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SUMMARY

Sarcotubular vesicles isolated from dog myocardiunm accumulated 2.51 ± 0.48 �.umoles

of calcium per milligram of proteins ins the presenmce of oxalate and imydrolyzed 1S.39 ±

1.96 Mmohes of ATP per milligram of protein in 30 mimi at 37#{176}.Cyclic 3’, 5’-AMP (10 6..

10-s ii) influemmced mmeither the rate umor time extent of calcium uptake and ATP hmydrolysis.
Hossever, at hmigher concermtratiomms (4 X 10� it), cyclic AMP reduced time ability of timese
membrammes to accumulate calcium and imydrolyze ATP. Heart sarcotubular vesicles bounmd
66.54 ± 4.53 mzmoles of calcium per nmilligram of proteins mm time absence of oxalate ammd

exchanged 15.82 mj.umoles of calcium per milligram of proteins in 2 mimi at 25#{176}.Neitlmer
calcium binding mmor the exchammgeabihity of nmembramme-boumid calcium is-as affected appre-

ciably by cyclic AMP. About 60 (7� of time bound calcium of time hmeart sarcotubular vesicles
mva.s released ins the immcubatioim mediun’i mi 10 nmin at 25#{176}after the additions of EDTA. Cyclic

AMID imad mmoeffect on the rate or time extemst of calciunm efflux ins timis system. These results

do not imidicate any actiomm of cyclic AMP omm caiciunm traimsport across tIme sarcotubular

membranes of nmyocardium. Neither epinmephmrine rmor glucagomm immfluenmced time ability of
these vesicles to accumulate calcium ins the absentee or presensce of oxalate. It is suggested
timat the postulated mecimanmism of inmcrea-sed calciunm nmovenmemmt across cardiac sarcoplasmic
reticuluns due to ans imscreased level of cyclic A\IP ummder time influemsce of different immotropic

iumterventiomms be considered! isitlm due cautionm.

INTRODUCTION

Rasmussems amid Tensenmhouse ( 1 ) have

suggested that adenmosirse cyclic 3’ , 5’-motmo-

PhosPhate (cyclic AMP) is ans insportamit
regulator of membrane permeability to

calcium. This hypothesis has now beenm

extenmded by Entnsan (2) for calciunm tranms-

port across time sarcotubulnir vesicles of heart

muscle. Likeivise, other nsvestigators have
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commsidlered time immvolvenmmetst of cyclic A\IP

mm calciunms nmovensenmts across the cardiac

cell mmmenmbrarmes (3�5). However, a great
deal of conmtroversv exists ins the literature

concerning time actiomm of cyclic AMP oms the
calcium pump ins the heart. Ons omme imammd,
Entnmaus el al. (6) have denmonstrated an
increase imm calciunm traussport in time pres-

emmce of cyclic AMP while, on time other,

cyclic AMP or its thbutyryl (leI’ivative
imas beens reported to exert rmo actiomm On

calciunm uptake by heart sarcoplasnmic

reticuiunnm atmd nmitochonmdria (7, 5). Calciuns
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uptake amsd release by time skeletal nmuscle
sarcoplasmmmic reticulunm wem’e also tmot nsf-
fected by cyclic �-\�‘sIP (9, 10). A critical
review- of time literature suggested that a

detailed imivestigations conmcerrmiumg time inmter-

action of cyclic AMP is-itis sarcotubular

vesicle isould be mmecessam’y before tmnmy ems-

clusioim could be draivim mm this regard.

Timcrefore, ins time present study, the immflu-

cmmce of cyclic A�\lI� over a msi(le raimge of

comseentration on various- aspects of calcium
tramisport, such as adsorptiomm, trammsloca-

tion, ans(1 excimange by the heart sarco-

tubular vesicles, is immvcstigated.

