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Abstract

ŽWe have previously reported that the transfected G rG protein-coupled human adenosine A receptor expressed at 200 fmolrmg ofi o 1
. Ž .protein and the endogenous 5-HT receptor not detectable using radioligand binding suppress forskolin-stimulated cyclic AMP1B

w 2qx Ž .accumulation and stimulate increases in Ca in Chinese hamster ovary cells CHO . In addition, co-activation of the adenosine Ai 1
Ž .receptor but not the 5-HT receptor potentiates the hydrolysis of inositol phospholipids elicited by receptors coupled to G -proteins1B q

Ž .Dickenson and Hill, 1996. Eur. J. Pharmacol. 320, 141–151 . In order to establish whether this difference in ability to modulate
G -coupled receptor responses is a consequence of low 5-HT receptor density, we have stably transfected CHO-K1 cells with theq 1B

Ž . Žhuman 5-HT cDNA the human homologue of the rodent 5-HT receptor . We initially isolated a clonal cell line designated1Db 1B
. w3 x Ž .CHO5-HT cells displaying moderate specific H 5-HT binding pK of 8.17"0.07 and a B of 140 fmolrmg protein . In1B d max

CHO5-HT cells, the selective human 5-HT receptor agonist sumatriptan produced a concentration-dependent inhibition of1B 1Br1D
Ž .forskolin-stimulated cyclic AMP accumulation pEC s7.92"0.04 . Sumatriptan also elicited a moderate and pertussis toxin-sensitive50

w3 x Ž .increase in H inositol phosphate formation in CHO-5HT cells pEC s6.51"0.05 . Finally, sumatriptan synergistically enhanced1B 50
w3 xP purinoceptor stimulated H inositol phosphate accumulation through a pertussis toxin-sensitive mechanism. These findings clearly2U

show the significance of 5-HT receptor expression level in determining whether 5-HT receptor activation can modulate the1B 1B
w3 xaccumulation of H inositol phosphates elicited by a G -protein coupled receptor. The observation that 5-HT receptor activation canq 1B

potentiate G -coupled receptor stimulated second messenger responses may have an important physiological role in the regulation ofq

vascular smooth muscle contraction. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

ŽMembers of the 5-HT receptor subtype family 5-HT ,1 1A
.5-HT , 5-HT , 5-HT , 5-HT and 5-HT are pre-1B 1Da 1Db 1E 1F

dominantly coupled to the pertussis toxin-sensitive family
Ž .of G-proteins G , G , G and G . The signal transduc-i1 i2 i3 o

tion pathways associated with these ‘inhibitory’ receptors
include: inhibition of adenylyl cyclase activity, closing of
voltage-sensitive Ca2q channels, and opening of potassium

Ž .channels Boess and Martin, 1994 .
Pharmacological evidence suggests that 5-HT -like1Br1D

receptors are partly responsible for the vasoconstrictor
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effects of 5-HT observed in coronary and cerebral vascular
Žsmooth muscle Maclean et al., 1996; Nishimura, 1996;

.Terron, 1996 . Molecular biology studies have shown that
Ž5-HT receptor mRNA now designated the human 5-1Db

.HT receptor; Hartig et al., 1996 is expressed in cerebral1B

and peripheral blood vessels of several species including
Žhumans Hamel et al., 1993; Ullmer et al., 1995; Bouchelet

.et al., 1996 . These findings suggest that 5-HT receptors1B

mediate vasoconstriction in brain and pulmonary blood
vessels. However, at present, little is known about the

Ž .mechanism s involved in 5-HT receptor-mediated con-1B

traction of vascular smooth muscle. Interestingly, recombi-
nant human 5-HT and 5-HT receptors stimulate inosi-1B 1D

tol phospholipid hydrolysis, and increase intracellular free
Žw 2qx .calcium Ca in transfected murine fibroblastsi

