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I’tING, C.ituL I)., .iN5i \IAYER, STEVEN E. : Imsh’sibitiooms oof egt’o’ss iii m’scicmsoosimso’ 3’ , �u’-musoonuoo-

i)h’sOSl)huatc’ mcm’s’s pigo’oon’s o’m’yfhun’tut’yto’s. iIol. P/iai’waeol. 10, 941-9;’�3 (1974).

‘Flit’ iorn’smmufionm oof aclo’nsoisinme 3’ , )‘-nsmonuopl’soosph’sato’ (cyclic ��i#{176}oIP) is m’sno’sponssc’ oil niuc’lo’muto’d

pigo’�on’s c’ryfl’snouc’vto’s ti’sat appo’ans too lit’ spo’c’ific too (‘at(’chuoulmumi’sinso’s mmmd is mossoeiafo’d with’s fist’
rapid apju’tunan’sce tub fist’ nuuelo’ootioio’ mu fist’ immo’uhafioon niso’diumi’s. �‘\oono’pismo’plsninio’, 10 u�n

“rcuduec’d a ni’smuxin’sial no’sluoomuso’ ins 30-60 nu’siss omb mubcuut 1 tisii(olo’ (of eyo’lic’ A)I P mic’cunuiulmutinug

suit-h’s itisitit’ asid ooutsioio’ c’o’lls \vh(’ni 25 uI tub I)ael��d t’nythunomeyfo’s �vo’t’o� insc’uhmuto’d mm 2 m’s’sloof

l)uffo’nc’d 0.154 �n NaCl mut 37#{176}.‘Flit’ o’xtnusio)nu 01 cyclic :\\l P \vtus iinis’simmniI�’ umsidiro’o’tioonsal tumid

��‘as itiiul)ifo’d iiy ioidouaeetato’, prolo)ngo’d imucub)mut-ionu, munud mu l’siglu eomscem’sfm’mutioni oil t’y(’hi(’

A)IP it’s tIme nmo’diuniu. 1’xtnusioumu was must) inshiiiuitecl by (‘o’nfainu dnimgs. Notmuhmly 1)omtes’st \Vtus

vil’sl)lastitme (0.3 �z\n ) , ivh’sich did smoot affect sioino’pinio’ph’snin’so’-iniduc’c’d jut nm’so’o’llular micc’unumulatiomni

of cyclic A�\I P. Colo’luicisie (300 �‘sn) ai’sd papmivcninie (l()0 �‘sn) inulmil)it(’d o’xfnusions. � drugs

mulso eauso’d augn’s’so’nstatioon’s ouf intnaeo’llulmun c’vc’lic’ A1\1 P, �urobmuhly mis a no’sult of ituhuil)itioti (of

red (‘elh c’�’chie s’suc’lo’of iclo’ pisoosph’somclio’sto’nmuso’. (nisc’obulvimo (300 � ) ituhuii)itt’(i t’xf nusio ins �vhsilo’

partly no’ducisug flit’ ns(unepimuephununo’-is’sdueo’d tuc’cunu’suiatiouiu tub isutn’muc’o’hlular o’yo’hic A.I\I P.
Otlic’n ago’n’sts �vhic’hm inshuibito’d o’xt nusioum’s � o�uinuimuo’, quimsiciimo’, iuho’mmoii no’d . ohIo on’(obournuu , ammo!

toluc’n’so’. Sitico’ i’sioust oil tl’so’ migo’nuts to’sto’d h’savo’ I)o’o’su simowni tom hitici nuuic’nofuhuto’ 1)r�teiIi or

i”huibit nimifousis at ssio’tmupl’saso’, it is suggo’sto’d thumof eyc’hio’ AM P o’xtrusioums lncomui niuo’io’tuto’d avimmn

ytlirtoc’yto’s dc’po’msds upti�’s flit’ insto’gnitv oil si’sio’nofuhulo’s ton iii anmulougouus (‘ooniipO)tuO’IifS in’s t-h’st’

plasnia nim(’nuii)ranso’. Fit o�vevo’n, iubso’nvat it isis smith’s mis imuhmibition’s oof (‘xt rusio mo I oy vinuhimisfinso’
�vithout o’muh’sat’sco’s’s’so’nmtout’ in’st ntmt’o’lhulan m’seo’unsmulmutioun’s oof c’yo’hic A.\ I P ir’sdic’atc’ that olnugs which’s

affo’ct extnusioun tismiv insfluo’sio’o’ omtlmo’n no’huto’d J)ncu(’c’sso’s--o’�’c’hi(’ A�\l P svn’sthmo’sis on cho’gnmudmi-

fiomi-minch fh’smut alft’nmititims of oimso’ oil fhuo’so’ pnoo(’o’sso’s ins fun’nu ituflut’ni(’O’s flit’ otl’sens.

INTROt)UCTIOX after stinuuttlatioii iv c’afeehi(ulamuiitses tie

Davouresi and Suti’so’n’lam’sd (I) showo’d that o’o’lls sysstl’sesizo’d o’vc’lic’ 3’ ,5’-Ai\IP, anod

I)igt’o�imi et’yth’snoucvfo’s iioosso’ss m’srt’o’t’l)ftut� �vhiit’hi this ro’spoonsst’ o-’(iuho�i 1)0’ i)l()(’keti l�’ beta modno’-
is mumialogoius to mu l)eta asmdro’sso’ngic n’eeeptoon: nergic tumitagos’sisfs. Time saniie ant-hours also)

sliouwed that flit’ pigo’o os’s o’ryflsno)(’yto’ ox-
This researo’h wono sttl)1)oorted by (�roim’st ilL 12:373 trutictl o’vo’hio’ A\IP inuto t-lmo’ isicuhimutios’s

frono the Natioumsoil Ileosrt oimsd Lumsg Institute and . ‘ .

medmun’s alto’n stsnouulmtt ion with a cat o’o’houl-
a grant froun’s’s Iloffniamsns-Loo Hoocbse Imsc.

1 Postdooctooroil Felloow (IlL 30804) oof time Na- t’s5’s’s�550’. Ti o’xfrusiousm pm’oeo’ss oocc’unned

tioorsmul l-leo’srI amid Ltnmsg Imustitute. mugaimist an muppmunt’iit com’scemmtrmutiouis gradient
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amoci wmos iiolmilmilo’tliO\ ion0 ohoo’sso’o’al; tlmo’so’finool-

mugs ismo-vo’ huo’o’no tako’no too imotiio’mito’ thomil I ho’

o’xt-rusioin 0 hit 00055 mummy I it’ toss mitt ivo’ o onso’ ( 1 , 2).

\Iic’nomfuiuuho’s hsavo’ luo’o’msiisopiio’moto’clins

so’vo’n’muh muuo’o’humimsismu’ss�vho’m’o’l iv stil usttmsso’o’s mint’

t rmussspo on’to’tl moo’n’ooss o’o’ht n’so’muuiit’minso’s (3, 4).

13o’c’tttiso ‘ avimum s o’n’yt hn’o ocyto ‘s � it osso’ss a mimmmn’-

gissmih iuamod ui nssio’n’ootuluulo’s�viio’ls hit’sjitsi

bo’suo’motlm tlmo’ o’o’hh nsso’mushunmmnmo’(‘5), \�.t’ inovo’sti-

gmufo’cl thmo’ o’ffo’o’ts omi s(’vo’n oil tugo’nsts wh’sichs

itito’n’mic’t �vitlm nsiio’n’o otttbtilmmn hin’i ott’isi ujut Ii flit’

o’xt n’usio ins 0 of c’vo’hio’ � \ I I � mo onus pigo’o ins o’nytli-

n’ooo’vfo’s.‘I’ho’so’migo’nsfs��o’no’ fooussd too uliliil)it

extnusio mi . Paiutivo’n’inuo’, mo l�#{176}Ot(’nit inil’siiuift or oil

t�’yc’hio’ tuut’hO’o)ti(lt’ l)imtmsl)1100C1it’stt’t’t’sst’ (6), �

fomusuci too iimiv(’ a sism’sitaro’ffo’c’t.

.\n.iTEHIALS �xnu \IE’I’IIOiiS

�\.1ult pigo’oosis \\�o’t’o’ lutt’cl by o’murciiao’ l)Ilsio’-

tut’t’. ‘Flit’ h’so’pmmn’iisizo’cl luho otud � o’o’sofn’ifugo’ci,

mmmd flit’ ilasmu’smt ti-sit! huffy coomut ‘svo’ro’ no’-

nu’soved. efimo, 5’(’d o’o’his wont’ wash’so’d twice iss

inst’tii’smititonu nsmo’diimniu (0. 145 �n Nmi(’l-10 s’sui’mn

“Fn’is-FI(’l, ui-I 7.4) ; fist’ Pmuo’ko’d o’o’lls ‘vo’n’o’

fl’so’nu 5tm51)t’tm(tt’(l ins :� voolunsuo’s oil ch’sillo’tl

ms’so’diussu. Snuo’mtns stmoinio’d �vithm \\‘nighf ‘s

st aisu 0(05’s fi nm’s’sed t humtf cum’slv envt lint oo’yto’s �vc’ro’

l)rest’nit. The o’xpenimsuemif � bo’gttns iv Iuilit’t-
ting 25 �t ouf pmuc’ko’d ct’lis (diluto’d tou 100 ,.�l)

iiitoi tubo’s c’oms’stmuinsinsg 1 .9 miii ouf isso’tohum’sfio)rm

n’sediun’s’s anud fI’se drug(s) too ho’ studio’d muf 0#{176}

and th’so’ii trmmissfo’n’nimug flit’ titimo’s too a 37#{176}

water l)athu for po’nioods ouf 0.5-120 nnis’s. Tho’

iiio’uiumutiouss ‘svas to’nnuoissafecl ( 1 ) liv o’hmihhin’sg

thio’ tubes iii ic’o’. Alter o’o’i’sfriftmgtu-tiomsi loon 3

s-mum’stut- 0#{176},the so’dini’sessted o’o’hhs wo’no’ h’so’iuiiu-

lyzo’d iii 2.0 soil tub ohistihlo’d wmu-ten’ m’st no mom

to’nimlt’ratuno’ alit! them’s imsusu’so’dimutely (‘lulled
iii i(’t’. Booth’s tho’ imo’n’siolvzo’d c’o’lls an’sd the

sul)ensmatansf fluid irons’s fist’ inucuhatioos’ss wc’re

then hso’af-o’cl loon’ 5 suits at 100#{176}too do’sfnov

phuospho o(hit’st o‘naso ‘ mutt ivify . TImo’ ho’m’s’souhyzed

cells wo’no’ o’o’sstniftngo’d, tusud the sedin’so’sit was

(hisemundod. Time h’so’nsiootvsmufo’s assol muoo’ditu uverc’

asiaiyzo’d boon cvt’hio’ .-\. .\ IP wit lit out lunt h’so’r

dilutioon tin’ pun’ifio’atio ins. ‘Flmc’ pro ofo’iss kinotuse

ao’fivmofioors nuuo’thuooch out’ \\Tmustila (‘t al. (7) �

ensiphovo’oi. ‘Flue siuo’o’ifio’ity and acctin’mmo’y oof

this sumetl’so oth lion msio’mmsuniiug mivianu o’rythno-

(‘yte o’vo’iie AM P wo’no’ fo’sfo’c!as cio’st’nibed for

oufl’so’r tissumo’s (7). Thuo’ net’(iVo’n\’ oil o’veiic

Ai\ � P (0.3-30 .�.in)mudded to suspo’susiosss 0)1

inst moo’! t’o‘Its, ho’muso olvsmito’s, 0 on’ muso’ohimi-was 9#{128})E

1 .3 #{176} (S h’) . ‘Flit ‘ no‘to ovo’n’io ‘s wo’n’o ‘ s soof ah to’i’o�1

if’ a suion’aniumixissumit o’oomio’o’mitn’mitiooni out’flit’ pimous-

phioothio’sfo’n’muso’ inmh’siluito on iuto-pavo’t’inio’ ( 1 nsu�r)

w.tus hon’o’so’nst.

