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ABBRF:.VIATIONS 

The following abbreviations ,were used throughout thi~ work. 

PhA - phosphatidic acid 

Phi - phosphatidylinositol 

PhC - phosphatidylcholine 

PhE - phosphatidylethanolamine. 

PhS - phosphatidylserine 

Lyso-PhC - lysophosphatidylcholine 

· DPI - diphosphoinositide 

TPI - triphosphoinositide 

TSH - thyrotropin 

CDP - cytidine diphosphate 

AMP - adenosine monophosphate 



·: INIRODUCTION . 

I., Statement: of ~obleni 

.An enhancement of the· incorporation of 32Pi. into PhA* and Phi 'has 

been shown in a \vide variety of ~issues in response to a number of 

extracellular stimuii which ·.iric1ude neurotransmitters,\ hormones, dntgs 

and electrical impulses (see Tabler· in refe 53) ... Although significant 

contributions have been made towards tmderstanding this "phos11holipid­

effect" and its possible relationship to synaptic neurotransmission and 

othei~ physiological -processes' the molecular mechanism and physiological 

significatlce· of' this effect are still not clear at the present . time e ' 

The innervation of the rabbi~ iris· ·muscle by choliner&~c and 

adrenergic fibers (72) has been shown and the presence of both types of 

·adrenergic receptors has also been demonstrated in this muscle (74, 57)e 

It follows. that it would be of interest to show whether neurotransmitters 
' . - . 

exert any effect on phospholipid metabolism in the rabbit iris muscle. 

Thus,.studies were undertaken to more clearly.define ·the properties arid 
- -

the'molecular mechan~sm underlying the phospholipid effect in this. tissue. 

II. Revie\v of the Related Literature 

There''is a widespread phenomenon which has usually been first 

detecte,d as an increased rate of· ~ 2Pi incorporation into Phi, and· often 

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

1.; 



~ ' 
also-into PhA, which occurs in. ;;t tissue within .a few minutes after the 

appl~cation of a stimulus and persists for as loiig as the st:imulus is · 

applied$ Some of the possible pa:thv.'ays to explain this mechanism are 

sho\\rn in Figure- 1 e The phenomenon was first discovered in 1953 by 

Hokin and Hokin (34) as an increase ·in the incorporation .of 3 2P into 

the phospholipids of pancreatic slices' in vi tr~~ l'lhich had been 

treated with acetylcholiJ1:e or carbamyl~oline$ By 1960 this respo~e 
. ~ . . . . 

had been observed in several-tissues in response to acetylcholine and in 

saliva~; gl~d in response to adrenali~~' _anterior pituitary exposed to. 
"'-:. . ~ 

corticotrophin-releasing factor, thyroid slices treated with thyroid­

stimu:iating. hormone,. and pancreas treated with pa11creozyrnirt (25)., 

Today t~e ·_li~t of stimuli and responsive tissues has grovln even larger 
I 

. (see Ta~le I iri ref. 53) . 
I 
I 

The\ fact tha.t the only affected lipids were certain anionic species 
j . • . 
I . . . 

(Phi and! PhA) a.11d that these constituted only a small fraction of the 
. I 

I • 

cellular~ phosph~lipids stimulated further investigation. 

Hok~n and Hokin (31) showed that in guinea pig brain cortex the 
-' 

enhanced; incorporation of 32Pi and of labelled inositol into Phi was 

not accoinpaniedby increased incorporationof labelled glycerol, indicating. 
i 
f 

that the[phosphory-linositol portion of the molecule was being renewed i_n 

responsei to stimulation but that the diacylglycerol backbone of the 

molecule: was reutilized. They also _found that the incorporation ef 32P~ 

~to PMI '1s i.T1creased but that ~ere was no equivalen~ increase in the 

mcorporat1on of glycerol-1-C 1 a. 1nto PhAo Measur,ements of the phospho-· 
I ' 

, I ; 

lipid-P fO~tent of the. stimulated tissue s~emed to confinn.the.impression 
~ I ~ 

that the i process tmder study did not involve an increas'e in de novo 

· . synthesi~ 9~ Phi and PhA. Results from a consider?-ble number of similar 
i! ,, 
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. studie~ have· ~ow iccumulated on' a v~~riety of ~l.ssues' most df which 
I • . . . . . 

conform ~0 . th,e same pa ttem 'of incr~ased rate of tu;mover of a cellular 

pooi of Phi of essentially unchanging ~ize (see Table ~I in ref .. _·53). 

; Direct .m~asurements ~f the speci£i.c activities of precursor pools 

in If~B.ny tissues :_have been made \vhich tend ~0 Title out the possibility 

tha'i an artifactual increase in turnover rate (that is one ·in lvhich the 
' i 

speqific activity of a precursor to the_phosphate group of the lipid~ 
. i ' ' ' . ' . ' 

e.g.,\ _Pi or ATP were to rise after stimul~tio:h) should be judged a..."l. actual 

incJease in turnover rate (see Table I I.-d.~ ref. 53). . 
I 

; Acetylcholine was the first· agonist to be shoWn by· Hokin and Hokin 
I 

(34)f to provo~e a phospholipid' response 'and is s~ill by far the most 
'I •. - . 

fully studied. - It was shown that the. phospholipid response was blocked 

by atropine' _a drug which prevents those effects of acetylcholine which 

are ldiated through ~..1scarinic receptorS·. Activation o£ the IJIUScarinic 
I - • \ 

receptors produces relat_ively slow responses to acetylcholine such as 

slow\f.ng. of heart beat or contraction of mtestinal smooth muscles. - Other 

effects of acetylcholine which are mediated through the £aster-acting 
1 ' . . - - . . 

nicofinic receptors are at the skeletal neuromuscular jUn.ction, autonoiJlic 

gangltia and adrenal medulla. These nicotinic receptors are mlJ.ibi ted by 
- I 

tubocurarine. · 
I I ! '. • 

. - . I :. . 

- 1Schatht and Agranoff (63) showed that the phospholipid- e££ect.in 
I , 

syMbtoso~les_ lvas. se~1sitive to. atropine but· insensitive to tubocurar:ine. 
I ·I :: , - . - · -

Jones and:Michell (40) demonstrated the sensitivity;o£ the Phi response 
,. I. :, . , 

. · ~ 4e ra~ patot:i.d gland to atropine and insensitivity to tubocurarine. 
I . . - , 
' I •. • 

They! also: shm'led the Phi response could be- evoked by acetyl a-methyl 
: I 
: I 

chol~ne: ~ agonist which only stimulates muscarinic receptors~ ·In 
: I 

.I 



'l 
I 

I 
! 
I 

~YJUPathetic ganglia,- Larrabee· and Leicht (46) have reported that both 
:". I 

5 

.acetylch9line-induced and electrically-induced Phi responses are 

tu?~curarine~sensitive and that the Phi-responSe and ne~ous transmission 

thr~ugh the. ganglia are inhibited -in a parallel·f~shion by the drug. 

They did not report the· effect of.atropinee However, in recent preliminary 

~xp~rimeriis Michell and Brown (S3) shm.ved · that the acetylcholine-
. i :. ! - .. 
$ti~ulated Phi' response of rat ~upe:ri<;>~ cervical ·ganglia is·tubocurarine-

1 I - : 

insEksitive. 
I !1 H k~ · d s1- • 
I. r o "m an JLenv1n (33) in i95.7 \~ere the first :J:o detect ·a.rJ. increase 
i I . : . ;:t ·:· 

in the incorporation of 3 2P . into. phospholipids in resp'onse to adrenergic-
' I . . .. . . 

~tiiiftli e They also shovt~d that this phospholipid.· effect \vas prevented 
·1 i ' -

I , .-

QY ~ibenamine and ergotamine, compounds which produce blockade of a-
1 !· . : ' . I . . . . , 

~dreperg~c; recepto~s. At that time ~ffecti ve 6-blocking agents vJere not 
! I . 

avai:lable. : During the next fifteen years., responses to adrenergic stimuli 
I ' I, ' : - • .. -

~ere[ report:ed. in many tissues and the characteristics of all of·the.TJl 
I ! . . -

~ere: consi$tent with mediation ·by a.-receptors.. However,- in none of them 
.) ,I . 

' I • 

wp.s ~ dire~t attempt made to access a-r_eceptor involvement. This was 
; I I \ 

; I - . • 

rfceftly ~?ne for cerebral cortex (23), parotid gland (54-,5,5), vas 

dbferens .Cf2) and pineal gland (24). In each case the data indicated 

mlm~tion by a-receptors. · 
'i 

1 

! Stimuli, other thari the cholinergic and adrenergic stimuli, such 

as ~~ucose: (20), honnones (36,22) and electrical impulses -(75) have been 

£\ :I a\· - : . k nh - d t b -1· , £ pt.. A d- Ph. I . oun to provo "e e ance me a o J.sm o Jli-l. an . .. 
'! ' ' - '. 

'i Secretin (30), ·prostaglandin E1 (47) and wheat genn 'lectin (SO) 

are . ~xamp1~s of t~es of stimuli which exert their effects on cells 
I : - -

thrJ$gh interaction-with cell surface receptors, but·which-have so far 

· .. bleJ i found to have little effect on phospholipid metabolism. This would 

1.: 



I 
I' 

I: 

! : 

I II . . 6 

rer to indicate that the Phi reSponse camiOt be regarded simply as a 

no~specifit response of cells to agerits · wh~cli interact \'lith. cell-surface l )· · .. ~ 
reaeptors .• I I' . . . 

I I: The concept that. the effects of' many ho~.ones and neurotransmitters 

bn ltcellular metabolis~1 are m~diated through the production and actions 

1£ lintrac~llular second messengers is now· established for cyclic AMP and 
I I' . . . . 
wi~~ly accepted for cycl:Lc GMP and Ca~+.. It was therefore natural that 

kJ 1 effects of these agents on phospholipid metabolism would be tested. 

I i In 1966 De Tcrrontegui and Berthet .. (15) demonstrated ~n rat liver 
' I · · . .; · .. ~ 

tha~ the incorporation of inositol into Ph! was considerably stimulated 

Jy idrenalin but not by dibutyryl cyclic AMP. Then in 1967 Sandhu and 
· I ·1! · · · · · · · · 

Hok~n (_62)· shm'ied an i~crease in the incorporation of 32P into PhA and 

+II :~ parotid. gland slices whi~h were stimulated ~ th ~pinephrine. . .. , 

1ilhe~ folm:d: no ~ncreased synthes1.s of ~hA·-and Ph~ wnen d~butyryl cycl~c 
I . . 

.AMP ~vas used as a stimulus o So .far in· most systems studied cyclic .AMP, 
I'. I I • • 

dibu~yryl cyclic .AMP or theophylline (which raises intracellular cyclic 

.J..wj fOnqmtrations by inhibiting cyclic AMP phosphodiesterase) .have not 

. +11 shown tb mimic the effects of other stimuli on phospholipid labeling 

(8 ' 1 II. J 15 ,'6 2 ) 6 6) c . . . . . : . . .. 
! . . . 

