
MOLO’OCIJL 00 o’iiuno.mm �o ‘tol,OG\’, 8, 521-53()

(‘o�yrigOuo “ 0972 (3’ .�(‘(tiOt’Iflu0’ t’rt’ss, In(’.

.u 01 rigluts of ro’torootiuc’o ioiou in any form reser�’eot.

Adenosine 3’,5’-Monophosphate Concentrations and Isoproterenol-.

Induced Synthesis of Deoxyribonucleic Acid in Mouse

Parotid Gland

A. (u’nno’r’i’o, BENJ’oMnx \\EISS, .‘�NI) E. (‘os’r.�

Laboratori� of Preo’!iro ira! Ph ur/luacOIoI/!J, ,\at /010(1! In.s’ti tote of Me/i to! iIeu/t/u, ,S’u iiot L’/izabet/os J1o.�pita 1,

1I’az/oi/oqto/u, 1). (‘. 20032

Iteceiveol Feloo’tumto’v 17, 1972)

slmo\n.’H0’

\Ve stl1(lie(l tim( t’t’hatioioship hetoveeni the o’oroo’entt’outioio of ado’nuosiooe 3’ , 5’-nmotoophos-

phate (o’yclio’ 3’ ,5’-A\IP) and tioo’ rate of synotimesis of 1)NA ito tioe mouso’ paroti(1 gland.

Isoproten’imol produoed a (los(’-relmoted ino’rease mm the (‘on(’enotroutiooo of cy:’hin 3’ , 5’-A\IP.

This incr(’oose o�’as maximmol within 10 mm and persisted i000g(’r timootu 2 bin. The niso’ oof o’vchic

3’, 5’-AMP in panotid ghmtnd was several times greater and hotmgen-lmostioog tiomun that seerm

in lung and imeart, even tioough time concenmtrationo of isoproterenool ito (boo’ pmu’otid glmunid was

lower thoono ito lung anod Imo’art.Preliminary treatnmo’tot of mice withm aminooplm�’lhinoe poot(’tmtimuto’d

the isoprotenenool-iioduco’d inm(’rease of cyclic 3’ ,5’-AMP ito parotid glanud. Isooproteretuol

also inmcr(’oosed tue inocorporationm of {#{176}H]timymidirme itito 1)XA mmmd tho’ totoul oomounmt of I)XA

per glatod mis meousured 2M imr after tim(’ injectiorm. limese mmmono’moses wo’no’ poto’tutiato’d by prior
treatmenot of time animnuls witim ounminoployilnoo’. Jim pao’otid glatod wo’ founool 00 positmvo’ ro’lot-

tionship betweeto the o’omooenmtrationo of o’ychic 3’ , 5’-AMP outid timo’s�’totioo’sisrout(’of I)NA,

whether isopn’otero’imol was oudministero’d ahoroe ton iou o’onjuoottiono wit ho amioooophvlliooo’. Mono’-

over, time increased (‘oroo’enotnoutiobo oof O’y(’li(’ 3’ , ;5’-AM P induced by timeso’ drugs Dn(’o’eded

any chanmges mmthue synthesis of 1)XA. Tiuese results suggest tiiat mi pourootid gliutool cyclic

3’, 5’-A�oI P ommmiv play 00 role ito tioe ooo’o’o’len’ationo of i)NA sytutimesis o’hioito’d by msoproot(’nenol.

I NTROOUCTION

In mio’o’ or roots,large dooso’sof isopm’ootenemiool

cause Imypo’rplmosimu o)f timo’ salivary gimunods

(1-3). Timis oo’curs after mulag period of 24-AS

hr and is preceded by s(’vo’nmol o’Imooooges of

salivary glomnmd biocimenmistry. Anu irocno’ouse of

membrotne-bound ademoviat e eve loose act ivit v

oc(’urs a few minutes mofter the intraperi-

toneal itOj(’(’tio)ti of isoprooto’nt’moool (4) oorod is

followed by a nmuso’ade of oimanmgo’s. Wit loin 30

mm, thme synmtim(’sis of ootidi(’ iiucli’mun proteiros

inicro’ooses (5). Tiois pt’o’o’t’do’s the inuo’reoused

synotimo’sis of H NA (6, 7), noinclemor boistoioo’s (5),

anmd DNA (1-3), momod time oippo’armunco’ of otto

mnocremosed nunmbo’n o)f mitoses (2-3, 8).
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So’vo’rool drugs ommudifv (loose o’ffo’o’ts tof

iso)pt’oterenol. \‘anious nmet aholio’ inobuibitut’s,

suelo oos moo’tinmonmycitu, ;5-oozoucytiditie, and

cveloioexinmide, o’morm block t lois se tue000t’ of

bioo’hoeniical o’vents by moot imug so’leo’tively out

one (of the listed sto’ps abovo’ (;5, 9). I)irhloro-

isoproterenmol amid proprmomoolol, but toot

ploo’nuoxybenzoomimme (2, 10), inluibit t hoe

isol oroterenol -i ooduo’o ti eto lmongo ‘m(’tut of soohi -

vary glands, suggestinog t boat be/a ro’o’o’ptors

ouro’ involvo’d. Oto tli(’(otimo’rhand, thoeopioyl-

hinie, an inohibitoor of pbmospioodiesto’roose

ouctivmty (11), j�oto’totiates the o’ffect oof

msoproterermol oii I)NA syrotboesis (4).

Thus tbmo’ isopromteneoool-stmnmuhat ed emu-



522 GUJOOTTI ET AL.

largenmenot of timo’ salivmuo’y ghmtood po’ovido’s a

useful modo’l for studyinug timo’ inmfluence of

time svnmj)atii(’tio’ noervous syst (‘tim on nmit(otm(’

activity. Ito(hmro’o’tly, tiois nmodel nmouy also

pro)vmde some infoormatioti ton iooo�’ coute(’imo)bmo-
mirme-imo(i100’ed chmminges ito t boo’ I)o’ooperties of

(‘011 nuenmbroomoes ouro’ linmked w’itho time control

of biooimemio’al ev(’nts thoat oucour in tboe

(‘ytophoosm aimcl nuclei.