,:\..‘�h�’i� ismos niio’mostnn’o’cl ins fi’ichiloot’mio’o’tio’ moo’id

o’xtt’mio’tstot t’t’hlIvsato’s timid nsuo’dia lix’ flue

o’sszvmistut it’ fluoon’o onu’so’t rio’ mi’so’tlsomd do’sc’t’iiied

liv Loi�vrv minod Passomnnmo’mui (S). Fmio’hi smummiplo’

wmus mussa�’o’d in’s t niphio’ato’.

l”omn studio’s oof no’d eo’ll o’vo’lic A.\ I P clt’gna-

chttivt’ ao’tuvifv, I \‘oulllnoio’ tub wasl’so’d, i)mlo’kt’d

o’n’ythmn’o O(’\’tO’s \\mus lii onusoogo’nuizt’(l its I v ohiinsuo’

oof o’hmihled 50 m’s’s�n Tn’is-HCl, pH 5.0, ins a

I)umuhh glass hut onsmoogo’nsizo’n’ ( l(oonsto’s ( 1ihmoss

(1ooniipmus’sv) ivitlu 20 stnooko’s oil’ flit’ Pt’stlt’.

Thit’ no’actioons woos lic’gun by addimug 101 � oil

homm’smoges’smoto’ too 200 pJ oil a 50 m�i Tnis-

I�I(hI_5 s’suM nu’sagoso’siuns’s mio’o’fato’ I uuf!’o’n’, pIT

8.0, o’oomutmiinsin’sg o’yo’iio’ �\ \ I P ins a rmunmgo’ oil

t’oonit’etut rat it onus !‘n’oon’s 0.3 �m t 0 0 3 ll�i mind

200,000 t’iinu’s oil c’vo’hio’ [4HJA\1 P. 1)nugs wo’no’

dissolved iso 50 #{176}� (v:v) o’ti’smusuoul. ‘[he to os’s-

ceiitn’mu-tios’s tub efl’sanuoul ins flit’ mo’ui)afiooss, 1 #{182}�

our lo’ss, did smut imofo’nfo’no’ with’s flit’ ro’ao’tioom’s,

The ismo’uhmotious’ss � o’tmrnit’d tout at :37#{176},amid

fit’ nc’act-ioini wa-s to’nnimimsated In’ heatis’sg mit

I()0#{176}for 5 nih’s. �k hiooniiogo’nm’sto’ ho’mufo’d pn’ioun

to-) is’sctibtufioms’s serv(’d m’ss a zo’no-tini’so’ sanuuple.

Alter lseafimsg, flit’ tui)es w(’t’e o’emmtnifugo’cl

amid flit’ siipo’nn’stutmunif fraetioui’ss � isso’u-

bato’(I for 10 nusiti wiflm 0.5 nig/n’s’sl ooi (‘rotalus

atrox vt’nioon’s’s , ‘Fit’ t otmol [3IIjnmuo’lo’o osido’ pm’oo#{128}l-

ucts uveno’ so’pmurafed !‘noon’s cychit’ [“sH]A\[P

on I)oow’ex I -2X (o’lmlomride, 100-200 nsesl’s)

as dc’senilx’d liv Htntto’mm et al. (9) and nnemu-s-

omnec! l)\’ liquid st’isutihlati(us’s SpeO’trt)si’sO’t ny in’s

mi ns’sediumu’s o’oonmsistimsg oul 5 mush oil sm’ss’s’splo’ timid

15 n’s’sl oil soolvesut [2 1)ants fooluo’suo’, 1 hart

Tnitoini X-100 (1�uh’snu’s & Hamus), amid 6 g-/hito’r

oil ()nmsmifluon (No’w Emmglaisd Xuo’lo’mun)J.

Pit osph’so odiesto’nmusc’ m-uc’f-ivitio’s � t’tuhculatt’(I

bromni’s (‘Outsit nmutc’s fh’smmt ismo’no’aso’d iin’so’aniv

���ithm finio’ tub useui)Lutiommu (uiji too 30 s’simu, do’-

po’nclinsg 0 ii’s t iso’ o’ycl it’ A.::\ I I � to unso’o’nst nmuf it omo).

(1oounit n’muft’s � o’oin’n(’ct(’(l loon tho’ t�ut’sso’l’sinsg

that ooeo’unro’d (25-30 #{176}) ins time nooo’ciiun’s’s no’lmi-

f ivo’ to 0 muto unit itto’sso’h’so’d �II -Ittl)t’lO’(! stmi-mi(ltuI’tI

monod t’t’(’tivt’rv to!’ [3T-Ijadio’mmousisoo’ (90 #{176}- ).

1’o’sts foot’ o’immuiugo’s in’s ro’d o’o’ll fr’tugitity in-

clotted by drugs wont’ doosso’ tuo’o’oon’din’sgtou

Fno’o’nsiasu asic! Spirt-o’s (10). Statist icmil amsmul-

�‘sis of i’siost oil f it’ clm’sta ‘sva-s perbomrn’s’sed with’s
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Studt’nut ‘s t-fo’st fo or unujuairo’d dafa. Enszyt’s’so’

kinuo’fic’ data wo’no’ suiijo’cto’d to a proognan’s

loin flit’ \Vmusig 462 c’alculafooi that luro\’i(!(’d

analysis oil lin’so’anity, lc’ast-soiuanc’s fit too a

straight lint’, timid amimulysis oil vatimusuco’ oil .t’

an’sd y axis inufeneo’pfs (\Vasmg Lal)oonattonues,

Tewko’sbuun�’, Mass.).

‘Flue lomihoowimug (mugs wo’no’ ciomsuated by flit’

m’s’samiulaeturens : l-msooro’pin’sc’phmrinmo’ l)ifant rmute,

/-epinuephnimuo’ Iiitanf ntutt’, asstl (//-iso)pnt uto’no’nol

ITCh, i�’ Sto’rhis’sg-\Vinsfhuroi�i F�o’seano’l’s Irosti-

fute ; gluo’agoonm, papm�vo’nimio’ H(’l, vinic’nisfiiuo’,

and vimublastinmo’, i)\� Lilly Ro’so’anch Lahouna-

toinit’s ; Rio 20-1724 mmmd ill-4-(3-bufox�’-4-

iiit’t hoixv-henszyh ) -2-in’sidazo olidoune, l�’ Hoff-

nm’sanism-La Ri ocio’ ; pn(ust a-glandin’ss i amid F 1a�

1)0,’ flit’ U�)jtohinm (‘oot’s’spam’sv ; o’l’slorpnos’s’sazine

HC1 and il-ani’spho’tas’s’sine sulfate, by Snm’sith

1’ihinme & 1”no’smo’h’s Lmibouratoonio’s ; and gniseoolul-

vii’s, b)y Ayerst Laboortutonio’s.

Purified ehuoilena- toxin’s, dried, lot 1071, was

prepared umsdo’r cousutnact lot- the Natioi’sa-l
Institute oil Al!c’ngy anmd Inlectious Diseases

i)\’ I)r. Ii. A. 1”in’sko’lsteim’s, Uiuiversit-y of

To’xmus Southu�vo’stc’nsu \ I o’dieal School , I)ai las.

Coocaisie HC1 w’as purchased from Mal-

lit’sckrcdt Ciesi’sical \Vounks, and am’sgiotensim’s

II and colchicim’st’, inoun’su Calbiochem. Sigiu’sa

Chen’sical Coomi’spasmy was the source o�ul cyclic

� dopan’sii’so’ HC1, quinacrine HC1, qui-

muitme I-IC!, diunuidine FTC!, phenol red, amid

C. atrox venoum.

Cyclic [‘H]A’\l P wtus purchas(’d Iroimi’s

Schw’anz BiooReso’anc’h’s or Ani’senshan’sSeanle.

It was purified by mum’sion-exc’hange ehroi’s’sa-

togmaphy 50#{176}that there was less thai’s 1 %

eom’staniisiatio)s’s with’s [3Hjadc’nmo osino’.

RESULTS

Properties oJ’ cyclic A uP accuuuu ulat ion

process. In the ahso’s’sce oil a cafc’chomla-mnimue,
little cur titi n’seasunahlo’ o’�’o’lic A..�\1P was

found in o’ither liem’s’solysato’s2 ton mediumi’s.

2 Al! calo’ulatiotss of jut ra(’ellu!ar (‘vchi(’ .V�IP

are mu’sade outs the hoisis (of 25 M1 ouf packed cells, with
no o’oirrectioutss four troupped ext rooo’ellularmumediumso

our itohotosogetoo’ity oof I ho’ i sot o’acellulm’sr spoio’e. ‘The

disi n’ibul into ouf o’yclio’ A1i� svitbolos the et’yI horooo’yI es

is moist kooosvto . Tue o’vo’lio’ AM P Iin’csetst its t ht’ i nocon -

bat-looms mosedi 00001 is n’efeo’t’e(l too os ‘ ‘ext rao’o’ll toloit’, ‘

while that its heiosoolvsootes prepared frooooo wo’sslmcd

tells is olo’sigtsat eol ‘‘I tot t’ooo’o’llooltor. ‘ ‘ ( ho tate no’ -

coosions tosoore t isooto 0.0.5 msmouolo’s of o’yo’hit AM P

( )f t ho ‘ hn’ugs f(’stt’(!, oossly I-mit ono’pimoo’phunimio’,

l-o’pimit’phin’isit’, mumi(! (//-isoolit’ouf-enc’mloul t’muust’o_l

ioonisiafioinm oof o’vo’lio’ ;�)il i�, (‘hoolo’nmu to oxino

( tolls o’xptiso’d foor 1-2 lit’), �irousfaglanuoiiims

i�i:� and l”�� mis’smplut’fmmtiiimmt’, glucagouss, c’ooo’ainie,

munugioito’musins, asiti doj)asiuisit’ �vo’ne isso’ff(’efiVe,

Saturatinug (1 1 j.L’mI) etomit’t’sufnationus oob isom-

i)roito’n’o’miool, o’pi5io’�)h’snitie, t’sSi(! m’soono’pimso’phnim’se
(‘ausc’d c’quivaho’nut no’spoinmst’s. No onepinoo’phunisse

was uso’d flirt ntghuoiuf t hit’st’ o’xpo’nimsso’mmfs,

ahva\’s mit a c’oum’so’o’ntnmutioumm oil 10 .m�i. 1mm its

� ii’st nmut’o ‘I 1ula-r c’vo’hic Ai\ I I � nose
hisic’anlv with nt’spo’c’t- too fisu’so’ ion 15 sums ; it

thero’mofto’n’ inmcro’muso’cl s’s’soon’o’sb ow�l�’ mmnso!no’mic’ho’d

a plafo’au alto’n 40-50 sums ( l”ig. 1 ) . l?o:it’ o’oons-

tt’must, an o’levafioonm tub o’yo’luc’ �\.i\l P ins flit’

n’s(’dium’s’s (‘Ollid h(’ dc’tc’ctec! as o’an!v mis 3 numin

after flue st-ant cii the ro’muo’fiooss, anud �)noogno’sso’(I

lisiemunlv with tinio’ four 50--GO n’s’simm( i”ig. 2).

These r(’sponso’s t 0) s’sono’punuepluninuo ‘ tono ‘ si muui-

Ian to fluoise r#{128}’iuonft’tl l)j��’ l)muvouro’si m’snsc!Stotl’so’n-

lanud (1). 1”or studio’s oil o’vo’hio’ �\.\1 P moo’o’unsmu-

latiousi in the c’o’lls amid ins tht’ suio’ohiunsi, mini

in’scubatiomsu tinic’ ouf 30 n’s’sins wmus uso’cI unslo’ss

otienwiso’ s’soto’d.

