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Phosphoinositide 3-kinase (P13K) appears to play a pivotal role
in the regulation of CD28-dependent IL-2 production from T
cells (Ward et al. 1996). Hence, CD28 ligation by its natural
ligand B7.1 or antibody leads to increases in P13K activity and
accumulation of Ptdlnd(3,4,5)P3 which is believedto'act as an
important intracellular mediator (Ward et al. 1996). The CD28
cytoplasmic tail contains a consensus site (177TPR) for tfi
serine/threonine kinase protein kinase C (PKC), which lies
adjacent to the 173YMNM motif responsible for coupling CD28
to P13K. The precise role of this PKC phosphorylation motif is
unknown, although PMA can supply the additional signal
necessary for CD28-dependent IL-2 production, and thus, may

date the enzymatic activity or physical association of
accessory signalling proteins with the CD28 cytoplasmic tail.
We investigated therefore, whether PKC can modulate P13K
binding to, and activation by, CD28.

Co-sedimentation of chinese hamster cell (CHO)-B7.1+/B7.2+
with [32P]-labeled Jurkat cells at a ratio of 1:3, resulted in the
accumulation of Ptdlns(3,4,5)P3 as determined by anion
exchange HPLC (Ward et al. 1995). Pre-tatment with PMA
(0.5-100 ng/ml) inhibited by 75.3±5.5% (mean±SEM, n=4)
the B7.1-induced accumulation of PtdIns(3,4,5)P3. The non-
PKC activating phorbol ester 4a-phorbol (0.5-100 ng/ml) had
no effect on CD28-induced PtdIns(3,4,5)P3 accumulation.
Complete inhibition of Ptdlns(3,4,5)P3 accumulation by PMA
was not achieved, at least at the concentrations used. This may
indicate that there may be a phorbol ester-resistant component
of CD28-activated PI3K. Immunoblotting experiments
revealed that B7.1- or B7.2-induced association of CD28

immunoprecipitates with the p85 sub-unit of PB3K was also
partially inhibited by PMA (0.5-50 ng/ml). This correlated with
a decrease in associated in vitro PI3K activity present in CD28
immunoprecipitates following activation. Pre-treatnent with
0.5-50 pM of the PKC inhibitor Ro-31/8220 (Wilkinson et al.
1993) prior to the addition of PMA, prevented the inhibitory
effects ofPMA on B7.1-induced PtdIns(3,4,5)P3 accumulation
and CD28:PI3K interactions. Since we have previously
reported that B7. 1 stimulates serine/threonine phosphorylation
of CD28 (Wilson et al. 1995), we investigated whether
phosphorylation of CD28 is mediated by PKC. However,
PMA (5-500 ng/ml) in the absence or presence of 10 pM
ionomycin, does not detectably phosphorylate CD28 from
resting or B7.l-activated [32P]-labelled Jurkat cells. Ro-
31/8220 had no effect on the phosphorylation of CD28 induced
by B7.1 or B7.2. The disruption of CD28:PI3K interactions
by PMA may not be due to direct PKC-mediated CD28
phosphorylation, but may instead be due to the action of PMA-
activated PKC on PI3K itself, since p85 has been reported to be
phosphorylated by PMA (Reif et al. 1993). The physiological
relevence of these observations is unclear, although this
mechanism may act as a negative-feedback signal to limit
CD28-mediated P13K activation.
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2P INTERLEUKIN-13 INHIBITS NITRIC OXIDE SYNTHASE INDUCTION BY THE ACTIVATION OF
PHOSPHATIDYL-INOSITOL-3-KINASE IN HT-29 CELLS

Whittley, K. L., Ward, S. G., Kolios, G. and Westwick, J.,
Department of Pharmacology, University of Bath, Claverton
Down, Bath, U. K.

As part of our programme to understand the regulation of
human inducible nitric oxide synthase (iNOS), we have
characterised its induction in a colonic epithelial cell line, HT-29
(Kolios et a/, 1995), cellular distribution in ulcerative colitis
(Kolios et a/, 1996a) and inhibition by the cytokine, IL-13
(Kolios at a/, 1996b). We have shown that low concentrations
of IL-13 potently inhibit nitrite generation and iNOS protein
expression by HT-29 cells, while higher concentrations in
addition block iNOS mRNA. induced by the optimum
combination IL-IaIIFNf TNF-a. We now provide evidence to
indicate that phosphatidylinositol3-kinase (P1-3K) activity is a
key intermediate for the inhibitory activity of IL-13.

Stimulation of HT-29 cells with a cytokine cocktail (IL-la, TNF-
a and lFN-y) for 24 hours in the presence of either vehicle, or
30 ng/ml IL-13 plus wortmannin (Wo) vehicle, or 30 ng/ml IL-13
plus 300nM Wo, or 30 ng/ml IL-13 plus 1OOnM Wo, or 30 ng/ml
IL-13 plus 3OnM Wo produced 142.09 ± 2.82 nM, 73.04 ± 5.28
nM, 139.33 ± 4.19 nM, 109.42 ± 5.43 nM and 67.80 ± 1.76 nM
nitrite/106 cells (mean±s.e.mean, n=3), respectively. In
addition, Wo at 30, 100, 300nM reversed IL-13-induced
inhibition of iNOS mRNA expression, determined by
densitoti analysis as described (Kolios et at, 1995).

To determine directly whether IL-13 was an activator of P1-3K,
HT-29 cell lyaes pre-treated with or without IL13 were

immunoprecipitated with anti p85 P1-3K antibody followed by
an in vitro lipid kinase activity (Ward et a/, 1995). IL-13
produced a concentration (0.3, 3, 10, 30 ng/ml) and time
dependent (30s, 3, 5, 10 mins) activation of P1-3K, which was
inhibited by 33, 57, and 85% compared to maximally stimulated
(30ng IL-13 at 30 secs) cells by the addition of 30, 100 and
300nM Wo, respectively.

To study P1-3K activity in vivo, the HT-29 cells were labelled
with 32P-orthophosphate, stimulated and the lipids extracted as
described previously (Ward et at, 1995). An increase in P1-3K
activity, as defined by the increase in the levels of
the products phosphatidylinositol (3,4) bisphosphate and
phosphatidylinositol (3,4,5) trisphosphate, showed a 292 *
25.86 % (mean±s.e.mean, n=3) increase from control at 30
seconds in the case of PI (3,4,5) P3.

This study has shown that the inhibition of iNOS transcription
resulting in reduced NO production is induced by IL-13 and
mediated by the activation of P1-3K in HT-29 cells.
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D-53 113 Bonn, Germany; Department of Pharmacology,
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L-Arginine serves as substrate of nitric oxide synthase (NOS)
and arginase, enzymes which appear to play a particular role in
AMs. Whereas arginase appears to be expressed constitutively
in AMs of different spezies, NOS has to be induced by bacterial
toxins and/or cytokines. Protein kinase C (PKC) and adenylyl
cyclase are important cellular signal transduction pathways, also
in AMs. Therefore, the possible significance of these pathways
for the regulation of arginine uptake and its metabolism by argi-
nase and NOS was studied in rabbit AMs.

Freshly prepared rabbit AMs were resuspended in DMEM-F12
medium containing 5 % FCS and disseminated (3*106 cells per
well). L-Arginine uptake and its metabolism were studied either
after 2 hr adherence (acute) or after 20 hr culture. Arginine up-
take was determined by measuring the cellular radioactivity
after 2 min of incubation with 3H-L-arginine (37 kBq, 100 nM),
the metabolism by NOS and arginase by measuring the accumu-
lation of 3H-L-citrulline and 3H-L-ornithine in incubation media
during 1 hr incubation with 3H-L-arginine.Values are meansE
s.e.m. of at least 6 experiments, absolute values are expressed
per 3* 106 cells.

A significant formation of citrulline was not observed under any
of the conditions studied. Acute arginine uptake amounted to
8,700±1,200 DPM, it was reduced by 81±4 % after culture. Pre-

sence of LPS (1 gg/ml) during the culture period slightly en-
hanced arginine uptake compared to the reduced level after cul-
ture (by 77±39 %). Acute ornithine formation amounted to
135,300±9,150 DPM, but it was enhanced by 119±2 % after
culture and further increased by 36±5 % when LPS had been
present. Forskolin (10 jiM) present during the culture period
caused a further reduction of arginine uptake by 49±3 %, but an
increase in ornithine formation by 47±4 %. In the presence of
LPS, forskolin stimulated ornithine formation by 166±57 %.
The phorbol ester PMA (100 nM, present during culture) caused
a 20±7 % reduction in ormithine formation, but enhanced
arginine uptake by 1,860±254 % (compared to culture control
value). a-PMA, a phorbol ester which does not activate PKC,
had no effects. The effect ofPMA on arginine uptake was inhi-
bited by staurosporine (100 nM), cycloheximide (10 jiM) and
actinomycin (5 jig/ml) by 58±5, 68±14 and 99±0.2 %, respec-
tively. When PMA was added after the 20 hr culture period for
0.25-6 hr, arginine uptake was enhanced by 149±44 % after 0.5
hr and maximally by 662±127 % after 2 hr. This acute effect of
PMA was blocked by staurosporine, but not affected by cyclo-
heximide or actinomycin.

In conclusion, in rabbit AMs arginine uptake and arginase
activity are regulated by PKC- and cAMP-dependent pathways
in an opposite direction. NOS activity was not detected and ap-
pears not to be induced by any of these pathways. In a time-de-
pendent manner, activation of PKC appears to mediate rapid
activation of a preexisting, silent arginine transporter as well as
to en-hance its expression.
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4p AGONIST-INDEPENDENT INCREASES IN INOSITOL 1,4,5-TRISPHOSPHATE FOLLOWING PERTUSSIS TOXIN
TREATMENT OF BABY HAMSTER KIDNEY CELLS EXPRESSING RECOMBINANT TYPE la mGluRs
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Of the eight G-protein coupled metabotropic glutamate receptor
(mGluR) subtypes cloned to date, mGluR1 and mGluR5
preferentially couple to phospholipase C (PLC). We have
recently shown that the basal (agonist-independent) activity of
the type la mGluR expressed in baby hamster kidney (BHK)
cells is dramatically increased following pre-treatment with
pertussis toxin (PTx) and the resulting elevated phosphoinositide
turnover can by reduced by mGluR antagonists (Carruthers et
d., 1996). Here, we have investigated whether PTx pre-
treatment affects the accumulation of the second messenger
Ins(1,4,5)P3 in BHK-mGluRla cells under basal and agonist-
stimulated conditions, and whether the mGluR antagonist a-
methyl-4-carboxyphenylglycine (MCPG) can reverse these
effects.

BHK-mGluRla cells (passage 3-40) were maintained in
DMEM, 5% dialysed foetal calf serum, 2 mM glutamine, 50 ttg
ml-l gentamicin, 0.5 mg ml-l G418 and 1 FM methotrexate.
Cells were washed in oxygenated Krebs-Henseleit buffer (KHB)
and preincubated with KHB for 15 min ± mGluR antagonist.
Agonists or vehicle were added and cells incubated at 37oC for
0-300 s and experiments terminated with trichloroacetic acid.
Ins(1,4,5)P3 was measured in neutral cell extracts (Challiss et
d., 1994). Where indicated, cell cultures were pre-incubated
with PTx (100 ng ml-1) for 22-24 h.

PTx pretreatment caused an approximate 2-fold increase in basal
Ins( 1,4,5)P3 mass levels in BHK-mGluRlcz cells (-PTx, 66 ± 6;
+PTx, 130 ± 24 pmol mg-l protein; n=6, P<0.05, Student's
unpaired t-test). Challenge of control and PTx-pretreated cells
with L-glutamate (300 1AM) evoked a similar time-course of

changes in Ins(1,4,5)P3 accumulation (peak glutamate-
stimulated level at 30 s, -PTx, 178 ± 20; +PTx, 276 ± 18 pmol
mg-i protein, n=3). For other mGluR agonists, quisqualate (30
RM) stimulated an Ins( 1,4,5)P3 mass accumulation essentially
identical to that evoked by glutamate, whilst 1S,3R-ACPD (300
ItM) failed to cause a significant increase in Ins(1,4,5)P3
accumulation, in control or O~x-pretreated cells.

The (+)-enantiomer of MCPG (1 mM) decreased basal
Ins(1,4,5)P3 levels in both control (by 17.8 ± 6.4%) and PTx-
pretreated (by 40.3 ± 5.1%) BHK-mGluRla cells, whilst the
(-)-enantiomer was without effect. In the case of PTx-pretreated
cells, the (+)-MCPG inhibitory effect attained statistical
significance (PTx basal, 183 ± 14; +MCPG, 107 ± 6 pmol mg-i
protein, n=3, P<0.01, unpaired Student's t-test), reducing basal
Ins(1,4,5)P3 to levels approaching those observed in control
cells. (+)-MCPG (0.03-1 mM) concentration-dependently
inhibited glutamate (50 jLM)-stimulated Ins(1,4,5)P3 mass
accumulation in both control and PTx-pretreated cells.

These data extend our previous observations on PTx effects on
basal rates of phosphoinositide hydrolysis in these cells
(Carruthers etal., 1996), and are consistent with a 'constitutive'
activity of recombinant mGluRla following PTx treatment of
BHK cells which is manifest at the level of Ins(1,4,5)P3. The
possible effects of chronic elevation of Ins(1,4,5)P3 levels in
PTx-pretreated BHK-mGluRla cells are under investigation.

We thank the Wellcome Trust for the award of a Toxicology
studentship to A.M. Carruthers, and Christian Thomsen (Novo
Nordisk, Denmark) for providing the BHK-mGluRla cells.
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InsP3 receptors mediate the release of Ca2+ from intracellular
stores and are regulated by a variety of diffusible messengers,
protein kinases and accessory proteins. We previously
demonstrated that the InsP3 binding properties of purified
cerebellar InsP3 receptors are similar whether assayed by
conventional centrifugation binding assays or Scintillation
Proximity Assay (SPAt) (Patel et al., 1996a). Using SPA, we
have also characterised both Ca2+-independent and Ca2+-
dependent binding of calmodulin to InsP3 receptors (Patel et
al., 1996b). Here, we examine the effects ofcalmodulin on
binding of InsP3 to its receptor.

Purified InsP3 receptors were attached to wheat germ
agglutinin-coatd SPA beads as described previously (Patel et
al., 1996a). Binding of [3H]InsP3 (2 - 3 nM; 54 Ci/mmol) to
the InsP3 receptor-beads (10 mg beads/ml) was performed at
20C in binding buffer containing 20mM PIPES (pH 7), 1
mM EGTA, 5 mM KH2PO4 and 0.1% surfact-amps X-100
with the free (Ca2+] ([Ca2+]m) buffered between 2 nM and 30
pM. Non-specific binding (typically 10% of total binding)
was determined in the presence of 1 pM InsP3. Samples (200
pl) were counted for 60 s at 20C.

In Ca2+-free binding buffer, [3H]InsP3 bound specifically to
In5P-receptor beads, but not to the beads alone. Calmodulin
(50 pM) inhibited specific binding of [3H]InsP3 by 85 ± 4%
(n = 3). Half-maximal inhibition occurred at a calmodulin

concentration of 3.3 ± 0.6 piM (nH = 0.78 ± 0.06; n = 3).
From equilibrium competition-binding experiments, the Kd for
InsP3 was 6.2 ± 0.4 nM (nH = 0.95 ± 0.04; n = 3) in the
absence of calmodulin and 15.2 ± 1 nM (nH = 0.97 ± 0.05; n
= 3) in the presence of 3 pM calmodulin.

We previousiy demonstrated that Ca2+ reversibly stimulates
['2IIcamdulin binding (Patel et al., 1996b). Increasing
[Ca2+]m from 2 nM to 30 pM caused a small reduction in
binding of [3HJInsP3 (15 ± 4 %; n = 3) to the receptor-beads
in the absence of calmodulin. Ca2+ did not, however, affect the
response to a submaximal calmodulin concentration;
calmodulin (3 pM), inhibited InsP3 binding by 57 0.8 % (n
= 3) when (Caz+]m was 2 nM and by 54 ± 3% (n =3) when
[Ca2+]m was 30 pM. Similar results were obtained at a range
of intermediate [Ca2+]m.

We conclude that calmodulin inhibits binding of InsP3 to
purified InsP3 receptors and that the effects of calmodulin are
unaffected by increases in [Ca2+]m.

tSPA technology is covered by US Patent NO- 4568649;
European Patent NO* 0154734; and Japanese Patent
Application NO. 84/52452.
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6P INVERSE AGONIST ACTIVITY OF ATROPINE AT HUMAN M2 AND M4 MUSCARINIC ACETYLCHOLINE RECEPTORS
REVEALED BY [35S]-GTPyS BINDING

E.C. Akam, RA.J. Challiss and S.R. Nahorski,
Department of Cell Physiology and Pharmacology, University of
Leicester, University Road, Leicester, LEI 9HN.

The expansion of the classical ternary complex model to include a
receptor isomerization step from the inactive to the active G-protein
coupled state allows antagonists to be classified as either neutral
antagonists or inverse agonists (Milligan et al., 1995). Here we
present evidence that human M2 and human M4 muscarinic
acetylcholine receptors expressed in Chinese hamster ovary cells
display constitutive activity and that atropine acts as an inverse
agonist.

The binding of [35S]-GTPyS to the G-protein alpha subunit has been
used as a measure of the activation ofa number of G-protein coupled
receptrs including the muscarinic family (Lazareno et al., 1993).
This method was adapted to investigate inverse and traditional
agonists. Optimum assay conditions were found to be 30 min
incubations at 300C with 70 pM [35S]-GTPyS, 10 pM GDP, 10 mM
MgCl2, 100 mM NaCl and 100pg/ml protein.

Expression levels were assessed using [3H]-NMS saturation binding
(n=5): Mean B. ± SEM ( fmol/mg) were found to be 1389+66 for
CHO-M4, 868+18 for the higher expressing M2 clone CHO-SLM2
and 604+80 for CHO-M2. Upon stimulation with a maximal
concentration of methacholine (1 mM), large increases in [35S]-
GTlyS binding above basal were observed in CHO-M2 196+11.3%,
CHO-SLM2 224.2+5.2% and CHO-M4 267±9.2% (all increases over

basal, n=4). EC5o values for methacholine were: CHO-SLM2
0.21+0.02 pM, CHO-M2 0.43+0.03MM, CHO-M4 0.90+0.09WM
(n=4). A maximal concentration of atropine (1 pM) produced a
significant (p<0.01 using ANOVA one-way) decrease in basal [rSi-
GTPyS binding in each of the cell lines (Table 1). Atropine
decreased [35S-G S binding in a concentration dependent manner
with apparent IC5o values shown in Table 1. These values reflect the
reported affinity constants for atropine and apparent affinity values
for methacholine at these receptors (Caulfield, 1993).

Table 1. Measurement of atropine inhibited [35S]GTPyS binding
(n=4)
Cell line Mean IC50 ± SEM Maximum decrease

(nM) of basal + SEM
CHO-M4 2.89+1.00 9.4+1.8
CHO-SLM2 1.14+0.34 22.7+0.5
CHO-M2 1.58+0.25 15.6+1.6

We conclude that [35S-]GTTyS binding can be used in this
recombinant system as a quantitative measure of both agonists and
inverse agonist activity at the human M2 and human M4 muscarinic
acetylcholine receptors. Agonists display a receptor reserve for this
response upon receptor binding whereas inverse agonists do not.
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7P ROLE OF G-PROTEIN PySUBUNITS IN THE AUGMENTATION BY NEUROPEPTIDE Y-Y1 RECEPTORS OF
ATP-MEDIATED INCREASES IN ARACHIDONIC ACID RELEASE FROM CHO-Kl CELLS

LA Selbie, N.V. King, J.M. Dickenson, and S.J. Hill.
Department of Physiology and Pharmacology, University of
Nottingham, Nottingham, NG7 2UH.

We have previously shown that G40 protein-coupled receptors,
such as the transfected neuropeptide Y-Y1 receptor, can
augment aB-adrenoceptor-stimulated arachidonic acid (AA)
release from CHO-K1 cells (Selbie, et al., 1995). This
augmentation was shown to be inhibited by pertussis toxin,
suggesting a role for Gino heterotrimeric proteins in such
augmentation of Gq/1j protein-coupled receptor effects. Recent
observations of by sensitive phospholipase C (PLC) and
phospholipase A2 (PLA2) isoforms (Stephens, et al., 1994)
indicate that the G protein fy subunits may mediate some of
the effects of G1,, on intracellular signalling. In this
communication, we have investigated the role of these
subunits in the augmentation by NPY Y-Y1 receptor
stimulation on ATP-mediated release of AA by transient
transfection of proteins which can scavenge fly subunits.

13HI-AA was measured from CHO-K1 cells stably expressing
the human neuropeptide(NPY) Y-Y1 receptor (CHO-Y1R), as
described previously (Selbie, et al., 1995). Cells were
transiently transfected, using a modified calcium phosphate
precipitation method (Chen and Okayama, 1987), with either
a minigene construst in the plasmid pRK5 containing residues
G495-L689 of the C-terminus of ft-adrenoceptor kinase 1
(IARK, the putative fr subunit binding domain of
IARK1;Koch, et al., 1995) or with the control plasmids pRK5

and pcDNA3 (Invitrogen). Expression of the PARKi minigene
peptide was confirmed by Western blot analysis. Whole cell
binding of (I'II-peptide YY was measured as described
previously (Selbie, et al., 19951.

In cells transfected with the control plasmid, stimulation of
the NPY-Y1 receptor with the agonist peptide YY (PYm; lOOnM)
had no significant affect on PLA2 activity as measured by
13HI-AA release from CHO-YIR cells (1.08;tO.1 fold increase

over basal; n=4 experiments performed in triplicate). ATP
(lOM) produced a 2.55t0. 12 fold increase in [3HI-AA release
over basal (n=4) which was increased to 3.60±0.15 fold in the
presense of PYY(100nM; n=4).

Transient expression in CHO-YlR cells of the MiARK minigene
had no sigificant effect on either ATP (10pnM)-stimulated AA
release (2.1±0.18 fold increase in PARK1 minigene transfected
cells and 2.55±0.12 fold in control vector transfected cells;
n=4) or the response to PYY (lOOnM) alone (1.10*0.01 fold and
1.08±L0.11 fold respectively; n=4). PARK1 minigene expression
significantly inhibited the PYY-mediated augmentation of
ATP-stimulated 13HI-AA release. Co-incubation with
PYY(lOOnM) and ATP(1OgM) resulted in a 2.44±0.29 fold
increase in PARK1 transfected cells compared to 3.60+0.15 in
control cells (n=4)(p<0.01, student's t-test). These data
represented a 42.4%±t9.3% increase over the ATP
response(lOpM) in control cells compared to a 15.3%t9.7%
increase over the ATP(lOpM) response in PARKi transfected
cells. These inhibitory effects did not appear to be a result of
receptor down-regulation, since expression of jARK1
minigene did not greatly effect either ATP-stimulated AA
release (as above) or NPY-Y1 receptor number.
(B,.=2.8x104'0.55 and 1.9x104+.0.21 receptors/cell; KX=
3.06±0.54 and 2.29±0.87 nM; for n=3 in PARK1 transfected and
control cells, respectively). The results of this study suggest
that G protein fy subunits contribute to the synergistic
interactions between G0 and Gq/11 protein-coupled receptor
systems.

LA Selbie is a Wellcome Trust Career Development Research
Fellow.
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8P SECOND MESSENGER RESPONSES OF THE RIGID GLUTAMATE ANALOGUES (RS)-DHPG AND (RS)-DHBAP IN
GUINEA-PIG CEREBRAL CORTEX SLICES

Stephen P.H. Alexander, E. Andrew Boyd', Vincent Loh'
& David A. Kendall, Molecular & Cellular Pharmacology
Group, Department of Physiology & Pharmacology,
University of Nottinghan Medical School, Nottingham,
NG7 2UH, UK and Department of Pharmaceutical
Sciences, University Park, Nottingham, NG7 2RD, UK.
Glutamate receptors may be divided into the two
superfamilies of G-protein-coupled and ligand-gated ion
channel receptors. The former are more commonly
referred to as metabotropic glutamate receptors (mGluR)
which may couple to either stimulation of
phosphoinositide turnover (Group I) or inhibition of cyclic
AMP generation (Groups 11 and Ill, KnOpfel et al., 1995).
The rigid glutamate analogue (RS)-3,5-
dihydroxyphenylglycine, (RS)-DHPG has been suggested
to be a selective Group I mGluR agonist in rat brain
(Schoepp et al., 1994), and so we have analysed second
messenger responses to this agent, together with its'
phosphinic acid analogue (RS)-amino(3,5-
dihydroxyphenyl)methylphosphinic acid, (RS)-DHBAP,
synthesised as previously described (Boyd et al., 1995).
Generation of [3H]-inositol phosphates and [3H]-cyclic
AMP was assessed in guinea-pig (Dunkin-Hartley, 400-
700g, either sex) cerebral cortex slices prelabelled with
[3H]-inositol or [1H]-adenine, respectively (Alexander et
1989). All experiments were conducted in quadruplicate
on at least three separate occasions.

Both (RS)-DHPG and (RS)-DHBAP evoked
concentration-dependent accumulations of [3H]-inositol
phosphates with pEC50 values of 4.93 ± 0.12 and 4.60 ±

0.06, with maximal responses of 2.32 i 0.31 and 4.13 ±
0.88 -fold basal, respectively. When analysed in the
same experiment, maximal responses to (RS)-DHPG and
(RS)-DHBAP were not different from one another.

(RS)-DHPG and (RS)-DHBAP evoked concentration-
dependent enhancements of [3H]-cyclic AMP
accumulation in the presence of the stable adenosine
analogue 5'-N-ethylcarboxamidoadenosine (NECA, 10
pM) with pEC50 values of 5.14 i 0.18 and 4.91 i 0.01,
with maximal responses of 604 * 118 and 178 ± 9 %
NECA response, respectively. In contrast the response
to 30 pM forskolin was not significantly inhibited by either
agent at concentrations up to 1 mM (92 + 7 and 143 ± 15
% forskolin response, respectively.
These results indicate that the Group I mGluR selectivity
of RS-DHPG is maintained in the guinea-pig cerebral
cortex. These results also allow the identification of a
phosphinate glutamate analogue as a novel lead
compound to investigate mGluR function.
Alexander SPH, Kendall DA & Hill SJ (1989)
Brt.J.Pharmacol. 98,1241-7
Boyd EA, Boyd MEK & Loh V (1996) Tetrahedron Lefts.
37,1651-1654
KnOpfel T, Kuhn R & Allgeier H (1995) J.Med.Chem. 38,
1417-26

Schoepp DD et al. (1994) J.Neurochem. 63, 769-772



9P CYCLIC GMP-DEPENDENT PROTEIN KINASE ACTIVITY DOES NOT CORRELATE WITH NEGATIVE INOTROPY IN
RAT CARDIOMYOCYTES

J. Diamond & K. L. MacDonell, Div. of Pharmacology and
Toxicology, Faculty of Pharmaceutical Sciences, University of
British Columbia, Vancouver, B. C., Canada, V6T 1Z3.

It has been hypothesized that activation of cGMP-dependent
protein kinase (PKG) by muscarinic receptor agonists is
responsible for their ability to decrease contractile force in
mammalian ventricles and that sodium nitroprusside (SNP) fails
to decrease contractility, even though it increases cGMP levels,
because it does not activate the kinase (Lincoln and Keely,
1981). This hypothesis is based on experimental results in intact
rat hearts and it is not clear whether the PKG activity measured
in those experiments was actually present in the cardiomyocytes
themselves. The object of the present study was to test the
above hypothesis using freshly isolated rat ventricular
cardiomyocytes. Ventricular cardiomyocytes were prepared as
previously described (MacDonell et al., 1995). Cells isolated
from a single heart were divided into two aliquots. One was
treated with 1 nM isoprenaline alone and the other was treated
with I nM isoprenaline plus either 10 pM carbachol for 2 min,
10 FM or 100 gM SNP for 6 min or 100 nM atrial natriuretic
peptide (ANP) for 6 min. Soluble PKG activity was then
measured in the cardiomyocytes using an improved PKG assay
described by Jiang et al. (1992) which makes use of a novel
substrate for PKG, BPDEtide.

As shown in Table 1, carbachol did not activate soluble PKG in
isolated cardiomyocytes. This concentration of carbachol had
previously been shown to induce a significant negative inotropic
effect in isoprenaline-stimulated cardiomyocytes (MacDonell et

al., 1995). On the contrary, SNP and ANP significantly
activated PKG. SNP has no effect on the contractility of
isoprenaline-stimulated cardiomyocytes (MacDonell et al., 1995)
and several studies have failed to demonstrate an effect of ANP
on contractility in rat cardiac preparations (e.g., Hotter, 1991).
These results suggest that PKG activation is not responsible for
the negative inotropic effects of muscarinic receptor agonists in
isoprenaline-stimulated rat ventricular cardiomyocytes.

Table 1. Effects of carbachol, SNP and ANP on soluble PKG
activity in rat isolated cardiomyocytes.
Treatment Control PKG Treated PKG n

activity ratio1 activity ratio'
Carbachol 10 pM 0.19 + 0.04 0.19 + 0.02 6
SNP 10 pM 0.21 + 0.05 0.31 + 0.08 5
SNP 100 IBM 0.10 + 0.04 0.32 0.08* 6
ANP 100 nM 0.09 + 0.02 0.31 +0.03* 5

'endogenously activated PKG /total PKG activity.
* P<0.05, paired Student's t-test.

Supported by Heart & Stroke Foundation ofB.C. & Yukon.

Hotter, J. F. (1991) Eur. J. Pharmacol. 193, 127-129.
Jiang, H., Colbran, J. L., Francis, S. H. & Corbin, J. D. (1992) J.
Biol. Chem. 267, 1015-1019.
Lincoln, T. M. & Keely, S. L. (1981) Biochim. Biophys. Acta
676, 230-244.
MacDonell, K. L., Tibbits, G. F. & Diamond, J. (1995) Am. J.
Physiol. (Heart Circ. Physiol. 38), H1905-H1912.

1 OP PROTEINASE-ACTIVATED RECEPTOR-2-DEPENDENT ACTIVATION OF MITOGEN-ACIIVATED PROTEIN KINASES
IN RAT AORTIC SMOOTH MUSCLE CELLS

C.M. Belham, P.H. Scott, RJ.Tate, RM. Wadsworth & R. Plevin. Dept. of
Physiology & Pharmacology, University of Strathclyde, Glasgow, G IXW.

Proteinase-activated receptor-2 (PAR-2) is a novel G protein-coupled
receptor which is activated by an unusual mechanism first described for the
thrombin receptor. Proteolytic cleavage of the PAR-2 extracellular N-
terminal exodomain reveals a new N-terminus containing the receptor-
activating sequence SLIGRL which serves as a "tethered ligand" (Nystedt et
al., 1994). PAR-2 is activated by the serine-protease trypsin at nanomolar
concentrations or by the synthetic peptide SLIGRL. We have shown
previously that thrombin, the activator of the prototype tethered ligand
receptor, stimulates the activation of mitogen-activated protein (MAP)
kinase in cultured rat aortic smooth muscle cells (RASMCs)(Malarkey et al.,
1996). Members of this serine/threonine specific protein kinase family are
believed to play roles in cell proliferation and regulation of smooth muscle
contractility. MAP kinases are components of a well characterized signalling
cascade and are activated on phosphorylation by the dual specificity kinases
of the MEK (MAP kinase or ERK kinase) family (Malarkey et al., 1995).
As trypsin has been shown to evoke early signalling events in RASMCs
(Kable et al., 1995) and PAR-2 has been detected in rat aortic tissue (Al-Ani
et al., 1995), we have investigated whether trypsin stimulates activation of
MAP kinase in RASMCs and if this response is dependent on PAR-2.

RASMCs were cultured and maintained as described previously by
Malarkey et al. (1996). Cells were rendered quiescent in serum-free media
for 48 h prior to stimulation. MAP kinase activity was quantified by in vitro
[y-32P]ATP phosphorylation of a peptide substrate derived from a portion of
the epidermal growth factor receptor (EGFR"'). MEK activity was
measured by an in vitro kinase assay utilizing recombinant wild type MAP
kinase and EGFR"'480 as sequential substrates. PAR-2 mRNA expression
was detected by reverse-transcriptase polymerase chain reaction (RT-PCR)
amplification using primers directed against amino acid residues 222-232
and a C-terminal sequence ofthe published mouse PAR-2 sequence.

Exposure of RASMCs to trypsin (30 nM) evoked a time-dependent
activation of MAP kinase. Stimulation of kinase activity was evident as
early as 2 min, maximal at 5 min (4.10.4.fold increase) and reurned to
basal levels by 30 min. Trypsin also caused comparable activation of MEK.
Activation of MAP kinase by 30 nM trypsin was abrogated by prior
treatment of the protease for 5 min with I mg/ml soybean trypsin inhibitor.
SLIGRL (300 FM) stimulated MAP kinase activity (4.6±0.3 fold increase at
5 min) and MEK activity with time courses which closely resembled
activation by trypsin. Both trypsin and SLIGRL responses were also
dependent on concentration with EC50 values of 12.1±3.4 nM and 62.5±4.5
FM respectively. Prior treatment of RASMCs for 20 min with 300 FM
SLIGRL prevented 98.5±1.5 % of the increase in MAP kinase activity
evoked by a subsequent 5 minute exposure to the peptide. Under these
desensitization conditions, trypsin-stimulated MAP kinase activity was
inhibited by 78.9±15.1 % while the same response to thrombin was
attenuated by only 16.6±12.1 %. RT-PCR analysis ofmRNA extracted from
RASMCs yielded a product of approximately 507 base pairs which
corresponded to the PCR product obtained from the mouse PAR-2 cDNA
clone and which DNA sequencing analysis confirmed was PAR-2. Values
above represent mean ±s.e.mean for n=3-5 experiments.

Our results show that in RASMCs, trypsin stimulates the activation of
components of the MAP kinase cascade in a manner consistent with an
interaction with PAR-2.

Al-Ani, B., Saifeddine, M. & Hollenberg, M.D. (1995) Can J. Physiol.
Pharmacol. 73, 1203-1207
Kable, E.P.W., Monteith, G.R. & Roufogalis, B.D. (1995) Cell. Signalling
7, 123-129
Malarkey, K., Belham, C.M., Paul, A. et al. (1995) Biochem. J. 309, 361-
375
Malarkey, K., McLees, A., Paul, A., et al. (1996) Cell. Signalling. 8, 123-
129
Nystedt, S., Emilsson, K., Wahlestedt, C. et al. (1994) Proc. Natil. Acad Sci.
USA 91, 9208-9212



11 P THE HUMAN RECOMBINANT SOMATOSTATIN SST5 RECEPTOR COUPLES TO PERTUSSIS TOXIN-SENSITIVE
AND -INSENSITIVE G PROTEINS

A.J. Williams, A.D. Michel, W. Feniuk and P.P.A. Humphrey. Glaxo
Institute of Applied Pharmacology, University of Cambridge, Tennis
Court Road, Cambridge, CB2 1QJ.
The human recombinant somatostatin (SRIF) sst5 receptor mediates
both inhibition and stimulation of cAMP accumulation (Akbar et al.,
1994). In the present study the effects of SRIF and selective ligands
(Raynor et al., 1993) on forskolin-stimulated cAMP accumulation
were used to characterise these responses in detail.
CHO-KI cells (-200 000) expressing the human recombinant sst5
receptor (Wilkinson et al., 1996) were suspended in DMEMIHam's F-
12 (1:1) media supplemented with 15mM Hepes (pH7.4), 0.02%
bacitracin and 0.5mM IBMX and co-incubated with ligand and
forskolin for 10min at 370C. Reactions were terminated and cAMP
content was determined by a radioligand binding assay (Brown et al.,
1971). Data are the mean ± s.e.mean, n>3.
SRIF and SRIF-28 potently inhibited forskolin-stimulated cAMP
production, with maximal inhibitions of 77% at lOnM and 76% at
3nM, respectively (see table). The putative sst5 receptor selective
ligand, L-362,855, potently inhibited cAMP accumulation whilst
BIM23027, an sst2 selective ligand, was a weak agonist in agreement
with previous studies on this receptor (Williams et al., 1996).

Agonist effects on forskolin-stimulated cAMP accumulation
Control Pertussis toxin treated

pIC5o % Inhibition pEC5o % Stimulation
SRIF 9.2±0.1 77+2 7.2±0.2 216±128
SRIF-28 9.7±0.2 76±1 7.7±0.0 252±5
L-362,855 9.7±0.2 74±4
BIM23056 8.3±0.3 57±5
BIM23027 6.7±0.7 74±1

BIM23056 had a smaller maximal effect than the other agonists
(P<0.05, unpaired t-test), suggesting that it acts as a partial agonist.
At concentrations above lOnM the concentration-effect curves to
SRIF and SRIF-28 were bell-shaped. Thus lOpM SRIF produced
48±3% inhibition of the forskolin response and 1OpM SRIF-28 only
inhibited cAMP levels by 37±5%.
Pre-treatment of cells with 100 ngmlVl pertussis toxin for 18hr
abolished the inhibitory effect of all SRIF analogues on forskolin-
stimulated cAMP accumulation. Furthermore, following pertussis
toxin treatment, SRIF and SRIF-28 increased forskolin-stimulated
cAMP accumulation although with about 100-fold lower potency than
observed for inhibition of cAMP production (see table). L-362,855
was a weak agonist, lOpM producing 152.0±13.2% of the forskolin
response whilst BIM23056 did not increase cAMP accumulation at
all.

This study demonstrates the potent coupling of the sst5 receptor to
inhibition of cAMP accumulation compared to its weaker coupling to
stimulation of cAMP accumulation and confirms the findings of
Akbar et al., (1994) which suggested the sst5 receptor is promiscuous
in the G proteins it activates. BIM23056 acted as an agonist with low
intrinsic activity in causing inhibition of cAMP accumulation. The
lower potency of SRIF and SRIF-28 at stimulating cAMP
accumulation, the weak agonist profile of L-362,855 and the lack of
stimulation with BIM23056 are consistent with a lower coupling
efficiency for stimulation compared to inhibition of forskolin-
stimulated cAMP accumulation.

Akbar, M. et al., (1994) FEBS Letts., 348, 192-196.
Brown, B. L. et al., (1971) Biochem J., 121, 561-562.
Raynor, K. et al., (1993) Mol. Pharmacol., 44, 385-392.
Wilkinson, G.F. et al., (1996) Br. J. Pharmacol., in press.
Williams, A.J. et al., (1996) Br. J. Pharmacol., in press.

