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A specific atid sensitive assay for N-aootylsoro toutiiti, the pro’oursor of the piiio’ah hiortuuo utio’

melatonin, is do’scribed. The levels of N-acetylserotonin it, the pitieal gland riso in rico after

the administration of /-isol)touterellol. /-Ptopraiiohol , a beta adronergio blocking agent, to’-

verses the rise in N-acotyhsero toniii caused by isoupr terenol wit hiin I S i’nin. Phetit il�imii,o’,

an alp/ia adret,ergio blockitig agent, is witluouut effect. Turtiitig 0)11 tho’ highits out administering

l-propranouloul at night causes a rapid decrease flu the amouunt of N-aootylso’rotoi,mn in the

pineal. Thus the lovol ouf N-acetvlserototuiti varies as d(uos the level of N -acetylt ratisfetase,

ivhuichi in turn is oo otit ro )hleol by stimulat 1001, o ui a bela adrotiergic to’oopto ut.

INTttOI)UC’i’ION

\Iarkod circadian r1,ytl,ms imu th,e hovels of

soroutonin N-acetyltrat,sferasc (EC 2.3.1 .5)

(1) and ouf N-acotyhsorototiin (2), the precut-

sour of thuo’ pineal ho rmo tio melat ut,in, in tho

rat pineal glanud have boon reportod. During

t.hio’ night the activity of seroutouiiiti N-aco’tyl-

tratisforase and thuo amoutit of N-aoetylseroo-

toniii, the proudi�ct of this etuzylno’, ato’ high

during thio’ day both tluo’ enzyme and its

pro)duct aro’ low. Thuo’ N-aoetvltransfei ase
rhythm is rogulatod by syn’ipathetio nerves

arising iti tho’ sUp(’rior oervical gaiighia (3).

1)uring the day, when tho’ N-aoetyltraius-

foraso’ activity is low, L-dopa, l-tioto�)itio’phi-

rine, atid /-isoprutero’nol cause a marked

incroaso’ itu N-aco’tyltratisferaso’ (4, 5). lids
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imucreaso’ is blo akeol by l-j uro praiuo uli )h , a � mod -

ren(’rgic blookitig agent, but tiot by phio’tio Xy-

bo’tuzanuiiio’, au alp/la adro’nengio blocking

agont. Expousure ouf rats to high,t at tiight.

(�Lt150’5 a rapid dooroaso’ iii thu activity of

pitioah )V-ao’etvltrauisferaso’ (S, 6). I�ropratuo-
loul alsou pro uduo’o’d a J)rO’o’ipmtous deoroast’ in

thu lo’vo’h ouf N-ao’etylt,at,sfo’iaso’ at tiighit (5).

It, this roport a spooifio, setisitivo’ otizynue

assay four N-aco’tylso’routo unit� is (lo’sclibed.

Usitig this assay it was denuoutisttated Ihat

the lo’vol o�f N-aco’tvlserotoaiiti iti thuo’ Pitlo’al

gland is utuchet th,o’ 00 unt 10)1 0)f a be/a �tdio’tio’t-

gio no’ceptoa, stimulatiout, ouf which ahto’ns Ihe

activity ouf jV-aco’tylttatisfo’raso’.

MATERIALS ANt) METHODS

Spraguo’-I )awlo’y tiuale rats, I 60-200 g, oob-

tmutio’d from Hoornuout,o Assay Laboratories,

Chio’agou, \VOtO’ lIsO’(l iii mtIl oxporimotits O’XO(’j)t

in studio’s of the oflect out light and iur

pratioulol on N-aco’tylseroutotiin lovels during
thu tiight. In thie latter o’xpo’ritiuo’tits IS0-g

()sbonmuo’-i\Io’ndel (NIH strait,) fomalo’ rats

won’ tisool. ( )sboruio’-Mo’uido’l rats shioow miuto’
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tuuarked oiicadiaii ohiatigo’s in piiieal in(lo)Io’

nuo’tabohism than doo Spraguo’-I)awhoy rats.

