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i��Ui\IMARY

I)EaucHI, TAKEO, AND AXELROt), ,JULIUS: Supo’rindluction of serotoonin _V-aot’fyl-

trauisfo’rast’ atud superso’uisifivitv ouf ado’uuyl cyolmise too Oat(’cluolafluilies in detuo’rvafed

pineal gland. �i!ol. Pharmacol. 9, 612-615 (1973).

“�c)reJ)itio’phriuuo’ our ist)prO)fer(’iiOI injo’cfo’d into rats incro’as(’s sero)to)nin N-acetyltransferase

( EC 2.3. 1 .5) activity many fold in flit’ 1)inemtl gland. Otio’ our twt) days affo’r do’no’rvatioon by

bilafo’ral ganghiouuuecfoomy, n(or(’piui(’phuriuuo’ prtuduco’d a 5-10-fold higher iticrease in

transfo’rase activity flauu in ititact pinemtls. \Vht’n boo�� dooso’s ouf isoprofo’rt’nol mire injo’ctt’d, �V-

acetvbtransferase activity in deno’rvafed pino’als incro’ases niuchu mc�re than in intact l)itil’mtls,

while highu doso’s ro’sult itu similar incro’ases in N-mtct’tylfransft’rase mtc’fivity in mutant anid

d(’nervato’d Pitit’mils. Infmtcf pineals culturo’d in flit’ prt’so’n(e ouf norepiiiepliriiie shoow niaximal

iiuo�reases iii �V-aco’tvbtrmtnsft’rase activity at abouuf 10 j.o�n, whuo’reas niaximah incro’aso’s are

oubscrved in do’no’rvaft’d pineals at 20 nut noro’piiiephiritio’. Isouprofo’renol (0.1-1 gut) oauso’s a

maxinual incro’aso’ itu o’nzynio’ activity mu intact pitit’als, whereas 4 nun isoupr(ut(’renoul iti(reaseS

N-acefylfransferaso’ activity to flit’ maximal levo’l in deno’rvated pineals. The couno’eiufrmttiooii

ouf oafo’chuoulamiuuo’s in culture requiro’d four flue numiximal incrc’ase iti N-acetyltransferaso’ moe-

fivify diffo’rs by alnuoust 100-fold four noorepiuuo’phrino’ mind by 20-fobdl four isouproft’ro’noul bt’twt’t’n

intact atid denervafc’d pint’als. Maximal t’nzymt’ activity, howo’ver, is flit’ same in booth intact

and deno’rvafed pineals. Tho’ eho’vafion ouf adenosiuue cyclic 3’ , S’-momtuphousphimoto’ bo’vt’lsin

do’uiervato’d iuint’ahs grt’atly o’xceeds that iti rntacf pii,eabs when stibmaximal dboost’s ouf o’ithio’r

noro’pint’phirin(’ our isouprooto’ro’noul miro� injt’cfo’d infou rats. When pino’als are culturo’d in the

pro’sence of chibufyryhadeuuosine cyclic 3’ ,S’-mounoophosphate, there is iou diffo’ro’nce in flue

incrt’ast’ of N-aeo’tybtransfo’rase activity betwet’n itutact and dt’nervated pint’als. These

ro’sults indicafo’ f limit do’no’rvation induces rapid supt’rso’nsitivity in the posfsynmtpt i(’ beta

adrt’nergic ro’ceptor sift’ oonu the pint’al coIl foo oato’clioolminuines, whichu iii turn (‘tuhianco’s the

o’lo’vatioun of mido’nosiuut’ oychc 3’ ,S’-moouioophosphuate and ro’sults in the superinduction ouf N-

acefylfrmiiisfo’raso’ in flit’ I)itut’al glatud.

INTRODEJ(’TION t huoonuinuo’tio anuiuio’s. Bmoso’d ton a no unsido’rmtblt’
- iuttmbo’r ouf oubso’rvations variouus huvpufhuo’ses

I)uring flit’ past tO vt’ars a iuumbt’r oof

studies havo’ demonst rated that denorvafioun huavo’ bo’t’n j)ropooso’db too accoounf four flit’ mo’chi-

ouf adreno’rgically inno’rvmtfo’d o’ndl 0 organs (iris, anisms ituvoulved in flue devo’boupmo’nt ouf super-

uuicfitaf.ing nuo’mbrano’, vas deferens, and so’uisitivity afto’r donervatioun (I , 2).

huo’arf) results in supo’rso’uusitivifv too sympa- Ho’cently we hmtvo’ shouwn that injt’o’tioouu ouf
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�3-(:1 ,4-dihuydrouxyplienvl)-i�-alaniiuo’ (L-dloupa),

flue precursoor o)f (‘aft’oluOolamiiit’s, incro’aso’d

flu(’ mic�tivity � of so’ro uto utuin �V-aco’fvlfrmuusferase

(E(1 2.3. 1 .5) in rat piuuo’al 20-30-foold in rico.

