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- ABBREVIATIONS
The following abbreviations were used thrOughoutvthis work.

- PhA - phosphatidic'acid‘_
PhI - phosphatidylinositol |
PhC - phosphatidylcholiﬁe
PhE - phosphatidyiethanolaminev
_ PhS»- phosphatidylserine
~ Lyso-PhC - lysophosphatidylcholine
: DPI »

- diphosphqinpsitide
TPI -vtriphosphoinositide
TSH - thyfotropin
\.CDP'— cytidine diphosphate
AMP - adenosine monophosphate



" INTRODUCTION .

1. Statement of Problem '

An enhancemept of the mco:rporatlon of 3291 into PhA* and Phl ha=
been shown in a W1de variety of 1;1ssws in response to a number of
extraeellular st‘imu'ii which ‘include neurotransmitters, .hormones, drugs -
and electrical impulses . (see Table T- 1n ref. 53).. Although significant
contributions have been made towards understandlng this "phosphoupld
effect" and its p0551b1e rela.tlonshlp to synaptic neurotransmission and -
other physmmg1 cal proce.,ses the nolocular xrechanlsm and physmloglcal
51gn1f1<:ance of this effect are still not clear at the present time. .

The innervation of the rabbit iris muscle by cholinergic and
adrenergic fibers (72) has been shown and the presence of both types of
‘adrenergic receptors has also been demor\strated 1n this- muscle (74, 57).
It follows that it would be of interest to show whether neurotransmltters
exert any effect on phOSphOllpld metabollsm in the rabblt iris muscle.
Thus s studles were undertaken to more c].early define Lhe properties and

the molecu ar mechanism underlymg the phosphollpld effect in this tlssue. o

I1I. Review of the Related .,_Lterature
There is a widespread phenomenon Wthh has usually been flrst ‘

detected as an increased rate of 32P:L 1ncorporaulon into PhI and often

*See Table of Abbreviations for this and all following abbreviations.-



also. into PhA, which occurs in a tissue within a few minutes after the
_applicetien qf a stiﬁulus and persists‘for,as long as the stimilus is-
a.pp,lied° Some of the possible pathways‘to expleiﬁ ﬁhis ﬁechanism'are
shown in Figure-i. "The phenemehentuas first discovered in 1953 by |
Hokin and Hokin (34) as an increase in the.incorporation,of 2P jinto
the phdsphblibidq of pencreatic slices, in Vitro, which had been
treated w1th acetylchollne or carbamylchollne. By 1960 this response
had been obcerved in seVeral tissues 1n rebponse to acetylchollne and in
salivary gland in recponse to ddrenalmne, antGTIOT p1tu1tary exposed to
corticotrophin- relea51ng factor, thyroid sllces treated with thyromd—
stimulating hormone, ard pancreas treated with pancreozymln (25).
deay'the"ll st of stimuli and respon51ve tissues has grcwn even 1arger '
(see Table I in ref. 53). i

The‘fact ehat the only affected 11p1ds were certaxn anionic sp°c1es :
(PhI and’PhA) and that these constltuted only a small fractlon of the
cellular phospholipids stimulated further 1nvest1gat10n.

Hokln and Hokin (31) showed that in guinea pig brain cortex the
enhancedglucorporatlon of *2Pi and of labelled inositol 1nto Phl was
not acco#pdnied'by increased incorporation of lebelled glycerol, indicating»
thar thegphosphorylinOSitel’portion of the molecule was being renewed in |
, responseito stimilation bur that the diacylglfcerol‘backbone of the
‘ molecule%was reutilized.. They also found that the incorporation of 32pj§
1nto PhAlwes increased but that there was no equlvalent 1ncrease in the
1ncorporat10n of glycerol -1- C‘“ into PhA, Measurements of the phospho-~
11p1d -P content of the stimulated tissue seemed to confirm the impression

that the process under study did not involve an increase in de novo

synthe51s of PhI and PhA. Resuxts from a con51derab1e nunber of similar
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‘studles hcwe now accumulated on a wr:.ety of tlssues, most of whn.ch
eon‘form}to the same pattem of mcreased rate of tumcver of a cellular-
pool of Phl of essentlally urchangmg 51ze (see Tabl\. II in ref. '53).
D:Lrect measurements of the speCJ.f:lc art:l.v:.tles of precursor pools
| in ﬂ;’ﬂ.ﬂy tlssues _have been made which tend-‘eo rule out the ‘possibility
.th'a'té: an artifaefual increase in turnover r_ate Cthat is. oﬁe -in which the
, spe&ific aciiiritv of a precursor to the phosphate group of the lipid,
e. g.\ P1 o1 ATP were to rise after stlmulatlon) should be judged an actual
1ncrease in turnover rate (see Table IIL: Jn ref. 53). |
Acetyldmlme was the first agomst to be shown by Hokin and Hokin |
(34)‘ to provoke a phosphollpld 1fesponse and is still by far_ the most
fully s..udled It was shown that the -'phospholipid response was blocked '
by atropme, a drug whlc:h prevents those effects of acetylcholine which
are 1medlated through muscarlmc receptors. Actlvatlon of the muscarinic
receptors produces relatively slow responses to acetylchollne such as
slowjlng of heart beat or contractlon of intestinal smooth muscles. Other
effe;cts of acetylcholine' whicﬁ_‘are mediated th’roqgh the fas_ter—acting_
nicoitinic receptors are at the skeletal neuromuscular junction, autonomic
ga.ngilia and adrenal medulla. These nicotinic receptors are inhibited by
fu}aocurarine. : | | |
- 1Sc:hacht and Ag1ano L63) showed that the phospholipid effect. in
syna{:tosomes was sensitive to ‘atropine but msens:.tlve to tubocurarine.
R Jllmels and Mlchell (40) demonstrated the sens:Ltlvlty of the PhI response
J.n the rat parotid gland to atropine and insensiti \m:y to tubocurarine.

Theylalso showed the PhI response could be evoked by acetyl B—methyl

| c} ol:me, an agom.st which only stimulates muscarinic rec,eptcns. ‘In
1 .

| ' '



o .5
sympathetmc ganglia, Larrabee and Lelcht (46) have reported that both
Vacetylchollne 1nauced and electrlcally 1nduced PhI responses are
tubocurarlne -sensitive and that the PhI response and nervous transmission
through the ganglla are inhibited in a parallel fashlon'by the drug.
' They dld not report the effect of atroplne HOwever, in recent‘preliminary
experlments Mleell and Brown (53) showed that the acetylcholine-
"etmmulated PhI response of rat supe rior cerV1ca1 ganglia is tubocurarine-
1nsensmtIVe. |
} Hokln and Sherwin (33) in 19:7 were the first to detect an increase

;o
7n the lncorporatlon of *2P into phospholmplds in response to adrenergic

stimuli, - They aleo ShOWed that this pnosphorlplo effect was prevented

by dlbenamlne and ergotamine, compounde whlch produce blockade of a-
\ .

adrenerglc.receptors. At that t1me effective B-blocking agents were not

avaliable During the next fifteen years, responses to adrenergic sthnuli

i
were consistent with med:atlon by a- receptors. waever, in none of them

wereireported ir many tissues and the characterlctlcs of all of them

was a dlrect attempt made to access B- recentor 1nvolvement. This was

chently done for cerebral cortex (23) parotid gland (54 §5), vas

|ferens (12) and plneal gland (24) Ini each case the data indicated

medlatlon by a-receptors.

\[Stlmull, other than the cholinergiciand adrenergic stimuli, such
as é£UCose:(20} hormones (36 22) and electrical impﬁlSee?(75) have.been
' faund to provoke enhanced metabolism of PhA and PhI.

| uSecretln (30) ‘prostaglandin By (47) and wheat germplectin (s0) -
erevexamples of types of stimuli which exert their effects on cells
throﬁgh interactionnwith cell sﬁrface receptors, but which have so far

i _beér{@fomd to have little effect on phospholipid metabolism. This would

/|
[
e
iy



seem to indicate that the PhI response cannot 'be regarded simply as a

l
nonspec:.ﬁc response of cells to agente whlch J.nteract W1th cell- surface

' 11‘ec eptors.

