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Time onmtogemmetic development of the regulation of ademmviate cyciase by adeumosine and

catechmoiamines was studied mm slices of cerebral cortex of rats from birth to 18 days of

age. Incubation of slices in the presemice of 100 ,�ii adenosine did not lead to an increased
aocummmulation of cyclic AMP ummtil time fifth day after birth. Time magmmitude of the respommse
to adenmosine then ilmcreas(’d gradually to maximal ieveis by day 15. In contrast, respommsive-
no’ss to catecholanmines did not develop until 1 1-12 days after birth, svhereuponm the system

attainmed maximal responisiveness withiim 2-3 days. Pni(Ir to the development of semusitivity
to catecholarnimmes alone, combimuation of norepinephrine with ademmosinme resulted in p01-

temmtiatiomm of the ability of adenmosine to increase cyclic AMP levels iii the slices. The cata-

lvtic activity of adlenmylate cyclase, measured in cell-free homogenates of rat cortex, was

suubstammtial at birth and iumcreased 3-fold by day 20. The results suggest tsvo alternative
inlterpro’tatiolns: either the adommylate cyclase of rat cerebral cortex undergoes a progressive
dievehlpmmment of responsivenmess to eatecimolaminmes or there is a distinmet class (If adrenergic

receptors involved in time potentiative effects of norepinepimrirme and another (‘lass svhich
nmedimmtes th( effects of norepimmephrimme alomme.

NTROi)UCTION

Timere is nosy aimuple evidenice timat mior-

epimmophmnimme, a putative imeurot ransnmuitt er
substanmce mm time central nervous systeimi,

canm cmminse aum inmcro’ase in the adenosinmo’ cyclic

3’ , �‘-immonophospImmite conitent of braiim (1-5).
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Furthermore, there is evidence timat eate-
cimoilammuinc’s can alter time electrical l)rOPertieS

of both po’nipheral (6) amid cent md nervous

systenm (7) imeuroums by a umm(ciuaimismmm mm-

voivinmg aim increase mi time cA\IP3 colnmto’nit of

such mmeuroinms. There also is sonic imidication
timat the glial cells of brain commtainm adenylate

cyclase systems that are act ivat(d by cato-
e’lmolamimmes (8-12). Sucim observmmti(Inis sing-

gest timat cAMP may mediate certaimm mmeu-

2 Tho mihhreviat ion used is: cAMP, adenoosinio

cvclic 3’, 5’-nnoniophmosphmmmt e.



1)EVELOPMENT OF REGULATION OF BRAIN A1)ENYLATE CYCLASE 775

rclmi-mmo’uronm immto’raetioums as svell mis I)molvide

the i)misis for a mnechammisnm svhcrei�’ nmeu-

rommai activity could influence glial cell
nuetai)ohisimm (8, 9, 12). Thus thmere is mum

increasimmg i)0Idiy of evidence in support of a

rolle for cA\IP in the regulatiomi of the fuumc-

tion of the mmervous system.

In a previous eonnmunicatiomu (13) �

report eel l)LImt ial charactenizat �(Iti (If t lie

adremmergic receptors inuvolved imi the ro’gumlmi-

tion cif tim( cA)JP e’omitent of rat cerebral

cort(’x. Timo results immdieated that mmom-

epimiepimrimme could imiteract svith two differ-
ent types of receptors (sinmilar to alp/ia

and bela receptors) to cause a rise in cAI\IP,

but thmat isoproterenmol appeared to elicit its
effect upemu iumteraction svitiu only the beta-
like receptor. In order tOl cimarmictenize’

further time admenmergic receptors of rat cero’-
bral cortex, time ommtogenetic developiument
of time respommsivemmess of braini slices to

both ne)ro’pinmephninme and isoproterenmol iuas
been (‘xammuined. Since tiuere is evidence thuat

adeimosi tic caim imifluence the responsiveness

of braimm slices to catecholamines (14-16),

we aiso exammuimmed the development of the
response to adenosine and to the conubina-

tion (If mmorepimmephriiue and ademmosiume.