Affo’r surgi(’al our (‘hio’nuioal do’uio’rvathuni tlio’ro’

u’oas a niarked iiicro’ase in V-moct’tvltraiusfo’r-

mist’ activity with L-d(ul)mt, whuiolu was oouni-

l)lefo’lY bloo’ko’d by beta adrent’rgic bliocking
migo’uutsour by thit’ �)roto’it, synthuo’sis inhibifour

cyclouho’ximidlo’ (3). A gro’afo’u inoreaso’ in

N-mico’tyltrauusfo’tmoso’ attivity iti (bt’nt’rvato’(l

rmit pint’al (supo’riiudt,cfioun) woould bt’ cooni-

I)alable to) tho’ dt’nio’rvation superso’nsifivif V

oobso’rved with eountractioon of smooooth muscbo’

(I , 2). It limos been cho’arlv t’stabhislio’d that

N-acefybfransfo’raso’ aotivify in, pineal is coti-

troolled by a uuo’urootrmttusmitto’r rt’lo’ast’d frconu

sympathetic no’nvo’s origitiating iti flit’ su-

1)o’riourcervicmil gmuighioun. Tlie iuo’uroutrminsmit -

to’r stimulato’s mo beta mtdro’no’rgic rt’co’ptor ton

flit’ pint’mil cell, which iti turn ant ivaft’s flit’

mtdo’tivlafe c’volm,so’svsfo’m (3-5). Thus Pitu -

o’al N-aefylfrmuusferaso’ offo’rs a prooductivo’

model ftur studying tho’ mechanism undt’r-

lyitug supt’rst’tisitivify itu adro’nt’rgioally in-

nt’rvatt’d t’IudI oorgans.

\Vo’iss (9) has ro’ptorfo’d that afto’r chronio

do’nt’rvat ioon ado’iuylaft’ (‘\.claso’in rat piuio’als

bt’camo’ moro’ so’uusifivo’ too boot Ii noro’piiut’phu -

rine and sodium fluourido’, atid oooncludo’d that

the amoounf ouf adt’iuylafe ovcbaso’ wmis in-

o’ro’as(’d afft’r do’uuo’rvmifiouui ouf the pituo’ab. Ho ow-

evo’r, flit’ superinduotioun ouf N-aco’fyltrmuus-

feraso’ appeart’cI 24 hr after gmonghioono’ctoumy

(3), whio’ro’as flit’ iuutro’ase in ado’nvlato’ tv-

clmtso’ mintivity was tiout mauuifo’st uuutil 4 wo’o’ks

mu.ffo’rdo’uuervatioun (9). Tho’ pr(’so’tut repoort

do’scribo’s flit’ ro’lmifh ouishiip bo’t�ve(q, su p0‘r-

iuuducfio uii of V-ao’o’tvltransferast’ and o’uu-

hanco’d t’lt’vatioon ouf midenosine cyclic 3’ ,5’-

nut onouplitusphaft’ mifter detuervafion of rat

piiio’al.

MATERIALs AND METHODS

Animals. Malt’ Spraguo’-I)awbey rats

weighuiuug 160-180 g were supphio’d by Hour-

nioruo’ �kssay Laboratourie.s, Chicago, and wo’re

ko’pf innder diurnal highufing couuuditituns with

light ton frcum 6:00 am. too 6:00 pm Drugs

wo’re dissolv(’d in O.9#{176}7�Na(’l and injo’cto’d

subeutaneotisly. Rats uvere killo’d by decapi-

tmitio)n bo’fweo’n 2:00 and 3:00 l)ni. Tho’ rmots

four pitio’al culturt’ �vo’ro’ killo’d bo’tweo’t, 9 :00

atid 10 : 00 mom. 1�ilmito’rmt1 gai,gliouuut’(toouiuy ouf

th(’ superiour cervical ganghioun wmts perfornied

undt’r t’tho’r aiit’sthuo’sia. Ptoosis � takt’n mis

a nio’mtsuro’ ouf the 51t0’C(’ss out flit’ oopt’rmitioun.