It limos beo’n suggesto’ol that mtdo’oooosinme cyo’lio’

3’ , 5’-nooomoplmosphato’ (‘�‘o’lio’ 3’ , .;5’-Ai:\ I P),

timroughi monoao’tivootiono oof imistoomo’ kiommise, (‘0010

nmodify (ho’ activity out’ o’o’pno’ssmng mmmd

derepr(’ssitmg pncoteinis t boot o’oootrol DNA

tenmploot o’ ooo’tivity 0010(1 J)NA synmtioesis

(5, 12 14). Simote tIme 000’tiVmotiO)IO oof oodo’nlmoto’

o’vclase is (boo’ first demmiommstrmoble bioohoenmio’al

cioange seo’nm afto’r time imojo’o’tioto oof isopto-

terenol, mind smno’o’ in o’n�’t imno)bloosts monod

thvmonvtes cyehio’ 3’ , ;5’-AM P humus oulreoud�’

beeno simtowto too influctmco’ tIme syrotimesis o)f

1)NA (15 17), wo’ immove stuolio’d the quooimtita-

tive r(’lmut iooosbmips that exist bet weenm t bm(’

o’onmco’tmtnmotitonu of cyo’lic 3’ , ;5’-Ai\lP in poorotid

gland atod tloe m’oote of s\’nthmo’sis of 1)NA in

tiois ghanol.

\IATEOOIAL5 AND 1uIETHOOS

Male, Swiss, Webster ommio’e (30 g) were

allowed fro’e mto’o’o’ss to foood tonal s�’ooten until

2 br before being used mm tboese studies.

Ti 1111(0’ wore killed by decapitation.

Tbio parotid glmuods wero’ renmoved, freed

from lympim niodes anud modhmerinmg fat tissue,

and frozeno on I)rv Ice witboin 3� sec after

death.’ Tioo’ humogs wore roopidly renmovcd oond

froozen jim 5-7 so’o’. Thue imo’mort was frozen in

situ mocoonditug too time l)rO’o’(hlore (lescribed by

Nanom anmd Moovo’r (iS).

(#{176}!Iclic3’ ,5’-�l .1IP as�a�j. Time extraction,

punifio’ationi, 0000(1 assay (of (yo’lio’ 3’ , 5’-AMP
wo’re (‘olrrie(i out as follows. lime tissues (25-

100 mg) were imonmogo’nuizo’d in 500 �l of cold

0.4 N per’imlorio ao’ioi coootmoinoing [#{176}H]oyclic

This tinuo’ inuto’o’val wmos selected because ito

pn’elimooiouary expeo’iouoenots we footooud 000) signoificant
choumuge iou 0 he (‘ootut’etut oat iooou of o’yo’li c 3’ , 5’-AMP

ito niotose pmor000 id gimonuol fo’oozeoo 15 sec. out’ 5 mimo

aften’ decapitmotiooou. Moreover, thoese levels of

cyo’hic 3’,5’-,k�#{176}oIP weo’e the smooooe as 0 loose fottnd

ito parot id gboonuds fo’ouzeou i/O .yo lot iou onoesthet ized

oonuinoals.

3’ , 5’-A�\l P (0.02 j)tmlo)10’ ; speo’ific muctivity,

3 Ci ‘nmornole) to) cot’n’ect for losses ehnring time

roroo’ess of o’xtraetionm mmmd iourifieation . Solu-
tionus of mouthentio’ ov’hio’ 3’ , 5’-��\li� (2.5-

1000 l)nmoolt’s) �s’o’re o’morried timro)ugbo time

nmetioo�l ito Pool’ahlo’l �vith tissute sanoples.

Pootmossiuni bioam’boonoite (0.4 �n) was added,

ooood time hoonmogenoato’ �s’as adjuste(i to pH

7.5 with 0.6 un Tnis buffer. After (‘enmtrifuga-

tiooo [time jto’lho1s �s’o’ne used for protein

assay (19)1, 1 tool of (hue stipo’rnmoitoont fluid was

I)looced oooo a nueutm’ool oohonmmrma o’olunotu (4.5 >(
0.4 t’nm, o’o1uihibrato’ol witio 0.06 �r Tris-HC1

buffer, 1)H 7.5) as des(’rib(’d by \Vimite anod

Zenoso’n (20) . Time o’fflmno’tmt was diso’mmnd’d, anmd

time o�’o’hio 3’ , ;5’-Ai\l P �voos o’luted �vitio 2 nm!

tif 0.06 mm Tm’is buffer (pH 7.5). rflois (‘luate

\s.mos dI’tOi100’(l (iit’eO’tl’0’ onoto ml cationo o’xo’imange

(olun000 (A(�50W-XS, 200-400 noesio, H�

fon’m, 3.5 X 0.4 cnm) . lime ro’sultinmg o’ffluent

\voOs disrmoo’(led, atod tioo’ eohinTinm woos then

eluto’d with wmoto’r. Tioo’ first 3 nil oof eluate

w’eno’ diso’mmn(lo’d, oonod thoo’ follow’iiog 2 nml were

o’olheo’to’d (21). Thus fnmoo’tiono o’omitmoinuo’d SO-

90 � of time on’igitomol i#{176}Hlcyclic3’ ,5’-AMP

and was essentially fo’o’e from other imucleo-

si(1(’s oomiol nouolo’osido’ ommommoo-, di-, monod tn-

pimoosploates.
Time purified cyclio’ 3’ , 5’-A�IP was mis-

saved by mmnmodificationm (22) of the method

reported by Ebadi, Weiss, and Costa (23).

In timis procedure, cyclic 3’ , 5’-A�s’IP is o’onu-

verted enzymaticaily to ATP by tho’ o’om-

binmed actions of pimospimodiesteraso’, mvo-

kinase, anod pyruvate kiioase. Tho’ ATP is

timen assayed by time firefly luciferito-hucifer-

ase system. Each sample woos divided itoto

timree portions, two coiutaiooiiog phoospimo-

diesterase, novokinase, 0100(1 pyruvato’ kinoase,

and mublanok conmttuiniiig myokimoaso’, pynuvmote

kinase, and an iooooo’(ivooto’d phuspimooli-

esterase preparottiotu. Thoo’ ligimt o’noitted

during the luo’ifo’niou-h ucifo’roose re000ti(000 was

recorded usioug mo 1umi000’s(’(’nmo’e biometer

(DuPont) (24). \Vimo’no diffo’ro’mmt smonmphes

froni tIme smonme tissuo’ wo’no’ oarrio’d tioroough

the pt’oceduro’, tbuo’ o’ni’oon’ woos less thmuo 10 %.

rub, spo’o’ificitv of (ha’ nietimod woos (1o’ten-

nmtoo’d as follows. (to) If’ tIme tissuo’ o’xtrmoo’t

was iooo’ubato’d wit ho novukiooaso’ motod pynuvate

kimuaso’ but wit lo boilo’d l)imosPimodio’st(’ras(’,

no productiomi o�f A’FP woos observo’d, atud
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the readinogs of the tissue extracts were

similar to those obtained wimeni a blank

(H20) was taken through the procedure.

