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We have previously shown that the somatostatin (SRIF) receptor
involved in the inhibition of gastric acid secretion in rat isolated gastric
mucosa resembles the recombinant sst2 receptor (Wyatt et al., 1996). The
aims of the present study were to identify and localise the sst2 receptors
in the rat stomach and to see if the sst2o) splice variant, identified in the
mouse (Vanetti et al., 1992), also exists in the rat as suggested (Patel et
al., 1993).

Female Wistar rat (70-120g) gastric mucosae were isolated as previously
described (Wyatt et al., 1996). Total RNA was isolated over a cesium
chloride gradient and messenger RNA (mRNA) was extracted using
oligo(dT)-cellulose (Clontech). Reverse transcriptase-polymerase chain
reactions (RT-PCR) were carried out on 2Jg of mRNA using sst2
receptor-specific primers. The products were cloned into the pCR II
vector (Invitrogen) and sequenced using Sequenase v2.0 enzyme
(Amersham). Using the conserved portion of the rat sst2(a) receptor
construct with a hemagluttinin N-terminal epitope tag (Affymax), an
equivalent rat sst2(b) construct was prepared and stably expressed in
CHO-KI cells. Radioligand binding studies were carried out as
previously described (McKeen et al., 1996). An sst2(a) receptor antibody
was already available (Schindler et al., 1997) and a selective anti-peptide
antibody was raised against the unique C-terminus of the sst2o) receptor
in rabbits and used at 1:300 in all studies. Immunohistochemistry studies
used lOpm slide-mounted sections of stomach from female rats perfused
with 4% paraformaldehyde.
Two significant cDNA bands were seen following RT-PCR reactions on
rat gastric mucosa. Upon sequencing, the largest band (848 base pairs,
bp) was found to be identical to the previously cloned sst2(,) receptor
(Kluxen et al., 1992) while the smallest (527bp) was a novel sequence,

the rat sst2(b) receptor, which had 86% homology with the mouse sst2o
receptor. This sequence was deposited in the EMBL sequence database
under Accession number X98234. Transfection studies provided two
cell lines containing either the rat sst2(,) or sst2o) isoforms at similar
receptor densities (B. values - 10 pmol/mg protein).

Western analysis using the selective sst2(b) antibody on membranes
prepared from recombinant sst2(b) receptor-containing cells showed the
receptor had an apparent molecular weight (MW) of about 75-9OkW.
Deglycosylation of membrane proteins from both the recombinant rat
sst2(a) and sst2(b) receptor cell lines, using N-endoglycosidase F, resulted
in a shift oftheMW of the broad immunoreactive band from 75-90kD to
42kD. A differential distribution for the two receptor splice variants was
observed in immunohistochemical studies. The sst2o) receptor antibody
strongly labelled parietal cells whereas the sst2(a) receptor was found to
be present on cell membranes of structures towards the serosal surface of
the stomach as well as on nerve fibres.

This study provides the first proof that the sst2o) receptor exists in the
rat. The functional properties of the recombinant sst2(b) receptor are
described in detail elsewhere (Schindler et at., this meeting). Both the
sst2(a) and sst2b) receptor proteins were shown to be glycoproteins of a
similar size. Their differential distribution in the gastric mucosa is
interesting as a mechanism whereby SRIF could exert differing
functional effects in the same tissue by binding to different sst2 receptor
isoforms.
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RECEPTORS IS MEDIATED BY ACTIVATION OF MEK

H. Lauder, L.A. Sellers, W. Feniuk and P.P.A. Humphrey. Glaxo
Institute of Applied Pharmacology, University of Cambridge, Tennis
Court Road, Cambridge, CB2 1QJ.

Somatostatin-14 (SRIF) not only inhibits cell growth (Lauder et al.,
1997) but can also stimulate proliferation (Kamiyaet al., 1993). The
mechanism of the antiproliferative effect of SRIF has been proposed
to involve the activation oftyrosine phosphatase (Buscail et al., 1994),
whereas the transduction pathway mediating the growth effect of SRIF
has not been clearly defined. The SRIF sst4 receptor type has been
shown to activate the MAP kinase cascade (Bito et al., 1994) which is
an important pathway in mediating cell growth. We have therefore
investigated the effect of the MEK inhibitor (PD 98059; Alessi et al.,
1995), as well as the tyrosine kinase inhibitors (genistein and
lavendustin A) and the tyrosine phosphatase inhibitor, sodium
orthovanadate on the proliferative effect of SRIF in CHO-KI cells
expressing human recombinant sst4 receptors (CHOsst4).

CHOsst4 cells were grown to confluence on ThermanoxTh coverslips
in DMEM:F12 media supplemented with Glutamix I, 10% fetal calf
serum (FCS) and 500ig ml-' G418 sulphate. Using the method
described by Fan & Frost, 1990, 11 parallel lesions (400 gm wide)
were made across the monolayer. Regeneration of cells into the
denuded area (in the absence of FCS) was measured with a Leica
Q500 MC image analyser or by direct cell counting of cell
suspensions from the whole coverslip using a Coulteri counter. All
values quoted are a mean ± se mean from 3 experiments with 4
replicates per test group. Statistical comparison was by analysis of
variance followed by Tukey test using P<0.05 as the level of
significance.
SRIF (O.lnM-lpM) caused a concentration-dependent (pEC50
8.6±0.2) increase in the regeneration of cells into the denuded area

after 24h (from 11.6±0.4% to 25.6±0.7%). This effect was due to an
increase in proliferation since SRIF (lO0nM) significantly increased
the cell numbers from 1.66±0.06x105 to 2.15±0.12xlO5. Neither
genistein (50pM), lavendustin A (1 InM), sodium orthovanadate
(5pM) nor PD 98059 (2pM) affected the basal recovery (8.2±0.5%) of
denuded CHOsst4 cell monolayers. The SRIF (lOOnM)-induced
regeneration (20.8±0.4%) was reduced to basal levels 7.6±0.4%,
9.3±0.5%, 9.9±0.5% and 7.6±0.5% in, the presence of genistein,
lavendustin A, sodium orthovanadate and PD 98059, respectively, as
well as by pretreatment with pertussis toxin (lOOng/ml) (8.6±0.7%).
In contrast, bFGF (lOng/ml)-induced regeneration (20.7±0.4%), was
unaffected by pertussis toxin pretreatment. Genistein, lavendustin A
and sodium orthovanadate all abolished the increase in regeneration
(21.1±0.3%) induced by bFGF (lOng/ml). However, PD 98059
caused a significant, but only partial inhibition of the response (15.1 ±
0.7%).

The results from the present study demonstrate that the transduction
pathway mediating the proliferative effect of SRIF in CHOsst4 cells is
mediated entirely through pertussis toxin-sensitive G proteins and
activation of MEK. This pathway is distinct from that activated by
bFGF which is insensitive to pertussis toxin and only partially
involves activation of MEK. However, both pathways are clearly
dependent upon tyrosine phosphorylation.
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127P PPADS IS A PARTIAL AGONIST ON P2Y1 RECEPTOR-MEDIATED CHANGES IN Ca2 IAS DETERMINED IN A
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PPADS (pyridoxal-phospate-6-azophenyl-2',4'-disulphonic acid)
has been described as a selective antagonist of ADP-induced
responses at human P2YI purinoceptors (Schachter et al 1996).
FLIPR determines simultaneous, real-time, kinetic fluorescence
intensities in a 96-well plate format. We have characterised the
pharmacology of a human P2YI receptor clone and demonstrated
that PPADS has partial agonist activity at this receptor in a FLIPR
functional screen measuring changes in intracellular calcium.

Recombinant human P2Y1 receptors stably expressed in a 1321NI
astrocytoma cell line at 15000 cells per well (Schachter et al 1996)
were incubated with the Ca2+ sensitive dye Fluo-3AM (4gM) at
370C/5%C02 for 90 min and washed with Tyrodes buffer
containing 2.5 mM probenecid. Antagonists were pre-incubated at
370C/5%C02 for 30 min. Basal fluorescence was determined
prior to agonist addition at 370C by FLIPR.

For each response the peak increase in fluorescence was
calculated and iteratively curve-fitted using a four parameter
logistic model (Bowen and Jerman 1995).

Table 1: Functional (FLIPR) potencies at recombinant
humm I2X1 receptors transfected into a 1321N1 cell line

Drug Agonist pEC50 Antagonist pIC50
PPADS 5.6 ± 0.2 (6) 5.6 ± 0.1 (11)
cibacron blue < 4.0 (3) 5.8 ± 0.1 (6)
suramin < 4.0 (3) 5.0 + 0.1 (5)
DIDS < 4.0 (3) 4.8 ± 0.2 (6)
Data are mean ± sem from (n) experiments
Antagonist potencies determined against 3 nM ADP

ADP caused a large (up to 45000 fluorescence intensity unit)
increase in fluorescence, which peaked rapidly (6 - 8 sec) then
returned to basal values over 3 - 4 min. The pEC50 for ADP was
8.5 ± 0.1 (n=15) in this system. Other agonists pEC50 values
included: 2-methyl-thio-ATP 8.3 + 0.2 (n=5); ATP 7.0 ± 0.2
(n=5); UTP 6.0 + 0.2 (n=5); 5'adenylylimidophoshate (AMPPNP)
5.9 + 0.1 (n=5); AMP 5.5 + 0.2 (n=5); UDP 5.4 + 0.2 (n=5); and
a,( methylene-ATP 5.4 ± 0.2 (n=5).

PPADS inhibited ADP responses in a concentration-dependant
manner, but also stimulated Ca2+i release (Table 1) with intrinsic
activity of 0.54 + 0.03 (n=6). The pEC50 for PPADS matched its
pIC50 generated against an EC50 concentration of ADP. Cibacron
blue, suramin and 4,4'-diisothiocyanatostilbene-2,2'-disuphonic
acid (DIDS), antagonised ADP (Table 1) and PPADS responses,
but had no intrinsic activity in this system at the same
concentrations. The 1321N1 cell line expresses an endogenous
muscarinic M3 receptor. The pEC50 for the muscarine-induced
response was 4.8 ± 0.2 (n=5). PPADS had a pIC50 < 4.0 against
muscarine (100gM) induced increases in fluorescence.

We have characterised the pharmacology of the human P2YI
receptor expressed in 1321N1 astrocytoma cell line. Agonist
potencies in a FLIPR functional assay were higher than previously
reported (Schachter et al 1996). Under the conditions used in the
FLIPR assay, PPADS is a partial agonist at the P2Y1 receptor.
This effect must be considered when interpreting PPADS activity
in other functional systems. PPADS is a selective inhibitor of the
Ca2+i release induced by the transfected P2Y1 receptor over that
caused by the endogenous M3 muscarinic receptor in this assay.
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128P FURTHER CHARACTERISATION OF P2X7 RECEPTORS ON NTW8 CELLS, A MOUSE MICROGLIAL CELL LINE
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Previous electrophysiological studies have shown that NTW8 cells (an
immortalised murine microglial cell line) possess the P2X7 receptor
(Chessell et al., 1997). This receptor differs from other P2X receptors,
notably in biophysical properties, where repeated application of agonist
can cause formation of large ligand-gated "pores" in the cell membrane.
In this study P2X7 receptors in NTW8 cells were further characterised
using two biochemical techniques which we have previously shown can
be used to assess P2X7 receptor function (Michel et al., 1997).
45Calcium (45Ca2+) influx and influx ofthe DNA-binding dye, YO-PRO-1
were measured as described (Michel et al., 1997). Studies were
performed in buffer comprising (mM): sucrose 280, glucose 10, KCI 5,
CaC12 0.5 and Hepes 10 (pH 7.4, 220C). Values shown are the
mean±s.e.mean of 3-5 experiments.
At 220C, ATP and dibenzoyl-ATP (DbATP) stimulated 45Ca2+ influx into
NTW8 cells. Significant 45Ca2+ influx was detected within 30s and was
maximal after 8min. Further studies were undertaken with a 16min
incubation. Monovalent cations inhibited DbATP-stimulated 45Ca2+
influx by >95% at a concentration of 140mM (pIC50 v.alues for NaCl, KCI
and choline chloride were 1.71±0.23, 1.40±0.24 and 1.19±0.11,
respectively). DbATP (pEC50=4.4±0.08) was the most potent agonist at
stimulating 45Ca2+ influx (6.01±1.5 fold over basal), whereas ATP was
less potent (pEC5o=3.8±0.04). ADP and 2MeS-ATP also stimulated
45Ca2+ influx but only at concentrations in excess of 3001iM. Adenosine
(3OiM), UTP (1mM) and af3-methylene ATP (100p±M) did not stimulate
45Ca2+ influx. 45Ca2+ influx stimulated by 50pM DbATP was
insurmountably blocked by pre-incubating cells for 20min with various
P2 purinoceptor antagonists. Coomassie blue G was the most potent
antagonist (pICSo=6.1±0.05). Evans' blue, cibacron blue, pyridoxal
phosphate (P5P) and suramin also antagonised DbATP-stimulated

45Ca2+ influx, but were less potent (pIC50=5.5±0.01, 5.1±0.01, 4.8±0.04
and 4.7±0.03, respectively).
DbATP and ATP also stimulated YO-PRO-1 influx into NTW8 cells.
DbATP-stimulated YO-PRO-1 influx reached a maximum after 8min
(197.6±7.53% of control). Further experiments were undertaken with
4min incubations. DbATP (pEC5o=4.4±0.07) was the most potent agonist
at stimulating YO-PRO-1 influx, whereas ATP was less potent
(pEC50=3.3±0.08). ADP and 2MeS-ATP also stimulated YO-PRO-1
influx at concentrations in excess of 300j±M. Adenosine (1mM), UTP
(100gM) and CPA (1OOtM) did not stimulate YO-PRO influx.
Substitution of the sucrose in the buffer with 140mM NaCl or 140mM
KCl inhibited DbATP-stimulated YO-PRO-1 influx >85%, although the
pEC5o values for DbATP were similar (4.6±0.35 and 4.4±0.11 in the
presence of NaCl and KCl respectively). DbATP-stimulated YO-PRO-1
influx was non-competitively inhibited by pre-incubation with various P2
antagonists for 20min. Coomassie blue G and suramin were the most
potent antagonists (pIC5o=6.7±0.10 and 6.4±0.15 respectively, against
501M DbATP). Evans' blue, cibacron blue and P5P also inhibited
DbATP-stimulated YO-PRO-1 influx (pIC5o=5.7± 0.19, 5.5±0.15 and
5.3±0.12 respectively).
In conclusion, this study demonstrates that P2X7 receptor function can be
quantified in NTW8 cells by measurement of either 45Ca2+ or YO-PRO
influx. DbATP-stimulated 45Ca2+ and YO-PRO influx are both reduced
by monovalent cations and can be blocked by a number of purinoceptor
antagonists. Interestingly, suramin was mote potent at blocking DbATP-
stimulated YO-PRO influx than 45Ca2+ influx. Finally, the rate of
DbATP-stimulated YO-PRO influx in NTW8 cells was much more rapid
than in CHO-KI cells (Michel et al., 1997).
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GENE-RELATED PEPTIDE 8-37 TO ITS RECEPTORS ON RAT L6 SKELETAL MYOCYTES
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Calcitonin gene-related peptide (CGRP) increases cyclic AMP in
rat L6 myocytes (Poyner et al., 1992). The receptors have a high
affinity for the antagonist CGRP8-37 and so correspond to the
putative CGRPI subclass (Quirion et al., 1992). The
conformation of the C-terminal residues of CGRP8-37,
particularly a p-bend between G33 and S34, may be critical for
high affinity binding of this antagonist (Boulanger et al., 1996;
Wisskirchen et al., 1997). This study reports the results of an
alanine scan of residues 30 to 37, in an attempt to elucidate the
importance of specific amino-acids to high-affinity binding.

Experimental methods were as described previously (Poyner et
al., 1992). Concentration-response curves for human ot-CGRP
were constructed in the presence and absence of antagonists.
Cells were pre-incubated with antagonist for 10 min, followed
by a 5 min challenge with CGRP. Cyclic AMP was extracted
and measured by a radio-receptor assay. Antagonists were used
at 3OnM (A36S, S34A), 0.31M (CGRP8-37, F37S), or 1M
(the remainder; Table 1.) Dose-ratios were calculated for each
antagonist. and used to calculate apparent pA2 values, by the
Schild Equation. These values were compared with that for
CGRP8-37. Statistical analysis was by one-way ANOVA
followed by Dunnett's test.

CGRP stimulated cyclic AMP production in L6 cells with a
pEC5o of 9.43±0.05 (n=3 1). All antagonists caused a parallel
rightwards shift in the CGRP concentration-response curve. As
they were only used at single concentrations, it was not possible
to confirm competitive inhibition, but this has previously been
demonstrated for CGRP8-37 (Poyner et al., 1992). As can be

seen in Table 1, replacement of K35, G33, V32, and T30 by
alanine all decreased affinity. Alanine occurs naturally in the
sequence at position 36; substitution of this by serine tended to
increase affinity, albeit not significantly.

This data indicates that the C-terminus of CGRP contains a
number of amino acids which play a role in maintaining high
affinity to the receptor. It remains to be determined whether
these make direct contacts with the receptor or stabilise a
favourable conformation of the ligand. It may also be possible
to increase affinity by substitutions in the vicinity of S36
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Table 1. Apparent pA2 values for CGRP8-37 analogues
Analogue Appar. pA2 n Analogue Appar. pA2 n
CGRP8-37 8.11±0.16 3 S34A 8.36±0.09 4
F37A 7.90+0.20 3 G33A 7.10+0.02* 3
A36S 9.16±0.22 4 V32A 7.07±0.17* 4
K35A 6.17±0.15* 3 N31A 7.60+0.10. 4

T30A 6.47±0.09* 3
Analogues indicate original residue, position and replacement.
*; Significantly different from CGRP8-37, P<0.05.
Apparent pA2 values are means ± s.e.m.

1 30p SELECIVITY OF THE P-GLYCOPROTEIN SUBSTRATES RHODAMINE-123 AND DOXORUBICIN IN WILD-TYPE AND
MDR1 cDNA TRANSFECTED LLC-PK1 CELLS

I.C.J. van der Sandt, A.G. de Boer, D. Danhof& D.D. Breimer,
Leiden/Amsterdam Center for Drug Research, Division of
Pharmacology, University of Leiden, P.O. Box 9503, 2300 RA
Leiden, The Netherlands.

P-glycoprotein (Pgp) is a transmembrane, energy-dependent
effilux pump, involved in the transport ofa variety ofcompounds
out of the cell. It confers to the multidrug resistance (MDR)
phenomenon and is expressed in many tumor cells, but also in
normal tissues, e.g, the cerebral endothelial cells representing the
blood-brain barrier.
The aim of this study was to investigate whether changes in
transrt ofRhodamine-123 (R123) and doxorubicin (dox), both
Pgp substrates, could be used as an indicator for the modulation
ofPgp functionality.

Pgp is encoded by the human MDR1 gene. Monolayers ofkidney
epithelial LLC-PKl cells, both the wild-type and the MDR1
cDNA transfected cells (Schinkel et al., 1995), were used to
investigate polarized transport of R123 and dox (1 AM).
Differences in basal to apical transport compared with apical to
basal transport were estimated during 4 h. Inhibition ofpolarized
transport for known Pgp inhibitors was determined after 3 h.

Both R123 and dox showed highly polarized transport using the
MDRl-transfected cell line. Surprisingly, for R123 polarized
tanwsport was seen as well in the monolayers of the wild-type
cells, indicating the presence ofanother active transporter for this
molecule.

The inhibition by the Pgp inhibitors PSC 833 (2 PM) and
cyclosporin A (10 FM); the organic cation and Pgp inhibitors
verapamil (20 pM) and quinine (50 pM); and the organic cation
transport inhibitor cimetidine (50 pM) on the polarized transport
ofR123 and dox was investigated.
Active transport ofR123 in monolayers of the MDRl-transfected
cells was inhibited by all drugs (20-50%/o), including cimetidine
(30%/o). For dox, tansort inhibition was found by quinine (15%)
and the other drugs (50-700/o), but not for cimetidine. In the
monolayers of the wildtype cells the transport of R123 was not
inhibited by PSC 833, while the use of the other inhibitors
resulted in a decrease (30-80%, with 50% for cimetidine).

In conclusion, it seems that R123 is also subjected to active
transport by the organic cation carrier as indicated by our studies
and also by Masereeuw et al. (1997). This would indicate that
R123, now often used as a marker for Pgp functionality, is not
selective enough to study Pgp functionality in cell systems in
which organic cation carriers are present. Furthermore,
doxorubicin seems to be a more selective Pgp substrate and
therefore useful for studies to Pgp in this cell system.

Masereeuw, R., Moon, M.M. & Russel F.G.M. (1997) Eur. J.
Pharm. 321:315-323.
Schinkel, A.H., Wagenaar, E., Van Deemter, L. et al. (1995) J.
Clin. Invest. 96:1698-1705.



131 P AN INVESTIGATION INTO THE NMDA RECEPTOR SUBTYPE SELECTIVITY OF TWO NOVEL GLYCINE SITE
ANTAGONISTS
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The N-methyl-D-aspartate (NMDA) subtype of glutamate

receptor is a ligand-gated cation channel. Molecular cloning has
identified five genes encoding two types of NMDA receptor
subunit, NR1 and NR2A-D. Alternative splicing of the NR1
subunit gene provides a further level of heterogeneity. Most
functional native receptors are believed to be heteromeric
complexes comprising both NR1 and NR2 subunits in as yet
unknown stoichiometries. Recent interest in the glycine co-agonist
site as a potential therapeutic target has yielded several novel,
high affinity glycine site antagonists including MDL 105,519 and
more recently, GV150,526A, (3-[2-(phenylaminocarbonyl)
ethenyl]-4,6-dichloroindole-2-carboxylic acid sodium salt). Here,
we investigate the subtype selectivities of these drugs by
radioligand binding to cloned receptors expressed in human
embryonic kidney (HEK) 293 cells.
HEK 293 cells were transfected with the appropriate NMDA
receptor clones, cells collected 48 h post-transfection and [3H]
MDL 105, 519 radioligand binding was carried out by a filtration
assay with an incubation time of 90 min at 4'C [Chazot et al.,
1994]. Table 1 summarises the results of both the Dissociation
Constants (KD) for direct [3H] MDL 105,519 binding and the
Inhibitory Constants (KI) for GV150,526A detennined by
displacement studies. Both compounds bound with high affinity
to NR1 expressed alone with no significant difference between the

NRl-la and NRI-4b forms. There was no significant difference in
KDS for [3H]MDL 105,519 binding to NR1 alone, NR1/NR2A and
NR1/NR2B binary combinations and adult rat forebrain
membranes however, the GV 150,526A has a small but
significantly lower affinity for NR1/NR2B compared to
NR1/NR2A receptors (p<0.05) (Table 1).
In conclusion, these studies demonstrate that the major
determinants for MDL 105,519 and GV 150,526A binding are
present on the NR1 subunit. Furthermore, the Ni exon ofthe NR1
subunit does not effect their affinity and finally, neither the NR2A
nor the NR2B subunit has a major effect on the binding affinity of
these two glycine site antagonists.