I I • ' 

·! Results from experiments using cyclic GMP derivatives to test for 
I , 
i ; . . . . 

acti yi ty in modifying phospholipid metabolism are fe't'i and contradictory. _ 

Ih ~yroid; Macchia and VarrOne (49) found dibutyryl cycliC GMP to have 

nb ~~tOC.tabie effect· on phospholipid synthesis. In cerebral cortical 
. I I . ~ . . . . - ' . . . . . . . 

synaptosome?, hotvever, Torch (70) recently reported effects· on PhA and 
1- ! . . . 

Phi·iabeling similar to those o£ acetylcholine with 0.1-5.0 W~ dibutyryl. 
I i . . . . 

cyclic Q,fi>. : · ·· · _ . 
I . . . 
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I · . Hokin (29) found the acetylcholine-stimulated incteased incorporation 

~f 32P into the phospholipids of pigeon pruic:reaS sliCeS to be insensitive 

to the omission of Ca2
"" from the lllcubation medit-.mi. · Trifaro (73) . 

I : . . . . . .. 
demonstrated similar results in bovi:he adrenal medulla.. Hol'reve1·, Zor, 

·lt al. (77) demonstrated the need for the p~esence of Ca2+ in the 
·I . : . . . . . 
inc~ation medium for the TSH s,timulation of ·32P incorporation into 

~hoJpho~ipids in dog thyrOid slices. . . · . 
I . . . . 

I· Mu~ time and considerable effort has been, and is being, spent in 
I ! 

ord~r to ~dentify the earliest biochemiF~,l event. involved in the phos-

~o~ipid ~esponse. It is thought tllat this identification \dll throw 
I I ·I . . . . . i • • 

Jro~ iigh~ on the possible function of the response. 

:. Rea.ct
1 
ions (Figure 1) which have so far been proposed as candidates 

I I . 

foi litJ~e · rkaction which is under the control of the applied . stimulus are 
I I I . " 

the [sy;nthfsis of Phi\ by 1, 2-diacylglycerOl kinase (reaction 4), ~e ·. 

+e~own~ of Phi\ by phosphatidate ;hosphatase (reaction 3), the breakdown 

If P:hi by\ cleavage of the glycerol-phosphate bond (reaction 14), the 

9rea~k~~~. of Phi by cleavage· ,of the phosphate inositol bond (reaction 13 

~r sf) :~nd.! the conversion of TPI to DPI by TPI -:-phosphomOnoesterase (reaction . 

1
2) .\ ; : . . 

... ~.~~ 1~59 Hokin and Hokin (32,35) proposed the stimulation of the 
. . I 

. ehzirne 1, 2-diacylgiycerol kinase as an. explcmation of ·the acetylcholine-
\l 0 11 1· 1 . b. 1.1 • £ P. hA. . . • . b • . • , . . . 1. f . . . H 

. sr~mu at~.r ,..a e .. mg 0 m a ram nucrosoma. ract~on. owever, 

ljate~ e~e.riments by Durell and. Sodd (17 ,18) indicated that the response 
I 11 :I . . . · · . · . if tjlese i'\'microsomes" wa.s dependent on the presence of metabolically 

v~ab;te syf~aptosomes, rather than on the single en~yme ~iaeylglycerol 
II : ! ! .·· . . .. : ' ·. 

kfnare· :in 1971 Lapetin[:l a11d Hcnvthome (43) f?tmd that acetylcholine 

·:01 

:' 

! 

.I 
I 

I 



i!. 

I s 
~~::.no .stimulatory .effect' on diglycel"ide kinase of isolated nerve-ending 

tarticles or .of nerve-ending membranes . of rat cerebral cortex obtained 
;l . \ . 

· hfter osmotic shock~~ 
!I . ... . 

ll · ·Schacht and Agranoff (64,65) postulated the stimulation of hydrolysis 

1f phosphatidic acid. by cholinergic· agents in guinea . pig.· synaptosomes • 
• J i I ' 

\ In 1974 Hokin-Neaverson demonstrated that in pancreas exposed to 
I I . 

ker~ylcholine or pancreozymin there was a decrease in the concentration 
II !. .. . ·. ' 
of ]?hi and an increase in that of PhA. (37) •. Ballschbach, et al. (5) 
ll . ! : r . 

showed an increase in the level of ·diglyceride in the. same tissue upon . 
II ! . ' ;/,: 'i 

stimulation by acetylcholine. 
! I . 
I ,· ' . 

·I J Kemp, Hiibscher and Hawthorne (41) have demonstrated the presence 

in animal tissues of a Ca2+-dependent ·phospholipase C type activity which 
II 

I . , . • • 
. I • . 

4egJ1'ades Phi to fo1111 inositol. monophosphate and diglyceride .. Subsequently 

llh :: D I . d h. . k d h f . ·. . . £. . • • 1 w. en awson an 1s co-wor "ers reporte t e 011I1at1on o · mos~to. 1 .. 2-· .. 
lJ I' - I 

~cllic phosphate and inositol .1-phosphate from Phi in the soluble super-

+tkt fraction of thyroidandliver homogenates, they suggested that 

the ipathlvay .might be· involved in the responses of Phi metabolism to 
! I ~ . - . 
~ti~latory_agents ·in various tissues (14). Lapentina and Michell detected 

l I • 

J me~1brane-bound enzyme in rat cerebra'! cortex which has·· similar 

Jrop\yrties (4.5). They have speculated that the functio~ of the Phi 
I '· . 

olreakdown might be to generate inositol-cyclic 'phosphate at the plasma 
I /. 1- ·. -

.memb\rape as a second messenger (44,53). 

I R~cerit~y Hokin-Neaverson (38) has fotu1d inositol to be the water-
! ' ' -

solupl~ptoduct of acetylcholine-stimulated breakc1own of Phi inmouse 

· plc~eas. · This has led her to suggest that the acetylcholine-stinrulated 

rlachon is .Phi~ PhA + inositoL She believes this might occur by -· 
II 1 - . · · 

eithyr.phospholipase D activity· or through complete or part~al I"eversal. · 

I 
I 
! 
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of·the· cyi;idine nucleotide pathway_ of Phi biqsynthesis. 

I · Although many attempts in th,e past, such as addition of acetylcholine 

lo tissue slices oi electrical stimulation Of tissue slices, to alter 
I : - . . . . . . .. . . . 

the: labeling of DPI ~d-TPI have failed, more. recent evidence indicates 

lt such changes may occur. In 1965 Palmer and Rossi tor showed no 
:f I ~ . . -

sigi1~£ica11t change in . the. incorporation of inorganl.c. 32P jnto DPI and 
I . I " ' . ' . 

TPI of cat brain slices (56) stimulated by acetyldtoliileo · Hokin (28) 
:1 ! . . . . .. , 

~lso :~hawed 'a lack of effect in sympathetic or vagal ganglia. While 
'll I 

1

1, h ·1. d. d ' t. ' 1 •, .·. 1 ... . £ TPI . . 1... b h 
ace~ c o 1ne 1 not s JJnU ate synt 1es.~~. o , J. t .u.as een s, .ov-n1 to 

JtJ~late TPI hydrolysis in irides (2) •. In 1969 Pumphrey (58) found no 
:1 I . - . . -

~igriificant .change in the labeling 6£ DPI and TPI in ·brain slices which 
::[ : ., . . 

;ad been stimulated electrically. HoweVer, in 1972 Schacht arid Agranoff 

~63)1 pbserved a decreased labeling of polyphosphoinosi tides with 3 2Pi 

.I I • • b . . bf . ' .. b d . th t lch 1" 1\ ~1nea~p1g ra1n cortex su ract~ons ~ncu ate w~ . ace y o Lne. 

1iieJ·iin 1973 White and Larrabee (75) reported a specific reduction in 
:I I . . . 

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

; hO~rs. ·More recently White, et al. (76) reported. that.~t~lation of 
I • 

· ~~:nel\Te for 30 minutes increased phosphate incorporatio~ into all 

·. +e t~ospholipids . studied, but the i~rease was significant only in the. 

p~osp~olipids TPI and_DPI. 
I I I . . . . • 

1 Hendr~ckson and Reinertsen have reported results from experiments 
"'-
1 ' 

c'omparing the ion affinities of DPI and TPI (26)., Their measurements ~ 
:il' .. · . ' . . .. 
~ere·actua+ly made with the water-soluble deacyl~tion products derived 

. frmDPI ~ TPI, but results were extrapolated back to the lipids 

. ~emselves. · They concluded that TPI had a considerably higher affinity 

£6r. Ca2+ than DPI, presumably because it could use. the two· phosp~ate · 
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grotips on. the ii1ositol ring to form a chelate wit,h divalent· metal ions . 

. They proposed that DPI/TPI interconversion might itself be adeq~te· to 
'I! . . ' . • . ' ' ' ' 

markedly modify Ca2+ binding at membrane surfaces and also to control . 
~ . . 

~ntracellular concentrations of tre~ Ca2+ o They set up a hypothetical· 

~odel of axonal meml;>rane f1mction and it. was clearly· demonstrated that 

the ar(lount of Ca2 + bound to inosi tides, and pres~bly to me..lllbranes . 
1
1 

• • c 

~ontaj,.ning them, lvould indeed he markedly lowered by TPI ~DPI 

~onversion. ·They proposed. that these C:hw..ges could c~nceivably bring 
II' . ( 

J.bout a r~organization of the membrane wlth a· resulting change in Na.+ 
~ . 

Jnd r penneabili ty. (27) • In 19 72 the studies of Buckley and Halvthorne 
:! . 
:t ' . . . . . 

