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SUMMARY

Bovine adrenal medullary slices were incubated at 30#{176}in Locke’s solution containimig

orthophosphate-32P or glycerol-1-14C. 32� was incorporated into all individual phosphohipids,
but at different rates. The highest specific actlvity observed � � phosphatidylinositol,

followed by phosphatidic acid, phosphatidylchohine, phosphatidylserine, lysophosphatidyl-
choline (lysolecithin) , sphimugomyelin, and phosphatidylethanolamine.

Acetyicholine (10� i�t) mu the presemuce of eserine (10� �i) 1)rodUCed a 3-fold imucrease in

catecholamine relea.se and! stimulated the incorporation of 32P into phosphatidic acid
(3.4-fold) , phosphatidyhimsositol (2.7-fold), and phosphatidylcholine (1.4-fold).

The uptake of orthopimosphate-32P into the chromaffiui tissue, as well as the specific ac-

tivities and tissue levels of ortimopimosphate and iuucleotides, were not modified upon acetyl-
choline stimulatiomu.

Glycerol-1-’4C was incorporated into all the individual phospholipids, but, in comitrast to
32p incorporation, acetyichohine stimulation did not increase the incorporation of glycerol-1-’4C

into phospholipids.

No differences were observed in time total an(! individual phosphohipid contents between
control amid stimulated slices.

The time course of the 32P incorporation into phosphatidic acid and phosphatidylinositol
in response to acetyicholimue stimulation suggested that l)hmOsl)hatidiC acid! acts as a precursor
in the synthesis of phosphatidylinositol in this tissue.

The possible mechanism of time action of acetylcholimie on time phospluohipi(l turnover of
the adrenal medulla is discussed.

INTRODLTCTION

It has been demonstrated that acetyl-

choline stimulates time incorporation of 32p

into phosphohipk!s of the adrenal medulla
of guinea pigs (1). 32P incorporation into
phosphohipids is also increased in tissues

other than the adrenal medulla where
acetylchohine seems to be the physiological
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tramusmumitter (2-7). In view of the above
observatiomus, it has beemi postulated that
phospholipids niay play an active role in

the secretion of amines from the adrenal
medulla (1), as well as in the secretion or
active transport of othuer substances from

organs where acetylchohine exerts its action
(2-4). But there is still much controversy

about the correlation between acetyl-
choline-induced secretiomu and acetylcholine-
stimulated 32P incorporation into phospho-
lipids. Since nothing is known of the rate
of 32p uptake iiito the adrenal medulla or
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its rate of inucorporatiomu imuto nucleotides,

it was necessary to study timese parameters
of phosphorus umetabolismn before attempt-
hug to correlate the metabolic effect of

acetylchohine on phospholipid mumetabolism
with the acetylchmolimme-evoked catechmol-

amine secretion.
This is a report of the effect of acetyl-

choline stimulation omu time tissue uptake

and incorporatiomu of 3�P iimto nucleotides

and phospholipids of time bovimme adrenal

medulla.

METHODS

Adult bovine adrenal glands were placed
on ice after their removal in time slaughter-
house and were used within 40 nun. The

medullae were separated! froium the cortices.
Three to four slices were obtainmed from

each medulla by meamus of a Stadie-R.iggs
slicer. Eacim slice was inicubated at 30#{176}in a

stoppered 25-ml Erlenmeyer flask which
contained 3 ml of Locke’s solution of time
following composition : NaC1, 154 mimi;
KC1, 5.6 nmi; CaC12, 2.2 luiM; �‘\‘IgC!2, 1.0

muM ; NaHCO3, 6.0 IflM ; and glucose, 10.0
hiM. The umediumim had 95% O� + 5% CO2

as the gas pimase, whmichm was reimewed eacim
time the flasks were opened for additionms
or transfers. The flasks were shakeim durirug

the incubatiomus. 3�P was add!ed to time iumc-
dium as orthophosphmate-32P (specific activ-

ity, 10.2 mnCi/1.tmole). When acetylchohine
was present mu the incubatiomu nmec!ium,

eserine was also added. The incubation
times, as well as 32p, glycerol-1-1”C, acetyl-
choline, and eserine concemmtrations arc
given in the legends for eaciu table and

figure. Time average weight of the slices was
110.9 ± 2.4 nmg. At the enmd of the incuba-
tion period, time slices were removed from

the incubation flasks and frozen in dry ice
The tissue was homogenized in 5% tn-

chioracetic acid, and the acid-soluble and
acid-insoluble rumaterials were sepamatedl by
centrifugation. Aliquots of the acid-soluble
material were extracted with isobutyl alco-

hol, and the inorganic phuosphate content
mvas measured by time technique of Martini

and Doty (8). The radioactivity was de-
termined in a liquid scintillation counter
(Nuclear-Chicago) using time following