Table 1 Subtype selectivity of MDL 105,519 and
GV150526A

Preparation MDL 105,519 GV150526A
KD (nM) K, (nM)

NRI-la 2.9 ± 1.9 3.4 ± 1.5
NR1-4b 3.1 ±2.4 5.0±3.0
NRl-la/NR2A 1.9 ± 1.0 1.5 ± 0.7
NR1-1aINR2B 3.0 ± 2.0 7.2 ± 3.8
Forebrain 2.5 ± 0.3 1.8'
Results are mean ± SD for 2-4 separate detenninations.
* Bunnemann, B., Carignani, C., Palea, S. et al., (1996) Soc.
Neurosci. Abstr. 22 366.15.
Chazot, P.L.,Coleman, S.K., Cik, M. and Stephenson, F.A. (1994)

1 32P PROLONGED ACTIVATION OF mGlu2 RECEPTORS ENHANCES FORSKOLIN-STLMULATED cAMP ACCUMULATION

S.M.Lennon, P.J.Roberts and E.Kelly, Department of
Pharmacology, School of Medical Sciences, University of
Bristol, Bristol BS8 lTD.

The metabotropic glutamate receptor mGlu2 is classed as a
group II mGlu receptor, and couples to inhibition of adenylyl
cyclase activity (Tanabe el al., 1992). Examination of its
susceptibility to agonist-induced desensitization has not been
reported. In this study we investigated the ability of mGlu2
receptors stably expressed in Chinese Hamster Ovary (CHO)
cells to undergo agonist-induced desensitization. Cells stably
transfected with the rat mGlu2 receptor (mGlu2-CHO) or the
rat mGlu5 receptor (mGlu5-CHO) in the plasmid pdKCR-dhfr
were cultured in DMEM containing 10% fetal bovine serum,
25mM glucose, 1% (w/v) proline, 1000 units/ml penicillin,
1000 ztg/ml streptomycin, 0.25 .g amphotericin B and 2mM
glutamine. Cyclic AMP accumulation in intact cells was
measured in the presence of the phosphodiesterase inhibitor
250 iM Ro201724, exactly as described previously (Mundell
etal., 1997).

The group II selective agonist (2s, 1's,2's)-2-
(Carboxycyclopropyl) glycine (L-CCG-1) inhibited I0OtM
forskolin-stimulated cAMP accumulation in mGlu2-CHO cells
in a dose-dependent manner (ICso 150 + 12 nM; n=4), but not
in mGlu5-CHO cells. The group II selective antagonist (2S)-a-
ethylglutamate concentration-dependently reversed the
inhibitory effect of IhiM L-CCG-1 (IC5o 842 ± 237 piM.
mGlu2-CHO cells were incubated in the presence or absence of

lOliM L-CCG-1 for 2h, following which the cells were washed
and exposed acutely to forskolin or forskolin plus hIM L-
CCG-1. In non-L-CCG-l-pretreated cells acute L-CCG-1 (1
jiM) inhibited forskolin-stimulated cAMP by 95 ± 3% and in
L-CCG-l-pretreated cells by 97 ± 2% (n=4).

In cells pretreated with L-CCG-1 for 2h, however, there was a
marked increase in the response to forskolin. In non-L-CCG-1
pretreated cells the forskolin-stimulated cAMP concentration
was 731 + 78, whilst in lOp.M L-CCG-1 pretreated cells,
1592 ± 283 pmollmg protein/10 min; P<0.05, Student's t test
for paired data, n=4). Basal cAMP accumulation was not
altered by 10 jiM L-CCG-1 pretreatment (298 ± 26 and 304 ±
16 pmollmg protein/10 min in non-pretreated and pretreated
cells, respectively). The L-CCG-1-induced increase in
forskolin responsiveness was abolished by pretreatment of
mGlu2-CHO cells with pertussis toxin (25ng/ml; 18h) or co-
application of 1mM (2S)-a- ethylglutamate.

These results indicate that mGlu2-CHO receptors appear
refractory to rapid agonist-induced desensitization, but that
chronic activation of these receptors increases adenylyl cyclase
responsiveness in a receptor- and pertussis toxin-sensitive G-
protein-dependent manner.

We thank the MRC for financial support.

Tanabe, Y. et al. (1992) Neuron 8, 169-179.
Mundell,S.J: et al. (1997) Mol. Pharmacol., 51, 991-998.



1 33P EVIDENCE THAT HYPOXIA ENHANCES Ca2+ INFLUX THROUGH NICOTINIC ACETYLCHOLINE RECEPTORS IN THE
HUMAN NEUROBLASTOMA SH-SY5Y

J.A Wade, P.F.T. Vaughan & C. Peers. Institute for
Cardiovascular Research, University ofLeeds, Leeds LS2 9JT.

Our recent studies have indicated that acute hypoxia enhances
evoked release of [3H]noradrenaline ([3H]NA) from the human
neuroblastoma SH-SY5Y (Wade et al., 1997). This effect is
selective in that release evoked by activation of nicotinic
acetylcholine receptors (nAChRs) was enhanced by hypoxia,
but not release evoked by solutions containing 100mM KW.
Here, we have investigated this action of hypoxia in greater
detail.

Aliquots ofSH-SY5Y cells in suspension were pre-loaded with
[3H]NA as previously described (Vaughan et al., 1993) and
perfused in a perifusion chamber at 1-2ml minl. Each aliquot
was challenged twice (15min separation), using
dimethylphenylpiperazinium iodide (DMPP; 30jiM) as the
agonist for nAChRs, and release of [3H]NA determined by
liquid scintillation counting (see Vaughan et al., (1993) for
details and solution compositions). Results are expressed as
release evoked by the second challenge, S2, as a fraction of
the first challenge, SI, i.e. the S2S/1 ratio. Drugs and / or
solution changes were made 4 min prior to, and during, the
second challenge except for hypoxia, which was applied 9 min
prior to, and during, the second DMPP challenge. Statistical
significance was determined using unpaired Studet's t-tests.

In normoxic conditions, the SS/ ratio was 0.62±0.04 (mean ±
s.e.m., n=16 experiments). This ratio was significantly greater
(0.96±0.06, n=12, P<0.0002) in hypoxia (Po2 ca 30nmmHg).

In normoxia, the S2/S1 ratio was unaffected (0.61±0.05, n=4)
by 3pM tetrodotoxin, suggesting a lack of involvement ofNae
channels. By contrast, the S2/S1 ratio was sigificntl
(P<0.0001) reduced in Ca2e-free solutions (contaWing ImM
EGTA), to 0.02±0.01 (n=6). The S2/S, ratio was also reduced
by Cd2+ (2001tM, sufficient to fully block L- and N-type Ca2e
channels in these cells; Reeve et al., 1994) to 0.25±0.04 (n=7).
This reduction was to a significantly lesser (P<0.001) degree
than was seen in Ca+ -free solutions, suggesting that Cae
influx through the nAChR pore contributed to DMPP-evoked
C3H]NA release. [3H]NA release was also measured in the
presence of 200pM Cd2' under hypoxic conditions (Po2 ca.
30mmHg, applied for 9 min prior to and during DMPP
application). The SJS, ratio under these conditions
(0.43±0.03, n=6) was significantly greater (P<0.02) than under
normoxic conditions in the presence of Cd2'.

Our results suggest that Ca2' influx through the nAChR pore
contributes significantly to [3H]NA release from SH-SY5Y
cells, and that this influx is enhanced under hypoxic conditions.

Supported by the Physiological Society

Reeve, H.L. et al, (1994) Eur. J. Neurosci. 6, 943-952.
Vaughan, P.F.T. et al., (1993) J. Neurochem. 60, 2159-2166.
Wade, J.A, Peers, C. & Vaughan, P.F.T. (1997) J. Physiol.
(proc. Bristol meeting, 1997).

1 34P PHOTOSENSITISATION OF PANCREATIC TUMOUR CELLS: EFFECTS OF MITOCHONDRIAL BENZODIAZEPINE
RECEPTOR (MBR) LIGANDS

M. Mesenholler & E.K. Matthews. Department of Pharmacology,
University of Cambridge, Tennis Court Road, Cambridge, CB2 1QJ

The involvement of the mitochondrial benzodiazepine receptor
(MBR) in the molecular mechanisms of 8-aminolaevulinic acid
(ALA)-mediated photodynamic therapy (PDT) was examined in
AR4 2J cells, a rat pancreatic tumour cell line, as a model system.
Addition of exogenous ALA to the cultured cells led to their
photosensitisation by the generation of photo-active protoporphyrin
IX (PPix). In order to study the molecular basis of this effect AR4
2J cells were grown as a monolayer on small, poly-D-lysine coated
coverslips which were inserted into a fluorimeter cuvette.
Fluorescence emission from the cells was measured between 500
and 700 nm following excitation at 405 nm, the excitation
maximum for PPix. Accumulation of PPix (emission maximum at
630 nm) displayed a steep dose-response curve for a 24 hour
incubation at 370C, the fluorescence signal increasing from 0.16 ±
0.02 in the absence of ALA to 0.43 ± 0.14, 1.47 ± 0.26, 2.21 ± 0.29
and 3.68 ± 0.33 in presence of 10, 50, 100 and 500 pM ALA,
respectively (n = 6). The magnitude of PPix fluorescence also
depended on the time of incubation, increasing from 0.13 ± 0.02 to
0.35 ± 0.02, 0.46 ± 0.02, 0.83 ± 0.05 and 2.21 ± 0.27 after a 2, 4, 8
and 24 hour incubation with 100 pM ALA, respectively (n = 6).
Subsequent cellular photodestruction by exposure to light (X > 400
nm) could be attributed to the production of singlet oxygen and
hydroxyl radicals from the endogenous PPix (Kessel, 1977).
The mitochondrial benzodiazepine receptor is a high affinity
binding site for dicarboxylic porphyrins, especially PPix, and has
been implicated in the translocation of PPix and haem across
mitochondrial membranes, presumably by way of an anion channel
(Verma & Snyder, 1989). Further investigations showed that
ligands of the MBR, such as the isoquinoline carboxamide

PK1 1195, had a photoprotective effect on ALA-mediated PDT
(Ratcliffe, & Matthews, 1995). Our results showed that the
photoprotective effect was probably due to the interference of the
MBR ligand PK1195 with the production of PPix from its
precursors since the cellular PPix fluorescence produced by a fixed
concentration of ALA (100 HM) was significantly reduced (p <
0.01) by the addition of 10 pM PK1 1195, from 2.21 ± 0.27 to 1.45
± 0.14 for a 24 hour incubation with the MBR ligand (n = 4).
Similar effects were seen when 10 piM dipyridamole, an alternative
MBR ligand, was added to the incubation medium, causing a
reduction of the fluorescence to 0.58 ± 0.15 (n = 4). The possibility
that PKl 1195 blocks the transport of substrates between various
cellular compartments is supported by changes in the fluorescence
at 575 nm of an as yet unidentified metabolic product or precursor
of the ALA-induced PPix which was significantly increased (p <
0.05) in the cell monolayers in the presence of 10 pM PKI 1195 i.e.,
from 0.47 ± 0.09 to 0.62 ± 0.06 (n = 4), whereas the PPix
fluorescence itself was decreased significantly (p < 0.01) from 2.21
± 0.27 to 1.45 ± 0.14 (n = 4).

It can be concluded from these studies that the MBR is involved in
the metabolic pathway of PPix production. MBR ligands are likely
to exert their photoprotective effect by preventing the accumulation
of phototoxic PPix and may therefore be used to control ALA-
mediated PDT. Detailed knowledge of the kinetics and molecular
mechanisms involved in the cellular production of phototoxic PPix
is clearly of importance for the future use of ALA in cancer
therapy.

Kessel, D. (1977) Biochemistry 16, 3433-3449.
Ratcliffe, S.L. & Matthews, E.K. (1995) Br.J. Cancer 71, 300-305.
Verma, A & Snyder, S. (1989) Ann. Rev. Pharmacol. Toxicol. 29,
307-322.



1 35P ACTION OF 5-HT1B RECEPTOR AGONISTS AT THE HUMAN HISTAMINE Hi RECEPTOR EXPRESSED
IN HEK-293 CELLS

J.P. Presland & S.J. Hill, Institute of Cell Signalling & School of
Biomedical Sciences, Queens Medical Centre, Nottingham, NG7
2UH.

Sumatriptan and metergoline have been reported to have full, and
mehysergide partial, agonist activity at the 5-HTlB receptor (Miller
et al., 1992 and Gunning et al., 1988). Sumatriptan and
mthysergide have also been reported to possess low affinity and low
efficacy for the histamine Hi-receptor in rabbit femoral artery and
ginea-pig ileum (MacLennan et al., 1991; Gunning et al., 1988).
Furthermore, in tissues expressing both 5-HThB and Hi-receptors,
amplificaticn between these two receptor responses has been
observed (MacLennan et al., 1991). In this study we have examined
the agonist activity of the three 5-HTh agonists at the human
histamine HI receptor expressed in a human embryonic kidney cell
line (HEK-293).

HEK-293 cells, transfected with the human Hi-receptor cDNA
(specific 3H-mepyramine binding; BmAx 568 fmol/mg protein; KD 2
nM; Walker et al., 1997) were grown in 24-well plates in DMEM/F-
12 medium containing 10 % FCS, 2 mM L-glutamine and 500 4g/ml
G418. Cells were labelled with [3H]-myo-inositol for 24 hours prior
to the measurement of total [3H]-inositol phosphate (EP)
accumulation. This was performed by modifying the protocol
described by Megson et al., (1995) to include a centrifugation step to
remove cell debris. All data are expressed as mean ± s.e.mean, n 2
3.

A conceration-dependent increase in the accumulation of [P was
observed for sumatriptan and methysergide (Table 1). These
responses were completely attenuated by pre-incubation with the Hr-
receptor antagonist mepyramine (10l±M; n = 3). However, no direct

response was found with meergoline (Table 1). In addition, the
maximal response for both sumatriptan and mehysergide, when
compared to histamine, was considerably lower (Table 1). All three
5-HTIB agonists shifted histamine concentration-response curves to
higher agonist concentrations. Dissociation constants (KB) for the
binding of 5-HTIB agonists to the histamine Hi-receptor are shown in
Table 1.

Table 1. Effect of 5-HTtB ligands on [P accumulation
EC50(iiM) % response* KB (nM)

Histamine 0.7 ±0.1 (14) 100 (14)
Sumatriptan 110.0 ±40.8 (3) 3.8 ± 0.7 (3) 15.7 ±7.1 (3)'
Mehysergide 2.6 ± 1.2 (3) 6.6 ± 0.9(3) 7.6 ± 1.6 (3)'
Metergoline N/A N/A 0.48 0.14 (3)
( % maximal response compared to 100 IBM Histamine; n values
given in parenthesis; ' calculated according to Stephenson, 1956).

In summary, the data presented demonstrates that both sumatriptan
and methysergide are low affinity, low efficacy agonists at the human
HI histamine receptor. Conversely, metergoline behaves as an H1-
receptor antagonist.

We thank the Wellcome Trust for financial support.
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1 36P FUNCTIONAL COUPLING OF HUMAN 5-HTIARECEPTORS TO HUMAN G-PROTEIN COUPLED INWARD RECTIFIER
K+ CHANNELS EXPRESSED IN XENOPUS OOCYTES

S. Watt, H.L. Sudan1, S.C. Cheethaml & R. Mason, School of
Biomedical Sciences, University of Nottingham, Medical School,
NG7 2UH and 'IKnoll Pharmaceuticals, Research and Development,
Nottingham, NG1IGF.

5-HT1A receptors couple to G-protein coupled inward rectifying K+
channels (GIRK) in hippocampal pyramidal neurones (Andrade &
Nicoll, 1987). Human 5-HT1A receptors have been shown to couple
to human GIRK's in a membrane delimited manner when the
respective mRNA's are co-injected intoXenopus oocytes (Schoots et
al., 1996). The aim of this study was to examine the pharmacology
of this expression system to determine its validity as a model of
h5-HT1A receptor function.

hGIRKI, hGIRK2 and h5-HTIA containing plasmids were injected
in a 3:1 ratio of GIRK to 5-HT1A into the nucleus of excised and
isolated Xenopus oocytes (30ng cDNA total). Two to six days later,
two-electrode whole cell voltage clamping was used to determine the
functional response ofthe cells.

Reversal of the K+ concentration gradient by switching from a high
Nat buffer (96mM Na+) to a high K+ buffer (96mM K+) caused an
inward current (IK) in all cells tested (n=212). In 35/50 cells which
did not subsequently respond to 5-HT, IK was 30-7OnA and was not
blocked by addition of Ba2+ ions (200pM); Ba2+ is a GIRK channel
blocker with no effect on endogenous oocyte K+ channels. In the
remaining 15 cells which were not responsive to 5-HT, IK was 0.7-
1.41LA and was blocked by Ba2+ suggesting the expression of GIRK
channels which had a basal activity without 5-HT1A receptor
expression.

Following reversal of the K+ concentration gradient, addition of
5-HT (1IM) caused a further increase in inward current (Is-HT) in
some oocytes in the order of 0.36-4.5pA; IK for these cells was 0.4-
7.6pA. In four cells, a full sequential concentration response curve
for 5-HT was determined with a resultant EC50 of 99 ± 21nM (mean

± SEM). Ba2+ (200pM) blocked IK in 5-HT responsive cells by 55.0
± 3.3% (n=8 cells). The 5-HT1A agonist 8-hydroxy-2-(di-n-
propylamino)tetralin (8-OH-DPAT) also elicited inward current (0.2-
1.811A) following reversal of IK (n=8 cells). Responses to the
agonists did not plateau but gradually desensitised following a rapid
inward current. Fifteen minute washout periods were required to
prevent tachyphylaxis during subsequent agonist application.
Interestingly, in 2/8 cells tested with 8-OH-DPAT, the responses did
not desensitise although tachyphylaxis still occurred.

Injection of pertussis toxin (2.5ng) resulted in a total abolition of
5-HT induced current and no change in IK (n=6 cells) showing that
the 5-HT1A receptor couples to the GIRK's through Gi/Go
G-proteins.

The 5-HT1A selective antagonist, WAY 100635 (10nM & ijM)
blocked the 5-HT (lO0nM) evoked inward current (n=4 cells) when
both compounds were co-applied; WAY 100635 reduced Is HT by
45.0 ± 10.8% (lOnM) and 91.2 ± 4.6% (1iLM). WAY 100635
(100nM) also reduced 8-OH-DPAT (l0OnM) evoked responses by
32.5 ± 6.8% (n=4).

Co-injection of human 5-HTIA cDNA with the cDNA for human
GIRKI and 2 subunits leads to functional expression of the receptors
and channels which couple to each other in a pertussis toxin-sensitive
manner. This system exhibits pharmacology characteristic of
5-HTIA receptors and could be used as a model to investigate the
pharmacology of 5-HTIA receptors.

Thanks to Dr. A. Bach (BASF, Germany) for the h5-HTIA clone and
to Dr. Douglas Fraser for assistance with cDNA preparation.

Andrade, R., Nicoll, R.A. (1987) J. Physiol. 394: 99-124.
Schoots, O., Yue, K., MacDonald, J.F. et al. (1996) Mol. Brain Res.
39: 23-30.



1 37P FUNCTIONAL EXPRESSION OF HUM 5-HTI1 RECEPTORS BY LINKAGE TO HUMAN G PROTEIN-COUPLED,
INWARDLY-RECI FYING POTASSIUM CHANNELS TYPE K, 3.0 (GIRK) IN XENOPIS OOCYTES

H.L. Sudan, D. Fraser, I.C. Kilpatrick, P.L. Needham and D.J. Heal.
Knoll Pharmaceuticals, Research and Development, Pennyfoot Street,
Nottingham, NGl lGF.

Inwardly-rectifying potassium channels (Kfrs) belong to one of five
subfamilies (K4 1.0-4K5.0; Chandy & Gutman, 1993). The G protein-
coupled potassium channels belong to Ki, 3.0 (also known as GIRK).
GIRKs couple in a membrane-delimited manner to neurotransmitter
receptors including 5-HTIA, dopanine D2-like and opioid receptors.

In this study, human 5-HTIA (h5-HTIA) receptors were functionally
expressed in oocytes from Xenopus laevis by injecting nuclei of
mature oocytes with 25-150 ng of plasmid DNAs (pCIS2 and
pcDNAI) coding for h5-HTIA receptors and human GIRKI (hGIRKl)
and GIRK4 (hGIRK4). Recordings were made from day 5 post-
injection using a two-electrode voltage clamp technique. Application
of 1 FM 8-OH-DPAT to oocytes expressing functional h5-HTIA
receptors elicited very small outward currents (-5-10 nA) if the
recordings were made in conventional extracellular saline (96 mM
NaCI, 2 mM KCI, ImM MgCI2, 1mM CaC12, 5mM HEPES; pH 7.5).
The K+ ion gradient was thus reversed by equilibrating oocytes in a
high potassium-based saline (96 mM KCI, 2 mM NaCI) before
recording agonist-evoked inward K+ currents listed as the mean 4

s.e.mean. Basal K+ currents were always greater in injected oocytes
(86.1 ± 16.1 nA; n-=22) than in uninjected oocytes (26.1 ± 2.3 nA;
n=10). Whilst the basal K+ current in 7 uninjected oocytes was not
altered by 300 FM BaC12, both the K+ currents in 9 oocytes expressing
only hGIRK channels and the K+ currents evoked by 1 pM 8-OH-
DPAT in oocytes expressing functional h5-HTIA receptors were
reversibly inhibited in a voltage-dependent manner by superfusion of
300 IM BaCl2. The 5-HTIA antagonist, N-{2-[4-(2-methoxyphenyl)-

I-piperazinyl]ethyl}-N-(2-pyridinyl)-cyclohexanecarboxamide (WAY
100,635), antagonised the 8-OH-DPAT-evoked response (n=4; IC"0 =
56 ± 18 nM) in oocytes expressing functional h5-HTIA receptors.
This inhibition was specific for the h5-HTIA receptor because the
basal K+ current in 9 oocytes expressing only hGIRK channels was
unaffected by WAY 100,635 (10-9 to 104 M). 8-OH-DPAT-evoked
responses were abolished by injection of 3 ng of pertussis toxin 3
hours earlier (n=6) and the basal K+ current was maximally reduced
by 80%. This block by pertussis toxin implicates the GVGO subunits in
signal transduction from the h5-HTIA receptor.

Here, we found that 8-OH-DPAT-evoked responses from oocytes with
h5-HTIA receptorslhGIRK1 plus 4 combinations usually lay between
0.05 and 0.5 gA. In a complementary study, Watt et al. (1997) report
functional coupling of h5-HTIA receptors to hGIRK 1 plus hGIRK 2
that yielded responses to 8-OH-DPAT of 0.2-1.8 HA and similar
sensitivities to BaCI2, pertussis toxin and WAY 100,635.

In this pilot investigation, the responses evoked by 8-OH-DPAT were
inhibited at three different loci, viz. (i) by WAY 100,635 at the
5-HTIA receptor level, (ii) by pertussis toxin at the G protein level and
(iii) by Ba2' at the hGIRK protein channel level. To our knowledge,
these data represent the first published quantitation of the potency of
WAY 100,635 as an antagonist to human 5-HTIA receptors coupled to
human GIRKs as well as the functional sensitivity of this system to
pertussis toxin.

