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SUMMARY

Incubation of corticmul or striatal slices in mmK�-enricimed nmediummm (33 m\t) emihtmmmced time

r(’lemmse of imewhv svmmthmesized catecimolanmimies timid accelerated time synmtimesis of catecimolanmiiies
at time rate-limitimmg tyrosinie imydroxylase step. Time specific mmctiyity of time ‘4C-tyrosimme

foumid in time tissues mifter incubation in a K+_enricimed medium was similar to that of comitrol

tissues. Thus time enhancement- of catecimolanmmnie synitimesms observed mi time k��enmr’icimed nme-

diunm did not appear to arise from mimiimmcro’ase itt time specific activity of time precursor. No

evidence was obtained for any alteration in the level of tyrosine hmydroxylmise activity in
hmonmogenates of tissues previously inicumhmmted in a K+_enrichiedi medium. Commditionis wimich

block the release of calecimolamines, such as absence of calciunm or hiighm niagmiesium conicen-
tn’ations, blocked time r’elemuse of miewhy synthesized catechmolamimtes timid sinmultanieously

mimitagonized time K+_iniduced acceleration of ctiteciiolamimie biosynthesis. On time other imand,

time catechmolamm’nne syntimesis rate of tissues mnicubated in nmom’mal Krebs-Riniger-phmosphate

buffer was enimmimmced by initial iticubatiomi of time slices mm a K+_enrichmed nmedium. Further-
more, w-imeii catecimolaminies w’ere added to the niedium at mm commcentr’at-ionm mis low as 10� �si,

time catechmolanmmmie synthesis rate was imih ibited; t imis mu iihit ion occurred mit raneuronallv,
siiice time inhmibitory effect of exogenous miom’epinephmm’imme wmis tint agomzed by cocmiinme, even

under conditions in w’imicim tissue levels of exogenous anminmes remained time smume. Timese m’e-

stilts support time imypotimesis thmat neum’omial depolarizmut ion emmhmmmmces time reiemise of miesvlv

fornmed cmutecholamines, wimicim, in turn, relieves the rate-limiting emizynme, tvn’osine liv-

droxvlase, fronm end-product inhibit ion tumid t hereby miccelertites time cat ecimolmunmimie svnl imesis
rmute.

I NTt{ODUCT�ON

1mm pem’iphmeral synmpmut lmetically imimiem’vat (‘dl

tissues, time nmaimmteriamice of a comtstmumt tior’-

epimmephmr’inie concermtnmitiomi, dlespite van’yinig

degrees of nervous muctivity, humis beeni post u-
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hated to he t lie result of chitmtiges in t Ito’ local

hiosvmitiuesis of nmorepirmephrimme. mm sevet’tmi

species mind tissues, time elect n’icmul st inmirhutioni
of svnmpmmthietic tmerves which immnenvmmte

vam’ious (‘ff(’ctor or’gttnishumisheo’mm obset’v(’d to

mueeelen’ate nmon’e�)itmephmm’inme1)iosymithmesis. 1’Jec-

tr’ieal stimuhitionm of tii(’ guinuemi pig hmypo-

gmtst nc nmeu’ve (1, 2), t lie rat steilate gmmmmghiomt

(3), amid limo’ t’tii)i)it r’eeurn’entt cmim’diac nerve

(4) enihmmmnmced t hm(’ conivet’sion of t vt’o)sinme
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to !iOI’eJ)iti(’I)Imt’i!i(’ mm time s’mis deferemm.s, imemirt,

amid! pulnmonmmiry tmrto’ry, respectively. mi time

rat submaxihltmn’y glamid, time symitimesis of

norepinephmrinme lit 1il’() front ‘4C-tyrosine was

accelerated 3-ti-fold by electrical stimulatiomi

of the cervictil svmpathmetic ciimiirm, whmile time
formation of umorej)imiephmnmne was reduced

approximately 30 � w’ithm decentralization
(3). In additiomial experiments, results

simowed timmit nmewl�’ svntimesized r4(lntor(�pi

nepimrinie ss’as r(’lemmsed nuore remudily by nerve
inmpulses thaim exogenous 3H-nmorepinephmrine
thmat was taken �p by adrenmergic nerve
terminals (3, 6) Tlmus, iii penipimermil svm-

pathetic mmeumnonms, it huas been postulated that
t hme accelermut ion of norepinmepimrinie synthesis

produced by sympathmetic activat ion mighit
be due to time release of some strategic nor-

epineplmrimme pool whmichm imornmally gives rise

to partial inhibit ion of tyrosine hmydlroxylase.

In the central nervous system time indirect

stimulation of cemmtrmml neurons, either by

emivironnmemmtmul stress or by drugs, immms also

been observed to immcretmse cmmtechmohamine

biosynthesis. By iuidhrectly inmcreasing iieu-

ronal activity wit Im elect ronicom ivulsive shock
(7) or exposimn’e to cold (5), on’ with blockade

of catecholminminmergic recel)t on’s 1)y phmenoxy-
henizminuinie (9) or’ cimlorpronmazimie (10, 11), an

enimancememmt of tyrosinme hmvdroxvlase ac-

tivity hmmis been demonstrmited itt certain

1)raimi m’egioums.
The pum’I)ose of time present imivest-igation

was twofold: fin’st, to extimimme time effect of

direct nmeinm’ommmmldepolmur’izationm by potmussium

ott time rate of emit echuolammnme biosvmithesis
and on time t’elease of newly fom’nmed emit ecimol-
amimmes fr’onm r’mitcom’tical amid st m’itit mil slices

an(l, secorm(l, to attempt to deuitme time mmmechm-

miniisnm or nmeciitunisinms responsible for time ob-

sem’ved aeCehet’ttt iomi of cateehmoltitiminte hio-

svmmtimesis iumdtrced by pot missiuni depolar’iza-

tiomu.
A pn’elmrmmimmmim’yr’epom’t of sonmme of these

results imas heeui ptrhlisiued (12).

M ETHOt)S

i\Iale Spn’tigire-I)tiwley r’tits (200-230 g),

obtmiined fm’ormi (Immurles Riven’ lAmihon’aton’ies,

\Ve!’e kilie(l by (1(’Ctii)ittitiOtm, aim(1 their’ I)t’tiimiS

2 J, 1Iuglmes an(l II. Fl. Hot 11, mnuipmnbi ished oh-

servat louis.

were rtipidl\’ removed and placed mm cold,

oxygenated Krebs-Biniger-pimosplmmmte buffer,

PH 7.4. Slices from time cerebral hmemisphmeres

were prepared witim a- bow slicer’ timid a glass

slide, recessed mibout 0.3 mnm, according to

time technique described by \Icllwaimm arid
Rodmmigimt (13). Slices were thmen floated into

cold , oxygenated nmediunm, subsequemmtlv

drainied briefly on filter paper, weighed

(approximately 150-200 mg), amid then

transferred to a 20-mi beaker containing

5.0 ml of KRP buffer.3 The nmedium con-
taimied 128 mit NaC1, 4.8 mit KC1, 0.75 nun

C1aCl2, 1 .2 nut MgSO4, 10 nun glucose, and
16 nut Xa2HPO4, at pH 7.4. When a

enriched medium was employed, NaCl ss’as
replaced with equimolar quantities of KC1.

Imicubm-itiomis were carried out in a Duhnoff

nmetabolic shaker mit 370 under saturation
with 93 � O2��3 #{182}2�CO2. Follosvmnig a 10-nmin

initimil incubation, unless indicated other-

wise, a total of 18 j�g of uniformly labeled

L-tyrosine-’4C (specific activity, 12.3 mCi1’

nmmole) was added to time nmedium, j)roducing

a final tyrosine concentration of 2 X 10’� sn.