(iO) using erythrocyte membranes tonfinned that inositide interconver~ions 

~ lead to changes in Ca2+ bindillg by membmnes. T~y found an increase 

:iJn.high-affinity binding when membrane Phi was largely converted to 
!I, .. · . . . . . : ... 
~ri Cl.r.?)d TPI; their data do not, ho~ever, .rev~al the relative contributions 

of the· Phi ~DPI and DPI ~TPI conversionso !I. . . 
:, Although manv researchers have contributed towa.rds understanding. !I· ., 
H 

tfe ~;1Jhospholipid effect"' at the present :time' its molecular mechanism 
. . 

and physiological significance remain unknowne 
d. 
'l 
:\ 

1[: 
I. 
Jl 

J\ 
f) f 
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- -MATERIALS MTD _ MElliODS 

Materials 

A. ~dioactive Con~om1ds 

i 
-The following radioactively labeled compounds were used in the 

I 
!it~dies reported here : [

32P] orthophosphate, carrier-free (Schwarz/M8mrrt); 
i 

tdenosine-5-[y- 32P] triphosphate tetrasoditim salt (IC..l\1 Pharmaceuticals, 

Inc.); DL-serine [l- 1 ~tC]' (Amersham/Seale); [3H] inositol, r~H] cytidine 
! ' ~ - - ' ' -

~d acetic anhydride · [ 3H] (New England Nuclear) •. 
) - . . 

j' ' 

B. Non-radioactive Compounds 

The non-radioactively labeled compounds used in the studi_es 

J!eported here were: Norepinephrine (Levophed) and L-isoprotere~l 
I ' 

i 

(Winthrop)·;- SOtalol (Mead Jolmson - 1991 "" 1); phentolamine (Regi tine) --

-(Ciba); phenoxybenzamine- (S~K. and F. Labs); atropine (Me1·ck) ;· L­

~inephrine · (Calbiochem) ; 6-hydroxydopamine (Aldrich) ; . and. nonnetanephrine, 
I 

~~tanephrine, and iproniazid phos.phate (Regis)_. The following compounds 
~ 
J . . . ' . . 

were obtaihed from Sigma Chemical Company: acetycholine ,_ phenylephrine~ 
!· - ' 

~ibUtyr;l cyclic .AMP, DL-proprari61ol, eserine, carbamylcholin~,. adrenor 

dhrome, dopami~e,, histainine. and 1.,2-dipalmitin. Silica .Gel- G and Silica 
jl ' - . . ' ' , 

Gbl H wer~,p~rchased· from Brinkmann Instruments·,_ Iilce; 2,S~diphenyloxazole 
!I . : . .. . . - - - - -- .. · _. 
~FPO) and· 1,4-bis.:..(S-pheny16Xa.zol-2-yl)·benzene·(POPOP), from Packard 
,j . . : 

. Ipstrument Co~ ; and magnesium silicate (Supelcosil 41A) from Supelco, 
I 

' ,-

Ihc. 
l 
·j • 

.\' 
11 
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II-... Animals 
r.·· 

·t· . Albino ral?bits of ~ither sex, weighing approximately_ 2 kg, provided 
ji. 

,;-by R.C~- Ranch Rabbit Processing Plant and Palmetto Growers Co-operative 

were used throughout the- studye 

' III. Preparation of Irides 

The' rabbits were stunned by a blo1v to the head and exsanguinated. 

: T4e eyes·. were ~nucleated ·within 15 min of death and placed in a Krebs-. 

Ringer bicarbonate buffer, pH 7".4, that contained 11 ntv1 glucose, chilled 

. ··: in ice. -After transportation from the __ slaughter house (approximately 
I , 

il: 25 min),'. the irides, which weighed about 36-40 mg each, were removed 
i' • I • o I 

i · fliom ~he : eyes and placed in Krebs-Ri_nger buffer chilled in ice. 
I 
I. 

;·I IV. Incubation of Irides 
1: . t .•.. The :Krebs-Ringer buffer inctibation .. medium in all experiments was 

i1 :gas~ed with 5% C02 -95% 02 before use. All the incubations were done at 
,1 
11- . 

:]37°C unless otherwise specified. The mcuba:tions were carried out in 
·q. 

:\a shaking Y.'ater bath. Iproniazid phosphate, a monoamiil.e Oxidase 

\; :i~ibitor, and ascorbic acid, an antiqxidant, were used in incubations. 
I 

\·:with norepinephrine. In each experiment the incubation 1vas terminated 
I. 

i'~~y washjng the irides twice with 5 m1 of ice-cold Krebs-Ringer bicarbonate 

\,puffer anP, then transferred to _3 ml of chloroform-methanol (2:1, v/v) e 

, I i 
i The I specific details of each incubation tised 'l,vill be discussed under 
:. f : : 

I I 

:· ~'Results":e 
:il . ' 

i11 d 
;l.i 
'.I' 
tl 
~ I 

l:i 
:I 

.il 
;,1 

:· 
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V. ·Preparation of Subcellular Fractions of Iris Muscle 
. . .. ' 

The· irides were homogen~·zed · by the proceditre of Clark (13) using 
. . ' 

a glass homogenizer G The varJ..oilS: st~bcellui~r· fractions ~.;ere· isolated 
. . ' . 

by .means·.· c.£: coriven~ional differential centrifugation~:. The nu~lear, 
' ' 

. :mitochondrial and microsorrk.-=tl fractions were. precipitated at 1,000, 8,000 

:. and 120,000 g ~espectively. All centrifugations were done in a Spinco 
li ; '' j , i 

J Model 12~65 B ultracentrifuge maintained at 4°C, 
i[ I 

' i ~ ·l·rotorse · 
'\ ' 
lj 

'i 
I 

using Spinco 30 or··.- 40 · 

lvr · " . 
i1 
:l 

ExtJ;action of Phospholipids and Cholesterol from Iris Muscle 

~I . Each iris was homogenized in 6 ml chloroform-methanol (2 :1), the 
II insoluble material removed by centrifugation (1000 g for 30 miD.),. and 

\1 the supe~atant washed twicewith 1.5 ml of 0.15 M NaCl. The chloroform 

'!I layer wa~ conce!ltrated in vacuo and the total lipid fraction redissolved 

ij\in 0 .1 1111i chloroform-methanol ( 2:1) • . .. 

:II · 
.jVli. Thin.-layer Chromatography of Total Lipid Extract 
j . 

:1 Individual phospholipids and cholesterol were i~olated from the 
·II · : .. 

I( rtal lip~d extract by means of two-dimensional thin -layer chromatography 

llusing a ·modification of the· method of ·Rouser, et ale (61) . A silica 

ijkel. slur~ l~s prepared by mixing 18 g of Silica: Gei H plus 2 g magnesium 

!lii~icate ~n 65 1111 deiollized 1\<ater, and spread on glasS plates (20 x 20 
1

crn) 
~'II : : . . 
\m: ~ layet 0.25 mm thick. The solvent systems ~ed were the following: -· 
t\1 · i · I · · · 
)Jl~: Chloroform-methanol-28% annnonia (65:25:4, v/v) ... 
1

11 ' ' : r :! .. ·I . . 
~~2~.. n-butanol-acetic acid-water ·(6:1:1, v/v) ~~ 
·J. I · . . o · 
The plates were activated at 110 C for one hour and spotted .,vith 0.1 ml 
~ I . . . ; -

of .. the lipid extract • 
. , I 

I 

I 
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.Robe:tts (59) identified the· phospholipid spots separated 'by this 

::chromatographic system using ·radioactive precursorse TI1e cholesterol 

:bot location was identified by. following the migration of a cholesterol . I . . . . . 
:.:standard e 

! 

After development in the first dimension, the plates \vere air 
:: ' ' ' . . ( 

·~.ried and then placed in the second solvent system such that it ran at 

!~ight angles to the direction of the first solvent system. The lipidS 

;gn thti completed chrOnlatogrron were visualized using iodine vapor. For 

·~~lySis, the phospholipid spots and. the cholesterol spot were either · 

~craped from the plate with a razor blade or a modified Hirsrll funnel 

~d elUted by the proced~re . of Skip. ski . (68) . 
'II' I . :·1 ' ' . . 
! ' . : . . . . 

~III. M~asur6nent .of Phospholipid Radioactivity 

.· l'v'hen: the totalTadioactivity of a particulai" phospholi!)id spot 

"fas to. ·be cow..ted, the silica gel was scraped from the plate directly 

tlto a scintillation vial and suspended in 10 rn1 of the following scintil­

iltion fluid: 0.4% 2,5-diphenyloxazole (PPO) and 0.015% 1,4~bis-
l ~ I . 
(S~phenyloxazol-2-yl) benzene (POPOP) in toluene~ .· All"measurements Ill . ' . ' 
i I , . ~ , • , 

were made usi11g a Beckman Model LS-230 liquid scintillation counter. 
ill.!: ' 
-~~ i: ' 

. I ; : . , . 

IOC ~ , . Phosphate Assay 
'I:·-: 
I I'' 

; I Total phosphorus and Pi were deterwined as reported by Bartlett (7). 
I: 

X .. ~ :Protein Assay 
I,· 
I. Protein was detennined by the method of Lowry, et al. ( 48) using 

CRY~tal.line bovine se1'Um albumin as a s:tandard. 
' I , 

I 

.I 
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' . . 
. . . 

~. . 

·A a NAJ)PH cytochrome C reductase activlty lvas measured by the 

n~thod described by Sottocasa, et al. (69)~ 
·: ---

B. 
• + . • .· . . . . ' . I 

[Mg2+ + Ca2 ] -·dependent ATPase activity was measured by the 

en~)'me's ability to split ATP as has been outlined by Meissner (52). 
' ! ' . . ' 

. . ·: · C~ .Succinic dehydrogenase activf"ty 1vas assayed by the 
!i I • . 
J\ .I I"· . . . 
·~pettrophptometric method described by ~nher. (9) • 

. t . . I.. . . . . . . 
~II. Extriction. of Diglycerides .. from Iris Muscle . 

.. -~ I . . 

. The bxtraction of diglycer~des fro~· irides was perfonned by using 
.. : . I , . . ~ . . I . 

. ~he ·proceclure of Felch, et al. · (2~). 1be· chlorofonn .layer was concentrated 
. .\1 . I . . 

~1vacuo •l.a..Ttd the total lipid f-raction redissolved in 0.1 m1 Chlorofcinn-

r~anol i(2: 1) • ' 

XIII. Thin-layer Chromatography and Ass~y ?f Diglyceride 
:·. I . 
: ·: . Quanti tat_ion of. digl_yc~rides was accomplished· by a modification of 

the metho4 described ·by ·Banschbach, et al. (6)', 500-'J.llll Silica. Gel G 
~l ~ ,· 1' .· . . . ', - -.- . . . 1 

plates we~~ activated at 110° c for one hour and spotted with o:l m1 
,I .. . . 

~-~pld ext~act o · Then they were developed in benzene: chlorofonn: 
:j .. ·: . I . . . . 
niet~ol (SO!ls:,s, v/v). After development in this ·solvent _system the 

. jl I I . . 

~~a~Ts well air dried :and then the lipids \Vere viSualized in iodine 

v~pb~. 14~ phosph~lipids and monoglycerides were scraped from the 

Ji~tJs anc~~~ discarded~ The .re.maining lipid, which included. the diglycel-ides, 
HI i' I'' : ' . . . . 
w~siextra~ted with'ether:methanol .(9:1, v/v)' concentrated and evaporat.ed 

1 1~ I ! I'· I' I . . . . . . . . . 
~~e, a stram of nitrogen in 1 ml conical centrifuge tubes • Then. 

pyridine (:so 111), [ 3H] acetic anhydride (20 111) (this stock acetic 

~;jride ls prepared by adding 1. 5 ~ of unlabeled acetic anhydride 
I': I 

:11 · I · 
~i i ~. 
,lj ', : 
·:.I 
.I j 
!I: . 
. ij\ 
"il·! 



