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ABSTRACT 

This work _concerns the cent raI regulation of dopamine beta-

hydroxylase in the adrenal gland of the rat. This enzyme 18 neurally 

induced by iubjecting -rats to stress or to the injection of reserpine. 
fi-

Several neurotransmH:ter agonists and antagonists were administered in 

order to clarify the nervous pathways to this organ. The combination of 

the central or systemic administration of a catecholamine depletor and a 

serotonin depletor also increases the activity of this enzyme. 

Serotonin antagonists but not catecholamine antagonist8 potentiate the 

action of reserpine. However, the depletion of catecholamines or 

serotonin alone does not elevate the activity, of this adrenal enzyme. 

Seroton,in agonists block the effect of reserpine. Adrenal 

phenylethatlolamine N-methyl transferase exhibits a similar regulation. 

Electrolytic 1esions and administration of·a serotonin neurotoxin in the 

rappe area show that the medial raphe nucleus i8 ~he sentre of the 

.inhibitory serotonergic pathway regulating adrenal functions. The 

mU8carinic agonist oxotremorine produces a centra11y mediated induction 

of adrenal dopamine beta-hydroxy lase. Depl:etion of central or 

perlpheral catecholamines and serotonin does not modlfy the elevation of 

this enzyme actlvity by oxotremorine. Central and systemic 

administration of agonists binding ta gamma-amlnabutyrie acid-reeeptors 

decreases adrenal dopamine beta-hydroxylase activity and impairs the 

effect Qf the cholinergie inducer. These negative effeets are blocked 

by Il specifie antagonist of gamma-aminabutyric aeid type A-receptors. 

This work suggests a tentral inhibltary action of the aminoaeid and ~ 

gamma-aminobutyric-chblinergic interaction in regard to adrenal dopamine 

be ta-hydroxyl ase. Cortico t ropi n re l eas lng factor, cen t ra 11y 
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admin!stered at a constant rate. Increases adrenal dopa.1ne beta-

hydroxylase and phenylethanolamine N-methyltranferase act1vlf1el without 

elevating plasma corticosterone. This result supports the role of the 

peptide ag first Mediator of the stress response. 
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RESUME 

de 

Ce travail porte sur les .~canisme. centraux contr6'lant l'activitJ 

1. dopamine beta-hydroxylase dans la glande surr~n~le du rat. Cette 

en&)'IIIe est induite par voie nerveu.e lorsque le8 rat. sont .oumis A un 

.tre .. ou lorsqu'on leur injecte de la réserpine. Plu.ieurs substances 
\ 

_«oni,te. et antagoniste. des neurotransmitteurs furent administrées 

afin de deterlliner le8 voies nerveuses contr6"lant' la fonction de la 

glande surrénale. L'ad.inistration combinée, centrale ou p~riphérique, 

de subi tances causant de forte. di.inutions de catécho 1 amines et de 

.ubetances diminuant 1 e ni veau ~e sérotonine augménte éga 1 ement 

l'activité de l'enzy.e. Les antagonistes de la s~rotonine. 

contrairement aux antagonistes de. catécholamines agissent, en synergie, 

avec la' reserpine. Par c~ntre, une réduction des catécholamines oU,de 

la .~rotonine uniquement ne pro~uit pas d'augmentation de l'activité 

eneYlDatique. Le. agonistes de la .érotonine bloquent l'effet de la 

reserpine. La ph~nyléth.nol .. ine H~thyltr.n8férase surr~nalienne,e8~ 

contrelée de façon si.i laire. Le rSle du noyau du raph~ me'dian en tant 
, 

qu'origine de la voie nerveuse inhibitrice de la fonction surrénalienne , 
a été démontré à l'aide de lésion. électrolytiques ou d'injections d'une 

neurotoxine dans la région du raphé. L'oxotr'.orine, un agonis te 

muscarinique., induit la dopa.ine beta-hydroxylase via·,un •• canisae 

central. Une réduction centra le ou périph.{rique des catéchol .. inea et 

de la sérotonine n'a aucun effet sur l'augaentation d'activit.{ 

enzymatique prod"ite par l 'oxot rélllOri ne. L'.d.inistra~ion, qu'elle soit 

centrale ou p~riphérique, de spbstances agoniates se liant au récepteur 

de l'acide gaDIDa-aminobutyrique réduit l'.cti vité de la dop_ine beta-

~ydro~ylaseJ et diminue l'inducteur cbolinergique. Ces 
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ff ,. f' b 1 1 e ets negatl s sont oques psr 

., 

l'injection d'un antagoniéte 

tpécifique aux récepteurs gabaergiques de type A. Ces études suggèrent ~ 

un raIe central inhibiteur pour cet acide amin~ et une iAteractio~ gaha-, 

acétylcholine en ce que concerne l.e contrSle de l'activitJ de la 
---~ .. " 

dopamiqe beta-hydroxy 1 ase. La -eo.rticolibérine, administrée au niveau 

central ~ ~ taux constant augmente l'activit~ de la dopamin~"bet8'" 

hydroxylase et ce lle de la_,phéQ,yléthanolamine N-méthyl tran,sfflrase sans 

toutefois Îl-ever la -corticost~ron~ plasmatique. Cè- résul tat plaid"è en 
, . 

~,fâv"eur d'un rS'le pou~ le pePtid~ en tant que premier m~diateur de lao 

~ , 
~ . reponse au stress • 
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1.A. Dopamine beta-hydroxylase 

Dopamine beta-hydroxylase (DBH, EC 1.14.2.1) lS a mixed funètion 

oxidase that catalyr:es the c~nversion of dopamine (DA) to noradrenaline 

(NA), according ta "the -stoichiometric reaelion (Levin et aL, 1960): 

DA + ascorbate + 02 -------::Jf NA + dehydroascorbate + H20 

This ~nzyme has been shown to be relatively nonspecific; it is able 

rq ~ata lyze the hydr'oxylation of the side chain Ofl many phoenylethylamine 

analogues in the beta. position (Goldstein and Contrera, 1962j Levin and 

Kaufman. 1961). Early studies demonstrated that this enzyme is 

inhibited by many. metal-chelating agents (Levin et aL, 1960j Goldstein, 

1962; Kirshner. 1962). Later it was proved that the Metal associated 
o 

with DRH is copper (Fried~an and Kaufman. 1965), and that this undergoes 

reduct ion and oxidat ion during the enzyme-cata 1 yzed hydroxy 1 ation 

reaction (Friedman and Kaufman, 1965; Blackburn et aL, 1980) It wa~ the 

second m-ammalian hydroxylase to be shown ta contain copperj the only 
) 

r 

other one known at thè time was the phenolase complex (Lerner et al., , . 
1950). Other copper enzymes are: tyrosinase (Vanneste and Zuberbtlt'ler, 

1974), galactose oxidase (Bereman et al~,c 1977), cyto~hrome oxidas~ 

(Nicholls and Chance, 1974), superoxide dismutase (Hassan, 1980). 

l.A.!. Copper content and mechanism of reaction . . -- -
An indication that the purified enzyme contained copper "was fint 

provide.d by the observatïon that a yellow color deve loped when a 

concentrated solution of th~ enzyme was teacted with 

diethyldithiocarbamat~ (Friedman and Kaufman, 19'65); the spectrum of the 

treated enzyme was identica 1 to that of t'he copper 

diethyldithiocarbamate complex (Friedman and Kaufman, 1965). The 

2 
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content of copper, unlike that of iron, increased w1tq the purification 
, . 

of the enzyme. which indicates the relation between copper and the 
, " 

enzyme moleeule. Th! purest preparation contains O.65-1,p8'per mg of 

prote in (4-7 moles of copper per mol of enzyme). The enzyme i~ strongly' 

inhibited by 'various coppèr"'chelating 'agents (Goldsteitl et al., 1965;­

Friedma.n and Kaufman, 1965~; Skot la.nd and Ljonea, i 919), a~d th~ 

reactions with CN- (Friedman and Kaufman, '1965), bathocuproine 
1 

disulfonate or EDTA (Skotland and Ljonea, 1979~ have been used to remove 

, the enzyme-bound copper. T~e addi tion of cupric iOIl;s (CuS04), to the 
.. . 

...... - !nact! ve apoenzyme (eyanide-treated~ for êxamp-Ie), res tored en}:yme 

aeti vi ty (Friédman and Kaufman; 1965'; Skot la.nd and Ljones, 1979), and ... 
the extent of the restoratiQn was a function of the concentration of . 
cop,per added. <However, the maximal' recovery of activity was 40% and 

excess of 'copper caused In~l bi tion. Experimènts '.!!!. ~ show thât DBR 
, ' 

activity is decreased ln rats made copper deflcient by dietary means and . 
, . 

that act! vit Y la t'estored, by simple ad,diUon of CuS04 to· the def!cient \ 

diet (Hissals et ~1., 1967). 'It has been propO,sed that the enzyme-bound 
.1',-\ 

copper is invol ved in e1ectron transfer 4,urlng the catalytic cycle, 
-' \ . 

, ~ 

because ascorbate Clln 'r,educe this eopper (Friedman' and Kaufman. 1965, 
,A ' 

1966; Ljorles et a!., 1978; Dil,;lberto, 1981), which ls 'then reoxidized in 

the presence of the 8ubstrate. This ~echanism was formu1ated by Craine 

and coworkers (Craine et al., 1973) as follows: 

' .. 

. '1 , 

1 

1 
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A 

'j\..' 

Cu2+ 

E( 
Cu2+ 

") 

Cu+ 
scorbate ----.. ---olf E( 

Cu+ 

----+ ,E( '02 cu+~ 
Cu+ 

, , èu2+ Cu2+ 

E( 2"--:-022- ... RH + 2B+ ----~ E ( 
-Cu +....--. , Cu2+ 

+ dehydroascorbate + 28+ ' 

''''-Kinetics experimeots support this lI!echanism (Goldstein et ~ .• 

1968) • 
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l.A.2. Act i v a tors 

F~marate, and other diearboxylic a~i~8 'stimulate tbe rate of 

hydroxylation by DBR il! vitro (Levin et al., 1960). Acetate at bigh 
, , 

concentration can repl'ace' fumarate (Goldstein et al., 1968). This 

stimulation was reported to be due to a lowering of the Km for DA in the 

pr,esence of atmospheric oxygen at pH 6.4; at pH 6.8 and 7.2, Vmax is 

a180 affect~d (Goldatein et aL, J968). Iris~HC1.·sodium phos'phate, 

NaCl04• 'gU-an~ine ~é1 (at 10w co~centrati~n), ~H4+ an~ NaC1 ~ll acti~ate 
the bydroxyiase (Crain~' et al~~ ~973). In the 'absence of activators the 

optimum ~H is 6.4. Whereas in t~eir p.rellence it iB sh,ifted ta the rig~t 

0.0-7.0. High concentration of, Bubstra'te also sh,ifts th~ pH optimum 
< , 

downward, suggesting the dissociation, of an iOllÏzable' group on the 
, ., 

enzyme-substrate 
. ' 

c.ompiex (Craine et al •• ' 1973). 
. 

Craine and -hia_,,",' 
" C--

col'leagues (eraine' et aL. 1973) have a1so shown by measurement of 
.. 

tircular dichroism that fumarate and succinate have ~o effect on the 

~onformation of DBH. Electron spin resonanee datà sbow'tha.t f~marate . ' 

ine reues the Cu2 + ,sign~ 1 of the enzy~è (Friedman and Kaufman. 19.66); 
, " 

this c'ould be by a fumarate-ind~ced change in'l:he conformation,of the 

enzyme' or a fumarate":dependent ·change in the' 1 igand field surrounding 

the enzyme-~ound copper (Craine et a~., 1973).· 

I.A.3. Struc ture 

DBH is contained in the ,ehrot«affin cells of adrenal medulla 

" 

adrenergic neurone (Pot ter 

blood plasma (Wein8hill~oum; . '} 

, __ -~L--~-~ 1 

(Kirshner, 1957), in peripneral and central 
\. ' 

and Axé1rod. 1'9(3) and in a soluble forin in 

and Axelrod. 1970). 

The enzyme ha,s been purified frPDI bovine. sheep, and rat adrena l 

'glands (Foldes et al., 1972; Rush 'and Geffen, 1972; Grz,anna and Coyle • 

5 
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1976). from hu1Dlln. pheochromocytoma (Stone et aL, 1974), human serum 
/ . 

(Miras-Portugal et aL, 1975) and 'bovine brain (Matsui et- al., 1982). 
, ~ 

Based on sedfmentation equilibrium data bovine adrenal bBH has a 

moleè~lar we1ght of 290,000 
/ 

(Friedman and Kaufman, 1965). 

SecÙmenta,tion eqùilibrium in the presence of guanidine-HCI or guanidln~-
• Ilel and die~hYlt~ocarbamate has been used, to, determ:i,ne the. molecular 

weight of the enzyme subunits. It has been calcu1ated from theae data 

tha.t thé mo'lecuIar weight is 1.6 x 105 for nonreduced and t.6 x 104 for 

reduced '~nzyme. Thl~ suggests the existence '15f 4 subunits, two which 

are linked by covalent disu1fide bonds- and tvo 1)f which are 11nked by ,.;-

. noncovalent bond~ (eraine et a1.., 1973; Foldes et a1 •• /1973). 
, . 

Electrophoresis on sodium dodecyl sulphate (SDS),..rpolyacrylamlde gels 

gives values ln agreement vith thè)previo~s e.xp4ilr~ment8. A single band' 

b -obtained in SDS and urea-containing gels, ,indlcating the pre~en~e ,of 

s1ngle.'species (monomers) (eraine et aL," 1973). This model of DRR is 

widely aocePt:ed (Frigo,n et al.,~1981). FaIdes et al. (Fol~es et a1., 

1973) treat~d enzyme p;eparations from l)ovlne adrenal medulla with' 
, ., ,. • 1 ". ...' t ... 

either ~ M urea:or D.i: (wJv) SD~, and obtained dis$oci'tiori of the 
- • j • " 

, 

enzyme 1nto three similar subunits, è.ach of molecular we:light of the 

order "of 100,000. 

Th~tsubunit structure of a membrane-bound form of DBH fro~ bovine 
. . 

adrenal-ntedulla chromaffin granules has been investigat:ed by 

" immunochemical and electrophoretic techniques (Helle~ 1971 ~.b). ',The--­

soluble and bound enzym~s have similar molec,ular weights, v,h. 290,000. 

The bound enzyme can be sdlubil1zed with deter,gents.' RelIe claims that 

th~ two types of the enzyme contain six subunits 6~ld toget~er by 

electrostatic bond~ Urea o~ SDS did not ,bave any further dlssociating 

6 
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effect: on the three subunlt~ (Foldes et al,., 1973). 
( 

1. .A.4. F.orms 0 f DBH 
-~ 

, , 

, . 
.1 ' 

DBH in ehromaffin granules of the adrenal medulla occurs 50% in'à 
, 

water-soluble form and 50% in a membr:ane-bound f0I'1! (Smith ~nd' Klrshner, 
, , , 

. 1967). These two forms are simllar in"lmmunoreactivity (Goldsteln et 

" 
al~; 1965; Skotland and Flatmark, 1979), mobi11ty during polyacry1amide 

gel el~ctrophoresis (Hortnag1', et al., 1972) and in their bindlng 

affinity for various substrates (Brodde et al., 1976). Some dl.fferencea 

have b~en reported in regard to: (i) Arrhenius kinetics depicting 

d1acontinuities ln the temperatur~act1vlty curve~ (Aunis et al.,'"' ~lg11)-; --
>Ri 

(U) detergent blndlng'(Bjerrum et' aL, 1979~; (11i) am'phiphil icHy by 
A • • 

dharge-shift electrophoresls (Wink1er et al., 1970); (iv) altered 
( 

mobility by SDS gel eleetrophoresis (Sabban et al., ,1983); (v) the 

presence 'of extractab1e phospholiplds, espec1ally'phosphatldy1serlne or 

bindln~ of the enr;yme ta synthetic'l1pids (Saxena and Fleming, 1983); 

and (vi) the presence of extra, hydrophobie peptides ln ,the bound form 

(Slater et aL, 1981). However, there are g;reat slmilari HeB in the 

primary structure of the two forma of the enzyme in huma.n and bovine 

adrenal 8S reve81~d b~ amino acid analysis and tryptlc peptide mapplng 

(Sokoloff et al., 1985). Perhaps, differences in secondary or tertiary 

structure deterniine the differences in' binding to det:ergents or 

m.embranes. This has ,been shown for other enzymes, such as lactate' 
1 

dehydrogenase (Kimura and>Futai,.,l97,8) and pyruvate oxldase (.Schrock ancil 

Gennis, 1977).. 

1.A.5. ~inetics ( " 

, 1 

Tyramine is a b'etter substrate for the enzyme ~ vùro than is DA 

or p~enylethylamine (Molinoff et aL, 1971;, van der Schoot a~d 

Cr,;veling, 1965). The ap'parent Km value~f ~he enzyme for tyramine,' 
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. à.cotbate and fumarate àre 2.0 x 10-3 M; 0.9 x 10-3 M; and Ow6 le 10-3 M 

reapectively,(Foldes et al., 1973). Km values' ranging from l.i'x 10-~ M 
. , , 

to 7.0 x 10-3'M have a1so been.reported for the ~ilzyme with tyrBm~ne.: 
., r 

(Be1p~ire and ~aduron, ·1968). The hydraxy1 alian proceeàs by a ~ping-
ponf mechanism (Goldstein et aL, 1968; Fa1des et aL, 1972). ~eithèr, 

. ' 

AD nor NA has a,ny inhibi-tory effect on, 'the enzyme activity in vitro at 

an, of the _concentrations tested (.Q'.2-8.~ mM). Ad,di tian of low 

C'oncentratlons of cupric ions stimulates the catalytic aeti vi-t-y up to an . , 
optimum concentration around 0'.03 mM. !\bc;>ve this, inhibition is' 

Il 

qbserved (Faldes '.et aL, 1973; Go1dste1n and ContJ;'era. 1968; MO,Hnoff et 

al.; 1971; Coyle and Àx'elrod, 1972). 

1.A.6. Ascorbic aeid as cof BC tor 

1 

The best document,ed specifie ra le for ascorbate ia in nervous 

system tissue where'it functions as cofactor ,for DBH (Friedman and 

" ·Kaufman, ,1965). This enzyme reqùires an e1ectron donar; Bsco,rbic aeid 

'serves in this eapacity (Levin et aL, 1960). In fact, recent ~tudles 

have suggested' that ascorbate can madula'te neurotransmission; that ls,. 

ascorbate inhiblts dopamine-sensitive adenylate cyclase in vitro (Thomas 

and 'Zemp, 1977); blacks amphetamine-induced stereotypie behaviour in 

rats (Tolbert et aL, 1979); and inhibits the binding of neurotrans-

mitters to their reeeptars (Leftl1e et aL, 1980). . , , 

The physiological role af ascorbate in beta-hydroxylstion is 

~upparted . b~ (i) the presence of. high eoncfPtration of thls vitamln in 
, 

chramaffin vesic1es (Ingebretsen et al.,'19aO)j and (1.1) the fact that 

primary cul turès af bov ine adrenamedul'1ary ee~ la accumu1ate 8scorbic 

'acid and release ft under stimulation by n'leotine along ,wlth cate'chol-, 
~ . 

~nes ('CA) (Daniela 'et. aL, 19..82). Thi's, rele4se i8 '8 C82+-~ependent 
~ .. ' 
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process. Thus. ch.roinaffin cella htlve a mechanism to accumulate a8c~rbic 
, . 

'acid at the Ei1. te of DA beta-h>,droxylation. The vitamin, would be, taken 

up trom the circulation and could be conserved durlng physiologica;L 

function through the putative cytoplasmic regeneration system (Diliberto 

and Allen, 1980). 

l.A.7. Inhibitor8 

Several substances inhibit DBH. Diethyldithiocàrbamate, a well-

known copper-che1ating agent, is effective in vitro and in vivo 
\ - '-. ---

(Goldstein e-t aL, 1964). [bls-(1-MethyI-4-homopiperaziny~-~ 

thioc8;rbonyl)-diBulfide] (Fla-63) and methimazo1e act by the same 

• 
mechanism (Anden and Fuxe, 1971; Stolk and Hanlon, 1973). Fusaric ac1d 

(S-butylpic01inic acid) and severaI of !ta analogùes are patent 

inhibi tors in' vitro, apparently acting by mean~ other than, copper-~' 

hinding; they have hypotenaive actlo~EJ...2I~d~l<a et aL, 1969, 1973). The 
-----------~~-

inhibition by fusaric acid 18 uncompetitive with the substrate, but 

competiti'l1e vith the ascorbic acid cofactor. Substrate analogues, such , . 

a8 ben~yloxyamine and benzylhydrazine, are al~o potent.lnhlbltors ln 

vitro (Hidaka et aL, 1973). 

Because Cu 2+ at the active site of the enzyme undergoes cyclic­

oxldation a,nd reduction (Fr1e,dman and Kaufman, 1965 ~ it 18 thought that 
, Q 

the a'cti"on of at 1east some inhibitors ia exerted by interaction with 
~ 

Cu2+ (Nag~tsu et aL, 1967, brcutt and M~l1noff, 1976). The Inhi bitlon 

r-
of a~renal acti vit y 18 reversed by N-ethylmaleimide and by Cu2~ (Duch 

et a1., 1968). 

1he observation that little or no DBH. activity i8 present ln' 

homogenatés of adrenal glands, but ,does show up in'fractions orthe 

homogenate, led to the suggestion that some. native subst~nce Hmita..;the 

hydroxylation ~ ViV0 (Creveling et al., 1962). Indeed, endogenous' 
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'inhibito-ra of DBM exist in lIl&oy tissues (N~gatsu et al:," 1967). 

Endogenous inhibitors of this enzyme have been purified from he.t­

denaturated hOlDogenates of heart (Chubb et ai.! 1,969) and froll bovine 
, . . . . , 

adrenal inedulla (i;agatsu et aL, 1967; Duch et al., 1968). ,It has been 

thought that the inhibitor.s could be glutath'ione and. cysteine {NagatBu 

et al.! J967i.Duch et ai.; 1968). H'owe"~er, depleti'on of glutathione .. 
. . .. 

v'ith di~'thYlmaleate dops not complete ly elimiÎ.n~te inh~bitor-y· ... cÙ.vit~ in 

h(QOgena~es3 of adrenal.· S'land (Orcu~t an~ Molinoff, 1976)., ,The8~ au~hol:8 
have r~p~rted difference~ in the endogenous inhibitora from' several ·rat 

.organs. e '. 

I.A.8. Metaborie c léarance 

.oBH ente·ra the circulatory compartment with the sympa-tltètic 
, , 

neurotransm,itters 'presumabl>: after exocytotic release 'from netve cells ~ 

(Smith et: La1., 1970i Weinshilboum et.aL, 1971). Studies of serum DBH 
, 

activity and its relatioRship tQ netvous function ln li vatiety 'Of 

'species show th. t circu lat ing leve la of DBH do not corre late with 

sympathetic neuronal activity (Kopin et al J 1976). This failure of 

"serum DBH' activity to ref,lect acute changes in' sympathetic nervous 

system activity" is well illustrate<;i by studies i~ il'l:sulin-induced 

hypoglycemia {Nisu1a and Stolk, 1978) and in subjects with signa, and . , 
symptoms of" altered sympathetic activity followed longitudinally 

(F:riedman and Sto lk, 1978). Actûally the, DBH level in serum reflectS 

the bal ance between. the rate of entry inta the serum and the rate of 

per iphera f disposaI, 80 ,that attemp ts to corre late DBH sc ti vit y with,' 

" 
"sYmpathaadrenal function without taking' in account the disposa-l pathways 

will be unsucces(!ful. 

There is aiso. uncértainty ~bout the turnover· rate of DB». The use 
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of i.~\lnochemical and radiolabeling" techniques shows that the ha 1 t-life 
, '. ~ 

of DaH in 'thé "t'at ,is\re lat i,v e ly long (3-5 ~ay.). Thuel IGrzanna and
v 

Coy~e 

~1977) obaerved th~t ,the inj~cti<m of anti-rat DBR antiserum into rata 

" causes a· rapid e limination of DBH, activi~y' ,from 'the circulation and they 
\ ~ 

" 

calculate the turno'ver in the ae~um by. the, rau= ~f reappearance of 

circulating DBH. 'Geyer and Schanberg 0'982) obtained tli~il,ilr values 

w,ith rafi,i,oi.odinated DB}!. use~ to auess the ,turnover 'rate of " 

chculating DBR acti-vity in thé rat. This method has been criticized as 
" . , , 

, 'iavalid. by Stolk'.' He and his" c~lle~~~es have employed "II' pulse-dose of 

ho~~lôgous or' he't:e~ol~8ou~ DB!{; v'ith m'easurement of its rate of 

dittappearance (Sto~k et aL, ,1980j Burst et al., 1982) •. R.fs stu~ie8 of . ' 
'the 'kineti~B of JII~tabol ism o.f rat and boviné 'DBR in the rat (Stolk et 

- . 
al.; 1983) indicate tha't,the ,time-frame of turnover of enzymstïcally 

ac ti ve DBH i~' hours. no't day •• · 
, ' '1 : 

ln other. experiments the enzyme has 

been, infused at a constant ratè into the rat circulation (Stolk et al., 

" -'198,3).' Metabolic clearanc~ races ~ith the two Pfocedur~& - constant 
" , 

" 

ïnf~sion an? pulse-dose· technique - were .. imilar. Injected DBR activity 

W'as cleared at the rat~ of l ml/h'per 100g body we~ght for ho,molo$'o~s,' 
. . 

and 8~I/h per.lOO g body weight for heterologo,ù.s enzyme, with a me sn 

·transit time of about 8 hours. 

"" l.A.9. M'ethods of determining DBR ac.tivity 

The ~arly assays used tb measure DBH ac ti vit y vere t.ime-col;lsuming 

'. and relativ-ely insensitive. ' One of the most common methods lofas ba.ed on 
1 

the measur~me'nt of 'the beta--hydroxy lated, p'roduct of DA or tyrsmine' 
" 

(Crevelin.g et a1.~ 196,2). NA formed' from DA co~ld be me8sured fluor~­

metically or chromatographically (Levin et al., 1960). Oetopamine 

Ïormed fr?m tyramine could be cleavéd vith perid4ate t:o yie,ld ..e.-blydr?x!­

benzalùehyde; this product woul~ then be measured spel:tr()photomètricslly 
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or raÙom~t,rically (PÏ'sano et aL, 1960; Friedman and Kaufman, 1965) • 
. 

Be-cause of their low s~n8itivity these lIIethods ate useful only in the. 

adr~nal gland (Nagatltu et al., 1968), which is rich in DBH. ~n improved 
• 

spectrophotometric a'ss.ay (Nagatsu and Udenfriend, 1972; 'Kato et aL, 
8 . 

1978) has a sensitivity of 250 pmo1. Acti"l1ity ~alues with this method' 

are ,Vmax, because i.t is carri$td out st saturating concentrations of 

8ubst'rate (20 mM t,,-ramine): 

Som~" of the radiometric ahays are the following: '(i) Levin and 

coworkers (Levin,et al, 1960)'reported a'meth~d that uses (1-

14c::)dopruÎliùe, as subst,rate. The product of the r~a<:tion ia cleaved to . ' 

yield 14C-formaldehyde and separated by dimedon precipitation. (iD The 
• cs' A-

, " (. . 
method of Pisano -and"colleagues (Pisano -et aL. 1960>. makes use of 

(j-ing-3IOt,rami~e as the. slJblt,trate. which product of the reaction is 
, . 

8ubmitted to; perioidllte C'leavage ta produce .E,-3H":"hydrox)'benzaldehyde, 
o' l" 

separated by,,8~lven~~ion. (HO In Creveling's as_ay (Creveling 
,.. , ~ .----P 

an,d" .Dal!,~ ,1_~65)'. ~ ,~_33Iètyra~ine is th~ sUbstrat1e.'à The 3~OH f~~ed .i.s 
,\ . ~ 

,ob~a,ined by s,eparation' through Dowe'x-50 res in. (i v) The methoç of' 

",o~inoff (Molinoff et al~, 1971) is explain~d in det:ail below • 

. This r.di~aS8ay. developed by Molînoff (Molinoff et al., 1971) is, 

bighly specifie and even more sensitive than the othe.rs (30 pmol) and, 
" ,,' , 

ORéê the conditidns are es_tablished. the method 18 ~apid and conveni~nt. 

The assay invol vès two reactions: 1. Tyramine is beta-hydroxylated by 

DBH present in the 8upernatant of adrenal glatld homo~~~ 2.' 'The 

octopàmine formed ,is labeled with 14C-SAM to form synephrine, eàtalyzed 

.by phenylethan,olami,ne N-metl1yl transferase (rNMT).,par~ia 1.ly purified frOID 

- bo'vine adrenal medu lia. The final radioactive product i9 separated by' 
J 

sol,vent ext~action and ies radioae-tivity is determined. l'he maxfmal 
' .. " 
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activity of D~H in adr.enals is ... 1.ncreâsed ~o sOIIle extent 118 the dilution . 
of th~ 'homogenate 18 increas~d, probably. due to the' di.lution of 

endogenous inhibi tors (Molinoff et al.. 1971). Therefore. c~r1.c ions 
1 .".0\ ! .. ' . ;. 

(Molinoff et al., 1971-) or N-ethylmale1mlde (Go 1ds teln...:l'" 1) lIUSt be 
( 

used in tbe firat step (DBR reaction) to inact! vate the Inh1brtors. An 

opt.1mal concentx:atlon of Cu 2+ has to be determined~ 'aecordhg to the 

dl.1ution of the. t:1s8ue. Higher concentrations o'f Cu2+ are necessary for 

more concent'rated hOlDogènates. ~ EDTA added in· th~ second ,step chelates 

,thé' excess ~f Cu2+ anl! favo;li the PNMT reaction. 

Two factors ar,e respons~b1e for the high sens~tivtty achleved' vith 
-.... 1" 1 ~ 

thé 'Holinoff me chod: i) the abili ty te> I1ss'iy DBR at substrate 

concentrations above the Km (2 :Km), and 11) the use ,of a parti'a-l.ly' 

purified enzyme in the second step, Bowever, tyramine inhibits the PNMT , 

reacUon and 'DBR can' not· be saturated vith the 8ubstrate. Therefore, 
~ 1 1 Q'" • 

values obt'a~ned by thls proced.ure are n9t ma~imum vd'ioc1ties • . 
Recently, htgh ,performance 11quid chromatography (HPLC~ has been 

, .. . 

introduced, inl the a88ay· of .'Iadous bioact~ve ,,~ubstances, beeause of lU 

simp1 ic1.ty. specific1ty and sensltivity (Kissing~r, et ,al., 1981). 

0' Hethods tG aS~8ay DBI{ by HPLe Jilth f;uorescence detectlon vhen 
. , 

tyramine 18 the subs'trate (Uatmark et aL, 1.978); "with ultraviolet , ., . ~ ~ 

, • 0 

s,pectrophotometric dêt~ction when DA is the subst-ra te (Lasala, and 

C08c1a:, 01979); a~d' with electrochemicàl det:ection 'when. DA 18 8ubstrate 

(Davis and Kissinger, 1979; Sperk et aL, 1980)'have be.en.reported. A 

more sertsitive HPLC m!!thod ~a8 also been reported, in vhich NA forllled 
"', 

f:rom DA f,s l'solated by a double-column procedure. , 
, 

This,method, has a 

sensitivity of 30 pmol, which is comparable to the rad!.ometric assay. 

and has, been used for determination of DBR in cerebr08p'~na1 fluid 
,1 

(~a~sui et al., 1981)~ " 
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the problem wl,th HPLC metbods 18 that one must use an exceu.of 

subatrate to ensure zero order kinetl, with respect to substrate. 

Bence when the reactio~ i8 stopped a cons:1derable ambun&: of unreacte4 

subatra:te. remains. 
, , 

In the method with DA as substrate thé hydroxyl . ... ' ' 

~ , 

group in the beta pOS1tion,_of the side chain has a Ial\ge effect in 
• 0 

redll~:1ng ~he hy~rophobic'1ty' of NA relative ,to DA; Ithis 'Ù, especially 

important in rev,ersed phase HPLC ,modif:1ed with ion-pair reagents.' 

,..Resol-ution of the two _ compound's la accompIiàhed wi th a difference of 10" 

,-h in reteritlon tim~s., Thus, one is obl1.ged to wait for the DA to be 

elu~eà befort; another"sample c'an be injected. In additio'n, the larg~ 

• 

,. ,~ , 

amount of DÀ (subatrate) 1njected ov-erloa~s the column and saturates the 

output 'of the' detector. These Iast problems can be', resoi ved 
~ - t. " 

hy 
\. - , , l 

ut1l'izing split cOlUmn',chroDlatography (Davis and Kissinger, 1979). . , This 

:lnvo'l 'l'es the use of two short co.1umns instead of a fliingle longer one; ,a 

v~l ve betwE!en the two column's la opened for DA to be wasted: 

\t Deapite advant'ages of., the HPLC methods, the radioenzymatic method 
, , ~ - .. 

of Holino~f (Molinoff et al, 1~71) offera, facile operation, 'apecific:Lty, 

sena1tivity and rapidi'ty, and ia ideal for DBH determination.· It wa's 

selecte~"î~~)the work described in tltis thesis. 