In some cases time decarboxylase inmimibitom’

XSD - 1033 (4- br’omo -3 -iuydroxybenzyloxy-
amine) was employed to inhibit time conver-

sion of t-vrosinie to) catechuolamitmes at time
decmmrboxyhation step, resultimig in time ac-

cumulmution of labeled dopa. Preliminmirv
experinments indicated timat NSD-1055 at a

conmcemmtrmition of 10� M caused a 91 ± 1 %

blockade of time coniversiomi of newly fom’nmed

dopa to cmitechmolamimmes. Aftem’ t lie slices humid
been iiieiihtited for an addil iommmml 13-30 mini,
time beakers were chilled on ice timid slices

w’er’e separmmted fronm limo’ mediummm by filtra-
tion, collected front time tiller paper, arid

honmogenized! iii 10 (( � n’iclmlo)racetie mucid;
each incuhmmtiomi nmediuni svas micidified svitim

0.3 nml of 50 � trichmlorticetic tick!. Unlabeled

NE, do)pmummnie, doptu, amid t yn’osinte (30 �.ig

each) wem’e added to hot ii tissue imonmogemimites

timid nmediunm, timid tin’ P1’(’d’iPittitedl protein

wmms thmemi m’(’moved by centtm’ifugation mit

10,000 m’pnmmfor 10 nminm. lo thue supen’mmatanmt

solutioni were added 0.2 rmmi of 1.0 M Tr’is

buffer (pH 5.2), 1 mmmlof 10�� EDTA, anud

‘J’he abbreviatiomis itsed ate: KRP, Krebs-

ltinmgen’-phosphate ; dopa , 3,4 -tli hydn’oxvphenylala-

tunic ; NE, miou’epinepht-imue.
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2.0 ml of 0.5 mm KH2PO4. Each sample was

brought- to a final volume of 10 ml and

neutralized to pH 8.4 by titration with
NaOH. Samples were timen passed twice over

a (14 x 4 mm column of aluminium oxide
(British Drug Houses) in order to retain time

catechmol compounds selectively (14). TIme

effluemit and time first 10 ml of H20 washm, con-

taming time lmubeied tyrosine amid nioncat-

ecimols, were saved for’ subsedluenit analysis

by mon-exchange chronmatograpimy, aimd t hme

columnis were ivasimed witim miii additiomial 35

ml of distilled water’. Time catecimolmumimie
compounds were eluted wit-hi 2 ml of per-

cimloric acid (1.0 ml of 0.2 M amid 1.0 ml of 0.1

mn), amid the deaminated catecholanmines were

subsequently eluted with 2.0 ml of 1.0 N

HC1; 0.4 ml of time 2.0-ml elutes was pipetted

into 20 ml of scintillation fluid (15.0 g of

2 ,5-dipimenyloxazole, 300 mg of 1, 4-bis[2-
(4-methyl-5-phmemivloxazolyl)Ibentzemme, 240 g

of naphthalene, 1.0 liter of toluene, 1.0 liter

of dioxanme, arid 1.0 liter of ethanol). Time

procedure provided a XE recovery of L3.9 �

± 4 % arid a dopamimie recovery of 84.9 ±

3.4% (mean ± standard deviation).

Time figures I)resemited iii time followimig

tables Imave not heerm corrected for n’ecoveries

on m-iluminm-u. Since 50-90 #{182}�‘�of time labeled

catechols were shown to be emutechiolanminmes

(mmmethmodl described in tIme next section), time

catecimolamine svmmtimesis rmut e (nmmnonmoles per

gram, wet weighut, per’ imour) was calculated

by dividing the disint-egra-tions per minute of

catechmolamines for’nmed per gm’am tissue per
hour by time specific activity of the tyrosmnme

added to time medhunm arid nmuitiplyinig by
1.14 to correct for thm(’ label lost during time

decmirboxylationi react ion. Tissure blanks

wen’e run by inucubmititig cortical slices wimicim

were initially precipitated with 15 % tm’i-

cimloracetic acid, witim ‘4C-tyrosine. O-�\ [ethm-

vlmit ed catechmolamimme met ahohites repre-

semited less than S % of time newly fornmed

catecimolamines.

Itt experiments utilizing tIme stm’iatunm,

slices of tissue w’ere prepared fronm rat 1)rarlt

as follows. A coronal section was made about

4 mnnm from time tuntenior pole of time cerehm’mul

imemispimeres, amid a coronial slice about S.0

n’mnm thick was curt from time I)ostenior pom’tion.

Time slice wmis placed on mmpiece of w-et filter

I)tu1)(�r, timid time stritittu (weighing about 50-60
mg) w’ere dissected out. Slices of time striatumm

were made with a Stmidie blade anmd placed in

5.0 ml of KRP solution; othier conditions
were identical whim those dlescnih)ed mihove for
cortical slices.

Isolation of ealecliol mnelaboliles. To de-

ternmirie tIme percemitage of newly synitimesized

catecholaminies (NE timid! dopaminie) in time

milumnminma percimloric acid (‘lunate, time j)H was

midjusted to 4.0 witim KOH, amid time super-
nmitant solut ion was cimnonmatograpimed on
Dowex SOW-X4 (Na4), 100-200 nmesim (12
cnm), by a modification of the 1)rocedune of

Rutledge tumid \%emnmo’r (15). Time resin w’as

washmed with 15 nil of 0.1 � disodiunm EDTA,

tili(l time clopa was collected by elutioni mi-it-h
15 ml of 0.1 �n Xa2HPO1 I)uffer, pH 6.5, timid
10 ml of wmuter; time NE was timen eluted with
30 ml of 1.0 M HC1 (timree 10-mI frtrctionis),

and tIme dopamimie, imi 30 nml of 2.0 N HC1.

Time effluent, dopa, NE, timid diopamimie frac-

tiomus were lyopimihzedl to dlryness, tmikemi imp

in 2.0 ml of 0.23 mt HC1, amid! placed! in 20 ml
of scinmtillation fluid. Time recoveries of NE

timid dopaminme were about 60 �X emuchm, amid

timat of dopa w.as about 77 c� In time milummminma-

percimlor’mc micid elututes of cortical tissues,
newly formed NE amid! dopanminie m’epresemit ed

29 % amid 31 % of time total labeled catecimols,

respectively; iii time percimlonic acid eluates of

time KRP nmediummm, 36� was NE timid 53�

doptumine. TIme pem’cemitages of NE timid

dopaminie in cortical tissues immcubmmted in

TcRP mediunm conmtmiintimmg 33 mmn mvere

sinmihar to thmose incubated in time mmornmal

nmedium, whier’etis itt I Ime K4-enn’icimed mmmc-

diunm 19 % was NE arid 78 � dopaminme.

In time expeninmmemits utiliziuug 1) , L-dopa-2-

14(’ (specific activity, 4.3 mCi/nmmole),

following imicubat iomi tissue I)roleinis were

precipitated with 0.4 x perchmlonie mien!,
hmonmogemtized, amid centr’ifirged for 10 nmimmat

10,000 rpm. Time supermiatminit fluid! was 1iiemm

adjursted to pH 4.0 whim KOH, amid time

precipitate mi-mis n’enmoved by cenmtnifugmitionm.
To each tissue arid nmediunm supem’nmmtanmt frac-

tion were added 30 j�g eaclu of nmonradiomuctive

NE, dopaminie timid dopa, timid time sanmme pro-

cedlure as timat described! above was enmpioyed

to sepat’ate catechmolminimmies fronm (101)11. Time

diata immive heemm corrected fom’ m’eCovet’ies Oh
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Dowex 50\V -X4 (Nmt� ) . Tissue biamiks mv(’r’e

n.m_mmby inmcimi)tttirmg contiemul slices with lmibeled
d01)ii mind! mm (Ieettl’i)o)X\itis(’immimibitor’,NSD-

1055, mit a final commc(’nmt mmmlion of 10� mm.
_1 ssa// of !iji’os’inc /!!j(/1’O.17J10Se ill l’i!l’O.