MATERIALS AND METHODS

Dog heart venmtricles is-crc freed of fat

and conmnective tissue, thorougimly ivashed

ins 0.25 :in sucrose eontaininmg 1 m�n EDTA,
pH 7.0, ammd Imomogenized ins 6-7 volumes
of a medium conmtaining 10 nmsn NaHCO3
5 mmmrsisodiunm azide, aisd 10 nmisi Tris-HC1,

1)11 6.8, ins a \Varinsg Blensdor at 0-2#{176}for
45 see. Time imonmogenate is’as filtered througlm

four layers of gauze ammd cemstrifuged at
1000 X ii for 20 mm, amid then ust 10,000 X g

for 20 niitm, to remmmovc cell debris, myofibrils,
msuclei, amid nmitochommdria. The 10,000 X �j

supernatant fractions was agaimm filtered

througim four layers of gauze amid cenmtrifuged
at 37,000 X �i for 45 mm. The residue thus

obtainmed i\.tts thorougiml� washed, resus-
j)etsdedl ssith a glass lmonmogenizer mm 0.6 si

KCl, amm(1 cemmtrifuged at 37,000 x q for
45 mmsimm.Time sedimcnst. is-as suspended ins a
solutions (50 t’flM KC1-20 nmxn Tris-HC1,
1)H 6.5) at a protein eoneenstrationm of �3-5
msmg/nml (11). This fractions is referred to as

sarcot ubular vesiclcs (sarcoplasnmic reticu-

litnm) . Time data conmccrniisg biocimenmical
musrker cnzymime activities, sensitivity to

imihmibitors of nmmitocimondrial tramisport, and
elect rons tmmieroscopie sttmdies revealed mmcgiigi-

ble nmitochonmdrial or nmyofibrillar commtanmiuma-
tion its timis fraction. This- method of iso-

latitmg sarcotubular vesicles is cssenmtially

similar to timat describedi by Harigaya ammd

Seimwartz (12).
Calciutmi uptake was mmmeasured by inmcu-

bat immg sareot ubular mcnmbranc (0.050-0.10
nimg/mmml) ins a mediunm containing 100 nm�
K(’l, 10 nmmmn MgC12 , 20 nmmi Tris-HCI

(pH (iS), 4 mmiM ATP, 5 mM 1)Ottmssium

oxalate, amid 0.1 nisi 45CaC12 at 37#{176}im� a

total volummme of 2.0 ml for various tinme miter-

m’nsls. Time reaction is-as started by the addi-
tionm of sareotubular vesicics amid stopped

by l)aSsagc through Milliporc filters (0.45 ,�),
amid the radioactivity in the pt’oteiis-free
filtrate was nmeasurcd ins a Packard liquid
scintillation spectronmeter. Its sommme experi-

nmcmmts sareotubular vesieles is-crc treated
isitlm cyclic AMP for 3 mimi before the reac-
tionm is-as started by the addition of calciunm.

ATP hydrolysis by the reticulunm fractions
isas nmeasured by estimating time anmounit of

immorgumnic phosphate released ins the same
filtrate by the nmethod of I’iske amsd Subba-

Row (1�) The results were corrected for
nomseiszymatic imydrolysis of ATP durinmg

the course of incubation.

Calcium binmding is-as nmcasure(! mmtime sanme
itscubationi medium except that oxalate is-as
onmitted. Biniding is-as carried out at room

temperature, amid the proteins consecmstration
ins the reactions flask was tripled. The efflux

of ealciunm from the loaded vesicles and
calciunm exchausge were studied ins time insets-

batioms mcdiunm used for ealeiumn binmdinmg
aecordimsg to published procedures (14, 15).

Cyclic AMP amid ATP ivcrc purchased fron’s

P-L Biochemicals timid Calbiocheni. The

purity of cyclic AMP is-as tested by cimroma-
tographie procedures, amid this compound
from both sources of supply exerted similar

effects, reported under RESULTS. rFhe pH

of both cyclic AMP amsd ATP solutions
was adjusted to 7.0 before use. All other

reagents were analytical grade, anmd distilled,

deionized water is-as smsed througimout the

cxperinmeimt al procedure . The effect s of
cyclic .A:\II�, cpinmephrinme, 5515(1 glucagonm on

calciuns accunmulations ins the absensce ammd
prcscmmee of 2.5 nmM oxalate were also studied,

under experimcmstal eomsditiomms simmmilai’ to

those described by Entnmusms el at. (6).

RESULTS

Calcin in uptake studies. Sareotubulam yes]-

des ins the presenmee of oxalate amid ATP
aecunmulated 0.92 ± 0.19, 2.15 ± 0.31,

amid 2.51 ± 0.48 �unmolcs of ealciummm per

milligrans of proteus at 3, 10, amsd 30 tssimm, rc-

spectively (Table 1). Tlmese ealciunm uptake
values are higher timams those observed by
Enmtnmamm et a!. (6) and Cnmrstems (1(i) for
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Influence of various concentrations of cyclic AMP on calcium uptake by sarcotubular resides of

canine at yocardium

Results are the nmeanms ± starsdard errors of five experimemits.