I.B. Phenylethanolamine N-methyl ttanaierase 

, Phenylethano1amlne N-met~y1transfera8e (PNMT, EC 2.}.1.28h the 
,.' • 1 

enzyme that catalyzes the conver9~oti of NA to AD (Kirshner and (;oo'qa1.~, 

1957; 'AXe1I'od, 1962) la hi~hly localized '~n the adrenal' medulla l?ut 1s 

- ' 
also present in the CNS (Ciaranello et a1.,\ 1969; Saav,edra et al., 1974; 

, 
H3kfe1 t et al., 19.73; Yu, 197.8). This enzyme was tir'st reported. by' , . 

Kirshner and Goodall ~ (1957> t9. oecur in the a,drena 1 'medùll,iil ând t~ use . 
s;.. SAM às methyl 'donor. Axelrod (1962) purifi~d the enzfoe f\lrther. PNMT 
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acts upon' a variety of phenylethylaminetl, but .these require a hydroxyl . 
group in, the beta posf.tion of the ·s.i,de chain. The m01ecular weight of 
~" . 

Il ~ , ", 

PNMT, by Sephadex chromatography, ls 38,000; nb co factors are need~d 

(Connet,t and, Kirshner, 1970)" 'i':itration 'of the ,enzp1e -with 2.­

hydroxytllercuribenzoate showed that th'ere are 8.5 moles 'of sulfh~_dryl 
'L.. .. '~ 

groups, but ooly two are essent'ial for. catalrtic activity (Connet and 

/ Kirshner, 1970).. Kinetic analy~d8 reyeals a ocomplex reaction mechanism 

wi-tJt random binding of sub8t_~ates ('Connett and Kirshner', 1970) or 
, ~ ; , 

, pre~eren~~ of SAM as the hrs ~ !Iubstrate bouqd (Pendleton and Snow, 
1 

1973). The method of determination deve10ped by Axe1rod (1962) is based , 
% . 

on the" incubation of the enzyme with normetanephrine and 14C- SAM • The 

N-methY,l-14C-metanephrine formed i8 extraètea int~ a mIxture of t;<>luene 

and 1soamyl alcohol at pH 10 a.nd the radioacti vit Y in., the sol vep.t Is 

measured. Octppamlne c~n also be us~d as substrate (Dta~ Borges et a~., . -. .. 
1978; Yu, 1978). A lIPLC metho4, has been usc::d for determining PNMT wi~h 

~ \ 

~'as substr!lte and wi th e.lectrochemi~al detection -of the pr.oduct 
f 1 _,' 0 

(Borchardt et a1:,01979]': 

l.C. Regciiafion of': çatecho1a~ine biosynthesis - .. -
CA ar~. synthethed, stored and released from the central nervous 

, ~ 

s)rstem (CNS); sympathetic gangl~:a, 8ympat~etical1y' innervated organs ~nd 

adr~nal me~ul1a. Under, physio,loglcal conditions the c(jncentration of 
, , 

tis~e CA does not change app,reciably. Increased syulpathetic activity 

causes aecelerat;1on in synthes1s and release of CA in sympa'thetically j. " .. 0 

innervated structures and,a'drenal medulla (Bygdeman and von Euler, 1958; 
" , 

~1.~1ner et aL, 1973). 

(TB), 

. ' , 
Fa,ur enzymes are invol'ved in ,CA blosynthesls: tyro'sine hydroxylase 

t ' 
DOPA decarboxylase (DDC)., D~H and PNMT (Figure 1). The enzymes 

, l ' 
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invol ved in CA metabO'lism ar,e ni:onoamine o'xidase and ,catecholamine 0-

methyltransÎèrase (Figure 2) (Cooper"' et aL,' 1978).J 

TH is a soluble enzyme located in the cytoplaam of ce1I bodies and 

nerve endings. It is generaliy considered the rate-limiting st.ep. in CA 

biosynthesis (Lèvitt et aL, 1965). The 3,4-dihydroxyphenylalanfne (L~ 

DOPA) produced by TIl is rapidIy deccîrboxy lated by DDC, o~ aromat~c amlno 

ac1d decarboxylase, which is also a cytoplasmic enzyme (Sourkes', 196'6). 
• 1 

, 
The DA formed i~ 'stored 1n the dopaminergic neurons. .In 'the 

noradrenergic neurons, DA is taken up by the storage gratlules and la 

hydroxylated by DBR (Kirshner, 1957; Livett et al., 196~). In the 

adrenal gland and in the CNS, NA leaves the storage ves1cIes to be N- , 

methylated ln the cytoplasm by PNMT (Axelrod, 1962; Ciaranello et al, , 

1969) • 

The in t racell ular concentra tion of NA ia of the order of 10-4 M 

(von Euler, 1967), and is thus or the same magnitude as the Ki of TH for 

NA '(Musacchio et aL, 1973). Cyt?plasmic reduction of DA levels 

produces' an increase in DA synthesis by th~ release of a feedback 

:lnhibition of TH (Glowinski 'et aL, 1973). The ,administration Qf 

c 

pargy11ne or phenipl"azine, two monoamine oxidase Inhibitors, 'produces an 

elevation of DA lëvels with a marked reduction of thé Accumulation of , 

3H- DA from 3s-tyrosine, ani of the activOity of TH (Javoy et al., -1972). 

However, tyrosine administration increases ~DOPA to a }na 1 1 extent in rat 

brain, and tr-eatments that decrease brain ty~osine decrease DOPA 

accumulation (Wurtman et aL, 1974). This -indicates that TH ia about 

75% saturated under normal conditions (Carlsson and Lindquist, 1978) • 

A short-term stimulus, such a~ a brief increase in 

neurotransmitter util12;ation, produces a release of the feedback 
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inhibition on TH, and a subsequent increase in enzyme activity. After 
.f 

prolongeCf' au~entation of activit; in thé CA-containing systems 'there ïs . ,-

an increase in the enzyme aC,tt v i ~ies, mediated by an ioc,rease in the 

rate of synthesis (Musaéchio et aL, 1969; Thoenen, 1970; Reis et aL, 

1974; MoUnoff et aL, 1970; Ciaranello and Black, .1971). ~ 
, . 

~Recent data suggest' that phosphorylat~on of TH is -a pr!mary 

cellular mechanism fQr the control of TH actiyity. Cyelic AMP-dependeùt 

1't'oteit,t kinase (kinase A) phosphorylates and aetivates the enzymé in' 

vitro (Vu1liet et aL, 1980). Physio1ogiea1 aeti vatioQ of the 
.. • ~ ~.iJ. 

adrenergic system produces kinet.tc' changes of m- similar to, those seen 

, in yi tro (Masserano and Weiner, ,19,79). Other inv~stigations havé 
-~ , 

indica ted 'that the cofae tor for the hydroxy latio~ of tyrosine, L-
~ '. - 1 

erythro-tetrahydr()bi6ptedn (Kaufman and Fisher, 1974), 18 il,1lportant . .for 

the' biosynthesis of :biogenlc monoamine~ and, that monoamines may :fn turn 

regulate the biosynthesis or the pterin cofactor from CTP (Nagatsu., 
t. 

t·9~?). Thu~. ,there is mut'ua1 regu1atlan between the biosfnthe~iB of 
' .. 

biogenic ~ines and th~t of the b'iopterln cofactor. Drugs that increase 

NA in vivo inhlbit CA sYJlthesls and addlng pteridine cofactor to the 
, . 

preparation reverses the effect ,(Weiner et al.,.- 1973). 

Al though TH is the rate-limitlng enzyme in the, biosynthesls of CA. 
. , 

DBH seems ~ play an" important ro1e in the regulation of NA bio-

syn~hesis. Disulfir~, a potent inhibi~or of',DBR in vitr? and' in .!!!.2 
- . , -

(Coldstein, 1966; Goldstein and Nakajima, 1967) causes ,a rapld and . , . 

marked faU in endogènous content of NA in brain and heart and ele'iates ,. 
endogenous DA.' This inhibitor blocks the replenishmen't of NA stores 

af.ter depletion by reserpine (Go1dstein and Nakajim:a, 1967). In a Ume-

course study, dhulfiram prclve'd more effective than alpha-.thy1-.E,­

tyrosine (AMPT), an inhibitor of TH, in decreasing NA in brain 
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(Galdsteln and Nakajlma, 1967). 

i 
'l.D. Short and long, ~ stilDlllation of CA biosynthesis., Molecular 

c~al'acter1st1cs of tyrosine hydroxylase, dopamine beta-hydroxylase and 

ehen~lethanolallÙ.ne N-methyl transferase 

Acute stimulation of the splanchnic nerve increaaea botq the 
. , 

releas~ and th~ b!osynthesis of CA in the adrenal medulla (By,gdeman and 
1 

von Eule.r, 1958). Recent data auggest that the phosphatyiat1o~ of TH ia 

primary in tllis effect. cAMP-dèpendent prptein kinase (kinase A) 

phosphorylate,s 'and activates the "'enzyme in ~ (Vulliet et al., 1980) 

a.nd in ~ (Masserano and We1ner, 1979; Waymire, 1984). Direct 

stimulation of the splanchnic nerve also activates adrenal TH (Vulliet 

et aL, 1984). 

Chronic stimulation Of the splanchnic nerve leads to an increase in 
. 

... 

~he synthesis of enzxmes of CA biosynthesis, TH, DBH and PNMT; they' 

lncrease in activity in a coordlnated faahlon (Ross e~ 1978, 1979). 
, , 

Thi~ suggests that simi lar mechanl'sms control the regulatlon of the 

genes cading for these enzymes. On the other hand, the thr~e enzymes 

are ,oft expr?ssed ln aIl CA. neurons; this would mean that se~rate genes 

code for each enzYl!e' an!! that the separate genes are independeotly~ 

expressed. Aminoacid analysis and, peptide mapp1ng of the three enzymes, 

show that they sbare common proteln domains in their primary structuras 

,(Job et' aL, 1981). Immunochemical and structural analys18 of CA­

synthe~izing enzymes implies th4t they'may also share common gene-~odlng 

" sequences. cDNA cloned for each enzyme-cross-hybridizes with mRNA of 

the three enzymes (Joh et!) al., 1964). Joh has' proposed that the 

homologies of these CA enz}'IIles gene-codiQg ~egions may be the result of 

duplication of a common ancestral gene, follawed ~y divergent evol"uti?n, 
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though with conservation of 'sequences essential for catalytic activlty 

l.E. Transsynaptie linduction of adrenal enzymes. Mo1.ecular < 
mechanism 

In,their studies of the transsyn4lptic induction of TH Costa and 

,Guido~t~ (Guidotti and Costa, 197~; Costa, 1976) showed that the 

aeti vation' of nicotinic recept&'rs produces an increase in cAMP and' 

protein. k1nases. The~e prote!n kinases are taken up into "the nucleus 

where they promote the production of mRNA; this increase~ the rate fit 

synthesis of specifie p~oteins (Joh,1973). Reserpi,ne administraào~ 
produces the transneuronaJ. induction of. adrenal 'rH (Thoenen~ 1970)' and 

-
increases cAMP (GuidotU and Coata, 1976), protein kinase activity 

(Iuse-1, 1975; ~osta and Guic:lotti, 1978) and m-lfRNA (Mallet et al.~ 
. \ . 

1~8). Immobil1zatlon stress (Paul et aL, 1971) and cold exposure 

(Guidotti et alo, 1976) a1so elevate' cAMP levels in' the ~4r~na~ gland of 

the rat. .Denervation of the g~an4 blacks the_ increases of TH actlvity, 

cAHP and protein kinase activation (Guic;lotti and Costa, 1973; Inse1, 

1975; Guj.dotti et al., 1976): In chrbmaffin cell .cultures cAMP induce" 

,TH (Kamamura et al., 1979). It ~'as been proposèd that phosphorylation' . 
of acid~c proteins eoûld inhibit the chr01ll8tic -template restriction and 

increase the syntheS'is of specifie RNA '(Cos.ta and Guidotti, 1978),' 

l?F. Re1ease of CA from the adrenal medulla --.,---
1 

-'- Thé adrenal m~dulla 18 composed largely of chromaffln cel ISe T1;lese . . 
cells -have no terminaIs, but receive inrierv-4lti~'n trom spinal' cord 

\ 

T9-T ll " branch of segments, through the adrenal the sp1anchnic n~'rve8 . 
(Hillarp. 1947). ACh 1s the phy's.1o 1 Qgical medlator of excitation of the 

~ 
: ' 
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. , 
adrenal medulla (Feldberg et aL, 1934; Trifaro et al., 19.12; C~sta et 

aL, 19{H). Nicotiniè and muscarinie receptors are present (Kirshner and 

'Vl'\1eros, '1972). ACh causes dep~larization o{ the plasma membra~e\n the-, 

'abse.nce of Ca2 +, but, secretion occurs only. in t~e pr~se'nee of that' ion 

(Dougl,as, 1968). External Na+ ia necessary also, probably to effect 

çhanges in membrane, pot.ential (Banks et a1., 1979). Finally, ,a 
, 

lI!etab'Ollc source of energy ie necess'ary (Kirshner ~nd Smith, 1969). 
" , 

" '1. 1 ~ " 

Re1eas~ of CÂ from the adrenal medu11a occurs by ex~cytosi8, a proces~ 

in which ~he content of'~he adrenal storage veaicles is released t~ the 

exterior, leaving the membrane of. tlle vesic~e: within the cell ( ~oisner: 

and Trifard, 1967; Viveros et al., 1969; Baldessarini. 1975). The 

energy:source for uptake and, sequestratio1n of CA and nucleotides 'fa a 
, '. 
p{oton-pumping ATPase providing a, ~H gradient (low insid,e t~e vesic le) 

aQd a membrane potfi!ntial. Except for the 'complexes b'etween' ATP and CA, 
. ' 

the granule content'is iso-osmotic vith the, cytoplasm (Kirshner and, 
fi • ., ~ 

Viveros, 1972). Studies vith primary cultures of adren~~ medulla have 

-iadlitated the understanding of Bome of these phenomena, (Kirshner and 
, ' , 

V~veros, 1972; Trifar6 aQd Bouner, 1981). The ~ultured chromaffin cella 
\ ~ 
1 

have a s~cretoty behaviour lik~, the cella in the ~n~act gland (TrÎfarJ 

and Lee, 1980). '" 
! 

It has been hypothesized' th!lt in the ,8planctinic nerve ACh éoexlsts 

with opioid pe'ptides and that tf\ese substances. a·re corelea'sed, each 
1 ~'I j 

acting ·on its re8pecti~e receptors / in the 'chr?maffin cella (Sdhl,lltzberg 

et a!.. 1978). 
, . 

It' ~eems that t,hése p~pti.des then mod'ulate. the release 

of CA el icited by th~ acti?D of Ach (Cost. et aL, 1980), by. 
" 

inhibi'ting it. This: innibition' ,is non-èompétitive, 'ànd 
, . . ". ~"'" 

involves àn indirect ~CnB:n_i8m (K~kura et aL, 1980). 

probably 

. . l . ' 

Chroaaaffin cel rs' aIso conta'i'n GABA and benzodia(epiQe receptou; 
\ . 
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, . 
these are 'func_tionally linke'd (C-osta et' al., 1984)., The llction of 

~uscilll01 on CA release is blocked ~,bicucùllinej this suggests that 

GABAÀ, rece~tors oèçur~ GASA ia aaid to have ,an inbibitory action on CA 

'l'elease' (Costa et ~l., 1984). 

I.G. Adrenal cortex, and medulla. 'Re~lation of adr.enal enzymes 

The .• ~ren~ l , c-ort~~ ,is of mesoderma 1 odgin and produces s,t~roid8. 

CorÜc:otropin releasing fact~r (CU), fram' ,the, hypothalaDIua actS' on the 

~nteriôr pituit4ry and stLœu~ates the produc:tiop and release of adreno-
, - , 

, ' 

cOl'ticotropin-' (ACTH) wbich, through the circulation, gets to. the cortex 

and BtimùlateB the, syntheais- and .T~lea8e of glucocorticoids. l'he 

ad relia 1 ~edu 11 a de ri ves fram the neura 1 - cres t (ec toderm) and' ,produces 

CA. There is s<?IDe· evidence for splanchnic ,innervation to tbe adrenal 

~~' ,cor.a;:ex (Unsicker. 1971) and for a neural role in'the secretion of 

corticoids (Henry et: aL, 1976). The adrenal cortex and medulla are 

',intimately re~atèd not oniy ~~1ttomically. but functionally. Por 

e)ulmple,' spl,anchnic innervàtion of the medu~ la is not the only regulator 

of iu functions; ad~enal cortical hormon.es and ACTH play<~egulatory 

, ro":le~ in the :production of lIledullàry' CA (~iaranello. 1980). \ 
~/ 

In r~sponse to stressfui stimuli the adrenal gland secretes CA into 
~" 
~- "-

~llthe 'circulation 'fr?lll- the, medulla, and glucocorticoids from the cortèx.' 
, , 

-Both hormones inù'ease' the avaH'able body glucose by promoti~i 

glycogenolysis and gluconepgenesÎ8. respectively (Pigure 3). Also. NA 

apd'AD hav~ vasoconstrictive properties, and glucocorticoids Btabilize 

epithel~al membranes. 

l.G.l. Humoral control 

The levela of PNKT in the adrenai medulla ' .... e- re~t1C:eé:l in hypo­

~bYleet&mi~~d rats and restored by hydrocortisone or dexamethasone 
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,(Couplarid, '1953; Wurtman and Axelrod, 1966). Also glucocortieoids aeelll 

,to be important in regulati.ng ·the rest~ng acti.vity of other enz'ymes, 

sucq .s TH (Mueller et al., 19,70), DBR <Weinshilboum and Axelrod, 1970>, 
, 

, .. .' 
catechol-o-methyltransfera5e and monoamine,oxidase (Wurtman and. Axelrod1 

" 1966). On1y minor changes in ultrastructure of the a~renal JIledulla ate~-~=~ 
, l\ 
.obser~ed after hy,pophysec tomy (Pohorecky and Rust, 1968). . 

1.G.2. Neural control 

Re,flex 'activation of the splanchnic nerves to the adrenal medulla • 1 .' 
, / 

by agents such as reserpine or 6-hydroxydopamine (60RDA) el vates 
,. 
adrenal TH (Mue 11er et al, 1970), DBR (Molinoff et aL, .1.970) a d PNMT 

, . 
(Ciara~ello \and Black, 1970.' Other" treatment8 such as admin' st:ration 

of dopaminergic agonists transsynaptjcally' increase adrenal TRi (Quik .and 
. , , 

Sourkes, 1976)" and adrenal ornithine decarboxylase (Almazan et al., 
\ • d ' 1f , . , 

1980,). lmmobilization and co l'ci 'st~ess a lao induce these adrenal 

,enzymes .<Th~enen, 1971; Kve'trtansky et aL, .1970, 1971). Direct 

stimulation of the nicotinic receptors on the chrOmaffin cella with ACh 
\. 

1 

(Patrick. and Kitshne,r, 1971) or carbamy1cho1ine.(Guidotti and Coata, 

1973) results in an increase of these enzymes in the rat. 
" 

l.G~3. ~ua.! regulation of dop~mine beta-h'ydroxylase and 

phenxlethanolamine N-methyl transferase 

Studies of DBH (Ciarane Il 0 et al •• 1915) and PNMT (Ciarane,llo ~t 
, D 

al., 1978) by immunotitration and by double labeling of the enzymes ~ith, 

. puls~s of 3H and 14C-aminoacids show th;t these enzym~8 are reiula~ed in 

a dual manner. Both neurona~ and humoral stimuli affect them, but by 

different biocllemical mechanisma: tJ:anssynapti~ factors c,ontroi enzyme 

induction (synthesis) and hormonal control regulates steady, state leve18' 
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(degrs:datlon)'. In contrast tp ~he action of glucocortlcolds or ACTH, 

~hich only'refltore~ the enzymes back to control "levels in hypo~by-

sectomized' rats 
<'/ 

(Weinshil1ioum and Axelrod, 1970), 
Il 

the neuronal 

• stimulation increases them in normal animaIs. Moreover, it has been \ 

shown, that Îsc~rbiC àcid and ~AM, cofactors of DBH and PNMT reactions 

respectlve1Y, prevent proteolytlc breakdown of these "enzymes (Wong and 

Ciaranell0, 1981,- 1982). Both cofactors decrease after hypophysèctomy 

- in t~e adrenal gland (Wong and Ciaranello, 1981, 1982). 

u· 

1.H. Coexistence and interaètion of neurotransmittets 

'M'onoamlne~ are 1oca1ized in the CNS in cel~ ,groups termed ,AI -A12 

'for CA and B1-B9 for serotonin (5UT) (Dahlser8m and Fuxe, 1964). The se 

. " neurons represent cnlya very small proportion of,the cells in the cNs 

(~ahlstr&n and Fuxe" 1964). In areas with a very high concentration of 

CA· fibers only 10-15% of aIl nerve endlngs contain the monoa~ine 

(H8kfelt, 1968). Ihus, other ~eurotransmit~ers could coexist in the 

same neuron or are~ of' the brain and interact wlth each other. On the 

~asis of dyoamic histoirnmunochemistry in central CA and' peptide systems 

H8kfe1t (1964) assumes that thoae interactions could be: 1. Direct: CA, 
-

and peptides co~tact with each other at different levels. 2. Indirect: 

This could occur by separated axo-somatic contact in a th~rd neuron or 

by intermediation of an interneuron. 3. Coexistence: Mono-amines and' , 

peptides coexist in some neurone of the brain. Simultaneous release of 

both neurotransmltters and n~uromodulatora could affect the postsynaptlc 

reaponse or the presynaptic regulation, as has been reported in 

perlphera1 modela (Lundberg et al •• 1982). 
~ , 

In addition, the,fact that some central functions are modulated by 

-several neurotransmitters acting. in a facilitatory ,or inhibitory vay 
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8u:gg~8ts that they interact to modulate thoae function,l in a b4lanced' 
, ( 

•• nner." Some examples of thes, interactions are: 

1) Adrenergic-cholinergic interaction: Evidence' of this typ~ of 
" 

, . 
interaction is as ~0110w8: (i) a noradrenergic inhibitory syste.~ 

, ' 

, , . ~ 

activated by ACh has been reported to be present in th~ cerebral cortex 

, , 

of rat,s (Malcolm et aL. 1967); (H) -ACh ,and SMT' are- éhôwn to hÂVè 

positi ve effects on 'DA re le.ase fram cau,date nue l~us (G~owin~ki" ,1970); 

<Hi), "depletion of striual ACh pr,odueed by reserpine i8 re..versed, ,by 

admini8tra~i~n of L-DOPA (Beani~., et ,al., 1966). 

2) . Serotonergic-dopaminergic interaction: 1hi. in~~raction is 

sugge.ted- in va'rious reports: (i) ps,chc;?tic manifestations produ~ed. by 
~. ~ ) k 

SH'r are reported . to' be deérease,d ~y L":trYP,tophan and p.y ~-DOPA . , 

(~irkmayer et al~, 19~2)~ (il) administration ~f L-DOPA produces an 
.. 1. 1 '.. 1 

r& ill;crease in DA, but also a mark'ed decrease in' brain 5HT (Evere~t and 

Borcherding, 1910; .,Ng, èt al.t., !970>'; 
, , 

Uiil . there is a' centra 1 
, . 

, serotonergic-dopaminergic interaction in- the regulation of adrenal TH 
-( , 1 ~ 

.. ' 

activity (Quik and So~rkes, 1977), in which the DA system ia atimulstory 

. and' SHT i~ inhibitory. 

:n 'Cho 1 inergic-s~x:otonergic_ interaction: The followi-ng evidence 

suPPOt;ts this interaction: (i) 5HT in vic;ro inhibita br~in AChe&t~ra8'e 
l"" " ~' , 

in a competitive aranner (MohaDlDed et al., 1975); <Ü) some ,cliolinergic 

agonists increase 5-hydroxyindolacetic ~cid (5HlAA) , a 5HT metabolite in, 

t~e brain (Haubrich and Reid, 1972). ' ' 

4) Gabaergic-dopaminergic interaction: Iontophoretic application 
" , 

of gamma-aminobutyric acid (GABA) to neurone in the subetantis nigr. 

produces neuronal inhibition of ACh and DA neùrons; thià is' blocked by 

picrotoxi~ (Groves et· al., 1973~ 
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,5) Gsbaer~!t4O"noradrenergiC-Se~'otonergiè intera~1H It has been 

reported that GABA treatmènt lowers NA and rais es. 5HT levels in the', 

brain; 'this' is mor,e pronounced ln the hypotha~amus (Yessaln et al., 

1969) • 

. 6}: Gabaergic-cho linergic-dopaminergic interaction: Picro~oxin, a 
, 

G;ABAA receptor blocker, pr9d.uces an increase Ip. ACh Jn rat striatUJI, 

. which is antagonized by AMPT. It has been suggested that by blôcking 

GABA receptors DA activity is increased ~nd inhi~its èbolinergic neurons 

.1eading an, i~crease in ACh' conten; (Ladinsky et d, 1976). 
oN " .. 

7) Catecholaml1'1ergic-catecholaminerg:!c interaction: Antelman snd 
, '. ... 

o 

. Caggiula '(1977) have described a NA system that when 18 depressed briDgs 
. -

about a facilitation of DA function. 

Other examples specifically related to the présent work are given . 
in the Results a~d Discussion section. 

'. 
1.1. Pathways' of stres$j 

',,7;\~ Wal ter Cannon ln 1911 introduced the concept of homeostasls a,nd '1 

descrlbedthe complex physiologies! reactions that.maintain the internaI 
J ' , 

equ91brium of th~ or~8ms. Cannon demonstrated that, during stress, 
, .... 

AD is released rrom ,the aiite'Rsl glÀnds (Cannotl, 1929); Then, ft was 

recognized that tJ:l~ repeated e"'xposure to certain stimuli resu'lts in 

adaPtative changes in'ord~r ~o preserve the'internal conditions. Selye 
'l, !,. 

Introdpèed the 'con<;ept of' the "general adaptation syndrome" vith , 

. s.,ecial attention to the role of adrenal glucocorticoids (Selye 1936, 

1976). Si~ce then, the hypothala~o-hypophyseal-adrenocortical axis bas 
<.') . , 

, . 
t$ken importance in st~dles of th~ endocrine response to stress. The 

s,tress theory of ,Selye des cri ~ed a non-specific response, but later 

t;esearch has demonstrated the existence of different patterns ~f .. , 
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endocrine reaponse to stress age:nts, so that there ls no single gen,eral' 

response to aIl kinds of stimuli (M~!.~n, 1971) • 

Despite tne fact that changes ln tale adrenal medulla vere weIl 

rec~gnlzed, the role of CA 'il\ stress was tePlporarily forgotten., Wllen '. ,-

.more information concerning the cèntral action of CA as neu'rotràns-; 

~tters vas available, H. was Inevitable that the actio~ of CA ln stress 

research recovered importance. Some laboratorles have- been lntereste~ 

in the regulation, of certain medullary functions, such 'aS DBa and' PNMT ') 

activ1ties ~aranello 1975; 1982-; Wong et a1., 1983). Others have, C'\ 
wor~ed on the mb-recular aspects of the adrenal me'dullary aet! vation 

(Costa and Guidotti, 1978). And others bave 'studt-ed the nervous ,path-

ways regulating tbese funetions and produc1ng' a final' response through 

tbe activation of the adrena1- gland (Sour~es, 198,3, 1985). 

Different types of stimul,i ha~e been used, 'such ,as ImmobUlzat!on 

'stress (Kvetrtansky et' a!., 1971), cold exposure (Thoenen, 1970) ,or ,high 

temperature'conditlon& (Si~onds, 1969), hypoglycemlc shock (Vlvero8 et 

,al., 1969; Patrick a'nd Kirshne~, 1971), hemo'J:.rhage (Cubeddu" et aL, 
. , 

1978).or the action of certain pharmacoIoglc~l agents of known specifie 

action (Thoenen, 19l1; Ho11noff et al., 1970; Lewander et aL, 1977; 

.. Sourkes, 1983). 

Several central pathways can be activated mtde'r pharmacologlcal 

'" stress. C The administration of DA ,agon'istQ (Quik and Sourkes, 1976, 
. ' ". ~ 

1971;'Gagner et al., 1983), ACh agon'1sts (Lewander et aL, 191.7), of .... 
~ 

. rese~pine (Thoenen~ 1971), Q,r ant1serotpnerglc drugs (Quik and Sourkes, 

1971) inèreases adrenal. TH acti vity. Some of these treatments, such as 

administration of reserp1né (Ko11noff et aL, 1970) and cholinergie 
" 

ago~ists (Le1iander et al., 1977), a1so inCTeas~ adrenal DBR activi~Y. 
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The al. of this wor~ la 'to ·shed. light on the interaction of 
'( . 

neurotllansmitters related' to the, dual-regulated ~drerlal enzyme, DBR. 

1.J. Gentral adminisFration of specifie cOlllPounds '\ . 
,. , 

Intracranial chemlçal administration, of drugs is a valuable tool 'to 

exténd 
- .. ' 

and ref1ne the method of eleetrochemical stimulatioJ'!._ The 

advantages of usiog the icv route for drug administration are: i) 

avoidance of the blood brain barrier. in the case of ~.mpermeabllity of - - , , 

certain substances; il) reductlon of collateral effects in the 

.periphery; ~nd i11) restriction of the ,drug action, to specifie brain 

, areas. However, some precautions conçerning the diffusion of the 
. , 

s\1bstance to be adminlstered shoul,d be taken (Girgis, 1983J Lum et al., 
<, 

( 

1984). These are: i) use of, an appropr!ate concentra t,ion of the drug to 

~e injec ted; ii} control of duration of ,the .i!fjeetiol) to avoid 

asymmetric .uptake; and iif) adminia tration of the drug in very small 
• 

volumes to circumscribe its action. .' , 

Microperfuaion with o,smotie minipumps permit,8 the eontinuous 
, 

administration of the cOIIlpound under study (Theevwes and 'tldl. 1976; LÙJD 
" t , 

et al., 1984). ThiS technique off~rs the followi~g advantages: i) 

constant and prolonged admini.stratioa; 11) less' stress of the anlm~l, 
~ 

owing to less hanlling, and lii) mlni~~ (famage of the SNp. beèause the 

injection of seriaI pulses is avoided. In aé!cUtion. much lower dosell 
, 

are 8ufficient to obtain 8 pharmaco.l.ogical effect. in contrast to the 
iIo , • ... 

acute injections of the tested Bubstance. 

.. 
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M.etabolis~ of dopamine and. noradhmaline • 
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Figure 3 

Schematic representation of tt:e humoral 

and neural pathways to the adrenal gland. 
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Inforllla tion conce'rn1ng an 1mal8 used in the experiments and their 

-
treatments. surgica1 an~ histologieal procedures, and PNMT puriUcat:iori 

are specif1~d in corresponding 'Resul ts and Discussion, section. Other 

methods are described in this section. 

2.C. Tissue 

2.C.I. Adrena 1 gland 

Adrenal glands were removed, from a.~~mals deeply anesthetized w1th 

sodium methohexital. 65 mg/kg ip, and placed on Ice. They. vere 

dlsse.cted, extracted from the capsule. and we~ghed. Tissue to be 

analyzed for enzyme assay o,r CA ~eterminat:lon was homogenized 1.n 1. ml of . . ' 

the appropriate solution by mesns of 10 passages with a ',Tet Ion '. 
, ' . 

, bomogenlzer. 

2.G.2. Braf'n 

The brain was removed froll che J3kull of anll1als decapltat:ed after 

sodium mèthohexltal anesthesia. It was coo1ed on tce, cleaned and 

weighed. Romogenization was done by 15 'passages of, a T~flon' hom~gep1zer 
. l' 

ln four volumes of 0.36 N perchlQrlc a~ld, eontaining 0.1% ascorbic' 

acld. The supernatant fraction vaS used for CA or· SBT,"determinat1on. 

2.C.3. Forebraln. and raphe are!! 

Dis~ctlon of forebra1.n and raphe area vas done by th~ procedure of 
, . \ 

Aghajanian et al. (Aghajan1.an '~t al.; 1973)~ The forebrain was obtained 

througb a section from tbe anterior border of the superior colliculi to 

the poster~or border of the hypoth~ lamu,. Cerebe11um wa,s separated from 

the, rest of the braln, after whlch the"1'O~terl~r mldbrain was dissected. 

frOID ,the remaining tissue by a, veri~cal section. through the superlor 

colliculf and 'the pons. Fina~ ly. a block of tissue contalning the rap~e 
, , 

pel'ikarY!l was obtained 'by: L) hor:1zontal sections thro~gh' the cerebral 

aqueduct and t:hrough the lover' 1Il1d}>ra1n, belo'W thé lIledian raphè nucleus, 



.' 

" 

• . , 

'. 
, , 

, . and Z> sagittal sections on either side of the"lateral'borders of the 
, ' r 

central gray areB; alongside the dor~~l and 'medral rap,he n~clei (F~\l1:e 1). ,,' , 

, J 

2:F. Enznne determinations iz,t the adrena'l 

2.~.1., Popamine ~ hydroxylase 

, .' 