Ž .Zgombick et al., 1993 . Furthermore, endogenous 5-
HT -like receptors have been shown to stimulate in-1B
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w 2qxcreases in Ca in cells derived from bovine basilari
Žartery and Chinese hamster ovary cells Ebersole et al.,

.1993; Dickenson and Hill, 1995 . Clearly, 5-HT recep-1B
w 2qxtor-mediated increases in Ca may underlie the vaso-i

constrictor effects of 5-HT in vascular smooth muscle.
5-HT -like receptor activation can also amplify the1

vasoconstrictor responses elicited by vascular smooth mus-
cle spasmogens such as histamine, angiotensin and throm-

Žboxane A MacLennan et al., 1993; Choppin and O’Con-2
.nor, 1995, 1996; Smith et al., 1996 . The second messen-

Ž .ger pathway s underlying the 5-HT -like receptor-media-1

ted amplification of vascular smooth muscle contraction
remain unclear. Vascular smooth muscle contraction can
also be amplified by other G -protein coupled receptorsi

Že.g., neuropeptide Y and a -adrenoceptors MacLennan1 2
.et al., 1993 . In vascular smooth muscle activation of

Ca2q-mobilising receptors such as histamine H and an-1

giotensin II leads to the breakdown of phosphatidylinositol
Ž .4,5-biphosphate into inositol 1,4,5-trisphosphate InsP3

Ž . 2qand diacylglycerol Berridge, 1993 . InsP -induced Ca3

release is involved in the initial phase of smooth muscle
contraction, whereas diacylglycerol-activation of protein
kinase C is thought to play a role in the maintenance of

Ž .contraction Berridge, 1993 . Interestingly, recent studies
have shown that co-activation of G -protein coupled recep-i

tors can enhance InsP formation, Ca2q release and protein3

kinase C activation elicited by G -protein coupled recep-q
Žtors Gerwins and Fredholm, 1995; Selbie et al., 1995;

.Dickenson and Hill, 1996 . Hence, co-activation of G - andi

G protein-coupled receptors in vascular smooth muscleq

may lead to the increased formation of InsP and activation3

of protein kinase C resulting in enhanced cellular contrac-
tion.

We recently reported that co-activation of the endoge-
Ž .nous 5-HT receptor in Chinese hamster ovary CHO1B

cells had no significant effect on CCK receptor stimu-A
Žlated inositol phospholipid hydrolysis Dickenson and Hill,

.1996 . In contrast, the human transfected adenosine A1

receptor in CHO cells synergistically enhances G -coupledq
Ž .receptor CCK receptor and P purinoceptors stimu-A 2U

Žlated inositol phospholipid hydrolysis Megson et al., 1995;
.Dickenson and Hill, 1996 . Interestingly, the endogenous

5-HT receptor is expressed at levels that are not de-1B
w3 x w125 xtectable using specific H 5-HT or I cyanopindolol

Ž .binding Giles et al., 1996 whereas, the human transfected
adenosine A receptor is expressed at 200 fmolrmg of1

Ž .protein Iredale et al., 1994 . The low level of 5-HT1B

receptor expression may explain why 5-HT receptor1B

activation fails to augment CCK receptor-stimulated inos-A

itol phospholipid hydrolysis in CHO cells. To investigate
this intriguing possibility, we have increased the level of
5-HT receptor expression by stably transfecting CHO-K11B

cells with the human 5-HT receptor cDNA. In this study,1B

we report for the first time that 5-HT receptor activation1B

can augment the hydrolysis of inositol phospholipids
elicited by a G -protein coupled receptor.q

2. Materials and methods

2.1. Expression of recombinant human 5-HT receptors1B

in Chinese hamster oÕary cells

The Bluescript expression vector containing the human
5-HT receptor cDNA was obtained from the American1B

Type Culture Collection. The Bluescript plasmid was ini-
tially digested with HindIII and BamHI restriction en-

Žzymes and the resulting 1.79-kb fragment containing the
.5-HT receptor cDNA subcloned into the1B