1 2P THE EFFECT OF MAPKK INHIBITOR PD98059, THE P38MAPK INHIBITOR SB203580 AND THE SMALL G PROTEIN
Rac 1 ON INTERLEUKIN 1 SIGNAL TRANSDUCTION IN T LYMPHOCYTES

Jane S. Matthews and L.AJ. O'Neill Dept. of Biochemistry and
Biotechnology Institute, Trinity College, Dublin 2, Ireland

Interleukin 1 (ILl) is a proinflammatory cytokine implicated in
pathological conditions such as rheumatoid arthritis. An array of
cell signalling pathways have been proposed for ILI (reviewed in
O'Neill, 1995) though the precise molecular mechanisms involved
remain to be determined. Recently three MAP kinase (MAPK)
cascades have been implicated, namely 'classical' p42/p44 MAPK,
p38/HOG1 MAPK and p54/JNK MAPK. In this study we have
examined the effect of the MAP kinase kinase inhibitor, PD98059
(Dudley et al., 1995) and the p38MAPK inhibitor, SB203580
(Cuenda et al., 1995) on ILI signalling in T lymphocytes. In
addition the involvement of the small G protein Racl, which has
been postulated to be upstream of p38 (Zhang et al., 1995) has
been investigated.
As a model system the murine thymoma cell line EL4.NOB-1 was
used. This is an ILI receptor rich strain producing IL2 in
response to ILI or the phorbol ester PMA. Cells (lx106) were
pretreated for lh at 370C with either PD98059 (0.1-30dMM),
SB203580 (0. 1-3pM) or vehicle control (DMSO) and then
stimulated with ILl (1Ong/ml), PMA (100ng/ml) or appropriate
vehicle control for 24h. Following this time period the cells were
centrifuged and supernatants removed for determination of IL2
levels by ELISA. Cells were also transfected with a gene construct
comprising the 1L2-promoter from -293 to -5 linked to a reporter
gene chloramphenicol acetyl transferase (CAT). Following a 24h
recovery period the cells were pretreated with inhibitor and
stimulated as detailed above. CAT activity was subsequently
determined as % acetylation of 14C-chloramphenicol by cell
cytosolic fractions. For studies involving Racl, cells were also
transfected with plasmids containing genes for constitutively active
Raci, V12Racl, or a dominant negative mutant, N17Racl.
PD98059 dose-dependently inhibited both ILl and PMA
stimulated IL2 production (Table 1) though the effect on PMA
was less potent. SB203580 also inhibited ILl stimulated IL2
production (Table 2), but not that induced by PMA. In addition
SB203580 partially inhibited ILI stimulated CAT activity in

transfected EIA.NOB-1 cells (Table 2). This inhibition was less
than that of native IL2 in the transfected cells; native IL2
inhibition in transfected and non-transfected cells being similar.
This suggested an effect of SB203580 on translation of IL2
mRNA which, unlike that for CAT, is subject to regulatory control.
This was also suggested from a lack of effect on the activation of
NF1KB (as judged by gel shift analysis), a transcription factor
important for IL2 gene expression.

1. The effect of PD98059 (pM; mean + s.e.mean, n=1-4) on
ILl and PMA stimulated IL2 (ng/ml).

0 0.1 0.3 3 10 30
ILl 4.8±1.6 2.9±1.1 1.9 1.4±0.6 0.4±0.1 0
FMA 21.2±4.2 29.7 29.5 9.5 1.6±0.4 0
Table 2. The effect of SB203580 (pM) on ILI stimulated IL2
(igi/ml) and CAT activity (% acetylation). Results from a single
experiment carried out in duplicate (mean ± spread) representative
of 3-4 experiments are shown.

0 0.1 0.3 3
IL2 20.8±3.1 8.8±2.3 6.4±0 7.5±1.1
CAT 2.1±0.2 - 1.5±0.1
Finally, constitutively active Raci had an 8-12 fold potentiating
effect on CAT and native I12 expression, whilst dominant negative
Racl was partially inhibitory (~15%). The latter construct
however also inhibited control expression (~50%).
These results therefore suggest that the classical MAPK pathway
and the p38MAPK pathway are important in ILl signalling in T
lymphocytes. The p38MAPK pathway may function at least in
part at the level of translation. In addition, ILI appears to engage
Raci, which may be a receptor proximal signal leading to p38
activation.
This work was supported by E.C. Grant ERB CHRX-CT94-0537.
PD98059, SB203580 and the Racl plasmids were generous gifts
from Alan Saltiel (Parke-Davis, USA), Peter Young (SmithKline
Beecham, USA) and Doreen Cantrell (ICRF, London) respectively.
Cuenda, A. et al (1995) Febs Lett., 364, 229-233.
Dudley, D.T. et al (1995) Proc. Nadl. Acad. Sci., 92, 7686-7689.
O'Neill, L.A.J. (1995) Biochim. Biophys. Acta, 1269, 3144.
Zhang, S. et al (1995) J. Biol. Chem., 270, 23934-23936.



1 3P REGULATION OF TNFa-MEDIATED EXPRESSION OF ICAM-1 AND VCAM-1 IN EA.hy 926 CELLS

A. Dwivedi, M.J. Carrier, & E.E.AnggArd
William Harvey Research Institute, St. Bartholomew's Hospital Medical
College, Charterhouse Square, London, ECIM 6BQ

Increased adherence of monocytes to endothelium is an important early
event in the pathogenesis of atherosclerosis. TNFa is a proatherogenic
cytokine elaborated by cells of the vascular wall. Up-regulation of
adhesion molecule expression TNFa involves a complex cascade of
intracellular signalling and transcription factor activation steps. In the
present study we have used a range of inhibitors directed against proteases
and signalling enzymes to investigate the regulation of ICAM-1 and
VCAM-1 in response to TNFa in the human endothelial cell line EA.hy
926. We measured monocyte binding to EA.hy 926 using a
myeloperoxidase-based 96 well plate assay, and ICAM-1 and VCAM-l
expression with an ELISA.

In response to TNFa (lOng/ml), expression of ICAM-1 increased 10-14
fold after 4h (n=3) and remained constant for 24h. VCAM-1 expression
increased 10-12 fold after 24h (n=3). The protease inhibitors tosyl
phenylalanine chloromethyl ketone (TPCK), tosyl lysine chloromethyl
ketone (TLCK), calpainl-inhibitor (Cl-I), are all putative nuclear factor-
icB (NFiB) inhibitors (Finco et al., 1994), and inhibited TNFa-induced
ICAM-1 and VCAM-l expression after 6h (table 1). The
phosphatidylcholine-specific phospholipase C (PC-PLC) inhibitor,
tricyclodecan-9-yl xanthogenate.K (D609), or the RNA synthesis inhibitor,
actinomycin D (AD), also inhibited both ICAM-1 and VCAM-1
expression 6h post-TNFa incubation (table 1). The phospholipase A2
(PLA2) inhibitor, 7,7-Dimethyleicosadienoic acid (DEDA) (50R1M), only
inhibited VCAM-l expression (table 1). TLCK (5OjM), TPCK (25gM),
and Cl-I (20gM) also inhibited monocyte adhesion after 6h 30.2±5%,
48.3±2.6%, 45.6±2.7% (mean±s.e.mean) respectively (n=3). The protein
kinase C (PKC) inhibitors, staurosporin (lOnM) or chelerythrine (2RM) as
well as phospholipase D (PLD) and phosphatidylinositol 3-kinase (PI3K)
inhibitor, wortmannin (3.2gM), had no effect on either ICAM-1 or

VCAM-l expression. The inhibitors used had no effect on cell viability as
measured by MTT assay.

TABLE 1
Inhibitor Time (h) % Inhibition of control (±s.e.mean, n=3)

VCAM-1 ICAM-1
TPCK (25pM) 6 79.4±11.6 55.8±1.7
TLCK (50j±M) 6 68±4.2 13.7±3.5
C1-I (20j±M) 6 89±3.4 36±6.4
D609 (50gg/ml) 6 110±8.2 52.8±3.5
AD (0.05lig/ml) 6 92.8±6.5 28.2±4.3
DEDA (5OM) 6 44.1±6.0 No effect

Our data suggest that PKC, PLD and P13K are not involved in the up-
regulation of ICAM-1 and VCAM-1 in EA.hy 926 cells in response to
TNFa. Inhibition of ICAM- I and VCAM-I by protease inhibitors indicate
that NFicB is required for their expression induced by TNFa. Involvement
of PC-PLC in ICAM-1 and VCAM-1 expression indicates a role for the
diacylglycerol-activated ceramide cascade (Schtltze et al.,1992) in TNFa-
induced NFKcB activation. Inhibition by AD confirms that de-novo protein
synthesis is required. Inhibition of PLA2 (activated by neutral
sphingomyelinase present in the membrane) by DEDA, suggests that
VCAM-1 expression requires PLA2-dependent signalling. This finding
further supports the notion of a key role for ceramide-mediated NFicB
activation in ICAM-1 and VCAM-1 expression. However additional
regulatory mechanisms, possibly involving PLA2, are required to account
for the differences observed in ICAM- I and VCAM- I expression.

This work was funded by ONO Pharmaceutical Co., Ltd., Japan.

Finco, F.S., Beg, A.A. and Baldwin, Jr., A.S. (1994) Proc. Natl. Acad Sci.
US.A. 91,11884-11888.
Schtltze, S., Potthoff, K., Machleidt, T., Berkovic, D., Wiegmann, K. and
KrOnke, M. (1992) Cell 71, 765-776.

1 4P CLASSIFICATION OF P2-PURINOCEPTORS ON CYSTIC FIBROSIS SUB MUCOSAL EPITHELIAL (CFSME) CELLS

G.D. McKay & I.A. Dainty (introduced by I.G. Dougall)
Department of Pharmacology, Astra Charnwood, Bakewell Road,
Loughborough, Leicestershire, LE I1 5RH.
UTP has been suggested as a possible therapy for the treatment of
lung dysfunction in cystic fibrosis. P2Y2- purinoceptors have
been shown to be present in cystic fibrosis nasal epithelial cells
(Mason et al., 1991). CFSME cells are likely to be of greater
pathophysiological relevance in cystic fibrosis and have been
shown to contain P,-purinoceptors (McCoy etal., 1995). This
study was designed to characterise the P2-purinoceptor subtypes
present in CFSME cells.
Changes in [Ca2+]i in cell suspensions (2-4 x 1Os cells ml-l) were
measured using standard fluorescent techniques. After loading
with Fura-2 or, in suramin studies, Fluo-3, agonist
concentration-effect (EI[A]) curves were constructed in log unit
increments. Each cuvette containing 2ml of cells was used for a
single response determination. Compounds with no agonist
activity were tested as antagonists by addition l5s before the
agonist. Responses were expressed as a % of that to lOpM UTP.
For agonists producing a response > 25% at IOOpM, E/[A] curves
gave the potency (p[A]) order: UTP .ATP>adenosine>ATPyS>
UDP, ADP, AMP (Tale 1). 2-MeSATP and benzoyl-benzoyl-
ATP (bbATP) produced maximal responses (a) < 25% of UTP.
UMP, uridine (both 1mM), bbATP (lOtiM) and 2-MeSATP
(IOOM) had no effect on UTP responses. The P2T-purinoceptor
antagonist ARL 66096 (lOgiM; Humphries et al., 1994) had no
effect on the ADP response. Neither apyrase (2U ml-' pre-
incubated during Fura-2 loading to prevent tonic desensitisation of
P2-purinoceptors by ATP) nor the ectoATPase inhibitor ARL
67156 (300,±M; Dainty et al, 1994b) had any effect on responses
to UTP or 2-MeSATP. In the presence of UTP (lOiM),
responses to ATP, ATPyS, UlP and ADP but not adenosine or
histamine (all 100~M) were abolished. Suramin antagonised UTP
(apparent pA2=4.6 ± 0.1, n=4) but not histamine.

Agonist a p[A]50 Agonist a p[A]50
UTP 106.4 (2.6) 6.0 (0.1) UDP > 70* < 5.0
ATP 95.3 (6.0) 5.8 (0.2) ADP > 50* < 4.0
Ado 65.6 (5.4) 5.4 (0.3) AMP > 30* < 4.0
ATPyS >80* < 5.0

Table 1 Mean (± s.e.) n= 4. * incomplete curves @ lOOglM
This study demonstrates the presence of purinoceptors mediating
increases in [Ca2+], in CFSME cells. UTP did not act via P2X-,
P2YI- or P2Z-purinoceptors though the responses (albeit small)
to 2-MeSATP and bbATP may indicate their presence. P2T-
purinoceptor activity is precluded since ARL 66096 did not
affect responses to ADP. Purinoceptor desensitisation by
endogenously released ATP did not occur and agonist potencies
were unaffected by ectoATPase activity. The response to
adenosine and cross-desensitisation studies confirmed the
presence of P,-purinoceptors, at which UTP did not act. As in
the rat aorta, UTP responses were suramin sensitive (Dainty et
al., 1994a). Thus, the general pharmacology and agonist
potency order indicates the presence of a P2Y2-purinoceptor
(Lustig et al., 1993) in CFSME cells.
Dainty, I.A., Franklin, M. & McKechnie, K.C.W., (1994a).
Br. J. Pharmacol, 114, 106P
Dainty, I.A., Pollard, C.E., Roberts, S.M. et al., (1994b). Br.
J. Pharmacol, 112, 578P
Humphries, R.G., Tomlinson, W., Leff, P. et al., (1994). Br.
J. Pharmacol., 113, 1057-1063
Lustig, K.D., Shiau, A.K., Brake, A.G. et al., (1993). Proc.
NatL. Acad. Sci., 90, 5113-5117
Mason, S.J., Paradiso, A.M. & Boucher, R.C., (1991). Br. J.
Pharmacol, 103, 1649-1656
McCoy, D.E., Schwiebert, E.M., Karlson, K.H. etal., (1995)
Am. J. Physiol., 268, C1520-C1527



1 5P MODULATION OF VASOCONSTRICTION IN THE HEPATIC CIRCULATION BY NITRIC OXIDE

P.M. Macedo & W.W. Lautt1, Institute of Health Sciences,
Quinta da Granja-Trav. da Granja, Monte da Caparica 2825,
Portugal and 'Department of Pharmacology & Therapeutics,
Faculty of Medicine, University of Manitoba, Winnipeg,
Manitoba, Canada, R3E OW3.

Nitric oxide (NO) has a variety of interactions with
vasoactive agents and it is unclear if some of the differences
are species or method dependent. It was our objective to
determine the vasodilator effect of adenosine on the hepatic
(HA) and superior mesenteric (SMA) artery before and after
blockade of NO production to evaluate the possibility of
organ specificity for vascular regulation by NO. Vascular
circuits supplied blood flow under constant flow or pressure
to the liver or intestine in cats under sodium pentobarbital
anesthesia (32.5 mg/kg, intraperitoneal). The NO synthase
antagonist, N0-nitro-L-arginine methyl ester (L-NAME) (2.5
mg * kg', i.v.), increased arterial pressure from 106.4 ± 7.6
mmHg to 141.4 ± 8.1 mmHg (mean ± SE, n -6) and raised
basal vascular tone in the SMA but not the HA. The NO
synthase substrate, L-arginine (75 mg - kg'), reversed these
effects. Maximal response to adenosine was determined at
control (pre-L-NAME) pressure and flow adjusted using the
vascular circuit (Macedo & Lautt, 1996). The decrease in
perfusion pressure was the index of vasodilation. Infusion
of adenosine decreased SMA pressure from the same basal,
pre L-NAME pressure (106.4 ± 7.6 mmHg) by 51.7 ± 2.9,
64.7 ± 5.3, and 42.2 ± 5.2 mmHg respectively for control,
L-NAME, and L-arginine. From the same pre L-NAME basal

flow, the decrease in pressure in response to adenosine was
51.7 ± 2.9, 135.2 ± 6.1, and 16.7 ± 2.4 mmHg
respectively. Adenosine was not potentiated in the HA by
L-NAME. In conclusion, L-NAME increased basal tone for
the SMA and potentiated the dilation induced by adenosine
in the SMA but had no effect on the HA. This study
provides evidence that there is a highly organ-specific
compensatory mechanism in which the absence of NO
promotes potentiation of other vasodilators. This
mechanism offers compensatory protection to the intestine
in the event of endothelial dysfunction but does not interfere
with the adenosine-dependent regulation of hepatic arterial
blood flow that tends to maintain hepatic blood flow
constant (Lautt et al., 1985).

This work was supported by the Heart & Stroke Foundation
of Manitoba and the Medical Research Council of Canada.

Lautt, W.W., Legare, D.J., & d'Almeida, M.S. (1985) Am. J.
Physiol. 248, H331-H338.
Macedo, M.P. & Lautt, W.W. (1996) Can. J. Physiol.
Pharmacol., in press.

1 6P SHEAR-INDUCED MODULATION OF VASOCONSTRICTION IN THE HEPATIC CIRCULATION BY NITRIC OXIDE

M.P. Macedo & W.W. Lautt', Institute of Health Sciences,
Quinta da Granja-Trav. da Granja, Monte da Caparica 2825,
Portugal and 1Department of Pharmacology & Therapeutics,
Faculty of Medicine, University of Manitoba, Winnipeg,
Manitoba, Canada, R3E OW3.

Nitric oxide (NO) has been implicated in shear rate
dependent vasodilation in response to increases in blood
flow. The aim of this study was to investigate the role of
NO in the hepatic vasculature during sympathetic nerve
stimulation under conditions of varying shear stress in the
pentobarbital anesthetized cat (intraperitoneal, 32.5 mg/kg).
When shear stress was increased by keeping the blood flow
constant at the site of the constricted vessels (obtained by
using a perfusion circuit) (Macedo & Lautt, 1996), there was
a potentiation of the vasoconstriction induced by
sympathetic nerve stimulation (2-4 Hz) when the NO
synthase blocker, L-NAME, was given as a bolus (2.5 mg/
kg1, i.v.). At constant flow, the increase in hepatic arterial
(HA) perfusion pressure due to nerve stimulation was 28.8
± 6.5 mmHg (mean ± SE, n-6) under control state, 62.7
± 14.6 (p<0.01) after L-NAME infusion, and was reversed
by L-arginine (6.3 ± 3.0). The same patttern of effects was
observed for the portal vein (PV) (1.5 ± 0.5 mmHg for
control, potentiated to 3.3 ± 0.5 mmHg after L-NAME and
reversed to 1.2 ± 0.5 mmHg p<0.05, repeated measures
ANOVA, by L-arginine). When shear stress was held
constant by decreasing blood flow during vasoconstriction,
L-NAME did not affect the vasoconstriction of the resistance

vessels. We conclude that when vasoconstriction results in
elevated shear stress at the site of constriction, nitric oxide
is released, resulting in suppression of the constriction thus
serving to protect the endothelial cells within the
constricted vessel.

This work was supported by the Heart & Stroke Foundati6n
of Manitoba and the Medical Research Council of Canada.
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Pharmacol., in press.



1 7P THE ROLE OF COPPER IN MEDIATING NITRIC OXIDE AND PROSTACYCLIN SYNTHESIS IN THE RAT AORTA

S. Wigmore, F. Plane, *G.D. Angelini & *J.Y. Jeremy
Department of Pharmacology and *Bristol Heart Institute,
University of Bristol, Bristol, UK

Through its capacity to catalyze the generation of free radicals,
copper has been widely implicated in the pathophysiology of
cardiovascular disease (CVD). The synthesis of both nitric
oxide (NO) and prostacyclin (PG12) involve haem-mediated
redox reactions. Since impairment of PGI2 and NO synthesis is
associated with CVD (Gryglewski et al., 1995), it is possible
that the deleterious influence of copper may involve effects on
NO synthase (NOS) and cyclooxygenase (COX). In order to
test this hypothesis, the effect of the high affinity copper
chelator, diethyldithiocarbamic acid (DEDCA) on NO and PG12
synthesis by the rat aorta was investigated using both organ
bath and biochemical methods.

Aortae were obtained from Sprague Dawley rats (300g) and
prepared for in vitro organ bath studies (Karatapanis et
al.,1994). Contraction was elicited with phenylephrine (PhE)
and relaxation with calcium ionophore A23187 (A23187) and
sodium nitroprusside (SNP). PG12 and cGMP synthesis were
assessed biochemically with radioimmunoassay as previously
described (Jeremy et al., 1996; Miller et al., 1994).

At up to Ix104 M, DEDCA had no effect on PhE-stimulated
contraction but inhibited SNP-induced relaxation (Table 1). At
lx105M DEDCA inhibited relaxation induced by A23187 but
not SNP in aortic rings pre-contracted with PhE. CuC12, but
not Fe2C13, reversed the inhibitory effect ofDEDCA on both

Table 1. Effect of CuC12 and Fe2Cl3 (both 100 pM) on DEDCA (100 IiM) inhibited relaxation (% maximal; mean ± S.E.M., n = 6)
control DEDCA DEDCA + CuC12 control DEDCA DEDCA + Fe2Cl3

A23187-induced relaxation 85 ± 3.9 5 ± 4.3 90 ± 7 87 ± 4.2 5 ± 2.9 3.7 ± 1.5
SNP-induced relaxation 95 ± 4.2 10 ± 2.5 97 ± 3.3 92 ± 8.4 7 ± 4.9 10 ± 5.2

A23187- and SNP-stimulated relaxation (Table 1). DEDCA
inhibited cGMP synthesis when stimulated with A23187 (IC5o;
5x10-7 M) and SNP (IC5o; 5R10-5 M). DEDCA inhibited PG12
synthesis when stimulated with lOpM arachidonate (IC5o;
4.9x10-5M), 10pM adrenaline (IC50; 5x10-5M) and 10 pM
A23187 (IC5o; 4.8x105-M). At equimolar concentrations,
CuC12 but not Fe2Cl3 reversed the inhibitory effect of 100 piM
DEDCA on arachidonate-stimulated PG12 synthesis. The effect
of DEDCA on PGI2 synthesis could not be reversed by
repeated washing of the tissue, indicating that DEDCA binds
irreversibly to an active site in the COX holoenzyme.

The present study suggests that divalent copper may play a role
in mediating the activities of NOS, COX and guanylyl cyclase.
The reversal of the DEDCA-mediated effects with divalent
copper, but not iron, indicates that these effects are not due to
removal of the iron contained within haem which in turn is
integral to NOS, guanylyl cyclase and COX activity. Finally,
these data indicate that the pathophysiological impact of copper
in CVD (as well as inflammatory disease) may involve effects
on these key enzymes.

Supported by the Wellcome Trust and British Heart Foundation
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1 8P LIPOTEICHOIC ACID FROM S. AUREUS, BUT NOT FROM B. SUBTILIS, SYNERGISES WITH B. SUBTIUS
PEPIIDOGLYCAN TO CAUSE HYPOREACTIVITY TO NORADRENALINE AND ORGAN INJURY IN RATS

M. Kengatharan, C.l.Robson, *S.J. Foster and C. Thiemermann. The
William Harvey Research Institute, St Bartholomew's Hospital Medical
College, London ECIM 6BQ. *DpI of Molecular Biology and
Biotechnology, University of Sheffield, Sheffield, S1I 2TN.

The cell wall components of the pathogenic Gram-positive bacterium
Staphylococcus aureus (Saureus), lipoteichoic acid (LTA) and
peptidoglycan (PepG), synergise to induce nitric oxide synthase (iNOS) and
to cause circulatory failure and multiple organ injury in the rat (De Kimpe
et al, 1995). Structural differences in the LTAs from S aureus and the non-
pathogenic Gram-positive bacterium Bacillus subtilis (Bsubfilis) may be
responsible for the lack of synergy between LTA and PepG of Bsubtilis in
inducing iNOS activity in macrophages (this meeting, atharan et al.,
1996). Here, we investigate the effect of co-administration of S.aureus LTA
or B.subtilis LTA with B.subtilis PepG on the haemodynamics, iNOS
activity (ung) and organ injury in the rat.

Male Wistar rats (250-325g) were anaesthetised with thiopentone
sodium (120 mg.kg1, i.p). The trachea was cannui to facilitate
spontaneous resp ion. The carotid artery and the femoral vein were
annulated to monitor mean arterial blood pressure (MAP) and for

administration of compounds, respecel. The pressor response to
nrad alie (NA, lgg.kg l, i.v.) was assessed prior to and every 60 min
after the injection of the bacterial components (time 0). At 360 min, rats
were killed and (i) serum samples were taken for the determination of
Table 1. Effect ofLTA(m S.aureus orB.subfflis) and PepG(from B.subtilis) on Naem cs, NOS acAivy and organ injury (in the rat).

MAP NA response Lung iNOS activity ALT Serum urea Serum
Exerimental gmr (mmHg) (mmHg.min) (pmol L-citrulline (iuL-') (mM cratinine

min' g tissue) (__ _ _

sham 117±3 38±5 24±15 63±6 6±1 35±4
LTA (S aureus, 3mg.kg4') 97±6 35±6 195±36* 74±5 8±1 38±4
LTA (S.aureus, lOmg.kg-1) 77±3*# 23±3 253±30* 60+4 12±1 39±5
LTA (S aureus, 3mgAkg1)+PepG (B.subtilis, lmg.kg1) 84±6* l0±3*# 419±58*# 257±54*# 15±1* 69±6*#
LTA (B.subtiflis, 3mg.kg-')+PepG (B.subtiflis, lmg.kg') 89±7* 42±10 142±49 115±29 10±2 48±9

Values for 360 min after injection of bactial compo s are given as mean ± s.e.mean (n=4-8); *P<0.05 vs sham & #P<0.05 vs LTA (S aureus, 3mg.kgw)
alone by oneway-ANOVA (Bonf's test).

biochemical markers of organ injury, and (ii) lungs were removed to
determine iNOS activity by measuing the conversion of [3HML-arginine to
[3H]L-citrulline in lung homogenates (De Kimpe et al, 1995).

Treatment of rats with LTA (S aureus, 3mg.kg1) and PepG
(B.subtilis, lmg.kg-1) caused significant (i) vascular hyporeactivity to NA,
(ii) increase in the serum levels of alanine aminotransferase (ALT)
(indicating liver injury), urea and creatinine (indicating renal failure), and
(iii) increase in lung iNOS activity; compared to LTA (S.aureus, 3mg.kg1)
treated or sham-operated animals (Table 1). However, the observed fall in
MAP was not significantly different from the one elicited by LTA (S.aureus,
3mg.kg-4) alone (Table 1). In contrast, co-administration ofLTA (B.subtilis,
3mg.kg-) and PepG (B.subtilis, lmg.kg-') did not produce significant
changes in NA response, iNOS activity (lung) or serum levels of ALT, urea
or creatinine compared to sham-operated animals (Table 1).

Thus, S.aureus LTA, but not B.subtilis LTA, synergises with PepG
(from B.subtlis) to induce hyporeactivity to NA, iNOS activity and organ
injury in aesthetised rats. The structural differes between S.aureus
LTA and Bsubfifis LTA may account for the inability of B.subtilis LTA to
synergise with B.subtilis PepG to induce iNOS and to elicit various
pathological features of septic shock.
CT is a Senior Research Fellow ofthe British Heart Foundation.
De Kimpe, S.J. et al. (1995). Proc. Nati. Acad Sci. USA, 92, 10359-10363.
Kengatharan, M, De Kimpe, S.J., Foster, S.J. et al. (1996). This meeting.



1 9P EFFECTS OF POLYCLONAL ANTIBODIES AGAINST TNFaOR IL-10 ON THE MULTIPLE ORGAN FAILURE
SYNDROME ELICITED BY ENDOTOXIN IN THE ANAESTHETISED RAT

H. Ruatten, 'D. Smith, C. ThiemermaIm & J.R. Vane, The William
Harvey Research In Ie, St. Bartholomnew's Hospital Medical
College, and 'Therapeutic Antibodies Inc., Charteriouse Square,
London ECI 6BQ.
A distinct isoform of nitric oxide synthase (inducible NOS, iNOS) can
be induced by proiflamnatory cytokines such as tunour necrosis
factor-a (TNFa) or interleukin-lp (IL-1,B) in vitro and in vivo (Busse
and Mulsch, 1990; Kosaka et al., 1992.). Here, we investigate the role
of endogenous TNFa and IL-iP on (i) the induction of iNOS, (ii) the
circulatory failure and (iii) the mulkiple organ failure syndrome
(MODS) caused by endotoxaemia in the hetised rat.

Male Wistar rats were anaesthetised with thiopentone sodium (120 mg
kg', i.p.). The carotid artery was camd for the measurement of
mean arterial pressure (MAP) and the femoral vein for the
ainistration of compounds. Sheep polyclonal antibodies (PAb)
against human TNFa (100 mgkg'W, iv., n=6), IL-Ip (100 mgkg',
n=6) or a mixture of PAb against human TNFa and IL-lp (both 30
mgkg'l, iv., n=7) was administrated 30 min prior to Ecoli 0127:B8
lipopolysaccharide (LPS; 10 mgkg' i.v., n=12). At 90 min, an arterial
blood sample was collected to measure the conc ion of TNFa by
ELISA. At 6 h, serum samples were taken and analysed for alanine
aminotransferase (ALT) and bilirubin for liver finction, and a e

Table 1.
Treatment MAP at 6h TNFa at 90min ALT Bilirubin Creatinine iNOS activity

(mmHg) (ng ml-l) (iu 1l) (jAM) (AK (nmol/min/mg protein)
Sham 109 ±4 0.2 ± 0.05 64 ± 4 2.1± 0.2 31± 5 0.04 ± 0.03
LPS 84 ± 4 5.3 ± 0.5 510 ± 94 6.8 ± 0.9 68 ± 8 8.1 ±0.6
+PAbTNFa 95 ±3* 1.9±0.4* 122±29* 3.3±0.3* 62±8 4.4±0.7*
+ PAb IL-1p 101 ± 3* 4.9 ± 0.6 336 ± 69* 5.3 ± 0.7 59 ± 6 4.0 ± 0.8*
+ PAb IL-Ip + Pab TNFa 95 ± 4* 2.7± 0.4* 129 ± 28* 4.1 ± 0.3* 71 ± 12 4.3 ± 0.5*
mean ± s.e.mean. * p<0.05 vs. LPS + saline, unpaired Student's ttest.

for renal finction by a contract laboratory for veterinary chemistry. In
addition, lungs were removed to determine iNOS activity by
measurement ofthe conversion of [3H]L-arginine to [3H]L-citrulline.
In the hetised rat, LPS caused hypotension, renal and liver
dysfinction, and an increase in iNOS activity in the lung (p<0.05,
Table 1). These effects of LPS were significantly reduced (except for
the increase in creatinine) by pretreatment of LPS-rats with PAb to
TNFcx and PAb to IL-1p, the PAb to TNFz alone and to a lesser extent
with the PAb to IL-1p alone. The increase in plasma TNFa levels
elicited by LPS was significantly inhibited by treatmnt of LPS-rats
with the PAb against TNFcx, either given alone or in combination with
PAb to IL-1p, but not with the PAb to IL-Ip alone (Table 1).

Thus, inhibition of both TNFa and IL-Ip by PAb reduces (i) the
induction of iNOS, (ii) the circulatory failure and (iii) the liver
dysfinction elicited by LPS. We suggest that both TNFa and IL-1IB are
impoant mediators in the pathogenesis of liver injury in
endotoxaemia.
HR is a fellow of the DFG (Ru595/1-1). CT is a Senior Research
Fellow ofthe BHF (FS/96018).
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20P ENHANCED HAEMODYNAMIC EFFECTS OF SB 209670 AND LOSARTAN IN CONSCIOUS, ENDOTOXAEMIC RATS

S.M. Gardiner, P.A. Kemp, J.E. March and T. Bennett.
Department of Physiology and Pharmacology, Queen's
Medical Centre, Nottingham NG7 2UH.

Although the non-selective endothelin antagonist, SB
209670, enhances the hypotensive and mesenteric and
hindquarters vasodilator effects of lipopolysaccharide
(LPS) in conscious rats, it does not influence renal
haemodynamics, indicating the involvement of other
factors in this vascular bed (Gardiner et aL, 1995). To
determine any possible influence of angiotensin II under
these conditions, we have now assessed the effects of a
continuous co-infusion of SB 209670 (600 pg kg-' bolus, 600
pg kg-' h-') and losartan (10 mg kg-l bolus, 10 mg kgl h-')
beginning 1 h before continuous infusion of saline (Group a,
n = 8) or LPS (150 gg kg -1 h-) (Group b,n = 8) for 23 h, or a
continuous infusion of saline beginning 1 h before LPS for
23 h (Group c, n = 8), in conscious male, Long Evans rats
(350-450 g) chronically instrumented with pulsed Doppler
probes (renal, mesenteric and hindquarters) and
intravascular catheters (Gardiner et aL, 1995). All surgery
was carried out under sodium methohexitone anaesthesia
(40-60 mg kg-' i.p., supplemented as required). Experiments
began 24 h after catheterization. Resting cardiovascular
variables in Group a, Group b and Group c, respectively,
were:- heart rate (HR. beats min-'), 342 ± 11, 348 ± 5 and 334
± 7 (mean ± s.e. mean); mean arterial blood pressure (MAP,
mm Hg), 102 ± 1, 102 ± 1 and 103 ± 1; renal vascular
conductance (RVC, lkHzmm Hg-1l 103), 68 ± 8, 54 ± 3 and 59 ±
3; mesenteric vascular conductance (MVC), 68 ±5,55± 3 and
70 ± 4; hindquarters vascular conductance (HVC), 46 2, 42
± 2 and 38 ± 2. Changes at 1, 3, and 24 h during the
experiments are shown in Table 1.

SB 209670 and losartan caused significant and persistent
hypotension and vasodilatation. In the presence of SB
209670 and losartan, the hypotension and increases in
RVC, MVC and HVC caused by LPS were significantly
increased. The results indicate that endothelin and

angiotensin II influence haemodynamic status in
conscious, Long Evans rats, and this influence is amplified
in endotoxaemia. It appears the relative lack of effect of SB
209670 on the renal haemodynamic responses to LPS
(Gardiner et aL, 1995) is due to a marked vasoconstrictor
action of angiotensin II in the kidney.

Table 1. Cardiovascular changes in conscious rats.
* P < 0.05 for change (Friedman's test); superscripts P < 0.05
versus change in corresponding group (Kruskal-WaIlis test).

lh 3h 24h

a 32±9* 26± 15 32±14
AHR b 54 ±8a 48±10* 86 ±22a

(beats min-') c 3± 4ab 11 ± 8b 76 ± 4*a

a -15 ± 2* -17 ± 2* -25±2*
AMAP b -14±2* -43 ±2a -41 ±4^

(mm Hg) c 0±1"b -7 ±2 3b3i 2ab

a 36±5* 30±6* 31 ± 13*

ARVC b 33±5* 158±12a 148± 13*a
(%) c 6±3"b 71 ±7"b 80±9"b

a 24± 10* 17±8* 44±9*
iMVC b 26± 6* 170 ± 17a 151 ± 18a

(%) c 2 ±3ab - 14 ±5"b -6 ± 6wb

a 11±8 18±8 45±12*
AHVC b 31 ±5a 48± 8* 81 ± 8*a
(%) c -6 ±4ab 21±13 40±9gb

Gardiner, S.M. et aL (1995) Br.J.PhanmacoL 116, 1718-1719.



21 P EFFECT OF THE ETA RECEPTOR ANTAGONIST BQ123 ON INFARCT SIZE AND ENDOTHELIN RELEASE IN
ISOLATED PERFUSED RABBIT HEARTS

J.bokkuanan, t & LLZeltin Department of Physiology
and Pha macology, Univert ofStathdyde, Gasgow GI 1XW.

I(FT-I) belmgsto a fily ofpotnt dga asorictor pqpde
(Y sawa et al,1988), mediating its acdons via two xec torsubypes, namely
ETAnd EITB. A p ygi role for ET-I has been postulated in myocadial
iftmm-.ileaflaimijtuy and esndothelin receptor antagonists have been shown to

redouce inact size decepost-isae c myocadilrecovery in seveal animal
models of acute izijusy (Opgenrth 1995). However, studies
FAin have shown igri For e, BQ123

(0.03 and 10g kg'lminincr y) reduced ina size in dogs (Grov et al
1993)whma FR 139317 (0.2mg kg4min', precded byaoading dose ofi.Omgkg4,
iv.) does not in rabbits (MoMro et aL,1994). Whethr or not ftis disa is
reated to a eict of the antgonists is not known and neither is the
P-nt to whictdese inuznce the release ofET-l fimn themyo

brefbMe, the aims of the present study were to evalae the effect of diffret
coneu1Ua insoftheETA receoranagonist BQ123 on injuzy
andadntofendkhelin releae in isoaodpeefised rabbit hearts

Male New Zeaand Wite rabbits (2.0-25kgs) wue divided into four utnent
goups 1) Controivehicle; n10), it) BQ123(0.1pM n=7), iii) BQ123(0.5pM n=9)
iv) BQ123(1pM; n=7) Mm rabbits weie Weetised with sodium _ ]
(301iv.)en ning hep( in(500g1) andIhe heats waee rpidly excised and
perfued in la ff mode with modified Krebs Henseleit buffer (37°C, gassed
wi 95%02/X02)ataconsa flow rate (lOmlmikg bodywei). Hears wse
stiised for 10mm, followed by 15mm perfusio with BQ123 (dissolved in DMSO)
in the buffer, pior to 30min regional ischaemia (by occluding the Left coronary
afty) and 180min Heperfi Heart rate, perfusion pessne and the surface
electrcardigrawere co monoredd eughotheei en l Samples
ofcornay effents were collected at regulr intervals and analysed for endothelin-I
cantet using a Biotrak FT-I ELISA assay kit At the end of the experimn the
cooany ligature was re-ted and infat size was measured using planimney as
reviouslydescribed(C okanraet aL, 1995). Haemodynamics (% change from

baseline) and infart size (% ofAAR) were exressed as mean ± senm ET-I release
(pg'mind'gwet heart weight) expressed as median (Q1-0). Staistical analysis was
perfon using ANOVA/Dunnett tests aQemodynamics) and Mann-Whitney test
(infia size and ET- data).