Thanks to Dr. A. Bach (BASF, Germany) for the h5-HTIA clone.

Chandy, K.G. & Gutman, G.A. (1993) Trends PharmacoL Sci. 14, 434
Watt, S., Sudan, H.L., Cheetham S.C. et al., (1997; this BPS meeting)

1 38P INVESTIGATION OF PROTEIN KINASE C ISOENZYME EXPRESSION, DOWNREGULATION AND TRANSLOCATION
IN CHO-Ki CELLS EXPRESSING H1-HISTAMINE RECEPTORS

E.M. Walker and S.J. Hill, Institute of Cell Signalling,
Department of Physiology and Pharmacology, Queen's
Medical Centre, Nottingham, NG7 2UH.

In a previous communication (Sanderson et al. 1996a), we
reported that histamine (HA) can potentiate forskolin-
stimulated cyclic AMP accumulation, as well as yielding a
small cyclic AMP response on its own, in CHO-K1 (CHO-H1)
cells, transfected with the bovine histamine Hi-receptor.
Neither of these H1-receptor mediated responses depended
on the discharge of intracellular Ca2+ stores, or subsequent
capacitative entry of extracellular Ca2+ (Sanderson et a/.,
1996). However, the potentiation of the forskolin response
was susceptible to inhibition by the protein kinase C (PKC)
inhibitor, Ro 31-8220, and prolonged (24 hr) treatment of the
CHO-H1 cells with the PKC activator phorbol 12,13-dibutyrate
(PDBu, Sanderson and Hill, 1996). In this study, we have
used Western blot analysis to examine which PKC isoforms
are present in CHO-HI cells, are down-regulated by PDBu,
and therefore which are involved in the potentiation response.

Protein samples were prepared from confluent monolayer
cuftures of CHO-HI cells, either as Triton X-100 detergent
extracts from whole cells (PDBu treatments) or as cell
membrane preparations (HA stimulations). Proteins were
separated by 7.5% SDS-PAGE, transferred to nitrocellulose
paper and immunodetected with monoclonal PKC isoform
specific antibodies, using the ECL system. The developed
blots were quantified densitometrically, using Molecular
AnalystTm software. The quantified data are expressed as
mean i s.e.m., n=3, and analysed by paired Student's t-test.

Five PKC isoforms were readily detected in CHO-H1 cells, the

conventional PKC isoform, PKC a, the novel isoforms PKC 8
and PKC p and the atypical isoforms PKC t and PKC 4.
Treatment of CHO-H1 cells for 24 hr at 37 0C with PDBu
(1 ItM) but not its inactive analogue 4a phorbol (1 PM), caused
the down-regulation of only PKC a and PKC 8 (Fig 1).

Fig 1. Down-regulation of PKC isoforms by PDBu
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Acute stimulation (5 min, 37 OC) of CHO-H1 cells with HA
(100 pM) also increased the level of PKC a associated with
cell membranes to 399 ± 64% of control values (p< 0.05). The
regulation of PKC 8 by Hi-receptor activation remains to be
determined.

These results strongly suggest that at least one PKC isoform,
PKC a, is involved in the potentiation of forskolin-stimulated
cyclic AMP accumulation by bovine histamine Hi-receptors
expressed in CHO-K1 cells.

This work was supported by the MRC.
Sanderson E.M., Iredale P.A. and Hill S.J. (1996) Br. J.
Pharmacol. 1 17, 7P
Sanderson E.M. & Hill S.J. (1996) Br. J. Pharmacol. 119,
247P



1 39P POTENTIATION OF ADENOSINE Am RECEPTOR-STIMULATED CYCLIC AMP ACCUMULATION BY HISTAMINE He
RECEPTORS IN HEK-293 CELLS

E.M. Walker, J.R. Bispham & S.J. Hill, Institute of Cell Signalling,
School of Biomedical Sciences, Queen's Medical Centre,
Nottingham, NG7 2UH.

In brain, stimulation of histamine (HA) HI -receptors significantly
augments the cyclic AMP (cAMP) response to adenosine A2b-
receptors (Hill 1990). In this study we have transfected human
Hi-receptor DNA into human embryonic kidney (HEK-293) cells,
and examined whether these receptors can elicit a similar aug-
mentation of the cAMP response to the adenosine A2b-receptors
endogenously expressed in this cell line (Cooper et al., 1995).

Accumulation of [3H]-cAMP and total [3H1-inositol phosphates
([3H1-IP) in cell monolayers and [3HJ-mepyramine binding to cell
membranes were measured as previously described (Iredale et
a/, 1993; Megson et a/., 1995). All data are expressed as mean ±
s.e.m., n 2 3. Data from [3HJ-cAMP assays were analysed by
two-way ANOVA and then by post-hoc Newman-Keuls tests.

Binding of the Hi-receptor selective radioligand [3HJ-mepyramine
was undetectable in the untransfected HEK-293 parent cell line
(HEK). Low and moderate levels of binding, respectively, were
observed In the two transfected cell lines, H1j2 and H1j1 (Table
1), with KD's consistent with published values (Table 1,
Moguilevsky et a/., 1994). However, HA, at a maximally
stimulating concentration (100 pM), gave [3HJ-IP responses in all
three cell lines (Table 1). These responses were abolished by

mepyramine (apparent Kl's: HEK, 9 ± 2; H1j1, 14 ± 5 nM) con-
firming that they were mediated by either endogenous (HEK) or
transfected (Hiji, H1j2) human Hi-receptors.

The adenosine A2a-receptor agonist, 5'-N-ethylcarboxamide-
adenosine (NECA) gave strong [3H]-cAMP responses in all of the
three cell lines. HA alone gave no significant responses, but
increased the response to NECA by 17% in H1j2, and 54% in
H1j1 cells, p<0.01. (Table 1). This action of HA was sensitive to
mepyramine (in H1j1 cells: apparent Ka = 14 ± 1 nM), again
suggesting mediation by Hi-receptors.

These results show that human Hi-receptors in HEK-293 cells
can augment adenosine A2 stimulated cAMP responses, as
observed in brain. In the HEK-293 cells, the size of the
augmentation seems to parallel the expression levels and Gq/G11-
coupled activity of the H1-receptors.

This work was supported by the MRC.
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Table 1 Expression and Cell Signalling Responses of Human Histamine Hi-receptors in HEK-293 cells
[3H]-Mepyramine Binding [3H]-IP Response to Histamine [4H]-cAMP Response (fold over basal)

Cell Bmax KD 100I M HA 10 M NECA 100 M HA 10 NM NECA +
line (fmol/mg) (nM) (fold over basal) 100 ttM HA
HEK - - 2.4 ± 0.2 17.2 ± 0.2 1.2 ± 0.2 17.4 ± 0.2
H1j2 45 ± 8 3 ± 1 5.7 ± 0.3 23.0 ± 0.2 1.2 ± 0.2 26.7 ± 0.2
H1j1 568 ± 69 2 ± 1 56.5 ± 3.5 30.8 ± 0.5 1.2 ± 0.5 47.0 ± 0.5

1 40P THE HUMAN ADENOSINE A RECEPTOR ACTIVATES THE MAP KINASE SIGNALLING PATHWAY IN
TRANSFECTED CHO-Kl CELLS

J.M. Dickenson and S.J. Hill, Institute of Cell Signalling and
School of Biomedical Sciaences, University of Noiam,
Queen's Medical Centre, Notingham, NG7 2UH.

Recent studies have shown that the mitogen-activated protein
(MAP) kinase sinalling pathway can be activated by a variety of
GJ/Go protein-coupled receptors (for review see Sugden & Clerk,
1997). In this study we have investigated whether the G/G.-
coupled human adenosine Al receptor activates the MAP kinase
pathway in transfected Chinese hamster ovary cells (CHO-Al).

CHO-Al cells were grown in 6-well plate cluster dishes and
serum-starved for 16 h, in DMEM/F-12 containing 0.1°% bovine
senum albumin, prior to the MAP kinase assay. MAP kdnase
activity was deermined in CHO-Al cell lysates (following 5 min
agonist stimulation) using the epidermal growth factor receptor
662-681 peptide as a selective MAP kinase substrate (Heasley et
al. 1994).

The selective adenosine Al receptor agonist N6-
cyclopentyladenosine (CPA; 1 pM) stimulated a 6.5 ± 0.7 (n=3)
fold increase in MAP kinase activity The MAP kdnase response to
CPA was conentrion-dependent (p[EC5o ] = 8.13 ± 0.03; n=3)
and time-dependent (peak activation occurring at 5 min). Pre-
treatment with pertussis toxin (100 ng/ml for 16 h) completely
inhibited the response to 1 pM CPA, indicating that GJ/Go
protein(s) couple the adenosine Al receptor to the MAP kinase
pathway. Responses to I pM CPA were also attenuated by pre-
treatnent (30 min) with the MAP kinase kinase 1 (MEKI)
inhibitor PD 98059 (50 &M; 89 ± 4% inhibition; n=3). Recent
studies have indicated that tyrosine kinase(s) and

phosphatidylinositol 3-kinase (PtdIns 3-kinase) are involved in the
activation of MAP kinase by GVGo protin-coupled receptors
(Sugden & Clerk, 1997). In this study, pre-treatment with the
tyrosine kinase inhibitor, genistein (100 fM; 30 min) atteuated
the MAP kinase response to I gM CPA (94 ± 10% inhibition
compared to control responses; n=4). In contrast, daidzein (100
gM; 30 mnn), the inactive analogue of genistain, had no significant
effect on the responses elicited by 1 WM CPA (96 ± 12% of
control response; n=4). Furthermore, pre-treatment (30 min) of
CHO-Al cells with the selective Ptdlns 3-kinase inhibitor, LY
294002 (30 gM) or wortmannin (100 nM) inhibited 1 WM CPA-
induced MAP kinase activation by 40 ± 5% (n=6) and 55 ± 8%
(n=4) respectively. Finally, pre-treatment with the selective protein
kinase C inhibitor Ro 31-8220 (10 WiM; 30 min) had no significant
effect on CPA-induced MAP kinase activation (98 ± 5% of control
response; n=3).

In summary, we have shown that the transfected human adenosine
A, receptor stimulates MAP kinase activity in CHO-Al cells. The
sialling pathway appears to involve tyrosine kinase, PtdIns 3-
kinase and MEKI activation. These observations are consistait
with the known mechanisms for GVGO protin-coupled receptor-
mediated activation ofMAP kinase (Sugdun & Clerk, 1997).

We thank the Wellcome Trust for financial support and Dr
Jonathan Blank for help with the MAP kinase assay.

Heasley, L.E., S.I. Senkfor, S.Winitz, et al. (1994) Am. J. Physiol.
267, F366-F373.
Sugden, P.H. & Clerk, A. (1997) Cell. Sigual. 9, 337-351.



141 P FUNCTIONAL EVIDENCE FORA ROLE OF INTRACELLULAR ANGIOTENSIN UIIN A7r5 CELLS

C.M. Filipeanu, RH. Henning, D. de Zeeuw, S.A.
Nelemans. GIDS, University of Groningen, A Deusinglaan 1,
9713 AV, The Netherlands.

Recent studies suggest a role of intracellular angiotensin
II (A II) in the cardiovascular system which is not mediated by
angiotensin plasma membrane receptors (De Mello, 1995;
Haller et al., 1996). These effects are mediated by binding to an
intracellular site which is coupled to different signal
transduction systems than those known to be mobilized by AT,
receptor subtype (Haller et al., 1996). In the present study, we
investigated a possible role of intracellular angiotensin II in the
fetal rat aorta cell line A7r5 by measuring membrane currents
and by 45Ca2+ flux experiments.

In the patch clamp study, (a holding potential by 40
mV, temperature 220 C) the extracellular application of A 1I
(104 M) did not evoke any change in membrane currents
(n=5). In contrast, the intracellular application ofA II (10" M)
evoked an apparent inward current of 247 ± 74 pA (mean ±
s.e.m, n=3), after establishment of the whole cell configuration
(Cs+ main internal ion of intracellular solution). The inward
current after 5HT2 receptor stimulation (105 M) and the
outward current after P2 purinoceptor stimulation with UTP
(10 3M) were inhibited by angiotensin II (10- M) diffused into
the cell via the patch pipette, by 94 ± 2% (n=3) and 76 ± 3 %
(n=4), respectively (table 1). Inclusion of the well
characterized AT, receptor blocker, losartan (106 M) together
with angiotensin II in the intracellular solution,

partly restores the response to extracellular serotonin
application (75%), but not to UTP (28 %, table 1).

A second functional evidence comes from
experiments in which intracellular Ca2e stores were loaded
with 45Ca2. In saponin permeabilized cells, angiotens II
(106 M) potentiates the IP3 (I0-5 M) inducible Ca2e
mobilization with 23 ± 4 % (n=6, T=220 C). Since in these
conditions, angiotensin II itself did not mobilize Ca2 this
indicates that it can act synergistically on phospholipase C
coupled hormonal responses.

Table 1
treatment current (pA)
5HT (I0- M) 320±70 (n=5)
5HT + Intracell AI 20 ± 15 (n=3)
5HT+ Intracell ARl + losartan 240 ± 45 (n=3)
UTP (l0 3 M) -752 ± 74 (n=6)
UTP+ Intracell All -180 ± 70 (n=4)
UTP+IntracellAI[+losartan -210±55(n4

These preliminary results show an intracellular role
for angiotensin Il in A7r5 smooth muscle cells. Intracellular
angiotensin II acts as a modulator ofmembrane ions fluxes,
as well as influencing P3-mediated calcium release from
intracellular stores.

De Mello W.C. (1995) Hypertension 25, 1172-1177.
Haller H., Lindsc C., Erdmann B. et al., (1996) Circ. Res.
79, 765-772.

1 42P CHARACTERISATION OF A [(S]GGTPS BINDING ASSAY FOR CHEMOKINE CXC 1 AND 2 (IL-8 a AND I) RECEPTORS
EXPRESSED IN CHO CELLS

David A. Hall, Isabel J. M. Beresford & Heather Giles. Receptor
Pharmacology, Glaxo Wellcome Medicines Research Centre, Gunnels
Wood Road, Stevenage, Herts. SG2 INY.

Chenqokines (CKs) are a group of cytokines which act as leukocyte
chemoattractants. They can be grouped into CC- and CXC-CKs
depending on the relative positions of the first two of four conserved
cysteine residues (Power & Wells, 1996). The major leukocyte target
of the CXC-CKs is the neutrophil, which possesses two CXC
receptors (CXCRs): CXCR1, which is specific for interleukin-8 (IL-
8), and CXCR2, which responds to IL-8 and a number of other CXC-
CKs (Power & Wells, 1996). Studies on recombinant cell lines have
shown that both of these receptors induce increases in cytosolic Ca2,
which are sensitive to pertussis toxin (PTX), indicating a role for
Gi/Go G-proteins (Gerard & Gerard, 1994). We report the
characterisation of a [iiS]GTPyS binding assay in membranes from
Chinese hamster ovary (CHO) cells stably expressing heamnagglutinin
(HA)-tagged human CXCR1 and CXCR2.

CHO-CXCR1 (25 gg protein/ml) or -CXCR2 (50 g/ml) membranes
were equilibrated to 30'C for 20 min in assay buffer (100 mM NaCl,
10 mM MgCl2, 20 mM HEPES, pH 7.4) in the presence of GDP (10
pM). Agonist was added and followed 10 min later by [35S]GTPyS
(100 pM). The total assay volume was 250 0il. The reaction proceeded
for 20 min before termination by rapid filtration, washing (4 x 1 ad
ice-cold water) and determination of bound radioactivity using a
scintillation counter. Non-specific binding was determined in the
presence of 100 pM GTP. EC5D values and maximal effects were
determined by fitting the data with a four parameter logistic equation.

Firstly, optimum assay conditions were determined. Increasing
concentrations of GDP (3 nM - 100 pM) caused a concentration-
dependent decrease in [35S]GTPIS binding. In both membranes,
optimal 1L-8 stimulation of [35S]GTPyS binding was obtained at 10

,uM GDP. Binding was independent of agonist pre-incubation time up
to 120 min. Varying the incubation time with [35S]GTPyS (2 - 80 min)
showed that IL-8-stimulated binding was linear up to 20 min. Binding
also increased linearly with membrane protein concentration over the
range 5 - 100 pg/ml.
IL-8 induced concentration-dependent increases in [35S]GTPyS
binding; pECwo values were 8.64±0.11 (CXCR1; n=9) and 6.15±0.05
(CXCR2; n=7); the maximal increases in binding were 266±17%
(CXCR1) and 600±48% (CXCR2) of basal (basal = 100%). Binding
was also stimulated by GROa, another CXC-CK, which had pECso
values of 6.17±0.13 (CXCR1; n=3) and 6.59±0.05 (CXCR2; n=3).
The maximal effects were not significantly different from those of IL-8
(255±20% and 613±115% of basal, respectively; p>0.05, Student's t-
test). These potency orders are consistent with those previously
reported for other responses mediated by these receptors (e.g.
Loetscher et al., 1994). IL-8, up to 10 piM, was without effect in
membranes prepared from PTX-treated cells (100 ng/ml; 16 hrs) or in
membranes from untransfected CHO cells. These results indicate that
wild-type CHO cells lack IL-8 receptors and that the responses are
mediated by the transfected CXCRs, coupled to Gi/Go proteins.

Thus, in these cells, CXC-CKs induce [35S]GTPyS binding via the
transfected CXCRs in a manner which is consistent with their known
pharmacology. Interestingly, in the CXCR1 membranes PTX
treatment markedly decreased the basal [35S]GTPyS binding perhaps
suggesting constitutive activity of CXCR1 in these membranes.

Gerard C. & Gerard, N.P. (1994) Curr. Op. Immunol. 6,140-145.
Power, C.A. & Wells, T.N.C. (1996) Trends PharmacoL Sci. 17, 209-213.
Loetscher, P., Seitz, M., Clark-Lewis, I. et aL (1994) FEBS Lett. 341, 187-
192.



143P INFLUENCE OF EXTRACELLULAR Ca2+ ON AGONIST-STIMULATED PHOSPHOINOSITIDE HYDROLYSIS IN BABY
HAMSTER KIDNEY CELLS EXPRESSING mGluRla

Ruth Saunders, Stefan R. Nahorski and R.A.John Challiss,
Department of Cell Physiology & Pharmacology, University of
Leicester, Leicester LEl 9HN.

It has recently been demonstrated that the rat type la
metabotropic glutamate receptor (mGluRla) and a homologue of
this receptor, the salmon bifunctional receptor (sBimR), are
activated by both glutamate and extracellular Ca2+ (Ca2+e) when
expressed in Xenopus oocytes (Kubokawa et d., 1996). The
aim of the present study was to investigate the effects of varying
[Ca2+]e on the response of baby hamster kidney (BHK) cells
recombinantly expressing either mOluRla (BHK-mGluRla) or
M3-muscarinic receptors (BHK-m3) to agonist stimulation and
to determine whether the effects of [Ca2+]e on mGluRla
activation are receptor- or cell type-specific.

Cells were cultured in DMEM (Glutamax-1) supplemented with
5% dialysed foetal calf serum (dFCS), 50 pg ml-l gentamicin,
0.5 mg ml-l G418 and 1 I&M methotrexate (BHK-mGluRla); or
5% dFCS, 50 ptg ml-t gentamicin and 300 ,&g ml-i hygromycin
B (BHK-m3). [3H]-inositol monophosphate (InsPl)
accumulation was measured in cells incubated in the presence of
1 pCi ml-t myo-[3H]-inositol for 48 h prior to agonist
stimulation in the presence of 10 mM LiCl. The InsPi fraction
was resolved by Dowex ion-exchange chromatography as
previously described (Challiss etal., 1993). Data are presented
as means + s.e.mean for n>3 separate experiments. Statistically
significant differences between concentration-effect curves were
defined using two-way ANOVA.

Varying Ca2+e from 0-4 mM had little effect per se on basal
InsPi accumulation in either cell-line (in BHK-mGluRla,
nominally Ca2+-free, 5972+ 1320; 4 mM Ca2+, 6408± 1432
d.p.m. mg-i protein). In the presence of 4 mM Ca2+e
quisqualate (Quis; 30 ItM) and methacholine (MCh; 300 jiM

caused, 8.9 + 2.8 and 20.6 ± 2.9 fold increases in BHK-
mGluRla and BHK-m3 cells respectively. In both cell-lines,
maximal agonist-stimulated InsPl responses were markedly
decreased under nominally Ca2+-free conditions (to 28 ± 6; and
33 ± 2% respectively of the response observed in 4 mM Ca2+e).
The concentration-effect curve for Quis-stimulated InsPi
accumulation was influenced by increasing [Ca2+]e from 1.3 to 4
mM (with a decrease in EC50 and an increase in maximal
response). In contrast, MCh responses in BHK-m3 cells were
unaffected by increasing [Ca2+Ie from 1.3 to 4 mM (P>0.05).
This difference between the Ca2+e dependencies of responses in
BHK-mGluRla and BHK-m3 cells was more dramatically
revealed when partial agonist responses were investigated.
Thus, the concentration-effect curve for iS,3R-ACPD in BHK-
mGluRla cells was significantly affected by increasing Ca2+e
from 1.3 to 4 mM (P<0.01), with the maximal InsPl response
increasing from 46 ± 6 to 66 ± 4% relative to the Quis-stimulated
response. In contrast, the concentration-effect curve for arecoline
in BHK-m3 cells was unaffected by this change in [Ca2+]e
(P>0.05).

These data indicate that the effects of varying [Ca2+]e on the
responses to agonist stimulation of mGluRla and M3-mAChRs
differ when the receptors are expressed in a common cell
background, suggesting receptor-specific rather than cell-specific
differences. Modulation of mGluRla activity by changes in
Ca2+e may be of physiological and patho-physiological
significance (Erecinska & Silver, 1992).

R. Saunders holds a Medical Research Council Pbstgraduate Studentship.

Challiss, R.A.J. etal. (1993) Neuroprotocols, 3, 135-144
Erecinska, E. & Silver, I.A. (1992) Can. J. Physiol.
Pharmacol., 7 0, S 190-S 193
Kubokawa, K. etal. (1996) FEBS Lett., 392, 71-76

1 44P METHACHOLINE-STIMULATED [35S]-GPT6yS BINDING AND Ca MOBILISATION IN CHO-CELLS EXPRESSING
Ml AND M3 CHOLINOCEPTORS

E.C. Akam, R.A.J. Challiss and S.R. Nahorski, Department of Cell
Physiology & Pharmacology, University of Leicester, Leicester, LEl
9HN.

Agonist-stulated [35S]-GTPyS binding in cell-membrane
preparations has proved to be a valuable approach to assess stimulus-
response relationships at the level of the G protein (Lazareno &
Birdsall, 1993; Traynor & Nahorski 1995). However, limitations of
such approaches in membranes are that more distal signal
transduction is often absent and promiscuity of receptor-G protein
interaction is likely. Here we have used a permeabilized cell
preparation in which M1/M3 receptor signalling via phosphoinositide
hydrolysis to calcium release is maintained.