Cyclic AMP
3 mm

0.92

0.90

0.91
0.90

0.62
0.12

± 0.19

± 0.25

± 0.24

± 0.24

± 0.2tY’

± 0.03a
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1 X 106

5 X 10-6

1 X 19-s

1 X 10�

4 X 10�

a Significant at p < 0.05.

Calcium uptake

10 nun

Mnzoles/mg protein

2.15 ± 0.31

2.09 ± 0.50

2.12 ± 0.45

2.18 ± 0.46

1.80 ± 0.53

0.22 ± 0.lOa

30 mm

2.51 ± 0.4S

2.39 ± 0.48

2.46 ± 0.40

2.47 ± 0.40

2.27 ± 0.45

0.31 ± 0.18

cardiac muscle, but are its good agreenment
with those reported by other workers (12,

17, 18). Cyclic AMP its the conscentrations

range of 10_6_10_3 M failed to show any

effect ons the rate and extent of calcium
accumulation up to 30 mm of inseubation,

although 1 mM cyclic AMP decreased the
initial rate. However, at high concentra-

tion (4 X l0-� M), cyclic AMP reduced
both the rate and extent of ealciuns uptake

by dog heart sarcotubular vesieles (p < 0.05).

A TPase activity of sarcotubular vesicles.

The results concerning ATP hydrolysis by
sarcotubular (isIg++Ca++) -ATPase are

shoms’ns in Table 2. These vesieles is-crc ob-
served to hydrolyze 18.39 ± 1.96 �nmo1es of
ATP per milligram of protein in 30 mum.

On the basis of initial rcadinsgs for 3 mm,
the rate of ATP hydrolysis is-as foumsd to
be 1.8 ± 0.2 �tmoles/mg/min. Cyclic AMP
(10��10� M) did not show aumy influensce
on the initial rate or the extemit of ATP
hydrolysis. However, 4 m�n cyclic Ai\IP
sigmiificantly reduced the ATPase activity

of sarcotubular vesicles (p < 0.01).
Calcium-binding studies. It is likely that

oxalate-augment ed calciuns t raumsport by
these vesicles is not a physiological phe-

nomenon, and it is also possible that oxalate
may mask ansy effect of cyclic AMP on

the calcium transport process. It is-as thus
attempted to insvestigatc the influeusce of
cyclic AMP on calcium biimdinmg ims the ab-
sence of oxalate. The results of these experi-

merits are presented ins Table 3. Sarco-

plasmic reticulunm bosnmmd 33.96 ± 3.S2,

50.55 ± 6.13, ausd 66.54 ± 4.53 nmMnmoles
of Ca� per milligrans of proteins at 30, 60,
and 120 see, respectively. Calcium biniding
by these membranes ivas absolutely AlT-

dependenmt, since, in the absence of ATP,
these vesicles bound about 6-S num�znmolcs
of calcium per milligranm of proteins. The
magnmitude of observed calcium bimsdiimg is
similar to that reported by otimcr workers

(12, 19). Cyclic A?sIP at all concenstrationms

tested did not show any effect orm ATP-
dependent calciunm binsdiimg, altisough 4 mi�n

cyclic A\IP reduced the binsdimmg at 120 sec.

No effect of cyclic AMP msas observed on

calcium biisdinmg mm the absence of ATP.

Efflux of calcium front low/ed tesicles.

The release of membrane-boummd calcium

iisto the incubation nuedium is-as studied
ins the presence and absence of cyclic AMP.

The results are reported ins Table 4. ()nly

13%, 17%, and 25�X of the bound calciunm
is-as released into the medium at 15, 30, anmd

60 sec after the addition of EI)TA. Abonnt

60 ‘� of the bouimd calciunm was released in
10 mm. Sinmilar results is-crc rccctstlv re-

ported by Pretorius et al. (14). Cyclic AMP

( 10�-10� isi) shoisedl 150 imuflmmemmce ott the

rate or total release of calciunm (lurimmg 10

mimi. In this systenm, 3-5 nm�m caffcimme was

foummd to augnmcnt the rate of release frons
these mcnmbrancs in a mannmcr similar to that
reported by other ivorkers (14).

E.rclianqe of ineinbrane-bou 11(1 (‘CleW H?.

