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-SUMMARY

Studies us-crc carried out on radioactive calcium uptake by cell fractionns isolated frons

bovine ssdrensrsl medullac. I\hicrosonses sinosved ann active uptake ()f calcium uvinich us-as ne-
pensdenst on ATP and Mg�, potenutirstcd by ann ATP-genserating system, simnd insinibited by

agents knouvnn to block calcium uptake by muscle nuicrosonses. Mitocisonidrisi. sinous-ed rums
ATP-activrsted uptake of calcium usinichi was innhibited by azide, oligomycin, on 2 , 4-dimnitro-

phenol. Tinese agents did riot insinibit active uptake by tine nnicrosomes. A semii)urihe(l
chromaffins granule preparations also show-ed ATP-rsctivated calcium uptake, but it svas
largely ininibited by azide. Tiniocyaniate, us-inichs reduced calcium uptake by thne nsicrosonnes,

caused tine release of catccinolanninses from perfused adrenal glands. Tine regulation of imntra-

cellular calciuns by the rsdnenal medulla and its innfluensce on cmnteclnohunnimne secvetioun are

discussed, uvitis emphnrssis on sinsilanities to muscle pinvsiology.

nNTROI)UCTION

Tise impontsunut role of calcium its regulsst-
ilig the discinarge of secretory pnoducts is
uvell documented (1-5). Agents winichn stimu-
late secretions from various types of cells

also cause tine influx of calciuns ions (6-5).
Release of catccholamincs from isolsttcd

chromaffins granules cars be effected by the
additions of ATP amid magnesium (9, 10).
These facts, togetiner uvitin other insfonnsrstiorn,

have led to frequennt comparisons betus-ecni
tine processes of secretion and conntractionn
(1, 3, 6, 10). Ins fact, it isas beers postulated

tisat the secretory discinange process riot emily

These studies were supported in part by Unnited

States Public ITealth Service Gramnt 1-R03-MH
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ciat ion -

resennsbies nsuscle comntrsnctioms but nna� also
iruvolve similar nsolecuhar nnechrsnsisnns ( I 0,

1 1).

Omie of tine impontamut features of nnnuscie

cells is tinat a stable loss level of iomnized ins-
tracehlulan csslciuns is nssuinstainued by nneamns

of active calciuns punnpimng. line nsaims (‘155-

pinasis its tine i)tist lists beemn on ATP-sup-

ported accumuirstiomu of cstlcitsm by elensents
of tine sarcoplasmic reticuluns (for referem nees,
see refs. 12, 13), but recently tine eniergy-d(’-

penndenit accumulsitions of calcium by munito-
cinonudnia inas also been comnsidered to be ins-

pontanst iii regulating levels of calciumun ins

muscle cells (14).

If tine secretory l)1�0CeS5 truly resennsbles

contractile pinenuonnemna ins nnuscle, a simnuiiar

constrol of the calciuns comncenutrsitioms in se-



408 POISNER AND HAVA

cretony cells migist be expected. This paper

reports tine occurrence of ATP-sictivsuted
accumulations of calcium by fnsuctionns from
tine adrenal medulla comparable to those

inn muscle.’ Additional expcnimemnts inave
beens performed on perfused adrenal glands
to assess tine role of the microsomal ele-
mennts in the intact gland. Tine evidemnce

suggests that tine regulations of cellular cal-
ciuns by mitocinondnirs and micnosomes is
insportanut inn corstrollinng secretory activity.

METHODS

Pieparalion of cell fractions. Bovinnc rsdre-
nsal glands obtained from a local slaugintcr-

mouse were tnrsnusponted on ice to the labona-

tony, amid tine medullrse us-crc dissected aus-ay

from tine cortices. After beiuug minced usitis
scissors, tine tissue us-rs.s homogensized ins a
glass-Teflon Potter-Elvehj em homogenizer

ins 5 volumes of 0.28 M sucrose. Tue inomoge-
mnate us-as cenitnifuged for 5 mm at 1000 X q,
annd tine residue was discarded. The super-
natannt fluid usas cenntrifuged for 25 mins at

9600 X g to yield tine crude granule fractions.
The resulting supernnsttrsnst was centrifuged
for 60 mm at 140,000 X g to sediment tue
microsomal fractions, us-Rich us-as resuspended

in a small volume of 0.28 M sucrose with a

loosely fittinng pestle in a Dounce hnomoge-

niizer. The crude granule fraction us-as re-
suspemnded in 0.28 M sucrose, layered over 10
ml of 1.4 M sucrose, and centrifuged for 60
mini sit 140,000 X y. This resulted in a pellet

arid an opaque layer floating on top of the
1.4 iu sucrose. The floating layer us-as rc-

moved by aspiration and designated the
nsitocisondrial fractions. This preparations of

mitochondnia amid microsomes is essemntially
similar to thirst of Banks (15). To prepare
semipunified chnomrsffin grannules, tine micro-
pore filtration method us-as used, uvhich in-
volves filtration through 0.3-ji Mihlipore
filters (10).