(b) There was a linear relationship between

the con(’entrationm of tissue atm(l time toncen-

tration (if O”V(’hi(’ 3’ ,5’-A�\IP in tue extract.

Time extrapolationm of timis lirme through zero

onm bothm time ordinate and oobseissa testified to

the absenmce of activators or inboibitors timat

might interfere witim time measurement of

evo’hic �3’ ,5’-Ai\IP. (o’) Portions of time (‘yo’lm�

3’ , 5l�\J\fJ) fraction o�’ere furtbmer purified 0)fl

silio’a gel t imin-lmoyer (‘imro)matoograplmy plates

(25). The tissuo’ o’oncenmtra(ionos o)f cvo’lio

3’ , 5’-Ai\ IP obtained after timis purification

step overe the sanme as those (obtainmed w’itimout

silica gel o’hromootograplmy.

Extraction of [�11 IiSOJ)lOtelC)1 at. Isopro-

terenmol was extracted frono tissue by an

adaptation of the procedure uso’d for cx-

trao’tiimg other catecholmonmitmo’s (26). Time

tissue m�’as honmogenizo’d itO 6 volunmes of

0.4 N HC1O4 o’ontainminmg sodium nmeta-

bisulfite (0.5 mg/ml). Aft en’ o’o’ntrifugoitiono

and additioni of potoossiunm ouo’o’tmoto’ to) romiso’

time pH to 4.5, mu pon’tiO)mm of tbuo’ superniootoummt

fluid woos placed on a eolunmnm (3 X 0.4 trim) of

a cationi exclmaomge resin (I)owex 5OW-X4,

200-400 mesim, buffered at pH 6.5). The

(‘olumn was wmmshed w’itim 4 nil of 0.1 �i

sodium mutetate buffer (pH 4.5), 10 ml of tbue

same buffer (pH 6), and 5 ml (of 0.4 x HCI,

and these o’iuates were diso’ardo’ol. Iso-

proterenol was eluted from time eolumno with

10 nil of 1 N HCI. A portioonm of thmis fromotioti

was added to mu tube conotmoining 500 mg of

alumina suspetodo’d iou S nil of 3 �i Tnis

buffer, pH 8.5. Times(’ tubo’s wo’re simakenm mine!

timen w’ashed twice wit ho w’ato’r, and time iso-

proteretmoi o�’as eluted witim 0.1 N HC1. A

portiono was oudded to liquid so’iritihlootiono
fluid and was o’ounted for radioactivity. Timo’

recovers’ of standard solutions added to the

tissue anmd o’omrnied tiorougbm time proceduo’o’

was about 50 �;.

[#{176}fI]Thyniidine incorporation into DNA.

The inueorporootion of timynmidinue into) DNA

was studied betweenm 1 arid �l P.flo. ito mic�’

that load received [3H]timymidino’ (0.3 iCi,, ‘g;

speciflo’ activity, 19 (1i mnmolc) subeutanme-

ously 15 mm bo’fore decapitation. rI�ii�, 1)XA

o�’as extra(’t(’d from tissue by the prooedure

of Munmro and Fleck (27). Tioe o’onmcentratmoono

of DNA w’as determinocd by the nmetlmod of

Blobeh anmd Potter (28). Time radioactivity of

I:hoe w’iuo!e imomogenmote, time ‘ ‘aci(1-solUble

fractiono,” mmmd the “1)NA fractionm” woos

memisured w’ithm mm liquid so iimtillationo spec-

tronmo’to’r.

]Iaterials. (“u’clic 3’ , 5’-nuo’leotide pimo)s-

pimodiest erase (FC :� . 1 .4 .c) , l-isoproterelmo)!
bitoirtroute, anminmopimyllinme (theophylhinme

etimylenoediamitoo’) , cvohic 3’ , 5’-Aii\IP, atod

other iouo’leotioles ooood nuo’leosides ovene

puro’iomosed from Signma (‘bio’nmio’al Conopanoy.
1’OoIvokitomose (ATI� : A,\I P l)!mosl)iiotralosferoos(’,

1.:(, 2.7.4.3) aimd pyruvoote kinase (ATP:

l)�ruvate plooospimotrmoousfo’rmmso’, F:C 2.7.1.40)
were l)un’(’!mmms( el fronu Booebmninger’ \ Iounmn-

im(’ilmm. Luoiferin-huciferaso’ (firefly) was oob-

tmiinmo’d from (in lont.

Anoalvtio’ool grade o’OOtiO)fl exo’hange resinms,

1)owo’x 50W-XS tOIm(i 1)owex 50W-X4

(200-400 mesh, H�’ form), were puro’immused

from BiO)-lioo(l Loibormot ones. No’utrmol alumioua

(oxido’ for cimroonia(ogroopboy wous oobtainoed from

Alupimmonnm (1huo’nmicals (New Orleans). ts-’Hl-
C’vchio 3’ ,5’-AMP (spo’o’ifio’ activity, 3

(1i ‘nmnoohe) monool [7-3Hjdl-isooprooteretool (spe-

o’ifio ooo’tivity, 2 (1i “nmnmole) were (obtmurmed

fromim Amersiooon’o “So’oonlo’. (met/oyl-3FI]Tbmynmi�

dinme (19 Ci mmolo’) 05,005 purciuooso’d frotom

Schwmorz IIioHt’semoro’ho. All time otimen ro’ago’nts

went’ obtairmed commo’rcioolly irm tioo’ purest

form movailable.

Statistical nietlo ads. Litmes of regression

wo’re o’valuato’d statistio’allv miccor(lioog to thue

analysis of vanimonmce test. Th(’ difIero’muce

bet w’een t Wa ro’gro’ssionu lines os’as oio’ternmitoed

according to time cowanimoloce oooualysis test (29).

