
Effects of Epinephrine on Cardiac Cyclic 3’,5’-AMP,

!ifoi. Pharmaeol. 4, 61-69 (1968)

Phosphorylase Kinase, and Phosphorylase

DONALD H. NAM\11 AND STEvEN U. MAYER

Departmere t of Plearmacology, Divi.sion of Basic Ih-a!t/c Scieieces, Ennory Licim’erset y

Atlanta, Georgea 3Q3.!.�

(Received August 14, 1967)

SUM M AR\�

The concentration of cyclic 3’,S’-adenosine rnonophospimate (cyclic Ai\IP) arid the
activities of phosphorylase kinase and phospimorylase were determineti in biopsy samples

fn’onn dog imearts and in whole rat imearts fm’ozen in situ. Cyclic AMP was nmeasured

by the activation of muscle phmosphon’ylase kinase employing a preincubation at 00

to improve the sensitivity of the assay. Dog imeart pimosphorylase kimmase was nmeasur’ed

on extracts of homogenates by comparing the activity of time enzyme at pH 6.0 to
that at 8.2. Epinephrine markedly increased time activity at pH 6.0 at a dose that

did not significantly elevate tue percentage of pimosphorylase a. Time tinmue course of
time change in kinase activity was consisteiit witim time imypotimesis timat activation of

this enzyme was necessary for time formation of cardiac pimosphorylase a.
No significant increase in the concentration of cyclic AMP was demonstl’able in

the dog heart at a dose of epinephmrine timat produced a marked inotrol)ic effect. Time
possibility of an artifact mm time biopsy technique was suggested by time finding that
a rapid increase in cyclic AMP occun’red in rat hearts frozen in situ, but nmot wherm

samples were excised and frozen. Phosphon’ylase kimmase activity incm’eased as rapidly

as did the cyclic AMP concenmtn’ation and before army cimamige in the phuospimorylase
activity occurred. Pronethalol blocked the epinephmrine-induced rise iii time cyclic AMP

concentration.
These results are consistent with the hypotimesis that time effect of catecimolanumines

on cardiac phosphorylase is mediated through an action of cyclic AMP on phiosphorylase

kinase.

INTRODUCTION2

Cyclic 3’,S’-adenosine monopimospimate,
(cyclic AMP)has been suggested to be time

mediator of time catecholarnmine-inmduced
activation of car’(Iiac glycogerm pimospimo-

rylase and increased nmyocamtiial coimtrac-
tility (1, 2). This imypotimesis of Sutimen’lammd

and colleagues can be stated as: (a) The
interaction of epinel)hrine withm time nmmvo-
cardial cell results in activation of aticnmyl
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cychase arid conmsequentiy ann increase in
time production of cyclic AMP. (b) Cyclic
AMP activates PhmosI)imol’Yiase kinase winch

in turnm activates pimospimorylase. (c) Cyclic

AMP mmmay immediate time positive inmotropic

effect of epinepimrine through an intem’-

action with sommme comimpomnemmt comntrol linmg tlmt

eommtm’actile process.
The int-en’actiomm of catechnolamimines wit In

imeart atienmyl cyclase is well docmnmuuemmted.

Mmnrati et al. (3) showed that, time catalytic

activity of time huean’t enzym’ne was enimanced

when exposetI to a vam’iety of �-adrenmergic
agonmists in vitro. With regard to time second

part of time hmypothesis, an augmentation of

pimosphuorylase kinase activity by cyclic
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AMP was first demonstrated omm purified

skeletal muscle enzyme by Kn’ebs et al.

(4). This effect required ATP amid i\Ig.

Mom’e recently, sucim an effect was shown

on the enuzynue purified from beef imeart by

I)rumnnmonmd et al. (5). Time speculation that
cyclic AMP plays a role in the positive

inmotropic effect of catechmolamines is based
omi indirect evidence wimicim has been
reviewed (2). Timem’e is, at time pn’esenut time,
mmo evitlence of an effect of time nucleotide

on the contractile process, on time factors
timat control timis process, or on time con-

tractility of the isolated, wor’king, perfused

rat hmeart (1).

Time h)urpose of this immvestigat-ion was to

examumimme the effects of epinepiurine on the

cyclic AMP conucentration of the hieart in

situ to tietermine wimetimer chuanges in the

pimosphmorylase activity and contractility

could he correlated with cimanges in the

concentm’ation of thus nucleotide.