Determination of cakiuin uptake. Calcium

uptake us-as studied, employing 45Ca, by
the Millipore filtration method, us-hich has
also been used in studies on mitochonsdria

‘An account of some of the preliminary find-

ings was presented at the Second International

Neurochemistry Meeting in Milan, September 1,

1969.

annd muscle microsomes (16, 17). Tine frac-
tiomn to be studied was incubrsted at room
temperature (24#{176})in a medium containing
(under stanndard conditions) KC1, 144 m�i;
MgC12, 10 mM ; N-tris(hydroxymethyl)-
methvl-2-rsminoethannesulfonic acid buffer
(pH 7.0), 20 mM; 45Crs, 10’ M (0.01 ,oCi/ml);
and ATP at various concentrations. Tinese
conditions us-crc used unless otherwise mdi-

cated. Tine reactions was stopped by rapid
filtration (under suction) tinrough O.3-ji
Mihiporc filters, which yielded perfectly

clear filtrates. On some occasions 0.22-is or
0.45-,.� filters us-crc employed annd gave similar
results, indicating no loss of particles througis

the filters. Aliquots (0.2 ml) of the filtrates
us-crc ridded to 15 ml of Bray’s solution and
counted in a Packard Tri-Carb scintillation
counter. Controls us-crc alw-ays carried
through tine whole procedure unndcr identical
conditions, but uvith nio added ccli fractions,

arnd were used to determine the total avail-
able radioactivity. Under the conditions em-
ployed, the concentration of 45Ca in the ins-
cubation medium was riot reduced by filtra-

tion through Milliporc filters in the absence
of cell fractions, arid averaged about 10,000
cpm/0.2-ml aliquot.

Density gradient centrifugation. For sub-
fractionation of microsomes, the resuspended
microsomal fraction us-as layered over equal

volumes of 20 %, 23 %, and 30 % (w/v)
sucrose and centrifuged for 60 mm at

134,000 X (1. Tine isolated subfractions

( described under RESULTS) uscre tested for

ATP-activated calcium uptake as described

above and assayed for proteins.

Perfusion of adrenal gkinds. Bovinse rsdre-

nial glands were perfused in a retrograde

fashnions as described previously (iS). Tine

solutions used us-ill be described under RE-

SULTS. Tine effluent samples us-crc collected

ins acidified vessels rind frozen or stoned on

ice prior to assay for catecluolaminses.

C/menu ical determinations. Catecholaminies

were assayed fluorometricahly (19). Proteins

usas determined by tine metisod of Lousry et

al. (20), using bovine serum albumin sus a

standard.

I)rugs and chemicals. ATP, cyclic 3’ ,3’-

A\IP, amid pyruvate kinnstse us-eve obtained
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frons Sigmusa (‘liemnsical (�omnnpamny ; pinospino-

ennolpvruvate , fromns 13o)eiurimnger- .\ I suinuiueinus

amid 45CssCl2, fionnn Tracenlab (origimnal spe-

cific sictivity, 5.03 niCi ‘nng).

RESULTS

Effect of .1 7�J) � mnici-osomal bindimj of

cakium. To) deternninue svinethcr ATP would

affect tine birudinng of calcium, several series
of cxperimcnnts uvene performed. Ins omne of
tine first, tine experimenstrsl conditions us-crc

sinnilar to those used for studies on nsicro-
somal membranses derived frons skeletal

muscle (21). Its tisis cxperinnenst, 12 aliquots
of the nsicnosonnnsil preparatiomi us-eve used for
thie constrols, timid 12 other ahiquots were

used for tine ATP-treated samples. ATP

(1.6 m.ui) caused a sigmsificamit inncrease (4540

± 60 cpns/mgof proteins) ins 45Ca binding dun-

insg 10 mimi of inncubationn sit noons tcnspera-

ture (24#{176})(1’ig. 1A).
Ins rsnnotiscn cxpeninncnst, tine effect of ATP

usas examined at 0#{176}to indicate uvhnethncr ann

enzymatic mecinrsniisns might be imivolved.
ATP-activated uptake did riot occur durinng

inscubation at this tensperature (F’ig. 113).