Timeso’ experinments shosv that respoinsive-

ness of time adenylate cvclase system to

adenosimme first appears 5 days after birtim,

wimile sensitivity to mmorepinephrimme aimd

isopmotemo’nmol develops sinuultamueously 11-13

days aftor birth. However, prior to time
developuumemmt of semmsitivity to time catechol-

anminmes, conubinations of Imorepinmepimrine

and adl(mmosimme result mm potemmtimitiomm (If time’

effect of ademmosine.

METHODS AN!) MATERIALS

Tissue preparation. For time first few clays

after births it is difficult to define jireciso’ly

the hinuits of time cerebral cortex of the rat.

Thus care ivas taken to dissect time super-

ficial layer of the cerebral hemispheres (a
layer about 1 mm deep) iii a reproducible

manmumer. By clay 5 the (leVelopment oif

distiimct aimatomical structures is sufficient

for accurmmte identification and dissection

of time cerebral cortex.
I �regmmamit Sprague-T)asvley rat S 5V0 ‘me’ ptnr-

(hmmsedl fnoini Simumommsenm Lmuiloratomio’s, line’.,

Gilroy, Cal., mimmd millosied to give birth iii

our ossn aniummal facility to assure arm ac-

curate determinatioimm of age. Thmere was nmo

attenupt to equalize litter size, which ramiged
fronu 10 to 14.

Pups of eitim(r sex were decapitated, amid

time c(’rebral imonmispim(res were quickly me-

nuoved and cleamised of superficial vascula-
ture. The ceroi)ral c(Irtex was dissected

free ef other structuro’s, sliced with a 1\lc-

liwain tissue chopper iimto blocks approxi-

mnately 0.26 X 0.26 X 1 .0 ummmuu, then sseigimed

amid suspemmded at 50 mg of tissue per nmilli-
liter of Ringer-bicarbonate buffer (1).

Witim very yoummg aninuals, experinumenmts

usually required pooling of four to six

cortices. The slices svere incubated for 20

nmimm at 37#{176}ivitim shmikinmg iii a Dubmmoff
nmcubator under ani atmelsphere of 95 %

()2-5 (� CO2. Thme�� svere timen wmishied
ts\ic( by ceimtrifugation at 600 X q feim 20
see, resuspemuded in time (Iriginal voluimie of

buffer containing 1.0 K1i/ml o�f [‘4C]adeniime

(5S mCi/imummuole), ammd immcubated for 60

mini. The labeled slices were washed three
tinmes in buffer 1)y centnifugationm at 600 X q

for 20 sec and thenm resuspended in time
originmal volummue. After dispersion ilmt() 3.0-mimi

portions in 20-mimi vials, the expe’rimommtal
incubatiomm svas started. The various agoimists
were added ium smmuall volunmes at zero time.

l)uplicate 1 .0-umul sanmples were removed

fronm time inmcubationm v(’ssel at time appropriate

tinme (30 mimi unless desigumated otimersiise)

and quickly cemitrifuiged (600 X y for 20
sec) at roonm temperature iii glass hmonmogo’mmi-

zatiomm vessels. Time sumperimatant fluid was

decanted, ante! the packed slices svere ho-

inogenized iii 1 .0 nil of 5 % tnicimlormicetic

acid. I mmcubat iomm commditiomms were carefully

reproduced frommu expenimemmt to experinment,

especially with regard to variables wlmieh

might affect the ouxygemmatiomi of the slices.

Thus time commcemmtrmitioni of slices was kept
at 40-60 immg/mni of nnmcubation nmixtunre,

and tho’ 95 #{182}� O�-5 #{176}“CO2 atmosphere wmis

carefully iimmiiuitmiimmd’dl, as was time mate’ of

shakinmg. rFhme 20-nil inmcubatioim vials hmmol a

diammueter of 25 iiiiii miumci ahsvavs c(Ifltaiiied!

