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Abstract Administration of apomorphme to rats leads to a tcmporar 3 decrease m adrenal calcchola- 
mines and a long-term increase in adrenal tyrosinc hxdrox\lasc actixit\. The kinetic characteristics 
of t\rosinc hxdroxxlase of lhc apomorphine-treated and control rats ,,',ere determined. A significant 
increase in li, .... was obser\ed in the Ircated group as compared Io controls: howe\er, lhere ~as 
no change in the K,,, for lhe eofactor DMPH4 or lxrosine between the two groups in undial3zed 
or dialxzed preparations, indicating thai the increase in t\rosine h\droxvlase acli\it\ ~,~,as probabl? 
d t l e  t o  a l l  i n c r e a s e  i l l  enzyme protein. The temporary decrease in adremtl c a l e c h o l : . u l ] i n e s  w a s  I ' o t lnd  

to be due to increased secretion after apomorphine lreatment, even though the concentration of injecled 
apomorphine appeared to bc sufficient to inhibit adrenal tyrosme hydroxylase. This was further substan- 
tiated by the fact that the decrease m adrenal catecholamines v,;.ts prevented b\ adrenal denervation. 
Tint dela3cd increase in txrosine h>droxylasc actixit 3 after apomorphme treatment was observed m 
hypoph 3 sectomi/ed rats: howexer, it was abolished after splanchnic nerve transsection. A relationship 
wa,,, sough l between the decrease in adrenal calccholamines and increase in adrenal I> rosine h\ droxxlasc 
actixit.,.. When apomorphine and L-3,4-dihydrox3phen~lalanine (I-DOPA) v, crc adminislered simul- 
taneol.lsl}, there was no shorl-term decrease in adrenal calecholal]line content but the illcreased t\ rosine 
h>droxylasc activity was still observed. Also, the administration of :,-meth31-p-t_xrosine to rats decreased 
the concentration of adrenal catecholamines and xel did not affect adrenal t\rosine h>drox31ase actixit\. 
The resulls suggest thai increased nerve acti,,it_x, and not adrenal calecholaminc concentrations, regu- 
lates the induction of adrenal t\rosine h)droxylase. Furthermore. regulation wouM be bx wa~ of some 
central mechanism imohing  dopamine-sensitivc receptors. 

Tyrosine hydroxylase (TH, tyrosine 3-monooxy- 
genase, EC 1.14.16.2)is regarded as the rate-limiting 
enzyme in the conversion of tyrosine to the catechola- 
mines (CAI [1]. Regulation of adrenal TH is believed 
to involve two main types of mechanism. The first 
requires a short-term, rapid al terat ion in enzyme ac- 
tivity which can be mediated through feedback inhibi- 
tion [2, 3]. allosteric modula tors  [4, 5, 6], or changes 
in substrate concentra t ions  [7, 8]. Thc second mech- 
anism involves delaved, long term changes in enzvme 
protein and can bc neuronally or hormonal ly medi- 
ated. Immobil izat ion,  cold exposure, reserpine and 
6-hydroxydoparnine increase preganglionic nerve ac- 
activit 3 and lead to an increase in adrenal TH m 
24 48 hr. which can be prevented by splanchnic trans- 
section [9 I1]. ACTH can restore adrenal TH ac- 
tivity in hypophysectomized rats to normal levels 
[12]. 

Recently it has been suggested that the concen- 
t rat ion of adrenal  CA may play a role in the induc- 
tion of adrenal TH. Dai rman  and Udenfriend [713] 
observed a decrease m adrenal  TH after mrs were 
given L-DOPA: the cl]'ect appeared to be due to a 
decrease in the amount  of enzyme protein [14]. Both 
neuronal  and hormonal  factors were excluded and ex- 
perimental  evidence indicated that  it was the in- 
creased tbrmat ion of CA from L-DOPA which caused 
the reduction in adrenal TH. Bhagat [15] showed 
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that the reserpine-induced increase m adrenal TH ac- 
tivity can be reduced bv the simultaneous administ-  
ration of pargyline: this monoaminc  oxidase inhibitor  
would be expected to increase CA concentrations.  It 
was also shown [15] that phenoxybcnzamine,  an 
~-adrenergic blocker which decreases adrenal ( A ,  
causes increased TH activity in innervated adrenals, 
whereas the >adrenergic  blocking drug. phentola- 
mine, which does not affect adrenal CA concen- 
tration, has no efl'ect. Molinoff el al. [16] have sug- 
gested that the reserpine-induced increase m TH may 
be controlled by the CA concentrat ions in the syln- 
pathetic postganglionic nerve ending, even though 
this increase is abolished upon denervation. Work 
with cultured rat adrenal gland has also shown there 
is an inverse relationship between TH and CA after 
exposure to a prolonged depolarizing stimulus m the 
Iorm of raised extracellular potassium concentrat ion 
[17]. Experimental exidence contrary to this view has 
been presented by Mackay and lversen [18] and 
Mackay [19]. The,,. found no consistent relationship 
between TH activitx and noradrenal inc concen- 
trat ions of superior cervical ganglia cuhurcd in the 
presence of ouabain,  rescrpinc or >mcthyl-l~-tyrosine. 

In this paper we have used apomorphmc,  an inhibi- 
tor of TH in i:ico and in cilro [20] and a dopamine  
agonist  influencing brain monoamine  concentrat ions 
[21], as well as the drugs L-DOPA. a CA precursor, 
and >methyl-l~-tyrosine, a TH inhibitor [22], to 
explore the possible relationship between ( 'A levels 
and adrenal TH activit3. The results presented sug- 
gest that  it is not adrenal CA concentrat ions,  but pre- 

1157 



115~ M. (.)t IK and T. 11. S{}t I,,I-.1", 

ganglionic ncBc  activity, which rcgulatcs the indLic- 
l ion of adr0nal TH. Furtl lcrrnorc. cvidcncc indicutcs 
thai Ihc incrcascd ncuronul f ir ing ~hich initiates the 
iI1CIC+.lSC in adrenal TH is dt.lC tO stM]ulatioil of c c n h a [  
dopaminc  rcccplors. 

MAII~IRIAI,,'-; AND MEFl t { } I }S  

Drug.~. The fo l lo\ \ ing drugs ~ct-c purchased:  6.7-di- 
nlothyltotrah) dropiorh l  (OMPH¢}  fronl ('albiochcn+l 
{Los Angeles. CA.}: z-mcth31-/+-t3rosinc moth\ l  ester 
{:~MPT) and 1-DOPA f iom Sigma {St. Louis. M O . } :  
and L-t}rosinc-3.5-[~H] (58 ( ' i  m-mole} from No\\ 
England NLicle+.lr ( o r p .  <Boston, MA.) .  The radioac- 
tive iyrosine was purified before use b\ passage 
through +.t Dowcx 5(}W-X8 column. 0.5 >~ 3.0cm. 
Brocrcsirie (m-hydroxy- l>l}ron~obcnzyh)x3an] inc  was 
a gilt of Lcdcrlc Laboratories {Pearl River, N.Y.i:  
apomorph inc  h\.drochlorMc and mccarn)lan]hlc h \ -  
drochlor ide w0rc donatcd b; Merck Sharp alld 
Dohlne Rcscarch Laboratories (West PoMt. PA.}. All 
other chemicals wcrc obtained l'rom standaM con]- 
inert ia l  sourcos. 

Animal,<< M;_LIc Spraguc Dawlc\_ rals wcighing 
130 160 {, wcre obtained from ('alladi+.u] Brecdin,, 
F+.IHllS ~tlld Laboratories,  Ltd., St. ({)llst+.lnl, Quebec. 
t typophysectomixcd and sham-opcratcd ruts wcrc 
purchased fiom the same supplier. Hcmi-splanchluc- 
cctomics were pcrlbrmed under sodiurrl pcrdobarbi-  
tal ancsthcsia in this labor+.ilor 3. Bcc:+ltlSC li~c weight 
of dcncrvatcd alld inncrv+.ltcd adrcnuls \yore Mcntical 
(S.5 + 0.2 mg and <'4.4 + {).2 rag. t-cspccti\cl 3 : IN 
organs in each mean}, i.e. no glands bud atrophied,  
there is assLlr+.tllcc that thc \.LiSctllal + suppl 3 had 
rcmained intact. Expcrin]cllts wcrc begun 3 ,4 da \ s  
after dencrvation. 