HESULTS

D i.s’tribut in!, o/ [�IJ1 iso/)rotereio ol in various

flboU.s’e tissues. \Vmtiminm 1 mooitoafter 0000 inmtra-

pen t oooea! itmj ect 10)00 of [#{176}H]isopt’ot o‘retool
(600 p mo ok’s/kg) there were mo’asurablo’

o’onmo’o’notrmotioous of rmodioao’tmve drug ito time

lung, ho’moo’t, armd pourotid glarod (Fig. 1). In

hunog oonod ioeart the bmighoo’st levels ss’ere foutod

S nmino oofter (bo(’ injo’otiono, whereas ito pan’otid

glanmd t imo’ peak cooioo’eomt rationm of isopro-

tere100)l was founmd 10 ruin miftei the irmjectioim.

Time rnooximum o’oouo’eomt root mon of isopro-

ter(’nuol obtainoed in pmorootid glalod woos otohy

about onme-half timat of heomrt aimd on(’-tboird

tbmat of lunug. In all tissu(’s time drug levels
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F�ooo. 1. ( ‘ou/oo’o’/olr(oliou/o 0)) VJI1i.�opr(utero’/oo! i/o

110(001.’tCpoirool oil q/oooo il.�, /oo /0 tJS . a�o (1 /o(‘(I rta’

Mice wet’o’ o o’o’motetI i tott’moIoeott totoemobbv wi thu 1#{176}!II-

isoopn’ooteo’o’mo 1 ( ‘o(X) �zototoIes kg, 0. Ito mou( ‘i ooomoooole)

100(1 Wdt’(’ k i bled mot vmo titoots I ituues mufto’m’ Ihoe i muj 00’ -

Iioooo. Emoo’tu 100 ii tot t’O’bot’(’so’to Is I tot’000(’mtto tot Ihuoee 10)

fivo’ expo’t’i ouuo’motto. \‘o’o’t io’mob bm’moo’ko’t ‘0 0 moohio’mot e

si mooidmoo’ol toot to’s.

(leo’n(’oosc(l Dm00 n’ko sIR’ fn urn (boo ‘ii 00‘ook voo 1ut’s

by 40 mimo. Pn’ioon’ tm’o’oottimo’tot out’ tiiio’o’ with

atiiiIi(o�)imylhitmo’ (20() pnmoolo’s kg ito(o’ooj)o’ni-

tolo(’ooliv) ool(o’ro’d ooeitioo’r t Ito’ distnibut iooooot

iso)pnot o’oo’oio ol 100 on t boo’ o’o)Io(’o’oot moot it 010 oof 1 (otai

radaomio’tivit V.

Effect 0/ i’�’o)/)i’(1t(i’ei0 oil oio (‘(u/lee/i tiiz/ lob of

cyclic 3’ .3’-. 1 .1/P ill l’Ul’iOil.S 11i(1U5(’ tissUes.

\\‘it 1mm 1 miii mof(o’o’ (ho’ mit moopo’nitootoeal

modtmiituis( rootioooo tot’ i500j)t’oi(O’to’IOO oh (600 ptll(oh(’s/

kg) (mo tb oso pnooduo’ing moonked soihivoot iomo)

(boone woos oo signifio’oooot o’ho’voo( mono ito t hoo’ o’onm-

cent nat 1(000 of o’vohie 3’ , .5’-.t\ I P ito omouse

poonoti(1 glatool (Fig. 2). A nomoxinmuono itoo’ro’muse
(of cvo’lio’ 3’ . .5’-A\ I F, mobootit .50 titimes hoigboen’

thiooio coolu(o’o ohs, woos so’eom 10 uminu oofto’n time

inijeotion. E�eoo oofto’r 2 ion’ t hoo’no’ was still to

signoifio’oont (2-f’oolol) itoo’to’toso’ ito time (‘ooDo’O’tO-

tration of ryo’hio’ 3’, ;5’-A\l F ito time poonotid

gloooooi. Pihooo’at’piooo’, givo’to iii olooses t boot moooluo’e

pnoofusi’ soohivat’y so’cn’o’( iooo (2.50 polio oho’s/’kg

inmtnapo’o’itooooo’oolly), boot! noo sigtmifio’motot o’ffo’o’t

on 1 Imo’ o’o no’o tot toot iooto tot’ o’yo’hio 3’ , .5’-A \ IF oi

1i0OU�(’ poomootitl gh0001(1.

Isoopro ot o’n(’to(ol mulsoo i noo’o’o‘ooso’ol (boo’ (‘0 oooo’o’no-

root iooio of ‘o’hio’ 3’ , .5’-A \ I P ito lung oond

hoo’ant. FIo\veV(’r, ito (boost’ tissuo’s (hue o’xtent

n

o 0 20 40 60

MINUTES AFTER INJECTION

FIG. 2. Effect (if iff(i/)r(iler(’/Oii! (1/0(1 pi/o)(’arpilo(

00/0 (‘010 (‘(‘/0 trot iooo of (‘!/(‘/o 0’ .3’ , 5’ -.4 .1/P in moioa’e

parout i(1 ,q!a�o (Ix, !o /0 qx, a/id /ieartx

A. C�’eIio’ 3’S-AMP comuo’emuto’mitiooo iou mooottse

b0000’outid gbmoood. Eao’Iu ptii moo t’epo’esetots the mnean
vmobuoe 0)f :01 lemost six expeo’ioooeouts. TIoe levels of

o’vchic 3’ ,5’-A�s1P mot otitl’et’eoit I imoies afteo’ pilo-
c000’b)imoe were oooot ohiffeo’eoo t fo’oono t loose of 0.9%

NmiCl -t o’emot cot 00’ loti tmemo 0eol miii o’e (5.2 ± 0.5 pnooles

moog cof j)t’ot di to; a = 17).

B. Cyclic 3’ , 5’-AM P cotuo’eo 0 omIt io)ti ito nooouse

Itooog. Emoo’h pooi tot o’epo’eso’tots t he mooemioo v:oltie of

six experimuiemots. Cootutrod vmobtoes = 15 ± 1 pnooles

ouog of pt’o)Ieitu ; ii = 6.