3.0 miii. If larger immcub)ation vcllunmes svere

requnired, largo’m vessels were used SdI as to

uuumiinmtmiinm tue oqunivmilenmt veIhmnle-to-surface
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J. Schultz, J. P. Perkiums, aund J. l)alv, unto-

published observatioums.

mmmcmi ratiol. Time t(’nmlp(’rmiture of mill imicuba-

tiellmS 5VI15 37#{176}± 1#{176}.

Purification and mneasui�eineii I of cA �

The 5 % trichloracetic acid hmolmogemmat(’s

were cenmtrifugeci at 18,000 X y for 10 mmmiii,

and time Superlmataimt fluid svas tramisferred

to glass vials. Time tricimloracetic acid! wmts

renmoved 1)1’ three e’xtmmtctionms svitim 4 volumnmio’s

of svate’r-saturated ethm(’r ; timemm the r(sidumal

ether si-as boiled off. Time approximately

1 -nil saniple si-as made 0. 1 N ivitim HC1 amid

addled to a 0.4 X 4.0 ciii c(Ilumlmmm c)f Dowex

50 timat had b)eemm svmmshmed siitim 1.0 N HC1
amid thmo’n siater. A fractiomm commtaimming ATP

amid A1)P3 sias e’lumtedl by time’ sequmemitimml

addition to the coluummnm of 1.5 nil of 0.1 N

HC1 and 1.5 mmmloif water. Timo’ cA\IP wmis

eluted svith 3 volunme’s (1.0 nil eae’im) of

svater. A 2.5-imil portion of thus fractiomm simis

lyophilized anmd takenm up iii 50 .ol of wali’n

mind 10 .�l of mm5 nig/umil solutionm e)f cAi\IP.

r#{231}� smmmmiplo� ms-misspotted on ETS1 1(Iii cx-

cimamigo paper, amid cA\IP was isolato’d by

clescenelitmg o’imrommmatoigmapimy ivitim 10 mmmii

soehumumm suc’cinate h)uffer, pH 6.0, for mii)oilmt

4 imr (17). TIme cAMP spots svere visualized

nuder unltmaviolet light, cut out, amid coumited
b)V liquid scimitillatioin spectronietry. rfho,

reniainimmg 0.5 nil (If time l)osvex colimumim
o’luate si�as missmtyedl for cAi\IP eoumteumt by
the iS()t(ipo’dilution mmietlmod of (ilmiianm (18).

I mmtimo5( experimmme’nts inidivielual elet (‘mmli -

natiomms (If time recovery of cAMP sieve umot
performmied. An average r(covery factoir svas

obtained l)\’ eletemnminat io in oIf tho’ ro’coivemy

of knmosvti aimmoammmts of [‘4C]cAMP mmddeel to

(omitrol samples (niot lmiI)elo’di svitii [‘4Cj-

adeniinme) which si-crc cmimried throiuglm the
enti me purificationi procedlure. l�ecovemy

averaged $0 ± 7 � thmrougim the Doivex
cohunnmmnm stop amid 65 ± 7 % througim the

ETS1 cimmommmatographmy step. The ro’sults

presented below obtaimio’cI svitim thmo’ [‘4C]-
mido’mmimmeprior labeling assay (2) hmive’ i)eemm
corrected fo ir these average reco ivo’rie’s.

\rl for timo relativo’ cont(mmt of cAMP

are exprossed mis po’rcetmtago’ (0 Hi VO ‘msiomm to

[‘4(1]cA\I P. Sucim values represent (colunits

per immiumute of cAMP X I00),/counmts per

� Time nmidioact ivity ito this frao’t ioni is coiuiipoised

priumuarilv of .kTP (90� or mumore) munichADP (3-W

uuum(ler t ho exporinmenit mu coniditiouus described.

uimiiiute of (ATP + cA�i\1P), aim expressiolm
svhmichm imoruimahizes the data for variatiomms iii

time degree of labeling of c(’Ilular ATP.
EJmmel(’r the comiditiomis of labeling used in

these studies approxinmately 2.0 nnioles oif

[‘4Cjademmine are incorporatod imito the ATP-

AI)P jio)d)l. This fractioim represemmts about

85 � o�f time total trichmloracc’tic acid-soluble

radioactivity of the slices. Tho’ degree of

inmcorporationi of [14Cjademmiime into ATP-

ADP varied (2.0 ± rauige’ of 0$ mmmmiole/nmg

(If prciteimm) iii different exl)erilmlemmts. Van-

muticin of labelimmg siitimiim a simigl( cxperinmeumt

svas immuch less, with individual values ins-
unallv rammging siithminm 10�� of time nmieani.