Rats uvt’ro’ Us(’dl bo’two’o’n 6 aiid 7 days mofto.’r

surgo’ry uuilo’ss oofho’rwiso’ iuidicato’d.

I�ineal (U1IUFe. Afto’r do’capitatitui, of the

rats, flit’ i)itit’als �vo’ro’ o�uickly and mtst’ptitally

reniouvt’dl au,d (ulturod by mo slighut nioodifica-

fRuli ouf flue fli(’thuOod ouf 1�bo’iu, aii(l \\(‘lbo’r (10).

1 tour our fivo’ 1)itio’alswo’rt’ plao’o’d itu a sto’ribe

plastic dish (S �ni iti dbiamt’tcr) with 2.S tiul
of 13G,Jb mo’dium ((ranucl Islatid Bioolooginal

Coompaiuv) cootit mOitiitig rts(ourbit’ aoid (0. 1 nuig /

ml), glutmimine (2 mit), sfro’pfoomvoiui (100

12g/ml), atud penicillin (100 uuuitsml). Piru-

eals wo’ro’ tulturt’d four 10 hr mit 37#{176}utider

93% 03-5% CO2

A ssay (Of serotonin N-aeetyltFansferase (IC-

laity. A pino’al �‘omos (1ui(kly rt’mouvt’d mind

N-act’tvltransfo’rmiso’ mtctivifv was assavo’d by

flit’ mo’tliood previ(uusly do’scribo’d (11), but

uvitli 20 iimoAo’s oof [1 _t4Cjmtcotvl ttut’tizvtuit’ A

(A.mt’rshani /So’mtrlo’,S.8 nuCi/ nimo olo’)iiustt’ad

oof flut’ 3.4 uumtubo’s ouf [1 -14CJaco’tvl o’ouo’u�zvnue

A ltst’(l in flit’ turiginal assay.

A ssay of cyclic A uP. A pimit’mtl � t1nnickly

rernouvo’d, frozo’iu o�n I)ry Ito’, muud Iuo onuoogo’-

nizo’d it, 0.7 ml oof 5% frithilouraoo’ticaoid wit Ii

a 1 -ml glass luonutogt’nizt’r. Afto’r flit’ juro’tipi-

fato’ humid bo’o’i, ro’mouvo’d by to’tutrifugmotioon,

flit’ supt’rtuafmoiit fluidi was o’xtraott’d ft our

fimo’s with S ml ouf o’fho’r. The aojuo’oous lmiyt’r

w.mts t’vapooraft’d too drynt’ss undo’r vmu’uum,

auid thuo’ residuo’ � dissoolved in 3(X) It! oof

0.01 ii soudium act’tafe (pH 4.0). Cvtlit A\l P

to oticent ratio onus wo’rt’ mo’asuro’tl by flit’ uuio’t hut 0(1

ouf (ilmaui (12), using 2S-200 �l of sminipbt’

solufituiu. LTiuder the assay no undit io otis o’nu-

l)ltuyed lucre lint’arifv wos oubserved ho’two’o’n

S and .0 pmoolo’s (of oythic AMP. Tho’ ro’-

coovery ouf cyclic AMP (luliilg flit’ prtoto’durt’

was chio’cked by midding cythic [3H]AM P, and

flit’ resinlfs \V(’ro’ ctorro’ofo’(l four a ro’ctovo’ty of

SO#{176}�%�.To) study flue iuo oiuspt’oifio’ hut o’rfo’ro’not

tuf tissue extracts in flit’ binditig assay pituo’als

(booth uuutro’ato’d and drug-tro’ato’d glmtiu(ls)

� hioonuogo’iiizt’d uvifh O.3S ml ouf distillo’d

uvmofer, huo’atecl mit 9S#{176}four S miii, aiid ot’tutri-

fugo’dI. 1�oo flit’ supo’rnafant frmocfiooui, SO �g ouf

Ph1t)5h)hi00dit’5tt�1mt5t’ (0.38S unit mg,Sigtiia),0.2
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�umole of potassium 1)h10)51)hmif0� (pH 7.4), and