~BH waa determined' by the two-~te_p assay of Mol,illOff et al. (1971) 
, . 

(Figure 2) with slight modifications:' Supernat,ant, 200 pl, was added to 
r',< 

120. pl, of the incubation medi~m in a 15-m1 stoppered' centrifuge tube., 

The final concentration of the reactants in the incubation medium were: 

as'corbie acid (pH 6), 4mM; disodium fumarate (pH 6),_ 40 mM;' pargyline, 

0.4 mM; tyramine, 1 mM; CU2S04, 20 pM, concentration filufficient .,to block 
~ , 

endogenous. -i.nhtbl tors for the gi ven c,oncentration of, the enzyme, (l.c~ 

dilution of tissue); Tris buffer (pH 6), 0.03 Mi a~d 1500' units of, 

catalase. The f~rst step of tpe Molinoff assay. ~he DBH reaction, was 

car~ted, out at ,37 0 C for 20 min; at the end of tha't the Sècon'd step.' the 

PNMT reactiop, was initiated by the addi~ion of the follow:tng s~bs,t~nce~ 

ln a volume of 1DO;pl:' 20 pl of a prepar'ation of PNMT, partially 

pudfied from bovine 'sdrenal meflulla; EDTA, 13.5 mM; Tris buffer (pH 

8.6),"1 Mi and 1.7 nmo1 of 14C- SAM (58.2 mgllp~ol). After 30 m'in of 
. ...:-----
~ , 

incubation the reaction wa.J!--B-to-pp~d by the addition of 500 ul Df 0.5 M 
....---------- ~. - -' ---~ :~' ... --~-_ .. ~-

,~~--'- b~-;ate bu~rîo-:~d b;-rapidiy~c.ooling the tubes '0;. ,ice.' T'He 
prQduct, 14C';"synephrine, vas e-x~raeted by the addi~~on of 5 ml of 

, . 
toluene:i8oaDlylal~ohol (3:2, 1j>:.v) and vor,texing for 15 sec •. After 

centrifugation of ,the mixture a t 2000 rpm for 10 min, 2 dll of the 

organic phase vere transferred ~,o scintillation ~ia1s and evapor~ted at 
9 

,70oe. One ml of ethanol was th~n added ,t'o dissolve the r,esLdue, and 

, was followed,'by 10 ml of Liquit'luor"f,or rlld,ioacÙ,vè deteratnatiOn. 
( 

Blanks vere prepared vith substrate ollitt:ed, vith boUed' enzya,e, ~r'w1th 
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3 mM fusarte acid added; these dld no~ vary s1gnlf1~ant iy. Each sample' 
'. 

was prepare~ in duplièate. ;;arl~ti~n be~ween t~em being 1-5%. An~ 

interna:l standard of 50 ng of oetopamlnè vas ',ine luded in al: l 

experiments. Non-dialyied prep~~at!o,n of DBR' vas incubate~ vith var10us 

conceq,tratlons of tyramine, fro,m 0.05 pHq;- 2 mMj' t~e Km for tyramine was 

0.39 mM. The reaction showed linearity tori th the concen tra~ion of the 

enzym,e up to 2.5% (w:v) dilut10n of adrenal tissue. The dilution used 

, in the assays was 2%. Maximal formation of produet was obtalned with 
~ , 1 

20"30')l1 of the PNHT extraet from bovine adrenal medulla. 

Mosf of the .D~H'determination~ vere ,done vith this ~r9ce~ure, , 

however. at thé end of this. work. the as~ay w~~ further modi.fied b~ ~~. ' 

~educing the vol umes ,to one-tenth of those specified above, except for . '~ 
"\ , . 

the partially pU,r1fied 1?NKT solution that was reduced to one-fUth. 

Fin~l.conèentr~ti~ns'of the reactants were mantalned. 
-

2.F.2. ,Phenylethqolamine N-methyl transferase 
" , 

PNMT, w~s determlned b,Y the 'method of 'Yu" (Yu, 1978) with some 

mod'ifications. Adrenal glabds were homogènized with a Teflon 

ho.mogenl~er in 1 ml of ,an ice-cold solution of 0.05 if phosphate' b~ffer.' 
• 

pB: 7.4, 'containing 0.15 H HCI, 0.1 mM dithiothreitol. 'and 1 mM EDTA. 

Homogenates were eentrifuged 'at 10;000.&. for 10 min. Supernat..ant; 20 , t ,,' . 
pl, was added 'to 30 pl o~ the incubation medium. ,The' final 

l , 

conce~trat1'ons of the reactants ~n tbis medium we're:, "~ris buffer (pB 

8.6,)~ 0.1 M; di thiothrei~o 1, ~ pM'; octopa~ln~, 2 1QMj and 14e-SAM • 0.8 

nmo1 (58.2 -IDCi/mmol). 'The x:eaction wàs earried out at 37 0 C . for 30 

min, and'was fol1owed by the addltio.n of 100}ll of borate (pH 10) .. 0.5 

H; ~he 'microtubes cont.aining the 'mixtures \ were placed on tee. The 
,.,...--

~ methylated product, 14~-synephrin~. was '~x'tracted 'by the addition of 500 
\ ') r". 

ul of, toluen.e:lsoamyl a1c?hol.(3:2,. v:v) ,and vortex1ng for 1,5 sec. 
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Aft~r centrifugation,' st 2000, rpm for 19 lI1'ln, 200 pl of the. organic pbase" 

vere transfered to ~c1nt11Iat:lon' viais and evaporated at 70°C. One iiI' '. 
.., 

of ethanol was added to dissolve the resldue, followed by 10 ml of 

Liqul!l~or ~~r radloactiv~ counting. The efficlency of the countlng vas 

85790%. Blanks w~re prepared QY omitting substrate or by inclusion of 
, 

boiled enzyme; these showed'no signifiéant dlfferences. Ea~h sample was ,. 
pr~pared in duplic4tej v~riations 

- , 
~elre less' t;han 2%. Corresponding 

" 

internaI st'andard~ of the 1Z.C- SAM 'were counted 1'n order to- calculate 
. 

product, formation. The Km for the substrate "de1;ermined with 

concentrations' of octopam;lne from 0.Q3 mM .. 3 mM was 0.38- mM. 

2.F .3. Dopa decarboxylase 
: 

Adrenal dopa dE;ca!boxylase was determlne~, by the method' qf Awapa'ra 
-" 

~nd'cowqrkers (Awapara e~ al., 1964). 'Carboxyl-labeled,substrate ~ields. 

w~ich is. ,t~apped as ft' is produced, on a' filter paper impregnated 

with 100 pl of a mixture of ~thylenegly~ol monomethyl ether and 
, ' 

monoethanolamlne (2·:1), and placed in a polypropylene weIl suspended 
. ' \ 

-with a rupber, stopper '1,'>1 ,a 2'5 ml conical f laak. The Incubation metlium 

, . \ . consis~e'd of 0.2 ml of 0.077 M 'phosphate b~ffer, pH 6.8, 0.2 ml df 0.08 

.. 
M pyridoxa~, phosphate, 'and 0.1 1111 of superll;atant o~ adrenal gland, 

,p;reviousiy ho~oge,nizéd in t~e same"'buffer solution. ;,.- prehcubation of 
. ..... . 

reagents was carri~d"Qut for 10 min and the reaction was initiated by 

the 'addition of. 14c-nOPA, 1 mM (51.8 mCl/mmol). Blanka were prepared 

; ' 
wlth bolled enzyme. The reactioil was stopped 8ft~r 5 min of incuba~1:Qn 

by,thtl add1tion of 0.5 ml of 5 N H2S04. The filter papel' in the center 

weIl was then placE7d in 10 ml of Liqui'fluo.r for aclntill,ation counting. 
~'>-. I .... ~ 

2.F.4. 'Lactate 'dehydrogenase 

• 
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" ,Adrenal lactate dehydrogenase was detf1rm:l.ned ,by,_. 

spectroph,otomet,ric method (C1Ifo~d-Spec~rophotomete'r 250)., Adrenal 

glands were homogenized in 1 ml of 0.2 M Tris-HCI buffer, pH~ 7.3., The 

reaction velocity was calculated by the d~crease in absorbahce st 340 nm 

resullN:lng from the oxida tion of N,AD~. One uni t of enzyme ac ti vit y i8 

,represented by:· Â A340/min per mg of protein in the reaction mixture x , . 
100. Th,e.'l11cubation medium consisted of 2.8 ml of Tris-HCI, buffer pH 

7.3; 0.1 ml of 6.6 mM NADU; and 30 mM sodium pyruvate. This mixture was 

preincubated at 25~C for 5 min and the reaction waS started by,the 

addition of 10 ul of the supernat,ant of adrenal gland.. The decrease in' 

absorbance was followed to 60 min after the addition of the ettzYlJle •. 
~ , 

Proteins were determined by the method of Lowry (Lowry et al., 1951) • . ,-----
2 .• C.' Monoamine determination 1 

CA and 5BT we:re determined by HPLC, according to the procedure of 

Felice (Felice et a~., 197~), and Anderson (Anderson et al., 1981) • 

,respectively. The liquid chromatograph and detection system employed 

was: ,Waters M-45 pump (Waters Sclentific), a Waters U6K in je ct or, and a 

. uBondapak C18 'reversed phase column (300 mm x 3 mm I.D., 10 um average' 
, , 

particle size) (Water's Association, Milford, MA, U.S.A.). The 

smperometric detection system comprised a Bioanalytical Systems' 

electrochemical control1er (LC-~B): a silicone carbon wo~king,electrode, . , 

'a Ag/AgCl reference electr~e ,a~~ a Tef,lon thin-layer detector ceÜ and 

reference elect~ode compartment (Bioanalytlcal Systems, West Lafay~tte, 

IN, U.S~A.). Thte potenUa,l of the working elec trode was + 0.7 V for . 
serçtonin and +0.6 V for 'CA, 1 respeç~i vely, versus the reference . 
electrode. Background'cu~rentB of 1-2 nA were observed. Standards vere 

purchased fram Sigma (St. Louis. MO, U.S.A.). Stock . solutions were made 

up ln' double-dÜJtilled "rater" containlng 0.1% ascorbic scid. DUuted 
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. ' .... 
standards vere lU'epared daUy. . 

\ • .. , 1 

Who'le rat brafn, forebrain or raphe area vas homogenlzed in .0.36 N 

HCI04. containing 0.1% ascorb1.c acid, to yield a Unal tissue 

concentration of, 25% (w/v). Adrenal glands were homogenized in 1 ml of 

the same solution. Then they were centrifuged at 15,000 rpm for 30 m1.n. 

Some of the bomogenates receiv~d portions of each atandard. The 

recovery of these standards was calculated by subtractlng the endo~enous 
, 

content from the loaded sample and· compating this difference wi th a 

standard prepared the day of the hom~genh;a.t1on and !ftored under tbe 

same conditions at -700 C. The recovery was 90-95%. 
, , 

Samples fpr CA determination were' Bubmitted to alumina extraction, 

in o'rder to purify the monoamines to be determlned. . Supernatants . 

obta~ned after tissue homogeniz~tion ,(500 ul) were added ta 100, mg of· 

alumina ln 15 ml glass conieal tubes containing l ml of Tris bufter, ,0.5 

< 

M pH 8.6. Each sample was vortexed. for 15 sec, allov to stand for 5 

min, after which the supernatant was ~spirated. The alumina was washed 

wlt~ 1\ ml of double-distilled water three times, and 1 ml.of' perchloric 

acid, 0.2 M, was added. Tubes -were vortexed !or 20 8, and allo:wed ta 

stand for 2,0 min. The 8up~rnatant was filtered throu~h a Swinne~ 

fil ter, ,1.3 mm diameter (Mi llip,ore). Recovery was 60-65%. 

2.G.I. Catecholamines , 

The mobile phase used in the deterllllnation .afr,CA was,95,..%' 0.1 K 
, ' 

phosphate buf~er, pH 5, containing '0.2 mM sodium oct yI sulphate a8 1on-
. 

pair, and 5%,methanoL Volumes ()f 10-50 u1 and standards of 0.5-5 ~g 

were injè"cted (Figures- 3 and 4). 

2.G.2. Serotonin 

T,he ,mobile phàse used in the determJ.nation of SHT va8 92% O.Ôl 
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sod1.um ~cetate, buffe~, pH' 4':25, adjusted vlth g~ac1al acetlc a~ld, J 

't " ~ , 

contai~ing 8% ~ethanol.' VolUJlle's of 10-50 u1 and standards of 0.5-5 ng 

weré injec'ted (Figures 5 and 6). 

2.F. Plasma cortlcoste~one' determination , 

--B~ood was ol>talned dur~n8 the course of the exp~r~ment ,1>y ,ta.il 

bleeding, and at the end of ·it by heatt puncture. Plasma corticosterone 
, , 

was determined by ,a ,competitive pr'otein-binding radioassay·(l1urphy et 

al., 1963; Murphy and Wagner, 1972). ,In this method a known quaT!tity of 

labeled ligand is added to the unknown ligand and the mixture ia expos~d 

to a proteln that blnds the ~lgand speclfically. The amount of 1abeled 

free lig~nd depends on h9W much ligand, present in standard curves and 

samples, competes' with it for '~he proteine InternaI standards of 
. , , 

corticosterone (Sigma Chemica,l, St. Louis, MO, U.S.A.) of 0.5-16 ng in @ 
" 

ethanol were prepared in dup11c~tes. In performing the Assay rat 

plasma; 10 ul, was pipetted in dup1icate on a square of filter paper; 

-
t~e paper was place~ in a cul ture tube and 2.5 ml of methy lene chloride 

(F!eh,er ~cientific, Montreal, Q.uebec) was added. Samples vere shaken 

for 30 min for extràction of cortlcost~roids. 
, 

AlI samples and standards 
, 

were evaporated on a hot-water bath. Then 1 ml of the binding-proteio 

solution was added to each t~be. This solution vas prepared as follows: 

150 ul of 3H-corticosterone, 50 uCt/ml (New England Nuclear, 85#8 

Ci/mmol); 100 ml gel water' (0.05%); and 0.25 ml monkey pl.asma. .The rack 
~ ," . " " . 

was incubated at 45 0 C"for 5 tnin and at 4°C for l h~ A tube for total, 

counts was also incubated. Still in the cold incu~ation, 60 mg of 

Florasi,l (Fisher Sdentifi,c, Montreal, Quebec) was added to each tube, 

shaken vigorously for l min, and centrifuged. Theo, 0.5 ml' of the 

supernatant was pipetted into 2 ml of Éconofluor for scintillation 

counting. A .repre8ent8ti~e curve of standards ls shown io Flgu~ 7. 
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Figure 1, 

Dissect.ion of !aPlJ~ area and forebrain 

F, whole forebrain; PM, pos~erior 

midbrajn; DR, dorsal raphe area; 

MR. medial raphe area; PCS, superior 
.cerebral pedun~le. 
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Synopll" .. 

Steps in dopamine beta-hydroxylase assay. 

\ 
1. First step. DBH reaction! 

Supernatant of adrenal gland homogenate. 

. 2,. Scond step. PNMT reaction. 
Ënzyme partially pur.ified from bovine 
adrenaI- medulla. ' 
14C-SAM is the methyl dpnor. 

40 
." 

, -



L 

0 " 

'" .' 

( 

'il' 

Jo 

"'/ 

, 

D ~S 

.'. ---.,--

.... - --------- ~ ~ 

A 

c.-. __ _ 

nA l 
III 

-
inj. lnj . • ... 

\ 
1 
l' 

, 
" 1 '12 • 0 • 16 0 • 

tt .. ! (l'lin. ) 

Figure 3' ,--
, i 

Chromatogr~s of: 
, 

(A) standard~ of cat~èholamines 

(B) ad~enal gland sample . . ' 

41 

-8 

... 

l' 

J 
1 l, 

DA 

~. 

1 

" , , , 
• 12 16 

j 

i 



'\1 

'" 

,\ 
\-.,' 

"'" l'V 

4f 

.( 
1 

~ 

• 

20 

cm 

10 

\ 
,. 

~> 

f' 

Cl 

• NA o AD 
D DA 

1 

1!0 • 

i. 

.. 

2 3 .,. 

1 
ng t 

Figure 4 
t 

Linear çorrelation of standards of 

cat~cholani.ines. ... 

r 

:99 

.9'9 

.9·2-' 

t,~ 
Il 

.Il 

, 

t 

(\ 

t 

~. 

" , 



, r 

, ~ 
.~ "" ""',.., ........... _ ........ --"'_0I~ __ ~ ........ ..-._~1 

A 

Chromat~Rrams of: 

(A) standards of ~erotonin and 
5-hydroxyindolacetic-acid. 

(8) brain sample 

43 

B 

" 



<> 

4 

,.., 

r 

i 

~ 
~ 

, 

7 

20 , 

cm' 

10 

1 

" a 

.,,~ 

,~, 

il 

- ( , 
v' 

SJ .' 
D 

-). 

..... 
"" r .98 

" 
~ 

2 _3 4 5 
" 

5EROT~ (ng) 

Figure" 6 

~ine~r correlation of stan~.ards of .f 

serotonin . 

"" 
c, 

# 

l ' 

-0_:' ". ''1. c l ? 



• .... 
'\ ,. 

\ 

.l • . " .... , .. ~ .. ~~ .... ...... - ........ ~--.... 
J ·1,. < , , i 

"_f' 
'1 

III ' . 
." 

, 
\. 

r 
6 

, , 

5 

':e 

4 • 

{> 

cpm X10...!!3 
. 

• 
3 

.\ 
2 • 

.. '" " 

• ' , 

f .' 
.' • • <::::: • . ~ . 

" 
.' , 

\ • > ... . "-
./' 

n 
" .1 2' .' ;& ' ' 16 .. " ,".. . -

CORTICOS~~ '(nu)' 
r 

• 
, 

"\ figure 7 

(' Representativ.e standard curve of 

corti costerone as say 

- ." 
, ,r 

'1 

41>. 

> , 



.. 
---------.-------- ~-~-,'-~ ,~ 

,2. 1. References 
, 

G.K. Aghajanian, M.J. Kuhar and R.H. Roth. Brain Res. 54, 85, 1973 

G. Alama~àn, M.D. ~{re~-GonzAlez. Neurqpharmacology 21, 631, 1982 , , 
N.E. Andén~and K. Fuxe. Brit. J. Pharmacol."43, 747, 1971 

" 

G.M. Anderson, J;G. YO'ung, 'D.K. Batter, S.N. Young, D.J. Coheh and B.A. 
Shaywitz. J. Chromatogr. 223, 315, 1981 

S.M. Antelman and' A.R. Caggiula. Science 195, 646, 1977 \ " 
, 

D. Aunis, M. Bouclier, M. Pescheloche and P. Mandel. J. Neurochem. 29, 
439, 1977 

J.~wapara, R.P. Sandman and C. Hanly. Biochem. Biophys. 98,520,1962 

J. Axe1rod. J. Biol. Chem.
4
J37, 1657, 1962 

L. Beanie, F. Ledda~ C. BiancM and V. Baldi. Bi~ch·em. Pharmacol. 15, 
. 77.9, 1966 ,.-\tJ.' 

R.J. BaldessarinL In Han4book of Psychopha,rmacol:ogy (L.L. Iveréettt S.D. 
Iversen and S.H: Snyder eds.) pp. 37. Plenum Press, New York, 19]5 

P. Bank~, R. Biggins, R~ Bishop, B. Chr.istian and f Currie. J. 
Physio1.(Londo~) 200, 797, 1969 

F. Belpaire and P. Laduron. Biochem. Pharmacol. 17, 4i1-421. 1968 

a.D. Bereman, M.J. Ettinger, D.J. Kosman and J.J. Kurland. Adv • 
. Chem. Set'.' ~62, 263, 1977 

)1. Bir,mayer, W. Danielczyk,'E. Neumay~r and 'P. Ried~rer~ J. N~ural. 
" Trans. 33, 163, 197.2 -k!>! 

O.J. Bjerr~, K.B. Helle and E. Bock~ Biochem. J: 181, 231, 1979 

N.J. Blackburn, H,S. Mason and P.F •. Knowles. Blochem. Biophys. Res. 
Co1llltlun. 95, 1275

0

, 1,98'Û 

R..T." Bo.rchardt, w.'C~ Vincek and G.L: Grunewa1d. Ana 1.
0 
Biochem: 82, 

,,149,,1979 

O.-F .• Brpdde, F. Aren's, ·K. Huvermann and H.J. Schumann. E~perientia 
32, 984,. 1976' ' 

,S. Bygdeman and U. von Euler. Acta_~~y~~?l. Scand. 44, ~75, 1958 

W.B. Cannon. Physl~1. Rev. 9, 399', 1929 
, ' lÀ ._ 

A. Carlsson ·and M Lindquist. Naun.: Schn. Arch. Pharmacol. 303, 157 
1978 

46 

,. 

.. 

, . 



, , 

\ 

, "?' 

• - - - ê.._. _'_ 

, ' , 

LW. Chubb. B.N. Preston and L. Austin. Biocnem. J .. , Ill, '243, 1969 , . 

R.D. Claranello. R.E. Barchas, G.S. Byera., D.W. StellUlllè and J.P. 
Barchas. Nature 221. 368, 1969 

R.D. Ciaranel10 and I.B. Black. plochem. Pharmaco1. 20, 3229, 1971 

R.D. Ciarane110. G.F. Wooten and J. Axeltod. J. Biol. Chem. 250, 3204 ~ 
1975 

R.D. Cwranello., Koi Pharma,col 14, 478, 1978 

R.D. Clar~nello. ln Catecholamiqes and Stress: Recent Advances (E. 
Usdln. R. Kvetnansky and Kopln eds.) pp~ 311. Elsevier Nor,th Holland, 
Ine.. 1980 

R.J. Connett and N. Kirahner. J. D,iol. Chell. Z45, 329, 1970 . 

J.R. Cooper, F.E. BloOll and R.H. Roth. The Blochemtcal Basis or 
Neuropharmacology: Tbird Edition. Oxford University Press, New York, 
1978 

E. Costa. In Advances in Biochemical Psychopharaaco[ogy (E. Costa, 
E. Giacôbini and R. Paolettl, eds. )Vol. 15. pp.267. Raven Press,. 
New York, 1976 .. 

\ ' 

E. Costa and A. Gdidotti. In Psychophanuco1ogy: 'a New Generation of" 
Jlrogress (HoA. L1pton, A. DiHasc10 and K.F. K1l1am eds.) pp. 235. 
Raven Press, New York, 19'78 ' 

E. Costa, À.'Cuidotti and L. Saiani. Nature 288,304, 1980 

E. Costa. A. Cuidotti, l. HaÎlbauer, T. He%U}ll, L. Saiani;S. St1~e àôd 
H.-Y.T. yang. Feq. Proc. 40" 160, 1981. 

, , 
" , 

E. Costa, A. Cuidotti, 1. Hanbauer, H. Kageyaraa. Y. Kataoka, P'. 
Panula. T. T. Quach and .,. P. SchW'~rt~. In Ca tepho'laines.= basic and 
periph~ral œechanisms (E. Usdin, A. Carlsson. A. Dahlstre. and 
J. E~el eds.)' pp. 153. Alan R .. , Liss, lnc. p New Yorlt, 1984 

R.E. Coupland, J. Endocr1nol. 9, 194, 1953 

J.T. Coyle and J. Axelrod. J. Neurochea. 19, 449, 1972 

J • E. Craine.' C'.B. Daniela and s. Kaufllan. J. B101. Chea. 248, 7838, 1913 

C.R. CrevellWJ', J.W, Daly. B. ,Wltkop and S. Udenfriend. Biochia. 
Biophys. Acta 64. 125 p 1962 

'C.R. Creveling and J.W. Daly. Pharmacologist' 7, 157, 196? 

L. Cubeddu, E. Santiago. R. Talmaciu and G •. Pinardi. J. Pharmacol. Exp. 
Ther. 203",587, ,1977 

'/ 

A. Dablstr3m and K~ Fuxe. Acta Physiol. Scand. 62, 1, 1964' 

47 
\ , 

'.' 

1 

"--~~----' ',-- ---~-~--



h' 

" 

, 
, ' 

,\ 

./ 

'. 

" 1 

....... ~ 

. A .. J. 'Dariil!ls, G. Dean, O.H. Vi veros and E.J. Di liberto. Science 216,' 
737, '1982 

G. C. Davis and P.T. Kissinger. Anal. Chem. 51, 1960. 1979' 

J.H. Diaz BQrges~ M. Urbina, B:D. Drujan. Neurochem. Res., 3,. '15. 1978 
. , . 

E~J; Diliberto, 1r. In Function and Regulation of Monoamine Enzymes. 
(E. Usdin, N. Weiner and M.B.H. Youdim eds.) pp.421. McMillan. London. 
1981 

E.J. Dlliberto Jr., J. and P.L .. Allen. J.' Biol. Chem. 256, 3385, 1981 

W.W. Douglas. Brit. J. Pharmacol. 34, 451, 1968 • 
D.S. Duc,h, O.H. Viveros and N. Kirshner. Biochem. Pharmacol. 17, 255, 1968 

G.M. Everett and J.W. ~orcherding. Science 168, 849, 1970 

W. Feldberg, B. Minz and H. Tsudzimura. J. Physlol. (London) 81, > 

286, 1934 

L. J. Felice. J. D. Felice and P.T. Kissinger. J. Neurochem. 31, 1461,> 1978 

T. Flatmark, T. Skotland: T. Ljones and O,.C. Ingerbretsen. J. Chromatogr. 
146, 433, 1918 

A. Foldes, P.L. Jeffrey and-L. Austin. Bioc~em. J. 126, 1207, 1972 

A. Foldes,' P.L. Jeffrey, B.N. Preston and·L. AustiIl:. J. N'eurochem. 20, 
1431, 1973 ' 

1. 

S. Friedman and S. Kaufman. J. Blol. Chèm. 240, '4763, 1965 

S. Frièdman and S. Kaufman. J. Biol. Chem. 241, 2256, 1966 

H.J. Friedman and J.H. Stolk. Psychosom. Med. 40, 107. 1978 

. . ------
R'.P. Ft~g~n, D.T. O'Connor and G.L. Levine. Mol. Pharmacol. 19, 444, .1981.. 

" • 1 

, J."P. Gagner, S. Gauthier and T.L. Sourkes. Neuropharmacology 22, 45-53, 
, 19.83 

S.J. Geyer and S.H. ~chanberg. Life Sei. 30, 1087, 1982 

M. Girgls. A~t. Anatom. 117, 248, 1983 
{ 

J. Glowinski, In New Aspects of Storage and Release MechanisMs of 
"Catecholamines (H.J. Schumann and G. Kroneberg ed~.) pp. 237. 
Spr1n8erVerla~ New York, 1910 

J. Glow1na~l, ~. Agid. H.J. Besson, A. Che.ra1ly, C. 'Gauchy and F. 

48 

-

l, 

l" 

.' 



, , 

''''''_,"w1o::,._ ,.J!~,," .. ~ _______ ......... ____ ~.,._ .. -----..----...... --, 

~, 

Jivoy. In Frontièrs in Catecholamln Rese~ch CE. Usdin and'S~ 
Snyder, eds.) pp. 605. Perg~on Pfe~s, London, 1973 

M. ~oldstein. Experientia 18, 334, 1962 

M. 'Goldste1n and J.F. ' Contrera. J. Biol. Chem. 237, 1898,,1962 

M. Goldstein, B. Anagn~8te, E. Lauber and M.R. McKereghan. Life Sei •. 
3, 763, 1964 .. 

M. Goldstein, E. Lauber and M.R. McK~eghan. J. Biol. Chem. 240, 
2066, 1965 

M •. Goldste1~ PharmacoL Rev. 18, 77, 1966 

M. Goldstein and X. Nakajlma. J. Pharma~ol. Exp. Ther.' 157, 96, 1961 

M. Goldstein, T.H. Joh and T.Q. ~ravey. Biochemestry 7, 2724', ,1968 

M. Goldstein" L.S. Freedman and M. Bonnay. ~:ttp~rient1a 27, 632, .1971 

P. Groves, C.J. Wilson, S.J. Young and G.V. Rebec. Science 9,'522,1973 
o 

R. Grzanna and J.T. Coyle. J. Neurochem. 27, 1091, 1976 

R. Grzanna and J.T. Coyle. Mol.'Pharmacol. 13, 956, 1977 

A •. Guidotti and E. Costa. Science 179, 902, 1973 

A. Guidotti, A. Kurosawa and E. Costa. In Advances in Blocheœical 
:. . Psychopharmacology (E. Costa; E. Giacobfni and R. Paoletti, eds.) 

, Vol. 15, pp. 455, 1976 

A. Guldotti and E. Costa. Biocb~m~ Pharmacol. 26, 817, 1978 

H.M. H4ssan~ Excerpta Medica, AlDsterd_ (Ci~ Pound Symp. 79)" pp.l2S, 
1980 ~ 

D.R. Hallbrich and W.D. Reid. J. Pharmacol. Exp. Ther. 181, 19,',1972 

K.B. Helle •. BIQ(!hi. Biophys. Acta 245, 80., 1971a' 

K.B. Helle. Bloehi.' Btopbys. Acta 245, 94, 1971b 

J.P. Henry, M,!. Kross. P.M. S tephéns -and F .M.C •. Watson.' In Catecholaaines 
and Stress CE. Usdin and R. Kvetnansky eds.) pp. 451. Perg_on Press, MeV 
York, 1976 

H. ijidaka, T. Nagatsu, 'J{. Takeya, T. Takeuchi, H. ~uda, K. Kajarl, M. 
'Matsuzaki and H •. Umerzaw.. J~ Antibiot. 22, ~28. 1969 

H. Hidaks; T. Asano and ,N. Takemoto. Mol. Pha~èol. 9, 172. 1973 

N.-A. Rillarp. ·Acta Anst. 3, '153, 194~ 

49 

.. ' 
, , , 

, , 

, 

: 

1 . 

, . , , 

1. 
, {.' ' 

l . 
• 1 
î: 

'1 , 
t 

-.4' 
1 
i 



l ,1 -

\ 

. 

{ 
" 

T. 'a3kfe~t. Z. ·Zellforach. 91, l, 1968 

T. B3felt, K. Fu~e, M. Goldstein and O. Johansson. Acta Physiol. Scand. 
89. 286~ 1973 

T. Bekielt. In Catecholamines: Neuropharaacology and Central Nervous 
'System - Theoretical Aspects (E. 'Usdln, A. Carlsson, A. Dahlstr8a 
and J. Engel eds.) Vol. 8B, pp.l7S. Alan R. Liss, Inc., New York', 1984 

B. Bortnag!, H. Wi~kler'and H. Lochs. Bioches. J. 192, 187,' 1972' 

J.B. Bur:s~, ~.?C. Nisul's' and J.H. Stolk. J. Pharlls~L Exp. Ther. 220. 
108. 1982 

'o.c. Ingebretsen, O. 1'erland and T. F1a~JUrk. Biochill. Biophys. Acta 
628. 182, 1980 

P.A. Inae1" H.R. Bourne. P. {;offin and G.H. To.kins. Science 190, ~96, 
1975 

F. Javoy, Y. Agid. D. Souvet and J. Glowinski. J. Pbar_acol. Exp. The.r. 
182, ,454, 1912 \ 

, ' 

T.B. Joh, C. Grighall and D. Reis: Proc. Nat!. Aead. Sei. U.S.A. 70, 2667 
1973 

...J 
T.B. Joh, E.E. Baetge', B.B. Kaplan, H.E. Ross, H.J. Brodsky, V.R. Albert. 

D.H. Park an4 D.J. Re~s. Neur08cl. Abstr. 7. 206, 1981 

T.B. Job, E.E. Baelge, M.E. Roas and D.J. Reis. In Catecholamines: Basic 
and Peripberal. HechanlslIs (E. Usdln, A. Carlsson, A. Dahlstr3a 
and J. Engel eds.) Vol. 81." pp. 203. Alàn R. Liss. Inc. New Yor~, 1984 

, " 

T.H. Job. AIIerican Society for Neurochemistry, Ba'ttilllore, M~D., Abstract 
. 121, March, 1985 . 

K. Kamamura, ~. Guldo~t~ and E. Costs. Hol. FbàrmacQl. l~, à65, 1979 

K. Kamamura, F. !CaroUII,' A. Guidotti and B,' Costa. Nature 283, 489, 1980. 
, , 

T. Kato, Y. Wakul, T. N'agatsu and T. Obnishl. Blochelll rharmacol. 27, 
829, 1978 

• s. Ka~faan and D.B. Fisher. J. Bl01. Çhem. 245, 4745, 1970 

H. Killlura andM. FutaL J. Biol. Cheœ.' 253, 1095,19.18 

N. Klrsbner and Hc Gaodall. Blochlm. Biophys. Acta 24, 658, 

N. Kirshner. J • Biol. Chem. 226, 821, 1957 

N. Kirshner. J. Biol. Chem. 237,"" 2311 t 1962 

,N. Kirshner and W.J. Smith. Lite Sei. 8, 799, 1969 

50 

.1957' 

-

\ 

\ 

\ 

~. 

" . 
.. 

" 



_. 

. , 
\, . 