Time levels oif cAi�uIP repelrto’dl imem(’ amid iii

mi �)leViouis paper (13) mire miboiut 10 timimes

those observed mm slie(s of rmut cerebral

(.‘OmteX by Rail amid Sattini (3) aimd mll)out 3-5
tiimmo’s time values ol)ttuinm(’dl by Schultz ammel

J)alv,4 biit mi time smiiiio’ ranmge mis time’ vahuno’s

oi)tmmumi(’el by \‘,(‘iss mmiid Stmadmi (19). ‘ITimo

specificity oif our assay j)reldedluro’s foir cA1\IP

limos bieo’ui estmiblisheci previo )lmsly ( 13) . We

iiimVe, uieiss carried out cohlabiorative st uchies

witim Schultz amid I)aly3 in mmmi mitteumipt to

iclo’ntify the differences �ii elunr rosults. It

mi�)pemir5 that the differemmt le’vo’ls of cAii\IP

olbservo’el mmro’ clue mmot te) niethocloloigiemmi

coummmie!o’mmutioimms 1)ut toi clifforo’nmoes mm time rats.

IIi 1)Olthi lah)oImmutories Sprmigune-I)awley rmmts

sic’mo ‘ uso el . bunt t ime’y sio’me o ii Itmu i t 1(’(i fr iuli

different sources. I)espito’ these qunmummtitative

(hffo’r(’nico’s sv(’ hmavo’ mmrrivcd mit o’ss(’mmtially

tho’ samimo’ cotmchmsions mms Schultz munch I)mily

svhmenm simmiilar experimemits were carried

(lInt.4’

i later ials. Xorepinephrimie (L-arterenol

D-hitmimtrmute), miclemmosimme cyclic 3’ , ;)‘-mouio-

l)il(ISI)hmito’, (S-’4C]cAi\I P (52 mCi nmmmmole),
amid [S-’4Cladeumine (58 niCi/nmmimole) wore

purchased frommi Schsvarz/ i\ [ammn. DL-Iso-
proto’mo’nmo d HC1 ssas purchased frcimmm Sigumma,

propmanmolol HC1 svas obtaino’d fmoimm Aye’mst

Laho ira t ones, mind pheimtolanmumme imiesylmit e

(Regitine) si-as obtained fronmm Ciba. ETSI

ioini exchmmnmgc’ paper was punrclimise’d frommm

Ro’eve Angel.

.1.Schiunltzamid .J.1)alv, iiersouial coiummummuuuica-

t i(iu I.



RESULTS

Developnment of responsiveness to catecli ola-

mines. The time course of developnmment of
the stimuhatory effect of norepimmephrine amid

isoproterenol on the accumulationi of cAMP

by slices of rat cortex is showim in Fig. 1.

The change in cAMP content was nmeasured

by the [‘4C]adenimme prior labeling niethod

(2) (Fig. 1A) and the Gilmami (18) isotope

dilution assay (Fig. 1B) omi the same sam-
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Fin. 1 . ()ntojenetie d(Pel(ipiiieiit of re.spoii.siveiiess of rat cerebral (or/er lii ealcehobani iiio’.s

A. Effect of 30 �.uii norepinmephmrimme (NE) or isoproterenol (ISO) onm the accumulation of l’4Clo’AMP.

B. F:ffet of 30 �oii uiorepinephrinme or isoproterenoil ion time accumnulation of cAMP measured by the Oilman

assay. Both mussays were perforimied o�n time same smumple mit each poiimit indicmuted. This experimenmt is

represeumtmutive of mutotal of four similar experimmmemmts. The bar mit the bottom oif emicim graph represemmts
the mmmemmuiand stammdmmrd error for mull determinatioims (ii = 56) of the i)asmil level oif cAMP in all four cx-

perimiments. Individual dmitmi p(Iimmts shioiwmm withiinm time bmmr, as well mis timose at day 10, represemmt the avermuge

of duplicate determinatiomms. Synmbols with vertical bars represemmt time average of founr determinmationms ±

stmsnmdard error of time unemuti. Svnubols coumuiected 1w mu vertical line represenmt duplicmite determinuations.

