but nnaffected side．0ur矗ndinzs indicated tllat 09mTc—TRI】DA，r．1

SPECT is nm on】y a rc】iable me￡hod to discrimina抽bctwc衄PD and contro】s but ah，

a useful tool for di仃erential diaEnosi8 in clinjc“1¨lIldcar cases such蹦ET rest、mblill4

PD
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1 INTRoDUCTIoN

Palll[jnsonism js a fea￡ure ofa number ofsubcoftjcal degenerations，jnc】udi“g Pa妯1

s。n’s disease(PD)，mllltiple system atrophH progressiVe subcortical guosis)essentia
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tremors These Variaus ParkinsoniaIl syndromes may be dimcult to be precjsely diag—

nosed with clinical盯iteria alone Thjs is 8叩eciauy the case in their early stages whe“

出stingllishiIlg clinical featllres are abseⅡt，0nIy 70％_80％PD patients can be diagnosed

correctly．11】

PD is characterized path0109ically by degeneration 0f pigInented and otherbrain—

st眦nuclei，par“clllarly the substaⅡtia 1ligra compacta，in association with the formatioll
of nel】Ianal eosinophik Lewy’s恤dh吕ilm bodies Cli血cal symptomB usua姆appear when

there is a 50％loss。f p培mented ceⅡs in Iligra compacta and a 80％loss of dopaI证Ile i11

putamen【2】

In recent years，dopaminergic neurotrans蚵tter and rec印tor imagings are highly ac—
tive area of iIlVestigation It has been出sco垤red that dopamiIIe transporter which serves

to remove dopam缸e丘om the synaptic ckft is 10cated ill the presyn叩se of dopam血ergic

neurons．The cllaIlge of dop班Iline transporter is rnore sensitive and direct thaIl dopafnjIlc

receptor in PD patiems．The experiments demonstrated that。9mTc*TILODAT．1 is a ra．

diolabeⅡed tropaIIe thatbinds dop姐dne transporters【3】

The aim of the present study is to inVestigate patients with Parkinson’s disease()f

di矗brent severity to eValuate alterations of dop甜njne(DA)tran5porters in the striatum in

conlparison with healtlly Volunteers and patiems with Essen廿al tremor and to correlate

these results with chnic“data

2 MATERIALS AND METHODS

2．1 Patients

The saInple included 28 patients with clinica卫y diagnosed Parkinsonls dlsease(14

women a士ld 14 men，age range 24—77 year with mediaIl of 59”ar)，and 10 patients with

Essential trelnDr(4 females and 6 males，age range 28—83 year)． The interval between

symptom onset and participation h this study ranged from 4 moⅡths to 6y(meau

2．43士2．40 ye茁)foT PD p如ients，and from 1—20 ye抓forET patients，(mean 8 6士9．5 yeaI)
Patients were exaInined nellr0109icdUy by three experienced physicians．The severlty of

disease was classmed according to Hoehn and Yahr(H／Y)，13 patients in stage I，5 iIl

stage II，8 in stage III and 2 in stage IV，each patients su腑red from at least 2 of tll。

f01lr card主nal featllre of Pal【iIIson’s disease．The exclusion criteria were designed to pre—

vent patients with a hjstory of aIly other neuTopsychiatrjc disease，patients wnh only l

of the 4 c解dinal featⅥes of the dise鑫se and patients didn’t have a faYoTabk response

t。dop删ne replacement therapy dllring their iIhess were excluded．ET patients were
diagnosed m越111y by con恤mous postllral tremor primarily in dual hands for more tllan 3
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years without signj矗caIltbradykinesia，rigidity or other nellrological disorders 19 healthy

volllIlteers(5 females and 14 males，age range 37—84，year meaII 58 year)were also in—

cluded in this study．The study was apprcIved by the local ethics comrrdttee and informe(1

consent was obt出ned fiom each subject．Therapy with 1·(一)-deprenyl was stopped at leasL

1 8 h before。。111Tc．TRODAT-1 application．

2．2 RadiopharYnaceuticaIs preparation

The TRODAT一1 was m姐ufactllred by State Key Laboratory of Nuclear Me dicille，

m谢，JiaIlgsu，CHINA．H培h perfomlance hqujd chomatography(HPLc)and thin

iayeT chromatography(TLG)were used to e训uate the radioche面c al pur“y of 9嘶Tc-
TRODAT·1．RadiochelIlical purity was greater thaIl 94％and the specmc activity was