All rats wore hiO)t!50’d utido’r diurnal highiting

Coli(hitiotis with lights oon froum 6:0() a.ni. too

6:00 p.m 1)urit,g th,o’ day rats woro’ killed

by do’capitation bet weo’i, 12:00 ti000)tI Itli(l

2 :00 p.m. Each o’xpo’rimental group o’on -

sisted 0)f fivo’ to so’ven animals. 1)rugs wo’ro’

dissolved iti 0.9% NaCl and injeoto’d sub-

cutaneously iii a vohumo’ ouf 0.5 ml. 1)uritig

the night rats reco’ivo’d injeotioais at 10:00

p.m. and wo’ro’ handlod with, thio’ aid oh a chinu
re(l light.

.iV-1 ce/i,l/iansfcrase a.s.sa�j. N -A cot �I t raius -

ferase was mtssayo’d usitug the mo’th,ool of

1)eguchi atid AxoIrod (7); 20 itnuolo’s oof

[1 -‘4Claco’tvl couo’nzvme A insto’ad ouf 4 nmoulo’s

wero’ used iti a ‘?O-pl ro’actioui� mixture.

Puii/ieai ion of /F!fllrox,Iindole 0-noel/F ��l-

transferase. Frozetu bovino’ pituo’als woro oh-

tamed from Po’l-I’roo’z BmO)Iouglcals, Inc.,

Rogo’rs, Ark. Flydro oXyili(loulo 0-mo’thuyltrans-

feraso’ from bovitio pi1�(’al ivas pmtrtimtll�

purified by a moudificatiout, of the mo’thod

previonislv do’scribo’d (5). All purification

pr cedures ivere oarrio ‘d oout at 40 Bo ovin 0

piiuo’al glatids were hioanogo’nizo’d itu 5 voulumo’s
ouf isoutoauic K(’l an,ol ((‘Iitrifuged at 75,000 X

q for I hr. 10) the souluble supo’rnatatit frmto-

tioti, soohd ammo tiium sulfate wmts addo’cl.

The 36-S5#{176}� precipitate was dissolved in S

ml ouf S nuu soolium phosphate buffer, pH

7.9, and subjected too thro’e succo’ssivo’ dialy-

ses, 3 hr r’nchu, agaitist 200 volumo’s ouf the

sanue buffer. Afto’r dialysis the enzynuo’ wus

(hVide(l intoo 0.5-mI ahiquots atid stooro’(l at

- IS#{176}until used. The o’nzvmo’ preparation,

had a prouteim, ooonoo’t�tration of 15-20 mg/ml

atid au� activity ouf abouut 3Sf)- 400 utiits/ml,

using N-aco’tylserototuin as substrato’. Ono’

unit. ouf o’tuzymatic actiVity is do’fit,o’das ti,o’

amount of o’nzvme that forms I nmolo’ ouf

product per milligram o)f prouto’in per hiontr.

Assa�j of N-aeeiylseroi#{252}nin. rfluis assay (Jo’-

peiids oun the enzymatic transfo’r of tho’
[3H}nuo’thuyl gro 0111) ouf “o’-ado’no syl -L-[niet/F/jl-

31Ilnuo’thiioinine to) thio’ hiydroxyl group ouf

N-acetvlserototun, by hivdroxyirudole 0-mo’t hi-

vltratisfo’rase (EC 2.1 . I .4) (9). �n o’tizvnuat-

ically fo ornuuo’d [3H �mo’1atonit, is so’parato’d by

extrao’tio on ituto o a i,ot,poulnr orgmttiic solvent.

l�huo’ uso’ of 111e//F//l-#{176}H -l�tbo!o’d )SmL(lO’tiO)s\�1L

nuethuioonitio’ nuuakes it. 100)ssibl(’ too nuo’asuro’ as

hittlo’ its 0.20 pnuole oof N-aeetylserotonin.