In apeliminay set of e n in isolated pMrdised rabbit hearts (n=4), BQ123 at
concentrations 0.1, 0.5 and 1pM produced 20±2, 55±2 and 20±2% inhbition
respecivelyofthemaximum inaease in coronaryprfiisionpressure induced y EI-I
(0.lnmol. Heartrate nainedn ged in the control and BQ123 (0.pM) tated
hernia dmghoi lthe p ent BQ123 (O.pM ) cased a spictndecease (to
-18±40/; p<0.05 flun 191±10 beats mi') and 1pM BQ123 caused an increase (to
83±14%; p'.05 from 1743.4beatsmin) inhearte befire oe ns ofisani
Co ypetfusionpresre (27.2±25 mmHg) inreasedsigtifcantlyto (120±12/c;
p<0.05) at the end of 30 min of occhsio in control hears. A similar increase was
masued in all de BQ123 treatedgrup ofhears. Resion restoredthe pfion
presareto baseline in control hearts. However, itreained elevated in all die BQ123
teatedheart followingreefilsion
Inart size exessed as a percentage of area at risk was reduced significantly in
BQ123 (05pM treated grWp ofhearts (41±30/%; P<0.01) when compared to control
gnmp (69±2%/). Ther was no reduction in int size with 0.1 or 1pM BQ123
(65±3% and 61±2% respectively). Endothelin-1 release into coronay effuts in
control hearts wa sig ly ased by 1.6 fold (P<0.05) at the end of 180mm
repfusmion from the pri-isdraanic value [0.8 (0.6-13) pg min7' g7')]. This innaease
was not sean inperfisatesf from BQ123 (05pM) treated hears. In contrasttt is, m
hears tated with BQ123 (0.1 and 1pM, ter was a significant deanase in Er-i
release boti at the and of30min islaemnia (to 33 and 5.4 fold respectively, p<0.05)
and atthe end of 180min iepafision (3.7 and 3.8 fold ctively, p.05) fronm pro-
ischnic vahles [1.1 (0.9-1.4) and 1.0 (0.9-12) pg min'g'), respctively]. In
conclusion, the results ofthis study shows that the selective ETAreceptor antagonist is
only protective ag ist injury within a veay narow
concnrtion. range. Furthannre, the eflects ofBQ123 on both haemodynanis and
ET-i release suggest iat either an acion of Er-i at receptas other ta ErA is
wnmaskedaroBQ123 has partial agonist activity.
J.Cboklwkanaa i a recipient ofan ORS award

idcuannaJ. WaiwrigtC.L,&ZeiinU.(1995).r J P/wmwl. 116,433P.
GroverGJ., Dzwondzyk S,& Param C.S. (1993). Cadiowo. Res27, 1623-1618.
McMurdo L, ThiennamannC,& Vane JR. (1994). Br. J Pwmacol. 112,75-80.
Opgorth, TJ. (l995)Adv.P/wnaol. 33, 1-66.
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22P SEASONAL DIFFERENCES IN THE ACTIONS OF VASOACTIVE AGENTS ON SEGMENTS OF DIGITAL ARTERIES OF
THE FALLOW DEER

B.A. Callingham, R. White, J.A. Scarlett, and G. Brown1,
Departments of Pharmacology and Biochemistry1, University of
Cambridge, Tennis Court Road, Cambridge.
Segments of digital arteries from fallow deer respond to a wide
range of agents, including noradrenaline (NA), phenylephrine
(PHE), 5-hydroxytryptamine (5-HT) and histamine (Scarlett,
1995; Fusi et al., 1995). Digital arteries, collected in the winter,
on mounting in organ baths, were found to be more constricted
than those collected in the summer. A study was thus begun to
determine if seasonal differences might be found in the
responses of these vessel segments to vasoactive drugs.
Fallow deer (Dama dama), kept in open surroundings, were
slaughtered on the farm. Digital arteries from the left foreleg
were dissected, placed in cold aerated physiological salt solution
and transported to the laboratory within 90 min. Eight segments
at a time were mounted separately in organ baths containing
modified Krebs-Henseleit solution at 370 C, aerated with 95%
02 + 5% CO2. The segments were left under a resting tension
of 40 mN for 60 min before application of drugs and recording
of isometric tension. Vessels were collected in January and
February (winter) and May - September (summer).
Table 1. EC5o values for the vasoconstrictor actions of L-
phenylephrine, 5-hydroxytryptamine and noradrenaline on deer
digital arteries collected in winter and in summer

Agonist EC5o summer EC5o winter
(jiM ± s.e.m) (AM ± s.e.m)

L-phenylephrine 2.75 ± 0.49 (8) 0.48 ± 0.13*** (1 1)
5-hydroxytryptamine 1.01 ± 0.16 (8) 0.23 ± 0.11* (5)
L-noradrenaline 1.35 ± 0.27 (8) 0.80 ± 0.11 (13)
* P < 0.05, *** P < 0.001 (unpaired Student's t-test). Figures
in brackets indicate the number of animals.
Arteries collected in the winter were not only more sensitive to

the vasoconstrictor actions ofPHE and 5-HT but they were also
less sensitive to agents known to cause vasodilation. Of 31
winter vessels pre-contracted with PHE, 26 showed no
relaxation to the endothelium-dependent agent, histamine. In
these same vessels, the endothelium-independent agent, sodium
nitroprusside produced a maximum relaxation in tone of only
3.8 ± 1.2%. In the 5 vessels that showed some relaxation to
histamine, sodium nitroprusside produced a significantly greater
relaxation of 47.9 ± 11.2% (P < 0.05).
Comparisons were also made with tension responses of
segments of guinea-pig aorta. When the responses to NA and
PHE were compared with those from winter deer artery
segments, no significant differences in EC5o, Hill coefficient or
normalised maximum responses were seen. The maximum
relaxation produced by sodium nitroprusside of PHE-contracted
vessels was 3.8 ± 1.2% for winter deer artery (n = 5) and
84.8 ± 3.5% (n = 4) for guinea-pig aorta (P < 0.0001). No
detectable relaxation was produced by another nitric oxide
donor, 3-morpholinosydnonimine, in deer artery (n = 4)
compared with 40.9 ± 2.5% relaxation in guinea-pig aorta (n =
4); P < 0.001). A significant difference was also seen when the
effect of forskolin on PHE-contracted vessels was examined.
Maximum relaxation of deer vessels (n = 4) was 28.4 ± 11.5%
compared with 73.9 ± 6.4% in guinea-pig aorta (P < 0.05).
It is possible that fallow deer, in adapting to lower ambient
temperatures in winter, reduce the effectiveness of endothelium-
dependent and -independent vasodilation so as to decrease blood
flow to the limb extremity thereby limiting heat loss.
We thank the owners and staff of Denham Estates, Bury St
Edmunds, for allowing us access to the deer arteries.
Fusi, F., Conforti, L., Scarlett, J.A. & Callingham, B.A.
(1995) Br. J. PharnacoL 116, 414P.
Scarlett, J.A. (1995) PhD Thesis, University of Cambridge



23P 5-HT1-LI]KE RECEPTORS MEDIATING VASOCONSTRICTION IN EQUINE DIGITAL BLOOD VESSELS: EVIDENCE FOR
DIFFERENT RECEPTOR SUBTYPES

S.R. Bailey & J. Elliott, Department of Veterinary Basic Sciences,
Royal Veterinary College, Royal College Street, London NWI OTU
Equine laminitis is a common condition characterised by decreased
perfusion of the sensitive hoof laminae and reperfusion injury. 5-HT
is a very potent vasoconstrictor of equine digital arteries(EDA) and
veins (EDV) which both possess 5-HT1-like and 5-HT2 receptors
mediating vasoconstriction (Weller et al 1994, Bailey and Elliott
1996). We have suggested previously that EDA and EDV 5-HTI-like
receptors may differ on the basis of differing potency and efficacy of
the 5-HTID selective agonist, sumatriptan. Here we examine the
effects of antagonists on EDA and EDV 5-HT1-like receptors.

Rings of EDA and EDV, from a mixed population of healthy adult
horses killed at abattoir, were denuded of their endothelium, prepared
for isometric tension recording and preincubated with pargyline (0.5
mM) and benextramine (0.1 mM) for 30 min before washing. The
contractile response to depolarising Krebs solution (DKS, 118 mM
KCG) was obtained. Cumulative concentration response curves
(CRCs) to 5-HT were then constructed over the concentration range
0.1 nM to 0.1 mM, 30 min after the addition of ketanserin (KET; 0.1
pM), together with yohimbine (YOH; 0.1 -1 pM) and propranolol
(PROP, 0.3 -3 pM). Additional CRCs were constructed for 5-
carboxamidotryptamine (5-CT; 0.1 nM to 0.1 mM) in the presence of
PROP(1 pM) and YOH(1 gM. Increases in tension were expressed
as a percentage of the DKS response, (n=6 for each antagonist).

Table 1 Arteries Veins:
agonist antagonist EClS% (5-HT) or EC5O (5-CT) * apparent ECl5% (5-HT) or EC5O (5-Cr) * apparent

(all 1 pM) control treated pKb value control treated pKb value
5-HT PROP 5.46(4.2-6.8)xlO-9 4.21(3.6-4.8) xIO-"t 6.87 ±0.1 5.43(4.1-6.7) x1O- 8.21(6.1-10.3)xlO-9 not determined
+KET YOH 5.46(4.2-6.8)xlO-9 3.37(2.9-3.8) x10-8t 6.69 ±0.1 2.83(2.1-3.6) xO09 2.32(1.5-3.2) xlO8t 6.93 ±0.l
5-CT PROP 1.67(1.5-1.9)xlO-9 7.35(3.9-10.9)xl1-9 6.49±0.1 1.35(0.7-2.0) x1O- 1.29(0.2-2.4) x109- not determined

YOH 1.67(1.5-l.9)xlO-9 9.54(5.5-13.6)xlO-9' 6.71 ±0.1 1.35(0.7-2.0) xl109 5.88(1.2-l0.5)xlO-9 t 6.34 ±O.2
. significant, ANOVA with Dunnett's companson
* Molar concentration, Geometric mean (95% confidence interval)

The CRCs to both 5-HT (in the presence of 0.1 pM KET) and 5-CT
were biphasic. For both agonists, the first part of the CRC in the
presence and absence of the antagonists were analysed and the
results are shown in Table 1. For 5-HT the antagonism shown was
dose dependent. In the presence of YOH and PROP, the exact
position of the plateau in the 5-HT CRC became difficult to estimate.
The apparent pKb values were therefore calculated from the dose of
5-HT required to give 15% of the DKS response, rather than from
estimates of the EC5O values for 5-HT.
These data support our suggestion that 5-HTl-like receptors found in
EDA and EDV are different subtypes. Both receptors show similar
affinity for yohimbine, the 5-HTID selective antagonist. Yohimbine
also inhibits responses ofEDV to sumatriptan with a similar pKb
value (Weller et al 1994). Propranolol (5-HTIA/B antagonist) has
little or no effect on the EDV, but inhibits the 5-HTl -like responses
in EDA. Our previous studies showing the low potency and efficacy
of 8-hydroxy-2-(N,N-dipropylamine) tetralin (5-HTIA selective
agonist) suggest the EDA 5-HTl-like receptor is not a 5-HTlA
receptor. Equine digital vascular tissue appears to possess at least
two subtypes of 5-HTl -like receptor which can be distinguished by
their affinity for propranolol.

We thank the Home of Rest for Horses for their financial support.

Weller J, Soydan J, Elliott J(1994) Br. J. Pharmacol. 112, 171P
Bailey S.R, Elliott J.(1996) Br. J. Pharmacol (in press).

24P TYROSINE KINASE INHIBITORS REDUCE THE CONTRACTILE RESPONSE OF THE RABBIT ISOLATED RENAL
ARTERY TO 5-HT

P.B. Hill & C.J. Garland, Department of Pharmacology, University
of Bristol, Bristol, BS8 ITD.

5-Hydroxytryptamine-(5-HT) is a potent vasoconstrictor and in
the majority of blood vessels this action is mediated via the
activation of 5HT2 receptors (Van Nueten et al., 1984). However,
in the rabbit renal artery, 5-HT-evoked contraction appears to be
mediated by the 5-HTD-like receptor (Choppin & O'Connor,
1994). Contraction via this receptor requires partial precontraction
of the vessel with an agonist or raised extracellular potassium
chloride. Recent studies in our laboratory have shown that
stimulation of the 5-HTD-like receptor in rabbit mesenteric arteries
leads to activation of phospholipase-D, an effect which in other
systems has been shown to be sensitive to tyrosine kinase inhibitors
(Uings et al., 1993). In this study, we have examined the sensitivity
of the contractile response of rabbit renal artery to tyrosine kinase
inhibitors.

Female New Zealand white rabbits (1.5-2.5kg) were anaesthetised
with an intravenous injection of sodium pentobarbitone
(60mg.kg-') and killed by rapid exsanguination. Isolated segments
(1.5-2mm) of renal artery were denuded of endothelium,
mounted in a Mulvany-Halpern myograph for isometric force
recordings. The tissues were set at a resting tension of lg, and
maintained at 37 'C in oxygenated Krebs buffer. Arterial segments
were stimulated with phenylepherine (I OIuM) to assess the
maximum response of the tissue. The tissues were incubated with
ketanserin (1 FM), prazosin (1 IxM) and different tyrosine kinase
inhibitors (40gM) for 30 min, then precontracted with equimolar-
substituted potassium Krebs buffer (20 mM), prior to cumulative
application of 5-HT (lnM-1OIOM). The effect of the tyrosine
kinase inhibitors on contraction to raised extracellular potassium
(60 mM) was also examined. All 5-HT responses are expressed as
a percentage of maximal phenylepherine contraction ± s. e. mean
and differences calculated using the Students t-test.

The tyrosine kinase inhibitors genistein, and tyrphostins A23 and
A47 caused a significant, non-competitive inhibition of the
response to 5-HT (n=4; P > 0.05). In contrast, the inactive

analogues of genistein and the tyrphostins, daidzein and tyrphostin
Al, respectively, failed to cause any significant reduction of the
response to 5-HT (n=4; P < 0.05 ). Both the active tyrosine kinase
inhibitors and their inactive analogues did cause a significant
inhibition (approximately 19%; n=4; P > 0.05) of contraction to
potassium Krebs buffer (60mM). However, the difference between
the inhibition with the active and inactive analogues was not
significant (n=4; P > 0.05).

Table 1. Effect of Tyrosine kinase inhibitors (40 tLM) and vehicle
(DMSO) on the maximal contraction to 5-HT (10j1M), expressed
as a percentage of the maximal contraction to phenylepherine ±
s.e.mean (n=4).

Compound % Phenylephrine Contraction

Control (DMSO) 65.43 ± 1.83
Genistein 28.59 ± 7.32
Daidzein 62.86 ± 5.28
Tyrphostin A23 28.78 ± 4.78
Tyrphostin A47 43.26 ± 9.16
Tyrphostin A 1 65.63 ± 10.61

Both the active and inactive analogues of the tyrosine kinase
inhibitors depressed contraction to 60 mM potassium Krebs
buffer. However, contraction to 5-HT was depressed selectively by
the active analogues. These results suggest that the contractile
response mediated by 5-HTID-like receptors in the rabbit isolated
renal artery involves activation of a tyrosine kinase-dependent
pathway.

This work was supported by the Wellcome Trust.

Choppin, A. & O'Connor, S. E., (1994) J. Pharm. Ex Ther., 270,
650-655.
Uings, I.J. et al.(1992) Biochem. J. 281. 597-600.
Van Nueten, J.m. et al. (1984) J. Cardiovasc. Pharmacol., 6.
S564-S574.



25P IDENTIFICATION OF A NOVEL FUNCTION FOR THE c6-ADRENOCEPTOR SUBTYPE IN THE RAT KIDNEY:
MEDIATION OF OSMOLAR CLEARANCE

H.D. Intengan & D.D. Smyth, Dept. ofPharmacology & Ther.,
Univ. of Manitoba, Winnipeg, Canada. R3E OW3

Background: Clonidine (aradrenoceptor agonist) increases
free water (prazosin-sensitive) and osmolar clearance
(naltrexone-sensitive) in the rat. This pharmacological disso-
ciation suggested that two sites mediated these effects
(Intengan and Smyth, 1994). Prazosin has selectivity for the
a2b- over other arsubtypes. Thus, the prazosin-insensitive
osmolar response did not involve the a(a-subtype. The a2.- and
a2b-subtypes predominate in the rat kidney. The osmolar effect,
independently ofthe ac-subtype, may involve the a2u-subtype.

Aim: We postulated that stimulation of renal a2b-adrenoceptors
with an a2u-selective agonist (guanfacine) would increase os-
molar clearance in a naltrexone-sensitive/prazosin-insensitive
manner. Moreover, the selective azu-subtype antagonist, RX-
821002, would attenuate the response to guanfacine.

Methods: Seven days following unilateral nephrectomy under
ether anaesthesia, male Sprague-Dawley rats (300±10g) were
anaesthetised (pentobarbitone, 50 mg/kg, i.p.) and surgically
prepared for urine collection (Blandford and Smyth, 1991).
The response to an intrarenal infusion (3.4 pI/min) of 0.9%/. sa-
line (vehicle) or ganfhcine (3.0 nmol/kg/min) was determined.
The ability of pretreatment (i.v.) with naltrexone (3.0 mg/kg),
prazosin (0.15 mg/kg) or RX-821002 (3.0 mg/kg) to attenuate
the response to guanfacine was determined. Six rats were used
per drug treatment group. Data are presented as the mean ±
S.E.M. * denotes p<0.05 versus control.

Resuits: Guanfacine increased urine flow (table 1) by increas-
ing osmolar clearance. These responses were naltrexone-
sensitive, prazosin-insensitive, and RX-821002-sensitive.

C G G/N G/P
UV 33±7 85±8 61 ±14 112±8*
COSM 72 14 116±7 85 ± 16 156 12l
CMO -40 11 -31 8 -24 ± 9 -44 8

C G G/R
UV 36±7 104± 10* 36±7
COSM 79 10 136±7 101 5

C2O -43 ±4 -32 13 -65 7

Table 1. Effects of saline (C) and guanfcine (G) in the pres-
ence and absence of naltrexone (N), prazosin (P), or RX-
821002 (R) on UV (urine flow), Cosm (osmolar clearance) and
CH20 (free water clearance). All units are pl/min.

Conclusion: a2,-Adrenoceptor stimulation increased osmolar
clearance in a naltrexone-sensitive manner. This response was
blocked by a2,-subtype antagonism. These data suggest that
the a2z-adrenoceptor subtype mediates solute hndling.

Blandford, D.E. and Smyth, D.D. (1991) Can. J. Physiol.
Pharmacol. 69, 1196.
Intengan, H.D. and Smyth, D.D. (1994) Can. J. Physiol. Phar-
macol. 725, 562P.

26P DO a,,-ADRENOCEPTORS PLAYA ROLE IN THE EXAGGERATED VASCULAR RESPONSE TO a-AGONISTS IN
EXPERIMENTAL HEART FAILURE?

C. FORSTER & Y. LE TRAN, Department of Pharmacology,
University of Toronto, Toronto, Ontario M5S 1A8, Canada.
Responses of the dorsal pedal artery (DPA) and the saphenous
vein (SV) to a,-adrenoceptor (AR) stimulation are enhanced
following pacing-induced heart failure in the dog and it was
proposed that this was due to activation of differing populations
of a1-AR subtypes (Forster & Armstrong, 1990). Therefore, in
this study, the effect of the a1B-AR alkylating agent,
chloroethylclonidine (CEC) was examined on a-AR induced
contractions of DPA and SV from control, non-paced dogs and
dogs which had been paced to severe heart failure.
Dorsal pedal artery and SV segments were obtained from four
male mongrel control (non-paced) dogs and five dogs which
were paced (right ventricle; 250bpm) to severe heart failure.
Each vessel was cut into 6 rings and denuded of the
endothelium before mounting in organ baths. Once equilibrated,
cumulative concentration-effect curves were constructed to
noradrenaline, methoxamine and phenylephrine (2 rings for
each agonist). The concentration-effect curves were repeated in
the presence ofCEC (104-101M), keeping one ring of each pair
as a control in which no antagonist was added. Curves were
analysed by the logistic equation: Y={(a+d)/[l+(X/c)b]}+d
(Parker & Waud, 1971) and expressed as % maximum response
in the absence of antagonist. The table shows % maximum
response for noradrenaline (mean ± s.e.mean) where *
P<0.05 versus non-paced and A P<0.05 versus no CEC.
The results for CEC against methoxamine and phenylephrine
followed a similar profile to that seen with noradrenaline. These
data show that, in the DPA and SV from dogs without heart

failure, CEC antagonised contractions to the a-agonists.
Moreover, the potency of CEC was greater in the DPA
compared to the SV. In contrast, in vessels from dogs with
severe heart failure, CEC did not inhibit contractions to ct-
agonists in the DPA, whereas it only antagonised the response
in the SV at 104M. Furthermore, at heart failure, lower
concentrations of CEC potentiated the response to a-agonists.
Table 1 Effect of CEC on noradrenaline (NA) contraction.
DORSAL PEDAL ARTERY SAPHENOUS VEIN

non-paced paced non-paced paced
NA no CEC 100 100 100 100
106M CEC 80 4A 125 9*^ 99 13 145 8*A
10-5M CEC 68 8A 124 6*A 104 9 147 9*A
104M CEC 33 3A 82 18* 60 5A 68 13A

These results indicate that, under normal circumstances, the
DPA has a significant population of alB-AR compared to the
SV. At heart failure, the population of a1E-AR, in both DPA
and SV, is negligible implying that a10-AR do not play a role
in the exaggerated response to a-agonists. The potentiation of
the a-agonist response possibly involves an atypical AR which
has been described recently (Daniel et al., 1996).
Supported by The Heart and Stroke Foundation of Ontario
Daniel,E.E., Low A.M., Gaspar, V. et al. (1996) Br. J.
Pharmacol. 117, 1535-1543.
Forster C. & Armstrong, P.W. (1990) J. Cardiovasc.
Pharmacol. 16, 708-718.
Parker, R.B. & Waud, D.R. (1971) J. Pharynacol. Exp. Ther.
177, 1-12.



27P THE a1-ADRENOCEPTORS MEDIATING CONTRACTION OF RAT SMALL MESENTERIC ARTERY ARE DIFFERENT
FROM THOSE MEDIATING PRESSOR RESPONSES IN RAT PERFUSED MESENTERY

W.B. Stam, P.H. Van der Graaf' & P.R. Saxena,
Department of Pharmacology, Erasmus University
Rotterdam. 1LACDR, Leiden, The Netherlands.

a1-Adrenoceptors can be divided into the alH (alA, alB and
xlD-adrenoceptors) and alL classes, which display high and
low affinity, respectively, for prazosin (Ford et al., 1994).
The pressor response to noradrenaline (NA) in the rat
isolated perfused mesentery is mediated by alA-adrenoceptors
(Ford et al., 1996), but in contrast, it was recently suggested
that an alL-adrenoceptor mediates contraction of the rat
isolated small mesenteric artery (SMA, Van der Graaf et al.,
1996). We now present further evidence that none of the
three currently recognised a1H-adrenoceptors play a
significant role in the contraction of rat SMA. SMA's
(internal diameter 100-300sm) from male Wistar rats (225-
300g) were mounted as ring segments in a myograph as
described before (Van der Graaf et al., 1996). Tissues were
calibrated with a single contraction to 30&M 5-
hydroxytryptamine (5-HT). The presence of the endothelium
was then confirmed by the relaxant response to 10M
methacholine. After- a 30min washout period, tissues were
incubated for 60min with antagonist or vehicle and with
30AM cocaine, 6,uM timolol and lOnM SCH-23390 to block
neuronal uptake, B-adrenoceptors and D, receptors,
respectively. Single NA concentration-effect (E/[A]) curves
(n=3-6) were then obtained by cumulative dosing.
NA produced concentration-dependent contractions of SMA's
and the individual E/[A] curves were fitted to the Hill
equation to provide estimates of the midpoint location
(pEC50=5.92±0.11), midpoint slope (nH=3.14±O.5) and
upper asymptote (ai=162±16% compared to the 5-HT
sighter; n=4). Pretreatment (30min incubation, 30min
washout) of the tissues with 10zM chloroethylclonidine
(CEC), a ligand known to inactivate irreversibly CaIB-

adrenoceptors (see Ford et al., 1994), had no significant
effect on the Hill parameters (pEC5o=5.71 ±0.09,
nH=2.51±O.38, a=162±13%, n=3). The alD-adrenoceptor
antagonist, BMY 7378 (Ford et al., 1996), produced parallel
rightward shift of the NA curve only at the two highest
concentrations tested (1 and MIXM). Schild analysis yielded a
slope parameter not different from unity (0.72±0.16,
d.f.=12), thus allowing for the estimation of a pKB value
(6.16±0.13). The selectivea1A-adrenoceptor antagonist, RS-
17053 (10-300nM; Ford et al., 1996), also produced
concentration-dependent, parallel, rightward shifts of the NA
E/[A] curve. Again, the Schild plot slope parameter was not
significantly different from unity (1.14±0.11, d.f.=21) and a
pKB of 8.35±0.10 was estimated.
The lack of effect of CEC and the relatively low potency of
BMY 7378 (pKI for rat cloned ald-adrenoceptors=8.2; Ford
et al.; 1996) and RS-17053 (pKY for alA-adrenoceptors in rat
submaxillary gland=9.1; Ford et al.; 1996) indicate that
none of the three Ci1H-adrenoceptors play a significant role in
mediating contraction of rat SMA. Furthermore, the potency
of RS-17053 in our assay was 35-fold lower than that
reported by Ford et al. (1996) for antagonising pressor
responses to NA in the perfused mesenteric assay (pA2=9.9).
Therefore, our results strongly suggest that the ac-
adrenoceptors operating in the rat SMA and perfsed
mesentery are not identical and call into question the
reliability of the SMA assay as a predictor for al-
adrenoceptor-mediated pressor activity.
Ford, A.P.D.W., Arredondo, N.F., Blue, D.R. et al.
(1996). Mol. Pharmacol., 49, 209-215.
Ford, A.P.D.W., Williams T.J., Blue D.R. & Clarke, D.E.
(1994). Trends Pharmacol. Sci., 15, 167-170.
Van der Graaf P.H., Shankley, N.P., Black, J.W., (1996).
Br. J. Pharmacol., 118, in press.

28P WB4101 DISCRIMINATES BETWEEN SUBTYPES OF a,-ADRENOCEPTOR WITH A LOW AFFINITY FOR PRAZOSIN

R. Chess-Williams, C. Couldwell, A.J. Jackson,
H.L. O'Brien, N. Aston, & D.R. Johnson.
Department of Biomedical Science, University of
Sheffield, Sheffield SlO 2TN.

Three subtypes of a1-adrenoceptor with a high
affinity for prazosin have been cloned (a1 bd)
and the existence of another receptor with' a
relatively lower affinity for prazosin has been
proposed (review: Michel et al., 1995). The
present study examines the affinity of prazosin
at functional al-adrenoceptors in a variety of
tissues.

Rats were pretreated with reserpine (5mgKg-1,
24hr). Rat tissues and guinea-pig aorta were set
up in gassed Krebs-bicarbonate solution at 37 C.
Concentration-response curves to phenylephrine
were constructed in the absence and presence of
prazosin or WB4101 with a 30 min antagonist
equilibration period. All experiments were
performed in the presence of cocaine (10pM),
corticosterone (10uM) and propranolol (1pM).
Control experiments were used to correct for
time-dependent changes in tissue sensitivity.
Affinity values were compared using Students
Newman-Keuls test following ANOVA.

Prazosin had a high affinity (Table 1) on the rat
aorta, spleen and perfused mesenteric bed, the
aorta and mesenteric bed also having a high
affinity for WB4101 compared with the spleen.

The other tissues examined had a relatively lower
affinity for prazosin. Amongst these tissues,

the affinity of WB4101 varied, being highest on
the rat vas deferens, urethra and prostate which
had affinities significantly greater than the
value obtained on the guinea-pig aorta.

Table 1: pKB values (from individual shifts of
curves) and Schild plot slopes for antagonism by
prazosin and WB4101 (re13).

PRAZOSIN WB4101
Tissue pKB sl ope PKB slope

Mesenteric bed 9.4±0.1 1.11 10.1±0.1 0.93
Rat spleen 9.4±0.1 1.19 8.4±0.1 0.91
Rat aorta 9.7±0.1 1.00 9.2±0.1 1.25

Vas deferens 8.6±0.1 0.95 9.4±0.1 1.12
Rat urethra 8.4±0.1 1.05 9.0±0.1 1.08
Rat Prostate 8.7±0.1 0.75 9.2±0.1 0.95
Anococcygeus 8.9±0.1 0.80 8.8±0.1 0.93
Portal vein 8.5±0.1 0.68 8.8±0.1 1.50
Left atria 8.4±0.1* --- 8.5±0.1* 0.70
Guinea-pig aorta 8.2±0.1 0.95 8.4±0.1 1.03

*apparent pK,, Schild slope not unity (P<0.05)

These results suggest that two receptors with a
low affinity for prazosin can be Identified using
WB4101.

Michel et al., (1995) Naunyn-Schmiedeb. Arch.
Pharmacol., 352, 1-10.



29P EFFECTS OF CENTRAL AND PERIPHERAL CHOLINERGIC DRUGS ON LOCOMOTOR ACTIVITY AND L-DOPA-
INDUCED DYSKINESIA IN MPTP-TREATED COMMON MARMOSETS (CALLITHRIX JACCHUS)

T. Banerji, R.K.B. Pearce, S. Tresedar, MJ. Jackson, P.
Jenner & C.D. Marsden, Neurodegenerative Diseases
Research Centre Pharmacology Group, King's College,
London SW3 6Lk, UK.

The common marmoset shows parkinsonian motor disability
following acute 1-methyl-4-phenyl-1 ,2,3,6-tetrahydropyridine
(MP'TP) exposure and cfevelojs d-yskinesias during chronic L-
DOPA dosing (Pearce et at, 1995). We have previously
reported the effects of cholinergic drugs, alone and in
combination with L-DOPA on locomotor activity, parkinsonian
disability and dyskinesias. We now use cholinergic drugs
which only act peripherally to distinguish between the central
and peripheral effects of these drugs.

Animals (n=12) were divided into 3 groups: naive controls;
MPTP-treated; MI~1P-treated and L-DOPA-primed for 26 days
to induce dyskinesias. Each group received scopolamine and
the peripherally acting methylscopolanine at 1 and 0.3
mg/kg sc. and physostigmine at 0.2 mg/kg sc and the
peripherally acting neosti *ne at 0.05 0.07 and 0.1 mg/kg
sc. consecutively. The L- PA- rims group also received a
combination of each expmental drug with carbidopa and L-
DOPA each at 12.5 mg/kg po.. Activity levels were monitored
in locomotor cages. Dsability was scored (0=normal to
10=severely parkmsonian) andf dyskinesias were rated as
previously described (Pearce et al., 1995).

L-DOPA was highly effective and scopolamine moderately
effective in reversing MPTP-induced akinesia. Physostigmine
reduced locomotor activity below baseline levels. Neostignune
and methylscopolamine had no effects on basal activity.
Physostigmine administered with L-DOPA almost abolished
the locomotor effects of L-DOPA whereas neostigmine when
administered with L-DOPA had no effect (Figure).
Scopolamine and methylscopolamine both antagonised the
peak effect of L-DPA, causing a substantial reduction in
maximal activity while prolonging the period of enhanced
locomotor activity. The cholinergic drugs alone had no effect
on parkinsonian disability in MPTP-treated animals. L-DOPA,
and each of the cholinergic drugs, alone and in combination
with L-DOPA reduced parkinsonian disability in the L-DOPA-

primed group. There was no additive effect of coadministering
cholinergic drugs with L-DOPA. In this group, L-DOPA
administration produced marked dyskinesia whereas
physostignuine and neostigmine produced7 negligible levels of
ays nesia. Scopolamine alone induced high levels of
predominantly choreiform dyskinesia while
methylscopolamine produced none. In combination with L-
DOPA, neostignuine and methylscopolamine had no effect on
type or intensity of L-DOPA-induced dyskinesia but
pliysostignune caused a reduction in the proportion of chorea
and scopolamine tended to exacerbate chorea.

These results suggest that procholinergic drugs abolish the
locomotor effects of L-DOPA by a central mechanism. In
contrast anticholinergic drugs probably antagonise the action
of L-DC5PA by a penpheral action. Cholinergic manipulation
of dyskinesia must be centrally mediated as peripherally acting
agents have no effect.

Pearce R.K.B., Jackson M.J., Smith L.A. et al (1995) Mov. Disord
10:731-740.
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30p L-745,870 (3-{[4-(4-CHLORO-PHENYL)PIPERAZN-1-YLJMETHYL)-lH-PYRROLO[23-B]PYRIDINE):
A HIGH AFFINiTY AND SELECTIVE DOPAMINE D4 RECEPTOR ANTAGONIST

Smita Patel, Shil Patel, R. Marwood, A. E. Fletcher, J. Kulagowski,
C. I. Ragan, P. D. Leeson and S. B. Freedman. Dept.
Biochemistry/Molecular Biology, Neuroscience Research Centre,
Merck Sharp & Dohme, Terlings Park, Harlow, Essex, CM20 2QR.

The atypical antipsychotic clozapine shows 15 fold selectivity for
the human D4 over D2 dopamine receptors (Van Tol et al, 1991)
implicating that D4 rather than D2 receptor antagonism results in
its antipsychotic effect. Until recently there has been a lack of
highly selective D4 compounds with which to evaluate the role of
D4 receptors in the brain. We here report the biological profile of
L-745,870 which displays high affinity and selectivity for the
dopamine D4 receptor.
ClHI Spiperone binding and adenylate cyclase studies in chinese
hamster ovary (CHO) and human embryonic kidney (HEK) cells
stably expressing human dopamine receptors were performed
according to Freedman et al, 1994. For in vivo sigma binding,
mice were injected with drug/saline 40min prior to i.v.
administration of [3H] SKF 10,047. 20min later, mice were killed
and brain membranes prepared using Tris HCI (pH7.4, 0C) and
an aliquot filtered through GFIB filters to determine the bound
fraction. Non specific binding was determined using 3mg/kg
haloperidol s.c. Dopamine metabolism studies were performed
according to Bristow et al, 1993. The effect of L-745,870 (0.01-
1Omg/kg) on rat plasma prolactin levels was determined by
radloimmunoassay (TRK432, Amersham,U.K) 30min following
oral administration.
L-745,870 displayed an improved D4 receptor binding profile
compared to clozapine and haloperidol with subnanomolar affinity
and >2,000 fold selectivity over hD2 and hD3 receptors (Tablel).
In adenylate cyclase studies dopamine (1tiM) inhibited forskolin

Table 1. Dopamine receptor selectivity of L-745,870.
Ki (nM) values are geometric means of at least 4 separate experiments and values in parenheses are the low and hg errors of this mean.

Compound hD2CHO hD3 HEK hD4 HEK D21D4
Ki nM Ki nM KI nM selectvt

L-745,870 860 (680;1 100) 2,300 (1800;2800) 0.43 (0.28;0.66) 2,000
Clozapine 74 (65;83) 200 (180;220) 10( 5.8;19) 7.4
Haloperidol 1.4 (1.1;1.8) 2.0 (0.95;4.2) 2.3 (1.9;2.9) 0.61

(10 iM) stimulated cAMP levels (from 0.45 to 10.8±0.81 pmoles
cAMP per well) by 46%. L-745,870 (1ILM) had no agonist activity
but exhibited D4 receptor antagonist activity by antagonising the
dopamine response at I0OnM . The weak affinity of L-745,870 for
sigma receptors (IC, 0.15jiM) was used to determine its brain
penetration and estimate occupancy of central D4 receptors. L-
745,870 (0.1-10mg/kg p.o.) inhibited in vivo binding of [3H] SKF
10,047 to mouse brain (ED, 3 mg/kg p.o.). Since brain
concentration of L-745,870 by HPLC analysis was proportional
over the dose range 30-10000ILg/kg p.o, the dose required to
provide 50% occupancy of central D4 receptors was projected to
be 8.6pg/kg p.o. L-745,870 (10mg/kg p.o.)had no effect on rat
plasma prolactin levels and had no effect (30mg/kg p.o.) on
dopamine metabolism in the mouse striatum or nucleus
accumbens.
In conclusion, the lack of effect with L-745,870 on dopamine

metabolism or plasma prolactin levels at doses which exceeded
the estimated dose required for D4 receptor occupancy, suggest
that the efffect of neuroleptics on these neurochemical responses
results from D2 and/or D3 receptor antagonism. Indeed, D4
receptor antagonism in man is unlikely to result in galactorrhea.
Compounds such as L-745,870 will prove useful in identifying the
role of D4 receptors in brain function.

Freedman, S.B., Patel, S., Marwood, R., et a/, (1994) J.
Pharmacol. Exp.Ther., 268, 417-426.
Bristow, L., Hutson, P., Thom, L., et al, (1993) Brit. J. Pharmacol.,
108,1156-1163.
Van Tol, H.H.M., Bunzow, J.R., Guan, H-C., et al, (1991) Nature.,
350,610-614



31 P INFLUENCE OF CANNABINOIDS ON DOPAMINE RELEASE AND cAMP GENERATION IN THE RAT STRIATUM

A.K. Cadogan, E.A. Boyd*, S.P.H. Alexander and DA Kendall.
Department of Physiology and Pharmacology, Queen's
Medical Centre, and *Department of Pharmaceutical
Sciences, University Park, Nottingham NG7 2UH.

Previous pharmacological studies have established not only
the presence of central cannabinoid receptors (CB1), in areas
such as the cerebellum and the striatum, but also their
functional coupling to the inhibition of adenylyl cyclase and
the isolation of anandamide as a putative endogenous ligand
for the CBi receptor (Howlett, 1995). Inhibition of adenylyl
cyclase and neurotransmitter release has been difficult to
demonstrate in some brain areas (Cadogan et aL, 1995). But
in the striatum there is evidence to suggest that the CBi
receptors are associated with dopamine receptors and may
exert an influence over dopamine release via inhibition of
adenylyl cyclase (Bidaut-Russell & Howlett, 1991). Therefore
in the present study, the effects of cannabinoid ligands on
forskolin-stimulated cAMP levels in rat striatal slices were
investigated. Subsequently the effects of these agents on
direct dopamine release in rat striatal slices were also
investigated .

Accumulation of forskolin-stimulated I3H~cAMP was
monitored in rat striatal slices labelled with I3Hladenine as
previously described (Alexander, 1995). Data (means ±
s.e.mean) were expressed as a percentage conversion from the
total 13H1 adenine from at least three separate experiments.
Using a superfusion apparatus 13Hldopamine pre-labelled rat
striatal slices underwent two periods of electrical stimulation
(biphasic pulses of lOOmA at 0.5 Hz for 3 mins) with the
results expressed as a ratio of the two stimulations (S2/Sl).

Basal accumulation of [3H~cAMP in rat striatal slices was 0.19
± 0.01 %conversion. Forskolin (lOuM) stimulated a
significant increase in 13H~cAMP accumulation (1.9 ± 0.18%
p<O.Ol Student's t-test n=4) which was signifcantly reduced in
the presence of both the cannabinoid agonists, CP 55,940
(lM) and anandamide (lOO1 M) (1.2 ± 0.06, 1.2 ± 0.08

respectively p<0.05 Student's t-test n=4) (Howlett, 1995). The
significant reductions in the forskolin-stimulated [3H~cAMP
accumulation seen with both CP 55,940 and anandamide were
reversed in the presence of the the cannabinoid antagonist,
SR141716 (i1iM) (1.6 ± 0.19 and 1.8 ± 0.12 respectively)
(Howlett, 1995).

