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SUMMARY

I)0TELJ(’HI, �h., \VANG, (i�, AND CosT��, i. : (‘ommmipartnmmo’umtatitmum of tl(upammmimio’ imi rat

stniatuumu. hal. P/mai-inaeoi. 10: 223-234 (1974).

Dopanmimie mm time rat corpus striatum deolinmes biphmasicabbv afto’n imltrap(’nitomnmo-al imijt’o-tiount

of 0.81 nnmm(ult’/kg of a-mmmethmyh-p-tryosimme mmm(’thlyl t’st(’r. ilmis (-ommifirnmus time rt’sults of .Javomv

and (ilowinski [(1971) J. .Veui-oc/mem., 18: 1305- 131 1J. Tim’ raiuid imiltial do-t-limit- mm st natal

dopanmimue is d-(uium(’md(’nmt with p-imydroxyamumphetanmminmo’ amid p-lmyolromxynmo mro’pimo’obnint ‘ t-o mit-emi-

trations of 1.2 and 8.2 uummmoles/g of b)raimi, respectiv-ly. Siummilan (-tmnmco’nitnatioumms art’ imro so’mit mm
the striatuimm. p-Hydrouxyammmphmetamimme ammo! 7)-hi�(lnoxyuioro’9iie(brinio’ mmmav hut’ rosimo unusil mIt’ four
the fast immitial dt-clinme iii stniatal dopanmiuuo’ after t neat mmment wit Ii a-mmio’t imyb-p-t vno smut ‘ neo’t imyl

ester, hecaust- thiese (‘ommmpoumuds change t ho’ kimut’t ics oif st nat nil dt upaummimut’, I uno’sui mmal mlV I iv

increasing its t’fflux. \Ioreover, time conversiomm imudex ouf stniatal babo’bo’d tyrosinit’ to) stniatal

dopamimme is irmhibitt’d onuly 53 #{182}�hetweenu S anal 15 umuiumafter injt’(-tiounm omf a-nmio’timvl-p-tvromsinmo’

methyl o’ster. \Ve propose a muew nmethod for calculatiuig thuo’ turnauver nato’ ouf stniatab dompa-

flume, based oumi imornualized plots of the chmammge with timmut’ omf timo’ siut’cific a(-tivitv ouf stniatal

tyrosimue arud dopaummine after immjectionm of tracer anmounmts of [1H]tvrosimme. rfhio, tranisfom-mmmatitumm

commstamtt (r) is defined by the fractioimal rate constanmt omf tvrousimio- (l’�Tvr) amid is calculated

as equal tom l/kTyr. Thus kimmetio- ammalysis yields ami t’stimuuato’ out tli(’ stniatal douiuamuuimmo’ t urmm-
over rate mmagrecimuemut with values estimmuated by otho’r nmmo’timo)ds. Time (‘xlut’nimmm(’ntal data are

inconupatible with a t wo-coummpartmmment model t)f doupaummino’: a fummet-iommal o-tmummjmart mimo-at (24 #{182}‘

of the store) and a nmain storage conmpartnmenmt (74 � cmf the stture) with I- valut’s ouf 4.6 amid

0.34 hr’, respectively, as proposed by Javoy ammo! Gbtuwimiski. (‘alculatiommis siiow that thm(’
0.34 hr’ rate for a single striatal dopanminte conupartumment exco’o’ds timo- linmmits iummpomso’d huv

the cimanige with tinmme of stniatal dopammmimme speciflo- radioactivity after a traco-r injo’ctaunm of

[3H]tyrosine.

INTRODUCTION iiidicate that jun oiompaimmimio’rgic nmervt’ t (‘mmmi-

The biphasic decline iii striatal dopamuuine nals tho’r(’ are twom olistitiet storage fomnimms tuf

coumcentrations ohserv(’d imm rats reo-eiving ni doupaimumite. Frtmmmm thins iuiphmasmc o!o’clnume timey

single inmtrapenitommeal iuuj(’ctiommm (O.S1 nmnu(mle mimferrec! that thi(’ funmctmommmal 1)010)1 omf traims-

kg) of the tvrousiume iuydniuxylaso’ inhibitor iuuitter iimcbudes ala mut 26 #{182}( oil time tomtal
a nut th�1t’�rom�int mmueth3l c�ter (1) hq� hoen ‘�trm utah ciop mnmunmt mid thit ‘� o ikul ited thit
interpreted fly ,Jayouy and Glowinski (2) tou titus pouol Imas a fraetnounab rate t-oummsanmt (k) ?�

4.6 imrm. They also proup(ust’d timat time main

1 To whonm requests for reprints should be ad- storago’ 1)001 inmo-ludes time ro-mmmainimmg stniatal
dressed. dompaiuminme, wimicim has a A vabuo’ omf 0.34 1mr1.
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TIme j)reseutt pap(’r n(ports a kinetic

aumalysis and a miew nuethmod four oalculat-

ing time conversiomm rate of radioactive ty-

rosine iumto (loupaimmine imm rat stniatummm. This

aumalysis reveals t imat t ho’ (‘ommmpartmumelmt at it mmi

of striatal (lopanmmnme propomsed by ,JniV(i”��

an(! Glowimmski (2) is mmot o-omumsisto’nt witim time
expt’rimuio’ntah olata. \Ve also l)novide data omu

the (-oum(’ent rat ioims of a-nmethmvltvromsiume amid
its muto’talxmhites in braimm nmmid st-riatummm. We

founmd that time high comuuco’mmtratiomms of /)-

hydroxyammmplmetanmiume a nid � - hvdr( mXyliom-

ephedriume fornmed from MT2 immcrease time
relo’aso’ o)f stniatal olopamumimme. i\Iomm-o’over,

during timo’ 15 ummimmafto’n MT inmjeo-tiomm, thus

ammmimio nto-id imuhmibits the conmversiomm of radiom-

ao-tivo’ tvrosimme to dopaummimmo’ by a smmmallo’r
t’xtemmt timan at 40 nmin. These olatmi suggest

that thm(’ luiphasu- declimme immstriatal dopanmminmo’

ro’pomrto’o! by .Javoy amid (‘�loi�vimmski (2) afto’r
�lT tneatnumo’nt immnmv 1)0’ related both tom

imio’ommumplet(’ imiiuibiti mn omf bnam tymosimie

imvdromxvlaso’ ammo! to aim inicrt’asetl release of

do paimiine oiuriumg time first 20 mmmimiafter aim

immtm-apo’ritouumeal dose (if �irr� subso’ojuemmtly

flit’ tvniusimmo’ hivoiroxylaso’ immiiibititmmm is

gneato’r limit miot (-(ummmplet(’. Time assuummptionm

that this inmtnapt’ritonmeal dltms(’of� \1l” causes

iimmmmmo’diate aim(l o’omiumI)leto’ iumhuibition of

tvrosimmo’ imvdrtuxvlase is miot valid; timt’nefore
1\IT o-annot b)e useol tom stuolv time conmipart-

ummo’mttatiomn ouf dtmpamumiute mm stniatal mien-ye

t(’mimmiimals.