Onse possible w-av ium ivhich cyclic AMP cans

inmfluenmce membrane trammsport is by alter-

imsg the ealciuns cxchmanmgc at time membramic
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TABLE 2

Effect of various concentrations of cyclic AMP on (Mg�4-Ca��)-ATPase activity of dog heart

sarcoplasmic reticulum

Results are the means ± standard errors of five experimenmts.

lic AMP -

ATPase activity
Cyc

3 mm to mm 30 mm

M jonoles P� released/mg protein

1 X 10-6

5.40 ± 0.73

5.73 ± 0.56

8.50 ± 0.96
9.25 ± 0.58

18.4 ± 2.0

18.4 ± 2.0

5 X 106 4.69 ± 0.56 9.33 ± 0.34 18.7 ± 1.4

1 X 10-s 5.33 ± 1.06 9.64 ± 0.58 18.4 ± 1.7

1 X 10-s 6.13 ± 0.57 10.14 ± 0.81 18.4 ± 0.4

4 X 10’ 3.98 ± 0.92� 6.35 ± 0.46a 13.2 ± 0.4

(, Sigmmificamst at p < 0.05.

T.umi.m: 3

Bin(ling of calcium by sarcotubular resides of dog

Iteapt in the absence and presence of different

concentrations of cyclic .4MP

Results are the nmeamms ± standard errors of

five experinmemmts.

� . � Calcium binding
L�clic ________ ________________ __________

� -
� 30 sec 6() sec 120 sec

It Ps ,unzoles/n zg protein

34.0 ± 3.8 50.5 ± 6.1 66.5 ± 4.5

1 X 10-6 :36.2 ± 1.8 49.7 ± 1.9 62.8 ± 1.4

5 x 10t3 33.1 ± 2.3 49.7 ± 4.1 66.3 ± 3.7

1 X 10� 33.3 ± 3.7 52.4 ± 3.6 64.2 ± 4.5

1 >< 10 :� 33.0 ± 5.2 4.2 ± 2.9 58.4 ± 5.6

1 X 10 31.1 ± 4.8 49.4 ± 3.3 50.6 ± 6.0a

(, Sigimificamit at p < 0.05.

site. Thus possibility is-as tested by usinsg

imeart sarcoplasmic reticular membranes,

ammdl time results are shownm ins Table 5.

Vesicles isere incubated with nmonradio-
active calcium for 5 nmins, afl(1 the exchange

of boummd calcium ivitim radioactive calciunmi
svas deternmimscd. Timese menmbrammes cx-

(imansge(l about 11, 12, and! 15 m�.inmoles of

calcitmnmm i)em� nmilligranm of protein at 30, 60,

anm(i 120 see, respectively. This rate of
calciunm excimanmgc w�as nsot appreciably mm-
fiucmmce(l by the i�rt�st�tmct� of various comm-
ccmmtratiomms of cyclic AMP in the incubation

me(litIm.

LfJ’ect of (‘//clic AMP, epinep/trine, and

qiucaqon on calciuni u/)take and binding.

Sirmce time present results concerning time

action of cyclic AMP conifliet with those
reported by Enstman et al. (6) , it isas de-
eided to study the effect of cyclic AMP

on calcium uptake and binmding under the
experimental conditions outlined by these
investigators. Its addition, the effects of

cpirmephrinme arid glueagon is-crc also inmvcs-

tigated. The concentrations of cyclic AMP,

epinephrimmc, anmd glueagomm arc the same as
employed by Entmami et a!. (6), arid the
results are shoisn in Tables 6 and 7. It ivas

observed that cyclic AMP (5 X 106 M),

epinephrinc (1 X 10-s M), aisd glucagon

(3 X 10-s �) did usot influence the ability

of sarcoplasnmie rctieulunm to accumulate

TABLE 4

Efflux of radioactive (�a froiis loaded sarcotubttlar

resides induced by EDTt in the absence and

presence of cyclic AMP

Reticular menmbramies hnsd i)oumid 76 ± 2

mmmMnrioles of calcium per milligrans of protein

before efflux was started. Each value is the mean

± standard error of five experinmemits.