( )sbortio’-’\lo’rudo’l rats of o’ither sex, �vo’ig1iing

200-250 g, wo’ro’ used. The animals were

killo’d by olo’oapitation, muicl the l)illemtls \\(‘re

imnuo’(liato’Iy ro’nuouved, homougetiizo’d in 0.4

nil oof ico’-oold 0. 1 N HC1, aIld centrifuged at

I 6,000 X �i four 30 miii. Brain, retina, and

J)itt1itmLr� glmu,ds ��o’re ahsoo renIo)Ved, frozen
on i)ry loo’, wo’ighied while still frouzen, and

huo)nlougo’unzo’(i in 20 voulumo’s ouf ioe-oold 0. 1 N

HC1. Ahio1uoots (SO pl) of the superiuatant

fluid wo’ro’ transfo’rro’d to) IS-nih glass-stop-

luered co’tit rifugo’ tubo’s cootitaining 5 pl cuf 0.1
N Na( )H, 200 pl out 0.2 ii sodium 1)hosPhimtte

buffo’r (pH 7.9), 5 pl (0.55 nmolo’) oof S-adenoo-

sy1-i�-[inet/iyl-#{176}H]nuo’thio,,itio’ (specific activ-

ity, 4.5 nuCi/pnuuouhe), mmd 10 pl (4 units) oof

jartialhy purified hydroxyindoole 0-methyl-
transferaso’. T1,o’ fitial vouhume of the reaction

mixturo was 270 pl. Nine piooumo)Ies of N-

acetvlso’routoot,in were added to) aIlo)ther miii-

quout as mu� itito’rtial statidard. The mixture

� imiouhated four 20 mimi at 370, and tii(’

ro’actioun was stouppo’d by tho’ addition of 0.5

ml oof 0.5 ii hoorato’ buffer, joH 10. Tho’ radio-

activo’ l)roudtlots wo’re o’xtracted ituto 6 nih ouf

toultu’uio’ by miximig four IS see with a Vourtox

mixo’r (Snout ifio Indtist rio’s Inc., Springfield,

Mass.) atid centrifugo’d. A S-mi aliquot ouf

th,o’ ourgatiic phase was tratisferro’d to) a coutit-

dig vial atid alhowo’d too dry in a chromatog-

rapluy oovo’ti at SO#{176}ouvo’rtiight. ( )tue milliliter

(of o’thiauiouh was addo’(l to the counting vials,

follouwo’d by 10 nil of johiosphour countaining

40 nil oof Liojuifluoor (Now England Nuclear

(‘ourpouration) po’r Iito’r of touluene. The radio-

activity ouf the samplo’s was determined by

lioiuid scit,tilhatioot, speotrometry. Blanks

wo’ro’ ouhtmoiuiod by ro’plaoinig the tmssu(’ o’xtract

ii, the ro’act moot, mixture with 50 pl ouf 0.1 N

HCI. Blauik counts ratlgo’(l fronu iSO to) 230

0J )fli.

So’vo’ral pro’omuttiouns shiould be obsc’rveol

whuo’ti joo’rformitig t hio’ etizymatic .N-aco’tyl.

so’routounitiassay. The so’t�sitivity of the assay

reijo’s oom, flit’ low himuik values, between 150

mmcl 2S() clom. It is o’sso’t,tial that hydroxyin-

doulo’ 0-nuo’thyltransferase be dialyzed too �

rluto’o’ tho’ amouut,t oof o’ndougenous substrmtto’s.

Aftor dialysis th,o’ o’nzyme is divided into

ahioiuoots atid ko’pt iti a freo’zer at - 20#{176}.Un-

t,o’co’ssary fro’o’zing anoh thawing shoould

ho’ avouido’d. An o’vapormttioun step is neces-
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sary to ro’movo’ {#{176}H]nio’thumuiol fotiuuo’d c’nzy-

maticahlv fronu oS-ado’nousyl -I�-[inel/oji-#{176}i-I1nue-

thionii,e (if)).

71/F in-layer (IF 1011! a/of/rap/F /J . Thu i(lO’nt ifiomt-

tion o)f [#{176}ITjnuo’latoi,in, flit’ 1)Ioduct ouf tIn’

IeaCtiOli, ii�as inade by thiin-layo’r ohironuatog-

rttpliv OIl c’o�tto’d East unmuti c’hro onuagram

shieo’ts out silica go’h, 100 p. it, thiickno’ss. rfhlo,

sO)lvelits uso’d wore (a) ohIo OlO)fOIIiu-Iuueth-

anol-aco’tio acm(1 (93 : 7 : I ) , (b) nuethuvl

acetate--2-pro�)mu1o ol-amnuo unium hydroxide

(10%) (45 :35 : 20), (c) ao’etoonie-amtuioniunu

hydroxide (99:1), mind (d) toluo’ne-acetic

acid-ethyl aeetato’-wmttet (SO :40:20:1) All

sheets wo’re activated by huo’ating four 30 nun

at 90#{176}in an ovo’n immc’diato’lv prior to uso’.