" 

", 
f 

N. Kirshner and O.H. Vive l'OS • Pharmacol. Rev. 24, 385, ,1972 

P.T. Kissinger, C.S. Bruntlett and R.E. Shoup. Lite Sci. 28. 45'S •. 1981 

I.J'. Kopin, S. Kaufman, O .. H. Viveros, D. Jacobowltz; C.R. Lake, J(.G. 
Ziegler, W. Lovenberg and F.K~ Goodwin. Ann. Intern. Med~ 85. 211, 
1916 ' 

vi'" R. Kvetnansky, V.K. Wélee and,I.J. Kopin. Bn~oér!nology 81, 744, 1970 

R. Kvetitansky, G.P~ 'Gew!rtz, V.K. Veise and I.J. lopin. Mol ,Phanucol. 
7,81, 1971 

c../,''''''--'-' 

H. Ladlnsky" S. Consolo, S. Bianchi anel A. Jorl. Brain Res. 108, 351-";-
1~ " 

, 
M. Lasala artd J. COBcia. Science 203, 283, 1979 

, A.B. Lerner, T.B. Fitzpstriclt, E. Cal~1l8'~, W.B. S __ e~son. 
Chea. 187. 793, 1950 0 

F.M. Les11ei-C.€. Dunlap and B.M. Cox. J. ~~uroCb ... ·34, 219, 

'J. ,Biol. 

1980 

B. Y. Le.vln, B. Levénberg and S. Kaut1u.n. J. BIQ1 •. Chea. 235, 2080\1960 

S. Kaufaan. J. Biol. Chea. 236, ~043, 1 ~61 ,,' ,~ B.Y. Levin and 

M. L~vltt" S. Specto~, A. Sjoerdsaan and S. Udenfrl.nd. J. Pharaaco1. 
Exp. Ther. 148,. ;1, 1965 

T. l.ewander, T.H. Job and D.J. Reis. J. Pbarsacol. Exp...- Thër.~ 200, 523. 
, 1977 ' ~ 

~.G. Llvett, L.B. Géffen and R.A. Rush. Bioche •• Pharsacol. 18, 923, 
1969 . 

.' T. Ljones, T. FlatJl8rk, T. Skotland, L. Peterson. D. ·Blckatrh and 
A. Bhrenberg. F.B.B.S~ Let~ers 92, 81, 1978" 

0.' Lowry, N. Ro'sebrough, L. Farr and R. Randall: J': BIol. Che •• 195, 
265, 1951 

J.T. Lum, T. Nguyen and L. Felpel. J. Pharm~ Met. 12, 141, 1984 

J.H. Lundberg, B. Hedlund, A. Anggard, J. Fahrenbrus, T. R~kfelt, 
K. Tatemoto and T. B,rtfai. In Systemic Role ~f kegulatory Pept1d~s 
(S.R. Bloom, J.M. Polak and E. Lindenlaub eds.) pp.93. Scbattauér' 
and New York, 1982 

P. Malcolm, P. Saralva and P.J. Spear. lnt. J. Neuropharmacol. 6, 509, 1978 

J. Hallet, N. Faucon Biguet, M. Buda, A: Lamoroux and D. Saaolyk. Cold 
. Sprlng Harbo~ Symp. ,Quat. B101. XLVIII, Dec. 1983 

• 
, J.W. Mason. J. Psychlat. ,Res. 8, 323, 1971 

51 

" 
, . 

1 
~, 



_. 

( 

.' 

r, 
" 

. , 

J. &88erano and ·N. Weine,r. Mol. Pharmacol. 16, 513, 1979 

B. HaU<ai, T. Kato, C. Yamamoto, K., Fujita and T. Nagatau.,J. Neuro,chea. 
37, 289, 1981 / 

1 H. Katsu1, C. Y~oto and T. Nagatsu. J. Neurochea. 39, 1066, 1982 

M.-T. Mirae-Portugal, D. Aunis and P. MandeL Biochimie 57, .669, 1975 

K. Hissâ1a, X. Lloyd, G. Gregorladi8 and T.L. Sourkes. Eur. J. Phargacol. 
1, 6, 1967 

Y.S •. Moh8Jlllled, H.Y.- Osman and Y. Grabr. Anneim. Forsh. 25, 171~, ,1975 . 
P .B. Molinoff, S. Brl111joln, R. WelnshllboUil and J. Axelrod. Proc.~' Mât!. 

Acad. Sei. 66, 453, 1~70 

P.B. Mollnoff, R. WeiOlJhllboUIII and J., Axelrod. J. Phanucol. Exp~ The!;'. 
F8, 425, 1971 

R.A. Mueller~ H. Thoenen and J. Axelrod. Endocrlnology 86, 751, 1970 

B.P. Hurphy. W. Engelberg and C.J. Pattee. J. Clio Endocrinol. and 
Metab. 23/ t93, 1963 

B.P. Murphy and H.N. Wagner. Hosp. Practlce 7, 65, 1912 

J.H. Musacchfo, '1.. Julou, S.S. Kety and J. Glowlnskl. Proc. Nat!. Acad. 
Sei. 63, 1117, 1969 

-
J.M. Musacchl0, c.A. HcQUeen and G.L. CraMso. In New Concepts in 

Neurotransaltters Regulation (A.J. Mandell ed.) pp.' 69. Plenum, Nev 
" York, 1973 

T. Nagat8u, H. Xuzuka and H. Hlda~. Blochim. Biophys. Acta, 139,- 319, 1967 

T. 'Nagatsu, J.B. van der Schoot., M. Levltt and S. Udenfrlend. J_ 
Biochem. 64, 39, 1968 

T. Nagatsu and S. Udenfriend. Clfn. Chem. 18, 980, 1972 

T. Nagatsu. Neuroc~em. Int~rnac. 5, 27, 1983 

Xo:.'Ng; T.N. Chase, R.W. Colburn and 1.J. Kopin. Science 170, 76, 1970 

P~' Nicholls and B. Chanèe. In Molecular 'MechanlsUl:s of Oxygen Activation 
{O. Hlyaishi ed.) pp. 479. Academic Press, Nev York. 1974 

B.C. Nisula and J.H. St9lk. J. Clin. Endocrinol. 47, 902, 1978 

J.C. Orcutt' and.P.B. Molinoff. Biochem. Pharmacol. 25, 1167, 1976 

R.L. 'Patrick and N. Kirshner. Hol. Pharmacol. 7, 389, 1971 

c. 

S'2 " 

-' - _. 



-
... ' 

. , 
C 

/ 

- - ~ ....... , 
, . 

,M.l. ~.ul. Jl.'lC.vet~.n.kY,.R. Cn.er, S.-Silker$erd and 1.J. Kopin • 
Endocrinology 88 •. 338. 1~71 

- . 
G.U. Pèbdlèton and 1.B. Snov., Mol. Ph'ar.acol. 9. 118. Î973 

J.J. 'iaano. 'C.It. ~Cré"èlin8 and S. Udenfriend. Bioc~i.. Bi~pby •• Acta 
. 43. 566, 1960 

I,..A. Pohorecky and J.H. Rust. J. Pha:r.acol. Exp •. Ther. 162; 221,1968 

A.M. Poianel' and J.H. Trifar&. Mol. Phat'1llacol. 3. 561.1961 

L. Potter and J. AxeI'ro~. J. Pb.rmaco~. Exp. Ther. 142. '299,1963 

H. Quik ~nd T.L. Sourkes. Bioche •• Pha_acol, 2S, 1151.1976 . . 
K. Quik and T.L. Sourltes. J. Neu.rot;hem. 28, 13,1, 19n 
, 
D .. J. Reis. R.A. Rosa and T.H. Joh. Fed. Proc. 33, 535, 1914 

R.A. Ross. T.H. Joh and D.J. Reis, J. Neurochem. 31 J 1491, 1918 

R.A. Ro .. , T.H. Joh and D.J. Reis. Brain Res. 160, 174,' 1919 

R.A. Rush anel L.B. Geften. Circulation Res. 31, 444, 1912 
. 

J.H. Saavedra, M. PalkovitB, M.J. Brown8t~in and J. Axelrod. Nature' 
248, 695, 1914 

E.L. Sabban, H. Goldstei.n and L.A. Greene."J. Biol.,Chem. 258, 7812, 
1983 

A. 8axena and !'.J. Fleming. J. Biol. Chem. 258~ 4147:.1983 

H.L. Schrock and R.~. Gennis. J. Biol. Chem. 252,5990,'1977 

K. Schultzbet8. J.H. Lundberg. T. HUkfelt, L. Terenius. J. Brandt. R.P. 
Eide and H. Voidstein. tieur08cience 3. 69. 1918 

H. Selye. Nature 138, 32, ,1"936 

H. Selye. Stress in Health and Disease •. Butterworth Reading, 1976 

l~., l ' 

H. Simonds. J. 'Physiol. 20~, 199, 1969 

T. Skotiand a'nd T. Flatmark. J. Neurochem. 32, 1,861, 1979 

T. Skot1and and T. Ljones. Eur. J. Biocpem. 94-, 145, 1919 "'~ 

g. Slater, S. Zaremba and R.A. Hogne-Ange1etti. Arch. Biochem. Biophys. 
211, 288, 1981 

W.J. Smith and N. Kirshner. Mol Pharmacol. 3. 52-62, 1967 

A.D .. Smith, W.F. De Potter."E.J:Moerman and A.F. De Schaepdx:yver. 

53 .. 

, . 

1 
" 
1 

f 
1 

. 
l 
'j 
J 

1 

J 
l 

.i. 
1 

./ 



, , 

( -, 

'Tis8ue Cell 2, 547,,1970 
~ J,' 

~I 

R.L. Soltoloff, R.P,. Fri.B0n and D.T. O'Connor. J. Neuroehe •• 44, 420, 1985 

T.L. Sourkes. Phatm8col. Rev;.' 18, 53, 1966 

T. L. Sourkes. Neuro-Psyehopharmacol:. and stol. Psychlat. 7, 389., 1983 
6> 

T.L. Sourltes. Biol. Psychiat. 20, 182, 1985 
! 

G. Sperk, 1. Galhaup, E. ScbllSgl, H. HlSrtnagl and O. H~rnYkiewiCZ .. 
J. Neuroche •• 35, 972, 1980 

\ 
J.H. Stolk and D.P. Hanlon. Lffe ScL 12, 417, 1973 

J.H. Stolk, J.H. Hurst and B.C. Nisula. ~. Clin. Endocrinol. Metab. ~ 
259, 1980 \ 

J.H. Stolk, J.H.' Hurst, R.B. Guchhai t, G. VaoUrti, G.p·. Lefort and B.,C. 
Niaula. Hoi. Pharmacol. 23, 112, 1983 

R.A. Stone, N. Kirshner, J. ReynoNs and T.C. Vanaman. Mol Pharaacof. 
10, 1009, 1974 

F. Theeuwes and,S.I. Yom. Ann. Biomed. 4, 343, 1976 

B. Thoènen. Natur~ 228, 861, 1970 

B. Thoenen. Experientia 27, 1119, 1971 

T.N. Thomas and J.W~ Zemp. J. Neurochem. 28, 663, 1977 

L.C. Tolbert, T.N. Tholl8s; L.D. Hiddaugb and. J.W. Zeaap. LHe S~t. 25,. , 
2189, 1979 

J.M. Tritarcf, B. Collier, A. Lastoweclta and D. Stern. Hal. Phar.aol. 8, 
264, 1972 

J.M. Trifarb- and R.W. Lee. Neurosclence 5, 1533, u 1980' 

J .M. TrifarJ and G.W. Boume. Neutosc1ence 6. 1829, 1981 

K. Unsicker. Z. Zellforsch 116, 156, 1971 
.-

W.B. Vanneste and A. Zuberbtiller. In Molecular Mechan1s •• of Ox-ygeo' 
,~ct1vation (O. Hayaishi ed.) pp. 371 •. Academ~e Press, Néw York, 1974 

J.B. Van der Schoot and C.R. Crevel1ng. Adv. Drug Res. 2, 47~88, 1965 
1 • 1 l ':::> • 

O.H. Viveros. L. Arqueros and N. 'Kirshner. Lite Sei. 7, 609, 1968 

'l O.B. Vlveros, L .. Arqueros and N. Klrshner. Mol Pharmacol. 5, 69, 1969 

U.S. von Euler. ,Circ. Res. Suppl. 20, 21: 11I-5-111-11, 1967 

54 

1 

1 



, . 

\. 

" 

; WÀUX 

?R. Vulliet, T.A. Làngan and N. We1ner~ Pro~. Nat1. Acad. Sei. U.S.A. 
7.7 J' 92,' 1980 

1-
,~ 

P.R. Vulliet, J.P. Mitchell and T.W. Burst. In Stress. The Role of 
Catecholami~es-a~d other Neurotransmitters (E~ Ùsdin, R. Kvetnansky 
and J. Axelrod eds.) Vol i, pp. 481. Gordo~ and Breach Science 

~ Publishers, New York, 1984, -
" , 

J.C. Waymire, J.W. Haycock and R.J. George. In Catecholamines: 'Basic and 
Peripheral Mechan1sms (R. Usdin, A. Carlsson,. A. Dahlstr&i and J. 
Engel eds.) pp. 195. Allan R. L1ss, New York, 1984 . 

, ' 

N. Weiner, R. Bjur, F.-L. Lee, G. Becker and W.F. Mos!mann. In Ftontiers 
in Catecholamines Research (E. Usdin and S. Snyder, eds.) pp. 211. 
Pergamon P!ess, London, 1973 

R.K. Weinshilboum and J. Axe1rod. Endocrlno1ogy 87, 894, ~970 

R.~(. WeinshllboUlll, N.B. Thoa, D.G. Johnson, 1.J. Kopin and J. Axelrod. 
Science 174, 1349, 1971 

H. Winkler, H. Hartnag1 and A.D. Smith. Bioehem. J. 118, 303, 1970 
o 1 

D.L. Wong, S.J. Masover and R.D. Clarane11o. J. Biol. Chem. 256, 695, 1981 

D.L. Wong, E.L. Zager and'R.D. Ciaranèilo. J. Neurosci t 2, 758~ 1982 
, $ • " 

R.J. Wurtman and J. Axe1rod. J. Biol. Chem. ~41, 2301, 1966 

R.J. Wurtman, F. Larin, S. Kostafapour and J.O. Fernstrom. Science 185, 
183, 1974 

N.B. Yessaian, A.R. Armenian ancf B.C. Buniatian. J. Neurochea. 16, 142~, 
1969 ' 

' .. P.R. Yu. Neurochem. Res., 3, 755, 1978 

5S 

" 

V b 

.' 



\, 

3.- RESULTS AND DISCUSSION 

., 

) 
1 

56 



• 

- - c-- - ---- -------~ -,-------~---...-~--.----~ 

3.B. Purification of bovine' a,drenal PNMT 
A 

See subsea,tion 3.H.2, pp. 82 
, , 

3.D. Catecho16ine levels 

3.D.I. Adrenal and brain of reserpine-treated rata 

Adrenal CA w~·~' detennined in reserpine-treated rats. 

• 
\ . 

The,animals 

, recelve1P""'the depletor in a dose of 2.5 mg/kg ip dai];' for three days. 

Bra-in NA, AD and DA decreàsed by 82, 79 and 68%, resp~tlvely. Adz:enal 
"'" " . -

~NA, AD and DA were depleted by 45, 64 and 79%, respectively (Figures 1). 

3.D.2. Adrenal of alpha-methyl-;-p-tyrosine-treatf!d rats 

In these exper1ments ra ~s recei ved reserpine, AMPT, or t1ié, 

comb1nat1on of the two drugs, as was ~ne to test their effects on 
. ~ 

adrenal DBH activity, and tA were determined. Reserpine was 

administered ip in a dose of 2.5 mg/kg daily; AMPT, 200 mg/kg, was given 
, , 

ip daily in two doses.'Both drugs,were injected on three succesive days. 

CGntrol values are shown in Figure 2. 
" 

AMPT decreased NA, AD and DA by '. . 
68, 38 and 58%, ,respectlv.ely. The combination of the two drugs , . 
produced decreases of 83, 59' and ,79% in NA, AD and DA, respect! vely 

~ . . , 
(Figure 2). 

• 
3.D.J. Adr~nal.!!!!!. bt'âl~ o"f !..!!.! treated with 6-hydroxydopamine 

601tDA, 100 mg/kg (.;1v)'daily for two days, was administered)!o~t;he 

rats. The an1111als vere sacrifice three days after the last inject;ion. 
a 

This treatment 'did not ... modify adrenal or brain concentrations~ (Table 1). 

3.0.4. Adrenal ·of heDlisplanchn!cotomized ra,ts receiv1ng insulin 

In orde~ to test the degree of d~nervation oi ,the adrenal gland in 

the hemlsplanèhn1cotomy ~eratlon insufin, 100 lU/kg sc, W4S 
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admlnistered to fàsted rats and ani~als were saer1ficed 3 h later. , 

Failure of the putative denervated glands to respond to insulia 

stimulation was observedl Depletio':t of adrenal CA would have indicated 

the' presence of res1dual -intact fibres to the adrenal (Table III). 

J.E., Serotonin levels 

( 
3.E.l. Forebraln and raphe are~ of PCPA and DHT -treatecl rats 

S~e ~ubse'CtiQn 3.~.4, pp. 84. 

~3.E.2. Brain E.!. PCPA, ~ and reserpine-treated !.!!! 

5RT ws.a determined in the whole brain of rats receivlng PCPA, 300 

~ . Q 
mg/kg ip; DHT, 175 ug iev; reserplne, 2.5 mg/kg ip dally for ,thr~e days 

or the eombination 6f PCPA and reserpine, or of DHl' and reserplne. 

,Five days after the administration of PCPA ln the Indieated dose, a .... 

deeéease :%- 75% in brain 5BT was observed; reserpine produced a 

dépla~:lo:; of 54%; atld the combipation of the two' drugs depleted central 

.serotonln by 97%. Eight days 'after the administration of DHT Icv a 
(!> 

d.ecrease'~ of 49% in serotonin was obtained; the combinat1on of the 
~ / 

neurotox;ll\ wi th res~rpine dep 1 eted brain serotonin by 89% (Figure 3). 

"1' 

- 1 

3.F. Induction ,of adrenal ~ 1!I. reserpine and oxotremoI'1ne 

3.F.1. Re~e,rpine and ~ d6se-dependent "increase 10 DBR activitl 

See Figure IJ~ubsection 3.H.4, p.p. 82. . . 
l.Y.'2. Klnetics' of the enzyme #!. control aIl,o Induced forms .. , .' 

• I(inetics ,~xper1ments were cartied out with adrènal DBR pr~parations-. . . 
. from co~trol and reserpine treatei rats. Li~e~e.8\7er-BUrk ~lots are shown 

in Fl,gure 4. Reserp{ne incr'eased DBH acti v ity by 90%. 'ThEl Km for the 
, '. 

s~b9t'rate tyram.ine '0 in control rats ;"as '0.2-56 mM and in reserp1..lIe-
p , ,.. • t ~ 

Adrenal glands of control and oxottemorine-treatecf r.ats were also 
.J 1 ~ , 1 >4 'ô 
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used for kinetlè e~per~~nt •. The supernatant "of a homogenate prepared 

l '. from 4 adrenal glands 'vas dialyzed against phosphate buffer, 0.02' M, pB , , . 

. '6.8, for 18 h. Figure . , 
, , 

mM and for oxotremorine-treated rats, 

5 6hov8 that the value of 'Km for corttrol, 0.11 

/ / 0.09 mM.' 

3.F. ~ BI oC,kade of ~eserpi ne' ~ oxotremorine 'ef(ects ~ , 

cycloheximide 

In order to test if the blockàde of translation by cycloheximidé" 

could affect the inducing effect or reserpine and Q)totremorlnè, two .. . . \ ~ , 

~ " 

experiments vere carr;ied out iri vhich 'reserpine and ?xotremorine--were. ' 

gi ven alone or' ln, comblnat:1on vitli cyclohexlDllde as speetfled ln Tab'le 
... ',' 

III. Cycloheximlde abolished the', èffect of t:he iqducers, but 1t did not 

have any effect on adrenal DBR activlty when glven alone. 

3.G. Adrena 1 dopa decarboxy Iase and la.ctate ôehydrogenase -,-
actlvit1es in re~erpine- .~nd oxotremor-ine-treated ~ 

The speclficity of the inducing effect of reserpine and 

oxotremorlne on éidrena'l DBH vas tested by the determ~nat1on of tvo other 

~ ., 
adrenal enzymes: dopa de carboxylase, the enzyme that converts DOPA to DA. 

and, for thls reason, one that Is related to catecholamine biosynthes1s, 
,/ 

and lactate dehydrogenase, an enzyme not directIy Involved ln monoamine 
, J .. , -

synthe.sis. Reser,plne and oxotr"ëinor'lne, Si ven according to pro~oco1s 
fi> 

that result in Increased adr'enal DBH acUvlty, dld not, alter adrenal 

dopa decarboxylase or lactate dehydrogensse actlvities (T,.ble IV). 
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Table, l 

. Effect of th\ intravenou8 adDlin1stratlon of 60HDA on adrenal and btain 
(' 

.~ 

catecholamine concentration. ~ 

Treatment Noradrena line Adrenaline Dopamine 

Adrenal (pg/gland) - ~ ~ 
Control 4.63 t 0.18 ' 9.86 + 0.78 0.34 + '0.01 
~ 

60HDA j 4.38 -+ 0.51 8.43 + 0.45 0.30,.:t 0.01 
\ 

Brain (ng/g) 1 .... 1 
.' 

Contx:'ol / 2.21 + 0.40 0.24 + 0.02 8.61 + 0.40 
1 

, 60HDA 2.45 + 0.05 0.21 + 0.01 8.18 ... 0.10 .. 1$,.. 
'. 

. ··Each va lue la Me~n ... SE • 60HDA.vas gi~en Iv,j,n' 8; d,ose of {DO ·mi/kg. -. 

'" '" 
, da!ly for 2 d. Aniaals vere sacrlf1c:ed, J d after the last 'inject1.on. 
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Table II 

Ef fect of insu lin on adrena 1 noradrena 1 l'ne and adrena I1ne of 

hea1splanchnlcotomlzed rats. 
\ 

\\:d-:------~-«) __ Intact Denervated 
adrenal adrenal 

j, 

\ 

'\ , Trea tlaen t N 
(p.sl adrenal) 

\ '~< 

Control, 3 2.54 +'0.22 9.08 + 0.11 2.56 + 0.21 10~18 + 0.67 

-
Insultn 4 1.43 + 0~13a 1.20 + 0.16 a 2.27 + 0.18 9.42 + 0.51, 

, 
Each value la ,Mean ±. SE. - Hem1splanchnlcotomy vas carrled out 4 d prior' 

to insultn administration. Insulln was_ s'hen ln a' dose of 100 m/ka' ~c' 

to rats fas1;ed overnight. Sacrifice vas done 3 h later. 

a P < 0.01 
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Tablé III 

Effect, of cycloheximide on the induction of adrenal DBH by reserpine and 

oxotrellorIJi'e. 

DBR-a~t1vlti' 
(nmoles per 30 min per adrenal) 

Experiment Treatment N Without cycloheximide ,N With cyclohexiaide 

"" 

Control Jo 4 7.8 + 0.8 5 ' 6.6 + 0.6 a A 

Reserpine 4 Il.9 + Q.4a 4 8.3 + 0~5 

B- Control 4 9.3 + 0.9 4' 6.1 + 0.5' 

Oxotremorine 3 15.4 + 1.6a 3 7.8 +0.6 

Each value represents Mean ~ SE. Expériment A: Reserpinè was given in a 

dose of ~O mg/kg ip once bn day one. Cyc loheximide wa~ gi ven, 1 mg/kg 
\ \ '1 

fp 1· h àfter reserpine on day 1 and 0.5 mg/kg ip daily on daya 2, 3 and 

4. Animais-were sacrlficed'96 h after reserpin~ i~je~n. Exper1ment 

B: Oxotremorine was 'gi ven ln .a dose of 0.5 -mg/kg' sc tlifce a day 30 min 

after 5 ms/kg Ip of methylatropi~e for 4 d. 
, 

Cyclohexlmide was given 2 h 

after'each injection ,o( ~~~tremor1né. Sacrifice was dône ,18 h after the / 

last injection., 1 

'a p < O.OO~ wlth respect to control 
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Table IV 

lffect of reeerpine and oxotreaor1tte on adrenaI dopa dee;~bozylaseCDDC) 
• 

and' lactate dehydrogenase (LDB) 
" 

\ 

DDC aètivlty -LDH activity 
Treatillent (naoles/ag pr~~~ln) (Unitsjag) 

Control 8.2 + 0.9 2.8 + 0.4 '\. ,-
1 

Reserpine 8.4 + 0.7 3.2 + 0.4 

o.:icQtremorlne 7.8 + 0.9 2.8 + 0.3 

Each value is Mean + SE. IN • 4. Re8erpi~e 'vas given in a dose of 2.,5 
- 1 

mg/kg ip once a day for 3 Idays. Oxotremorine was f v~n in a dose of 0.5 

ag/kg sc, 30 min after 5 mg/kg of methylatropine twice a day for 3 d. 

~ts w.ere 'Sacr1fIced on ~he four th day. 
1 
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Figure 1 ' 
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Effect of reserpine on adrenal and brain 
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Figure 2 

Effect of reserpine ~nd/ AMPT on adren\l -

catecholamine concentration. 
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Effect of reserpine, PCPA and OHT on 

brain serotonin concentration. 
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Figure c 4 

Li~eweaver-Burk analysis of adrenal DBH 

in control and reserpine-treated rats. 
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3.H.1. Abstract 
, 

The systemic administration of reserpine to rats inëreaaes adrenal 

dopamine beta-hydroxylase activity, but ia without s~gni~icant effect on 

the Km (tyrami ne). This induction is partlally blocked bY 

hemlsp1anchnicotomy and by impairment of translation. The combined 

administration of (a) alpha-methyl-.E.-tYfos~ne, ànd, 2-

chlorophenylalanine; (b)c.t 6-hydroxydopamlne and rchlorophen;ylalan).ne;',o.r '" 
, D , p .. 

-Cc) alpha-methyl-.E,-ty,ros'ine a~d S, 7-dil:!.ydro~ytryptamin~o increases 

, ' 

adrenal dopamine beta-hydroxy.lase a'ctlvity. ,oThese()r~sult9 suggest> tha). 
'. . . . 

the slmul taneous ,depletion of central serot0rl:in and' C"8t~cilol~mines, as 

achieved by reserpine alone/or by'conjoint action or tWO'8p~éifié d4~gS, 
• l .". • ~ . 

18 necessary for the' induction • .E.-Chloroph~ny1.alanine (ip) o~ ,5,7-

~ 'l.-0 .. • .. < 

dlhydroxytryptamin.:; (icv or injected int,o the MRN) increases the effect 

of reserpine, but the use of a catech,olamine-deple.t1ng· agent ,,!ith 

reserpine does not alter the increase of adre~al dop~uiine' bet'a-. 
~ . ~ .; 

, 
hydrox~se obtained wi th reserpine alone. "The potentiatio,n by 5,7-, . 

. \. ~ " 

dihydroxytryptamine ls abollshed by hemisplanèh~icoto~y, a result that - . . , 

demon8trate~ neural Mediation of i.ts effect.' A'l'tllqu.gh ;tni:r§venous , 

adnfinistration of 

adrenal dopamine 

. , 
6-hydroxydopami~e alone inç~ea~es the,~ctivity ~f 

il: 

beta-hydroxylase, the combinat!ion of"this treatment 

with rchlorophenylalanlne does no~ further: elevate' it~ as .occurs with 
• • 0 , 

intracerebroventrlcular injections; th~s sù~gests a sp'ec1fic rol,e of 

cen t ra l catecho lamine dep 1 e tion. The s erotonin tllgon1 El ts' 5-
, , 

'. hydroxytryptophan, fenf luryine and ~-methOXYr,.N-dimet~YltrYPt~lne 

'abo:tish the inducing eff~ct of reserpine. This work sheds ligh,t on the 
, 
ac~ion of re"s~rpin~ 8'S induce.r. and pro:~dea eviclence for the ra~l'e or 
monoamlnetgic pathway~, with ne~ 'lrth~bitor~ ~ffe~' that are'in~olved 
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ln the regulatlon of the activity of an adrenal enzyme. 

1,H.2. Introduction 

Dopamine heta-hydroxylase (DBH, EC 1.14.2.1), the enzyme that 

catalyzes the conversion of dopamine to noradrenaline,18 can be induced 

in the adrena1 gland by stressora as weIL as by certain drugs. 1I ,28,33 

Dor example, the administration of reserpine to experimental animaIs 

causes an Increase in adrenal nBH activity46 that is prevented by 

denervation of the gland,ll,33 lmmunochemical and radiolabeling 

techniques show that the increased DBH aet ivity is associated with an 

increase in the rate of synthesis of the enzyme,ll,12,2I The i ne rease 

i8 attributed to slgnlficant changes in the level of actlvlty of the 

sympathetlc nervous system that result ln a postulated reflex increase 

in actlvity of the pregangl ionic (splanchnic) nerves to the adrenal 

gland. 13 ,44 Although nerve stimulation brings about an incr'ease ln 

activity of tyroslne hydroxylase, another inducible enzyme, there is as 

yet no electrophysiological evidence that reserplne actually induces an 

adrena l enzyme by thi s means. SI 

In addition to the above problem, there ls the related matter of 

the site (or sites) 
~ 

at ~'Which reserplne's action ls specifically 
1 
,$ 

effective ln ellc1ting the induction of enzymes in the adrenal glands 

and elsewhere, and the relation of depletion of neuronal monoamines to 

that 1 nduction, Supraspina l cho linergic, dopaminergic and serotonerglc 

sy,>tems have been detected as playing roles in the induction of other 

ddrenal enzymes,42 so it was considered worthwhile to investigate sorne 

of these 1n regard ~ to reserpine's induction of adrenal DBR activity. 

In this work special attention has been directed toward the depleting 

action of reserpine on centra l stores of serotonin and catecholamines, 
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3.H.3. Materiels and Methods 

Drugs. Reserpine, serotonln, '>,7-dihydroxytryptamlne creatinine 

sulfate (DHT), 6-hydroxydopamlne hydrochloride (6-0HDA), tyramine HCl, 

tH.-.,E-chlorophenyla1anine methyl ester HCl (PCPA), alpha-methyl-Ul,.-r 

tyrosine methyl ester (AMPT), 5-hydroxytryptophan (SHTP) and 5-methoxy-

N,N-dimethyltryptamine Iofere purchased from Sigma ChemicaIs, St. Louls, 

MO; and chloral hydrate, USP, from Fisher Scientific Co., Montreal, 

Que bec. Fenf1uramine lofas a gift of A.H. Robins, Canada. Imipramine and 

desipramine were donated by Geigy Canada Ltd. Doses of the neurotoxins 

are glven as the welght of the sRlt inJected into the laterai 

ventric les. 

AnimaIs. Male C;prague-D81ofley rats .... eighlng 200 ~ 10 g Iofere used ln 

the non-operated groups. Anima ls submitted to surgery weighed 150 ~ 20 

g Initial1y. They Iofere obtained from Canadian Breedlng Farms and 

Laboratories Ltd., St. Constant, Quebec. Hypophysectomlzed animaIs Iofere 

i'llso obtained from thls supplier and Iofere l1sed 8-11 days after 

operation. None of the anima ls designated for hypophysectomy gained 

Iofeight durlng this period in the laboratory. Rat" were kept in an 

animal room withr light-dark cycle of 12 hour8. The animaIs .... ere feà 

ad libitum with Purina Checkers. They Iofere ln individual cages at Ieast 

one day prior to experiment. Contra l anima 1 s rece i ved vehic le by the 

same route as the experimental group and slso received the same number 

of injections. 

Surgery. Hemisplanchnicotomy was done under chlordl hydrate 

anesthesia, 300 mg/kg ip, 4 days prior to the "tart of the experiments. 

The tissues around the adrena l were completely dis8ected, except for 

protection of the vascular supply of the gland. The mean welghts of the 

adrenals on the denervated and Intact sides were not slgniflcantly 
" 

I~ 
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different. The efficiency of the denervation was tested by gtving 

insultn, 100 lU/kg sc, to fasted rats: depletion of catecholamines 

Indlcates intact innervation. Adrena1s denervated ln the manner 

described did not respond to inBultn stimulation. 

The coordinates for the intracerebroventricular (icv) injections 

were L 1.5, P l and V 3.5 mm; and for injections in the dorsal raphe 

nucleus (DRN) and Medial raphe nucleus (MRN) they were 26 A (-)350 ).lm, V 

(-)0.6 mm and A (-) 350 ).lm, V (-) 2.6 mm, respectively. Craniotomy was 

performed at the site corresponding to the place of injection. The 

ventricular target site was confirmed by injection of methylene blue: 

the brain of such animaIs was then sectioned transversally to verify the 

preBence of Methylene blue in the cavities. A Hamilton syringe .... ith 26-

gauge needle was used for the injection of the neurotoxin. Sham-

operated controls received only the vehicle. The injection was 

performed over the course of one minute, in order to avoid asymmetric 

uptake. 6 A dose of 175 pg DHT was adminlstered in 20 ).lI of 0.1% 

sscorbic acid in saline. A square of Gelfoam was placed over the burr­

hole in the bone, and the skin was c10sed with a metal clip. 