METn-Iomus

limo’ expenimmuemut s were tarried out with

Sjurague-1)awhey male rats, weighmimig abomut

2(X) g, furmmisiio’d luy Zivic Miller, Allison

Park, Pa. limo’ amuimmmals wt’no’ kept mi air-

t-ommtiitiomned roomimus at about 20#{176}for at least

3 (huvs 1)o’foro’ tho’ experinmmt’mits. DL-a-

Met hmyl-ju-tyrosimie mmmethyl ester HC1 (Regis
Cimeummical Comimpammy) was dissolved to) yield

a sol�tioit containmimug iii 1 mmmltime douse to be

inmjo’(-ted imuto a 200-g rat. Timo’ douse inmjected
immtm-apo’ritoummeally was ido’mitieal with that
useol by .Javoy amid (Utmwimmski (2) (0.81

mmuumuo)l(’ kg).

Tritiated L-3 , 5-tvrosimtt’ (spt’-itic activity,

2 The abbreviatiomis used are: MT a-methuyl-p-

tyrtusine methyl ester hA, p-hydroxyamnphct a-

niimie; lINE, p-huydrxymiomt’phedrimie.

42 Cinmimuole), obtaimied from New England

Nuclear Corporation , was inj ected intra-
vemm(musly (0.5 nuCi kg in 5 mmml),and the rats

\Ven(’ killed at various times with a micro-

wave source (1.5 KW operating at a fre-
oiueumcv of 2.45 GHz). I)etails on the radia-

tion source art’ deso-nibed by Wang amid

Craig (3). Wlmemm time rat skull is exposed for

2 S(’C to this inradiatiount, the enzymes in-

voulved iii catecimomlaumuinue metabolism are

immactivate(L3 The stniatummm was dissected as

descril)ed bV ,J�tV(iV anmol (ilowinski (2).

(?/ueiit ical Procedures

The cOuicO’nmtratit)fls of MT and its metabo-

lites imm brain were assayo’d as follows. We

hoummogemmized braimu tissue in 4 volumes of

0.4 x perchlomnio- ac-id commtaimuing 0.05 �
sodiunmu metnmbisul fite. After co’ntrifugation

at 12,000 X g ftmr 10 imuimmat 4#{176},we removed

4.7 imml of timo’ supemmmatamut fluid and added
0.3 imul of 10 M 1)omtassiummm acetate. After a
secoummol (-emmt ri fugat ion, tiuo’ supt’nmmatant fluid

(4 ml) ivas placed omm a Dowex 50-X4 colunuun
(200-400 meshi, 25 imumim X 26 mummnm)prepared!

as described by Haggemidal (4). This columiumm

will ho’ i-o’ft’m-m-ed t(m as o-olunmmmm A.

We collected the efflueumt amid time comlwmmmi

A eluatt’ witim 0. 1 ti sodium acetate buffer,

pH 4.5, coumtaimmiumg 0.1 � disodiunm edetate.
Tho’se two fractioums were commtbumied ammo!
luntmughmt tom pH S.3 with 0.75 nil of 3 M

troummmet lmaimminme. Aluimuina (Woelmum neutral,

grade 1), abmut S00 uumg [prepared as die-

so-nibed by Cromut (5)]. that lurid been washed

with S mmmlouf 0.1 M disodiuimm edetate wms added
tom tlmt’ two commuuhmned fractions eluted from

colummini A. Time samples were mnamtualhy

shmako’nm four 10 mini amid timen centrifuged at

1000 X q fur 10 mini. Time supernatamtt fnac-

tionu (7.S mmml) was titrated to pH 1.3, amid 7 mmih
of thus solutioumm w�’rt’ placed oun aimouther

Dowex 50-X4 eoulunmmum (o-tmlummun B) sinuilan to

columuumi A. We discarded time samnple effluemmt

ntimd tIme efflueimt after the additionm of 5 mmml

o)f water amid S mmml of 0.5 x hmvdrocimlonic rio-id.

MT was t’luted by adding 7 ml of 0.1 M

tnibasme so(hiuuum l)imomsl)hmat0� to colummmmm B amid!

� assayt’(! by frurumuimmg a fluormphour with

I -mntnosom-2-nmaphutimol as described by Uderm-

ITmipmnhulishied observat iomis (Gimidott i, A. amid

(Tomsta l.).



friend (6). Recovery of MT added to tissue hue of tht’ emmtire set was po’rfounimi(’d as

homogenates was 65 #{182}�. follows:
Columum A was rinsed with 10 ml of 0.1 M

sodiunu acetate buffer (pH 6.0) and 15 ml - - b2 ________

of 0.4 N HC1; both eluates were discarded. - v�2[(1 /�xi2)±(l �.,2)]

Columum A was successively eluted with S ml -

of 1 N HC1 amid with 4 ml of sodiunu phos- where

2 = t�u’2 - [(�x1y1)2/�x12]} + {�yi2 - [(�x2y2)2/�.r22]�

p (n1 - 2) + (n2 - 2)
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phate solutiomi (SO ml of 0.4 M Na:1PO.i and

20 ml of 0.4 M Na2HPO4, 1)H 11.2). Time 1 x

HC1 eluate, which contained p-hydroxy-

norephednine, was lyophihized, amid the

residue was dissolved in 2 mmml ouf 0.4 �r
tribasic sodium phosphate. This recommstituted
fraction and the sodianm phospiuate eluate
from coluummmm A, which coumt aimmed j)-hvdnoxv-
amumphetanmimme, were assayed for bothi prod-

ucts by fomrmuming a fluorophon with 1-muitroso-
2-naphthmol as described by Udenfriend (6).
The fluoro’scence was read in an Aminco-

Bowmmuan spectropimotofluouroumet o’r at 450
nnm (excitation) and 560 munmm (eummission)

(uncorrected). The recoveries of HA and
HNE were 85 #{176}‘� anmd 70 #{182}�,respectively.