�cint.illation fluid!: Nuclear-Chicago solu-

hilizer, 1 nil ; amid 0.5% 2,5-diphuenyloxazole
in toluetme, 14 mmml.The volunmes of the iso-

liutyl alcoimol aliquots varied between 100
amid 200 �l. Time nucleotide fraction of time
acid-soluble extracts w’as separated by ab-
sorptioiu on Nonit A according to the tech-
nique described by Craime amid Lipnmaiun

�9) . Time mmucieotides absorbed onm Nonit A
were iuydlrolyze(l for 10 mimi at 100#{176}in 1 N

HC1. After boilinig, tine charcoal was re-
nmoved by filtration on Mihlipore filters.

The filtrate thus obtained was nmeutralized
by the addition of silicate-free 1 N NaOH
and assayed for phosphorus commtent arid
radioactivity as indicated above. The
acid-insoluble material was extracted with
chlonoformn-nnethmanol (2: 1) containming

0.25% HC1. The cimloroformn-mnetimanol-HC1

extracts were shakemm witim 0.2 volumime of
cold KC1 (0.8% ) , and the upper and lower

phases were allowed to separate. Time upper,
aqueotns pimase ��‘as renuoved and discarded;
thmemi time immterphase was washued twice with

“timeoretical upper pimase” solution ( 10).
Filially, time lower phase mm’as made up to a
commstanmt volunme witim mumethanol. Ahiquots
of time low’er phase were taken for c!eter-
mmminuationms of total lipid! l)iiOSI)hOI’uS and

total lipid! radioactivity. Time remaining
lower pimase was eval)Orated to drymiess
1.iiudler vacuunm. Time phmos�)hohpids were re-

suspended in chloroform-methanol and

spotted omm thin layer plates. Silica gel G
plates 0.25 mmmi thick were used, and the

inmdividlual pluospholipids were separated by
a two-dimeiusioima! technique. Time coniposi-
tionm of time solvents used was as follows:
solvenmt I, cimlorofornm-nmetimanuol-7 N am-
moniumum hmyd!roxid!e (60:35:5) ; solvent II,
chulorofornm-nmethamuol-7 N ammmmonium hmy-
droxide (35:60:5) (11). The spots were
detected mmdl idemutified as diescnibed else-
where (12). After chromatography, time

plates were dried at roomn temperature,

covered with a plastic film, stapled to

sheets of Kodak X-ray film, and placed in

fihmm holders. After 2-4 (lays of exposure,
time films were developed. Time different
phuospluolipid spots were scraped off the
plates, and the phospiuolipids were elinted
with solvents I an(! II. Time 1)imosPhmOrus
content of individual pimosphohipid!S was de-
terminecl by time method! inmdicated. Ahiquots
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were also added to sciimti!lation vials for
(letermimuationi of tine ‘�P radioactivity.

Correctiomms for 100% efficiency were mimade

mu all sanmmples. Ahiquots of time incubation
mediumum taken at differeimt intervals of timne

were treated! with perchloric acid (0.4 N)

amid cenutnifuge(l at. 150,000 q X mmmiii. Cate-

cholaminmes were deternmimmed mu time re-

sultant superimatanut fluids by tIme triimy-
droxynudo!e fluoronuietnic method (13).

Acetylcholimne and eserine were obtained

from Calbiocimem. Nonit A was purchmased

from Fishmer Scientific Conumpaimy, and 2,5-

dipiuemmyloxazole was obtained from New
Enuglanud Nuclear Corporation. Orthophos-
phate-32P was purchuase(! from Charles

Frost. Comnpany. Glycerol-i -‘4C w’as oh-

tanmed! from Nuc!ean-Ciuicago, Inmc.

RESULTS

Incorporation of orthophosphate_32P in to

the phospholipids of the adrenal medulla as

a function of time. Bovimme adrenal medul-

lary slices were mnucubated with ortimophos-
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Fuu. 1. Specific activity time-curves of individual phosphotipids of the at/renal mnedul!a.

Adrenal medullary slices were iumcuhated with orthophosphate-32P (50 �iCi/mn1) for 160 mm. Slices were

removed from the mediunm at different intervals of time, and time specific activities of the individual phospho-

lipids were deternmined as described in METHODS. Each point is the average of three or four individual values.