Apomorph incHC1 ,  :~-mcthyI-p-tyrosinc mcthyl es- 
ter and mecams, lan]inc'  HCI wcrc administered to rats 
i.p. The drugs wcrc dissolved it] disti l led x\atcr alld 
in_iecied it] a volunlc of 0.2 inl at thc indicated doses 
(cxpressed in 'terms O]" apomorphinc .  :~-rncth}l-/}-ty, ro- 
sine and mccam xlaminc}. When apomorphinc.  H(1  
and >methyl-p-tyrosii~c methyl ester wcrc both 
admmislcrcd, the\ wcrc irliccted simultancousl\, in a 
\o lun]c of 0.2 nil. The COlllt'oIs \\CiC injcctcd \~ith 
02 ml of  distil led ,A+.it0r +.it ihc SalllC iilncs as tl~c ex- 
perimental grottp. 1 -DOPA ~,as injectcd s.c. +.is u lirlc 
suspension in 0.9", N+.tCI in a \.olun]c of  {7.5 m]. The 
controls rcccivcd 0.5 ml saline. The dosagcs ~llld t im- 
mg of the experiments arc i n d i c a t d  in the legends 
to the figures and tablcs. 

In the cold eX]'~OSUI'C cxperin]ents, r+.lts \\CI'C kept 
;it ,4 singly in wil-c cages. For thc immobilizatiot~ 
cxpcrirnents, the unimals' linlbs were placed through 
gaps in a specially prepared n]ctal grid. Thc two fore 
limbs and lhc hind limbs werc then bound using 
adhesive tape. 

Prel~aralion O/ ¢11{' li,s'.~ilt{ '. Animals \ \ere killed b 3 
decapitation. The adrenals were m]media le l \  rcn]ovcd 
and placed in ice-cold {).3 M SUCl-OSC. The titt and COI1- 
ncct ivc tissue wcrc removcd, the adrenals  weighcd 
and each pair h o m o g c n i z e d  in 0.9 ml of (}.3 M sucrose  
ibr lOsec with an [51traturrax homogenizer. All ali- 
quol  {0.2 111]) was tised for ass+.t\, of TH acti\ ' i l  3. I11 
some of the oxpcrin]0nls the adrcnal homogcnatcs 
v,;crc diltl_vzcd for 5 [11" against 300 volLil]]CS 5 mM Tris 

ucclatc buflL?r pH 7.{) at () : the linal ~olulnc of d iah -  
sate was adiuslcd lo 2.()mI \~ith lhc bul/br and ;t 
().fi ill] aliquot \\a~, tined for lhc cn/\l]lC CD, SLI\. \\ t/ich 
,]as done immcdiatch ;.t[[CI-WHI'd% 

TI'I'OS[IIc /I.I'dI'OYU/tL~C (Ik~(ll'. I l l  ~\;1~ tls~tl~cd 
according to the n]ct]~od of  NLtgtttstl t'l o[. I23! \\ ith 
curtain modilicalions. [ h c  inctlhalion mixture+ in :i 
tot;.ll \C}JLIInC i'd" !).5 Ill]. contained:  ().(i5 nlI (L3 ml cn- 
/ \ n l c  preparat ion: {}.1 ii1[ o l a  i l l ix lurc ~+[ I{)ti im/olc,, 
sodium acetate. 5!m~olcs potas<Qunl pllosph;ilc+ 
100()l, catalasc and 5(Ininolcs Iwoctcsinc, ptt  n 1: 
0.05 nil solul ion o[51i i lnloics i -i~r{pdnc .t,5 I ' l l  ! ct)li- 
raining approximatcl.~ 21}l).()()1) cpn/. Tiffs ~l,+ prcincu- 
bated for 5 rain il l 3{) ill ii >>htlkm 7 \\;.l/t.T bath. I hc 
reaction was begun b\_ the addit ion o1 (i.5/mlolc,, 
D M P H x  and 1.25 inl]olcs ascorbalc ill g ill] \ l ' tcr 
2{)mm the rc ic t ion \~:ts stopped b\ the addhioi~ o l  
{). ] ml 25<>,, t r id ] loroaccI ic  acid (F( . \ i  und the prccil,i 
tared proteins scdimcntcd b\ ccnir i fugit l ion. Ihc 
StlpCHltl{+.lllI \\LIS pusscd througl l  :i l )o t tcx  5{}\V-X,'-; 
column 1().5cnl × 2.{)cnlL prc~iousl~ cqtlil i l+]utcd 
\r i f t /  I 111l T ( 'A  pt t  t.S: i lk' COILIIIlI1S \x L'lt,_ ' t]lClI \\a',l lcd 
\~ith {}.S ml "I-CA p i i  1.<X. Both oll]ucnis ~c_'lc_. collccicd 
and assa\cd for rad ioacmi l~ in a l iquid scin{i lhl l ion 
COtlnlc l .  

( 'HI('ChO/il l l I i l I( '  dclcrminolionx. ' \drcnal ( \  \'~Clc 
dclcrmincd m a]iqtlots (0.05 ml} of the >~ucro<c homo 
gcmitcs. \ \hich \\crc acidi l icd \ \ i lh  X m] {).4 \ perch 
]oric ilcid. The mix i t i rc  \\4s CClltriftigcd nlld tile pro 
loin-free <+tipcrllatan{ brougl l l  to pft  7.5 <<-4Ji usin U 4 N 
NaOt t  coiltail+ling 250 mM I D T A .  The ( ' , \  \\t,Tc' then 
adsoibcd oil ;.in alulnina cohlml l  {{}.5 on1 • 2 mini. prc- 
~iotlsh cqui l ihratcd \~ili l ;i ,+olu{ion {,! 1{t inM 
Na , [ : { [ )T i \  l { )mM /;-incrc+.ipit~clhall ~] Ihc ( ' : \  \\crc 
dcltcd with 5m l  0. t N pcrt_'hh}ric add  1241. Noit id  
rcnalinc and adrenaline \~crc then a%a\cd b\ the hxd 
rox \ indo lc  tcdln iquc of I x i \ c r t \  and Tax Ior [ -'5 ) \~ ith 
sliglu modi f ica t ions 0.5 ml of il 250 m\ ' l  c i l ralc ,-;olil- 
l ion was added to each 5-ml al iqt ioi.  \ \hich \~<l, 
i i i ra lcd to p t l  4.(i ulsin.5 I N  ",;a{) l t  conlaini i /7 
5()() 111~.'I NaH~P() ; .  A 2-in] a l iquol  \\a-+ I;ikcn Itq lilt.' 
adrenaline estimation \\ hich \\:+is done ill lhc M4ndHid 
wa\ .  The rcmainin 7 ,+oluti{m ~\a,+ l ih i i l cd  to 141 f+~ 
using I N Na( )H  contamii/7 5{)()raM Natt,P().+ lhc 
noradror~a ih lc  IIICLIStlrC_'I]ICllIS \\ c_'lt_' dol lC Oll Li 2-rot a li 
qtiol. ~itl~ dc\o lopnlc l l t  of fltiorcscCllCC i l l I{){} l iq  
3rain. Foi Hanks the oxidunl t i l ld rc_'dtlclLInl \\v'lc' 
addod in rc\orsc order. ,\11 sanll++]¢ ", \\crc i-c'<td im- 
mcdiutcl', afior the hculing I~Ciiocl. 