The toutmul asu’souusst omi o’vo’hio’ _\.�ml P juno ahuo’t’d

it’s fh’sc’so’ o’xpo’nin’s’st’m’sts by 25 �l ooi co’lhs �

calcuhato’d to ci�utmsum’s’so’ 1 .5 m’snm’soolo’st of’ A’FP

in’s 1 i’sn, mussun’s’sis’sg that room o’yc’hic :\#{188}1P cho’g-

radatioum’s tououk plmoee with papavo’rinio’ ito flit’

n’sediunmm (Fig. 2). The anm’souusut oof A’FP ins the

cells do’cnc’musc’d tuhout 12 � it’s 1 hun, mo mum76

titsmt)les/25 oil tub cells lunioun too iti(’Iilumifio on’s

(Fig. 1, in’sset-). Thenc’foro’ it is umotiko’lv fiat

iou these expenimu’so’n’sts ATP I)o’camuuo’ mu t’ao’t our

limiting flue sysmthesis ouf c’yc’hie A\l P, ito

spite omi tic’ al)so’nsee oil glucoso’ in f-lit’ imoo’ubmt-

fi(mli ni’sediunii.

If u�’as also) do’tenmuiimued that th’so’ne was mmoi

t’suc’asurable o’xf raco’llulmor (!egrmidat it ons oil

cyclic A:\I1�. Cyclic [3H]AMP (21 .o�u, 5 X
10� c’pmiu/tuhio’) � imicuii)tit(’d with’s pigo’oon

enyfhnoucvtc’s ion 0, 60, ton’ 120 rains. Alio1uoots

of flit-’ t’t’hl supo’nnatam’st fnaefio)I’ss wo’no’ then

suhj o’cfo’d too iomnu-exchiasugo’ o’h’snonuumufo ogna�ul’sy

act otossul at ed i mu2.5 �l oof 1)000’ ked tells i to t hoe oohisemoce

oof tooirt’pi ssephst’i toe . Soto’ ho o’o’stol � � � t’(’ 01��000’ iti I o’cl

svit ho buss oof ahooool .50#{176}, of t lot’ o’eol tell ATP ito :30

tmsito of itso’tthioii iiooo atsd oophuo’ooroirso’e oof so�ome oof tbe

A’F P ito t hoe nsuedi tnou . Si moot’ stools condi tloins we re

I hit’ o’xo’ehut loots ittool to(ot 0 Iso’stole, I hscse olootot hooovc

buc’t’no oonooit t(’(l.
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1”n 0; . 1 . (‘oouui purist),, be/wet ii iii traoe!!iu!ar (0/i lou /

oI’ r!/rlio .4 ,1JI� (hit! A 7’J) an(! rate of extru.sio,i oiJ

o!,uo!ur .4 �IJI� frouui pigeon enythror!,to.s

Thue tells were imso’ubated wit h 1(1 join tooorepitsephs-

ritso’ ots deso’rihied ito MATERIALS ANti METHO0LOS. At

(_i, 12, 24, 49, 74, ammd 9#{176}.)isoimu oof immo’uhoit loots I he o’elIs

were ral)idlv chilled and o’emst rifuged � I he sooper-

natounst- solutnonos were discarded, tusd the tells were
t’estosiiended i to 0 .2.5 mimI ouf i iso’ uhiat loots issedi utss (‘0010-

taimsimsg 10 MM no(orepine�)hrimse. The�’ were in(’ubaled

foor 2 isoin at :37#{176};the reat’Iiooms was themo stopped, as

deso’ribed in MATERIALS AND METHO1ti5, oitsd the o’ell
1�’soites arid itoo’tthuatiooms nsoedia were amsalvzed foor

o’vo’lio’ AMP. TIme extrinsiton rates shoowms thus repre-

seist the rates foir mi’simsutes (3-8, 12-14, etc . The

b)0iitots represent the oneamus ± 1 SI’ oof I hree experi-
iout’tst 14. The inset- sbsows I he o’outoo’emsl roil ioomo (of ATP

ito tIme red o’ells 0010(1 mssediumsi befoure amsd durimsg

lmso’oohoiliooms Wit Is noorepinephrine. TIme results repre-

setst 11w noeans (Of three experits’senls.

oms ansioun’s (Donvo’x 1-Ct, 200-400 m’s’so’sh) and

o’atioomu (Dowo’x 50-H�, 200-400 mmuo’shu) (‘X-

chuamugo’ couluninms with ton wifhouut pIu�un men-

l)afioono with snako’ vo’smouni. \Ione than’s 99 �

ool tiso’ �1I coutild but’ a(’coiUsited four tus (‘Vc’lic

[3H],.\.�\IP; it’., afto’r oil) too 2 hr incubation

oil ovc!ie A::#{176}�lP with’s nc’d cells siom o’xfrmu(’c’llulan

cc)nsvo’nsioun’s oil this tuuelc’otidc’ tom 5’-AMP ton

5 ouc’lo’o osides was dt’muuonmstrablo’.

I)muvomno’n’s anud Sutluenlanid ombso’nvo’d that

u�hio’n’s o’oiual vouluni’so’s cob 1)acko’d c’o’lls and

nuso’diiimmi �vo’ro’ unmc’ubatc’d with l-epinoo’phnine

fist’ o’oonuc’o’n’strat-ioosu oil cyclic’ A:�II� in the

s’s’so’dius’s’s o’xco’o’dc’d that in flit’ packed cc’lls

(1). Sinmet’ tl’so’ in’stra(’c’l!ula� disfnihufioun’s (if

c’ye!ic �A.\IP c’cmu!d m’sot- b)o’ o’sfin’siafed, the

results 0)mulV suggested tho’ poossihihitv that

cyclic’ AMP was o’xtruded againusf a c’�utit’et’s-

tnatioon’s gnadio’tut. Ins n’s’soist oil flit’ o’xpo’nin’sents

30 40 50 60
Minutes

Fto; . 2. 7’uuu,e ooiurse of appeoinauorr of inlrare!!iu -

!an (111(1 e.rtnare!!iu!ar r!/c!ir A lIP (if/en uionepiuieph -

nine, iionepinep/inino + ri,,h!asti no,, amid uiorepi-

uiephnine + papareniuie

The (‘ells were iroo’otbosted as (Ieso’rib)ed in �IA-

TERIALS AND METIIO0I)S. The drug o’oono’emstrations

used were : noorepinephrimse, 10 uoi ; vimshulastimse, 3()

MM ; papaveritue, 11)0 uM. Counitrol iioctohat-ions : imom
drug added. Eooo’h lu(oitst represemsts t bit’ tioean of

t woo deterosoina-t loomis.

no’pounfo’d i nu flit’ i)rt’so’mmt PaI)O’n 1)igt’t ins o’nythno-

c’vfo’s �vo’ro’ itmeul)ated with SO vcmlun’s’so’s of

n’s’so’diun’s’s, 5(i that flue eoonuco’m’stnatioon’s tub cyclic

A�\I1� was always n’s’sisch’s loiwo’n in’s tluo’ nuediun’s.

Exl)t’niIiio’iifs wo’no’ Po’rbournno’d to o deft’rn’sim’so’

tl’so’ o’ffect oil c’vc’lio’ A\l P addc’d tom the nut’-

dius’si tutu m’s’soivo’n’sio’nit oil flit’ nueleotidc’ into

amid tint (ml the cells (Table 1). Inmcubatioon of

o’nvtlinooeytes with 16 � cyclic’ [3HJA�\IP loin

30 amid 60 nun lo’d to) flit’ apparo’n’st assoucia-

titus’s tub 3 � oil flit’ addc’d c’ounmts with thc’ cell

lysmift’s. Owing too flit’ lO-bould vouhusiio’ differ-

enc’o’ l)o’twt’o’n n’so’diunu timid cc’lls, flit’ con-

eo’n’stnafiouni (if flit’ o’ouummfs �voould tlietm he

mul)Ouuf 30 (7 of flit’ o’xtnac’ellulan t’yc’lic’ A\IP

commmc’o’tit nat-ioin’s. Howo’vo’n, loom cyclio’ A\l P was

do’fo’cfo’d ins flit’ co’hls by the pnooto’inm kin’sase

assay. This assay was ses’ssitivo’ too 0.1 ,.�mt

cyclic’ A�\IP ins flit’ l�’sates, on 0.6 � oil the

c’oummc’o’nufnatioun in flit’ mi’sediumi’s. ‘Flit’ disenep-

anicy hefween the tnitiun’s an’sd direct assays

n’s’stuv havo’ l)t’O’ti duo’ tom subsfmomutial inuflux oil

c:ti’t’lic .,‘\,.i:\I j) foullomw’o’d l)y siit’fal)OOhiC o’outivo’r-
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TABt,F0 1

J:,;;,f�J.g(.(s(of’ uiorcpiuiep/ini or (I 0(1 ryr!ir �4 ,1!J� (hillel! to I/i(’(/l nun on oi, troi - oi iio! ej’tu’uro!!iiloir o!/oilo .-I .�lI’

In these experin’semsls 25 M1 oof pao’ked cells were stospetoded wit h 25 ,�i oil 0.154 u NooCi osnsd 0.01 ut Tt’is-

FIIC1 , pIT 7.4, amsd imscttboii ed foor 0, 30, (or (‘it) mssims its a I out al voolutsie �uf t lois isseditotso oif 24% M1 ott 37#{176}�t �

t-ai ni tog .50,000 #{176}‘l���ouf o’vo’l l(’ � 1.\I\Il� amsd t he oiddi t iootss msost ed bebo iv . The sotspenssio Otis were I boeto o’o ii It’d

rapidly to 0#{176}osisol o’emst rifuged . ‘Fhe cells ��ero’ resuspended i to 5(X) � oof isso’di utmi 010(1 1 mssnmedi oil ely o’o’moI ri -

fugeci again. This washimsg l)r000’edure was repeated ounce m’s’sooro’. Time cells were theno Ivsecl its 2S()�l oof wato’r.

The lysate amid tell supernootamst fractiomss were olssolye(l four o’vo’lir .\�\IP ootscl 11 . Thse tell gbooost s wo’re

dissomlved its lOt) ui i)f � foorossic ooo’iol at 1(X)#{176}arid I hiets oissaveol foor :011 . This woos mseglible, oinsol I lie reooool Is

are msoit ,shtiivmi . ‘Fhie domt ot I to I he I able represetot ootoe oof I hree experitssemst s I to whirho I hot’ ooiusool tot e resluonoso’s

to tuorepinephiritoe differo’ol hiut I Iso’ reboitive o’boootsges ito o’yo’lio’ �VmIP were iloosilam’.

‘l’ime of .-�d(litio)ns’ l,vsato’ \l c(liums)
incuhation ---- -- -�

NE. cAMP,
10 12it 18 �

toilcpni 25 j.o.l uinioi!cs/ iiti � Cpu! 250 �l null o!es
25 ,�I 250 ,.J

0 - - 111 <0.()0 <0.1 51,:3(� 0.01 0.05

0 + - 246 <0.tX) <0.1 48,1(X) 0.15 0.412

0 - + 42% <0.01 <0.1 52,4(X) 3.65 14.6

0 + + 246 t).t)1 0.3 .51 64$) 4.01 1(1.0

Mean ± Sl 257 ± 65 50,5(X) ± #{182}446

30 - - 1,2t’�5 <0.00 <t).1 5:3,�X 0.X) 0.tX)

30 + 740 0 . 70” 28 .0’ .o() , 420 1 . 23 -1 .92

30 - + 2,21% 0.00 0.0 46,6(X) 3.75 1St)
:30 + + 1 , 117 1 . 42” 57 .0” 50 (XX) 4 . 10 16.4

Meooms ± si�: 1 335 ± :312 :�(),2tX) ± 1 .4:31

(‘it) - - 675 0(X) 0.0 49,6(X) 0.01 0.03

(‘oO + - 2 , 103 0 . 64#{176}’ 25 . 8” 44 .401) 1 . 97 7 . 91)

(‘oO - + 1,313 0.00 0.0 .‘ot),SO() 3.95 15.8

60 + + 2,1(39 1 .70� 68.0’ 43,701) 4.25 17.0

Meoino ± SE 1,565 ± 7S2� 47,000 ± 1,74%

(‘V(’LId’ AMP EXTRUSION FROM REI) tELLS 94:’o

si000 I It’ (‘( 0150(151 rat n 011 I )V f i’so’ co’l Is o � a to oil-

tanouin’sanot- ton outs o’xtnmio’o’hluthmur n’sso’taluoslifo’ ouf

the cyclic [‘H]A\l P. ‘[his disc’ro’panuc’y himus

not b(’(’ni rt’stulvt’d, but flit’ dmifa in’s Tmihlt’ 1

do itmdicafe th’stut ouvo’n a 60-simm’s inicui)afio)ni

period at 37#{176}�)igo’��i o’nvfhun’ooc’vfo’s (lid nsot

accuniulato’ alul)nt’t’iahho’ mus’s’somus’sts oil extra-

cellular cyclic’ [‘HJAMP. Nom signuifieam’st

cous’st-s wt’ro’ assomeimmto’d with flit’ gluoisfs (dmita

tiot slicuwn).