Tissue. AnimaIs were deeply snesthetized with Brietal (sodium 

methohexital), 6S mg/kg, and then the adrenal glands were removed and 

placed on ice. The capsule and fat were removed and the glands were 

we ighed. Homogenization wss done .... 1th a Tef 1 on homogenizer in 1 ml of 

0.05 M Tris buffer pH 7.4 containing 0.1% Triton X-lOO. Homogenates 

were centrifuged at 10,000.a for 10 min. Supernatant was kept at -70 0 C 

for up to 4 days prior to assay. 

DBR assay. DBH wss determined by the two-step aasay of Mol1noff et 

a1. 34 Blanks .... ere prepared .... !th substrate omitted, _th bolled enzyme, 
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or with 1 mM fuaarie ac!d a,dded; theae dld not vary slgn1ficant ly. Ea't'h 
~ 

sample wa8 prepared in duplicate, variation betwe-en them being 1-5%. An 

lnternal standard of 50 ng of octopamlne was incillded in aIl 

exper iments. 

PNMT ~lcat ion. Pheny lethano lamine N-methy 1 trans ferase (PNMT, Re 

2.1.1.28) was partially purifled from bovine adrenal medllila accordtng 

to D[az Borges et 91. 16 Approximately 10 g of tissue were homogenized 

in ID volumes of 50 mM phORphllte buffer, pH 7.4, contatning 0.15 M KCl, 

1 mM EDTA and 0.1 mM dithiothrelto1. The homogenate was centrtfuged st 

100,000 .8. for hour. The supernatsnt was Bllbmltted to salt 

fractlonation with ammonium sul fate From 0-40% (preclpitate 

dlscarded) and From 40-55%. The Rerond prec1pitate WSR rollected by 

centrifugation, resuspended and dissolved ln 1 mM phosphate buffer, pH 

7.4, eontaining mM EDTA and 0.1 mM dithiothreitol. The solution was 

dlalysed for 12 h sgainst the resuspending "Iolutlon. Individuel 

portions of the dialysed preparation (30 ml) were stored Frozen st 

-70C{:. There Io/as little 108s of enzyme Ilctivity for st least up to (, 

months. The specifie activity of the dialysed solutIon ls 4 nmoles of 

synephrine formed From octopamine h-I(mg of proteln)-l. The dlalysed 

preparation was appl1ed to a Sephadex G-200 column (90 x 2.6 cm) 

previously equllibrated with 0.1 mM dlthlothreltol, 1 mM EDTA, 40 mM KCl 

and 1 mM phosphate buffer, pH 7.4. F:lution was done Io/ith the aame 

solution. Fractions Io/ith enzymatlc activity were pooled, Iyophillzed 

and resuspended. The specifie actlv(ty after this step ls 35 nmoles of 

synephrine formed h-1(mg protein)-l. (Table IX). 

Serotonln and catecholamIne determinat1ons. Serotonln was 

determined by reversed-phase high performance liquid chromatography 
\ 

(HPLC) with electrochemical detection, according to the method of 
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;Anderson et a1. 4 
/ 

The forebrain and raphe nuclei area were dlssected 

according to the procedure of Aghajanian et al. l Catecholamines were . 
also determined by reversed-phase HPLC with electrochemical detection 

by the method of Fellce et a1. 17 

~Stat1stical an~lysis. Results are expressed as mean::!:. standard 

error. Signlficance of dlfferences between mean was calculated by 

Student's t-test. Analysls of variance49 was carried out in Indicated 

exper iments. 

3.H.4. Results 

Effect ~ reserpine on the OBH activity ~ the denervated adrenal 

gland. Ear lier investigators have shown that th~ daily administration 

of reserpine to rats brings about significant increases ln the activlty 

of adrenal OBH,ll,33 and that thls effect ls blocked by denervation of 

the gland. ll In the present work two experiments with 

hemisplanchnlcotomized rats were ~erformed. As the ,\resu 1 ts were 

quantltatively slmllar the data have been pooled, as shown ln Table l. 

Transection of the left splanchnlc nerve did not modify the resting 

actlvity of adrenal DBH, as compared wlth the sham-operated controls, in 

agreement wlth the earlier reports,ll nor was the weight of the adrenal 

glands affected (data not shown). There was a signlficant increase of 

DBH activity ln the denervated adrenals (P < 0.05), owing to reserpine 

administration, despite the lack of neural Input, but this increase was 

smaller then that produced in the intact gland (P < 0.05). Additiona! 

resu 1 ts supporting these experimental conclusions are presented Iater 

(Figs. 2 and 3). 

The nature of the increased actlvity with reser~lne was examlned in 
" 

related experiments. In one of these the Km of OBH for tyramlne was 
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determlned in control and reserpine-injected rats, the latter receiving 

2.5 mg/kg ip. For thls purpose the adrena 1 glands were homogenlzed and 

the supernatant fraction obtained by centrifuging the homogenate for 0.5 

h at 10,000.s. was dialysed for 10 h. The Km values were 0.26 and 0.24 

mM for control and reserpine-treated rats, respectlvely. Cycloheximide, 

1 mg/kg" dally, blocked the increase of adrenal DBH activity produced 96 

h after a single injection of 10 mg/kg of reserpine. 

Reserpine was also administered ta rats hypophysectomized 8 ta 10 

days prior to the beginning of the treatment. In sham-operated animaIs 

reserpine increased the aetivity of DBH from 8.3 :t. 0.9 nmoles per 30 

min per adrenal (ContraIs, N - 7) ta 12.1 :t. 1.3 (Reserpine-treated 

group, N· 6). A similar inerease was observed ln hypophysectomized 

rats,: from 7.2 + 0.7 (N - 6) to 12.3 + 1.3 (N - 6). The resting 

activity of adrenal DBH was not altered by the hypophysectomy. 

Effec't of pePA and DHT on serotonin brain le,vels. The content of 

serotonin in the raphe area and forebrsin was determined in rats treated 

with PCPA and DHT (Table II). Four days after the s?,stemic 

administration of 300 mg/kg of PCPA decreases of about 70% in 8erotonin 

levE! 18 in both brain aress were observed. The iev administration of DHT 

depleted serotonin by 43% in the forebrain and by 37% in the raphe area 

(Table II). Reserpine, 2.5 mg/kg for three days produced a depletion of 

45-64% of brain serotonine The combination of reserpine and PCPA ip or ., 
DHT icv, given in the de8cribed ways, produced decreases in brain 

serotonin of 95% and 86%, respectively (data not shawn). 

Effect of reserpine, AMPT and 6-0HDA -1 v on adrenal catecholamines. 

The administration of reserpine to rats for three days produced a dose-

dependent decrease in adrenal catecholamines (Fig. 1). At the sarne time 

t 
there was a dose-dependent increase of adrenal DBH activity. The 
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administration of AMPT, 206 mg/kg p.er day for three days, produced 

decreases of 68,38 and 48% in at;lrenal noradrenal1ne, adrenaline and 

dopamine (data not shown). This treatment given in combination with 

reserpine, 2.5 mg/kg daily, proauces decreases of 83, 59 and 78% in 

noradrenaline, adrènaline and dop'amine respectively. The administration 

of 6-0RDA, 100 mg/kg iv daily for two days, as shown by ~ostrzewa and 

Jacobowit~27 did not alter adrenal catecholamine levels. 

Effects of pePA on the DBR response to reserpine in -- -.-- --
hemisplanchoicotomized rats. Al though reserpine causes large' losses of 

serotoJ).in from the brain it does not affect the synthesis of that amine. 

Rence, it was of interesf to determine if a decrease of serotonin 

ste,mming from inhibition of its synthesis would contribute ta the 

induc t ion of DBR. PCPA, an i rreversi b 1 e inhi bitor of tryp tophan 

hydroxy lase, 25 was gi ven to hemisp1anchnicotomized rats in a sing le dose 

of 300 mg/kg 24 h before the first of three d~ily injections of 

reserpine. PCPA when gi ven in this way decreased serotonin in the raphe 

area and forebrain· by about 70%. The results (Fig. 2) show that PCPA 

caused an increase of DBH activity in~the innervated gland, although 

this effect was not cons1stently obtained in similar experiments carried 

out Iater. As demonstrated by the resui ts of Fig. 2, reserpine also 

caused significant increases in DBH activity: a mean increase of 120% in 

the intact gland (P < 0.001) and 54% in the denervated organ (P > 0.05). 

Moreover, the Increase in the intact gland was significantly greater 

than ln the denervated one (P < 0.05). In animaIs recelvlng bath PCPA 

and reserpine a very great potentiation of the induction of the enzyme 

in both glands obliterated this effect of denervation (P < 0.001). 
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DHT on adrena 1 DBU activity and 'its induction ~ 

The neurotoxln DHT given ta rats lcv causes a long-lasti?g 

in the brain. 6,39 In our experlnrên t s :--tour days 

af he tnpon of DHT serotonin lias depleted by 43% in the 

forebra:n" _~7% in the raphe area. As shown ty the resul ts in Fig. 3, 

there was no signific~nt effect of DHT by 'itself on adrenal DBH 

activity. In hemisplanchnicotomized animaIs receiving a series of 

reserpine injections on three consecutive days (see legend to Fig. 3) 

there was an addi tiona 1 increase of DBH acti vit y in the intact adre~a~ 
with the administration of DHT but. unlike the case with PCPA. th , 

-' 

increase of enzyme activity in the denervated adrenal owing to reserpine 

was sustained, but not potentlated by DHT (Fig. J). Thus. the 

potentiation of the action of reserpine by DHT with respect to adrenal 

DBU activity depends upon intact innervation of the gland. 

In arder ta eliminate a possible action of DHT on noradrenaline­

containing neurons,5 this neurotoxin was given icv ta rats 30 min after 

they had received desipramine (20 mg/kg, ip). The reserpine treatment 

of these rats eN - 5) resulted in a Mean increase of 140%. as compared 

to a 60% increase over controls in 8\1,imals receiving only reserpine and 

desimipramine (N - 4). The abiding potentiation of reserpine by DUT in 

these rats makes it unnecessary to attribute any role in this phenomenon 

ta central noradrenergic fibres because the potentiation is still 

observed if the uptake of DUT into central noradrenerglc neurons Is 

prevented by desimipramine treatment. 

I! 
DUT was tested by injection inta two other sites, viz. the MRN and, 

the DRN. in intact rats. The neurotoxin did not affect the endogenous 

adrenal DSH actlvity in either case, but the results demonstrate (Table 
• 

III)that DHT instl11ed in the MRN Is as efficient as icv-Sdministration 
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in potentiat1ng the effe!=t of parenteraIIy administered reserpine on 

adrenai DBH actlvlty. In sharp contrast to this. there vas no influence 

of the neurotoxln Injected Into the DRN. Thus. 1t appears that a 

pathway involvlng the HRN. among other sites. ls l~portpnt in the effect 

of reserpine on adrenal DBR. This pathway ls presumably serotonergic. -
Effect of AMPT ~ adrenal DBR !,ftivity. In the above experiments 

" "'" reserpine was tested ln anImaIs whose cereb~rotonin had first been 

made to undergo some decrease through use of PCPA or DHT, ln addition to 

that caused by the reserpine treatment itself. Ta study the parallel 
r 

situation with regard ta the catecholamine content of the brain. rats 

were given AMPT aione or in combination with t"eserpine. Thus, this 

i~hibltor of tyrosIne hydroxylasé3 could exert !ts specIfie dep1eting 

action on cerebral catecholamines and favour even further the 108s of 

these substances brought about by reserpine. There was considerable 

variation ln response to AMPT sa that the observed mean Increase of DBH 

actlvlty in rats glven this drug (Table IV) did not attain statistical 

sign1ficance (P > 0.05). When AMPT was combined with reserpine. the 

influence of the latter drug on DBR actlvity pers18ted (Table IV). 

AMPT was a1so 81 ven ta rats that recel ved PCPA. In this particular 

experlment neither of the two substances had a slgnificant effect on 

adrena1 DBH acU v 1 ty. However. the simultaneous action of the drugs. 

entai ling decresses in both catecholamines and serotonin levels. through 

Impalrment of the corresponding synthetic pathways. produeed incresses 

(Table IV, Expt. B) of 70% in adreilal DBH over controls-and those 

animaIs rece1vlng ORly AMPT (P < 0.001), and 35% over the group 

receiving pePA alone (P < 0.025). In another experlment AHPT vas given 

after the lcv administration of DHT. Again -there was no signifieant 
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effect vith either of the tvo drugs given alone. but the~r combinat ion 

produced a grest increa8e (P < 0.001 by comparison vith the other mesns) 

ln adrenal DBH actlvlty (Table IV, Expt. C). The results of these 

experlments combining the administration of depletors of catecholamines 

and serotonin are thus consistent vith the viev that simultaneous 

decrease of these monoamines is cruc1a 1 to the f.nduction of adrenal DBR 

activity. 

Effect ~ 6-0RDA ~ adrenal DBH activity. 6-0RDA, a neurotoxin 

affectlng the termlnations of catecholamine-containlng neurons,4S vas 

lnjected lev Into rats ln tvo simllar experlments (Table V). except that 

ln one of them its uptake into noradrenergic and serotonergic terminaIs 

lias prevented by the pretreatment of the animaIs vith Imipramlne.40 The 

results were qualitatlvely Identlcal: ln neither case did 6-oRDA have a 

81gn1flcant effect on adrenal DBH actlvity, nor did this substance 

modlfy the action of reserpine ('l'able V). 

Although. as mentloned earller, PCPA does not have a consistent 

effect upon adrenal DBR (Fig. 2; Table IV), ft vas important ta 

determlne vhether the deleterlous action of 6-0HDA on central J 
catecholaminerglc neurons might evoke sorne change lihen combined with thef 

lowerlng of cerebral serotonin caused by PCPA. The results ln TableVI 

Indlcate that 6-DHDA Injected Into the ventricles prior ta PCPA did have 

such an effect, more than doubling the Increase of actlvity of DBA over 

that expected from the two substances acting Indivldually (each value 

corrected for control Mean). 6-DHDA lias also tested by the Iv route. In 

thls case, the neurotoxin caused a slgnlflcant Increase ln DBR activlty 

(P < 0.001), as previously reported by Brimijoln (1971).7 but there vas 

only an addit i ve effect from PCPA gi ven at the same Ume (Table VI). 
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Effect of serotonin agonists on adrena 1 DBH acti"i ty. It was 
, 

reâsoned that if reduction of central serotonin stores ls important in 

the action of reserpine in indu~ing adrenal DBH activity, the increase 

of serotonergic function by means of serotonin agontsts might prevent 

ri~serpine from bringing about this change. This hypothesi\ was tested 

in a" series of experimen ts wi th fenf 1 uramine, a serotonin-releas ing 

drug,14,l9,32 and 5-methoxy-N,N-dimethyltryptamine,l9,20,41 a serotonin 

a,gonist. Al though the experiments were of a homogeneous 2 x 2 design the 

essential comparis"on for the test of the hypothes1s was of t~ Mean for 

treatment with bath reserplne and agonist and the mean for reserpine 

alone.In this test (Table VII) both fenfluramine and the tryptamine 

derivstive reduced the response of the adrenal DBH .activity to reserpine 

significantly (~< 0.025 and P < 0.0125, respectively, by the one-tailed 

t-test) • 

The actual cerebral content of serotonin can be increased by 

administering its precursor to rats previously treated with a 

peripherally actin~ inhi bitor of aromatic smino acid decarboxylase. 

This was tested with rats gi ve!l 5HTP along with carbidopa (Table 

VIII). The inhibi tor did not affect adrenal DBH aeti vi ty nor the action 

of reserpine in that regard. The combination of,inhibitor and precursor 

also had little or no effect upon DBR activity. Rowever, when this 

combinat ion was gi ven to reserpinized rats, the expected increase of' PBH 

aeti vit Y was no longer in evidence (Table VIII). 

3.H.5. Discussion 

The increases in adrenal DBH activity obtained in the present work 

by treatment of rats with reserpine for three days are highly 

significant, a result in accord with previous reports. U ,33 The use of 

radiolabeling and immunological techniques has shown that the action of 
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reserpine ls to lncrease the number of molecules of the enzyme through 

an Increase ln the rate of sYAthesis,l1,13,SO an inductive effect 

mediated thraugh the splatrehnic nerve. ll Although re8erpine la 

reported to modify splanchnlc actlvity ln some wsy.51 that mechanism Is 

not weIl understood. Desplte chIa; our e)[p~rlence ln worklng wlth 

unl1aterally splanchnicotomize4.,tats recei vlng reserpine ls that an 

~ 

incresse of adrenal D8H aeti vi ty persists even after denervation of the 

" gland, but the inèrease la sign1flcantly smaller than that observed in 

the \ntact gland (Table I). This makea it like-Iy that there 18 a 

humoral or a perlpheral component to the action of reaerpine. lndeed, a 

decrease of cerebral monoamine content caused by reserpine could affect 

the functlon of peptiderglc neurons ln the hypothaiamua 3S ,47 and, 

. 
consequently, of hypophyseal function. In addition, reserpine ls a 

potent stimulator of ACTH secretion ln rats,29 probably through an 

increase ln che release of cortlcotropln releasing factor. 8 Thus, in 

( 

the a11'Elence of the main inductive mechanlsm. I.e. the peripheral neural 

component, as a reaut t of adrenal denervatlon, reserplne would produce 

an endocrine-mediated Increase in adrenal 08H activity. A honnonally 

mediate<l increase of adrenal enzyme activity is also evident in the case 

of adrenocortical ornithine decarboxylase. 3B The persistence of the 

effect of reserplne 6n adrenal OBH in hypophysectomized rata, as 

previously reported,ll.48 ·could then be attributed to the peripheral 

neural mechanism or, pos8ibly. to a local action. 

Reserpine depletes adrenal catecholamines 1n a dose-dependent 
~ . ( 

manner. and also brings about an increase of adrenal OBH (Figure 1). 

Vlveros et a1. 46 showed chat in the rabbit the neurogen1c stimulation of 

the adrenal medulla produced by reserpine depends on the amount of drug 
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administ:ered. Dose:;! of l mg/kg, unlike higher doses, did not stlmulate 

the re lease of catecho lamines and DBH from the chromaffin granu1:es, but ,. 1 

did ~ncrease adrenal DBH soti vity 46 (Figure 1). As has be'en shown in 

~ ; 
the rat, the presence of an intact nerve su~ply is not necessary for the 

.... 

depleting action of reserpine~n the adrenal medulla. 9 ,22 Thus, in 

order to assure not only s local action of reserpine on adrenal DBH, 

" . .41). 

but also a ~,:ogenic stimulation, a dose of 2.5 mg/kg was used in aIl 

the ex"perlmen ta. l t has been prevlously reported ll , 48 that the 

activity of DBB in the adrenal gland of chronically hYPoP'hysectomized 

~nlmals (Le. more than two weeks following operation) is redueed 

sign1ficantly below that in sham-operated rats. We did not obtain this 

effect (see Results s<f!etion), .perhaps because in our experiments 

• 1 ~ 
sacrifice was carried out only 8-11 days after the opetél'tion, not long 

enough to produce-a sign1ficant biologiea1 eff~ct. 

Because reserplne causes the 10ss of many monoamines from the brain 
o 

b 

it was important to determine the effects of depletion of particular 

members of this. group. The first drugs tested were the s,~rotonln 

depletors PCPA and DHT. The latt;;,er, after icv injection, 18 ta~en up 

into axons and nerve endings6 where it causes the destruction of these 

e1ell!ents, with a result equi valent to serotonergic denervation. In our 

work DHT caused a 40% decrease ln central serotoniq content (see Results 

section), but did not modify adrenal DBH activity (Fig. j'; Tables IrI 

and IV). 

adrenal 

.. 
Howev~r, there was ·occaslonally a smalI, increase of DBH in the 

of â~maIs recelving PCPA, (Fig. 2; Tabh~<s IV and VI). This is 

• 
quite different from the case of tyrosine hydroxylase induction, where 

activity.37 However, the r~sul t 

leads to an unequi voca ~ increase in 

\ 
is not unlike thtg effect of serotonin 

dep1etion of cerebral serotonin 

depletion on adrenomedullary ornit;hine decar.boxy1ase.3 , 
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lt i8 genera Ily accepted that the decrease in monoamines produced 

r 
by reserpine through blockade of reuptake of these monoamlnes Into 

storage vesicles lO is a crucial step in the induction of DBH. The 

decrease- in monoamines, however, is not complete, be,ause their 

synthesis continues during the time that the animal i8 in the 

reserpinized state, and because the enzyme undergoes synthesis ln the 

adrenal. Newly syntheRized amines, unahie ta be retained, wouid be 

• 
continually available for binding to receptors and action on appropriate 

neurons. For this reason an experiment was earrled out ln which sorne 

rats glven reserpine also received PCPA to black specifically the 

synthesis of serotonin. In this case PCPA potentiated the inducing 

effect of reserpine by 47% (Fig. 2). The faet that this potentlatian 

was not abolished by denervatlng the adrenal gland, ,>upports the 

existence of a humora l component that ls evoked by PCPA. l t is we Il 

established that serotonergic inputs affect peptidergic neurons in the 

hypothalamus, 50 that a decrease of serotonin might trigger the 

production of corticotropln releasing factor, adrenocorticotropin and 

glucocorticoids in succession hy eliminating a net negative input. It 

has been reported lS that the synthesis of serotonln is more suscepti ble 

to inhibition by PCPA in the terminaIs than in the perikarya of raphe 

neurons. Continuing synthesls in the raphe ce l bodies could then be 

responsible for the persistence of PCPA effects i n 

hemlsplanchnicotomized animaIs. A peripheral effect could aiso play a 

role. 

When reserpine was adm1nistered to rats that had already recel ved 

DHT, its effect was pote,ntiated by 53-87%. This increase was sharply 

modifled by denervation of the adrena 1 gland, as seen in Fig. 3. The 
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Iower activity of the combination of reserplne and DHT after denervation 

suggests that descending serotonergic fibres or a central serotonergic 

Ioop are imp1icated. Such a loop would cause a net increase in the 

function of descending excitatory fibres, leading to the enhanced DBR 

ae t i v 1 t y. 

Thus, PCPA and DHT, two drugs that reduce central serotonerglc 

function by quite different mechanlsms, potentiate the action of 

reserpine on adrenal OBH activity. However, the potentiating effect of 

DHT ls neura lly medlated, whereas that of pePA ls not. PCPA might act by 

produc1ng a stress reaction in rats, BS evidenced by increased serum 

cortlcosterone concentrations,31 but a peripheral effect cannot be 

excluded. Another possibility ls that both agents act centrally but at 

different sites in the brain. There would then be a diversity in 

serotonergic pathways that produce the differential effects of PCPA and 

DHT, as seen in helIIispianchnicotolll1zed rats treated with reserpine. 

The i n cre a seo f ad r e n a lOB H a c t i v ft yin rat s g ive n A M PT wa s 

considerably greater after central serotonergic denervation by DHT than 

the increase observed after the administration of PCPA (Table IV). 

Thus, the decrease of serotonin i8 not the sole factor involved in the 

potentlation of reserpine's action ln respect to adrenal OBH activity. 

Tt ls p[(~ble that the greater potentiation obtained with DHT is due to 

the 10ss of other elements in the damaged neurons (e.g. peptides and 

other modulators), and that this favours the elimination of a net 

inhibitory effect in the regulation of adrenal OBH. 

Our data indicate that cerebral neurotransmitters other than 

serotonln must he simultaneously decreased in order to induce adrenal 

DBH. The use of AM PT, an inhibitor of catecholamine synthesis, does not 

by itself produce a consistent or significant increase of adrenal DBH 
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activity (Table IV). However, its administration along with pePA does 

produce such an Increase; this reBult supports the evidence already 

accumulated that both monoamines must be decreased in order ta effect an 

increase in enzyme activity (cf. Tables IV and VI). Because A.'1PT dld not 

modify the Inducing effect of reserpine (Table IV, Series A), 

catecholamine depletion might be considered ta play a secondary role in 

the process of DBH induction. Yet there is evidence ln the present 

results for the interaction of catecholamine and serotonin systems in 

DBH induction. thus, the great Increase in adrenal DBH actlvity observed 

when OHT wa~ inje('ted into the cerebrospinal fluid, to be followed by 

par e nt e raI 1 Y ad min i ste r e dAM PT (T ab 1 e IV, Se rie sC), su pp 0 r t s the 

existence of a central serotonergic pathway with a net inhibitory action 

over the adrenal gland; however, ln this case the, decreaae in 

catecholamines by giving A."IPT ip is systemic, and a peripheral or local 

contribution is added ta the central effect. Furthermore, the increase 

of adrenal OBH activity occasioned by the simultaneous administration of 

PCPA and 6-0HDA (the latter given into the ventricles of the brain) 

shows (Table VI) that central catecholamine sites must be Bffected if 

the depletion of serotonin ia to produce a marked effect on the adrenal 

enzyme. It is noteworthy that when this experiment was repeated with i v 

administered 6-0HDA, a measure that does not deplete brain or adrenal 

catecholamines, there was no increase of DBH. As 6-DHDA given iv does 

not enter the brain, the result is g further confirmation of the need of 

central catecholBmine-serotonin interaction ln arder to effect the 

induction of DBM. 1'hese interactions are shown schematically in Fig. 4. 

Other such interactions have been detected in the regulation of 

different biological functions. For example, Jouvet 24 asserts thBt a 
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sleep-waking cycle ls regulated by two interacting ascending systems, 

adrenergic and serotonergic. The simultaneous decrease of serotonin and 

cerebral catecholamines 18 necessary for facilir~on of the hippocampal 

kindling formation. 2 B10chem1cal studies have shown that the depletion 

of cerebral noradrenaline by inhibition of cerebral DBA is accompanied 

23 by an 1ncrease ln the rate of serotonin synthesis. 

In arder ta verify the important ro le of the decrease of cerebra 1 

serotonin in the DBH-1nducing action of reserpine, three serotonin 

agonists were tested to detennine whether they are able to overcome that 

efect (Tables VII and VIII). Fenfluramine, S-methoxy-N,N-

dimethyltryptamlne, and SHrF (given with carbidopa) aIl effectively 

diminished the effect of reserpine on adrenal DBR activity. These 

results, then, implicate serotonln ln the regulation of adrenal DBH 

through a central inhibitory system (see Model, Fig. 4). The results in 

this work demonstrate, however, that interference with or interruption 

of the working of this serotonergic system in the brain ls necessary but 

not sufficient ta brlng about the Increase of adrenal DBH activity, for 

the simultaneous decrease of catecholamines is important a1so. Th,e 

analysis of the central serotonergic component affecting adrena1 DBH has 

revealed, moreover, that, PCPA and DRT, used as serotonin-depleting 

agents along with reserpine, have different sites of action. More 

specifie studies will be necessary in order to determine the role of 

descend1ng spinal serotonergic projections as weIl as of forebrain 

30 36 projections that act on the hypothalamus. • 
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Fig. 1. Effect of reserpine on adrenal DBH activity and catecholamine 

content. Rats received 3 dal1y injections of reserpine in doses of 0.5, 

1 or 2.5 mg/kg Ip. Sacrifice was done 18 h after last injection. (e) 

DBH activity. (0) Noradrenaline. (ô) Adrenaline. (0) Dopamine. 

* P ( 0.05 

+ p ( 0.0 1 

t P ( 0.001 
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Fig. 2. Effects of PCPA and reserpine on adrenal DBU activity of 

hemisplanchnicotomized rats. Rats were splanchnicotomized on the left 

side and allowed to recover from surgery for 4 days. They then received 

a single ip injection of PCPA. 300 mg/kg. Reserpine, 2.5 mg/kg glven 

ip, was administered at 24, 48 and 72 h after PCPA. The rats were , 

killed 96 h after PCPA administration. The data were subjected ta the , 
analysls of variance, wlth extraction of sums of squares for experiments 

(1 degree of freedom), innervation (1), treatments (3), interaction of 

treatments and innervation (3) and remainder (44). Signlficance of 

differences between means is based upon the t-test, standard errar of 

differences between means being calculsted from the mesn square for 

error (remalnder), which was 6.0745. Probabl1ities for the fol1owing 

comparisons were: 

Innervated Denervated 
gland gland 

Reserpine Vs control ( 0.001 > 0.05 

PCPA vs control ( 0.025 > 0.05 

Both drugs vs r~serplne < 0.001 < 0.001 

Both drugs vs PCPA < 0.001 < 0.001 
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Fig. 3. Effects of DHT and reserplne on adrenal DBH activity of hemi-

aplanchnlcotomized rats. Rats vere splanchnicotomized on the lett side 

and allowed to recover from surgery for 7 daye prior to the 

administration of 175 pg of OH! in 20 ~l of 0.1% ascorblc acld in saline 

into the right laterai veQtricle during the course of one min. 

Reserpine, 2.5 mg/kg glven ip, vas admlnistered for 3 d after beglnnlng 

on the fourth day after DHT. The rats were kliled 24 h after the last 

injection of reserplne. The data vere subjected to the analysla of 

varIance, with extraction of sums of squares for experlments (1 degree 

of freedom), innervation (1), treatmenta (3), InteractIon of treatments 

and innervatIon (3) and remalnder (35). Signiflcance of differences 

betveen means is based upon the t-test, standard error of dlfferences 

betveen means belng caIculated from the Mean square for error 

" (remainder), vhich vas 16.0165. Proba bi li t les for the fo Il owing 

comparisons were: 

Innervated gland Denervated gland 

Reserpine vs control < 0.05 ) 0.05 

DHT vs contro I > 0.05 ) 0.05 

Both drugs vs reserplne .< 0.01 ) 0.05 

Both drugs vs DHT < 0.001 < 0.05 
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Pige 4. Role of monoamines in the reserpine-induced increase of 

adrenal DBR activity: a model. 

The specifie effects of the drugs on the target organ are indicated by 

the arrOW8. (A) Some centres in the central nervous system (CNS) are 

sensitive to the decrease in catecholamines (CA) and serotonin (5BT) 

caused by giving reserpine (Table 1). One of these centres Is the MRN 

(Table II). The loss of monoamines results in a net decrease of 

inhibitory outputs from the CNS that are relayed over a neural pathway 

to the adrenal gland. with a consequent increase of DBH activity ln that 

organ. (B) If these and/or other centres are depleted on1y of their 5BT 

content through administration of PCPA or DRT (Figs. land 2). the 

conditions are insufficient for a signifLcant increase in the activity 

of adrenal DBB activity. (C) This is also true for specifie depletion 

of CA by administration of AMPT or 6-0HDA (Tables III and IV). (D-E) 

Bowever. administration of PCPA or DHT together wi th reserpine imposes 

additional impairment of SHT functions in the CNS (Figures land 2). and 

produces a greater release of net Inhibltory outputs than in CA). As a 

result. there 18 signlf1cantly greater induction of DBB. (F-G) The use 

of AMPT or 6-oBDA does not potentiate the induction of DBB by reserpine 

(Table III). (H) The induction of adrenal DBH actlvity by reserplne ls 

blocked by 5HT agonlsts (Table VI). 
1 Thus. the action of reserplne on 

DBH actlvity of the adrenal is exerted primarlly through its 

antlserotonergic effect. 

Perlpheral effects of reserpine and AMPT. such as the decrea8es in 

CA in sympathetic nerve endings. have not been taken into account in 

thls model; they may also be important for the production of the 

observed adrenal effect. Thus. 6-oHDA acting outside the CNS (Table V) 
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increases adrena1 DBH activity. (1) A periphera1 or humora1ly medlated 

action of pePA could a1so take place, especial1y considering that Its 

effect in potentiating reserpine action ls not abolished ln 

hemisplanchnicotomized rats (Fig. 1) • 
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Table I. Effect of denervation on the induction of adrenal DBH activity 

after reserpine 

Adrena1 DBH activlty 
(nmoles 2er 30 min 2er adrenal) 

Raw Treatment N Innervated Denervated 

1 

2 

3 

4 

Sham-operated 7 8.2+0.7 7.9 + 1.1 

Sham-operated 
+ reserplne 7 16,,0 + 1.9* 15.9 + 1.9* 

Left splanchnicotomy 8 8.2 + 0.5 7.6+0.6 

Left sp1anchnicotomy 
+ reserpine 9 14.1+ 1.8+ 11.2 + 1.9+ 

'. 
Rats were operated on for section of the 1eft splanchnlc nerve; sham-

operated animaIs undet;"went siml1ar surgery, except that the 1eft 

splanchnic nerve was left intact. Four days after surgery reserpine was 

administered ip in a dose of 2.5 mg/kg. This was repeated on 3 

successive days and the animaIs were killed 24 h after the last 
,/ 

injection. Means + Standard Error are shown. Because there was 

denervation of one adr~nal, but not the other, in rats belonging to two 

" of the four groups, a split-plot analysis of variance was carried out'" 

for the purpose of comparing individual means.49 The prababillt1es of 

the differences between means derived from ANOVA are ss fol10ws: *p < 

0.01 for the effect of reserpine in sham-operated rats (comparison'of 

rows 1 and 2, both adrenals taken into account); +p < 0.05 for the 

effect of reserpine on enzyme activity in denervated adrena1s 

(comparison of rows 3 and 4); P < 0.05 for the effect of denervation on 

the response to reserpine (comparison of rows 2 and 4, denervated 

adrenal only). 