.]]}OIllfH'[ShJlIU l[{'Icl'lJl[IklliOIl',. , \pomtwphinc \\a', 
n/casurcd in the follo\~ing \ \a \ .  Tile /is,;tlc i4 pail", 
O[ 1211 adrenals) WaS ]Rmlogcni/cd \~ith :t 1 cflon horn 
ogcnizcl + in a mixture containing 1.5ml (I.I t,,, l l( 1. 
05 ml c th\ l  ace\ale. {).{i25 ml I{)',. INti,S(); and 
{).025m1 10'>,, Na+FDTA [26 I. Apl~rc~ximatcl) ~).+;7 
Na( ' l  \'+'+.IS added uftcr ~\hich tile al+>omorl'flmB: \\u', 
extracted in lo -'.5 ml ctlBI acotulc. TI+c pro¢cduR' ~}1 
V+.lll T \ ] c  and BLirkllla11 12271 \~11~ tl lcl l It)liox\ccl 

l"iM/i<'<#Hon ql b<nh~{' adrenal TII .  The puri l icat ion 
process \\as carried oLit csscntiall 3 it>, dc,<cribud b\ 
Nt lga ls t l  {'l (1[. [ 2 8 ]  \ t i th the lbllo\~ing nlodil ica{i{m. 
AIi.cF :+ilYnllonitinl Stllt~.ito IWcciph'ition. ihc tu-41'-> 
pcndcd Oil/\+lilt pl-cparation \ta>, passed througl~ tt 
Scplladcx (]-25 coiunln, pro\ iou>;l_~ CCltliIibratcd \~ i tii 
l { )mM Tt-is act,'talc btlfl[,r p t l  7.6 coniai l l i l lg I ) ~ \ l  
>ucro<.;c. l\}i the rcnlt; \ t i l  o1{ A [29 ! ] hc c{}hu/'ln \\ d<+ 
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Fig. 1. The clTect o1 apomorphine on lxrosine h\drox~lasc ITH) acti~itx and catecholammc ((A) con- 
ccntralions in rat adrenal glands. The tirst group of rats rcccixcd 7 mjcclions of It)mg'kg apomorphinc 
(AP()l tit 1.5-hr inter\als and v, cre killed 24 hr aiier the lirst injection. The second and third groups 
rcceixed the sulnc lrcamlent for 2 and 3 succcssixe days. respectixcly, and were killed 48 and 72 hr 
after lhc initial injections. In all cxpcrimcnls controls rcccixcd cqtl i \alenl  volumes of 'a, atcr al the 
,amc lime as the cxperimcntals. Signilicancc of dilli:rcnccs from control (('()N) arc indicated as Iollows: 

*P < 0.05 **P < I).01 ***P < 0.001. Each bar represents the mean + S.E.M. of 9 10 animals. 

eluted with this buffer and the enzyme preparat ion 
diluted with it to adiust the protein concentrat ion to 
about  2 mg/ml. The preparat ion yielded abotlt  
0.15ttmoles D O P A . h r  mg protein. The enzyme was 
stored at 20 : it remained stable Jbr 4 weeks. 

R E S U I Y I ' S  

Thu q[lbcl (~/l apomorlHmW (m rat adrenal TI t  [ t ( l I 
tiritv and C,1 concentration. The effect of 1, 2 or 3 
days of injcction with apomorph ine  on adrenal TH 
act ivi t \  and  ( 'A concentra t ions  is shown in Fig. 1. 
Twenty-four hr after the first of a series of injections, 
providing 70 mg.kg over a lO.5-hr  period (see legend 
to Fig. 1). a small (18",,) but significant increase in 
TH activity was observed in the apomorphine- t rea ted  
rats: there was no change m the CA concentrat ions.  
After 2 days of the injcction schedule a 44'!. increase 
in TH actixity occurred. There was a snlall incrcasc 
in the noradrenal ine concentra t ion (P < 0.05). but no 
chan,,c in adrenaline. An increase of 91",, in the TH 
actixity of the adrenals was observed after 3 days of 
injection with apomorph ine  with no al terat ion in the 
( 'A concentrat ion.  

An experiment was also done to determine whether 
I or 2 days o f  injections would be sufl]cicnt to elicit 
a signilicant increase in TH activity lneasured 72 hr 
after the initial injection. When treatment  was discon- 
tinued 1 or 2 da \ s  prior to killing the animals, no 
increase in enzyme activity o1 changes in CA concen- 
trations were observed. 

Thu q[lecl o[ injucled al~omorphine oll Ute kinetic 
cllaracturi.stic.s o1 TIf .  The increase in TH activit~ 
noted in Fig. 1 could stem fl-ona actual increases m 
the anloun[  O1" e n z y m e  protein or from changes in 
the kinctic characteristics of the cnzymc that  were 
induced by the drug treatment.  For this retlson kinetic 
studies were done with adrenal preparat ions obtained 

from apomorphine- t rea ted  and control  rats. There 
was no change in the K,,, for D M P H  4 or tyrosine 
between the two groups, whether the enzymic prep- 
arat ions were dialyzed or not :  however, there was a 
significant increase in [,,~,~,, (P < 0.(R)I) in the treated 
group as compared to controls. Because changes in 
enzyme activity could be due to the Iormation of acti- 
vators or loss of inhibitors, adrenal homogenates  
from control and apomorphine- t rea ted  rats were 
combined. In all cases the enzynle activities were 
additive. These results indicate that  the increase in 
TH activity was due to an increase in the amount  
of enzyme protein. 

Thu q[/uct o[ aponlorlUfinu on adrenal (':1 concen- 

trations immudialely q/iur a series o/  it!/ectio#t.s. Several 
investigators [13 17] have suggested that there is a 
relationship between ahcra t ions  in the adrenal CA 
content  and delayed changes in adrenal TH activity. 
We thcrctore considered the possibility' that  a p o m o f  
phine had actually caused some significant al terat ion 
m the CA lexels but that these had been restored 
to normal 24 hr after the initial injection. Rats were 
injected with apomorph ine  according to the l-day 
schedule ( 1 0 m g k g .  every 1.5 hr on 7 occasions) and 
were then killed 1.5 hi  alter the seventh injection. The 
results are shown in Table 1. experiment A. It is clear 
that  the t reatment  with apomorphinc  brought  about  
large decreases in the concentrat ion of the CA, 20" o 
in the case of noradrenal ine and 30% in the case of 
adrenaline. 

Concenlration ql aponlorphine in adrenal HlaMs qfier 
a sinole i.p. iJ!jeclion o[ lOmg,kg. The decrease 
obtained in adrenal ( 'A after a series of injections 
could occur in several ways. The first mechanism we 
considered was the inhibit ion of TH activity by apo- 
morphine.  Goldstcm ut el. [20] have shown that apo- 
morphine  inhibits rat brain TH in rico and in ritro 
tit concentrat ions as low as 10 ~' M. Kinetic studies 
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l a b l c  I. I l lco l  o f  7-M PT and l - D (  )PA O11 the apoinorphinc-hldtlCO.t dcctca~,c in ~lch-cn~l] ( \ 

| ixpcrinlcn! [fctlt ilion [ 

.\d rcn'alhk, Nor:ldrcnalh~c Thud ccltccholatmnc', 
( OI111"O] ( ti i l l l 'O] ( olll l lt)[  

ttg pr aclrt_'nals " /tg pr ;lchcllais fig pi  achclla]-, 

( o n t r o l  13." ~ 0.5 IO0 2.9 ~ ().l I(l() 16.1 + ().5 I()(/ 
i\t'u;illOilphiilc 9.2 ~ ( ) .5"*  72 2.'{ ~ 0 .2+ X0 I I  5 + (t.6 *'~ - i  

( o n i r o l  12.1 ± 0.4 10() 3.() :: t).2 Ill() 151 ; 0.3 ]li() 
/\pon~orl~lmlc 9.0 ± 0.1"*.111 74 3.7 + (i.5 I ~.~ 12. 7 +: ().(~;- \ ; 
/ ' d P T  11.5_. (1.5 95 3.1) b(I.5 II)() 14.3 ~ ()7 ')(, 
Al~omorphinc 

: ;,MPT 6.1)- 1.0"*.71:., ~ 50 I.,X : ().1"*;::;. b 60 7.,', . I ()**.;i:." ,2 

(.'onlro] 10.5 ± (i.6 100 3.1 ; ().2 II)() 13.6 - ()X ]till 
. . \pomorphmc S.5 ~ ().3". ~1 2.6 + 0.2 ? ,",4 11.2 - ().:, .,'? x ~ 