METHODS AND MATERIALS

Pin ysiological Preparations

Mongrel dogs weighming between 15 and

24 kg w’ere useti. Dogs were anestimetized
with 20 mug//kg sodium pent-obarbitah and
220 mug/kg sodiunmu barbital. Botiy temper-

ature was nmainutained betw’eemu 37#{176}and 38#{176}.

Bilateral cervical vagotomy was performed

on all dogs. The heart was exposed by a
mid-sternal incision, and a strain gauge
was sutured to time rigimt ventricle to

record contractile force. Artificial respira-
tion was begun just before opening the
chest. A positive pressure pump (Harvard)
was adjusted to deliver 13 ml of air

per kilogn’am of body weight, 18 times a

minute. A polyethmylemme cat-hetem’ was
inserted in time fenmoral vein until its tip
��‘as about 2 cmii below time righmt- atriuimm.

Time cat.hueter was prefihled w’ithm dm’ing so

that- when time inmfusionm punmup was tun’ned
on, time drug wims expelled imnmeiiately

into time veinm. Zem’o tiimme in all experinmemmts
n’efem’sto time i)egimmnimmg of time constant-rate

infusion.
Biopsy sanumples of time right- venmtm’icle of

time (log were obtained i)y time method de-

s(rih)ed by Mayem’ et al. (6). The numyo-

cardium was grasped witim Cottle tissue

forceps arid cut withu curved eye scissors.

Samimples of about 200 mg were rapidly

inumem’sed in liquid diciulon’odifiuorornethane

(Freon 12) cooled to -150#{176} in liquid
nitrogen. A nuaximum of 3 biopsy samples

was obtained from eacim dog.

Open-cimested mats were prepared by time
mumet-imoti of \Vihhiammus ammd Mayer (7) . Miale

Sprague-Dawley mats (150-225 g) were
anesthetized withi an inutraperitoneal in-

jection of chlon’alose (50 mg/kg) and
sodium pentobanbitah (35 mg/kg) . Atro-

pine, 1 mg/kg, was administered with time

anesthetic solution. Time animals were

artificially respired with a mixture of 95%
02 and 5% CO2. Hearts were frozen in situ
by clamping between two silver blocks

cooled in liquiti mmitn’ogen. Drugs were
administered timroughm a polyethylene cat-li-
eter inserted iii time fenmom’al vein.

Enzyme Assays

Cardiac pimospimorylase activity was as-

sayeti by a method described previously
(8). This assay also was used to determine
phosphon’ylase activity as part of the cyclic
A1\-IP and phosphuoryhase kinase assays (see

below). One unit of phosphoryhase is tie-

fined as thuat amounut of enzyme that pro-

duces 1 �mole of glucose 1-phosphate fn’om
glycogen per mmminmute at 30#{176}.

Dog heam’t phospimorylase kinase activity

was nueasunn’ed by a nmodification of time
nuethoti of Krebs et al. (4). The activity

of the enmzymmme was measured at pH 6.0
(rather thmanm 6.8) amid 8.2 and the ratio of

activities at these pH’s is used as an
index of time degree of activation of the

enzyme. Dog hmeam’t samples (5-10 mg) wem’e

hommuogenized in 100 volumes of a solution

containing 20 m� �&-glycerophosphate, 20

nm�r NaF, 4 nmm�r EDTA, 0.01% bovine

plasmuma albmnmin, 15 mM mercaptoethammol,

pH 6.8. Extracts wen’e �irepan’ed 1w ccnmtrif-

ugation of time imonmogenate at 3000 g for

10 mm. Time initial step in the assay. the

conversion of phmosphmor’vlase b to a, was

carried ount. at 30#{176}in the following medium:
25 nm�r Tn’is-HCI, 25 m�r �-glyceroplmos-

phate, 10 m�n Mg acetate, 3 m� ATP, 7.5
units of phmospimon’ylase b, and 25 1d of
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heart extract in a total vohunume of 150 �

at either l)II 6.0 or 8.2. Blammk tubes which

contained all time above commmpommemmts except

time imean’t extract were run timroughm time b to

(t conven’sionm step at botim p11’s. rfhue b to a
conven’sion reaction was stop�)ed by thIn-

tion with 1 ml of a solution conmtainminug 0.1
�r maieic acid, 10 mM NaF, 40 m�t mimer-

captoethanol, amid 0.01 % bovine plasma

albunmin, pH 6.5 at 0#{176}.Tine amount of
phosphuorylase a activity was timen deter-

mined. One unit of pimospimon’ylase kinase
was defined as that amount of enzynme that
converts 1 unit of �)hmosphmorylase b to a in

1 minute at 30#{176}.
Rat heart phosphuorylase kinase activity

was measured by a modification of time

procedure descr’ibed by Dn’ummond amid

Duncan (9). Assays were carried out at pH
6.8 and 8.2. A blank containing heam’t ex-

tract, but not phospimorylase b, was run
through time b to a conversion step and
phmosphmorylase was added after dilution.

