
Vol-13 Nu 4 NUCLEAR SCIENCE AND TECHNIQUES Novcnlb叫2(1【11

Preparation of 6一【18F]nuoro-L—DoPA and its

biodistribution in normal and unilateral PD lnodel rat8
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Abstract No-carrier．added 6一[18F]丑uoro-oD0rA(6一FDoPA)wa8 sylltllcsized vi。、

a multbt叩procedure from a commercial avallable precursor，6一IlitrovcratlalfiI、11yd(：

The¨tal synthesis tirne was 75 minl witll 8 radiochemical yield of(10士3)％，11i 91l

radiocllcmic出purity(>99％)and high enantiomcrif pllrity(>95％)，Th bi【)(km—

butions of 6．FDOPA in normal and unilatcral PD model rats werc measllred． T¨

re8ults from normal rats showed the expected lligh concenhation of radioactlvnyⅢ

striatuIIl and low distributiodls in ccrebrum．cortex aIld cerehellum．The ratio oI Lht-

radjoacnvity in striatum to cerebenum reached a peak valuc f5．9)a￡60 min．InⅢ』j—

lateral PD m)delrat8，wh08e sub8tania IIigra of the right sidc had been danla舭(1 l’y

pre．trcated埘th 6_OHDA，the r8dioactive concentration in 8tria}1lm of如e幽ma肿1
side was signi矗cantly 10wcr than that of tlIc undam89ed side or恤at of bo七h sidcs iIl

s￡ri8tum of control groups
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l INTRoDUCTIoN

As a wi(1ely used PET tracer，6-【18Fl丑noro—L-DOPA plays an important rolc iTl

djagnosing many neuropsydliaⅢc djseases such as Parkjnson’s djseases(PD) Thollg)】

since early 1980’s，many pr。duction routes for this radiopharmaceutic a1 haVe beeIl

devel叩ed，[1—5】a c。nvenjent nuc王eophilic routes starting在om no-carrier—added f18川

auoride is stm attractive．Thjs is based on the foUowing tllree facts Firstl y1 for Tllost

of PET centers，production of f18F1nuoride is nmcll easier and more econornjc“than

f18F]矗uoTine gas．secondlyl the find pTo“c坞＆om nucleophmc routes雒e no_carric卜

added，and thus have a舢clL hi曲er specmc activity thaII c缸rier—added products fronl
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electrophjUc routes，whjch is helpful to diagnosis with PET．【GJ La5tly，current nucleopllibc

routes are unsllitable for routin8 production because of their critical reaction conditions，

complicated procedures and ldng synthesis time．

The latest enantioselective synthesis route reported by Lema打e e￡Ⅱ17t8l partiaUy

res01ved these problems by using chjr“phase-transf曲cataIysts Via thjs route，a c01l—

sidefable high radiochemical yield(10％～15％，decay恤corrected)and shoTt synthesis

time(110Injn)are expectable and the c““cal reac“on condjtjons can be avdded un—

fortunately{the labeling precllrsor(6一Ⅱimethyla姗0niuⅡnreratraldehyde Tr调ate)is 110t

coImerci以1y available aIld f11rther more i“s not stable for long time storing． In this

p8p盯，an alternative procedure starting from a corrlIrIercially available precursor(6一

nitroverahaldehyde)was described and the traditional njtro for 18F substituti。n reactioll

is apph“．

6一FDOPA is the analogue ofL—DOPA，which is the biosynthesis precursor ofdopam—

inel and behaves siIIliI盯1y啪"∞o．After i．v．adIllinistration it js taken up，decarboxy—

lated at the same rate as L—DOPA[研and stored in the form of 18F．doDaIIline in striat a1