C. Cyclic 3’ ,5’-AMP o’ooouo’eout t’motioou mo mnouse

ho’mort . F.:octo poioit rept’eseout s I hue nmeaoi value of

thn’ee experinoetots. (‘oooot tool vmoltoes = 4.9 ± 0.4

pmnoles mg oof pt’oteito ; a = 3.

The vetO icool brackets ioudio’mote stminodard errors,

#{149} - -�, isopt’oteo’etuol 600 ,omoooleskg itotraperi-

tooooeally) ; A- -A. pilocao’piouo’ (250 ,.omoooles/kg

itut t’mopet’itoooueoollv) ; - - �, 0.9#{176}NaCl.
+ p < 0.05 counipmut’ed with o’ootitt’ol aooimols.

± p < 0.01 (‘o)miipao’eol wit ho o’oonut rol anoimals.

tumid timomo’ courso’ tot’ thoo’ iiicnease were quite

diffo’ro’nmt fo’om timoso’ oobserved in the parotid

ghmond. Iou lutug thoo’ tmmmoxinmum incremuso’ of

o’�’ohic 3’ , S’-AM P woos seo’�o S mm oufto’r time
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injection, and was 10 times the control value.

No sigimificant increase was seenm after 20

mm. In imeart time o’onmco’nmtration of cyclic

3’,5’-AMP in(’reased about 2-fold 1 mm

after the injeo’tion of isoproterenol, but time

levels returnmed to (‘o)rmtrol values within 5

ruin.

Time data plotted ito Fig. 3 show the rela-

tionship between the dose of isoproterenol

and the concenmtration of cyclic 3’ , 5’-AMP

in mouse parotid gloonmd measured at the

time of the peak effect. I)oses of 9.4 pmoles,/

kg, intraperitoimea!ly, o’aused a significant

elevation in time conicentrations of cyclic

3’ ,5’-AMP. A maximum response w’as seen

at 3OO�.i moles/kg. Higher doses of iso-

protereno! inmduoed mu smaller elevationi ito

the conoentrationi of cyclic 3’ , 5’-AMP.

�ffect of aminoploylline on isoproterenol-
induced elevation of cyclic 3’ ,5’-AJIP in

iiiouse parotid gland. Aminopimyhhirme, in doses

of SO pmoles/kg mtrapenitoneaihy, failed to

increase significanmtiy time o’onocentration of

cyclic 3’ , 5’-AMP ito mouse parotid gland

(Fig. 4). Doses of 200 pnmoles/kg produced

a 2-fold inmcrease (p < 0.01) in time o�oncen-

trationm of cvo’hic 3’ , 5’-AMP at 20 ruin after

the inojection; after 40 minm time concentnationm

of cyo’hi(’ 3’,S’-AMP ovas in the range of

conmtrol values. Doses of 3S0 pnmoies/kg

produced a similar o’levationm in the o’oncen-

tratmotu of cvciio’ 3’,S’-AMP, but time peak

a.

U

L)
>.
U

effeo’t was reached at 10 mum oonmd time increase

‘1�#{231}�longer-last inmg.

To deternmitme time effeo’t of ommmnophyiline

onm t hue isoprot o’neimo 1-i toduced ehevat iono of

o’yo’hio’ 3’ ,S’-AMP, w’o’ mudministered time

mo’t imylxoont hi toe 30 nmimi before inj eo’ting

vario)us oonoo’nmt tmutions of iso)proterenmol. This

treoutnmenmt potenmtiated tue increase of o’vche

3’ , s’-AMP (‘oooI’enmtrationms elicited by iso-

proterenmol (Fig. 5). l’or example, wimereas
msoproterencol mit dost’s of 2.3 ptmio)ies kg

induced no chmuooge ito the ooncenmtration of

cyclic 3’ ,5’-AMP w’imo’io administered alone,

it produo’ed milmost mo 20-fold elevation of

cs chio’ 3’ ,5’-AMP w’heoi modnministered to tnice

that load previously received 200 pmoles/kg

of ommimiopbmvlliime.

Effect of i.soproteren (ii and ano ii, 07)/I ylline

Oil incorporation of t/oyinidine into DNA of

1100USd’ parotid qland. T study tboe o’ffer’t of

iscoproterenol oon the mnmcorporoo(mooo of timymi-

chinmo’ into l)NA, nomio’o’ ss’ero’ tro’ato’d with

various mntroopem’mtonmo’moh (loses of isoproteretuol

28 ion before time administration o)f [:OHI_

tiovnmiobinme. Wo’ seleoto’d timis tinme into’rval

beemiuso’ preli noinary o’xp(’nimo’iots immud sioown

timat time mn(’onpormotion of (hoytmmiditmo’ was

maxinmal at thus time bothm ito mitt’ neceivirog

isoproterenool alonme aimd ito muooiommoils no’ceivitog

isoprot eneniol in o’onmj unmet mon wi tim ounmino-

l)ho�’Ilitmo’. ‘Iho’ nmmce were killed iS ommin afto’r
tho’ hmobo’lo’d imoj eo’tion, moumd time inronporat iouu

ISOPROTERENOL I�moOes/Kg p.1

FIG, 3. Effect of various doses of isoprolerenol on concent ration of cyclic 3’,S’-A .1/P in nooiose poorolid glare1

Mice received isoproterenol intraperitoneally and were killed 10 mino later. Eacto poimit rO’l)o’esdoots the

meato of three to six experinieruts. Vertical brackets ioodic:ote stanudmord ero’oo’s.
+ p < 0.01 compared with comotrol aoiimals.
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of [#{176}H]tiovmidino’ into l)NA woos (lot o’nnmitoo’d.