0.02 �tmole of MgCl2 � added, and flue mix-
ture Was iiicubrLtt�(i at 30#{176}four 30 miii. After

incubation, 0.�15 ml of 10% frichbouracefic

acid was added, and cyclic AMP was cx-

tracfed as described above. The tissue blatuk

thus cubtained uvas equivalent to 3-3 pmo)les/

pineal, which was duly subtracted. In sev-
eral experimen,ts fiu(’ tissue extract was puri-

fied on a ctulumn ouf I)owex 50 by flue mo’f hod

of Krishna et al. (13), atid the eluafe was

evaporated and assayed for cyclic AMP

content. The levo’l of cyclic AMP in purified

samples was slightly lower than in the Un-

purified samples, wluich would cO)rrespolid to

flue tissue blank. It was also ascertainedi

that none of thue drugs employed (catechol-
amines, adrenergic blockers, or protein syn-

thesis inhibitor) itut(’rfo’red with the bindiiug

assay when added f ci fhue react itin mixture at

vt’ry high concentrations. Although Weiss

and Strada (14) showed that the cyclic

AMP level inereaso’d in rat pineal after de-
capitaf ion, flue effect of decapif at ion should

not affect the interpretation of the observa-
tions reported here, since the pineals were

frozen within 30 sec after decapitation.

There was nb significaiuf difference in the

baseline level tof cyclic AMP amomug intact,

propranolol-treafed, amid denervafed pineals

(iS).

RESULTS

Superinduction of N-acetyltuansferase in

rivo. Serotonin N-ac’tylfrmonsferase activity

was induced iii rat pilueals by injection of

isoproferenol or L-dOpa atud reached the

maximal level 3 hr aftt’r itijection (3, 13).
Xorepinephrine increased N-acetyltransfer-

misc activity 2-fold mit a douse of 1.0 mg//kg
and 17-fold mit a doso’ of 2.3 mg/kg in intact

pineals (Table 1). The increase in N-acefyl-
transferase activity was much higher in de-

nervated pinemils, resulting iii a 30-fold mu-
crease at 1.0 mg/kg and a 100-fold increase

at 2.5 mg/kg of norepinephrine. The super-
induction b� norepiuiephri tie could have been

due to the absence of uptake of noorepineph-
rine, increasing the available n(uro’pineplurine

at thue reco’pto)r sift’ (1, 16), our to increased

responisiveness oof the post synaptic mem-

brane. To exclude the former possibility,

isouproteretiol, a synthetic catechiolamine

which is not taken up by nervo’ endiuigs (17),

was itijecfed info in,tacf and do’tut’rvaft’d rats

(Table 2). Deno’rvaf o’d pinea Is shioowed much

luigho’r increase in N-acefylfransft’rmost’ micfiv-

itv than intact piuueals at bow doost’s oof iso-

proterenol. At high doso’s the differo’u,co’ in
enzyme activity between iiufmoct atid (ieiu(’r-
vato’d pineals disappeared. Thuo’ supo’rindluc-
fiouni by IuOro’pine�)huriIuc’ or isoprooto’ro’tuol ap-

peared 1 cur 2 days after do’nervafion (Table
3), in agreement witlu our previous oubserva-

tion with L-dopa (3). Tho’ ro’spoulus(’ of N-mid’e-

tvlfransfc’raso’ activity to isoprout o’rt’uio ol did

TABLE 1

SO periioduct ion ouf .V -ace! 1jlt ra oosfora.se witlo

/0 orepiio eph rine iio Vito)

1-Nourepinepl,rirue was injected subcutaneously

initoo rats, at the douses inidicated, 2 hr befoore they

were killed. Itesults mire expressed as means ±

standard errours oof five rats.

Dose of N-Acetyltransferase
norepinephrine -

Intact Denervated

pooioles, pineal 10 �ozin

21±3 19± 2

46 ± 9 583 ± 167”

354 ± 37 1920 ± 320”

p < 0.01 ii ooomnparisoon with mit act tats.

TAIOI.F: 2

SuperiFoduct iOn of .\ -ace! yltra Fo.iferase with

isoprootereFool i/O ViVO

l-Isoprouterenool HC1 was subcutaneooirslv in-

jected intoo rats, mit the dtoses indicated, 3 hr before

they were killed. Itesults mire expressed mis uneatus

± stau,dmird erroors of six rmits.