The results mit 45 ± 5 elmivs represenmt time mivermuge (if eight deternmitmmutioums ± stmunmdmurd error of time mmmetun.
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pies at eachi day inmdicated. Witim either as-

say procedure it is clear that time catechola-

mines had mmoeffect omm cAMP content prior
to day 1 1 , svhereupomi the response to both

agonists increased svithin 2-3 days to) aduilt
levels. Maxinmally effective coimcemmt rat io Ifl5

(30 p�im) of bclth miorepimiepimrimm(’ amid iso-

PrOterenol svere used iii these o’xperinmeuits,
and the results indicate that mmorepinephmrimie

is the moire pois’erful agommist. This also) svas

the case svhemm the effects of mmor(’pimiephrimme

amid isoprotereumol ivere coiiipared usimmg
slices from adult rats (13). Basal levels of

cAMP did not change significanmtly during

the course oif developmemmt.
F’ronm conmparisons of the two assay pro-

cedunres such as shown in Fig. 1 aumd in

numeroums eIther experiments mmot shosvmm
here, it svas concluded that either methold

provides essentially the saumme measure of

chamiges in cAMP conmtenmt. Thus we have

used the tss’o assays immterchanmgeably.

Effect of adrener#{231}jic receptor blockade. Time

data shosvn mi Fig. 2 demonstrate the in-

hibition by phenmtolammmimme and propranolol of

the response of 14-day cortex slices to

norepinmephrinme. Time alp/i a receptor ammtago-
niist pheumtolaniimme is a potemit inhibitor

(EC50 , approximately 0.1 ,�ii) hut produces
mmnmaxinmal inmhibitionm of only 50-60 % of the

3.
a
4

0

0
U

rc’spe)mmse to mmorepinephrinme. Time beta re-

ceptor antagonist proprammolol also is a potemmt
immimibitor (EC50 approximately 0.3 j.tii) aimd
causes a greater degree of immhibition (85-
92 � mi three experiments) than does phen-
tolaimmi nme. JJmmder these experinmenmtal condi-

tionms propranolol deles imot abolish time effect

of nioirepinephrimme. Hosvever, the effect of

isoproit(renol is i)loicked conipletely h)V

propranmolol (Table’ 1). Phemmtolanmine does

mmot sigmmificammtly inmhihit the effect of isoi-

I)reltereniol.

TiulLi: 1

Effects oif phentolanoioe (1(0(1 pro pranolol on rise in
(#{149}A�fj� i’oiiteii( elicited by isoprotereool iii slices

of cerebral cortex from 13-day-olol rats-

Antagonist cAMP

Control Isoj)roterenol
(30,LM)

pinoles ng protein

Nouoe 62.8 ± 5.2 345.0 ± 93

Proprmsnuolol

(30.omi) 60.() ± 4.6 62.8 ± 2.1

Phenitodaminie

(30 /2\t) 64.2 ± 1 .8 294.0 ± 24. 9’

Not signmificmuuitly diflerent (p > 0.1).