1 ! The concept that the ei'fect; of many hormones and neurotransmitters

on cellular metab011<r1 are mediated through the product:.on and actions

of 1ntrace11u1ar second measengers 1s now establlshed for C}’CllC AMP and

I
vlnd 21y accepted for cyclmc GMP and Ga?*. It was therefore natural that

N

the: |ef£ects of these agents on phosphollpld metabolism would be tested.

l

p

1
) In 1966 De Torrontegui and Berthet, (15) demonstrated in rat liver

tﬁ the inc,orporaticn of inositol into PhI was considerably stimulated

b}y rﬁdrenalin but not‘ by dibutyryl cyclic AMP 'Iheh in 1967 Sandhu and

Hokm (62) showed an mcrease in the mcox‘poratlon of 2P into PhA and

IInI 'J.n parctld gland slmces Wthh were stlmulated with epmephmne

T{hey, found: no 1ncrf=a;>ed svn he.,ls of PhA-and PhI wnen dibutyryl cyclmc
k

AMP was used as a stimulus. So far in most systems studied C}’CllC AMP

c'l’lbutyryl cycllc AMP or theophyllme (whlch raises intracellular cyclic
‘ concentratlons by inhibiting cyclic AMP phosphodlesterase) ‘have not
b‘eem shown to mimic the effects of other stimuli cn phcsphollpld labeling
| (8,1‘1 15,62,66). | S

: ‘\Results :Erom ezq)erments using cyclic GMP derlvatlves to test for

acti V1ty in modifying phosphol ipid metabolism are few and contradlctorv »

In 1;,hyr01d,- Macchia and Varrone (49) found dibutyryl cyclic GMP to have
no detectaﬁie effect on phospholipid synthesis. In cefebrai cortical
' s;maptosemée- however, Torcﬁ (70) recently reported-e'ff‘ecf:s‘ on PhA and
PhI labellng sunllar tc those of acetylcholine with 0,1-5.0 s dlbutyrylv

cycllc (MP

L

\
|
[
\
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7,
" Hokin (29) found the -acetylcheline-stinmlated increased incorporation
of 32? 1nto the phospholipids of plgeon pancreas slices to be insensitive

to tne omssmon of Ca?* from the 1ncubat10n medium.  Trifaro (73).

demonstrated s:unllar results in bovme adrenal medulla. However, Zor,
‘et al. (77) demonstrated the need for the presence of Ca?* in the
!ihcﬁbatioﬁ medium for the TSH'stimalation' of 32p incorperation into
phosphollplds in dog thyro:Ld slices. |
‘ Much time and con51derable effort has been, and is being, spent in
order to 1dent1fy the earllest blochenucal event involved in the phos-
pholilpld response. It J.s thought that thJ.s 1dent:: fication will throw
: mu\.}T llg‘ht on the possmble funct:.on of the response.
: Reactlons (Figure 1) wnmch have so far been proposed as candidates
for Ethe ‘reaction which is under the control of the applied stmullgs are
e

the ){nthesis of FhA byll '2-diacy1glycerc'>‘1 kinase (reaction 4), the

i

rea&kdom of PhA by phosphatn date phosphatase (reactlon 3), the breakdown

o

|
£ PhI 'by\ cleavage of the glycerol-phosphate bond (reaction 14), the

O

o

reakdown of PhI by cleavage ;of the phosphate inositol bond (reactlon 13
or 8) and!the conversion of TPI to DPI by TPIephosphombnoesterase (reaction

12).

ih'lgsg Hokin and Hokin (32,35) proposed the stimulation of the

RZ);'ﬂe 1,2- dlacylglycerol xmase as an explcmatlon of the acetylchol;me—

Alated 1abe11 ing of PhA in a brain mc*osonal fraction. However,

(D_.

er exper:ment: by Durell and Sodd (17 18) :mdlcated that the response

these ‘mlcrosomes" was dependent on the presence of metabollcally

v}p_able synapto;omes, rather than on the single enzyme dlacylglyf'erol
] l |
k;.mase. Iln 1971 Lapetma and Hawthorne (43) _fptmd that acety]_.eholme

,79



had no ctlmulatory effect on digl yceride kinase of isolated nerve- endlng

-partlcles or of nerve- ending membranes of rat cerebral cortex obtained -

»ixfter osmotlc shock,

| Schacht and Agranoff (64 65) posttlated the stlmulatmon of hydrolybls
hf phosphatldlc acid by chollnergle'agents in gulnea_plg synaptosomes.
E % Inv1§74 Hokin-Neaversoh demonstrated'that in panereas exposed to
acetylcholiqe or pancreozymin there was a decrease in the concentration .
@f PhI and an increase in that of PhA (37) Banschbach' et al. (5) |

nhowed an increase in the level of - dlglycerlde in the same tlssue upon

(47

tlmulatlon by acetylcholine.

}_Kemp, Hiibscher and Hawthorne (41).have demonstrated the preseace |

n animal tissues of a Ca? -dependent phospholxpase C type activity which

Seed 0.

cegrades PhI to form inositol monophosphate and dlglycerlde.. Subsequently
|
[

vhen Dawson and his co-workers reported the formatlon o£ inositol 1, 2-

0O

ycllc phosphate and 1n051tol 1- phosphate from PhI in the soluble super-

ratant fraction of thyroid and llver homogenates they suggested that

he pathway might be involved in the responses of PhI metabollsm to

..

stiﬁulatory agents 1n various tlssues (14) uapentlna and Mlchell detected

a membrane- botnd enzyme in rat cerebral cortex whxch has similar

, propfrtles_(4:). They have speculated that the function of the PhI -
Breakdown might be te generate inositol-cyclic phosphate at the plasma
?

Amembrane as a second messenger (44 53).

1R.ecently Hokln—Neaverson (38) ‘has found 1nosmt01 to be the water-

"

‘aluhle-product of acetylcholine-stimulated breakdown of PhI in mouse
'panc}eas, This has led her to’ suggest that the acetylcholine-stimulated :
_ teact;on is PhI —>» PhA + 1n051tol. She belleves this might occur by ”
eLthel‘phosphollpase D activity or through complete or partial repersal '

|

x
!
i
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of the cyudme nucleotide pathway of Phl blosyntnesm.
AltnouOh many attempts in the past, such as addltlon of acetylcholme
5';0 tlssue sl:.(.es or electmcal st:umxlat:.on of t:msue sllces to alter
the labeln.ng of DPI and TPI have failed, more recent eV1dence mdu:ates

1:hat such changes may occur., -~ In 1965 ,Palmer and. Rossitor showed no

N -

ignificant change in ‘the,in;:crpc')ration of inorganic 32P into DPI and

Al

PI of cat brain slices (56) stimulated by acetylcho.’;ﬁle, Hokin (28)

lso :showed a 1ack of effect in sympathetic or Vagal ganglia. While

B\ T

cetylchol:me did not stimulate synthe 1.5_ of TPI, it has been shown te.
s,:tiﬁulate TPI1 hydrolysms in irides (2). In 1‘969 Pumphrey (58) found no

aignlflcant change 1n Lh° labe1 ing of DPI and TPI in brain. slices Wthh

_had been stimilated electrlcallyo However, in 1972 Schacht and Agranoff

(63) observed a -decreased 1abe1ing of polyphosph01n051t1des with 32Pi

in gumea p1g brain cortex subfractmons incubated WJ.th acetﬂchol:me.

Then -in 1973 White and Larrabee (75) reported a specific reduction in

the labeling of TPI in rat vagus nerve after electrical stimulation for

3 heurs. " More recently White, et al (76) reported that. stlmulatlon of -
I

v;agus nerve for 30 minutes increased phosphate :mcorporatlon into all

| the' phospholmplds studied, but the increase was significant only in the.
thspholipids TPT and DPI.

| C ‘ - - : . .
Hendrickson and Reinertsen have reported results from experiments

c,’ampa‘ring the ion affihitiesi of DPI and TPI (26). Their measurements -

were actually made mth the water- soluble deaCVIatlon products derived

- :Erom DPI and TPI, but results were extrapolated back to the lipids

e

_ themselve:.' They concluded that TPI had a considerably higher afflmty

‘fjo'r Ca?* than DPI, preswnaoly because it could use the two phosphate




L : s T S A 10
groups on. the mosnol ring to form a chelate w;Lth dnalent metal ions.

: They‘ nroposed that DPI/TPI Jnterconversmn might 1tse1f be adequate to
b,{narkedly modlfy Ca?* binding at membrane surfaces and also to control
intracellular concentrations of free Ca.2+. Th‘ey set up a hypothetical -
model of axonal membrane functlon and it was clearly demonstrated that
the amount of Ca?* bound to inositides, and presmnably to membranes
conta:c mng then, WQulJ indeed be ma1ked1y lowered by TPI —>DPI
ol'onverswn. ‘They proposed that these changes could conce:wably bring
about a reorganization of the membrane with a result:mg change in Na‘*

: and K* permeability. (27). In 1972 the studies of Buckley and Hawthome '
(10) usmg erythrocyte membranes confirmed that JnOS.Ltlde interconversions

| (
can iead to changes in Ca? * binding by membranes They found an increase

o 1n hi gh afflmty binding When membran'e‘ Phl was largely cohverted to

]::|PI and TPI; their data do not, however 5 -Teveal the relative contmbutlons
: of the PhI —> DPI and DPI —> TPI c:onversmns. -

.| Although many researchers have contributed towards understandmg
the !'phospholipid effect", at the present time, its molecular mechamsm
ailnd thSl.OloglCal significance remain wﬂmom.

|




L ' MATERTALS AND METHODS

I Materia'l's
o * A Radn.oactlwe Compounds

| - The foﬂowmg radloactlvely labeled compounds were used in the
I

otudles reported he:re [32P] orthophocphate, carrier-free (Schwarz/Ma.nn);
adenosme 5- [Y-“P] triphosphate tetrasodium salt (ICN Pharmaceuticals,

Inc s DL-serine [1-*C] CAmersham/Seale) [*H] inositol, [3H] cytidine

o and acetic anhyrlmde [*H] (New England Nuclear)