CHO-mI and -m3 cells were cultured under standard conditions.
Harvested cells were permeabilized using 50 fig m1' P-escin in an
intracellular-like buffer (ICB) as described by Wojcikiewicz et al.
(1990). [35S]-GTPyS binding was assessed in ICB using P-escin
permeabilised cells to initiate the reaction according to the method of
Lazareno et al. (1993). In parallel 45Ca2e-release assays were
performed (Wojcikiewicz et al., 1990).

[31]-NMS saturation binding to whole cell suspensions revealed
similar levels of receptor expression in CHO-mI and -m3 (B. 2.72
± 0.17; 2.55 ± 0.15 pmol mg7' protein (n=5) respectively). Optimum
assay conditions for [35S]-GTPyS binding in permeabilized CHO-
ml and -m3 cells were found to be 60 min mcubations at 30'C with
1.2 nM 35SJ-GTPyS in the presence of 10 FM GDP. Upon
stimulation with a maximal concentration of methacholine (MCh; 1
mM), increases in [35SJ-GTPyS binding above basal were observed
after 15 min, with maximum stimulations in CHO-ml and -m3 (79
+4, 68 + 9 finol mg9' protein that is 1.28 ± 0.04, 1.31 ± 0.04 fold
stimulation over basal respectively (n=3)) occurring at 60 min.
MCh-stimulated 45C?+-release in permeabilized cells gave rise to a

similar maximal release of45Ca2+ in CHO-mI and -m3 cells (84 ± 4;
87 ± 2% of ionomycin-releasable pool, respectively (n=4)).
Comparison of [35S]-GTP'yS binding and 45Ca2+-release
concentration-effect relationships revealed lower EC50 values for
intracellular 45Ca2+ mobilisation indicating signal amplification (see
Table).

Comparison ofmean EC_ values (+ s.e.mean) for methacholine.

Cell line [35S]-GTpyS 45Ca2+-release
binding - log M (n=4)
- log M (n=4)

CHO-ml 5.31±0.14 6.26±.020
CHO-m3 5.17±.0.07 6.57±.0.01

My- and M3-muscarinic acetylcholine receptors link preferentially to
phosphoinositidase C (PIC) activation (Caulfield, 1993). The signal
amplification seen between the G protein and release of intracellular
calcium may occur after PIC activation at the level of inositol 1,4,5-
trisphosphate accunmlation and/or the opening of intracellular
release channels. We conclude that a single penneabilized cell
system can be effectively used to investigate agonist-mediated
stimulus-response relationships at the level of G protein activation
by receptors and more distal events such as calcium-release.

E.C.A. is a Wellcome Trust Prize Student.

Caulfield, M.P. (1993) Pharmac. Ther. 58, 319-379
Lazareno, S.L. & Birdsall, N.J.M. (1993) Br. J. Pharmacol. 109,
1120-1 127
Traynor, J.R. & Nahorski, S.R. (1995) Mol. Pharmacol. 47, 848-
854
Wojcikiewicz, R.J.H., Safrany, S.T., Challiss, R.A.J., et al. (1990)
Biochemn. J. 272, 269-272



145P EFFECTS OF LiTIIUM ON LIPID PRODUCTS OF AGONIST-STIMULATED PHOSPHOLIPASE C AND D ACTIVITIES IN
CHO-ml CELLS

Helen J. Sherriffs, Stefan R. Nahorski and R.A.John Challiss,
Department of Cell Physiology & Pharmacology, University of
Leicester, Leicester LE1 9HN.

Lithium is an uncompetitive inhibitor of the enzyme inositol
monophosphatase; this ability to disrupt the phosphoinositide
cycle may provide a mechanistic explanation of the anti-manic
action of this ion (Nahorski et d., 1991). Agonist-stimulation of
Mi-muscarinic receptors expressed in Chinese hamster ovary
cells (CHO-ml) causes a prolonged, non-desensitizing activation
of phospholipase D (PLD) activity (Sherriffs et al., 1997). Here
we have compared the effects of lithium on agonist-stimulated
phospholipase C (PLC) and PLD activities in CHO-ml cells.

To assess PLD activity, monolayers of CHO-mI cells were
labelled with 33Pi (2 1tCi well-l) for 24 h in phosphate-free
medium and pre-incubated *butan- -ol (50 mM) prior to agonist
challenge (Sherriffs et al., 1997). To determine CMP-
phosphatidate (CMP.PA) accumulation, cells were incubated
with [3H-cytidine (0.1 I Ci well-i) for 1 h and experiments
performed as described previously (Jenkinson etal., 1994). Data
are expressed as mean * s.e.mean for n.3 experiments.

In agreement with previous studies (Jenkinson et al., 1994), Li+
(5 mM) had no effect on the initial (0-5 min) accumulation of
Ins(1,4,5)P3 stimulated by methacholine (MCh; 1 mM), but
dramatically and time-dependently decreased the plateau (5-30
min) response. In 33Pi -labelled cells, MCh (1 mM) stimulated a
rapid increase in phosphatidic acid (PtdOH) accumulation to a
new elevated plateau at 15 min (basal, 1437 * 272; +MCh 15
min, 9261 * 1664 d.p.m. well-i). A similar response was
observed in the presence of Li+ (5 mM)(basal, 1847 ± 397;
+MCh 15 min, 9308 ± 1191 d.p.m. well-i). The increase in
PtdOH can arise through phosphorylation of PLC-derived
diacylglycerol or directly via PLD activity. In the presence of
butan-1-ol (50 mM), PLD-derived PtdOH accumulates as

phosphatidylbutanol (PtdBut). Under these conditions, MCh
stimulated, after a brief lag, a linear increase in PtdBut for at
least 30 min (basal, 313 ± 37; +MCh 30 min, 15117 ± 496
d.p.m. well-i). In contrast to effects on phosphoinositide
turnover, Li+ enhanced the early (1-15 min) accumulation of
PtdBut, however construction of concentration-effect curves for
Li+ action indicated that this enhancement of agonist-stimulated
PtdBut accumulation was only observed at high (>5 mM) Li+. In
[3HI-cytidine-labelled CHO-ml cells, MCh (1 mM) stimulated a
dramatic accumulation of CMP.PA in the presence of Li+ (5
mM)(basal, 1324 ± 45; +MCh 30 min, 10128 ± 1032 d.p.m.
well-i). The initial agonist-stimulated increase in CMP.PA was
unaffected by the presence of butan-1-ol (50 mM), however at
later times (15-45 min) accumulation of this intermediate was
decreased by as much as 50%.

These data suggest that whilst Li+ can have profound effects on
phosphoinositide turnover, it only affects agonist-stimulated
PLD activation in CHO-m 1 cells at supra-therapeutic
concentrations (>5 mM). The inhibitory effect of butan-1-ol on
MCh-stimulated CMP.PA accumulation in the presence of Li+
also suggests that PLD-derived PtdOH becomes a quantitatively
significant source of this intermediate with time. Why Li+-
mediated effects on phosphoinositide cycle intermediates are not
reflected by changes in PtdOH, even when the contribution of
PLD is excluded, remains to be resolved.

We gratefuily acknowledge the support of the Medical ResearchCounl.
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146P COUPLING OF THE HUMAN CGRP RECEPTOR VIA PERTUSSIS TOXIN SENSITIVE G-PROTEINS

M.J. Main, F.H. Marshall and S.M- Foord, Receptor Systems,
Glaxo Wellcome, Medicines Research Centre, Stevenage,
Hertfordshire, England, SG1 2NY.

We have identified a novel, single membrane spanning protein,
Receptor Activity Modulating Protein (RAMP), that enables
the orphan receptor CRLR (Calcitonin-Receptor-Like-
Receptor, Aiyar et al., 1996) to behave as a CGRP (Calcitonin
Gene Related Peptide) receptor when co-expressed in Xenopus
oocytes or HEK293T cells. RAMP also increases the CGRP
response of the endogenous oocyte CGRP receptor more than
100-fold. Here, we examine coupling of native and exogenous
CGRP receptors to G-protein regulated potassium channels in
Xenopus oocytes.

m'G(5')pp(5')GTP capped mRNA encoding RAMP, CRLR,
and the potassium channels CIR (Kir3.1) and GIRKI (Kir3.4)
were injected into Xenopus oocytes (20 to 100ng per oocyte)
and whole-cell currents were recorded (at 250C) using two
microelectrode voltage-clamp 3 to 7 days post-injection.
Oocytes were voltage-clamped in ND96 solution (in mM): 96
NaCl, 2 KCl, 1 MgCl2, 5 HEPES, pH 7.5, and potassium
currents were recorded in a high potassium solution (in mM):
90 KCl, 1 MgCl2, 5 HEPES, pH 7.5. Measurements refer to
changes in holding current recorded at a membrane potential of
-6OmV. In several experiments pertussis toxin (Sigma) was
injected into oocytes (1 to 2.5ng per oocyte) 5 to 8 hours prior
to recording. Human aCGRP was made by GlaxoWellcome.
Data are mean ± s.e.mean.

In uninjected oocytes and in oocytes expressing the potassium
channels CIR and GIRKI, switching from ND96 to high
potassium solution led to a small inward shift in holding
current (Table 1). However, even in the absence of CGRP, co-
expression of RAMPI or of RAMPI plus CRLR with the
potassium channels activated a large inward potassium current
(Table 1), which was completely blocked by addition of 1mM
BaCl2 to the extracellular solution. A current-voltage plot for
the potassium current showed strong inward rectification.
Subsequent application of lOOnM CGRP led to a small (6.2 +
1.8%, n=8) increase in potassium current amplitude.

RNA injected Potassium current (nA)
ninjected oocyte 97.5 ± 26.6, n-8
CIR+GIRK1 159.1 i70.9,n=7 I
RAMP + CIR + GIRKI 406.4 ± 73.9, n=166
RAMP + CRLR + CIR +GIRK1 504.5 ± 64.0, n=22

Injection of pertussis toxin or co-expression of transducin
(which binds G-protein Py sub-units) led to marked inhibition
of potassium current amplitude (64.3±10.3% and 74.2±5.5%
inhibition respectively, n=5) in oocytes expressing RAMP or
RAMP plus CRLR. We conclude that the human CGRP
receptor can signal constitutively through a pertussis toxin-
sensitive G-protein to activate G-protein regulated potassium
channels inXenopus oocytes.

Aiyar N., Rand, K., Elshourbagy, N.A. et al., (1996). J. Biol.
Chem., 271, 11325-11329.



1 47P INTERACTIONS OF THE Al ADENOSINE RECEPTOR WITH MULTIPLE GQ-FAMILY G PROTEINS: STUDIES WITH A,
ADENOSINE RECEPTOR Gila FUSION PROTEINS

A. Wise, M Sheehan, J. Coote, E. S. Rees, F. H. Marshall, 'G.
Milligan and M. G. Lee, Receptor Systems, Glaxo Wellcome
Medicines Research Centre, Stevenage, Hertfordshire, SG1
2NY and 'University of Glasgow, Glasgow G12 8QQ.

The A, adenosine receptor (AJAR) mediates inhibition of
adenylate cyclase via interactions with members of the PTX-
sensitive G1 subfamily of heterotrimeric G proteins. Recently,
we reported the use of PTX-resistant mutant forms of Gila,
G,2a and G13a to study specificity of coupling between the
a2A-adrenoceptor and such Gias (Wise et al. 1997a). We then
generated a fusion protein between the a2A-adrenoceptor and
PTX-insensitive (C351G) Gila in order to study agonist-
induced GTP turnover in a system where the levels of
expression of receptor and cognate G protein were accurately
determined (Wise et al. 1997b).

In the present work we have generated fusion proteins
between the AJAR and PTX-resistant versions of Gila, Gi2a
and G,3a by in-frame fusion of the N-terminus of the relevant
G protein to the C-terminus of the receptor. Addition of the A,
agonist CPA (10 jiM) to membranes of PTX-treated
HEK293T cells expressing individual AAR-Gca fusion
proteins resulted in stimulation of GTPyS binding activity
(Table 1). Elevation of GTPyS binding by CPA was found to
be dose-dependent, with EC50 values calculated to be 23.4 ±
2.2,25 ± 2.2 and 17.4 ± 1.7 nM for AIAR-G la, -Gi2a and -G,
3a fusion proteins, respectively.

| [35S]GTPyS Binding |
Fusion Protein Basal (cpm) I CPA (10 M) (cpm) |
A1Gj1aC351G l 2230(±41) 10639(±158)
AjGQ2aC352G 2471(±48) I 12163(:154) |
A1Gj3aC351G | 616(±86) | 7994(±882) |

GTPyS binding was determined by incubating membranes
(5gg/well pre incubated with 40jiM GDP) with varying
concentrations of CPA or 0.6mM GTP to define non-specific
binding and 0.3nM [35S]GTPyS in assay buffer containing
lOmg/l saponin for 30min at 18'C whilst mixing. CHO cells
stably expressing each of the AIAR-G4 fusion proteins also
displayed CPA-mediated stimulation of GTPyS binding
activity following PTX pretreatment. CPA inhibited forskolin
amplified adenylate cyclase activity in a dose related manner
with IC50 values of 1.6 ± 0.05, 1.2 ± 0.03 and 1.8 ± 0.08 gM
for CHO cells stably expressing A1AR-Gila, -G(2a and -Gi3a
fusion proteins, respectively. For cAMP measurements, cells
were seeded in 96 well plates for 24 h and then incubated in
300 g1M IBMX for 30 min at 370C. Forskolin (30jM) and
varying concentrations of CPA were then added to the wells
for 30 min at 370C. The cAMP was extracted using 0.1M HCl
for lh at 4VC and neutralised with O.1M KHCO3. The cAMP
content was measured using a Biotrak Kit (Amersham).

a) Wise, A., Watson-Koken, M-A., Rees, E.S., et al. (1997)
Biochem. J. 321, 721-728.
b) Wise, A., Carr, I.C. and Milligan, G. (1997) Biochem. J.
325, 17-21.

148P INDUCED EXPRESSION OF THE ORL1 RECEPTOR USED TO STUDY SIGNALLING EFFECTS

N.J. Bevan, S Scott, A Rhodes, F.H. Marshall, E. S. Rees and
M.G. Lee, Receptor Systems, Glaxo Wellcome Medicines
Research Centre, Stevenage, Hertfordshire, England, SG1
2NY.

The ecdysone inducible expression system (Invitrogen) (No et
al., 1995) has been used to investigate the effects of altering
the expression of the opioid receptor ORLI on signalling.

CHO cells containing the ecdysone inducible system were
stably transfected with the ORLI receptor. lOgM muristerone
A (mur A) was used to induce expression for 20 hours and
clones were selected using a 3H nociceptin SPA binding assay.
Cells were stimulated with 0, 5, 10, 15, or 20iM mur A for
30hours and assayed for 3H nociceptin binding, [35S]GTPyS
binding and cAMP. Membranes were prepared in 20mM
HEPES 10mM MgCl2 pH7.4 and then used in the [35S]GTPyS
and the 3H nociceptin binding assays. For the GTPyS
membranes (lOgg/well pre incubated with 401M GDP) were
mixed with nociceptin (0.2,uM) or 0.6mM GTP to define non-
specific binding and 0.3nM [35S]GTPyS in assay buffer
containing lOmg/l saponin for 30min at 18°C whilst mixing.
ORLI binding was performed using membranes (lOgg/well)
incubated with [3H] nociceptin (0.5-0.71nM), SPA beads
(1mg/well) in assay buffer (5OmM HEPES, 10mM MgCl2,
1mM EDTA pH7.4) for 60min at 18°C whilst mixing. The
plates were then spun at 1500g for Smin and bound
radioactivity measured. Inhibition of forskolin stimulated
cAMP was also measured. For this cells were seeded in 96
well plates and the next day were incubated with 300ttM

IBMX for 30min at 370C. Forskolin (301M) and nociceptin
(O.lgM) were then added to the wells for lOmins at 370C.
The cAMP was extracted using O.1M HCL for Ihour at 4VC
and neutralised with O.1M KHCO3. The cAMP content was
measured using a Biotrak Kit (Amersham).

From the initial experiments 20jM mur A and 30hours
induced the highest expression level. Mur A increased the
specific binding from 67(±58)dpm to a maximal of
2685(±181)dpm (P<0.05). The [35S]GTPyS results are shown
in table 1.

mur A Basal (cpm) nociceptin PTX (5Ong/ml,
(ptM) (0.2gM, cpm) cpm)
0 1720(±101) 1703(±85) 1988(±66)
20 13861(±112) 5702(±1 13) 1 1816(±181) I

Mur A had no effect on the basal level or the forskolin
stimulated cAMP levels but the inhibition of the forskolin
response by nociceptin was increased from 14(±24)% to
57(±11)% in a concentration dependant manner. All results are
the mean of three experiments and are shown ± the s.e.mean.

These results show that as the mur A concentration is
increased there is an increase in the expression level of ORLI,
an increase in the basal and nociceptin stimulated [35S]GTPyS
binding and increases in the nociceptin inhibition ofcAMP.

No D., Yao T-P. and Evans R.M., (1995). Proc. Natl. Acad.
Sci., 93, 3346-3351.



1 49P COMPARATIVE STUDY OF TRANSFECTED P2Y RECEPTORS: EFFECT OF THE SURAMIN ANALOGUE NF023,
PERTUSSIS TOXIN AND PROTEIN KINASE C ON THE PHOSPHOLIPASE C RESPONSE

S.J. Chariton & M.R. Boarder, Dept of Cell Physiology and
Pharmacology, University of Liceser, PO Box 138, Medical
Sciences Building, Leicester LE1 9HN, UK.

Studies on eoelial cells have shown that P2Y1 and P2Y2 receptors
are both coupled to plxspholipse C (PLC) but that the esponses
were ddPifenty affected by os, pertussis toxin (PT) and
protein kinase C (PKC) (e.g. Patel et aL 1996). Usi cloned
receptors tiasf d into 1321N1 cells we have recently reported on
the di al sesi of P2Y1, P2Y2 and P2Y re os to
an t (Charlt et al, 1996ab). Here we extend thes studies
on cloned receptors by e a fiuter an t (suramin
analog NF023; Ziyal et al, 1994) and regulation by PT and PKC.

The 1321N1 clonal cell lines transfected with trkey P2YM, human
P2Y2 and human P2Y4 receptors were obtained and cultured as
described in Charlton et al (1996ab). Formation of total [3H"inositol
phosphates ([3H]lsP,), an index of PLC activity, was measured as
described in Charlton et al (1996a). PT (100 ng/ml) was incubated
with cells for 16h prior to s imuton.

Concentration response curves to 2-medhythio ATP (2MeSATP)
with the P2YM as s gave an EC5 of O.054 M in the absence
ofNF023 and of 0. 15, 0.30, and 0.59 ILM in the presence of 10, 30
and 100 pM NF023 respectively. Responses in the presce of 100
pM NF023 failed to reach a max so values were obtained by
extrapolation; an Schild plot this gave an apparent pA2 of 5.33. By
contast these of NF023 failed to have a significant
effiect on eithr the maxima or EC50 values when P2Y2 transfected
cells were stimulated with UTP. With P2Y4 trscd cells there

was a paradoxical decrease in ECo for UTP in the presence of 100
pM NF023 (1.42 ± 0.46 and 0.31 ± 0.15 pM in the absence and
presence of the antist tively; P<0.05). The effect ofPT was
examined on the time course of [3HInsP alation; her was no
change in the responses offte P2Y1 or P2YA4 trasfe cells, while the
rsponse5 ofthe P2Y2 Cells were reduced by 20.6 ± 3.8 and 27.7 ± 0.6
% at 10 and 20 min stinmation rspectively (P<0.05). The EC50
vahls for UTP with P2Y2 cells wereU by PT but the size of
response was inishedatall t ofUTP. Thpresenceof
the PKC inhibitor Ro 31 8220 (10 pM) or the activator phorbol
myistate acte (PMA: 100 nM), both for 10 mi before and during
imulation with agonist had a similar efiect on each offtetansed

cell lines. Ro 31 8220 enhancedtheresponses to between 117 and 135
% of control, but this was not sigifican when pooled across
experim ents. TPA reduced the response to about 40 % of control, and
this wassi at the P<0.05 levl.

These results show that NF023 has some ability to s nate
betwem the 3 P2Y receptor types tested. Futher, a d real
response to PT was apparent in the cloned receptors, with some
parllels with the d mfrec seen in native ial receptors. The
differentsl modulation by PKC in ial cells was not present
when the receptors were sfd into 1321N1 cells.

Charlton, S.J. et al (1996a) Br. J Pharmacol. 118, 704-710.
Charlton, S.J. et al (1996b) Br. J. Pharmacol. 119, 1301-1303.
Patel, V., Brown, C. & Boarder, M.R. (1996) Br. J Pharmacol. 118,
123-130.
Ziyal, R et al (1994) Drug Dev. Res. 31, 336.

1 50P COMPARATIVE STUDY OF TRANSFECTED P2Y RECEPTORS: REGULATION OF TYROSINE KINASES AND MITOGEN-
ACTIVATED PROTEIN KINASES BY P2Y1 AND P2Y2 RECEPTORS

J.A. Roberts, S.J.Carlon & M.R Boarder, Dept of Cell Physiology
and Pharmacology, University of Leicester, P.O. Box 138, Medical
Sciences Building, Leicester LE1 9HN, UK.

Tyrosine kdnase and p42/p44 mitoge activated protein kinase
(MAPK) pathways are activated by G protein-coupled
receptors. We have shown that these pathways are implicated in the
regulation by P2Y receptors of cular e lial cell prostacyclin
production and smooth nuscle proliferation and that P2Y, and P2Y2
receptors are di ially coupled to their respective functional
respnses in e ial cells (e.g Patel et al, 1996). To facilitate the
study of this diffArtal rgulaI of cell function by P2Y1 and P2Y2
recepors we report her on the regulation of tyrosine kinase and
MAPK by these 2 receptors when into a common host cell.

We used clonal cell lines of 132 IN1 cells transfected with turkey P2YM
and human P2Y2 receptors, as described previously (Charlton et al,
1996). Phospholipase C (PLC) was measured by a lation of
1 inositol ph hates ([HInsPx), tyrosine protein phosphorylatio
by western blot with the PY20 phosphotyrse antibody, p42 and p44
MAPK psphorylation by western blot with antibody specific for the
tyrosine hosphorylated MAPK proteins, and p42/p44 MAPK activity
by kinase assay with [32PJATP and a e substrate.

Using the p sine western blot there was no widespread
detetable c in tyrosi phosphorylaton as a result of imulating
the P2YM tranfectants with 2-methylthio ATP (2MeSATP; 10 nM -
30 ptM) or the P2Y2 transfectants with UTP (30 nM - 500 pM) for
between 30 s and 20 min. Whe submaximal cn to (50 M)
ofde tyrosine p atase inhibitor pervaadate were used to raise

tyrosine phosphorylation then of the P2Y2 cells with UTP
(100-300 pM) gave a substantial and widespread reduction in the level
of tyrosine phosphorylation. Iononycin (1-3 pM) had a similar effecc
on the pervanadate raised tyrosine phosphorylation. However, this did
not occur when P2Y, transfected cells were laed with
2MeSATP. Contrastng with this, western blots specific for the
tyrosine phosphorylated forms of p42 and p44 MAPK were enhanced
in a dose dependent manner by agonists acting on both P2Y, and P2Y2
transfeed cells. Using the peptide kinase assay for MAPK we found
that 2MeSATP stimulated P2Y, cells with a log EC5o of -7.71 ± 0.16
and UTP simulatd P2Y2 cells with a log EC5o of -6.41 ± 0.21. This
compares with a log EC" of -7.55 ± 0.17 and -5.85 ± 0.06 for
stimulation of P2Y1 and P2Y2 cells respectively when measuring
[3H]InsP. accumulation.