This was necessary to corm’ect for time

formation from heart extract of an acti-

vator of phosphmorylase b tiuring the con-

version from b to a. In addition 5’-AMP,

formed from ATP during the conversion of

b to a, was destroyeti by adding 2 pJ of
adenyhic deaminase (Signmia, “2 j�r�r units/

ml”) to the diluted b to a reaction mixtun’e

and incubating for 5 mm at 30#{176}.Phos-

phorylase activity was measured as de-

scribed previously (8).
The formation of 5’-AMP or other

activators of phosphmorylase b dum’ing

imicubation was not sufficient to interfere

with the dog heart assay. Therefore, time

less complicated dog heart procedure was

used to obtain all data from timis species.
Time concentration of cyclic AMP in

imeart samples was mmieasumn’cdby a modifi-
cation of the niethuod described by Ham-
mermeister et al. (10). Time tissue was

powdered under liquid nitrogen in a stain-

less steel mortar. Approximately 150 mg

of the powdered tissue was transferred to

a glass tube and brought to -20#{176}in a dry

ice-alcohol bathu. Hot 10 m�sr theophylhine
solution (2.5 volumes) was timen added to

time tubes and thmese were placed in a boil-

mug water bath for 5 mm. The samples

wen’e cooled anmd centrifuged, arid time super-

natanmt solution was put onu a 0.7 X 2 cnn

1)owex 1 Cl colunmmmm (10t�-.200 mmmeshm, 10%

cm’osshnmkage) . After several washmes with

water’, time nucleotities were eluted with 0.1

N HC1. Time eluemmt w’as lyophmilized, and

time residue was takemm up mm 25 nmu� phmos-

i)hmate buffem’, pHI 8.15, yieltiimmg a final I)H
of 7.0. rf\\,ent\�fi\.e mmuici’olitem’sof time

extract ��‘as adtled to 100 �h of a solutiomm
eontainming: 10 nmu�r Mg acetate, 3 nim�n ATP,

2 m�r thmeophiyilimme, 25 mTmM Tn’is-HCl, 25
nmi �-glycerophmosphmate, pH 6.8, amid time

appropriate anmount of rabbit skeletal

muscle l)hmosPhmorylase kinase. Thus n’eactionm

mnixture was ahloweti to st-and at 0#{176}for 30

mninmutes, a procedure whuicim increased time
seimsitivity of pimosphmorylase kinase to acti-

vation by cyclic AMP (see Fig. 1). Sensi-

3 0 20

ECycIicAMP)x 108M

l’mc. 1. �Standard curve for t/ee cyclic AMP

assay and tlee effect of the prelmmiieary col(/

icccccbation

The effect of the O� incubation immediately

nreceding time kinase activation step is shown.
The activation step in timis example was run for

10 mm. The activity of b kinase in time absence

of cyclic AMP was not affected by cold pre-

incubation, and in this example was 76 imnits/mI.

tizationi of time liver assay system to cyclic

AMP by a cold incubation step huas been

demonstrated previously by Butcher et at.

(11). The react-ion mixture was then

brought to 30#{176}and 25 � of a 240

units/mi solution of phosphuorylase

b was added to initiate the reaction

converting phosphorylase b to a. The re-
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action was stopped after the appropriate

time (this varied with the kinase prepara-

tion used, as described below) by adding

1 ml of time nmmaheic acid buffer solution. The

�)imos�)inorylase a activity was timen assayed

as (lescr’ibeti previously (8) . Standard
cyclic AMP solutions were carried thmnoungh

all the above pn’ocedumes with eacim set of

tissue sammmples, amid a starmtiam’ti curve was
obtained. Arm exanmmple of a stammdard curve

amm(l time effects of varyirmg time tinue of time

cold imucubation step are shown in Fig. 1.
Time valithity of time nmethmotl was tested as
suggesteil by Postmen’ et al. (12).