After’ a :�0-�ninm inmcimi)at mOnt of cortical slices

in eithiem’ mmon’nmmul1%;:1:l1) Ot’ 33 mmmii I’-� hIRP

mediunm mit 37#{176},tii’ t yn’�simi’ imyd!roxyhuse

activit y wmis (1(1 er’umuimmed! imm tissue huonmo-

gemiates I�y mi nmodifictitionm of time nmethmo(I of

1\lcGeer’ et at. (16). F’oliowinig immcuri)ationm of

slices, tissui(’S mvem’e hOfliOgemmizedl in 0.23 ‘mn

strcrose tO) yield 10-20 nmug (wet \v(’igimt)--O.l

ml of SucroSe. Tissue imomogenimutes (0.1 ml)
were t-hueni incubmut (‘d for’ 3-30 nmmimtmit 37#{176}iii a

1)uhnoff shmtmkem’ whIm 0.1 ni! of t4(’_tvrosinie

(specific activity, 32 �Ci/j.Lnmole; final comicenu-
tratiomm, 3 X 10� u1), the decarhoxylase mi-
imii)itot’ NSI)-1053 (finmil conicemitrationm, 1.3

X 10� mn), amid 0.1 ml of 0.28 M IcH2PO4
buffet’, pH 6.2. The remtctiomm was stopped

with 2.0 ml of 13% tricimlorticetic mici(!, armd
to eachm sample mver’e ad!ded 30 JLg of non-

radiotici u-c tvr’osinme, dol)mi, do)pamimme, anmd

XE. The smimples were timent cemmtr’ifuged at

10,000 rpm for 10 nmimi, mind time supem’nmmitant

fractionis were poumredl into 20-mi betikers

colmtmuinnnmg 0.6 ml of 10 % E1)TA. Time comi-

t(’mmts of lime centrifuge tubes were rinsed witim

1 .3 mmmlof 0.4 M KH2PQ1 mmmd 8.4 nml of H2O

amid I rammsfer’retl to) time 20-nm! hetuker’s, to

wimicim was ad!ded 0.2 nm! of 1 mm Tris buffer,

j)H 8.2. Time pH mvmis raisedl to 8.4 by titration

witim NmtOH, timid time smunmpies were applied to

he milunmimia cohmmmmmm t mviee, as descn’ibed

pm’evioumsly. Time aluminmi wmts wasimed whim
40 nm! of 1120, mmmd time dopmm was o’luted! with

4 mmmlof 0.3 x HCI; 1 rmmlummis coirmited mm 20 nm!
of scinut ilitit ion fluid!. Tissue blanks were run

by inicui)titilig tissue imonmogemmmmtes (initially

heated to 80-90#{176} for 12-13 mitt amid timen

cooled in ice) wit ii tvm’osmmme-’4C. Time VaX of

I vrosirme imvdm’oxvlmise wmis dIet emImminmed! by

viuryimmg both tIme inmcimhatiomm tinme amid the

(lutimmtity of tissue presenmt mm time missmiy (16).
TIme tvrositie hvdm’oxvlase mid ivit v was cmil-

culmited in tem’ms of imamiomoles of dopt-i symt-

timesized per gr’tmrmm, wet mveighut, per’ imoum’, by

dividimmg the disimmt egm’ationts per’ mintute of

dopa pen’ granm per’ imour 1)\ time specific ad-

tivity of t-vrosimme mid!d!ed to time nmediunm.

T11i’osine aSSa/J. I’ollomvitig a 30-nmimt immcu-

b)titiOtm of coi’ticmil slices in cit hmer mmor’nmal

K1U� or’ s:� numi K� KRP nmedium witim r4(�_
t Vt’OSiti(’ (sjecific tictivit :1’, 1 2.3 nmCi/mnnuole;
fimmal conicenil m’mmtbIt 2 )< 10� mm), the specific
mmclim-ity of I ym’osimie mi_mis dIO’tO’m’niini(’(! in both
tisslI(’s timid! nmediuinm. Time catechiols w(’re

5(’1)ttm’tit(�(l front thm(’ tvr’osinm(’ omm alunuimma
colirnmmms liv thi(’ flmetimod! descn’ihed I)me\’ioursl�’.

Time tvr’osine mi_mis collected mi hotim time

alumina effluemit timid time first 10 ml of wtuter

m\�tisim. The pH was brougimt dow�mi to 2.0 mvitim

11(11, ann! time (‘fflimenit wmts mipplied to a 4-cnm

colummi of I)owex 30W-XS (H�), 100-200
nmesii, mumm(!\vmishmedl mvitlm 10 nil of 0. 1 % EDTA

timid 20 ml of H2O iii order to remove army
lmibeled demuminiated nmomm-cat(’cimo)ls. Time
t-yrosinme mi-as elurted! uvitim 3 ml of 1 mmNH4OH,

evaporm-i-to’d, amid hr’oughit- up mm 1 ml of water;

of timis 1 nm!, 23 /hl mvere counted in 20 ml of

scinit illationm fluid, arid time renmmiinmder mvas

irsed to assay for t yrosmmie by time nitroso-

mmapiit ho! fluorescent nmetimod (17, 15).

RESULTS

Increased synthesis and release of newly

formed ca!ec/iolamines with K+ jfl cortical and

sti’iat-al slices. In aim attempt to determinie time
o’ffects of iieuromimil m-ictivmutioni on time svn-

thesis arid release of newlv formed cat-(’cimol-

aminies, time use of mu J�+_enmricimed rnediunm

provided irs with a simple reliable nuetimod
for depolarizing excitable nuemhrmtntes of

central adm’enter’gic rmeurons (19). Tue cmite-

chmolanminie syiitiuesis rate wmus detem’nmmined! in

tilt-u by separately mummalyzinig time medium

timid! tiSSlr(’S for’ lmuheled! catecimolamimmes after

incubation of rat brain slices for :30 mimi mi

oxygelmated! Krebs-Rinmger-phmospimmute birffer,

pH 7.4, at 37#{176},ivitim ‘4C-tyr’osinme. Time date-
cimoltinminme svrmthmesis rtmte (tot mu imtuniomoles of

catecimolaminmes svmit hl(’size(l P�’�’ imoui’ per

gm’anm of tissue, mi-ct weight) wmms deter’mirmed
hy muddimig the nanomoles of newly for’nued

cmitechmolanminmes r’eiemmsed into time nmediunm to)

time miamiomoles of newly formed cmitechmol-
anirnmes m’emaimiing in time tissues. By memisirr-

inig time labeled cat t’ehiolanmiuies for’mmn ‘dl in

com’tical slices foliowimig a 30-nmin imtcubat iomm

wit-lu vmir’ious conicenmtr’tutionm.s of t-yrosinie, tii#{128}�

tmppar’ermt k� for’ time oven-till n’emict ion was

detem’nmimmed to h� :3.;� aM, amid! time tipj)ttrermt-

V((lax to be 0.80 mmummole-g, wet weight, ler



8

6

4

10 M

8 12 16

11 0.73 ± 0.0:3
17 0.87 ± 0.03

4 0.12 ± 0.01

0.10 ± 0.01
0.65 ± 0.0:3

1.05 ± 0.05

0.83 ± 0.03
1.52 ± 005h

1.67 ± 005b

5 13.0 ± 0.7 0.5 ± 0.1

3 17.8 ± 1.0 3.1 ± 0.2

7.3

1.3

0.6

n = uiunmber of separate experinments.

p < 0.01 wheni compared to KHP c(muitrols.

p < 0.05 whieui conmpared to KHP coumt ruls.
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FmG. 1. Kinetic analysis of (-ate(’holumine biosyn-

thesis -in cortical slice-s

Cortical slices were inicubated for 30 mmmiumin

KHP mediumn at 37#{176}with various conicenitrations

of ‘�C-tyrosine, and total catecholamine syumthesis

was determined as described ummder �1ETHoos, A

Lineweaver-Burk plot was constructed, auid the

line giving the best fit produced an apparent K,,,

of 3.5 �uM amid atm appareuit Umax of 0.80 nmole/g,

wet weight, per hour, with a limme:mr regressioum Cu-

efhicieuit of 0.992.

hoimn’ (Fig. 1). With a satur’atinmg conmcemmtra-

tmonm of ltmheledl I yrosmnmo’ (2 X 10-’ mm; specific

activity, 12.3 mCi/nmnmole), time symmthmesis of

lmiheled cat ecimolammmues mvmis foummid to he

linear for at iemust 30 nmimm. Elevation of t lie

K� conicenitratiomi in limo’ nmediunm to 33 nmmn

resulted in mi 6-fold increase imi time release of

newly formed cat ecimolanminies, and the total

14C-cat cci molmimimmes symit imesized mu cort icmil

and stniatal slices imicreased by about MO �

arid 33(�, respectively (Tmtble 1). Whmenm time

K� comicentt rationi mvas t’hem’mited to) SO mit,

tim(’ reletiso’ of labeled cat-eciiolmtmimies from

con’ticmil slices was increased mihout 10-fold,

mvhile time synthesis rmite was doubled. mm

mudditionial experiments, timis K� effect mvas

shmomvn miot to he depemidenmt omm time Na� coni-

cemitrmitiomi mi time medium 0)!’ omi permeability

of time tissues to sodium, since nmeitimer reslor-

immg time Na+ concemmtrtmtioni to miornitil nmor

prior tremitmetmt with tetrodotoxinm (106
g/nml) antagommizet! the stinmuiationm of emit e-

chmolmumine biosynthesis by K�.