Ahquots of rat pit,o’al supo’rnatant wero’ as-

sayo’d as describo’d abo uve. Hmtdioaetivo’

standards wo’re pro’paro’ol by i tuoubating

90 pmoles of authentic N -aco’tvlso’ro ott onin

with S p.l ouf ,S�ado’I1ousyh_L_[lnel/lyl_#{176}H]methio.

nmt�e (0.SS nnuoule), 10 j.�l ouf partially purifio’(l

hydrox�’indoule 0-nuo’thylt rmu,sfo’raso’ (3.S-4

units), 200 �ol ouf 0.2 ii soohiunu johousphate

buffer (pH 7.9), 5 /41 of 0.1 N NaUFI, and

SO �ol ouf 0.01 N HCJ for 20 mm at 37#{176}.

Bimuiks \\.(q(� I)ro’l)mtred in tho’ sanue wa�

ivithiouut the addit ioun of N-aco’tvlso’rotoiuin.

After the enzynuatic reao’t ion the toolueno’

extracts were drio’d under vacuunu at 40#{176}

for I hir, and flu’ ro’siduo’ wits taken up in SO

j�l oof ethanol, with thio’ addition cof nooti-

radioactive nuelatou,in (2 jog) as carrier, mmcl

spotted oon thio’ ehuromatougraphy sl,o’o’ts. ( )tho’r
noiiradnumtctive S-hvdro xyitidoolo’s were 00)-

cliromatougraphio’d outu flit’ sanuo’ sho’o’t. Afto’r

do’velopnuent, th,o’ sheets wo’re staitued with,

Ehriich’s reagent (1 g ouf p-dimethylamitio-

benzmtldehivde iti 10 nil oof oooncentrated IHIC1

plus 90 ml ouf acetone). The sheo’ts wo’re tho’n
mark(’d in I -o’m sections and placed in vials

o(otltmtillitig 2 nil of o’th,anoul and 20 ml ouf

j)hOs1)hlool, and the radiouactivity was mcmi-

suro’(l. Itt the piiuo’al mit least 90% out flue

radiouactive pro uduet o’xtrao’to’d ivas fouuncl

too havo’ the sarTlo’ Rb. values as auth,enti

meiato)nin in threo’ solvo’tit systetuis (Fig. 1).

Tho’ radioactive peaks �\.(q( mtlso fouund to

be isoographiic with the po’aks oobtaitio’d from

the radioactive standards in all the systems

examnuo’d.

Although N-aoetylserotounin is flit’ bo’st

-l I J� T� j � 1

Fn;. 1. Specificity of .V-aeetylserolomoimo as.soiy

at pi twm,l gl atids were t reti to’oI as chest ri bed

tinder MATERIALS ANIO METHODS. Soolvents used

were tooloto’tio’-acet ic mocid -et hvl acetate--water

(80:40:20:5) (A) motid mocd’totoc-auuumiionuiutuiliv-

(lrouxide (99: 1) (B). M, tiielatoniti MT, uiiet boxy-

try�)tophol; MB, tooo’tliylluuufotemoinoe (O-tiicthyl-
.\� , .V-dimuiet hvlso’noit onii to); 5\I’I’,5-niet luoxvso’rot oo-

tiiti.

siibst rmito’ four hiydroxvindole 0-niethylf tans-

fermiso’, outho’, hydroxyitudoles, such as so’ro�-

tO)liiti, N-mo’thvlated derivat ivo’s of so’roo-

fooiiimi, mtti(i S-hiydroxyiiidolemtco’f in mici(!, more

milso methiylated (5). Coompoounds that mire

subsf rmito’s four hydrouxyinidole 0-mo’th�’lt tat�s-

fo’raso’wero’ omirried thiroough the entire assay

prooc(’duro’. So’rotonit,, N-nuethivhseroutootiin,
bitfootenino’, 1111(1 ;)-hyoir(oxyindouheacetic acid,

iti coonco’ntrations o’quinuoolar with that of

N-acetylso’rotoauin, prouduced less than I � (of

the activity ouf N-aco’tylseroutounin (Tmiblo’ I).