Electrical stimulation of [3Hldopamine pre-labelled striatal
slices gave a S2/S1 ratio of 87.2 ± 9.5% (n=5) which was
significantly reduced in the presence of CP 55,940 (1pM (45.8 ±
6.2 % p<0.05 Student's t-test n=5) and reversed in the presence
of SR 141716 (79.4 ± 7.2% n=5). SR 141716 had no effect on
electrically-evoked dopamine overflow in striatal slices as
compared to control conditions (control, 105 ± 12% and SR
141716,91 ± 18 % n=3).

These data indicate that the CB1 receptors in rat striatum are
negatively linked to adenylyl cyclase and dopamine release.
The observation that the CB 1 receptor may influence
dopamine release in the striatum suggests that cannabinoids
play a modulatory role in dopaminergic neuronal pathways.

We gratefully acknowledge the MRC for financial support and
Pfizer and Sanofl for donation of compounds.

Alexander S.P.H. (1995) in Signal Transduction Protocols ed.
Kendall D.A. & Hill S.J. pp 79-91. Humana Press, New Jersey,
USA.
Bidaut-Russell M. & Howlett A.C. (1991). J. Neurochem. 57,
1769-1773.
Cadogan A.K. et aL (1995). Brit J. Pharmacol., 117, 316P.
Howlett A.C. (1995). Annu. Rev. Pharmacol. Toxicol. 35, 607-
634.

32P SH-SY5Y CELLS EXPRESS sst2 SOMATOSTATIN RECEPTORS

A.Yeo, & G.Henderson, Department of Pharmacology,
University of Bristol, University Walk, Bristol, BS8 1TD.

We have previously demonstrated that in the human
neuroblastoma cell line SH-SY5Y, in the presence of carbachol,
&- and g-opioid receptor agonists mobilize Ca2+ from
thapsigargin-sensitive intracellular stores in a pertussis toxin-
sensitive manner (Connor & Henderson 1996). Somatostatin
also evokes a PTX-sensitive elevation of the intracellular Ca2+
concentration ([Ca2+]i) in these cells in the presence of carbachol
(Connor et al., 1996). Here we have characterized the type of
somatostatin receptor present on these cells, and examined the
mechanism by which somatostatin elevates [Ca2+]1.

Intracellular [Ca2+Ij was measured in confluent monolayers of
undifferentiated SH-SY5Y using Fura 2 as described previously
(Connor & Henderson 1996). Data are presented as mean ±
s.e.m. from 3-11 experiments.

Carbachol (lgM) caused an elevation of [Ca2+]i which then
declined to a plateau level in the continuous presence of the drug.
In the presence of carbachol somatostatin (0.1-300nM), BIM-
23027 (0.01-lOOOnM) a sst2 receptor preferring agonist and L-
362855 (.01-lO tM) a Sst5 receptor preferring agonist, all
increased [Ca2+]i in a concentration-dependent manner. The
concentration response curves were approximately parallel with
the same maximum elevations (Connor et al., 1996). EC5O
values are given in Table 1. BIM-23056 (0.0l-10tM), a sst3
receptor selective agonist, did not elevate [Ca2+]i in the presence
of carbachol. In addition, at 1ltM BIM-23056 did not antagonise
somatostatin (lOnM). The relative agonist potencies compare
well with the values obtained for these compounds using
recombinant sst2 receptors (Castro et al., 1996; Raynor et al.,
1993), and suggest that SH-SY5Y cells express sst2 receptors.

Table 1. Relative potencies of somatostatin analogues to elevate
[Ca +]i in SH-SY5Y cells

EC50 (nM) relative potency
Somatostatin+ 6 ± 2 1.0
BIM-23027 2.4 ± 0.7 0.4
L-362855 452± 198 75.3
BIM-23056 - >1000
+ From Connor et al 1996.

The elevation of [Ca2+]i by somatostatin (lOOnM) in the absence
of extracellular Ca2+ was 98 ± 9.8% of that seen in the presence
of 2.5mM extracellular Ca2+. Thapsigargin, an inhibitor of the
sarcoplasmic reticulum Ca2+-ATPase, promotes the emptying of
intracellular Ca2+ stores. When cells were exposed to lOOnM
thapsigargin there was a gradual increase of [Ca2+]j from 85 ±
9nM to 375 ± 84nM. After 10 min exposure to thapsigargin,
somatostatin (l00nM) in the presence of carbachol (1mM) did
not evoke a further elevation of [Ca2+]i. Application of
maitotoxin (2ng.ml-1), an agent which promotes Ca2+ influx
across the plasma membrane, elevated [Ca2+]i from 71 ± 12nM
to 288 ± 18nM. Application of somatostatin (l00nM) in the
presence of maitotoxin failed to evoke a further rise in [Ca2+]i.
These data suggest that the elevation of [Ca2+]i by somatostatin
may be due to Ca2+ release from thapsigargin-sensitive
intracellular stores, not Ca2+ entry across the plasma membrane.

Castro,S.W. et al (1996) Br. J. Pharmacol. 117, 639-646.
Connor, M.A., & Henderson, G. (1996) Br. J. Pharmacol. 117,
333-340
Connor,M.A. et al (1996) Br. J. Pharmacol. 117, 1 1P.
Raynor,K. et al (1993) Mol. Pharm. 43, 838-844.



33P NHIBITION OF NITRIC OXIDE SYNTHASE POTENTIATES NMDA-EVOKED DOPAMINE RELEASE IN RAT
STRIATUM BOTH IN VITRO AND IN VIVO

S. Rose M.T Silva, J.G. Hindmarsh, C.-K. Wong, P. Jenner
and C.b. Marsden. Neurodegenerative Diseases Research
Centre, Pharmacology Group, King's College London, UK.
The role of nitric oxide (NO), formed following N-methyl-D-
aspartate (NMDA) receptor stimulation (Garthwaife et al, 1989),
in the striatum is controversial. In vitro evidence suests that
inhibition of NO synthase (NOS) inhibits §29-evoked
dopamine (DA) release (Hanbauer et al, 1992), however in vivo
experiments find the opposite to be true (Rose et al, I9§4). To
clarify this controversy we report the effect of ihibition of
NOS on NMDA-evoke DA release both in vitro and in vivo.

Wmvito xpes:Striatal slices (300)m) were prepared and
incuwibated-wit- M-DA (12.5M or 3D mm) in Krebs
bicrbonate bufer co taimng line (25pI), Slices werewarhed i Krebs and supertisedat 25O LlIn in chambers at
37 C. After Jh, fractions Qt superfusate were collected even5*n. Followig detemunati n of basalH-PA relkase, NMDAw corporatedrn the Krebsfor2 racons (SIstiiu1ation) followed by 4 fractions of Krebs p '-nitro-L-
arnine methy1 ester (L-NAME or N -nitro-D-r nine meg1yl ester (DINAM-1U VpM) were then

ttc for tractis alone, or 2 tions co ination
fracion alDA (In RhA stimulation)foledb a rther 4

fnwas measured i t ion and in
the tissue at the end of te experiment by liquid scintillation
spectroscopy. Micro ialy is probes were
implanted n the srm ot c orl hydrate anaesthetised maleWistar rats and persed and stimulated with A as
previousl esi se etR L-NAM , -nitro
indazole NaL(7-NINA). -arginine (L-
ARG), 7-NINA+L-AR orL- Galone (all at mM) wereiricludd in the A for Ih before, during and or 40mm
after the S2N stimulation. DA levels were measure by
h.p.l.c. The efect of inhibition of NOS was determined by
comparing the S2/S ratio to NMDA alone or in the presence of

NMDA increased DA efflux both in vivo and in vitro. L-NAME
and 7-NINA increased the S2/S I ratio in vivo (Figure). These
effects were not seen with D-NAME, and were prevented by co-
perfusion with L-ARG re. L-ARG alone had no effect on
the S2/S I ratio. L-NAE(5O0UM but not l00,M) increased
the S2/S I ratio in vitro (0.87±0.05 and 0.77±0.04 compared to

0.61±0.04 and 0.76±0.08 for D-NAME, 500 and 100p±M
respectively; p<0.05 paired t-test), n&6

2.0 * *
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EPiure The effect of 7-NINA and L-NAME on NMDA-evoked
DA release in the rat striatum. * 0.05 compared to control; +
p<0.05 compared to NOS inhibitor alone (Newman-Keul's test;
n=6-9).
Inhibition of NOS potentiates NMDA-evoked dopamiine release
both in vivo and in vitro in the rat striatum sugesting that NO
has an inhibitory effect on NMDA-evoked DA release. This
inhibition may be due to a negative feedback effect of NO on the
NMDA-receptor (Lei et al., 1992). Methodological differences
may explain the different effect seen in vitro in this study
compared to that of Hanbauer etal (1992).
Garthwaite, J., Garthwaite, G., Palmer, R.M.J et al. (1989)
Eur. J. Pharmacol. 172: 412-416.
Hanbauer, I., Osawa, Y., Edelman, E.M. et al . (1992)
Neuroreport 3: 409-412.
Rose, S., Hindmarsh, J.G., & Jenner, P. (1994) Br. J.
Pharmacol. 111: 59P.
Lei S Z Pan, Z., Aggaral, S.K. et al. (1992) Neuron
8:1687-1699.

34P DO DIFFERING LEVELS OF THE VOLTAGE DEPENDENCE OF NMDA OPEN CHANNEL-BLOCKERS AFFECT THEIR
IN VIVO ACTIONS ON SPINAL NEURONES IN ANAESTHTISED RATS?

M.W. Jones, M. McClean & P.M. Headley, Dept of Physiology,
School ofMedical Sciences, University of Bristol, BS8 ITD.

Uncompetitive NMDA antagonists show differing degrees of
voltage dependence in vitro, but the extent to which this affects
their actions in Wvo is not established. We have now compared the
effects of 3 channel-blocking NMDA antags, ketaniine (KET),
memantine (MEM) and MK801, on responses of spinal neurones.

In a-chloralose anaesthetised male Wistar rats (280-350g), extra-
cellular action potentials were recorded from dorsal horn neurones
(in 24 spinalised rats) or from hindlimb flexor muscle single motor
units (SMU; in 9 spinalised and 22 sham-spinalised rats).
Responses were elicited in 3-4min cycles of microiontophoretic
NMDA/AMPA (40 s) or pinch (15 s, 1.1-2.5N over 16nmm2).
Ejection/stimulus intensities were chosen to evoke paired 'lower'
and 'higher' spike discharge frequency responses in each cycle.
Antagonists were given in cumulative doses i.v. Effects are
expressed as % ofthe last three pre-drug control responses (mean ±
s.e.m.); statistical analysis was by the Wilcoxon matched pairs test
where n.6 or the Mann-Whitney U test where n<6.

In all cases, lower frequency responses were reduced more than
higher frequency responses, but the magnitude ofthe difference
varied between antagonists. With NMDA responses, doses of
MEM (6.3±2.0, n=6), KET (1.3±0.3, n412) and MK801 (0.1±0.0
mg/kg, n=5) that reduced lower frequency responses (17±1
spikes/s) to similar levels (to 21±4%, 20±4% and 23±4% control)
were less effective on higher frequency responses (51±1 spikes/s;
reduced to 67±7/o, 55±4% and 39±9% control); the differences
were significant (p<0.05) forMEM and KET but not for MK801.

With SMU nociceptive reflex responses in sham spinalised animals,
doses ofMEM (32±0.0, n=6), KET (3.4±0.1, n=1 1) and MK8O1
(1.5±0.2 mg/kg i.v., n=5) that reduced lower frequency (17±1
spikes/s) responses to about 10% control (7.3±2, 9.9±2, and
12±1%) again had siificatly less (p<0.05) effect on higher
frequency (29±1 spikes/s) responses (reductions to 76±7, 64±6 and
40±9% control). The reductions byMEM and KET were more
dependent on response amplitude than were those by MK801.
With SMU responses in spinalised animals, doses ofMEM (19±5,
n=6) and KET (4.1±0.8 mg/kg i.v., n=9) tha reduced lower
frequency (17±2 spikes/s) responses to about 10% control (8±1 and
10±2%) again had significantly less (p<0.05) effect on higher
frequency (27±2 spikes/s) nociceptive responses (reductions to
60±10 and 64±3% control).

The results show hat MIM, KET and MK8O1 were variably
dependent on response firing frequency. The reduction of
responses byMEM was most, and th byMK801 least affected by
increasing spike discharge rate during responses. This matches
with the known greater voltage dependence ofMEM and KET vs.
MK801 channel block (Parsons et al., 1993). We consequently
suggest that the varied in vitro voltage dependence ofthese 3
NMDA channel-blockers does have correlates in vi. This may in
turn contribute to the clinical advantages ofmemantine over drugs
like ketamine.

Supported by the MRC and Merz + Co.

Parsons, C.G., Gruner, R., Rozental, J., Millar, J. & Lodge, D.
(1993) Neuropharmacology 32, 1337-1350.



35P CHARACTERISATION OF THE BINDING OF [3H]-NOCICEPTIN IN THE GUINEA-PIG

S.J. Paterson' & A.T. McKnight2. 'Department of
Pharmacology, UMDS, St. Thomas's Hospital, London SEI
7EK 2Parke-Davis Neuroscience Research Centre,
Addenbrookes Hospital Site, Hills Rd., Cambridge CB2 2QB.

A novel basic peptide, isolated from rat brain, termed nociceptin
or orphanin FQ (Meunier el al., 1995; Reinscheid et al., 1985)
has been found to be an endogenous ligand for the ORL,
receptor which displays a hi level of homology to the cloned
opioid receptors. [H]-nociceptin is now available and we have
investigated the binding of [3H]-nociceptin in the guinea-pig and
compared the binding with that found with ligands selective for
each ofthe j, 6 and ic-opioid binding sites.

Washed membranes were prepared from the brain, cerebellum
and a number of other tissues from male Dunkin-Hartley
guinea-pigs in 50mM Tris.HCI(pH 7.4XKosterlitz et al., 1981).
Homogenates were incubated with tritiated ligands for 60 mi
at 25C in a final volume of Iml. Samples were filtered over
GF/B filter which were pre-soaked with 1% polyethyleneimine
and washed with ice-cold Tris.HCI. Non-specific binding was
determined with 1OOnM unlabelled nociceptin. [3i{-
Brenazocine, [3HJ-[D-Ala2,MePhe',Gly-ol5]enkephalin
(DAGO), [3H]-naltrindole and [3H]-CI-977 were used to label
the opioid sites and non-specific binding was defined with hI M
naloxone.

In homogenates of guinea-pig brain, [3H]-nociceptin labels a
single population of binding sites with a KD of 0. 134±0.03nM

and a binding capacity of 9.78±1.9 pmol.gl (n-3). The bindisg
capacity of the universal opioid li eazocine was
14.2±1.51 pmol.g4 whereas those of [3H]-DAGO (tt), [3H]-
naltrindole (8) and [3H]-CI-977 (k) were between 3.3 and 4.94
pmol.g'. Binding of [3H]_-nocieptin was also fond in the
cerebellum, retina, spinal cord and Nyoteric ple but not in
the kidney, lungs, adrenals and spleen.

Although nociceptin has some affinity for opioid binding sites,
[3H]-nociceptin was not labelling opioid sites as the binding of
0. nM [3H]-nociceptin was not displaced by the opioid
antagonists diprenorphine, naloxone or naltrexone at a
concentration of IoM.

The results indicate that [3H]-nociceptin labels a unique
population of binding sites in tissues of neural origin. Despite
the similarity in the structure of the ORLI receptor and the
cloned opioid receptors, it is unlikely that the sites labelied by
nociceptin represent a subtype of opioid receptor as the binding
is not displaced by classical opioid ligands and the binding
capacity is greater than that of any of the p-, 8- or Yc-opioid
sites.

Kosterlitz, H.W., Paterson, S.J. & Robson, L.E.. (1981). Br. J.
Pharmacol. 73, 939-949.
Meunier, J.-C., Mollereau, C., Toll, L. et al. (1995). Nature
377, 532-535.
Reinscheild, RK., Nothacker, H.-P., Bourson, A. et al. (1995).
Science 270, 792-794.

36P CHARACTERISATION OF THE RESPONSE IN THE RAT VAS DEFERENS TO THE ORL1 AGONIST NOCICEPTIN

J.R.Nicholson, S.J. Paterson' & A.T. McKnight, Parke-Davis
Neuroscience Research Centre, Cambridge University Forvie Site,
Robinson Way, Cambridge CB2 2QB. 'Dept. of Pharmacology, UMDS,
St. Thomas' Hospital. London SEI 7EH.

Nociceptin (or Orphanin FQ) is the recently isolated endogenous ligand
of the ORL, receptor. ORL, transcripts are present in various regions
of the CNS, and are also found in some peripheral tissues including the
rat vas deferens (RVD) (Meunier et d., 1995; Reinscheid et al., 1995).

We have tested for the presence of a functional ORL, receptor in the
RVD using preparations from Hooded Lister rats (-250g) mounted in
3 ml silanised glass organ baths containing modified Krebs solution
(1.25 mM CaCl2, 0.6 mM MgS04) at 370C. The tissues were
electrically stimulated with 5 x 0.5 ms pulses at 10 Hz every 20
seconds at supramaximal voltage (-70 mA). Values for IC,0 are
presented as mean (with range); those for apparent pKB and pK, are
given as mean + s.e.mean.

Cumulative administration ofnociceptin to electrically stimulated RVD
produced a concentration-dependent decrease in tissue contraction with
an IC,0 of 18.21 nM (13.58-20.48, n=6) and an E,. ,of 92.44i1.16%.
This was qualitatively similar to the response obtained with P,,-
endorphin, where the IC,0 was 7.88 nM (6.99-9.24, n=6) and an E,,,,.
of 94.94±0.87/o. The response to nociceptin could not be antagonised
by naloxone up to 3 pM. As expected, the response to P-endorphin
was competitively antagonised by naloxone with an apparent pKB of
8.28±0.01 (n=3), suggesting an action at the p-opioid receptor.

Addition of peptidase inhibitors (30 FM amastatin, bestatin, captopril
and phosphoramidon) increased the potency of nociceptin as an agonist
4-fold (IC50 4.90 nM, 3.48-7.29, n=6), indicating that nociceptin was
sensitive to peptidases in the RVD. The P-endorphin response,

however, was unaffected by the peptidase inhibitors.

The response to nociceptin could not be antagonised by diprenorphine,
CI-977, meptazinol, naltrexone or naltrindole, all at 3 piM, or the
irreversible opioid receptor alkylating agent P-CNA (30, 100 or 300
nM, using incubation periods up to 90 minutes). However, addition
of the opioid ligands bremazocine, Win 44441, MR 2266 and
naloxone benzoylhydrazone at high concentrations (1-15 pM) was able
to antagonise the nociceptin-induced response (apparent pK, values of
5.69"0.06, 5.75±0.24, 5.16±0.05 and 5.77*0.28 respectively, n-4-6).

Electrically-evoked contractions of rabbit vas deferens were tested in
a similar manner and were also found to be inhibited by nociceptin;
in the presence of peptidase inhibitors the ICSO was 3.37 nM (1.2-7.5,
n=3). This response was not antagonised by 3 FM naltrexone or 300
nM of the classical K-opioid receptor antagonist norbinaltorphimine.

In binding experiments in guinea-pig brain membranes (Kosterlitz et
al. 1981) nociceptin had some affinity for g- and c-binding sites (pKY
6.59±0.051 and 6.55±0.156 against 1 nM ['HI-DAGO and 0. 2SnM
['HJ-CI-977 respectively, n=3). The lack of effect of classical opioid
antagonists naloxone or naltrexone against the response to nociceptin
in the vasa deferentia, however, excludes an interaction with the A- or
K-receptor in the mediation of the opioid-like action of nociceptin we
have described; rather the effect may be via an endogenously
expressed ORL, receptor.

Kosterlitz, H.W., Paterson, S.J. & Robson, L.E. (1981). Br. J
Phanmacol. 73, 939-949
Meunier, J-C., Mollereau, C., Toll, L. et al. (1995) Nature 377, 532-
535.
Reinscheid, R.K., Nothacker, H-P., Bourson, A. et al. (1995) Science
270, 792-794.



37P INCREASED EXCITABILITY OF DAMAGED RAT SENSORY NEURONES INVOLVES ALTERED COUPLING BETWEEN
CALCRJM CHANNELS AND ADRENOCEPTORS

F.A. Abdulla & P.A. Smith. Dept. of Pharmacology,
University of Alberta, Edmonton, T6G 2H7, Canada.

Adrenergic mechanisms contribute to chronic pain syndromes
that follow peripheral nerve damage. Following injury,
sympathetic fibres sprout into dorsal root ganglia (DRG,
McLachlan et al. 1993) where they activate ectopic excitatory
a-adrenoceptors. We sought to elucidate the mechanism(s) of
noradrenaline(NA)-induced activity in axotomized rat DRG
cells. The sciatic nerve of male rats (120-170g) was sectioned
and a 10 mm segment removed to prevent regeneration. The
extent of autotomy (foot mutilation) was scored according to
Wall et al (1979). After 2-7 weeks, DRG cells were
dissociated and A-, H- and C-cells examined by whole-cell
recording. The excitability of A-, H- or C-cells from control
animals was unchanged by NA (10-l00tiM) whereas it was
increased in 2/15 A-, 6/13 H- and 11/18 C-cells from
axotomized rats. In cells from rats that exhibited autotomy,
excitability was increased in 10/15 A-, 9/12 H- and 14/16 C-
cells. NA (10piM) potentiated Ic< in control C-cells (12/14) by
34.5±2.4% and in H-cells (7/13) by 18.5±2.8%. The effect of
NA on Ic in axotomized cells was opposite to that seen in
controls. Thus, NA decreased the current in 3/12 A-cells by
19.9±2.6%, in 11/12 H-cells by 26.5±2.0% and in 13/13 C-
cells by 29.8±2.0%. In cells from rats that exhibited
autotomy, NA reduced Ic of 8/12 A-cells by 29.2±2.2%,
12/12 H-cell by 34.8±2.5% and 13/13 C-cells by 36.4±2.0%.
NA (lOpM) reduced only the Ca2'-sensitive portion of
outward K+-current (n-i 1-14). It therefore increased
excitability by affecting Ca2'-activated K' conductance(s) as

a consequence of its action on I<. Differences between the
control and axotomy groups were significant (P<0.01; X2 or
Student's t-test). In control cells, the NA-induced potentiation
of I6 was occluded by 21iM nifedipine (n=5 or 9), blocked
by 1 pM propranolol (n>3) and mimicked by 10pM
isoprenaline (n>4). a-adrenoceptor agonists and antagonists
were ineffective. .By contrast, the effects of NA on repetitive
discharge and Ice in cells from axotomized rats were blocked
by 1pM yohimbine (n-2-4) and were mimicked by 10pM
clonidine (in 2/6 C- and 1/4 H-cells) and by 10pM
U.K.14,304 (in 3/6 C-, 2/4 H- and 1/3 A-cells). The effects
of NA in cells from axotomized rats were insensitive to
prazosin and propranolol (up to 10 pM) and were not
mimicked by isoprenaline. Suppression of I6was occluded by
1pM w-conotoxin GVIA (n-3-10). NA therefore affects (-
adrenoceptors to increase L-type I6 in control neurones and
acts on c2-adrenoceptors to suppress N-type Ic and increase
excitability in axotomized neurones. This change in coupling
between Ca2+-channels and adrenoceptors may underlie the
ectopic activity in injured sensory nerves that may contribute
to chronic pain. This is supported by the observation that NA
is more effective in animals that exhibit autotomy and in C-
cells that normally trWamit nociceptive information.
Supported by Alberta Paraplegic and R. Hansen Foundations
and the Pharmacological Society and MRC of Canada.

McLachlan, E.M., Janig, W., Devor, M. et al. (1993) Nature
363, 543-546.
Wall, P.D., Scadding, J.W. & Tomkiewicz, M.M. (1979) Pain
6, 175-182.

38P SYNERGISTIC SUPPRESSION OF EXTRACELLULAR NORADRENALINE CONTENT IN THE RAT FOREBRAIN BY
SODIUM PENTOBARBITONE AND a2-ADRENOCEPTOR AGONISTS

J. W. Dalley, C. A. Parker, A. L. Hudson & D. J. Nutt,
Psychopharmacology Unit, School of Medical Sciences, University
Walk, Bristol BS8 1TD.

Selective aradrenoceptor agonists produce a marked reduction in
barbiturate (Mason & Angel, 1983) and volatile ()evcic et aL,
1994) anaesthetic requirement It is unclear whether these effects
are mediated via activation of presynaptic or postsynaptic ar
adrenoeptors in the CNS. To resolve this we have examined the
combined effects of sodium pentobarbitone (PB), and two ar
agCnI, clonidine and mivazerol (Noyer et al., 1994), on
extraceliular levels of noradrenaline (NA) in the rat forebrain. This
approach should establish whether barbiturates and aragonists act
in a concerted manner at the presynaptic a-adrenoceptor.

Dialysis probes were vertically implanted in the frontal cortex
(AP+3.0; L±3.2; V4.0 cfbregma) of male Wistar rats (245-285 g)
under PB an hesia (96 mg.kg' i.p.) and, 24 h later, perfuied with
phsphate-buffered medium (pH 7.4) at 2.0 tl.min'l. Basal NA
levels were derned over 6xlO mins by HPLC-ECD before rats
were either anaesied with PB (96 mgkg`' i.p.) and placed on a
heating blanket set at 3-rC, or injected with saline and maintained in
their home-cage. Thereafter, either clonidine hydrochloride (n=6),
mivazerol hydrochloride (n=6) or saline (n=6) were administered by
iv. infusion (each at 2.05gkg'.h'1;1.25 ml.hW). Eath drug solution
also tained 4.78 LaCimrl of rpective ttiated ligand (12% of
total dose). 2 h later, rats were killed by PB overdose and cervical
dislocation. Several brain regions were then dissect out, dissolved
in soluene (20 p~rmgT') and analysed by scintllaion counting Data
were either analysed by ANOVA and post hoc Dunnett test (finoles
NA.10 mind) or by a Mann-WhitneyU test (dp.nmmgl tissue).

Acute PB a istion sientl reduced NA levels in cortical
dialysates. This reduction was potend by doses of clonidine amd
mivazerol which alone produced no significant effect on
spontaeous overflow (Table 1). PB did not alter tritium
accumulation in any brain region examined including te cortex
after [3H]-mivazerol or [3H-clonidine ain on (Table 1).

Table 1. Effects of single or combined treatment with PB, clonidine
(CLN) and mivazerol (M[V) on dialysate levels ofNA (finoles.10
minm ± s.e.mean) and tritium content (dp.mnmg4) in the rat cortex>
* P<O.O1 cf. basal levels (time 0 min) within each treatment group.

treatment 0 min 40 min 80 min 120 mi d.p.mmg
saline 15.9±0.7 14.2±0.8 11.3±1.0 15.3±1.6 -
PB 15.9±1.2 2.0±1.1* 8.8±1.5* 15.7±2.1 -
CLN 18.2±2.4 17.2±1.7 15.5±1.1 15.4±1.6 103.2±9.1
PB+CLN 15.1±0.9 0.0±0.0* 0.3±0.3* 0.8±0.4* 86.7±26
MIV 15.6±1.9 17.7±2.1 14.9±0.8 18.4±1.7 28.5±2.0
PB+MIV 14.0±0.9 0.0±0.0* 2.0±0.7* 2.7±1.2* 27.9±6.7

The results suggest the PB and aragonists act syecall at
pnaptic adrenoceptors to reduce extracellular levels ofNA in
the rat b i This reduction may contribute to the sy ic
effcts ofaragonists on barbiturate-induced anaeSthesia in rodents.
The ism underlying this iteraction is unkmown but appears
not to involve any change in the CNS pentration of agonists.

The fimding and gift of mivazerol were provided by UCB Pharma.

Devcic, A., Sming, J.P. et al.(1994) Anaestheslology 81, 419-430.
Maso S. T. & Angel, A. (1983) Eur. J Pharmacol. 91, 29-39.
Noyer, MN, De Lavdeyn F., Vanquelin, G. et al. (1994) Neurochenm
Int. 24, 221-229.



39p THE IDENTIFICATION OF PUTATIVE IMIDAZOLINE2 BINDING SITES IN FROG BRAIN

A.L. Hudson, R. Bundey, D.J. Nutt & RJ. Tyacke,
Psychopharmacology Unit, School of Medical Sciences,
University ofBristol, Bristol BS8 ITD.

Imidazoline-2 (12) binding sites are present in the brains of a
range of mammalian species. Their function is unclear but
appears linked physically and functionaly to monoamine oxidase.
Their density is changed in a number of disease states and
agmatine has been proposed as the endogenous neuromodulator
(for review see Parini et al., 1996). We have now examined
whether Irsites exist in a lower species, the frog, and
investigated their pharmacology using [3H]2-(2-benzofuranyl)-2-
imidazoline ([3H]2BFI a radioligand specific for mammalian 12
sites (Lione etal., 1995).

Brains were removed from Rana Temporaria (15-25g, of either
sex), homogenised (lOvol 50mM Tris-HCI buffer, pH 7.4) and
pelleted by centrifuigation (32,000g). Membranes were washed
twice by centrifuigation and frozen (-700C) until use. Aliquots of
thawed membrane (30gg) were incubated with either 0-30 nM
[3H]2-BFI for saturation binding studies or 2nM for competition
assays, for lh (22TC, final vol 0.5ml). Bound ligand was
separated by filtration and determined by scintillation counting.
Results were analysed by Prism (GraphPAD Software).
Saturation binding studies yielded a Bmax of 13709-3 ± 1946-2
fmol mg"' protein and a KD of 8-6 ± 2'5 nM (mean ± s.e.m, n=4),
with the specific component of binding defined by the 12 ligand
BU224 (2-(4,5-dihydroimidaz-2-yl)quinoline, 1OpM). In
competition experiments non-specific binding accounted for
10% of total ligand bound. The imidazoline compounds BU224

and 2-BFR were found to have high affinity for sites labelled by
[3H]2-BFI with Ki values of 39 4 ± 5-4 nM and 52-1 ± 12lInM
respectively (mean ± s.e.m, n=3-4, Fig 1). Amiloride was also
of moderate affinity (Ki 122-6 ± 30 5 nM). In contrast, the II-
site ligand rilmenidine and a2-antagonist rauwoiscine were of
very low affinity. Idazoxan and agmatine, were found to have
comparable affinity (respective Ki values 6& ± 11; 62 ±

1O
Figur 1.A
Inhibition of[H]2- 75
BFI binding
in frog brain by m D\
BU224 (0), 25iamiloride (-), ,-XNto
idazxan (A), A

: ,and 4
rauwdlscinxe() -9 -8 -7 -6 -5 -4

These data show that frog brain contains a high density of sites
that recognises the 12 ligands [3H]2-BFI and BU224. They are
amiloride-sensitive indicating they are of the I2 subtype and
demonstrate low affinity for an Ii ligand. It is interesting that
agmatine has comparable affinity to idazoxan albeit in the low
pM range. This novel pharmacology of the frog putative Ir
binding site may be of use to understanding their function in
different species.

Parini, A. etal. (1996) Trends Pharmcol. Sci., 17, 13-16.
Lione, L.A. etal. (1995) Br.J. Pharmacol. 116, 338P.

40p PRIMARY CULTURES OF PARASYMPATHETIC NERVES FROM GUINEA-PIG TRACHEA CONTAIN FUNCTIONAL
M2 MUSCARINIC RECEPTORS

Allison D. Fryer & David B. Jacobyl. Div. ofPhysiology,
School of Public Health, 1Dept. of Medicine, Johns
Hopkins University, Baltimore, M) 21205 USA.

In the lungs, release of acetylcholine from the
parasympathetic nerves is limited by inhibitory,,
muscarinic receptors located on the nerves. These
inhibitory receptors have been classified as M2
receptors since gallamine is an antagonist in vivo (Fryer
& Maclagan, 1984). However, other pharmacological
data suggest that the neuronal receptor does not
strictly fit the profile of an M2 receptor and thus may be
an M4 muscarinic receptor (Kilbinger et al, 1991)..
Because the lungs contain a heterogeneous population
of cells and of muscarinic receptor subtypes, the
parasympathetic nerves were isolated in culture, and
the subtype of muscarinic receptors on the nerves
determined.

Guinea-pig tracheas were removed, minced and
incubated with 0.2% collagenase overnight at 40C then
at 370C for 30 min. Cells were washed, and plated and
grown in serum-free medium with lOOng/ml nerve
growth factor and 1.0MM cytosine arabinoside. After 7
days in culture, the majority of cells were confirmed to
be nerves by immunofluorescence with Neurotag®
(Boehringer) and by immunocytochemistry with an
antibody selective for a nerve protein (PGP9.5;;
Gulbenkian et al, 1987).

Immunocytochemistry using antibodies which are
selective for the different muscarinic receptor subtypes

(Levey, 1993) demonstrated that M2 muscarinic
receptors are presented on the cultured nerves. In
contrast, no positive staining for either Mi or M4
muscarinic receptors was detected. In addition, using
polymerase chain reaction, M2 receptor mRNA was
present in cultured nerves, while mRNA for Ml or M4
receptors was not present. Electrical stimulation (2 or
5 Hz, 0.2ms, 4 or 10 sec, 30V) of the nerve cultures
caused release of acetylcholine measured by
chemiluminescense (Israel & Lesbats, 1987).
Acetylcholine release was significantly increased by
lOiM atropine (incub. 1 min; from 25±5% to 80±4% of
total acetylcholine; total determined by release with
3mM KCl; n=3), and significantly decreased by O.1M
methacholine (incub. 1 min; from 34±4% to 20±3% of
total acetylcholine; n=3).

Thus, it appears that the parasympathetic nerves in
the guinea-pig trachea express only M2 muscarinic
receptors, and that these receptors function to inhibit
ACh release.

Fryer, A.D., & Maclagan, J., (1984) Br. J. Pharmacol..
83, 973-978.
Gulbenkian, S., Wharton, J., & Polak, J.M. (1987) J
Auton. Nerv. Syst. 18, 235-247.
Israel, M., & Lesbats, B. (1987) Neurochemistry: A
practical approach. IRL Press, Washington, DC. 113-
125.
Kilbinger, H., et al, (1991). Br. J. Pharmacol. 103, 1757-
1763.
Levey, A.I. (1993) Life Sci. 52:441-448.



41 P VIRAL INFECTION OF CULTURED AIRWAY PARASYMPATHETIC NERVES INCREASES ACETYLCHOLINE RELEASE
AND DECREASES M2 MUSCARINIC RECEPTOR EXPRESSION

David B. Jacoby, Norman, H. Lee, & Allison D. Fryerl.
Dept. of Medicine, & 1Div. of Physiology, School of
Public Health, Johns Hopkins University, Baltimore,
MD 21205 USA.

Viral infections increase vagally-mediated
bronchoconstriction in guinea pigs (Buckner, 1985) and
humans (Empey, 1976). Inhibitory m2 muscarinic
receptors (m2R) on the vagal nerve endings, which
normally provide a negative feedback limiting the
release of acetylcholine, are dysfunctional during
parainfluenza infections (Fryer and Jacoby 1991). We
investigated whether viral infection of cultured airway
parasympathetic neurons, decreases the function and
expression ofinhibitory m2R

Cultured guinea pig airway parasympathetic neurons
were infected with parainfluenza type 1 (Sendai virus).
Infection was demonstrated by adding erythrocytes and
observing them adhering to the neurons. This results
from the expression of viral hemagglutinin on the
infected cells' surface, and is not seen in uninfected cells.

Twenty-four hours after infection, cultures were
stimulated electrically using a 4 sec pulse train (5 Hz,
0.2 msec pulse duration, 30 V). Stimulation increased
acetylcholine release by 107+9% (n=3) over baseline in
uninfected cells, and by 192±30% in virus-infected cells.

To determine the effect of viral infection on m2R gene
expression, we developed a competitive reverse
transcription-polymerase chain reaction (RT-PCR)

method. We excised a 43-base portion of our m2R PCR
product to create a template of lower molecular weight.
This was transcribed in vitro to synthesize cRNA that
was 43-bases smaller than the original m2R RNA. RT-
PCR using new primers based on the guinea pig
sequence yielded a product of559 bases using guinea pig
m2 mRNA, and 516 bases using the truncated internal
standard cRNA. We extracted RNA from control nerve
cells, nerve cells that were infected with parainfluenza
virus for 24h, and nerve cells that were exposed to
interferon-y (300 U/ml) for 24h. Five hundred
nanograms of RNA were added to internal standard
cRNA (0.01-10 pg/sample). RT-PCR was carried out on
these mixtures, and the PCR products were quantified
by electrophoresis and densitometry. Competition for
prmers between the internal standard and the neuronal
RNA yields bands of equal density when the input
amount of m2R mRNA is equal to the input amount of
internal standard. Viral infection decreased nerve cell
m2R mRNA levels by 73% and interferon-y (300
units/ml) decreased it by 82%.

Thus viral infection ofcultured airway parasympathetic
neurons increases acetylcholine release and decreases
expression ofthe gene for inhibitory m2 receptors.

Buckner, C. K., V. Songsiridej, E. C. Dick and W. W.
Busse. (1985). Am. Rev. Respir. Dis. 132: 305-310.

Empey, D. W., L. A. Laitinen, L. Jacobs, et al. (1976).
Am. Rev. Respir. Dis. 113: 523-527.

Fryer, A. D. and D. B. Jacoby. (1991). Br. J. Pharmacol.
102: 267-271.

42P ROLE OF LARGE-CONDUCTANCE CALCIUM-ACTIVATED POTASSIUM CHANNELS IN THE REGULATION OF
ACETYLCHOLINE RELEASE BY PRE-JUNCTIONAL M2-MUSCARINIC RECEPTORS

Hema J. Patel, Mark A. Giembyc7 Joelle E. A. Keeling, Peter J. Barnes
and Maria G. Belvisi. Department of Thoracic Medicine, National
Heart andLung Institute (Imperial College), London.