These results suggest that, in contrast to native endothelial receptors,
stimulaton of neither P2Y, or P2Y2 transfected receptors generate a
widespread increase in tyrosine phosphorylation, while the P2Y2
receptor alone is coupled to a reduction in tyrosine phosphorylation.
Both p42 and p44 MAPK are activated on simulation of each
receptor; this response has essentially the same EC"0 as does the
stimulation ofPLC.

Charlton, S.J., Brown, C.A., Weisman, G.A. et al (1996) Br. J
Pharmacol. 118, 704-710.
Patel, V.P., Brown, C.A., Goodwin, A., Wilkie, N. & Boarder, M.R.
(1996) Biochem. J 320, 221-226.



151 P SIMPLIFICATION OF THE G-PROTEIN (Gors) GPT7S BINDING ASSAY
M.A. Anderson, D.R. Hill and M.Shahid Dept. of
Pharmacology, Organon Labs Ltd, Newhouse, Lanarkshire,
Scotland, UK

3"S-GTPyS binding is a commonly used assay in G-protein
studies and usually involves separation of bound and unbound
ligand by filtration on nitroceilulose (NC) filters. These
membranes have certain limitations for high throughput testing.
The aim of the present study was to investigate the utility of
glass fibre (GF/B) filters in this assay. Purified G. subunit was
obtained from Chiron Technologies (Emeryville, US). The 35S-
GTPyS binding assay mixture, for total binding (TB),:
contained 25mM HEPES (pH7.5), ImM EDTA, 5mM MgCl2,
0. 1mM dithiothreitol (DTT), 100mM NaCI, 0.025% lubrol and
2.5ng G.. The reaction was initiated by the addition of 0.6nM
35S-GTPyS (-500,000cpm) and the samples incubated for
30min at RT on an orbital shaker. Assays were set up in 96
deep (lml) well plates (for GF/B) or in Multiscreen (Miflipore)
plates for NC. Non-specific binding (NSB) was determined by
inclusion of 100lM GTP. Incubation was terminated by
vacuum filtration on a Multiscreen plate manifold or on a GF/B
plate harvester (Packard). Prior to use GF/B filters were pre-
treated with 0.3% polyethylenimine (PEI) or DTT. The NC
plates were washed with 5xl5Opl of buffer (25mM TrisHCl
pH7.5, 1mM EDTA, 25mM MgCl2, 100mM NaCl) whilst the
GF/B plates were treated with, unless otherwise stated, 3xlml
of buffer. Filter plates were dried (500C, 30min) and counted
(Topcount, Packard). In agreement with previous reports
(Stemweis & Robishaw, 1984) a high level of specific binding
was obtained with NC (TB=3 140+124cpm, NSB=175+38cpm).

In contrast, GF/B plates displayed a much narrower signal
(TB=8431+1203cpm, NSB=4762+504cpm). Increasing PEI to
1% did not significantly lower NSB (TB=8117+1213cpm,
NSB=4323+492cpm). However, doubling the number of
washes improved signal (TB=8417+364cpm,
NSB=2401+174cpm). Pre-treating the GF/B filters with
0.1mM DDT fiuther lowered NSB (TB=5639+323cpm,
NSB=491+38cpm) to that comparable with NC. Raising
[DDT] to 1mM produced no additional drop in NSB
(TB=5498+391cpm, NSB=404+29cpm). GTP, GTPyS,
GppNHp and GDP potently inhibited 35S-GTPyS binding with
IC5o values of: 17, 1,1.7, and 7.6nM, respectively. GMP
showed weak affinity (IC5o: 390M). Suramin, a reference G-
protein inhibitor, also attenuated 35S-GTPyS binding (ICso:
13WM). In general, these results with GF/B were similar to
those obtained using NC plates and comparable to published
data (Sternweis & Robishaw, 1984; Beindl etal, 1996).

In conclusion the data show that GF/B membranes can be used
in the G-protein 35S-GTPyS binding assay without
compromising signal Furthermore, since these plates are more
amenable to semi-automation this method would be particularly
useful for high volume testing.

Sternweis, P.C.&Robishaw, J.D. (1984) J. Biol. Chem. 259.
13806-13813.
Beindl, W., Mitterrauer, T., Hohenegger, M. etal. (1996) Mol
Pharmacol. 50, 415-423.

1 52P ALTERED EXPRESSION OF INOSITOL 1,4,5-TRISPHOSPHATE (InsP) RECEPTOR SUBTYPES AND Ca2- STORES
ORGANISATION IN DEVELOPING RAT VASCULAR SMOOTH MUSCLE

P.N. Tasker & G.F. Nixon, Dept of Biomedical Sciences,
University of Aberdeen, Aberdeen AB25 2ZD. (Introduced by
C.L. Wainright)

Intracellular Cai released from the sarcoplasmic reticulum (SR)
in response to InsP3 binding to its receptor may play a role in
the normal development (Shiraishi et al, 1995) as well as
contraction of developing smooth muscle cells. The neonatal
rat portal vein is a good model for studying vascular smooth
muscle as cells only begin to develop after birth (Ody et al,
1993) Our aim was to examine the relative expression of type 1
and type 3 InsP3 receptors and SR organisation in neonatal
compared to adult rat portal vein and aorta. In order to relate
alterations in InsP3 receptor expression to function, InsP3-
induced contraction was measured.

Portal veins and aortae were obtained from male Sprague
Dawley rats of 3-5 days old (weight 10.4 ± 0.2 g, n=22) and 5-6
weeks old (weight 313 ± 5 g, n=20). Membrane preparations
from neonatal and adult rats were subjected to Western blotting
using type 1 and type 3 InsP3 receptor specific antibodies. The
ultrastructure of the SR in developing smooth muscle cells was
examined in an electron microscope using osmium ferricyanide
saining. For InsP3 induced contraction experiments, 200 Wm
wide strips ofneonatal and adult portal vein were attached to a
sensitive force transducer and permeabilised with O-escin.
Immediately following permeabilisation, a maximal response
with pCa4.5 was obtained. The SR was loaded using a Ca2+
containing mock intracellular buffer and 100 PM InsP3 added.

Western blot analysis of smooth muscle membrane preparations
probed with anti-type 3 and anti-type 1 InsP3 receptor antibody
showed a specific band at approximately 220 kDa.
Densitometric analysis of the specific bands showed levels of

type 3 InsP3 receptor were increased 20 times in the neonatal
portal vein compared to adult, and increased 8 times in the
neonatal aorta compared to adult. In contrast, analysis of type 1
InsP3 receptor expression showed a twofold decrease in the
neonatal rat portal vein compared to adult, and in aorta levels of
type 1 InsP3 receptor were unchanged in neonatal compared to
adult samples. Osmium ferricyanide stained sections revealed
the distribution ofSR in the adult portal vein at the periphery of
the cell, close to the plasma membrane, however in the neonatal
portal vein proportionally more SR was distributed in the centre
of the cell, at the nuclear poles. In both the neonatal and adult
aorta, the SR was distributed predominantly at the centre of the
cell, around the nuclear poles. In permeabilised portal vein, the
InsP3-induced contractions were significantly increased in
neonates compared to adults when expressed as a percentage of
pCa4.5 maximal contractions (neonate 31 ± 3%, adult 16 ± 2%
ofmaximum, mean ± sem, P < 0.005, n=5).

These results indicate that alterations in InsP3 receptor subtypes
expression and intracellular calcium stores distribution in
neonatal compared to adult vascular smooth muscle may have a
role in the developmental process. These alterations could also
contribute to differing contractile properties during development

Ody, M., Thievent, A., Millet, M. & Connat, J-L. (1993) Cell
Tissue Research 272, 303-314
Shiraishi, K, Okada, A., Shirakawa, H., et al (1995)
Developmental Biology 70, 549-606



1 53P EVIDENCE FOR INVERSE AGONISM OF SR141716A AT HUMAN RECOMBINANT CANNABINOID CB1 AND CB2
RECEPTORS

S.J. MacLennan, P.H. Reynen, J. Kwan. & D.W. Bonhaus.
Center for Biological Research, Neurobiology Unit, Roche
Bioscience, 3401 Hillview Avenue, Palo Alto, CA 94304 USA.

SR141716A is a selective antagonist for the CB, receptor
(Rinaldi-Carmona et al., 1994). In the mouse bladder and
guinea-pig myenteric plexus-longitudinal muscle, CB, receptor-
mediated inhibition of neurogenic contractions are antagonized by
SR141716A but which also increases the twitch contraction
amplitude (Pertwee et al., 1996; Pertwee & Fernando, 1996).
These effects suggest that either SR141716A is antagoiing
endogenous agonist or that it is an inverse agonist. To investigate
further the actions of SR141716A we have studied its effects in
Chinese hamster ovary (CHO) cells expressing human
recombinant CB, and CB2 receptors, by examining the binding
of guanosine 5'-O-t-[35S] thio) triphosphate ([35S]GTPyS).

Cells were grown in Hams F-12 medium with 10% fetal calf
serum, 500 pg ml-' G418 and harvested using 0.5 mM EDTA
(4Na). Cells were homogenized then centrifuged at 50,000 x g
for 10 min at 4 °C. The [35S]GTPyS binding assay was carried
out in 10 mM Hepes buffer with 100 mM NaCl, 32 mM MgCl,
320 pM GDP, 10 pG protein and 1.0 nM (35S]GTpyS in a final
volume of 250 p1. Non-specific binding was detennined using
an excess ofGTP (10 pM). Assay tubes were incubated at 370C
for 45 min, filtered and washed 3 times with Hepes buffer and
the radioactivity counted. Saturation and competition radioligand
binding studies with [3H]CP55,940 were perfonned as described
by Felder et al. (1995).

In cells expressing hCB and hCB2 receptors (Bmax 8.4±2.3
and 84.8±12.6 pmol mg- protein; n=3) the affinities of ligands
were appropriate for the labelling of these receptors (Table 1;
see Felder et al., 1995). The cannabinoid receptor agonists
WIN55,212-2 and CP55,940 increased the incorporation of
[35S]GTPyS (Table 1) in both hCB, and hCB2 receptors.

SR141716A inhibited basal [35S]GTPyS binding at each subtype
whereas cannabinol (3 pM) had no effect on basal binding in
hCB, receptors but reduced binding at hCB2 receptors.

Tablel Affinity and efficacy of ligands at hCB,and hCB2receptors.
PKi pEC51, Maximum

CP55,940 hCB, 8.59±0.13 7.81±0.03 116±20
hCB2 8.77±0.02 8.44±0.09 40±2

WIN55,212-2 hCB1 7.49±0.25 6.35±0.13 114±21
hCB2 8.76±0.08 8.32±0.0 22±8

SR141716A hCB, 7.71t0.13 8.34±0.05 -56±4
hCB2 5.94±0.19 5.90±0.03 -70±9

Cannabinol hCB, 6.93±0.26
hCB2 7.11±0.11 6.28±0.03 -52±6

pK, values from competition binding. pEC., and maximum effects
(% over basal) are from [35SJGTPyS binding. Values are the
mean±s.e.mean of 3-5 estimates.

These results suggest the effects of SR141716A at hCBJ and of
SR141716A and cannabinol at hCB2 receptors are due to invere
agonism rather than antagonism of endogenous agonists. First,
cannabinol had no effect on the basal incorporation of
[35S]GTPyS at a concentration almost 30 fold higher than its
affinity for the receptor. Second, PMSF (50 pM), an irreversible
inhibitor of anandamide synthase, had no effect on the basal
incorporation of [35S]GTPyS in either hCB, or hCB2 implying
anandamide is not present in these assays.

Felder, C.C., Joyce, K.E., Briley, E.M. et al., (1995) Mol.
Pharmacol. 48, 443-450.
Pertwee, R.G. & Femando, S.R (1996) Br. J. Pharmacol., 118,
2053-2058.
Pertwee, R.G., Fernando, S.R., Nash, J.E. et al., (1996) Br. J.
Pharmacol., 118, 2199-2205.
Rinaldi-Carmona, M., Barth, F., Heaulme, M. et al. (1994) FEBS
Lett., 350, 240-244.

1 54P STMIULATION OF Gq/11COUPLED RECEPTORS IS LINKED TO HYPERTROPHIC RESPONSE IN RAT NEONATAL
VENTRICULAR CARDIOMYOCYTES

K. Ponicke, K. Becker, I. Heinroth-Hoffmann & O.-E. Brodde
Institute of Pharmacology, University of Halle-Wittenberg
D-06097 Halle (Saale), Germany

Activation of Gq/ II-coupled receptors leads to formation of
inositol phosphates [IP] with subsequent stimulation of protein
kinase C [PKC]; it has been suggested that this pathway is
capable of increasing rate of protein synthesis (Sugden &
Bogoyevitch, 1996). To test this hypothesis we assessed in
neonatal rat ventricular cardiomyocytes the effects of
stimulation of 4 Gq/l I-coupled receptors [R] (aI-adrenergic R
by noradreiline [NA], ETA-R by endothelin-I [ET-1],
thromboxane A2 [TXA2]-R by U 46619 and AT1-R by
angiotensin II [ANG II] on IP-formation and rate of protein
synthesis.

Isolation of neonatal cardiomyocytes, IP-formation (determined
as accumulation of total [3H]-IP's in [3H]-myo-inositol
prelabelled cells during a 60 min incubation at 370C in HANKS
buffered saline solution that contained 10 mM LiCl) and rate of
protein synthesis (determined as [3H]-phenylalanine
incorporation during a 24 hours incubation) were performed as
recently described (Ponicke et al., 1997). In some experiments
cells were preincubated for 24 hours with pertussis toxin [PTX]
(250 ng/ml) or lOjM phorbol-12-myristate-13-acetate [TPA].
All data are given as means ± SEM ofn experiments.

Stimulation of all four R led to concentration-dependent
increases in IP-formation and rate of protein synthesis; pEC50-
and Emax (maximal increase above basal)-values are given in
the table. The NA-effects were antagonized by 1 iM prazosin,
the U 46619-effects by 1 JM SQ 29548, the ET-l effects by
I AM BQ-123 and the ANG II-effects by I .M losartan, but also

by I iM BQ-123 (Ponicke et al., 1997).

Protein-Synthsis IP-Formation
pEC50 E,m pEC50 En,

Noradrenaline 6.7 ± 0.1 40 ± 3 6.5 ± 0.2 292 ± 50
U46619 6.0±0.2 33±5 5.5 ±0.1 128±35
Endothelin-I 8.4 ± 0.1 52 ± 4 9.8 ± 0.1 130 ± 14
Angiotensin II 7.0 ± 0.2 29 ± 3 7.5 ± 0.2 42 ± 7

n=6-12; E.= maximal increase in% above basal

Pretreatment of the cardiomyocytes with PTX decreased the
ET-1 effects on protein synthesis by 39 ± 5 % (n-9) and
abolished the ANG II-effect but did not affect NA- and U
46619-effects on protein synthesis; on the other hand,
pretreatment of the cells with TPA that desensitizes PKC as
well as treatment with the specific PKC-inhibitor G6 6850
(Toullec et al., 1991) suppressed effects of all four agonists on
protein synthesis.

We conclude that, in rat neonatal cardiomyocytes, stimulation
of Gq/l I-coupled receptors increases rate of protein synthesis;
this involves PKC stimulation. The NA- and U 46619-effects
are PTX-insensitive, while the ET-1 effect is partly PTX-
sensitive, and the ANG II-effect is brought about by ET-1 in a
PTX-sensitive manner.

Sugden, P.H. & Bogoyevitch, M.A. (1996) Trends Cardiovasc.
Med. 6, 87-94.
P6nicke, K., Heinroth-Hoffiann, I., Becker, K. & Brodde, O.-
E. (1997) Brit. J Pharmacol. 121, 118-124
Toullec, D., Pianetti, P., Coste, H. et al. (1991) J. BioL Chem.
266(24), 15771-15781



1 55P SELECTIVE SOMATOSTATIN (SRIEF)-INDUCED DESENSITISATION OF HUMAN RECOMBINANT SST4 RECEPTORS
EXPRESSED IN CHO-Kl CELLS

K.S.M. Smalley, W. Feniuk and P.P.A. Humphrey. Glaxo Institute of
Applied Pharmacology, University of Cambridge, Department of
Pharmacology, Tennis Court Road, Cambridge, CB2 1QJ.

Using the technique ofmicrophysiometry, we have shown (Smalley et
al., 1997) that SRIF and the SRIF agonist, L-362855 (Raynor et al.,
1993) cause concentration dependent increases in extracellular
acidification rates (EAR) in CHO-KI cells expressing human
recombinant sst4 receptors (CHOsst4 cells). Although SRIF was
approximately 30 times more potent than L-362855, the SRIF-induced
maximum was only 50% of that to L-362855. We have investigated
the mechanism responsible for the lower SRIF maximum.

Approximately 500,000 CHOsst4 cells were plated into
microphysiometer cups 18h before experimentation. Cells were
perfused with a bicarbonate free DMEM (pH 7.4) solution at a rate of
120jA/min. EARs were measured as previously described (Smalley et
al., 1997). The basal EARs were 100-300pV/s (0.1-0.3 pH unit/min).
After an equilibration period of 1 hour, UTP (3jM) was added as
standard. Unless otherwise stated, increasing concentrations of SRIF
or L-362855 were added every 30 min. In some studies
concentration-effect curves to L-362855 were obtained in the
continuous presence of SRIF(0.1-lnM). Agonist responses were
measured in MV/s or normalised as a percentage of the response to
UTP. All values are the mean ± se mean from 3-6 experiments.

Both SRIF (pEC50 9.69±0.23) and L-362855 (pEC5o 8.34±0.10)
caused concentration-dependent increases in EAR with respective
maxima of 19.6 ± 0.9 and 43.0 ± 7.9% of the response to the initial
UTP challenge. In the continuous presence of SRIF (0.1, 0.3 or lnM),
concentration-effect curves to L-362855 were displaced to the right

with a progressive reduction in the maximum response. In the
presence of O.InM and 0.3nM SRIF, the pEC5o for L-362855 was
7.13±0.60 and 6.70±0.07 with maxima of 30.9±7.4 and 19.1±2.4 % of
the response to UTP respectively. In the presence of SRIF (InM), the
maximum response to L-362855 was only 6.7±0.1% of the response to
UTP. SRIF (0.3nM) had no effect on the increase in EAR produced
by UTP (3gM) [190±14gV/s and 196±14t±V/s in the absence and
presence of SRIF respectively].

Exposure of cells to a single maximally effective concentration of
SRIF (30nM) or L-362855 (300nM) produced similar increases in
EAR (74.5±12.6% and 63.0±10.1% of the response to UTP). A
second challenge, 30 min later showed a marked reduction in
responses to SRIF (9.8±1.2%) but not to L-362855 (52.0±4.3%).
Concentration-effect curves to SRIF and L-362855 were therefore
obtained by combining the data from cells exposed to only single
agonist concentrations (0.03-300nM). Both SRIF (pEC5o 9.20±O.06)
and L-362855 (pEC50 7.99±0.29) produced concentration-dependent
increases in EAR with similar maximal increases in EAR (89.4±12.5
and 78.8±17.2% of the response to UTP, respectively).

The results suggest that the higher affinity agonist SRIF, but not L-
362855, induces a specific desensitisation of sst4 receptors expressed
in CHO-KI cells. The mechanism involved in this desensitisation is
as yet unknown but may involve either SRIF-induced receptor
internalisation or receptor phosphorylation (Hipkin et al.,1997).

Hipkin, R.W. et al., (1997). J. Biol. Chem., 272, 13869-13876.
Raynor, K. et al., (1993). Mol. Pharmacol., 43, 838-844.
Smalley, K.S.M. et al., (1997). Proceedings Edinburgh Meeting.

1 56P EFFECTS OF TYPE SELECTIVE INHIBITORS ON CAMP PHOSPHODIESTERASE ACTIVITY AND INSULIN SECRETION
IN THE CLONAL (3 CELL LINE BRIN BDll

Ahmad M*, Abdel-Wahab YHAt, Pyne NJ*, Flatt PRt and
Furman BL*, Department of Physiology & Pharmacology,
University of Strathclyde, Glasgow GI 1XW, School of
Biomedical Sciences, University of Ulster, Coleraine BT52 ISA

Our previous studies showed that the predominant cAMP
phosphodiesterase (cAMP-PDE) in rat and human islets is
PDE3 (Shafiee-Nick et al., 1995). In view of the cellular
heterogeneity of islets the present work attempts to characterise
the cAMP-PDE in a glucose-responsive, insulin secreting p-cell
line, BRIN BD1 1 maintained in RPMI 1640 and used at
passages 27-32 (McLenaghan et al. 1996). Cells were
homogenized and assayed for cAMP-PDE as described for islets
(Shaflee-Nick et al.,1995) and insulin secretion studied as
described previously (McLenaghan et al 1996), in the presence
and absence of drugs. Org 9935 (0.02 - 5 jiM) a potent and
selective PDE3 inhibitor, inhibited PDE by a maximum of 39±
2% (control 495 pmol minm'mlF) in the pellet, but not the
supernatant fraction (IC50 -0.2g1M). A large concentration of
zaprinast (75 gM) inhibited cAMP-PDE by about 30%,
suggesting the presence of PDE1 (Ca2+ - calmodulin activated).
Rolipram (0.05 - 10 gM), the PDE4 inhibitor, inhibited cAMP
concentration dependently, in the soluble fraction, with a
maximum inhibition of around 30%. These data suggest a
quantitative difference in the expression of the different PDEs
between BRIN BD1 1 cells and islets, in which PDE3 accounts
for about 70% of the PDE activity. In the presence of 16.7 mM
glucose, Org 9935 and another PDE3-selective agent SK&F
94836 each augmented insulin secretion. (e.g. insulin secretion,
ng 10 cells -1 20 mind, mean + SEM, control 1.6 ± 0.1, SK&F

4936 10 jIM 2.3 + 0.2 P < 0.01). Zaprinast up to 50 FM had no
effect on insulin secretion. Rolipram (10 gM), which was
without effect on insulin secretion in islets (Shaflee-Nick et al.,
1995) also increased insulin secretion (2.6 ng 106 cells- 20 min-
i, P <0.05 vs control) by BRIN-DI 1 cells. In the presence of
low glucose concentrations (5.6 mM) the adenylyl cyclase
activator forskolin (1-25 FM) produced a concentration-
dependent augmentation of insulin secretion (e.g. insulin
secretion, ng 10 cells- 20 mind, mean ± SEM, forskolin (IjiM)
2.3 ± 0.2, forskolin (5 jM) 3.9 ± 0.6, forskolin (25 jM) 5.3 +
0.4 P < 0.01). SK&F 94836, in a concentration which was
without effect on insulin secretion in 5.6 mM glucose, markedly
augmented the effects of a high concentration of forskolin
(insulin secretion, ng 106 cells -1 20 mind, mean + SEM,
forskolin + SKF 94836 - 18.0 + 0.4, P< 0.01 vs control). As
found previously in islets, the data are consistent with the
functional importance of PDE3 in relation to insulin secretion.
However, the greater proportion of PDE1, together with the
ability of rolipram to augment insulin secretion suggest
important differences from islets.