LPC, lysophosphatidyicholine; SPH, sphingornyelin; PE, phosphatidylet.hanolamine; PA, phosphatidic

acid; PC, phosphatidylcholine; PS, phosphatidylserine; P1, phosphatidvlinositol.
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Ii
5mm ACh

lint;. 2. I/chase of cateeholamn imu’s ,fi’omm, bovine

adrenal mne(iu!lal’?J slices in (lie presenc(’ of (uctylCholin e

(ACh) (1O� M) plus eserine (1O� um)

The sli(es �vere inncLni)ated in n’ilio for 60 nmin prior

to the addition of acetvlcholine pints eset’nne and were

incul)ate(l for 20 main after this additioni. .\.fter tine

stimulation period, wimich is indicated 1�’ i he hori-

zontal bar, the slices were placed inn a inediuni devoid

of acetvlchohne and esenine.

phmate_32P (50 1iCi/mnml) for 160 mimi. Slices
were menmoved fmonuu tine umcubation medium
at dmfferemmt intervals of tinmme, amid! time spe-

cific activities of time inmdividual pimospiuo-
lipids were detemnmimied as mnmdmeated in

METHODS.

It can be seenm iii Fig. 1 that there were
mmo appreciable chamnges in t.ime specific ac-
tivities of any of time phuospimatides during

time first 40 nun of inucubatioiu, but time spe-
cific activity of all phospimohpids rose
sharply after this period of timmme. Phmos-
phatidylinositol showed time higimest spe-
cific activity, followed by piuosphmatidic
acid, plmosplmatm(l lcholmne, jminospimatidylser-

imme, lysoplmospinatidvlcinohimme. splmmngonmmvelmn,
and! phospimatidylethmamnolanummie.

Increased �P incorporation into phospho-

lipi(ls of the adrenal medulla during stun-

ulation bi� aceti�icholine. Slices were incu-

bated with orthmoiuimosiuimate-”P for 60 nun;
therm acetvlclmohimme (10 �i) mm time presemuce
of eserine ( 10� �r) ��‘as addled to hmalf time

Fiu. 3. Specific activity (6 Iota! lipid extract

A(lrelnal rnedullarv slices �vere inictihated with

orthophosphate-’2P (10 �cCi/nm1) for 60 mmmc before

t he a(1(lition to the incubat ioim mediunm of acetvl-

cimoline (10� M) plus eserine (10�� M), nicid for 20

mmmc aft er t mis a(Idit ion . The open i)ar represen t s t he

nmean ± tan(Iard error of results obtained wit Ii six

cointrol slices, aIR1 the shaded one, the nmean ±

stan(lar(l error of six st inmulated slices. The nist en’isk

denotes p < 0.001.

vessels, amid tine imncul)atiomi was comltinue(!
20 nmimi loingem. A 2.5-3-fold stimimulation of

eateelmolanimimme release was obtaimmed ummdler

timese experimental condit ions ( Fig. 2)
Acetylcimolinme stimulatiomm produced a sig-

mmificamit increase imi the specific activity of

the total lipid extract (Fig. 3). �rh in-
creased! 22p imucorporationm due to acetyl-
cholinne was not observed in all the
imudlividual iuimospimolipids. Acet.yleinolinme

stimulated time mnicorporatiomu of �P into

I)hmOsPimatidie acid, phmosphaticlylmositol,

l)imOsphatidly leholinme. anm(! time phosphorus-
comutaimming spot that rcmuuainmcd at tine origimn
of time ciun’onuuatogramnus (Table 1’). Tlmere was

arm immcrease iim the specific activities of the

sanume phospholipids (Table 2(. Tine cimanges
observed! after stinmulationu by acetvlcimoline
were mmot due to changes in tue total or

nudividual phuosphuohipid eommtemmts, as die-

pict.ed mu Table 3. Time relatively large
content. of lysolecitinimu, which comufimnuus pre-

vious fimmd!imngs, canu also be seemm iii this

table (12, 14, 15). The hysolecithimm was
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TABLE 1

3� radioactivity in phospholipids in the presence and absence of acetyicholine plus eserine

Adrenal medullary slice.s were incubated with orthophosphate-32P (50 MCi/ml) for 60 mm before the

addition to the incubation medium of acetyicholine (10’ M) plus eserine (10� M) and for 20 mm after this
addition. The radioactivity shown accounted for 97.3 ± 5.0% of the total radioactivity in the lipid extracts.