Timere was conmsider’ai)he van’iabihity in time
optirmual timimug of time kimmasc activation step
in time cyclic AMP assay. Omme factor con-

trih)uting to thus variabihity was the 1)1105-
plmon’ylase kinase pn’epan’atiomm. Activation

by cyclic AMP was nman’kedly reduced after

storage of time enzyme at -20#{176} for more

tlman 6 weeks. The tinume course of time ki-

miase activation w’as estimateti on eachu new

enzyme prepan’ation amid often with its
n’out-ume use in time assay to assum’e ol)tinimal
conditions. Figure 2 is an example of such

a study. If the assumption is made that no

activation of kinase by Mg-ATP took

place in the fir’st minute of time b to a reac-

tion, the deviation of time “actual no C.A.”

line from the theoretical one is an index of

time activation of time enuzynne by Mg-ATP

alone. This was consitierable after about 20

mm in the example illustrated. The optimal
incubation pen’iod was that time interval
at which a maximal difference was ob-

served in time kinase activation by varying
eommcentm’ationms of cyclic AMP from that

produced by Mg-ATP alone. This time

varied from 5 to 30 mimi with time kinase

preparations unsed mm this sturdy.

Cyclic A�-IP conucentrations anti all other

biochemical data an’e expressed in terms

of the wet weigiut of tissue.

111 aterials

Nmncleotides wem’e obtaimued fn’onm P-L Bio-

clmemicals, Milwaumkee, Wisconsinm; time

enzymes mnsed in time phmosphmom’ylase assay

from Boehuringer-Mannmhmeim. Phosphorylase

b, containing less than 1.5% of the a form,
was prepared by a nmodification of time

Fri; 2. Time course of tice activation of phos-

p/eocylase b kiica.se

The “theoretical nmo cyclic AMP (CA.)” line

was extrapolated fromn experiments in which the

conversion of phosphorylase b to a was limited

to 1 mm in time absence of cyclic AMP. The

actual no CA.” limne is time b kinase activity

measured over the 20-mm period in the absence

of cyclic AMP. The concentrations of cyclic

AMP given are those in time reaction medium.

method of Fischer and Krebs (13) by Dc-

Lange et al. (14). Cyclic nucleotide phos-

phmodiest-er’ase was kindly supplied by R.
W. Butcher, Vanmderbilt University. Phmos-

pimorylase kinase was purified from rabbit

skeletal muscle by time method of Krebs et

al. (4) thurough the first ultracentrifugation

step [78,000 g (average) for 90 minj.

Drugs

Epirmephrine bitartrate (Suprarenin) was

diluted in 0.9% saline to a concentration

wimicim, wimen infused at 2 mi/mm in the

dog or 0.2 ml �nmmin in the rat, provided time

appmopn’i ate dose. Sodium metabisulfite

(0.1%) was added to time drug solution to

pm’evemmt deterioration of the catecholamine.

Pn’onethmalol (a gift of Dr. J. W. Black,

Imperial Chemical Industries, Ltd.) was

dissolveti mm 0.9% saline solution.

Statistical Methods

Statistical analysis was performed by
means of the t test for either paired or



EPINEPHItIXE ANI) ‘YCLIC AMP nx HEART 65

.1��()1. PIc(fl’fl2a(o!. 4, 61-69 (1968)

unpaired observationms. Time probability of

0.05 was taken as a level of significant

difference.

RESULTS

Cardiac Phosphorylase b Kinase

Adimministrationm of epimmephmr’ineto rats imas

beenm shown to elevate time activity of skele-

tal mnuscle phmospimomylase b kinase wimemu

this ��‘as expressed as time n’atio of time ac-

tivities at pH 6.8 to 8.2 (15). However, rio

clear effect of epinmepimrimme was demnonstrated

in the perfusetl m’abbit heart by Hamnmmer-

meister et al. (10). Fumrtimernmmon’e, these in-

8.2. This resulted in lower control activity

n’atios than coultl be obtaineti at pH 6.8.

Since omme possible reason for the inability

to demonstrate an effect of epinephrine on

rabbit imeart b kinase was the high control

activity observed in timat tissue (10), it

seemumed imnportanmt to assay the enzyme

untien’ conmditions providinug a low conmt.rol

activity ratio.