B. Non-radiocactive Compounds _
) i’ ‘The non-radioactively labeled compounds nsed in the studies
x‘-"ep'orted here were: Norepinephrine (Levophed) and L-isoproterenol
(W:mthrop) Sotalol (Mead Johnsen - 1991 = 1)} phentolam:me (Regitine) .
‘-(C:Lba) phenoxybenzamme (S.K. and F. Labs); atropme (Merck) L-
e!plnephrme (Calblochem) 6- hydroxydopam:me (Aldrich); and normeta.nephmne,
' metanephr:me, and 1pron1321d phosphate (Regis). The following compounds
Mele obtained from Snga Chemcal Company acetychollne, phenylepl*rme,
dlbUtVI"’l cycl:Lc AMP, DL- propranolol eserme, carba:m,rlchoune, adreno-
cl.hrome, dor;amme, histamine and 1,2- d1palm1t1n. Slll\,a (Jel G and Silica
G|lel H were purchased from Brinkmann Instnxnents, Inc., 3 2,5- dlphenyloxazole
(PPO) and l 4-bis- (5 Dhenyloxazol -2- yl) benzene (POPOP), from Packard
,Instrwnent Co° ; and magnesmum silicate (Supelcosml 41A) from Supelco,

Ix|1c .
g

11



| 12
: II Animals |
- Alblno rabbits of elther sex, we1gh1ng apprommtely 2 kg, pronded
: by R.C. Ranch Rabbit Processing Plant and Palmetto: Growers Co- operatlve

| were used throughout the study. -

] \
|

III Preparatlon of Irides

i The rabbits were stunned by a blow to the head and exsangulnated
J The eyes were enucleated w:Lthm 15 min of death and placed in.a Krebs- .
.| Rlnger blcarbonate buffer, pH 7.4, that contalned 11 mM glucose, chilled
in ice. After transportatlon from the slaughteL house (approxmately

|:25 min), the irides, which weighed about 36-40 mg each, were removed

i,:frzom the eyes and placed in Krebs-Ringer buffer chilled in ice. _

| Iv. Incubatlon of Irldes , [

| The Krebs -anger buffer 1ncubat10n medium in all experlments was’
gassed W1th 5% C02-95% 02 before use. All the 1ncubat10ns were done at |
‘37°C unless otherwise spec1f1ed The mcubatlons were carrled out in
‘a shaking water bath. Iproniazid phosphate, a monoamlne ox1dase
iinhibitor, ‘and ascorbic acid, an antio_icidant, were used in incubations
w1th nore;pinéphrine. In each experiment the incubation was terminated
by’ mshmg the irides twice with 5 ml of ice-cold Krebs-Rlnger bicarbonate
;!buffer and then transferred to 3 ml of chloroform-methanol (2:1, v/v)

. iThe!spec1f1c details of each mcubatlon used Wlll be discussed under

 I'Results",




' V. Preparation of Subcellular Fractlons of Iris Muscle

i The irides were homogenlzed b[ the procedure of Clark (13) u51nc
ia glass homogenlzer The vnr;ous sche;lular fract:ons were ‘isolated
‘by means-of conventlonal dlfferentlal centrlfugatlon  The puclear,

g

S 'mitochondrial and mlcrosomal fractions were. prec1p1tated at 1,000, 8,000

f and 120, 000 g respectlvely. AJl cedtrafugatlons were done in a Spinco

lmodel L2 65 B ultracentrifuge malntalned at 4°C, u51ng Splnco 50 or - 40 -

Totors. f

JVIL Extfaction of Phospholipids and Cholesterol from Iris Muscle

- Each iris was homogenized in 6 ml chloroform-methanol (2:1), the

1no01ub1e material removed by centrifugation (1000 g for 30 min), and

the supernatanc washed twice with 1.5 ml of 0.15 M NaCl. The chloroform

'layér waé concentrated in vacuo and the total lipid fraction redissolved
 iin 0.1 ﬁj chloroform-methanol (2:1).

!
ﬂVII. Thiﬁ-layer Chromatography'of Total Lipid Extract
| o , 4

" Individual phospholipids and cholesterol were isolated from the

total 1ipid'extract by means’ of two-dimensional thin-layer chromatography

using a modification of the method of Rouser, et al. (61). A silica

egel slurry'was prepared by mixing 18 g of Silica Gel H plus 2 g magnesium

'LTlllcate in 65 ml deionized water, and spread on glass plates (20 x 20 cm)

A |-
1, Chloroform-methanol 28% ammonia (65 25:4, v/v).

P |
‘2,, n-butanol-acetic acid-water (6: 1:1, v/v)

;Tn a layer 0.25 mm thick. The solvent Jystems used were the fbllow;ng

| ﬁhe plates wexe actlvated at 110° C for one hour and spotted with 0. 1 ml

i

of the 11p1d extract
| ; '

| . o
|

i |
[ ¢
| i
Ve o
T : ' Lo
- A
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B .Kobe“rtsﬂ (59) identified the phospholipid spots separated by this

if.:hromtogiraphic sirstem‘ using radioactive precursors. T]ie choJ esterol
t
‘Spot location was 1dent1f1ed by :Eollow:mg the mlgratlon of a cholesterol

,,standard
|

’

After development in the flI‘St dlmens:l.on, the plates were air

h‘:l.ed and then placed in the second solvent system such that it ran at’

o

-o—f-_;._' - ﬁ“. =

1ght angles to the direction of the first solvent system. The La.p:l.ds

1. the comp'le:.ed cnromatogr'am were V:Lsualmzed usn.ng iodinie vapor. For

8-

alybls the phosphollpld spots and the cholesterol syot were (-,:Lt‘ler :

(li

craped from the plate with a razor blade or a modified Hirsch funnel

|

nd eluted by the procedure of Sklpskl (68).

:,___44.__7.”

I,I‘I.' Mea‘surement ef Phospho}ipid Radioactivity -

_Wheri the total 1ad10act1V1Ly of a par LlCUldl p}wsphollptd spot

\‘gas to be counted the silica gel was scraped from the plate dl’I‘PC‘tl}’

into a scmtlllatlon vial and suspended in 10 ml of the followmg sc:mtll- '

atlon fluid: 0.4% Z,S—dlphenyloxazole (PPO) and 0.015§ 1,4-bis-

l
(‘ phenyloxaaol -2-yl) benzene (POPOP) in toluene. . All measurements
we

pe made usmg a Beckman Model LS-230 liquid scintillation counter.
; .

Phosphat\, Assay

l Total phoqphorus and Pi were determined as reported by Bartlett C7)
TR _ : ,
X.‘ Protein Assay

Prote:m was determmed by the method of Lowry, et al. (48) usn.ng

crystallme bovine serum albumn as a standard.

i




XI. MarPer bnayne Assays | _
‘A, MNADPH cytochrome C reductase act1v:ty was measured by the
nmthod described by Sottocasa, et al (69)

'B. [Mg2™ + Ca? ] dependent ATPase act1v1ty was measured by the
enzyme s ab:llty to split ATP as has been outllned by'Welssner (52).
i 'Y C. eucc1n1c dehydrogenase act1V1ty was assayed by the

L
.f|r

- spectrophotometrlc method described by Bonner (9)
XII Extraction. of Dlglycerldes from Iris Muscle

_.The-extractlon of dlgrycerldes £rom irides was performed by usrng

, the proceﬁur of Folch, et al.’ (Zl)f The chloroform'layer was concentrated
rn vacuo, and the total lipid fraction redissolved in 0.1 ml chloroform-
meqhanol (2:1).

i

XIII. Thln-layer Chromatography and Assay of Dlglfcerlde

Quant1 tation of dlglycerldes was accompllshed by a modification of
the method descrlbed by Banschbach et al (6) de-um Silica Gel G
piates were actlvated at 110° C for one hour and spotted‘wmth 0.1 ml
lnpid exfract Then they were developed in benzene: chloroform:
A methanor (80 45 5, viv). After development in this 501Vent sySfem the

platcs weﬁe air dried and then the lelds were V1suall7ed in iodine
. i i (

vapor. The phospnollplds and monoglycerldes‘were scraped from the

piafﬁs and discarded. The_remaining lipid, which included the diglycerides;
wwf'extracted with ether:methanol (9:1, v/v), concentrated and evaporated

under a Sﬁream of nitrogen in 1 ml conical centrifuge'tubes. Then

pyridine (50 ul), [3H] acetic anhydrlde (20 ul) (this stock acetlc

anhydride nas prepared by addlng 1.5 ml of unlabeled acetlc anhydrldc
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T : e :
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l
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|
| :
% | 16
~pf .;9 % 25 nFi vial of [?H] acetic anhydride), and perchloric acid (0.7 ul)
.:! ‘
e

wer added to the 11p1d extract The tubes were mixed and after 40 ::

|
‘mlnotes the reaction was stopped by the addition of 0.4 ml of diétilled

{
|

'water, Dlglvcerlde acetate and choleste101 acetate were extracted
w1th heptgne (0.5 ml). The [3H] acetylated diglyceride was then

" sepalated from the total acetylated lipid eﬁtract by means of one-

d1m n%lonal thin-layer chromatography The same" type of Silica Gel G

t
étes were used and activated as in the f;rst isolation. The plates

e%t tube and éxtracted with ether“methénol'(g'l v/v). Unlabeled

g
=

é":'i
.
[¢)]

then |developed in heptane: ether: acetic acid (80:20:2, v/v).