Since K+ may alter time nmembrmimme perme-

ability of hr’aimi slices to tym’osiime, it was mm-
1)ortantt 1-0 determninie mil limo’ outset w-imet lien’
time accelerationm of svnmtimesis observed imi tue

above exper’inmenmts could he exj)lmiilmedl I)y nun

TuI3LE 1

Synthesis and release of ‘1C-catechola,,mines from brain slices in K4-enriched K/IF medium

Cortical or St natal slices were iuicmtbated for 30 nun um ei t her nornmal or K+_euiricimed ummediunm wit im
14C_tyrosiuie (2 X 10� mm; S1)ecifiC mmcl ivity, 12.5 nmCi/nrnmole) - Following incitbatiomm, the t issmtes auid

medium were auialyzed separately for labeled (‘atecholanminmeS as described under MErHouls. Valires for

emit echo! mmmi uie syrmt hesis are present ted as means ± St auidard errors; the ratio of labeled calec liol ann nes

renmainitmg mmthe tissues to those released into time mediunm is represented mm the last column as T: M.

Me(hum
(‘atecholarnine synthesis

fl’ ---��---------�------� -- - - - - - - T:M
Tissue Mc(hurn Total

minioles/u’//ir

Cortical slices
KItP

53 nmmm K� KItP

80 hiM K� KBP
Stniatum

K HP
5�3 mit K4 K1IP

1:3.5 ± 0.7

20.9 ± 0.9C

2t .0

55
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mill eu’mit loni lIi time Speditid activity of labeledi

I \‘m’oSitie pI’edtlt.SOt’ iii time slices. TIme possi-

bility of mini mtltem’ed rtit(’ of tyrositme uptake

inito time slices was rimied out by denmommst rmit -

mug I limit time specific mietivity of tyn’osimme was

not altered iii slices at time eni(! of time mien-

bmiiioti mm .)3 mit K� I�iii� medium compmired

to slices itucubated in iuornmmul nmedium. Homv-
ever, the possibility I limit .53 mmmii K� nmighmt

selectively millet’ tIme mlI)ilitv of limo’ svnmpa-

timo’t ic nmeuromis to accitnmulate ‘�C-t vrosinme

could 110)1 1)0’ resolved.

I net-ease in ca/ce/iota iii iiie 5/,)t I/tests by K+,

and localization at the tyrosine hydro.t’ylase

step. Jut om’do’r to demommstm’mite timmit Ilme K+�

inmdmmced aeceleu’mutiomm of catecimolanminie symi-

t-im(’sis oddut’I’ed mit the m’mite-hinmmitinig tyrosirme

hydu’oxvlmise step timid! was nmot a result of

sommm(’ effl’dt onu minm evt’nmt hevotm(l time for’ma-

110)11 of dopa, time follomvinmg experinmenmts were

perfon’nuo’d!. r4(l_cloptt was irsed to bypass time
tym’osinue hmyd!n’oxylase sto’p, and mimi ammalysis of

the labeled dopanmnme timid!XE cont emits iii

time medium timid com’tictil slices simowed timat

imighi K� concemit rat iorms elmimamidedl the release

of newly synutimesized! cmitecimolanminmes but

timat time totmii mi-nmoimnit of mmemviy svntiio’sized
catecimolamimies d!id miot sigmmificant ly inicretise
(Table 2). Furthier’nmore, wiiemi time decar-

boxylase intimihitor NSD-1053 mi-mis utilized to

pm’evemmt the furtimer conmm-o’rsiomi of dopmu to
eat ecimolamminumes, time direct effect of K+ stinm-

ulmitiomi on time lmvdm’oxvltut ion of tvrosimme to
dopa mi-as suhsltunmtiaied (Tablo’ :3).

Tyi’osine hydi’o.i’ylase act ii’ity un altered in

issue tom oqenates following in cubat ion in

/� 1gb _K+ KRP medium. One impon’t ant mccii-

anism mvimicim mvmus commsidered is timat time

persistemut depolar’izationm by K� nnigimt alter
time ability of emiteeimolamnue-comut miitiitig

TABLE 2

Syn I/i esis of calecholam inca from ‘C-do pa in cortical slices incubated in K�-en rich e(l mcdiii in

Cortical slices were iuuctnbated for 30 mint with dopa-2-’4C (2.2 X 10� it; specific activity, 4.5 nmCi/

mnmole) mu either normal or 53 mit K� KHP nnediunmm. The lmii)eled cat echolanmiumes were detenminmed mm

1)01 Ii time tissues and muediuni as described untmder METHODS. Valmtes for catecho!amiuie syuuthesis are

presented mis mimemmnms± standard errors; the tissine to nmedimmm ratio for labeled calechoimimiumes is shown

itt the last colmtmui as T:M.

Catecholarnine synthesis
Medium ha - -------- --�- - ---� - -- - ---- - T:M

Tissue Medium !‘otal

n,,zoles/g//ir

KltI� :3 11.7 ± 0.4 lii ± 1.7 17.8 ± 1.5 1.9

53 mit K� KRP 3 7.6 ± 0.1 10.0 ± 1.8 17.6 ± 1.8 0.8

H = uumtnmiheu’ of sc’parat e expen’iunetit �

T.-iIILE 3

Si,nt/icais of ‘4C-(/opa from mm( -tyrosine -in corli(al slices i n(ubate(l in 53 -mi! K� K1?J� mo/in m

Cortical slices were iuucuhai ed for 10 mmminiwith NSI)-1055 (10�� in), aut(l I bent for atm ad(lit ioutal 30 mium

wit Ii ‘4C-tyrosiuie (2 X 10� in; Spe(’ifi(’ activity, 12.5 nmCi/nmnuole) in either normal or 53 mis K� KHP

medium. The ‘4C-dopa coumtent was analyzed mi botim time tissues aumd immediutni by the same method

described for cat echolanninme (let ernminat 11)115. �alites for dopa synthesis are presenmte(l as nmeans ±

sI miumdard errors; time tissue to nmediunn ratio fom’ labeled dopa is simown in time last cohunmti mis T: M.

Dopa synthesis
Mcdiunm ii’ - --- - --�-� ---- -- - -�--- - T:M

tissue Medium Iota!

�z moles/i/hr

K1tP + NSI)-1055 (10� in) 6 0.50 ± 0.05 0.34 ± 0.04 0.84 ± 0.02 1.5

53 mm K� KEP + NSl)-1055 (10�� mu) 6 0.78 ± 0.07 1JIX) ± 0.03 1.78 ± 0.076 0.8

a n = utmuniben of separate experiments.