! 1 i· 
i 

i 
I : ~ . 

:!" I 

, I 
\ ' 

/ I \ 

I : -1 

"\' \. 

1. l 16 
I .\' 

·) I ~ 

:'t9 k 25 mCi vial of [ 3H] acetic anhydride), and perchloric acid (0. 7 lll) 
·: ! • t. I 

;.w~r~ addetl\ to the lipid extract.,. The tubes -were mixed and after 40 :~.:. 
I : I 

:~~{l'tes the reaction l>Ja.S stopped by the addition of Oc4 inl of distilled 

:\'T~t~r. D~giyceride acetate and cholesterol acetate were extracted 
': ; .. : ; ··\ . . 

.\,\ri tl;l' hept?Jle (0 0 5 ml) e . The [ 3H] acetylated diglyceride was then 
: :: ~ : j· . ' . 

. ~~parated from the total acetylated lipid extract by mearJ.S of one-

~#tsional thin-layer chromatography. The same type of Silica Gel G 

~~~Jes we~e used and activated as in the first isolation. · The plates 

J~~.~ then develo;ed in heptane: ether: acetic acid (80: 20: 2, v/v) • 

td~·. ~cety]ated: diglyceride 1vas visualized by iodine Vanor, scraped into 
.i 1. 1 \. \' I . . . . b 

#:·~est tu~e arid extracted with ether:methanol. (9 :1, v/v). Unlabeled 
,:1: I: \. . I. . . . . . . 
C

1
a\f.:rier a9etyla.ted diglyceride was added to the [ 3H] acetylated 

~kltceri~e to· aid visualization bn the thin-layer piates. After 
I I • I 1

. • • . . 

~\r~p~ratioh of the eth~r:methanol solvent", [ 3H] acetate in the 

+~tflate, diglyceride waS counted. in a Beckman liquid scintillation 

cp~le:t using a toluene-PPO (0.4%)-POPOP 1 (0.04%) scintillation cocktail. 
·i l: I. - I . . . . , . . . 
Th~ .. diglyceride acetates were quantified by comparison of counts 

.:1: I : c I·: I d · . h 1 d · 1 · d · . t · · . t d 
1,r<+?~orate . 1nto t e samp e J.g ycerJ. es versus coun s mcorpora e 

4.Jo :known amounts of dipalmitin standard. Decomposition of the 
\\::1::.. . 

r:~4Jjpactive acetic anhydride caused extra counts to migrate with the 
.1:! I\! I I . . . . . 
d~gi~

1
,_ceride acetate spot.. . This "background" ~as corrected for by· running 

h :I : · I · . o#e ~~~-ank T.~eaction for eaCh ·thi. ·n:-layer plate used. 
·.~1· 1 1· I · . · . · · · .. - . · . ' 
I : I • • • - • 

XIiV.\Statistical Analysis of·Data · · · 
':\.. I \. . . 
::\ . 1\ .rbere appropriate, ~tudent' s· · t test f~r unpaired data was employed 

t~ e~dluate changes in experimental data •. Values were conside~ed 

s~JH:icanJiy different from control when P ::_ O.OS. - . . · . 
. 1 I . . . . . 
:: 1::· 
: ·. I 
. ··1. 
i, I , 
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RESULTS 

: I o[ \ Effects of Neurotransmitters on Phospholipid Metabolism of Iris 
, :Muscle i 
! 
I 

~i. Phospholipid and Cholesterol Composition of the Iris· Muscle 
I ! 

I I 

i: I· Table 1 shows that PhC, PhE, PhS and sphingomyelin constitute 

about 94 per cent of the total phospholipid-P of iris muscle. In 
I I ; l . . ' 
frntrast, Phi and PhA account for less than 5 and 1 per cent respectively. 

i I I ' . ' 

~ ~ E(fect ot' Amines on Phospholipid Labeling 
i . 

:I 
: At 0.3 J!M concentrations, the biogenic amines, norepinephrine, 
I , -

, ·bpineph!ine and dopamine, exerted bet1veen 141· and 247 per cent 

' llinrulation on the 3 2P-labeling of PhA ~d Phi ; hmvever at 0. 003 nM, 
I I • • 

'· iAe effect was only 110-126 per cent of that .of control (Table· 2). In 
I I • • • · 

· · ·; ~Jntrast, · nonnetanephrine, metanephrine and adren~chrome had a lesser 
I,' 

~ffecte; 6-Hydroxydopamine inhibited the 32P-labeling--of the PhA by from 
l: I · · · · · ·. 
~~ to 33 per cent., · Histamine· exerted a similar· inhibitory effect· 
i' I ' I ' 

(16 to_23 per cent) on the~ 32P-labeling of PhA. 

II ' . 
cJ Effect of Different Concentration~ of Cholinergic Agents on 

1: Phospholipid Labeling 
. I 

I 
Acetylcholine markedly increased the labeling of PhA and Phi 

I . 
·. I: ' 

· G'Iilable $) . .The acetylcholine stimulation was blocked by atropine, a 
it. ! . . 

·_ J11USCarinic cholinergic receptor blocking agent. Eserine (O. 03 1ID1) 
!: ! . . . 

~s added to the acetylcholine incubation media to prevent its.hydrolysis 
. I· I . . . 

!' 1 . . . ' 

l;)~·acetylcholinesterase .. Control studies demonstrated that eserine 
i' i : . l ' 

\ r 
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T~LE 1: Phospholipid and chol~!er_2l ¢6mpos:ltioQ_ bf. rabbit iris muscle 

i' 

2.8 g of irides were extracted with chlo~oform-methanol (2:1). 

1.5 lJirio.les lipid P was spotted per TLC plate. The individual lipids were 

:isb~~ted by means .of two-dimensional :TLG. and the spots '\'lere ~ither digested 

~Jectly Or elut~d and digested, and. th~ phospholipid P detennine~ •.. In · · 
I I : ! . . . . . 

~~Heral the lipid phosphorilS was lowe:r .. ~y 10 ·per cent when the spots were 
: l!: 
i I 'I 

~lutea. 
I 

The results were obt~ined from 2-different e:x:periments.(from 
. . '- \ 

I : 
~~1 ~Latif, A.A. , Mary P. OWen, and James L. Matheny, lliochem. Phannacol.: ... 

vor. 25, p 463, 1976). 
I 

i 
I -
I 

~ I ~is Vlflue represents ~otal cholesterol in the lipid extract befor~ TLC 

Hliysis., After TLC isolation and elution of the cholesterol spot, the 

amanmt was 7 5 per cent of this value. · 
.! [: 

i· I-

I 

• I 

' 



1,8 

'lJlllOle- PIg wet ·tissue P as % of total lipid .P : --
i jit •• 

---------------~----------------~------------------------~ 

. - PhG 
: PhE 
; PhS 
1 Phi 
: PhA 
: Lyso-Phc: 
: Sphingomyelin _ 
Total Cholesterol+ 

:l 

- i 

I ... 
! 

. I 

i 
._-, 

i 

' 

. I 

. I . 

. i 

I 
c i 
I ' 

4.81 --
3.80 
0.99 
0~:57 

0.063 
0.058 
1.43 

, I, 

-2.98' mg/g tissue 

41.00' 
32.40 
_8.4 
4~86. 

0.54 
0.49 

12.2 
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· TABLE 2: : Effect of d:j.fferent concentrations .of biogenic amines and their · 

·.metabolites ~ 32P-labeling of Ehospholipids_ i~ the iris muscle+ 

All the irides Here first preincuba ted for 20 min in 15 ml of . 

32P-labeled Krebs~Ringer .from which cold phosphate was omitted. Then each _ 

muscle was transferred into individual test tubes and reincubated for an 

additional 40 min in 1.5 ~1 of fresh. 32P·-labeled Krebs-Ringer ej~ther in 
. ' -:.. ~ . . 

the; presepce or. absence_ of the amine~~·,· The results reported her~ a~e .. ~he : 
I f 

_ av~:fages pf two- different experiments ~Thich were run in. dupli~a te. The : . 
' ' . . . 

vai .. iations in thi9 experiment ranged from:.o to 5 per cel'l.t between d~l.~cates 

.in.the s~e .experiment B;tld ·between different ·experiments (from Abdel-tat:i:f, · 
, I , ; - . . . . ..• 

·A.A~, Mary P G Otven~ ·and James Lo ~.at'heny, · Biochem .. Phar.rriacoi .. ·;' ·Vol~ 25:, -

'P 463, 1~;76) II 

• Q 

: i : . 

· +.. : J?hC and PhE were analyzed and the values for both upon addition of the 
. . ' 

arnines an~ their metabolites ranged bet'.veeri 95 and 110 per' cent of their 

· ·control value. 
I 
I 

' ] • I * :These yalues ·correspond to 0.-003j 0.03 and 0.3 -nt..f C011Centrations 

respectivelyc 
I 
i 
I 

I 

I. '1 .. 
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.Amine Added Effect of the amines on phospholipid 
labelling.expressed as% of control 

PhA Phi 

... 

247+ . L-Norepinephi~ine 115; 141; 117;133;196 
.):·' •. 

Nonnetanephrine 89; 94; 102 109;117;120 

1-Epin~phrine 126; 195; 244 . 132_; 178 ;· 200 

Metanephrine 104;. 142; 138 l2Q-; i5l; 140 

Adrenochrome 89; 108; 94 132;141;145 

Dopamine 110; 177; 185 . .126;135;141 

6-Hydroxydopamine. 76· 
. ' 67· 

. ' 81 97;_QS;108. 

Hista:mine 84; 76; 77 115;117;113 -\ 



TABLE 3: Effect of 6~olinergic ~e~ts ~ 32P-labeling· ~f PhA. and !'hi · 

L, the iris muscle 

Conditions of incubation were as described for Table 2 except 

· that cholinergic agents rather than amines loJere used. (from Abdel-Latif, A.A_., 

lJ.ary P. o-wen, and James L. Matheny, Biochem. Phannacol.,, Vol. 25', p 464, 

1976). 

+ Eserine,, (0. 03 nM) was added. to ead1 of .the incubation mixtures in· order 

·to protect ·acetylcholine from hydrolysis by acetylcholinesterase. 

* These values correspond to 0.003, 0.03 and 0.3 uM concentrations 

respectively a 

. I. 
\ 



Cholinergic: 
agent added · 

. .,· .. ' 

. 1) .' . '. • ' 

Acetyl tho fine+ 
_Eserine·­

Carbamylc~olL'"le 

Atropine ! 

Acetylcholine + 
atropine 

r 

. J 

.··; 

·Concentration. 
of each.agent 

(riM) 

0.003;0.03;0.3 

0.03 -

0.003; 0" 03; 0. 3. 

·0. 00'3; 0 .. 03; 0. 3 

. - 0. 00-3; 0. 0 3; 0. 3 

20 

· Effect of· th~ cholinergic · . 
·agents on phospholipid labelling 

expressed as % of control 

PhA 

140;151;20S:f: 
101 

. 126;128;t41 
90;-·87;' .. 7.5 

102 ;-~~3; 13_6 

Phi 

. 175;196;229 
103., 

'137;151;182 
105;107;113 
119;145;132 
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alone hgd no effect on the 32P-labeling of the phospholipids. 

Carbrunylcholine was less effective than acetylcholine in the stimulation. 

of labeling. 

II. Adrenergi~ Receptor Specificity o£ Phospholipid Effect in Iris Muscle 

A. Effect of a- and S- Adrenergic Agonists and Antagonists and 
Dibutyryl Cyclic AMP on the 32P-1abeling of Phospholipids 

Norepinephrine, an ct- and S- receptor stimulator, and phenylephrine, 

which is a more specific stimulator of .~drenergic a-receptors (39), 

increased appreciably the labeling of PPJ\ and Phi but not PhC (Table 4). 

In contrast, isoproterenol, a 13-receptor stimulator (39), had no effect 