:?_

-
sl __ﬂ* -0-

acetylated diglyceride was visualized by iodine vapor, scraped into

Hes
o

rTer «ce*ylated dlglycerlde was added to the [3H] acetylated
dlglycerlde to aid V1sua11zat10n on the th1n-1ayer plates. After
1 | ! .

vaporatlon of the ether methanol solvent, [*H] acetate in the

J

' acetylateo dlglycerlde was counted in a Beckman liquid sc1nt111at10n
' coﬁnter using a toluene-PPO (0. 46) POPOP (0. 04%) SC1nt111atlon cocktail.

, The dlglycerlde acetates were quantified by comparlson of counts
|
i#@orporated into the sample dlglycerldes versus counts 1ncorporated
It

ihto known | amowrits of dipalmitin standard. Decomposition of the
fﬂdxcact1ve aceulc anhydrnde caused extra counts to mlgrate with the .
glyceride acetate spot This "background" was - correctea for by running

Flank reaction for eaCh’thinflayer plate used.

ftatlctlcal Ana1y51s of Data

: Where approprlate Student s“t test for unpalred data was employed

QO
=
8
ct
.

changes in experimental data. Values were conaldexed

a ~1/ different from cont*ol when P < 0. 05

e r——————— ] <~< —
. i :
.()
§



. . ° RESULTS

EI. fEffects of NeurotransmlLters on Phosphollpld Mbtabollsm of Iris
‘Muscle v

'
t
!

A‘ . PHospholipid and Cholesterol Composition of the Iris Muscle
| (Table 1 shows that PhC, PhE, PhS and sphingcmyelin constitute

?bout 94 per cent of the total phospholipid-P of iris muscle. In

ontrast, Phl and PhA account for less than 5 ‘and 1 per cent respectively.~A :

B, - Effect of Amines on Phospholipid Labeling

I At 0.3 mM concentrations, the biogehic amines, norepinephrine,

'ef)inephi‘ine and dopamine, exerted between 141 and 247 per cent

stlmulauon on the *2P- labellng of PhA and PhI however at 0.003 nM

the effect was only 110-126 per cent of that of control (Table 2). In

c;entrast, ‘normetanephrine, metanephrine a.nd adrenoc,hrome had a lesser
='ilffect 6-Hydroxydopamine inhibited the 32P- 1abe11ng of the PhA by from
19 to 33 per cent. Hlstanune exerted a similar 1nh1b1tory effect

Sl
(]6 to 23 per cent) on the& 32P -labeling of PhA

L C EIEect of Different Concentrations of Chollnerglc Agents on
‘ ' Phosphollpld Labellng :

Acety]chol ine markedly increased the labellng of PhA and PhI

(Table 3) The acetylchOline stimulation was blocked by atropine, a
!

. xixmscarlnlc chollnerglc receptor blm.kmg agent. Eserine (0.03 mM)

,: Was added to the acetylchohne incubation media to prevent its hydr01y51s

by‘ acetylcholinesterase. .Control studies demonstrated thdt eserine

o -
o .- -

|
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'.,

, ABLE 1: Phospholipid and'cholestepol'édmpositionwgﬁprabbit iris muscle

*

| 2.8 g of irides were extfac*ed'with chlerdform-methanol (2:1).
l 5 umoles ]1p1d P was spotted per TLF plate. The 1nd1V1dua1 11p1ds were
' 1solated by means of two- dlmen51onal TLC and the spots were eluher dlgested ~
dJrectly or eluted and dlﬂested and the phosphollpld 2 determlned In
general the lipid phosphorus was lcwe* by 10 per cent when the spots were
elptea. The results were obtained from Z.dlfferent experlments.(from
Abéel-Latif A.A;,‘Mafy P, Qwen,-and James'L, Matheny, Biechem..Pharmacolfps
Vo} 25, p 463, 1976). -

. 1 ‘ : o . \' |

ThlS value represents total cholesterol in the lipid extract before TLC

analysxs.l After TLC 1solat10n and elutlon of the cholesterol spot, the .

amount was 75 per cent of this value.

’
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P CLipia "o *umoie'P/g.wet}tissue  Pas % of total lipid P.

pc . 4,81 . 41,00
PRE T 3,80 32,40

PRS- L - 0.99 . 8.4

PRI .57 o alge

| - - o 0.063 j : 0.54

. Lyso-PhC. ’ 0.058 - . - 0.49
. Sphingomyelin S 1.43 - 12,2

-, Total Cholesterol™ - - 2.98 mg/g tissue —

|

\

i
)
i '
1 i
I .



TABLE 2:  Effect of different concentrations of biogenic amines and their

_metabolites on *2p-labeling of phospholipids in the iris muscle*:

All the 1r1des were flrst premcubated for 20 min in 15-ml of
$2p_ labeled Xrebs-Ringer from wh1ch cold phosphate was omitted. Then each
muscle was transferred 1nto 1nd1\r1dual test tubes and relrcubated for an
:addltlonal 40 m1n in 1, 5 ml of fresh 32p.jabeled Krebs Rlnger ei ther in
the presence or absence of \the ammes. The results reported here are the

I

_averages of two dlfferent exper:ments which were run in. \.up11r'ate. The

var 1at10ns in thlS expemment ranged from 0 to 5 per cent’ between dupllcatee o

::Ln the same experiment and between different experlments (from Abdel-Latif,

'A A. » Mary P. Owen, and James L. Matheny, Blochem Pha:rmaCOJ.. ,-Vol: 25, |

.p 463, 1976) ‘ ' |
| L - | y :

+ PhC and PhE were analyzed and the values for both upon addition of the

 amines and the:Lr mei..abolltes ranged between 95 and 110 per cent of their

’ 'control Value .

% 'I'hese values correspond to 0.003, 0.03 and 0.3 mM con:entratlons v

resp ctlvely

li
b



Amine Added _' Effect of the amines on phospholipid
_ labelling .expressed as % of control

PhA PhI
 L-Novepinephiine - 115; 141; 247F  117;133;196
Normetanephrine C89; 945 102 109;117;120
L-Epinephrine . 126; 105; 244 13231785200
Metanephrine o 104; 142; 138 - 3;2(}§i51;140 |
* Adrenochrome - 80; 108; 94  132;141;145
Dopamine =~ = ' 110; 177; 185 126;135;141 -
6-Hydroxydopamine. ' - 76; 67; 81 97; 95;108

Histamine . 84; 76; 77~ 115;117;113




TABLE 3: Effect of cholinergic agents on *2P-labeling of PhA and PhI

in the iris muscle

Conditions of incubation were as described fror‘v Table 2 except
'that‘ cholinergic agents rather than amines_ wére ‘used, (from Abdel-Létif s AAL,
Mary P, Owen, and James L. Matheny‘, Biochem. ‘Phannacol., Vol. 25, p 464,‘ |
1976).

¥ Eserine. (0.03 mM) was added to each of the incubation mixtures in order
to protect acetylcholine from hydrolysis by acetylcholinesterase,

% These values correspond to 0.003, 0.03 and 0.3 mM concentrations

respectively.
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Cholinergic:

- . Effect of the cholinergic

: 'Concénffation , ‘the .
agent added - - of each agent agents on phospholipid labelling
‘- _ - 3 expressed as % of control

@) - '

PRA . PhI

Acetylcholine* 10.003;0.03;0.3  140;151;205%  175;196;229
‘Eserine- 0.03 R 1 103,
Carbamylcholine  0.003;0.03;0.3  ~  126;128;141  137;151;182
Atropine , 0.003;0.03;0.3  90;87;.75 - 105;107;113
Acetylcholine + - 0.003;0.03;0.3 - 102;113;136  119;145;132
atropine .~ . L
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. alone had no effect on the *2P-labeling of the phospholipids.
Carbamylcholine was less effective than acetylcholine in the stimulation

of labeling.

II. Adrenergic Receptor Specificity of Phospholipid Effect in Iris Muscle
A, Effect of o- and B- Adrenergic Agonists and Antagonists and
Dibutyryl Cyclic AMP on the *2P-labeling of Phospholipids
Norepinephrine, an a- and B- receptor stimulator, and phenylephriné,
which is a more specific stimulator df.adrenergic~u-receptors (39), _.
increased appreciably the labeling of PhA and PhI but not PhC (Table 4).
In contrast, isoproterenol, a B-receptor stimulator (39), had no effect
on the 3?P-labeling of phospholipids.' Sotalol, a B-blocker, had no
effect on the norepinephrine-stimulated phospholipid lsbeling. DL-
propraholol, a B receptor blocker, did not block the norepinephrine-
stimulated pﬁospholipid effeétrat the lower concentrations, however, at
0.3 mM concentration it increased the norepinephrine-stimulated 32P-
~ labeling of PhA and Phi by approximately 5 and 2-fold respectively.
Furthermore, it inhibited almost completely the *2P-labeling of PhC.
Phentoiamine, an o-adrenergic blocker, inhibited the norepinephrine-
stimulatéd phospholipid effect at lower concentrations (0.003 and 0.03 mM)
and as with propranolol, it inhibited the 3%P-labeling of PhC. Higher
concentrations (0.3 mM) of propranclol and phentolamine produced a
dramatic increase in the 32P-labeling of PhA, PhI and CDP-diglyceride,
| a significant inhibition of PhC but no effect on PhE (Table 5).

' Phenoxybenzamine, an a-receptor biocker, abolished the norepinephrine-
stimulated 32I;~1abéling of phospholipids. Dibutyryl cyclic AMP had

no influence on the phospholipid effect.