“ssue【1”J Results丘oⅡ1 bj0109jcal studjes jndjcate that the cell bodjes of central dopanⅡn—

ergic neurons 0f m砌als are 10cated in the substania n培ra and ventral tegrnental area，

and pToject to the striatum，hont出，cing、1lated and olfactoTy c∞tices．nltl2l ln these nen．

rons dopaITline is synthesized from L—DOPA in situ【13】According to a study with PET

in living man，it was shown that the radioactivity is mainly accumulated in the stTjatunl

and is also concentrated in the anterior c血gulate and frontal cortex．【1 4J

2 METHoDS

2．1 Materials

cincllonidjne，9一chloromethyl孤thracene，allyl broIIlide，K2 2 2(K。ypt娟x2 2 2)alld

N一(djphenyJmethy】ene)glyc如e tert-butyl ester were plIrchased丘om Acros(Belgjum)，

and the clliral phase—transfer catalyst O—Allyl-N-(9)-aIlthracenylc血chonidini哪broIlⅡde
was synnlesized accordillg to the procedllre reported by Core弘【1副Other che工Ilicds were

purchased丘om shanghai cherrdcal company(china)．【18F]fIuoride was produced with

a GE PET．trace cyclotron by 180(p，n)18F reaction using enriched 180．water．

AU 1H—NMR were recorded on狮AM-400 NMR spectrometer．Mass spectra werc

recorded on an API一2000 Lc—Ms—Ms system(Apphed Biosystems corp)．A Lc-10AT

HPLc system including a、wiable wavelength uV dete“or(shimadzu，Japan)and a LB

508 Radionow Detector(EG＆G，usA)was used to perform the analysis and puriRca—

tjon A 250mm×4．6mm Shjm-lack VP-ODS col蚴(Slljmadzu，Japan)was u5ed^)r

the analysis of the labekd products(eluted with a IIlixture ofmeth舡Lol and water(65：35
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矿／∽，n。w rate l L／min)，The打nal product，6一FDOPA．was ana王yzed with the sanlc

coluHⅡL(eIuted with o．07mol／L KH2P04，丑ow rate 1 Ir山／mjn) The enzymerlc puTl‘y

w狮(Ietected with the same system using a clliral mobile phase(0 017 m01／L L—pⅢlille

and 0．008 m。I／L copper acetate) A 300mm×7 8 mm pBondaPak c18 seⅡd—prep盯aLlvp

col啪l{waters，Massachusetts，uSA)was used for the puri矗cation of the 6nal pro小Icl

(eIuted with a nlobiIe phase。f 5 n皿oI／L sodium acetate，1 mm。I／L EDTA，17 nltn()I儿

acetk acid a11d O．57 mm01／L ascorbic acid，now rate 4．5 r11L／rnhl)

NormaI rats fWistar Rats，G1ean Grade)used in the experiments were obtainP(1

fTom Experimental Animal Center，First Mjutary Medical Unjversitv PD modcll ab

wer8 prepared by Iocalized injection of 6-hydroxyldopam血e(6一OHDA)into ni铲a()I_Lhc

right side and 3 days 1ater，were tTeated with apomorphjne to induce reel(7 r／l“11，

>40 rmn)，the uniJat盯aI PD symptom．

2．2 Experimental

2．2 1 PreDaration of 6．FDOPA

The no—carrieT—added[18F】fluoride wa8 produced hy 180(p，n)18F TeactioIl using f1

smau v01ume of 180—enTiched water(1 5 mL，>95％)target．The target was boInbar(1c(1

with 16 5 MeV prot。n beam(25 pA)for 50一70Ⅱ1in and yielded about 37 GBq of[18Fl王1110卜
ide

7 4 GBq of[18F]fluoTide in 200 pL of【1801 water was delivered into a sm胡l reactioJl

vial containing 20mg ofK2 2 2 and 3mg ofpotassim carbonate In an oil bath(¨o。(1)，

the rnixture was evaporated to dry under nitrogen now Then 2×500pL of CH3CN wns

added to the resjdue and evaporated to dry． Next，15 mg of 6一nitroveratraldellydc 1n

1 rr山of DMSO was added and the vial was c“pped The 1abehng reaction was perf。nll。【1

in a household rnjcrowave oven(500 w)for 2面n． The reaction枷xture was t№1【l}-
hlted wjth 20 mL of Hcl(o 5 m01／L)，passed through two c—18 sep—pak(waters)w；峙he(1

with HCl，NaHC03 and water． Fin枷y it was eluted with CH2C12 and dried wltll h

smaU MgS04 column． About 500 pm01 of diiodosilane was Prepared in situ accordiIlg

to the weU—known procedureI埔J and added to the previously obtained radioac“ve soht—

tion The T11ixture was stirred for 5 rnjn at RT and then passed through a snlaU slbca

gel column(1 cm×7．5 cm，200—300 mesh．eluted with 6mL of cH2c12)．The re趴1ILe【【

elution was collected int。a round—bottom nask and mixed with 15mg of O-auyl—N一(9)一

anthracenylcinchonidinium bromjde，40mg of cesi眦hydroxide Inonohydrate and 2．5 t¨g

of schiffbase N一(diphenyhnetlIylene)百ycine tert．bu‘y1 ester．The mixture was stiTTed{iM