>18．5 TBq／mm01．

0．3 SPECT procedure

600 mg sodium perchlorate、Ⅳere administered befbre tracer injection． Each sub—

ject received a mean dose of 66．6×107Bq(55．5×107—74×107Bq)of 99rnTc．TRODAT．1

Intravenously SPECT jmage acq伍sitjo丑was ped缸med at 3h a矗erinjectjon．Sljces were

acqujred 100 s／frame．Au scans were obtained with a dual head sPEcT；PIcKER，AxIs

eqlIipped with high resolution commator．The ac(plisition Parameters included a contm—

uous mode with 30 projection an百es oVer a 180。村c to obt ain data in a 64×64 matrix

with Di】【e1 width of 4．24 mm．

2．4 Image processing

Au images were reconstnlcted with iterative correction． wEIN：BR filter(0rder of

o．50)was applied，and Chang’s缸st 0rder correction method was used to compensate for

photon attenution．}br analysis ofstriatal 9‰Tc-TRODAT·1 binding，the ratio of spec讯c

to non spec墒c binding was calclllated by sll|mning up two transvetsal shce representing

the rnost intense striat“binding． An缸ysis were perfbrIned bIiIld t。the cIinicaJ data．

ROIs were drawn m删aUy on two sUce—Views by one iIlvest培ator over the right and left
striatum，respectively，including cerebellum(size：50一55pi】(els each)using a brain atlas

for help Right姐d left striatal values were calclllated separately，and cerebell甜ROls

were 0btajned 0n the slice ofbest visualization，usuaⅡy the 10 th suce below the striatum．

CerebeUum were t矗ken as refbrence．In th￡lt case．we calculate the ratio of striatl】m to

cerebellum(sT／cB)for sernjquantitation．
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2．5 Statistics

NUCLEAR SCIENCE AND TECHNIQUES V(J1．1 3

The c胡culated specmc bindjng as well a5 binding ratios were compared among

con订。ls and PD and ET gToups us试g Student t—test． In patients of diffeT锄t H／Y

stagest ratjos of ipsi and con打a】ateral to cli工ljcal symptoms 0f the H／Y一1 stage were：Lh

compared llsing Student’s t-test for paired data．Correlations between striatal ratios all(I

H／Y stages were eValuated with one way ANOVA and re铲esgion analysis p<0、05 w；、s

regarded as s培n谕caIlt Values are group means土SD．

3 ItESU L，rS

Visual 锄alysis of the 99TnTc-

TRODAT—l images demonstrated marked

reduction in the striataL uptake in PD

patient，comp”ed with the he“thy con—

trol subjects，but doesn’t show pronounced

diH毛rence between ET and v01lmteers、

as shown in Fig．1． Visual ev“uation

also denlonstrated that there was rela—

tively greater 10s5 in the posterior stria—

tum．。。·，-Tc—TRODAT．1 also show si91lif_

icam left／right asymmetry of striatal up—

take relative to the controls．It didn’t re—

VeaI marked di船ren。8 between ET 8nd
A：Healtllv c。ntr。Is B：EssentlnJ协、⋯(¨、

。。nt‘018 g‘oup8‘ c：PD(H／Y=I) D：PD(H／Y=IV)
The ratios of spedflc to non speci矗。 Fig．1 99mTc，TRODAT-1 uptak(．

striatal。。“1Tc-TRODAT—l binding m PD

patients缸e shown in Table 1，that ofET patients and controls are shoWn in Table 2 A11

ratios in patients with Parkinson’s disease were 5ign访cantly 10wer than controls aIld E7l、

patients，no marked d“fere工lces were revealed betweeIl ET groups aIld healthy contToJs

(P>O．05)．

CompariIlg the data of wh01e striatum in patieⅡts with unilateral Parkins。n’s dis-

ease(II／Y=1，n=13)w“h the healthy contr01s，striatal—cereben甜binding ratios weIe

bilaterauy signi矗cantly reduced(ipsilateral：p<o ol，￡>2．89；coqtralateral p<o ooj，

￡<4 62)，but the ratios of contralateral to clinjcal symptoms was reduced Inore tllan

ipsnateral(t二2．16，p<O．05) conelation was not foundbetween chnical seveTity of PI)

according to H／Y(r=o 115，p>o．05)．
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Table l Thc ratio of ST／GB and chnical 8cVerity in PD patients

Re￡ion PD

H，Y-1(n=13) H／Y一2(n=5J H／Y一3 (¨=8) H／Y一4【H=2)

R咄ht Lcn n堙lI‘

WlIoIe striaLuIn 1．38士0 30 1．3l士O．18 1．36土0．13 1．24±O．2l I 29士0 16 1．30士0．17 1 29土0．13 l 33士l}．2l

1．45士0．32 1 40土O．27 l，41土0，13】．34士0，26 1 38士0．18 1，49士0．24】．30±¨l】1．49士fJ：j7

PutaInelI l，38士0．1l 1．30土0．09 1．38士0．15 1．20士0．19 1．29土0 18 1—24土0．14 1 3l士0-1 5 1 29士叭14