Specific activities of tyrosimme and dopa-

mine were analyzed accondiimg to Neff et at.

(7); dopa specific activity was measured
according to Costa (8).

A nalysis (if Data

Decline in dopam inc level after if 7’. Time
rate of chamuge immstriatal dopamiuut’ coumicemm-
tration with tinmme was nmo’asured by eoumm-

verting doparnine ctmmmcentrations immto louga-

rithnuic values (base 10), which were used
directly to nueasure the regressiomm coefficient
by lognornual amualysis.

Time ro’gressiomm coo’fficiemmt of tht’ do’o-limme iii

stniatal dopammuimme in groups of rats killed at

various times after MT treatmemmt w’ts cal-
culated for sequential groups, each immeludimmg
a constamit imuumuber of subsets. Time calcula-
tions were douie usinmg two sequenices: the
sui)set of three, time immitial subset, inmo-luded
animals killed 0, 5, amid 10 mmmiii after MT;
amid the subset of four, ammimmmahskilled at 0,
5, 10, and 15 mimi iii time initial subst’t.

Statistical commupanison between tht’ re-
gression line for a subset arid time regression

where b1 amid b2 are time s1(mp(’s of the subset
arid of the emutire set, respectively, t is tue

signiflcaumt linmit, and sp2 is time best estinuate

of time variation mu flit’ regression ammalysis.

Calculation of dopam inc turnover rate from

c/manges of its specific activity wit/i time. Time

current ummderstandinmg (if time process in-

vOlVed in dopanmmimme biosymuthesis supports

time assummmption thmat stniatal tyrosine is

eounmverted immto stniatal dopaummimme as follows:

Tvr u dopa DA �

kTr iDA

Tim time mumodel Tvn rel)resO’nmts timo’ tyrosinme

pool in time stniatummi, amid dopa amid T)A, time

9001S of 3 ,4-dihuydroxvplmemuvlalamiinme amid
dopamimme, ro’spt’ctivo’ly. Time proo-ess of comu-

version of tvrosmuuo’ tu olopa to dopammuiuue is

chana(-t(’rized by time fractioimal rate con-
stanmts kTyr, k�005, amid kDA. Since the pool of
stniatal dompa is snmmall (abouut 0.5 #{182}�tuf tlmat of
dopammminue), A(iOJ)S is nmuo-hm larger timaum kTyr

amid kDA; mmmoreoven, time specific activity of

dopa 3-50 mmmiii after labelimug is similar to

timat of tyrosinme (Table 1). Timo’se o-oumsidt’ra-

tionus suggo’st timat it is mmmatiuemmmatically per-

mmmissible tou -alo-uhate the turnmouver rate of

st natal cit mpamumimme fromim the eimamuges �vi thu
tiumm(’ iii tiu(’ spt’eifio- activities ouf stniatal

tvrosinme ammd ciopanmiume. The differo’mutial
edjuation for time ccmumversioum of dopa to

dopanmmimuo’ at timo’ steady state is

d[DA]

________ = ki�[dopa] - kDA[DA] = 0 (1)

Afto’r labehinmg with radioao-tive tyrosinie the
followimmg relatiomushmip is valid

= k�(S�1opa - �DA) (2)

who’no’ iSJ)�� anmd S�0,, aro’ time specific radio-

activities of dopaminme ammd dopa.



TABLE 1

Steady-slate and specific activities of siriatal

Iyro.sine and (!Opa at various times after

L[3 ,5-3H]tyro.sine

Each value was obtaimied by p(uolimug the striata

of eight rats. Each rat received 0.4 mCi/kg of

L-[3 ,5-311}tyrosimme intravenously at zero timume.

Time after �1’yrosine Dopa
labeling � . -

Lomucen- Specific (Toncen- Specific
tration activity tration activi tv

SDA(t)
SNDA(t/T) =

ASTyrt�O

1, DA
1A/NDA =

kTyr

Eqs. 3 amid 4 can he rewrittcmm as

SNTyr(t/T) = � (5)

amid

ASNDA(t/T) =

/ANDA (e_uIT - e�N�t’T�) (6)

kNDA - 1

Whmemm fr = 1,

SNTyr(t/T) = 2.718281 .. = 0.367

mimi nmoles/g dpm;i ‘nmole nun ole /g dpm /nmole

3 72 5420 0.29 4990

6 80 5140 0.29 4850

9 73 4670 0.31 3910

12 77 4400 0.29 4100

15 82 3480 0.34 3600
18 81 2990 0.33 2790
30 74 2120 0.29 2000

50 70 750 0.31 900
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Time questiomt arose whether STyr could be

substituted f(ur �iop�. It is ol)vious timat this

substitutionm can lie nmade onmlv if iSTyr =

8(iopa� as suggested by the data imm Table 1.
Ommee we satisfied this requireimment, w� fol-

lowed the kimmetic approcach described below.

If the specific activity of tyrosimme (Sryr)

decliumes expcunentiahly:

STyr(t) = iSTyr(O) eLT)rt (3)

Timemu time specifio- activity of dopamine

(SDA) as derived fly Neff et al. (9) will he

kSDA(t) =

STyr(O) kDA (��TYrt - e��#{176}) (4)
kDA - kTyr

Defimminmg r as the turnover tiimme of tyrosimme,
lkTyr = r, aimd taking r as a unit of time,

we o-amm now use r as a trammsformmmation con-

stant by plotting time logarithmmui (base 10)

of SDA as a fuimctit-mmm mf t r on time x axis.
ASNTYr amid ASNDA will now deitote the trans-

fornmed (nmornmalized) values of �SDA arid
iSTyr; theso’ art’ pure imummmhers without di-

nmemmsimmi.