Approximately thiree-quarters of time ac-

tivity of thue lmomogenmate apl)eareti in the

3000 g supermmatanmt fract ions of both con-
tm’ol and epinephmrine-tn’eated hearts (Table
1). Time pH 6.0:8.2 activity ratio was con-

siciem’ably lower in time extract-s thamm the

T�BmE I

Properties of p/cosp/coryla.se /inase of dog Iceart

Biopsy samples were taken from the right ventricle of dogs before amid 30 sec after time beginning of ace

infusion of 10 ag/kg nminm of epinephrine. Activity is expressed as unit�s per gram wet weight of tissue ± the
standard error of thee mean. Standard errors of time differences (SED) between epineplmrine (Epi.) amid comet rol

values are givemm. Asterisks denote significamet. differences from control at P < 0.05. Each value represents
the mean from six experiments.

Parameter

Ilomogemeate Extract’

Control Epi. SED Control Epi. SE1)

Activity 1)11 6.0 39.4 49.3 3.8 1.8.0 28.5 2.4

±3.7 ±4.4 ±3.() ±3.1
Activity p11 8.2 59.3 99.1 4.6 665 72.5 4.4

±4.0 ±4.1 ±4.1 ±7.3

Activity ratio, p11 6.0:8.2 0.44 0.50 0.02 0.27 0.39 0.04*

±0.05 ±05 ±04 ±05

Supernal amet solut iome ohtaimeed from cent.rifugatiome of thee homogenate at 3000 y for 10 nmin.

vestigators found that time contm’ol value of

pH 6.8:8.2 activities was nmmucim higher in

heart than in skeletal nmmumscle.Timey also

shmowed thmat a large fr’actionm of time heart.
emmzyme sedimented fronmi time whole imonumog-

enmate aften’ centrifugation at 10,000 g for’
20 mm. Drurnmond et al. (16) have re-

cently shown that epinepimrine did increase

time pH 6.8:8.2 activity n’atio of pimos-
pimorylase b kinmase mu extracts from per-

fused rat hearts, although some increase

in pH 8.2 activity was also observed.

A preliminary study to cimaracterize tiog
Imeart piiosphmorylntse kinase was carrieti out

hecause of the differing results obtained in

other species by previoums imuvestigaton’s. Ac-
tivity of kinase was nneasun’ed at pH 6.0 and

homogenmates, amid omuly mu the extract could

a sigmmificant effect of epineplmrine be demon-

strated.

Effects of Epiimeph-iiimc in fine

Open-Chested Dog

Time effects of epinuephrine on contractile

force, pem’centage of I)hmoSpimorylase a, phos-

phmoryhase kinase activity, amid cyclic AMP
(‘oncentrations are shown in Figs. 3 ammd 4.

During an infusion of 1 aug/kg mm 1 of

epinepiurine (Fig. 3), r’ight ventricular coin-
tractile force was inmcreased withoumt a

significant chanmgc in time pen’centage of
phospimorylase a. There was, imowever, a

signmificant increase iii the activity of phos-

pimonylase kinase beginning 30 sec after
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Fec;. 3. Efjects of epinep/cruce, 1 1.cg1�kg mnc’, on

the dog heart in situ

Each point represents the nmean of at least 6

experinments. Asterisks denote significant dif-

feremmces, P < 0.05, from paired controls (biopsies

taken before time en)inephrine infusionm). CF.

contractile force. Bars represent 1 standard error

of the differences frommu paired commtrol data.

time onset of time infusion. No significant
change in time cyclic AMP concentration

occun’n’ed at any tinme during time infusion.

Epinephmm’imme, 10 pg/kg nnin1 (Fig. 4)
produced a larger inmcrease in time contractile

force. Timis those also pm’oduced a marked
increase in thue pen’cenutage of phosphorylase
a. Pimosphuorylase kinmase activity increased

to a higimer peak value arid was significantly

elevatetl at 20 sec with this those of epi-
nepimrimue. Time small increase in time cyclic
AMP comucentn’ationu mm time first mimmute of

time in fumsion was nmot significanmtiy different
fronu paired controls.

There was rio significant chuanmge mm eitimer

the total phmosphmorylase or phosphmorylase

kimmase activities (pH 8.2) during time epi-

nepiurine infusions.