Cholinergic, parasympathetic nerves play a dominant role in the control
and regulation of airway tone in animals and humans. Indirect
functional studies have suggested that airway cholinergic neural
responses are modulated pre-junctionally by various agents such as A-
opioids, NPY and clonidine, and further, that the inhibitory
neuromodulation of acetylcholine (ACh) release from cholinergic nerve
terminals may be via a common mechanism i.e. activation of large-
conductance calcium (CaW+) activated potassium channels (BKo)
(Muira et al, 1992). Studies involving the direct measurement of ACh
release have identified pre-junctional muscarinic M2 autoinhibitory
receptors on cholinergic nerve terminals in guinea- pig and human
trachea (Patel et al, 1995). We have studied whether BKc. channels are
involved in muscarinic autoinhibition of ACh release by investigating
whether iberiotoxin (IbTX), a selective BKc. channel blocker
antagonises the inhibitory action of the muscarinic agonist,
oxotremorine M (oxo M) on ACh release. This is determined by
measuring [3H]-overflow evoked by electrical field stimulation (EFS:
40V, 4Hz, 0.5ms for Imin) from epithelium-denuded guinea-pig trachea
pretreated with [3H]-choline. In addition, we have determined the effect
of the putative BKC. channel opener, NS 1619 (Olesen et al, 1994) on
cholinergic neurotransmission by studying its effects on cholinergic
contractile responses evoked by EFS (40V,0.5ms, 4Hz for 15s every 4
min) and by the application of exogenous ACh (30A&M). We have also
examined the ability ofNS1619 to inhibit ACh release and whether this
effect is reversed by IbTX.
Oxo M inhibited EFS-induced ACh release (3OnM, 50.0 ± 4.1%
inhibition, n=7, p<0.01), however addition of lOOnM IbTX for 30 min
did not reverse the inhibitory effect of oxo M (48.5% inhibition after
IbTX, n=7, NS compared with before IbTX). NS1619 inhibited EFS-
induced cholinergic contractile responses (I iM, 12.6 ± 4.0% inhibition,
n=5, p<0.01; IOpM, 40.3 i 8.1% inhibition, n=5, p<0.05; 30gM, 60.0 +
7.3 % inhibition, n=5, p<0.01) compared to that oftime-matched

vehicle control experiments (18.6 i 6.6% inhibition, n=5, NS). Addition
of IbTX (lOOnM) significantly, but not completely, reversed the
inhibitory effect of NS1619 (30pM) on cholinergic, contractile
responses (40.6 4 7.4% reversal, n=5, p<0.01), however, IbTX alone
reproducibly increased smooth muscle tone by 1525 ± 791.3 mg
tension. In contrast, NS1619 (1I M-30pM) had no significant effect on
contractile responses produced by exogenous ACh (30M) indicating a
pre-junctional effect of NS1619. Further, NS1619 (30pM) significantly
inhibited EFS-induced [3H]ACh release (33.9+ 9.1% inhibition, n=8, p<
0.05) compared to that of time-matched, vehicle-treated control tissues
(3.9 ± 5.1% inhibition, n=7, NS) however IbTX (IOOnM) did not
significantly reverse the inhibitory effect of NS1619 (30KM, 33.9 ±
3.9% inhibition before IbTX, n=7, p<0.o1; 13.8 ± 20.96% inhibition
after IbTX, n=7, NS). IbTX alone had no effect on ACh release (1.95 ±
14.7 % facilitation, n=6, NS).
Our functional data suggests that NS1619 is inhibiting EFS-induced
cholinergic contractile responses at the pre-junctional level which is
confirmed by its inhibitory effect on ACh release. However the
inhibitory action ofNS1619 and oxo M on ACh release is not reversed
by IbTX, suggesting that activation of the muscarinic autoinhibitory
receptor does not involve IbTX-sensitive BKc. channels. Furthermore,
NS1619 may be inhibiting ACh release via interaction with other types
of channels such as voltage-gated potassium channels and calcium
channels (Edwards et al,1994).
Supported by the National Asthma Campaign (UK), The Wellcome
Trust and the Medical Research Council.

Edwards, G., Niederste-Hollenberg, A., Schneider, J. et al. (1994) Br. J
Pharmacol. 113, 1538-1547.
Olesen, S.-P., Munch, E., Moldt, P. et al. (1994) Br. J Pharmacol, 103,
1814-1818.
Patel, H.J., Barnes, P.J., Takahashi, T. et al. (1995) Am J Respir. Crit.
Care Med. 152, 872-878.
Muira, M., Belvisi, M.G., Stretton, C.D. et al. (1992) JPhysiol. Lond.
445, 1-15.



43p INCREASED FUNCTION OF NEURONAL M2 MUSCARINIC RECEPTORS IN DIABETIC RAT LUNGS IS ASSOCIATED
WITH INCREASED AGONIST AFFINITY

Kristen E. Belmonte, David B. Jacobyl & Allison D.
Fryer. Div. of Physiology, School of Public Health, &
1Dept. of Medicine, Johns Hopkins University,
Baltimore, MD 21205 USA.

In the lungs, neuronal M2 muscarinic receptors
(nM2Rs) inhibit vagally induced bronchoconstriction
(VIBr) by limiting acetylcholine (ACh) release from
the parasympathetic nerves. A cause of asthma may
be dysfumction ofnM2Rs [Minette, et al., 1989]. Since
M2Rs are hyperfunctional in many diabetic tissues,
we tested whether the protection from asthma seen in
diabetics [Abrahamson, 1941] is due to increased
function of the nM2Rs, and thus decreased VIBr, in
the diabetic rat.

Sprague Dawley rats were made diabetic with
streptozotocin (65mg/kg iv). After 7-14 days rats
were anesthetized with urethane (1.5g/kg ip),
ventilated and paralyzed with suxamethonium (30
mg/kg iv). Distal electrical stimulation of cut vagi
produced VIBr, measured as an increase in inflation
pressure. Some 7 day diabetic animals were treated
with low doses ofNPH insulin (2 iu/day sc for 7days).
Blood glucose levels were significantly greater in both
diabetic (476±25.1 mg/dL) and insulin-treated rats
(419±41.2 mg/dL) vs controls (162±19.8 mg/dL).

Electrical stimulation of the vagi (5-70Hz, 40V, 0.4ms,
6s) produced significantly less VIBr in diabetic rats
compared to controls (max response at 70Hz, 19±4 vs
120±35 mmH20 in controls). In diabetic rats, nM2R

function (as measured by the ability of pilocarpine
(pilo), 0.01-100sg/g iv to inhibit VIBr) was increased
25 fold (pilo ED40=0.27±0.13jugfkg vs 7.6±1.7pg/kg for
controls; n=6). Both the frequency response and
nM2R function were restored to control levels by
insulin treatment (max response 70Hz 99 ± 26
mmH20; pilo ED40 was 16.7±14, n=3).

Competitive binding studies were performed using rat
heart membranes. Carbachol displaced [3H]QNB
from M2Rs in membranes from all groups with both
high (70%) and low (30%) binding affinity. Diabetic rat
heart muscarinic receptors displayed an increase in
agonist binding at both the high (Ki=0.06 ± 0.02 uM)
and low (Ki=20.6 ± 2.9 uM) affinity sites vs controls
(Ki=0.24 ± 0.06 and 97.2 ± 27 uM). M2R from insulin
treated diabetic heart membranes showed no
significant difference in binding from controls.

These data suggest that the hyperfunctional nM2R
seen in the diabetic rat lung is associated with an
increase in agonist binding affinity at the M2 receptor.
Insulin treatment restored these changes to near
control values without restoring diabetic blood glucose
to control levels. Hence these changes can not be
ascribed solely to hyperglycemic effects. Thus, there
may be a role for insulin in the modulation nM2R
function and expression.

Abrahamson, E.M. (1941) J. Clin. Endocrinol. 1:402.
Minette, P.J., Lammers, J.W.J, Dixon, M.T., et al.
(1989) J. Appl. Physiol. 67:2461.

44P MONOCLONAL ANTIBODY TO VERY LATE ACTIVATION ANTIGEN4 PROTECTS THE NEURONAL M2
MUSCARINIC RECEPTORS FROM ANTIGEN CHALLENGE IN THE GUINEA-PIG

Allison D. Fryer, Richard W. Costellol, Bruce S.
Bochnerl. Division Physiology, School of Public Health,
& lDepartment Medicine, Johns Hopkins University,
Baltimore, MD 21205 USA.

Release of acetylcholine from parasympathetic nerves
in the lungs is controlled by inhibitory M2 muscarinic
autoreceptors (Fryer & Maclagan 1984). Antigen
challenge of sensitized guinea-pigs decreases M2
receptor function thus potentiating vagally-induced
bronchoconstriction (VIBr) by increasing release of
acetylcholine. Loss of M2 receptor function is
associated with the accumulation of eosinophils (Eos)
around the airway nerves. Eos release major basic
protein which is an endogenous antagonist of inhibitory
neuronal M2 muscarinic receptors (Jacoby et al, 1993).
Thus Eos products may increase acetylcholine release
from the parasympathetic nerves, by acting a n
endogenous antagonists of the inhibitory M2 receptors.
To determine whether recruitment of Eos via very late
activation antigen-4 (VLA-4) or L-selectin is critical for
loss ofM2 receptor function, sensitized guinea pigs were
pretreated with mAbs to VLA-4 (HP1/2) or L-selectin
(LAM1-116) 60 min prior to antigen challenge
(4mg/kg/day i.p.).

Guinea-pigs (300g) were sensitized to ovalbumin
(10mg/kg i.p.) and 3 weeks later challenged by aerosol
with 5% ovalbumin (5 min/day x 4 days). 24 hours later,
guinea-pigs were anesthetized with urethane (1.5g/kg
ip), ventilated and paralyzed with suxamethonium (10
pg/g/min iv). Electrical stimulation ofthe distal ends of

the cut vagi produced VIBr, measured as increases in
lung inflation pressure.

In non-sensitized, non-challenged controls, blockade of
neuronal M2 muscarinic receptors by gallamine (0.1-
10mg/kg i.v.) potentiated VIBr (max response 508 ±
0.5%; n=5) while in challenged animals this effect was
significantly reduced (214±0.3%; n=5), confirming M2
receptor dysfunction. Pretreatment with HP1/2, but
not with LAM1-116, protected M2 receptors in antigen
challenged animals (max responses to gallamine were
490±0.8 and 239±0.1% respectively; n=5). HP1/2 also
significantly inhibited accumulation ofEos in the lungs
as measured by histology and by lavage (total million
Eos recovered: controls, 2.7±.6; challenged 19.7±2.9;
+HP1/2, 6.7±1.4; +LAM1-116 17,4±5.8). Recruitment
ofother inflammatory cells was not altered by HP1/2.

Thus, inhibition of Eo influx into the lungs is associated
with protection of neuronal M2 muscarinic receptor
function in antigen challenged guinea-pigs. Since antigen
induced hyperresponsiveness is also inhibited by HPVI2
(Pretolani, et al 1994), protection of neuronal M2
muscarinic receptor function may be a mechanism for
inhibition ofhyperreactivity.

Fryer, A.D., & Maclagan, J., (1984) Br. J. Pharmacol.
83, 973-978
Jacoby, D.B., Gleich, G.J. & Fryer, A.D. (1993) J. Clin
Invest 91, 1314-1318.
Pretolani, M., Ruffie, C., LapaeSilva, J.R., et al (1994) J.
Exp. Med. 180, 795-805.



45P CHARACTERISATION OF FUNCTIONAL MUSCARINIC RECEPTORS IN HUMAN BLADDER

D.T. Newgreen & A.M. Naylor. (Introduced by M. Bushfield).
Department of Discovery Biology, Pfizer Central Researd,
Sandwich, Kent, CT13 9NJ.

Muscarinic receptors are know to play an important role in the
control of bladder contraction dur micturition. This is particularly
the case in humans where virtually all of the bladder contraction is
mediated via ligic smission in normal tissue (Sibley,
1984). Despite this observation, the fnonal muscarinic receptor
sub-types on bladder smooth muscle have not been extensively

ised. Five human muscarinic receptors have been clned
and four physiological receptor subtypes have been identified in
funtional studies (Caulfield, 1993). Studies on guinea-pig and rat
bladder smooth muscle have suggested that fuonal responses to
choiergic agonss in te tissues are mediated by the M3
muscarinic receptor subtype (Noronha-Blob et al., 1989; Longus
et al., 1995). The aim of the present studies was to characterise
functional muscarinic receptor sub-types on human bladder smooth
muscle.

Strips of normal human bladder (supplied by ete Inernatonal
Institute for the Advancement of Medicine) were mni for
isometric rrding in tissue baths containing Krebs-Henseleit
solution (370C, gassed with 95%0i5%CO2). Cumulative
on -rtion-response curves to acetylcholine were carred out in the

presence and absence of subtype-selective muscarinic receptor
aagonists (20 min pr-equilibration). Apparent pA2 values for
single antagonists con ons were m ined according to the
Gadcbzm-Schild equation (Table 1).

TableJ Apparent pA2 values for muscarinic antagonists on human
bla (mean ± s.e. mean, n = 4)

C ol selciiity ARiaQostpa ( pA2)
Aftroine(none) 9.32±0.11

Darifenacin (M3) 8.72 ± 0.19

Methocamine (MY(M4) <5

Pirenzqxne (M1/M4) 6.61 ± 0.11

he M3 selective antagonist, darifenacin (WaLlis et al., 1995) had an
apparent pA2 value on human bladder similar to that reported for
guinea-pig bladder (Newgreen and Naylor, 1996), conis with a
response mediated trough M3 ors. he relatively low
potencies of the M1/M4 selective antago p e and the
MjM4 selective anagonist, methocaine suggest that these
receptors are not futionally active in human bladde. Thus, it can
be concluded from the present study that the funtional responses to
acetylcholine in human bladder smooth muscle are mediated by M3
receptors.

Caulfield, M.P. (1993). PharmacoL Ther., 58, 319-379
Longhurst, P.A., Leggett, R.E. & Briscoe, JAXK (1995). Br. J.
PharmacoL, 116,2279-2285
Newgreen, D.T. & Naylor, A.M. (1996). Br. J. PharmacoL, 117,
97P
Noronha-Blob, L., Lowe, V., Patton A. et al. (1989). J. PharmacoL
Exp. Ther., 249,843-851
Sibley, G.N.A. (1984). J. Physiol., 354,431-443
Wallis, R.M., Burges, RLA., Cross, P.E. et aL (1995)
PharmacoL Res., 31S, 54

46P EXACERBATION OF THE RELEASE OF PROSTAGLANDIN E2 BY BRADYKININ AFTER COX-2 INDUCTION IN
HUMAN AIRWAY EPITHELIAL CELLS

M.A.Saunders, M.G.Belvisi, M.B. Corden, A.J.Fox T.W. Evans, P.J.
Barnes & 'J.A.Mitchell. Dept. of Thoracic Medicine, NHLI (Imperial
College), Dovehouse Street, London SW3 6LY. *Dept. of Critical Care
Medicine, Royal Brompton Hospital SW3 6NP.

Bradykinin and lysyl-bradykinin (kallidin) are biologically active
peptides which are formed during inflammation from protein
kininogens by the enzymes tissue and plasma kallikrein. They mediate
their effects through two cell surface receptors defined
pharmacologically as B1 and B2. B1 receptors are highly inducible in
response to inflammatory stimuli, whereas B2 receptors are considered
to be constitutively expressed. Bradykinin has been implicated in the
pathophysiology of a number of inflammatory diseases including
asthma. As bradykinin stimulates the enzyme phospholipase A2 (PLA2),
many of its inflammatory effects are believed to be mediated, at least in
part, via release of lipid mediators, in particular cyclo-oxygenase
(COX) metabolites. COX exists in at least two distinct isoforms,
constitutive (COX-I) and inducible (COX-2). (Mitchell et al., 1995)
COX-2 is induced in response to a number of inflammatory stimuli and
we hypothesise that increased expression of this isoform will exacerbate
the release of prostanoids on exposure to bradykinin. Therefore, we
have looked at the effect of bradykinin and a B1 agonist [desArg'0]
kallidin on the release of PGE2 from a human epithelial cell line (A549)
which is known to express COX-2 in response to the cytokine IL-11
(Mitchell et al., 1994).
A549 cells were cultured in 96 well plates as previously described
(Mitchell et al., 1994.). Untreated cells or those treated with IL-1I3
(1Ong/ml) for 24hr, to induce COX-2, were exposed to fresh medium
containing bradykinin or [desArg'0 ]Kallidin (10 2 to 104 M) for 15min.
The medium was then removed and analysed for PGE2 by
radioimmunoassay (limit of detection < 0.4ng/ml) In separate
experiments the B2 receptor antagonist Hoel4O (lgM) was added 30
min prior to treatment with bradykinin followed by a 15min incubation
period before the medium was removed and analysed as outlined above.

In untreated cells the release of PGE2 in response to either bradykinin or
[desArg"' Kallidin was below the level of detection for the
radioimmunoassay (limit of detection < 0.4ng/ml). In IL- Ip stimulated

cells there was a limited release of PGE2 in response to [desArg'0
kallidin reaching a maximum at 104M (2.68±1.11 ng/ml) (Fig.1).
However, in stimulated cells treated with bradykinin there was a dose
dependent release of PGE2 (Fig.1). This release was blocked in the
presence of the B2 receptor antagonist with an apparent pKB value of
7.86±0.245 (n=3) (Fig.2)

Fig 1 Fig 2
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Fig I demonstrates the release of PGE2 in IL-1I3 treated cells
stimulated with bradykinin (filled triangle) and [desArg"'] Kallidin
(filled circle). Fig 2 demonstrates the release ofPGE2 in IL-I ( treated
cells stimulated with bradykinin (filled triangle) and bradykinin in the
presence of the B2 receptor antagonist Hoel40 (1M) (filled square).
n=9 determinationsfrom three experimental days

This data shows that airway epithelial cells, expressing COX-2, release
exaggerated levels of PGE2 in response to bradykinin mediated via
activation of the B2 receptor. Thus it is tempting to suggest that COX-2
induction in human airway is an important component of inflammatory
diseases such as asthma. Furthermore our observations may help to
explain the bronchoconstriction caused by bradykinin in asthmatic
subjects which is absent in healthy volunteers

This work was supported by the British Lung Foundation, British Heart
Foundation and the Wellcome Trust.

Mitchell, J.A., Belvisi, M.G., Akarasereenont, P. et al., (1994). Br. J.
Pharmacol. 113, 1008-101.
Mitchell, J.A., Larkin, S.L., and Williams, TJ et al.,(1995) Biochem
Pharmacol 50, 1535-1542.



47P GUINEA-PIG TUMOUR NECROSIS FACTOR-INDUCED AIRWAY INFLAMMATION: INHIBITION BY
INTERLEUKIN-13

A.-M. White, J. Westwick. A.W. Smith , T. Yoshimura' &
M.L.Y tn Pharmacology Department, University of Bath, Bath
BA2 7AY, and 'NCI-FCRDC, Frederick, MD, USA

Cytokines may have pro- and anti-inflammatory activity in the lung.
We have demonstrated the presence of tumour necrosis factor in
guinea-pig allergic airway inflammation (Watson et al., 1993). In
this study we report the in vivo airway inflammation induced by
guinea-pig tumour necrosis factor-a (gpTNF; White et al., 1996),
and its suppression by human interleukin (IL) -13.

Guinea-pigs (300-400g) were anaesthetised (ketamine 40mg/kg,
xylazine 5mg/kg, i.m.) and test agents, in a total volume of 50p1,
were administered by tracheal instillation with the aid of a
laryngoscope. Animals were sacrificed by pentobarbitone overdose
6-72h following instillation and the lungs lavaged with 4xlOml PBS/
1mM EDTA/ 0.1% BSA. Total and differential counts of
bronchoalveolar lavage (BAL) leukocytes made.

Following instillation of gpTNF (SOng), an eosinophilic leukocyte
accumulation occurred peaking at 24h, and this time point was used
for subsequent studies. 15, 50 and 150 ng gpTNF induced BAL
accumulation of 8.8±2.2, 18.841.4 and 19.3±1.9 million eosinophils
respectively, compared with 5.1±1.6 million in vehicle treated
animals (mean 4 s.e.mean, n=3). Pre-incubation of 50ng gpTNF
with neutralising rabbit anti-murine TNF sera (1/100 final dilution)
prior to instillation reduced the gpTNF induced eosinophil
infiltration by 79.2 ± 9.4 % (p<0.01, n=3).

Co-administration of recombinant human IL-13 with 50ng gpTNF
caused a dose-dependant reduction in the BAL eosinophil and
monocyte/macrophage infiltration (Table 1).

Table 1: IL- 13 suppresses gpTNFa - induced cell accumulation

monocyte/ eosinophil neutrophil
macrophage

vehicle (saline/0.1% BSA) 10.5±1.2 2.7+0.8 0.9+0.4
IL- 13 (IOOng) alone 11.6+1.3 3.610.7 4.3+2.1
gpTNF (50ng) alone 21.6+1.7 15.4+1.6 6.3+2.4

ttt ttt t
gpTNF+ IL-13(IOOng) 11.3+1.0 4.4±0.7 4.2+3.4

gpTNF + IL-13 (lOng) 15.2+0.9 7.4+2.3 5.4+2.8
*

gpTNF + IL-13 (lng) 20.2+1.4 10.8+3.5 2.1+0.4
Data are mean ± s.e.mean BAL cells (millions), n=5-6. Statistical
analysis was performed on log data using one-way ANOVA
followed by Dunnett's test. t, P<0.05; t t t, P<0.001 compared with
vehicle treated group; *, P<0.05; **, P<0.01; * P<0.001
compared with animals treated with gpTNF alone.

Hence, a pronounced leukocyte accumulation in the guinea-pig
airways is induced by tracheal administration of gpTNF. This in
vivo response can be suppressed by co-administration of IL- 13.

AMW and MLW are supported by Wellcome Trust awards.

Watson, M.L., Smith, D., Bourne, A.D., et al. (1993)
Am.J.Respir.Cell Mol. Biol. 8, 365-369.
White, A-M., Yoshimura, T., Smith, A.W., et al. (1996)
Eur.Cytokine Netw. 7, 176.

48P IL-8 PRODUCTION BY HUMAN CULTURED AIRWAY SMOOTH MUSCLE

M.L. Watson IS.P. Grix, N.J. Jordan, IG.A. Place, IS. Dodd,
J. Leithead, 1C.T. Poll, J. Westwick. Department of
Pharmacology, University of Bath, Bath, BA2 7AY, UK.
IBayer plc., Pharma Research, Stoke Poges, UK.

Leukocyte accumulation and activation are key events in the
pathogenesis of inflammatory lung disease. This migration is
mediated by a series of co-ordinated signals, probably
including the production of chemotactic factors by lung tissue.
We have investigated the ability of human airway smooth
muscle (HASM) stimulated with interleukin (IL-) la or tumour
necrosis factor a (TNFa) to produce the neutrophil and T-cell
chemokine chemoattractant, IL-8.
Bronchial tissue was obtained from patients who had
undergone surgery for lung carcinoma. Minced muscle tissue
was digested with collagenase and elastase (Panettieri et al.,
1989). All experiments were done using 4th or 5th passage
HASM cells that stained positively for anti-a-smooth muscle
actin. Cells were grown until confluent (1xIOs cells/well) in 24
well plates. The culture medium was replaced with 0.5 ml
DMEM+5% FBS. IL-la or TNFa were added to duplicate
wells and cultures were incubated for 24h before collection of
supernatants. IL-8 levels were assessed by specific ELISA
(Ceska et al., 1989).
In the absence of cytokine stimuli, low IL-8 levels were
measured (0.31±0.14 pmol/well. mean ± s.e.mean in 6
experiments). Following 24h stimulation with IL-la (0.01-1
ng/ml) or TNFa (0.3-30ng/ml), high concentrations of IL-8
immunoreactivity were detected in the supernatant. IL-la
(lng/ml) induced 18.3±5.8 pmol/well IL-8 compared with
30ng/ml TNFa which induced 6.4±0.5 pmol/well IL-8. Hence,
IL-la was both more potent and more effective as a stimulus of
IL-8 release compared with TNFa. IL-8 like bioactivity was

assessed by the ability of supernatants to elevate [Ca2+] in
fura-2 loaded human neutrophils (Watson et al., 1988).
Control supernatants from unstimulated HASM cells did not
elevate [Ca2+]i in neutrophils, whereas supernatants from
HASM stimulated with IL-la or TNFa for 24h resulted in
concentration related elevations of neutrophil [Ca2+]i. For
example, elevation in response to supernatants from IL-la and
TNFa (both at 0.3ng/ml) treated HASM were 171nM and
34nM respectively. Following pre-incubation with murine
monoclonal anti-IL-8, the Ca2+ elevating activity of a maximal
concentration of recombinant IL-8 (3nM) was totally
eliminated, while the antibody was only able to reduce the
HASM cell supernatant-stimulated [Ca2+]i elevation by 40%.
Hence there appears to be at least two neutrophil activating
agents released from IL-la treated HASM cells.
Northern analysis was used to investigate chemokine mRNA
expression in HASM cells (Jordan et al., 1995). In
unstimulated cells, there was no detectable expression of
mRNA for IL-8 whereas expression was upregulated following
6h stimulation with IL-1 (3ng/ml) or TNFa (30ng/ml).

These data indicate that HASM may constitute an important
source of leukocyte attractants in the inflamed lung, where the
inducing stimuli IL-la and TNFa are also likely to be present.

Ceska, M., Effenberger, F. Peichl, P. et al. (1989) Cytokine 1,
136.
Jordan, N. J. Watson, M.L. & Westwick, J. (1995) Biochem. J.
311, 89-95.
Panettieri, R.A., Murray, R.K., DePalo, L.R. et al. (1989) Am.
J. Physiol. 256, 329-335.
Watson, M.L. Lewis, G.P. & Westwick, J. (1988) Immunology
65, 567-572.



49P SULPHIDE-INDUCED APNOEA: PERIPHERAL OR CENTRAL MECHANISM AND ITS PREVENTION

A.F. Almeida and T.L. Guidotti (A.S. Clanachan)
Dept. of Public Health Sciences, Faculty of Medicine,
University of Alberta, Edmonton, Alberta, Canada T6G 2G3

Fatal H2S intoxication is caused by apnoea that has been
attributed to inhibition of the respiratory centre in the brain
stem (Haggard, 1925), but direct evidence for this is lacking.
Inhibition of some cellular functions by NaHS have been
shown in regions of the rat brain (Kombian et al., 1993) but
in vitro rhythm generation from the brain stem, though
reduced in fiequency, was not abolished (Greer et al., 1995);
therefore a direct inhibition of the rhythm centre may not
explain the apnoea that causes death. We hypothesize that a
sulphide insult to the lungs mediates a sensory signal for
respiratory arrest. Sprague Dawley male rats, 300-350 g,
were anesthetized with urethane (1.5 g kg-', i.p.).
Spontaneous respiration was recorded through a tracheal
cannula or with a whole body plethysmographic chamber,
linked to a Validyne conditioner and transducer. Either the
femoral vein or the carotid artery was cannulated for the
administration of drugs, and the animal then allowed to
stabilize for 30 min.

With apnoea as an end-point, the effectiveness of NaHS as a
respiratory depressant was determined. Incremental single
doses in the range 0.1 mg kg-' to 2.0 mg kg-' were given as
a bolus of 5-50 gl followed by 0.5 ml saline. Recovery time,
30 min. was allowed between doses. The effects of femoral
vein and carotid artery administration were compared. The
minimum effective dose for 100% apnoea with i.v.

administration was 0.6 mg kg-1 (n=4). In contrast, by the
carotid route the minimum effective dose was 2.5 mg kg-'
(n=3). This higher dose suggests that the lungs are more
sensitive to NaHS than the brain and may be implicated in the
respiratory depressant action of NaHS.

The known inhibition of carbonic anhydrase by mercaptans
(Swenson et al., 1993) suggested a mechanism for further
investigation namely the effects of supplementary bicarbonate
(parenteral solution, 1.4%) on NaHS intoxication. A lethal
dose ofNaHS, 30 mg kg-' (Warenycia et al., 1990) given i.p.
to anaesthetized rats was fatal to 83% of untreated animals
(n=6), but caused no fatalities in rats that had beenpred
(10 min) with bicarbonate 2 ml i.p. (333 Lmoles, n=4, P <
0.005), or in rats infused i.v. with bicarbonate solution 0.1 ml
min (17 pmoles min-', n=4, P < 0.02). We conclude that
apnoea induced by NaHS has a peripheral rather than a
central mechanism. In addition, apnoea and lethality can both
be prevented by the administration of bicarbonate.

Greer, J.J., Reiffenstein, R.J., Almeida, A.F. et al. (1995) J.
Appl. Physiol., 78:433-440.
Haggard, H.W. (1925) J. Ind. Hyg., 7:113-121.
Kombian, S.B., Reiffenstein, R.J. and Colmers, W.F. (1993)
J. Neurophysiology, 70:81-96.
Swenson, E.R., Robertson, H.T., and Hlastala, M.P. (1993) J.
Clin. Invest., 92:702-709.
Warenycia, M.W., Goodwin, L.R. Francom, D.M. et al.,
(1990) Arch. Toxicol., 64:650-655.

50P GUINEA-PIG RANTES ACTIVATES HUMAN, BUT NOT GUINEA-PIG, EOSINOPHILS

E.M. Campbell, M.L. Watson A.E.I. Proudfootl, T.N.C. Wellsl,
T. Yoshimura2, J. Westwick Department of Pharmacology,
University of Bath, Bath BA2 7AY, lGlaxo Institute of Molecular
Biology, Geneva, Switzerland, 2NCI-FCRDC, MD, USA

In our search to identify key mediators of allergic inflammation, we
have expressed and purified recombinant guinea pig (gp) RANTES,
a member of the C-C chemokine family. RANTES has previously
been shown to attract a particular profile of leukocytes, namely
eosinophils, memory CD45RO T lymphocytes and monocytes, cells
which comprise the cellular infiltrate in many allergic sites
(Kameyoshi et al., 1992; Schall et al., 1990). To investigate the role
of RANTES, we have characterised the protein by assessing in vitro
activity using guinea pig peritoneal eosinophils and macrophages, as
well as human peripheral blood eosinophils.

We obtained the gpRANTES cDNA from a concanavalin A-
stimulated gp spleen cell cDNA library. However we were unable to
obtain high expression levels of the protein in E. coli systems.
Therefore we mutated the construct expressing human (h) RANTES
at 6 positions, such that the protein produced was identical to the
predicted gpRANTES amino acid sequence. Since gpRANTES has
not yet been identified from natural sources, the amino terminus was
expressed with the equivalent amino terminus as the human protein.
The protein was purified from cell extracts using gel filtration, cation
exchange FPLC and reverse phase HPLC. In vitro activity of the
protein was assessed by chemotaxis (modified Boyden chamber,
membrane pore size 5pm), and changes in intracellular free
concentration ([Ca2+]i) in fura-2 loaded cells (Bourne et al. 1995).

gpRANTES and hRANTES had a similar potency on human
eosinophils as chemoattractants; however neither of these proteins

was able to stimulate gp eosinophil chemotaxis (Table 1).

Table 1. Human and gp eosinophil chemotaxis in response to
RANTES.

MRANTES gpRANTES C5a
species basal 3nM 3OnM 3nM 3OnM lOOnM
human 12±4 53±21 96±10 23±5 80±6 122±13
gp 19±6 36±5 30±4 27+7 32±9 101±6

Data are mean + s.e.mean eosinophils per high powered field, n=3.

Furthermore gp chemotaxis was not observed in the presence of the
priming agent IL-5, which caused a one fold increase in response to
IL-8. Similarly, gpRANTES elevated [Ca2+]i in human but not gp
eosinophils. For example 30nM gpRANTES caused changes in
[Ca2+]i of 108nM in human eosinophils compared with 7nM in gp
eosinophils. Although the distinct activity profile of the two
eosinophil populations may reflect differences in blood derived cells
versus cells from inflammatory sites, gp peritoneal macrophages
from the same animals were strongly activated by gpRANTES (for
example, 3OnM gpRANTES caused a change in [Ca2+]i of 330nM).

These results indicate that RANTES has differing cellular selectivity
in the guinea-pig compared with the human, which may be important
in the use of animal models in the analysis of allergic disorders.
Moreover, these selectivities do not appear to be accounted for by
differences in guinea-pig and human protein sequences.

Bourne, A.D., Watson, M.L., and Westwick, J. (1995).
Br.J.Pharmacol. 1 14:67P
Kameyoshi, Y., D6rschner, A., Mallett, A.I. et. al. (1992) J. Exp.
Med. 176, 587-592.
Schall, T.J., Bacon, K., Toy K.J., et al. (1990) Nature 347, 669-67 1.



51 P MONOCYTE CFEMOTACTIC PEPTIDE-1: SIGNALLING STUDIES IN THP-1 CELLS
Turner,S.J., Ward,S.G. and WestwickJ. Department of Pharmacology,
University of Bath, Claverton Down, Bath, U.K.

Monocyte chemotactic peptide-l (MCP-1) is a member of the C-C
chemokine group and is a potent activator of human monocytes
(Yoshimura et al., 1989). In this study we were interested in
characterising the signal transduction pathways activated in THP-1
cells following MCP-1 binding to its receptor. Firstly, we utilised l25I
MCP-1 to confirm MCP-1 binding to these cells. Scatchard analysis
identified that MCP-l bound with a Kd of 4.71 ± 0.91 nM to 19 979±
3 508 receptors per cell (mean ± s.e.mean, n=4) with a slope of 1.0
indicating a single class of high affinity receptors. This data correlates
with previous data (Van Riper et al., 1993; Wang et al., 1993)

We have previously identified an increase in the intracellular free
calcium concentration in response to MCP-1 in these cells (Turner and
Westwick, 1995), but, as yet, no group has detected an increase in the
levels of IP3, a potent calcium mobilising agent produced by the
breakdown of PI(4,5)P2 by phospholipase C. Using an IP3 competition
binding detection system we identified a significant increase in the
levels of IP3 in response to 12.5nM MCP-1, with a control IP3 level of
8.0 ± 4.25 pmol/107 cells, increasing to a maximum of 29.25 ± 7.3
pmol/107 cells at 5s after MCP-l stimulation (mean ± s.e.mean, n=3;
p<0.0l). This rise preceded the intracellular calcium rise, suggesting
calcium mobilisation induced by IP3. The IP3 concentration was almost
back to basal levels (12.35 ± 4.85 pmol/107 cells;mean ± s.e.mean,
n=3) by 60s.

We have previously demonstrated that MCP-1 induces, in THP-l cells,
an increase in phosphatidylinositol-(3,4)-bisphosphate (PI(3,4)P2) and
phosphatidylinositol-(3,4,5)-trisphosphate (PI(3,4,5)P3) both products
of phosphoinositide 3-kinase (PI 3-kinase) (Turner et al, 1996), but we
had not identified the type of PI 3-kinase activated, i.e. G-protein-
linked or tyrosine kinase-linked. By labelling the cells with [32p]-

orthophosphate, extracting, deacylating and HPLC analysis as
described by Ward et al (1995), we found that 12.5nM MCP-1 induced
a 364.1 ± 35.3% (mean ± s.e.mean, n=4) increase in PI(3,4,5)P3 levels
at 30s, which was completely abrogated by pretreating the THP-1 cells
(106/ml) with lOOng/ml pertussis toxin for 16 h (n74) as compared to
vehicle treated cells. However, we identified the activation of a second
PI 3-kinase by using an antibody specific to the p85 subunit of the
phosphotyrosine-coupled PI 3-kinase, which is distinct from the
recently identified G-protein linked PI 3-kinase (Stephens et al., 1994).
Cell lysates were immunoprecipitated using this antibody and then
subjected to an in vitro lipid kinase assay (Ward et al, 1995). The
results showed a dose- (1.25-300nM) and time-dependent (5-300s)
increase in tyrosine kinase-linked PI 3-kinase activity following MCP-1
stimulation.

This study has determined PLC mediated calcium mobilisation in these
cells following MCP-1 binding as well as an increase in PI(3,4)P2 and
PI(3,4,5)P3 by both a G-protein-linked and a tyrosine kinase-linked PI
3-kinase.

SJT is a Glaxo-Wellcome fillly finded student.
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52P RECRUITMENT OF EOSINOPHILS BY CHEMOKINES AND OTHER CHEMOATTRACTANTS IN AN IN VIVO
MOUSE MODEL

M.M. Teixeira, T.J. Williams & P.G. Hellewell, Applied
Pharmacology, National Heart and Lung Institute, Imperial College,
Dovehouse Street, London SW3 6LY.

There has been considerable interest in chemokines as potent and
specific eosinophil chemoattractants. With the exception of eotaxin
(Jose et al, 1995), the activity of the majority of eosinophil-active
chemokines has been only characterized in iVito. In this study, we
describe the development of an in ww mouse model to compare the
effects and potency of eosinophil-active mediators.

Blood was obtained by cardiac puncture of CBA/Ca mice
overexpressing the mouse interleukin (IL-5 gene (Dent etal, 1990).
These animals have a high blood level of eosinophils (60-70% of
circulating leukocytes). After dextran sedimentation to separate
leukocytes from red blood cells, eosinophils were purified on a
discontinuous Percoll gradient followed by immunomagnetc negative
selection with anti-CD2 and anti-B cell (B220) monoclonal antibodies
(mAb). The purified blood eosinophils (>95% pure) were labelled
with "'In and injected i.v. into non-transgenic CBA/Ca mice (106
eosinophils per animal), followed 5 min later by i.d. injection ofPAF
(1.5 to 500 pmol per site), LTB4 (1.5 to 150 pmol per site), hC5a
(1.5 to 50 pmol per site) and the chemokines mEotaxin (0.1 to 30
pmol per site), mKC (1 to 30 pmol per site) and mMIP-2 (1 to 30
pmol per site). Each animal received up to 6 injections and "'In-
eosinophil accumulation per skin site was assessed after 2 h. The
Figure shows the effects of i.d. administration ofmEotaxin and LTB4.
mEotaxin was approximately 15 times more potent than LTB4 but
induced similar maximal responses at the top dose tested. PAF was
very potent (EC50 - 2.0 pmol) at inducing "'In-eosinophil accumulation
but it was less effective than mEotaxin (eg. PAF 500 pmol/site, 3045
± 377 "'In-eosinophils/site; mEotaxin 10 pmol/site, 6148 ± 1540;
n= 4). Similarly, a maximally effective dose of hC5a induced only

half the "'In-eosinophil accumulation seen in response to rmEotaxin
(hC5a 50 pmol, 2010 ± 227 "'In-eosinophils; mEotaxin 10 pmol,
4328 ± 740; n= 6). In contrast, i.d. injection of mKC or mMIP-2
had no significant effect on "'In-eosinophil accumulation.
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Effect of mEotaxin (closed circles) and LTB4 (open circles) on "'In-eosinophil
accumulation in mouse skin. Results are mean ± s.e.mean for n= 5-6 animals.