The cells ins these o’xpo’nin’s’sessfs syntl’sc’sizc’d

cyclic A11\IP ins no’spomnsso’ too ssoono’pituo’plinin’st’,

and nm’soist tub fliis wmus o’xtnudo’d. Homwo’vo’n, flit’

(4414(00111 hfit 11)11111 thP lilPdililil (11(1 IlIlt I’i�1’

mu)O iV(0 I IflIt 111 t 11( (‘(‘hhs (‘I’ahhc 1 ) . \V f

booth tmton’t’pitit’phmn’it’st’ timu(h cyc’lic’ �:-\_:#{176}�II� ��o’no’

middo’d too flit’ n’s’so’diunui thuo’ imitnmmo’o’liuhmun o’oonu-

t’o’mut ratio ins 0 ii’ t iso’ smuo’ho’o of ide \\ti5 gn’o ‘out o ‘n’

thsanm �vhuo’m’sommil�’ nsooro’pinso’phun’mnso’� middo’d.

Sinsco’ this was sioot mmssooo’imito’t! w’ifh inmc’ro’muso’oi

:qj j� fist’ c’o’hl lo,’smmto’s, o’xfnao’o’lhothmmt’ o’yt’hit’

A \ I P pno’sun’smubiy o’ifho’n issh’sil)ifo’d o’xf nusio on

0 of th’smmt cyclic’ :\.\ I P 1)t’00(h100’t’d insfnmio’o’lhuhanlv

001’ stin’s’suhated o’vo’hic’ ;-\\l P pnoiduio’fiooss luy

flit’ no’d c’o’Ils. Tlio’ no’sults ituvoon fist’ hi�’pootiio’sis

thmit th’so’ o’xfnusiooro run000’o’ss wmis imih’silmito’cl

a Thue ahbreviat lions used its I hoe t ables ato(1 uigooreoo omre : N I, tsoorepi tsephsritoe � o’ AMP. oid(’mo(osi no’ 3’ . .5’ -

mssootsoophousphsate.

0, \Vhsems time t’esiolts foot’ I hoe I boree t’eplio’oite experitsso’tsts wet’o’ tson’immoilozeol, thso’ oi0001totilv oototl o’ooooct’tol too-

t booms ouf (‘yt’l I c :V\I J) i 15 I lie lvsat es ouf tells I tsr uhioit ed �vi t is boot Is m500repi nc’l)hlri toe oomid o’vo’l it’ A�oI P were

higher I hosts I Isoose i ts(’uhuolted wi I Is tooun’epi tso’plsri tie o)msly (p < 0.02 by ootsoolysis of voori oimio’e )
C The tsueams hvsoite o’ooonnts oit 30 osmod 60 miii to eao’hu dilIered frootss 0 multi , wi I hi p ‘( 0.02.



(‘ondi tit)flS

n,no’les 25 1d cells

0±0.01 0±0.01

0.62 ± 0.08 0.S4 ± 0.08

0.42 ± 0.04 0 ± 0.00
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ush’so’ns iS o.m�n o’yo’hic’ A:#{176}sIi�� middo’d toi tl’s�’

tiit’(!i tnm’ss. Htiw’t’ver, suit ono’ o’xto’n ssivo’ wo nk is
ro’qusit’o’d to) c’ounfsrn’si t his hy�)oithO’sis.

‘Flit’ ‘xt nao’elluhmor c’�’o’hie A.\ I P accuniula-

titus do’po’nudo’d 511)0055 flit’ n’s’so’tabomhic into’gnity

ci!� flit’ no’d tolls. Iomdomaco’tate (10 m’simI) aiim!-

isi’sO’(h o’xtnusious’s u�hilo’ reducing flit’ luooro’pi-

iuo’phun’inso’-isuchoo’o’d inst rao’o’llulmun ao’(’unuuhatioun’s

oil o’vo’hic’ A.\1 I� i)\’ onsho’ 30 #{176}� (‘Fahlo’ 2).

1”urfhuo’nnsoiro’, uvh’so’su flit’ c’o’hhs ‘svo’ne first instil-

bato’oi mit 37#{176}four 100 ni’sisu asud nonepis’so’plinisue

w’mis tiuo’ni mu(ldt’d #{241}mhhouwo’dby in(’ui)mu-tiouti loon

30 nuns mist mo’, tlmo’ o’xtrac’o’lhuhmin accun’suulmitiot’s

oil o’vc’hio’ A��sl P mu-ls’s’somst toutmuh!v dt’fo’nioora-to’d.

“FImo’ ao’c’tnmi’sulmu-tiooss oil inutracellulan t’V(’hic

A_:\ I I � isu rt’�)ol’sso’ ft 0 150 or’o’pn’s(’phnimuo’, hiotv-

0 ‘vo’n, \\mos ussin’s’spaino’d . ‘Flit’ o’xt rusit us’s pro oc’o’ss

\vtus 500 it do’po’nudo’nuf lipOisi \tm+ (o’xtnusiousm oil

t’yo’hio’ A2m1 P w’mis mus effo’c’tive in l)ufbo’nt’d

isomtounoio’ l’(’h mus in’s btiffo’ro’d 1”aCl) our upoonm

(�tu’� Io’xtnutsiosu wmis unih’sm’sn’s’spo’no’d in as’s

imit’uhumtfiooto miuo’(hiun’s’s coun’sfams’sis’sg 10 hiM

ethvlo’smo’ glyo’ool l)is(/3-an’suinmot’tlivl o’fhuo’r)-

_\_ , .V’-to’t ramio’o’tic ao’idj. Nour was the pnoocc’ss

s’sioudifio’d ��:“ ouuabaini (100 j.o�i).

Thuo’ c’vo’lio’ A#{176}sIP extrusions rate was ni’setis-

urc’d 1)\’ reni’soovin’sg co’!ls Incuni’s a- nourt’pisieph-

nine-c’oon’sfmuis’sinig mui(’ditln’s affo’n vm’snious tin’s’sc’s

of imso’ubmu-tiommo ; flit’ o’o’lhs uvo’no’ them’s rc’sus-

peni(!o’c! boon 2 nmism is’s iro’sh s’siedius’su co)smtainimug
10 ,u:\I smoon’o’pisio’pl’snis’so’ (F’ig. 1 ). No) m’s’saxin’sal

raft’ oil o’xtnusiomns wmis boousmd ; ii’sdeo’d, the rate

of c’xtnuisioin aj)pt’mmno’d too im’sc’no’aso’ with finie.

Thio’sc’ no’sults art’ inicomsssisfc’iit with the

ohiso’m’vo’d hissemon ac’t’umusttlmofiouss oil ext rtio’ellulmun

‘rABLE 2

E’Jj’eots of iO(!O(iO(t(ito (iui(! proi!OFiqe(! 1 nruuloalioiui (in

i!/i!ii .4.lfP i�i enyt1onooi�tes (uui(! mediiuuo

(‘elis were i mit’ tobioit ed ots deso’ ribed its MATERt A LS

ANti METHODS; clomta are means ± 1 SE with ii = 3.

Intracellular Extracellu-
cAMP lar cAMP

Cotstt’ool, :30 tulms

Ni-;, 10 /AM, :30 �

NE + iOi(100010’(’tOIl(’,

10 lOOM, 30 limits

(‘omit no ii ino’oobuott loots,

100 ns’sin ; then NI’,

10 �m, 3(4 Issimo (1.79 ± 0.0(3 0.04 ± 0.03

cyo’lie A.1\IP (1”ig. 2). Tl’so’ rmuto’ oil o’xfrusiomu

as n’sem’ssuro’d in flit’ expc’rin’s’so’nut oil Fig. 1 o’vi-

desutly t!id muout no’flc’et flit’ kinmetics oil o’xtna-

cellular c’yt’hic A#{176}sIP a(’eunimulmufiosu whet’s

cells wo’nc’ hoof waslic’d ammd t’xpoost’d boor a

hnic’f J)o’nioid too fro’’h n’s’sc’diumii amid isouno’pi-

s’sc’phnismt’.

In/u ibition 0/ o’ij(’lic -t uP egi’ess. ‘FIse c’f!’o’c’ts

oil visublast imso’ it�uo usi suoint’pinst’phin’imit’-st in’s’su-

lato’d muo’c’un’siuhmutioonu oil cyclic’ A)ol P in’s c’o’hls

monid mu’so’diunm’s mint’ shows’s in’s 1”ig. 3. At a toot’s-

co’mutnatioms’s oof 1 00 uAn Vmtii)ltisf isso’ n’o’duo’o.’d

inifnaco’hlular cyclic’ A\IP; this o’ffo’o’t ss’as rio

hunger tul)l)anO’sif at ltow’c’t’ o’onsc’en’sf ratio)sms oil

the mulkmuhooid, 1)1st at 30 minud 100 �oM O’omsut’t’mi-

tn’at it onus Vimui)lmist issc’ alm’s’soost to um’sijulefo’lv its-

l’sibitc’d flit’ o’xtrusioun’s oil cyclic’ A1\IP inufm flue

isu(’lil)at it mm’s n’sit’thii�onii. Stilh hou�vo’r o’ousso’o’n’sfna-

fi(Otis inihuihifo’d flit’ o’xtrusious’s hinooco’ss too h(’ssc’r

degno’o’s, ins m’sco os’so’o’sst ratio on’s-do’po’nodo’nst imish-

i(iti. Fxfnusioonu was n’s’sinin’smallv but signoifi-

eamstlv imuh’sihiito’d by 0.3 �ot vimml)hust use.

Vinuo’nist It’s(’ � oduo’c’d sin’silan o’ffo’c’fs (dtita

li(ut sh’souwss).

(1ooiciic’isuo’ mu-!soo uuhui)mtc’d o’xfnusiooss ; mit thi(’

sani’so’ t inmio’ if poufetltiato’(l tic’ sit ut’(’pmnlt’phmnisit’-

indtso’c’d o’lo’vmut iousi tub intnac’o’llulan cyclic

Ai\IP (‘Fmuhuio’ 3). At a high eossco’nstnmif-iois’s of

eoulo’hmic’inio’ ( 1 nsm�n ) instn’aco’llula-r (‘\‘(‘lit’ A)IP

is_mis o’ho’vmoto’d 37 r� ouvo’n the mumuioout’sf so’o’si

��‘it1’s n’stut’t’pisio’piit’isit’ t’sloisuo’, 1)l�It c’o)lchii(’isue

also slimmnpi’ ro’duc’ed (7� 0; ) flit’ egro’ss uf

eyelio’ A..\IP froomim flit’ o’nythuroueyfo’s. Th’so�

ituhibitiousi tub o’xfnusioumi wmus �)noogrc’ssivc’ly lo’ss

l)nt)luo ouisc’o’d mut lo o\vt’n o’omnoc’o’nitnafiomnus oof tluo’

drug.

(niseoofulvimm ( 1 n’s’s\n) nt’duco’d flit’ isoonepi-

mmt’pl’snitie-mtmduet’t! mitrac’o’llular mic’cum’s’sulatioun

oil o’yc’!ie A:#{176}sIl�, atud o’ven snort’ ii’sarko’dlv

dinsisiisio’d flit’ o’xtnusioosm oil cvcli(’ Aii\IP imuto

fist’ inmc’ubtutioomm ns’sc’diun’sm (Table 3) . Ext nusioomi

wmus muhsoi irshuibitc’d no’hm’stivo’lv ni’sionc’ fl’satu

cvo’lic A\l P t’sc’o’immi’suhmutioum’sin flue lro’so’suc’o’ tub

0.3 n’sm�i gniso’ooiulvis’s.