Defiimimmg

/ ASTyr(t)
�SNTyr(t/T) =

(STyr(0)

One can draw a fammmily of curves of SNDA

(t1 r) using kNDA as a parameter, based upon

a time scale of t/r omm the x axis. Table 2 lists

values of 8NDA calculated froimm Eq. 6 after

varying ICXDA but nuaintainuimig k��r at 2.4

hr’, w-hich was the value found in these cx-

perimuments.

Time normalized experinmemmtal values of

ADA (SNDA) can he fitted to a curve defined

by a given kNDA. Oftemm the fit is not perfect,

hut in such an instance the data point of

8NDA eamm 1)e bracketed with a high degree of
accuracy by two curves derived frommu Eq. 6,

each curve characterized hv its own kNDA.

The difference betweeim these two kNDA

values describes the tmmmcertaimmtv of the

imormalized fractional rate (‘ommstammt.

By defimmition

1. DA
I1’NDA =

kTyr

thins ADA o’an he calculated frommm

ADA = (kNDA)(kTyr)

The tunimover of dopammmimme (TRDA) is

TRD:t /ADA{DA]

RESULTS

(7)

(8)

Decline in striatal ciopainine after intra-

peritoneal injection of MT. We have con-



Dopaminc � Sequential
analysis

� (suhuset with
� 3time
I values)

� km)A � I

Time
after

M�l�

?,lin

5

10
15
20

60

120�

11,-i

Sequential � kDA

analysis (0-120
(subset with min)�

4 time
values)

ki)A � I

lIT’

0.60 0.84
0.45 � 0.92

0.30 � 0.85�

0.27 1.08 0.30
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TABLE 2

Calculated values of SNDA (t/r) for various theoretical values of /iNDA

hr SNDA(1/T) for kNDA

0.20 0.250.08 0.10 0.12 0.15 0.17

0.1 0.0076 0.0095 0.0114 0.0142 0.0160 0.0188 0.0235

0.2 0.0143 0.0179 0.0215 0.0265 0.0303 0.0355 0.0442

0.3 0.0205 0.0255 0.0305 0.0380 0.0429 0.0502 0.0623

0.5 0.0308 0.0383 0.0457 0.0567 0.0639 0.0746 0.0920

0.7 0.0390 0.0484 0.0571 0.0712 0.0801 0.0932 0.1140

1.0 0.0483 0.0597 0.0708 0.0870 0.0974 0.1130 0.1370

1.2 0.0528 0.0651 0.0770 0.0942 0.1050 0.1210 0.1470

1.5 0.0577 0.0708 0.0835 0.1020 0.1130 0.1290 0.1550

2.0 0.0623 0.0759 0.0888 0.1070 0.1180 0.1340 0.1570

2.5 0.0640 0.0774 0.0898 0.1070 0.1170 0.1310 0.1510
3.0 0.0641 0.0789 0.0883 0.1040 0.1130 0.1250 0.1410

4.0 0.0616 0.0724 0.0819 0.0036 0.1000 0.1080 0.1170

5.0 0.0577 0.0666 0.0739 0.0822 0.0862 0.0903 0.0933

6.0 0.0536 0.0607 0.0660 0.0713 0.0773 0.0747 0.0736
7.0 0.0496 0.0551 0.0587 0.0616 0.0621 0.0614 0.0576

firnued the report by Javoy amid Glowiniski

(2) that the imitraperitoneal injecti(un of MT

causes a biphasic decline in the stniatal comu-
centrations of dopanmine (Table 3). Sequen-
tial analysis of time dopanmmine regression

coefficient, b = kDA 0.434 (10), repurto’d in

Table 3, shows that kDA is significantly

greater durimmg thc’ first sul)set (p < 0.05)
whemi the data are ranked iii a series formned

by groups of three (0, 5, and 10 nmiin) than
in any other successive suhso’t of time samuue

series; nuore(mver, kDA during the first 10 mmmimm
is greater than thuat calculated fnonm tho’
extrapolated regressio)n during the 2 hun after

intraperitoneal inijection of MT. However,
when the regression coefficient is nueasured

using the series in which each sul)set imm-

eludes four values (0, 5, 10, amid 15 mm),
kD& �S lidi Iommger differemit from the A’DA

calculated fronm tho’ slope (b) for timo- whole

set, extrapolatimig to zero time the expommen-
tiah decline fromum 15 to 120 mimi. We also
measured the concemmtrathunms of MT in

brain (Table 4) at various tinmes after inmtra-
peritoneal imujectitmms of this auuuinmo acid.
Table 4 also rep(urts the 1)rain ctmmmo-entra-

tions of j)-lmydroxyammmpho’tanmine amid p-

hydroxynorephedrine. These data show that

T.tnim�F: 3

Concentrations of striatal (lopamine at various

times after .oiuigle iuitraperitoneal injection of

a-methyl-p-tyro.sine methyl ester HG!

MT (0.81 nunmole/kg) � injected imitraperi-

toneally at zero timmie. Values are the ummeamis ±

stammdard errors of cleternminatiomis omu four rats.

nmoles/g

64 ± 2.7
60 ± 1.5

56 ± 1.9

56 ± 2.7

52 ± 2.9

0.85 262b

0.45 0.95

0.20 1.08

42 ± 0.7 � 0.38 0.84

35 ± 1.6 0.28 1.06

a This value wa,s obtaimmed fromum hi of the cx-

pomuemmtial declimue observed fromum 15 to 120 rain,

extrapolated hack to zero time (log y = 1.783

- 0.12654x).

b � < 0.05 whemi each subset is comumpared with
KDA of the entire set.



TABLE 4

Concentrations of a-met it yl-p-t yrosine, p-li ydroxynorephedriue, and p-hydroxyamphetoimine in rat

brain (111(1 striatum after administration of MT (0.81 mnmole/ky)

Values arc uumeamis ± stamidard errors of the miumnbers of amuimmmals showni in parentlmescs.