- I ) ( ) P A  9.7 2 0.6 92 3.4 F ().2 l i f t  13.1 • ().<<-; ';¢, 
..'q~onlorl~hine 

- I - D ( ) P , \  10.5 r 0.6 I()0 3.f~ + 0.2 116 14.1 • ().) 1()4 

In CXl-~crimcnt ,% r..ll~; v, ei-c gi,,cn 7 m.icctions of  10 i l lg kg al-~omorphinc (or distil led ~a lcr  for cl)illi'ol,,I i.p. at 15 hi 
intc.'r\zlls. In experiment B lzils \~.ClC incctcd \villa I ( img 'kg  al3Oinorl3hinc c\cr \  ].Shr. 7 tilm_'~: ',~ilh one inicciion 
of  125 mg k 7 : M  PT and 6 ~,ubsoqucnl in cctions ol 50 nag kg c\ el-\ 1.5 hr: o1" {i t_'on/bination o l  i II mg kg ~ipon/orl'Hm/c 
plus 25 I g k g  ~M PT for Ihe firsl in co:lion alld 10 ilqg kg apomorl~hint: plus 50 mg kg 7M P'I for 6 xtibst:,..ltlCnl inicct ioi> 
gixon c\cr 3 1.5 hr. ( on/rols were mjcclcd ~ i lh  carrier solt i l ion al lhc ,,cilnc l ime its cx['~crilncnldis. In cxpurin/ent ( 
rats ~A, Cl-C in cclcd s.c. with Ig  kg I -D()PA or scllinc lSnlin prior to 7i.p. in.icclions ol 10n/g kg aponlorphhlc <,i 
distillcd \~atcr gi\cn zit 1.5-hr inlcr\als. In all c'~pct-hllcnls, i'zils \~,cl-c killed 1.5 l~r aflcr the IztM inicction ol apomorphinc 
or x M P T  or disli l lcd vvall.?r. [!ach ~,ZlltlC rcpiCSClllS the 1/lCall F stundard CtTOF Of 1() rat~. in c'<.pcl-halcnt ,'\ HIlt] 4 (, 
I~lP-; in cxpcrimcnls B clnd ('. 

* Signilicantl> dillL'i-cnl from control,, IP - ().()51. 
-i- Signillcantl_~ clillL:rcnl ['ronl conirob, (P - O.(il I. 
**  ,'qigniiicanil> diflTrcni from conirols (P I).()0l I. 

Significanll_~ dil lcrcnl ['foil1 : /MPT IP < 0.{X)II. 
Signif icanll) diflt:rcni fron~ apon~oiphmc (P ().01 I. 
Signillcanll_~ dil]t:rcnt Iron1 l -D( )PA- I rca l t :d  lalS ( P -  0.05). 

• Significantl) dil]L?rcni from apomorl~hinc-ircated plus I - I ) ( ) P A  group II :> ().()5t. 
,~ Signif icanll} dilIL, reni froln apomorplm~c-iroaicd plus i - D ( ) P A  group IF' < O.()ll 

w i th  par t ia l t3  pur i l i cd  bov ine  adrena l  TH con l i rmed  
these tindings. Double  reciprocal  plots o f  activity 
against  subs t ra tc  concen t ra t ion  showed that  a p o m o r -  
phinc inhibits  the enzyme cooperat ivcl  5 with respect 
to lil t  p tcr id inc  and uncompct i t ivcly  with respect to 
[ \ loshlc.* 

For  this lt2{lSt)ll v¢c n/castlrcd the ttlllOUnt of  apo-  
mor ph ine  in rat adrenals  immedia te ly  aftcr a single 
injection of  10 m g k g  Io de te rmine  whe the r  stHlicienl 
a p o n l o r p h i n c  roached the adrenals  to be inhibitory.  
Thc  adrenal  g lands  of 4 rats. killed at givcn lime in- 
tcrwtls, wore pooled for cach dcternl inat ion.  A peak 
co l l c cn t ra t i on  o f  INS ng :p r  adrena ls  occt i r rod a f lc r  
.~ Illhl: tills decreased Io 2H n g p r  adrenals  at 75 rain 
and  6 n g  :.ll 9 0 r a m  IFig. 2). A second exper iment  of  
this kind gave similar results. A con ten t  o f  l88 n g p r  
adrenals  weighing 20rag  would  bc cqu i \ a l cn l  to 
3 × 10 s moles  kg. At 75 rain the con ten t  \ touk t  bc 
4.4 × l0 +' moles  kg and  ;.it 90mh l .  10 +' molcs  kg. If 
t i le a p o m o r p h m c  \~cle d i s t r i bu ted  cvenl), t h r o u g h o u t  
the adrena l  this w o u k t  co r respond  it) a c o n c e n t r a l i o n  
o f  3 x 10 ~ M .  doc l inh lg  to 10 " in 1.51w. 

"]']h' qll{'C't +*[tll)oluorl)hinc o11 lJk' UdFCmtl ( ' . t  concun-  
u'utiou.~ it# retts t rcuh 'd  wi th  xAIP77 If aponaorph inc  
is dccrcas ing adrenal  CA concen t ra t ions  h'~ inhibi t ion 
o f  T t t  activity, admin i s t ra l ion  o f a  kllox~n inhibi tor  
of  TH.  7MPT.  or cl c o m b i n a t i o n  of  z M P T  and apo-  
morph ine ,  should Icad to the l-Cstilt ob ta ined  with 
a p o m o r p h i n c  alonc, x M P T  ~ a s  lhcrclorc  given to 

* M. (.,)tlik and T. 1 . Sourkcs. unpul-~lishcd tkllu. 

20( 

o >  
< 

30 60 90 

t[ me a~tCf i n jec t i on  
(too 

I'ig. 2. ( 'onuuntrat ion ol apomorfHm~e in adtunal gland'~ 
aflcr +t single injection. R;.ils ~Actc sacriliccd al \nr iou <, timu 
mlcr\ais Mlcr  re tch ing  1(ira 7 kg apolnorphhlc i.p. Fhc, 
adrcmils I'ft)lll 4 l-al-; \~,L.lt_' pooled and the Hlllt)uill tit ~tl"lo- 
inorphhlc determined us dc,,crihed in \ lu lcrk ib,  and 

Method<,. 

rats receiving thc schedule of  a p o m o r p h m e  mjccl ions  
and to suflablc controls .  In lhcsc exper iments  file 
total amoun!  of  ~ M P T  injected was 400 m g  kg over  
a 10.5dw period.  This  dose  is known  to inhibit TH 
acti\.ity abou t  100 per  cent  [22]. The results in f a b l u  
1. cxper imcnt  B. sho\x that 7M PT alone had 110 cltbct 
on adrenal  CA presumably  duc to the slo\~ turnover  
rate [30]. A p o m o r p h i n e  again catiscd a VCl~, highl> 
significant decrease (26".t in the adrenal ine  conccn-  

.. . .  traliOllS: hox~.evcr, there was no change  in the llOlad- 
rCll~llinc COllCCnlr:AlioI1 in lhis cxpcrinlcnL ill conll'~lsl 
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Fig. 3. The eflizct of ~MPT on rat adrenal TH and CA concentrations. Rats were given an initial 
injection of 200mg/kg :~MPT and 2 subsequent injections of 100mg/kg at 4.5-hr intervals for I or 
2 days and were sacrificed 24 and 48 hr. respectively, after the initial injection. An aliquot of the 
adrenal homogenate was removed tot ('A determinations and the remainder diah'zed as described 
in Materials and Methods. Each bar represents the mean _+ S.E. of 4 8 rats. Signiticance of differences 

from control (( 'ON) are indicated as follows: **P < 0.01 ***P < 0.001. 

to results in Table 1, experiments A and (7. Administ-  
rat ion of both  drugs lead to an even greater decrease 
than with apomorph ine  alone: a 45!}~i decrease in 
adrenal ine and a 40!% decrease in noradrenaline.  
These results suggest that  apomorph ine  increases se- 
cretion of adrenal  CA. 