Phospholipid Control Acetyicholine + eserimme p

(cpin X 102)/g fresh medulla
Lysophosphatidyicholine 36 ± 6a (7)b 40 ± 7 (lOt

Sphingomyelin 56 ± 7 (6) 61 ± 8 (10)

PhosphatidyLserine 30 ± 6 (7) 32 ± 4 (10)

Phosplnatidyicholine 340 ± 44 (6) 493 ± 62 (9) <0.001

Phosphatidylinositol 1,465 ± 173 (7) 3,835 ± 224 (10) <0.001

Phosphatidylethanmolamine 26 ± 5 (7) 30 ± 5 (9)
Phosphatidic acid 25 ± 6 (7) 92 ± 10 (10) <0.005

Origin 7,375 ± 87 (7) 12,272 ± 200 (9) <0.05

a Mean ± stanudard error.

b The number of experiments is indicated mm parentheses.

especially concentrated in the chromaffin
granule menu branuc (12, 15).

Uptake of orthophosphate--P and spe-
cific activity of niwleotide in the presence
and absence of acetyicholine. To determine
whether time action of acetyicholine in in-

creasing the 32P labeling of the phospho-

lipids was due to its effect on the turnover
of phosphorus in these lipids rather than to
second!ary cimanges in the specific activity
of precursors, tissue slices were incubated

with orthophosphate-32P (50 p.Ci/ml) for
100 mimi in the presence and absence of
acetylchohimme (10’s M) plus eserine (10”�

M) . Figure 4 shows that the time course of

the uptake of orthophosphate-32P into the
medullary tissue was not modified by

acetylcholine stimulation. It can also be
seen that after some of the slices had been
transferred to a nonradioactive medium

there was a parallel drop in the 32p content
of the tissue in both control and acetyl-
choline-stimulated slices. The first and
faster rate of 32p uptake and the earlier
and rapid loss after the slices imad been

placed in a nonradioactive medium might
huave been due to diffusion into and out of

the extracefluhar space of the chromaffin

TABLE 2

Specific activity of individual phospholipids in the presence and absence of acety!choline plus eserine

Adrenal medullary slices were incubated with orthopimosphate-”P (50 sCi/ml) for 60 mum before the addi-

lion of acetylcimoline (10-n �t) plus eserinme (10� ra) to the incubation medium, and for 20 mm after this
additiomm. Time radioactivity shown accounted for 97.3 ± 5.0% of the total radioactivity in the lipid extracts.

Phospholipid Control Ac etylcholi ne + eserine

(cpin X lO�)//4J P

Lysopinospinatidylclnoline 37 ± 6. 5” (7)b 40 ± 6. 1 (7)

Sphingomyeliim 68 ± 8.3 (7) 65 ± 5.4 (7)

Phosphatidylserine 164 ± 13 (7) 154 ± 12 (7)

Phosphatidylcimoline 140 ± 15 (7) 202 ± 21 (7

Phosphatidylinositol 1,004 ± 98 (7) 2,709 ± 108 (7)

Pimosphatidylethanolamine 22 ± 3.5 (7) 25 ± 4 .0 (7)

Phosphatidic acid 124 ± 12 (7) 422 ± 28 (7)

Origin 9,728 ± 115 (7) 14,979 ± 244 (7)

a Mean ± standard error.
The number of experiments is indicated in parentheses.



Adrenal medullary slices were incubated for 60 mini 1)efore time addition of acetyicholine (1O� M) plus
eserine (10k M) to the incubation medium, and for 20 miii after timis addition.

Phospholipid Control Acetylcholine + eserinie

�ig Pig fresh timue

Total lipid extract 775 ± 23a (16)h 784 ± 20 (14)

Lysophosphatidylcholine 90 ± 8.0 (7) 89 ± 9.0 (7)

Sphingomyelin 79 ± 4.9 (7) 85 ± 7.8 (7)

Phosphatidylserine 18 ± 2.5 (7) 20 ± 4.9 (7)
Phosphatidylcholine 237 ± 11 (7) 234 ± 12 (7)

Phosphatidylinositol 140 ± 7.8 (7) 136 ± 10 (7)
Phosphatidylethanolanminme 117 ± 9. 1 (7) 115 ± 8.3 (7)

Phosphatidic acid 19 ± 3.7 (7) 21 ± 5.2 (7)

Origin 73 ± 7.4 (7) 78 ± 8.6 (7)
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TABLE 3
Levels of individual phospholipids in tine presence and absence of acety!cho!ine plus eserine

a Mean ± standard error.