Dose of �“or�cetyltransferase
isoproterenol - - _________ __________

Intact Denervated

oozg/kg piozoles pineal 10 oozin

0 35± 4 26± 7

0.2 69 ± 21 620 ± 202�

0.5 523 ± 97 1720 ± 19(1”

1.0 865 ± 101 1420 ± 65#{176}

2.0 1350 ± 240 1840 ± 300

5.0 1550 ± 320 1980 ± 370

p < 0.05 in comparisoon with itutact rats.

p < 0.01 in, (#{149} ,uparison, with imut act rats.
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li(uf (‘h,aligt’ fit om flit’ 5th too tho’ 35th dmiy

after deiut’rvatiton.

oSuperinduetion o�/ N -acelyltransferase in

cultured pineals. Too study tho’ niechuanisnu
of denervatioun superiniductioun more directly,
in fact. auud dent’rvafed pineals were cultured

in flit’ pro’so’iico’ ouf noorepino’iuhurino (or iso-

prtferenol. N-Acefvlfransferase activity in -

creaso’d gradually, rt’achiing a maximum be-

fweetu 6 andl 10 hr of culture. Intact pineals
showt’d almousf lit) ituc’rt’ast’ in N-aco’fyltrmtns-

T��mom,F. 3

A ppeara ioce of so pen /0(1001 iOFo (if/cr (/e/o erval 10)/I

Eu huer l-muoorepimiepluritie (1.5 mg kg) or l-isoo-

prooteremi(ul HC1 (0)25 mg/kg) was soubcutanieoously

injected intou rmtts 3 hr befoure they were killed.

Hesults mire exprt’ssed mis nueanus ± standard errours

of five rats.

Time after
denervation

N-Acetyltransf erase

Norepinejuhrine Isoproterenol

pzzzoles pineozi 10 ruin

92± 35 415± 9S

1520) ± 210)”

1960 ± 390)”

2600) ± 370).’

1100) ± 210”

1620) ± 260”

35 1550) ± 140”

p < 0.01 mu compmorisooni with mnutmict rats (on,

day ouf operatioun).

p < 0.05 it, comparistoti with, intact rats.

T�iom�r; 4

Sot pcriFodoocli(uFo of .V-acetyltraFosfo’rase wi/b

FdorepiFoephriFoe i/O (FL/I ozred pine.al.s

Either intmict ur denervmuted pitiemils were coil-

tured foor 10) hr in the presenuce oof l-nuorepinuephrine

mis indicmtted. Hesuhts mire expressed as nuueanos ±

stamidard errours of five rmtts.

Concentration N-Acetvltransferase
of -�--�- -----______ -

norepinuephrinuc Intact Denervated

.0! poozoles pineal 10 mhz

4 X 10#{176} 9 ± 1 79 ± 15”

2 X 10� 12 ± 1 1600 ± 290”

1 X 10� 45 ± 16 2980) ± 210)”

1 X 106 228 ± 35 2390 ± 150”

1 X 10� 700 ± 66 1420 ± 250#{176}

1 X 10� 1470) ± 40)

a p < 0� iti (0)nupmirisoiti wit hi ilutmi(t pimuemil.

p < 0.05 in conupmuisonu with, mit act pitit’mtl

ferast’ mrcfivitv mit noutieo’ntrmotions oof nit oro’pi -

nephuriuio’ less flint, 0. 1 uii, anuci displavc’d a.

nuaximinni incremiso’ mit aboouf 10 �ti’oi tiorepi-
tuephirine (Table 4). Iii do’u,o’rvmoted juinit’mols
flue mmixi mmtl increaso’ in en zv tuue mint i vi t y �‘oas

(ubtmiiuuo’dl at 20 nut no oro’pino’phurint’.

A (‘ootiiparmtbbo’ ro’suhf wmos oobtained with

isoprtutt’ro’nool (Tabbo’ 5). In initant pimuo’als

N-ato’fvltraiusfo’raso’ moctivity rt’miclut’d a numix-

imum mit 0.1 -1 �uu isoprootorenol, whuo’ro’as
denervmot t’d pi nueals slut owo ‘d a mmixi nual iii -

creast’ mi o’nzvnue activity at 4 nit istoproo-

ter(’uuool. Superinduct ion by isoprofero’niod was
oubso’rvo’d in cultured pino’mols 2 diavs after

ganglitono’cfoniy, a imtttern similmor to that
obtmoitio’(lin z’im’o (Tmible 3).