The ~lect o[ prolon.qed treatment with ~MPToll  rat 
adremd TH and CA. In order to determine whether 
the increase in TH activity after apomorph ine  treat- 
ment  could be due to the preliminary decrease in 
adrenal CA, we made further use of c~MPT. Figure 
3 shows that  both  24 and 48 hr after the initial injec- 
tion statistically significant decreases in the adrenal ine 
and noradrenal ine concentra t ions  are observed in 
:~MPT-treated rats; however, injection of the drug for 
2 days did not  result in an increase in TH activity 
over controls. Failure to obta in  an increase in enzyme 
activity in 7MPT-t rea ted  rats was not  due to the pres- 
ence of any residual 7.MPT which could inhibit  the 
enzyme in citro. The adrenal preparat ions  of the 
treated and control  rats had been dialyzed, and  mix- 
ing experiments showed the enzyme activities to be 
additive. 

The eJli'ct cqapomorphine on TH actiNt)" aml CA 
concentrations of  hypophysectomized rats. Table 2 

~ives the results obtained with apomorph ine  treat- 
ment of hypophysectomized rats. The values for 
sham-operated animals  correspond to those for intact 
rats (Fig. 1): there was a 76'% increase in the TH 
activity of the apomorphine-injected rats, while the 
CA concentrat ions remained unchanged. In the apo- 
morphine- t reated hypophysectomized rats there was 
a highly significant increase in TH activity; however. 
there was also an 88'Ii, decrease in the adrenaline con- 
centrat ion and a 40°~i decrease in the noradrenal inc 
concentrat ion.  

Because TH is inhibited by catechols [3, 28] the 
possibility exists that the increase in TH activity in 
the apomorphine-injected hypophysectomized rat 
may be due to the low concentrat ions of adrenaline 
and noradrenal ine  i~7 Ntro. For this reason, adrenal 
homogenates  of hypophysectomized rats injected with 
apomorph ine  and controls were dialyzed. The results 
(Table 2) show that after dialysis the same type of 
increase in TH activity occurs. 

Effi'ct qf  apomorphiHe treatment ml adremtl TH ac- 
tiNty aml CA concentrations in hemi-sphmctmicecto- 
mized rats. To determine whether the increase in TH 
activity was neuronally mediated the left splanchnic 
nerve was cut. Rats were then injected with apomor-  

Table 2. Eltect of apolnorphine on adrenal TH activity and ('A concentrations in h_\pophyseclomized rats 

Ty rosine hydroxy.lase Adrenaline Noradremdinc 
Apomor- (nlnoles dopa,,'hr,' t;g,'pr t;g. pr 

Group phine No. rats pr adrenals) adrenals adrenals 

Sham-operated - 4 38.75 _+ 5.33 16.5 _+ 1.4 3.0 Z 0.3 
+ 4 68.29 ± 3.67 b 15.8 + 0,7 4.5 t (I.3" 

Hypophysectomized 9 31.47 _+ 2.20 12.8 +_ 0,8 2.7 + 0.1 
+ 7 47.23 ± 2.74' 1.6 _+ ().2 ~ 1.6 ± (I.2" 

Hypophysectomized" - 8 21.85 + 1.24 9.90 + 0.3 2.9 ± 0.3 
+ 8 37.99 ± 3.0(r 2.83 + 0.3" 2.1 + 0.2" 

Animals were given 10mg/kg apomorphine i.p. at 1.5-hr interwds 7 times daily for 3 days. Sexentv-two hr after 
the first injection the rats were killed and the TH actix.ity and ( A  concentrations determined. 

~ The adrenal homogenates were dialyzed prior to the TH assay as described in Materials and Methods. 
" Significantly, different from control (P < 0.011. 

Significantly different from control {P < 0.0011. 
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Fig. 4. l{tl'cct o f  adi+cnal dcnct~ation on the apomorphinc- induccd incrca,,c ill I 1t acl i \ i tx ;illcl ( \ 
conccntrzttion <, o1" rat LldlIctl:ll'<. l i x c  cla\,~ uI'iL'i" lUI'I sphuaclmic Iransscciion. i-:tt ~, \~crc gixcn iniccl ion, 
of  aponlorphinc (~\P()i according /o the 3-dax schcclulc described ill the legend to I ig. I. I h c \  \~cn_' 
kil lud 72 ]lr altc.'r the init ial injection. ]Lath bcir represents the mcLin + S.E.M. oI,R I I anilnals..<';ignilicancc 

t+J dilt'crcncus I'i'Olll control  I ( ' ( ) N ) a r c  indicated cis lblhn~,s: * * *P  < t).l)(ll. 

phinc I'or 3 da \ s .  The results (Fig. 41 sho;;, there wcrc 
slight decreases  ill the TI t  activity and ( 'A  concen-  
t ra t ions  in the dcncrva tcd  con t ro l  adrcnLtl { left) as 
c o m p a r e d  to the sham-opera ted  con t ro l  I r ight ) ;  hm~- 
ever. ttlcsc were not  s ign i l i can t ly  d i f fe rent  (P > 0.051. 
After + a p o m o r p h i n c  t rea tment ,  the expected increase 
in TH activity was no hmger  observed  in the dcncr-  
\:.itcd adrena l .  M o r c m c r .  thc adrcna l i nc  and not+ad- 
rena l ine conccntrLt t ions wore ident ica l  to those m thc 
dcncr ; .a icd adrena l  g lands o f  rats rccei\ .mg no apo-  
morph ine .  

The  effects o f  ad rena l  dcnc rva t i on  r ind or  a p o n l o r -  
ph inc  i roat i l lCnl  o i l  the shor t  t c lm  adrcFlal ( ' A  COll- 
ccn t ra t ions  wcrc a lso determined.  F ive  da \s  :.i[tcr 
dcnc rva t i on  o [  the lcft ad rena l  i+ats \vci+c itt jcctcd ~ i t h  
apomorp i l inc ,  10mg .kg  i.p.. 7 tithes at 1.5-hr intcr- 
xals. The3 ,,',ore killed 1.5 hr after the ]List in.icction. 

70 

i 
50 

_:+- 

_+~:~_~, 3O~o 

o 
C O N  DOPA 

The decrease which occurred  m thu ( 'A  conccntrath+n 
after LlpOl11orphinc t rea tment  v,,~ts llt+ l+.,ngcr c, bscr ' ,cd 
when  the splanchnic  ncr ' ,c ,+,,as cut. 

Thu Ejl{'ct o !  ntu<'anivhmm+<, +m she mcrca.w in 711 
ac l iH l r  induuud ILr r+n'io+t~ D'wdlHIclll+. ( ' t ' m l ; t  <'! i l l  

[31] ha; 'c sl+o\~,n that the gangl ionic  blocker  rnccain\ -  
famine can p r c \ c n t  the mcrcasc in adrenal  TII ;to- 
t i x i b  induced t~ co ld cxposui-c i t  the b locker  is in 
jcctcd pr ior  to the t reatment .  A series of experiment-+ 
was carried otit ill ~h id~  rLt.ls rccci' ,cd l( i  nlg Kg mccat- 
rnylLunmc i.p. The  drug trcatnacnt xxas di'+idcd into 
4 doses  und ~i',cn m c r  the same period the tmimal,, 
,acre rccci',.ing apon lo rph inc  (scc legend to Fig. [I. 
The  first injection of  lllCCdlll} lanlinc v, as gi'+cn 15 Inin 
p r i o r  to the a p o m o r p h i t l c  t reatment .  There  xxas nt+ 
ell'cut o l t h c  b locke r  on T I t  a c t i \ i t \  in con t ro l  o r  ~ipt+- 
i+ l lorphino-t roalcd i-4ts. 