Time
after

EDTA

addition

Residual activity

Control
10-s �

cyclic AMI�
10-s M

cyclic AMP

l5sec

30sec

1 mimi

2 rains

4 mmmimi

7 mimi

10 mimi

C.
/(

87.3 ± 1.9

83.1 ± 3.3

75.7 ± 2.4

69.3 ± 2.4

57.9 ± 2.7

47.4 ± 2.0

39.8 ± 3.1

C�
. 0

87.0 ± 1.4

82.6 ± 2.9

71.7 ± 2.7

(16.2 ± 2.2

55.0 ± 2.7

46.2 ± 1.5

40.6 ± 2.1

C�
i�C

88.7 ± 2.3

85.4 ± 1.7

78.2 ± 1.1

67.3 ± 0.5

54.0 ± 1.4

47.6 ± 2.1

38.8 ± 1.3
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TABLE 5

Influence of various concentrations of cyclic AMP

on abilily of sareotubular resides of (log heart

to exchange membrane-bound calcium

Results are the averages of two experimenmts.

AMP
Calcium exchange

Cyclic
30sec 1mm 2mm

M m�inzoles/mg protein

11.5 11.8 14.6

1 X 19-6 11.2 13.0 14.6

5 X 19-6 11.5 13.1 14.6

1 X 1Q-� 10.4 11.4 14.7

1 X 10-s 10.1 11.4 12.4

calcium ins the absence or presence of 2.5

mM oxalate. These experiments indicate

that the differences betweens the results of
this study and those reported by Entman

et al. (6) may not have been due to the con-
centrations of reactants, temperature, and

other conditions of incubation.

DISCUSSION

In this study we have failed to observe

an increase in calcium transport across the
sarcotubular vesicles of dog heart ins the
presence of cyclic A\IP. This finding is in

constrast to the observations made by Ent-
man et a!. (6), who observed an increase in
calcium uptake, calcium binding, and cal-
cium exchange by dog heart sarcotubular

vesicles in the presence of cyclic AMP. Al-

though the reason for such a discrepancy

is not clear at presenst, a few poimsts are ivorth

menstionsing in this regard. Entmams et a!.

employed a preparations is-hich was stored

up to 3 days at 4#{176},while we used fresh
membranes throughout the course of this
study. We did not attempt to investigate
the effect of cyclic AMP on’ an aged prepa-

ratioim, since ive conmsider that the results

obtained from such experiments are difficult
to interpret. The constrol calcium-binding

value (11.6 ± 1.1 m�moles/mg of proteins)
reported by Enstnmanm et a!. (6) is considerably
lower than those obtained in this study and

reported by other investigators (12, 19).
Furthermore, their calciunm uptake values

its the presensce of oxalate were about 0.45
�smole, in contrast to the 1 .31 �mmoles/mg

of proteins at 10 nmins obtained by us under
similar conditions. It may be mmoted that our
values for calcium uptake ins the prcsenmee
of 5 m�i oxalate at 37#{176}are 2.15 �moles1mg
of protein ins 10 mimm. We believe that is_c hnsve
a better preparation of vesicles, which are
capable of transsporting more calcium per
milligram of menmbranse protein. Earlier

experiments performed by us, usinmg rat
heart at 25#{176},also failed to reveal any effect

of cyclic AMP or its dibutyryl derivative
(8). Although Enstman et al. (6) used 5 X

10�-1 X 10-s M cyclic AMP for calcium-

bindirmg studies, onsly one conccrstratiomi of
cyclic AMP (5 X 106 �) is’as reported

for calcium uptake ammd exchange studies.
On the other hand, is-c have employed a

iside conmeentration ranmge (1O_6_4 X 10� M)

TAttLE 6

Calcium uptake by dog heart .sarcottibular resides in the absence and presence of cyclic AMP,

epinephrine, and glucagon

These experiments were performed under conditions similar to those described mm detail by Fntmnmim

et al. (6). The reaction mixture conmtainsed 0.12 M KC1, 5 man MgATP, 10 mat histidine buffer (p11 7.0),

2.5 msn Tris oxalate, and 0.04-0.08 mg protein per milliliter. After a 10-nmimm inmcubations at �5O 45CaC12
was added (final concenstratiors, 10� M), ammd the samples were taken at 10, 20, ammd 30 nmitm. The values

are the means ± standard errors of three experjmensts.