In conclusion, we have shown that mEotaxin is a potent and effective
inducer of eosinophil recruitment into mouse skin. In contrast, similar
doses of the C-X-C chemokines KC and MIP-2 were ineffective at
inducing eosinophil recruitment in the same model. This model should
prove useful in comparing the in ws chemoattractant effects of
eosinophil-active C-C chemokine such as RANTES, MCP-3 and MIP-
(La

We are grateful to Sandoz, Switzerland and the National Asthma
Campaign for support.
Dent, G.; Strath, M.; Mellor, A.L. & Sanderson, C.J. (1990) J. Ep.
Ale 172, 1425-1431.
Jose, P.J.; Griffith-Johnson, D.A.; Collins, P.D. et al (1995)
J.E.Afd 179: 881-887.



53P THE ROLE OF LTB4 AND LTD4 IN SUBSTANCE P-INDUCED EOSINOPHIL ACCUMULATION IN GUINEA-PIG SKIN
AS DETERMINED BY NOVEL AND SPECIFIC ANTAGONISTS

D.T.Walsh, K.A.Yagaloff, T.J.Williams and S.Nourshargh.
Applied Pharmacology, National Heart & Lung Institute, Imperial
College, London SW3 6LY. Hoffmann-La Roche, Nutley, USA.

The neuropeptide substance P (SP), released from sensory nerves,
is a major mediator of neurogenic inflammation. Previously, we
have demonstrated that SP induces oedema formation and the
accumulation of "'In-eosinophils in guinea pig skin and that the
5-lipoxygenase (5-LO) inhibitor, ZM-230,487 significantly
inhibited SP-induced eosinophil accumulation (Walsh et al.,
1995). The aim of the present study was to identify the 5-LO
products involved in this response. For this purpose, we have
investigated the effects of a novel leukotriene (LT) B4 antagonist,
Ro 25-4094 (2-[(5-carboxypentyl)oxy]-6-[6-[(3,4-dihydro-4-oxo-
8-propyl-2H-1-benzopyran-7-yl)oxy]hexyl] benzenepropanoic
acid) and a novel LTD4 antagonist, Ro 24-5913 ((E)-4-[3-[2-(4-
cyclobutyl-2-thiazolyl)ethenyllphenylamino] 2,2-diethyl-4-
oxobutanoic acid) on SP-induced inflammatory responses.

The local accumulation of "'In-eosinophils and '25I-albumin were
measured in guinea pig skin as previously described (Faccioli et
al., 1991). Using a 2 hour accumulation period, i.d. SP (10-'°-10-9
mol/site) induced significant "'In-eosinophil accumulation and
oedema formation above levels detected in sites injected with
saline (10-9 mol/site induced 3808±579 "'In-eosinophils/site and
44.2*5.4gl plasma compared to 489%207 cells/site and 9.7±1.8gl
plasma seen with i.d. saline, p<0.01 n=5). The LTB4 antagonist,
Ro 25-4094 (0.5 mg/kg i.v.), abolished the "'In-eosinophil
accumulation induced by LTB4 (10.10 mol/site elicited 6506±1480
cells/site and 683±60 cells/site in control and drug treated animals
respectively, p<0.01 n=6 pairs) and significantly attenuated the
"' In-eosinophil accumulation induced by SP (10-9 mol/site elicited
3808±579 cells/site and 2003±150 cells/site in control and drug
treated guinea pigs respectively, 47% inhibition, p<0.05 n=6
pairs). As we have previously found with a 5-LO inhibitor

(Walsh et al., 1995), the LTB4 receptor antagonist had no effect
on the SP-induced oedema formation. Further, this antagonist
had no effect on the inflammatory responses elicited by LTD4,
PAF or histamine.

The LTD4 antagonist, Ro 24-5913 (0.5 mg/kg i.v.), whilst
abolishing the LTD4-induced oedema formation (LTD4 does not
induce significant accumulation of "'In-eosinophils) had no
significant effect on the "'In-eosinophil accumulation or oedema
formation induced by SP. Similarly, this antagonist had no effect
on the responses elicited by other inflammatory stimuli including
LTB4. The co-administration of the two receptor antagonists
resulted in a greater level of inhibition of the SP-induced "'In-
eosinophil accumulation than that seen with either ofthe drugs on
their own (10-' mol/site induced 3217±507 cells/site and 92341 17
cells/site in control and drug-treated animals respectively, 71%
inhibition, p<0.01 n=5 pairs). The combination of Ro 25-4094
and Ro 24-5913 again had no effect on the oedema induced by
SP.

These results demonstrate that both Ro 25-4094 and Ro 24-5913
are effective antagonists of LTB4- and LTD4-induced responses
in this model and that LTB4 is involved in SP-induced "'In-
eosinophil accumulation. In addition, our results suggest that SP-
induced endogenous generation of LTB4 and LTD4 may act
synergistically in eliciting the accumulation of eosinophils in this
reaction.

This work was supported by The Wellcome Trust

Faccioli, L.H., Nourshargh, S., Moqbel, R., et al. (1991).
Immunology, 73, 222-227.
Walsh, D.T., Weg, V.B., Williams, T.J. & Nourshargh, S. (1995).
BrJPharmacol., 114, 1343-1350.

54P SUBSTANCE P INDUCES EQUINE EOSINOPHIL SUPEROXIDE ANION GENERATION VIA NK1 RECEPTOR
ACITVATION

A.P. Foster & F.M. Cunningham. Department of Veterinary
Basic Sciences, The Royal Veterinary College, Hawkshead
Lane, North Mymms, Hertfordshire, AL9 7TA, UK.

Lesions of horses with the intensely pruritic allergic skin
disease, sweet itch, are characterised by eosinophil infiltration
and oedema. Moreover, eosinophil numbers have been shown
to correlate with the size of the response to intradermally
injected antigen (Foster et al, 1995). Histamine, the
involvement of which has been reported in sweet itch (Reik,
1955), induced superoxide anion (02-) production by equine
eosinophils (Foster & Cunningham, 1995). Since histamine
may induce substance P (SP) release from cutaneous sensory
nerve endings, the present study has examined the effect of
SP on °2- generation by eosinophils from normal horses.

Production of 02- by equine eosinophils was determined by
measuring the superoxide dismutase (SOD)-inhibitable
reduction of cytochrome c. Eosinophils were purified from
normal horses and resuspended in medium containing 2.5 mg
ml-l cytochrome c at 1X106 cells ml-1. Cells (5x105) were
added in triplicate to tubes with or without NK1 receptor
antagonist (CP96345; 3x10-7-104M), inactive enantiomer
(CP96344; 10-5-104M) or vehicle treatment for 10 min at
37°C. SP, 1-7 amino acid SP fragment (SP 1-7) or 7-11
amino acid SP fragment (SP 7-11) were then added at final
concentrations of 3x10-3x104M and incubated for 30 min
at 37C. Histamine (105 or 104M) and phorbol myristate
acetate (PMA; 10-7M) were used as positive controls. For
comparison, neutrophils purified from the same horses were
also incubated with SP (3x106-3x104M). After
centrifugation supernatant (250l) from each tube was

transferred to 96-well microtitre plates and the reduction of
cytochrome c measured colorimetrically at 550 nm. Blank
values were subtracted from each test sample and the results
expressed as nmol of reduced cytochrome c/106 cells.

SP (3x106-3x104M) induced a significant dose-related
increase in SOD-inhibitable 02- production by eosinophils
(P<0.01; n=4), but not neutrophils. The maximal response
was observed at 3x104M SP and was greater than that
induced by 104M histamine (48±7 vs 16±1 nmol/106 cells;
n=4; P<0.05). SP 7-11 (3x106-2x104M), but not SP 1-7,
induced a significant dose-related increase in 02- production
by eosinophils (P<0.01; n=5). Pre-incubation of eosinophils
with CP96345 (104M), but not CP96344, inhibited SP
(104M)-induced 02- production (13±2 vs 4±1 nmol/106
cells for SP alone and SP+CP96345, respectively; n=7;
P<0.05). In contrast, histamine (10-5M)-induced eosinophil
02- production was not inhibited by CP96345 (104M).

These findings show that SP, if released from cutaneous
sensory nerves in equine skin following antigen exposure,
could selectively activate equine eosinophils. Moreover, this
response appears to be mediated via NKI receptor activation.

We thank the Home of Rest for Horses for financial support
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55p NERVE GROWTH FACTOR INDUCES AN IMMEDIATE AND ALSO A LATE PHASE OF OEDEMA FORMATION IN
RAT SKIN

G.S.Bennett & S.D.Brain (Pharmacology Group, Division of
Biomedical Sciences, King's College, Manresa Rd., London
SW3 6LX UK)

Nerve growth factor (NGF) is known to regulate neuropeptide
levels in inflammation. However, intradernal (i.d.) NGF also
induces a mast cell-dependent oedema in rat skin (Otten et al,
1985). We have investigated the time dependent effect ofNGF
on oedema formation in rat skin.
Male Wistar rats (200-350g) were anaesthetized with sodium
pentobarbitone (50mg/kg i.p.), the dorsal skin shaved and test
agents (0.1 ml in Tyrode) injected intradermally (i.d.) in a
balanced, randomized pattern. Oedema formation was measured
by the extravascular accumulation of 125I-albumin (100 kBq,
i.v.), administered at the start of the appropriate accumulation
period. (Brain & Williams, 1985). Statistical comparisons
between treatments were made using ANOVA followed by
Bonferroni's modified t-test.
7S NGF, the NK1 agonist GR73632 and the mast cell
degranulating agent compound 48/80 all caused significant
plasma extravasation between 0 and 30 min post injection, as
expected (see Table 1). The early (0-30 min) NGF-induced
oedema was significantly abolished (p<0.001) by co-

Table 1 Plasma extravasation induced by NGF, GR73632 and compound 48/80 over various time periods post-injection. Results in table
are mean±s.e.mean p.1plasma/skin stn=number of animals used.* p<0.05; **E<O.Ol; *,**p,<0.001 compared with_Tyoe sites.
Accumulation Period n Tyrode GR73632 (32pmol) Compound 48/80 (1Ong) 7S NGF (8pmol)
0-30min 8 18.7±1.8 57.4+5.7** 100.9±10.3*** 57.6±5.8***
30min-3h 10 12.7±1.0 14.2±3.1 14.2±2.6 17.3±2.5
3-5hr 5 13.8±1.9 14.3±0.8 12.9±0.6 26.8±3.0*

administration of the HI antagonist mepyramine (1.9nmol/site)
and the 5-HT antagonist methysergide (2.8nmol/site).
In a series of time course experiments, NGF was seen to
produce a further phase of extravasation between 3-5h post-
injection. This extravasation was not seen in sites which
received i.d. GR73632 or compound 48/80 (see Table 1). In
contrast to the earlier response, extravasation 3-5h after
injection of8pmol NGF (at Oh) was unaffected by coinjection of
mepyramine and methysergide, either at Oh or at the start ofthe
accumulation period (i.e. 3h). Results as follows: NGF
45.2E4.8pl, NGF+mepyramine and methysergide (given at Oh)
44.2+3.9pl, NGF+mepyramine and methysergide (given at 3h)
42.14.5ytL (meanss.e.mean., n=9).
NGF therefore seems to be causing an initial plasma
extravasation as a consequence of mast cell degranulation. This
is followed by a later phase of extravasation which is not due to
release of mast cell amines, or dependent on the effects of their
earlier release.
Gavin Bennett is the recipient ofa BHF PhD studentship.
Brain,S.D. & Williams,T.J. (1985) Br. J. Pharmcol. 86 855-
860.
Otten, U., Baumann, J.B. & Girard, J. (1985). Eur. J.
Pharnacol., 106, 199-201.

56P PEROXYNITRITE INDUCES PLASMA EXTRAVASATION IN RAT DORSAL SKIN

V.C.Ridger & S.D.Brain, Pharmacology Group, King's College,
Manresa Rd., Lmdon SW3 6LX.

Nitric oxide (NO) plays an essential role in the maintana of
vasodilator tone. NO synthase .inhibitors attenuate both short and
long term plasma extravasation in a number of different models
(Hugheset al., 1990; Boughton-Smith et al., 1993) and this can
be secndary to inhibition of microvascular blood flow. NO is a
fiee radical which can react rapidly with the superoxide radical
(02') to form peroxynitrite anion (ON00). Due to its ability to
interact with lipids, thiols and proteins, peroxynitrite is a potent
tissue damaing species (see Darley-Usmar et al., 1995). In this
study we have investigated the effect of peroxynitrite on plasma
extravasation in the rat cutaneous microvasculature.
The dorsal skin ofan sd (pentbbitone, 50 mg kg', i-p.)
male Wistar rats (220-250 g) was shaved. Peroxynitrite was
injected intradermally (i.d.; 8.75-340 nmol sited) 60 s after
addition to buffer. Concentration was calculated by measuring
absorbance at 302 nm. Plasma extravasation was measured over
0-45 min by the accumulation of i.v. '2I-albumin. Peroxynitrite

Table 1. Peroxynitrite-induced plasma extravasation. Results are expressed as Ill plasma site', mean s.e.mean. ***p<O.OOj peroxynitite
vs control; ANOVA, followed by B roni's modified t test.

Test agent (sitw) pi site' n
Control 20.1 tl.5 6
Vehicle control 27.2k4.4 3
Negative control 22.4*1 6
peroxynitrite 8.75 nmol 25.1±3.6 3

30 nmol 24.5*1.7 3
87.5 nmol 99.58.3 *** 6
175 nmol 157±31.8 * 3
340 nmol 143.3±9.2 *** 3

induced a dose-related increase in plasma extravastion whilst
control (Tyrode solution, 0.lml site'), vehicle control (NaOH in
Tyrode 300 nmol site-) and the negative control (340 nmol
equivalent site), a decomposed form of peroxynitrite, were
without effect. These data illustrate that peroxynitrte produces an
increase in cutaneous microvascular plasma extravasation. Time
course studies indicate that this is rapid in onset but is not
ongoing, sggsing that the response is not due to irvesible
tissue damage. We suggest that the plasma extravasation
produced by peroxynitrite could be involved in in aty
diseases where NO is produced and peroxynitrite forned.

Support of Pfizer Central Research, USA is gratefuily
acknowledged.
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57P STRICT RELATIONSHIP BETWEEN MCP-1 AND MONOCYTE RECRUITMENT IN THE MOUSE PERITONEAL CAVITY

Maureen N Ajuebor, Roderick J Fler & Mauro Perretti.
Iepartment of Biochemical Pharmacology, The William Harvey
Research Institute, Bart's Medical College, Charterhouse
Square, London ECIM 6BQ, United Kingdom.

Chemokines such as monocyte-chemotactic protein-I
(MCP-1) are proposed to control the selective recruitment of
leucocytes to sites of inflammation. In this study we assessed
the effects of human recombinant MCP-1 (hrMCP-1) in the
mouse and measured the formation of endogenous MCP- 1 in.
response to an inflammatory stimulus in vivo.

In vitro, up-regulation of CD lb or CD la antigen on
mouse or human monocytes, respectively, in response to 100
ng/ml hrMCP-I (R&D, Abingdon, Oxon) was measured by
flow cytometry according to a published protocol (Harris et al.,
1995). In vivo, male Swiss Albino mice (28-32 g) were treated
with 0.25 ml sterile saline, hrMCP-1 (0.1-1 tg) or zymosan (1
mg) i.p. At various times after injection, peritoneal cavities
were washed with 3 ml of PBS containing 3 mM EDTA. Cells
were stained with Turk's solution (1:10) and differential cell
counts performed using a a Neubauer htmatocytometer.
Lavage fluids from zymosan treated mice were centrifuged
(1200 r.p.m. for 10 min) and endogenous MCP-1 in the
supernatants measured by ELISA (Cambridge Bioscience,
Oxford). In some experiments mice were pre-treated with an
anti-CDllb mAb (0.4 mg i.v.; clone 5C6; Serotec, Oxford,
UK) 16 h prior to zymosan injection, and peritoneal cavities
washed 4h later. In some experiments dexamethasone (Dex; 30
and 100 jig s.c.) was given 1 h prior to the zymosan.
Monocyte or polymorphonuclear cell (PMN) influx are reported
as 106 cells per mouse. Data are shown as mean ± s.e.mean,
and statistical differences were assessed by ANOVA.

HrMCP-1 up-regulated CD1 lb antigen on mouse
monocytes (from 10899 ± 1460 to 16470 ± 76 molecules per
cell) and CDlla on human monocytes (23918 ± 1130 to 34456

± 2456 molecules per cell) (n=4 experiments; P <0.05 in both
cases). In vivo, i.p. injection of hrMCP-l caused a time and
dose-related increase in monocyte counts, peaking at 4 h post-
injection, with an ED50 of 0.24±0.10 gg per cavity, and a
maximum net increase of 4.53±0.51 x106 monocytes, n=11
mice, at 1 jIg dose. PMN counts (very low) were unaffected by
any dose of hrMCP- 1. Zymosan injection caused PMN
accumulation, which peaked at 4 h, followed by monocyte
infiltration (which was maximal at 24 h). Endogenous MCP-1
was detected in the lavage fluids at 2, 4 and 6 h post-zymosan
(3.37 ± 0.3, 6.17 ± 0.32 and 3.46 ± 0.56 ng MCP-l per
mouse, respectively, n=6-8) and returned to baseline (- 30 pg)
at later time-points. Pretreatment of mice with mAb anti-CD1 lb
reduced (>80%) PMN migration without altering endogenous
MCP-I levels in the 4 h exudates (7.88 ± 0.79 ng per mouse,
n=7). In contrast, administration of Dex attenuated both 4 h cell
influx and MCP-l release in dose-related manner: 47% and
58% reduction of PMN accumulation and 38% and 78%
reduction in MCP-1 levels in the lavage fluids at 30 Ag and 100
gg Dex, respectively (n=5; P <0.05 in all cases).

In conclusion, i) hrMCP- 1 up-regulated B2-integrin
expression in both mouse and human monocytes; ii) hrMCP-1
caused a time and dose-related increase in peritoneal monocyte,
but not PMN, counts; and iii) this novel finding was
substantiated by detecting endogenous MCP-1 release (which
was not due to infiltrating PMN) prior to monocyte recruitment
in a murine model of acute inflammation.

Harris JG, Flower RJ and Perretti M (1995) Eur.J.Pharmacol.
279, 149-157.
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58P MODULATION OF ALLERGEN-INDUCED MOUSE EOSINOPHIL MIGRATION BY DEXAMETHASONE IN
A NOVEL MODEL

Anuk Das, RoderickLJiwer & Mauro Perretti
Department ofBiochemical Pharmacology, The William Harvey
Research Institute, The Medical College of St Bartholomew's
Hospital, Charterhouse Square, London EC1M 6BQ, UK.

Eosinophilia is a characteristic feature of a number of
allergic disease states, including asthma and atopic dermatitis,
which can be modulated by glucocorticoid treatment. Since
some actions of these hormones on cell recruitment occur via
the mediator lipocortin 1 (LC1) [1], we have investigated the
effect of dexamethasone (Dex) in a novel model of allergen-
induced eosinophil (E0) infiltration into murine air-pouches
and the role played by endogenous LC1.

Balb/c mice (20-22 g) were sensitised to ovalbumin (OA)
by sub-cutaneous injection (100 gg adsorbed to 3.3 mg
aluminium hydroxide gel) on day 0 and 7. On day 8 the
development of air-pouches was initiated by injection of 2.5 ml
air [2]. Mice were challenged locally with either saline or 10 tig
OA on day 15 and sacrificed at various times. Dex was given
s.c. 1 h prior to challenge, whereas an anti-LCl polyclonal
serum (termed LCS3) or non-immune sheep serum (NSS) were
given s.c. 24 h prior to Dex. In all cases air-pouches were
washed with 1 ml PBS + EDTA (10mM) and total and
differential cell counts performed on cytospin preparations.
Blood cell numbers were determined from samples collected by
cardiac puncture. Bone marrow (BM) E0 numbers were
counted from cell suspensions obtained by flushing femurs.
Kimura positive cells were counted in a haematocytometer and
accepted as E0s. Flow cytometry analysis allowed
quantification of LC1 levels in migrated cells following
permeabilisation with 0.015 % saponin and staining with LCS3
or NSS (1:100 final dilution). Results are shown as net mean
flourescence intensity (MFI). All other data is presented as the
mean ± sem of n animals, with statistical differences being
assessed by Mann-Whitney U test (two groups) or Kruskal-
Wallis test (with more than two groups).

A significant cell infiltration into the air-pouch was measured
after OA challenge, from as early as 6 h, peaking at 24 h (Table
1) and persisting up to 48 h.

Table 1. Leucocyte infiltration 24 h post- OA challenge
Cells per mouse (x105)

Treatment Total cells Es MAN Monos
Saline
(n=5) 2.5±0.6 0.02±0.01 0.05±0.02 2.4±0.6
OA

(n=24) 13.8±1.9 * 5.1±0.7 * 2.5±0.5 * 6.2±0.8 *
* P<0.05
An increase in blood E0 numbers was seen in sensitised mice
when compared to naive mice (1.5±0.3 x105 vs 0.5± 0.1x105'
n=15; P<0.05) with no further increase 24 h after OA challenge
(1.4±0.3 x105, n=13). In contrast, BM E0 numbers dropped
from 2.0±0.1 x106 to 0.7±0.2 x106 24 h post OA challenge
(n=6; P<0.05). Infiltrating E0s were positive for LC1 with a
net MFI value of 53. Treatment of mice with Dex (50 pg)
reduced E0 infiltration following OA challenge both in NSS
and LCS3 pre-treated animals (E0s per mouse, x105): 5.0±0.6
in controls and 2.0±0.4 after Dex in the NSS group (n=8-15);
and 6.0±0.5 vs. 3.0±0.5 in the LCS3 group (n=16-21).

In conclusion, we have established a novel model of
OA-induced E0 migration into the air-pouch of sensiftsed mice,
and demonstrated for the first time the presence of LC1 in
murine eosinophils. Although Dex produced a strong inhibition
ofE0 influx, its effect was not mediated by endogenous LC1.

This work wasfunded by The Welkome Trust. RJF is a
Principal Research Fellow ofThe Wellcome Trust.
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59p INTERCELLULAR ADHESION MOLECULE-1 (ICAM-1) EXPRESSION ON RAT MONOCYTES AND MACROPHAGES
IS CONTROLLED BY DEXMETHASONE

Anitaben Tailor, Roderick J Flower, & Mauro Peetti.
Department of Biochemical Pharmacology, The William Harvey
Research Institute, Bart's Medical College, Charterhouse
Square, London ECIM 6BQ.

The in vivo effect of glucocorticoid hormones on leucocyte
adhesion molecule expression has not been investigated in
detail. Here we report that prolonged exposure to
dexamethasone (Dex) inhibited basal expression of ICAM-1,
but not basal or up-regulated expression of CDl lb, on rat
peripheral blood circulating monocytes and peritoneal
macrophages (M0).

Male Sprague-Dawley rats (250-300 g body weight)
received Dex (0.1 mg/kg s.c.) or saline (1 mnl/kg) for 5 days.
Blood was collected by cardiac puncture under halothane
antsthesia, and peritoneal cavitities were washed with 10 ml of
PBS + 3 mM EDTA. CDllb and ICAM-1 expression on rat
peripheral blood leucocytes was monitored using a whole blood
protocol recently described (Harris et al., 1995). Blood aliquots
(200 p±) were incubated at room temperature with or without 1
pM platelet-activating factor (PAF) for 30 min. After washing,
cells were stained with a specific anti-rat CDl lb mAb (5 gg/ml;
Serotec, Oxford), anti-rat ICAM-l mAb (12.5 ttg/ml; Serotec)
or control mouse IgG (5 or 12.5 pgg/ml) for 60 min (40C) and
labelled with FITC-conjugated anti-mouse IgG Ab (5 min,
room temperature) prior to lysis of red blood cells. Monocytes,
lymphocytes and polymorphonuclear leucocyte (PMN)
populations were identified by FACS analysis and cell-
associated fluorescence was measured in the FLl channel.
Similarly, peritoneal cells (>80% M0) were stained with the
anti-ICAM-l mAb (1 h at 40C) prior to labeling with the FITC-
conjugated second antibody and FACS analysis. Data (mean ±
s.e.mean of n animals per group) are reported as number of
antigen molecules per cell. ANOVA and Bonferroni tests were
used to detect statistical differences.

Treatment of rats with the 5-day protocol with this low
dose of Dex did not alter basal expression of CD1 lb either on
monocytes (12625±1349 and 16741±1614 CDl lb molecules
per monocyte were measured in control and Dex-treated rats,
respectively, n=8) or on PMN (18653±1709 and 19531±939
CDl lb molecules per cell, n=9). Following incubation of
monocytes with 1 FM PAF, CDIlb levels were increased to
18217±1623 and 18856±1839 molecules per cell in saline- and
Dex-treated rats, respectively (n=8, not significant). A similar
result was obtained with PAF-stimulated PMN (not shown). In
contrast to CDl lb, 5-day treatment with Dex significantly
reduced ICAM-1 expression on circulating monocytes, from
8419±1614 to 3744±737 ICAM-1 molecules per cell (n=8,
P<0.05). Circulating PMN had little ICAM-l expression even
in the absence of steroid treatment (678±145 and 454±129
molecules per cell, in control and Dex-treated rats, n=8).
Peritoneal M0 had higher ICAM-1 expression than circulating
monocytes (18049±510 molecules per cell, n=7), and again the
levels of this adhesion molecules were reduced following
treatment with the steroid (14361±833 ICAM-1 molecules per
cell, n=6; P< 0.05).

In conclusion, we found that prolonged exposure of animals
to Dex selectively modified adhesion molecule expression on
leucocytes of the mono-myelocytic lineage. We have identified
ICAM-1 as a molecular target the levels of which can be
inhibited by these potent hormones in vivo. No effect was
detected on basal and PAF-stimulated expression of the 82-
integrin CD1 lb.

This work was supported by a grant ofONO Pharmaceutical
Co. to the William Harvey Research Institute. RJF is a

Principal Research Fellow ofthe Wellcome Trust.
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60P THE LIPOCORTIN-1 BINDING SITE ON HUMAN MONOCYTES IS SENSITIVE TO PROTEOLYTIC ENZYMES

HS Euzgerl, M Perretti, RJ Flower & NJ Goulding Arthritis
Reseach Sections, Dept of Biochemical Pharmacology, St
Bartholomew's & The Royal London Hospital School of Medicine
& Dentistry, Charterhouse Sq. London, ECIM 6BQ

Lipocortin-l (LC1) has been implicated in mediating some of the
antiinflammatory effects of glucocorticoids. Monocytes bind LC1
in a saturable, Ca2+-dependent manner via 14 and 18 kDa surface
proteins (Goulding et al., 1996). Impaired LCl binding has been
observed in leucocytes obtained from air pouch or peritonitis
models of inflammation (Perretti et al., 1993) and in rheumatoid
arthritis (RA) (Goulding et al., 1992). Since proteolytic enzymes
are present at sites of i on and in the sera of RA patients,
we have investigated the role of proteases in modulating LC1
binding to monocytes by flow cytometry and confocal
microscopy.

Peripheral blood mononuclear cells (MNC) were prepared from
healthy volunteers by density centrifugation over histopaque.
MNC were washed in phosphate-buffered saline (PBS) and
lx106 cells suspended in RPMI 1640 + 0.2% bovine serum
albumin + 1.8mM calcium (RPMI++) in the presence or absence
of either collagenase, elastase, trypsin or cathepsin G. and
incubated at 37oC for 30 min. In 4 experiments, a specific
inhibitor was added to block elastase activity. At the end of the
incubation period MNC were washed twice with RPMI++ to
remove exogenous enzyme and incubated at 1x106 cells per well
in 96 well plates with human recombinant LC1 (10ILg/ml.) for 1 h
at 40C, followed by reaction with an anti-LCI mAb (lh 40C).
After further washing, cells were stained with a FITC- goat anti-
mouse IgG for 30 min. at 40C. Following washes in PBS++,
cells were fixed in 1% paraformaldehyde. MNC LC1 binding was
analysed by confocal microscopy (Bio-Rad MRC 1024) and flow
cytometry (FACScan, Becton Dickinson). Monocytes and
lymphocyte were identified by the forward and side scatter

characteristics and LCl binding sites expressed as FITC molecules
bound per cell, standardised against FITC-coated beads.

Monocyte LCl binding was substantially reduced in the presence
of each of these proteolytic enzymes (Table 1). Lymphocytes were
consistently negative for LC1 binding even in the absence of
protease treatment.
Table 1. Protease inhibition of LC1 binding to human
Monocytus (Mean FITC egwv. LC1 binding sites per cell ± s.e.)
protease conc. n control + enzyme
trypsi 250 iig.m11I 12 38765±4642 12770±252 *
collagenase 5 U.ml- 7 86071±8957 7443±957 *

0.5 U.ml- 7 29794±5485*
0.05 U.ml-1 7 59216±7456

elastase 100 g1g.ml-1 2 43501±21832 10814±8088
10 pg.ml-1 6 50360±16964 21251±6916*
1 gtg.ml-' 2 43501±21832 24493±6653
10 iig.ml-1 4 33340±11666 41658±9782 t

cathepsin G 100 tg.ml-1 2 96006±3234 26038±1629
p<0.OS, p<0.001 Wilcoxon signed rank test

tIn the presence ofspecific elastase inhibitor ONO 5046 (0pM)

Confocal microscopy revealed discrete clusters of LC1 bound to
the monocyte surface which were diminished in size and intensity
following protease treatment.

In conclusion, LC1 binding sites on monocytes are reduced when
exposed to proteases. Levels of collagenase, cathepsin G and
elastase are elevated at sites of inflammation and recognised as
significant cartilage-degrading enzymes in RA and other
arthritides. Thus, these data may indicate an important mechanism
by which LC1 binding capacity is lost at sites of inflammation.
Goulding N.J.et al. (1996) Biochem. J. 316, 593-597.
Goulding N.J.et al. (1992) Arthrtis Rhewn. 35, 1396-1397.
Perretti M.et al. (1993) B.B.R.C. 192, 345-350.



61 P DETECTION OF LIPOCORTIN 1 (LC1) AND LC1 BINDING SITES IN THE RAT ANTERIOR PITUITARY GLAND BY
FLUORESCENT ACTIVATED CELL ANALYSIS/SORTING (FACS)

1H.C. Christian, 2N.J. Goulding, 3M. Kahan, 4H. Wang, 4J.F. Moms
5R.J. Flower and 1J.C. Buckingham; 1DepL of Pharmacology,
Caring Cross and Westminster Medical School, London W6 8RF,
Depts. of 2RPeumnatology & 5Biochemical Phamacology, The
Medical College of St Bartholomews Hospital, London ECIM 6BQ,
3Kenedy Institute of Rheumatology, London W6 8RF & 4Dept. of
Human Anatomy, University of Oxford OXI 3QX.

Lipocortin 1 (LC1) is an important protein mediator of
glucocorticoid action on the anterior pituitary gland (1). Its
molecular mode of action is unkmown but data from our
functional studies suggest that the protein is exported by target
cells in response to a steroid challenge and subsequently binds
to cell-surface 'receptors', thereby serving as an autocrine or
paracinne agent (1). To investigate this further we have used a
combination of fluorescence activated cell sorting (FACS) and
electron microscopy (a) to detect and characterise LCl binding
sites on anterior pituitary cells and (b) to identify the pituitary
cell subtypes which express LCl protein.

Anterior pituitary cells (collected post mortem from adult male
rats) were dispersed into a single cell population (0.2%
collagenase, 0.002% DNAse) and incubated with human
recombinant LCl (hrLCl, O.5nM-0.5pM). LCl molecules
bound to cell surfaces were detected by sequential incubation
with a monoclonal anti-LCl antibody (Ab, Biogen Research
Corp.) and a fluorescent conjugated (FITC) second Ab. Cells
displaying positive fluorescence for surface LCI binding sites
were subsequently quantified and separated by FACS and
identified by electron microscopy. For measurement of
intracellular LCl freshly dispersed cells were fixed with
paraformaldehyde (2%, lh) and permeabilised with Triton
(0.4%, lOmin) prior to detection with a specific anti-LCl
monoclonal Ab (Zymed) and FlTC-conjugated second Ab.
Cells expressing LCl were characterised by FACS and electron
micrscopy as above.

Concentration dependent, saturable binding of hrLCl to the
heterogenous anterior pituitary cell population was observed
(estimate Kd 13.65±1.8nM; n=4). LCl binding was Ca2+- and
temperature dependent; binding was also abolished by treatment
of the cells with trypsin (0.05%, lmmin) but reappeared
following 24h in culture (sites/cell at saturation
138,650±15,170, vs non-trypsinised 131,900±16,920, estimate
Kd 14.2±2.6nM; n=4). Regeneration of the protein binding
sites was blocked by cycloheximide (0.5pgtml) but not by
actinomycin D (O.lpgtml) and was therefore dependent on the
translation but not the transcription of new protein. Electron
microscopical analysis showed that the proportions of the
various pituitary cell subtypes in the dispersed cell population
were similar to the intact tissue and that corticotrphs,
lactotrophs, gonadotrophs and somatotrophs were all included
in the population of cells expressing LC1 binding sites.

Electron microscopical examination of the permeabilised cells
prior to FACS showed that the cells were well preserved and
that all the various pituitary secretory cell subtypes were present
in the dispersed cell preparation. Intracellular measurements on
this heterogeneous cell population revealed an average of
46,200±7,200 LCI molecules per cell (vs isotype matched
negative control antibody 1270±450; n=4). Corticotrophs,
lactotrophs, somatotrophs and gonadotrophs were all found to
express LC1. In conclusion these data show that a number of
anterior pituitary secretory cell types express both intracellular
LC1 and surface LC1 binding protein. Further studies are
required to investigate the transduction pathways used by the
'receptors' leading to the inhibition of hormone release by these
cells.
The Welkome Trust (grant no. 041943fZ,94Z) and Ise of Man Education
Authority geneosly Wmoed this study.

1. Taylor, A.D., Loxley, H.D., Flower, RJ. & Bucam, J.C. (1995).
Neuroendocrinology, 62, 19-31.

62P IMPORTANCE OF LIPOTEICHOIC ACID AND PEPTIDOGLYCAN IN THE INDUCTION OF NITRIC OXIDE SYNTHASE
IN MURINE MACROPHAGES BY GRAM-POSlTIVE ORGANISMS

M. K haran S.J. De Kimpe, *S.J. Foster and C. Thiemermann. The
William Harvey Research Institute, St Bartholomew's Hospital Medical
College, London ECIM 6BQ. *Department of Molecular Biology and
Biotechnology, University of Sheffield, Sheffield, S10 2TN.

Peptidoglycan (PepG) and lipoteichoic acid (LTA) are major cell wall
components ofpathogenic Gram-positive organisms such as Staphylococcus
aureus (S.aureus). A moiety of PepG, N-acetyl-D-glucosaminyl--[1-+41-N-
acetylmuramyl-L-ala-D-isoglutamine (NAG-AP) accounts for the ability of
PepG to synergise with LTA to induce nitric oxide synthase (INOS) in
murine macrophages (K haran et al., 1996). However, this moiety is
also present in the PepG structure of the non-pathogenic Gram-positive
bacterium, Bacillus subtilis (Bsubtlis). Here, we show that PepG from
either bacterium synergises with S-aureus LTA but not B.subtilis LTA to
induce iNOS activity in macrophages.

Murine macrophage cells (J774.2) were cultured in 96- or 6-well
plates with culte medium (DMEM) containing foetal calf serum (10%)
and glutamie (4mM) until cells reached confluence. PepG (from S. aureus
or B.subtilis) either alone or in combination with LTA (from S. aureus or
B.subfilis) was added to the cells. In a separate exeiment, LTA (from
S. aureus or B.subtilis) was incubated with NAG-AP. Nitrite amulation,
an indicator ofNO formation, was measured 24h later in the superant of
J774.2 cells by the Griess method. In one experiment, the cells were
extrated 24h after the addition ofLTAs and NAG-AP and the expression of
iNOS protein was determine by the Western (immuno) blot analysis.

The LTA from Saureus, but not the LTA from B.subtilis, caused
increases in nitrite accumulation in the supenatant of J774.2 cells from
2±1pM (baseline) to 57±2MM (at 30jLg.mlFl, p<0.05, n=12). I estingly,
B.subtilis PepO, but not S aureus PepO, caused a small but significant rise
in nitrite formation at 30g.ml' (Table 1). When S.aureus LTA was co-
incubated with PepG from either S.aureus or B.subtilis, s cant increases
in nitrite formation were observed at 24h (Table 1). This rise in nitrite
formation was greater than the sum of nitrite formed by either the LTA or
PepGs alone. In contrast, co-incubation of B.subtilis LTA with Saureus
PepG did not produce significant increases in nitrite accumulaton over 24h
(Table 1). However, the increase in nitrite due to B.subtilis LTA and

B.subtilis PepG was not greater than the sum of nitrite formed by the
individual components. When co-incubated with NAG-AP, Saureus LTA,
but not B.subtifis LTA, caused a significant increase in the nitrite formation
as well as the expression of iNOS protein c to LTAs alone.

Table 1. Effect ofbacterial cell wall components on ntrite fmation.
Treatment Nitrite

baseline 2±1
LTA (B.subtflis, lOgg.mlr) 6±1
PepG (B.subtilis, 30g.mlrl) 17±1*
LTA (B.subtllis, lOgg.mlrl) + PepG (B.subfilis, 30g.ml-) 22±6*
LTA (S.aureus, O.lg.mlrl) 14±2*
PepG (S aureus, 30g.mlrl) 3±1
LTA (S.aureus, O.lg.mT1) + PepG (S aureus, 30g.mT1) 37±5*
LTA (S.aureus, O.1Lg.mr') + PepG (B.subtflis, 30Lg.mlFl) 52±6*
LTA (B.subfilis, lOgg.mlr) + PepG (Saureus, 30jg.mT1) 4±1
NAG-AP (lOig.ml-1) 3±1
LTA (S.aureus, O.I±g.mP1) + NAG-AP (1Otg.mlrl) 59±1*
LTA (B.subtilis, iOgg.mlr) + NAG-AP (lOgg.mF1) 3±2
Values are given as mean ± s.e.mean (n-9-12). *P<O.05 vs baseline
(unpaired Students t-test).

These results show that PepG from either bacterium synergis
with S aureus LTA but not BEsubtilis LTA to induce iNOS actity in
J774.2 macrophages. Furthermore, NAG-AP synergised with S.aureus LTA
but not B.subfilis LTA to induce the expression and activity of iNOS
prin As NAG-AP is a moiety that is conserved in the structure of PepG
from a wde range of pathogenic and non-pathogenic bacteria, differences
in the structure of LTA (rather than PepG) may determine whether LTA
and PepG synergise to induce iNOS in J774.2 macrophages.
CT is a SeniorResearch Fellow ofthe British Heart Foundation.