The number of experinuenmts is indicated in pareintimeses.

tissue. Nucleotide specific activity was
measured under the same experimental con-

ditions as described above, and time course
curves similar to those for orthophosphate-

FIG. 4. Orthophosphate_BP uptake into adrenal

medullary s!ices and loss after transfer to a nonradio-

active medium

The slices were incubated with orthophosphate-’2P

(50 sCi/ml) for 100 miii iii the presence (I) or
absence (�) of acetylcholinme (10� iii) plus eserine

(10-s M). After 40 miii of incubation, half the slices
were transferred to a nonradioactive medium witim-
out (0) or with (LI�) acetyicholine. The arrow in-

dicates the time of transfer of time slices.

were obtained (Fig. 5). Again, stimula-
tion with acetylciuoline did not produce any

significant differences. After some of the
slices were removed from time radioactive
medium to a nonradioactive one, the nu-

c!eotide specific activity did not drop as

rapidly as time ortimopimosphate radioactiv-
ity. Time imucleotide radioactivity remained

FIG. 5. Specific activity of tine a ucleotide phosphoru.t

of adrenal medu!lary slices before an(l after transfer to

a nonradioactivc medium

The slices were incubated witim orthopho.sphate-32P

(50 1zCi/ml) in the presence (U) or absence (S) of
acetylcholine (10� �a) plus eserine (10-n M). After

40 mini of inmcubation, half time slices were transferred
to a nnonradioactive nmedium without (0) or with

(�) acetylclmoiine. Time arrow indicate.s the time of

transfer of the slices.
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IABLE 4

3?p radioactivity in phosphatidic acid and 10-rn in acid-hydrolyzable phosphate e.�ters in the presence and

absence of acety!cho!iuc

Adrenal medullary slices were inucubated with orth
tioni of acetylcinoline (1O� �m) plus eserine (10� �i) t

ophosphate-32P (50 �cCi/ml) for 60 miii before the addi-

o the nmedinnm, and for 20 mm after this addition.

Substance Cc)! ct no! Acetylcimoline + eserine

Phospimatidic acid

(1)111/100 i’ng fiesli ine(lulla

257 ± 50a (7)b 679 ± 63 (8

10-mini acid-hydrolyzable phosphate esters 800,300 ± 985 (5) 799,600 ± 575 (5)

a Menmni ± standard error.

Time number of experiments is indicated inn parentheses.

relatively coimstant tinning time first 10-15
mmmiiiafter time slices were transferred!. These
exl)erinnents were performed unuder coimc!i-

tions mm wimicim acetvlchmohimme was Present mu
tine imncubatiomu immediunim throughout. Timere-
fore, it was desirable to (leternmine time up-

take of orthopluosphate_czP and time specific
activity of nucleotide I)imosl)hlorus uludler time

sanume expernmmemmtah coimditioims mu wiuicim �P
ilnconh)orationu iimto Phmosl)inOhiPids was uumea-

sured. Table 4 shows that followimmg acetyl-
choline stimulation t.imere was an increase in

time radliOactiVitv of pimosphnatidic acid, al-
thnoughu time radlioactivity of the lO-umminu-
lnvdrohvzabhe phosphate esters renmaimmed un-
chaimged. Total nimcleotide and immorganic

PimOsl)hmorus eomueenmtrat.iomus, as well as their
specific activities, were unaffected by

aeetvlchiohimne stinnmulatiomu (Table 5)

Time course of �P incorporation into

phospha tidic acid and phosphatid!Jlinositol

in response to stun ulation by ace! ylcholine.

Simmce it. mad beemu simown thnat pimospinatidic

acid could serve as a l)n�ecuIso1 of phos-

phnati(lyhiluositol iii otimer tissues, anud that.
acetylcimohimme stinmulat.es time cotuversion of

l)hmOSl)hmtitidhie flCi(1 to pimospimatidylimuositol
(4) , it was (lesirah)le to study time time

course of :czp incorporation into these two
phmosphmatidles durimug acetylchohine stinmula-
tiomu. Figure 6 sho�vs thnat time radioactivity

of piuospimatidic acid remained unchmanged
(luring time first 10 iuminm of exposure to

acetyicholimue anud tiuemm rose over time next

15 nmuinm, after whnichi it showed a small de-
crease witim t.imume. Tine phuospimatidlylinositol
ra(hoactivity w’as constant for 10 imminm,timenu

increased markedly over thue next 30 iumimm.
Effect of acetylcholine on the in corpora-

tion of glycerol_1_14C into phospholipids of
the adrena.l medulla. It is known timat
L-a-glycem’OphiOsphmate is immvolved iii onme of
time pathways leadimmg to the formatioim of

phosphuatidhic acid (2 acyl-CoA + L-a-glyc-
eropimosphmat.e -� phiosphatidic acid + CoA)
(16, 1 7). If this is time patimway by whicim

TABLE s

L(’rels (1.1)11specific actir�tie.s of orthophosphate and n ucleotide phosphorus in the presence

(111(1absence of acet!/lcholc ne

Adrenmal nnnedullarv slices we

tionm of acetvlclmoline (10-n �)

re incubated with orthophospinate-�2P

plus eserinie (10�� M ) to tine medicnm,

(50 MCi/mi) for 60 nmin before the addi-

and for 20 miii after this a(1(!ition.