The microsomes us-crc first incubssted for 5
nnins usitiu 45Crs before tine sidditiomi of ATP.

CONTROLL ATPU

U
Fun. 1 . Effect of A TP on (-al(-iumn uptake by

arlienal mmcdii liary in t(-rosome.s-

Two separate experinnemits are illustrated. A.
Microsomes were incubated for 10 mm irs the

standard medium in the absence (j) or presence

(�) of 1.6 mM ATP. The vertical bars show the

mean (± standard error) uptake in counts per

nninnute per nuilligramn of proteini. N 12 for each.

B. I)uplicate aliquots of microsonnes were first

inncubated for 5 minn at 00 or 24#{176},arid the imncnmbat ions

was conitimnued for a further 10 mm in the absence

(0) or presence (�) of 2.0 nn� ATP. The vertical

bars show the uptake of calcium during the fimnal

10 mm of imscubationn.

Finn. 2. Effect of .4TP and an ATP-generating

s�jsteiir on calcium uptake by a(l,-ena I imiedu ha ry
mniciosomnes

�Iicrosonnes were imicinbaled for 5 nnirs following

a 5-nun �)rclinninsary inncui)atiomi period as described

for Fig. lB. 1)urinng the final 5 nninn of inucnmbation,

ATP annd/or phosphoemnolpyruvate plums pyruvate

kinnase (PEP + PK) were pm-esent as indicated

below the verticai bars. The conscenntratiomn of ATP

when used was 10� or 10� si, as inidicated, amid the

conicemn t rat ionns of l)hosphoeniol I)Vruvinte and

pyruvate kinase were 2 ansi amud 10 �g nil , respec-

tively. The vertical bars show the nnnean (alcilmni

uptake, in counts per nniniite per milligram of

protein, in duplicate aliquots.

45Ca uptake ins tine abseunce of ATP uss�s essemu-
tially insdepenndenut of temperature amid ussis

riot sigruificantly differemnt from calcium up-
take ins the presence of ATP at 0#{176}: ul)tstke

duninig 5 mm at 24#{176}us-as 1660 cpns/nng of
proteins ; durimng �) mini at 0#{176}it ssas 1480;

amid usitin ATP presenit during 15 mimi at 0#{176}it
was 1 590. Uptake at room temperature dnnr-

inng 15 nsins, with ATP pncsennt duninng tine

fimsal 10 minn, us-as 4510 cpm/mg (Fig. 113).
Effect of an :1 TP-jeneratinq system (JR

calcium uptake. Sinuce ATP-activated up-

take of calcium has beens reported to) be pa-
tenstiated by ATP-genseratimng systenns (22),
onse suds system us-as exrsmimned usimng the

adremnstl rnedullssry nnicrosonnes. I �inosphno-

enohpyruvrite together svitin pyruvate ki msnise
mad rio effect ons calcium uptake ins tine sib-
semscc of ATP, but potemitirsted tine effect of

added ATP (Fig. 2). Thus expenimcmst also)
showed that 10� �t ATl� could activstte cstl-

cium uptake imu tine prcsensce of pinaspho-

ensol pyruvate plus pynuvatc kimna.se.
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Requirement for maqnesiumn . Tine ATP-ac-
tivated uptake of calcium by microsomes
fronn nuusclc displays a requirement for
mrsgnuesium, as does its ATPasc activity (12).

The effect of magnesium ons adrenal medul-

larv nsicrosomes proved to be similar: ATP

did nnot increase calcium uptake inn the sib-
sennce of magnesium (Fig. 3).

Time course of calcium uptake. Prelimi-

nnar\- studies mad shown that passive binding
( binsdimng at 0#{176}or at room temperature ins the
absence of ATP) was very rapid. Some 80-
100 � of the equilibrium value was attained
inn 5 mini. Uptake in the presence of ATP
us-as also very rapid ; two-thirds of the final

value us-as observed ins 5 mm (the sinortest
time period measured) (Fig. 4).