HindIIIrBamHI site of the eukaryotic expression vector
Ž .pcDNA3. The resulting plasmid pcDNA35-HT was1B

Žused to transfect CHO-K1 cells European Collection of
.Animal Cell Cultures, Porton Down, Salisbury, UK by the

calcium phosphate precipitation technique. Stably trans-
fected CHO-K1 cells were selected using 500 mgrml

Ž .geneticin G418 for two weeks. CHO-K1 cells resistant to
G418 were subsequently cloned by dilution cloning

Ž .method. Clone five termed CHO-5HT cells was found1B
w3 xto display moderate specific H 5-HT binding, and was

used throughout the study. CHO-5HT cells were cul-1B
2 Ž .tured in 75 cm flasks Costar in Dulbeco’s modified

Ž .Eagle’s MediumrNutrient F12 1:1 supplemented with 2
Ž .mM L-glutamine, 10% vrv foetal calf serum and 500

mgrml G418. Cells were maintained at 378C in a humidi-
fied 5% CO atmosphere until confluency and were sub-2

Ž . Ž .cultured 1:5 split ratio using trypsin 0.05% wrv rEDTA
Ž . w3 x0.02% wrv solution. Cells for H inositol phosphate

w3 xand H cyclic AMP determinations were grown in 24-well
Ž .cluster dishes Costar .

2.2. Inositol phospholipid hydrolysis

w3 xH inositol phosphate accumulation was measured by
w3 xpre-labelling cell monolayers with H myo-inositol as de-

Ž .scribed previously Dickenson and Hill, 1996 .

2.3. Cyclic AMP accumulation

w3 xH cyclic AMP accumulation was measured by pre-la-
w3 xbelling cell monolayers with H adenine as described

Ž .previously Megson et al., 1995 .

[3 ]2.4. H 5-HT binding

CHO-5HT cells were grown to confluence in 162 cm2
1B

flasks. When confluent, cells from two flasks were de-
tached using Dulbeco’s phosphate buffered saline solution
Ž .Sigma containing 5 mM EDTA at 378C for 5 min. After

Ž .centrifugation 150=g for 5 min membranes were pre-
pared by re-suspending the cells in 10 ml of ice-cold Tris

Ž .buffer 50 mM, pH 7.4 , followed by homogenisation
Žusing a glass-teflon homogeniser approximately 10
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.strokes and centrifugation at 20 000=g for 15 min. The
resulting pellet was re-suspended in 600 ml of Tris buffer
and kept on ice until required.

Saturation binding experiments were performed in 50
mM Tris buffer, pH 7.4, containing 4 mM CaCl , 100 mM2

ascorbic acid, 10 mM pargyline and 10 mM paroxetine
w3 x Ž .with increasing concentrations of H 5-HT 0.5 to 32 nM .

ŽCHO-5HT cell membranes 10 ml; approximately 2501B
. Žmg protein were incubated in the presence non-specific

. Ž . Ž .binding or absence total binding of GR 127935 1 mM
in a total volume of 200 ml. After 45 min at 378C, the
incubation was stopped by rapid filtration using a Brandel
MR24 cell harvester and washing with ice-cold Tris buffer
Ž .3 times, approximate volume 10 ml over Whatman GFrB

Žfilters pre-soaked for 1 h in 0.3% polyethylenimine to
.reduce non-specific binding . Filters were transferred to

scintillation vial inserts, and 4 ml of Emulsifier-Safe scin-
Ž .tillator Packard added. The filters were left at room

temperature for at least 4 h before liquid-scintilllation
spectrometry.

Protein determinations were made using the method of
Ž .Bradford 1976 using bovine serum albumin as the stan-

dard.

2.5. Data analysis

ŽpEC ylog EC ; concentration of drug producing50 50
.50% of the maximal response values were obtained by

computer-assisted curve fitting by use of the computer
Ž .programme InPlot GraphPAD, San Diego, CA, USA .