Propranolol( JIM) Phentolamine (JIM)

Fmo;. 2. Effects of pheiololamiioe (110(1 proproinolol on rise in {‘4(’IcAMP elicited in sines- of cerebral cortex

from. 13-day-old rats by 30 j.u.u norepinephrine

The hmurs labeled C indicate [‘4CIcAMP commtenit itt slices immthe mubsenice of munv drugs. The results,

wimich sunimmmarize two experiments, are expressed mis time avermige of four determimiat ions ± stmuuodmorol

error of the memutm. Time experinmmetmt was cmurried (mutt three times, with similar rosults.
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Fio. 3. Ontogenetic (/CleiOp)itent (if re.s-ponsi reiie.s.s- of rat cerebral cortex to adeno.s- lie (4 I),S) (10(1 to coni -

bi,oalioio (if adeno.sz ioe and norepi ooeplirine (.VE)

Whether alone or mm consi)inmttion, norepinephrimie was presemmt at 30 MM mint(1 mi(letioisinle at 10() MM.

The results showmm for mmorepiniephrine alone are the same as showuu in Fig. 1 ammd are included toi ettipha-
size time synergistic mt ermut ionm. The use oif the symfli)Ols is the sanme as in Fig. 1, wit im time except iomti t immut.

the results at 45 ± 5 days represent time nuvermuge of six deternminmmutions ± stamudmurd error of time nmiean.
This experiiuiemit wmus (mirrieol (iumt twice, wit im similmur resunits.

J)cvelopinen I of respons iceiiess to allen osine

and to (idenoSille plus flO)reJ)inep/lrifle. Sensi-

tivity to 100 .�sm adeimosimme was first observod

at day 5 amid gradually inicreased to aim oil)-

timal respoimsiveiiess h)y mui)OUt day 15

(Fig. 3). Time responiso’ to) adenosimie declined

sommno’svimat by time 40th day afte’r birth. Al-

though nmomepinmephrinie chic! umoit cause’ a misc

mm cAMP contemmt prior toi clay ii, oim clays il,

8, amid 10 the comhinatiomm (�f 30 �si nor-

epi mmephirimme arid 100 ,�ii mmdemiosirmo’ n ‘suited

in a marked potentiatioln of time effect of
ademmosine alommo (Fig. 3). Time’ syuiemgistic

response si-mis mmot seemm mit dmiy 3, mu stmmge of

developnic’nit svhmemeimm iieit her mmorepiniepim-
rine imor adermosimme mmclcled alone emmusoel a misc
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J. P. Perkiuts mutud M. M. M(ioire, uuuipuiiilished
ob.servmut iomis.
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FIG. 4. Adenylate cyciase activity in homogenates

of (lem’elop�1og rat cerebral cortex
The cerebral cortices of rats at the ages mmdi-

cated were removed amid frozen. Forty-six days
after the start of the experimemit all samples were

thawed mind honmogenized in Trios- HC1, 50 ummM,
p’1 7.5. Aliquots of the homogenates were assayed

for adenylate cyclase activity by a modification

of the procedure of Krishnua et at. (20) as previously

described (21). S, activities measured in the pres-
ettee of 10 mM NaF; 0, mi the absemmce of NaF.

Each poiuit represeuits the average of duplicate

deternminatioous. The adenmylate cyclase activity of

adult rat cerebral cortex honiogenates iui the

preseutce ammd absenuce of NaF is shown for 100 ±

20 days. The average and the ranmge of about 40

iumdividuual values mure shown.

mm the cA\IP level However, by day 5
the conmbinatiomm iimcreased the cAMP level
2-3 times over that produced by adenosine

alone. On day 12 or 18, when the respon-
sivonmess to miorepinephrine alone is fully

developed, the comnbination still elicited a
synergistic response.

Development of adenylate cyclase activity.

Figure 4 shows time development of adenylate

cyclmise activity assayed in broken cell prepa-
rationus of rat cerebral cortex mm the presence

amid ah)sence of XaF. At birth there svas sig-
nificant basal enzyme activity, svhich in-
creased to a nmaxiunum by days 16-20.
Theremifter the specific activity of tho’ en-

zynme ummmdorsvommt a slosv decline. Time effect of

addition of NaP (10 mit) to the assay mmmix-
ture was mininmal during time fimst 16 days,

but mm preparatioums from adult rats ae’tivity

could be stimulmited 2-3-fold i)y Na F.