Inocro’mmsing mmniounmts o)f isooprooto’no’oio)l iiuduo’o’d

a progno’ssive imoo’nemoso’ ito (hut’ inio’onpon:otiomm of
[#{176}Hjtimvtm-oidiooc imutoo I )N’�\.. (h”ig. 6). ��noimmoo-

Foo; . 4. EJJ’o’o’t of 01/0 ittopli /11/i/ic (i/i co/occ/otration

(if (‘!/O’li(’ 3,5-AMP i/O 10000/sC paroutod glan(1

Eao’h p oimot m’epreseoot s the mooem000 vmobote of t horee

too six expet’inooenot s. Vo’o’t io’mol bo’moo’kets i moolicoote

sI aoud:oo’d ernors. #{149}- - �, 0.9#{176}Nmo(’l ; 0-- - -0

ann oooopluvhli toe (50 ��mooles kg itot t’mopet’i I oumoemolly)

A- - A aruiimotophyllimoe (2(X) �mooooles kg iool o:operi-

toooe:uhlv) ; 0 ---0, motnimotophvllitoo’ (35() �ooooou1es /

kg itoI o’mop(’o’iIomueallv)

p < 0.05 o’ouioopoot’o’ol wit hi o’oomut tool moooimooals.

p < 0.01 o’ournpmtocol wi Ito co motto 1 :000 tombs

600

� 500

,� 400

0.

U

>.

pimyllinme, irm doses of 200 pnmoles/kg, produced
too significonot effeo’t by itself, but increased

(boo’ ino’o)nponationm of �#{176}HIthymidine into

l)XA wimemi givo’nm 30 mum before isopro-

(o’i’emmol (Fig. 6). Neitimen drug significantly

cbimormged tbme roidioao’tivity of time “acid-

soluble fractiono,” sugg(’sting that the

momount of pneo’urson movailable for DNA

svntimesis was urmalt en(’(l.

The DNA o’ormtemot of j)arotid glands,

o’mohouhated orm tho’ basis (‘ith(’r of wet weight

or of protein o’onmto’rmt, was noot changed by

ouny treatmo’nt. How’even, since the weight

of the glands was inocreased after isopro-

to’no’tiol amid was inmo’no’ased further after

tr(’atmenmt with isoprotenenmol plus amino-

�imyllirie, timere was a rise mm the conmtent of
l)NA w’herm o’alo’ulated pen parotid gland

(see Fig. 7).

Time specific ao’tivity of DNA of l)arOtid

glanods, measured 28 hr after the administra-

tiono of pilocarpinme (250 �moles/kg intra-

penitonmeally), was nmot signmiflcantly different
from that of (boo’ control voolues (controls =

S ± 0.9 dpm/pg of DNA; pilocarpine =

9 ± 1 dpmpg of I)XA). Moreover, pilo-

o’oonpine failed to alto’r time weigiot of time

ISOPROTERENOL (5moles/Kg, p.)

1” to , 5. I’]//’eet ouf ixou pro/ore/i oil aood 00000/i op/i !///0 /0 (‘ (i/O coon (‘(‘/0 trot ion of (‘(/0/0 C .3’S’ -.4 MV 0/0 0000 otto’ pa rot oil

0/1(1/0(1

\I io’o’ wood I t’o’motccl out m’mopo’oi I tomoo’moblv NVO I ho 0.90 Nmo( 1 (10 onb kg) out momuoitoouphvlhi moo’ (200 jzmoles �kg

Aft o’t’ 30 mioi mu I too’ motoitnmobs mvet’o’ mooltooi tuisteo’eot isoopO’Eotdt’dto(ol nood weo’e killeol 10 tooito looter, Each pouioot

o’o’p ‘(‘se tots Itoo’ mno’moto (of I him’ee too Six exiue ‘i tooet IS. Ve mt i o’mol b rackets ito oh emote stmo modmomd eo’oouo’s. The coot u-

otto! ‘moI ioomo oof o’vcli o’ 3’, 5-AM P iou 10:00000 iol gb:omools of oooio’e t’eceivi tug 0.9� NmoCl (4.)) ± 0.5 pnooles nog oof

po’oul o’ioo ) wmos muout sigmoifio’momu I lv di tI’et’emut fm’oomooI humot oof mooi(’e m’eceivioog anoimuoophyllioue (6.2 ± 0.6 pmoles/nog

oof boot 0 ci mu) . The o’ououcemot o’motio ito oof cyclic 3’ ,5’-AMP iou p:otot id gl:ooods oof mnico’ m’eo’eivioug isopm’oteo’eouol

plots mimimooojotuyllitoe m�’mos sI motist io’molby loighueo’ (p < 0.001) thaoo thmot ouf nnice giveoo isopo’o)tereouo)l alotoe
( (‘ooVmOt’imumote momo:olvsis I (sI ; 500’ \t .Ni’Et t� t.x ANt) mm t:’o’ooout)x ) , #{149}---� , wit hooout amni oooptovllitoe ;

��‘iIho mltlli0000j)buVbli000’.
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FtC;. to. Effoo’ls oof is(oprolere/ool a/o(I (1110i100p/t (/110/ic on i/oeorporalio/o of [#{176}H]t/oyoooidiooe i/tb) I),\’,1 oof 110000ose

parolioi glaiod

Mice were ti’eateol by imut o’aperitoooueal imujeo’I ioomu ouf cit ho’n’ 0.9#{176} NaC1 (10 tool kg) too’ anoititophovlhitue

(200 �snmoobes kg). After 30 niiou the :oouinoals were giveou vmot’io)tts iouto’apcril oonueab (looses ouf istOpr(otdt’doioob

28 hun later 311]thynoidioue (0,3 noCi kg stobctotatieootosby( �vmos injected. The noice were killed 15 noini mofter

the adminoist rat ioonu of #{176}H]thynmidioue. Each poinul o’epo’eseoots the meato v:ohoie ouf five expeo’inocouts. Vo’o’I io’:d

brackets i nidicoote st anudard eo’rors. The specific :o(’t ivi ty oof I)N A ito the pat’(Ot id glatuds oof oioi o’e o’ecei vi tug

0.9#{176}��Na(’l (5.5 ± 0.7 dpno ‘ag ouf I)NA) woos 0000t sigooific:otutly diffeo’enut foono that ouf niio’e o’eceivinog atiuioooo-

phylline (10.5 ± 1.5 dpm,ag of b)NA). The speo’ifio’ moctivity of b)NA iou the gloonuds oof niice o’eceivioig

isoproterenoool plus :onouinoophylhi toe woos statist io’:olly highoeo’ (P < 0.001) th:oou that ouf nouice receivi tug isoo-

proterenitol :oloooe (covooriance anoalvsis test so’e mm.o’ro:n IA m,s ANt) mmETH(Ot)S) . #{149}�-- #{149}, Wit lnoiot 0tiO� 0000-

phvllitoe; � -�,, wit to anmitoophyllitue.