Ke garan, M., De Kinpe, S.J., Thiemermann, C. and Vane, J.R (1996).
Br. J. Pharmacol. (in press).
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Robert A. Holt, Alan N.Bateson and Ian L. Main. Department
of Pharmacology, University of Alberta, Edmonton, Alberta,
Canada, T6G 2H7.

Diazem and zolpidem produce their overt effects by
interaction with the GABAA receptor. In comparison with the
classical benzodiazepines, zolpidem shows reduced tolerance
and dependence liability (1,2). The present study investigates
the effects of chronic diazepam and zolpidem treatment on
expression of the GABAA receptor al-6, j1-3 and yl-3 subunit
mRNAs in rat cortex. Male Sprague-Dawley rats were injected

Diazepam Zolpidem l
=7 days 14 days 7 days 14darts

al 82.4 +/- 3.8 83.3 +/- 12.1 94.6 +/- 11.0 *72.6 +/- 11.1
u2 100.9 +1- 8.4 120.1 4/- 11.5 125.7 +/- 12.9 111.03 +/- 8.9
a3 101.1 +/-8.3 *136.8 +/- 1.0 110.9 +/ 11.6 88.6 +/- 15.0
a4 *181.7 +/- 19.2 *150.4 4/ 12.9 *170.8 +/- 10.3 110.1 +/. 9.8
c5 136.8 +/- 10.3 *141.6 +/- 10.9 95.2 +/- 11.3 102.0 +/- 4.3
a6 ND ND ND ND

I *153.6 +/- 14.5 *131.9 +/- 7.9 *149.1 +/- 5.5 118.8 4/- 6.5
02 90.6 4/- 9.1 72.8 +/- 16.1 99.9 4/- 9.4 92.4 +/- 7.4
3 96.6 4/- 25.0 106.2 +/- 2.8 90.0 4/- 23.0 100.5 +/- 13.3

IL 134 +/- 18.8 100.7 4/- 21.9 116.5 +/- 11.2 120.1 +/- 7.6
y3 93.1 4/- 9.5 *73.7 +/- 6.5 95.1 +/- 3.5 86.14 +/- 5.3
j *161.3 +/- 27.8 *156.7 +/- 9.2 106.6 +/- 8.9 84.8 +/- 6.2

Table 1. The levels of GABAA receptor subunit mRNAs
expressed as a percentage of untreated control values
with the standard error as a percentage of the mean
(n= 4 to 6; *p<0.05). There were no significant
effects of vehicle treatment.

sub-cutaneously once daily for 7 or 14 days with 15 mg/kg
diazepam or 15 mg/kg zolpidem in sesame oil vehicle. In vivo
binding studies have indicated that these doses give comparable
levels of receptor occupancy in rat cortex (3). Steady-state
levels of GABAA receptor subunit mRNAs were quantified by
solution hybridization (4), with results summa in Table 1.
Briefly, the levels of a4- and pl-subunit mRNAs were
significantly increased after 7 days of both diazepam and
zolpidem treatment. These effects were reduced at 14 days, at
which point significance was maintained for diazepam only.
Significant changes specific to diazepam included increased
levels of a3-, aS- and y3-subunit mRNAs and reduced amount
of y2-subunit mRNA. A significant decrease in the level of al-
subunit mRNA after two weeks of treatment was the only
zolpidem-specific effect observed. The genes which encode the
GABAA receptor subunits exist in the genome as a/,Bly clusters
(5). Our data indicate a degree of association between a
particular drug treatment and changes in the levels of mRNAs
arising from a given gene cluster. The results of this study are
consistent with a model of diazepam dependence based on
GABAA receptor subunit isoform switching.

We thank Hoffman LaRoche and Synthelabo Recherche for
generously providing diazepam and zolpidem, respectively.
RAH is in receipt of an Alberta Mental Health Studentship.

1. Perrault, G., Morel, E., Sanger, D.J. & Zivkovic B. (1992)
J. Pharmacol. Exp. Ther. 263: 298-303.

2. Scharf, M.B., Roth, T., Vogel W.V., Walsh, J.K. (1994)
J. Clin. Psychiatry. 55: 192-199.

3. Benevides, J., Peny, B., Durand, A., Arbilla, S,. &
Scatton, B. (1992) J. Phamacol Exp. Ther. 263: 884-
896.

4. O'Donovan, M. C. (1991) Nucleic. Acids. Res 19: 3466.
5. Sieghart, W. (1995) Pharmacol. Rev. 47: 181-234.

64P EFFECTS OF DIAZEPAM ON GABAA RECEPTOR SUBUNIT mRNA LEVELS: DRUG DELIVERY VIA OSMOTIC

MINIPUMPS
Michelle I. Arnot, Alan N. Bateson and Ian L. Martin.
Department of Pharmacology, University of Alberta,
Edmonton, Alberta, Canada, T6G 2H7.

The anxiolytic diazepam produces its overt effects by interaction
with GABAA receptors of the mammalian central nervous
system. We show here that continuous delivery of diazepam
from implanted osmotic minipumps does not produce the same
changes in GABAA receptor subunit gene expression as those
we have reported previously using the equivalent doses injected
daily (1).
Male Sprague-Dawley rats (180 to 200 g) were subcutaneously
implanted with Alzet osmotic minipumps containing diazepam in
a solution of dimethylsulphoxide/propylene glycol (1:1, v/v) to
deliver 15 mg/kg/day. We have previously shown that under
the in vivo experimental conditions used here, these pumps will
deliver diazepam at a relatively constant rate over a period of
four weeks in vitro (2). Groups of rats, treated in this manner
with either the vehicle or vehicle containing diazepam were
killed after 7 or 14 days. Steady-state levels ofGABAA receptor
subunit mRNAs were determined by solution hybridization (3)
and quantified by densitometric analysis.
Diazepam steady-state levels, determined by HPLC analysis of
rat brain cortex were 189 ± 55 ng/g (mean ± S.E.M.; n=8) after
7 days and 144 ± 21 ng/g (n=12) after 14 days. Only the a4-
subunit mRNA level changed significantly expressed as a
percentage of vehicle-brated animals (52±7; mean ± S.D.;
n=13; p>0.001) after 7 days. No significant changes were
found after 14 days. In contrast, we have previously
demonstrated significant changes in the levels of a3-, a4-, aS-,
BI-, y2- and y3-subunit mRNAs after daily injections of the
same dose (1).

It is possible that the vehicle required to allow the use of
osmotic minipumps compromised the effects of diazepam on

GABAA receptor gene expression. Alternatively, the repeated
decreases in receptor occupancy (mini-withdrawals) experienced
by animals dosed by multiple single daily injections is
responsible for the induction of changes in GABAA receptor
gene expression. Clearly the animals reated via osmotic
minipumps will not suffer this repeated withdrawal. These
results suggest that benzodiazepine receptor occupancy per se
may not be the primary cue for the induction of changes in
GABAA receptor gene expression.

Table 1. Mean GABAA receptor subunit mRNA levels, relative
to vehicle-treated controls, as a consequence of diazepam
treatment via osmotic minipumps. Data are expressed as a
percentage change together with the coefficient of variation for
multiple determinations in parentheses.

7days14dy
al 49)9 61

a3 103 F 1
a4 -

We thank Hoffmann-La Roche for their generous gifts of
diazepar. The work was supported by the MRC Canada. MIA
is in receipt of a Recruitment Scholarship from the University of
Alberta
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LEVELS IN THE RAT

K.L. Woodall, A.M. Domeneyl & M.E. Kelly, Postgraduate
Studies in Pharmacology, The School of Pharmacy, University
of Bradford, Bradford, West Yorkshire BD7 1DP and lSwiss
Federal Institute of Technology, Zurich, Switzerland.
Social hierarchies formed between animals have been proposed
as models of both psychosocial stress and anxiety (Fuchs et al.
1993, Joly and Sanger 1991) Stable hierarchies determined by
agonistic interactions between rats have shown different levels
of plasma corticosterone depending on the relative rank order of
the rat (Blanchard et al. 1993). As social competition for
sweetened milk has been proposed to be based on different
levels of fear it is possible that animals with different rank
orders may also have different levels of plasma corticosterone.
The purpose of this study was to determine whether there are
different corticosterone levels between dominant, intermediate
and subordinate rats following a social competition trial and
exposure to a novel environment. In addition, the behaviour of
the rats in the novel environment was observed to assess any
behavioural differences between each animal in the social
hierarchy.
Baseline levels of competition were established for a 5 week
period during 5 min access to sweetened milk in triads (n=13) of
male Lister Hooded rats weighing 256.2±5.lg at the start of the
study. For each group the social hierarchy was established by
observing which animal had access to the spout at 5s intervals
throughout the testing period (e.g. 60 observations for one 5 min
trial). All groups were tested twice a week. Trunk blood was
obtained from dominant, intermediate and subordinate rats 10
min after social competition (n=6) and also 10 min following
exposure to an open field (n=7). The open field was 122cm in
diameter and the rats were exposed for a 10 minute test period
during which time the distance travelled (m) was measured by a
computer tracking system. Blood samples were centrifuged and
the plasma analysed for corticosterone by radioimmunoassay

(Gamma-B I125 corticosterone, Immuno Diagnostic Systems
Limited). Data are expressed as mean ± s.e. mean and statistical
analysis was performed using two way ANOVA followed by
Dunnett s t-test.
During the initial 5 week study the triads of rats developed
stable hierarchies consisting of dominant, intermediate and
subordinate animals which had access to the drinking spout for
40.7±2.1%, 27.8±2.7% and 22.0±1.2% of the 5 min testing
period respectively. Following social competition there wer no
significant differences in plasma corticosterone levels between
dominant, intermediate and subordinate rats, 73.7±11.7ng/ml,
67.2±1 .Ong/ml and 53.7±5.6ng/ml respectively. Following
exposure to an open field, dominant rats showed a significant
increase in plasma corticosterone levels compared to the levels
following social competition, 73.7±11.7ng/ml compared to
150.2±20.4ng/ml, (p<0.05), in addition there was also a
significant difference between dominant and subordinate
animals 150.2±20.4ng/ml compared to 63.2±15.3ng/ml
respectively (p<0.01). There was no significant difference
between the distance travelled in the open field by dominant,
intermediate and subordinate rats.

These results show that social competition in groups of rats
competing for sweetened milk does not create a situation which
leads to increased plasma corticosterone in any subgroup of rats
within the social hierarchy. However, although no differences
were observed between the animals in terms of distance
travelled in an open field, dominant rats exhibited an increase in
corticosterone which was not seen in intermediate or
subordinate rats.

Blanchard, D.C., Randel, R.S., McEwan, B. et al. (1993) Beh.
Brain Res. 58, 113-121.
Fuchs, E., Johren, O., Flugge, G. (1993)
Psychoneuroendocrinology. 20, 33-51.
Joly, D., Sanger, D.J. (1991) Behav. Pharmacol. 2, 205-213.
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LOBE: CHANGES IN RECEPTOR DENSITY AND AFFINITY

K. Hand, N. G. Bowery', W. Van Paesschet2 & J. Duncan2.
Depts. of Pharmacology, School of Pharmacy, London WCON lAX,
'Medical School, University of Birmingham BiS 2fT.2TInstitute of
Neurology, Queen Square, London WClN 3BG.

Central BZ receptor binding, determined by [3H1-flumazenil
autoradiography at a single concentration, is reduced in specific
regions of hippocampi resected from patients with unilateral mesial
temporal lobe epilepsy (TLE) (Burdette et al., 1995). This decrease
has been correlated with changes in neuronal densities due to
hippocampal sclerosis (HS). We have performed saturation
autoradiographic studies using [3H-flumazenil, to determine the
binding parameters and investigate relationships with neuronal
density, in hippocampi resected from 8 patients (average age 32
years) with intractable TLE due to HS and 6 neurologically normal
controls (average age 69 years).

Hippocampi samples were frozen in an embedding matrix on dry ice
within minutes of resection and stored at -800C. Control hippocampi
were frozen 5.5-28 hours post-mortem. Cryostat sections (l1ram)
were cut at -150C to -200C, mounted onto charged microscope slides
and stored at -800C until assayed. Total binding was assessed in at
least 2 sections per centration. Sections were pre-incubated (2 x
30 minutes) in buffer (0.17M Tris-HCl, pH 7.4). Binding incubation
was for 60 mins at 0-40C using fresh buffer nining 0.25-20nM of
[3H]-flumazenil. Non-specific binding (1-2 sections) was dermine
in the presence of 2pM clonazepam. Slides were washed (2 x 1
minute) in fresh buffer, briefly dipped in distilled water, dried with
cold air and apposed to [3H-sitive film for 21 days at room
temperature. Film optical densities (converted to finol/ng protein)
were masure in six hippocampal subregions identified by cresyl
viet-sainig following antoradiography. Mean optical density

values for each region were obtained by outining the entire region.
Kd and Bmax were determined by computer analysis (Graph Pad
Prism). Neuronal densities ofhip pal subrons were obtained,
using a 3-D counting method (Williams & Rakic, 1988) on paraffin-
embedded samples of epileptic and control hippocampus.

Bmax values for [3H1-flumazenil bi in all six hippocampal
area measured in HS (31-352 finol/mg protein), were significantly
reduced compared with controls (p<0.05, Student's t-test - Control
range 217-600 fino/mg protein). The largest reductions in Bmax
were observed in the CAI (-94 ± 0.6%Y, p<0.001), hilus (-63 ± 60/,
p<O.001), CA2 (-46 ± 6%, p<O.OOl) and dentate gyrus (-45 ± 5S!.,
p<O.001) regions. Significant increases in affinity compared with
conrol (Kd values 2.7-5.2 nM), were observed in three of the six
subregions measured: dentate gyrus (+40 ± 81/o, p<0.0l); hilus (+42
± 8%, p<0.01) and subiculum (+43 ± 60/, p<0.01). Neuronal
densities available in five subregions indicated changes which
paralleled the d se in Bmax values in all area except for CAl
where the Bmax was reduced to a significantly greater extent
(p<0.05) than the neuronal density (-94 ±0.6% and -87 ±1.2%
respectively).

Whilst these data would support the view that the decrease in BZ
receptor binding is principally due to neuronal los, in regions other
than CAl, this may not be definitive and ongoig in situ
hybridization studies may provide a cleareription

Control autopsy brain tissue was provided by the Parkinson's Diease
Society Brain Bank, Institute ofNeurology, Lodon WC1N 1PJ.

Burdette, D. E. et al. (1995) Neurology 45, 934-941.
Williams, R W. & Rakic, P. (1988)J Comp. Neurol. 278, 344-352.
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R.H.Evans, Department of Pharmacology,
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Bristol BS18 7DY.

The aim of the present experiments was to
identify a stimulus/recording protocol that
would detect therapeutic concentrations of
anticonvulsant drugs. Hemisected spinal
cord preparations from 3 to 9 day old
Wistar rats of either sex w re bathed in
melium containing 1.5 mM Ca+ and 1.25 mM
Mg + at 25 OC. MSRs measured as the
amplitude of the initial monosynaptic
population spikes of motoneurones were
recorded from the L5 ventral root proximal
to the spinal cord. The L5 dorsal root was
stimulated proximally every 20 s with
paired cathodal pulses of 0.5 ms duration
at different intensities and 50 to 100 ms
apart such that the first pulse, at
intensities below twice threshold, produced
a monosynaptic population spike (MSR1) of
less than half maximum amplitude and the
second pulse at intensities of three times
threshold or higher, produced a maximum
response (MSR2).

Carbamazepine 10 and 20 pM depressed the
mean peak amplitude of MSR1 by 12% (n=2)
and 31% ±9 s.e.mean (n=3) respectively.
Lamotrigine (5, 10 and 20 pM) produced
corresponding values of 16 ±7% (n=2), 36
±18% (n=4) and 36 ±19% (n=2) respectively
and on one preparation phenytoin produced

26% depression of MSR1 at 10 1M and 49%
depression at 20 aM. The depressant effect
of lamotrigine on MSR1 was significant at
P<0.002 (sign test). All three drugs
produced no significant depression of MSR2.
The amplitude of MSR1 reflects the number
of motoneurones which are activated by the
submaximal afferent input. The
susceptibility of MSR1 to the
anticonvulsants can be explained through a
postjunctional depression of the
excitability of motoneurones by the drugs.
MSR2 is the response of all available
motoneurones activated supramaximally.
Under this condition the anticonvulsants
are unable to reduce excitability
sufficiently to cause failure in a
significant number of the motoneurones.
This situation contrasts with the action of
baclofen which depresses transmitter
release from primary afferent terminals
(Edwards et al 1989). On the present
preparation baclofen produces marked
depression of the MSR elicited following
supramaximal shocks (Siarey et al, 1992).

The experiments were carried out during an
award under the Senior Academics in
Industry Scheme between Tocris Cookson Ltd
and the Department of Trade and Industry.

Edwards, F.R., Harrison, P.J., Jack, J.J.B.
& Kullman, D.M.(1989) J.Physiol.(Lond.)
416, 539-556.
Siarey, R.J., Long, S.K. & Evans,
R.H.(1992) Br.J.Pharmacol. 107, 628-633.

68P THE INTRACELLULAR MECHANISMS UNDERLYING PARALLEL FIBRE-INDUCED, HETEROSYNAPTIC LONG-TERM
DEPRESSION IN THE CEREBELLUM

N. A. Hartell. (Introduced by J. W. Smith). The Department of
Pharmaceutical and Biological Sciences, Aston University.
Birmingham. B4 7ET.

Simultaneous and repetitive activation of the two excitatory inputs to
cerebellar Purkinje cells, parallel fibres (PF) and climbing fibres
(CF), leads to a long-term depression (LTD) of transmission at the
PF-Purkinje cells synapse (Ito et al., 1982). Three elements are
necessary and sufficient for LTD. Activation of i) AMPA receptors,
ii) metabotropic glutamate receptors (MGluRs) and iii) calcium
influx through voltage gated calcium channels. The first two elements
are generally attributed to the PF input and the third to the CF.
Recent evidence, however, indicates that moderately strong PF
stimulation is sufficient to raise calcium levels in isolated spiny
dendritic branchlets and induce LTD (Hartell, 1996). Although the
calcium influx is spatially confined, LTD spreads to distant synapses
on the same cell through a mechanism that does not require
postsynaptic calcium but is mediated through the diffusible
messenger nitric oxide (NO). The aim of this study was to further
characterize the receptor subtypes and second messenger pathways
involved in each of these two, pharmacologically distinct mechanisms
of LTD.

2-3 week old male Wistar rats were decapitated under ether
anaesthesia and 200 pim thick sagittal slices of cerebellum prepared.
Whole cell current clamp techniques were used to record responses to
alternate (0.2Hz) activation of two separate PF inputs to a single
Purkinje cell. Stimulus strengths were minimized to ensure epsp
amplitudes did not exceed 5 mV to limit calcium entry. After a 10
minute control period, the intensity of stimulation to one of the two
PF inputs (test input) was raised to evoke epsps of amplitudes greater
than 9-10 mV and the frequency of stimulation was raised to 1 Hz.

No changes were made to the control input. After 5 minutes, stimulus
parameters to the test input were returned to control values. The
initial slopes of epsps to stimulation of each input were expressed as
a percentages of mean control levels.

The extent of depression at test and control inputs, 30 minutes after
raised PF stimulation was 54 + 10 and 55 + 10 % of control
respectively (mean + sem, n=6). Inclusion of the specific guanylate
cyclase inhibitor lH-[1,2,4]oxadiazolo[4,3-a]quinoxaline-l-one
(ODQ, 5 pM) to the bathing media completely prevented depression
at the control site (101 + 2 %, p<0.05 Mann-Whitney U test, n=5)
but had no effect at the test site (48 + 2 %). Similar effects were
observed at test and control sites in the presence of the protein kinase
G (PKG) inhibitor KT5823 (0.1 ptM; 40 + 12 % and 92 + 3 % of
control respectively, n=5). Inclusion of the selective PKC inhibitor,
chelerythrine (n=5) into the intracellular patch solution completely
prevented LTD of PF responses at both the test (106 + 21) and
control sites (101 + 19, n=6). Pre-incubation of slices with the
mGluR antagonist MCPG (500 pM) for 15 minutes prior to and
during the control period also significantly reduced the extent of
depression to both test (80 + 8) and control inputs (74 + 16%).

These data indicate that mGluRs and PKC are essential elements for
both of these separate pathways of LTD induction. The calcium-
independent NO/cGMP/PKG cascade may serve to spatially
reinforce LTD or provide a neuroprotective mechanism following
excessive stimulation.

Hartell, N.A. (1996). Neuron, 16, 601-610.
Ito, M. Sakurai, M. & Tongroach, P. (1982). J. Physiol. (Lond). 324,
113-134.



69P MODULATION OF CHLORIDE RESPONSES TO GLYCINE BY 5-HT3 RECEPTOR LIGANDS

D. Chesnoy-Marchais, Laboratoire de Neurobiologie,
Ecole Normale Superieure, 46,rue d'Ulm, 75005 Paris,
France (W. A. Large)

Modulations of Cl- responses to glycine by various
ligands of 5-HT receptors were studied at room
temperature by whole-cell recording of rat ventral
spinal neurones in culture. The initial observation of a
reduction of glycine responses by 100 FM 5-HT (by
16±3% (5)) led to two unexpected results.

First, mCPBG (1-(m-chlorophenyl)-biguanide), known
as a potent and selective 5-HT3 agonist, reduced
responses to 20 pM glycine by 30±7% (5) and 59±15% (8),
at 5 and 20 gM, respectively. This effect was not
associated with any change of the resting conductance
(in zero glycine), and was not mimicked by other 5-HT3
agonists (phenylbiguanide, 2-methyl-5-HT, up to
20 gM, n=4).

The second, more interesting, observation was the
reversible potentiation of Cl- responses to glycine by
three chemically related 5-HT3 antagonists: LY-278,584
(1-methyl-N-(8-methyl-8-azabicyclo[3.2.1J-oct-3-yl)-lH-
indazole-3-carboxamide maleate), at 1-10 FtM, MDL-
72222 (3-tropanyl-3,5-dichlorobenzoate) and ICS-205,930
(3-tropanyl-indole-3-carboxylate hydrochloride), in a
low concentration range, 10 nM - 1 FM. The
potentiations were observed over the whole voltage
range, without any change either in the

reversal potential of glycine responses or in the resting
conductance. The degree of potentiation depended on
glycine concentration, potentiation resulting from an
increased affinity of the receptors for glycine: 200 nM
ICS-205,930 reduced the EC50 (34±11 pM (8)) by 25±4%
(8) without changing either the maximum response or
nH. The responses to 20 FM glycine were enhanced by
73±30% (11), 60±23% (11) and 49±21% (10), by 10 IiM LY-
278,584, 100 nM MDL-72222 and 100 nM ICS-205,930,
respectively. The potentiations persisted after glycine
uptake blockade (by Na removal), and in excised
membrane patches. In contrast, at 10 tiM, both MDL-
72222 and ICS-205,930 reduced glycine responses (by
41±0.5% (3) and 14±3% (4), respectively, for 80 gM
glycine, at -30 mV).

In conclusion, LY-278,584, MDL-72222 and ICS-205,930
potentiate glycine responses independently of their
known 5-HT3 antagonist properties. Furthermore,
neither LY-278,584 (10 FM, n=3) nor MDL-72222
(100 nM, n=6) potentiated Cl- responses to 2 gM GABA
(see also Klein et al., 1994). These results may allow the
development of a new class of neuromodulators:
selective and high-affinity potentiators of Cl- glycine
responses.

Klein, R.L., Sanna, E., McQuilkin, S.J. et al. (1994) Eur. J.
Pharmacol. 268, 237-246.

70P EFFECTS OF CHRONIC PAROXETINE ON 5-HTIA AUTORECEPTORS CONTROLLING DORSAL RAPHE CELL FIRING
AND 5-HT RELEASE

C. Davidson* & J.A. Stamford, Anaesthetics Unit
(Neurotransmission Laboratory) London Hospital Medical
College, lMitechapel, London El IBB, *School of Psychology,
UniverW of St Andrews, Fife KY19 9JU

Current thinking suggests that the selective serotonin reuptake
inhibitors (SSRls) exert their antidepressant effect by
desensitising somatodendritic 5-HTIA autoreceptors in the
dorsal raphe nucleus (DR) and/or the 5-HTwD terminal
autoreceptors (Blier & De Montigny, 1994). To test the role of
the 5-HTIA receptors we looked at the effect of chronic SSRI
treatment on two functional assays of 5-HTIA sensitivity.

Male Wistar rats (125-175g at start of dosing) were treated with
paroxetine (10mg/kg/day p.o.) or water for 21 days. Twenty-
four hours after the last dose, two DR brain slices (350m)
were taken. One, used for electrophysiological recording, was
superfused (2ml/min) with warm (320C) oxygenated
(95%02/5%C02) artificial cerebrospinal fluid (ACSF) containing
5IM phenylephrine throughout to maintain cell firing (Sprouse
and Aghajanian, 1987) while in the other, kept at 310C,
voltammetry was used to measure electrically stimulated (10
pulses at 200 Hz) 5-HT release (Davidson & Stamford, 1995).

The selective 5-HTIA agonist (+)4--hydroxy-DPAT inhibited
5-HT release and DR cell firing. Chronic paroxetine treatment
caused a rightward shift of the 8-OH-DPAT concentration-
response curve (CRC) on DR ceN firing (p<0.01, 2-Way
ANOVA), but did not shift the 8-OH-DPAT CRC on 5-HT
release (Figure 1). Paroxetine treatment increased the
8-OH-DPAT E,,x (75.2±1.4% inhibition) on 5-HT release
compared to controls (52.0±5.0%), (p<0.01, t-test).
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Fig. I The effect of 8-OH-DPAT on (A) DR cell firing and (B)
stimulated 5-HT release in slices from rats chronically treated
with paroxetine (10mg/kg/day p.o. *) or water (0). All values
are means ± SEM (n=3 to 8) expressed as a percentage of the
pre-8-OH-PAT values.

These data suggest that there may be two distinct subgroups
or populations of 5-HTIA receptors, one of which controls 5-HT
release and another which influences firing. Furthermore
chronic paroxetine treatment appears able to differentially
modulate these different populations.

This research was supported by SmithKiine Beecham
Pharmaceuticals and the Nuffield Foundation.

Blier, P & de Montigny, C. (1994). Trends Pharmacol Sci. 15,
220-226.
Sprouse, J.S & Aghajanian, G.K. (1987) Synapse 1, 3-9
Davidson, C & Stamford, J. A. (1995). Br. J. Pharmnacol. 114,
1107-1109.



71 P PROLONGED ETHANOL INTAKE ALTERS THE EFFECTS OF REPEATED ADMINISTRATION OF NICOTINE ON
LOCOMOTOR ACTIVITY

Watson, W. P, Malone, N. and Little, H. J., Psychology
Department, Science Laboratories, South Road, Durham, DH1
3LE.

Dependence on ethanol is almost always accompanied by
dependence on nicotine; about 95% of alcoholics smoke
cigarettes. Some interactions have been demonstrated
experimentally between these two drugs, for example nicotine
increased voluntary ethanol intake (Potthoff et al., 1983). In this
study we examined the effects of nicotine on locomotor activity
in mice after chronic ethanol treatment. The time of the first tests
was chosen to be after the acute behavioural signs of ethanol
abstinence had subsided, as we wished to investigate prolonged
changes which might be involved in the relapse back into drug
taking which is characteristic of dependence on these drugs. The
effects of repeated nicotine administration were then studied.
Male TO mice (35-40g) were administered ethanol by liquid diet.
Ethanol-treated mice first received control diet for 3 days,
followed by 2 days 3.5% v/v ethanol in the diet, then 9 days 5%
ethanol, followed by 9 days 8% ethanol (daily intake was 24-28
gfkg). Control groups were pair-fed control diet. There were 18
mice per treatment group. Mobile and static counts of locomotor
activity and rearing activity were measured, by breaking of infra-
red beams, after the nicotine administration, starting 6 days after
the cessation of the ethanol treatment. Animals were placed in the
test cages for 30 min, to acclimatise, then nicotine was given

subcutaneously at 0.4 mg/kg, and the activity measured over the
next 30 min. Nicotine was then given at this dose, once daily for
28 days and the effects on activity measured, as above, on the
28th day.
The activity behaviour after nicotine administration was not
significantly altered by prior ethanol treatment when this was
tested on the first day of nicotine administration. By the 28th
day, however, the mobile activity counts and the rearing activity,
in response to acute injection of nicotine, were significantly
higher (P < 0.05, Student's t-test) in mice that had previously
received chronic ethanol treatment compared with those given the
control diet. No differences in any activity were seen after saline
administration, on either testing day.
These results show that prolonged alcohol intake can alter the
effects of repeated nicotine administration. We have previously
shown that the locomotor stimulant actions of amphetamine and
of cocaine, after repeated administration, are also increased by
this ethanol treatment schedule (Manley and Little, 1996). These
results indicate that chronic ethanol intake may cause prolonged
neurochemical changes which outlast the acute withdrawal phase
which follows cessation of ethanol intake, and which alter the
effects of repeated nicotine administration.
Manley, S.J. and Little, H.J. (1995) Br. J. Pharmacol., 116, 32P
Potthoff et al., (1983) PharmacoL Biochem. Behav., 18, 489-
493

Table 1. Effects of nicotine on activity, over 30 min period. Results are mean ± s.e.m. * P < 0.05, compared with ethanol diet+nicotine
tt P<0.01 compared with control diet + saline; tP = 0.06 compared with ethanol diet + saline
Diet/drug I Day 1 | static counts mobile counts rears I Da 28 i static counts mobile counts rears
Control/saline 2133 ± 236 3361 ± 680 348 ± 98 1847 ± 271 1644 ± 413 208 ± 99
Control/nicotine 1316 ± 183tt 3580 ± 764 427 ± 175 1640 ± 142 2221 ± 534 190 ± 79
Ethanol/saline 2270 ± 268 2864± 484 685 ± 175 1742 ± 200 1516 ± 337 151 ± 42
Ethanol/nicotine 1623 ± 201t 2835 ± 561 369 ± 126 1529 ± 128 3247 ± 787* 408 ± 121*

72P BLOOD PRESSURE AND VASCULAR ENDOTHELIAL RESPONSE IN ALCOHOL-PREFERRING RATS

C.FORSTER, Y.L.TRAN, S.HARDING' & L.A.GRUPP'
Department of Pharmacology, University of Toronto, Toronto,
Ontario M5S 1A8, Canada and ' Addiction Research
Foundation of Ontario, Toronto, Ontario M5S 2S1, Canada.

Hypertension is recognised as a risk factor for stroke, heart and
kidney disease and excessive alcohol intake is known to elevate
blood pressure. However, the mechanisms by which alcohol
increases blood pressure are not completely known. The present
study assesses changes in vascular sensitivity and the role of the
endothelium in response to vasoconstrictors such as angiotensin.

Two lines of genetically selected rats (N=7 per line) were
obtained from the colony at the Addiction Research Foundation
of Ontario. The HARF line (mean body weight 164 ±8g) prefer
alcohol while the LARF line (mean body weight 151 ±5g) do
not. Male rats were offered a brief daily access to increasing
concentrations (3%, 6% and 12%) of alcohol and water as
described previously (MacDonall & Marcucella, 1979).
Following cessation of alcohol drinking, mean blood pressure
was measured in triplicate in both groups via the tail-cuff
method. Animals were subsequently euthanised and the
descending thoracic aorta was carefully dissected. Accordingly,
we explored the responsiveness of both endothelium-intact and -
denuded aorta to angiotensin I, II and III. Cumulative
concentration effect curves were constructed to the angiotensins
on pairs of aortic rings (one endothelium-intact and one -
denuded). Curves were analysed by the logistic equation:
Y={(a+d)/[l+(X/c)b]}+d (Parker & Waud, 1971). Efficacy
data are summarised in the table below where * represents P<
0.05. for LARF vs HARF.

The drinking and mean blood pressure characteristics of the 2
lines of rats were as follows. Based on the final 6 days of the
12% alcohol challenge, the mean alcohol consumption (g.Kg-1)
was 0.96±0.11 and 0.47±0.09 (P<0.01) for HARF and
LARF respectively. The mean blood pressure was significantly
(P< 0.01) less in HARF compared to LARF (109±3mmHg and
140±3mmHg, respectively).

These results indicate that the HARF line exhibit a significantly
lower blood pressure despite a higher alcohol intake compared
to the LARF line. The high blood pressure in the latter group
may be a reflection of an enhanced vascular response to
angiotensins which is particularly evident in endothelium-
denuded preparations.

MacDonall, J.S. & Marcucella, H. (1979) Pharmacol.
Biochem. Behav. 10, 229-234.
Parker, R.B. & Waud, D.R. (1971) J. Pharmacol. Exp. Ther.
177, 1-12.

Table I. Efficacy for angiotensins (g.mm2)
ENDOTHELIUM-INTACT

angiotensin 1 angiotensin II angiotensin III
HARF 1.9 ±0.6 1.7 ±0.5 1.7 ±0.5
LARF 3.2 ± 0.6* 1.9 ± 0.4 2.3 ± 0.6

ENDOTHELIUM-DENUDED
angiotensin I angiotensin II angiotensin III

HARF 1.9 ± 0.2 2.3 ± 0.4 1.1 ± 0.1
LARF 4.4 ± 0.4* 3.7 ± 0.4* 3.6 ± 0.7*



73P ADENOSINE RECEPTORS IN THE LEFT ANTERIOR DESCENDING CORONARY ARTERY OF THE RAT

C.E. Otley, P.J. Richardson & C.R. Hiley. Department of
Pharmacology, University of Cambridge, Cambridge CB2 1QJ
In most species adenosine dilates the coronary artery and this is
thought to be mediated by adenosine Al (Merkel etal., 1992) and
A2 receptors (Vials & Burnstock, 1993), perhaps in association
with other subtypes (Abebe et al., 1994). However, despite the
use of rat blood vessels in many studies of the vasculature, the
adenosine receptors present in the rat coronary artery have not
previously been characterised.
The left anterior descending coronary artery was removed from
male Wistar rats (250-500g) and segments (length 1.5-2.0 mm,
normalised internal diameter 250-350 rm) were mounted on
40 gm wire in a small vessel myograph (JP Trading, Aarhus,
Denmark) for isometric tension recording. The vessel was bathed
with physiological salt solution (composition, mM: NaCl 115.3,
KC 4.6, MgSO4 1.1, NaHCO3 22.1, KH2PO4 1.1, CaCl2 2.5,
glucose 11.1) equilibrated with 95% 02/5% CO2 at 37'C. Vessels
were allowed to equilibrate for 60 min before normalisation
(Mulvany&Halpern, 1977). Afterafurther60 min period, vessels
were precontracted with 3 9M 5-hydroxytryptamine (5-HT),
giving -60% of the maximum contraction, for determination of
cumulative concentration-relaxation curves to adenosine receptor
agonists. Responses are expressed as percentage relaxations of the
5-HT-induced tone.
5'-N-ethylcarboxamidoadenosine (NECA) was the most potent
of the agonists studied with an EC50 of 0.33± 0.11 gM and
caused 100% relaxation. N6-cyclopentyladenosine (CPA) had a
biphasic concentration-response curve, with a maximum
relaxation of 77±2% (EC50 = 6.4±0.9 giM). 2-p-(2-carboxy-
ethyl)phenethylaminoadenosine (CGS 21680) was less potent
than CPA and caused a relaxation of 72±11% at the highest
concentration used (30 piM); the mean concentration causing 50%
relaxation of the 5-HT-induced tone (EC5O%) was 26.7±6.9 ;iM.
Like NECA, adenosine was able to cause 100% relaxation of the

5-HT-induced tone but was the least potent of the agonists tested
(ECso = 0.17±0.05 mM).
Addition of the Al adenosine receptor antagonist 8-cyclopentyl-
1,3-dipropylxanthine (DPCPX, 10 nM), the A2A antagonist
8-(3-chlorostyryl)caffeine (CSC, 500 nM) or the mixed Al/A2
antagonist 8-phenyltheophylline (8-PT, 10 gM) 30 min through
the second equilibration period had no effect on baseline tension.
The concentration-response curve to CGS 21680 was unchanged
in the presence of 10 nM DPCPX but showed a rightward shift
of approximately 3 fold in the presence of 500 nM CSC showing
that CGS 21680 was acting on A2A receptors.
The concentration-response curve to CPA was unchanged in the
presence of either 10 nM DPCPX or 500 nM CSC. In the
presence of 10 IgM 8-PT, the responses to lower concentrations
of CPA (approximately 1 nM - 1 gM) were unchanged, but the
responses to higher concentrations range showed a rightward
shift of approximately 3 fold. This suggests that CPA is acting
both on a xanthine-sensitive receptor together with a xanthine-
insensitive receptor. The lack of effect of DPCPX and CSC
suggest thatneither of these receptors is of theAl or A2A subtypes.
The identity of the receptors mediating the response to CPA is
therefore uncertain but might include the A2B and A3 receptors.
These results suggest the presence of multiple adenosine
receptors, including the A2A subtype, in the rat left coronary
artery. It seems unlikely that the Al receptor is present but the
identity of the other adenosine receptors remains to be elucidated.
CEO is a Medical Research Council Research Student.
Merkel, L.A., Lappe, R.W., Rivera, L.M. et al. (1992)
J. Pharmacol. Exp. Ther., 260, 437-443.
Mulvany, M.J., & Halpem, W. (1977) Circ. Res., 41, 19-26.
Abebe, W., Makujina, S.R. & Mustafa, S.J. (1994) Am. J.
Physiol., 266, H2018-H2025.
Vials, A. &Bumstock, G. (1993)Br. J. PharmacoL, 109,424-429.

74P ACIDOSIS-INDUCED CORONARY CONSTRICTION IN THE ISOLATED RAT HEART IS SPECIFICALLY
ATTENUATED BY L-TYPE CALCIUM CHANNEL BLOCKERS

D.A. Wilson & B. W ward, School Of Pharmacy &
Pharmacology, University Of Bath, Bath BA2 7AY.

Nifedipine causes coronary dilation and attenuates acidosis-induced
coronary constriction in the isolated rat heart (Wilson & Woodward
1995). In the present investigations we examined the effects of other
coronary dilator agents and hypoxia on the response to acidosis to
dterminie if the effect of nifeixpine was due to physiological
antagonism or specifically to its calcium channel blocking actions.