Drugs. Th,o’ foohlowing drugs were oubtained

fioonu Ro’gis Chienuical Company: N-mtco’tyl-
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T.�ion.t; 1

0Speeifiei t!/ (of .\‘-aoetyl.serotomo OF) assay

The soobst rates were carried t Iurouugh I he pro-

cedoure its described in the text. Blatik values were

23() 01)101.

Substrate Amount .�ctivitv
obtained
in assay

ng cpFn

.V-Acetvl- 1 6,3(5)

seroolotiiti

Serootoonin 1

100
(1

50

Bufootem,imue 1
100

51)
1,650

.V -Mo’t huvl- 1 151)
seroolootiimo 101) 150

5-IIvdrooxv- 1 120

I rvptoophol 100 10,000

5-Hvolrooxv- 1 0

imidoole- 101) 0

noel io aoid

Percentage of
activity from

4.5 pmoles
(1 ng) of X-

acetvlserot(unin

100

sorootoutiiti,so’rootouiuitioro’atitiitio’phiousphiate,

tuuehat otifli, mo’t hIo)xyt.ryptamituo’, N-mo’t hylse-

rooto ouiin, bufo uto’tiino biooxalmito’luydrate, S-me-

th,ouxv-�V , �V-dimethyltryptamii,e, S-hydroox\’-

imiclo ulo’aoo’tioacid, tiio’t hioxyitudolo’acetio moci(l,

,)-hyd ro uxvt rypto oj)hlo ul, and mo’t hooxyt rypto-

iuhooh. �u’ -�\.do’tioosyl - - [methyl -3HJrno’thiounino’
(4.5 tuuCi pmoulo’) was l)Utohiaso’d froum Now

1�tiglmttid Nuclear (‘ourpourmttioun. [I -‘4CJAcotyl

oouo’nzytuuo’ A (S.S Ci/moulo’) was purchmiso’cl

froutuu Anuersh,am/So’arle. \Vo’ aro’ iuidebto’d too

Ayersf I.�mtbo ormitouries fo or prouviding I-pro

prmiuio 010oh, mt.ti(l too (‘iba-( oigy (.�o urpoormttioon

foot juhio’titoolamitio’.

RESULTS

_t 55�lJ rout/il lOFtS. ‘l’hio’ o’nzy mafic 0-moth, -

vlatioun oof N-aoo’tvlso’rofoot,iti was fooutid too

ho’ linear with tinuo’ up too 20 miii, atid wit hi

o’nzymmutio’ oounco’ntrmttioomis tip too S pl (100 pg

oof pr ot eiti). A hiutemir ro’lmtt io ot,sh,i p wit hi 5’-
mtdeu,o osvl -i�-[nie/h yl-#{176}Hmet hiio omiimn’ up too

pl (0.SS nmooho’) was also foound. Th,o’ amooutit

oof [#{176}Hjmelmitoomimn foornuo’d ii, tin’ reaotiouti was

Proupoorfiootimtl too ti,o’ mtnuoottuit oof A\’-a((’tylso’ro)-

totuiti added too flit’ ro’moctiouui mixfuro’ (0.5 70

pnuoolo’s) (l’ig. 2). Proodijot fournuatiooti was a

hino’ar fuuittiot, of th,o’ anuooutit of N-aoo’tyl-

25 50 00

N-ACETYLSEROTONIN (picomoles)

I”rcm. 2. ,‘�‘cl).sitiVit!/ of .\-(t((t!/l.serOtOFOi/). asSail

Varioooos anuoouits of .\-acetvlseroton,in were dis-

soolved ii, 0.1 N IICI arid oarried tiuronigh the whoole

1)rocedhuuro’ as dhescribed mu the text. Blminks were
151) d’ptui.

so’rotoniiti adclo’d o’itho’r too buffo’r out to) piiio’al

extracts. The reo’ouvorio’s ouf N-acetylso’rootooniti

mt(1(lO’dl too piiio’al gland suportiatant fractiouns

were 95-100% wlu’n coumjoaro’d with N-act’-
tylso’routouu,in addo’d too flit’ ro’actioun mixturo’.