C
0

z

Fo;. 7. EJTeo’t oif isoproobo’ro’n ou/ a/toI au, lit op/o �i11oooe

010 D.\A 0(0/i teuot oof 1100001SC p(lrooti(I f/lab’1

Mi(’e Wdt’d I t’emot eol by itito’apeo’itoooueool i Oujeo’t i(000

of either 0.9#{176} NmiCl (1() not kg) out’ momooi0000b)hVllimue

(200 Mniodes kg). Afteo’ 30 nuoiouthoe moouimooools weo’e

oudrooinoisto’n’eol isoopo’oot eo’eouool oonud wen’e killed 2$ hot’

booteo’, 1’ao’bi ptoitit o’eI)O’o’SO’tuts the noemooo voolues of

5-10 expeo’inneoots. Vent io’al bn’:ockets ioudio’mote

stoonudan’d o’n’o’oors. ( )po’nu bat’s , withotooot oonoiouoophoyl-

linue, hatoheol ban’s, witto oonoiouoophvllimue.

+ p ‘( 0.05 coonib)000’edwit ho moouimuomolsI o’e:oted wit ho

O,9(( NmoCl.

ghmutod or (boo’ total ootmmooutot (of I)XA mo o’ooo’ho

ghmommd.

J)IS(’I’SStON

St udio’s in vitro ooti(l in o’io’o ott ho noo’ nmoonrow

coils, lvmpimoblasts, oooool immou’tivo’ lynmpho-

o’vto’s of rat mund tmmico’ slmoow’ (bout (ho’ o’levmotmono

of o’vo’hio 3’ , 5’-AM P iooduoo’d b�’ (‘motO’cimohoo-

nmiooes oot ootlmo’r drugs is nespo)mmsibho’ foot (ho’

iouo’no’ooso’d svootbosis of l)INA ito eukarvootio’

o’o’hls (15- 17). Other hitues oof o’videtoco’ sltgges(

(boot o’i(ioo’r svnmpmothoo’tio’ noervo’ ooo’tivitv (or

‘atecboooimonmituo’s o’notm affect timo’ j)rooo’o’sso’s t hoot

t’ootmtnoh proteinu 5\’tutbm(’sis (12, 30, 31). \Ioro’-

oovo’r, isoopnotero’totol iooo’nt’aso’s (lot’ nmitotio

ooo’tivitv (of the oocumioon tells of t’ooobo’tot parotmol

glmond (3). Tiuo’so’ fitudinogs pnonmpted us to) mosk

wioo’( lien cvo’hic 3’ , S’-A\ I P p1ooys mu rob’ ito

t hmo’ is(opro)ter(’niol -iimduo’o’d bovi o’rploosia o)f

nmouso’ pmunotid ghounmds. Timo’ no’suhts of timo’

Pro’selmt no’pont show (boat tim(’ ooclnmirmistn’mitiotu
oof msopno ot o’ro’tool �ii 0,0,0 nmoiso’s t boo’ o‘rmd )go’tmo)us

o’oommo’etm(rmotionms of cvo’lie 3’ , S’-AM P ito

b)oono)tid glatmd. Thoe o’onocenitrout ioio of o’vo’lio’
3’ , S’-A\l P ro’ouo’ioo’s 00 i)o’ouk ito 10 tiiito alm(l
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2 Unpt�lished observationis.

returns to control values in about 2 hr ; thus
the elevation of cyclic 3’,5’-AMP concen-

trations shown in this report precedes the
acceleration in the synthesis rate of DNA

and the increased weight of the gland (3).
The elevation in the concentration of

( :� ( li 3’ r;P -n�\IP � t a II) th pilotid glind
lasted 1(nlger 811d was greater than that seen
in lung and heart. In an attelTlipt to uudia-

stand the reason for these differences, we
measured the uptake of iS(Jj)roterenOl by
lung, heart, atid l)ar�tid gland. �Ve found

that the concentrations of isoprt�terenol in
l1(�art aIld lung i�ete high(ll than tlipse in

I)�tIOtid ; therefore the higher COUCefltI’UtiOIi

of cyclic 3’ ,5’-A’sIP ill paroti(l gland was not
due to a higher ci)Ilcentration of isopro-

terenol 1(1 titii�i tii�sue. 011 the Qther hind,
the greater increase in the concentration of

c�clic 3’ , 5’-Ah\IP in parotid glan(1 compared
with heart (II lung may be attributed to

differences in t lie relative activities of

adenylate (��‘Clit5(� and I)hPspliodiestera�.
IIide(�(l, })l1O5pii()dieSteI’�1Se activity pf the
salivary glali(1 is among the lowest of all

ni�4Inmalian ti��iic�i �itU(lied (:32). rj,li COuld

explain the marked and long-lasting rise in
the intracellular levels of cy:Iic 3’ , 5’-4\J P
followiug isoprot CI’enol iflj cct lOli.

The increase of cyclic 3’ , ;5’-A\1� in

parotid gland was prqportional to the dose of
isoproterenol administered, up to 3�0

�moles/kg. With doses of 600 and 1200
�4nioles/kg, the levels of cyclic 3’ .

were low�r than those found after �00
pmQl�S/kg (�jg. ii). This inversion pf the

dose-response relationship may haye been
due to toxic (circulatory and metabolic)
effects pf the high doses of isqpiptereiwl.

1� qwever, similar inversions qf the resp�uses
to catechqlamines have hen noted in vitro

(33), and it is possible that this is a para-

doxical effect of high doses of catechol�-

mines ou adenylate cyclase activity (�4).
Our r�i�iii phjectwe � to determine

whether there was a correlation between the

cpncentration of cyelic 3’ , 5’-4MP aw� the

synthesis of 1)L�. in the mouse purotid
gland. S�v�ral lines of evidence rCs)4ltilig

frqiu our experiments indicate that stw�i a

cprre�atip� ��ists. The threshold cipse Qf

isQprptereflpl required to increase the CQn-

centration of cyclic :�‘ 5’-4i\IP in parqtid

gland was the same as the threshold dose

necessary to accelerate the synthesis of DNA

in the gland. Moreover, increasing doses of
isoproterenol produced a progressive rise of

cyclic 3’ , 5’-AMP and a parallel increase in
the incorporation of [3Hlthymidine into