Significantly di iferenu t fronn control (p < 0.01).
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nmeirronts lo fornm cat(’cholmiminies by imicro’as-

immg time amoumit of tyrosimme imydroxylase or

pteridirie reductaso’ imm time nieturoni. This
possibility mi-as tested by determintimug
mvhetlmer crude syniaptosonmes prepmtred fronm
slices incubated mu 33 mmiii K KHP buffer’

had ami immcreased capacity to imydroxylate

tyrosine. 1mm thus stirdy, cortical slices mmere

inicubmuted iii eit-imer mmormal mediunm or
mediinm containing 33 mit K+ for 30 nmimm;

time slices mvere then removed arid imomogo’nm-
ized in sucrose, amid the tyrosine imydroxylase
activity mm the homogenate wmus estimated by
monitoring time conversion of labeled tyrosilme

to dopa imi time presence of a decarhoxylase
inimibitor. Eacim value mm Table 4 m’epreso’mmts

time Vmax of tyrosine iiydroxylase, deter-
mined in separate experinmenmts by varyimug

both time incubation time amid the qumimitity of

tissue present mmtime a.ssay. 1mm both time first

mind second sets of experiments, tiiere mvas mmo

significant mntcrease iii time tyrosuue imydrox-

ylase activity mi tissue homogeniates fohlomv-

ing incubation of slices in 53 mit K� KHP

medium. Thus time ability of K+ to cmumse Rh

increase in time conversion of tvrosimme to)

dopa, as observed in cortical slices intcubmited

in higim-K� medium, is lost mvimemi time tissue is

imomogemuized.

Effect of Ca++ and ][q++ on catecholamine

biosynthesis. Iii order’ to det en’nmmimie wimet imer

the I�+_inidinced muccelerat ion of emit ecimoi-

amine syntimesis migimt be dependenmt- on limo’

increased reletise of catecimolaminies, the

\ fg++ arid (1a� concemit rat iomis mm-crc nmamiip-

ulated lo iniimibit time release of ltuheied cmute-

choimumurmes. in previous invest igat ions,
Baldessarinmi amid Kopint (20) observed tiiat

the release of exogemmoimsly labeled cat ecimol -

aminmes from brmiin slices mvas Ca�-depetm-

demit amid thmit, by removinmg time Cmu4� fm’o)nm

the medium, time stinmulus-induced reletise of

labeled catecimolm-umi tmes mm-mis anil migonuized.

The effect of K+ omi time syuitlmesis mimit! ro’lemmse

of labeled cmitecholminmines from cortical

slices in time absence of (‘a++ or in th(� pro’s-

ence of imigim \1g� conicentratiomis is simomvnm

in Table 5. 1mm lIme absenice of (1mu�, time K+�

induced release of newly formed ctitecho)i-

amines mi-mis reduced by 76 % mm-hiiie t ime K�-

accelerated catecholanminme svnitimesis t’mite mvas

inlmibited by 56 #{182}�. Tnt fact, time synthesis nUt’

mi tIme Ca�-free, K�-enmricimed medium mm-mis

Tiumm�E 4

i��ro.s inc h //drox)Jla.se (1(tinit// in tn-ms ite homogenate.-
follouing incubation of cortical aloes in

53 inn, K4 K/IF medium

Ft 1lowi rig a 30-nmi n mumcirbat ion ium cit lien non’rmmmml

or 53 mit K+ K1{P medium, conticmil slices were

honmogenized aund the tynosinme hydroxylmmse activ-

iCy was nmmeasuned as described under METHODS.

Each valute represents mmsepanmite determination.

Medium Expt Dopa formation

izmoles/g//ir

1.8

1.8
II 1.2

12

riot sigmiificantly different lronm t lie r’ate 0)1)-

served in mmom’mmil KRP nmediunm mmitim or
mvithmout Cru�. 1�ikemvise, mmlmo’mmlime ‘ilg4+

conicermtrmition mm-as inmereased 10-fold to 12
11mM, time K+_induced acceleratiotm of cmitecimo)l-

anminme release mmmd svnmtlmesis mm-mis depressed

by 64 � anmd 49 � respectively.

In (-rease(l s,jii thesis of ca-tee/i olam ines jollow-

mg incubat ion in K+_en tic/ted KRP lne(iiuln.

If iumcremised release of emmdogenmoins or nmemm-ly

formed catechmolanmines is, itmdeed, time tn’ig-

ger’inig mechmamtisnm for t lie miccelermut ion of

cato’cimolamitme hiosyni imesis mmcorl icmmi tissue,

thmeui tIme release of tissue catecimoiminminmes

durimug prelinninmary inmcuhmutionm in a K�-enm-

r’iclmed medhunm should result in mit least a

tempon’ary ilmdt’emlSe mu cmiteclmolminmimme bio-
synthesis mmhment time tissimes are incubated

fur’t imem’ in non’nmmil l�iR P nmuediurnm. Timirs,

cortical slices mm-crc fim’st incubated for 30 nun

ft eitimer nornmmil KRP or 53 nut K1 EHP
nmiediuni (mu conmdhtioni observed to miccelerale

tIme release of nuewly svntimesized emit ecimol-
mmmimmes 6-fold); tissires mm-o’re thmenm remom-ed,

rinsed, tumid incubated for an additmommmil 15

mini itt niormmil KR P mediunm comitaimmitmg ha-

beled! tvrosihme (Tmihle 6). TIme prelinmitmtiry imu-

cubmitioti iii ;3 mM F6.i I6..I!P medntnm iuu-

dr’emisedl tIme content of labeled emil (‘dimolmi-

mimics retmummed in lime tissue 1w 64 � wimilo’



11 0.73 ± 0.03
4 0.69 ± 0.03

17 0.87 ± 0.03

8 0.66 ± 0.04

ii moles/g/lir

0.10 ± 0.01

0.13 ± 0.02

0.65 ± 0.03

0.26 ± 0.03

total

0.83 ± 0.03

0.82 ± 0.03”

1.52 ± 0.05

0.92 ± 0.03”

-- Change 1: M

7.3

0 5.3

+83 1.4

+11 2.5

I

I

1�P (uuon’ummal iuu(’(uI)ationu)

KEP

53 mit K� KHP (pu-ion inucitbat ton fun

40 nuini)

0.83 ± 0.03

0.85, 0.89

1.27 ± 0.096

euiimammcinig tIme onen’-miil cat ecimolanmimme sytitime-
sis m’ale by 4,5(.;,

J�1Jee’t of cocaine On _\L- an(l dopam me-

ilidU(’e(i ill/i il)it iOu (if (-a/Cc/i olwii me biosy ii -

thesis. Time results preso’nited! thus far seem to

imidicate timmit mm centrmii neuromts pot missiunum

depolarizat mon immcreass cmmtechmolmiminme hio-

svumthmesis, as a consequence of decm’eased (‘nmd-

product inmimibitiomi of tvn’osimme hvdroxviase
by NE ammdl,/or doptinmmnme. \ lcGeer timid

�\Ic(eer (21) Immmve denionistt’ated timmit tvro-

sihi(’ imvdroxvlase activity mi rat brain

iiomogenates is inimiiiited by 40 % amid 69 %
mm-imen inucurhated mvitim 10� M (Il-NE and
dopmmnuine, respect n-ely. Timus it mvas of

ihmt(’r(’st to deternminme mvimetimer small mimounts

of catecimolmiminmes mmdded to time medium

could inhibit tyrosimme hmvdroxvlmuse mi inmtact

braimi slices. Cortical slices were incubated

in vitro mm-itIi XE or dopanuimme at comucenitra-

600 HAunnms AN!) ROTH

T�u tILE 5

Synthesis’ and release o,f ‘‘(-cateeholamine.s from cortical slice-s incubated in (a�’-defieient or .lJg++_enriched

53 -mit K+ KIIP medium

Curt ictml slices wet’e iuicubated for 30 mini wit-h ‘4C-tyrosinre (2 X 10� in; spe(’ific activity, 12.5 mCi/

nmnmole) mm either 53 immit K4 KIIP or K+_eniniclmed nmediunm which imad l)eeum made (a��-deficieumt on en-

riched with 12 nmmn Mg�4. Tissues m-mnd medimtnm were analyzed separately for labeled (ateCholanmines as

-described mtnder MEthODS. Values for catecholanmine synthesis are presenuted as meauus ± standard errors;

mu time last (-olunnuu lime t issmne 1(1 unediurn rmit ios for labeled catecimolminmines are shownt mis T: M.