5ndn at RT aIld then puri6ed by directly passing a small silica gel column(1 cHl×7 5 cl】1．

200～300 mesh)．The solution was evaporated to dry under njtrogen now in a sm all reac—

tion vial before 1 mL ofHl was added．The hydr01ysis reaction wa8 performed in the salnc
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rmcrowave oven for 10嘶n．The resulted mixture was neutr“ized with 6 mol／L NaOH，

61trated and then puri矗ed with a seI工li．preparative HPLC coluⅡm．The HPLC fraction

(about 5 mL)was couected into a smau vial cont出ing Nacl(50 mg)and ascorbic acid

f10 mg)，After mtratjon wjth a 0，22p membrane mter(MjⅡex—Gs，蛐Ⅱjpore，M01sheiI”，
nance)，the矗nal 6一FDOPA s01ution was ready for animal injection．

2 2．2 Biodistribution in rats

24 rats were deprived of food for 16 hours befbfe experiments．They were divided

into 6 groups and each was adrrdIIistrated w“h 1 MBq(1 MBq)of 6一FDOPA(i．v)．At

5，30，60，90，120 and 150 min赶ter injection respectively，a group of rats were killed by

decouation and dissected．Distrmution of activity in 12 organs or tissues(he甜t，1ung，

1iver，kidne y1 spleen，blood，Inuscle，cerebrum，striatum，hjppocampus，frontal cortex an(1

cerebeUum)was detected and the values of％1Dg一1 were calculated．

12 unilateral PD model rats and 12 normal rats，which have been treated with t11e

same procedure as theⅡ10del rats except that the 6一hydroxyldopaIIline was r叩1aced hy

normal saline，w盯e divided into 3 groups and eacll was admiIlistrated with l MBq of 6一

FDOPA(i v．)．After 30，90 and 120 rIlin，respectiVel y’a group of nlodel rats and a groIlp

of control Tats were kmed by decoⅡation and the distribution of activity iII striatunl，

cereb ellum，frontal cortex of both sides neft aIld right)were detected and the values of

％lD叵一1 were calclllated．

3 RESUI舟S AND DISCUSSION

3．1 Preparation of 6·FDoPA

In Table 1，the radiocheInical yield(decay llIIcorrected)and average synthesis time

of each step were sll】mariged．

Table 1 Radiochemical yields aⅡd 8yntllesi8 tilne of the preparation of 6一FDOPA

sk呻 R砌ioclLcmical yield(％)synthesis tilllc(1n|1 L

The radioclIeIIlical yield of 18F 1abeling reaction using 6-nitroVeratraldehyde as

the labeling precursor is曲。砒10 percent ldwer than that 0f the reaction wllen 6一
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trimethyl彻onillm veratraldehyde tr讯ate is used Compared with t11e 1ater pTccursoI．

6一njtroveratr出dehyde needs lligher reaction t印1perature(150。c)and 10”ger reactiml

time(15 rnjn)when the reaction was conducted with conVen“onal o订_bath heating Ful—

thermore，the C一18 pur访ca“on step costs a little more time The use of nⅡcrowaVe(】vpll

can largely reduce the reactlon time from 15血n to 2 rnjn．The reductiVe iodinatio【l aIILl

a址ylation under pllase*transfer catalysis were very easy to perform convelliellLly w⋯l

high yields The hydrolysis reaction删st be performed under a considerable“g ol oIIs

condition：high tenlperature and free丘om oxygen The use theⅡdcrowaVe heating cech—

nique in the hydrolysis reaction carL save 10 15“11 In our 1ab，cu”ently aVanabl8 y㈧d

of the hydrolysjs and HPLC puri丘cation is stnl not as 11igh as expected；this 111ay 1)e