Effects of Epinephrine in tine

Open-C/nested Rat

IRobison et al. (1) imave simown timat epi-

niel)imrilme immereased time cyclic A�-1P con-

centration in time perfused rat hmeart. Ex-

.5 I 2 3 4

TIME (mm)

FIG. 4. Effects of (‘pinephrine, 10 pg/kg nun

on the dog heart in situ

Eacim point represents the mean of at least &

exl)eriments. Asterisks denote significant differ-

ences, P ( 0.05, from paired controls (biopsies

taken before time epinephrine infusion). C.F. =

contractile force. Bars represent 1 standard error

of time differences fromn paired control data.

perimnents in our laboraton’y have confirmed
this observation (17). Three alternative

imypotimeses for our inability to see this
effect in time open-chesteti dog were tested:

(a) that the effect is species dependent;

(b) thuat it is a consequence of time different

conmciitions of the in situ vs. time in vitro

pm’epan’ations; (c) that it is due to the dif-

feremuces in time samplimug techniques used in

time two hmn’epan’ations.
Infusion of epinephmrine, 2 pg/kg minm,

caused a n’apid and significant increase in

time cyclic AMP concentration and phos-

phon’ylase kinase activity mu rat hearts

frozen in situ (Fig. 5). Time effect on

cyclic AMP and kinase was maximal at
the earliest sammmphiiug timume (15 see). Time

change in the pen’cenmtage of pimospimorylase

a. not only followed a. slower timmue course,

witim time fir’st signmificant increase observeti
30 sec aften’ time beginning of the infusion,

i)ut phospimorylase a activity was still

nmmarkediy elevated at 2 mm when phos-

pimorylase kinase activity had returned to



TIME (mm)

EPINEPHRINE AND CYCLIC AMP IN HEART 67

.�fol. Phar,,carol. 4, 61-69 1968)

Fia. 5. The effects of epinephrine, 2 pg/kg

min1, on the in vivo rat heart

Each point represent time nmean of at least 3

experiments. Asterisks denote significant differ-

ences, P < 0.05, from control experiments. Bars

rel)resenmt 1 standard error.

control levels. A secondary, significant (P

< 0.02) rise in cyclic AMP concentration

was also noted at timis tinmme.

To sinmuhate time clog imeart biopsy method

in rats, their ventricles were renmoved with
scissors anti frozen by immersion mu di-

chlorodifluon’omethmamme at -150#{176} instead of

using time chilled silven’ blocks and freezing

in situ-. Comutrol hearts an(i those frommm rats
that had been infunseti witim 2 pg/kg mmminm�’

epinephrinue for 15 sec were frozen by this

procedure. Time cyclic AMP concentration

of conmtrol anmd epinepiurine-tn’eated hearts
was 0.27 ± 0.01 antI 0.27 ± 0.02 pmumolc�kg.
respectively (n- = 3).

Effects of Pronetinalol on tine Responses to

Epinephrine in tIre Open-C/nested Rat

Pronmetimahol, 20 mug/kg, w-as atlmmuinistereil
30 mimi befon’e an infusiomu of 2 1�g/kg mm’

of epinephmrinme. Control imean’ts were taken

from rats wimichu receiveti ommlv prommetimalol.
Hearts frommi epinepimn’imme-treated rats were

frozen 15 sec aftem’ time infusion hmad begun.

sinmce this appeared to be time time of peak

response. Cyclic AMP levels in pronetlualol
controls were 0.27 ± 0.006 pnnole/kg anti in

liean’t� fnonm.m epiniepiin’inme-t.m’eatetl rats were

0.30 ± 0.004 1tnnole/kg (in = 3).

DISCUSSION

Km’ebs anti imis colleagunes (4) have sug-

gested that skeletal nmmuscle phospimorylase

kinmase exists in two forms, aim inactive form

exhmibiting very low activity at p11 6-7,

anti an active form with higimer activity in

this PH range. Expen’inmmenmts by timese in-

vestigatoms on time effects of epimmepimrinue rind

nmenve stimulation on skeletal nuuscle in

situ sumppom’ted timis hmypothesis (15) . Timese

immvestigators latei’ simowed that time proper-

ties of tine imeam’t enmzyimue differed fronmu those
of time nmuuscle enuzynmue, anm(i conversion from

ann immactive to amu active fom’nm of time en-

zymume was nmot clearly denimonustrable ( 10).
Time effects of epimmephrinme on time phmos-

phorylase kinase activity of time dog heart

m’eported in this study support time hmy-

potimesis that activation of this enzynume is

involved in time biocimenmuical sequence lead-
ing to catecimolamine-intluceci activatiomu of

can’chiac phmospiuorylase in vivo. A significant
increase mu the pH 6.0 activity anmd time pH