Specific activity Tisscne level

Acetvlchol ince Acet �icino1ine

Snnbstanice (�nct no! -f- eseninie

(cpnn X lO’)/Mnlole P

± 47.5’ (4� 3,555 ± 33.4 (4

Control -4- eserimme

Orthophosphate 3,532

�.cg/1OO my fresh medulla

49.5 ± 4.6(13 49.7 ± 4.5 (12

Nucleotide phosphorus 1,598 ± 22.4 (4) 1,595 ± 11.8 (5) 15.7 ± 2.2 (12) 15.1 ± 2.0(13)

a Mean ± stanidnird error.

b The number of experiments is ini(licnlte(liii parentheses.
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acetylcimolinme exert.s its action of increasiimg

time formatiomi of phosphatidic acid, it
nmight be expected that time incorporation
of glycerol-1-’’C inmto phosphatidic acid
would be stimulated in response to stimu-
lation by acetylclmolimue. Table 6 simows that

timis was muot time case. Acetylcimohine stimu-
lation did mmot increase the immcorporation of
glycerol-1-14C into phospimolipids of time
adremual medulla. Time aI)sence of such anm

effect suggests that acetylcholine stimulates

time fornnationm of a fract.iomi of phosphuatidic
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FIG. 6. Time course of increase in 32P incorporation into phosphatidic acid (S) and phosphatidy!inosito! (0)

after stimulation by acety!cho!inc

Adrenal medunllary slices were incubated with orthophosphate-32P (50 MCi/mI) for 60 mini before t.he addi-
tionm of acetyicholinme (10-i M) plus eserine (10� M) to time incunbat ion mediuni. The differences in the specific
activities betweenm stimnnlated and control slices are plotted. Eaclu poinmt is the average of three or four in-

dividual experinments.

TABLE 6

Effect of acetylcho!ine on the incorporation of y!ycerol_1_n4(� into phospholipids of adrenal �nedul!a

Adrenal nmedunilary slices were incnnbated with glycenol-1-’4C (2.5 Mnuoles/nml; specific activity, 1 /hCi//Lmnno!e)

for 60 nmin before the addition of acetylchohinne (10� M) plus eserine ( I0� M) to the incnih)ationi medium, and

for 20 mum after t mis addition.

Phospholipid Commt vol Acetylcho line + eserine

(cpnc X l02)/y fresh me(lulla

Total hipi(1 extract 588 ± 6.9’ (6)” 595 ± 6.5 6)

Lysophospinatidylcimolinie 3.8 ± 1 . 3 (5) 4 .0 ± 0. 39 (fit

Sphingonmyehmi 10.8 ± 1 .0 (5) 10.9 ± 2.0 (6)

Phosphnatidylserince S S ± 0.70 (5) 6. 1 ± 1 .2 (6)

Phosphat.idylcholinie 164 ± 17 (5) 167 ± 12 fi

Phosphatidyiinosiloi 275 ± 21 (5) 279 ± 23 (6)

Phosphmatidvlethano!anmine 62. 1 ± 4.2 (5) 59.9 ± 5.0 (6)
Phosphatidic acid 37. 1 ± 3.8 (.5 36.6 ± 4.8 (6

Origin 29.2 ± 6.0 (5) 30.9 ± 2.3 Ui)

a Meaim ± standard enrol.

The ncnnnmber of experiments is inn(lieated inn paienntimeses.
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acid in which the phosphate is not derived
from L-a-glyceropiuospimate, and that there

is no formationm de novo of the diglyceride

moiety. Furthermore, the results indicate
that time glycerol-1-”C was incorporated in
a pool of phosphatidic acid which did not

shuow any respommse to stimulation by
acetylchmolinue.

DISCUSSION

Incorporation of ortimophosphmate-32P into

individual l)Iiosphuolipids in the control
slices was observed ommly after 35-40 ruin of
iimcubation in the presence of the radio-
isotope. This delay was probably due to a
slow diffusioni (10-15 miii) of 32P into the

extracellular space (Fig. 4) and to slow
labeling of the nucleotide pool of the
chmromaffinm tissue. Nucleotide became sig-
nificaimtly labeledi after 25-30 miii of incu-

bationm (Fig. 5) . In perfusion experiments,1
the l)1105l)hOhiPids of time adrenal medulla
becanme labeled after 5 nun of perfusion
with Locke’s solution containing 32P.

