
SHORT COMMUNICATIONS 

Stimulation of phosphatidylinositol turnover by histamine, 
5hydroxytryptamine and adrenaline in the longitudinal smooth 

muscle of guinea pig ileum 

The increase an phosphatidylinositol turnover which is eli- 

cited by physiological stimuli in various tissues has been 
studied for many years [I]. Recently it XVII!, suggcstcd that 

breakdown of ~~hospha~ldgli~iositol, the rcactlon which in- 
itlater this increased turnover, may have a direct role in 

the sequence of events which links the agonist-receptor in- 
teraction to the final response of the ccl1 [I. 21: it was sug- 

gcated that thiq reaction might bc involved in the 
mechanisms of various receptor systems which increase the 

permeability of cell surfaces to Cal +. 
It is thought that those agonists which stlmulatc con- 

traction of the longirudinul smooth muscle of guinea pq 
ileum do 50 by elevating the intracellular concentration 
of Ca’+ ions. In this tissue. muscarinic cholinergic stnnuli. 

which elicit contraction. cause a rapid increase 1n turnover 
of phosphatidylinositol [3]. Contraction can also be pro- 
voked by other stimuli. including histamine (acting 
through H, receptors). 5-hydroxytryptaminc and, to a 
lesser extent. adrcnergic stimuli Interacting with r-c\citil- 

tar? receptors [?I. WC have therefore investigated the 
cfiiicts of thcac stimuli on phosphntldgll~~~~sitol mctabollam 

and hacc concluded that each of the stimuli uhlch pro- 
vokes contraction also elicits. through the same receptor 

population. an increase in phosphatidylinositol turnover. 

Histamine. S-hydroxytryptamine. cnrbamylcholine. 
adrenaline and mcpyrammc were from Sgma (London) 
Chemical Co. Ltd. or from sources prckiously speci- 

lied [3, 5. 01. Metiamlde was from Smith, Kline & French. 
Weluyn Garden City. Herts. U.K. and methysergide bima- 
leate from Sandal Ltd., Basle. Switzerland. 

The methods used for tissue isolation, incubation with 
-“Pi and lipid analysis were the same as were described 
prchlouslq [3]. As in the prevmus study. the experimental 

design was: (a) to incubate tissue fragments with “Pi for 
30 min to label intracellular pools of ATP and other phos- 
phollpid precursors. and then (b) to add an agomst and 

continue incubation for a further 30 mm. When antagonIsts 
were included they were normally present during both 
periods of incubation. Lipids were extracted and the bepar- 

atcd phosphatldqllnositol was analysed for phosphate and 
radioacti\itg 137. 

In the Initial experiments. adrenaline, histamine and 
5-h\dro\\ tr\ptamine wcrc tested at a concentration of 
I?-/‘M. t&h produced a marked incrcasc in phosphatidyl- 
InoGtol labelling. the effect produced h> norodrcnalinn 
bclng about half that of the other agonists. We therefore 
proceeded to a study of the characteristics of the receptors 
responslblc fat- these cll’ects. 
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The longltudmal smooth muscle of guinea pig ileum cot,- 

tains histamine receptors of both H, and H, types. with 
the former being responsible for the contractile response 
to histamine 177. The increased phosphatidylinositol tabel- 

ling produced by histamine was abolished by 12.5~1M 
mcpyraminc. an antagonist of H, receptors. but was un- 

changed bq metiamide. which blocks H, receptors [Xl. 
Table I also shows that neither mepyramine nor metia- 

mide alone had any appreciable effect on phosphotipid 

labelling. 12.5 HIM mepyramine had no effect on the mus- 
carmic cholinergic response to carbamylchotine. 

The smooth muscle preparation contains muscle cells 

and nervous elements. both of which are sensitlbe to 5-hvd- 
roxytryptamine. The receptors in the nerve cells are de&- 

nated M-receptors and are antagonised by morphine [4]. 
whereas the receptors on the muscle cells, which directly 
trigger contraction, are methysergide-sensitive D-receptors. 

Table I. ERect of agonists and antagonists on phosphati- 
dylinositol turnover 

Specific 

radioactlvity of 
phosphatidyl- Increase 

inositol over 

(dmp “P per control 

nmole) (“,,I 

Experiment A 

No additions Xl f 4(4) 
Histamine ( I25 )tM) 143 + 2(3) 77 

Mepyramine Ill.5 )tM) x7 f 4(4) I 

Histamine (I 25 /tM) + Yh * 5 (5) 1x 
mcpyramine ( t 2.5 )tM) 

Metiamide (12.5 /tM) x0 * 7(5) -1 
Histamine (I25 /tM) + 141 i 5(S) 7s 

metlamide (I 2.5 /IM) 

Experiment B 
No additions II3 

5-hydroxytryptamine 219 94 
(125/1M) 

Carbamylcholine ( I75 /IM) 736 to’) 

Methysergide (IO icg’rnl) 92 - 19 

S-hydroxytryptamlne IO8 -4 
(I 7.5 /IM) + methyscrgide 

(lOltg,ml) 

Carbamylcholine (125 PM) + 735 I 08 
mcthysergide (IO /ig:ml) 

Tissue fragments were incubated for 30min with “‘Pi 

and for a further 30 min with “‘Pi and agonist (histamine. 
~-hydroxytr!patmilic or carhamqlcholinc). Antagonists 
(mepyramine. metiamide or methysergide) were present 
during both periods of incubation. Results in experiment 
A arc mean i_ S.E.M. (number of Incubations) and m ex- 
perimcnt B are mean values of duplicate (5-hydroxytrypta- 
mIneI or triplicate (all others) incubations. 
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The D-receptor\ appeared to be responsible for the in- 
creased phosphatidyllnssitol labelling in raponse to 
5-hydroxytryptaminc since this response was abolished by 

methyaergide bmlaleate. This effect was specific in 5.hyd- 

roxytryptaminc receptors since methysergide did not m- 
hihit the response to carbamylchollne. 