Iti atuy givo’iu o’x�x’rinuo’nt flit’ recovery vario’d

with a 5/4., rango’ for duplicate samples.

I mito’rnmil st aiiclmtrds oof N-aco’tvlso’rootonin were

used to 000 orrect four ro’coveries.

J�tTecl of e.rposure to hg/Fl an(I �/ bela adie-
nergie blockade on pin cal N-aee/yI/ransferase.

At night, iiiuen flit’ a(tivity oof N-acetyl-

f ransfo’rmtso’ is high (I), t ho’ momo u.tuto of N-act’-

vlso’rt of ootiin itu t In’ pitieal was t’lt’vmtt o’d (2).

\Vho’n atiimals i�ert’ transfo’rredl froum dark-

iio’ss t(O light mit night thu’ro’ wmts a rapid

(lo’(huuo’ iti N-mtcetyltransferaso’ activity (5, 6)

(11/2 = 3 nih,), and a courr(’sptun(liligly fast

imioro’ast’ iu� so’roobonin (11). Propratioulool also

oauso’d a precipitouus fall it, N-aoetyltrans-
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Ftc. 3. Effects ouf light a�ooi l-propraF000loi o�o N-
acetyl.serotoF)iFo at io.iglot

A. Hats were placed in mu light roonn at 9:00

p.m. atid killed after various periods of expcusure
ttu light. �, .\-acetylseroutonin levels; - - -, N-
acetvltramusferase activity. Vertical bars give the

uuuagnitude of the standard errors. .V 5-7groutp.
B. Hats received injecticuns (of l-propranuolol

(20 mgkg) in a dark rcounuu at 9:00 p.m. The pro-

ceditre was accoomuiplished with the aid of mi dim red

light. .V-Acetylserotouuinu was assayed at various

times after injectiouu.

feraso’ activity and a rapid incro’ase in so’ro-

tounin (12). Transferritig animals frounuu dark-

ness too light our injo’ctiuug I-propranoloA into

anini�uls in the dark resulted in a nuarko’d,

speo’dy fall in N-aco’tylserootonin in flit’pino’al

(Fig. 3).

Effe(t of isoprolerenol and adreneug ic block-

ing agents on N-aeelylserolonin and N-aeetyl-

Iransferase leeds. Isoprotero’noul (5 mg/kg)

givc’n duritig flit’ day, when thut’ N-acetyl-

tratusfo’raso’ � bow, causo’d an d’levatio)n in

N-acetyltransferase activity (5). In the first

hour there ivmus a small increase in the lo’vo’l

of the enzyme, followed by a more pr�o-

not,no’o’cl increase during flit’ st’oonid, third,

and fourt hi hoours. The N-acet ylso’rotoonin

gradually increasc’d in respoonse too flue elt’va-

tio)n of the tratusferaso’ (Fig. 4). Fouur htours
j)rioor too death betwo’o’n 1:00 and 2:00 p.tuu.,

rats were given an ilijo’ctmo)Iu of msoproto’renol

our O.9#{176}�4iNaCl. Thio’ twou so’ts oof au,imals �vere

each (biVidld’d into thro’o’ groups. ()uue grouup

received iou further drug trt’atmeiut ; ooi,o’

group reco’ivo’dl h-pro oprano ulo l (20 mg/kg) 13

miii prior too death, and otue grooup reco’ivo’d

plio’tutolanuino’ (2S mg/kg) iS miii prior too

bOO

- BOO
crC

‘I

4OO�

Fit;. 4. Tiuuoe course of l-i.souprotereioool effects (FF0

N -a(�etyl.serotonhiFo. (0,0(1 .s0’rO)tOFo iF) .\ -wet �ltru FOB -

fera.se

Hats were tremited with /-isuprooteretiool(5 miug

kg). The enzymuie arid its prooduct were assayed at

various timuues after inujectiounu. Vertical bars repre-

sent standard errors (N = 5-7/group). - - -,

acetylserotonuin levels; ------ , emizytuue activity.