A TP-activated uptake of calcium by mito-

chundria. The uptake of calcium by mito-
chomudnia, which can be supported by respina-
tony substrates or by exogenous ATP, is
useli documented, particularly for liver mito-

chomsdria (23). \Iitochondria prepared from
tine sodremial medulla also exhibited ATP-ac-
tivated calcium uptake (Fig. 5). Just as us-itin

liven nsitochondria, the ATP-activrstcd cal-
ciuns uptake was inhibited by azide, oligo-
mycinn, 2, 4-dinsitrophenol; mow-ever, the
ATP-activated uptake of calcium by micro-
senses us-as nnot affected by these rsgennts (Fig.

5). These results indicate tisat the ATP-ac-

Fno. 3. Effect of magnesium and ATP on uptake

of (-alcnnn by adrenal mneclullary nu(-rosonies

Microsonnes were incubated for 20 nun in the
standard niedium or in the stamndard medium

mimnus nnnagnesium. Whenn ATP was added, its con-

cent rat ion was 2.0 m�. The vertical bars show the

meami caicium uptake, in counts per minute per

milligrann of protein, iii duplicate aliquots.

3000

CPM

mg

2000

FIG. 4. Time course of calcium uptake by a(lrenai

medullary inicrosomes in the presence of A TP

Microsomes were first inncubated in the standard

medium for 5 mm, amid incubation was continued

for various times in tine Presence of 1.0 mM ATP.

The curved line shows the calcium uptake, inn

counts per minute per nnilligram of protein, after

the addition of ATP. The solid circles show the
results obtained from duplicate aliquots.

tivated uptake of csulcium by tine micro-

somal frrsctionns is riot due to the pncsenncc of
small quantities of mitochonndnirs. Results ne-

ported irs a later sections show that the micro-
somes also inave physical properties quite

different from mitochondria.
Effect of various agents on A TP-activaled

calcium uptake by microsomes. Various
agents us-eve tested to determine their ins-

flucnnce on the ATP-activated uptake of
calcium by adrenal medullary microsomes.
Some of these have been examined pre-

viously inn studies on niuscie nsicrosomes amid
on mitochonsdnia. The results are show-ni ins

Table 1. Agents us-isich inhibited tine ATP-
activated calcium uptake included a sulf-
hydryl insinibiton (p-hydroxymercuribenzo-

ate), drugs knious-n to block calcium uptake

by muscle microsomes (quinidinse, Amytrsl,
and thiocyanate), and the alkaline eartins

strontium and barium. Agents which did not
affect calcium uptake included caffeine amnd

cyclic 3’ , 5’-AMP. Replacing KCI us-iths XaCl
also did riot affect calcium uptsske.

Calcium uptake by chromaffin yranules.

Chromaffin granules prepared by Milhipore
filtration also displayed ATP-activated cal-
cium uptake. However, sinsce granules pre-
paved ins this fashions are constaminnated by
mitochondnia (24, 25), it was considered
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FIG. 5. Effect of uarious metabolic inhibitors on

A TP-act ivate(1 (-a Icim, in uptake by adrena I mmmcdii llar�j

jim icrosom Cs a 11(1 amitochondria

Microsomes arid nnitochonndria were inncubated

ill the standard ninediimm for 10 mimi in the tnbsemnce

or presemice of 2.0 m�n ATP. When metabolic in-

hibitors were present , thei r conicenutrat ions were:

oligomycinn, 1 j.ig’mi; sodium azide, 1.0 minim; and

2,4-dinnitrophenwi (l)NP), 5 X 10’ in. The vertical

l)ars show the meani ATP-activated calcium up-

take of duplicate samples nns a percemitage of the

control. For the nnicrosonnes tine control value was

81(10 cpnn/mg, annd for the nnitochonidria ii was

12,800 cpm ‘nng.

TAIInE 1

Effect of various agents on A TP-aetimated miptal-e of

caic mi 11? b!/ (1(lrenal mined ii Ilary iii icrosomes

Microsonies ��-ere iflcLIl)ated for 10 ruin itmider

standard condit ions with or without 1 .0 minim ATP.