Adrenaline regularly produced a smaller stimulation ol 
phosphatidylinositol labelling. In this tissue. adrcnergic 
control I mainly inhibitory to contraction, but a distinct 
population of x-cucitatoq receptors is present [4], 
Adrenergic control of phosphatidylinositol labelling in 
several tissues [including smooth muscle of rat vas deferens 

[Y]. rabbit iris [IO] and cat aorta (E. G. Lapetina and 
1’. Brilc!. personal commtlnlcation)] is thl-ough 7.adrcnclpic 
receptors [I. 21. This also appear5 to apply to ileum 
smooth muscle. bince its responx was reproduced by 

phenylephrlne. a spccilic x-agonist (S.S.J. and R.H.M.. un- 

published data). However, in view of the better systems 
available for the characterisation of r-adrenergic responses 
this effect was not explored m detail. 

Man\ tishucs. Includmg ileum smooth muscle. she\+ 
incrcascd phos)lhatid!linositol turnover when c\posrd 
11, muicarinic cholincl-gic o,- -/-adrcncrgic stimula- 
tlon [ I 3. 9. 10. I I. I2J. Recently It was suggested that 
phophatrdylinositol breakdown, the reaction which is con- 

trolled by stimulation of receptors. might play an e>sential 
part in the mechani.\ms of action of these and other recep- 
torr whxh incrcasc cell-surface permeability to Ca’ + [I. 21. 

The elt‘ects of hislamlnc and 5.hydroxytryptamme reported 

here appear to add support to this idea, since tn both 
cas.!\ the receptors which increase intracellular Cal . . and 

thu\ pro\okc contractlon. and those which stimulate phos- 

photldjlinosltol turnover appear to belong to the same 
ph;~rmacolo~lcal classes; the histamine receptors are of the 
mepyramine-sensitive H,-type and the 5-hydroxytrcpta- 

mlnc receptors are sensitive to inhibition by methysergide. 
In earlier studlcs a less well-defined effect of histamine 

on pho\pholtpid metabolism was ohscrved in gastric 
mucosa ( 131 and. more recently. a small stimulatory effect 

of histamine on phosphatidylinositol metabolism ha\ been 
observed in rat braIn i/l r!ro [14]. The latter response. like 
that of ileum smooth muscle, was sensitive to blockade 
of F1, receptors. thih time by tripclennaminc [14]. Effects 

01 ‘-llqdro\!trypt;lmlne on lipid metabolism ha\e been 
\tudlcd mol-c frequently. and stimulation of phosphnttdql- 
ino\itol mctabolirm ha been ohserved in cerebral cor- 

tcu [ 15. 161 and pineal gland [ 17. 181. However. the present 

stud) appears to he the first In which it has been shown 
that hpccific j-hydroxytrSptamine receptors are involvzd. 

It was noted previously that most receptors which trig- 

ger a ~~hosphatidylinositol response also caux elevation 
of the Intracellular concentrations of Ca’+ and of guano- 

\~ne cyclic phosphate. and that receptor< which Stimulate 

adenylatc cyclase do not usually have an obvious role in 
control of phosphatidqlinosilol metabolism [I]. The infor- 
mation reported here fits into this pattern, in that both 

5-11~dr(,xctr)ptamin~ and histamlnc (acting through H, 
reccptora) stimulate phosphatidylinositol turnover and alro 
clc\ate cellular Ca’ + and gUanosine cyclic phosphate 
Ie\el> [ 10. 20]. In contrast. histamine probably act, on 
HL-l-eceptorb to stimulate adenylate q&se [_?I) and our 
information suggests no role for these receptors in control 
of phosphatldylinositol metabolism. 

An observation consistent with the \iew that stimulated 
phosphatldylinositol hrcakdown might be integral to 

receptor mechanisms. rather than a typical cellular re- 
sponse produced by elc\at~on of intracellular [Ca’+]. is 
its complete or partial insensitivity to reduction of extracel- 

lular [Ca”] 111 a variety of cells 1 I_ 2. I I. 12. 22 241 I’rc- 
limlnary studies of stimulated ileum smooth mu\cIc \uggc>t 

that it also shows increased phosphatldyllno\ltol turnovct 
in it (‘a’ -lircc medium or in the prcrcnce of \omc ‘GII~IIIIII 

antagonists’ (S.S.I. and R.H.M.. unpubl~~hcd L\OI.~I. ;md 
it seems likcl! that thi\ tisyuc will pt-o!c \aluablc 111 c\plol- 
mg the suggc\ted rclafionship hct\lccn pho\ph;ltld~ I- 

inosltol breakdown and receptor-controllccl chan~c\ 11, c<ll 
zIurfacc permcabilit~ to (‘a’ 

.3~~~tfo1c~lr~l~l~,1~f~,t~/,\ We are grateful to the Mcd~cal 
Research Council and the lJnt\ersity of Birmingham fol- 

financial support. The advice of Dr. G B. Ansell. and 1h1\ 
aid in obtaining drugs. has hcen moht helpful. 
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