on the 32P-labeling of phospholipids. Sotalol, a S-blocker: had no 

effect on the norepinephrine-stimulated phospholipid. labeling. DL-· 

propra'1olol, a 13 receptor blocker, did not block the norepinephrine-

stimulated phospholipid effect at the lower concentrations, however)\ at 

OQ3 m~ concentration it increased the norepinephrine-stimulated 32P-

labeling of PhA and Phi by approximately 5 and 2-fold respectively. 

Furthennore, it inhibited almost completely the 32P-labeling of PhC. 

Phentolrunine, an a-adrenergic blocker, inhibited the norepinephrine­

stimulated phospholipid effect at lower concentrations (0.003 and 0.03 rrlvi) 

m1d as \v~th propranolol, it inhibited the 32P-labeling of PhC. Higher 

.concentrations (0.3 1UM) of propranolol and phentolamine produced a 

dramatic· increase in the· 3 2P-labeling of PM., Phi and CDP-diglyceride·, 

a significant inhibition of PhC but no effect on PhE (Table 5) • 

. Pheno:A-ybenzamine, an a-receptor blocker, abolished the norepinephrine­

stimulated 3 2P-labeling of phospholipids. Dibutyryl cyclic MiP had 

no influence.on the phospholipid effect. 
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TABLE. 4: Effect of different concentrations- of a.: and .ft. adre~ergic_ 

agonists · and ant~tgonists and dibutyryl c~·clic ~ on ·the 

32P-labeling_ of phospholipids in iris muscle 

'-
TI1e conditions· of incubation_ were the same as described for 

Table:z,-except that the agonists we:re added in the. final. 20 min of" 

incubation, and :the antagonists wer~ 'added inimediately after pre- ,· 

incubdtion of the irides. (from Abdel-Lati£, A.A., MarY P._ Owen, and 

James :L. Ma the:rly, Biochem. Phannacol ~ '· Vol. ·25, p 464, 1976) • 

+ These values 'correspond to 0. 003; 0. 03 and. ·o. 3 mvf c;oncentrations . 

respec.ti vely. 

·, 
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Antagonist or Concentration · Effect of the antagonists and/or agonists on 
agonist added ·of each agent 'phospholipid metabolism expressed as- % of control 

(mM) 
~ ~. . 

PhA Phi PhC· 

L"-Norepinepinephrine 0.003;0.03;0.3 -117;176;2zo+ 122;153;193 102;105;104 
Phenylephrine 0.003;0.03;0.3 121; 162 ;J91 .102; 120; 163, 103;102;101 
Isoproterenol 0 0 0 0 3 ; 0 • 0 3 ; 0 • '3 ·. 92•100"109 

' ' . ' . 98;102;105 98; 99;101· 
Sotalol 0.003;0.03;0.3 95; 92; 92 89; 98;103 103;102;101 
Norepinephrine + ,--" 

Sotalol 0.003;0o03;0~3 107; 169; 225- 119;147;182 . 98; 96;102 
DL~.Proprario1ol 0.003;0.03;0.3 98;133;968 106 ;-129; 212 6-7; 54; 9 
Norepinephrine + 

0 • 00 3; 0 ·• 0 3; 0 • 3 119;129;439 · Propranolol 129;212;1312 109;· 60; 9 

Phentolamine 0.003;,0!03;0~3. ·89;123;295 . 112;137;200 90; 45; 19 ~ ·-

Norepinephrine + 
Phentolamine Oe003;0.Q3;0.3 90; 114; 277' 98;123;243 80; 76; 35 
Phenoxybenzamine · 0.003;0.03;0.3 103; 97; 90 - . 100;122;147 103;. 97; 69 
Norepinephrine + 
Phenoxybenzarnine 0.003;0.03;0.3 109; 95; 93 91; 95; 84 91; 87; 85 
Phentolamine + 
Propranolol_ 0.003;0.03;0.3 - 102;160;1164, 132 ;,175; 331 4 7; 38; 4 

Norepinephrine+. 
N Phentolamine +-

I N 

Propranolol 0 • 003; 0 o03; 0 • 3 106;228;871 139;198;180 100; 56; 6 

Dibutyryl· Cycli~ AMP · . 0.003;0.03;0.3 97; 89; 87 100; 95; 93 101; 96; 90 
;. 
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TABLE 5: Effects of adrenergic :blockade_:~ the incorporation of· 3 2Pi into 
·-· -

:2hosphQlipids of iris muscl~+ 

: + See Table 4 for description of e~erimental proto~al., 
~ ' . . . . . 

+ PhS was identified by incubating irides in Krebs -Ringe~t- medi1..un Gontaining 
. . . 

DL-serine t1- 14C]. All the radioactivity wa_s fo1.md: in t~e- I>.hS spot •. To 

show whether the PhS sp~t contained any Phi, the irides \oJere incubated in 
.;. 

KTebs-Ringer medium containjng [ 3H] inositol. The results from .this 

experiment showed that the PhS spot contaL"led no ~ 3 H] inositol~labeled 

phospholipids. The CDP-diglyceride was identified by means of two­

dimensional·TLC using . [ 3H] cytidine as.' the ·-precursor .. · More than 95% of:-. 

·the stiwlatory effect of the drugs seen in CDP-·diglyceride .+ PhS was 
'. 

fotuld_ in CDP-diglyceride (from Abclel-Lati£, A.-A., Mary P .. Ovlen, and James 

L. Matheny; Biochem. Phanna.col., Vol. 2S, p 465, 1976) .. 

.'.i< • 

. . . ~ . 



Drug added 

None 

DL-Propranolol 

Phentolamine 

Concentration 
(nM) 

0.3 

0.3 

Activity found in th~ various phospholipids·· 
(cpm/spot) 

Pr.A 

19,645 

190,174 

58,045 

Phi 

69,953 

148,131 

140,341 

PhC 

32,486 

2,965 

6,338 

PhE 

10~372 

8,923 

11,645 

CDP-digly~eride 
+ PhS+ . 

2,498 

39,068. 

14,322 

t-J 
·~ 

-·«:-
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III. · Molecular Mecl1anism Underlying the Phdspholipid Effect 

· -In all these experiments 1 urtless otherwise indicated, 3 2;ri was 

added to Krebs-Ringe,r which contained cold phosphate and the irides were 

not preincuba t~d ., 

A. . Time-cou:r·se of the Norepinephrine Mediated Phospholipid Effect 
in Iris. Muscle .. 

In the absence of norepinephrine the labeling. of PhA increased 

·.gradual_J.y until 30 min after the star~ of incubation (Figure 2) o After 

30 min the labeling of PhA showed no f~tther increase with time. In 

contrast to PhA, the labeling of Phi increased with t~e t.mtil it 

reached ·its maximum· -after 60 min C?f incubation. When norepinephrine. __ _ 

was added the stimulation occurred innnediatelv after the start of · 
J , I . 

·incubation and the label:lng ~£ PhA. and _?~f incre:ased considerably with 

time up to 60 min of incubation. At 60 min the addition of norepinephrine· 

had increased the;labeling of both phospholipids by approximately ·400%. 

Bu Ef:fect of Glucose or Its In~.ermediates on the phosphotipid Effect 

When glucose, pyruvate, glycerol, fructose-1,6-di:phosphateor 
- . . 

~~glycero-P were i~c;.lude~ in the Krebs-Ringer buffer, only glucose-
.. 

jJlcreaseP, sig11ificantly the 3 2P-labeling of PhA and Phi and the _ 

stlinulat017 effect of norepinephrine. 

C. · Effect o£ Incubation Temperature on the .Phospholipid Effect. 

In studies on the effect of temperature on 32P.labeling of the. 

iris muscle without stimulation by norepinephrine only PhA was signifi­

cently labeled at 0° ·(Table 6) .· Phi contained a negr'igible amount of· 

, radioactivity ~d PhC contained none. At 15°C, PhA. labeling in~reased · 



' ) ~ . 

FIGURE 2: Tjm~rse of. the ·n.oreE_irtephririe mediated phospholipid effect 

. in iris muscle 

Each iris was placed in 1.4 ml of Krebs-Ringer bicarbonate buffer, 

pH 7.4, containi11g 11 ~1 glucose and 32Pi (25 ~Ci). !-norepinephrine (1 rrM) 

\'las added as indicated to give a final volume of 1. 5 mls Following incubation 

at 37°C for various specified intervals, B1e irides were washed with Kr~bs­

Ringer solution, the lipids· extr·acted, separated into their individual 

components by means of two-dimensional TLC, and the various p}lospholipids 

countede The results are averages of a triplicate experiment and the 

values agreed within 0-5 ·per cent (£rom Abdel-Lati£, A.A., Life Sciences, 

Volo 15, p 967, 1974}. 
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TABLE 6: Effects of_incubation temperature on the 32P-labeling of 

phospholipids in the- presence and·· absence ·of norepinephrine 

Individu:tl irides were placed in separate tubes containing·1.3 m1 

Krebs-Ringer (with cold phosphate) and, 25 11Ci 92Pi with norepinephrine 

(0.5 mM) as indicated. Final volume was 1.5 m1 and time of. incubation was 

30 min (from Abdel-Latif, A.A., Mary P. Owen, and James Lo Matheny, Biochem~ 

Pharmacal., Vol. 25, p 465, 1976)o 

+ Activity (cpm) in the phospholipid in the absence ru1d presence of. 

norepinephrine respectively. 

:t: This radioactivity was insignificant .:.and thus .was not used in computing 

the % increase in Phi with temperature. 



Temperature CPM/Spot 

PhA Phi 

0°C 63 (67)+ 3:1: (3). 

15°C ·1134(1478) 168(224) 

22°C 2947(4358) 1395 (~893) 

37°C 5187(9462) 11505 (16715) 

PhC 

0 (O) 

0(0) 

37(31) 
1384 (1425) . 

Effect of norepinephrine 
on phospholipid 
labelling expressed as 
% of control 

PhA · Phi PhG 

106 100 

135 133 
148 136 
182 145 103 

N 
0\ 
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by- 1_8 fold., Phi labeling increased significantly, and PhC still showed 

no radioactivitye -When incubated at 22°C, the ·level/of radio~ctivity 

in Phi increased by 8-fold while that,ofPhA increased less than 3-fold. 

PhC still contained little radioactivity. The increase in the labeling 

of PhA, Phl'and PhC when the incubation temperature was 37°C instead 

of 22°C \vas approximately 2-, 8- and 37- fold respectively. In summary;· 

·the stimulatory effect. o£ norepinephrine on 32P labeling in the phospho­

lipids increased gradually with temperatur~s over the range studi~d. · 

' ' 

D. Results of Freezing and Thawing on the Phospholipid Effect' 
. ' ' 

When irides were frozen and thawed four tiines, they lost.a.lm~st all_ 

of their ability to incorporate 32Pi into phosphol~pidsc Furthennore, 

norepinephrine (0.3 mM) exe·rted little effect on. the _3·2P-labeling of. 

ph<?spholipids in the irides which were £~~zen and thawed. Thus~ values 

for Phi\. obtained from a typical exp·eriment showed that, in. contrast to 