The concenutratiomns of the agents tested are shown

inn the seconud colummi. Iii tine experiments with

KSCN amid NaCl, the KC1 in tue standard me-

dimmnu was replaced by the test substance. 1mm tine

experinient wit Ii barimmni, the calciunu comicemit ra-

tiomi was 5 X 106 � Inhibition of the ATP-ac-
1 ivat ed calciuni ulI)t ake (opt mike wit h ATP niuimnus

u�ptake withommt ATP) is shiownu in the column

on the right

- - Inhihi-
�gent ( oncentration -

lion

if

p - II ydroxvmmierc Li rihemi -

zoate

(�uimiidine

Sodiuni Ammnvtal

KSCN

BaCl2
SrC12

NaCl

Caffeine

Cyclic 3’,5’-AMP

FIG. 6 Effect of .�)(liiI1pl (izide on .4 7’P-aetirated

uptake of calciuni by adrenal maci/al/amy initoclion-

(I)ia and (hFomafJin granules

)�Iitoclnonudria prel)are(1 by (ienisitv gradient

cennt rifugat ions nimud chromnnatlin granules Pme1)are(l

by Nlihlipore filtratiomi were incubated for 20 mimi

inn the stamiolar(i munedimmimi after a 3-main �)meIimnuimiary

incui)ation - At zero t imnie, 1 .0 minim A1P was added

with or without so(liuni azi(le at 2 X 106 �,m. 2 X

10� in. ATP-activated calciuni uptake is expresse(I

as a percentage of the (-olitrol uptake inn the ab-

sence of azide. The ATP-a(-t ivated uptake of cal-

ciumnn was 3170 cpnn f()r the gramiuie preparations rind

2730 cpm for tine nut ochonulrial preparations.

likely that si signiificsimst l)OrtiOti of tinis :t(t i\e

calciuns uptsike ssas due to musitochomairia.

Therefore , studies were consducted svitin

sodiuns azide, sshiciu imiinibits ATP-sictiuated
calciinns uptake by mitochonndnia. A large

portioimn o)f the active calciuni uptake by a
chnro)nnnaffimu gnrtmsulc fractions prey � red by
\Iihliport’ filtrsstiomi usas inniiibit(’(1 by -So(lilmns

azide (l’ig. 6). Parallel experinsensts witin a
nsitochnomndnial fractions sinossed thirst tine

chro)nnsaffini granule fractions usas somnsesvlsat
less scnnsitive to tine imnhnibitorv effect of azide

thirsts usnis tine nnitocinoindnistl fractions (Fig. (i).

\Vinethner the n�esidnnal activity ins tine })re-S(’tnce

of azide is (Inc to cinronsaffins granules metnnaimis

to be detcvminscd.
Fi-aclionation of in icrosoines (ifl (1 (lcfl sity

qradient. Some nsuscle nnicrosonse mnio’mns-

branics seenns nnucis nnnone active for (‘alciumun

10 1(X) uptake tinsun others obtsuimsed fronu tint -iatnne
5 >< 10- 60 nsuscle (26). To exansinne tine possible imotero-
5 X 10 57 genscity O)f the nnicrosonsal fraction I romss

144 X 10-: So adremsal nnedulla, several prepsiratiomns were
5 x 10-: 40 fractionated further oms sucrose (iemnsitv
2 X l0 26 gradients. Tinn’e fvactionns ssere obtaimie(l

144 X 10 0 sifter cemntrifugationi over a discomitinunous
S x 10� :� � grsidiemnt o)f 20 � , 25 ‘�, and 30 �

(uv/v), Tine mievosomunes proveol to in:nu-e a
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Fur. 7 . A TP-activated uptake of calciu,n by

S ubfiact�ons of adrena 1 Pne(lu llary as i(-rosomes

\Iic rosomes were subfractioiuated h)v density

gradienit ceimtrifugationi over 20�, 25#{231}�,and 30%

(w/v) sucrose as shown. After centrifugation, ali-
quots of the three fractiomus (and of the original

suspenisiomi) were exanninsed for proteinn annd for

ATP-act ivat ed calcitmm uptake . The dist ribut ionn

oni the gradient inn ternns of protein is indicated,

under the columnn labeled “yield,” as a percentage

of l)r�teimi recovered. Total protein recovered

equaled 98.9� of that applied. The column on the

right indicates the relative ATP-activated cal-

ciunn ul)take compared to tine origimsal suspension,

which was giveru a value of 1.0 (the actual value
was 3070 cpnn/ing of protein).

very lous specific gravity : about two-tiuirds

li5i(1 5i demusitv less tinaru tinat of 25 % (us/v)

sucrose (0.7:3 �n sucrose). Tinis may be corn-
pared uvithi tine specific gravity of mite-

cinonudnia amid lvsasomcs from tine adrcnsal

medulla, ushsichn rerichn equiiibriuns ins 1.35
and 1.6 in sucrose, respectively (27). Only

15(-;� of tine microsomal proteins us-as sedi-

memited tiurougiu 30 � (uv/v) sucrose (0.88
�i). The relative ATP-activated calcium up-

take imn tine demnsest fractions us-as less than

thirst of tine oniginnal microsornal fractions,
arid tine imitermediate layer shnouvccl tine high-

est relative uptake (Fig. 7).