McLenaghan et al (1996) Diabetes 45 1132-1140.
Shaflee-Nick et al. (1995) Br. J. Pharmacol. 115, 1486-1492.



1 57P NOCICEPTIN ACTIVATION OF ERK1/ERK2 FOLLOWING EXPRESSION OF THE ORLi RECEPTOR INCHO CELLS

S Scott, N.J.Bevan, E. S. Rees, F. H. Marshall and M.G. Lee.
Receptor Systems, Glaxo Wellcome Medicines Research
Centre, Stevenage, Hertfordshire, England, SGl 2NY.

Agonist stimulation of a variety ofG protein coupled receptors
has been shown to enhance the enzymatic activity of the
extracellular signal related kinases (ERK1/ERK2) (also inown
as p42/p44 MAP kinase) and the c-Jun N terminal kinase
(JNK), subtypes of the mitogen activated protein kinase
cascade (MAPK) (Coso, et. al., 1996). In the present study we
have examined the ability of the recently characterised ORLD
opioid like receptor to mediate activation of ERKl/ERK2 in
CHO cells stably transfected with this receptor.

In order to measure ERKl/ERK2 activity CHO cells stably
expressing the ORLI receptor were quiesced for 24h in serum
free medium prior to assay. Cells were treated with nociceptin
(0.00lnM to l0OnM) for ten minutes. For inhibitor studies
pertussis toxin (PTX) was added to 50ng/ml for the final 16h
quiescence period, and 50p.M PD098059 (MEKl/MEK2
inhibitor) was added to the cells for 30 minutes prior to
stimulation with O.1jLM nociceptin. Following drug atment
cell lysates were prepared at 41C in 300ptts lysis buffer (25mM
Tris/HCL, 40mM p-nitrophenol, 25mM NaCl, 10%(v/v)
ethylene glycol, lOIM dithiothfreitol, 0.20/o(v/v) Tween 20 at
pH7.5) containing proteinase inhibitor used according to
manufacturer's instructions (Boehringer). The cell lysates
were homogenized by passing 15 times through 26 gauge
needle and centrifuged at lOOOOg for Smins @ 40C. 15g4 of
supernatant was assayed for MAPK activity using the

Amersham p42/p44 MAP kinase assay system and following
the instructions therein (Kazuhiko, et. al., 1996).

Nociceptin (O.lI M) mediated a rapid increase in ERKl/ERK2
activity reaching maximum activity 5 minutes after nociceptin
stimulation and returning to basal after 30 minutes. Nociceptin
mediated a concentration dependent increase in ERKI/ERK2
activity with an EC50 of 0.28(0.17-0.45)nM. This was not
significantly different from that obtained for inhibition of
forskolin stimulated cAMP with nociceptin EC5o = 0.15(0.08-
0.27)nM. The stimulation of MAPK activity induced by
O.1pM nociceptin was suppressed by 89% in the presence of
50gpM PD098059, indicating that the response is
predominantly mediated by MEK1/MEK2. The nociceptin
stimulation was also abolished by pret ent of the cells
with 50ng/ml PTX suggesting that ERK1/ERK2 activation is
as a consequence of ORLI receptor coupling to the PTX
sensitive Gi-subfamily of heterotrimeric G proteins.

In conclusion, nociceptin stimulation of the ORL-1 receptor
results in activation of ERK1I/ERK2 MAP kinase in a PTX-
sensitive manner.

Coso, 0. A., Teramoto, H., Simonds, W. F., et. al., (1996) J.
Biol. Chem. 271, 3963-3966.
Kazuhiko, F., Shigehisa, K., Hitoshi, M., et. al., (1996) J.
Neurochem. 67, 1309-1316.

1 58P SERUM DEPRIVATION AlTENUATES ALLERGEN-INDUCED MAST CELL DEGRANULATION

R.Houtman, A.Sj. Koster and F.P. Nijkamp
Dept. Pharmacology & Pathophysiology, Utrecht Institute for
Pharmaceutical Sciences, Utrecht University, P.O.Box 80.082,
3508 TB, Utrecht, The Netherlands

Mast cells play an important role in hypersensitivity type I
responses. Antigenic stimulation of a mast cells via the high-
affinity receptor for IgE (FceRI) triggers the release of various
inflammatory mediators from its granules. The initial events of
the FceRI signal transduction cascade involve tyrosine
phosphorylation of the 1- and I-subunits of the receptor and the
protein tyrosine kinases pp53/56'y (Lyn) and p72'* (Syk)
(Benhammou, 1997). In this study, the effects of serum
deprivation on the activation of a rat mast cell line, RBL-2H3,
were investigated.

Cells were incubated for 90 minutes at 370C in tyrode's buffer
in the presence (control) or absence (deprivation) of 10 %(v/v)
fetal bovine serum. Cells were primed with IgE directed against
dinitrophenyl (DNP) and activated with human serum alburnin-
conjugated DNP (DNP-HSA, 100 ng/ml). After 30 min, the
release of 3-hexosaminidase was determined as an indicator for
degranulation (Fischer et al., 1995). Cells were stimulated with
antigen (100 ng/ml DNP-HSA) and lysed after 0.5, 1, 2 or 5
min. Homogenates were immunoprecipitated using monoclonal
antibodies to phosphotyrosine (PY), the FcRI- or -y subunits,
Lyn or Syk kinase. Tyrosine phosphorylation was determined
by SDS-PAGE protein separation and Western blot analysis
using anti-PY antibody and chemiluminescence detection.
Membrane integrity (retention of calcein; Lichtenfels et al.,
1994) and mitochondrial activity (hydrolysis of MWT to

formazan; Mosmann, 1983) were used as parameters for cell
viability. Membrane expression of FcdU was determined via
flow cytometry using FITC-labeled IgE.

Serum deprivation resulted in a significant decrease of
13-hexosaminidase release (Table 1). This impaired
degranulation was associated with a decreased protein tyrosine
phosphorylation at 0.5 to 5 min after FceRl activation.
Immunoprecipitation with antibodies to the FcdRI-(3 or -y
subunits, Lyn or Syk kinases, indicated that tyrosine
phosphorylation of these proteins was impaired by deprivation.
Both cell viability and membrane expression of FcRIU were not
affected by serum deprivation (Table 1).

Table I % 1-hex calcein formazan FcEl
treatment release fluoresc. OD fluoresc.

control 45.3 ± 0.6 422 ± 12 1.24 ± 0.04 35.1 ± 1.4
deprivation 21.6 ± 0.8* 419 ± 8 1.22±0.07 36.0± 1.1

(*mean ± s.e.mnan are given of at least 3 independent experiments of triplicates,
p<.O1 vs. control, t-test)

The present results demonstrate that serum deprivation impairs
antigen-mediated degranulation of RBL-2H3 mast cells and
suggest that serum factors play a role in tyrosine
phosphorylation of the FceRI signal transduction pathway.
Benhamou, M. (1997) in IgE receptor (FccPJ) function in mast cells and
basophils, Springer-Verlag, Heidelberg, 33-54
Fischer, MJ.E., Paulussen, JJ.C., Horbach, D.A., et al. (1995) Injiamm
Res., 44, 92-97
Lichtenfels, R., Biddison, W.E., Schulz, H., et aL (1994) J.Immunol.
Methods, 172,227-239
Mosmann, T. (1983) J.ImmunoL.Methods, 65, 55-63
(Supported by GLAXO WELLCOMELtdL, TIe Netherlands)



1 59P BRADYKININ CAUSES INHIBITON OF METHACHOLINE-INDUCED BRONCHOCONSTRICTION IN VIVO IN MICE

D. van Heuven-Nolsen, D. van Velsen, G. Folkerts, F.P. Nij-
kamp, Department of Pharmacology and Pathophysiology,
Utrecht Institute for Pharmaceutical Sciences, P.O. Box
80.082, 3508 TB Utrecht, the Netherlands.

The generation of bradykinin is thought to play a relevant role
in inflammatory diseases such as asthma. During the past deca-
de several mice models have been developed to study the
characteristics of asthma. Studies on mice isolated trachea have
shown that bradykinin exerts a relaxant response in vitro (Van
Heuven-Nolsen et al., 1997). The aim of this study was to
examine the effects of bradykinin on airway resistance in mice
in vivo. Thus, the dose-response relationship and the receptor-
type was investigated. Furthermore, we evaluated whether the
inhibition of the methacholine-induced bronchoconstriction
resulted from the possible release of tachykinins, nitric oxide,
catecholamines or prostaglandins.

Male Balb c mice were anaesthetised with urethane (2 g/kg,
i.p.) and received tubocurarine chloride (3.3 mg/kg, i.v.). Ani-
mals were ventilated with a small animal ventilator (frequency
200 strokes/min, tidal volume 0.15 ml) and placed in a body
plethysmograph. Airway resistance was computed breath by
breath from transpulmonary pressure, tidal volume and flow
rate. Results are expressed as mean ± s.e. mean.

Baseline resistance in mice amounted 2.1 ± 0.2 cm H20/ml
secl, n=14. Intravenous (i.v.) administration of bradykinin did
not cause a direct effect on airway resistance. Also pretre-
atment with propranolol (1 mg/kg, i.v.), atropine (1 mg/kg,
i.v.) or indomethacin (5 mg/kg, i.v.) did not result in any
effect of i.v. bradykinin on baseline airway resistance. Succes-

sive injections of methacholine 0.5 mg/kg, i.v., caused repro-
ducible bronchoconstrictions in mice. The increase in airway
resistance after methacholine amounted 20.1 ± 1.3 cm H20/ml
sec-1. I.v. injection of bradykinin (4-40 gg/kg) together with
0.5 mg/kg methacholine caused a dose-dependent inhibition of
the methacholine-induced bronchoconstriction, with an ED50
value of 3.4 ± 0.4 gg/kg for bradykinin. The maximal inhibi-
tion of the bronchoconstrictor response to methacholine by
bradykinin amounted 65.5 ± 2.0 %. The inhibition of the
methacholine-induced bronchoconstriction by bradykinin (50.3
± 1.0 %, n=5) could be prevented by treatment with the B2
receptor antagonist HOE 140 (0.13 mg/kg, i.v.; 106.8 ± 8.7 %,
n=5). Also pretreatment with either propranolol (1 mg/kg, i.v.),
L-NAME (30 mg/kg, i.v.) or indomethacin (5 mg/kg, i.v.)
completely reversed the inhibition of the methacholine-induced
bronchoconstriction by bradykinin (100.7 ± 7.9 %; 92.5 ± 7.7
%; 103.1 ± 14.9 respectively, n=5 for all groups). The inhibiti-
on of the methacholine-induced bronchoconstriction after
bradykinin was not affected by the NK1 receptor antagonist RP
67580 (17.5 gg/kg, i.v.; 47.9 ± 9.3 %, n=5). In conclusion, the
results of this study demonstrate that bradykinin causes a dose-
dependent inhibition of the methacholine-induced bronchocon-
striction in vivo in mice. This response is B2-receptor mediated
and at least, involves the activation of B-adrenoceptors and the
synthesis of nitric oxide and cyclo-oxygenase products.
Van Heuven-Nolsen, D., Westra-De Vlieger, J.F., Muis, T.,
Denee, J.H., Olivar Rivas, T., Nijkamp, F.P. (1997) Naunyn-
Schm. Arch. Pharmacol. 356, 134-138.

160P REGULATION OF HISTAMINE H1 RECEPTOR GENE TRANSCRIPTION IN CULTURED HUMAN AIRWAYSMOOTH
MUSCLE (HASM) CELLS

M.Farahani & I.P.Hall (introduced by P.C.Rubin) Division of
Therapeutics, University Hospital ofNottingham NG7 2UH

Histamine H, receptor stimulation of inositol phospholipid
hydrolysis can be modulated by a range ofagents in HASM cells
including P2 adrenoceptor agonists and dexamethasone (Hardy et
al 1996). In addition, when HASM cells were pre-exposed to
0.1mM histamine for periods over 4h or longer, we found the H,-
mediated inositol phosphate response to a second histamine
challenge was reduced by 48 4 3 O/o(n=4, p<O.Ol). Little is known
about the longer term regulation of histamine H, receptor
transcription in these cells. The aims ofthis study were therefore
to investigate the potential for isoprenaline, dexamethasone and
histamine itselfto modulate H, receptor mRNA levels in HASM
cells.

HASM cells were grown as previously described (Hardy et al
1996) and preincubated with histamine (lOOpM), dexamethasone
(hIM), or isoprenaline (lOpM) for 2hr, 12hr, or 24hr before
mRNA extraction. Reverse transcription (RT) was then
performed using random hexamers. cDNA (I gl) was then used
as template for PCR amplification using primers based on the
nucleotide sequence for the cloned human H,-receptor. A parallel
reaction was performed using primers for the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene to normalize the data.
Initial experiments were performed to optimise cycle number for
each reaction: 25 cycles of PCR were used for the histamine
reaction and 21 cycles for GAPDH. PCR products were then
denatured and applied in triplicate to filters on a dot blot
apparatus. Each filter was hybridised as appropriate with a 3p_

labelled internal probe and product was quantified using a
Phosphorlmager.

Expression of H1 receptor mRNA after 2hr incubation with
dexamethasone was reduced by 45 + 6% compared with control
(p<0.05, n=3). Smaller (nonsignificant) reductions were seen
following dexamethasone preament for 12hr (23 ± 14%, n=3)
or 24hr (30 ± 15%, n=5). No significant change was seen
following histamine preincubation, although there was a trend
towards a reduction at later time points (2hr: 20 ± 10% reduction,
12hr: 19 i 8%, 24hr: 40 ± 21%, all n=3-5). Isoprenaline
pretreatment also produced small but nonsignificant reductions in
H. receptormRNA levels (2hr: 38 ±13%, 12h: 22 ± 7%, 24h: 7 +
37%, n=3-5).

In summary, this study demonstrates that dexamethasone
pretreatment decreases histamine H1 mRNA level after a 2hr
incubation time. These data may help to explain the reduced
inositol phosphate responses seen in HASM cells in response to
histamine following dexamethasone pretreatment.

Hardy E., Farahani M., Hall I.P. (1996). Br.J.Pharmacol. 118,
1079-1084

Acknowledgement:
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161 P PRODUCTION OF THE ISOPROSTANE, 8-ISO PGF2 BY HUMAN PULMONARY ARTERY SMOOTH MUSCLE CELLS IS
CYCLOOXYGENASE-2-DEPENDENT

Jourdan K.B., Evans T.W. and Mitchell I.A.
Unit of Critical Care, Imperial College at NHLI Royal
Brompton Hospital, Sydney Street, London, SW3 6NP, UK.

8-iso prostaglandin (PG) F2a is the most abundant isoprostane
in Wvo, the production of which was initially described as
independent of the enzyme cyclooxygenase (COX). However
recent evidence has shown a role for COX-2, the inducible
form of COX, in the formation of isoprostanes. In this study
we have addressed the role of COX-2 in the production of
PGE2, a typical COX metabolite and the isoprostane, 8-iso
PGF2a, by human pulmonary artery (PA) smooth muscle cells

Human PA obtained from lung cancer surgery was left in
supplemented DME medium and the smooth muscle allowed
to explant. After 4-6 weeks the smooth muscle formed a
confluent monolayer which stained positive for smooth muscle
a-actin. Western blots were carried out to characterise the
isoform of COX expressed in the human PA smooth muscle
cells. PGE2 released into medium was measured by
radioimmunoassay (Mitchell et al. 1993) and 8-iso PGF2. was
measured by ELISA (Cayman Chemical).

The inflammatory cytokines interleukin-1I3 (IL-I[) and tumour
necrosis factor-a (TNFa) stimulated release of both 8-iso
PGF2. and PGE2 from human PA smooth muscle cells, but
neither interferon y (IFN'y) nor lipopolysaccharide (LPS)
significantly increased the release of these eicosanoids (Figure
1). IL-1[ was much more effective than TNFa in stimulating
the production of both 8-iso PGF2 and PGE2. In each case
approximately 50 fold more PGE2 was released than 8-iso
PGF2a. The stimulated release of both 8-iso PGF2. and PGE2
was completely inhibited by the COX-2 inhibitor L-745,337
(lOgM). Western blots showed only very low amounts ofCOX

Figure 1 shows the
sA'S L * release of (A) PGE2 and
or I ** (B) 8-iso PGF2a from
Xk s X * human PA smooth

muscle cells treated withBag I, S MD cytokines (10 ng/ml) or
4 B LPS(10Agml) almneor* 30 *B in combination (MIA).
v

LData are the mean ±1* s.e.mean (n=5-12).
Xk 1 X *p<0.05 Cff basal

(ANOVA).
Ba RIL- TorN USLPS MIX

-2 protein in unstimulated cells compared with levels from
cells treated with a mixture of all four inflammatory mediators
used in this study.

These results provide further evidence for the production of
isoprostanes by COX enzymes from human cells. Thus
isoprostane levels in vivo may not be directly related to
oxidative stress levels and their use as indicators of this should
be approached with caution. Furthermore 8-iso PGF2, has been
shown to have potent biological actions as both a
vasoconstrictor and vasodilator (Jourdan et al. 1997) and thus
contribute to either pulmonary hypotension or hypertension
under inflammatory conditions, including those seen in sepsis,
when levels of cytokines are elevated.

KBJ is a MRC research assistant and JAM is a Wellcome Trust
Career Development Fellow.
Jourdan etal. (1997). Br. J. Pharmacol. 120, 1280-2185.
Mitchell et al. (1993) Proc. NatL. Acad Si. U4. 93, 15069-15074.

1 62P INCREASED TRACHEAL VASCULAR PERMEABILITY DUE TO A REPEATED CHALLENGE WITH DNS IN DNFB-
SENSITIZED MICE: A ROLE FOR TACHYKIN4NS

A.H. van Houwelingen, D. van Heuven-Nolsen, A.D.
Kraneveld and F.P. Nijkamp.
Dept. of Pharmacology and Pathophysiology, Utrecht
Institute for Pharmaceutical Sciences, Utrecht University,
P.O. Box 80.082, 3508 TB Utrecht, The Netherlands

Occupational asthma can be caused by low molecular weight
compounds via an unknown IgE independent mechanism.
Increased vascular permeability leading to oedema formation
in the lung is one of the characteristics of occupational
asthma. It has been reported that respiratory tract infections
increase the susceptibility to neurogenic inflammation
leading to increased vascular permeability in the rat trachea.
Recently, a mice model for non-IgE mediated asthma has
been developed using skin-sensitization with dinitrofluoro-
benzene (DNFB) and subsequent dinitrosulphonic acid
(DNS) challenge. In this study the effect of a repeated
challenge with DNS on tracheal vascular permeability was
studied in the DNFB-model in mice. The possible
involvement of sensory nerves was studied by the use of
capsaicin and RP 67580, a neurokinin-l (NKi) receptor
antagonist.
On day 0 and 1 male Balb/c mice were sensitized with
DNFB (0.5%) as described by Buckley and Nijkamp (1994).
On day 5 mice were challenged in asally (i.n.) with DNS
(0.6%, 50 tl). To assess tracheal leakage Evans Blue (EB,
1.25% in sterile saline) was injected intravenously (i.v.) at
22 h after the challenge. At 23 h 30 min a second challenge
with DNS, capsaicin (10-10 mol/mouse, 50 jpl) or vehicle was
given i.n. In some DNFB-sensitized animals RP 67580 (10 9

mol/mouse, 50 pl) was injected i.v. 15 minutes before the

second challenge. Shortly before the animals were
sacrificied at 24 h, heparine (50 IU/mouse) was injected i.v.
Thereafter, a blood sample was taken and the trachea
removed. The amount of EB was extracted from the trachea
in formamide at 40 C overnight. EB content in extracts and
plasma samples was measured spectrofotometrically at 620
nm. The amount of vascular leakage (jl/mg tracheal dry
weight) was calculated by dividing EB content in trachea by
EB content in 1 ml plasma.
In naive mice, a repeated challenge with DNS did not
influence the tracheal vascular permeability. However, in
DNFB-sensitized mice, a repeated challenge of DNS
induced a significant increase of the vascular permeability
compared to the control group (DNFB/DNS/veh: 0.81±0.07
& DNFB/DNSIDNS: 2.09±0.23 (gI/mg tracheal dry weight),
n=8, P<0.001 ANOVA). Capsaicin given i.n. to DNFB-
sensitzed and DNS-challenged mice also caused a significant
increase (DNFB/DNS/veh: 1.30±0.20 & DNFB/DNS/caps:
2.12±0.30 (gd/mg tracheal dry weight), n=10, P<0.001
ANOVA). The increased vascular permeability due to a
second DNS challenge in DNFB-sensitized mice could be
completely abolished by RP 67580 (DNFB/DNS/veh/DNS:
1.97±0.13 & DNFBIDNS/RP67850/DNS: 0.84±0.05 (JL/mg
tracheal dry weight), n=6, P<0.001 ANOVA).
In summary, this study indicates that a repeated challenge
with DNS increases the vascular permeability in the trachea.
This effect could be mimicked by capsaicin and abolished by
a NKI-receptor antagonist, indicating that sensory nerves
and more specifically the NK1 receptors are involved.

Buckley & Nijkamp (1994) J. Immunol. 153, 4169-4178.



163P RELATIVE POTENCIES OF NONSTEROIDAL ANT-INFLAMMATORY DRUGSON PURIFIED CYCLO-OXYGENASE-1
AND -2
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ofCritical Care Medicine, Royal Brompton Hospital, Sydey Street,
London SW3 6NP. 'Laboratori Guidotti Sp.A. Industria Chimica
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are a diverse group
of drugs with the c ability to inhibit the enzyme cyclo-
oxygenase (COx). COX is present in cells citv (COX-1)
and/or after stimulation with infamatory agents (COX-2). Currently,
it is thought, that NSAIDs owe their b ficial anti-inflammatory
effets to inhibition of COX-2 and their shared side-effects (eg gastric
ulceration) to inhibition of COX-1 (see Mitchell et al., 1995). Indeed,
a wide variety of assay systen's have been used to assess the relative
potencies of prescribed and novel NSAIDs on COX-1 and COX-2
enzymes. Here we describe a simple and rapid assay system for the
assessmnt of relative potencies of NSAIDs on COX-1 and COX-2
usig purified ovine yme (Cayman Chemical Company).
Experiments were perfomNed in 96-well plates, in a final reactio
volume of 200"l, cotining combnatis of qinephrine (5 mM) and
hematin (1pAM) in 50 mM Tns (pH 7.5). Different nonsroidal drugs
were added to individual wells and the reaction iitiated by the addition
of 2U/ml of COX-1 or COX-2. Plates were cubated at 37C for 30
min before the addition of araciidonic acid (30pM) for a fiuther
lSmin. The reaction was stopped by heating the plate to 100°C for
5mm. The plate was then centrifuged at 3000g for 30 mins and
supernatant removed for the measurem of p agndin E2 by

radioimnuoassay. The ICo values for drugs which inhibited COX-1
or COX-2 are shown in table 1.