101 

- t:7 

1 



Table II. Effect of PCPA and DHT on br41n serotonin content. 

Treatlllent 

Control 

pePA 

DHT 

N 

4 

3 

3 

Forebrain 

157 + 10 

45 + 2 

90 + 

Serotonln (ng/g) 

Raphe area 

258 + 10 

80 + 4 

162 + 2 

Each value represents rnean + standard error. pePA was given in a 

dose of 300 mg/kg ip once, 4 d before the sacrifice. DHT \Jas given lev 

in a dose of l75}Jg in 200,u1 saline containing 0.17. as,orbie acid 8 d 

before sacrifice. 
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Table III. Effects of DHT administered at different sites in the brain 

and of reserpine on adrenal DBH activi ty of rats 

Site of Adrenal DBH activ! ty 
of DHT ( nmoles/30 min Eer adrenal) 
adm i n i s t rat ion 

Con t roI Reserpine DHT Both 

-------

Lateral ventricle 8.2 + 0.6 15. l + 1.4 8.6 + 1.3 28.1 + 5.1 

Medi a 1 raphe nue leus 7.3 + 0.7 13.6 + 1.6 9.2 + 1.2 28.2 + 3.6 

Dorsal raphe nue leus Il. 6 + 1.2 16.7 + 2.2 12.8 + 0.8 16.4 + 1.4 

Rats received DHT, 175 pg in 20}l1 of 0.1% ascorbic acid in saline, 

by stereotaxie injection into the lateral ventricle; others received la 

)Jg of the compound in 5 pl of 0.1% ascorbic acid in saline by injection 

into the medial raphe nucleus or dorsal raphe nucleus. Reserpine was 

given ip in a dose of 2.5 mg/kg daily for 3 d, and the animaIs were 

ki lIed 24 h after the last injection. Control means + Standard Error 

(estimated from the error variance in analysis of variance) are shawn 

(number of rats per group, 4-9). 

Sig nif i c an c e 0 f the di f fer en ce: in e a che as eth e me an e f f e c t 0 f 

reserpine (alone or with DHT) is ~ignificantly greater than the effect 

of DHT alone or controls (P < 0.05). However, the effect of reserpine • 
i n rat s t h a t r e c e ive d 0 H Tin the lat e raI ven tri cIe 8 0 r M RN wa s 

slgnifieantly greater than in those receiving vehic1e only CP < 0.05). 
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Table IV. Effects of AMPT, reserpine, PCPA and DHT on adrenal 

DBHactivity 

-----------------------------

Series Trea tment N Adrenal DBB ac tivity 

A Control 

Reserpine 

AMPT 

Both 

4 

4 

4 

4 

(nmoles per 30 min per adrenal) 

7.6+0.6 

~ 13.4 + 0.7 

'\::: : ::: 
B Con t roI 4 \.5+0.3 

PCPA 4 10. 7 + 0.8 

AMPT 4 8. 5 + 0.1 

Both 4 14.4 + 0.8 

c Con t roI 5 9. l + 0.2 

DHT 5 9. 1 + 0.4 

AMPT 6 11. 6 + 1.1 

Both 5 24.0 + 1.1 

Each value represents Mean ~ Standard Error. 

Series A: Reserpine was given in a dose of 2.5 mg/kg ip once dai 1 y 

for 3 d, 2 h after the animala received 200 mg/kg ip of AM PT. Series B: 

PCPA, 300 mg/kg ip, was given once, 24 h before the firet of a series of 

injections of AMPT; this drug was given in a dose of 200 mg/kg ip twice 

daily for 4 d. Series C: DHT lOBS administered in a dose of 175 Jlg in 20 

}.Il of D.U ascorbic acid in saline, into the right laterai ventricle. 

Four days later AMPT injections were begun: 200 mg/kg ip twice dally for 

4 d. AnimaIs were killed 18 h after the last injection. 
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Table v. Effect of 6-oHDA and reserpine on adrenal DBH activity 

Treatment N 

No pretreatment 

Control 

Reserpine 

6-0HDA 

Both 

Pret reated wi th imipramine 

Control 

Reserpine 

6-0HDA 

Both 

3 

4 

3 

4 

4 

6 

5 

5 

Ad rend DBH ac t i vit y 
(runoles!30 min per adrenal) 

5.0+0.4 

9.9+0.5 

4.6+0.3 

10.5 + 1.5 

8.8 + 0.6 

12.5 + 0.8 

8.9 + 0.7 

13.7+1.0 

Each value is Méan + Standard Error. 6-oHDA \Jas given by stèreo-

taxie injection into the right lateral ventricle in a dose of 200,ug in 

20 111 of 0.1% ascorbic acid in saline. Twenty-four hours later 

injections of reserpine \Jere begun: 2.5 mg/kg ip daily for 4 d. AnimaIs 

\Jere ki lIed 24 h after the lsst injection. 
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Table VI. Effect of .E.-chlorophenylalanine (PCPA) and 6-hydroxydopamine 

(6-0HDA) on adrenal DBH activity 

Treatment 6-oHDA I icv 6-0HDA. iv 
N DBH activity N DBH activity 

Control 4 7.8+0.6 7 9.9 + 0.6 

PCPA 6 9.3 + 0.4 3 11.7 + 0.6 

6-0HDA 5 8.2 + 0.5 6 14.3 + 0.8* 

6-0HDA + PCPA 6 Il.8 + 1.0+ 3 17.1 + 2.0** 

Each value represents a mean DBH activity ::!::. standard error. in 

nmoles/ 30 min per adrena1. 6-0HDA icv: 6-0HDA was administered in a 

dose of 200,1.1& in 20}l1 of 0.1% ascorbic acid in saline. into the right 

" lateral ventricle during the course of l min. Four days later PCPA was 

given by ip injection. 300 mg/kg. AnimaIs were kil1ed 4 d after the 

PCPA. 6-DHDA i v: Rats recei ved PCPA, 300 mg/kg ip; 24 and 48 h later 6-

OHDA was injected Iv ln a dose of 100 mg/kg. AnimaIs were k1l1ed 3 d 

after the second dose of 6-0HDA. 

*p < 0.001 with respect to control 

+p < 0.05 with respect to PCPA 

tp < 0.05 with respect to the other means 
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Table VII. Effect of serotonin agonists and reserpine on adrenal 

DBH activity 

Treatment DBB activit nmoles/30 min e~ adrenal 
N Without reserp ne N With Reserpine 

A Control 6 8.0+0.7 6 11.7 + 0.4" 

Fenfluramine (10 mg/kg) 7 10.2 + 0.90 7 10.0 + 0.6+ 

B Control 4 6.6 + 0.2 4 10.8+ 0.3" 

5-Methoxy-dimethyltryptamine 4 6.8 + 0.2 5 8.5 + 0.8+ 
(1 mg/kg) 

Each value represents mean ~ standard error. Reserpine was given in 

a dose of 2.5 mg/kg ip once daily for 3 d preceded 5 h ear lier by 

fenfluramine or 1 h ear lier by 5-methoxy N,N-dimethyltryptamine. Rats 

were killed 24 h after the lest injection. 

*p < 0.001 with respect ta control rats without reserpine 

+p < 0.05 with respect to control rats with reserpine 

107 



v ' 

Table VIII. Effect of reserpine, SHTP, and carbidopa on adrenal DBH 

activi ty 

Treatment 

Control 

Reserpine 

Carbidopa 

Carbidopa + reserpfne 

SHTP + carbldopa 

SHTP + carbidopa + reserpine 

N 

9 

9 

3 

3 

7 

9 

DBH activity 
(nmoles!30 min per adrenal) 

8.1+0.4 

12.7+0.8 

8.2 + 0.7 

12.0 + 0.6 

9.6 + 1.S 

8.5 + 0.7 

Each value respresents mean + standard error. Reserpine was gi ven 

in a single dose of 10 mg/kg ip and animaIs were killed 96 h 1ater. 

SHTP was g1 ven ip 2 h after the injection of res~'rpine in a dose of 20 

mg/kg, and thereafter twice daily for 4 d. Carbidopa, 25 mg/kg 1p, 

preceded each injection of SHTP by 30 min. Analysis of variance was 

done, with extract ion of surns of squares for experiments (1 degree of 

freedom), treatments (3). interaction (3) and error (27). Significance 

of the differences between means were calculated trom the mean square 

for error (5.4001). Probabilities are as follows: reserplne vs. 

control, < 0.001; reserpine vs. 5HTP + carbidopa. < 0.025; reserpine vs • 
. 

carbidopa, < 0.01; reserpine vs. 5HTP + carbidopa + reserpine. < 0.005. 

108 

J 



Table IX. Summary of PNMT purification 

Acti" i ty Total Specifie 
Fraction per ml Volume ae~ Protein activity 

(cp,) (ml) (epm (mg/ml) (cpm/mg :frot) Y1eld Fold 
x 10 x 10 x 10 

Homogena te 212 125.5 26,606 17.8 11.91 100 1 

Supernatant 234 121 28,314 3.4 68.82 106 5.77 
(100,000,&) 

Ammonium 
sulfate 123 132.5 20,140 2.09 58.85 76 4.94 
(0-40%) 

"' 
Ammonium 
sul fate 368 50 18,400 1.05 350 69 29.38 
( 40-55%) 

l, 

Sephadex 
G-200 36 40 1,440 0.05 720 5 60.45 
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3.1. DifferentiaI role ~ raphe nuclei ~ the regul.~tion 2.i dopamine 

beta-hydroxyla~ ~ ~ adrenal gland of the rat 
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3.1.1. Ahstract 

The effect of reserplne on the activity of dopamine beta-hydroxylase 

(DBH) ln the adrena l gland of the rat was determined following 

electrolytic lesion of the dorsal raphe nucleus (DRN) or medial raphe 

nu cIe u s ( M RN) . In sham operated rats, as weIl as in those with a 

lesion of the DRN there was no significant modification of the action of 

r e s e r pin e 0 n t h i sen z yme . However, lesion of MRN potentiated the 

inducing action of the ,drug. A specifie role of MRN in the serotonergic 

regulation of adrena1 DBH is suggested by this work. 

3.1.2. Introduction 

The administration of reserpine to rats produces a time-dependent 

increase in the activity of adrena1 dopamine beta-hydroxy1ase (DBH, EC 

1.14.2.1) (Molinoff et aL, 1970; Ciaranel10 et aL, 1975; Lima and 

S ourkes, 1985) . This induction is potentiated by the conjoint 

parenteral administration o(,.E-chlorophenylalanine (PCPA) or by the 

intracerebroventricular injection of 5,7-dihydroxytryptamine (DHT) with 
/ 

reserpine, measures that reduce the amount of brain serotonin to very 

Iow leve Is (Lima and Sourkes, :985). Aithough serotonin agonists when 

given alone do not modify adrenal DBH activity, their administration to 

reserpinized rats diminishes the ince.ease of DBH observed in such 

animaIs (Lima and Sourkes, 1985). It is thus apparent thBt the 

antiserotonergic action of reserpine plays an important role in !ts 

Inducing effect on DBH. Furthennore, the results suggest thBt a central 

serotonergic system exerts a net inhi bi tory influence on adrenal DBH, as 

has been reported for adrenai tyrosine hydroxylase (TH, EC 1.14.16.2) 

(Quik and Sourkes, 1977). 

Central serotonergic neurons are localized in the midline raphe 
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nuc lei of the brain stem (Dahlstr5m and Fuxe, 1965). These 

indoleamine-containing neurons project to the forebrain and the spinal 

lord (Morgane and Stern, 1974; Baumgarten and Schlossberger, 1984; 

Con Z 0 l a z ion e and eue l l 0, 1 98 4 ). The d 0 r saI r a ph e nue leu s ( 0 RN. B 7 ) 

prajects ta the amygdaloid complex, hippocampal formation, lateral and 

posterlor cortex, ventral thalamus and corpus striatum, the fibres 

overlapping with projections of the medial raphe nucleus (MRN, B8). 

More rostral fibers of the forebrain projections innervate the 

tuberculum olfactorium, septum, nucleus accumbens, transition cortex and 

main olfactory bulb. Both raphe nuclei appear to have mlnor descending 

projections to the brainstem and spinal cord (Baumgarten and 

Schlossberger, 1984). 

Lesions of the HRN, but nat the DRN, result in a spontaneous 

increase of adrenal TH (Quik et aL, 1977; Sourkes, 1983) and favour the 

induction of adrenomedullary ornithine decarboxylase (EC 4.1.1.17) by 

dopaminergic agents (Almazan et aL, 1982). Electrolytic lesions of the 

MRN and DRN are reported to produce decreases in forebrain serotonln of 

20 and 50%, respectively (Quik et aL, 1977). Because of the 

differential funct!on of these two serotonin-rich nuclei in regard to 

adrenal enzyme induction, and because of the raIe of cerebral serotonin 

108s ln the induction of adrenal DBH (Lima and Sourkes, 1985), it was 

now of interest to determlne the relative raIes of these two major 

raphe nucle! ln the Inducing action of reserp!ne. For this purpose we 

ha v e ma d eus e 0 f rat s w i the le c t roI Y tic 1 es ion s 0 f the br al n. 

3.1. 3. Materia 1 sand Hethods 

Male Sprague-Dawley rats (290 + la g) were purchased from Canadian 

Breed!ng Fanns and Laboratories Ltd., St. Constant, Quebec. The animaIs 

were kept in individual cages under c:ontrolled lighting (12 h on/12 h 
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off) and fed ad libitum. 

AnimaIs submitted to surgery were anesthetized with 300 mg/kg ip of 

chloral hydrate (Fisher Scientific, Montreal, Quebec). Anodal 

electrolytic lesions were produced by passing 3 mA for 10 sec for DRN 

and 2 mA for 7 sec for MRN through a stainless steel monopolar 

Electrode. Stereotaxic coordinates were taken from Paxinos and Watson 

(1982): for ORN, L 0, A 1.2 and V 6.5 mm and for MRN, L 0, A 1.2 and V 

8.5 mm. Sham operated animaIs were treated as lesioned, except that no 

current was passed through the Electrode. Five days later reserpine was 

given ip in a dose of 2.5 mg/kg daily for 3 days. At the termination of 

the experiments, the rats were deeply anesthetlzed with sodium 

methohexital, 65 mg/kg given ip,and the adrenals were removed and placed 

on ice. The glands were homogenized with a Teflon homogenizer in 1 ml 

of 0.05 M Tris buffer pH 7.4 containing 0.1% Triton X-IOO. Homogenates 

were centrifuged at 10,000.,8. for 10 min. The supernatant fraction W8S 

kept at -70 0 e until used for assay of DBR. 

Adrenal DBH activity was determined according to Molinoff's 

procedure (Molinoff et a1., 1971). Phenylethanolamine N-

methyltransferase was purified from bovine adrenal medulla by the 

method of Diaz Borges (Diaz Borges et al., 1978), as specified 

previously (Lima and Sourkes, 1985). 

Ta verify the site of the lesion the brains were immersed in 

formalin for 2-4 weeks, after which the brain stem was dissected. The 

parts for sectioning were placed in 30% sucrase for 24-48 h. Frozen 

sections of 50 um were prepared and stained with cresyl violet. 

Each value is expressed as Mean 2=. standard error (SE). Analyats of 

variance CANOVA) was carried out to assess the significance of 
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differences (Wi ner, 1971). 

3.1.4. Results 

Representative les ions of MRN and DRN are shown in the Figure. 

Corresponding sections from the brain of sham-operated animaIs did not 

present any evidence of cell loss or histological change as a result of 

introducing the electrode. 

Reserpine, given for 3 days, caused an increase of 77% in adrenBl 

DBH activity in animaIs with a sham DRN operation (Table). Lesion of 

the DRN alone did not affect the resting level of adrenal DBH; but when 

reserpine was administered to rats with such a lesion, there was an 

increase of 69% in enzyme activity. This increase was not significantly 

ditferent from that observed with reserpine in the sham-operated group 

(Table) . 

In rats sham-operated in the MRN region, reserpine produced an 

increase of 112% (Table). Lesloning of the MRN itself yielded a small, 

but not statistically significant, increase in adrenal DBH activity. 

However, when reserplne was administered ta rats with lesions in this 

nucleus there was an Increase of 197% in activity (Table). The effect 

of this lesion on the response ta reserpine was statistically 

significant (P < 0.025; legend ta Table). Thus, lesions of the MRN, 

but not the DRN, potentiated the inducing action of reserpine on 

adrena 1 DBH. 

3.1.5. Discussion 

Previous reports have shawn that reserpine increases the activity 

of some adrenal enzymes (Thoenen et aL, 1969; Molinoff et aL, 1971; 

Ciaranello et al., 1975). This action with respect ta DBH is potentiated 

by the systemic administration of PCPA or the lcv injection of DHT (Lima 

and Sourkes, 1985), and ls attenuated by the administration of serotonin 
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agonists (Lima and Suurkes, 1985). In contrast to this, although a 

significant decrease of central catecholamines is necessary for the 

induction of DBH to take place at aIl, additional measures to favour 

depletion of cerebral catecholamines, ln conjunction with reserpine, do 

not potentiate the action of that drug (Lima and Sourkes, 1985). It has 

been previously observed that serotonergic neurons provide a negative 

input to the adrenal gland in regard ta the regulation of the activity 

of TH (Quik et al., 1977; Sourkes, 1983) and ornithine decarboxylase 

(ODe) (AlmazJn et aL, 1982) in that organ. These neurons seem ta 

originate in the MRN (Quik et aL, 1977). The present study shows that a 

lesion of the MRN, in contrast to a DRN lesion, potentiates the induting 

action of reserpine on adrenal DBH activity. The injection of the 

neurotoxin DHT into the MRN (but not DRN) produces a similar result 

(Lima and Sourkes, 1985). These results indlcate that serotonergic 

• 
neurons of the MRN play a specifie raIe in regulatlng the adrenal D8B 

content. Present evidence does not permit one to decide whether the MRN 

neurons involved in regulation of the three adrenal enzymes mentioned 

(TH, DBB, ODe) are the same or different . 
.. 

The ner"vous connections of the MRN and DRN are apparently quite 

similar (Consolazione and CueIlo, 1984; Baumgarten and Schlo8sberger. 

1984). However, the raIe of the MRN in regard ta neural induction of 

several adrenal enzymes, taken together with the failure of DRN ta 

affect those inductions, makes it obvious that these nuelei do aetually 

differ in their innervation. There is, in fact, documented evidence for 

such di fferences. For example, the MRN (but not the DRN) reeeives 
f' 

afferent fibres from the B9 area (Aghajanian and Wang, 1977), ~s weIl as 

other (noradrenergic) fibres from the AI/A2 region (Massari et al.~ 
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t 979). The DRN (but not the MRN) receives innervation from the nucleus 

tractus solitarii and the Medial aspect of the preoptic nucleus; in fact 

there is evidence for an afferent connection from the MRN to the DRN 

(Aghajanian and Wang, 1977). As for efferent fibres, the major 

projection of the MRN is to the hippocampus and olfactory bulb, the DRN 

to the striatum Azmitia and Segal, 1978). However, these projections do 

not seem to be exclusive (Lorens et aL, 1974; Kellar et aL, 1977). It 

is, of course, possible that the connections between these two raphe 

nuclei and other regions, e.g. the locus coeruleus (Koslowski et al., 

1974), are quite specifie, without overlapping one another. 

There is also neurochemical evidence of differential functions of 

these two nuclei. Intracisternal injection of neurotensin (Long et al., 

1984) or parenteral administration of apomorphine (Lee and Geyer, 1982) 

to rats increases the serotonin content of the DRN, but not the MRN. 

McCulloch has, observed that les ions of these nue lei modify glucose ., 
uti1ization of the brain, but .the specifie regions affected are 

different for MRN and DRN (Mc~ulloch et aL, 1984). In pharmacological 

experiments the catalepsy caused by administration of haloperidol to 

rats is attenuated by a lesion of the DRN, but there Is no effect fTom 

damage to the MRN (Kaz lowski et aL, 1984). 

The present experiments thus contribute to the evidence of 

distinctive regulatory functions of these two raphe regions. Further 

experlments will be needed to determine which of the afferent and 

efferent connectiens of the MRN are important ta the adrenomedul1ary 

regulatory funetlon of that structure. 
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TABLE 1. EFFECTS OF LESIONS IN THE RAPHE NUCLEI ON ADRENAL OBH ACTIVITY 
OF RESERPINIZED RATS. 

Treatment N 

Sham-operated 6 

Sham-operated + 
reserplne 7 

Lesioned 6 

Lesioned + 
reserplne 9 

DBH ac t1 v Hy 
(nmoles/30 min per adrenal) 

DRN N 

10.8 + 0.7 9 

19.1 + 3.4 11 

11.1 + 1.9 9 

18.3 + 1.5 10 

MRN 

8.1 + 0.7 

17.2 + 2.9 

11.4 + 1.5 

24.0 +- 1.2 

Lesions vere made as described in Materlals and Methods, 5 d before the 

~ 

first of 3 daily injections of reserpine, given in a dose of 2.5 mg/kg 

ip. Rats vere sacrificed 18 h after the last injection. In the DRN 

experiment ANOVA of 2 rep1icates was carried out with extraction of the 
. c 

sum of squares for experiments (1 degree of freedom), treatments (3), 

and interaction (3). Significance of differences between means vas 

calculated from the mean square for remlrt-ndet" (10.7795. 20 degrees of 

freedom). Probabilities are as follovs: effect of reserpine. P <.0.001; 

effect of reserpine ln rats vith DRN lesion. P < 0.005. In the MRN 

experiment ANOVA of 3 replicates was carried out with extraction of the 

sum of squares for replicates (2 df). treatments (3 df), and interaction 

(6 df). Significance of differences between means vas calculated from 

the mean square for remainder (31.9985, 27 df). Probabil ities are as 

follows: effect of reserpine in sham-operated rats, P < 0.005; effect ~f 

reserpine in rats with MRN leslon, P < 0.001; effect of MRN leslon on 

the action of reserplne, P < 0.025. 
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Figure 1 

Representative lesions of 
(\) medial raphe nucleus, and 
(A) dorsal raphe nucleus, 
ln a frontal plane sectIon through 
the caudal mldbraln 
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3.J. Pharmacologieal analysis ~ the neurotransmitter mechanisms 

regulating phenylethanolamine N-methyl transferase and dopamine beta-

hydroxylase ~ the adrena l gland. 
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3.J.1. Abstract 

The ip administration of reserpine dai ly for 4 days to rats brings /// 

about an increase of adrenal phenylethanolamine N-methyltransferase 

(PNMT) activity. However, the combination of the systemic 

administration of rchlorophenylalanine (PCPA) and reserpine for 3 daya 

produces an ear1ier increase in this adrena1 enzyme. The effect is 

significantly reduced in the denervated gland. Prior administration of 

5,7-dihydroxytryptamine (DHT) iev ta rats grea t ly potentiates the. 

indueing effeet of reserpine. On the other hand, the depletion of 

catecholamines by giving rats alpha-methyl-rtyros.;Lne (AMPT) ip or 6-

hydroxydopamine (60HDA) iev does not alter the action of reserpine on 

adrena1 PNMT. PCPA, DHT, AMPT and 60RDA do not have any effect by 

themsel ves on adrenal PNMT, but the combination of PCPA and AMPT each 

given ip causes increased adrena1 PNMT activity. The administration of 

dopamine agonists, a treatmept that increases adrenal TH, does not 

modify adrenal PNMT or DBH. We conclude that, jûst as in the case of 

DBR, the induction of PNMT by reserpine Inval ves dep1etion of 

catecholamines and serotonin, the depletion of serotonin having t'he more· 

powerful effect. A monoaminergic (serotonergic) inhi bi tory pathway is 

invol ved in the central regulation of adrenal PNMT activity. 

3.J.2. Introduction 4 

The activities of adrenal tyrosine hydroxylase (TH, EC 1.14.16.2), 

" dopamine beta-hydroxy1ase (DBH, EC 1-.14.2.1), and phenylethanolamine N-

methyltransferase (PNMT, EC 2.1.1.28) are increased by stressors and by 

certain drug treatments 
.J 1 

(Ciaranello and Black, 1971; Kvetnansky et al., 

1970; Kvet~ansky, 1980; Thoenen, 1970). The response of adrenal TH to 

such treatments has been extensively studied in this laboratory and 
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elsewhere in order to elucidate the role of central dopaminergic (Quik 

and Sourkes, 1976), noradrenergic (Gagner ~ aL, 1983), serotonerglc 

(Q u 1 kan d Sou r k es, l 977 ) , and ch 0 lin erg 1 c (L e'" and e r ~ ~ a~, l 9 7 7 ) 

systems that regulate the increases. Less is known about 

neurotransmitters conccrned ",ith DBH activity of the adrenal gland of 

the rat, but c ho 1 i ne r g i c (L e loi and ~ r:. ~~, 1 9 7 7) and mon 0 ami ne r g i c 
,. 

fibres (Lima and Sourkes, 1985) are certdinly involved. Wc now examine 

the regulation of the actlvlty of a third adrenal enzyme invol ved in 

catecholamine "ynthesls, viz. PNMT. For these studies Iole have llsed rats 

given pharmaco1ogical agent,> that affen rnonoaminergic function". In 

some experiments adrena 1 DBH was al '>0 measured for comparat ive purposes. 

3.J.3. Materia1s and Methods 

'-laIe Sprague-Da",ley rdts (200 ~ 10 g or 290 ~ 10 g) ",ere purchased 
\; 

From Canadian Breeding Farms and Laboratories Ltd., St. Constant, 

Quebec. The rats ",ere kept in individual cages under control1ed 

lighting (12 h on/12 h off) and were fed ad libitum. 

AnimaIs submitted to surgery 101er!:' anesthetized with 300 mg/kg ip of 

chIo raI h Y d rat e (F i s h e r, S cie n tif i c Co. , Mon t r e a 1, Q u e'b e c ) . 

Splanchnicotomy was performèd in the left adrena 1 ~land as previous 1 y 

described (Lima and Sourkes, 1985). The stereotaxic coor..dif1ates for the 

intracerebrovcntricular (lcv) injection of neurotoxinl} were P 1.0, L 1.5 

and V 3.5 mm. The ventricular target site ",as confirmed by injection of 

methylene blue. A Hamilton syringe with 26-gauge r'it-edle was used for 

the Injections. 6-Hydroxydopamine hydrochloride (60HDA) and 5,7-

dihydroxytryptamine creatinine sul fate (DHT) (Sigma, St. Louis, MI) were 

inJecLed iev in 20]11 of 0.1% ilscorbic acid in saline. Doses of the 

neurotoxt'ns are given as the weight of the salt. Reserpine (Sigma, St. 
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Louis, MI) was dissolved in a solution of 0.5% methy1cel1ulose. Alpha-

methy1-..e.-tyrosine hydroch10ride (AMPT) and l-chlorophenyla1anine 

hydroch10ride (PCPA) were obtained from Sigma; apomorphine from F.E. 

Cornel1 and Co., Montrea!, Quebec; piribedil from Laboratoires Servier, 

Neuilly-sur-Seine, France; and clonidine hydroch10ride from Boehringer 

Ingelheim, lnc., Burlington, Ontario. 

Rats were deeply anesthetized with Brietai (sodium methohexital), 

65 mg/kg given intraperitoneally (ip), and then the adrena1s were 

removed and placed on iee. The glands were homogenized with a Teflon 

homogenizer in l ml of 0.05 M Tris buffer pH 7.4, containing 0.1% Triton 

X-IOO for DBH assay and in l ml of 0.05 M phosphate buffer pH 7.4, 

containing 0.15 KCI, 0.1 mM dithiothrietol and l mM EDTA. Homogenates 

were centrifuged at 10,000~ for 10 min. The supernatant fraction was 

kept at -70 0 C for up to 4 days prior ta assay. 

Adrenal DBH was determined accordin~ to the method of Molinoff et 

al. (M 0 lin 0 f f ~~, 1971 ) • PNMT was purified from bovine adrena1 

me d u 1 1 a b y the pro ce dur e 0 f D { a z B o-r g e s (D { a z Bor g e s ~~, 1 9 7 8) as 

specified previously (Lima and Sourkes, 1985). Adrena 1 PNMT was 

detenni ned by the method of Yu (Yu, 1978). 

Each val ue represents a mean + standard error (SE). Adrenal DBH 
o . , 

and PNMT actlvities are expressed as umo1es and nm01es, respective1y, of 

oetopamine per 30 min per ad["enal. Significance of the differences 

between means was ca1cu1ated by Student's t-test. Analysis of variance 

(ANOVA) was do ne in indicated elcperiments (Winer, 1971). 

3.J.4. Results 

Act ion ~ reserpine on PNMT aeti v ity 

l t has been shawn that three injections of reserplne g 1 ven over a 

perlod of six days lead ta about 20% Increase of PNMT in the adrena1 
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gland (Ciaranello and Black, 1971). The experimenta 1 period cou 1 d be 

effectively shortened by administration of thls monoamine depletor to 

rats daily for 4 days, with an increase of 30r. (P < 0.025) ln the 

activity of adrenal PNMT (Table l, Expts. A and C). However, three 

dai ly injections were insufficient to induce the enzyme (Table l, Expt. 

B) • 

Serotonergic mechanism 

The systemlc administration of a single large dose of PCPA, an 

inhlbitor of tryptophan hydroxylase (Koe and Weissman, 1966), to rats 

produces il small mean Increase of adrenal PNMT activity (Table l, Expt. 

B), bllt thi<l is not statlstical1y 5ignlficant. The injection of DHT 

lc v, in order to produce centrcll serotonergic denervation (Baumgarten ~ 

~ 1982), also did not affect ddrenal PNMT aeri vit Y significantly 

(Table I, Expt. Cl. However, when either of these treatment., was 

combined with the administration of reserplne, there was potentiation of 

the effects of that drug (Table I, Expts. Band Cl· 

PCPA in combinatlon with reserpine given for four days was 

further tested in rats that had been hemlsplanchnicotomized. For the 

intact adrenal, the effects on PNMT activity (Figure 1) were similar to 
,\t) 

those obtained prevlously. However, in the case of the denervated gland 

reserplne either alone or with PCPA no longer caused an increase of PNMT 

activity. 

Catecho lami nergic mec~ani sm 

1'10'0 treatments affecting catecholaminergic mechanisms were tested 

loIith reapect to adrenal PNHT activity. 60HDA, given by icv injection, 

i n 0 r der t 0 b r i n g a b 0 u t c e n t raI c,a tee h 0 l ami n erg 1 c den e r vat ion 

(Ungerstedt, 1968), had no signlflcant effect on adrenal PNMT aetiv!ty 
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nor dld it alter the effect of reserpine given to rats for four days 

(Ta ble l, Expt. A). The second treatment was the ip administration of 

AM PT, an Inhibitor of TH that produces a great decrease in catecholamine 

leve ls in the central nervous system and the periphery (Spector, 1966). 

The adrenal PNMT activity of control rats was 3.78 + 0.45 UIDoles per 30 

min per adrenal (N=-3) and that of AMPT-treate.d anima ls was 4.37 +0 0.25 

(N=3) umoles per min per adrenal. The difference between these means 

(13%) was not statistically significant. 

The effects of two dopamine agonists, piribedil and a.pomorphine, 

were a1so tested. These drugs, given ip for three days in ~osage 

schedu1es that invariably result in large increases of adrenal TH (Quik 

and Sourkes, 1976; 1977) wete tested in a four-day schedule. Neither 

one induced PNMT in the adrenal gland of the rat. Thus, it seems that 

the increase of adrenal PNMT does not Inval ve dopaminergic regulation. 

Simi larly, clonidine, tested at two dose levels (Gagner et aL, 1983) 
~ --

d i d n 0 t m 0 d 1 f Y a d r e na l P N M Tac t 1 v 1 t Y (d a tan 0 t s ho wn ) ; t h i s su g g est s 

that a noradrenergic mechanism la not impl1cated in the regulation of 

ad r e na l P NMT in t he rat. Comparison experiments in which adrenal DBH 

was measured sholol1ed that thls enzyme is also unaffected by the 

catecholamine agonists used (Table III). 

Monoaminergic interac t ion 

Because of the non-discriminatlng action of reserplne in releasing 

.;Jnoamine neurotransmitter." an experiment was carried out in which PCPA 

and A H PT we r e a dm i n i ste r e d a Ion e i n 0 r der t 0 tes t the 1 r de pIe tin g 

actions on serotonln and catecholamines, respectively (TableII). As 

before neither drug acting alone had an effect. However, the combination 

(jf th--t:: two increased adrenal PNMT by 44% above control value (P < 

:). 0 l ). Th us, bot h t Y P e s 0 f ID 0 n 0 a m 1 ne, c a tee h 0 1 am 1 n e san d s e rot 0 n in, 
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must undergo depletion in order to produce induction of PNMT in the 

adrena 1 gland of the rat. 

3.J.5. Discussion 

Reserpine 15 a very we Il known inducer of adrena 1 TH, DBH and PNMT, 

acting malnly through a neural mechanism (Zigmond and Bowers, 1981) but 

there are distinct differences in the forms of response of these 

enzymes. Thua, twenty-four hours after a single injection of reserpine 

there Is already an increase in adrenal TH (Reis et~, 1975). 