[] IH 

[] ADRENALINE 
I~ NORADRE NALINE 

0 
A P O  A P O  + 

DOPA 

I:i~. 5. Th0cl' l~ct o l ' i - l ) O P A  on lhcaponlorph inc- induccd incrca,+c in adrunal T H  Rat', ',',crc inlcclcd 
v, ith 10rag kg apomorphinc (AP()I  i.p. cxcl-~+ ] .5hr, 7 tim,+'s dMh For 4 ,.l:~\s:. v, ith I 4 k 4 i - I ) ( ) l ' \  
>,.c. gi',+cn uncc dail~ Ic,r 4 da,+s: or x,,ith one in.ice/ion of  1 g I,.4 I DE)P.\ ei',cn 15 rain i'.riot h, the 
lh-,,t of a '+,cries of 7 injections of apomorphinc. The rats were sacriliccd 9(+ hr ut'tcr the initkll injection 
,'\n aliquot of the adrenal homogenatc was rcmo, .d  for (]% dctci+mhmtion ', and thu tcnmhldcr Lii~+l,,/ccl 
pnor  to ;.issa} as described in Materials and Moth,ads. Each bar rcprescnt>, the t+ncan F S . I .M ol n 
aninmls. Signilicancc o1" dillL'rcnccs ['tom control  I ( ( ) N I  urc inctic:ltcd as lblh+'a,,: * *P  u.<)l 

***P. ll.tll)l. 



Regulation of adrenal txrosine hsdroxylase 1163 

60 

40 

8- 

F_ 20 

CON DOPA 

a 
± 

iiii 

::::: 

IMMOB 

[ ]  TH 

[ ]  ADRENALINE 

NORADRENALIN F 

L 
iiii! 

ii 
IM+MOB 
DOPA 

12 

tQ  

8_ 

N- 

Fig. 6. The effect of L-DOPA on the immobilization-induced increase in adrenal TH. Rats were sub- 
icetcd lo a 3-hr immobilization (IMMOB) period dailx: injected with l g k g  t-DOPA s.c. once daily: 
or were rejected with I g, kg L-DOPA s.c. once daih 15rain prior to a 3-hr immobilization period. 
The resuhs presenled here are those pooled from a 3 and 4 day experiment: lhus the rals were killed 
72 or 96 hr after the inilial treatment. An aliquol of the adrenal preparation was remo\ed for ('A 
nlcasurcnlenls and thera lhc preparations vvcre diai\zed prior to TH assa\ as described in Materials 
and Mcthods. Each bar for TH rcprcsenls the mean + S.E.M. of 10 12 animals: each bar for CA 
thc inean + S.E.M. o1"5 6 rats. '~Signilicantly dilfci'ent from controls P < 0.01: fi'om L-DOPA treatment 
P < 0.01: from I.-DOPA plus immobilization treatment P < 0.05. ~'Signilicantly different from controls 

P < 0.05. 

In addit ional  experiments animals were immobi- 
lized 3 hr/day for 3 days: nrecamylamine, 4.2nrg:kg. 
was injected 15 rain prior to the immobilization, im- 
mediately after it and 3 and 6 hr latcr. Rats subjected 
to 10.5-hr cold exposure received tire blocking agent 
in 4 injections, each 2.5 mg/kg, at 3-hr intervals with 
the first injection given 15 min prior to treatment.  The 
inclusion of tire mecam>lamine injection did not pre- 
vent tire immobil izat ion-induced or cold-induced in- 
crease m TH activity. 

The e[l&'t of  L-DOPA orr thc al~OmOrl~hirre-imtuccd 
im'rea.w i, adrcJtal TH actiritv. Both the prevention 
of the apomorphinc- induced increase in TH activity 
by denervation and the negative results obtained with 
the 2 day ~MPT experiment suggest that the increase 
in TH activity is regulated ncuronall?  and not locally. 
Further  proof  of this is evident from experiments 
using apomorph ine  m combinat ion  with L-DOPA. If 
the apomorphine- induced  increase in TH activity is 
mediated through a local decrease in ( 'A then the 
adminis t ra t ion of L-DOPA. which would favour rep- 
letion of ('A, together with apomorph ine  should pre- 
vent the increase in enzyme activity. If  on the other 
hand, the increase m TH is neuronally lnediated 
L-DOPA would have no effect. Figure 5 shows that 
apomorph ine  given lor 4 days increases adrenal TH 
activity by 70",,. with no changes in the ( 'A concen- 
trations. One injection of 1 g.'kg L-DOPA, gi\.en daily 
R)r 4 days, caused no statisticall3 signiticant changes 
in adrenal TH or CA. When both  apomorph ine  and 
t . -DOPA were administered,  the increase ira TH ac- 
tivity was 120",, over controls  and more than 20"o 
greater than the actix.ity obtained with apomorph ine  
alone (Fig. 5). A significant increase was also observed 
in the noradrenal ine  concentrat ion.  These results 

Dvour the view that the increase in TH is central 
in origin. 

The ~]~,ct ol L-DOP.4 on the apomorphine iruhrced 
decrease in adremg C.4. To ensure that L-DOPA was 
indeed replcting adrenal CA in apomorph ine  treated 
rats, the adrenaline and noradrenal ine concentrat ions 
were measured 1.5 hr after a series of 7 injections of 
apomorphine.  L-DOPA had been injected 15rain 
prior to the first apomorphine  injection. As is evident 
from Table 1, experiment C the decrease in CA 
observed after apomorphine  treatment is restored b? 
t ,-DOPA administrat ion.  

"/'/It' Cg~'ct O[ L-DOP,4 ou tire i/rcrcasc imluced h 3" 
immohili=ation in adrenal T H  actir'itv. L-DOPA was 
unable to counteract  the effect of apomorphine  on 
TH activity (Fig. 5): however. Dai rman ct ul. [32] 
have shown that the reserpine-induced increase in 
adrenal TH, which is neuronally mediated, can be 
completel~ blocked b 5 the simultaneous administ-  
rat ion of L-DOPA. To gain insight into this problem 
we looked at the effect of this amino acid on the 
immobil izat ion-induced increase in TH activity, hn-  
mobilization 3 h r d a  5, for 3 days increased rat adrenal 
TH activity by 58",. (Fig. 6). Injection of L-DOPA 
1 g/kg, given once daily, again caused no significant 
change in adrenal TH activity or CA concentrations.  
When L-DOPA was administered prior to a 3-hr im- 
mobilization period the increase in TH activity was 
no longer observed. The implications of this exper- 
iment are dealt with ira the discussion. 

DISCUSSION 

These results show that  apomorph ine  can increase 
TH activity in rat adrenal glands. A schedule of 7 
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i l \ jccl ions of aponlc~rphinc per d~l) for I. 2 or 3 d:.l)s 
signif ic:mll) il~x_'rc~t~>cs adrenal T H m  FIll'f) \vhcll ii is 
nlc~lStilcd 15 hr ~il]cr the last rejection. The {.A con- 
CCl]tl~lliOns l]lc'<lstH-cd ~il C~lcil tim{_' period alC.' the 
s:.lillC l \n '<lpon]orphil~c-trcatcd and ct}nlrol alninlclls. 
The olllx except ion to this is al 4X hr ~:hen lhcrc is 
a Sil~all but signilic'<lnl illcroasc in the' noradronaline 
concc.'lltl2ilion : ]lov~c_'\ct-. lola[ ( A coilcCilli~ilion:.; arc 
111c SalllC i l l  Ihc I;~c} glOtips. The gl2ldl_l~tl increase 
{HHaincd in ] H  acti~il~ over the 3-da\ period is in 
~lccord ~ ith the concept that this increase is the rcsuh 
{}1 '<l sloB< process in \~llk.'h lhc tr'anscriplion phase 
takes ~lpproxinll i lcl3 1<<'4 24hr to bc complc/cd. ',lnd 
lrclnslu/ion another ->4 36 hr [33 I- 

A single inicction of  rc.'scrpinc [34]. :.l 2-fir sv,:inl 
stress [35] or  :i 2-hr cold stress [ I0]  is sulil,,.'icnl to 
init iate .:ill inclCasc in t21l adlcna] W]-] dcloct.:tblc 
24 48 hr ~il}cl- lifo ini lk i l  stiinuhis. Hotvcvcr. ~hcn rats 
~lic i l\ icclcd ~ i th  apoinorpl~inc l]~t- 1 or  2 cki\s ~lnd 
sacriliccd 72 hr Micr lhc lirst in icction, no sigllif icunl 
incro~lsc' in TH is obscr\cd. Interrupt ion of the stimu- 
his appc~irs 1o ~lll<m i idaptivc nlccll~.lnisnls to restore 
cn;'~mc act i~i l \  Io ct~nlfol lc~cls. 