Catecholamine synthesis
Medium n’� - --�� --- __________ _________ _______

Tissite Medium

Nornumd KI1P
IKIIP, (a’-free

53 mit K4 KUP

53 rim K� KHP, (a�-free

53 unit K� KI3P + 12 nmM

5 0.88 ± 0.03 0.30 ± 0.03 1.18 ± 0.02C +42 2.9

a n = ii mtnmi)er of separate expo’ri merits -

Not significantly different fronm control (p > 0.05).

Signuificmmnt ly different frotti (‘ont mol (p < 0.01).

Tintn.E 6

EJJeet of prior incubation in K�-enruhed K/IF medium on catecholamine synthesis- in cortical slices (luring

inc ubat ion in normal in e(li ii in

Cortical sl ices were first inucmthated for 3� nmmin in cit her 53 mit K� KEP or nuurnmal KEP nmediunm;
I he slices were I Imen removed, wmtshed, amid inicubaled again in normmml KIIP mediunm with ‘4C-tyrosinme

(2 x l0� in; specific act ivily, 12.5 mCi/nmnmmole) for anr additionmal 15 rmmin. Tissmmes and medium were

aunalyzed sepmurately for ‘‘C-cat o’cholamines as described itnden METHODS. \alues are presemmted either

as individual deternminmit-iuns or as meanus ± standard errors.

Catecholamine synthesis
Mediunm ii” �--- �-�- --- ------- - _______

tissue Medium Total

fi molcc/g/hr

11 0.73 ± 0.03 0.10 ± 0.01

2 0.63, 0.75 0.22, 0.14

3 1.13±0.07 0.14±0.04

n = number of individnttmlexpeninmeuut 5.

6 Significant lv different fronm (-unit rol (p < 0.05).
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Siumce oitmt’ mmmvosl igat JoltS of I Ito iuut orn’eia-

tionms riunginig fm’ommm10� to 10 ii, amid limo

percentage inimihit mont of catecimolaminie synm-

t iiesis mi-as cmmlculal ed. ( ‘mit ecimolmmnminme svmi-

timesis ivas imiimil)ite(l at mi conieemmtn’atioum of

catecimolaminmes mi I hue nmediunu as lomm as

10� ii (Table 7). Simiiam’ly, ium striatal suet’s,
time contversioni of tvrosinme to diopa mm-mismm-
hihited 23 #{182}�ann! 55 #{182}�mit dopanminuo’ conmceum-

tratiomis of 106 timid l0’ it, respectively.

To deter’mmnme mvimei lion’ exogemmous cat(’dlmo)l-

miminmes act itmtrttmieirronmailv to immimihil etite-

cimolanuimie symitimesis, cocaitme, mmdm’ug mmiiicim

blocks the nmeuronmul uptake of cmii o’cimol-

amimtes into h)rmumnm slices, mm-mis utilized (22).

mi t imese experimenmt s, eort icmul slices were

immcuhated for 10 mninm mmitim 10� ii cocaine

HC1, amid timemm for 30 muini mm-itIi 10� ii

cocmuine Hcl, 5 X l0� on’ 2.5 X 10� in

3H-XE, and t4(l_t�rosimmo,. T’lmt- po’rcenut age

inmimihit-ion of time emii-ecimolammne svnmt lmo’sms
r’mtte by NE is presemuled mi Table 5. 1mm tIme

presence of 10� it cocainme HC1 tIme block-

tide of neuronal uptmike of NE milmost corn-

pletely anmtago)mnzed limo’ immhihit iomi of Cal -

ecimoianminie synitiiesis by XE. Homvo’vor,

inicitbationi of cortical slices in KRP nmedimtnmm

conmlmminming 10-� ii cocmumnme HCI alone imad ho
effect- omi the comivem’siotm of n4(1_1 vrosinme 10)

labeled cmtteclioianmitmes.

!)15(CS5ION

Tlme nmmiinmletumimmee of commstminmt lem-els of

catecliolaminmo’s, (lespito mm-ide \-tim’imitio)nms ium

T�utu,E 7

Inhibition of ca/echo/am inc bio.s-,jnth es-is in cortical

slices- in(- ubated with norepin eph rifle or do pant inc

Corticmml slices were inteitbmmted for 10 rninu wit ii

NE or dopaminme (1()�-10� ii), anud for mmnummddi-

tional 30 nminm wit Im ‘C-tvrosiuie (2 X lQ� ii; spe-

cific act ivitv, 12.3 nmCi/rnnmole) - Values are pr�--

sented as nmeauus ± stmmnm(lmmr(l errors.

Catecho- Inhibition of
lamine catecholarnine synthesis

concen- -- - -- --

tration NE E)opamine

.1!

10-v 27.6 ± 3.2 (6)’ 27.1 ± 2.3 (6)

10-’ 44.5 ± 2.8 (4) 54.0 ± 2.4 (6)

10� 63.3 ± 3.4 (4) 58:3 ± 2.9 (4)

N tnnul)ers i uu pmmreuu t heses represent t ime ui itnim -

her of experinueuuts.

i’ihtt,E S

In/i ihition Inj _\I� of t-ateeholamine bio.si�nthe.s-i.s- in

cortical aloes folIo wi ng inc ilb(lt ion

izith coca Inc HC1

Curt icmd slices were inucinhated for 10 nmiun wit ii

or wit hotit (‘o(-ai tme IICI (10� in) ; subsequeum t ly

::}I_\E (2.5 X 10�� it or 5 X 10� it) and ‘4C-tynn-

siuue (2 X 10� mu; specific activity, 12.5 nmCi/

nnmole) weu-e midded anud I ime t issuo’s were i not -

i)mited for mtnu mmddi t ionmmul 30 nminm. Tissues miumd me-

oliunm were mmnumulvzedseparately for ‘tC-cmttechol -

anmines anmd �H-NE mis described nuumder METtIODS.

Valites are presermted as nmemmns ± st mmundard errors

of three experiments.

- Inhibition ofNI’. uptake -

- - catecnouamtneunto tussues -
snt nests

5 0 7.6 ± 1.2 44.9 ± 4.2

5 10� 3.3 ± 0.1 4.6 ± 1.9

2.3 0 3.1 ± 0.1 3:3.1 ± 2.2

2.5 10’ 1.8 ± 0.1 2.3 ± 1.4

svnmpmil Im(’t ic um(u’yo’mid ivit y, mm-mis post ulat �oI

sonme yean’s ago by voti Eulet’ (23) to 1)0’ 1 im(

ro’sult of rmipid adjust menuts mu lime m’ate of
eat ocimoimimmime biosvuml im(’sis. 1mm several svmum-

pat iiet ictill inmumeu’m-at (dl ou’ganms, elect neal
sI inmimimmi IOhm (If I im(’ svnmpat imet ie nmerves imas

1)(’(’mm oi)s(’n’\e(! to enuimminmco’ th( u’elease of

mmewly fou’med N E mi!m(l, fun’t hernmo)u’e, to mi-

cremise tIme toimmi anmounml of NE svnmthesmzo’d.