6.0:8.2 activity ratio was found. Timis is

consistent wit-hi time concept that timen’e are

two fon’ms of time heart kinase and timat

epinephurine effects time conversion of an

inactive form of time enzyme to an active

omme. Time observation thmat epinephmrimme (1

1.�g/kg minm) increased time activity of car-

chiac phmospimorylase kinase iii tine tiog w’itlm-

out producing a significant rise in time

pen’centage of phmosphmorylase a suggests that

a t.hmreslmohd activation of the kinase must
be exceeded before net- conversion of

phospimorylase b to a occum’s. Druimunmond

et al. (16) have n’epom’ted a similan’ tiisso-

eiat.ion between b kinase activation by epi-

nephmn’imue anti plmospimon’ylase activity in time

perfimsed rat hean’t-.

Time study of time effects of epinephm’ine

onm time rat- hmeart in situ sumpports time imy-

pot-hmesis thmat cyclic AMP is time mediator
of tine effects of eateclmolanmmines on cardiac

plmosphmon’ylase tlmn’ounglman aet.ivationu of
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phospimorylase kinase. Both time concenutra-

tion of the cyclic mmucieotide amid time ac-
tivity of piuosphmorylase kinase rose before

a significant increase mm time pimospimor’yhase
a activity was dennmonstn’able. Cyclic AMP
rapidly returned to time control value arid

then inmcreased againm. These rapid fiuctua-
tions in heart cyclic AMP during an in

vivo infusiomm of epinephmrine are similar’ to
timose reported by Williamson (18) mm time

perfused rat hean’t.

Phosphorylase kinase activity in rat

heam’ts reacimed a l)eak 15 sec after time be-
ginning of time infusion and timen decayed to

control values wimile time percentage of phos-

phorylase a remained high. Timis suggests

that time conversion of pimospimon’ylase a to

b, catalyzed by pimosphmom’ylase pimospimatase,
occurs at a rate w’imicim is sigmmificanmtly less
than the rate of time b to a conversion.

This is conmsistemmt w’itin the kinetics de-
tem’mnined for time inuten’conmversion of time two

forms of glycogen phosphuorylase of skeletal

nuuscle by Danfortim et al. (19). These

authors found that the rate of conversion of

phospimorylase b to a was from two to ten
timimes greater timamu time m’atc of the reverse

reaction.
Time rapidity of time rise of time concentra-

tion of cyclic AMP suggests that the cyclic
nmucleotide is involved in the inmotm’opic effect

of time catecimolanimimme (1, 2). However, con-
tractile force was not measured in the ex-

periments with time open-chested rats. Until

some valid relationship between cyclic

AMP amid time contractile process or factors

governing time process is demonstrated,

lemmuporal relationships can only be of lim-

ited unsefulness mm determinming cause and

effect.

Exper’inmmenuts iii wlmichi rat hearts were
fm’ozemm mu a nuannen’ simuuilar to that used on

dog hearts suggest- that time sanmmplimmg on’
freezing teeimliiqmnes inn the (log stu(iies were

emmmsatisfactorv for lime subsequent measure-

nuenmt of t isslne eonmceimt nationms of cyclic
.� i\lP. \\ohlenmhergen Cf (ii. 20) showed timat.

time cooling t one (mf t issue 1r’ozcni by a

dirilimi) imr’tchrjhicci ill liquid nuiti’ogcnm was

about I ft-’.�() tinmies less thanm timat of tissue

frozen mm isapti it uric at- 1 )U� exclusive

of time actual I mnne required to 1)iOpsy time

tissue. Timis delay in freezing by tine biopsy

tecimnique coulti allow rmewly fornued cyclic

AMP to be metabolized by time action of

imeart cyclic nucleotide phmosphmodiesterase.

These experimenuts demumomustrate time advisa-
bility of choosing tine nmmost rapid freezimug

tecimnique in army study concerning the

concentration of cyclic AMP.

Pm’onethalol produceti essentially corn-
plete blockade of time effect of epinephrine
on time cyclic AMP concentration imi the rat
heart. Thus is consistent with the hypoth-

esis that time effect of catecimohamines on

heart adenyl cychase is a result of the

interaction of time drug withu time /3 adre-
nuergic m’eceptor (1, 2).
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