Statistical significance was determined by Student’s un-
Žpaired t-test P-0.05 was considered statistically signifi-

.cant . All data are presented as mean"S.E.M. The n in
the text refers to the number of separate experiments.

GraphPAD was also used to perform nonlinear regres-
sion analysis for fitting data from saturation binding exper-

Ž .iments as previously described Dickenson and Hill, 1994 .

2.6. Chemicals

w 3 x w 3 x2- H myo-inositol and 2,8- H adenine were supplied
Ž . w3 xby New England Nuclear Stevenage, UK . H -5-hy-

Fig. 1. Functional expression of human 5-HT receptors in CHO-K11B
Ž . w3 xcells. a Saturation binding of H 5-HT to CHO-5HT cell membranes.1B

Results are the mean"S.E.M. from three independent experiments each
Ž . Ž . Ž .performed in triplicate. b Sumatriptan v and CP 93,127 O mediated
Ž .inhibition of forskolin 3 mM stimulated cAMP formation. Results are

Žexpressed as the % of the forskolin response in the absence of agonists
.100% and represent the mean"S.E.M. from three independent experi-

Ž . w3 xments each performed in triplicate. c Sumatriptan-stimulated H in-
Ž .ositol phosphate accumulation in control cells ` and cells pre-treated

Ž .for 24 h with 100 ngrml pertussis toxin v . The histograms represent
w3 x Ž .basal H inositol phosphate accumulation in control open and pertussis

Ž .toxin-treated cells shaded . Values represent the mean"S.E.M. of tripli-
cate determinations measured in a single experiment. Similar results were
obtained in at least two further experiments.

Ž y1 .droxytryptamine trifluoroacetate 97 Ci mmol was from
Amersham International. Pertussis toxin was obtained from
Porton Products. Uridine 5X triphosphate, forskolin, pargy-

Žline and ascorbic acid were purchased from Sigma Poole,
.Dorset . The kind gifts of sumatriptan and GR 127935

Ž Ž .from Glaxo Wellcome Research Group Stevenage, UK
Ž Ž .and CP 93,127 3- 1,2,5,6-tetrahydropyrid-4-yl

w x . Ž .pyrrolo 3,2-b pyrid-5-one from Pfizer Groton, CT, USA
are gratefully acknowledged. Dulbeco’s modified Eagles
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Ž .MediumrNutrient Mix F-12 1:1 and foetal calf serum
Ž .were from Sigma Poole, Dorset, UK . All other chemicals

were of analytical grade.

3. Results

3.1. Stable expression of the human 5-HT receptor in1B

CHO-K1 cells

w3 xFig. 1a shows the specific binding of H 5-HT to cell
membranes prepared from CHO-5HT cells. Saturation1B

w3 xbinding experiments using H 5-HT produced a dissocia-
Ž . Ž .tion constant pK of 8.17"0.07 ns3 and a B ofd max

Ž .140"26 ns3 fmolrmg of protein. Previous studies
have shown that CHO-K1 cells express an endogenous
5-HT receptor, which cannot be detected using specific1B

w3 x w125 x Žbinding of H 5-HT or I cyanopindolol Giles et al.,
.1996 . In CHO-5HT cells, the selective human 5-1B

HT receptor agonist sumatriptan, suppressed1Br1D

forskolin-stimulated cyclic AMP accumulation with a
Ž .pEC of 7.92"0.04 ns3; Fig. 1b . Similarly, the50

Žselective rodent 5-HT receptor agonist CP 93,127 Macor1B
.et al., 1990 also inhibited forskolin-stimulated cyclic AMP

Žaccumulation with an pEC of 5.99"0.07 ns3; Fig.50
. Ž1b . Maximally effective concentrations of sumatriptan 1
. Ž . ŽmM and CP 93,127 100 mM inhibited the forskolin 3
. Ž .mM response by 95.9"0.3% ns3 and 85.4"1.8%

Ž .ns3 , respectively. The EC value obtained for CP50
Ž .93,127 in CHO5-HT cells 983 nM is indicative of the1B

Ž .human 5-HT receptor Parker et al., 1993 . CP 93,1271B

has a 100-fold higher potency for the rodent 5-HT1B

receptor and the endogenous 5-HT -like receptor in CHO1B
Žcells EC ca. 10 nM; Schoeffter et al., 1995; Giles et al.,50
.1996 .