TABLE 4: Effect Qf_ different concentrations of a- and B- adrenergic

agonis_-fs- and antagonists and dibutyryl cyclic AMP g‘r_x. the -

$2p-1abeling of phospholipids in iris musclé

o The conditions of ‘incubativon, were thé same as desc;ribe;fl for
Tableiz,'except that the agonists We?e added in tﬁe‘finai»zo minﬁéf“.
incubaition, and the ‘antajgoniSts wef’é added int(nediatel}% after pre- .
in_c,ubaitidn of the irides.(from Abdel-Latif, A.A., Mary P. Owen, and N
James L. Matheny, Biochem. Pharmacol., Vol. 25, p 464, 1976). = -

+ These values correspond to 0.003; 0.03 and 0.3 mM vc;ébncentrafibns :

respec:lti\)ely. .



Antagonist or
agonist added

Concentration -
-of each agent

Effect of the antagonists and/or agonists on

phospholipid metabolism expressed as % of control

7.

) () L A
PhA  PhI PhC

L-Norepinepinephrine  0.003;0.03;0.3  117;176;220* 12231533193  102;105;104
Phenylephrine 0.003;0.03;0.3 12131625191 1023120;163. 103;102;101
Isoproterenol 0.003;0.03;0.3 . 92;1003109 9831023105 98; 993101

~ Sotalol 0.003;0.03;0.3  95; 92; 92 . 89; 983103 103;102;101
Norepinephrine + o ' - ‘ o
Sotalol 0.003;0.03;0.3 - 107;169;225A 119;147,182 .- 98; 963102
DL-Propranolol 10.003;0.03;0.3  98;133;968  106;129;212 - 67; 54; 9
Norepinephrine + , - ' o , o

- Propranolol 0.003;0.03;0.3 129:212;1312 119;129;439 = 109; 60; 9
Phentolamine 0.003;0,03;033 : -89;123;295  112;137;200 - 90; 45;.19
Norepinephrine + . , S S
Phentolamine o 0.003;0.03;0.3  90;114;277 , »98;123;243 . 80; 765 35
Phenoxybenzamine 0.003;0.03;0.3 - 103; 97; 90 11003122;147 103; 97; 69
Norepinephrine + o : - _ SRR
Phenoxybenzamine 0.003;0.03;0.3  109; 95; 93 - 91; 95; 84 - 91; 87; 85
Phentolamine + - ’ _— : e -
Propranolol o 0.003;0.03;0.3 - 102;160;1164, 132;175;331 47; 38; 4
Norepinephrine +. ' | - I
Phentolamine + ' _ , ' - _ o
Propranolol - 0.003;0,03;0.3 - 106;228;871 1393198180 -100; 56; 6
_Dibutyryl'Cycli; AMP :,0;003;0,0350.3 97; 89; 87 100; 95; 93 101; 96; 90

2z



- TABLE 5: Erfects of adrnnerglc blockadr-* on the mcorporauon of 32Pl Jnto .
phosphollp:ds of iris muscle + :

f .+ See Table 4 for desc‘tiptionvcf ékper‘imentyall protocal,. ,

¥ s Washidenti;fied by incubating irides in Kr#bs -'Rin.géfii’ melem cbﬁtaining
DL-serine [1-1%*C]. All the ré,dioactifvity wés found. in 'fhe P}iS spo;c., Tb |

~ show whether the PhS spdf contained any PhI the 1r1des were mcubated in
Krébs-Ringer medium containing [H] inositol. The results from this : '

- experiment showed that the PhS spot contaii;xed no [°H] 1no-_>11,ol—l‘abelec1

~ phospholipids. The CDP-d.iglyceride was idént’if_ied by means of two-
diﬁensional‘ "TLC using [3H] cyticiine as “‘4th‘e '?precursor ~ More fhan 95% ‘of;:

“the sti,;'mlatory effect of the drdgs seen in CDP- dlglycerlde * PhS was - ‘
found in CDP-diglyceride (from Abdel-Latif, A.A., Mary P. Owen, and James

L. Matheny Bmochem. Pharmacol., Vol 25, p 465, 1976)



Activity found in the varicus phospholipids.

(cpm/spot)
: . Concentration o - ' CDP-diglygeride
Drug added o (M) PhA PRI PnC - PhE + PhS+ '
None . 19,645 69,953 32,486 = 10,372 2,498
DL-Propranolol 0.3 190,174 148,131 2,965 8,923 39,068,
Phentolamine 0.3

58,045 140,341 - 6,338 11,645 14,322

4
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' Moleculér Mec:hanis‘m.Underlying the Phdspholipid Effect

In all these experlments unless otherwase 1nd1cated 32Pi was
added to Krebs- anger which contalned cold phosphate and the 1r1des were
not preincubated.,

A. Time-couxse of the Noreplnephrlne Mediated Phospholipid Effect

in Iris Muscle. t

In the absence of norepinephrine the labeling‘of PhA increased .

‘gradually untll 30 min after the start of incubatlon (Figure 2). After

30 min the labeling of PhA showed no further increase W1th time. In
contrast to PhA, the labeling of PhI 1ncreased with time until it
i‘eached its maximum after 60 min of incubation. When norepinephrine. .

was added the stuwulatlon occurred immediately after the start of -

-1ncubat10n and_the 1abe11ng of PhA and PhI 1ncreased con51derab1y with

time up to 60 min of incubetidn At 60 min the addltlon of noreplnephrlne» '

had 1ncreased the labeflng of both phosphollplds by approx1mate1y 400%.

B, Effect of Glucose or Its Intermediates on the Phospnollpld Effect
. When glucos >y pyruvate, glycerol fructose 1,6- dlphosphate or

a-glycero-P werellnqluded 1n‘the Krebs-Rlnger buffer, only glucose

increased_signifiEantly the 3-2P~1a'beizling of PhA and PhI and the |

stimulatory effect of norepihephrine.

C. Effect of Incubation Temperature on the Phospholipid Effect .

~In studies on the effect of tempefature on 3?p. labeling of the -

iris muscle without stlmulatlon by norepmnephrlne only PhA was 51gn1f1— SIS

cently labeled at O°' (Table 6). PhI contalned a negllglble amount of

: ‘radiOactivity and PhC;contained none. At 15°C, PhA labeling inereaSed

-



FIGURE 2: Time-course of the ‘ﬁorgpinéphrine mediated phospholipid effect

in iris muscle

Each iris was placed in 1.4 ml of KreBs-Ringer bicarbonate buffer,
pH 7.4; containing 11 mM glucose and 32Pi (25 ﬁCi) . l-norepinephrine (1 mM)
was added as indicated to give a final volume of 1.5 ml. ' Following incubation
at 37°C for various specified intervals, the irides were ‘washed with Krebs-
Ringer solution, the lipids extracted, separafed into their individual
components by means of two-dimensional TLC, and the various phosphblipids
counted. ' The results are averages of a tfiplicate experiment and the |
values agreed within 0-5 per cent (from A_Bdel-Latif, A.A., Life Sciences,

Vol. 15, p 967, 1974).
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TABLE 6: Effects of incubaticn temperature on the 32p-labeling of

phospholipids in the presence and absence ‘of norepinephrine

Individual irides were placéd in separate tubes containing 1.3 ml
Krebs-Ringer (with cold phosphate) and 25 uCi *2Pi with norepinephrine
(0.5 nM) as indicated. Final volume was 1.5 ml and time of incubation was
30 min (from Abdel-Latif, A.A., Mary P. 6Wen, and James L. ‘Matheny, Biochem.
Pharmacol., Vol. 25, p 465, 1876).

+ Activity (ch) in the phospholipid in the absence and presence of .
norepinephrine respectively. |
¥ This radioactivity was insignificant ‘and thus was not used in computing

the % increase in PhI with temperature.



Temperature CPM/Spot Effect of norepinephrine
' : ‘ ' ' on phospholipid
labelling expressed as

% of control

PhA PhI | PhC PhA. PhI 'PhC
0°%C 63 (67)* (3 000) 106 100 —
150C 1134(1478) 168 (224) 6(0) 135 133 ——
22°C 2947(4358) 1395(1893) 37(31) 148 136~ —

37°c 5187(9462) . 11505(16715) , 1384 (1425) . 182 145 103

9z
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‘bY-Lé fold, PhI labeling increased significantly, and;PhC still showed
po'rgdioactivify. ‘When incubated at 22°C, the'levél/ofArédioactivity

in Phl incieased b& 8-fold while’that«of PhA increased less than 3-fold.
PhC still contained little radioécﬁivity. The increase in the labeling
of PhA, PhI ‘and PhC when the incubation temperature was 37°C instead

- of 22°C was approximatély 2-, 8- and 37— fold fespectively. In.summary;‘
‘the stimulatory effect of norepinephrine on 32P labeling in thé phospho-

lipids increased gradually with temperatures over}thevrange'studigd.'