the control irides where n?repinephrine (0;3 ni1) stimulated the PhA 

labeling from 2.59 x 104 ~pm (control tissues without norepinephrine) 

to 6. 68 x lOa. . cpm, in the frozen and thawed tissues, ·it stimulated · 

the labeling from 192 cpm (control tissues without norepinephrine) to 

198 cpm. 

\ 

E. ·subcellular Localization of the Norepinephr:ine Mediated ?hospholipid 
~Effect · 

In an attempt to localize the site of the phospholipid effect, 

irides were first incubated in Krebs-Ringer buffer containing 32Pi 

in the presence a:ncl absence . of· noi~epinephrine (10 · rni\1) . for 1 hr, 

homogenized, then subfractionated by means of differential centrifuga-

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



TABLE 7: Subcellular localization of the norepinephrine !!!~diatec;l 

EP.ospholipid: effect 

Irides (23 per flask) were placed in control fu!d experi_mental 

125-ml stoppered conical flasks containing -3 ml of compl~te 3, 2 P-Krebs -·Ringer. 

Norepinephrine (10 m~) was added to the experimental flask and after 

incubation at 37° for 1 hr, the irides were homogenized ru1d subfractionated 

by means of. di~ferential centrifugation as' described in the text (from 

Abd.el-Latif, A.A., Mary P. O.ven, and James Le Matheny, Biocheme Phannacol., 

Volo 25, p 466, 1976). 

+ Activity in the control (cpm/spot). 

:1: Activity in the presence of norepinephrine .. ( cpni/ spot) • 

§ Stimulatory effect of norepinephrine·expressed as %of control. 

* The marker enzymes assayed 'vere: NADPH~cytochrome reductase 
designated as A, [Mg2 + + Ca2 +]-dependent ATPase designated as Band 
Succinic dehydrogenase designated c:s C. 

** NADPH-cytochrome reductase unit = increase in O.D. at 550 tlln/mg protein/hr. 

*** [Mg2 + + Ca2 +]-dependent ATPase unit=. amt. which splits l.lJ.IIlole ATP/mg 
of protein/hr. 

**''~:* Succinic dehydrogenase unit = runt. which reduces K3Fe(CN) 6 

at zooc. This is .expressed as the decrease in O.D. at 
400 run/mg of protein/hr. 

***** The enzyme activities.were no~ determL~ed in the original homogenateo 



Market Enzymes* 

Fraction · A** B*** 

Original ***** 
homogenate - --

Nuclear fraction 1.02 2.54 

Mitochondrial 
fraction- 4.5 2.58 

Microsomal 
fraction 7 .. 35 14.40 

c~'c*** 

--
0 

1.22 

0 

Stimulatory effect of norepL~ephrine 
(% of control) 

PhA·· Phi 

954+;9,440*;(989)§ 6,854;43;185;(630) 

1,040;7~946;(764) 7,726;44,349;(574) 

. 882;7,992;(906) 7,028;46,060;(655) 

1,440;8,832;(613) 9,375;54,435;(581) 

PhC 

3,768;6,974;(185) 

-~- 4,305;6,977; (162) 

3,980;7,285;(183) 

5,125;9,309;(182) 

N 
_00 
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. of. n:orepinephrine was employed to assure. maximal stimulation. Preliminary 
~ ) 

experiments showed that PhA,· Phi and PhC were stimulated at this concen-

tration.. the subcellular fractions were assayed using appropriate enzyme 
I 

marlrers. All ·subcellular fractions were found to contain 32P-labeled 

Phl\., Phi and PhC in the absence of norepinephrine. Norepinephrine 

increased 32P~labeling of PhA. and Phi and, to a lesser extent PhC 

. (fable 7). 

F. Phospholipid Effect After In Vitro .Aging of the_ Irides 

11-...e action of norepinephrin~ (0. 5 rrM) on the 3 2P-label~ng of 

phospholipids was investigated :in irides which were stored at.4° for. 

periods up to 3 days_ (Figure 3) .• · MaxL11al stinnilation for PhA and P~I 

l.abeiing was observed aftet. 1 day.,. and decreased. gradually with aging e 

The -level o£ 3··2 P.~ labeling. wi tho\lt norepi~ephrine stimulation was highest 

after 3 days of aging. For· ·example·, ·in irides which were isolated 'l hr 

.prior to incu~ation, the radioactivities (cpm/spot) found in PhA, Phi 
• > 

and PhC were 6,429:, 10,577 and 10,055; in contrast, irides which were 

aged for 3 days showed ·radioactivities ·of 7 ,313, 14,947 and 24,287 

~espectively. 

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

Incubation of irides in media containing increasing concentrations 

of norepinephrine r·esul ted in dos~-dependent decreases in the level of 

Phi and dose-dependent increases in the level of PhA as compared to I - . . r 
. I . .· . . , 

control tissues (Table 8). The PhC and PhE levels did not·change un4er 
I 

the srune conditions. 



'· .. ··· 

I . I 

FIGURE 3: Phospholipid·effect:aftet:in:vitro·aging of the irides' 
. . .. ........._ ~~ =:::s . - ____, ..........._.., ---

The effect of norepinephrine on the 92Pi incorporation ;into PhA, 

Phi and PhC of irides, which were isolated and stored at 4° in Krebs-Ringer 

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 a~ per cent 

of control (£rom Abdel-:-Lati£, A.A., Mary P e Owen, and James Lo ,Ma:theny, 

· B~ochem. Phannacol o , Vol. 25, p 466, 1976) o 
/ 
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TABLE 8: _ E.ffect ~ norepinepht~ ·~·phi\· and Phi lev~ls. iE_- iris !!luscle • 

The results are averages of two different e>~erbnents which were 

run :j.n duplicate. Ten irides per flask \vere incubated at 37° for 1 hr 
.. ( 

with norepinephrine added as indicated (£ron1 Abdel-Lati£, A.A., Mary P. Owen, 

and James Lu Matheny, Biochem. Pharmacol., Vol. 25, 467, 1976). 

+ The phospholipid spots were scraped from the plates, digested i.ll 

perchlori.c acid and their phosphate contents detennined according to the 

procedure of Bartlett (7) .. 



, Agent added 

Control 

Norepinephrin~ 

Norepinephrine 

Norepinephrine 

Concentration 
· (mM) 

0.00~ 

0.03 

0.3 
. . . ... 

31 

(~moles of pl~osp]:lolipid-P+ /g wet tissue) 

Phi PhA 

0.650 p.063 

0.6~0 0.074 

0.533 0.083 

0.490 0.103 
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H~ Effect of Norepinephrine on Diglyceride Ki~se Activity in 
Subcellular Fractions of lris Muscle 

32 

~~len norepinephrine was added to the subcellular fractions 

'incubated with [y- 32P] ATP, there ~as no increase in the 32P-labeling 

of PhA and Phi over that obtained when norepinephrine 1<1as not added to 

the incubation mixture. 

I. Effect of Norepinephrine on the Rate of Incorporation of 32Pi 
Into Iris Phospholipids 

The specific radioactivities of Phi and PhC increased with t:ime in 

the absence of norepinephrine; however the specific radioactivities of 

these t\V'o phospholipids increased even more in the pr~sence of norepine­

phrine. The specific radioactivity of PhA increased only in the presence. 

of the neurotransmitter (Table 9). 

) 

-J. J Effect of Norepinephrine on Diglycer_ide Level in Iris Muscle 

The diglyceride level of iris muscle remail1ed constant throughout 

the 80 min incubation period (Table 10). 

Norepinephrine (0. 003 mM or 0. 3 rrM) had no effect on the level of 

diglyceride (Table 11). 
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TABLE. 9: Effect~ norepinephrine . .QE;_.the ·rate of inco~ation·.of' 32~~ ·: 

·into .. ·the ·.li.i .. ~ ·E£aspholipids 

The. irides were preincubated in Krebs-Ringer. containing 32Pi 

(8 ·llCi/ml). for 20 min· at. 3_7°. The· irides (10/flask) were then transferred 

to 3 ml fresh I<rebs-Ringer. containing 3.2:Pi and incubated in the presence 

and absence of norepinephrine (2. 5. nM)_ at various time· intervals as 

·.indicated. The radioactivit1es and phosphate content of PhA.~· Phi and. PhC 

· were then determined ~d their specific-radioactivities computed~- The 

results are averages o.£ ·two different experiments (from 1\.bdel-Latif, A.A .. , 

. Mary P. Owen, and James L. Matheny, Biochem~ Phannacol., Vol. 25, p 467, · 

1976) •. 

+ Control 

* In t~e presence. of norepinephrine (2.5.rriM), 



Tim~ o{ l.ntubcition -
(Min) 

o· 

5 

10. 

15 

20 

30 

"60 . ' 

90 

33 

Specific radioactivity of phospholipids· 
· . : (CPM/11mole P) · x 10- 4 · 

PhA Phi · PhC 

. ioo+ (91)* 24G9 (25) 3. 2 (3 •. 7) 

100 (147) 31eS (33G6) 3.4· (3.8) 

95 (190) 39.6 (44 .6) 3~8 (3. 95) 

96 (228) 46.5 (92e4) 4.4 (6.1)· 

111 (246) 62.3 (117.3) 5 .3· -(9 .1) 

111 (342) 78.4 (1~7) 6.9 (12.9) 

115 (333) 122.6 (187) (:::19 (24) 

109 (441) 129 (229i8) 24 (41) 

-! 
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TABLE ·10: -Effect of norepinephrine and -t:iJne of incubation ,on total 

diglycer~de _,level ·in. i~is muscle. in yitro __ 

Each iris _was incubated for the specified time at.· 37° ·h-1. 1.5 m1 

Krebs-Ringer bicarbonate buffer, pll? .4., ·with 11 mM glucose. The buffer 

contained norepinephrine as indicated. · 

+ _ The) control value·. is the d~glyce:ride level Qbtained from irides before . 
• I 

• . i • . 

mcubat:ton. 
' l. 

i 
I 

'· 

J-



Norepinephrine 
(mM cone.) 

0 
1 
1 
1 
1 

.1 
1 
1 
1 
1 
0 

Time of incubation· 
(Min) 

0 
5 

10 
15 
20 
25 
30 
35 
40 
80 
80 

DG level 
+ (% of control) 

. 100 
._::100 

90 
97 
98 

103 
97 

103 
90 
97 

106 

34 



TABLE 11: Effect 9£ norepinephrine £11. total diglyceride . level ~E:. iris ~lUscle 

in vitro 

Each iris was incubated for 4o min at 37° in 1. 5 ml K1~ebs-Ringer 

bicarbonate buffer, pH 7. 4, with 11 mM glucose. The buffer contained 

norepinephrine as indicated. 

n.s. - not significantly different from control. 
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Norepinephrine Diglyceride p 
Cone. 