Time greatest incorporation of the isotope

occurred into phosphatidyhinositol, and this
observation is in agreenment with findings in
other orgaims (18-21). In contrast to other
tissues, time specific activity of phosphati-

dylserine was imigher than that of phos-
phatidylethanolamine. This difference could
probably be explained by the observation
of Borkenimagen et al. (22), who showed

that pimospimatidylserine is converted inito
phosphmat.idyletimanolamine in liver homog-
enates.

The data presented in this paper, simow-

ing that upon acetylcholine stimulation
there was an increased incorporation of 32P
into phospimolipids of the bovine adrenal
medulla, particularly into phosphatidic acid
and phospluatidylinositol, corroborate the
early observation of Hokin et al. (1) in
guinea pig adrenal medulla. Furthermore,
the present results show that this increased
32P lah)eling of phospimolipids was due to an
increase in the turnover of both phmospha-
tides, rather than to increased uptake of
32p into tissime (Fig. 4 and Table 5) or to

1J. M. Trifar#{243}and A. M. Poisner, unpublished

observations.

immcreased specific activity of time nucleotide

pool (Fig. 5 and Tables 4 amid 5).
Time increases mm 3�P inucorporation iimto

phosphmatidic acid amid phuosphatidylinositoh
were 240% and 170%, respectively, after
acetylcimoline stimulation. Since no major

chuamuges were observed in time radioactivity
of time otimer phosphohipids (except for a
44% increase in pinosphatidylchohine and a
54% increase iii the umuidentifiedl phos-

phorus-containing spot remaimmilug at time
origimm of the chronmatograms) , it can be

concluded that the actioim of time trammsnmitter
is exerted on the rate of formation of these

two phosphatides. The results imudhicate that
a metabolic pool of phospimatidic acid was
foriuued in response to time neurotraimsmitter
(Fig. 6) . Because so much evidence has ac-

cumumulatedi in favor of time role of plmos-
pimatidic acid as aim intermediary for the

synthesis of phospimatides (3, 4, 17), and
especially phosphmatidyhiimositol (3, 4) , it

seenus likely that phosphatidic acid! was a

precursor for the increased synthesis of
pimosphatidylinmositol in timis tissue during
acetyicholine stimulation. The results pre-

sented above on time time course of �P in-
corporation into phosphatidyhinositol in
response to acetylcholine stimulation (Fig.

6) agree with time kinetics of the precursor-
product relationship (23) . Time increase in

phospimatidic acid specific activity was inmi-
tially nmore rapid than that of phosphatidyl-
inositol. Although the net specific activity

of phosphatidic acid was not significantly
different from the specific activity of phos-

phatidyhinositol, phosphatidic acid cannot
be exciudled as a precursor of phosphatidyl-
inositol, since these studies were carried out

with whole tissue, and it is possible that
different pools of these two phosphatides
exist, with different rates of turnover.
Acetylchohine perhaps stimulates time for-

matioim of a particular pooi of phosphmatidic
acid, whuich is a precursor of a specific
phosphatidyhinositol pool. Preliminary ex-

periments carried out in this laboratory
seem to indicate that the higimer 32P in-

corporation in response to acetyleholine
stiumnnlation occurs at time level of the
mierosome fraction. This result is not sur-
prismg, since it has been denmoimstrated that
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chronmaffin cells are very rich iii emmdo-
plasmnic reticuluimu after stimulation by cold

(24) . Cold stress has beenu showni to release

catecholamines froimu time adremial nuedulha

(25).
It has been pointed out that mu other

tissues acetylchohimue produces its effects of
increasing time phuospimatidic acid tu rimover
through activatiomm of time diglycenide ki-
nase, with formation of phmospiuatidic acid
from previously formed diglyceride (4, 26).
Therefore, time possibility exists that acetyl-
choline exerts its effect througim the sammme
mechanism, since the experiments witlu
glycerol-1-’4C showed no increase in the

20

0

-D

S

10 E

0

FIG. 7. Increment in catecho!arnine release (Lii])
and in “P incorporation into phosphatidic acid (�)

and phosphatidylinositot (0) during stimndation with

&.cetylcholine (ACh)

Adrenal medullary slices were incubated for 60

mm prior to the addition of acetyicholine (10-n M)

plus eserine (10k M). Half the slices were incubated
with orthophosphate-”P (50 MCi/ml) during this

period. Acetylcholine plus eserine was added to half
the orthophosphate-”P-incubated preparations anmd
to half the mnonradioactive preparations. At tine end

of the incubation period (80 mm), aliquots from the

nonradioactive incubation media were assayed for

catecholamine content. In the slices incubated in the
orthophosphate-’2P-conmtaimning media, the radioac-

tivity of phosphatidic acid and phosphatidylinositol
was determined as described in METHODS. Each poinmt

is th� average of three or four individual experi-
ments.

jflCOiI)OiittiOll of this lilOlecule iimto phios-

i)iiOhil)ids upon stinimulatiomi witin acetyl-
choline (fbi 6).