Papmuvo’nim’so’ ( 1 00 ,.�i ) mu’sarkedly augn’s’so’nmted

flit’ sit ono’pinuo’pi’st’isuo’-msuduo’o’d il’sent’aso’ tub instnmi-

c’o’llulan o’vo’hio’ ;\.)oI P ; mulm’s’soost ssoune oof this

largo’ muccumulat iton’soil cyclic A\ IP, ho owo’vo’n,

was o’xtnticlo’c! inutou flit’ ni’so’dium’s’s (Tmihle 3).

Lo owo’r to unco’nf nmifio ins oil Pmul)mivt’t’isie also

1)0 of o’ist iato’d flit’ o’ffo’c’f oil 5’sOon’o’pismephnisi(’0)5’s

isstrao’o’lhulan o’yt’hic AM P arid, at 30 �n, cx-

t rusio us o’oossf mnuo’d too bc’ s’s’soodo’naf thy is’s-
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FIG. 3. Effects of Vilil)laS/ mo upoui uiorcpiuirplorz no -iu,(lour((l (/iOui(/os of o ii /roirlliular (iui(l ex/raiciliuloir

cyclic �.tJIP

Time pigeoun eryth’sroocytes were imso’toh)ated foor 30 nim� mis (Iescril)ed its �o.i’r�itn�ins .istu METHODS. Coont-rol

incuhatiomos commsto’simued mseit her tmorepimse�uhri moe mooor vi tohulast I tie . ‘Floe ciomso’etot roil io mo of o’yo’i it AMP I n cells

exposed to 10 /2M norepim’sephrimme is calcotlated as 31 msmo’sooles msol of I)000’ketl cells, amid time o’oomso’entrottiouts in

the median’s, as 2.2 nsnsioles ml. Time coumocemot-ratloomisoof vimoblastimse adolcol too Ibe toiediutss are indicated

below the approupriate bars in the figure. The boors ro’presetot is’seoiris ± st ootmdoirol errors: o’oomst roil, a = 17;

norepitmepimriise, NE ,i = 2.5; msorepitoephritse + vimshjloistimoe, ii = 6. Asterisks imodio’oste voslmnes whsio’h are

significamstly dihI’erent (p < (4.0.5) from’s I-house obut otitmed wit ho t000rcpi moo’pbsri tot’ ooioono’.

hihifo’d. At 10 ,.�i, lucuwo’vo’n, flit’ muni’soiuumf 0)1

cyclic A:omhI1) extruded wmis bao’k too tlmmtt botinsd

w-ithu none�)it’so’plunit’se a!on’se (Tmuhle 3). Papm’sv-

enim’se abuse (it’. , uvifhuo out nmoon’o’�uinso’ph’sninse)

did noit causo’ amsv deteo’tmuhbo’ c’h’stumugo’ oil nod

cell o’�’ehic A\IP content. ‘Fl’sis wmus ahsoo loiumsd

w-ith-i the (if h’sc’n c’xt nusio osm ins iuiiiif omrs o’xmoni’s-

med mu this rt’point.

The o’ffecfs oil vii’shlasfimue mu-nc! papavt’riioo’

��‘ere sfudic�! in’s cells imscubmito’d Icon po’nitods

otho’r thai’s 30 sum (I”ig. 2). Thuo’ o’ounsc’enutna-

tiot’s oil Vihui)!aStis’se ehomset’s (30 ,.�n) did s’sot

chas’sge t lie smomro’pimmo’pininso’-itmduo’o’d 1)uildup

oil initrmut’o’llulan cvc’hie A\IP as coums’sl)ano’d

w-ith no mrt’�)i5’s0’pht’ilit’ alt onso’ , wh’sile h)ah)ttVt’nilie

( 100 �.m:\I ) augromo’m’sted t ho’ l’so)nel)mmuo’Iuhunis it-

indueo’d increase o)b initnmueo’llulan cyclic A..\ I P

cosmtem’st- o)ver co’l ls tno’a-t o‘d with iso int’l uis’seph’s-

nimic’ aloune. Bouth drugs manko’dhy inuhuibif ed

tho’ o’xtrusion’s ol cyclic :\.\IP immto flit’ nuuo’diumn

at all f-inmue in’stc’rvals studied.

Incubmition of flit’ ervfh’snoocyto’s four 10-20

mu’s with the drugs n’s’so’s’stioommo’d, lunion to)

exposure to nomnepmn’seph’snim’so’, did motif molter

flit’ oiumthifativo’ o’ffo’o’ts ooi the drugs. It (lid,
hiouw o’vo’m’ , t’xptist’ t’t’n’tmoiti c’omm’s’splt’xitit’s oil drug

a-c’tiooss lii of so’(’mu 0 otlso’n’�viso’. ‘Flue inutn’ao’o’hlular

muc’c’unimtilmufio oni oot (‘\‘t’hiO’ �\,.ioIP imu coils first

ii’scuhimito’cI with’s vimshulastinoo’ (100 Min), �vousiio’d,

m’sisd t l’so’ns o’xpo ost’tl too nitmm’t’I)ilmt’i)lst’inOt’ \vmtS

gro’mifo’n th’smtni flit’ mto’o’tinuutilmitioon’s ins o’o’lls o’x-

h)ti50’tt too sioun’o’pinio’�uhinimio’ muloosit’; nu shimins’s-
�vmmslio’cI o’o’hls mtf’to’n’ inscttbmutioims �vitis m,is’s-

1)lmistitit’ fist’ imotnmico’llunhmtn’moecunomulmotiomno tub

cyclic A.�mI l� no’mu’stuinoo’d clo’pro’ssed. Isuhsihitioum’s

tub t’yt’lit’ A�\l P o’xtntosiomn inst(i flit’ nsuo’diun’s

fronu co’hhs iirsf inso’ubato’cl uvithi vinuhulastinie

occ’unt’etl with hut ot is �vmishuo’oil anoci siummnmu-

ivash’seci toils (‘Foihuho’ 4). TIme inshiiuitiounu by

viniulasfinuo’ oil c’vo’hio’ A’sIP extnusiooms P’t’-

sist-o’d o’vo’ns moffo’r fwoo oor thno’e washso’s. ‘Flois

�s’mis ahsom fruit’ with vinicnistine ( 100 j.�n). In

(‘t’lls iniit iahhv imoo’tthiated w’ith iim’siumtvt’ninc

( 100 u�n ) mimic! thou with’s nucono’pimmo’ph’sninie, flit’

intnmio’o’hluhmir muo’o’uoniulmit it os’s oil t’�’c’iio’ A \ I P

�vas gno’ato’t’ th’smtnm in o’o’hls o’xiiooso’d too ssooro’pi-

iuepl’sninme mtloonst’; tin t’t’bt’(’f \\‘mus pn’o’st’nsf if’s

siani’s-wmoshio’d o’o’hhsmisu(l\vm’ss o’vo’ms suso on(’ prom-
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I,’JJ’co/s of ooilrh 1 i� iii c , yr i.s’eofiu Iii ii , ior /)O pa l(’Ti iii,

oupo)ui iioorcpn iieploriuie-iuitliuietl i’Jiauiqe.s’ iof

i,i/rarclliular 0iui(l e.r/rarelliul(ur i!/(1i( .1 lIP

‘l’hsepigo’ooms o’rythnooo’yies �vo’ro’ itoo’toiuomteoifoor 30

1551t5 its oleso’rihie(l I to sn�TEstn ..i ts -ix nu ME’I’lttitiS.

The roooro’pitoephs ni moe to omoo’emoI root0 tO � 1(1 to\t

Its o’omot rool I miconhmoot ioomos too droog woos presemsl . TIme

vool ito’s otro’ tsseootss ± st ommodarol erroors (ii = 6).

(‘ounoli tioons

0.04

0.82

T.umsmE 4

I��JT(’i’/.’ of i,,-iuba/io,, wi/li u’iii/ul(ixIi iIo� or papoiz’oriui(

(I ii (/ ‘0 oulu.s’eqoucii I wa.ilo u ii �i iipooii rc.s.poii sc of /.Ol(J( lout

or!Jlhroi’!,/c.s It) itoro’piutephriuio’

( ‘ebbs wo’re Ii t’st- I mio’tohmoit eol foot’ .5 nsi to wi I Is vi to -

bboost I rue our �uoi��avt’nmme (11)0 p\n ) , cerot t’ifugc’tl, atiul

1 hoeto resoospetsded ci t her i mufreshs mssedi tnno ( ‘ ‘woish ‘ ‘ )

Ott. lii hit’ onigitooil itso’iohatiooto tsmediiitii (‘‘shosiss

woosho ‘ ‘ ) . Noorepi mseplsri moe (10 toM ) � I Isemo oodde(I,

oitsd 1 ise tells �iere I mio’tihuoil eol foor 30 n�i to . i, = (‘o its

o’oto’bsgrooon�u.

(‘tinditioins � Intracellular � Extraccilular
� c.�MP � cAMP

� nnwles 25 � cells

i() . 70) ± 0 . 06 0 . (10 ± I) . 10

± 0.04” 0.05 ± 0.1K)’

�1.11 ± 0.08” 0.10 ± 0.01”

xl; 0.76 ± 0.07 0.75 ± 0.11

N 1; + l)ooluoovel’i moo’, �

‘olsoorn woosh -1 .60 ± 0.09” 0(X) ± 0.01”

NI; + poil)oovenimse, �

wosshs 2 . 41 ± 0 . 10” “ 0 . 72 ± 0.0.5

“ p < 0.0.5 (‘OOtsupoired wit h I ms(’uI)mitioonus carried

0 tot 551 t ho too orel)i moephrimue aboone

F’ � < 0.0)5 o’oOtsOJ)Oot’ed svitho itoo’tobootioimss itscboodimsg

tOOul’t’I)i nephuri moe amsol Iial)averine, folhoooi’ecl i)\’ sbsati’s

woisloi tog.

Uinsdimsg fhumut c’oolo’l’sio’iimo’ as’sd I)ai)avo’ninio’ lioi-

tesutiafo’d flit’ o’bo’vmutiomsu oil instraco’llutlar o’yelie

A\I P c’auso’d 1)\’ tmoono’pis’so’phnitit’ suggo’sfed

f-limit 1)00th mogc’n’sfs inuh’sihited flit’ red toll sys-

to’nui uvho’no’bm’ (‘\‘t’lic A\I j) is degnado’d. i’m-

ti’so’nm’s’soono’, flit’ fins(!ilig thmut wmusluis’sg flit’ o’o’lls

milton imst’ui)atiouli uvith visihlastim’st’ tumid papmu-v-

trust’ o’nmh’sanoc’c’d t lit’ sub)so’quesif iston’t’�umnst’ph-

ninso’-isidusc’o’d niso’ oil instrmuc’ehhumlar c’�’c’hic’ �

suggo’sfo’d thumit suffm(’io’mst drug m’o’m’s’smuiiio’d

within flit’ co’ils alto’n washing too in’sh’sibit

o’vo’lio’ A\l P do’gnadtutioosm. Tho’ro’bone the

o’xfnusiooms insh’sihifouns �vo’nc’ to’stc’d isi nod eo’ll

huoimsuougo’numito’s loin’ l)0i55ii)lt’ isuhil)if(ot’y o’flo’c’ts

0 u55 o’�’t’lit’ ,�-\.1\ I J) julio osphoodic’sto’rase.