Timis great on’ rel(’tise of XE seenminmgiy muds to)

pm’o(llnce mm posit im’o’ ioe(hI)mmck o’ffect O)ti NE
hiosyuit hiesis, by n’apmd cimanmges mu (‘nud-

pm’o(ltrct- immimml)itionu of timo rato-iinuitiuug imy-

droxylationu (If t�t’osi!io. mm bt’tiiti, timo increase

in emit eclmoianmmimue 1cm-ohs j)n’oducedl mm-itim

mumoniominuimme oxidmuso’ immimihiton’s immi�s b(’eul

(!emmmoumst rated to iuuimihit limo’ I un’novem’ (if

cat ecimoimirninmes in vito, aum(l from suciu em-i-

d!etide a similar feedhmiek iumimihiiot’v nueeim-
tituisflm iitis 1)oe!m pt’oposed to eommtrol calecimoi-

anminio biosyuit imesis mi d(’umt md mmdremmen’gmc

tmeun’otms (24). Tiierefot’e, our expet’inmo’nmt s
Wore (lo’siglmod to detem’minmo mm-lid lmeu’ mimi ium-

creased m’eleaso of newly fon’med cat echol-
anminmos, mm-itii dliu’(dl umouronimil st inmulatioum by

potmissimnnu, is missociateol mmitim mimi (‘tmhmmimico’-

menul of I lie bt’aium cmut(dimoiminminuo’ synmtimosis

n’mil(.
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I io)umslmmp bet mm��nm (‘at edlmoiahmmiume sytit Imesis

ttum(I release mmore emu’m’i(d out mi hn’miinm slices,

mm 1)m’ief discussiomi of t his t(elm!miquo s(enms

m�-amn’anmte(l. Bn’aimm slices pn’om’idod mmsystem in

mvimmch time effects of ionic stiniulat ionm oti thm(

svumthmesis arid m’oi(miso of mm(’mml\ tou’mmmo’d crute-

dlmo)lmuminies co)uld b( ammmilvzod mmmoro dim’oetlv

I Imani ivith tecimmmi(Ilres in i’i�o. By using mu

suihcienitly imigim co!mcenmt n’mitioni of exogoimous
tyu’osimme (2 x 10_:) it) to satun’mite time rate-

lit-nit imig emizynme, I yrosinme imydroxylmise, amid

mu. short (‘miOughi iticubnitiomi pet’iO(l (30 nmint)
to produce iitmettt’ity ium tIme fomnmmmutiomm of
lmtbeled eatedimo)Immnmiumos, atm a�)pam’enit ‘‘ rate

of synthesis tumid n’elease of rmommly formed
eat ecimolmumimmes coul(I be det et’nlminied!. IIomm’-

(V(t’, Minted onmlv til)Otmt �)0 � of time exogemious

tvro)smmie (mit 2 X 10-: it) mm-mis equilibrmitod

ivitim time enidogemuous tym’osmmm( mi tim( tissues

duminmg time pem’iod of inmeubmil iomm, arid imusoftur

mis t he specific mid ivit y of t hue t yt’osmnme mit t-lm(

sit( of its conmven’sionm to 14(’-dopa ium em-itedhmol-

animnme-conmtammmimmg mm(imro)ums daummuot he ox-

)en-memmtally d(ten’nmummmo d, t 1m emit eeimolanmimme
syumi imesms m’ato, btised upon time specific tic-

I ivit y of exogenmous I yn’osinm(, cmiii only be

assumed to he ‘‘api)mir’(nut-’’anid mmol a ‘‘tm’ue’’

(II’ ‘‘absolute svnmtimesis rate.’’

it is evident fn’onm out dtit-mi (Table 1) that

I im( immcubationm of oil lmor cortical on’ stm’iatal

slices in a K�-onmn’ieimed mmmedium results mu mmmi

inucrease mi the r’elease of muemvlv fou’med

emit eclmolaminmes mimm(I, itt midt!it ion, inucremises

I im( sum tot mti of cateeimolamitmes svuit huesized.

lime acecieratioum of cato’eimolmmnmiume biosvmm-

limosis by ti l��-(mmm’idhm(d nm((iium imas loe�ul-

ize(l mit timo tyr’osimmo hv(li’oxvlmis(’ sIc!) 1w

I mmo numet-imods. First , mmhieni I Ime i’mtt o-hinmmit inig

st(’1) iVtt5 byptissed with m4(’_cli)i)mi, tIme K�-

inm(hrced enmhimimmeetimenit-of dmml(eimoiminumnme svnm-

thesis cottid ho loumg(n’ i)( dloImuonsl n’aled

(Tmibie 4). Hoivevom’, sinmee thmo- t u’tmnmsfou’umma-

lioum of dopti to dlol)minmmium(’emitibe eat tilyzed mi
tmonu-eat eeiiolmtnuimme-eonmi tiiumiumg tmeuu’onis by

lIm( tmommsj)edifid mtm’oitmmtitid L-tinmitm() tidi(lde-

cmirhoxyhise, timid imiasnmmuelm as t Im( XE formed

u’epiesetite(l ommly about. 5 � of I im( emit o’eIiol-

tmnumitmes syimt imesiz(d f’u’onm 14( -dopti, ti soeonmd
tml-Iiod mm-misemployed to verify loemmliztil ion

of time Kt stihliuhtliomm tot thmo’ tyn’osmui( ii\du’OX-

�‘laso stel). By ju’ov’ Ilti!mg the dotmvet’sioti of

dlopmi 10) (Io)pmommminme mmii ii Iim( d!eemuu’I)oxylas(’

itihmii)iiOh’ N�E-D-10.55 (‘Fmible 5), lime 1sT�-

inuduc(’d miceeleral ion mm time fom’matiomm of

diopti from tyt’Ositio \mmis directly comufirrno’d.

1mmamiothmem’ 5(1 of (xpet’immu(muts, time inucubm-mtiomm

of cortical slices ium s3 mmmiiK� l�1hl’ nuediunt
mm-missimommn mmot to altem’ I lie spocific activity

(If tissue tvrosiiue. Smmmee timo’ tvn’osinme utilized

for emitecimolamiumo’ 1)iosvnut imesis Pm’obmtblY

n’epresonits only mu snmall fn’aet ionm of I ime tot al

tissu( t-vrosinmo’ 1)0)01, ii is quite l)oSsible that

a signmificmunut alterationi mm time specific ac-

I im-ity of tyr’osinme imm I his pool nitty nmot imave

1)eemi reflected in thu specifid activity of time

to)ttil tissue tvrosinm(’. How e\o’m’ , the fact timat

time K+_indueed m-mecelermitiomm of cmmteclmol-

miniinmos could ho complotelv 1)locked by time

remo)vmil of Ctm�� f’n’onm limo numedium argumes

migainist time pOssiI)ility I imat timis mieeeiermmtiomm

nmuiglmt have 1)e(nm due to art imier’ease in time

51)ddifid activit y of mm(uronmal t vrosinm(’.
i’urthmemmrm.or’e, if I lmon’e mm-mis mini mmltom’ationm mu
timimmo acid Imptmik( imithi � onmo nmigimt (x-

p(et mi simnilan’ inmdu’ease mm emit ecimolmunimnie 1)iO-
svmmtimesis mmhmenu siie(s mmer(’ inmeubat ed mm-ith

mimmotlmer’ anmmnmo nidid! l)r(cursot-, t4(l_dol)mt, mm mu

K�-oumrmcimeti medium. Hommem-eu’, the symm-
tlmesis of ctmteeimolanmimmes fronm t4C..clopmi itt

corticmil slices �mas nmot affeetddl by timo K�-

enmn’icimed nm(ditt flu, mtnd t I morefon onme nmay

missunue timmit uptak( (If dopa into thmo’ slice

may riot be sigumifictumi ly itmfltuemmeed by time

K+ comicetitratioum mm time mediimnm. It also

seems evident t limit t 110’ K� effect is riot de-

ponidonut on tIme eotmcemmt ration of on’ pom’rne-
mobility to Na+, since mmeitimer r’estom’inmg time

Nmi� comicemit m’al ionm 1(1 tiormal nior’ prior

Ir’emitnmommt mmithm t(tn’o(k)toxin amitmi-gonmized
time k� st imunlat 10mm (If emtteeimolttmitme hio-

svmmt hmesis. 1”inmally, pmiou’ iimcuhatiomi of corti-

cal slices for 3� mini mm 53 mmmii K� KRP

Ijuffem’ did riot miller lImo tvrosinie imydroxylmise

mietivity mi tissue imonmogemma-tes (Table 6);

thins, mimi immer-emu-se in t lie fornmmmt-ion of t’umzvme

(tvm’o)simue imvdr’oxvlas() on’ pm’ott’et i(Iht oif exist-

immg emuzyme by 1)011 assiuni, dirrinmg I lie short-
inme course of out’ oxpt’n’inmment, is unmhikoly.