I�ZtTect of thiocyanale on cateclsoiain inc re-

lease fionin perfused adrenal glands. Various

ansiotns jotcnntis.te nsuscle constractioni, and

omne of tine most potenst is thniocysimnate (28).

Tinis effect is thougint to be due partly to an

influemsce onu tine electrical properties of tine

cell nncrnbranue sirud partly to an effect on

tine sarcoplasnsic reticulum (29). Several cx-

pevinnensts us eve performed ons giannds already

Experinnennts omu two different adremial glands

(A and B) perfused fronn the sanne perfusion bot-

ties are illustrated. The giands were perfused with

a calcium-free, high-potassium medium for 60

mm before these data were obtained. The conupo-

sition of the medium was: KC1, 100 mM; NaCl,

60 mM; NaHCO3, 6 mM; dextrose, 10 mM; and
ethylene glycol bis(�-amimnoethyl ether)-N, N’-

tetraacetic acid, 0.1 mu. The horizontal bars be-

low the graph indicate where chamnges inn the cam-

position of the perfusiomi medium were nnade. At

5 mm, 100 mM KC1 was replaced by KSCN; at 25

mm, 2.2 mum calcium was added.

depolarized by perfusion us-ith high po-

tassium media.

The effect of replacing 100 miu KC1 with

100 mM potassium tiniocyanate oni catechol-

amimne secretion from two adrenal glands inn
the absence of calcium amnd tine effect of sub-

sequent riddition of calcium are shousns ins
Fig. S. Ins tine rsbsenucc of calcium [arid after

prolonged perfusion uuitin 0. 1 m�i etinylenue
glycol bis(fl-aminoethyl etincn)-X , X’-tetna-

acetic nicid (EGTA)], thiocyrsnnate caused

the release of cateclnolamines. Tine additions

of 2.2 mM calcium caused a further inicre-
menst ins catecinolansine release. Of the tuvo
glands used ins this experiment, one us-as very

senusitive to tine effects of tiniocyansate,

uviths calcium causing emily a small inicre-
memut (curve A, l-ig. 8), uvhiie tise o)tiser us-as

less sensitive to thiocyaniate, us-ith calcium

causing si larger inscremerut ins crstechiolaminne
relesise (curve B). Ethylenne ghycol bis(f3-

aminsoetinyl ethcr)-N ,N’-tetnaacetic acid at a
lous concentration (0.1 m�m) ussss used ins tinis

experiment in order to ennsure that the re-
sponnse on addition of tiniocyamnate uvould riot
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2 Unnpublished experimenits -

be due to traces of csilcium possibly present

ins the thiocyanate. Ins tuso other experi-

merits, catecholaminic secretions w-nis ins-
creased 2-fold and S-fold us-lien perfusions us-as
switched from regular Locke’s solutions to
a solution in which 80 miii NaC1 us-as re-

placed withn SO m�i sodium tisiocyansate.

DISCUSSION

The prescnst experiments us-crc carried out
to obtain information about the hnansdlinsg of

calcium by fractions of tine adrenal medulla
inn a manmner analogous to similar studies on

muscle. The microsomal fractions frons the

adrenal medulla exhibits ATP-activated up-
take of calcium, just as do similar fractions
from muscle. Furthermore, this en j)sicity
to take up calcium bears much similarity to
tue ATP-sictivated Process ins muscle ; thieve

is a requirement for magnesium, poterstiation
by phosphoensolpyruvate and pyruvate
kinase, amid inshibitions by various drugs such
as Amytal and quinidine amid by p-inydroxy-
mcncunibennzoate, a sulfhydryl reagent (12,
17, 22).