Houi’sioogo’mimufo’s oil pigo’outi o’nythino oc’�’to’s, hike

mi’sanu\’oufiso’t’tissiio’s,c’oimutainsfuvom t’outuiptonuo’smts

0 o! o’vc’bio’ A�\ I P j)lit isphit odit’sft’rast’ act ivify as

mi fun oo’tio mi oil o’vc’l ic �\..i\ I I � co umico’nit n’at it in
(h’ig. 4). At bow suhusfratc’ o’oomsc’o’nmfrmutioonus a-

K,,, oil 12 /.L:00[ \\as o’stin’smato’d. Ao’fivifv tom-

finuuo’d too inso’rt’muso’ mut high’s cyclic A\I P co on-

0:32 ± 0.01”� 0.07 ± 0.01”

0.42 ± 0t)2” 0.12 ± 001’

(u.s-I ± 0)0)2 � 0)3% ± t).02”

0.02 ± 0.(XY’-

�0.55 ± 0.03

2.41 ± 0.1:3’ 01.0.5 ± 0.01’

1.82 ± 0.05”� 0.46 ± 004”

� 1 . .5.5 ± () .Ot’o” � () . (1(1 ± 0.0)2

“ p < 0.0.5 o’ootsipat’ed ssit hi I too’oolioil bobs o’oom’ried

intl s�i I I-s msoom’epi nejuhri tie oil ootse

nsootumueed ito �vashsed c’o’hhs. Cyo’lic A\l P o’xtnu-

siouni u�.as o’oun’siplo’to’lv i)looc’ko’d ins th’so’ shams’s-

\Vmishit’(l o’o’lls, l)ulf- this o’ffo’o’t was o’liniiisuafo’d

in�� oon’st’ �vashiing tub flit’ c’o’l!s (Tmuhlo’ 4). ‘Flit’

o’ffo’o’fs oil o’oolclmio’in’so’ amid griso’oufuslvinu (luoufi’s

1 s’si�n) nptmiu o’xfrusioomu uvo’ro’ mulsoo o’hin’sinsmoto’d

bY a sinuglo’ wmush’sin’sgoil flit’ coils. Thins flit’

o’xtnusiooms iilooc’kado’ inmduico’d ��:“ flit’ lili(’O

muhkalooids w�mis isoot no’modilv ro’vo’nso’c!, whuilo’ ti’so’

t’xtnusioon l)lomekado’ imucluc’o’cl by flit’ oothso’m’

drugs was no’adily ro’vo’nsil)lo’.

Inhibition of (‘!jcli(’ -i ilJ� (legra(lation . ‘Flit’

94S KING AXti MAYER

(‘oomol rooi

N l’

NI; + coolo’hsio’inie,1

tso so

N I’; + o’odchio’i toe,

0.3 nmsm

N I’ -1- o’odo’hsirine,

0.1 nusm

(‘ommot nob

N I

Nl�; + gniseoofulvims,

I nsM

N l’ + griseooftnlvimo,

0.3 151M

N I’ + griso’oofoslvits,

0.1 roost

(‘ootst rool

Ni;

NI; -1- �

100) �sm
NE + l)ooluooveni too’,

30 pM

N I; + luapoover moo’,

10 toM

Imitnmocellular Extracellular
cAMP cAMP

uzunoles 25 pI cells

± 0.01” 0.025 ± 0.01”

± 0.06 0.�) ± 0.0.5

1.12 ± 0)0%’ 0.1% ± (1.01’

0.9% ± 0.03’ 0.62 ± 0.02”

0.81 ± 0.t)2 0.69 ± 0)04

0.0:3 ± 0.01”, t).02 ± 0.01”

0.5.5 ± 0.06 0.3% ± 0.04

0.01 ± t).00’

0.64 ± 0.02

N i;

Xl; + vitohubosstitoe,

shooitsi s�.oosho 0.4%

N l + vi mohuloost i toe,

woosho
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Ill ii ii) 1 / u00 of piqooui rd tell plioixpliiodio’s(eraxe

0 200 400

�\.(‘t ivit \� %%.o�5 isseoisoot’eol at 37#{176}oms hootooougo’msotto’s

oof cells i to I hoe liresetso’e oof 30 toM o’vo’lio’ A\I P.

\‘oiltoes are I he tsieosmss oof del ern’simsat bonus ott four

I ims’se imsteo’voils olioritsg ltso’ith)ottlooto ttp Ito 30 tssito.

Proodooct ftot’tsiooiioimiivots oob’svotvs himseour svitho timsso’.

See M.-iTEHOit.5 ANti METtl000S foor foont her deso’nibu-

titot-o oof the oossav o’oomsolit iomms.

Inhihitor (‘oncers- � Velocity Inhibi- I’;sti-
trati(un lion mated

600 800 1000 200 � __
I/s to.t! � pin’les � � � pIt

� ,ni?1_ #{176}25
� � p1 cclls#{176}

Noonoe � 92.5±4.7” 0)

Pal)averi nit’ � 10 �61 . () 44

� 101) 24.0) 74 11

10(X) 16.6 82

I�o 20-172-I 10 70:3 24

- 100 27.0) 69 :33

� 10(X) � 7.5 92

Theoophovl- � 10) -98. 1 0)

limoe 100) 78.3 15 >10(X)

10)00) (13.5 31

\-‘imsbbooslimse � 10 79 . (‘o 14

� 1(X) (11.0) 34 3:’mO

� 1(100 34.5 6:3

Codo’bsiritie � 1(1 72.2 22

� lOt) .53.8 42 270
� 10(40 :36.4

“ Si x rebulio’oit C o’xpeni mssemsl S ± SI os.ntlarol o’rno or.

CYCLI(’ AMP EXTRI.’SION FROM HEn) cELLS

Fit; . 4 . Liuieweaz’o’r-Biurk plo/i of p/io).s’plio(Iies/er -

ase a(’/ it’i/1, 0.Of pigeoui rot] (�o�ll liOulio)q0’ui(i/C.’t

Thue inuset displomys the activity l)artlY pbootteti

ton the extreme left side of the longer graphs. Cell

o’omstensts were diluted 6-bold its the assay. The ummit
of veloucitv is l)iCtmli’s01eS per n’simittte I)(�t’ 25 tol oof

cells. Suhst nate comso’erst ratioumus roinged frootss 0.2#{176}.)

toM too 3.0 �s’ssi. V,,,,,1 atmd K,,, were o’alculooted fnotos a

lim’sear regressloon ansalysis proogranu’s loon the Wamog

462 calcoslattur. Imsctohoitioums o’oumsditions are deso’ nibued

further in MATERtALS AND METHODS.

centna-tioins too an’s estinu’safed V,,�, 40 tinuo’s

gnemi-f-o’n, with a K�, oil 2 i’sion. Drugs �vo’no’

festt’d with a subsfrato’ eoin’seo’iufrafiooni (30

..�i) siniilar tom flit’ c’yo’hie A\I P eoumio’o’n’sfnafiootu

iii the cc’lls stit’suulated liv m’souno’pismo’�)hrims(’

for 30 mum (Tablo’ 5). Papavo’nis’sc’ �vas bounud

to i)e tho’ tiutost l)totc’s’st phitusphoudit’sft’tast’

inhihitour, with mit’s o’stiniato’d IC�oi oil 1 1 j.o�n,

foulloowed In’ flit’ in’sidazouhidoono’ R(O 20-1724.

This sUl)stassc(’ mij)pO’ane(! toi i)t’ lo’ss t’fft’t’tive

as at’s in’shuhifout oil pigc’out’s o’rvthroo’vfo’ phuous-

phodic’sfo’nase that’s has bo’c’I’s no’pourfed loin the

rat- c’nytlinoevfo’ o’i’szvs’sio’ (1 1). Tho’ouphvlhimso’

was a very �veak im’shihifour. Bouth vimublastinut’

arid c’omlchiciiue �vo’ne wo’ak im’shihifours. ‘Flit’

nature oil isihuil)itiouti i)\’ vinb)lastimso’ was

exani’sisut’d in’s niomrc’ detail. This agc’tsf humid

soul-s-se oil the c’lianaetenistio’s tub a lioomit’tonu’spt’ti-

tivo’ itsh’sihifoon at c’ommico’m’sfnatioomms oil 100 �n our

lo’ss, I)Ut at a higher coon(’c’msfnatiomsi flit’ dmuta

w’o’re iuoof- itito’npno’tahlt’ tin’s a I)ixomn’s Iilomt

( dat-mu noif shcown’s).

Thesc’ results with Iialjmuvo’ninso’ miro’ o’oono-

sisfo’n’st with its c’mil)mueity too nmuiso’ infnao’o’llulmir

cyclit’ Ai\IP in’s nouro’pim’so’ph’snino’-stiiuiulmuto’d

cc’lls (l’ig. 2; Tables 3 arid 4). Tho’ in’shsihitoorv

actio us’s 0 ml colchicino’ out’s l)h’stosplioidio’sfo’raso’ at-

high’s c’oncc’t’stnafiomsus is assouciafo’d with’s to

simi’silan o’ffo’o’t tisi instmic’t tolls (‘[miblo’ 3). Floriv-

o’vo’r, in’s sit oro’�iinit’phininmt’-stiiiiulafo’tl c’o’lls vim-

i)ltisfis’sO’ no’tmunded flit’ buildup tub inmfnac’o’llular

c�’c’hic A.\I P at fist’ higl’so’sf c’oonuo’o’n’sfratioon’s

uso’d, 100 p�i (I”ig. 3), which is mui)ouut tune-
loiunth its o’stimi’smuto’cl I(’��� boon 1ui5��5Plioodi0’s-

terasc’ (Table 5). It sh’soould ho’ nouto’d fiat

tl’so’ isihibito on�’ effo’c’fs oof boufli vir’shb:usfinse

and (‘tOlO’hic’isit’ 0055 iilit usiih odiesto’naso’ uvo’ne

do’nnounssf rabbo’ mit 37#{176},f-ho’ to’nnpo’nmuf-uno’ at

w-hic’lu mill isstmuc’t coils c’xpo’ninu’sc’nsts �vo’ro’ p�’r-

borm’s’sed, l)ut roof at 30#{176}(dmifa nuoof shoown).

Effects of ol/iei’ (irugs on cyclic A ,1IP e.nlru-

SiOfl afl(l re(l cell ,fragility. 1�l’so’ drugs nio’sm-

fit onuo’d mii)OiVO’ i’smivt’ mull i)O’O’ti no’po ot’tt’d to u be
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capal)k’ oil prouduiciiig sTietmil)l’smise m’srno’st (12)

amid, t’xt’o’pf for lial)avO’nmnit’, t’i.tss o’ithc’n l)isid

ft-i i’s’sicncutul)ules on 1)neciPit aft’ micnoutuhuhan

protein (13-15). Although pro obo’nuecid himis

sit-ut bet’t’s no’iuoonfo’d to) liavo’ suo’h’s o’ffo’efs, mit

100 � it isshuihito’d flit’ c’gno’ss oil c’yo’lic’ A�oI P

fnosu’s pigeon red c’o’lls, as no’pomrto’d luy 1)avoino’n’s

am’sd Sufhc’nlmind (1) asud o’oonsfins’s’so’d liy us.

Ofluo’r ago’sits were t(’sfo’d loin juoossmi)le mibihity

toi insh’sibif c’yo’iic’ �\..i#{176}o1Po’xfnussioono brooms’s pigo’oumi

erythuro uc’\’fo.’s, St om’s’so’ (o Iuimsmuo’ninso’, quits mit’,
quissiditso’, o’isloiro obounn’s, mumid touluo’s’so’) mint’

ki’sown tci prouduc’o’ mi’st’tajulimust’ minno’sf (1 1 )

otliens, like pnoil)o’s’st’t’id music! phio’sstol no’d, mint’

at’tivo’ly so’ero’to’d In’ flit’ ro’ssmul fuhu!o’s (16).