Thuo’ro’ wmts no dhffo’ro’nce it, flue iui(rease tuf
N-act’tyltrmuisfo’rase mitt ivitv bo’tweo’n intact

muid (lt’nt’rVated pino’mols whuen oulfuro’d in thio�

Presetuto’ of dibutvrvb cyclic AMP (Table 6).
Tluus flue deiuo’rvat ion superinduefioun was

probably due to c’hmonges prooxinimil too the site

of actioun of cyclic AMP.

Supersensitwity of adenylate (!JCkl,Se in rico
after deneru’ation. Ti,o’ cyclic A�\ I P to ouident ra-

fion iti pineals wmos nieasurt’d after flue itijec-
tioun oof i,urepinephurino’ our iso uproot (‘ro’nuooh.Noor-

o’pnuo’phirino’ (2.S nug’ kg) oaust’d a 2.5-fold

elevation (of (‘vt’lic A\ I P bo’vo’ls in mit mint
pino’als in 10 nuh� (Fig. 1). In dlo’nerVated

pino’als flue samc’ dose of no oro’pino’phurirue in,-

T’otot�F: 5

50/ peri/Odol oI iO/o ouf .V-ace/ !/ltr(i /O.Sfocr(i.5E’ wi/h

z .soprot erc/o oil i/O cot/I otred pLo 0(11.5

Imi t mict or (lenervmoted l)imiemils were o tilttired fo or

10) lit mu the prest’noe oof 1-iso oprootert’mio oh mis mdi -

(mitt’d. Hesinlts mire expressed mis means ± st mindmirol

errors oof five rmits.

Concentration
of

msoproterenol

1 x 10Y9 13 ± 2 328 ± 90’

4 X 10� 143 ± 44 183() ± 20D’

2 X 10-#{176} 681 ± 155 2190 ± 330’

1 x 10� 820 ± 120 1860 ± 430#{176}

1 X 10-6 1390 ± 10i() 1490) ± 170

1 x 10� 1120 ± 130 1850 ± 2406

1 x 10� 1960) ± 330

p < 0.01 imi conupmiuisoomi with itit not pitueal
< 0.05 j�, coom,ulomiriso mu Wit hi itit act luinemol



N-Aceiyltransferase

Intact Denervated

ponoles ‘pineal ‘10 mm

18 ± 3

445 ± 31’

50)5 ± 57”

591 ± 84

ititmio’t pinemil.
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creased cyclic AMP levels more than 10-fold

in 5 mini. Injection (of submaximal doses of

iscuproferenol also caused a much larger iti-

crease in cyclic AMP in denervafed pineals

than in itutact pinueals (Table 7).
To (‘X(lUde the po)ssibihf v flint supt’rinduc-

TABLE 6

liodoict 1OFO of X -ace! yltraio if erase with dib ott yryl

cyclic AMP in cultured pi/oeal.s

Pinueals were cultured for 10) hr in the presence
of dibutyryl cyclic AMP as indicated. Results are
expressed as means ± standard errors of five rats.

Concentration of
dibutyrvl cyclic - - ___________________________

AMP

0 18± 2 15± 2

1.5 X 10� 131 ± 29 191 ± 36

4 X 10� 788 ± 63 901 ± 142

1 X 10� 1520) ± 180) 1790) ± 240

0 5 00 IS 20 25

MINUTE

Fit,. 1. Elevalioo (Of cyclic AMP ioo pi/oea/ with

/oorepi/oephri/oe

l-Norepinephirimue (2.5 nug kg) was sotluotut mine-

ouushy imijected into) rmits. H rots were killed 5, 10, or

25 muuimuafter irujectioun, anid the cyclic AMP level

in l)ineahs was uuieasitred (S- - -S, itutact rat;

- -�, denervated rat). Verticmih bmtrs inudicate
standard errors of the miueani of five rats.

* p < 0.05 iii comparison with untreated rats.

** p < 0.01 mu coomuiparison with unit rented rats.

T.�toLI.: 7

E/et’atzon of CijC/ic A .1/P with isoprotereFoo/ iio Vivo

The tychic AMP level was memisured 10) nun after

subcutmineoous inujeot ioon of l-isooprooterenool HC1 at

the dooses itudicated. Results mire expressed as

means ± standard errors of six rmits.