paTtly caused by the use of a 7 8Ⅱ肌×300 nlm seIlli—preparatiVe HPLC coluⅡul smaUer

than that in the hteraturel4J(9 4mm×500nun)．

Although the radioche“cal yield of ours was lower than that reported㈠，tllis

nlethod is still a potential pathway to the routine prepaTation of 6一FDOPA

3．2 Biodistribution of 6-FDoPA in Rats

Results of the biodistribution of 6．FDOPA in 6 tjssues，in which we are most jnte r_

ested，haⅣe been shown in Fig l

The results clearly showed the hjgh c。ncentration of radloactivity in striatum an(1

llippocampus，while in the cerebellum，cerebrum and frontal cortex，the actlVity is 111Ll c 1】

10wer． And the clearance of the activity in blood is very fast(80％in 30 mjn) Ft㈣l

30 to 60 I血n mer injection，the activity in striatum is higlIer tllall aU the ot}lcr儿

oTgans／tissues，wKk the r砒io of the activity in striatum to ceTebeUum，which沁widely

accepted as a useful parameter to renect the integrity of presynaptic dop枷ne functi。玑

reaches a peak(5．9)at 60nlin(see F培．2) This may indicate that there is a“best timP”

for the 6-FDOPA PET study．Changes in the activity ratios with tinle，of st“atllnl“)

cerebeUum，striatum to frontal corte】【and hjppocampus t。cerebellum，were showll i11

Fi岳．2． It can be observed t11at the ratio of the activity in strlat帆to frontm cortex

changes with time in a contrary trend to that of striatum to cerebelluIn from 30 l()

90 nⅡn This may be brought about by the di艉rent fates of uptaking and clearaIlce。f

cerebeUum and矗ontal cortex As to the ratio of hippocanlpus to cerebeUum，it cha“gos

in a s蜥1ar trend to the ratio of st“a“蛐to cerebeⅡum，but with about 30 lIⅡn delay

This may re丑ect the re-distribution of 6-FDoPA Inetabohtes 118F]oMFD，【18F】DoPAc，

『18F1HVA．etc．

Since the rats in this experiment were not been adrninistrated with carbidop：l，tllp

inhjbitor for aIomatic a面no acid decarboxylase in extracerebr出tissues，l¨J the distribll_

tion of 18F in extracerebral organs／tissues was上ligh at the early time post—injectioll，
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b11t oveT 90％of the activitv was cleared

out from heart，kidney，hver，spleen and

muscle，and over 80％fromlung andblood

i11 30 r血n． At 5 m血post—injection，the

％IDg一1value。f kidney is about lO tiInes

higher than that of the other extracerebral

o。gans／tissues Thjs indicates that after

adrnjnistration i．v，6一FDOPA is m撕nly

metaboUzed and excreted via kidney．See

F嘻3

In unilateral PD model rats．the con—

centration of activity in stTiatum of the

dalnaged side was signi最cantly lower than

that ofthe und锄aged side。r that ofboth

sides in striatum of contr01 groups (see

Fig 4) T11is result showed that 6一FDOPA

ls an emclent PET tracer for examjna．

tion of integrity of the n咭ra-st“atum

dop锄ine pathway

240

Fig．2 Ratios of radioactivity i11 sⅢ^¨llll玉li】)_

pocaIIlllIl8，rroIltal cortex and cerebl、111l¨J

Fig．3 CleamIlce of radioactivity froIIl k汕¨y
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4 CoNCLUSIoN

Vbll：；

No·carrier-added 6一【18F]nuoro-L—DoPA was successfhuy prepared via a nmlti．st。I】

procedure in 75 mill．The bio distribution of 6．FDOPA in normal and unilateTal PD nlo(1(、I

rats was measured The results for normal rats shdwed an expected high concentraLioII

of actiVity in striatum，law in cerebeⅡum，and high ratio of activity in striatum to cere

beUum For PD modd rats，the uptake and maintenance of radioactivity in st“atulll

of the damaged side is nmch 10wer that in undamaged striatum．These results reveale(1

the validity of 6一FDOPA pr印ared iIl thjs experiment as a PET tracer for砌uing tlle

integ“ty of presynaptic d叩刹ne system．
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