Addition
Calcium uptake

10 mm 20 mm 30
. -

mnn

j�imoles/mg protein

None 1.31 ± 005 1.90 ± 0.11 2.03 ± 0.18

CyclicAMP(5 X 10�M) 1.29 ±0.08 1.85±0.09 1.99 ± 0.17

Epinephrine (1 X 10’ M) 1.32 ± 0.07 1.91 ± 0.15 2.04 ± 0.20

Glucagon (3 X 10-8 M) 1.26 ± 0.06 1.80 ± 0.13 1.93 ± 0.13



Nomu’

(‘yclic AMP (5Xl0� ii)

1:l)im�.(’1)hrimme (1 x 10-6 mm)
Uiucagomm (3 x 10-8 mm)

24.9 ± 1.6

25.2 ± 1.3

24.2 ± 1.9

22.6 ± 0.6
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T:utm� 7

(‘alet unit binding by nag heart sarcotubular resides

i,t the absence (711(1 presence of cyclic AMP,

epinephrine, and glucagon

l’imese experiments were perfornued under coms-

(litt(imiS sinsilar to those described by Entmmmamm

ci al. (6). The basic reactiomm mediunm commtaimmed

0.12 mm KC1, 5 mmiii MgATP, 10 nmnit histidimse buffer

(pIT 7.0), ammd 0.24)3 nmg of protein per milliliter.

After a 10-mimi imlcui)atiomi at 25#{176},4SCaCI2 was

a(l(le(l (fimmal coimcemitratiomm, 2.5 X 10� as) , amid

time sanmmples were takemm at 5 mimi. The values are

time mneamis ± stamsdar(l errors of tlmree experimmuents.

.�ddition Calcium binding

nz�?noles/mg protein

of cyclic A\IP imm this study. \Ve finid it (hf-
ficult to resolve time commtradietionm betweems

time resmmlts obtaimmed its this stlm(1y amm(l those
nt’I)()rte(l by Enmtiumati et a!. (6), evens timougim
we have tested! time effect of cyclic A�\lP on

5511(Ot tibultmm vesicles isolat (‘(I from differcist

51)(’Cid�S by various numethods ammd unsder a
mmuiumber of cxl)crinmemmt tii comiditions. l�hus

time l)d)Sibihit�’ of losimmg sonme cellular cons-

l)�t1(�1mt nmeeessan’v for (vclic A1\IP actions its
Olin. 1I)1t’l)Lmmiit ion seenmms rnmilil�’l�-.

\\‘hmile this mmm!mnuscriI)t i\t15 ins l)mepara-
t 16 )tl , Simitmebourmme ammd \Vhite (20) showed

timilt (\�Clie A)�1P its comsccnmtratioims up to
1 X l0-� M (hid! mmot sigmmificantly increase
calcnmmis uptake by dog sarcoplasnmie reticu-

liiimm its citimcr time absentee or presemmee of

tlmeopimylline, a j)otetst inmhibitor of phos-

phmo(lieste1�:sse. Hosseven, timese ivom’kcrs ob-
semTed tlmat cyclic A:�I1� ins comsecmmtratiomms of
1 X l0-� M immarkedly imscrease(l calciuns

ac(ullmulationm by the neticulunum. A critical

:mnm:mlvsis of time data presemmtcdi by these
iV( )Ikers reveals mint onmlv t imat t hci m’j)rcpara-

tiomi ivere less active (0.45 /.Lmmm()le d)f cal-

ciunm l)t�I� mumihligranm of proteitm ins 10 nuns at
370, hint also that sonme of their prep�mm’ationms

failed to accumulate calciunm mm time presence
of _�TP evets up to 5 mmiimmof inmeubation
[Table 3 of Simimmebournme anmd Wlmite (20)].
Ium’timermmmore, ins constrast to the results re-

1)011 ed ins I imis study and by Emmtmatm et al.

(6), Shimmcbournme and White (20) have
claimed that sarcoplasmic reticulum also

aeeummsulates calciuns in the presence of

cyclic A�\l1� (10� sm) ivimems ATP is omitted

fronm time inseubations svstenm. Since no data

for commtrol calcium bimsdirsg ins the absence
of ATP svcrc presenmted, these results are
(lifhiclnlt to evaluate. It seems pertinent to
nmenmtionm that apart from the questioli of

islmether or msot cyclic AMP is insvolved in

sarcotubular ealciuns aecumulat ion, the
(Itita obtained ins our laboratory as well as
by otimer insvestigators (6, 20) demonustrate
S0I)1(� of time difficulties in insterpreting results
fronm time study of isolated organselles.