Dose of Cyclic AMP
isoproterenol - - _______ - - - -

Intact Denervated

z?zg, kg pzozoles pineal

0 21± 4

0.25 262 ± 17

2.0) 195 ± 9

5.0 403 ± 43

10.0 56! ± 82

p < 0.0)1 in oootuipmorisooni with

fioun of N-acefyifransferaso’ and! supt’rsen-

sitivifv of adenvl cvclase aft or deu,o’rvat ion

was due too tho’ abst’nuce of upfako’ of the

no’urofraiusmiffc’r in,too tuervo’ o’ndings, iiineals

were cultured four IS mini in flit’ presence of

[7-#{176}H]-l-nturo’pinepliriuue (50 and S00 uiuu) or

[7-3Hjdl-isouproofo’rt’uuo ol (10, 100, anud 1000

nun). The uptake ouf luoro’pin(’plirino’ into

dt’tiervated pinemtls was less than 20% (offlint

iti intmtet pineals. Tho’ro’ was, howevo’r, tuo

differo’nuce between fhue anio uunfs of isoopro-

feretiol fako’n up inf(u infmoef mind denuervafed

pituo’als, indicating that isooprotereiuoui is not
fmtkeiu up by nerve o’uudings iii flue pineal

gland!.

DISCUSSiON

Pineal N-acetylfrmonsfera.so’ activity is in-

creased by nourepiuueplirine our isoprotero’tuiul

in rico auud iti organ cultures ouf rat pino’al.s

(3-S, 15). Tho’ incro’miso’ in N-aco’tyltrans-

fo’rmiso’ activity was mu(h liighuo’r in dt’tuer-

vafo’d tluauu intact piuuo’mulswhen submaximal

dioses of cither norepinephurine or istupro-

ft’rentul were injo’cted into rats. Inductioun of

N-acefylfransferaso’ was alsco much higho’r in

deuuervafed I)ineals cultured in the prt’so’uuce

o)f submaximal coiuiueo’uitrafionus of either tior-

epino’phrine our isoprouf (‘rent ol. Superinductio on

of N-acetylfransferase by denervationu was

moore marked with titort’pinephrine fhaui with

istupro of (‘rent ol, suggest ing that the absence oof

uptake of n(urepinio’phrit,o’ is partially resptuti-

sible four flue supo’riiuducfion of N-acctyl-

fransfo’raso’. Ho uwo’vt ‘r, the obso’rvaf ion flint
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isouproufo’rt’iioul, mt co)mpootnnd! flint is not taken

up by n(’rvo’ o’uidings (1 7), alstu causes sul)er-

induction in do’uiervafo’d i)itiemtls iiudicates

flint there is another change at flit’ post-

syiuapfic sift’ oof flit’ pino’al (‘t’lI. Thuo’re � lutu

supo’rinducfion in deno’rvated pituo’mtls cul-

tured in flit’ Iurt’st’lict’ ouf� dibutyryl cyclic

A::�1l�. Thus fhio’ stlpo’rinduc’tio)nu by do’nuo’rva-

f itun app(’ar(’d ft u be duo’ f 0 0 a change some-

�vlio’re betweeni flit’ reco’ptour and the forma-

fioru of cyclic AMP. The concentration of

catechcolamint’s nut’o’do’dtoo oubtain the maxi-

mal itucrease in N-acefyht ransferase activity

was almost lOO-fould differenut for norepinephi-

rino’ mind 20-fo old different for isoproit erenol

betwt’o’nu mit act and do’niervafed pineals,

whero’as flue maximal o’uuzyme activity did

nuof diffo’r bo’fwo’o’n flue twou groups.

Tro’ndelenburg (2) prouposo’d two) media-

nisms, presyniaptic arid pousfsyi,apfic, for

deniervaf ion supo’rso’nsifivify. A presynaptic

mechaniism would be the absenco’ ouf uptake

of no’uroofransniitfo’r by no’rve o’ndings (15).

Posf synaptic mo’chaiuisms would involve

chatigo’s in setusitivity of the receptors or

subso’quo’tut steps in the o’nud turgan response.

Presynapfic supo’rst’nsifivity can be demon-

st rated with no uro’pino’phiritie, but uucut with

isouproufo’rt’nol (2), wheremis postsynaptic

supo’rso’nsitivify can be d(’monsfraf(’d with

both uuoorepinephrine and isopro of c’renol (2).