(mM cone.) (ll Noles) 

' 
Mean SD n 

0 0.020 +-. 004 10 
0.003 0.015 +aOOS 10 n.s. 
0.3 0.018 +.004 10 n.s. 
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DISCUSSION 

The phospholipid con~osition of iris muscle was found to be 

similar to that of heart and skeletal muscle· (67). PhC accounted for 

·approximately 41 per cent of the total phospholip:ld P: PhE for 32 per 

cent, spl~ingomyelin 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 phosphol~pid metabolism in·iris muscle. 

When the irides were incubated in 32P..;Krebs-Ringer at different time 

intervals, PhA was labeled first and, as the labeling of this phos-, 

pholipid decreased with time·, that of Phi increased (Figure 2). This 

observa t,ion, coupled with the results obtained from the temperature 
' ) 

experiment (Table 6) in which the. PhA/Phi activity ratios at 0°, 1so, 

22° and ~7° were approximately 21, 6.8, 2ol ,and O.S.respectively, 
I , 

suggested a central role for PhA in phospholipid biosynthesis in the. 

iris muscle. The results are similar to those fotL"'ld. in liver (42). 

Iris muscle of rabbit is innervated by cholinergic and adrenergic 

fibers (72) and consists of dilator and sphincter muscles. Both muscles 

respond to adrenergic and cholinergic stimuli. Dilator muscle resuonds 
.&. • 

to and is l.mder primary control of the adrenergic (sympathetic) system, 

\vhereas the sphincter muscle is primarily under the control of the 

choliner~ic (parasympatheti~) system. Norepinephrine, predominately an 

a-recept6r agonist, induces contraction of. the smooth muscle of the 
I 

36 



iris while isoproterenol, a a-receptor agonist, causes relaxation (51). 

The.cholinergic neurotransmitter acetylcholine was found to increase 
I 

the $
2P-labeling of PhA and. Phi in the iris. The acetylcholine 

stimulation was blocked by atropine, a muscarinic cholinergic receptor 

blocking agent. Carbamylcholine was less effective than acetylchol;ine 

in the stilrrulation of phospholipid. labeling (Table 3) . 

. Th I . 1 f . ·'·b· . h . . h . · e ra.tJ.onaJ.e .or pre1ncu atJ.ng t e t1ssue 1n t e experJ.ments 

with aminis, cholinergic agents and a- and S- adrenergic agOnists and 

antagonisL for 20 min in the 32P-labeled medium was (1) to label the 

intracell~lar precursor poocls and (2) ·~o exclude the possibility that. 

the phospJ~olipid effect was caused by an increase in ·penneabilit:y to 

32Pi in tfe presence of the agents. However, by using this 32P­

preincubation step, the phospholipid effect was obtained at lmver 

concentr11-Jions of the neurotransmitters or neurophannacological agents 

than in pJeli:minary experiments wh~re this 32P-labeled medium pre­

incubatio1. step was not uSed (1). Also the preincubation step seems 

to bring about an alt~ration in the phospholipid response to some amines .. 

The.:preindubation step.m:ight increase t!W susceptibility of the enzymes 

involved ~ the phospholipid effect to the agents. 

·At 0.3 ~f concentrations the biogenic amines norepinephrine and 

epinephrine exerted between 196 aJ1d 247 per cent stimulation on the 

32P-labei~g of PhA and Phi. Dopamine (0.3 nM) exerted between 141 

and 185 p~r .cent stimulation. In contrast, normetanephrine, metanephrine 

and adrenjchrome had a much lesser effect. 6-HydrOxydopamine inhibited 

~the 32P-labeling of PhA by approximately 20 per cent. Histamine (0.3 nM) 
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i, 

i 

exerted ah inhibitOiy effect on the 32P-labeling of PhA and Phi. In 

prelimina~ry e:x-periments (1), run without 3 2P-preincubation, his,tamine 
I 

(1 nM) e:x~rted a stimulatory effect on the 32P-labeling of PhA and 

Phi~ Alsp an increase in the 32P-labeling of PhC \vas observed at the 

higher cohcentrations (1-10 nM) of cholinergic or adrene~·gic, neura-
l 
i . 

t:ransmi.tt~rs used in the prelilninary experiments (without 32P-

preincubaLon). Only the labeling of PhA and Phi was affected in the 

S2p ' • I ' . • 'th ' . ' f 0 03 0 3 M Prekfi~uoat~on exper~ments W1 . concentrat1ons o • to . n 
- I I ' 

neurotran$mitters (Table 2). 
I 

Adre~ergic a-receptor stimulators, e.g. phenylephrine, increased 
I 
' ' 
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significa~tly the 32P-labeling of PhA and Phi. In contrast adrenergic 
I 

a-stimulaiors (0.003, 0.03, 0.3 rrb1), such as isoproteren~l had little 
I 

influence I on the 3 2Pi incorporation into phospholipids (Table 4) . 

(ln preliljliJ1al"Y e)..-periments in which there \vas no 32P-labeled medium 
I 
I 

11reincubaiiion (1), isoproterenol (1 nM) stimulated 32P-labeling of the 
I 

phospholi~ids.) Experiments with 32P-labeled mediUJII preincubation 

demonstrated in the iris as has been shown in other tissues (12, 23, 54, 
I 

55) tha.t .fue stimulation of phospholipid metab0lism in the presence of 
I 

a.-agonist~ involves c.:t-r.eceptors. To support'this conclusion the 
. I 

i . 
influence !of ~- and a- adrenergic blocking agents were investigated. 

I I . . . 
Sotalol, a a~blocker, had no effect on the norepinephrine-stimulated 

" I . . 
phospholiJHd labeling~ DL-prop:ra:.i'lolol-, also a S receptor blocker, did 

I . 

not block lthe norepinephrine-stimulated phospholipid effect at the 

lo\\"er conqentrations •. Howeve~, at 0.3 nM concentration it increased 
i ' 

the no~ep~leph.rin.e-stimulated 3 2P-labeling of PhA. and Phi by approximately 
I 

5 and 2-fotd. respectively.. Furthermore, it inhibited almost completely 
I 
[ 
I 

I 
i 

·~ 



39 

the 32P-~abeling of PhC. Phentol~ine, an a-a~renergic blocker, 
I 

i:nhibitedl the norepinephrine-stimulated phospholipid effect at lower 

c~ncentr~tions . (0. 003 . and 0. 03 nM) and as.· wi·t.~ propranolol, it iilhibi ted 

the _ 3 2P-l:abeling of PhC -(table- 4) ." _ Higher· concentrations (0. 3 nM) of 
\ - i - . - - -

propranolpl and phentolamine produced a drronatic increase in the 32P-
I -
I 

labeling ·b£ P~,.Phi and CDP-digiyceride, a significant inhibition of 

PhC, but!lo effeCt on PhE Cl'able 5).. This observed stimUlatorY effect 

Of propr~olol and phentolamine is believed to be non-specific and 
:\ - . . - -,, . -

not relar~d to their. ability to block ~~~energic receptorse In a 
I' 

more_det~~led· study on .the effect. of propranolol, Abdel-Latif and Smith 
I' - . . -

(in press), have shoWn-that. it,increases the incorporation of serine 
! . - ' - -

into PhS ]fnd also the incorporatiOn of [ 3H] cytidine into CDP-

diglyceri~e by more than 10 fold. Eichberg, et a1. (19} showed that 
. ~I --

- i. - -

several s*bstances with widely differing· ·potencies as a-adrenergic 
! ; . . . - -

receptor\blocking agents including DL-propranolol, D-propranolol, 
-. . 11 . - . . -

dichloro~toprote-renol and alprenolol, but not sotalol, increased the 

.
32P inco~oration into pineal acidic phospholipids. · f3-Receptor stimu-
. . I l - · · . 
lation hds ·been suggested to- be mediated. by cyclic .AMP (60) •. Results 

! i . - . . 

from the prelLrninary studies (1) and the present studies on t~e iris 
. i l I . ' c 

II . . . -

shmved tl~4t neither cyclic AMP nor ~ibutyryl cyclic· .AMP were involved 
- i l . 

in_the p~dspholipid effect (Table 4). Phenoxybenzamine, an a-receptor 

blocker, ~boli~hed the norepinephrine-stimuia ted 3 2P-labeling of 
\ . 

phospholi~ids (Table 4). T'nus, the stimulation of 32P-labeling of PhA 
. . i 'J 

and Phi b~ the- neurotrans1~itter norepinephrine, ·an a-. and. (3-
, 

rec:eptor stiT(LU~tator, appears to be mediated by a.- and not a.-receptors~ 
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.Studies to elucidate the molecular mechanism tmderlying the 
. . . 

phosphol:lpid effect yielded the fcllmving observations, which indicate 

that certain enz)%ic pathways are being stimulated to produce the 

phospholipid effect: (a) In.the presence of norepinephrine maximal 

stimulation was obtained when glucose, rather than pyruvate, glycerol, 

fructose-1,6-d.iphosphate or t:l -glycero-P, was used as a substrate. 

(b) The phospholipid effect was temperature-dependent with maximal 

stimulation occurring at 37° (Table 6)c .(c) Both the control 32Pi 

incorporcition·and norepinephrine stimulation was lost upon freezing and 

thawing. (d) The 32Pi incorporation either increased or remained · 

unchanged 'l.vl:en the irides were aged up to 3. days at · 4 °. The norepi- . 

nephrine stimulation increased after·l day of aging but decreased 

gradually during days 2 and 3 (Figure 3). (e) The phospholipid effect 

was nonspecific with respect to subcellular distribution (Table 7) as 

has been shmm for rat brain cortex clices ( 4) • 

Reactions which have so far been proposed to be responsible for 

or involved in the phospholipid effect are: 

(a) the 'synthesis of PhA by 1,2-diacylglycerol kinas~, 

(b) the ?reakdo\\rn of PhA. by phosphatidate phosphatase, 

(c) the hreakdown of Phi by cleavage of the glycerol-phosphate bond 
I 

(pho:spholipase C) , 

(d) the breakdmm of Phi by cleavage of 'the phosphate-inositol 

bond. (phospholipase D ·or throug~ complete or partial reversal of 

the cytidine nucleotide pathway of Phi biosyrithesis) and 

(e) the conversion of TPI to DPI by TPI-phosphomonoesterase (Figure 1). 