Drug ICfo, COX-2- IC5o COX-1 ratio:
______~ ~~~ ~ ~ COX-2:COX-1

NimesuLde 2.9 9.8 0.3
Meloxicam 102 53 1.9

Piroxica 535 143 3.2
IEidoniarhacin 2.2 0.3 7.3
Dclofaac 1.5 0.2 7.5

21 0.3 70
Tabk 1. Relative potencies ofnonsteroidal anti-inflammatory drugs
on ovine purified COX-J and COX-2 The ratio shown in the last
column was calculated by dividng the ICs0 valuefor a given drug on
COX-2 by its value on COX-L. Thus, the lower the value in this
column the more COX-2 selective the drug. Data represents the mean
± the standard error ofthe meanfor n=3-9 experiments.

None ofthe drugs tested showed specificity for COX-2. However, the
gastric sparing drugs, nimside and meloxicam were approximately
equipAteit inhibitors of COX-1 and COX-2. Piroxicam, ind ci
and diclofisac were 'moderately' COX-1 selective inhibitors, whereas
ketoprofen showed a high level ofCOX-1 selectively.
The relative potaecies of nonsteroidal anti-inflamnmtory drugs
obtained with this assay are in keeping with their activity on COX-1
and COX-2 in whole cell and diicrosomal assays (see Mitchell et al.,
1995). Moreover, these observations suggest that the low nsk of side
efiscts reported for nimesulide and meloxicam is due to their ability to
inhibit COX-2.
Mitchell, J.A., Larkin, S. et al., (1995). Biochem. Pharmacol., 50;
1535-1542.

164P THE SODIUM CHANNEL INHIBITOR, 4030W92: EFFECTSON NEUROGENICALLY-MEDIATED PLASMA PROTEIN
EXTRAVASATION AND C-FOS EXPRESSION IN THE TRIGEMINAL NUCLEUS CAUDALIS OF THE GUINEA-PIG

A.C. Hony, D (Cambrdgr & D.T. Beattie, Glaxo Wellcome, Gunnels
Wood Road, Stevenage, Herts SGl 2NY.

4030W92 (R (-) 2,4-diamino-5-(2,3-dichlorophenyl)-6-fluoromethyl
pyrimidine) antagonises tetrodotoxin-insensitive neuronal sodium
channels. The present study investigated whether 4030W92 inhibits
two sensory nerve-mediated events: plasma protein extravasation (PPE)
and cell activation (expression of Fos-like immunoreactivity (Fos-LI))
in the trigeminal nucleus caudalis (TNC) following trigeminal nerve
activation.

In PPE experiments, male Dunkin Hartley guinea-pigs (200-250g) were
anaesthetised with pentobarbitone (50mgkgl i.p.) and the left femoral
vein cannulated. A bipolar stimulating electrode was lowered into each
trigetninal ganglion and, 5min after [l251]-human serum albumin
administration (1.9MBqkg-', i.v.), the right ganglion was stimulated
(1.2mA, 5ms, 5Hz for 5min). 4030W92 (0.1 and lmgkg-') or vehicle
(saline; 0.5mlkg-') was administered (i.v.) 15min prior to stimulation.
Animals were then perfused (0.9% saline for 3min) transcardially, and
the dura, eyelid, tongue and lip dissected out, weighed and counted for
radioactivity (expressed as c.p.m. mg ' tissue). Differences between
unstimulated and stimulated sides were assessed by ANOVA followed
by Dunnett's t-test.

In Fos experiments, male Dunkin Hartley guinea-pigs (340-580g) were
anaesthetised (ketamine 40mgkg I and sodium pentobarbitone
18mgkg ' i.p.) and the left carotid artery and jugular vein cannulated for
measurement of blood pressure, and administration of drugs and
anaesthetic (30mgkg-'hl' pentobarbitone) respectively. A bipolar
stimulating electrode was then lowered into each trigeminal ganglion or
the cistema magna was cannulated to allow intracistermal capsaicin
(10nmol in 0.1ml) administration. 4030W92 (lOmgkg-1) or vehicle
(saline) was administered i.v. (0.5mlkg-') 2.75h after surgery, and
15mins later either the right ganglion was stimulated (0.6mA, 5ms, 5Hz
for 5min) or capsaicin (l0nmol in 0.1ml), or its vehicle (ethanol:

Tween 80: saline; 0.01:0.01:99.98 v:v), administered. Animals were
perfused transcardially with 4% formalin 2h later. Fos-LI in the TNC
was localised by the avidin-biotin-peroxidase method (Polley et al.,
1997), and the number of stained nuclei counted. Differences in Fos-LI
between 4030W92 and vehicle-treated animals were assessed by
ANOVA followed by Dunnett's t-test.

Electrical trigeminal ganglion stimulation resulted in PPE in all tissues
studied. The PPE ratios, calculated from the c.p.m. mg" tissue on the
stimulated and unstimulated sides, were 1.7±0.1 (dura), 4.1±0.9
(eyelid), 3.1±0.4 (tongue) and 5.3±0.8 (lip) (n=9). Pretreatment of rats
with 4030W92 at the lower dose (0.lmgkg' i.v.) had no effect on PPE
in any tissue studied. The higher dose (l.Omgkg-' i.v.) produced
significant inhibition of PPE in the dura (by 58.7±9.2%), but although
there was a trend towards inhibition in the eyelid, tongue and lip this
was not statistically significant (P>0.05).

In vehicle (i.v.)-treated animals, trigeminal ganglion electrical
stimulation produced expression of Fos-LI in the TNC (144±8 and 14±
2 stained cells on the stimulated and non-stimulated sides respectively;
n=7). 4030W92 (lOmgkg', i.v.) had no significant effect on Fos-LI
(163±29 and 8±1 stained cells on the stimulated and non-stimulated
sides respectively; n=3). In vehicle (i.v.)-treated animals, intracistemal
capsaicin administration produced a significant Fos-LI (465±53 stained
cells compared to 26±8 for its vehicle; n=4; P<0.05). 4030W92
(lOmgkg-1, i.v.) had no effect on capsaicin-induced Fos-LI (476±34
stained cells; n=4).

In conclusion, 4030W92 inhibits dural PPE, consistent with sodium
channel blockade on peripheral trigeminal nerves. Inability of
4030W92 to inhibit expression of Fos-LI in the TNC may indicate that
these channels are absent on central trigeminal nerve terminals.

Polley, J.S., Gaskin, P.J., Perren, M.J. et al. (1997) Regul. Peptides, 68,
23-29.



1 65P DIFFERENTIAL INEIBITORY EFFECTS OF SALMETEROL AND SALBUTAMOL ON HUMAN EOSINOPHIL
RESPONSES IN VITRO

C. I. Ezeamuzie and M. Al-Hage, Department of Pharmacology
and Toxicology, Faculty of Medicine, Kuwait University, P. O.
Box 24923, Safat, Kuwait.
In the treatment of bronchial asthma, salmeterol is known to
have a greater anti-inflammatory activity than salbutamol. To
determine whether the comparative effects of these drugs on
eosinophil function is the basis of such differential anti-
inflammatory properties, the effect of the two drugs on
interlukin-5 (IL-5) and platelet activating factor (PAF)-induced
superoxide anions (O2-) release as well as the C5a- and N-
fornylmethionyl leucyl phenylalanine (FMIP)-induced
degranulation of purified human blood eosinophils in vitro
were studied.
Eosinophils were separated from fresh blood of normal or
mildly atopic donors by centrifuigation over percoll gradient and
further purified (>98% purity) by the immunomagnetic method
(Hansel et al., 1991). Purified cells were resuspended in Hank's
balanced salt solution at a concentration of 5 x 105 cell/ml and
50 1 aliquots dispensed in microplate wells. Cells were pre-
incubated with the drugs for 10 min at 37°C before stimulation,
and for 1 h thereafter. The released O2 was determined by the
superoxide dismutase (SOD) - inhibitable reduction of
ferricytochrome c, while the released EPO was measured by the
0-phenylenediamine method (Kroegel et al., 1989).
PAF and IL-5 stimulated a concentration-dependent generation
of 02 in the concentration ranges of 10.10 - 10' M and 0.01 -
100 ng/ml, respectively, and maximal releases of 28.7 ± 5.2,
and 36.6 ± 6.6 nmoles reduced ferricytochrome c/i06 cells/h,
respectively, (n = 5-8). Concentrations of the stimuli giving
comparable effects (106 M for PAF and 30 ng/ml for IL-5)

were chosen for the study of the inhibitory effects of the drugs.
Salmeterol significantly inhibited 1L-5-induced 02- release in a
concentration-dependent manner with an IC5o of 2.2 x 106 M
(95% CL 1.6 - 2.7 x 106 M, n = 6) and a maximal inhibition of
around 700/o. In contrast, salbutamol had no significant effect
even at 10" M. Both drugs significantly inhibited PAF-induced
0i generation, but salmeterol was approximately 20 times more
potent than salbutamol [ICso values of 3.2 x 10-7 M (95% CI, 2.1
- 4.3 x 10-7 M) and 6.3 x 10' M (95% CI, 4.7 - 8.1 x 10- M),
respectively, n = 5-6]. Both drugs failed to block C5a-induced
EPO release, whereas for FMLP-induced release, salbutamol but
not salmeterol, produced significant inhibition. The inhibitory
actions of salbutamol, but not salmeterol, were reversed by the
32-adrenoceptors antagonist ICI 118551.

These results confirm that human eosinophils can be directly
modulated by Pradrenoceptor agonists but that salmeterol and
salbutamol have differential effects which are dependent on the
stimulus employed. Furthermore, the reported greater in vivo
anti-inflammatory effect of salmeterol may be a reflection of its
superior ability to inhibit eosinophil 02 release, rather than
degranulation.

Hansel T.T., De Vries I.J.M., Iff T. et al., (1991). An improved
immunomagnetic procedure for the isolation of highly purified
human eosinophils. J. Immunol. Meth. 145, 105-110.

Kroegel C., Yukawa T., Dent G. et al., (1989). Stimulation of
degranulation from eosinophils by platelet activating factor. J.
Immunol., 142, 3518-3526.

1 66P THE EFFECT OF FATTY ACIDSON NEUTROPHIL ACTIVATION IN VITRO: REVERSIBILITY BY PLASMA
A.Charman, R. Armstrong and D. Horrobin', Department of
Dietetics & Nutrtion, Queen Margaret College, Edinburgh.
Scotia Pharmaceuticals Ltd, Scotia House, Stirling.

Fatty Acid intervention with fish oils is thought to be useful in
the treatment of certain inflammatory disorders in which
neutrophil accumulation and their subsequent activation plays
a key role. This is thought to be due to the production of less
active eicosanoid derivatives or a reduced production of
inflammatory cytokines (Blok et al., 1996). Similarly, the n-6
fatty acids f-linolenic acid (GLA) and dihomo-y-linolenic acid
(DGLA) have also been reported to inhibit neutrophil mediated
inflammatory disorders, (Bates, 1995). The aim of this study
was to determine the effects of these fatty acids on neutrophil
activation in vitro.
Neutrophils were isolated by dextran sedimentation followed
by centrifugation using a discontinuous percoll gradient, and
contaminating red blood cells removed by lysis. Superoxide
anion generation (SAG) was assayed by spectrophotometric
evaluation of the reduction of ferricytochrome C to ferro-
cytochrome C (A550nm); Myeloperoxidase (MPO) release was
determined using tatramethylbenzidine (0.1%) and H2SO4 (4M)
for spectrophotometric evaluation (A450nm). Experiments
were carried out in 5% autologous plasma, with fatty acids
being added to the neutrophils 10 min before the stimulant.
At lOM none of the fatty acid potassium salts tested had any
effect on neutrophil SAG in response to stimulation with n-
formyl-methionyl-leucyl-phenylalanine (fMLP). However at
1001&M, GLA and DGLA (n=3), both shifted the fMLP curve
to the right giving EC,o for fMLP of 15.1 + 1.lnM for the
control curve and 24.6 + 2.3 and 61.0 + 12.9nM with GLA and
DGLA respectively, without reducing the maximum fMLP
response.

Eicosapentaenoic acid (EPA) at lOOpM significantly inhibited
fMLP stimulated neutrophil SAG, reducing the maximum from
27.4 + 1.4 to 7.74 + 2.0 nmolesO2f/million cells/lOmin (n=4),
whereas arachidonic acid (AA) itself stimulated neutrophil
SAG giving 28.9 + 1.2 nmolesO2Imillion cells/10 min (n=4).
The fatty acids were more effective when neutrophil MPO
release was used as a marker of neutrophil activation. At
lOgM DGLA shifted the fMLP curve to the right, giving EC5s
for fMLP of 23.7 + 1.8 for control cells and 30.7 + 2.7nM
with DGLA (p=0.OOS), reducing the maximal effect of IgM
fMLP to 83.7 + 1.0% (p=0.01) n=6. Both EPA and AA lOILM
inhibited MPO release, n=6, giving EC,o for fMLP of 21.7 +
0.7nM with control cells and 29.9 + 2.9 (p=0.03) and 32.1 +
3.3nM (p=0.02) with EPA and AA. At IOOLM, DGLA, EPA
and AA completely suppressed MPO release by fMLP whereas
GLA was less effective (84.3 ± 2.2% of fMLP response, n=6,
p=0.05).
In conclusion the fatty acid potassium salts tested can
markedly affect both neutrophil SAG and MPO release, with
MPO release being more sensitive to these fatty acids. All of
the fatty acids tested can inhibit MPO release including AA
which stimulates neutrophil SAG. Furthermore, this inhibition
is observed in the presence of autologous plasma (51%) as
would be the case in vivo, where fatty acids are bound to
plasma proteins. However, increasing the plasma concentration
to 50% abolished the effect of GLA, EPA and AA on
neutrophil SAG. Only DGLA (100 F&M) was still inhibitory,
giving EC50 for fMLP of 17.43 + 2.42 and 35.4 + 4.2nM
(p=0.05), n=4. This is consistent with reports that albumin can
reverse the effects of AA (Cohen et al., 1986).
Bates, E.M. (1995) PGs, LTs & essentialfatty acids, 53:75-86
Blok, W.L. et al., (1996) J. Nutr., 126:1515-1533
Cohen, H.J. et al., (1986) Blood, 67:1103-1 109



1 67P POLY-L-LYSINE INDUCED NEUTROPHIL ACCUMULATION IN RABBIT SKIN AND THE INHIBITORY EFFECT
OF HEPARIN

H. Jones, Y. Wang, G.J. Douglas, W. Paul & C.P. Page,
Sackler Institute of Pulmonary Pharmacology, King's College
London, London SW3 6LX.

Polycations such as poly-L-arginine produce plasma protein
exudation (PPE) in rabbit skin (Needham et al., 1988) and
oedema and neutrophil (PMN) infiltration in rat lung (Santana et
al., 1993). In rat paw, poly-L-arginine has been reported to
cause oedema but only a minor accumulation of PMNs (Antunes
et al., 1990). We have previously studied poly-L-lysine (PLL)-
induced PPE in rabbit skin and have demonstrated an inhibitory
effect of unfirtionated heparin (UH) on this parameter (Sasaki
et al., 1991). Here, we have investigated the ability of PLL to
cause PMN accumulation in rabbit skin and have tested the
effect ofUH on this response.

Intradermal injections (in 0.1 ml sterile saline) were made in a
balanced block design on the shaved flank skin of
pentobarbitone anaesthetised, male NZW rabbits (2.3-3.0 kg).
Rabbit PMNs, separated from the arterial blood of donor
animals by Hespan sedimentation and Ficoll density
centrifugation, were labelled in autologous plasma with
"IIIndium chloride and mercaptopyridine, washed and injected
into the anaesthetised recipient animals (107 kg-'). "IIn-PMN
accumulation in excised skin sites was expressed as cells site-.
PPE in the same sites was measured as local accumulation of
intravenously injected 125I-albumin and expressed as W± plasma.
Mean + s.e. mean values (n = 4 or 5) were calculated and the
significance of differences between means was assessed by
analysis of variance followed by a modified t-test which allowed
multiple comparisons.

Intradermal injection of PLL (>l5OkD; lOOjg sited) caused
PMN accumulation which was significant (P<0.01) at 2h and

3h after injection (8372 + 566 and 18334 + 2460) but not at
0.5h or lh (1079 + 88 and 2458 + 414). Accumulation in
saline injected sites ranged from 205 + 21 at 0.5h to 430 ± 80
at 3h. PPE was significant (P<0.01) at all four times
following injection of PLL. PLL (10-lOO1g site-')-induced
PMN accumulation measured over 3h was dose-related and
significant at 30gg site' (21217 + 4484; P<0.01) and lOOjig
sited (35605 + 5186; P<0.001) compared to saline (572 ±
97). PPE was also significant (P<0.01-0.001) at these doses.
Intradermal injection of UH (5-100 iu site'), 10 min prior to
PLL (lOO1g site'), caused dose-related reductions in cell
accumulation from control values of 40513 ± 7772 to 8069 ±
1932 (P<0.01) with UH 100 iu sited. This dose of UH also
produced a significant (P<0.01) reduction in PPE. In contrast,
preinjection of the polyanion, poly-L-glutamic acid (PLG; 50-
lOOkD; 5-lOOtig site') had no significant effect on PLL-
induced cell accumulation or PPE.

These results demonstrate that, in rabbit skin, PLL can induce
a significant PMN accumulation which is slower in onset than
PPE but which, like PPE, can be inhibited by local
pretreatment with UH but not with the polyanion PLG. The
effect of heparin is, therefore, not a simple charge-related
effect but remains to be elucidated.

Antunes, E., Mariano, M., Cirino, G. et al. (1990)
Br.J.Pharmacol. 101, 986-990.
Needham, L., Hellewell, P.G., Williams, T.J. & Gordon,
J.L. (1988) Lab. Invest. 59, 538-548.
Santana, A., Hyslop, S., Antunes, E., et al. (1993) Agents
Actions 39, 104-110.
Sasaki, M., Paul, W., Douglas, G.J. & Page, C.P. (1991)
Br.J.Phannacol. 104,444P.

1 68P CONSTITUTIVE 12-ADRENOCEPTOR ACTIVITY IN BOVINE TRACHEAL SMOOTH MUSCLE INDUCED BY
FENOTEROL TREATMENT

B. de Vries, H. Meurs, A.F. Roffel, C.R.S. Elzinga, M.M.L. de
Vries, and J. Zaagsma Dept. Mol. Pharmacol., Univ. Groningen,
A. Deusinglaan 1, 9713 AV Groningen, The Netherlands.
The Pradrenoceptor appears to exist in an equilibrium between
an inactive conformation and a constitutively active
conformation, which can couple to the G,-protein in the absence
of an agonist. Formation of the active conformation is stimulated
by P-adrenoceptor agonist binding and by mutations of the
receptor in the third intraceliular loop (Samama el al., 1994).
Conversely, various P-adrenoceptor antagonists, also referred to
as inverse agonists, favor the inactive conformation, and may
thus inhibit the constitutive P-adrenoceptor activity. Under
physiological conditions, the constitutive receptor activity is low
and has only been visualized by overexpression of the native
receptor (Chidiac et al., 1994). In the present report, data are
presented showing that enhanced constitutive P-adrenoceptor
activity may be induced by incubation of bovine tracheal smooth
muscle (BTSM) with the P-adrenoceptor agonist fenoterol.
BTSM strips were incubated with fenoterol (0.1-10.0 INM) for
various periods of time (5 min, 30 min and 18 h) at 37 0C. After
extensive washout during 3 h at 37 IC, isometric contraction was
measured in response to increasing concentrations of isotonic
KCI (6-40 mM), in the absence and subsequent presence of
different antagonists. Antagonists were pre-incubated for 30 min
before recording KCI-induced contraction.
Incubation of BTSM strips with 10 IaM fenoterol for 5 min, 30
min and 18 h resulted in a time-dependent reduction of KCl-
induced contraction, to 51±1, 43±6 and 38±5% of control,
respectively, at 40 mM KCI (n=4-8, P<0.005 for all
observations). In addition, a decreased sensitivity to KCl was
observed, as indicated by an ECso shift from 23.7±1.4 mM to
31.0±0.2, 30.9±0.7 and 31.6±1.0 mM respectively (P<0.005).
Incubation of BTSM with 0.1, 1.0 and 10 p.M fenoterol during
18 h resulted in a concentration-dependent decrease of the 40
mM KCI response to 70±5, 47±5 and 43±9 % of control,

respectively (n=5, P<0.05). The reduced 40 mM KCI-induced
contractions were reversed in the presence of 1 pM timolol.
Moreover, the ECso of KCI-induced contraction in the presence
of timolol was significantly reduced after fenoterol incubation
(from 2640±1.3 mM in controls to 17.4±0.7 mM after 18 h
incubation with 10 pM fenoterol, P<0.005). Various antagonists
were tested for their ability to potentiate the decreased KCI
contractions after 18 h incubation of BTSM strips with 10 pM
fenoterol. Based on the effects on a 40 mM KCI-induced tone,
ranging from 178±16 to 268±32% of the fenoterol-incubated
control strips, a rank order of inverse efficacy of 1pM timolol=
1pM propranolol=1IpM pindolol>lpM alprenolol=1OOpM sotalol
>lOpM labetalol=1IOM acebutolol was found, which was similar
to that found in P2-adrenoceptor overexpressing cells (Chidiac et
al., 1994). Labetalol (10 pM) and pindolol (1 pM), which were
both partial inverse agonists at a 25 mM KCl tone, inhibited
timolol-induced inverse agonism at this tone in an apparently
competitive manner. The pECso for timolol was reduced by both
antagonists, from 7.7±0.2 in the absence of competing
antagonist, to 6.2±0.1 (P<0.0001) and 5.5±0.1 (P<0.0001) in the
presence of labetalol and pindolol, respectively (n=7-8). Both the
competitive inhibition by labetolol and pindolol of the timolol
effect after fenoterol treatment and the enhanced sensitivity of
BTSM contraction to KCI in the presence of timolol after this
treatment, as described above, indicate that the fenoterol-induced
effects cannot be explained by residual P3-agonist binding.
In conclusion, treatment of BTSM with the 13-agonist fenoterol
causes a time- and concentration-dependent development of
constitutive 23radrenoceptor activity, which can be reversed by
various inverse agonists. The fenoterol-induced changes could
represent a new regulation mechanism of P-adrenoceptor activity
by 13-agonists.
Supported by the Netherlands Asthma Foundation (grant 95.63).
Chidiac, P. et al. (1994)Mol.Pharmacol. 45, 490-499
Samama, P. el al. (1994)Mol.Pharmocol. 45, 390-394



169P POSTJUNCTIIONAL RESPONSES TO THE PREJUNCTIONAL REGULATION OF AUTONOMIC NEUROTRANSMHTER
RELEASE IN THE GUINEA-PIG TRACHEA

J.RA de Haas, J.S. Terpstra, A.F. Roffd and J. Zaagsmaa
Department of Molecular Pharmacology, University of Grin,
A. Deusinglaan 1, NL-9713 AV Groningen, Th Nethaands.