Tinue after MT HA HNE
injection � �- - _____________

Braimu Striatum Brain Striatum

nunoles kg

8.2 ± 1.1 (3) 14 (10)

1.6 ± 0.4 (3) 1.5 (10)
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Braimu Striatum

mm n moles k#{231}

5 10±3 (4)

10 25 ± 8 (4) 32 (10)

20 67 ± 21 (4)

40 95 ± 18 (4) 84 (10)

nmolos kg

1.2 ± 0.4 (4)

0.8 ± 0.3 (4) 1.2 (10)

1.1 ± 0.6 (4)
0.4 ± 0.1 (4) 0.2 (10)

time comit-o’mit m-atioims of \ I r1� imt(-m-ease 9-ft mb!

dunimmg timt’ tiummo’ immtenval imi(-ludo’(l iii omur

studies. tfhe values (-(muiuluatil)lt’ withu S7 �
inimibitioum mf tvrosimme hmvdn-oxvlase (1 1 ) arc’

acitieved omnmlv 20 to) 40 imuinm after .\IT imi-

j ectiomm. t#{231}hueo-ommo-emmtratio)nis ouf HA. o mscillate

aroummd 1 muimmtile1tg duninmg time expenimmmemmtal

tiumme pericud, whereas time t-oumcentrat i oums omf

HNE are about 10 tiumues thicuse of HA at 10
mmmin and about 4 times the HA levels 40 mimi

after MT injectiomt. We also nmeasured time

comucemitrationis of MT, HA, amid HNE mu 10
striuttum omf rats killed 10 and 40 nmiim after time

iumtnapenitommeal injection of MT. Timo’se

results commfirnm timat thut’ o-oricc’mutratiomms of
these (‘omumpounds mm stniatummm are similar to

those found in timo’ rest ouf time braimm tissu(’s.
C#{252}nversion of L -[3 ,�5-3H�tyrosine to (lo/)a-

iitine at various times after intraperitoneal

injection (if Ml’ a iid intraventricular injection

of HA and HXE. We mmmeasured time spo’oifie

activities of tvrosino’ amid doupaimminme imm

striata of rats receivimmg NaCl on MT. The

data reported iii Table 5 show that 5 mum
after MT timere is inmimii)ition of the uptake of

radioactive tynosiume in stniatunm but that

the conversion of tyromsimmo’ to dopanmimme is

inhibited by only 53 � - This conmvo’rsioum is

further inhibited at 40 mimi hut even at this

timmue inhihitiout is imot coImmplete (87 % in-

hibitiomm).
To deo-ide whether time presemmce of HA

and HNE had any c’ffect on the kinetics of

dopamimue in striatummm, we implanted a

polyethmyleimc’ cannula (PE 10) in time lateral

braimm ventricles of 12 rats. Two days later
the rats were givemm aim inutnavenous immjection

of radioactive tyrosimit’, and 40 nun later

TAmILF: 5

Conrersm on in(le.r ((‘I) of striatal (lopamine 5

and 40 mm after MT

MT (0.81 mmuiole/kg) � imujectcd imutraperi-

tonically at zero timmme; L-�3,5-3fl]tyroSine (1
maCi/kg) was injected intravemiously o’ither 5 or 40
mimi later. To’mi minutes after labelimig, the two
groups of rats were killed. Amuother group of rats

received cunly the label. Values are muieamus ±

stamudard errors of oleternuimuatiomis out four rats.

Time Dopamine lvrosine CI”
after
Ml’

mitt dpmj’ mimole n,noles/g/lmr

0 249 ± 27 4850 ± 140 18 ± 1.4
5-15 77 ± 23’ 2760 ± 50h 9.5 ± 3Qb

40-50 47 ± 4h 5367 ± 730 2.5 ± O.8�

The t-omuversiomi imidex was estimated as fol-

louws:

I)opanmimue (munmoles/g/hr)
- - dopaummine (olpnm/g) atlO mmmiii 6

tyrosimue (dpnm/nmimole) at 10 rain

p < 0.01 comuipared with rats miot receiviumg
MT.

tiiey received NaCl, HA, on HNE imitra-
vent nicularly in anmounts coummmparable to

timose present in striatum afto’r MT injec-
tions (see Table 4). The rats were killed 20

mmmiii hater, arid the specific activities of
stniatal tyrosiume aumd dopanmiume were nueas-

tired. The data reported in Table 6 show
that HA and HNE failed to chamige the
steady-state concentratiomms of tyrosine and

dopanmimme and time spc’cific activity of tyro-
siime. Homwever, the specific- activity of

stniatal dopaummimue was sigimificantly in-

creased by timese two compouiuds. Since the
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TABLE 6

Effects of H.l and!H.VE injeCte(l inlraventricularly 40 mimi after L-[8,5-mHjtyrosine ni specific

activities of striatal tyrosine and dopamnine

HA (10 nmoles), HNE (10 munmoles), or NaC1 (10.tl) was injected through a cannuula immuplamited imito the

lateral veumtricule after the intravenous administratiomm of L-[3,5-3H]tyrOSine. The rats were killed 20 mmmiii

after the intraventricular iimjection. Values are means ± standard errors of determmuimmatiouus on four rats,
and were deternuinmed 60 nun after labeling.

Drug Tyrosine Dopamine

concentration specific activity concentration specific activity

nnzolesg dpm/nmole nmo les g dpi;: / nine/c

NaC1 85 ± 3.9 1450 ± 50 65 ± 3.0 1644 ± 100

HA 84±3.1 1580±170 63±1.3 1960±120”

HNE 83 ± 4.3 1290 ± 150 63 ± 1.5 2140 ± 150”

“p < 0.05.

steady state was niot changed, these data
suggest that HA and HNE increased the

release of stniatal dopamine.

Kinetic analysis of conversion of strialal

tyrosine to dopainine. 1mmTable 7 are reported

8DA and STYr at various times after the in-
travenous injection of L-[3 ,5-3H]tyrosine.
The data were obtained in two different
experiments, using 0.5 arid 0.4 nuCi/kg
intravenous doses of the labeled anmmino acid.
Calculations using the kinetic approach

described under METHODS show that in
these two experimuments the data generate
similar kDA values.