It w.as also observed timat acetyhclmohiimc

stinmiulates tine labeling of the l)hlosphorus-

comntailmiimg 5i)0t wlniclm reiuainied at tine
origin of tine ehnronnatogranms. This spot has
nmot vet i�ceii i(ienmtifie(1, but it is imossible

t,iuitt it comit�iimms polvimiositide Pinosl)imatides.

�fhe total amnd inm(iividual l)imosl)imohii)i I

commtent remiuailue(I uimchangcd dinrimug acetyl-
cinoliime stimnulationm, as inmdicated mmTable 3.

‘This result was expected, simmce it has beemi
siio�vmi thmat wimemi time adreimai mnmedulla is

stinmulate(l, eatecholannuinues are released
(roam time glanud alomng with otinen nmornmal

conustitueimts of the cimromafflll granmules
(27) , leavimug tine granule nnennbraime

(,forimied nmaimnly by l)hmosPimohiPi(ls iLI1(1 ciuo-
lesterol) witinin time cell (28-31 ) . No

changes mm tine phmOSp1iOhi�)idl and cimolesterol
eonmteimts of time adrenmal medulla or their

(hfferelmt subcellular fractious were dietectedi
ummder timose circunmmstammces (28, 30).

As far as is kmmown, timere is onuly onme

publication omm time actiomi of acetylcholine
omm 32p incorporation inmto piuospimohipids of

time adremual flmedlulla (1) . In this early re-

port, time autimors suggested that since the
increased l)imosPholil)idl turnover in respoinse
to acetylcimolimue stimulatiomm was similar to

that found whnemn protein secretiomi from
exocrimme glanm(Is is stinmulated (2) , the hmy-
potimesis that pimosphatidlic acid! anmd phmos-
phmati(lyhnnositol l)1i1� an inmport.ant role mu

time secretory J)mOCe55 mumay also be aj)plica-
ble to catecimolamnimue release from the ad-
remual medulla. Time results presenuted in this

iaier mmeitiuer support nmor refute this hy-
pothesis. But if tlue time courses of acetyl-
choline-evoked catechuolaminue release and
acetylchohiiue-stinmulated 3�P incorporationm

into pimosphatidic acid! and pimosphuatidyl-
inositol are plotted together. it can be ob-
served (Fig. 7) that catecholammuimue release

reaches a nmaximum after 10 milm; mm con-
trast, 32p incorporation into thmese phuos-
phatides hecanme apparent omuly after this

interval of time. This effect appears to
occur after secretion, and nmay he due to

formatiomu of new membranes. Owing to this

(lelay mu time effects of adremual stimulationm
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Oh the labeling of thiese two piuosphuatides,
it would also be difficult to subscribe to time
theomy that timis effect is related to cell

depolarizatiomu, as suggested for other tis-
sues (32) . Furtimer studies will be necessary

to ammswer thus questiomu.
Anmotiuer intenestinmg iuypothesis that re-

lates pimospimohipids to time secretory process
is that advaiuced on time basis of the pres-

ence in the adrenal medulla (33) and in its
subcellular fractiomms (34) of phosphuohipase

A, together with large amoummts of lyso-
lecitimin in time chmronmaffin graimules (12, 15).
It was suggested that activation of a phos-
phohipase A, wimich would catalyze the con-
version of phospimatidylchohinue to lysophos-

l)hmatidlylchmohilme, nmight be involved in the
release of catecholamines fronu the adrenal
medulla (35) . Lysophosphatidylchohiime,
which is conceimtnated nmaiiuly in the euro-
maffin granule Immelmibrane and has lytic

properties (35) , could produce a tn’aimsiemmt
opening or increase mi time permeability of
time plasnia menubranme wimenm time granules

are in contact with it.. This would permit
the escape of time coiutemmts of the granules
from time cell. Umuder the present experi-
mental conditiomus, iuo differences in time

contents amid! specific activities of phos-
phat.idylciuolimme amid lysoplmosphatidylchuo-

line were foumud between control and acetyl-
eiuoline-stinmulated adrenal slices.

The possible relationship betweemu iii-

Creasedl phospholipid turmmover and! cate-

cimolanmmine secretion durinig adrenmal immedul-
lary stimulatioim will be discussed furt.hmer in

a sumhsequeiut paper.
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