Ž .Sumatriptan 1 mM also stimulated a modest increase
w3 x Žin the accumulation of total H inositol phosphates 1.8"

.0.4-fold increase relative to basal levels; ns7; P-0.05 .
The response to sumatriptan was concentration-dependent

Ž .with an pEC of 6.51"0.05 ns7; Fig. 1c . Finally,50

pre-treatment of CHO5-HT cells with pertussis toxin1B

w3 xFig. 2. Effect of sumatriptan on P purinoceptor-stimulated H inositol2U
Ž .phosphate accumulation in CHO-5HT cells. a Concentration–re-1B

Ž .sponse curve to sumatriptan in the absence ` and presence of 100 mM
Ž . Ž . Ž .UTP v . b Concentration–response curve to UTP in the absence `

Ž . Ž . Ž .and presence of 1 mM sumatriptan v . c As in b , but cells were
pretreated for 24 h with 100 ngrml pertussis toxin. The histograms

Ž . Ž .represent basal and responses to UTP 100 mM and sumatriptan 1 mM
alone, measured in each experiment. The dotted lines represent the
predicted additive responses to UTP and sumatriptan. These were calcu-
lated by adding the response obtained with the fixed concentration of

Ž w3 xagonist sumatriptan or UTP and after subtracting basal H inositol
.phosphate accumulation to that obtained with each concentration of

Ž .agonist in the dose–response curve sumatriptan or UTP . Values repre-
sent mean"S.E.M. of triplicate determinations measured in a single
experiment. Similar data were obtained in at least two other experiments.

Ž .100 ngrml for 24 h completely abolished sumatriptan-
w3 x Ž .stimulated H inositol phosphate accumulation Fig. 1c .

3.2. Interactions between 5-HT receptors and P1B 2U

purinoceptors in CHO-5HT cells1B

We have previously reported that co-activation of the
endogenous 5-HT receptor in CHO cells had no effect1B

on CCK receptor stimulated inositol phospholipid hydrol-A
Ž .ysis Dickenson and Hill, 1996 . In CHO-5HT cells, we1B
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w3 xdid not observe any measurable increase in H inositol
phosphate accumulation following stimulation of the CCKA

Ž .receptor data not shown , and therefore in this study, we
examined the effect of 5-HT recepter activation on1B

w3 xP -purinoceptor-stimulated H inositol phosphate accu-2U

mulation. Fig. 2a shows the effect of increasing concentra-
w3 xtions of sumatriptan on P -purinoceptor stimulated H in-2U

ositol phosphate accumulation in CHO5-HT cells. Co-1B

activation with sumatriptan and UTP produced a synergis-
w3 xtic increase in H inositol phosphate accumulation. For

Žexample, maximally effective concentrations of UTP 100
. Ž .mM and sumatriptan 10 mM produced increases in

w3 x Ž .H inositol phosphates of 5.4"0.4 ns4 and 1.7"0.1
Ž .ns4 fold relative to basal, respectively, whereas a

Ž . Ž .combination of UTP 100 mM and sumatriptan 10 mM
Ž .elicited a 8.7"0.2 ns4 fold relative to basal increase

w3 xin H inositol phosphate accumulation. This response is
significantly greater than the predictive additive fold rela-

Ž .tive to basal response of 6.1"0.5 ns4; P-0.05 . The
ŽpEC value for sumatriptan in the presence of UTP 10050