As shown in Fig. 1, the r value calculated

from the slope of STYr is 25 mm. Thus in our
plot 1 unit of t/r is equal to 25 mm. The data

plotted in Fig. 1 show that SNTYr(t/T) de-
clines exponentially while on the x axis t/r

changes from 0.4 to 2. Above this value of
t/r, SNTYr(t/r) deviates from linearity. How-

ever, it is important to note that the ex-
ponential mode of decline is preserved until

S�yr(t/�) intersects SNDA(t/T). The data
points (ASNDA) are fitted withimi two curves

generated by Eq. 6, which have kNDA values
between 0.12 and 0.15. Thus, as shown in
Fig. 1, the kDA (calculated from Eq. 7)
varies betus-een 0.36 and 0.29 Imr.’ Consider-

ing that the concentration of striata dopa-
mine is 64 ± 2.7 nmoles/g (Table 3), the
turnover rate calculated from Eq. 8 can be

estimated as 18-23 nnuoles/g/hr.

We then considered whether SNDA(t/r)

could eventually be fitted by the sum of the

TABLE 7

Striatal dopamine and tyro.sine specific

radioactivities at various limes after intram’enou.s-

injection of L-[3,5-3H]tyrosmne

Rats received 0.5 mumCi/kg of L-[3,5-3I1]tvrosimue

(A) or 0.4 mCi/kg (B). Each value is the average
of eight striata. Time commcemmtrationus of olompanmine
(63 ± 4.2 nummoles/g) an(l tyrosimie (73 ± 5.8
mmmmmoles/g) remumaimmed comustant iii both experimuuemits.

The kDA for experinuiemut A was 0.29-0.34 lur’, amid

that for experinment B was between 0.28-0.36 hr’.

‘l’ime after

mmHJtvrosine

injection

‘fin

3
6
9

15
30
60
90

120

180

two curves witim kDA values ouf 4.6 andi 0.34
hr_n, kDA respectively. Thmese ro’presemmt
the kDA values of the two pouols of stniatal
dopamine, each including 26% amid 74 %

of the striatal transmitter, respectively, as
proposed by Javoy and Glowinski (2). 1mm
Fig. 2 we report the theoretical values for

SNDA(t/r) derived fronu our experimumental
kTyr, ccmnsideniuug the compartmumemmt ation

proposed by Javoy and Glowinski (2) as
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Fro. 1. .Vorma!ized plot of specific activities of

striatal dopanune, Srcma�(l r), and tyrosine, SNTy(t r

The constant of trammsfourniatiomm is r = 1/kTvr,

where kTyr is 2.4 hr’. The values, unless otherwise

indi-ated, are expressed mi niinuutes. O-O,

X - -x ,

omperative imm stniatummm. \eitimo’r of time two

curves (A amid B in Fig. 2) mmomrthe sum of

tlmo’ twcu (D) is t-oimipatihbo’ with time expeni-

mumental data pomints (C).
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m)IsCUssmoN

\\Imenm pninmciiules of steadv-stato’ kinetics
ant- applied tom the decline of neurotrans-
imuitto’r comic(’nmtnnitiomms after inhibition of
svnmtimo’sis iii urder t(u elucidate thc’ comumpart-
muuo’mmtatiomnmouf time tramisimmitten, the inhibition
nmust tue c-oimuplete arid inmstanmtammeous, amid
tlm(’ tranmsmmuitto’r stomnage mumust umot ho’ ummder
tht’ inufluemmee of tither perturhiumg agc’nts
(12). Houwever, the data repomrted in Tables
4-fl inmdicate tiuat botim timese requiremumemmts
� umot fulfilled by the expenimmmenmtal con-

ditiomis used by Javoy amid Glowinski (2).
Imidc’ed, ummden these comuditiomms omie obtains

a biphasic dechiuie imm stniatai dopamuuiuue,

althougim we believe that this nmmode of change
in striatal dopanmuine o-onuceumtration canniot

be attributed exclusively t(u its kimmetic
ccmnmupartnueimtatiomm. Udenfnio’ncl (11), work-

FIG. 2. Calculated values of SNDA, (l.ssUmfling

(‘omnpartmen tation of striatal (lopanhin e (DA ) pro -

posed by Jam))!1 amid Glowinski (2).
One compartnment is proposed to) have a kIM of

4.6 hm-’, amid the other, a kDA of 0.34 hr’; the first
funo-tional counmpartnmemit is 26�� tuf the total dom-

panminme in striatunm, and the other includes 74% ouf

the total dopamine. 1)ata are plotted as SNDA(l!’r),

where r = l/kT�,. Curve A = SNDA in the “func-

tional” compartment (knA = 4.6 hr�, inucluding
26% of struatal dopammiimie); B = ‘SNDA of the “main

stcurage” compartmemut (kDA = 0.34 hr’, including
74% of striatal dopanmimue); C = experimental

SSDA according to Fig. 1; D = A + B, where data
are plotted as SN’DA(t r), with r = 1/kTyr.

inig with the isolated, perfused guinea pig

heart, has reported that a MT concenutra-

tion of 87 �n causes 87 % inhibiticumi of
catecholaiuuinie bitusyntimesis and that a ?sIT

concentration of 39 �sn causes inhihitioun of
only 61 %. Table 4 reports that at 5 mm
after injectiomu the braium concentration of
MT is 10 �r. Thus, extrapolating from

Udenfriend’s data (11) during the first 5 mm
after the intnap(’nitoneal injectio)n of 0.81
nmmole of MT, tho’se commcentratiomms of MT
should result mm incomplete irmhibition of
tyrosine hydroxylase (less than 61 %). More-
over, according to the data of Table 4, inhibi-
tiomi greater than 87 % may occur omuly after

40 mm postinjectio)n. Time validity ouf timese

extrapolationms is support(’d by time data in
Table 5. The conversion imtdex of radicuactive
tvrosinue into stniatal dopanmmine is inhibited
about 53 ‘o between 5 and 15 miii after MT
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and ai)oUt 87 � ; between 40 ani(1 50 nmin after