| D; 'Résults of Freezing and.Thawing on Ek; Phospholipid Effect

When irides were frozen and thdwed foﬁr times; they lost. almost all
of their ability to incorporate 32Pi into phospholipids. Furthermore,
"noreéinephxine (0.3 mM) exerted litt?e effect on'the 32P-1abe1ing of
phospholipids in the irides which,Wefe’fxpzen and thawed. Thus, valﬁeé
for PhA obtained from a typical experiment showed that, in_coﬁtrast'to
- the control irides where norepinephrine CO;B ) Stimulated the PhA
labeling from 2.59 x 10* cpm (control tissues without norepinephrine)
to 6.68 x 10" cpm, in the frozen and thawed tissues, it stimulated
the 1abeling'from 192 cpm (control tissues without norépinephrine) £o
‘198‘cpm. |
- E. 'Subceliuiar £ocalizatioh of the No;epinepﬁrine-Mbdiated Phospholipid

‘Effect _ ’ - :

In an attempt to localizé the site of the phosphelipid effect,
irides were first incubatedrin Krebs-Ringer buffer containing 32Pi
in the presenbe and absence of norepinephrine (10 m¥) for 1 hr,
ﬁomogenized, theﬁ subfraétionated by means of differential centfifuga- )

. tion into their‘respective subcellular fractions. A high concentration



TABLE 7: Sukcel1ular localization of the noreplnephrlne medlated

phosph01¢pld effcct

Irides (23‘per flask) were placed in control and éxberimental
125-ml stoppered conical flasks containing 3 ml of completev%zP—KrebSmRinger.
Norepinephrine (10 mM) was added to the experimental flask and aftér
~ incubation at 37° fdr 1 hr, the irides were homogenized and subfractionated

by means of differential centrifugation as described in the fext (from
Abdel-Latif, A.A., Mary P. Owen, and James L. Matheny, Biochem. Pharmacol.,
Vol. 25, p 466, 1976). |

+ Activity in the control (cpm/spof).

o+

Activity in the presence of noi‘epinephrineu(cpm/spot)°

§ Stimulatory effect of norepinephrine'expressed as % of control,

# The marker enzymes assayed were: NADPH- cytochrome reductase
designated as A, [Mg®* + Ca?*]-dependent ATPase designated as B and
Succinic delydrogenase designated as C.

*%  NADPH-cytochrome reductase unit = increase in 0.D. at 550 nm/mg protein/hr.

#%%  [Mg2* + Ca2*]-dependent ATPase unit = amt. whlch splits 1 umole ATP/mg
- of protein/hr.

#%%%  Succinic dehydrogenase unit = amt. whlch reduces K Fe(CN)s,
at 20°C. This is expressed as the decrease in 0.D. at
400 nm/mg of protaln/hx : ;

##%%%% The enzyme activities were not determined in the original homogenate.



Marker Enzymes*®

Stimulatory effect of norepinephrine

(% of control)

Fraction A% B&& Cdewit PhA - PhI PhC

Original | hdkak , - 954%3;9,440%;(989)§ 6,854;43,185;(630) 3,768;6,974;(185)

homogenate ,
Nuclear fraction 1.02 2.54 0 1,04037,946;(764) . 7,726344,349;(574) . 4,305;6,977; (162)
Mitochondrial .

fraction’ 4,5 2,58 1.22 ~882;7,992; (906) 7,028;46,060; (655) 3,980;7,285; (183)
Microsomal ‘ : | : ‘ ‘, | N _

fraction 7.35 14.40 0 1,440;8,832; (613) 9,375;54,435;(581)  5,125;9,30; (182)
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,_of noreplnephrlne was’ employed to assure max1ma1 btlmulatlon. Préliminary
experiments showed that PhA PhI and PhC were ctlm.ulated at this concen-
tration. The suboellular fractlons were assayeo using approprlate enzyme
markers. All subcellular fractions were found to contain ?2P-labeled :
PhA, Phi and PHC in the absence of norepinephrine. Norepinephrino
increased 32Pélaboling of PhA and PhI and, to a lesser extent PhC

(Table 7). | '

"F. = Phospholipid Efféct-After ln_YiEgg;Aging of the Irides

The action of norepinephrino»CO.S m&jlon the 32P—labeling of
phospholipids~was investigated:in irides which were stored at.4°Vfor,
periods up to 3 days (Figure 3), .Maximal stimulation for PhA and PhI
“labelinéjwns observed after'l‘aay. and decreased'gradually w*th'aging
- The level of 32P 1abe11ng W1tbout noreplnephrnne stimulation was highest
after 3 days of aging. For example, in 1r1des which were loOlated 1 hr
- - prior to incubation, the radloact1V1t1es (cpm/spot) found in PhA, PhI
and PhC were 6,429, 10,577 and 10,055; in contrast,lrldes which were
| aged for 3 days showed rad10act1V1t1es of 7,313, 14,947 and 24 287

respectively.

G. Effect of Norepinephrine on PhA and PhI Levels in Iris Muscle

" Incubation of irides in media containing incfeasing concentrations
" of nofepinephfine resulted in dose;dependent decreases in the level of
- Phl and dose dependent increases in the level of PhA as compared to »
'control tissues (Table 8) The PhC and PhE levels old notvchange—under

the same conditions.



/

_FiGURE 3: Phospholipid'effectiafterQig;vitfd-aging of the irides’

The effect of nbrepinephrine on the %2pi ihcofporatidn into PhA,
Phl and PhC of irides, which were isoiated and stored at 4° in Kfebs—Rihger
for 2, 24; 48 and 72 hr prior to incubation for 40 min at 37° in the
presence and absence of norepinephrine (0.5 mM) is expreSsed as per cent
»of control (from Abdel-Latif, A.A., Mary P. Owen, and James L. Matheny,
' Bmocth. Pharmacol., Vbl 25, p 466, 1976)
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TABLE 8: Effect gﬁ.norepineﬁhrine‘gg;PhA'and Phl levels gg;iris muscle'

Thé results are averages of two diffefenf experiments which were
run in duplicate. Ten irides per flask were incgbated at 37° for 1 hr
with norepinephrine added as indicated (from Abdel-Latif, A.A., Mary P._OWén,
and James L. Matheny, Biochem. Pharmacol., Vol. 25, 467, 1976) . - |

+ The phospholipid spots were scraped from the plates, digested in
perchloric acid and their phosphate contents determined according to the

procedure of Bartlett (7).
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. Agent added o Conc:e‘ré"cﬂr?tion (ﬁmolés of phospholipid-P*/g wet tissue)
Y : :
| Pl - PhA
© Control ' —_ © 0.650 0.063
Norepihephrina | 0,003 0.610 0.074
Nerepinephrine | 0.03 | ~0.533 ‘0.'083

Norepinephrine 0.3 0.490 0.103
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H. Effect of Norepinephrine on Diglyceride Kinase Activity in
Subcellular Fractions of Iris Muscle

When norepinéphrine was added to the subcellular fractions
"incubated with [y-32P] ATP, there was no increase' in the 32p-1abeling
of PhA and PhI over that obtained when norepinephrine was not added to
the incubation mixture.
1. Effect of Norepinephrine on the Rate of Incorporaticn of **Pi

Into Iris Phospholipids

The specific radivactivities of Phl and PhC increased with time in |
the absence of norepinephrine; however the speéific radioactivities of
these two phospholipids increased even more in the presence of norepine—.
phrine. The specific radioactivity of PhA increased only in the presence.

of the neurotransmitter (Table 9).

J . - Effect of Norepinephrine on Digiyceride Level in Iris Musclg

The diglyceride level of iris miscle remained constant t};roughout
the 80 min incubation period (Table 10).

Norepinephrine (0.003 mM or 0.3 mM) had no"effect on the level of

diglyceride (Table 11).



TABLE 9: Effect of norepinephrine ‘on the rate of incorpc_:‘rat’ion"g_{"“Pi ’

into ‘the iris ‘phospholipids

| The . iridés were prelincubated in Krebs-Ringer containing 3?Pi
| (8'uCi_/r'n1)' foxf 20 min at 379. The irides (10/£lask) were then transférfed
té 3 ml fresh Krebs-Ringer containing ”IPi and incubated in the presence
and absence of nor ep:mephr:me (2.5 mM) at various time mtervals as

y :mdlcated The radioactivities and phosphate content of PhA, Ph; and. PhC
were then determined and their spec1f1c radloactlmtlea computea The
results are averages of two dlfferent experments (from Abdel- Latlf A.A.,

© Mary P. Owen, and James L. Matheny, Biochen. Pharmac_ol._, Vol. 25, p 467,

1976). |

+ Control

"% In the presence of norepinephrine‘ (2.5 nM).
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Time of 1ncubéf10nAi : Spec1f1c radloart1V1ty of phosphollplds
GWln) : : ' (CPM/umole P) x 107"
PA - PhI - PhC

o '.1004:(91)# 24,9 (25) 3.2 (3.7)

s 100 (470 315 (35.6) 3.4 (3.8)
10 95 (190) 39.6 (44.6) 3.8 (3.95)
s 96 (228)  46.5 (92.4) 44 (6.1)
20 11 (26) 62,3 (U7.3)  5.3.(0.1)
3 111 (342) 0 78.4 (167) 6.9 (12.9)
60 s (333) - 122.6 (187) | ©19° (24)

90 109 (441) o129 (229.8) 24 (41)




TABLE 10: Effect of norepinephrine and time of incubation ‘9'_1_1_ total

L

diglyceride 1eve1 in iris muscle. in yitro

}:ach iris was mcubated for the spec1f1ed time at: 37 in 1.5 ml
Krebs Rlnger b1carbonate buffer, pH 7 4 w1th 11 mM glucose The buffer

contained norepmephrme as 1nd1cat0d

+ Thei| control value JS the _diglyceridé' level thainéd: from irides before.