death. The last grouup (of rats shtuwt’d ptousis

by tue time they wo’re kilho’d. The N-aco’tyl-

sero ut unin count ent tof glands from istoproutere-

nool-tro’ated atiimahs was 21 tim(’s higher

thati tluat ouf glands frtoni NaCl-tro’ated eton-

t rouls (Table 2). Administration oof /-pro-

pranol(ol too controol rats bo’fore do’mtthird’sulto’d
in no change in N-acetylserotonin from the

countrol figuro’, but within 13 mm flit bela

adreruergie blocking ago’nt no omplo’t o’ly re-

versed flit’ riso’ in N-aoo’tyisertotounin causo’d

by isoprott’renol (Table 2). This finding is

consisto’nt wit Ii the t ubservat itoti t hat pro u-

prmunolol rapidly reduco’s N-acetyltransferaso’
activity after the enzyme has bo’o’ui induco’d

by isooprooterentul (13).

Phentolamine, an alpha adro’no’rgic bltuck-

jung ago’nt, produced no significauut change in

the N-acetylsc’rotouniui conuto’nt oof glands

from isoprotero’tuol-tro’ato’d atiinumtls our NmoCl-

treated cuiufrouls (Tablo’ 2). Pht’titolamino’

has been shown too hiavo’ no o’fft’o’t ton eithit’r

the davtimo’ lt’vel tuf N-acetybtrau,sferase our

the levo’l oof tluo’ o’nzymo’ after its ituduotioti

by isoprootero’ntul (12).

N-A cetylseiolon in in tissues. N-Aeo’tylsero o-

tounin l(’vo’Is wo’ro’ o’xamino’d �ti lilt brain ro’-



pmoles pineal

0.75 ± 0.13

0.73 ± 0.19

0.57 ± 0.14

15.06 ± 1.90’
1.3(1 ± (1.27

19.19 ± 2.56’

NaCl-tremoted ooom,trols (p <
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T.�uoLu: 2

.Eflects ouf proupra F) 0)101 and ph en toia,oi F) e on

isoprotr’re�o ol -1 Fo (I010T(l i/o crease iio

.\ -aoet yl.strOtoFo iF)

lsoproterenuool (5 rig kg) was giveni too rats 4 hr

arid proupranicolool (20 mg/kg) our phuent oulamine

(25 mg/kg) 15 miii Prior to killing at 1:00 pm All

drugs were giveni suboutmunueoously to five too seven

animals per treatmuietit groolt)).

Treatmetut \TAcet�.1serotonjn

0.90 NmoCl

Proopranioulol

Phenitolmtniuim,e
Isooprotereno ol

lsooprtoteremiool +

l)rol)rmoiuo 0101
Isooproteretuool +

phetit oulanuitue

1)iflers froom

01.001).

giotus, ref itua, and pit uitmtry. Brains were dis-

sected according t(u the met hodi ouf Glowinski

mind Ivo’rsen (14). Negligible levels (less than

4 pmoles/g) were found in thuo’so’ tissues

during o’ifhuo’r day or night.

1)ISCUSSION

The devebopnuenf ouf a so’iusitive and spe-

cific assay for N-ao’o’tybserotonin has allowed

us to) study flit’ regiounal distributiun of this

itidole in thc’ brain and peripheral organs of

the rat. N-Acetylso’routonin is pro’s(’nt in sig-

nificatit concentrations o nlv in t he pino’al

gland. We have conflrnledb tho’ finuding ouf a

marked circadian rhvt hi in in N-aoo’fvlsero-

tonin lo’vo’ls in thio’ pineal (2) : the noefurtial

cont(’nf is 23 timc’s as high as that m(’asured

during flue day. Turning on the light at night

causes a precipitous fall in N-acetyhsero-

tonin, the time coinrsc’ oof which is similar to

that seen for N-acetyltransferaso’, the en-

zvme which svtit l,esizes N-acefylserotonin.