I\IT. It is l)recisel� from time fast rate cuf

dopaminme dechiume between 0 amid 20 mm that
Javoy amid Cilomwinmski (2) prtposed time exist-

ence of a rapidly turning over pooi of striatal

dopanuine. But time data reported in Table 4
show that substamitial concentratiomis of HA

and HNE camm i)e found in braimis of rats 10
mm after receivimmg �t1T intrapenitoneally.
These two coimupounds are able to perturb

the dynamics of catechulanmmimme storage in
peripheral mmervc’ ternminals (13), causing a

rapid dechmme iii eatecholaimuine coneentra-

tions (14). Time data reported in Table 6
show that immtraventricular iumjection of

either HA or HNE immamounts conuparabie
to those presemut in striatumuu duniumg 10 nun
followimug 0.81 nmmumoles/kg (if )oIT immtrapeni-

toneally (Table 4) perturbs the kinetics of
dopanmine mu striatuimu. The data reported

in Table 6 appear to he coumsistent with the

view that time efflux of (lopamirme from

striatal imervo’ enmdimmgs is increased i)y HA
or HNE. Pnesummuably, when the two corn-

pounds are present simultamuecmusly, their
action is symiergistic. We suggest that time
slow omiset o)f tynosine hydroxylase inhibition
and the prem’muce of HA amid HNE, w-hieh

releases cateciuolammmimmes from storage, ac-
count for time biplasic decline in striatal
dopanmimme. Fronmi time data reported imi Table
4, it appears that brain and striatal eoneemm-

tratiomms of 1\IT iumcrease 5-40 mm after the
injection of tiiis amimmo acid, but the brain

and striatal eonco’ntrations of HA and HNE
decline during the sarmme time period. This
would be coimsistemmt with the view that high
concentrations of MT inhibit its ouwn

decarhoxylatiomu, as reported sinuilanly for

a-nmethyldopa (15, 16). Appropriato’ expeni-

nmemmts should ho’ performed tom test this

possibility. Sincc’ MT is an inadequate no’-
searcii t o)til to mmueasure time coummpant umieuut a-
tion of stniatal dopanmine, we resorted to the
kinetic approacim described under METHODS.

Time data reported in Fig. 1 and Tablo’ 7

allow us to) calculatc’ a turmuover rate of

striatal dopanmimme between 18 anmd 23

nrnolesg hr. These values are coumsistent

with 19.2 mmmmuoles/g/hr, which is time valuo’

calculated frommi the data of Table 3, using

the extrapolated kDA value of 0.30 hr�.

\loreover, the�’ art’ cimnsistenmt muout ommly witim

values o1)taimued wit ii amuot hen mmuethod pub-

lished l)V this laboratory (17) but with time

tunmmover rate of 16.9 ummumoles/g/hr t-al(-tm-

hated 1)3 �Javoy and (llomwimmski (2) for time

niaimu storage of stniatal dopanmine. Timc’se

coinsideratioums immdicate t imat inuhibit ion of
doupammuine syruthc’sis by immjet-tiommi omf \IT �-mtmi
be used to estinmato’ tue turncmver nato’ cmf

stnia.tal dopanmimme if tlue values are collo’cto’d

during mmmiextended timmue period. Thus ttj)-

proacim minimizes the j)itfnulls creato’oI huy time
presemmee of HA and HNI’ olunimug tho’ first
20 mmmiuiafter injectiomm (Table 4). Presummiably
HA timid! lINE release striatal olopauimirm(’
(Table 6) by � mmmo’o-lmammisuumsinmuilar tom timat
repourted for peripheral c-at echo ulaimmiumo’ sto ur ‘s

(14). TIme questiomm then arises: Are time o-oumm-
c-lusi(umis Prol)osed � .Javtiy amal Gloiwimiski
(2) for t he (-omiupl(’x (-(mmiupartnmuemutat ioumi
stniatal (lo)panmimme vahi(l? Tom anmswer this

questiomu, � l)erfomrnim(’cl time c-alo’ulatiouums

reported in Fig. 2. \\‘o’ o-alt-ulato’ol hcuw

SNDk(t, r) should c’luamige if two i)oomls ivitii
time characteristics dc’sc-nibo’d by .Javomy aiud
Glowinmski (2) w-re ompo’rative imm ro’gulatimig
the dynaummics of stniatal cit mpammuimuo’ stones.

The data show timat i�NI)A(tr) (curve 1)

in Fig. 2) would deviate substanutially fnommm

time expeninumemmtal values ouf ‘�N n)A(t r)

(curve C). This deviatioun wo muld sul ustanmt iat t’

time view timat time store of stniatal ohupamumimuo-

may not be commmpartummt’umtalized in tiue ��ay

prop#{128}msed by Javoy amid Glowimmski (2):

26 � tunniuug oven witlu a kDA cmf 4.6 iun� amu(i

74� tunumimmg over witim a kDA (uf 0.34 imr_m.
We iuave timenefore assunumed that time size of

the commmpartmmment turmminmg oven at 46 imn_m
could be smaller thamm 26 % of the tomtal sto)nt’.
But using the c-hange with timmue (uf ‘�‘NI)A

reported in Fig. 1 (curve C oil Fig. 2), wo’

could not calculate the prt’seumee ouf aumy other
coummpartmuio’nmt of dopanmuimme commitnibuting tom

the kiuuetics of the systenm, whmi(-im imas a
fasto-r timan 0.34 hn’. If wo’ try to) fit tint’

imuititil data i)oiuits j)lotte(1 immcurve C ouf 1’ig.

2 (tr < 1) with a hxm)A gro’at(’r timan 0.12,

we finch timat thus tiueounetical ASNDA(t r) is

steep(’n timamm curve C ouf Fig. 2, time o’xpeni-

immemmtal SxJ)�(t r). Timis suggests that time

corro’spomidiuig kDA value would be immexcess

of what is allowed by time expeninmeumtal data.
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\\e attt’muul)ted to reduo-e timo’ size cuf the hypo-
timet ical o-oummmpart meuut Pnc)Posedi by Javoy

and Glowinmski (2), and wluen we tested this

l)05Sihi1it� we found that evemi a 1)001 of 5%
i�)f time total dopanuirme stoune woiuld be too

large to comply with time expeninmuemital data

poinut reported ium Fig. 1 and curve C of Fig.
2, when assoiciated with 95 #{182}� fou the store

turnuimmg ovo’r with a ADA of 0.34 hr’.
Imi omtmn(-aleulatiomis we iumado’ timo’ assummup-

tiouum tiuat ‘�‘Tyr olt’cliumt’s expounc’nmtially with

timumo’. Timis assunmmj)tiomn nepreseumts time ideal

c-aso-, mu which th(� tvrosimmo’ po(ml receives a

Pt1l50’ imujectiorm of labo’lo’d tynosimme at time
sanume refenemuce timime. As time tvrosimme pcmol

turns over in the steady state, its specific

activity will follow aim exponio’mmt ial deelino’.