Aumotimem’ possible nmtehmanisnm tO) oxpiamni

time K� effect, tmhitll( Ig(Itts to timat post mniatedi

mu pen’ipimer-mul synmpat Imetie nmeuronms (25, 26),

is I limit timo mmcceio’n’mit iomi of svnitimesis mmuight he

due to timo !‘(letis( of 5(Ihli(’ stm’mmtegic P0)0! of

emit eeimolanmminies, imhuicim nmom’nmmmiiy acts to
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�)artially immimibil tyn’osimie lmyd!m’oxylas(’. l’hnis
seems mu likely possibility for tmmo remusonms.

First , mme immtve obsermed that catecholminmi ne
svntimesis in com’t icmtl slices cmmnmhe inihihil cc!

by relatively lomm- conmeenitrationis of XE timid
doparninie in the mediunu (Tmible 7) . Fuirt lmer-

more, coctuinme H(:’ I , mmimieim blocks nmeun’onmm-ul

NE uimtmuke, ammtagoumized I ime feedback iii-

hibitionm of eateclmolminmimme synmtimesis l)y X1’�

iii con’tical slices em-on mmhm(’nmlimo’ o’xogenmous

XE comitenit in limo’ tissires mm-mismummuimitmuinmed mU

sinmilar’ conicemitral momis (Table 5). Timis stlj)-

ports the imypotimesis tlmat tIme product mm-
Imibitioni of timeir (1mm-nmsyntimesis by cateehiol-

aminies imu brain slicos occurs inmt n’ammeum’onmallv.

Second, Bmuldessmuri mu tumid Kopiim Iimuv�’ demonm-

strated t-imat IK+ o’fficienllv m’elemises exogeni-

ouslv labeled cmttecimolanninmes fronm hrmuinm

slices (20). Thus time relemise of emmdogenmous

or nemvly symutimesized emit(‘dimolami nies nmigim t

be expected to reliem-e tyrosinme iiydroxyltiso’
from tire norntmil o’mud-product inulmibitiorm oc-

curring in time nmeuromm. If sucim a nuecimminmisnm

mvere operable mi cort ical tissue, mummy migenml

which initerfem’(’s mm-itlm time m’elo’ase of eat edimoll-

amities migimt also mmmlmigomumze t lie pot assiummn-

induced imicremuse mu svimtlmesms. Pn’eviomrs (‘X-

perinments in hotim time midrenmai medullmi (27)

and peripimermtl synmpat bet ic neirromms (2S)

have demonstrated tlmat tIme release of date-

cimolmummnies is Ca1#{176}�depenmdenmI anmc! I limit-

removmil of time Cmm�1 or iumcreasinmg tin’ \Jg++
concentration of time nmo’diunm mintmig(Immiz(’s

time K+_intduced release (If eat ecimolmumminues.

Furt hmermon’e, Bmildessarimmm mimic! kopimm i mam-e

reported that time elect rieallv iniduced t’(’i(’tiSe

of catecimolanminmes from hrainm slices is milso

Ca�-dlependIemit (20). 1mm our expem’inmemits,

the removal of Cmut� fronu limo’ k+_emmm’iche(!

medium resulted in mmnmarkedl n’eduuctiomm mm

the I�+_immdimeo�dj release of miemm-lv for’med cat e-

cimolaminmes mmuid, mu add!it momm, inmhmihit ed I imo’

Jc+_stimulat ed iumcro’ase of emit ecimoimmnmimmo-

hiosynitiuesis (Table 5). Likemmise, whmenm thu

Mg�� comicentrmitiomm itm lime higim-K� KHP
medium mm-mis inicr’o’tised! 10-fold! to) 12 mit, the

relemmse of nemm-lv svnt lmesizo’(l emit eclmolmi nmi umes

fronm eorticmul slices mvmms n’ec!urced amid t ho’

symitimesms rate mm-mismulso depressed (Tmihio’ 5).

Time results of these experiments mun’e imiglmiy

suggest n-c timat time t’(l(’tis(’ (If emit eeimolmmnmiumes

is mu pu’er(’()umsit 0’ fot’ I im(’ I�4-inuditd(’(l micco’li’u’tm-

I l()ti of emil o’chmolanmitme 1)i(Isynmt lmo’sms observe(l

mm brmumm slices.

If inieret-ised rei(’tis(’ (If etm(logo’uuoims amm(!/o)n’

tmemml� formed cat (‘dhmollmiflumnmes is immdeed I lie

I riggeritig nmo’eimminmisnm for t hit’ mtcceiermutiomi of

cmito’eimoiminmimme l)io)sviml hmo’sis mm bt’muitm slices,

t lm(’ tN’l(’a,S(’ of’ I i551t(’ emit ecimolamimues from

slid(’5 immdUl)tit(’dl ium mi hm.#{176}-emmm’ichme(Inio’diunu

Shoimid immdueo’ mit least mi temj)o)n’miry inmcremmse

mi cmmteclmolanminm(’ l)iosvmmtimesms mmhmo’n I ime

shiees mmm’o’inteuhat ed agmmimm mu nmoi’nmmml Is_rel)5-

F!inmgem’-pimospimate fl1(’(litifl1. lime dmitmi iuu
�Fmmhle 6 so’�’nm to iumdictuto that t ire emitechmol-

titiiimie symml hiesis m’mmte of com’t ictul slices mmcmi-

1)at(’d ium nmon’mmml l�HP 1)trffer emmmm1)0 enmimmmnmeed

by fin-st immcirbat irmg I imo’nm in mm K��eniricimos’!

nmmo’dium. l”tmrt lmernmom’e, the mmccelem’ationm of

cat ecimoimmmmnme hiosvnmt imo’sis iii I lmese expo’ri-

nmenml s, mm-mis do’monmsi n-mit (‘d mu comticmul tissuo’s

inmctnhmut ed mm-ilIm t4( �I vrositie mu tiomnumui K H P

nmo’dium, mmhmieim so-ems 1(1 reinmfom’eo’ I Ime eotm-

co’pt tlmat aum tilt (‘n-mit �Oli itt t imo’ t vt’osmtie imp-

tmmke or precimrsom’ specific activity mvitlminm I lie

mmeurolrm (too’s niot aecoutul fom’ the K��inmdunced

acc(’l(’m’at ion of cat edlmolanminu(’ biosymit imo’sis.

\%on’k is nmomm in pm’ogn’ess in oum’ hibon’aton’�- to

(let (‘m’flmi tie mmhn’l Ito-n’ I I me specific muetu-it y (if

limo’ emit echuolanuinmes iii timo’ tissimo’s timid I limit

r(’l(’ased mito I he rno’(lium is mill ered dirrmuig

inmeubmit iomi imm K4-emmricimo’d KR P mediunmm; it

is hoped tlmmmt t he n’o-suit s frormu suclm mmsI tidy

will l)m’ovidl(’ a btisis for tb-iernmimmiumg mvhmichm

of tIme cmmteeimoimmnminme pools mm tho- mmetnrolnu

donut m’(Ils I Ime svtit hmo’sis h-mite by eumd-product

itmimibit ioti.

Ohservmit iohis ium 1)0)1 im Pet’ipimo’rmui (25, 26)

amid nio�w mu co-mitn’ai tmo’rvous tissue imidieate

I imat, nuo’ttrommmil (l(’l)(Ilmurizmit iomm by mtmeubat bum

of lissines ium milmighm-potmissiunmm mnedmunm r’esinits

mm mill tmecelet’mmt moum of emit (‘cho)lmmmimmo’ bm( )-

svumtlmesis. The evidemico’ O1)tmlituo’d mu tIme

til)O)V(’ expo’rirno’tmts is coumsist(’nil mmitim tIme

lmvpot Imesis I imai umettn’onutil depolarizmit ioum

cmtuses I Ito’ n’elemise (If ti small, st mmmlegie 1)001 (If

emil echiolanmimues, mmimich , ium I tmn’nm, relieves I he

m’ale-linmuilirmg (‘nmzynm(’, tym’osinmo’ hmydroxylase,

from (‘nmd-pn-o(hmdt iumlmibit iomu atm(! timo’ro’by

miccei(’n’mit es I lie rate of emiteclmolmunminue bi(I-

svumt hmesis.
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