Acl i \a t ion  of T t t  in lhc adrenals of aponlorphMc- 
Irc:.llcd 1211s b\ ~ln cl}0ctor nlolcculc \',~is lulcd otl l  
l l l ro t i -h  kinetic <,Itlclics ~.ls x~ell ils, mix ing tl l ld diaH.sis 
cxpcrinlcnts. Kincl ic Sltldics o[  adr0il~.tl TH prcp- 
aiatioi lS lrt)m al-~omorphmc-il!iCctcd ~lnd conirol  ani- 
mals sho\~ed lhcrc \\~l~, no cl~angc in the K,,, of tl~c 
t_'llzX<illc. • Ic~i- tile ptcridinc co[~iClOl. D M P H . , .  of  t~,lO - 
sine. t to\~c\cr.  :.in appr{~xin~atcl) -'-lbld incicasc in 
I~~ .... \~,'~ls ol'lscr',cd. \¥hcn prcp:.lrations nladc.' Ironl 
~idi-enal:, of clpomoiphii~t.'-lrcaictl ~lild c{mlro[ rals 
wcrc incubat0d i.ogclhcr and then ;.iss;.i)cd. the t.'ilz\illm 
~iclivitics \yore addiiJ~c: finis indicates thai the ill- 
crctlsc in acl i~iB ~ i s  i~rob~lbl) dtic it) ~in increase 
in on/ \  me protein and nol to il lc presence of ~in acli- 
valor or loss o1 ~i11 mhibi lor .  To stibsi;.tnti;.itc Ihis 
point Jurthcf. the adrenal pfcp:.irations wcrc dkil~zcd_ 
and lhc kincl ic parameters \vc.'rc again dcl0rmlncci. 
The  incrc;_lsc in Cll/ \nlic ac t iv i t \  was still observed 
after dial ;sis and lhc K,, \alucs for control ~ind apo- 
n]orp]l inc-trcaR'd i-~il~, ,<yore idcnticul. Thus n p o i n o f  
phmc li-c~ilnlCllt incroasc.'s TH aclM13 ~intt Ibis 
LIppcLirs to OcC.'llf Ihrotigh Llll increase in the Un lo t l n l ,  
of o112',1110 protein. 

It h~l~, bccn suggcslcd [13 17.3(~] their a rc.'lation- 
si~ip nl;.l~, cxisi bclwccn :.ldion;_ll ( ' A  ~.ind ~idrcil~ll TH 
ac t i \ i i \ .  A i lhough \~c Io imd (',,% lc \els lo be identical 
in apomorphinc- l rca led and conlro l  i-s.lts ~l~en 
nlcaStllC{t 24. d.,R and 72 ]lr '<tfl.01 fiR" init ial h!icction. 
tt~it is. 15 hr M'lcr ti~c lasl of  a series o f  7 in.icctions 
IFig. I}. ~l dccrc~l>c \v;.ls Ilot¢d when the ( 'A  conccn- 
tr~ltioil:, v,¢r¢ dc/c immcd only 1.5 hr al10r il~c dail3 
schcdulc of in icctions was coinplcicd (Tublc 1). 

Goldstcin {': o/./201 haxc sl~own thai ;.iponlolphillC 
inhibits Fat brain T t t a l  conceniral ions ~ls lo\', as 
l{i ~' M ;.ind Otll J#l titl'+;, s l t id ics  c o n [ i l f l l o d  these lind- 
ings. To d0lcrminc whether aponlofphine could bc 
h~hibiiing TH hi i i ro,  the concelllr:. i l ion \v:.ts nlcastircd 
in ral ;.idren;.i]s afb2r :i single in]¢ciion of tile dru 7. 
Aflcr 3 rain. ~i peak concen t ra t ion  cor rcspondi l lg  Io 
3 × I{) > M \~,cis oblaincd which dccrcascd to l{I <' M 
:.ll c)()nlin. ]11 I i l o  hl l l ib i l i {m of adron~il TH is lhci-c- 
foR" a possibilit>, hl ~i lurthcr cllL~ri to delcrminc lhis. 
apoin{~rphinc \~ls given simuliancousl> \~ilh Ihc T t t  

inhibi lor  7 M P T o v c r  ~l l -da \  per iod:  the adrenal ine  
;ind nor~tdrmnalinc COllCCilll-i.ll.ion~ \~ctx_' 111c~lstlrcd 
1.5 hr after the last inicclion or a p o l n o r p h i n c  ITablc 
1). The x M P T  was in ioclcd in .~llllt~tllll~, sul/icicnt t<} 
produce ncarl\ complete i l lh ib i t ion <}1 ;/dr~_'ilul T I t  
[22]. I f  the ; lcl ion of apomorphinc is thrcmgh c.'11/\ ii/c 
inhibi l ion, ihc ~ipolnorphii]c-inducc.'d ctccrca,~c iH 
adren~.il ( 'A  should be_, sii-Mlnr Io ihal ~ i lh  7 M P l :  
also incct ion of  bolh drugs should rc<,uli in :l tlc'.- 
clo~isc in { 'A ,dmilaf Io {~r ,,lighll> greater Ih'<in \<~ilh 
z M P T  {since ; ,MPT 111H\ mH bc mhil~iling 11t I(){}", i. 
The results sho~. l~o\~c\cr, lhat adllm~i', lr: i l ion ,H 
:~MPT in lhc condi i ions used in Ihc,<' cxpcrinlcllt,~ 
did nol c:.lusc cl signil]c;inl dccrc'<l>,c in ',idrcnal ( , \ :  
this can bc explained b\ lhc long h',l lf l i fc c>l adrcnlil 
(',.\ L30 !. \ ' loR'  surprisi i lgl),  lhc ',imull'<incou,, aid- 
mil~istration c)l ; ,MPT x~ i lh ~lpolnorphitlc pcHciHkltcd 
the decrease caused I+~ the latR'r drug ~i]oiic. lhc i t  
io in t  inhibi t ion of  T i t  I~ the t+\o drugs is rcsl+on>iblc 
I\}r this effect ctocs noi ,<'ore likclx, l+cGtu,<' the tic 
crease.' in ( 'A is obscr+cd onl \  cis l{m.~ ',is iidi-cna] it> 
nelvat ion is intact. This I)_l,,otii:, the intcrptctal i{} i l  
th+il apomorphinc is c~iusing incrc:l~cd sccrclion c>l 
{ ' A  bs 111c:.111s of  incrc'<iscd llCl\C slimul~itit}n. 

T o  determine ~+llcthcr the ~it]iC.'ll:.l] ( i \  tll~l\ pkt} 
a rcgulator.~ role in Ihc indticlioi+ {>l ~ldi+cncl] l 1t 
fuflhct- tlSC was tll:.ldC of 7MPI. . .Mln l in is t rz t l ion o l  
this drtlg cattscd highl 3 signiticani clcctc_':isc.'s in the 
:idrcnal ( ' k  conccntralion,, altcr I ~iIRl 2 dci,.,,: ho\~- 
ever. the +IH ac l i \ i t \  4Shr ~tftcr ihc I+c:gilming t+l 
I fca lmcnl  v, as identical I<) thai ~}1 conirol,~ il"ig. ~'l. 
Ti+is rcstllt is. of  cotil-,;c, not mon<4istcnt ~+iih Ihc_' con- 
ct_'pl lh~it ~idronal ( A  arc impor l : i l l i  in Ic_'gulatii+ 7 the 
induction of  adrenal T I t .  