R A o ~ _ :
incubation. ‘“ A C ' |

|
!
|
|
.
|



I

~ Norepinephrine Time of incubation DG level
(mM conc.) (Min) (% of control)”*

0 0 100
1 5 --100
1 10 90
1 15 97
1 20 98

1 25 103
1 30 97
1 35 103
1 40 90
1 80 97
0 80




TABLE 11: Effect of norepinephrine on total diglyceride level in iris muscle

in yitr

Each iris was incubated for 40 min at 37° in 1.5 ml Krebs-Ringer.
* bicarbonate buffer, pH 7.4, with 11 mM glucose. The buffer contained

norepinephrine as indicated.

n.s. - not significantly different from control.



Norepinephrine Diglyceride

Conc.
(M conc.) (1 Moles)
| ) . Mean SD n
0 0.020 +.004 10
0.003 _ 0.015 +.005 10
0.3 0.018 ¥.004 10




DISCUSSION

The phospholipid composition of iris muscle was found to be
similar to that of heart and skeletal muséle'(67}. PhC accounted for
'approximatély'41 per cent of the total phospholipid P, PhE for 32 per
cent, sphingomyelin for 12 per cent and PhS for 8 per cent. PhA and
PhI accounted for only 0.5 and 5 per cent respectively (Table 1.

There is little information on phosphdlipid metabolism in iris mgscle.
When the irides were incubated in 32?4Kfebs-Ringer at different time
intervals, PhA was labeled fifst and, as the lébeling of this phos-
pholipid decreased with time, that of PhI increased (Figure 2). This
observation, coupled with the results obtained from the temperature
experiment (Table 6) in which the.PhA/PhI activity ratios at Gb, 150,
22° and 37° were approximately 21, 6.8, 2.1 and 0.5 respectively,
suggestea a central role for PhA in phospholipid biosynthesis in the
iris muscle. The results are similar.to those foﬁndfin liver (42).

Irig muscle of rabbit is innervated by cholinergic.and adrenergic
fibers (?2) and consists of dilator and sphincter muscles. Boﬁh muscles
respond fo adrenergic and cholinergic stimuli} Dilator muscle responds
to and is under primary control of the adrenergic'(sympaﬁhetic) system,
’whereas ﬁhé sphincter muscle is primarily under the control of fhe
cholineréic(parasympathetiq)system. Norepinephrine, predomiﬁately an

a-receptér agonist, induces contraction of. the smooth muscle of the

36
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iris while isoproterenol, a B-receptor agonist, causes relaxation (51).
The'éholinergic neurbtransm%tter acetylcholine was found to increase

the *2P-labeling of PhA and PhI in the iris. The acetylcholine
stimulation was blocked by atropine, a muscarinié cholinergic receptor
blocking agent. Carbémylcholine was less effective than acetylcholine
in the stimilation of phospholipid. labeling (Table 3).

 The rationale for preincibating the tissue in the experiments
with amines, cholinergic agents and o- and B- adrenergic agonists and.
antagonists for 20 min in the 32P-labelgd medium was Cl) to label the
intracellular Precursor poéis and (2) to exclude the possibility that.
the phospholipid effect was caused by an increase in permeability to
32pi in_tle presence of the'agénts. However, by using this *2P-
preincubation step, the phosphoiipid effect was obtained at lower
concentrations of the neurotransmitters or neuropharmacological agénts
than in preliminary experiments whére this *2P-labeled medium pre-
incubation step was not used (1). Also the.preincubatiqn step seems
to briné gbout an alteration in the phospholipid response to some amines.
The preincubation step might increase the susceptibility of the enzymes
involved in the phospholipid effect to the agents. |

At 0.3 mM concentrations the biogenic amines norepinephrine and

epinephrine exerted between 196 and 247 per cent stimulation on the

32p_1abeling of PhA and PhI, Dopamine (0.3 mM) exerted between 141

and 185 pjr.cent sfimulation. In contrast, normetanephrine, metanephrine
ochrome had a much lesser’effect. 6;HydrCXydopamihe inhibited

|

‘the **P-labeling of PhA by approximately 20 per cent. Histamine (0.3 mM)

and adren
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exerted an irhibitory effect cn the,,SZP—labeiing of PhA and Phl. In
’prelimina‘r'y experiments (1), run without *2P-preincubation, his\'tamine

(1 mM) exerted a stimulatory effect on the *2P-labeling of PhA and

PhI. Also an increase in the 32P-lébeling of PhC was observed at the
higher concentrations (1-10 mM) of :cholinergic or adrene;‘gic, neuro-
transmittérs usédvin the preliminary ekperiﬁents (without 32P-

preincubation). Only the labeling of PhA and PhI was affected in the

_‘"ZP i)reincubation experiments with concentrations of 0.03 to 0.3 nM
neuroti:angmitters (Table 2). ‘ |

| Adrefpei‘éic o-receptor lstimulators, e.g. phenylephrine, increased
significaJthly the *2P-labeling of PilA and PhI. In contrast adrenergic
B~atimulai|“,ors (0.003, 0.03, 0.3 mM) such as isoproterenol had little
influence on the 32Pi incorporation into phospholipids (Table 4).
(In preliminary experiments in which there was no 32P-labeled medium_ |
preincubation (1), isoproterenol (1 mM) stimulated 32P-labeling of the

phospholi; ids.) Experiments with 3?P-labeled medium preincubation

demonstmted in the iris as has been shown in other tlssues (12, 23, 54,
55) that the stimulation of phospholipid metabelism in the presence of
' o&—ago:rus‘m| involves o-receptors. To support this conclusion the
influence iof - and 8- adrenergic blocking agents were investigated.
Sotalol, a R-blocker, had ho effect on the norepinephrine-stimulated
phosphdlipiid labeling. DL-propranclol, also a B receptor blocker, did
not blqck I

lower concentrations. However, at 0.3 mM concentration it increased

|
the ncvepiinephrine-stimulated $2p-labeling of PhA and PhI by approximately
5 and 2- fold respectively. " Furthermore, it inhibited almost completely

|
I
i
I
i
i



the ‘32P—1abeling of PhC Phentoiamine, an o-adrenergic blocker, “

1nh1b1ted the noreplnephrlne -stimulated phosphollpld effect at lower

’concentVﬂtJons (0.003 and 0. 03 mM) and as W1th p*opranolol, it inhibited
the 32P-labeling of PhC CTable 4). ngher>concentrat10ns (0.3 mM) of
\ propranolol and phentolamxne nroduced a dramatlc increase in the ¥%P-
'labeilng of PhA, PhI and CDP- dmglycerlde, a 51gn1f1cant inhibition of

PhC butnno effect.on PhE‘(Table 5). This observed stlmulatory effect

of propranolol and phentolamlne is belleved to be non-specific and

not relat ed to their. ab111ty to block adrenerglc receptore. In a

more det eeled study on the effect of propranolol Abdel Latif and Smith
- (in pfess) hame shown. that.mt increases the ¢ncorporat10n of serine
into. PhSand aloo the. 1ncorporat10n of [*H] cytidine into CDP-
dlglyceTWde by more than 10 fold. Elchbe*g, et al, (19) showed that
several %ubstan~es w1th W1de1y dlfferlng ‘potencies as B-adrenerglc
Yeceptor | blocklng agents including DL-propranolol, D- propranolol

- dlchloro%soprote“enol and alprenolol but not sotalol, 1ncreased the
32p 1ncor£orat10n into pineal aC1dlc phosphﬁllplds B-Receptor stimu-
latlon has been suvgested to be mediated by cyclic AMP (60) Results
' from the mfellnanary studles (1) and the present studies on the iris
showed that neither cyclic AMP nor dlbuLyryl cyellc‘AMP were. 1nvolved
in the phosphollpld effect (Table 4). Phenoxybenzamine, an w-receptor
blocker, ébollehed the noreplnephrlne stlmulated 32p- 1abe11ng of
phosnhollplds (Table 4). Thus, the stimulation of *2P- labellng of PhA .

and PhI by the neurotransm:tter noreplnephrlne, an o- and B-

receptor stlmulauo;, appears to be mediated by a- and not ﬁ-receptors}
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Studies to elucidate the molecular mechanism underlying the
phospholipid.effect yielded the fcllowing obsérvationé, which indicate
that cer%ain énzymic»pathways are being stimulaﬁed to produce the
phospholipid effect: (a) In the présénce of norepinephrine maximal
stimulation was obtained when glucose, rather than pyruvate, glycerol,
fructose-1,6-diphosphate or o -glycero-P, was used as a substrate.
(B) The phospholipid effect was temﬁerature-dependent with maximal
stimulation occurring at 37° (Table 6). (c) Both the control ®2Pi
incorporétion‘and norepinephrine stimulation was lost upon freezing and
thawing. (d) The 32Pi incorporation either increased or remained
unchanged when the irides were aged up to 3 days at-4°, ‘The norepi-
nephrine stimulation increased after 1 day of aging but decreased
graduallf during days Z-and_S (Figure 3). (e) The phospholipid effect
was nonspecific with respeét to subcellular distribution (Table 7) as
has been shown for rat brain cortéx clices (4).
Reactions'Which have so far been proposed to be responsible for
or involved in the phospholipid effect are:
(2) the synthesis of th by 1,2-diacylglycerol kinase,
(b) the freakdown of PhA by phosphatidate phoéphatase, /
(c) the ?reakdown of PhI by cleavage of the glycerol-phosphate bond
(pho%pholipase C),' ‘ :
(d) the breakdown of PhI by cleavage of the phosphate-inositol
‘ bondi(phospholipése D or through complete or partial reversal of
the bytidine nucleotide pathway of PhI biosynthesis) and |