DNJ�.
‘%%hethier this incorporation of ��fithypii-

dine into L�N4 is a valid measure of the
syllthlesis of 1pN4 has been the subject of

several investigations. l�arka (1 , 2) and

Pegoraro and ��ascrga (3,:�) shp�ved that the
increased incOl’j)OIatiOIi of thymidine i�tq

� , after is()pZOteI’enQl inj CC tion, repre-
seIits Illi authelitic increase lIt thi(� synthesis
of J)N�% in nuclei. Our experiments showing
that in [31j�thyniid�ue-treated mice isoprp-

teI(i�IiOl failed to pr�duc(� significant changes

in the t#{231}talradioactivity of the ‘acid-sqluble

fraptini�’ suggest that tlie catcclsola��ue

does hot alter the a� I icelitratmIl of the �e-
cursor for the syIith(�si�, of UN4. 4lthough
we h1aV(� not deterniinecl the effect of iso-

proterenol ()fl the activity of thynii�ine

kinase or �NJ� l)olYmerase , \Ve have found

that isoprotereliol, e5j)(�ially when iI1jecte��

�vith aniinophylline, produced a significant

iIicl�CI�5e in the afliOflIlt of 1I1NJ�. P��I’ gland.

Therefore, even in the absence of direct
measurement of the eiizyme involved iii

PM synthesis, we can cOnchK�e that the
increased incorporation of thymidine into

UNA represents an authentic increase of

UI� synthesis.

If � �3’ , �‘-4i\�P mediates the effe�t pf
isoproterenol, this action should be potenti-

ated by compounds whicis prevent the
hydrqlysis qf cyclic 3’ , 5’-AW. 4ndeed,

aniinophybliue, �vhich inhibits phqsphp-

diesterase activity of mouse parotid gland,2

potentiated the effects of ispproterenol hqth
in raising the concentration of cyelic 3’ , 5’-
4h\ff and in inereasl)ig the incorppratiqu of

thyrnidine into U�4. Fpr e�ample, 2.�

�omqles/kg of isoprqterenol did npt chia�ge th�
concentration of cyclic 3’ , � qr the
ampunt of thymidiuc incorporated i�tp

UIN4. �p�vever, the same amount pf isp-

proterenol injected with aminophylhine
n�arkedly inerei�se4 the concentration 01

cyclic 3’,�’-4�IP and the incorporation of
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FmG. S. Re/al ions!u.ip beloi’ee,o eonceiolralion (of o’yelic 3’, 5-A ,)JP and .N’peo’ofio’ ao’lit’il�j (if I).\A (of 1/i00i.�E’

parol i(l f/I0 10(1

#{149},aoiimnools treated with isoproteo’eoool mufteo’ 0.9#{176}NooCl ; �, ooooimals t tented wit ho isopo’ootereoooob ooft o’r

anoiooophylliooe (200 �.omo1es/kg intrmiperitonoeally) ; 0, :oioinoals treated onuly with pibocao’piooe (250 Mnoioles /

kg imitt’moperitomoeally). Nunmbers iou 1):oreootloeses refer too the dosooge oof isoprotooreoomol ) nmicn’otomooles j)(’t’

kilogram inot o’mopeo’i I otoeoolly). The dat muwere 1 mokeoo fromoo Figs. 5 ooood 6. Note the hi noemor reboot iomishi � be-

tweeom the conoceooto’ootiono of cyo’lic 3’,5’-AMP anod the specific activity of l)NA.

[3H]tlmymidinoo’ inmto DNA. By plotting time

specific activity of DNA against time boga-

ritbmno of time o’oimo’enmtnationi of cvo’lio’ 3’ , 5’-

AMP, we obtomitied mu linear no’gression be-

t�veenm the tw’o variables (Fig. 8). As o’mmn

be seen, timis ro’h;otiolm is indo’petmdent oof tiio’

a mount cof isoproteremuol inj eo’to’d.

Several investigators favor time 1)no)posal

that the process of salivary secnetiomm is

depetodenot 11�Ot1 aim increase in the comoo’en-

trationm of o’vohic 3’, 5’-AMP (36, 37), oumucl it

could ho’ bmVj)othlesiZed that time itoo’no’oosed

synthoesis of I)NA follow’ing isopnoterenol is

a coloseoluo’nc(’ of tim(’ stimulmotiomo omf soolivary

secretionm. Hoowever, pmhoo’arpitmo’-’--mm’bmiclm also

induo’o’s soulivmotiotm mmmd the so’rnetioim of large

anoouumts of a-amylase, proteins, anmd eho’o’tro-

lytes (35-40)-----fmiils (a) to (‘imatoge signifi-

cantly time o’on(’enmtnationo of cyclic 3’ , 5’-AMP

in mous(’ panotid ghauod, (b) to) mnmduo’o’ time

early inmo’remos(’ in proteino sytothmesis (5), oonmd

(c) to cimango’ the syn’tthesis of I)NA o�n time

w’eigiot O)f time gland.

Speculatinog on (boo’ meo’imanuisno w’ioo’ro’by

cyclic 3’, 5’-AMP may iumo’reaso’ time sytothoesis

of DNA ito poorotid gland, we may nuote that

Steinm aimd Baserga (5) reported that 30 mm

ouften tiuo’ iumjection (of isopnoteno’mool tboo’re woos

outu itmero’mosed foon’moutiotm oof (lot use uociohie tmuelo’mor

l)rOteins whitim mono’ thought too bo’ inmvolved ito
regubatitmg DNA synthoesis. Siumo’e our ex-

peninoo’iots show’o’d (boat isoprotereumol comuso’s
00 lonmg-lmosting niso’ ito (hoc’ conmo’o’nmtnmotioto of

o’yo’hic. 3’, 5’-A�\ I P iii pourootid glmotod, mood

since recent evidenco’ itTophio’atO’s (‘y(lio’

3’ ,5’_AMP mm time pimosphonyimotiomi of l)1’�-

to’ins (12-14), whoiclm nmmmoy in turto inmfluenuo’c’

(hoe ativitv o�f RNA polynoo’rase, mve propose

oos mm w’orking imypot hesis t bmmit iso prot ‘no ‘tool

o’licits tboe delayed proliferative no’sponose mm

j)oorotid gland cells thorough the elo’voution o)f

(‘\‘(‘lio’ 3’ 5’-AM P conoteimt.
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