However, if soumue feedback ltlmcmp exists mmtime

1)iological systemim, sommue of time labeled
tyrosinm(’will fiumdits way hack imito tii(’ pool.

The mmet effect ouf sucii a feedback lomop is a

gradual oleviatiomi of ASTYr fronu o’xpomneumtial

decay. Time do’viatiomnm fm-ommmulimmc’arity imm-

creases with tinmme.
This is exactly what we imavo’ observed.

‘�Tyr -amm hue closely appromximimato’cl by a
straight liume cuui time semmmilomganitimimmic plot
(i.o’., Si.yr vs. I r). At lato’r poimmts ST�r

assunmies values imigimc’n thamm time straight limme.

We therefore used time iuiitial ‘�Fyr declinme rate

tom deternuine the r ammo! ho’nc-o’ timo’ � value.

\Ve also m feel it is neascuniablc to) assumume that

tiio’ specific activity of thmat juart of the

tvro usinmo’ I)00ml wimicim is dim-o’ct lv nesiuomnmsihle

for oloupammmine pnodmietio mum was umot signiifl-

c-ammtlv influenmced by timo’ feedback mmmeeha-

uuisnmm mm time rammge of tinmme I r � 3. It is
timo’ro’fo uno’ valid to uso’ the prout-edune de-

s(-nil)o’tl undc’r METHOIuS for � cletenmina-
tiommi. Tho’ advantages of time pnesenut nmetimod
omvei- omthens pnt’viously PnoI)os(’Ol (12) are
timrt’t’fould: it allows us to estimmmato’ the ummcer-

taimity omf fittimig kxDA withm o’xpeniummental

valu(’s; it facilitates c(mnmmpanisomms of hypo-

tim(’t ical comuipartnimentations wit ii expeni-

mmmo’mutaldata (as siuowmm mmFig. 2); amid it

satisfies time miecessity of accoummtimmg four time

iinecunso un-product nelat iommusimij) withimm the
limmuits of time assunmuptiomms mumado’, at all times

during t lit’ turnover nato’ mmmeasuneimio’mut.

Inm toumclusi(mmm, we dci mmot denmy timat the

commit mart mumentatiomu of st nat nil dopnmmumimme

immay actually be sinuilan to tim(’ muio)del pro-

posed by Javoy amid Glowimuski (2), but
suggest that the (‘vidlence for tiut’ir muter-

pretatiomi is imusufficiemmt. Their interpreta-
tion must be questiomied because of inherent
methodological inuctumisistencies (see Tables

4 and 5) amid evidemut c’ontradictionms with the
expeninm(’mmtal finmdimmgs presemmted in this
paper (see Fig. 2).

REFERENCES

1. Spector, �‘. , �-‘joer(isnua, A. & Udenfriend, S.
(1965) .1. Phar,nacoi. Exp. Timer. , 1-17, 56-95.

2. Javoy, F. & (ilowimuski, J. (1971) J. Neuro-

chem. 18, 1305-1311.
3. Wang, C. C. T. & Craig, L. A. Proc. lust.

Electric. Electron. Eng., imu press.

4. Haggermdal, J. (1963) Acta. Plmysioi. Scand.,

59, 242-254.

5. Crout, J. H. (1961) mm Standard 3iethods of

Clinical Chemistry (Seligsomi, 1)., ed), Vol.

3, pp. 62-50, Academnic Press, New �ork.

6. Udenfriend, S. (1969) in Fluorescence Assay iii

Bioloqy and Medicine (Horecker, B., lEap-

hami, N. 0., Nllarmur, J. & Sciuo’raga, H. A.,

eds.), \ol. 2, in 3foleczLlar Biology, pp. 195-
247, Academumic Press, New York.

7. Neff, N. 11., Spamio, P. F., Grouppetti, A.,

Wamig, C. T. & Costa, F. (1971) J. Pharnra-

cot. Exp. Ther., 176, 701-710.

5. Costa, E. (1973) Prouc. 51/i let. Couiqr. Ph(Irlna-

�.ol., 4, 216-226, Karger, Basel.

9. Neff, N. H., Ngai, S. H., Wang, C. T. & Costa,

F. (1969) Mo!. Pharinaeol., 5, 90-99.
10. Costa, E. & Neff, N. 11. (1966) mi Bioehemn-

istry amid Pharmacology of the Basal Gao glia
(Costa, F., Cote, L. .1. & Yahr, M. I)., eds.),
pp. 141-155, Itavemu Press, New Yturk.

11. Udemifrierucl, S. (1966) Pharmacol. 1/er., 18,
43-51.

12. Costa, F. & Neff, N. 11. (1970) mu Handbook of

Xeurochemi.stry (Lajtlma, A., ed.) Vol. 4,

pp. 45-90, Academic Press, New �ork.
13. Iverscmu, L. F. (1967) imi The Uptake and Storage

omf .Voradren aline in Sy;npalh etic .Verves, pp -

147-195, Cambridge Umuiversity Press, Lon-

domm.

14. Costa, F. & Groppetti, A. (1970) mi A mnphet-

ant: lies and Related Compounds (Cost a, E.

& Garattinii, S., ecls.), pp. 231-255, Haven

Press, New \ork.

15. Stonme, C. A. & Porter, C. C. (1966) P/marina-

col. Rev., 18, 569-575.

16. Sourkes, T. F., Murphy, (. F., Chavez, B. &

Zievska, M. (1961) .1. .Veurochem., 8, 109-115.
17. Costa, E., Caremuzi, A., (uidotti, A. & He-

vuelta, A. (1973 mu Frontiers in (‘atechol-

amine Research, (Usdimu, F. & Snyder, S.,

eds.), Pergammu mmiPress, Lommdomu, in press.