The pro’synapf ic type cufsupersensifivity ap-

pears between the first mind second post-

oiuperafive days as flit’ nervo’ terminals dc-

geno’rafe, and I)tuSfsylial)fic supt’rsensitivity

appears s1o�vly t)v(’r several weeks after

do’nervatiounu. Our obso’rvafionus rt’porfed lucre,

houwt’ver, demonstrate that denervaf ion

supt’rinductio)n by is(uproott’reIiool appears very

early, is significantly increased by the second

postooperafive day, mtnud is fully developed S

dmiys after deuuo’rvationu.

Wo’iss (9) report ed flint seiusitivity of

adenvl cyclase to norepino’phrinie and sodium

fluorido’ was increased on1� 4 weeks after

deno’rvaf ion, and concluded that adenuylate

cyclase activity was greater after chronic

denervatioin. We have shouwn flint the o’leva-

finn of cyclic AMP is o’nuhuanced in the deno’r-

vated pineal by flit’ sixf h oir seventh post-

(operative day. Maximal induction of N-

acetyltransft’raso’ and maximal elevation of

cyclic AMP wo’ro’ flit’ same itu intact and

do’nuervato’d piiuemils, whuibo’ subnimoxinual do ost’s

0of cafo’elioolamino’s ro’sulfo’d iii muo’l, lmorgo’r

inucro’aso’s iii N-aco’tylfrmiiisfo’rmise mio’fivity mouud

iii flit’ lo’vel ouf cyclic �A.i\I P in dt’uut’rvmtto’d

pinuo’als (oompart’d tou iiufacf �iii(’mils. Thut’ (lis-

agrec’mo’nt hefwo’o’ii huis ro’sult mitud oottrs oouinld

be duo’ tO) tho’ (liffo’ro’nc(’ itu o’xpo’rinuo’ntal

prouceduro’s. Ado’nylato’ cyclasc’ activity was
assayed by Weiss usinug a pinemol h,oomoog-

etuato’, whereas in flit’ present study tlio’ o’le-

vafioti of the t’ndougetuouus cyclic AM P lo’vel

in rico was mt’asuro’d. The respootiso’ of

adeuiyhate cyclmoso’ too huourmoones is usumolly

chaniged after ho unioogeuiizatioouu to! tissues. An

alternuafive t’xplaiuafion is flit’po ossibbo’ o’xist-

dee of two typo’s ouf superst’nsitivitv uf thin

adlenyimito’ cyclaso’ systo’m miff er dt’uuo’rvmif it unu

the chumonuge in K,,, and that of V,,,�, which

might mippear mit differo’nf timo’ ii,fo’rvmols.

Ancothc’r poussibihity wouuld ho’ that thuo’ on-

huanc’ed elevation ouf cyclic A)IP mtti(1 Up(’r-

itiductiton of N-minetvltranusfo’raso’ mont’ dut’ to)

the diecreaso’ in the cyclic AMP-do’grmodnug

enuzymo’ iii pint’al after deno’rvafiounu. Sinchu mi

l)hietu(umo’nonu, houwever, limos tuout yt’f bo’o’uu ro’-

porto’d.
The quest itun morouse mis to whuo’fhc’r the

abso’nco’ of Iit’rv(’ t’lidliuigs our flit’ abst’tint’ oof

neuro)transniiftoi is respouiisiblo’ ft on flit’ mop-

pearanco’ of do’iuo’rvmrtiounsupo’rmncluo’tionu. \Vo’

havo’ ro’cenfly fouuiud that fro’atnio’tit ouf rats

with rt’serpitut’, ml (oumpooundl that cioplo ‘ft’s

nourepinio’phirine in nuo’rv(’s,milsooo’moitso’d!super-

inuduetion tuf N-acefvltrmuusfo’rase by isoopro-

ferenoul in ilil1ervato’d! pinueals. The supo’r-

induction with reserpiuuo’ or by denuervatio�un

was coompleto’ly supprt’sso’d by adniiuuistrmi-

tion of isoproto’ro’nol (1M). It has been slit own

that l)iiiemul adenyhmifo’ oyolmiso’ alsoo bo’ominue

supt’rsenisifive to tiort’pino’piuritio’ mifto’r no on-

finuo)us lightinug (14), a conudifioun wl,ichi

reduces flue ro’lo’ase of nuoorepiuiophrino’ (M).

Thus if seems likely that flue mobseno’o’ our

flue conutinuous presence tuf iio’urcotrauis-

mitter could change the sensitivity of flit’

pinion! reeeptoor to) neuroofransmitto’r.
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