‘Flino’o’ tot’ fh’so’so’ migo’nts- oluinuimoo’, o1uisuidinut’,

amid plio’mstml ro’d (mill mit 100 �n) - - gno’atly ins-

hihifo’cl e�’o’hie A.�\1P o’xtnusiooms from’s flit

I)igt’outs no’d o’o’ll in’s fI’so’ pno’so’nso’o’ tub mioono’pi-
suo’pl’snimio’ (7 1 (.;, 71 o;� , minid 60 � , ro’spo’o’-

tivo’ly). Phessoul no’d sini’sulfmumuo’oously dooublo’d

t-lio’ nuouno’pinueplininuo’-is’sduc’o’d builduii oil mit nm’s-

c’elluhar o’vehio’ A)IP. Tiso’ hatter was uss-

ehal’sge(l oufto’n quis’sino’ amid quii’sidisio’. �

(utho’ns- - i’l’shoonooboonnu’s atid tooluenio’ (hiothu at I
nun)-----alsoo imuhiihitc’d o’xfnusioons , butt iii addi-

titus’s inihibito’d (to) mi lo’sso’n do’gno’o’) tl’so’ instna-

o’t’lluulmtn ao’c’unu’sutim’sfitusu tub o’vo’hio’ A...’\I P. ‘Tlio’sc’

ago’nufs did ssoot imuhihif flit’ do’gnadafiouns oil

o’vchie A)! P l)y ro’d c’c’hh huoun’soogo’nsmito’s.

In’s tests oub rc’d toll inagihify it was iooun’sd

t luat 1)a-pmovo’nisio’, evo’n irs louw c’ounoc’enst nmut it onus,

stabilized flit’ nod o’o’hls too isvpou-oosm’s’soofic

ho’miiolysis ; at mu high c’oonc’emotnatiois ImtIia\�-

critic induced ho’n’sioilysis (l”ig. 5). (1hlour-

pnoimiiazimuo’ alsou had this o’ffo’cf. l”unnflio’rsusomre,

I muM eoiehio’inoo’ alsom jonooduco’d a do’gno’o’ oil

sfmul)ihizafioono tub flit’ n’o’d c’o’ll. It is imu’sI)rool)mui)lt’,

isouw’o’vo’r, fhumof j)aj)avo’nihit’ aiud co olo’hio’inso’

rt’duco’ c’�’ehio’ A.)I P o’xtnusiomni iv ‘ ‘nmoun’s-

5l)0’(’if1(�’’ ns’so’nu’shurmunio’stmubihizafioonu. \\‘t’nc’ such
a n’so’c’huasumss’s’s oupo’naf ivo’ , chit mnpnt oniiazitse

shiouuld aisom inohiibif tlio’ extnusiounu 1)noc’o’sS

it. did miot, out o’oinuc’o’nsfrafioomus cob 10 amid 100

;2:\I. 1”urth’so’nn’soono’, niom pnoofo’o’titon’s migmusust

is\’j)OO-tismOiO of it’ hio’musoolysis was o’oonsbo’nno’d upton’s

flit’ c’t’hhs i)v visslulasfn’so’ (l”ig. 5) ton’ i�’ niouno’pi-

sio’phsninso’.

DtSCUSSION

‘Flit’ o’xf nusio uns oml c’vo’hic &\ I P f’nounu’s J)igt’�u5’s

o’nythiroueyfo’s 515(0111(1 i)0’ o’xanuuino’d in flit’ touts-

[ DRUGJ,�,M

Fit;. .5. Lifer/s upont rc(1 (‘elf fragility of (‘(mit/u-

(�0 il(’ , i’iill)i(i.S’/iiio’ , piip(ii’O’riiio’, (I ui(i chiorprouuoaziuie

‘[‘hoe imso’orbatiomno nosedimtsum (‘oom’ssisted oof 0.40��

NoiCl its 1 rooM Tris-1ICl, pIT 7.4. Washed erythro-

o’vtes (100 Pb) were added to 1.9 nil of medium;

I lie’ result itsg suspension � mixed gemstlv and

I hems I too’uhoot ed at roooutss t etsiperat mnre for 30 ns its.

‘FIst’ sootsuples were thems o’emst rifinged, and the ouptieal

obo’mosi t it’s oil I he soopermooot omnt- sooltit iootss were nseas-

otre(l oil 540 moss . Commit roil lsems’sols’sis os’as 49 ± �

(tooeoimo oof six detenissimoatiootss ± statsdard error);

oil oothso’r dmotoo P00it0tS ii = 2. For 100� lmemiioolvsis,

tolls were itio’tlI)Iited its distilled water.

to’xt omi flit’ ouvo’r-all turssoven oil flit’ nucleo-

fit!o’ ins th’so’se coils. “Fho’ne are ct’rt-aiss hini’sifa-

fitimus it’s do’tens’s’sim’sinmg cyclic Ai1\IP tunn(ivt’r

fm’omn’s fist’ data oiitmuimoo’d huo’no’. omit’ cmi tlueso’ is

tlstut w’e niade miou direct s’s’sc’asunenies’sts oil

c’yo’hie A\I P furmuovo’n l)mis(’d on lm’sho’hing oil

fluo’ intnmuc’o’hlulan ATP. Is’s fact, wo’ liavo’ not

o’xo’ludt’d flit’ l)tussil)ilifv that- adenylate

o’yo’hmiso’, as a s’s’so’n’sb)ras’so’ t’tizyioie, can’s Icorni

t’yo’bic A�\IP tui’s both sido’s oil the m’s’seml)ramie.

Drugs tsimuy selo’etively inhibit ext na-cellular

c’�’chic A.�\I P go’no’ratioin. This would be ins-

0’Oonno’o’f ly imuto’rpno’ted as itihihifios’s (ml o’yclic

A:�\l P o’xtnusion. \Vo’ du not havc’ flit’ o’vi-

do’si to’ t 00 sii�ipomnt such’s speculations.

Asuouthc’n hini’sifmufioosu is that we dom s’sout kisouw

tho’ voulun’so’ oil dist-nibufious’s tub intnaco’llular

cyclic �&i\I P. This hin’sits flit’ relimubihitv (if

do’to’rsu’siiuim’sg synthc’sis, do’gradafioss, amid cx-

frusiouns nato’s. Thic’ muppanesit vc’loocitio’s oof

fl’so’so’ to om’sipo os’semifs cob c’yo’hie A.\IP furnouv(’r

(Tmtblo’ 6) n’sust ho’ o’oisusidc’red with these

linusitatiosus il’s n’sisid. ‘Flie c’apaeif-y too c’ounvent

cvo’hie A\IP to 5’-A\IP appc’ars foi he adc’-

oiuafo’ loon all flit’ cyclic AMP bounn’sed is’s

no’spo must’ toi 5ione�)inieplinine. Exf-rusic)l’s m’so’ver-

f ho’lo ‘ss oico’urs mit mip�)roixitu’smttc’1v hall t lie

nato’ tub synithic’sis, amid n’s’soro’ cyclic A)�IP
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TABLE 6

Processes iuivolve(i in cyclic A�TiP tuiruuot’er �!/

pigeo)ut crylhroc p/es’

Process Rate

pinoles fl1jfli

25 � cells’ at 37#{176}

1. F’orniatio�ors wit-h-i NI’
Intracellular accursittlatioun

(Fig. 1) 33a

Adenylat-e o’yo�loose [()ve

and Smtthenlamsd (17)] 25

2. l)egradatioums

In intact cells
Phosphodiestenase 92

3. Extritsioni
Ext-racellular a(’ctomula -

tion (Fig. 2) 15�

Rate n’s’seasurenments (Fig.

1) 25a

(0 Based tots changes measutned

:30 ts’sin ouf ims’tibatiouro.
0, No data.

dtnrirsg the first

appears is’s the n’s’so’diun’s’s tham’s remaisss in’s flit’

cells within 0.5 hr alter flit’ addit-icon omf

norepinephrme. Tho’ rate of extrusiomu is

difficult too o’stimu’sate bo’eause oil flit’ diso’no’p-

asucy l)O’t\VPeIi tho’ rt’ulf.s ouhtaiiio’d who’ns

cells went’ expoused contin’suciusly to nouno’pi-

nephnine amid whet’s o�’xtrusioin ‘s�’as suio’musured

alter expomsune to) fresh t’s’sedium cont-ainuinug

the cateehoulami’sine (Fig. 1). No attesiij)t was

mnade tcu o’xplore further the reasons boor this

inconsisto’ncy as it might ho’ relato’d tom

im’saetivat it iii of i’sO)nt’pitiephim use or fonnuat it on

ol a diffusible inhibitor oil (‘yclic Ai\IP ox-

t nusiouss during inc’ubat ions.

The extrusioun mi’sec’l’sasuisi’s’s is a labilo’ onso’,

hut dino’c’t (‘vidc’noeo’ flimit if is mus’s mucfivo’

process, mugmuinst- a (‘0 oneo’s’st ratios’s grmudio’t it-,

u�’as roc)t. oobfaii’sed. Extrusion oil cyclic A)JP
could 1)0’ ii’shuil)itO’d eitl’sc’n by iodouac(’tato’ our

1�Ii3’ pnolongc’d isicuhafion. Th’sc’se o’ffo’cts mint’

prouhably siout the ro’sulf oil ATP do’plo’ticusu,

because o’xf-nusioun ooc’eunned in flit’ mubso’nico’

(if glycolysis amid ATP wmis wo’ll n’smuinutmuinso’d

during isicuhatiosu. Extnusioi’s ‘su’as mulsom in-

hibito’d when t hue c’xt nacellulan concei’sfrmut it on’s

cml cyclic Ai:#{188}1I�was nmuised fou 15 j.�i (Tablo’ 1),

suggc’sfisug that o’ffl ux nmit o’o a-s e eo mist-noolbo’d

by the eoos’scentratiou’s gradient across flit’ c’c’ll

n’sc’n’shnasuo’. Althooughu tutor data add fou ti’so’

jonc’vioous t’videnc’o’ c’oumuc’o’rnuinsg flit’ nuatune (if
cyclic A\IP extrusioutu, flit’ thesis that it is

an muctivo’ pn�o(’c’ss still awaits secure j)routoi.

I”unthc’r wcurk, th’sc’ro’bcmnc’, m’siusf ho’ doone too

o’oitahhish th�� pouitif.

Houw dou tl’se o’xtnusioons in’sh’sibifors prouduet’

thom c’ffo’cf-? Tlio’rc’ art’ sc’venmil PtusSibihifit’s.

( )iie p(ossihihity- -ii(umisl)O’eific’ ni’sen’sbrane sf a-

i)il izat icosu- so’c’mu’ss ruled oout . Amiothen possi -

bihitv is 1)mnding tub the drugs to the o’ryt-hrou-

c’ytt’ n’sic’nouful)ubo’s. I”urfho’r support loin flu’

n’siienoutuhulo’ hypothesis is cincumi’sstam’stial.

Tho’ Vinca alkakoids anud c’ulch’sic’ii’sc’ havo’

bo’o’si show’mi to bind to n’sicrot-ubule sui)usnuit s,

amid gniso’ofuivin niay also hind too fuhuiini

5UI)U5’sits (lS) and c’aro disrupt flit’ su’sitootic

sI)iiudl(’s oil dividinig (‘(‘11$ (19). l”isualby,
certain 0otho’r extnusio’sm’s itihiihitours--papavo’n-

itit’, (ltlitiihit’, quinuidin’so’, t’liloro olouni’s’s, must!

f culueno’- --canu murno’st tuiit-o isis at nu’sc’fmuph’sast’, mi

cc’llular ti’so’ehumus’sisni nu’sc’diaf c’d iv nu’sieno-

ful)ulo’s. It so’�’n’ss jiOossil)lt’, th’st’si, that the

o’xtnusioon tol c’vc’hic A.)oI P iroonu’s flit’ pigo’oni

o’rythnooc’vfo’ do’po’nds ltI)oisi flit’ integrity oof

flit’ mnic’noufuhuio’s. II soo, flit’ fitidinig that

s(’Vt’rmib omi flit’ t’xtntisiton inoliubitons tint’ al.sou

j)liO osph’so odio’stet’ase inuh’siiuitoons nimuy jut’ nusore

fhans o’ooisso’iclo’ntmii. Tho’no’ mint’ dmifmt whicli

suggo’sf f limit flit’ lit ulyn’so’nizaf ioomi oml nuieroi-

tui�iulo’s in i’ir(i emino ho’ pnoom’sioofo’d iuy cyclic

.A:\I P (20 --24). Ii sou, mi c’!ouse mussout’iatiotu hut’-

t \�.t’o’n 0 n’sio’no otubulo’s mind c’nzynu’sat it’ muc’tivity

whic’hi do’gnado’s c’yo’lio’ A?oIP sisight. hut’ mimi-

t ic’ipmutt’d, o’spo’t’iailv simit’o’ tiuio’n(uttlh)uIl(’s mint!

o’vano’sc’o’nuf oorgasuehio’s, c�uit’kly lourn’st’cl frouns’s

pno’-exisfisug subunsits amid quickly dissipm’sto’d.