1)ISCUSSION

A previoums study (13) estai)lisiied timat iii

slico’s of mudult m:ut cortex time rise in cAMP

0

elicited by norepimmephrine is mediated by

both alp/na- and beta-like adrermergic re-
ceptors. Thus it was pelstulated that the tiimme
course of the developnnent of their expressionm

might be differemmt . However, sve did not

obtain any indication in these studies of a
differential developnme’nt of these two re-
ceptor populations. Iii fact, the response to
norepinephrine, svhich stimulates both alp/ta-

and beta-like receptors, and the response to
isoproterenol, svhich stimulates only the
beta-like receptors, developed sinmiultane-
ously. Furthermmmore, the same pharmacolog-

ical characteristics used to define the tsvo
types of receptors in slices from adult rats

( 13) also svere demmiommstrahle in slices from

young (1 1-18-day-old) animals.

Although norepinephrine alone had imo

effect on cAMP content prior to day 11, it
did cause a poteritiation of the effect of

adenosimme as early as day 5. The assumption
that an adremmergic re(eptor is involved in

this phenomemmoli is supported by the ob-

servation that the potentiative effect of nor-

epinephrine, hut not the effect of adenosine
alone, si-as blocked partially by propranolol

or phentolamimme and blocked completely by
a combination of both antagonists.6

It svould be of immterest to define the rela-

tionship, if aimy, hetsveen the adrenergic
receptor rnediatimmg the potentiative effect of

norepimmephrine and the alp/ta- and beta-like

receptors which, after day 10, mmiediate the

effects of norepinephrine alone. In this re-

gard there are at least two possibilities.

I’irst, the type’ (if responsivemiess to nor-

epinephrine oi)served froni day 5 to day 10
and that observed afte’r day 1 1 could sim-
ply represent different stages iii the ommto-
genetic development of a siimgle type e)f

catecholamimie-seimsitive adenylate cyclase.

Rodbell (22) has postulated that hormone-

sensitive ademmylate cyclases are conmpoised of
a hormone discrinmirmator (receptor), a trans-
ducer, amid aim amplifier (e’atalytic unmit). The

term “transducer” is used to denote “that
elemetmt sshich couples events elccurrinmg at

the discriminator to events taking place at
time mimplifier.” The acc�uisitioimm of seumsi-

tivit-v to) catecimolminmitmes alonme coiulcl inmvolve
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a chammge in mimmy of time conmpommemmts of time

emmzynme’ systenm.

At timis tinme sve have imo expermmemmtal

evidemmce which supports an assurnptiomm that
time receptors are related in the mmmanmmer

described. \Ve have ol)served that the re-

ceptor mediatiiig the potentiative effect of

mmorepinmephrinme Imas nmore alp/i a-like than

beta-like clmarmmcto’mistie’s, iii that it is more

effectively blocked by phentolamnine than
I)y propranolol.6 Thus, if a relatioumsimip does

exist, it nmore likely siihi iimvolve time alpha-

lilU� receptor, svhich ummediates time effect of

norepinephrinme alo)Ime (13).

Arm alterimative possibility is timat the
potentiative effect o)f norepiimephrimme mind

its effects milone’ aro’ mmmediatec! by emitirely

differemmt ademmvlate cvclase svstenms, svhmich

perhaps develop mm different types of cells.

The enzyme svsteumm timat is inmitiallv ox-
pressed at clay 5 caim be cimarmicterized mms umot

respoimsive to mmorepimmephrirme alolme {mie)r-

epinephirimme ( - )1 but responsive to acleumosimie

[adeimoisine (H-)] amid respoumsive in a synmer-

gistic mmmanmmier to a ce)lmmbimmatiomm of mme)r-

epincpimrimme amid! ademmosiime [symmergisimm ( + )]
This pattermi of reginlatiomi is quite similar to

that reported (23) folr time ademmylmite cyclase

of aduilt guinea pig cerebral cortex, which

also cami best be chmmracterized as norepnmephm-

rine ( - ) , adeiiosimme ( + ) , amid symmergisumi ( -f- ).