Hearts were removed firm pentobarbital male Wistar
rats (300-320g) and perfised (lOml.mm. ) with modified Krebs-
Henseleit solution (37°C; pH 7.4 or 6.8 gasse with 950/O02/5YC02
or 95/iN/J5%CO2). Coronary perfusion pressure (CPP rnmHg) was
used as an index of coronary toe. Metabolic acidosis was applied for
5 min followed by a 10 min recovery period. Agents were applied 10
mm and their effects on basal param--ers noted. A fiuther aciddic
challenge was made and the effects c r to control. Data
expressed as mean±s.e.m., n=4. Statistical analysis performd using
paired t-test except where stated otherwise.

In control hearts, acidosis increased CPP fron 90±8 to 160±5 mmHg
(p<0.05). In calcium-free solution, basal CPP was suprisingly
maintaned at 87±11 mnfg however, the acidosis-induced
vasoconstriction, was significantly atenuated, CPP incresig to
94±11 mmHg (p<0.05 copared to control ONEWAY ANOVA).

Coronary vessels have been shown to undergo hypoxic vasodilatatin
(Cyrys & Daut 1994). Hypoxic pefusate sinificantly reduced CPP
(87±2 to 58±7 mmHg (p<O.05). Under these conditions the response
to acidosis, was not altered. Control acidotic CPP increased to
158±13 mmHg (p<0.05) while under hypoxic coditions acidosis
increased to 167±9 mmHg (p<0.05 i to basal CPP).

PIPi, the isopropyl ester of palmitoyl carnitine, is a coronary
vasodiLator (Reeves et al. 1995). At a c atn of 1M, PMPi
si icantly reduced CPP friio 8M to 618: mmHg (p<0.05). This
agut had no significa ect on acidosis-induced criction, with
CPP increasing to 15147 and 130+13 mmHg for control and in the
presece of PIPi respectively (increases of64*6 and 63:7 mmHg).

100 nM nfedipine significantly reduced basal CPP fom 100±9 to
49±8 mmHg (p<0.05). Th control acidosis-induced increase in CPP
(168&9 mmHg) was sinifictly reduced by this co od (59
Immg; p<0.05 compared to control ONEWAY ANOVAR). Similar
results were obtained with verapamil (I1M) (p<O.OS) and
amlodipine(-10nM) (p<0.05). In the presouce of lOOnM nifeipine,
30 pmoles aedothelin-I was capable of inducing a prolonged increase
in CPP fiom 49±8 to 85±9 mmHg (p<O.O5) showing ta the coronary
vasculature was still capable of conaction.

These data suggest that acidosis-induced coronary constriction in the
rat heat reqires influx of extraceilular calcium. Data obtained using
hypoxia, PIPi and endothelin-I woltd indicate that the an of
the response by the calcium channel blocke is a speific calcium
channel and not physiological tosmmand that acidosis
is activating calcium channels in the rat coronary smooth muscle.

D.A.W. is a University of Bath research stdent.

Cyrys, S. & Daut, J. (1994). Cardiovasc. Res. :28: 8814887.
Reeves, K.A. et al. (1995). J Cardiovasc. Pharmacol.: 25: 864-870.
Wilson, D.A. & Woodward, B. (1995). Br. J PharmacoL:115: pP73.



75P SURAMIN MODIFIES THE CONDUCTANCE AND GATING OF RYANODINE RECEPTOR CHANNELS

R. Sitsapesan & A.J. Williams, Cardiac Medicine, The
National Heart & Lung Institute, Imperial College, Dovehouse
Street, London SW3 6LY.

The cardiac and skeletal isoforms of the sarcoplasmic
reticulum (SR) Ca2+-release /ryanodine receptor channel have
an adenine nucleotide binding site on the cytosolic face of the
channels. Suramin has been shown to act as an antagonist at
cell surface P2 purinoceptors and it has been suggested that
suramin modifies SR Ca2+-release by interacting with the
adenine nucleotide site on the skeletal ryanodine receptor
(Emmick et al., 1994). We therefore investigated the effects
of suramin on the conductance and gating of the rabbit skeletal
and sheep cardiac ryanodine receptors incorporated into planar
phospholipid bilayers. Vesicles of heavy SR were fused with
phosphatidylethanolamine lipid bilayers and single channel
events were recorded under voltage-clamp conditions as
previously described by Sitsapesan et al. (1991). The free
[Ca2+] was approximately 50 mM on the trans (luminal) side
of the bilayer and 10 ytM on the cis (cytosolic) side.
Experiments were performed at 22-24 IC with all solutions at
pH 7.2. The mean values ± s.e mean are given.

Suramin (100 AM), when added to the cytosolic side of the
bilayer, increased single channel conductance from 103.4± 1.5
pS (n=5) to 126±2.6 pS (n=4; P<0.01). No significant
change to the apparent extrapolated reversal potential
(41.1±2.3 mV before and 44.35±0.85 mV after suramin)
was observed. In the presence of 10 jzM cytosolic Ca2+,

cytosolic additions of suramin increased the open probability
(Po) of ryanodine receptors in a concentration dependent
manner. For example, 10 AM suramin increased the Po of
cardiac channels from 0.037±0.018 (n=10) to 0.254±0.026
(n=6; P<0.01). The increase in Po was caused
predominantly by an increase in the duration of open lifetimes
which increased from 0.76±0.12 to 22.46± 11.23 ms (n=4).
The above effects of suramin were completely reversible and
did not occur when suramin was added to the trans (luminal)
side of the bilayer. Agents which activate the ryanodine
receptor channel by binding to the adenine nucleotide binding
site do so by increasing both the frequency and the duration
of open lifetimes without changing single channel conductance
-(McGarry & Williams, 1994). Therefore it is unlikely that
suramin is interacting with the adenine nucleotide site on the
ryanodine receptor and we propose that suramin acts via a
separate and possibly novel binding site.

This work was supported by the British Heart Foundation.

Emmick, J.T., Kwon, S., Bidasee, K.R. et al. (1994) J.
Pharm. Exptl. Ther. 269, 717-724.
McGarry, S.J. & Williams (1994) J. Memb. Biol. 137, 169-
177.
Sitsapesan, R., Montgomery, R.A.P, MacLeod, K.T. &
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76P EFFECTS OF CICLAZINDOL ON EDHF-MEDIATED RELAXATIONS IN THE RAT HEPATIC AND GUINEA-PIG
BASILAR ARTERIES

P.M. Zygmunt, J. Peterssont, A.H. Weston & E.D. HogestAttl,
School of Biological Sciences, University of Manchester,
Manchester M13 9PT 1 Dept. of Clinical Pharmacology, Lund
University Hospital, §-221 85 Lund, Sweden
In the rat hepatic (RHA) and guinea-pig basilar (GBA)
arteries, a combination of 0.1 - 0.3 AtM apamin and 0.1 - 0.3
jIM charybdotoxin (but not apamin plus iberiotoxin),
inhibitors of the small and large conductance calcium-sensitive
potassium (K) channels, respectively, abolishes relaxations
mediated by EDHF (endotheliumderived hperpolarising
factor; Petersson et al., 1996; Zygmunt & Hoges 1996;
Since charybdotoxin (but not iberiotoxin) also inhibits delayed
rectifier K la ;(Ky; Chandy & Gutman, 1995), we
examined whether the Kv inhibitor ciclazindol could substitute
for charybdotoxin.
In the RHA and GBA, EDHF-induced relaxations were elicited
using acelckholine (1 nM - 100 AM) in the presence of 03mM
NG-nitro-Lvaxrine (L-NOARG) and 10 FM indomethacin.
Ciclazindol (TO jiM) alone reduced these relaxations in both
arteries (Table 1). However, in the additional presence of 0.1 -
0.3 pIM apamin (which alone had no effect: 1etersson et al.,
1996; Zygmunt & HOgestAtt, 1996), acetylcholine-induced
relaxations were abolished in both preparations (Table 1).

Table 1Rathen Guinagigagilarartery
-lo EC50 E -log EC50 E

n contro treated control treated n control treated control treated
Acetykcholine
ciclazindol 10 IM 5 7.8 ± 0.2 6.6 ±0.1* 96 2 97±2 7 6.4 0.0 5.2 ± 0.2* 97 ± 1 38 ±12*
ciclazindol 10 iM+apamin 5 7.8 ± 0.2 t 96 2 t 6 6.3 ± 0.0 t 97±1 6±4*
0.1 gM (GBA) or 0.3 M (RHA)

A23187
ciclazindol 10 PM 4 6.0 ± 0.2 5.8 ± 0.2 84 ± 6 88 ± 8 5 6.2 ± 0.0 5.8 ± 0.0* 99 ± 1 80 ± 19
ciclazindollO M+apamin 5 6.1 ±0.2 t 86±5 t 4 6.3±0.0 t 99±1 3±2*
0.1 PM (GBA) or 0.3 pM (RHA)
"P < 0.05 compared to control (Student's t-test, two-tailed, unpaired). t Could not be alculated due to complete inhibition.

A co-operative inhibitory action of ciclazindol and apamin
was also observed in both arteries when A23187 (0.1 - 3 piM)
was used instead of acetylcholine to release EDHF (Table 1).
In contrast, ciclazindol (170 pM) plus apamin (0.3 pM) did not
inhibit relaxations induced by acetylcholine inthe absence of
L-NOARG in the RHA (-log ECso= 8.2 + 0.1 and Emx = 99 ± 1
%O, test; 8.4 ± 0.1 and 100 ±0 %, control: n = 4). These findings
are consistent with inhibitory effects on the smooth muscle
rather than on the vascular endothelium.
The present study has shown that when combined with
apamin, ciclazindol can substitute for charybdotoxin in
antagonising the actions of EDHF in two different arteries.
Further studies are in progress to determine which K-channel
subtypes are sensitive to these inhibitor combinations.
PMZ was supported by a Swedish MRC and Wellcome Trust
Travelling Fellowship.
Chandy, K. G. & Gutman, G. A. (1995). In Ligand- and Voltage-
Gated Ion Channels. ed. North, R. A. pp. 1-71. Boca Raton:
CRC Press.
Petersson, J., Zygmunt, P.M. & HdgestAtt, E.D. (1996). Br. 1.
Pharmacol., 117, 17P.
Zygmunt, P.M. & H6gestAtt, E.D. (1996). Br. 1. Pharmacol.,
11f, 1600 - 1606.



77p ROLES OF NITRIC OXIDE AND COX-METABOLITES IN PROLIFERATION OF RAT AORTIC SEGMENTS IN
ORGAN CULTURE

David Bisho -Baile, Simon W. Larkin, Timothy J. Williams
and *Jane AMitcheI1
Department ofApplied Pharmacology, The National Heart and
Lung Institute, Dovehouse Street, London SW3 6LY *Critical
Care Medicine, Royal Brompton Hospital, London SW3 6NP.
Certain cytokines or bacterial lipopolysaccharide (LPS) can
induce inflammatory isoforms of nitric oxide (NO) synthase
NOS (iNOS), and cyclo-oxygenase (COX; COX-2; Mitchell et
al, 1995) in the rat aorta in organ culture (Bishop-Bailey et al,
1996). Mediators such as NO or prostanoids which elevate
cGMP or cAMP have been suggested to have an anti-mitogenic
effect of vessels in organ culture (Soyombo et al, 1995). In this
study we have assessed the ability of interleukin-1 (IL-1) to
induce the release of NO and COX metabolites. In addition we
have investigated the roles of these mediators in the IL-1 -
induced changes in vascular proliferation.
Organ culture methods and measurement of NO and
prostaglandin (PG)E2 release, were as previously described
(Bishop-Bailey et al, 1996), with the following modifications.
Using serum free DMEM, segments of rat aorta were incubated
for 48h Fresh mediunand drugs were Idded at Oh and replaced
at 24h. 'H-thymidine (H-Tyd; IsCimr) was added at 24h, and
incubated with the tissue for the next 24h period. The medium
was then removed and the tissue washed twice with PBS, and
blotted dry. The tissue was then %yeighed, and left to dissolve in
soluene 350 for 24h. Total tissue H-Tyd was then measured by
liquid scintillation counting. The incorporation of H-Tyd in
segments of rat aorta over this time period was 10913±660
cpm.mgg (n=8). Using the method described by Aigelini et al,
(1985), we found that 68±2% (n=4) of the H-Tyd was
incorporated into the DNA fraction.
In parallel experiments performed in the absence of 3H-Trd, I-
1 (lOng.mlr') caused a co-release of NO (NOx nmols.mltng
?.5±0.5 control; 7.1±1.5* with IL-1) and PGE2 (pmols.mr .mg

0.04±0.04 control; 2.4±0.4* with IL-1). *=p<0.05 pairrd t-
test. Table 1 summarises the effects of the NOS inhibitor N"-

nitro-L-arginine methyl ester (L-NAME lmM), the COX-1/
COX-2 inhibitor indomethacin (INDO 30pM), and the
$lucocorticoid stlroid dexamethasone (DEX lgM) on the
corporation of H-Tyd in the rat aorta under control culture
conditions and in the presence of IL-1. The data is expressed as
percent of H-Tyd incorporated under control culture conditions
m the absence of any dru n=48).
Tablel Control L-NAME INDO DEX
-7basal 100 89+21 125+19 34±6 *

IL-11 27±8 -1 8512 I ND l 8±4
le singone samp e test,5=p< erence between

basal vs treatments. ND= not determined
Under basal conditions 3H-Tyd was incorporated into the rat
aorta in organ culture, probably through the proliferation of
medial smooth muscle cells (Soyombo et al, 1990). This was
inhibited by DEX but not by L-NAME or indomethacin.
Similarly to LPS (Bishop-Bailey et al, 1996), exposure of rat
aortic semnts to ILI 1 induced NO and PGE2 release,
presby tough iNOS and COX-2 induction. Furthermore
IL-1 inhibited vascular proliferation, an effect which was
reversed by L-NAME, but not DEX. These results suggest that
the induction of iNOS and the subsequent release of NO directly
inhibits proliferation of vascular cells and may play a protective
role in the cardiovascular system.
Supported by B.H.F. (FS/94075; PG/9131) and Wellcome
Trust.
Angelini, G.D., Breckenridge, I.M., Butchart, E.G. et al,
(1985). Cardiovasc. Res. 19,326-334
Bishop-Bailey, D., Larkin, S.W., Pepper, J.P. et al, (1996).
Brit. J. Pharmacol. (Abst.) in pry
Mitchell, J.A, Larkin, S.W. and Williams, T.J. (1995). Biochem.
Pharmacol. 50, 1535-1542
Soyombo, A.A, Angelini G.D., Bryan, ANJ. et al, (1990). Am.
J. Pathol. 137, 497-503
Soyombo A.A, Angselini G.D. and Newby, A.C. (1995). J.
Thorac. (ardiovasc. urg. 109, 2-12

78P THAPSIGARGIN INHIBITS SMOOTH MUSCLE CELL PROLIFERATION AND INTIMA FORMATION BUT NOT
METALLOPROTEINASE EXPRESSION IN HUMAN SAPHENOUS VEIN ORGAN CULTURE

S.J. George, J.Y. Jeremy & G.D. Angelini. Bristol Heart
Institute, Bristol Royal Infirmary, Bristol, BS2 8HW, UK

A principal cause of vein graft failure following coronary artery
bypass grafting (CABG) is intimal thickening (IT) (Bryan and
Angelini, 1994). Key events in IT are the proliferation and
migration of vascular smooth muscle cells (VSMCs) of medial
origin (purported to be mediated by extracellular matrix protein
degradation by matrix metalloproteinases [MMPs]), to the
intimal surface where they continue to proliferate and secrete
matrix proteins (George et al., 1996). In turn, an increase in
cytosolic calcium is believed to be an important trigger in
mediating VSMC migration and proliferation. In order to
investigate this area further, we studied the effect of
thapsigargin C(H: elicits an increase in intracellular calcium) on
neointima formation, VSMC replication and MMP expression
in a human saphenous vein (SV) organ culture model.

Human SV segments were obtained from patients undergoing
CABG and cultured as described previously (George et al,
1996). Intimal thickening was measured using histology and
immunocytochemistry, VSMC proliferation using thymidine
incorporation and autoradiography, toxicity by asessing intimal
and medial VSMC cell death with in situ end labelling of
fragmented DNA and lactate dehydrogenase (LDH) release and
MMP (1, 2, 3 and 9) expression with zymography and
immunocytochemistry. After 14 days in culture, neointimal

Table 1 Effect ofTH on NIT and MCP (mean ± SEM: n =6)
TH (nM) 0 1 5 10 100 1000
NIT (pm) 22±3 19±4 14±2* 9±2* 0.1±0.1* 0.2±0.2*
MCP(%) 17±4 14±1 13±2 7±2* 2±1* 0±0*

Table 2. Effect ofTH on NCD and MCD (mean ±SEM: n =61
TH (nM) 0 1 5 10 100 1000
NCD (%) 4±1 1±0.3 5±3 5±2 30±9* 38±9*
MCD (%) 3±1 1±1 5±2 5±2 22±5* 33±9*

thickness (NIT) and medial cell proliferation (MCP) was
inhibited by TH in a dose dependent manner (table 1 [* p <
0.05]). The % of cells dying in the neointima (NCD) and the
media (MCD) was not affected by 1, 5 and 10 nM TH, but
were significantly greater than controls in the presence of 100
and 1000 nM TH (table 2 [* p < 0.05]). LDH release followed
a similar pattern. These latter data indicate that the inhibitory
effect of TH cannot be ascribed to cytotoxicity. At
concentrations that inhibit intimal thickening, TH had no effect
on the expression ofMMPs .

These data demonstrate: 1) that thapsigargin is a potent
inhibitor of neointima formation and medial VSMC
proliferation, 2) intracellular calcium pools may play roles in
controlling VSMC proliferation and migration, 3) thapsigargin
has no effect on MMP expression and 4) caution should be
exercised with the use and interpretation of drugs such as
thapsigargin in this experimental setting (organ culture) since at
higher concentrations it is cytotoxic. This, in turn could lead to
spurious conclusions vis a vis inhibitory effects on parameters
such as proliferation and growth.

Supported by the Wellcome and Garfield Weston Trusts.

Bryan A.J., Angelini G.D. Curr Opin Cardiol. 1994; 9: 641- 9.
George S.J., et al., Atherosclerosis 1996; 120: 227-240.



79P EVIDENCE FOR THE INVOLVEMENT OF POTASSIUM CHANNELS IN THE RELAXATION OF RAT ISOLATED
MESENTERIC ARTERIES TO THE NO DONOR SIN-1

F. Plane, A. Hurrell & C.J. Garland, Department of Pharmacology,
University of Bristol, Bristol, BS8 ITD.

Relaxation of isolated vascular preparations by nitric oxide (NO) is
generally thought to be mediated by increases in cyclic GMP
within the smooth muscle cells (Ignarro, 1990). However, it has
recently been shown that NO can directly activate charybdotoxin
(CTX)-sensitive potassium channels independently of cyclic GMP
(Bolotina et al., 1994). In the present study, the role of potassium
channels in relaxation to the NO donor 3-morpholino-
sydnonimine (SIN-I) was examined in rat isolated mesenteric
arteries.

Male Wistar rats (250-300 g) were stunned and then killed by
cervical dislocation. Segments of third order mesenteric artery
(D1u 310 ± 10 tLm; n=30) were mounted in a myograph under a
normalised tension as previously described (Garland &
McPherson, 1992). In some experiments the endothelial cell layer
was removed mechanically or basal NO production was inhibited
by incubating tissues with the NO synthase inhibitors, NG-Nitro-L-
arginine methyl ester (L-NAME) and NG-Nitro-L-arginine (L-
NOARG; both 100 ptM; 30 mins). Tissues were maintained at 370C
-in oxygenated Krebs buffer, containing indomethacin (2.5 PM).
All data are expressed as mean ± s.e. mean and differences
between mean values were calculated using the Students' t-test.

Application of SIN- 1 (0.01-10 pM) caused concentration-
dependent relaxation of arterial segments pre-constricted with
phenylephrine (PE; 1-3 PM). SIN-I-evoked relaxation was not
significantly different between endothelium-intact and denuded
arterial segments or where basal NO production was inhibited
(maximum relaxation 94.4 ± 1.3 %, 95.5 ± 0.95% and 93.5 ± 3.4
%, respectively n=8; p>0.05).

Exposure of endothelium-intact arterial segments to the potassium
channel inhibitor charybdotoxin (CTX; 50 nM; 10 mins)
significantly inhibited SIN- 1-evoked relaxation reducing the
maximum response to 9.8 ± 2.7 % (n=5; p<0.01). In contrast, in
arterial segments in which either the endothelial cell layer had been

removed or basal NO production inhibited, SIN-I-evoked
responses were not significantly reduced in the presence of CTX
(maximum relaxation 94.8 ± 3.5 % and 91.8 ± 2.3 %, respectively,
n=6; p>0.05).

Pre-incubation with 1H-[1 ,2,4]oxadiazolo[4,3-a]quinoxalin- 1-one
(ODQ; lOM; 10 mins), a novel inhibitor of soluble guanylyl
cyclase (Garthwaite et al., 1995) or glibenclamide, did not
generally alter SIN- 1-evoked relaxation of PE-induced tone under
any of the above conditions (n=5; p>0.05). However, in the
presence of CTX and ODQ together, SIN- 1-evoked relaxation of
endothelium-denuded tissues and those exposed to NO synthase
blockers, was abolished (n=6; p<0.01). Furthermore, in the
presence of ODQ and glibenclamide together, SIN-I-evoked
relaxation of intact tissues was attenuated and the maximal
response reduced to 64.0 ± 6.0 % (n=6; p<0.01).

These data demonstrate that, although relaxation to the NO-donor
SIN- 1 is not significantly different between endothelium-intact and
denuded tissues, the mechanisms mediating SIN-i-evoked
relaxation of rat isolated mesenteric arteries appear to be
modulated by the basal release of endothelium-derived NO. In the
presence of an intact endothelial cell layer, the major mechanism
for SIN- 1-evoked relaxation is the activation of CTX-sensitive
potassium channels. In contrast, when basal NO-production is
inhibited, the SIN- 1 appears to be able to cause full relaxation by
both the activation of CrX-sensitive potassium channels and
stimulation of soluble guanylyl cyclase.

This work was supported by the Wellcome Trust.
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80P CHARACTERISATION OF POTASSIUM CURRENTS IN RAT PULMONARY ARTERIAL SMOOTH MUSCLE CELLS

S. D. Walker, G. Edwards, M. E. Green & A. H. Weston,
School of Biological Sciences, G38 Stopford Building,
University of Manchester, Manchester M13 9PT
Single smooth cell were freshly isolated om segments of rat
pulmonary artery using dithiothreitol and papain When the
cells were held at -90 mV under calcium (Ca)free conditions,
stepping for 500 ms to a series of test potentials (-80 mV to
+50 mV) generated outward potassium (K) currents. These
exhibited slow activation and inactivation kinetics
characteristic of delayed rectifier currents (Iyc(V)) in other
smooth muscle cells. There was no evidence of a
rapidly-activating and -inactivating A-type K-current
The pharmacology of IK(V) was evaluated using
tetraethylammonium (TEA) and 4-aminopyridine (4-AP;,
ciclazindol and terfenadine. From a holding potential of -90
mV, the degree of inhibition of IK(V) at the end of the 500 ms,
50 mV test pulse by these agents was 74 ± 6%, 48 2%, 78 ±
9% and 48 ± 8% for terfenadine (500 nM), ciclandol (10
ILM), 4-AP (1mM) and TEA (1mM), respectively (n =3 -4).
When cells were held at -10 mV, IKMv) became inactivated and
on s for 500 ms to the test potentials in the range -0
mV to +50 mV, non-inactivating currents were generated.
Levcromakalim (10 FM) increased the amplitude of these
crents (by 178 ± 34 pA at -10 mV, n = 4), an effect which
was totally inhibited byaglamide (10 FM), indicat
ivolvement of the ATP-ensitive Kh (KATP- mce
KATP is believed to comprise an inwardly- g K-channel
coupled to a sulphonylurea bind site (Inagaki et al., 1995),
cells were held at -10 mV and stepped to a series of
potentials in the range -150 mV to -20 mV. With external Ki
concentrations of 4.7 mM and 20 mM, no evidence of any
inwardly-rectfying current was obtained.
From a holding potential of -10 mV, stepping for 500 ms to
test potentials more positive than 0 mV, N51619 (Edwards et
al., 1994) induced a noisy current with time-dependent

activation properties. When measurements were made at the
end of the 500 ms, 50 mV test pulse, NS1619 (33 pM
increased the current by 401 ± 73% (n = 3). This effect was
totally inhibited by iberiotoxin (250 nM), indicating that the
increased current was carried by the large conductance,
Ca-sensitive Kchannel, BKc,. As previously reported in rat
portal vein (Edwards et al.,1994), NS1619 (33 ;MM)
simultaneously inhibited IK(V) (by 71 ± 3%, n = 3, measured at
+50 mV).
This study has identified the presence of IK(V), IBK Ca) and
IK(ATP) in the rat pulmonary artery. The sensitivity of Iqv to
terfenadine may suggest some similarities between Kv in the
pulmonary vasculature and Kv1.5 cloned from human heart

an et al., 1995). In pulmonary artery, the presence of
'K(ATP coupled with the absence of an inwardly-rectifying
K-selective conductance is in ag t with earlier studies in
rat and human bladder (Gren et al., 1994, 1995). If KATP in
these tissues is indeed an inwardly-rectifying K-channel, its
apparent absence from these rat and human smooth muscles
is surprising. Further studies are underway to clarify this
anomaly.
SDW and MEG were supported by the BBSRC in conqunction
with Pfizer Central Research and GE was funded by the MRC.
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Pharmacol. 117, 193P.
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81 P PREVENTION OF SMALL BOWEL ALLOGRAFT REJECTION WITH CYCLOSPORINE AND BUDESONIDE, A LOCALLY
ACTING GLUCOCORTICOID

D. Freeman, N. Ozcay, R. Zhong, D. Grant, B. Garcia &
J. Fryer. Depts of Medicine, Pharmacology, Surgery &
Pathology, University of Western Ontario, London,
Ontario, Canada.

Potent systemic immunosuppression is required to
prevent rejection of small bowel transplants (SBT),
Consequently, recipients have a high rate of infection
and post-transplant lymphoproliferative disease. Most
cyclosporin (CsA) immunosuppression protocols for
SBT include glucocorticoids which have short and
long-term systemic complications. Budesonide (BUD),
a locally acting steroid which is almost completely
metabolised during first-pass, was used in the present
study to see if it would prevent graft rejection in rats
without producing undesirable systemic effects.

Materials and Methods: Orthotopic SBT with portal-
venous return was performed in LEW rats with BN
allograftsl. They were grouped as follows. 1) no drug
treatment; 2) BUD, 0.1 mg/kg/day, PO; 3) BUD, 1
mg/kg/day, PO; 4) CsA, 2 mg/kg, SC (a subtherapeutic
dose); 5) CsA, 2 mg/kg, SC + BUD, 0.1 mg/kg/day PO
and 6) CsA, 2 mg/kg, SC + BUD, 1 mg/kg/day PO.
Additional non-transplanted LEW rats were given
prednisolone (4 mg/kg/day) as positive controls for
systemic steroid effects.
Animal survival, adrenal and spleen weights
normalised to body weight, and plasma ACTH and
CsA levels were compared between groups. Results

are expressed as means (±SE).

Group n Survival Spleen Adrenal ACTH CsA
(days) (mg/g) (mg/g) (pmol/L) (ng/mL)

Untreated 7 9.7*0.3 2.1*0.2 021*0.03 56*132
BUD(O.lmg) 6 9.1*0.4 1.8*0.2 0.200.02 45*11.0
BUD(lmg) 6 11*0.8 1.6*0.1 0.19*0.02 45*8.6
CsA (2mg) 7 15±1.5* 3.1*0.8 0.22±0.03 42*8.5 20*2.0
BUD(O.lmg)
+CsA(2mg) 6 28*5.3*0 5.1±0.6 0.19*0.02 27*2.2* 44±10.60
BUD(lmg)
+CsA(2mg) 6 37±7.9'0 3.1*0.6 0.18±0.03 28*102* 59*8.20
Pred(4mg) 6 n/a 1.4±0.2 0.10*0.01 12*0.9*

p<0.5 (*) vs untreated; (o ) vs CsA alone

Conclusions: Budesonide with subtherapeutic doses of
CsA significantly prolong small bowel allografts with
fewer systemic side-effects. Graft survival may be
partly due to increased plasma CsA resulting from
coadministered BUD; both drugs are substrates for
CYP-3A4. The results suggest that locally acting
glucocorticoids have advantages over the systemic
steroids currently used for clinical SBT.

1. Zhong, R. Grant, D.R. Sutherland, E et al. (1990)
Microsurgery 12, 268.

82P MODULATION OF RAT SYNOVIAL BLOOD FLOW BY THE CGRP RECEPTOR ANTAGONIST, CGRP (8-37)

L. McMurdo, J.C. Lockhart & W.R. Ferrell, Institute of
Biomedical & Life Sciences, West Medical Building,
University of Glasgow, Glasgow G12 8QQ

Unmyelinated afferent nerves innervating synovial joints are
the primary source of neuropeptides, such as calcitonin gene-
related peptide (CGRP), a potent vasodilator in several species,
including man (Brain & Williams, 1985; Mapp et aL, 1990).
Here, we investigate the effects of CGRP and the GCRP
receptor antagonist, (CGRP(8-37) on synovial blood flow in the
rat knee joint.

Male Wistar rats (250-400g) were anaesthetised with urethane
(2.5g/kg, i.p.). A carotid artery was cannulated for measurement
of mean arterial pressure and the skin over the knee was
removed to expose the medial aspect of the joint. Drugs were
applied to the surface of the joint (50 or 100 ji bolus). Changes
in flux were measured by laser Doppler perfusion imaging and
results expressed as changes in voltage (V).

Topical application of CGRP (0.01, 0.1 and 1 nmollkg) induced
a dose-dependent increase in synovial blood flow which, was
attenuated by co-administration of the CGRP antagonist,
CGRP(8-37) (5 nmol/kg). For example, 1 nmol/kg CGRP
elicited an increase in flux of 2.11+0.5 V and 0.92+0.3 V in the
absence and presence of CGRP(8-37), respectively
(n=6-7, p<0.05). This dose of CGRP(8-37) had no effect on
basal blood flow. In contrast, 25 or 50 nmol/kg CGRP(8-37)
elicited a significant reduction in basal synovial blood flow
(n=7-8; p<O.OS) (see Figure 1).

Figure 1: CGRP(8-37) attenuates rat synovial blood flow

Dose CGRP(8-37) (nmol/kg)
50 25 5 0-

.3

-4

The vasoconstriction induced by 50 nmol/kg CGRP(8.37) was
maintained for up to 60 min while, in rats receiving the lower
dose (25 nmol/lkg) of the antagonist blood flow had returned to
resting levels after 20 min (n=7-8; p<0.05).
Thus, in the rat synovium, CGRP(8g37) at low doses (5
nmol/kg) attenuates the vasodilator actions of exogenously
applied CGRP, without altering resting tone. However, higher
doses (25 or 50 nmollkg) of CGRP(8 37) elicit a marked fall in
resting blood flow. These results suggest a role for CGRP in the
regulation of blood flow in the rat knee joint.

Supported by the Arthritis & Rheumatism Council.
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83P DIBUTYRYL cAMP INCREASES RESPONSIVENESS TO A Bi BRADYKSIN RECEPTOR AGONIST IN PRIMARY
CULTURES OF RAT URINARY BLADDER SMOOTH MUSCLE CELLS

C.L. Davis & G.M. Burgess (introduced by M.N.Perkins),
Sandoz Institute for Medical Research, 5 Gower Place, London,
WClE 6BN.

Bradykinin (Bk) and its carboxypeptidase metabolite desArg9Bk
mediate their actions through two classes of receptor.
DesArg9Bk is selective for the B. receptor and Bk is selective
for the B2 receptor. A feature of the B1 receptor is its ability to
be upregulated under certain conditions (Deblois et al., 1988). In
this study we have isolated smooth muscle cells from the rat
urinary bladder and investigated expression of B, and B2
receptors. Bladders were removed from Sprague-Dawley rats and
subjected to enzymic digestion (Levesque et al., 1993). The
isolated cells were cultured for up to 9 days in Medium 199 plus
10% foetal calf serum. The cells were confirmed as smooth
muscle (90%) usini an antibody to smooth muscle actin.
Agonist-stimulated 41Ca efflux (Smith et al., 1995) was used as a
measure of receptor activation. Results have been expressed as
the rate of 45Ca efflux during a 1min application of agonist
minus the mean rate in the 2min preceding agonist application.
Bk stimulated 45Ca efflux from bladder smooth muscle cells with
an EC50 value of 2.9 ± 0.7nM (n=3). The 45Ca efflux induced
by 3nM Bk was inhibited by HOE 140 (a B2 antagonist) with an
IC50 value of 1.8 ± 0.5nM (n=3) but was unaffected by 10tM
desArg Leu8Bk (a B. antagonist). The net increase in Ca
efflux evoked by a maximal concentration of desArg9Bk (1pM)
was unaffected by HOE140 (up to 100nM) but completely
blocked by 10pM desArg9Leu Bk. The EC50 value for
desArg9Bk-evoked 45Ca efflux (in the presence of 3OnM
HOE140) was 43.4 ± 7.6nM (n=5). DesArg9Bk-evoked 45Ca
efflux increased with time in culture. The net increase in the rate
of efflux in response to desArg9Bk (ljM) at 8 days (0.093 +
0.012 min-, n=7) was significantly greater (p<0.0 I) than at 1 day
(0.043 ± 0.008 minin, n=9). rhe response to Bk also increased

with time in culture; at 8 days the increase in 45Ca efflux evoked
by 3nM Bk (0.129 ± 0.016min', n=5) was significantly (p<0.05)
greater than the response at 1 day (0.064 ± 0.012min1, n=5). The
basal efflux was the same at 8 days (0.040 ± 0.006min', n=5)
and 1 day (0.049 ± 0.01 lmin', n=5). Treatment of 7-9 day old
cells with 1mM dibutyryl cAMP (dbcAMP) for 4h increased
(p<0.05) the response to a maximal concentration of desArg9Bk
(IpM) from 0.114 + 0.023minm' (n=8) in naive cells to 0.195 ±
0.035min- (n=8) in treated cells, with no effect (p>0.2) on the
EC50 value (29.7 ± 6.6nM, n=3). Cycloheximide prevented the
increase in responsiveness to desArg9Bk. The response to
desArg9Bk (IpM), in cells treated with a combination of 7OpM
cycloheximide and ImM dbcAMP for 4h (0.067 ± 0.022min-',
n=3), was not significantly different (p>0.2) from the response in
naive cells. This suggests that rotein synthesis was required for
the effect of dbcAMP. The 4Ca efflux induced by Bk (3nM)
following treatment with 1mM dbcAMP for 4h (0.214 ±
0.042min', n=3) was no greater than in untreated cells (0.173 ±
0.048min1, n=3). DbcAMP was also without effect on the
response to a maximal concentration of Bk (1OOnM) (data not
shown). Basal 45Ca efflux was the same in dbcAMP-treated cells
(0.036 ± 0.007min-1, n=5) and naive cells (0.038 ± 0.004minI,
n=5). In summary, cultured bladder smooth muscle cells express
a mixture of B, and B2 receptors. Responsiveness to both B
and B2 agonists increased with time in culture. Treatment with
dbcAMP increased responsiveness to the B. agonist desArg9Bk
but not to the B2 agonist Bk.
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Nitric oxide (NO) plays a key role in mediating penile erection and
impairment of its release has been implicated in the pathophysiology
of erectile dysfunction (Finberg et aL, 1993). Sildenafil
(VIAGRA.h), a potent selective inhibitor of type 5 cGMP
phosphodiesterase (PDE5), enhances neuronal NO-dependent
relaxation of human corpus cavernosal smooth muscle (Ballard et al,
1996). Sildenafil has also proved effective in the treatment of erectile
dysfunction following oral administration in man (Gingell et al,
1996). Since the action of NO is mediated by activation of the
synthesis ofcGMP, the clinical efficacy of sildenafil is likely to result
from inhibition of cGMP breakdown. In order to investigate further
the mode of action of sildenafil, its effects on cGMP and cAMP
levels in the corpus cavernosum of the rabbit were investigated.
Responses were compared to those obtained with papaverine, which is
widely used therapeutically as an erectogen via intacavernosal
injection (Virag, 1982).

Male new Zealand White rabbits (2.5kg) were killed with an overdose
of pentobarbitone and their penes rapidly excised and cut into discs.
Following preincubation in Dulbecco's Minimum Essential Medium
(DMEM) to allow the effects of preparative handling -to subside,
penile discs were then incubated with varying concentrations of
sildenaflI or papaverine (from lxlO4M to 1 x 10-5M) and cGMP
synthesis stimulated with increasing concentrations of sodium
nitroprusside (NaNP).

Table 1. Effect of sildenafil on NaNP (1I M)-stimulated accumulation ofcGMP in corpus cavernosum (fmoles/mg tissue/min; mean ± SEM; n=6).
Sildenafil (M): 0 1 x 104 1 x 10-7 3 x 10-7 1 x 106 3 x 106 1 x 10a

cGMP 0.8 ±0.1 1.2 ±0.1 5 ± 0.05 7.7 ± 2 10.8 ± 1 22.1± 1.3 25.6± 3.5

Following incubation at 37°C for 30 min, cGMP and cAMP were
then extracted with perchloric acid, the supernatants neutralised,
acetylated and nucleotides measured by radioimmunoassay as
previously described (Miller et at, 1994).

In the presence of IpM NaNP, sildenafil enhanced the rate of
accumulation of cGMP in rabbit penile tissue in a dose-dependent
manner (Table 1), the EC3o for sildenafil at this concentration of
NaNP being 440 nM. cAMP concentrations were unaltered by
sildenafil (up to 1 x 104M). In the absence of NaNP, sildenafil
increased the rate of accumulation of cGMP from 0.8 ± 0.05
fmoles/mg tissuelmin to 3.9 ± 0.1 fmolestmg tissue/min; the ECso
being 1.3j±M. Papaverine also enhanced cGMP accumulation in
response to 1pM NaNP, but at much higher concentrations than
sildenafil (EC 50> 10 pM).
The finding that sildenafil increases cGMP, but not cAMP,
accumulation in corpus cavernosal tissue is consistent with its known
profile as a potent inhibitor of cGMP hydrolysis catalysed by PDE5
(ICso 4nM, Ballard et al, 1996). It is concluded that the enhance
of NO-dependent relaxation of corpus cavernosal smooth muscle
elicited by sildenafil in vitro is mediated by a specific elevation of
cGMP. In vivo, sildenafil may therefore enhance penile erection via
augmentation of NO-stimulated cGMP-dependent pathways leading
to cavernosal smooth muscle relaxation.
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