Since local contlO] clots nol appcclr l o b c  '<l l i ic lof 
in r<2gl.ll:_tting ihc indtlct ion of  F I t .  horinonal ~inct 
nctllCUl~.ll con/ro] \~,ClS in~csi.iealccl. Mucl lcr  {'~ <t/. II 2! 
ha,<c sl~o~n lh~it horn~onal control  is iinl~ortanl l]>l- 
maintaining the basal Ic\cl of T t t  and Ill,it in h>po- 
ph)soclomi/cd fats A ( T t t  c;.ln restore Ihc dccr<i<,c'd 
TH cictixi l\ to nornl~i]. ] o  determine ~hcthcr tlpo- 
morpl f inc ~iis causing the hlcrcclsc in T t t  <lclixit~ 
lhroucqle piluil~lr\-nlcctialcct, nlcch~inisin<,, lhc drLi<.2, ','+;is 
admhlis lcrcd to l~>poph_xscctonli/cd rals. The hlcrcllsc 
i11 cn/\ l l lC acti~ilx obscivcd UI'IcF apomorphinc lR'tli 
nlonl \U.lS the s{inlt_' in operated as ill -~l]~lm-opcralc_'d 
animal:-;; hov, c,+er. ~i large dccrccisc \ttt,~ obscr,,cd in 
the adrenalin0 ~llld noradrcnalinc conlcnI of cidlcna[~, 
of  h> poph>,aeclomi/cd 12ils ~i\Cll ~lpom~wphilR'. Thb, 
palai lcls the cltecl obscr\cd b\. K~.ctnallsk~,_ t,l <~/. I t~] 
in h>poptLxscctomi/cd f'<il,, elllet imn~ol-~ili:~llioiL 

In all previous t-c.'pt)i-ts, inl~ict inncr\a l i {m \~i~, 
required if increases in ~idrcn~il T t t  ~c ic  to bc 
obscr\cct: reserpine. (>l~)drox>dopanmlc. i~hcnox> - 
bu'nxanlhlc [11]. cold c_'xpo:,;{llC [1{)] 'dnd inlnlol~il i /;/- 
t ion [ 9 ]  no longer ccltisc_' tin illcrcasc.' ill T t t  act i \ i lx  
:.it}or i l lc ncfvt_' l ibcis to the ;idrcn;ll gland ;llC' cul. 
The apomorphinc-hMuced incrc',lsc in adicnM 1tt 
{llld shorl {c111] dCLTC{ISc." in ( A  <ilsl~ I'CLILliI'C inlaci 
inncrval ion, indicating th~il incrcnsc in cn l \  IIlC ~\ I1- 
tI~csis required Ilcr\Dtl:q input. 

To dcnlonslralc ftHlhcr ll~clt the uptm/orphinc- i l> 
dtlced increase in tldrcilaI TH rcqtl i fcd int~icl innclX,:l- 
l ion, we al tcnlplod to use the {H~scr\alion <~1 ( oM',i 
c,~ ,/. f311 lhal in.icction \~ith lhc g~tngiionic blocker 
nlec~lnl,,l~lnlinc.' prc\cnls the incrc',r,c in tidi-cl~'<lt T I t  
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observed after cold exposure. Using the same dose 
of mecamylamine as described [31], and with the first 
injection given 15min prior to the apomorphine 
treatment, we were unable to prevent the increase in 
adrenal TH activity. In a further experiment this drug, 
m a dose nearly twice as large as prescribed, was 
administered to rats subjected to immobilization and 
again it did not prove effective in blocking the in- 
duced increase in TH. To reproduce the conditions 
of the original experiment [31] rats were exposed to 
cold: the increase in TH activity was not blocked. 
No other ganglionic blockers were tested us Mueller 
c'; , I .  [3S] have shown them to be ineffective in block- 
ing increases in adrenal TH activity. 

Further studies were undertaken to investigate the 
reason for the increase m TH activity after a p o m o f  
phine treatment. When I~-DOPA was administered 
prior to the apomorphine treatment the induced in- 
crease in TH activity was obtained (Fig. 51, despite 
the restoration of adrenal CA to control levels ('Fable 
1t. The facts that (1) L-DOPA was totally ineffective 
in blocking the increase in TH after apomorphine:  
(2) the initial decrease in CA and the long term in- 
crease in TH activity were prevented by adrenal 
denervation : and (3) :zM PT decreases adrenal CA and 
yet does not increase adrenal TH, indicate that m- 
creased preganglionic nerve activity is the major con- 
trolling factor in the induction of adrenal TH. 

Experiments by Dairman et al. [32] appear to con- 
tradict the results we obtained after the simultaneous 
administration of apomorphine and L-DOPA. It has 
been shown that reserpine increases adrenal TH ac- 
tivity and decreases adrenal catecholamines [34]. 
When t.-DOPA and reserpine were given simul- 
tancously the increase in TH was completely abol- 
ished and control enzyme levels were obtained. This 
might lead to the conclusion that adrenal CA are 
regulatory, despite the fact that the increase atier 
reserpine can only occur with intact innervation [I1]. 

Further work was done using immobilized rats 
since this treatment induces adrenal TH and bears 
some resemblances to the action of apomorphine. 
Kvetnansky and Mikul~ 0 [39] showed that adrenal 
CA are decreased significantly immediately after a 
daily 2.5-hr immobilization up till the 14th da? of 
immobilization. There is also a delayed increase in 
adrenal TH [9]. Both the increase in TH activity and 
the decrease in ( 'A concentrations can be abolished 
by splanchnicectomy [40]. In the present work 
L-DOPA was administered 10 rain prior to a 3-hr im- 
mobilization period: in this case, in contrast to apo- 
morphine treatment the increase in TH was not 
obscrved (Fig. 61. 

Thus, L-DOPA was able to overcome the reserpine- 
and immobilization-induced increase in adrenal TH, 
but not the apomorphine-induced increase. This 
apparent contradiction can be interpreted if the 
actions of the drugs are considered at the central and 
not the local level. Watanabe et al. [41] have shown 
that increasing central nervous system CA ~ith 
L-DOPA produces a generalized reduction of efferent 
sympathetic nerve activity. Reserpine, in contrast, de- 
pletes brain monoamines [42] and produces a reflex 
increase in sympathetic nerve activity [43]. The com- 
bination of L-DOPA and reserpine may result in a 
balance in brain CA and. thus, norlnal firing of pre- 

ganglionic sympathetic fibers. A similar situation to 
that with reserpine m a y  exist with immobilization: 
Bliss and Zwanziger [44] have shown that immobili- 
zation leads to a decrease in brain noradrenaline. 

Since the apomorphme-induced increase in adrenal 
TH activity was still observed with L-DOPA pretreat- 
ment the mechanism by which the increase occurs 
must be different from that caused by immobilization 
stress and reserpine. This implies that apomorphine 
is not producing its effect in the present instance 
through the stress of the induced stereotyped behav- 
tour [21] or by' alterations in the caliber of the peri- 
pheral wtsculature [45]. 

Apomorphinc, however, is known to stimulate 
dopamine receptors in brain [21.46,47], a condition 
which, from our results, appears to cause increased 
activity of splanchnic nerve fibers and an increase in 
adrenal TH. Stimulation of these central dopamine 
receptors would occur in the presence or absence of 
t,-DOPA with resultant nerve liring in either case. 
This implies that a dopaminergic system is involved 
in the induction of adrenal TH. 

The claim that alterations in brain activity can 
regulate adrenal TH has been made by several 
authors. Reis et al. [48] have shown that stimulation 
of certain brain areas can increase adrenal TH. Smith 
el al. [49] have shown that diazepam, a central ner- 
vous system depressant, can increase the induction 
of adrenal TH by isoproterenol. It has been proposed 
that this occurs through the ability of the drugs to 
interfere with the living of CNS neurons. Specific 
brain systems have also been implicated in the induc- 
tion of adrenal TH. Mueller et a/. [50] and Breese 
el a/. [51] have suggested that interference with sero- 
tonin nerve function potentiates the induction of 
adrenal TH by various treatments. That a dopaminer- 
gic system may be important is evident from the work 
of Beuning and Gibb [52]. Methamphetamine, a drug 
which releases brain dopamine, increases adrenal TH 
activity: however, when haloperidol, a dopamine 
receptor blocker, is administered in combination with 
methamphetamine, the increase m TH is decreased 
about 50 per cent. 

In conclusion, we have shown that increases ill 
adrenal TH are mediated centrally, and not locally 
through alterations in the CA concentration. Further- 
more, the results suggest thai stimulation of central 
dopamine receptors by apomorphine alters the ac- 
tivity of preganglionic neurons which ilmervatc the 
adrenal medulla and results in an increase in the TH 
activity. 
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