. Ž .mM was 6.55"0.12 ns4 . Fig. 2b shows the effect of
1 mM sumatriptan on the concentration–response curve

w3 xfor UTP-stimulated H inositol phosphate accumulation
Ž .pEC for UTPs5.62"0.01; ns3 . Sumatriptan aug-50

mented the responses elicited by 1, 10 and 100 mM UTP.
The pEC for UTP in the presence of 1 mM sumatriptan50

Ž .was 5.88"0.02 ns3 . Finally, the synergistic interac-
tions between sumatriptan and UTP were blocked in cells

Žpre-treated for 24 h with 100 ngrml pertussis toxin Fig.
.2c .

4. Discussion

Ž .Chinese hamster ovary CHO cells express endogenous
5-HT -like receptors functionally coupled to the inhibi-1B

tion of adenylyl cyclase through pertussis toxin-sensitive
ŽG rG proteins Berg et al., 1994; Dickenson and Hill,i o

.1995 . Furthermore, we have recently shown that 5-HT1B
Žreceptor activation in CHO-K1 and CHO-A1 cells a CHO

cell line stably expressing the human adenosine A recep-1
.tor also triggers a pertussis toxin-sensitive increase in

w 2qx Ž .Ca Dickenson and Hill, 1995 . Interestingly, thesei

functional 5-HT receptors are expressed at levels that are1B
w3 x w125 xnot detectable using specific H 5-HT or I cyano-

Ž .pindolol binding Giles et al., 1996 .
In CHO-K1 cells, transfected G -protein coupled recep-i
Ž .tors adenosine A and neuropeptide Y receptors have1 1

Žbeen shown to potentiate G -coupled receptor P , CCKq 2U A
.and a -adrenoceptors stimulated inositol phospholpid1B

Žhydrolysis Selbie et al., 1995; Megson et al., 1995; Dick-
.enson and Hill, 1996 . However, activation of the endoge-

nous G -coupled 5-HT receptor in CHO cells had noi 1B
w3 xeffect on the H inositol phosphate response elicited by

Žthe G -protein coupled receptor, CCK Dickenson andq A
.Hill, 1996 . We spectulated that the inability of the en-

dogenous 5-HT receptor to augment G -protein coupled1B q
Žreceptor responses compared to the transfected G -coupledi

.receptors may be a consequence of the low level of
5-HT receptor expression andror the coupling of the1B

endogenous hamster 5-HT receptor to different pertussis1B

toxin-sensitive G rG protein.i o

In this study, we have investigated the second messen-
ger interactions between the 5-HT receptor and the1B

endogenous P purinoceptor, in CHO cells expressing2U
Žincreased levels of 5-HT receptor 140"26 fmolrmg of1B

.protein . Increased levels of 5-HT receptor expression1B

were achieved by stably transfecting CHO-K1 cells with
the cDNA for the human 5-HT receptor. The 5-HT1Db 1Db

receptor is considered to be the human homologue of the
5-HT receptor found in rats, mice, hamster and opossum1B
Ž .Hoyer et al., 1994; Hartig et al., 1996 . Functional re-
sponses in CHO5-HT cells were evaluated using the1B

selective human 5-HT receptor agonist sumatriptan.1Br1D
Ž .The EC value 12 nM for sumatriptan-mediated inhibi-50

tion of forskolin-induced cAMP accumulation obtained in
this study is comparable to the values reported for trans-
fected human 5-HT receptors in murine fibroblasts1B
Ž .EC s2 nM; Zgombick et al., 1993 and adrenocortical50

Ž .Y-1 cells EC s7.6 nM; Zgombick et al., 1996 . In50

contrast, sumatriptan has a 10–100-fold lower potency for
Ž .the rat 5-HT receptor Hoyer et al., 1994 . For example,1B

in rat substantia nigra and cultured renal mesangial cells,
sumatriptan inhibits forskolin-stimulated cAMP accumula-
tion with EC values of 1 mM and 512 nM, respectively50
Ž .Hoyer et al., 1994; Schoeffter et al., 1995 . These values