1’urtherummore, in 1)0th Sj)ed’ies time P0t0�mmtimi-

tive effect oif mmoirepinepiirine is ummedimmte’ci J�r

a receptor thmmt is moire alp/ia-like timmimm

beta-like.

Time 0‘nzvmmme svst eumis that dev b ip mutt em

10 clays iii imit cortex c’mimmmmoit 1)0 chmmirac-

terizec! conmpleto’ly mit present. Howo’ver, in

explmmmmt cultutres of slice’s of imewhommm rat

cerebral cortex, imorepimmepimminme cause’s a

30-GO-fold immcrease iii cAM P c’oimmtemmt, w-iiicim

cami be’ cimmiracterize’d as norepiumephmimme (-f)

(beta-like receptor), adlenosinme (-), ammd

synergisnm (� ) .� Sue’h resumlts suuggest that arm

ademmylmit e cyclase system svit ii similar chmmir-

acteristics pmobmtiily exists mi Imoruimal rat

cortex amid nmmiy r(’preS(mmt the beta-like svs-

tenm thmit develops mmfter clmuv 10.

At this time thero’ is iumsufficiemmt evidence

t() differemmtiate betsveemm the two possibilities

discussed ai)0IV(, and we mire e’oumtinuming our

examinmmtmolnm of time phamnmaeologie’mil char-

acteristics of the various ademmvlate e’vclas(’

systems of rmtt cerebral cortex.
To ummderstand! time fuumction of cAMP iii

the cerebral ce)rtex, it svould be helpful to

know time cellular localizmmtioimm of time cmute-

cimolanmirme-semisitive aclemm\-lmito’ cvclase (s) eib-

served iii these studies. Timere is evide’nmce

that certaiim types of mmeuromms (6, 7) as sve’ll

as glia (8-12) may eommtaimm such adeimylate

cyclases.

The ontogemmetic elevoleipnimeuit oif t he glial

comiipoiieiit of rat e’erehiral cortex iias been

studied by Brizze’e et al. (24), svlmo foumldl

that the I)roPortioni oif glia iimcreased fm’oimm

less than 20 % of time’ totmil cell miuumiber at

10 days tO) about 50 � in adult eomtex at

50 clays. r1�i greatest imie’memtse oe’c’umrod

gradually elurinmg tho’ timimd to eigimtim sv(’(’ks

of po)stmimitIul lifo’. It is muppmireumt fmoiim ()ur

studies that imm rat e’o’rel)ral cortex thio dc-

vc’iopnmemit of resI)ommsmivomless to cato’eimo ohu-

iiilIi(’S iS mmot directly related to tue rmite of

proliferatioum eif time glimu. lii fmuot, time’ vo’mv

abrupt immcrease froumm e’mssemmtimully zemo to

immaxiumial responsivemmess in mis little mis 2 (layS

suggests thmmt time immcrease is not due tel run

imicromise mi tho’ Proi)ortioim of mmmiv j)mmrticulmum

tV1)e of cell h)Ut is clue t(I time clevelopnmeimt of

time svstenm in cells alremmclv present.

We have receimtlv reported that ole’stmuc-

tioim of time adrenergic nerve’ emmdiumgs in rat
cerebral cortex ssitim (i-imvdroxyd pammmimie

leads to aim immerease in time semmsitivitv of time

micleumvlmite cyc’Immse to) losv c’omme’emmtrati(iums of

exogo’rmous miore�)iIio’pliriime (25) . This efio’ct

ssas attributed to the loss of time Pme’s�ImmiPtie

mmnmimie uI)take process, svlmicim is a pr(’donii-

mmammt factor iii the regulation (If time e’onoen-

tratioim of norepnmephmrimio’ in time imimmmmeehiate’

vicimuity of postsymmaptic adreiiem’gie’ me-

ceptors. This observatieln iniclicmmtes that,
whmato’ver the type or typo’s of cells imivO)lVO’dl

in time response to imorepimmophirmnmo’, timev

mmmust exist, at least mm iiamt. svithmimm time realm

of immfluemmce eif the ammmme uptmmke process of

acirenergic umerve e’mmeliumgs.
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