However, two daily injections for tlo'O successive days are necessary to 

see the same effect on adrenal DBH activity (unpublished data) and a 

Ion g e r p e rio d 0 f t i me , u P t 0 fou r d a y sin the pre sen t s t u d y , 1 s 

necessary to brlng about an lncrease of adrena 1 PNMT. lt Is knolo7l1 that 

aIl three adrenal enzymes are under neural control, and that DBH and 

PNMT are additlona1ly subject to humoral regulatlon (Ciaranello, 1980). 

The effect of humoral regulatlon i8 especially prominent in the case of 

PNMT. Thus, a longer. period of stimulation ls necessary to detect the 

neural effect on adrénal PNMT. 

Although treatments (PCPA, ip; DHI, lev) that result in extensive 

deplet ion of cerebral serotonin ln the raphe area and forebrain (Lima 

and Sou r k es, l 9 8 5) br 1 n g a b 0 li t sIg n 1 f 1 c a n t 1 n cre a ses 0 f a d r e n a 1 TH 

activlty (Quik and Saurkes, 1977), they do not influence adrenal PNMT 

(Table 1) or DBH (Lima and Sourk~, 1985). However, such treatments 

given prior to reserpine potentiate the action of that inducer (Table 

Il, just as Io'as prevlously observed for adrena 1 DBH (Lima and Sourkes, 

1985). The results with catecholamine depletion show that, just as ln 

the case of serotonln-depleting agents, neither 60HDA (Table l, Exp.A) 

nor MiPT (Table II) affects adrenal PNMT actlvity. In contrast todrugs 

114 

-



cau sin g de pIe t ion 0 f se rot 0 n in, 60 H D A d i d no tin f 1 u e n cet h e a c t ion 0 f 

reserpine at aIl (Table 1). These results emphaslze the impor~ance of 

specifically reducing the serotonergic component for induction of 

adrenal PNMT by reserpine through the neural route. 

Comparison of the actions of DHT and pePA with reserpine shows that 

the former was more effective under our experimental conditions. It is 

possible that the difference lies in the release by DHT (given icv) of 

addl t ional modulators from serotonergic nerve endings. This actually 

occurs after central administration of DHT, in that there is depletion 

of substance P and thyrotropin releasing hormone, in parallel with 

serotonin, from the ventral spinal cord (Gilbert et ~., 1982). 

The experiments with indi vidua 1 monoamine-depleting agents show 

that cerebral loss of serotonin or catecholamines alone is not 

sufficient to induce adrenal PNMT. Earlier we found that catecholamine 

depleti~n does not increase adrenal TH (Quik and Sourkes, 1976) or DBH 

(Lima and Saurkes, 1985). However, the simultaneous decrease of 

serotanin and catecholamines, achieved by administering AMPT ta rats 

that previously had received a single injection of pePA, produced a 

significant increase in adrenal ~T activity (Table II), Just as in the 

case of DBH (Lima and Sourkes, 1985). These results indicate (i) that in 

order for reserpine to act as inducer of adrenal DBH and PNMT, depletion 

of both types of monoamine is necessary CF igure l)j and (ii~, that this 

. response is neurally mediated (Figure l, Expt. Cl. Thus, a central 

serotonergic pathway is exerting a net inhibitory effect on the control 

of adrenal PNMT activity, just as has previously been recogni~ed for TH 

(Quik and Sourkes, 1977) and DBH (Lima and Sourkes, 1985). However, it 

can not be concluded on the basis of the present evidence that the 
~ 

serotonergié tracts are the same in aIl three cases. 
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Present attempts to detect a dopaminergic mechanism in the 

regulation of adrenal DBH and PNMT were unsuccesful. Similarly the use 

of clonidine did not pravide evidence for a noradrenergic mechanism in 

regard to either of these enzymes. The fai1ure of catecholaminergic 

stimulation to affect adrenal DBH and PNMT contrasts with thè importance 

of these mechanisms, especially the dopaminergic tunetion, in the 

regulation of adrenal TH (Gagner ~ aL, 1983; Quik and Sourkes, 1976) 

and, hence, points up the specificity and differential control of the 

central pathways inllolved in the regu1atlon of cateeholamlne-

syntheslzing enzymes in the adrenal gland. 

136 

.. 
1 
i 



Ta ble 1- Effect of PCPA, OHT, 60HDA and reserplne on adrenal PNHT 

actlvity 

PNMT actlv!ty 
umo les ~ 30 min .E!.!. adrena l ---

Experiment Treatment N Wlthout reserpine N With reserpine 

A Control 5 6.16 + 0.34 7 8.00 + 0.52 

60HDA 5 7. S3 + O. 5S 5 8.70 + 0.62 

B Control 5 6.67+0.39 5 6.57 + 0.38 

PCPA 5 7.79 + 0.39 5 9.36 + 0.67* 

C Control 3 3.79 + 0.55 4 4.99 + 0.23** 

DHT 3 4.46 + 0.36 5 7.61 + 0.58*** 

Each value is Mean + SE. Experiment A: 60HDA was gi ven icv ln a dose of 

200,ug in 20}Jl of 0.1:'. ascorblc acid in saline 4 d before the first 

injection of reserpine. Experlment B: PCPA was administered in a dose 

of 300 mg/kg once 24 h before the first of three daily injections of 

reserpine. Experiment C: DHT was admlnistered icv, l75,ug ln 20?1 of 

0.1% ascorblc acid in sa llne 30 min after 20 mg/kg of desimlpramine and 

4 d prior to the first of 4 dally ip injections of reserpine. Reserpine 

\o7as given in 8 dose of 2.5 mg/kg and the animaIs vere kllled 24 h after 

the last injection. 

* P < 0.005 with respect to control with or without reserpine and P < 

0.05 with respect to PCPA without 'reserpine. 

** P < 0.025 with respect to control without reserplne. 

*"'''' p < 0.01 with respect to DHT without reserpine and control with 

reserpine. 
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Table II. Effect of PCPA and AMPT on Bdrenal PNMT BCtivity 

Treatment 

Control 

PCPA 

AMPT 

Both 

N 

4 

3 

3 

4 

PNMT activity 

pmoles per 30 min per adrenal 

5.45+0.32 

4.59 + 0.70 

4.91+0.17 

7.83 + 0.62 

Each value is Mean + SE. PCPA was administered in a dose of 300 mg/kg 

ip once 48 h before the firat injection of AMPT, whic waa given in a 

dose of 200 mg/kg per day in two injections for 4 d. AnimaIs were 

sacriffced 18 h after the laat injection. ANOVA was carried out with 

extraction of sum of squares for AMPT (1 degree of freedom), for PCPA 

(1), interaction (1) and remainder (7). Signi ficance of the difference 

between means was calculated from the mean square for remainder 

(0.7302). Probabilities are as fo11ow8: control vs. both < 0.01; AMPT 

vs. both < 0.005; PCPA vs. both ( 0.05. 
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Table III. Effect of piribedil, apomorphine and c 10nidine on adrena 1 

PNMT and DBR activities 

PNMT DBH 

pmolea per 30 min per nmoles per 30 min per 
Experiment Treatment N adrenal N adrenal 

A Control il 5.05 + 0.50 3 5.05 + 0.54 

Piribedil 11 5.96 + 0.93 6 6.45 + 0.82 

B Control 6 5.34 + 0.19 6 6.37 + 0.33 

Apomorphine 6 5.41 + 0.51 5 7.03 + 0.91 

C Control 4 7.33 + 0.37 4 7.90 + 1. 08 

Apomorphine 6 7.44 + 0.45 6 7.19 + 0.49 

D Control 6 5.34 + 0.19 6 6.37+0.33 

Clonidine 6 5.93 + 0.40 6 6.48 + 0.81 

E Control 4 7.33 + 0.37 4 7.90 + 1.08 

Clonidine 6 7.29 + 0.12 6 7.13 + 1. 73 

Each value ia Mean ±. SE. Experiment A: Piribedil was given in a dose of 

50 mg/kg ip twice a day for 4 d. Experiment B: Apomorphine waB given in 

a dose of 3 mg/kg 4 tiems a day for 4 d. Experiment C: Apomorphine was 

given in a dose of 10 mg/kg 4 times a day for 4 d. Experiment D: 

Clonidine waB gi ven ip in a dose of 2 mg/kg twice a day for 4 d. 

Experiment E: ,.tlonidine waB given in a dose of 15 pg/kg twice a day for 

4 d. Animal s were k1l1ed 18 h after the last injection. 
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Figure 1. Effect of hemisplanchnicotomy, reserpine and ?CPA on adrena l 

DBH activity. Hemisplanchnicotmy was carried out 5 d before starting 

the treatment. PCPA was given in a single dose of 300 mg/kg ip 2 d 

before first injection of reserpine. Reserpine was given daiiy in a 

dose of 2.5 mg/kg sc for 4 d. Sacrifice was done 24 h after last 

injection. ANOVA was carried out with extraction of sum of squares for 

splanchnicotomy (l degree of freedom), treatments (3), interaction (3) 

and remainder (17). Significance of differences between means was 

calculated from the mean square for remainder (0.3138). Probabi lit1es 

are as follows: 

Di f fe rence be tween 

Control vs. reserpine 

Reserpine vs. pePA 

Bath vs. re serp i ne 

Bath vs. PCPA 

Bath vs. con t roI 

Reserpine intact vs. 
reserpine denervated side 

Bath intact vs. 
bath denervated side 

Intact Dene r vated 

< 0.05 NS 

< 0.05 NS 

< 0.025 = 0.05 

< 0.005 NS 

< 0.005 NS 

< 0.01 

< 0.005 
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3.K. Cholinergie and gabaergie regulation of dopamine beta-

hydroxylase aetivity ~ the adrenBl gland ~ the rat 
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-, 
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, J.K.!. Abstract 

Thf' administration of uxotremorine together ...,ith methylatroplne t() 

rats produl es a dose-dept'ndpnt lncrease 0f adrenal d0parnlne heta-

hydr'JxylasE' (::JBH) aetil/ity. T~is f-'ffect [5 abul[shed bv denervat ion of 

the gland and bv (y,lohexlmide. The Km fur tyramlne i6 nnt affe,ted bv 

the t r ans s y '1 a Il t l r 1 n dur t [ n n 0 f DB H b v (]X 0 t rem 0 r [ n f' The indlHti0n15 

selective, becau<;e slmllar treiltment does not atft'rt adrE'nal dopa 

rlecarboxyldse or lactilte, dehydr'Jgena'lP in the adrena 1 gland. The 

comhinat:on of 6-hydroxydnpamint> l( \' ur propranolnl ip does n0t alter 

the effe,t IJf oxotrernorlne on adrenal ')BII. ~owever, propranolol reduces 

the tremor[g€'nfc ilctlon of thé' mus,arin!e agoni<;t. The system[, 

éidrnin!str"tlon of .,e.-chlIHupbenylalanine or the lev [nJe,tion of ),7-

dihydroxytryptamlne prior to oxotremorlne treatrnent does not affect the 

lncrease of adrenal DBH. Progahlde, 

agonist that effectively crosses the blood bra[n barrier, reduces the 

effect of oxotremorine in a rlose dependent manner. Muscirnol, glven by 

either of two routes -lcv at a constant rate (Alzet mlnlpurnp) or ip-, 

produces signiflcant decreases of adrenal nRH activlty and attenuates 

the action of oxotremorine. Denervatlon of the gland abolishes the 

effect of rnusclmol Ip in decreasing adrenal DBll actlvity. Baclofen, a 

GABAB-receptor agonist, has no effect by itself nor does it affect the 

action of oxotremorine. None of these GABA agoni sts has any ~ vitro 

effect on adrenal DBB activity. Blcucull1ne, a GABAA-receptor 

antagonist, reverses the action of progabide in oxotremorine-treated 

raU, wlth respect to ddrenal DBl-l actlvity, partially blocks the effect 

of muscirnol, and enhances the increase obtained 1.11 th oxotrernorine. Thus, 

GABA seems to he involved in the regulation of ddrenal DBH activity, and 

at least sorne of its effect in this regard ls mediated by interaction 
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w i th il Le n t r il l cha l 1 ne r g 1 C B ys t em. In [ontrast to this, the results of 

these experiments prov ide no basis for roles for central or perlpheral 

,-atecholamines and serotonin in Interaction wlth the central aetlon of 

oxotremorine on this enzyme. 

1.K.2. Introduction 

The muscarlnic agonist oxotremorine (Cho et al., 1962) effects the 

induction of dopamine beta-hydroxy1ase (DBH, EC 1.14.2.1) and tyrosine 

hydroKylase (TH, EC 1.14.16.2) in the rat adrena1 gl'and by central 

neural action (Lewander et al., 1977), but neither the site at whlch It 

acts in the nervous system nor the efferent pathway is known. Central 

cholinergic fibres interaet wi th varlous neurotransmitters and sorne of 

these relationships have been documented. Thus, oxotremorine decreases 

the turnover rate of acetylchollne in many regions of the brain 

(Nordberg, 1978), but 

serotonln (Haubrich 

it accelerates the turnover rate of cerebral 
1) 

and Reid, 1972) and elevates the plasma 

cDncentrations of epinephrine and norepinephrine in conscious rats 

(Weinstock et aL, 1978). Moreover, catecholaminergie centres influence .. 
the action of cholinergie neurons (Ladinsky et aL, 1980; Weinstock et 

aL, 1978). The i nhi bitory neurot ransmi t ter gamma-aminobu tyri c acid 

(GABA) blocks the activity of cholinergie neurons in the striatum and 

elsewhere (Scatton and Bartholini, 1979, 1980), and GABA agonists, such 

as progabide and muscimo1, diminish the rate of turnover of cerebral 

acetylcholine (Scatton and Bartholini, 1980,1982). Because of such 

interactions that affect turnover and leve1s of central 

neurotransmitters it was considered worthwhile to extend the 

investigation of the induction of rat adrenal OBH by oxotremorine, this 

time with attention to the effects of drugs able ta mimic or modHy 
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actions of sorne of thf' neurotransmitters mf'ntioned on that inductlorf of , 
/ 

that enzyme. 

1.K.3. Materials and Methods 

Male Sprague-Dawley rat,> (200 or 290 ~ la g) were purchased from l 

Canadian Breeding Farms and Laboratorif's Ltd., St. Conqtant, Quebec. 

The animaIs were kept ln individual cages under controlled lighting (12 

hon/J::' h off) and fed ad libitum. 

Animal,> submlttf'd to surgf'ry Wf're anesthetlzed with 300 mg/kg ip of 

chI () raI h Y d rat e (F i 5 h erS rie n r 1 f 1 r , Montreal, Quebec). 

Hernlsplanchnirotorny was perforrned and verified a5 described previously 

(Lima and Sourkes, :985). The "t t:' r 1" (l t a xie C 0 0 r d 1 n a tes for the 

1 nt ra c e r e b r 0 ven tri cul a r (1 cv) 1 n je c t Ion 0 f the ne u rot 0 x 1 n S Iole rI" P 1. a , L 

1.') and \' 3.') mm (Paxinos and W.éltson, 1982). A craniotomy was perfonned 

at the .,lte C'orresponding to the -..injection The ventrlcular target site 

"as ronfirmf'd by injection Df mf'thylene hlue. A Ham il ton syringe lOi th 

:: 6 - g a u g e nI" f' d 1 € 10 as use d f () r the 1 n Je c t ion S . For the contilluous 

microinfusi<ün of drugs, o&motic minipumps (Model 2001, Alzet 

Corporation), loIere used. An L-shaped stainlesB steel cannula was 

prepared from 21-gauge tublng. The tip of the cannula had a length of 

3.5 mm; ln order ta guarantf'e its depth, a small stop "as made lOi th 

epoxy resin. The longer part of the L was connected ta 8 cm 

polyethylene tublng, internaI dlameter 0.76 mm, the other end of which 

was attached t() the mini-osmotic pump flow moderator. The minl-purnps 

were fl1l~d accordlng to the procedure descrlbed in the manufacturer's 

Instruction manual. Thf' L-shaped cannula-ratheter was also fl1led with 

the so l ut Ion to be de Il ve red. 

6-Hydroxydopamine (60HDA), 200 Jlg and '),7 dihydroxytryptamlne 

(DHT). 175 }Jg (Sigma, St. Louis, MI), were Injected by the 
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intracerebroventricular (icv) route in 20 pl of 0.1% ascorbic acid in 

saline. Injection time was one minute in order to avold asymmetric 

uptake (Baumgarten et aL, 1982). The drugs used (dose, route of 

administration and source) were: DL - pro pra n 0 101 , 50 mg/kg 

intraperitoneal (ip); musclmol, 0.5 and 3 mg/kg ip or sa ng/day icv; r 

chlorophenyla1anine (PCPA), 300 mg/kg ip (Sigma, St. Louis, M!); and 

baclofen, 10 mg/kg ip (Ciba-Geigy, Montreal, Quebec). These were 

dissolved in saline. Progabide 100 and sa mg/kg ip (Synthelabo, Paris), 

and gamma-v iny lGABA, 19/kg pierre Il International, Strasbourg, France), 

were prepared in 0.5% methylcellulose. Oxotremorine (Aldrich Chemicals, 

Milwaukee, WI) was given sc ln a dose of 0.5 mg/kg 30 min after atropine 

methy 1 bromide, 5 mg/kg ip (Sigma, St. Louis, MI). 

Rats were deeply anesthetized with sodium methohexital, 65 mg/kg 

and then the adrenal glands were removed and placed on ice. The glands 

were homogenized with a Teflon homogenizer in l ml of 0.05 M Tris buffer 

pH 7.4 containing 0.1% Triton ,)(-100. Homogenates were centrifuged at 

10,000..6. for 10 min. The supernatant fraction was kept at -70 o C for up 

ta 4 days prior ta assay. 

Fragments of adrenal gland were pre-incubated in 2 ml of Krebs­

Ringer-bicarbonate, containing 0.4% glucose for la min, and then 

incuba ted for 30 min in the presence of 23 }lM progabide, 4}lM muscimol, 

7 ,uM baclofen or 580 }lM ga!DDla-vinylGABA, respectively. 

Adrenal DBH actlvity was determined according ta the procedure of 

Molinoff et al. (M01inoff et aL, 1971). PNMT ~as purified from bovine 

adrena l medu 1 la by the method of Diaz Borges et a 1. (Diaz Borges et al., 

1978), as specified previous1y (Lima and Sourkes, 1985). 

Each value Is expressed as a mean + standard error (SE). 
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Sign1f1cance of the d1fference between mean was calculated by Studei1t t­

test. Analys1s of variance (ANOVA) was done in Indicated experlments 

n,11ner, 1971). 

3.K.4. Results 

Prelim1nary experiments served to verify the Inductive effect of 

oxotremorine 01'\ adrenal DBH. Activity of the enzyme increased ln a 

dose-dependent fashion with daiIy administration of 0.1, 0.25 or o.) mg 

of oxotremorine per kg body welght for four days, the increase being 

statistlca11y signiflcant (P < 0.05) on1y with the 1ast dose. Tremor 

was observed at each of theRe dose levels. Further experiments 

confirmed the findIng that denervatlon of the adrenal abolishes thi"! 

induction (cf. Lewander et aL, 

nxotremorlne was blocked by 

1977). The induction of DBH by 

mg/kg per day of ~ycIohex1rnide 

(unpublished data, this .1a}JOratury). Kinetic studies of dialyzed DBH 

preparations from adrenals of oxatremorine-treated and control rats 

showed that the Km for tyramine as substrate was simllar in the twa 

cases, 0.09 mM and 0.11 mM, respective1y. In order to Bsses the target 

selectivity af the induction adrenai lactate dehydrogenase and aramatlc 

arnino ac1d decarboxylase activit1es were measured after administering 

the drug to rats in a dose that induces TH, DBH (Lewander et aL, 1977) 

and orn1 thine decarboxy lase (Rami rez-{;onz;{ lez et al., 1980). These two 

en~ymes were unaffected by this treatment (Lima and Sourkes, unpubl1shed 

data) • 

Catechola_inergic mecbanlsas: Several reports suggest that 

cho l1nergic inputs via muscarinic receptors can influence the act i v 1 ty 

of catechalaminergic systems (Morgan and Pfel l, 1979; Korczyn and Eshe l, 

1979; Ladinsky et al. 1976, 1980). In arder to reduce the efficacy of 

central catecholaminergic fibres that rnight be involved in the inductive 
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effect of oxotremorine two types of experiment were carried out. In 

the firat, the neurotoxin 60HOA (Breese and Traylor, 1970; 1971) was 

inJected into the cerebral ventricles of rats. 60HOA was wlthout 

signiflcant effect on adrenal DBH actiYity, eith~r by itself or ln 

combinat ion with oxotremorlne (Table 1). 8ecause oxotremorine causes 

the release of adrenal catecholamines (Weinstock et aL, 1979) and 

because the beta-adrenergic agonist proprano 10 1 can reduce the t remor 

proyoked by the drug (Weinstock et aL, 1978), the second experlmen't 

invo1ved g1Ying proprano1ol Ip to rats in a dose of 5 mg/kg before each 

injection of oxotremor1ne. The blocker reduced the tremor1genic effect' 

of oxotremorine slightly but dld not influence the effect of the drug on 

adrena1 DBH (Table II). Horeover, it had no slgnlficant effect of Its 

own on enzymlc activity. 

Serotonergic aechsnisaa: Two experiments were conducted for the 

purpose of evaluatlng a possible serotonerglc-cholinergic interaction 

with respect to adrenal DBH induction. Such interaction has" been 

described for some biological functions (Haubrich and Reid, 1972; 

Robinson 1982, 1984). As shown in Table III the administration of DHT icv 

in order to destroy the endings of forebrain serotonergic neurons 

(Baumgarten et aL, 1982) did not affe~t 'the adrenal DBH activity when 

given alone or ln comblnatlon wlth oxotremorlne. In the second 

experiment PCPA (Koe and Weissman, 1966) was Injected ln a schedule that 

dlmlnishes sharply the cerebral serotonln content through inhibition of 

t ryptophan hydroxylase. As in the case of the neu rotoxin. this 

inhlbitor had no significant effect on adrenal DBH activity either by 

itse1f or with oxotremorine. 

GABAergic mechants.a: 
~ 

, 
Progabide, a GABA agonist (Worms et al. 
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1982), was adminlstered to rats ln three similar experiments, the dose 

of the drug in the second and third experiments belng 50% greater than 

ln the firet. Results obtained ln the latter two experimentR are 

presented in Table IV, this shows the interact10n wlth oxotremorine was 

given at éI time when the maximal action of progabide could he expected 

to oecur (Worms et al. 1982). Analysls of the data reveals that 

<lxotremorine Increased adrenal DBIl aetlvity by 67%. However, when this 

drug was given wlth progablde the increase was only 28%, the reduet10n 

ln effect belng statlstleal1y slgnlficant (see footnote, Tilhle IV). 

W 1 th the hi g he r do,> e 0 f pro g ab 1 de the r e wa sad e cre a seo f 24% 1 n the 

e f fer t n f n x 0 t rem 0 r 1 ne (P < O. () 2 ')) (F 1 g ure 4); loi 1 t h the 1 0 Iole r dos e 0 f 

the drug the deerease was 17% (P > r).ü,» (data not sho...,n). Thu,>, il 

reduetion of the Induclng effect of oxotremor1ne was produet'd by the 

conjoint administration of the l~ABA aganist, pragab1de. 

ln arder to study further the aet Ion of progabide on the Induet Ion 

of adrena 1 DBH by oKotremorine blrucu liloe, a r.ARA A receptor blocker 

(Curtis et aL, 1971), was adm1nlstered tn rats receiv1ng e1ther 

oxotremorlne or the eomblnat10n of oxotremorine and progablde. 

Bicuclllline appeared to favour the action of oxotremorlne, ln 

inereaslng the induction of DBH with that drug by 21% (P < 0.05). 

Moreover, in rats in which the indue lng effect of oxotremorine had been 

abol1shed with progabide administration, as in Table 4, the bieuculline 

now counteraeted that effect (P < 0.01, Table V). 

Other GA BA agonists, such as muscimol (Brehm et al. 1972), bac lofen 

(Fox et al. 1978) and gamma-vlnylGABA (Jung et al. 1977), each hav1ng a 

distinct mechanism of action, were a180 tested. Musclmol, ln a dose of 

0.5 mg/kg ip did not produce any effeet on adrenal DBH aetivity or on 

the action of oxotremorlne on this enzyme (data not shown). A hIgher 
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dose of the CABA agonist (3 mg/kg) produced a decrease of adrenal DBH 

activity (26%), ~ithout affecting the net central effect of oxotremorlne 

(Table VI). ln addition, ~hen musc1mol ~as given lcv at a constant rate 

of 50 ng/day, a great decrease of adrenal DBH activlty ~as observed 

(53%), a result that an othervise effective dose of oxotremorlne could 

not completely overcome (Table VI). Nevertheless, the relative increase 

in adrenal DBH actlvlty ellclted by oxotremor\ne ls essentially 

unaffected by concomitant administration of musclmol (Table VI). 

The potent effect of musclmol by itself ln decreasing rat adrenal 

DBH actlvity over a )-day period (Table VI) raised the question of 

whether this effect ls exerted neura lly or other~ise. To study thls 

rats were hemisplanchnicotomlzed and then given musclmol ip. The 

results ln Table VII demonstrate clearly that the DBH-reducing action of 

muscimol i8 exerted on the Innervated adrenal (P < 0.05) but not on the 

denervated gland (P > 0.05). 

Baclofen did not alter either the effect of oxotremorine or the 

resting activity of adrenai DBH (Table VIII). Camma-vinylGABA produced 

a decrease of 25% in adrenal DBH activity, but this change was not 

statistically significant; moreover, gamma-vinylGABA had no significant 

effect on the increase observed when oxotremorine ~as given to the 

animaIs (Table VIII). 

Fragments of adrenal gland were incubated ln the presence of 

correspondlng concentrations of the CABA agonists. None of these drugs 

tested ~ vivo modified DBH activity in vitro (data not shown). 

J.K.5. Discussion 

Lewander et al. (1977) demonstrated that the cholinergic agonist, 

oxotremorine, induces TH and DBH in rat adrenals. The induction of 
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these enzymes by oxotremorlne persists even if the animaIs are glven 

methylatroplne, an antagonist that haB very little access to the braln 

after peripherai administration (Witter et aL, 1973). Immunochemlcal 

studtes have shoW'Tl that then- is an actual increase in the amount of TI-! 

prütein produced in this way (Lewander et al., 1977). This also.seems 

to be the case for adrenal DBH, because the injection of cyc loheximide 

into rats blocks the increase observed after they are given olCotremorine 

(lInpublished data). There is a selectivity to the induction: in 

addition to DBH, TH (Lewander et <Il., 1977) and ornithine decarboKylase 

(Ramirez-Gonzàlez et al., 1980) of the ddrenal are induced, but lactate 

dehydrogenase.and aromatic aminn dcld decarboxylase actrvities dre 

unaffe( ted by treiltment of rdt,> with oxotremorine (Lima and Sourke,>, 

unpub 1ished data). 

The abolition of the induction of DBH hy denervation of the gland 

(Lewander et aL, 1977) is amply vertfied by the data of Table 1. Thu,>, 

we are dealing with a central cholinergie mechanism that affects the 

regu1ation of adrenal DBH. Sorne {)ther adrenomedu1Idry enzymes are 

induclble throllgh stressors dcting by way of central monoaminergic 

pathway (Sourkes, 1985). Thus, the induction of TH ls influenced by 

dopaminergle, serotonergie (i)uik and Sourkes, 1977) and noradrenergic 

(Gagner et aL, 1983) systems; DBH and PNMT by monoaminergic, but 

exe Iuding at 1east dopaminergie pathways (Lima dnd Sourkes, 1985); and 

ornithine decarboxylase through dopBminergic, serotonergic (A1maz~n et 

dl., 1983) and chol1nerg'ic neurons (Ramirez et aL, 1980). The present 

work has aimed at determining whether dny of these types of neuron 

interact with cholinergie fibres in the regu1ation of adrenal DBH. 

The efficaey of central cdtecholBminergic fibres WdS reduced ln 

rats by giving them an intracerebroventrlcular injection of 60HOA, a 
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neurotoxin that reaches many of the dopamine- and norepinephrine-

containing endings in the brain and causes them to degenerate and lose. 

their stores of amines. By itself this did not affect the activity of 

adrenal DBH (Table II), nor did 1t affect the inducfion by oxotremorlne • . /. 

The beta-adrenergic b10cker propranolol was a1so tested. A1though it Is 

known to abolish the tremor caused by oxotremorine (Weinstock et al., 

1978), it did not modify the inducing effect of that cholinergic drug on 

adrenal DBH (Table II). This demonstrates that tremor can be separated 

from other effects 'f central muscarinic stimulation. Moreover, 

proprano101 had no effect by itself on rat adrenal DBA. 

To test the possible involvement of central serotonergic fibres 

rats received serotonin depletors, namely, PCPA to inhibit tryptophan 

hydroxylase, and DHT, delivered ta the ventricular space of the brain in 

order to exert its neurotoxic effect on serotonergic nerve endings. 

Neither substance significantly affected adrenal DBH activity by itself 

or in combination with oxotremorine (Table III). This i9 in sharp 

contrast ta the potentiating effect of these agents, given in 

comblnatlon with reserpine, on the induction of adrenal DBH (Lima and 

Sourkes, 1985). The fact that a serotonergic mechanism is involved in 

the induction by reserpine but not by oxotremorine illustrates the 

,>peciflcity of the central influences regulating such peripheral 

functions. The resul ts also demonstrate that the existence of such an 

inhibitory control (serotonergic) does not necessarily cause a decreased 

respons€ of adrenal medu1lary enzymes when the animal is under stress, 

for other pathways are available ta stimulate some of those 

adrenomedullary functions. Thus, the organism Is assured of plasticlty 

in this regulation. 
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Cerebral cholinergie systems are known to Interact with GABA-

containing neurons. for example, GABA prevents secretion of 

cortieotropin releasing factor by ineubated hypothalamic fr:~ents when 

acetylcholine is applied to them, and picrotoxin in turn ~eks this 

effeet of GABA (Jones and Hillhouse, 1977). The analgesic response ta 

GABA-receptor activation i8 bloeked by atropine (Andree et aL, 1983). 

Blcucull1ne increases acetyl~hol ine eff lux from the cerebra 1 cortex 

(Gardner and Webster, 1973). It 18 in the light of s\.lch findings that 

GABA agon4Jsts were tested in this work. The first of these was 

progabide a GABA A and GABA B agonist, a synthet\c substance that 

penetrates the blood-brain barrier rapidly so that its level in brain 

!Day rise to 1.5-2 times the plasma concentration (Lloyd and Morselli, 

1982) . Its metabolites are also CABA agonlsts with long half-lives 

(Lloyd and Morsell!, 1982). The present results show that progabide 

significan~ly decreases the effect of oxotremorlne on adrenal DBH 

activity by 

Ibo mg/kg it 

24% in a dose of 150 mg/kg 

result~ in non-slgnificant 

daily; when given in a dose of 

decrease of 17% (see text above 

and Table IV).In unpubl1shed experlments we have found that progabide 

has no effect on the induction of adrenal DBH by reserplne. The effeet 

of progabide seems to be mediated by GABA A receptors, because 

bicucull1ne blocks the action of the GABA agonists on the induction of 

adrenal DBH by oxotremorine (Table V). 

Other GABA agonists, such as rnusclmol, gamma-vinylGABA, and 

ba c lof e n Iole r e a Is 0 tes t ed. Muscimol i" a h1ghly active GABA" agon1st, 
, '\ 

but penetrates the blood-brain barrier only ta a very small extent 

(Maggi and Enna, 1979; Enfla and Gallager, 1983), 80 that high doses or 

iev injections must be used to obta1n a central t;/;ffect. This drug 

decreases the restlng activity of ddrenal DBH (Tables VI and VIIl, but 
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does no't significantly impair the action of 
, 

oxot remorine. The resul t 

with muscimol given ip could be explained as stemming f["om the 

stimulation of GABAA recepto["s in the adrenal medulla, with a decrease 

in the release of catecholamines (Kataoka et al., 1984); the decrease 

would produce a feedback inhibition of adrenal DBR. ~n this case, a 
-' 

central action could nO,t be expected because !Duscimol penetrates very 

poorly into the brainl Rowever, the icv administration of muscimol in a 

smaii constant dose produces a great decrease iA adrenal DBR activity 

(Table VI), and this suggests that muscimol does have a central action. 

An increase of 16% in DBH ac't: i vit y is produced 9Y oxotremorine in rats 

that are ~lso receiving muscimol, compared with the 21% increase in the 

animaIs receiving oxotremorine alone, even though basal level of enzyme 

~ 
activities has been drastically lowe["ed by the muscimol. These results 

support the possl~ility of a central inhibitory pathway that invstlves 

CABA as neurotransmitter and affects adrenal function. A gene~al 

inhlbitory effect of GABA on tonie stimulatory pathways maintaining 

resting levels of adrenal DBH could also occur. The GABA actions are 

probably mediated by way of A-receptors because of the er'feGt of/ 

muscimol on adrenal DBH activity (Tables VI and VII), and also because 

of the lAck of effect of Mclofen, a GABAB agonist (Curtis et al., 1974; 

Fox et al., 1978; Hill and Bowery, 1981) on this activity (in the 

presence or absence of oxotremorine) (Table VIII). This view is 

1 

strengthened by the faet that bicuculline, a specific blocker of GABAA-

receptors (Enna, 1983), blocks the action of progabide on the inducing 

effett of oxotremorine. 