Ž .are similar to the potency of sumatriptan EC ca. 1 mM50

at the endogenous 5-HT -like receptor in CHO cells1B
Ž .Dickenson and Hill, 1995; Giles et al., 1996 . In addition
to inhibiting forskolin-stimulated cAMP formation, suma-
triptan elicited a pertussis toxin-sensitive increase in the

w3 xaccumulation of H inositol phosphates in CHO5-HT1B

cells. These data are in agreement with Zgombick et al.
Ž .1993 , who reported that the human 5-HT -receptor1B

stimulated a pertussis toxin-sensitive increase in inositol
phospholipid hydrolysis in transfected murine fibroblasts.
These observations suggest that 5-HT receptors are ca-1B

pable of stimulating phospholipase C through the activa-
tion of G andror G proteins.i o

However, the main finding of the present study is that
5-HT receptor activation can markedly potentiate P -1B 2U

w3 xpurinoceptor stimulated H inositol phosphate accumula-
tion in CHO5-HT cells. The level of 5-HT receptor1B 1B

expression in CHO5-HT cells is comparable to the ex-1B

pression level of the human transfected adenosine A1
Žreceptor in CHO-A1 cells 200 fmolrmg of protein; Iredale

.et al., 1994 . In these cells, co-activation of the adenosine
A -receptor synergistically enhances CCK , P and1 A 2U

w3 xthrombin receptor stimulated accumulation of H inositol
Žphosphates Dickenson and Hill, 1996, 1997; Megson et

.al., 1995 . These observations suggest that synergistic
Žinteractions between G - and G -coupled receptors in termsq i
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.of inositol phospholipid hydrolysis may be dependent
upon the expression level of the G -coupled receptor in-i

volved. Physiologically, the level of 5-HT receptor ex-1B

pression in a given vascular smooth muscle preparation
may determine whether 5-HT receptor activation results1B

in the synergistic amplification of contractions elicited by
other spasmogens. The ability of transfected human 5-HT1B

Žreceptor compared to the endogenous hamster 5-HT1B
.receptor to augment G -coupled receptor responses inq

CHO cells may reflect species differences in receptor-cou-
pling to different members of the G rG protein family. Iti o

is possible that receptor-coupling to a specific G rGi o
Ž .protein i.e., Ga , Ga , Ga or Ga is required ini1 i2 i3 o

order to observe synergy between G and G coupledi q

receptors.
The ability of the 5-HT receptor to directly stimulate1B

inositol phosholipid hydrolysis and to potentiate G -cou-q

pled receptor responses may be important in certain clini-
cal and pathological conditions. For example, 5-HT has

Žbeen implicated in pulmonary hypertension Herve et al.,´
. Ž .1990 and recently Maclean et al. 1996 reported 5-HT -1

like receptor stimulated vasoconstriction in isolated human
pulmonary arteries. Furthermore, recent studies have shown
that basilar arteries from stroke-prone spontaneously hy-
pertensive rats display increased 5-HT -like mediated con-1

Ž .tractions Nishimura, 1996 . Interestingly, increased plasma
levels of 5-HT are associated with pulmonary hypertension
Ž .Herve et al., 1995 . It is conceivable that in the presence´
of elevated 5-HT levels, vascular smooth muscle contrac-
tion stimulated by G -coupled receptors such as histamineq

H and angiotensin II may be enhanced.1

In summary, we have shown for the first time that
5-HT receptor activation can markedly potentiate the1B

accumulation of inositol phosphates elicited by a G -pro-q
Ž .tein coupled receptor in this case the P purinoceptor .2U

The ability of 5-HT receptors to augment agonist-stimu-1B

lated inositol phospholipid hydrolysis may underlie the
synergistic interactions between 5-HT -like receptors and1

G -coupled receptors observed in vascular smooth muscleq

preparations.
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