Thus clntsgs which I uinsd t oo nu’sierot ubules ssumty

wo’ll it’ o’xpo’c’to’d tom affo’c’t flit’ muctivit-y cob muni

o’nzvniio’, such’s as �ul’somsph’soodit’stenmosc’, w’imit’h

n’sigl’sf so’nvo’ tou no’gulmutc’ flit’ su’soonuio’n’st-fou-

n’s’soun’so’n’sf stat us o ol nu’sic’ncoful)ulc’ sfruc’f tort’.

This o’sofino’ argunu’so’muf is I)lmtt0!d iso jo’opardv

liy fist’ firsdimog fhumit mmsio’nootusi)ulo’Sc’zus lie

assehi’sl)lO’(! in vitro \Vifhiouulf a-mis’ alul)arO’nif

nuo’ed four o’vc’lie A’uI P (25-27). ‘Flit’ o’oonidi-

dif it onus ool th’so’sc’ o’xjuo’nisno’nuts in i’iii’o, lit ow’-

o’vo’r, o’misi so’morcc’bv 1)0’ c’oossc’o’ivo’d to) o’xist in

living tolls. If renuumuimos too luc’ do’nuioonosfn’muto’d

that flit’no’gulmifioonstub nuiicnootubtiio’assenusiuhy

mind diisas’iO’nu’sl)l\’ in limo ro’oluiro’s ado’niylmuf e

cvo’lmuso’, t-’yt’hio’ .A::\ I I �, amid Ph00 Osphio mdio’sto’rase.

\Vo’ dom sooot wish’s too oovo’rsfato’ fist’ nsmieroo-
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t-ui)u1l0’ hivpo uthso’sis, hit ow’ o’vo’n’ . ‘Flit’ subni’so’nuu -

i)raiue im-tyo’r oil nuiiet’tifulitslt’s oil pigo’ouss o’nyth’s-

noc�’to’s domo’s nit it (‘mso’oos’smpass flit’ o’nstine o’o’ll

it lournius m’s ninug, mu nuimingimimul lmumsdio’, at fist’

eo’iI’sPtmit’sftot’‘svido’stdimims’so’to’m’(5). FIso’wluo’s’o’

flit’ t’o’hl m’s’so’ni’sbnminso’ is muoot suoiulayo’ro’d with
5uiit’t’ttisl)uIO’s. So’vo’n’muh no’c’o’nsf o’oossiis’sunsio’mt -

fit onus hiavo’ o’mu’sphsmusizo’d thimif itnnso’fiounss mustodi-

fic’d liv �l 7tcca molkmulooids misid to olo’lsic’inoo’ cmmnunioof

miutoun’smifiemollv lit’ o’xiuhainso’d mis i’unio’f ioomis

siio’cliatc’d hi’ niic’noufubtnio’s.

��nuotiso’r juoussibilify is fismut t hit’ o’xft’tnsio ins

ituhuibitoons mief by binidinug tou isouns-fusiuunhiso

Iuntoto’imus w’ithuino flit’ o’n’vfhunooo’�’fo’ s’sio’n’s’siinanuo’
ifso’lf’. (‘oilc’iiio’iiso’-iuinsclinsg I)n’tmtt’iti is l)t’t’St’sOf

ins tho’ m’s’senulurminio’s oil musmims�’ tolls (2S, 29).

l”un’fho’ns’s’soono’, mis \Vunido’nbio’hs ci a-I. (30) limuvo’

slit o’svns , t hit’ hiimsdinsg oof to oit’lmio’isso’ too toll

miio’mu’si)nmuns(’s t’o’nuclo’n’s flit’ nsso’s’silun’aiso’ n’igid,

inuipmuin’insg f ho’ suit ovo’nuuo’uot oof nno’muubnamso’ to onus-

iuomnut’mufs ; flit’ samno’ moitthiouns suggo’sft’d thuat
this nestnlf nimoy ho’ dint’ too flit’ binsdissg oil

0’O olo’huic’inuo’ to o nuio’mu’si mnmonuo’ bunt mto’iti (s) ivith’s co ml-

c’h’sicinio’-iuimitlissg pn� oluo’rt it’s sinuiilan’ tom flit’

stibusnfs out’ nuiit’I’ofttl)Ult’s. Such’s I)ntott’ini(s)

0001.51(1 milsoo, fh’so’nu, iuimscl I uu(’a milkalomids m’srod

oofh’so’n ago’nuts which’s iuimid foo nuicnootui)ulo

subutnsifs. ‘Fhis kimud omi imstt’n’mic’fiooss ho’f’svc’o’iu

ligminsd tumid nio’n’sbnmunuo’ c’ouinld ‘svo’hl ho’ flit’

l)miSIs oil flit’ o’ffo’c’fs wo’ hiavo’ ooiuso’nvo’d. The

hiko’hih’sououd oil this is o’tuhuasuo’o’d by flit’ oobso’r-

vmifioonis out’ #{176}slizo’l amid \Vibsooni (31 ) that

t’ooic’h’sio’isuo’ cans isuhuibit mmuno’lo’oosido’ uptmikt’ insto

musanuimuimihimums t’o’lls.

‘Fist’ drug o’ffo’o’tsw.o’ luavo’ oobso’rvo’d ni’smov

lit’ toiti t’omti’splt’x tom lit’ attnibunto’d too mi simsghe

sift’ oii mit’tioiss . Tho’ lo’vo’l oof to mniplt’xitv oil’

f lit’ diffo’no’s’st drug acfioui’ss t hio’mu’sso’lvo’s appo’ars

too vmuny. Papavenin’so’ alit.! viishlm’ssfimse ouffc!r

o’ho’an t’xaniiplt’s oil this. Bouth drugs isuhihitc’d

c’yt’hic’ �&#{176}sIP o’xtrusioomu mind inihubito’d plious-

l)iutudit’sto’nasc’, In’s additiomsi , vim’shlm’ssfisio’, in
high c’omsuo’o’n’stratioum’s , also o inhui)ito’dI flit’ muomr-

t’j)inso’piinisio’-indueo’d buildup tub isitnaco’llulan

cyclic A:�� i P ; this o’ffo’o’f was no’vo’rso’d by tone

wmusluinug oof the co’lls. The sam’sio’ washing did

isout , lit owo’vo’n, nc’vo’nso’ flit’ o’xt rusiounu blomc’kade

hiy vinshhmustino’ ; in’sdo’o’d, it unuiuimisko’d flue

o’vido’nsco’ that in’s flit’ in’stmic’t co’il vinui)lasfisio’

o’ifh’so’n ii’shuibift’d I)litmsl)liodit’sto’nmust’ our aug-

ms’so’sifo’d flit’ s’o’spoonsso’ tub mido’msvlat o’ c’vclase.

Hoowo’vo’n, flit’ fisiclinug that cyclic A)1P

o’xtnusiounu ‘s�’as im’shihito’d iv Vimuh)lmuStiisO’, ‘svithi-

tout mu o’o’hlulmor isu(’nease iii t’yo’lio’ �\,J\IP over

o’oomoft’ool vmoluc’s (1’ig. 2) [in f’m’sc’t there ‘s’s’mts a

t!o’t’n’t’tiSo’, (slumum’s’s wash, ‘Fal)lc’ 4)], indicates

itihuihiitiooii tub d’\’clic’ .A)IP founn’s’satioomu l)y
\‘inOl)lmuStisiO’. ‘Thus flit’ (h’itgs sismiy i)e oipo’nmifive

mit issulfitulo’ sift’s, 1)00th witliisi flue cell mmd

jun’tmbmilily mit flit’ io’i’el oil flit’ o’o’ll miut’niul)nmitse;
t 11(50’ miiulfiplo’ sift’s ooi topo’t’mifitusi mssav ins turn

insfluo’nuo’o’oulso’missoifliet’.

Noot mill tl’st’ o’xtnusitosi insl’sil)itoms’s mitfo’smuated

t hit’ 1mno’moktlow’is oof c’yo’lio’ �\..i\ I P. ( )noo’, l)hio’miOl

tool, Ismis ssouf l)O’O’mm no’luoot’fo’(I too hiinid to

nusio’no it i.�ti uinlmtt’ i)1’tmf(’ims tot’ too isshuiluit nuuitomsis.

Ro’gm’snc!lo’ssoil niiomdo’oil’at’tioono,ooutn c!muta

o’lo’mot’ly insc!icmito’ that o’bo’vato’d tissuo’ cyclic

� I P t’o osso’o’istnaf lt)fls iii no’spt niso’ to o tro’at-

nsso’nof with’s mu drug suc’li as �umupavo’nisio’ n’smay

jut’o�1uno’iitit oossly tom isuhibifiomis oil jihutoslihso-

dio’sto’t’muso’(cm) l)tlt alsto too ituhiibjtioimm oil the
o’gt’o’ss tot’ o’yc’lit’ A1\IP ft’ousii flit’ coIl. _\.. siniiilar

thi�ial o’ffo’cf muuav lit’ iut’o’dio’ted boor o’oolc’h’sic’isie.

)olmimuv t�’hio’s oil o’o’lls o’aii boonmuu c’�i’lie Ai\IP

monod thou no’lo’aso’ flit’ msunc’io’oofido’ isotcu flie

inoo’tnlumitioons muso’dius’s’s (2). It uvihl ho’ ouf iiofo’nest

too So’o’ whmo’tl’ser flit’ drugs do’sc’niluo’d it’s this

no’poont m’slsoo moffo’ct flit’ t’o’lo’miso’ omi t’\’(’li(’ AJ\IP

f’roomui coils oofhc’t’ th’samu flit’ �uig(’ooi’s o’nytli-

no toot o’,

‘Flit’ iinsut’tiouni out’ flit’ vo’nv muctivo’ pigt’oii

rod o’o’hI mi(!O’ssO’lmitt’ o’yclaso’ svsto’nu’s no’nu’saisss

uiso’lo’an. If nu’stuy ho’ related to) Na+ tnmtsuspourt
(32). ‘Flit’ t’utist’fiooii oil flit’ extt’usioois iut’�c’t’ss

i’,o milsoo unnuo’lo’an. Is flit’ o’xtnusioosu sisuiph’ a

s’s’so’aiis wh’so’no’h)y flit’ co’ll rids itself ooi o’xc’o’ss

c’�-o’bic A�\I P? On niighut flit’ o’xfnudo’d o’yc’hic

A:’�l P o’ann�’ mo m’s’so’ssago’ Iron’s flit-’ nod toll to

soumumo’ oothuo’n’ toll typo’? Ii sto, tou ‘so-limit o’o’hI, mi-mid

ovhiat is fhuo’ nio’ssmigo’?

It muimiy w’o’hl ho! fliat cyclic A1\I.P o’xtnusiooss

cano ho’ isiiuibitt’d in’s so’vc’nal ways in’ drugs;

Omit’ oil fho’so’ w’mivs ni’sav is’svoulvo’ m-oo’tioonis

‘so-it hiss t l’so’ o’o’hl s’s’so’nihnano’ amid/on nut o’rac-

tiousis with mic’roututhulo’s, and may thins ho’

so’iisitivo’ fou such ago’s’sts mis flit’ Vinca alka-

bomids amid o’ouleliicis’so’. A.ssoitho’n n’so’c’hiasuisni

mu’say m’slso o’xisf w-ho’ro’bv drugs can’s imiliihit

o’xfnusiounu, mind this I)I’tm(’t’ss suiiglit hut’ flie

(unit’ miffo’c’to’d by Pnoubo’nuo’cid amid Plit’sitml ned.
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