The administration of high doses of gamma-vinylGABA, a GABA-T 

inhibitor, increases GABA content in the brain (Jung et aL. 1977). 
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Treacment of rat" w1th chis drug decreases ddrenal nBH by 25% and the 

action of oxotremorine on this enzyme by 16%, but these effects are not 

statistically signiflcant (Table VIII). Perhaps higher doses of the 

inhibitor wO\lld increa'ie the endogenous GABA sufficiently ta inhibit 

'some of the éldrtlna l funct ions, but \Je did not exeeed él dose of 1 g/kg. 

We can l'one Lude that, whereas centra l catecholamlnergic or 

sero~onergic systems do not seem to Interact w1th the central 

cholinergie sy'itelD involved in the induction of ddrenal DBH in the rat, 

a central inhibitory action of CABA reduces the activ1ty of this enzyme 

and can impair the effect of oKotremor!ne upon tts activity. 
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TABLE 1. Ef(ect of denervatioo 00 the increase of adreoal OBH actiYlty 

io"'oxotreaorine treated rsts 

--- - -- --- -- -- --- -- ----- - - - -- --- - - - - -- - -- - ---'-- - - --- - -- ---- - ------- -------

Trea tment 

N 

Sham operated 3 

Sham operated + 
oxot remorine 3 

SpI a n c h n 1 co t om i z e d 4 

Splanchni cot om i zed + 
oxot remorine 4 

-.Â.drenal DBH activity 
nmoles per 30-.IDin per adrenal 

Innervated N 

8.0 + 0.5 

15_ 5 + 0.7* 3 

9.1 + 0.7 4 

13. 7 + 1.1** 4 

Denervated 

8.7 + 0.6 

13. 7 + 0.6* 

9.6 + 0.7 

8. 1 + O. 3 

Each values 15 l1ean + SE. Left splanchnlcotomy was done 4 days before 

the first injection of the drug. Oxatremarlne was admln1stered sc ln a 

dose of 0.5 mg/kg and 30 min after 5 mg/kg ip of methylatropine tw1ce a 

day, separated by 5 h interval for 4 days. AnimaIs were killed 18 h 

after the last injection. 

* P < 0.005 10.11 th respect to sham aperated 

** p < 0.025 10.11 th respect ta splachn1cotomized. 

.. 
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TABLE II. Effee t of oxotrellOrlne and 60HDA on lldrenal DIB HeUy! ty 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- --- - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - -

DB H a c t i vit Y 
nmoles per 1n min per adrenal 

Expt Trp,Jtffit'nt ..,ithout oxotremorine N \.Jith oxotremorine 

<;" 

Cuntrol ; 1. l + o 9 
., 

* 28.9+- ).9 

l ~. 1 
, * 60HDA ) + L 4 25. l + 1.1 

* 
2 Contf')] 13. 7 + f).~ 13.8 + 0.7 

Pruprano 10 1 q 4 + u.9 6 1') . 3 + 0.7* 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - --
Each vaIlle j<., "1Pdn + SE. 60HDA, 200}Jg iev in 2(l fl: olf 0.1% ascorb[r 

acid ln saline:' days bef()re the fir'i! injection of oxotremorine. 

PFopran,b InJ was g[ven ip in a dll~e '")f ') mg Ikg ~{J min before each of :' 

dallv injections of oxütremorlne. Oxotremorlne was administered sc in a 

dose of 0.5 mg/kg 10 after C, mg/kg of rnethylatrr)pine twice a day fur 

four days. AnimaIs were killed 18 h "if ter the Jast injertion 

* p < 0.025 with respect to cuntrol. 

• 
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TABLE 111. Kffect of PCPA, DHT and oD>tre80rine on adrenal DIIII ac::tl,,1ty 

DBH activ1ty 
runo 1 es per 30 min per adrena 1 

Expt. T rea tmen t N Without oxotremor1ne N With oxotremorlne 

Control 4 9.3 + 0.8 4 15.4 + 1.4* 

DHT 4 10.5 + 1.9 7 13.9 + 0.9* 

2 Control 5 1 1. 1 + 0.5 5 23. 3 + 2.3 * 

PCPA 5 14.8 + 1.7 4 26.8 + 3.1* 

Each value is Mean + SE. PCPA. 300 mg/kg 1p and DHT. 175,L1g icv in 20 

,ul 0.1% ascorbic acid ln saline were given 24 h and 4 d before the firet 

., 
injection of oxotremorine respectively. AnimaIs were sacrifice 18 h 

after last injection. 

* P ( 0.01 wlth respect to the corresponding without oxotremorlne. 

1 
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TABLE IV. Ktfect of progablde and oJtOtre.:>rlne on adrenal DIUI actlYlty 

------------------------------------------

DBH activity 
nmoles per 10 min per ddrenal 

Tredtllll:'nt N Wlthout oxotrl:'morlne N Wlth oxotremorlne 

Control 9 9 12. ') + 1).8 

Progahide 7.4 + 0.7 9 9.') + (J.8 

Each value l~ '1ean + SE. Progablde. lf)O mg/kg Jp at 9.00 p.rn. and ')t) 

rn g / kg li t 2: () 0 p. rD • 0 X 0, t rem 0 r i ne, 1). 'i mg / k g selO ID 1 n a ft!:' r ') rn g / k g i p 

of methylatropine was glven at 11'00 a.lD. and 4'00 p.rn. f'Jr 1 d. 

Animal!> loIere killed 18 h after the last injection. AN0VA of the tloll) 

experiments was carried out with extraction of 9\lm of squares for 

experiments (l d;'gree of freedom), treatments (2), interaction (1) and 

reomainder (26). "'Iean square of remainder (].6251). Probabili t ie8 are: 
.", 

control vs. oxotremorine < 0.001, progabide vs. both < G.OS and 

oxotremorine vs. bath < 0.005. 
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TABLE V. Effect of oxotre.orioe. progabide and bicucullioe on adrenal 

DM lie ti v 1 t Y 

Treatment 

Oxotremorine 

[)xo t remor 1 ne + 
progabide 

Oxotremorine + 
bic uc u 111 ne 

Oxotremorlne + 
progablde + 
bicuculline 

N 

7 

7 

8 

8 

D8H activlty 
nmoles per 30 min per adrenal 

11.8 + 0.6 

9.3 + 0.6 

14.3+0.8 

12.4 + 0.9 

------- -- - --------------------------

Each value 18 Mean + standard error. Tva daily injections of each drug 

were performed: Bicucull1ne, l mg/kg ip at 10:00 a.m. and 1:00 p.m. 

Pro g a b 1 de. 1 SOm g ! k g 1 P P e r d a y a t 1 0: 1 5 a • m • a-n dl: 1 5 p • m • 

Oxotremorine, 0.5 mg/kg sc 30 min before methylatroplne, 5 mg/k.g ip, at 

12:00 m. and 3:00 p.m. for 3 days. Probabil1ties are as followa: 

oxotrelDorine vs oxotremorine + progabide < 0.05; oxotremorine vs 

Qxotremorlne + bicuculline < 0.05; oxotremorine + progablde vs 

oxotremorine + progabide + bicucull1ne < 0.01. Bicucull1ne given alone 

was not effective. 
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TABLE V 1. Effect of ausct..ol and oxotr.-orine on adrenal DBH act1Y1ty 

----- - - - - - -- - - ------- --- -- - - ---- - - ---- --- - -- - -- ------------

DBH aetlvity 
nmoles per 10 min per adrenal 

Trea tment N A N B 

Cont roI 5 10.6 + 0.4 4 13.8 + 0.7 

Oxotremorlne 16.1 + 0.9 3 16.7 + 0.4 

Musc i mol 5 7.8+0.5 5 &.5 + 0.8 

Bot h 6 12.3 + 1.1 4 7.6 + 0.9 

Each value 18 Mean + SE. In A, mUBclmol lias given Ip ln a dose of ) 

mg/kg one h before each injection of oxotremorine. In B, muscimol was 

administered icv into the right lateral ventricle in a dose of 5Q ng per 

day by an osmotie mini-pump at a rate of l,ul per h, startlng 18-24 h 

before the first injection of oxotremorine and during the treBtment. 

Oxotremorine was given ln a dose of 0.5 mg/kg sc twice a ~ay for) d and 

)0 min after 5 mg/kg ip of methylatroplne. Rats were sacrifice 18 h 

after the last injection. ANOVA was carried out in each experiment with 

extraction of sum of squares: Muscimol .!...E.: treatments (l degree of 

freedom), interaction (1) and remainder (14). Slgniflcance of the 

differences between mean9 was calcu1ated from the mean square for 

remainder (3.5798). Probabilities are as fol10w9: control vs. 

oxotremorine P < 0.005, control vs. muscimol P (0.05, oxotremorlne vs. 

both P ( 0'.01 and musc1mol vs. both P < 0.005. 'Muscilll'5'l icv: treatments 

(1), interaction (1) and remainder (12). Mean square for remainder 

(2.4622). Control vs oxotremorine, P ( 0.05, control vs musclmol, P < 

0.001, oxotremorine vs both P < 0.001 and contro 1 vs both, P < 0.005. 
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TABLE VII. Effect of auaclaol 00 adreoal nIa actlvltJ of 

beaiaplanchnlcotOlli&ed rata 

Treatment 

------ - _._----~------ .------

OBH activi ty 
nmoles per 30 min per adrenal 

N ln tact 
adrenal 

Denervated 
adrenal 

-----------------------_. -----

Control 3 7.6 + 0.3 8.3 + 0.8 

Huscimol 5 6.3 + 0.4 9.l + 0.9 

Each va lue la mean + standard error. Hemlsplanchnicotomy was performed 

5 days before the flrst injection of the drug. Husclmol ",as given Ip in 

a dose of 3 mg/kg twlce a day for 3 days. Probabili ties ca lcula ted from 

one tal1ed t test show: control vs musclmol (intact adrenal) < 0.05; 

lDusclmol (intact adrena1) vs musc1mol (denervated adrenal) (0.025. 

'. 
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TABLE VII 1. Effect of baclofen. g~-yiny 1 GAaA and oIotre.orine on 

adrenal DM act! vit y 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DBH activlty 
nmoles per 10 min rer ddrenal 

TreB tmen t Wlthout nxotremorine N W1 th oxot remor 1 ne 

- - - - - - - - - - - - - - - .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - --

Cont ro l 8.9 + 0 . .'3 'i 1).4 + 1.2 

GallllllB-V 1 n y l l~ABA 1 6.7 + 0.4 1 11.2+0.1 

Control 6.8+0.3 11.7+1.1 

Bac lofen 5 6.8+0.7 6 10.0+0.9 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Each value Is Mean + SE. Gamma-viny l "ABA Io/as glven in a dose of 1000 

mg/kg Ip 2 h before each injection of oxotremorine. Baclofen was given 

ln a dose of 10 mg/kg l h befure each injection of oJltotremortne. 

Oxotremorine was administered sc tlo/tee rt day in a dose of 0.5 mg/kg 30 

min after 5 mg/kg ip of methylatropine for 1 d. AnimaIs were killed 18 

h after the Iast injection. 
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~ acti v Hies and plasaa c:ortlco8t~rone levels. 
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3.1..1. Introduction 

Cortieotropin oreleas:Lng factor (CRF) has been charactellized 8S a 41-

aminoacid residue-containing pOlypept.1de with. potent adrenocorticotropin 1 

(ACTH) an.s:i beta-endorphin releasing activity (Vale et aL, 1981) • • Systemic administration of antlserum against CRF or fi CRF antagonist 

blocks these effeets (Rivier et aL, 1982:,1984). CRF is anatomieally 

distributed in Many brain regions, including sorne outside the areas . 
related to the regulation of anterior pituitary'function (Swa'nson et 

al., 1983). CR.F given iev to rats and dogs yields a dose dependent 

elevation of plasma noradrenaline and adrenaline concentrations (Brown 

and Fisher, 1984), and produces hyperglycemia (Brown et aL, 1982) 

Central administration of CRF a1so affects cardiovascular functions 

(Fisher et aL, 1982), Thus, CRF not only aets by releasing severa1 

hormones, but also could be the first mediator of the stress response. 

For these reasons, the central action of CRF on adrenal DBR and PNMT 
., 

reg.ulation was tes ted. 

3.1..2. Materials and Methods 

AnimaIs. Male Sprague-Dawley rats (290:!:. 10 g) were obtained from 

Canadian Breeding Farms and Laboratory Ltd., St. Constant, Que bec. The 

animaIs were k'ept in individual cages under controlled lighting (12 h 

on/12 h off) and were fed ad libitum. 

AnimaIs submitted to surgery were anesthetized by the combination of 

ketamine, 60 mg/kg, and xy1azine, 10 mg/kg, im (Rarkness, 1980)~ 

Hemisp1anchnicotomy was carried out and verified as previously described 

(Lima and Sourkes, 1985). The stereotaxie coordlnates for the 

lntraeerebroventrieular (lev) administration of the pepti-de were P 1.0, 

L 1.5 and V 3.5 mm (Paxinos and Watson, 1982). The ventricular target 
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site vas confirmed by injection of Methylene blue. Alzet osmotic • 

lIinipump v~e ùsed for the central administration of ovine CRF 

(Peninsula., Belmont, CA, U.S.A.) by constant infusion, according to the . ' 
procedure previously described (Lima and Sburkes, 1985). The CRF was . . 
administered ln a dose of 10.0 ng/day in saline. Control animaIs 

,", 
recetved the vehicle in the SaJDe way. 

Reserpine. (Sigma Chemicals, -St. L9uis, U.S.A.) was administered. sc in a 

dose of 2.5 mg/kg daily for three days. 
\ 

Six to seven da ys at ter the placement of the cannula and the 

infusion the ~nimals were. deeply aneàthetÜ!ed witq.sodium methohexital, 

65 mg/kg Ip and adrenals were removed and placed on iee. Eaeh gland was 

homogenized with a Teflon homoaenizer in 1 ml of 0.05 M Tris buffer pH 

7.4, containlng 0.1% Triton X-lOO 'for' OBH determination; and in 1 ml of 

0.05 M phosphate buffer pH 7.4, containing 0.15 M KCI, 0.1 mM 

d1thiothrelto l, and 1 mM EDTA for PNMT determination. Homogenates vere 

centrifuged at 10,000 .a for 10 min, an the supernatant fraction was 

storeQ. at -70°C unti l used in enzyme. assay. Adrenal DBH was determined 

by the method of Molinoff et al. (Molinotf et aL, 1971), wi th".,aOlDe '. m1nor modifications. Final volumes were reduced ta one-tenth of that 

specified in the Molinof~procedure, except for the partially purified 

bovine PNMT, used in the secon~ step of the sssay; this was red~ced to 

one-fifth the spec1fied vol ume., 

1 

Bovine adrenal PNMT was purif1ed tram bovine adrenal medulla by the 

procedure of Diaz Borges et al. .(Dfaz Borges et al., 1978) as previously 
~ 

.\ 

described (Lima and Sourkes, 1985). Adrenal PNMT was «1etermined by the 

, 

micromethod of Yu (Yu, 1978). ' 

P 1asma corticos terone was determined by a competitive bindlng 

radioassay (Murphy et al., 1963; Mu!=,~hy and Wagner, 197-2) •• 
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Each value represents a mean + standard error (SE). Slgniflcance of 

the difference b~tween means :was calculated by Student's t test •• 

Analysi~ variance. (ANOVA) ws done ln indicated experiments (Winer, 

1971). '" 

3.L.3. Resu1ts ' .r-" 

CRF was ~dministered ~;~the way. of osmotic minipumps as described in 
• .# 

. Materials and" Methods. A dose oi 100 ng/day of thls hormone Increased 

adrenal DBH and PNMT activlties without affecting plasma corticosterone 

signiflcantly (Table 1). As in previous studies (Lima and Sourkes, 
, , 

'1985), reserplne glven for three days caused increases of both' DBH and 

PNMT ln the adrenaLs of rats. Howe~er, reserpine adminlstered ta rats 

receiving C~F iev caused no significant further modification in the 

.act! v 1 ty of the enzymes und'et' study (Table 1). P 1a8ma corticosterone 

)was elev.ated simllarly by reserpine and by the c'ombinatlon of reserpine 

and CRF. 

CRF was,also given lev ta hemisplanehnicotomized rats. Both OBH and 

PNHT increased in activlty in the innervated adre,nal as before (Table 

II~. Denervatlon of the gland did not alter significant1y the activlty 

of 'these enzymes (Table II). CRF caused increases of DBH and PNMT .. 
~tivitY in the denervated gland', but only the latter in'crease was 

4. 
statistical sign1ficant. 

, 1 CRF glven sc increases plasma cortlcQsterone, because t~e pituitary 1'1" 

gland, outside of the blood brain barrler, ia acçesslble to the action 

of ~he peptide (Veldhi~s and De Wied, 1984). CRF was administered for 3 

days in two dally dO,ses (Table 3). Adrenal DBH and PNHT, and plasma 

d 
·corticosterone ,were- determined. CRF sc increased PNMT activity by 40%, 

Il. • 
but adrenal DBH vas ndt s:tgilifieantly modl{ied under these' cond1tio~s. > 
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• 3.L.4. Discussion 

The role of CRF as the- principal physiological sUmulator of ACTB 

retease (Val~ et aL, 1981; Plotsky and Vale, 1984) is based on the fact 

that systemlc administration o~either antisera against CRF or CRY 

receptor-antagonists (Rivier et al., 1982; 1984) pre vents ~CTH 

secretion. CRF Is ana~omica Ily distri buted in hypothalamic and 

extrahypothalamic nuclei. Several limbic nuclei, such as the lateraI 

amygdaloid nucleus, periventricular thalamlc nucle! and bed nucleus of 

the stria terminalis ~ontain CRF (Palkovits et aL, 1985). Thus, in 

addition to i ts hormonal functions as re 1easer of AeTO and beta-

. .endorphins, CRF has CNS actions, and could he the tint aediator of the 
... 

stress response. I~ 

~ 

fact, CRF acts "",ithin the brain to 8~iaulate 

sympathetic outflov (Brown et al., 
. . 1 

1984), and in this vay af fects 

cardiovascu1ar functlo~s (Brown et al., 1984) a,nd glucose metabo·lis. 

(Fisher'et aL, 1982). AIso, the lev administration of C~F results in 

behavloura1 changes (Britton et al., 1982; Horley'and Levine, 1982; 

Sutton et aL, 1982). Veldhuis and De 'Wied (Veldhuis and De Wied, 1984) 

reported in the rat that one hour after a single icv injection of CHF in 
l ' 

doses of less 1 than 300 08, central effects could he observed, 
~ 

vithout 

increase in plasma corticosterone. They also show that "the sc injection < 

• P 

of 300 ng of (l C{tF, produces an increase in plasma corticosterone 

corresponding to the incre8se ,observed in the lev injected rat-slo The 

administration of 2RF. one pg/h., by an osmotie minipum,P connected ta the 

jugular vein produces a decrease in plasma luteinizing hormone (LH) 

le~els up to the 7th day,' suggest1ng stabil1ty of thé c~mpound in such 

cond1tlorts (Rivier and Vale; 1984). 

We administered CU icv by means of the osmotle minipumps, ln a dose 

of 10p ng/day, a dose that did not sig~ifiesntlly incresse. plaama 
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cortlco8terone levels (Table 1). Bowever, both DBB and PNMT activltles 

Increased 8ign1ficantly w!th th!s treatment. Denervation of the gland 

\/ 
bloclted the elevation of DBH but not PNMT acti vit y, suggesting that the 

activation of the adrenal r medulla by CRF has two components: neural and 

hu.oral. These effects are evident in the case of doubly regulated 
Ty . 

enzymes, such as OBH and PNMT (Ciaranello, 1980). 

There i8 considerable evidence that adrenal PNMT ls regulated by the 

pitultary-adrenal.axis (Wurtman and Axelrod, 1966; Ciaranello et aL, 

1975), to the extent that glucocorticoids or ACTH administration do not 

sign1ficant1y elevate adrenal PNMT activity in normal animaIs, but 

prevent the decrease 'Observed in hypophysectomized rats (Ciaranello, 
<1 

1978). In the present expe:riments CRF gi ven sc was able to increase 

adrenal ~T activity in.the intact animal. Probably CRF administered 

by the sc route Is potent enough to e levate cortlcosteroids in the 

adrenal portal system of the rat, these steroids cause increases of P~T 

aet!vity (Wurtman and Axelrod, 1966). CRF might have a local effect in 

the adrenal medulla favouring an increase of PNMT. 

CRF given sc, as indicated in Table 3, did not s1gnificantly 

increase adrenal DBH activity. 

Our results are preliminary, but nevertheless suggest thst tbe 

aet'! vad.,On of the adrenal medulla by CRF ha~ two co~ponents: neurâl and 

humoral. Pertpheral effects of t'he polypeptide need also to he studled. 
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Table l 

Effect of CRF and reserp'ine on adrenal DBB 'and PNMT~activ1tie8 and 

plasma cortlcosterone. 

Treatment N DBB PNMT P~sma corticosterone 

Control 4 6.2 + 0.3 3.9 + 0.3 1.2 + 0.2 

R.e,gerpine 5 9.5 + 0.7a 5.2 + 0.4a 1.9 + 0.28 

CRF 5 9.3 + 0.9~ 5.5 + 0.4b 1.7 + 0.5 

Both 5 10.1 + 0.7e 6.0 +_ 0.2e 2:3!. 0.3c 

" .' . 

Each value Is m~an + SE. CRF was administered lev with an OS1IIOtiC 

minipump in a dose of 100 ng/day for 6-7 days. Reserpine vas 
'\ 

8i ven the 3 Iast days of the CRF administrat ion ln a dose of 2.5 q/kg 

sc daily. AnimaIs wer:e kil1ed 18 h ,after the last injection. 

Significance wlth respect to corresponding control la: 

a P < 0.05 

b P < 0.025 

c P, < 0.001 o 
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Table ",II 

Effect of CRF on a~renal DBH and PNMT aet! vi tie8 and pla •• a 

cort1co8terone of hemispl~nchnicotom1zed rats. 

, 

Enzyme Tre a tllen t N, 

DBB Control ;) 

CR1 4 

PltfT Control 3 

CR1 4 

Enzyme aetivity 

Intact 
adren,lll 

14.8 + 0.6 

20.6 + 1.2* 

2.9+0.3 

3.6 + 0.2* 

Denervated 
adrenal 

14.3 + 1.8 

18.8 + 1.5 

2.1 + 0.3 

3.2 + 0.04* 

IpPla .... 
cortico.terone 

1.8 + 0.1 

1.7+0.2 

u 

1.7 + 0~4 

1.8 + 0.1 

Bach valuè .i. lleaD + SE. Hea1splanéhnlcotOll5' va8 carried out 5 d befon 

CR', lev by an osaotte a1nlpuap 'ln a dose of 100 n8/d for 1 days. 
" ?" 

Anlaals vere killed on the 8th dey. DRR. rmoles per 30 .1n per edren.l; 

PIItT, uiIoles per 30 II1D per adr~~l; cortlcoate rODe. )l8/al. 

* p < 0.05 
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table III 

Bffect of car .1 •• D ae on adrena! DIB aad PIMT actt.ltl •• 

Kaz,.. act19\t~ 

Treablent N DM PNII'r. 
'. 

Control 6 13.9 + 0.5 1.1 + 0.1 

caF - (Law dose) B.l + 2.2 1.6 + 0.1* 6 

CU' 
(R1ab dose) 6 15.7 + 2.0 1.5 + 0.1* 

Each va lue ta aean + SE. CIF vas al ven BC tvlce a ctay fol' l d. Low 

do.e: 60 og/d." R1ah do.e: 600 o./d; DBR, Daole. pel' 30 .10 pel' 

.. adretl4l1; PlIIT, UIIOle. pel' 10 llio pel' adrenal; cortlcoaterooe t }la/al . 

* p < 0~05 

• 
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'\ The experimental work descrlbed in t:his the sis has been di,reèted 

'towlJrd elucidating neur~l and other mechani'sma involved? in the 

"... 

, 

r«;!gulation of two adrenomedullary enzymes DBH and PNMT. This has meant, 
, . 

in the first instancé, attempt~ng to dlsc~ver which of the commonly 

acce'pted neurotransmitters play raIes in the neural induction of the se 

two enzymes. Reserpine, a drug that causes the temporary ~an~ reversiblb 

ioss of monoamine'neurotransmit ters from th.e ,brain and other' parts of 

the nervous sys tem, has been ~sed for ~wo reasons: (1) i t causes 
1 

inauction of DBH and PNMT in the adrenal glands; and (2) 1t lowers brain 

catecholamines and ,.serot<tPin, amC/ng other sub_13 tances .in the brain, to 

Iow l eve ls. It has hitherto been assumed that the secona factor 

ex"plalns the tirst, but the relationship has not been clari'fied.~ In 

thi's work, the effect of res.erpiJle ln inducing adrenal DBH Is 

signlficantly reduced"by denervatlon of .the grand. Nevertheless,_ li 

small increase is stIll, ob~erved, a,nd this suggests (a) tha't the.drug" 

exerts a local effect by reducing adrena~atecholamines, or Cb) that it 
"' ,'. 

acts through a humoral component as weIl. However, res~rpine still 

increases the activity of thls 
r 

enzyme in hypophy~ectomized rats. Rence~ 

! " , 
reserpine-treated rats must De cODsidered 

- "-
the Inctease of adrenal DBR ln 

as mainly neurally mediated. 

" non-specifie action' 
l '. J \ ~ 

concentrations, th,.El 
1 ....... J 

In order to analyze further the effect!J of the 
.. 1 . 

of reserpine ,!'h decreasing brain amine -
administration of' sp.ecific depletors of either catecholàmi-Qes ,br 

&erotonin was 'carried out in the experimenta"l animaIs. It wks 

established that> these -<lep leting agents» gi ven indi vidually» do Dot 

alter adrenal DBR activity, but the combination of a serotonin depletor 
, 

and a catechdlamine depletor, a treatment designed to mimic the action 

.... .,.., 
• , 
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of reserpine, 1ncreases enzyme activity. This result indicates that the 

induction 18 produced through the central depletion of both typea of 

monoamine. The contri butlon of ,ca tetholamine depletion to the effect 

was confirmed, at 1east ln the case of dopamine, by findlng that the 

administration of dopaminergic agonists, weIl docUinented inducers of TH, 

does not alter adrena1 nBH or PNMT in our experimental conditions. Thua, 

for TH Induct,ion dopamine sensitiV'e receptors rostral ta the thora~ic 

,spinal cord, as demons trated by others, are important, but for DBH or 

PNMT induction sueh receptors have no raIe or need ta be blocked ~.g. by 

depletion of the presynaptic nerve endings. 

It was found that serotonin agonists~ but not catecholamine 

agonists, potentiate the effect of reserpine on adrena1 D'BB a}ld PNMT; 

this suggests .that the depletion of serotonin has a more powerful 

effect. In fact, the existence of a central serotonergic pathway with a 

net inhibitory action has previous1y been described for the regulation 

of adrenal 'TH. This pathway ia also invol ved in the regulation of the 

other two induclb1e enzymes of catecholamine biosynthesis. The 

production of electrolytic lesions or the administratipn of small .. 
amounts of seroton!n neurotoxins into the medial raphe nucleus, but not 

into ~e dorsal raphe nucleus, potentiates the effect of reserpine 

without;!g~iflcantly affecting the resting level of adrenal DBH. Thus, 

the serotonergic pathway to the adrenal medulla concerns TH, DBH and 

PNMT, and it has its centre in the medial raphe nucleus. . \ 

Cholinergic pathways were examined llext. For th i s p'\ljl' po se 
/ 

oxotremorine, a muscarinic.agonist, was used because of its known ef~ect 

in i~ducing adrenal 'TH- and DBH by a neural mechanism. The comblned lit 

administration of bxotremorine and either catecholaminergic or 

serotonergic antagonists given perlpherally or centrally does not 
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" . , modify the effect of oxotremorine on adrenal DBU. These results suggest 

that the central cholinergie pathway invol ved in the re&ulation of 

adrenal DBB da es not interact with catecholaminergie or sèrotonergie 

i systems. Thus, the organism has available either a monoaminerglc pathway 

(as elueidated in the experiments with reserpine) or a cholinergie 

mee~anism, so that if one system were inactive for some reason, the 

other could be maintalning restlng levels of the enzyme. This 

represents B,. P IasUel ty in the cent raI regulatlon of peripheral 

funetions. 

The' administration of GABA-re,ceptor agon1sts such as progabide and 

muscimol slgnlficantly reduces t"e inerease Qf adrenal DBU in 
, 

pxàtremorine-treated rats. Because thls effect of GABA-agonists Is 

blocked by GABAA-receptor antagonists it is suggested that this type of 

re~eptor is Invo 1 ved in the in terac tlon with the central cholinergIe 

system. Moreover, _musclmol, a potent GABAA-receptor agonist .. decreases 

adrenal DBU, an effect that It ls blocked by adrenal denervation. The 

actIon of museimoi eould be due to the aeti vatlon of a central 

. 
Inhibitory pathway to the adrenal gland or ~o a general inhibitory 

action of the neurotransmitter. 

~, 

. ...; Some experlments were carried out vith peptides, part1eularly 
... 

cortieotropln-releaslng factor. ThIs substance was infused into the 

cerebrosplnal fluid by slow release from an Alzet pump. It Increased 

adrenal DBU and PNMT aetivltles wlthout Increasing plàsma 
. 

certicosterone. This f1nding supports a central action 'of the peptide 

,Independent of the stimulatIon of the hypothalamic-pJtuitary-adrenàI-

axIs. Bowever, the effect of CRF on adrenal DBU activity i~ not 

. 
completely abol1shed in denervated adrenals, and not at aIl affee'ted ln 

. , 
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th.e C88~of PNMT. This means that CRF haa a dual effect: i) 8 neural 

action which la direct, or else mediated through adrenocortlc~tropin 

and beta-endorphins acting on some other neural substrate with 

.. 
connections to the adrenal medulla; and 11) a humoral effect medlat~d 

through the activation of anterior pltu~tary causing release of 

adrenocorticotropin and beta-endorphins and, thereby,' adrenal 

activation. 

• 
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• 1. Though reserpine is a weIl known inducer of adrenal enz~es, it 

vas not hltherto clear where '!ts actio~ Is ekerteH in thir regard. 

Through a "pharmacological-blochem~ca1 dissection" of the drug action 

thls ,work provides a clarVication of thè central ac~lon of reserpine. 

This ;s carried out by the centra,l and peripheral, administration o~ 

çatecholamine and serotonln antagonists, given ln combination to mimic 

the effeèt of reserp!n~. 

2. This work supports the existence of a central serotonergi~ 
~ 

pathway wlth a net inhibitory 8,etion in the, regu~atlon of the adrenal 
, 

enzymes, DaH and PNMT. Such a pathway has been prevlously described for 

the regul ation ,of adrena,l Tij acU \\j. ty. Through the use of c lassical 

techniques it vas demonstrated that this pathway has its centre ln the 

3. A central cholinergie system has been recognlzed as playing a 
, 

role in the induction of the adrenal enz>:me_, TH and OBH, fot' about 10 

. years. This has now been investigated ~or possible interactions with 

other central systems. Thus, some GABA agonists decrease and the 

GABkA antagonist, ~icucuillne, enhances the 'êffect of the muscarinlc 
1 

agent, oxotremorine, on adrena~ OBH actlvity • Impai'rmen t of 
.,; 

catecholamlnergic or serotonergic functions does not affect oxotremorlne 

action. This vork Îrovides the tirst evidence for the exist~nce of a 

possible c~ntral GARA-cholinergie interaction coneerning the regulation 

of adrenal DBH. The cholinergieally induced inerease of the synthes!s 

of adrenal OBH la ~pec!ftcJ for other adrenal enzyme~ 8uch a8 dopa 
" 

decarboxylase and lactate dehydroge~ase do not Increa~e wlth 

oxotrellorlne treatment. 1 
. , 
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4. Muselmol, 81 ven' perlphera lly or lev by osmotic mln!pumps 

" decreases adrenal DBB. T~~ central inhibitory effect of muscimol on an , 
adren~l ~nzyme is novel and suggests either a general inhibitory effect 

of the GABA agonist or an inhib!tory pathway to the adrenal gland. 

5. CRF has been suggested as a tirst' me<!l'ator in the stresa 

response. Another contribution of this wor.k is tbat ·c.entrally 

administered CRF, given by means of an osmotic m1nipump in a dose sma11 

enough not to affect plasma cort.icosterone, 1ncreases adrenal DBH and 

PNMT activ1ties. This result suggests that CRF bas a central action 
c 

'independent of its stimulatory effect on the p1tult.ry gl~nd. The dual 

foIe of CRF, togethe~ vith tWe duàl regalation of' adrenal DBH and PNHT. 

offers an interest1ng modal tor study of the contro~ .. ofJd~enal 

fUnctionà. . . 
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