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\\henl norepinephrine was added to -Ll-te subceliular fractions derived · 
. ., ' - . ' ' ' 

from iridps incubated with [y~.3 2P] ATP, -ther.e was no increase in. the 
j . . . ~· 

. 
32P.:·l~bel~ng of PhA. and Phi over that obtained when norepineph~ine \vas 

. not added: to the incubation mixtureo These results showed that direct 

activatio~ .of the· enzyme diglyceride kinase by norepinephrine does not 
I 

appear to) be the molecular mechanism unde~l'ying the. phospholipid effect. 

Lapetin.a kd fT..a:v:thorne (43) found that acetylcholine had nC? stimulatory 
. I . . . . 

I . ' . • . • 

effect on\diglyceride kinase of isolated. intact nerve-ending particles 

ot of nerte-ending membranes. of :tat cereb'ral cortex obta1ned after 
' ' i . . ' ' . ' 

I , . , 

osmotic shock.·' 
! 
i 

Al"etent pa.per (37) showed tha~ acetylcholine caused a· net ·decrease 
,·. i 

~. Phi anq a ',net increase in PhA in mouse pancreas. The present studies 

·shovJed trlt the addition of norepinephrine· (0. 3 nM) brought· about a . . I . . 
. 25 per ce1h: decrease in the level of Phi .. and a 63 per cent; increase in 

l . . . . 
'· 

the level jo£ ·PhA of iris muscle Cfable 1}. 

Bailsdhl?ach, et al. ( 5) showed a net increase in the level of 

·'diglyceride in mouse pancreas upon stimulation by acetylcholine. No 
I 
I 

. -increase fu the. level of diglyceride was observed in iris muscle upon 

stimula tio~1 by norepinephrine . (Table 10 and 11) • Even though no increase 

in diglyc~ride level was ob;erved, this does not rule out the possibility 
. . I 

that more jdiglyceride is being formed, lvhich is then rapidly converted 
! 

to PhA. \ . 

, ·. The frnding that the specific radioactivity of PhA remained almost 

constant b~uveen 0 and 90 min of control incubation, but increased in 

the presenpe of norepinephrine, \vhile that o£ Phi and PhC increased lvith 

time in coht1·ol and ·\~·as further stimulated by norepinephrine (Table 9) 

I 
l 
1·. 
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i" 

.\ 

I 
I ~ 
I 

sU:ggests i:he follo~v:ing po~sibili ties. (1).' 11,lere ·are two pools of PhA, 
I 

only one 9£ which is responsive to norepinephrine. (2) The neuro-

t;ansmitt~r s~imulates the hydrolysis of thei cold. (endogenous) PhA and 

Phi to· fo~ more diglyceride a.Ud. the diglyceride is . then rephosphorylated 
. i . . . 

:!.n .the· p:r.~sence of diglyceride killase to £onn more·labeled PhA. 
I - • • 

J [ • . . 

·Abdel-LatifJ et al. (3) have demonstrated a pronounced phosphatidic · 

·acid e££et~ in sympathetically denervated rabbit iris muscle in response 

.·to additibn of small amounts of norepinephrine (3 1-U\1). This suggests 
I . . 

a post j~ctional site' for·. the phosphol_~pid effect., 
l. ' 

Insofar as_ the physiological significance of the phospholipid-effect 
I. 

. I . ' 

is concer*ed, ·one of the lines of evidence which has been thought to . 

dissoc:iat~ the Phl resp~nse from :imme.diate involvement at the cell 
! I 

. surface i~. receptor activation. or secoret~ry :processes has been the 
. . I . . . . . . . . 

. I' . . , .. 

demonstration that the newly-synthesized·;Phi in stimulated cells is not 
1' ' ' 

localized !at the cell surface. HovJever, Phi synthesis is a secondary. 

response ~16,44) and measurement of the subcellular distributi~n ·of 

newly labeled Phi is not equivalent-to measurement of th~ initial 
i 

st:iJnulation site. 
i 
I ~ 

,It is mote likely that this response is a composite 

m.e.~':lre11e~t. of the intracellular distri~ution of ·the enzymes which 
, . I. 

catalyze ~e final steps of.Phi biosynthesis and of the activity of· 

th~ Phi e~change proteins which distribute newiy synthesized Phi 
i ' . ' . 

throughout the membranes of the cell. Abdel-Latif, ·.et al., (2)_ have 
. I . . . . --

recently ~h~wn thet.t in th~ iris muscle, acetylcholine (Oe05 nM) appeared 
I' 

to :bring ~bout. the phospholipid effect by· stimulatit1g the hydrolysis 
i' 

of 'TPI to pPI which subsequently leads to an increase in ·Phi and PhA 

labeling. ~ Hendrickson and Reinertsen have proposed that · TPI -----)' DPI 
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COnVel··sion and Vice-Versa COUld concej.va.bly bring about a reorganization 
- ' 

of the membrDne. 1vith a :resulting change in Na+ and r penneability· (27). 

Torda (71) envisions the receptor to which acetylcholine binds as an 

inhibitory regulatory subunit of the enzyme catalysing the tri -~-

, diphosphoinositide conversion (triphosphoinositide phosphomonoesterase). 

Thus, the phospholipid effect n~y be directly connected with the process 

of synapt~c trallsmission per se' or i.t may represent an alteration in 

the properties of the membrane following transmission of the nerve impulse. 

It must be realized that though considerable infonnation has been eluci­

dated on this effect, at present, the specific molecular mechanism and· 

physiological significance o£ this effect are still not completely 

understood .. 



.. -·.:~ ... ~ ·: 

: .. 

:, 

1. ~he phospholipid composition of the iris muscle \'las fotmd to 

be similar to that o£. heart and skeletal muscle (67) •. PbA.and Phi 

accounted: ~for only 0. 5 and· 5 per cent of the total phospholipid 
'I; 

respecti \tely. 
,· ':,1 

· 2. ketylcholine (0. 3 rrM) .increased the 32P-labeling of PhA by 
'i 

i. 

105 per c~nt and Phi by 129 per cent. . This stimulatory effect was 
, ,I. 

abolished :'upon the addition of atropine. Carbamyl choline was less 
I 

effective .;than acetylcholine in s:timulating 3 2 P-labeling of PhA artd 
,, 

Phi~-
' ,! 

:.i 
. 3. A,t Oe3 rrM concentrations, norepinephrine,· epinephrine and-

-dppanrl.ne kerted tlp to 200 p~r cent st:lmulation on the 3~2P-labeling 
of PhA. and Phi. In contrast, nonnetanephrine, metanephrine and 

adrenochr~me had a much lesser effect. 6-Hydroxydopa.mine and histamine 

exerted a.Jl inhibitory ef.fect on the 32P-labelling of PhA. and Phi. 
'. :;[· ' 

4. - QPly a-stimulators, e.g. phenylephrine, increased significantly 
:I 

' i ~ . 
the 32P-laoeling of PhA and Phi. Tf1e norepinephrine-stimulated 
I . . ::~ . . . 

phospholi~~d effect was blocked by a-blockers such,as phentolamine 
,i 

(0 .. 003, O~_[p3 nM) and phenoxybenzamine. (0.003, Oe03, 0.3 rrM). 

5. ~-~Stimulators such ~s · isqproterenol had little influence · on 
;"J . . l ' 

. the 32Pi incorporation into phospholipids. a-Blockers such as sotalol 
·.·! 

~ ! • . 
(0.003, 0.-;03, 0.3 m\1) and propranolol (0.003, 0.03 mM) did.not block 

.the norep4lephrine-stimulated phospholipid effect. 

·-·:i 
'• 

. 'I 
!', 

i·\ 

il 
,:! 

,i 
. d 
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·6e :Pibuty17l cyclic AMP had no effect on the 32P-labeling of 
:I 

PhA and Phi .. 

7. At higher concentrations (0. 3 m\1) phentolamine and propranolol 

increased by several-fold the labelling of PhA, Phi, CDP-diglyceride 

and inhibited 32P incorporation into PhC. This observed effect of 

propranolol and phentolamine is not thought to be a result of drug 

reaction }'lith adrenergic receptors. 

8. ~fhe following observa.tions indicate that certain enzymic 

pathways ~re being stimulated to produc:e the phospholipid effect. 

(a) In the presence of norepinephrine maximal stimulation was obtained 

when glucose, rather than p~.cuvate~ glycerol, fructose-1,6-diphosphate 

or a-glycero-P, was used as a substrateo (b) The phospl1olipid effect 

was tempe~ature-dependent witll maXimal stimulation occurring at 37°. 

(c) Both the 32Pi control incorporation ahd norepinephrine stimulation 

were lost ·Upon freezing and thal~ing. (d) The 32Pi incorporation 

either increased or remained unchanged when the irides were aged up to 

3 days at 4°. In· contrast· norepinephrine stimulation ~ncreased after 

·one day of aging but decreased gradually during days 2 and 3. (e) The 

phospholiP:id effect was nonspecific with respect to subcellular 

distribution. 

9. ~orepinephrine had no effect upon diglyceride kinase activity 

in subcellular fractions of the iris muscle. 
r: . . . . . 

. 10. forepinephrine (0. 3 nM) broug~t about ~ 25 per cent decrease 

1n the level of Phi and a 63 ·per cent 1ncrease 1n the level of PhA. 

11. ~orepillephrin~ (0. 00 3, 0. 3, 1. 0 nM) did not increase the 

level of digly~eride in iris muscle. 
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12.6 \The specific radioactivities o£ Phi· and PhC i.Tlcreased with 

time in ~'le absence of norepinephrine; however, the specific radio-
' 
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acti vi ti~s of these t\vo phospholipids increas~d even more in the presence 
! ', 

of norepinephrine. The specific. radioactivity of PhA increased only 

in the piesence of th~ neurotransmitter. 
I . 

13. rNo increase in diglyceride level upon norepinephrine 
I·: . 

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

transmitter stimulates·the hydrolysis of the cold (endogenous) PhA 

and Phi to fonn more diglyceride, which is then rapidly rephosphorylated 

in the presence of diglyceride kinase.to.form more labeled PhA cannot 

be ruled out from the pl''esent experimental data. 
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