The uptake by the microsomal fractions is
clearly not due to tine presence of nnito-

cinondria. Both tine density and sedimenta-

tion properties of mitochondria are differenst
from thuose of microsomes. Furthermore, tine
ATP-rsctivated uptake of calcium by nnito-

chonsdria was inhibited by azide, oligomycin,
amid 2 ,4-dinsitropinenol, ssinicis did riot in-
hibit the uptake by microsomes.

It should be noted thirst there is a nsegsstive
report concerning active uptake of calcium
by adrensal medullary microsomcs (30);
inousevev, ins that study tine microsomes us-crc
stoned at - 20#{176}before use. We have founsd2
that tine ability to accunnulate calcium is
rapidly lost ons storage, sinsd there inas been
similar experience uvith muscle nnicrosomes
(31). Tine ATPase activity of adrenal mcdul-
lary microsomes is appsinenntly riot lost ons
storage (30).

These finudinsgs on tine ATP-activated up-
take of calcium by nsitochnonsdnia amid micro-
somes from tine adrensal medulla may help to

explain tine observations tinsut the release of
catecinohaminnes from tine instruct adrenial

medulla is inscreased by nunoxia rind nseta-

bolic insinibitors (32). Sucin consditiomns sinould

reduce tine levels of available ATP arid, cons-

sequemutly, tine binsding of intracellular cal-
cium.

Rubims (32) lists shnouvnu that nsodersote de-
pictions of energy stores (by ansoxia) in-

creases tine spontaneous amid calcium-evoked
release of catecinoisimimnes. The inscrease ins
sponstamseous relesise caused by amnoxia send
glucose deprivations us-as depressed by nuore

thuams SO % by rennoval of csilcium fronn tue
perfusion medium, arid therefore (32) is

ProbablY due largely to calcium insfiux. Tine
potenntirstion of cateciuolniminnc release by

nitrogen amid cyamnide (32) inn response to buy

consccnntrations of calcium nsay also reflect
tine decreased cnupacity of tine medulla to
binsd calcium. This could be related to di-

minished mitochondnirsl or microsomah cml-
cium uptake, or boths.

A further reasons for supposing that nunicro-
somal calcium uptake mnny be physiologically
important comes from tine results obtained

witin thniocyanate. Tiniocyannate is knnousmi to

potcintiate muscular contractiomn, arid sonic
of this effect is believed to be due to its

knnown ability to block calcium uptake by
muscle nsicrosomes (29). Tisiocyamnate ye-
duced tine ability of adrenual meduilany
microsonses to take up calcium in vitro amid inn-
creased catechnolaminne secretions frons tine ins-

tact gland. If tiniocyannate imucrcases the itntra-
cellular levels of free calcium by prevemntinng
uptake by tine endopla.snsic reticulum, tinis
could lead to catechnolanninse release. 1mmfact,
tlniocyamnrste can nnous be added to tine smnsrshl

list of nigents ss�inichn csiuse adrenal nsedullstry

discinarge ins the absennce of cxtraceilular
calciunn, and since it is unlikely that tinio)-
cyansrste breaks doss-ms tine cinromaffims cells,
tine inscreased availability of imstracellular

calciunn seems si reasonsable explannatioms. TIne
most effective sigents kmuousn to cause adrennal
medullary secretion ins tue abscnice of extrst-
cellular calcium sire stromutium and bariunn

( 33). Simnce these agemuts also imnterfcne us-ithu
calcium bimnding by adrenual nnedullary
nsicnosomcs, it seems possible tinat pssrt o)f

their actions may be mediated thuvo)ugis the
release of instrnicellulsir calcium. Tine suctions
of barium on smooth muscle may be related
to imutracellulan calciuns stores (34), amid us-c
have obtainned simiirtr results ems perfused
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nidmennal ghstsds,2 imndicsitimng a possible mdi-
rect actioms of barium.

Some agents usinicin did riot imufluensce cal-

cium uptake by tine microsomes ss-ere caffeimsc,
cyclic 3’ , 5’-Ai\IP, amid XaCh. Similar nnega-
tive results innive been obtained us-itin muscle
micvosomes (35-38). Ann effect of caffeine on

calciuns mobilizations from micvosomes from

skeletal muscle lists bcems reported (38), and

similar studies on tine adrenal medulla are
nsow ins progress in our laboratory.