Administraficun of l-propranolol also) causes

a rapid fall in both N-aco’fylserotoonin and

N-acetylfransferaso’ (5). These oubservations

suggest that stimulation of pino’al beta adre-

nergic ro’ceptors at night induces N-aco’fyl-

transferase, which in furti synthesizes N-ace-

tylserofonin frcum serotounin. Thuo’ fact that

seroifoiuin, whicli is bower at night than dur-

ing flue (liI.V ( I 5) , incrt’moses rapidly at night

�vho’n mutiimals moro� plao’o’d iii a light utoouni or

tro’moto’d with j)r(oprmoliooboul (1 1 , 12) Provides

furtho’r o’vido’nco’ iii favor uf flit’ mobove hy-

Pt uthio’sis.
Adl(lifiO)IiCil o’Vi(leIuo’ toi suppoort this thesis

conuo’s froni stitches tuticlertal�’t, ditrit�g the

(bay, ��hien tin’ levo’ls tof �V-aco’tv1serofonin

moti(l � ar(’ m,ooruuually bo\v.

;� single (1(050’ ouf isopiotetc’iutul causes �V-ace-

tyltratisferase tcu in(ro’aso’ numiiiy fimo’s (over

flit’ ooontrol level within 3 hr (4). �Fhie in-

creaso’ iii activity O)f this enzynue mt�)po’ar5 to

produco’ mi do’cro’mose in so’routonitu (12) motid a

conc’oomifant incro’asc’ itu N-aco’tylst’rofonin.

The inereaso’ iii N-aoetyltransferase (1 3) and

flit’(bo’eremiso’in seroutoonin (12) can bootIi be

rapidiby reverso’dl by pro oprantuloul, but hoot by

phio’tufoolamino’. ()tho’r bela adro’no’rgio block-
hug mtgo’nits, suchu its pro omuetliabol muid prmtcttobol,

ro’verso’ thie effect ouf isoproferetioul outiN-ace-

tvltransferase (13). The isoproto’renoul -in-

duced increase in N-mtcetylserofonin is molscu

reversed by beta adreno’rgic bboockade. The

rapidlifv of the fall in N-mo.eo’fylso’roofoonin

when N-acetyltransferase activity is di mm -

ished by light or by a beta blocking agent

presumably reflects rapid metabolism of

N-aco’fylso’rofoniiu by huydrtuxyindobo’ 0-mo’fh-

ylfransft’rase, to 1)rodbuce mo’bafonin. The

pirieal glmtncl has relatively large amoounts

oof the 0-mo’fhyiafing enzyme (5). Thus the

sequenco’ of biochemical o’vents whuiohu lead

too flue formationu of melatonin exhibits a

hiii’rmtrchuicmtl system of to ontrols. 1irsf, stimu-

latiton of the beta aclrenergic reco’pfors by

flue ro’leaso’ of nort’pincphrin(’ froonu sympa-

thetic nerve fernuiuials iii the pino’al prooclucc’s

ai� itucreaso’ in cyclic 3’, S’-A\lP and an

ii,ductio on ouf N-acetylf rmonsferase. Circadian

stinuulmttio oil al)p(’ars to r(’sulf fronu 24-hr

o’hiango’s in iuerve inupulso’ trmoffic along synu-

patho’tic fibers innervating the pinc’al; there
is mocliuri,al cycle in nooro’pinephurine turnoover

iii flit’ pmo’ah-tho’ turnoovo’r is at least twice

as high at uiight as it. is during the day.3

Similarly, pharmaco uloogical or physiolcogical

mmu,ipulmttioons which cause cur mimic the re-

lease ouf the beta adrenergic agonist produce a

riso’ in N-micetybtransferase (4, 5, 16) mound,

� M . Broowuistei nu motid .J. Axo’lrod, ounpublislued

ouhservmoti ootis.
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consequetutby, of N-acefylserotonin and nuo’l-

afonin (17). When N-acefylfransfo’rase is

itidluced, flue synthesis of melafoaiin is limited

only by the availability of its substrate,

seroototuin, flue level of which is in turn c�ii-

troubled by uptake of tryptopluan from the

circulation and by the activity ouffrypfoophaii

hydroxylase. This moodel four regulatioon tuf

indole mefaboolism might be mtpplied to) the

control of indobo’s in regiluns of the central

nervous system whuere serofounin-confaining

nerve cells might be innervato’d by adrener-

gic nerves.
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