Notes：whcre values arc group means土sD，PD=Parkillsonls disease．H／Y=H()e!hll mI“

Ⅵ山r Stag．11E scale

Table 2 Tllc Y毗io of S，r／CB h ET patlcn惦眦d contY0ls

Rogi¨lL ET(n=10) c0I吐r01s(n=1 9)

Ri对Lt Len Ri舢t

Wh01e striatum 1，76士0．15 1 78士i】．17 1．82士O．13 1、8【】土lJ．17

1．86士O．26

Putamcn 1．84土0．17 1 83士0．16 1．口0士0 16 】86士【1．23

No‘(、s：Where valllcs are group means士SD．ET=essen}ial tremor

4 DISCUSSIoN

Parkinson’s disease is a progressive neurodegenerative disease ch甜acterized by
an

insidious onset． The ability of routine n、陀s aIld workiIlg were severely injured． Early

diagnosis of PD seeIned to be more critical，e8peciaUy if neuroprotectiV8 ph盯macologicm

interventions are beinE con8idered．Moreover，tl坨re is increasing evidence th砒ILi驴ostri—

atal dop缸njne dysfhnction can develop many years in a subcliIlical form in geneticaUy

predisposed individuals．H

PET and SPECT allow ex舢niⅡation of the presynaptic nigrostriatal dopaⅡlillergic

system in the hlIIll姐brain饥"如o．Various 1igands fbr ima舀ng DA tran8porteT llave

been introduced successfuUy忙，q Using 11C—n。mifensine and PET，it has been shown

that口atients with Parkinson’s disease can be distingllished from controls Frost e￡“”J

and R1nne e￡d庐】showed a cleaT loss of DA transpan盯s in PD by n幢an8 of¨C—win

35．428 and PET 123I一口．CIT also showed a sev盯e 10ss of striataI dopa谢ne tra皿8porter

in PD，more pronounced in the putarr嬷n than the caudate neucleus． However，slow
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kin“ics of
1
23I一目-CIT is a serious出awback，because弧adequate im89e acquismon

should be performed about 24 h after injection wllich is hjghly inconvenient for()11tpatjell{

ev甜uations

Ⅵ幢found signmcantly lower st“atal binding ratios iIl PD∞Ⅱ1p砌ed to controls 111

the PD Foups，8 prefeTential 10ss of DA transpoTter bindmg was found i11 t11e pllta—

men，which is probably due to the nlore extensive d。generation of subpopulations of DA

neurons． Interestin91y，the stfiatal bindiIlg of patients with unilateral ParkinsoIl’s d件

ease(H／Y=1)were s培nmcaIltly reduced bilaterauy，indjcatlllg that 9‰Tc—TRODAT-1

SPECT constitutes a t。ol for identi=FyiIlg patients in the precⅡnical phase of the discase，

who nⅡght bene矗t from therapy with these agents and monitor their disease pr。gressioll．

Unexpectedly’in the Parkinson’s disease group，regression analysis reve aled tllat t11e

clinical se、陀rity of disease(H／Y stage)didn’t correlate with 99T“Tc—TRODAT·l stIlat以

rati。s，as shown in another study，川possibly due to the relatiVeLy smaU昏oup of patien拈

HoweVer)Inethodologic札di娲rences regard．mg the SPECT canlera and proceduTe，espe—

ciaⅡy heterogeneous group of PD patients may以so underlie the出scTepcⅦcy betwee¨

our矗ndi“gs and those Teported by Ishika胛a￡t o{．【10I M。Te patients need to be exarlljned

to seek more accurately the correlatjon between djsease severity and 99mTc—TRODAT—l

SPECT measures．

hl ET patients，the 99mTc—TRODAT l image and bi工lding ratios of only one patkII L

was sindlar to PD patients，but the。thers showed signi矗cant dmrence，indicati”g thaL
。。“1Tc—TRODAT一1 SPECT tnjght be a useful t00l for di肫rentiating PD patlents fr。111

tlle essential tremor resembⅡng PD aIld other PaTkinsoILism．

It fonows from aU these observations that 90mTc．TRODAT．1 SPECT is a rcliabfe

method to discri工Ilinate between Parkinson’s disease patients and healtlly contr01s b11t

als。a useful tools for di船rentiaI di89nosis in cbnjcaUy unclear cases such as essential

tremor reserrlbHng PD Unilateral Parkinson’s disease showed a bjlatera¨oss of striatal

TRODAT一1 biIld血g This矗ndiIlg indkates that 99mTc—TRODAT一1 SPECT can iden“fv

the subclimcal patients with P酣kinson’s disease．M研eover，due to the rapid kin吼1cs

of 99mTc．TRODAT．1 compared to 123I一卢一CIT，the former radiohgand has the practical

adVantage。f detecting the presynaptic dopam血ergic di矗cit as eaTly as 2 3 h after injec—

tion，which may be more con、陀nient for outpatients In addition，o。1“Tc is more easnv

ava订able than
1 23I
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