Tine ATP-activated uptake of calcium by a

cinromaffins granule fraction us-as largely
blocked by azide arid presumably us-as due to
tine presence of mitocisonndria. A purer grain-
uhe preparations (25) us-ill be needed to de-
tenminse us-huetinen tine cinromaffims granules
possess tine capacity for ATP-activated
calciuns uptake.

Ins order to compare tine presenut results in

vitro usith tinose on tine intact gland, one may
examinne the data of Borowitz (39) on 45Ca

distribution ins adrennal medullary fractionss
from glsinds perfused witin Locke’s solution

or Locke’s solutions plus nscetylcholinse amid
tinenu washed out with a mnonsnadioactive solu-

tionu. In those experimensts, tine 45Ca conntenst
(coumnts per minute pen milligram of proteins)
usas inscrcascd by acetylciuolinc in all ccli

fnactionns, especially ins the mitochondnia amid
cm nonnaffin gvansules. Houvcver, the imscrea.se
ins the microsomal fraction svas not statisti-

cally significamnt. Borouvitz concluded , ‘‘The

calcium of enidoplasmic reticulum appar-
ently exchanges readily us-iths extracelluiar
calcium and 45Ca is rapidly lost from this
subcehlular structure durinng the 53-mm

usa.sisout period” (39). This conclusions seems

plausible ; inouvever, it might be possible to
exniminne the distributions of calcium us-ithout

a prolonsged usasinout period if the free cal-
cium us-crc precipitated with oxalate during
tine innitiai centnifugationu. The chromaffims

grrsnuule fractions, although muot showing the
highest absolute specific calcium-binding

ability (counts per minute per milligram of

protein) , nevertheless sinoused tine greatest
inucrease in 45Ca contenst relative to tine total

45Ca in the glanud. Ins vicuv of the kmuown
suctive amid passive binsdinng of calcium to
adrenual medullary fractionss anud biological
membranscs in gersernul, it would seem thirst
nsost cell componnensts participate ins regu-

latinng tin e instvaccllular cahciunn comucentra-
tionu.

Current theories oni muscle conutractioni

consider tinat the srsncoplasmic reticulum is
important as sun intracellular source of cal-
cium arid irs promoting relaxations by remov-
inng calcium from contractile proteins.

Housever, as menitionued earlier, recent usonk
suggests thirst control of intracellular calcium
levels by mitochondnia may be of vital im-
portansce in muscle (14). Future experiments

similar to thnose performed by Canrsfoli et al.

(14) may reveal the relative importance of

mitochonndnia in tine regulations of ionized
calcium in tine adrenal medulla.

Drugs annd agents ushich release instra-
cellular calcium or block its uptake have

profound effects on muscle by innitiatinng coin-
traction or delaying relaxatiomu. In ans
ansalogous sense, it us-ould be expected thuat
agents winich increase the intracellular cal-

cium ion concentrations ins the adrenal

medulla could initiate tue release of cate-

cholaminses or, alternatively, potenstiate or
prolong ann evoked secretory response. From
the close parallel betuveen muscle rind the

adrenal medulla in calcium binsding as
described ins this paper, it might be pre-

dicted thirst those drugs and agents w-hicin
affect muscular functions by influencing

calcium mobility (12, 25) usTould inave the
same type of effect on adrenal nnedullary

secretion : catecinolamine release usouhd be
analogous to contraction, and termination of

tine secretory process, to relaxation.
Iinally, as the literature on tine relations

betuseen adrenal medullary secretions and
sympathetic transmitter release hnis grow-in,

it has become apparent thirst tine influence of

drugs arid ions (especially calcium) on tine
one process is remarkably similar to its
effect omn tine otiner (1, 40, 41), and tinis seems
conisistenit uyith their similar embryological

development. Thnercfore, it us-ould also be
expected that norcpinscplininnc relerssc from

sympathetic nerve endings usould be regu-

lated in part by the same type of cellular
elements. This proposal is connsistenst with

reports tisat ATP-activated uptake of cal-
cium occurs inn microsomal elcmennts from
brain amid peripheral nerve (42-44).

Tinere thus appears to be a commons fea-

ture in microsomal elements from muscle,
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adrenal medulla, amid nerves : ATPase ac-
tivity annd active accumulation of calcium.
In muscle, ATP and ATPase are important
both in imsitiating contraction, through their
interaction withn calcium, arid in causing
relaxations, by removing calcium. There is
now evidence to suggest that ATP arid
ATPasc are also involved in the innitiationu

arid terminations of tine secretory process.
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