(e) the conversion of TPI to DPI by TPI-phosphomonoesterase (Figure 1).
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When'norepinephrlne was aaded to the subcellular fractlons derived
‘ from 1r1des 1ncubated with [Y,azp] ATP there was no increase in. the

32p-. 1abe11ng of PhA and PhI over that obtalned when norepinephrine was
ot added'to the 1nrubatlon mlxture, These results showed that dlrect
actlvailon of the enzyme diglyceride klnase by noreplnephrlne does not
appear toibe Lhe melecular mechan;sm undep;y+ng-the:phosphollpld,effect.
Lepetina énd Hawthorne (43) found that acetylcholine had ﬁo stimulatory
effect'onldiglyeéride kinase'of isoiated intact nerfe-ehding,pafticles
or ef\nerﬁe-ending'membranes 0f rat cereBzal cortex;obtainediafter -

osmotic Shock”"'

A recent paper (37) showed tha+ acetylchollne caused a net decrease
in PhI and a'net increase in PhA in mouse panrreas The present studies
'showed thﬁt the addition of norepinephrine (0.3 ni) brou0h*'about a

e

- 25 pex ccnu desrease in the level of PhIand a 63 per cent increase in

- the 1eVelwof PhA of iris muscle (Table 1)

Banschbach, et al. (5) showed a net increase in the level of
'dLglyLe11de in mouse pancreas upon stimulation by acetylchollne No

,1ncrease in the level of d1glyce11de was observed in iris muscle upon

stnﬂv]atlon by noreplnephrlne (Table 10 and 11). Even though no increase

in diglyéeride level was observed, this does not rule out the possibility~"‘

“that more %igly;eride is being formed, which is then rapidly copverted
' to PhA. | - |
-’The fipding that the specifie radioactivity of PhA remained almost |
constant between 0 and 90 min of control 1nrubat10n, but increased in
‘the presence of noreplnephzlne, while that of PhI and PhC increased Wlth

time in control and was further s flmulated by noreplnephrlne (1able 9)

I
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suggests the folloW1ng pOSSlbllltleS. (1) There are two pools of PhA,
only one of Wthh is respon51ve to noreplnephrrne. (2) The neuro-
transmltter stlmulates the hydrolysis of the cold (endogenous) PhA and
PhI to form more dlglycerlde and the dlglycerl&e is then rephosphorylated
' 1n the presence of diglyceride klnase to form more labeled PhA ‘

Abdel -Latif, et al, (3) have demonstrated a pronounced phosphatidic -
-acid efieet in sympatnetlcally denervated rabbit iris muscle in response
.to addition of small amounts of norepinephrine (3 uM) “This suggests
a post Junctlonal sxte foz the ohosphollpld effect,
| Insofar as. the physiological significance of the phosphollpad effect
is coneerned ‘one of ‘the lines of eVJdence which has been thought to
A dlssoc1ate the PhT response from 1nmwd;ate 1nv01vement at the cell
\surface x? recentor actlvatron or secretory processes has been the
demonstra?;on that the newly-synthes1zed~PnI»rn sclmulated cells is not
1oca1iied§at the cellbsurface. VHerVer, PnI synthesis is a:secondary.

. Tresponse é16,44) and measurement of‘fhe subcellular distribution of
newiyﬂlebeléd PhI is not equiralent-tovmeasurement of theninifial
stimnlation site. It is more likely tnét this response is a composite
measurement of thv 1ntracellu1ar dlstrlbutlon of the enzymes which
catalyze %he final steps of Phl blosynthe51s and of the activity of-

the Phl exchange protelns which dlstrlbute newly synthe51zed PhI
throughoué the membranes of the cell Abdel- Latlf et al, (2) have
recently shown that in the iris muscle, acetylcholine (0,05 mM) appeared
to brlng about the phospholipid effect by ctlmulatmg the hydrolysis

of TPI to DPI which subsequently ieads to an increase in PhI and PhA

labellng.; Hendrlckson and Relnertsen have preposed that TPI——)DPI
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conveision and vice-ver;a could conceivably bring about a reorganization
of the mémbrane,with a resulting change in Na* and K* permeability'(27);
Torda (7lj envisions the receptdr.to which acetylcholine binds as an
inhibitory regulatory‘subunit of the enzyme cataleing the tri ——y
. diphosphoinositide conversion (triphosphoinositide phosphomonoesterase).
Thus, the phospholipid effect may be directly connected with the process
of synaptic transmission Egg_§§, or it may represent an alteration in
the properties of the membrane following transmission of the nerve impﬁlse.
It must bg realized that though considefable information has been eluci-
dated on this effect, at present, the specific molecular mechanism and‘v
physiological significance of this effect are still not completely

understoed.
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1. The phosphollpmd composnlon of the 11‘15 musc,le was found to
be smmlar to that of heart and skeleta1 muscle (67).. PhA and PhI
accoun.tedwfor only 0.5 and 5 per cent of the total phospholipid

breapebulve]y ‘ o |

2. Acetylu,holme (0 3 mM) increased the 2p- -labeling of PhA by
105 pér cqm: and Phl by 129 per cent. . This stimulatory effect was
abolished ':upon the addition of atropine. Carbamylcholine was leés
effective .than ace’cylcholme in stmulatmg 32p-labeling of PhA and
PhI." | |

}
) l

-3, A‘r 0.3 mM concentrations, norepmephrlne, epmophnne and -
-dopamine exerted up to 200 per cent stmulatlon on the °2P labelmg
of FhA ané% PhI. In contrast, normetanephrine, metanephrine and
, adrenr.‘)chrc;me. had a much lesser effect. 6-Hydroxydopamine and histamine.
exerted én inhibitory effect on the ?2P- 1abe111ng of PhA and PhL.

4, Only o-stimulators, e.g. phenylephrine, increased 51gn1f1 ca.ntly
t‘h *P—labelmg of PhA and PhI. The nor epmephrme-stlmulated
phosphollpld effect was blocked by a- blockers such-as phentolamine
(0 003 0. 03 nM) and phenoxybenzamine {0.003, 0.03, 0.3 mM).

- 5. BI Stimulators such as’ 1>oproterenol had little influence on
the 32pj 1llcorporat10n 1nto phospholipids. B-Blockers such as sotalol
- (0. OOo, 0. 03 0.3 mM) and propranolol (0. 003' 0.03 nmM) did,not block

-the noroplnephrmﬁ-stmul ated phosphollpld effect,
u
éi‘
i

T 7
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6. ;Pibutyryl cyclic AMP had no effect on the.32P-1abeling of
PhA and PhI. | |
7. ‘At higher concentrationsVCO.S mv) phentolamine'and propranolol
increased by several-fold the labelling of PhA, PhI, CDP—diglyceride
and inhibited 2P incorporation into PhC, This observed effect of
propranol5l and phentolamine is not thought to be a result of drug
reaction ﬁith adrenergic receptors.
| 8. ihe following observations indicate that certain énzymic
pathways ére being stimulated to produce the phospholipid effect.
(2) In thé presence of norepinephrine maximal stimulation was obtained
when glucose, rather than pyruvate, gl}cerol, fructose-1,6-diphosphate
- or a-glycero-P, was used as a subsfrate. (b) The phospholipid effect
was tempefature—dependent'With’maXimal stimulation occurring at 37°.
(c) Bofh.the.ezPi control incorporation and norepinephrine stimulation
were lost upon freezing and thawing. (d) The 32Pi incorporation
-either increaséd or remained unchanged when the irides were aged up to
3 days~at 4°, In'éontrast‘nofepinephriﬁe stimulation increased after
one day of'aging,but decreased gradually during dayé 2 and 3. (e) The
phospholiﬁid effect was nonspecific with respect to subcellular
distribution.
‘9. ﬁbrepinephrine had no effect upon digiyceride kinase activity
in subcelﬁular fractions of the iris musele. _
10. ﬁofepinephrine (0.3 mM) brought about a 25 per cent decrease
in the 1efel of PhI and a 63 per cent increase in the level of PhA.
11, ﬁorepiﬁephrine (0.003, 0.3, 1.0 mM) did not increase the

level of diglyceride in iris muscle. -
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12, [The specific radioactivities of Phl and PhC increased with

time in phe absence of norepinephrine; howéver, the specific radio-
activiti%s of these two phospholipids increased even more in the presence
of norepinephrine. The specific radicactivity of PhA increased only

in the péesence of thé néurotransmitter. |

13, 'No increase in diglyceride level upon norepinephrine

stimulatign was obtained, however, the possibility that the neuro-

‘ fransmitter stimuiates'the hydrolysis of the cold (endogenous) PhA

and Phl to form more diglyceride, which is then rapidly rephosphorylated

in the presence of diglyceride kinase.to form more labeled PhA camnot -

be ruled out from the present experimental data.
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