C’�’chic AMP at 4 X 1O� si was found to

decrease calciuns uptake as well as the

ATPasc activity of sarcotubular membranes.
This observation nmav imot be of any physi-
ological sigmsificancc, simsee time formationi of

cyclic AMP ins such high conmcentratiomss in

time heart sccnms ummlikelv. At amsy rate, the
immabilitv of cyclic ;UmIP (10�10� M) to
influemsee calciuns inptsmke , ealciuns binmding,

!ttl(l calcium cxeimanmgc is further supported
by time observations timat its time above eon-

cemmtration ra�mge this agenst was without any
effect onm ATPase activity. Enitmans et a!.

(6) also failed to observe anmv effect of

cyclic A’tIP (5 X 106 �) on the basic
an(l cal citmm-stinmmulatcd ATPasc activities
of time dog heart sam’coplasmie reticulunm.
1imrtimernmom’e, time incffeetivenicss of cyclic
AMI� ins altem’inmg the permeability of heart
srtrcotiibiilar nmcnmbranscs to calcium is

nspparcnst from our exl)eriments conmecrrsing

calcitmnm release. This observation is in

agmecnmemst ivith results reported by Webcr

( 10), using skeletal immusele sareoplasmic

reticulum. It nutty be poiimtcd out that cyclic

AMP has beems simown to inserease sligistly

time adsorptiomm of ealciunmm to artificial lipid
mmmemiubranme (21). Cyclic Ai\IP was also

suggested to emmhanec calcium transport

ins kidmmev tubules (22), but this viciv was

nmot supporte(l by Boric (23), is-ho is_its uns-

able to observe any effect of cyclic AMP or

its (hibutynyl derivative.

Time data reported in tisis study do isot

reveal ammy effect of epimmcphriime or glucagon

on calcirmmus tr:stmsj)ort. Entmalm ci a!. (6, 15)

imave reported tlmat calciunm tranmsport is
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inscreased by epinmephriisc, glucagons ansd

ouabain, although such a chains for these

inotropic interventions is mmot supported
by the observations made ims nsumerous

laboratories (5, 8, 19, 24-26). Some imivesti-

gators could demonstrate an increase in time
rate of calcium uptake only at a very imigh

conscemst ratiots of norepimsephrine, amid iso-

proterensol was not effective (27, 25) . On

the basis of results concerning the effect of
cyclic AMP on calcium transport across
heart sarcotubular vesicles, the presemmee of
ademmyl cyclase ins this membranse, anmd time
activation of adenyl cyclase by epincphrinme
and glucagoms, it has beems emphasized that
the positive inotropie actions of these agenmts

is mediated through cyclic A\IP by aug-
menstations of the sarcotubular calciunm pool

(2, 6). Although this postulated role of

cyclic j�MI� is attractive mm the senmse that

it may serve as a molecular nmechansism for
explaininsg positive inotropy as due to scm’-

eral irstervenstions, we consider that such a
comscept should be taken isith rescrvatiomms,
simsce the data described in this paper eons-
cermsinmg the action of cyclic AMP, cpinmeph-

rine, and glucagon do not support the

suggested mecharsisnm . Furthernmore, we

have recently reported! that the activation of
adenyl cyclasc by epirseplmrimse is mmot asso-
ciated with an immcreasc in ealciunm uptake

by heart sareoplasmic reticulum (29) . We

have also observed that changes mm ademmyl
cyclase activity anmd ealeiuns tranmspom’t
ability of dog heart sarcotubular vesicles

can be dissociated by prior treatnmenmt isith
phospholipasc C or trypsirm (30) . Thus, its

the light of time data at hand amid! some re-

ports available ins the literature, we believe

tisat cyclic AMP may not be insi-olved in

calcium adsorpt ions , exchammgeabihity , ansd

trammslocations ins time sarcotubular vesicles of

mvocardium and Imensec nmav nmot cotmstitutc

a mechanism for the positive inotropic

actions of ej)inephrimmc. Our prcsenmt study,

hosvever, does msot rule out the possible

imsvolvement of tins ademsyl cyclase-cyclic
AMP system at the nmyoeardial sarcolenmnma

for the mechanism of epinephmrinse aetiots

described above. We also have iso evidence

to suggest ishether or nsot cyclic A\IP is

imsvolvcd ins the positim-c inotropic action of

catecholanminmes t hrough mmmetabolic I)rOcesses

or iomiic fluxes across the cell muiembranme. It

max- be noted that changes ins cyclic AMP

levels in the heart have beets dissociated
frons I)Ositive inmotropv unmder certaimm experi-

memmtal coni(litiOtls (:31-33).
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