The aiways ofmany species are in vated by both par ahetic
and sympathetic neural pathways. Te pysioogical efficd of the
parympathetic nerves is o , causgairway onsticon
whereas the sy ic ion s in , causg il
Renl, we showed by asuring the ecrialy ed release of
endoguxus acetylcholine (ACh) and Imradrenaline (NA) fiom
guinea pig tracheal p ons that NA release a to be
subject to prejunctioal aadrenergic auto- and Mrmuscarinic
hetinhibition whereas ACh release was subject to M2
autinhibition but only to minor a2 heteroinhibition (do Haas et al.,
1996). In the present sudy we assessed the postunctional responses
(contraction and tn) to this mutual prejunctional r n in
the guinea pig trachea using electrical field stimuion (EFS).

Adult guinea pigs of either sex (Dunkin Hartley, Harlan, UK),
weighing 600 - 800 g, were killed by a sharp blow on the head after
which the trache was rapidly removed and placed in gassed (5%
C02, 95% 02) Krebs-Herseleit buffer solution (37 °C). After
removal of the epithelium, proximal open-ring preparations were
mounted for isotonic rcding of EFS (16 Hz, 150 mA, 0.8 ms, 4s
every 80s) -induced cholinergic contraction followed by adenergic +
iNANC rel Drugs were applied after pr action of the
prepartions to 40%'h ofm raction using his e.
Responses were measured 30 minutes after each drug application.
Data were expressed as percentages of basal responses ± s.e.m. and
analysed by one way ANOVA and Studenfs I-test

Both atropine (1 pM) and the selective M3-muscarmic receptor
antagons UH-AH 371 (0.3 pM) completely blocked cholinergic

responses (p<0.005; n=5 and n=14, respectively), widthu

alting relons. The NO snthesis inhibitor L-NAME (100 pM)
reduced ions to 69±4% of control (p<0.005; n=l 1).

of L-NAME and the non-selecfive f3-adrenoceptor
antagonist timolol (1 pM) almost comlet blocked r a to
9±4% (p<O.OOS; n=7);. twitch responses nceased to 154±5%
(p<0.OOS; n=11) and with L-NAME + imolol to 177±7/o (p<O.OS;
n=7), both incremets probably being the result of tal
antagonism. Ihe selectie Mrmuscarinic receptor atagonist AQ-
RA 741 (0.03 pM) inceased twitches to 145 ± 8% (p<0.0O5; n6)
without affecting ions. No effIct ofAQ-RA 741 was found on
adreeic rel is elicited in the presence ofUH-AH 371 and L-
NAME (n=8) either. The selective a r t a st
yohimbine (1 pM) in ased twitches to 108 ± 3% (p<0.O5; n=15)
while increasing relaxations to 153 ± 12% (p<0.005; n=15). The
ncrease of relaxaions could be attributed comple to increased
adrenergic but not iNANC activity since yohimbine application after
timolol did not icrease the rlaxation phase. R bl,
administion of yohimbine after AQ-RA 741 mcreased rmelns
to 235±58% (p<0.05) without significaly ting he AQ-RA 741
-d chineric twit

Our results indicate that under the present e imental conditions
preMunctional auoregulation plays an important role in the functional
responses of the guinea pig trachea to endogenously released ACh
and NA. In addition, autoregulation of the norrjrc raxay
response by aradrenoceptors is negatively controlled by muscaic
Mrheteroreceptr activatiaon

De Haas, J.R.A. et al. (1996) Am. J. Respir. Crit Care Med,
153(4), A848

This work was supported by the Netherlands Astlma Foundation
(grant 93.70).

1 70P INVOLVEMENT OF THE NK1-RECEPTOR IN THE DEVELOPMENT OF ALLERGEN-INDUCED AIRWAY
HYPERREACTIVITY AND AIRWAY INFLAMMATION IN CONSCIOUS, UNRESTRAINED GUINEA-PIGS

Ni Schuiing, A.B. Zuidhot J. Zaagsma, H Meurs, Department of
Molecular Phmacology, University of Groningen, A. Deinglan
1, 9713 AV Groningen, The Netherlands.

Airways are imnevated by excitatoiy r c n egic
nerves containin various trnmitter pepides, including su
P (SP) aal n inin A (NKA). Upon SP and NKA are

being released, leading to a series of responses collectively referred
to as 'neurogenic inflammation', which may be involved in allergic
asthma (Barnes et al., 1991). These responses are partially
by the Vasivation ofNKI re ts, which may caLse microvascular
leakage, mucus secreton and recrimnt and activation of
inflamato y cells in the airways. Using a c and
unrestrained guinea pig model of allergic asthna (Santing et al.,
1994), we invsigat the invlveme of NKI receptrs in
allergen-induc ealy (EAR) and late (LAR) ash,aticr
airway hyperrectivity (AHR) after these reactions and infiltrtion of

cells in the airways.
On two different occasions, separated by one week nerval,
ovalbumin (OA)-snitized guinea pigs (SPF Dunin Hartley, 400-
500 g, of either sex) inhaled either saline (3 min) or the selective
NK receptor st SR140333 (Emonds-Alt et al., 1993; 100
nM, 3 min) at 30 min before, as well as at 5.5 h after OA
provocatio. Saline and SR140333 inhlations were alte
randomly. To assess the effects of these tratments on the EAR and
:AR, pleural pressure (Pu) changes were measured continuously
during 24 h after OA proton, usg an on-line computer system
(Sating et al., 1994). Airway ractivity to ed hist e was
assessed 24 h bWfore and at 5 h (after EAR) and 23 h (after LAR)
after OA provocation, by de ng the provocation
Causing 100/o increase in Ppa (PCKoo). Bronchoalveolar lavage
(BAL) was performed at 25 h after the second allergen provocation,

as well as in a control group, which received saline ofOA

SR140333 had no significa effect on both the EAR (3082W397
%x5 mm) and LAR (1094112365 %x5 min) compared to control
(2799±654 %x5 min and 9362±2629 %x5 min, respectively, NS,
n=3-6). However, SR140333 sigific reduced the OA-induced
AHR to histamine, both after the EAR (1.7710.13-fold increase in
histamine reactivity vs. 2.50+0.25-fold increase in the controls,
P<0.01) and LAR (1.15k0.12-fold increase vs. 1.9WO.34-fold
ncrease, respecively, P<0.05, n=7). Moreover, SR140333 had an
inhibitory effect on the allergen-induced infilion of pro-
inflammatory cells. Thus, compared to a cotro allge with
saline, OA callenge caused a significnicrease in the numbers of
BAL e hils (from 3.33L0.69x106 to 28.12:5.21x106,
P<0.001), neutrophils (from 0.10L0.04x10' to 1.46&0.33x10,
P<0.005) and lymphocytes (fron 0.34+0.l0x10x to 1.504).32x10',
P<0.01) in the animals which were treated with saline instead of
SR140333, while the numbers of infiltrated cells wee significanty
reduced in the SR140333-treated ( d week) animals
(14.4141.62x10' (P<0.05), 0.50W0.21x10' (P<0.05), and
0.3340.05x10' (P<0.005), respectiely) (n=6-7).

From these results we conclude that the NKI receptor is involved in
the development of allergen-induced AHR to histmine, and that
NKI receptor-mediated nfiltration of iflammatory cells in the
airways could contribute to this AHR.

Ihis study was financially supported by the Netherlands Asthma
Foundation (grant number 92.72). SR140333 was a kind gift firo
Sanovi Recherche, Montpellier, France

Barnes,P.J. etal. (1991).AmRevRespirDis, 144,1391-1399
Emonds-Alt, X. et al. (1993). EurJPhamacol, 250, 403-413
Santing, RE. et al. (1994). JAllergy Clin Immunol, 93, 1021-1030



171 P A MODEL OF ESTABLISHED AIRWAY INFLAMMATION IN BROWN NORWAY RATS: EFFECT OF DELAYED
TREATMENT WITH FLUTICASONE PROPIONATE

S.J. McMillan, LJ.Escott D. Alvarez, J.RF. Hunt, R.L.
Reeves, S.L. Underwood, M.L. Foster, S.E. Webber, C.A.
Sargent. Department of Pharmacology, Rhone-Poulenc Rorer
Ltd., Dagenham, Essex, RM1O 7XS
Single ovalbumin (OA) challenge in sensitised Brown Norway
rats leads to airway eosinophilia and an increase in activated T
lymphocytes, which are characteristics of human bronchial
asthma (Underwood et aL, 1997). Prophylactic treatment with
fluticasone propionate inhibits airway inflammation in this
model (Underwood et aL, 1997). However, an effective anti-
inflammatory drug needs to resolve established airway
inflammation. The aim of this study was to develop a model of
established airway inflammation and to investigate the effect of
fluticasone propionate on existing airway inflammation.
Male Brown Norway rats (250-300 g) were sensitised i.p. with
OA (100 fig) and Al(OH)3 (100 mg) in saline on days 0, 12 and
21. From day 28 onwards, rats were challenged with
aerosolised OA (10 g/l, 30 min) on 5 consecutive days. Treated
groups were administered vehicle (0.5 % methylcellulose/0.2 %
polysorbate 80 in saline) or fluticasone propionate (300 pgkg')
intratracheally 1 hour before the 3rd, 4th and 5th OA challenge.
24 hours after the final OA challenge, rats were euthanised,
bronchoalveolar lavage (BAL) was performed, lungs were
removed and flushed with RPMI/10% foetal calf serum. Airway
inflammation was measured by differential cell counts of BAL

and lung tissue samples obtained by incubation with
collagenase. T lymphocyte subsets were quantified by flow
cytometry (Underwood et aL,1997). Results are expressed as
mean ± s.e.mean., n = 10 in each group. Statistical analysis was
carried out using Kruskal Wallis multiple comparison test, P <
0.05 was accepted as significant.
Rats challenged for two days exhibited a significant increase in
eosinophil and lymphocyte numbers in both lung tissue and
airway lumen (table 1). Total T lymphocyte numbers (CD2+), T
helper (CD4+) and activated lymphocytes (CD25+) were
enhanced. Therefore, airway inf lation was observed prior
to fluticasone administration. Five ovalbumin challenges
produced a further rise in iflammatory cell numbers in
comparison to animals challenged only twice (table 1). Delayed
administraion of fluticasone propionate led to a significant
reduction in airway eosinophilia and T lymphocytes (table 1).
Multiple ovalbumin challenge in Brown Norway rats resulted in
sustained airway inflanmation Fluticasone propionate,
administered after the onset of airway inflammation, inhibited
the increase in eosinophil and lymphocyte cell numbers. This
study demonstrates that multiple ovalbumin challenge in Brown
Norway rats is a useful model to investigate the efficacy of anti-
iflammatory drugs in established airway infm ion.
Underwood, S.L. et al. (1997) Br. J. Pharmacol.,122,439-446.

Table I - Effect offluticasone propionate on airway inflammatory cell numbers following multiple ovalbumin challenge. (*P < 0.05 in
comparison to vehicle treated group)
Treatment No. of challenges BAL (I0 cells/m) Lung Tissue (103 cells/mg)

Eosinophils Eosinophils CD2+ CD4+ CD25+
Unchallenged 0 6.1 ± 2.1 1.8 ± 0.6 2.3 ± 0.6 0.7 ± 0.2 0.1 ± 0.02
Challenged 2 74.0+15.8 3.0±0.3 3.8±0.4 1.9+0.2 0.4+0.1
Challenged/ Vehicle 5 278.9 + 67.3 5.7 ± 0.5 6.7 ± 0.6 3.4 + 0.3 1.0 + 0.1
Challenged/ Fluticasone 5 139.5 ± 23.6* 2.3 ± 0.2* 2.0 ± 0.3* 0.5 ± 0.1* 0.1 ± 0.01*

1 72P DIFFERENTIAL INHIBTON BY TIXOCORTOL PIVALATE OF THE RELEASE OF INTERLEUKIN-5 RATHER THAN
INTERFERON-yFROM HUMAN BRONCHOALVEOLAR LAVAGE CELLS IN IN VITRO

C.J.Whelan, A£N.Paynel and J-M.Planquoisl. Dept. of
Biosciences, University of Hertfordshire, Hatfield, Herts, ALIO
9AB U.K, I Institut de Recherche Jouveinal, Dept. of Allergie-
Inflammation, 3-9 Rue de la Loge, 94265 Fresnes, Cedex,
France.

Previous work, in guinea-pigs, has shown that some steroids
selectively inhibit interleukin-5 (IL-5) - dependent inflammation
(Whelan et al, 1995; Whelan, 1996). Tixocortol pivalate (Tix) is
a glucocorticoid of similar potency to hydrocortisone used in the
treatment of rhinitis, which is devoid of the systemic side-effects
associated with other glucocorticoids (Davies, et.al., 1981). In
this presentation, we present evidence indicating that Tix and
beclomethasone dipropionate (BDP) inhibited IL-S release from
human bronchoalveolar leukocytes in culture but that Tix was less
potent as an inhibitor of interferon y (IFNy) release.

Bronchoalveolar lavage fluid (BAL) was recovered from patients
undergoing bronchoscopy for diagnostic purposes. Cells in the
BAL fluid were washed twice by centrifugation in RPMS 1840
medium containing penicillin (50 U.ml-1) and streptomycin (50
U.mi-1). Aliquots of the resulting suspension (1 x 106 cells. ml-l)
were incubated for lh at 37'C with Tix, BDP or vehicle after
which PHA (lOjgg.ml-l) and PMA (lOng.ml-') were added to all
cultures to activate the cells. Forty eight h after the addition of
PHA/ PMA, culture supernatants were harvested and assayed for
IL-5 and IFNyby ELISA. An experimental design was used
where patients served as their own control in that aliquots of cells
cultured with glucocorticoid were compared with an aliquot of
cells from the same patient cultured with vehicle. Inhibition was
measured as the percent reduction in cytokine release relative to
vehicle treated cells and are presented as mean ± s.e.mean of the
number of subjects shown in parentheses.

The BAL fluid recovered from patients contained approximately

80% macrophages, 20% lymphocytes, with the balance consisting
of mast cells and epithelial cells. After 48h culture with
PHA/PMA supernatants contained 2.22±0.34 ng.ml-l 1L-5
(n=19) and 0.24±0.03 ng.ml-l IFNy (n=17).

Tix (10-5 and 3x10-5M) significantly (p<O.05 paired t test)
inhibited IL-S release from human BAL cells (46.39±14.62%,n=7
and 45.94±12.22%, n=5 respectively). A lower concentration of
Tix (l0-6M) did not significantly (p>0.05) inhibit IL-S release
(-5.87±38.44%, n=5%). Tix (3x1O-5M) significantly (p<0.05)
inhibited IFNy release (22.32±10.17%,n=5) whereas the lower
concentrations of Tix (10-5 and 10-6M) had no significant
(p>0.05) inhibitory effect (10.76±12.1 1%,n=7 and
18.96±15.72%, n=6 respectively). BDP (10-7M) significantly
(p<0.05) inhibited IL-S and IFNy release from human BAL cells
(97.68±1.44%, n=6 and 96.35±1.80%, n=6 respectively). A
lower concentration ofBDP (10-8M) did not significantly
(P>0.05) inhibit IL-5 or IFNy release (9.18±29.76%, n=5 and
-15.94± 33.30%, n=5 respectively).

The data show that Tix caused a concentration-related inhibition of
1L-5 release but only the highest concentration tested inhibited
IFNy release. In contrast, all concentrations ofBDP tested
inhibited 1L-5 and IFNy release equally. These data show that Tix
appears to be a selective inhibitor of L-5 release while BDP is
not. Further experiments are required to establish the reason for
the apparent selectivity of Tix in these experiments.

Davies, J.E. et.al., (1981) Arzneim Forsch., 31, 453-459.
Whelan, C.J.et.al., (1995) Inflammation Res., 44, 131-138.
Whelan, C.J. (1996) Inflammation Res., 45, 166-170.



1 73P INTERLEUKIN-1 TYPE-1 RECEPTOR EXPRESSION IN THE RAT HYPOTHALAMUS

L.C. Parker, D.J. Balderson, F. Owen, N.J. Rothwell & G.N.
Luheshi. School of Biological Sciences, 1.124 Stopford
Building, University of Manchester, M13 9PT

Interleukin (IL), acts directly on the central nervous system to
induce fever. Functional studies on experimental animals show
that intracerebroventricular (icv) injection of IL-1, induces an
increase in body temperature by interacting with
thermoregulatory sites in the hypothalamus (Rothwell and
Hopkins, 1995). Previous radioligand binding studies using
radioiodinated IL-la and IL-P in the rat failed to detect the
main IL-I receptor (RL-IRI) in this brain region (Takao et al.,
1992; Marquette et al., 1995). In the present study a sensitive
quantitative RT-PCR technique was used to investigate the
expression and regulation of this receptor in hypothalamic
tissue taken from rats after an icv injection of a pyrogenic dose
of IL-I3 or saline.

RNA was prepared from hypothalamic tissue taken from adult,
male, Sprague Dawley rats (200-300g) two hours after injection
with ILL-11 (5nglrat, icv; n=6) or saline (2j1Irat, icv; n=6) via
stereotaxically pre-implanted icv guide cannulae or from
normal uncannulated control conscious animals (n=5). RNA
was also prepared from the liver of each animal for use as a
positive control.
RNA samples were diluted to a standard concentration, spiked
with an external standard cRNA specific for rat IL-IRI and
reverse transcribed, cDNA products were amplified by PCR
using the same pair of specific primers. Optical densities of the
PCR products were determined and the results expressed

relative to the external standard. Results are presented as
meantseem and statistical analysis was performed using
ANOVA followed by the Tukey-Kramer Multiple Comparisons
Test.

In the hypothalamus, IL-IRI expression in control (unteated)
rats could not be detected. However, in rats injected icv with
saline the level of EI-RI expression was 6.8±1.8 pg/tg total
RNA. Administration of ILIlP did not alter this expression
(11.9±1.8 pg/tgg total RNA). In contrast, IL-IRI expression was
detected (55.0±8.5 pg/tpg total RNA) in liver of untreated
control animals and was not affected by icv injection of saline
(62.6±6.9 pg/jig total RNA). However, 1LIRI expression was
significantly increased by icv injection of IL1OJ (277.7±41.2
pg/tg total RNA; p<0.001).

In contrast to previous data, these results demonstrate IL.1RI
mRNA expression in the hypothalamus. This expression may be
influenced by local damage resulting from implantation of the
guide cannulae or insertion of the injection needle into the
brain. Upregulation of IL-IRI mRNA in the liver by central
injection of IL-pI supports the proposal that brain cytokines can
modify events in the periphery.

Marquette, C., Van-Dam, A.M., Ban, E. et al. (1995)
Neuroendocrinol. 62: 362-369.
Takao, T., Culp, S.G., Newton, R.C. & De Souza, E.B. (1992)
J. Neuroimmunol. 41: 51-60.
Rothwell, N.J. & Hopkins, S.J. (1995). Trends Neurosci. 18:
130-136

1 74P TUMOUR NECROSIS FACTOR-a (TNF- a) ENHANCES GUINEA-PIG AIRWAYS SMOOTH MUSCLE CONTRACIILITY
VIA A CALCIUM SENSITIZATION PATHWAY

J.R.M. Parris, DJ. MacEwan & G.F. Nixon. Dept of
Biomedical Sciences, University ofAberdeen, Aberdeen
AB25 2D (introduced by C. L. Wainwright)

A major characteristic of asthma is a hyper-responsiveness of
the bronchial smooth muscle. This hyper-responsiveness is
associated with an activation of inflammatory cells, such as
neuophils, which release the cytokine, TNF-a. In vivo
exposure of sheep airways to aerosolized TNF-a produces an
increase in bronchial smooth muscle conlity to agonists
(Wheller et al., 1990). The mecanism of this TNF-a-induced
hyper-responsiveness is not yet known. The aims of this study
were to investigate in vitro the effects of TNF-a in intact and
permailized guinea pig bronchial smooth muscle.

Smooth muscle strips 200 pm wide were cut fiom guinea pig
bronchi, to a senstive force cer to measure
tension and mounted in a "bubble chamber adapted for rapid
solution canges Strips were placed in HEPES buffered Krebs
at 28 C c ing 3 pM indomethacin. Initially, strips were
stimuTted every hour with 154 mM K+ and 104 M carbachol
until stabilized contractile responses were obtained. Strips
were stimulated with either 10- M or 104 M carbachol, relaxed
and ibated in HEPES buffered Krebs containing 1 pg/ml
human recombinant TNF-a for one hour. Following this
incubation, bronchial strips were again challenged with the
same concenion of carbachol. For permeabilized
I rns, 200 pm wide strips were mounted in a bubble
chamber and permeabilized with staph aureas a-toxin.
Immediately following permeabilizatIon, a maximal calcium-
acivated response was obtain with pCa 4.5 solution. All pCa
solutions are buffered with 10 mM EGTA to 'clamp' the
intracllular Ca2+ concentration. Strips were submmally
contracted with pCa 6.3 buffer, relaxed in Ca2 fiee buffer
containing 1 mM EGTA (GI) and incubated for 45 minutes in

GI with 1 pg/m1 TNF-OL Controls had no TNF-a added.
Following this incubation, strips were contracted in pCa 6.3
and the tension measured. This protocol was also used to
investigate the effects of a 45 minute incubation with 0.4
units/ml purified sphingomylinase which releases ceramide, a
mediator ofsome TNF-a effects. All results are mean ± sem.

In intact strips of bronchial smooth muscle, conctio to
carbachol were significantly increased after a one hour
incubation in TNF-a (106 M carbachol: TNF treated 197 *
16% of carbachol-induced contraction before TNF incubation
vs control 82 I 11°/, n=4; 10-4 M carbachol: TNF treated 138 *
8% vs control 94 5%1, n5, p<0.05). In permeabiized strips
of smooth muscle the pCa 6.3 induced contraction was 12 *
1% of maximum Ca-activated contraction in pCa 4.5(n=15).
After 45 minutes, TNF-a icubation in GI produced a small
but significat rse in the baseline tension (INF 10 + 1% of
pCa 4.5; control -2 + 3Y, n=6, p<0.005). There was a fivefold
increase in the pCa 6.3 resonse following TNF-a iubation
compared to controls ([NF treated 370 + 49% of initial pCa
6.3 vs control 74 * 10%, n=6, p<l.05) which was not additive
with carbachol-induced sensitization. However, strips treated
with sphingomyelinase for 45 minutes in Gl showed no
significant change in the pCa 6.3 contractile response (67 7
of initial pCa 6.3).

In conclusion, recombinant TNF-a caused a potentiation of
agonist-induced bronchial smooth muscle contion in vitro
which may contribute to the bronchial hype onsiveness in
asthma This study has revealed that the mechn for this
potentiation is via a TNF-a-activated calcium sensitization but
does not appear to involve a ceramide activated pathway.

Wheller, A. P., Jesmok, G. & Grigham, K. L. (1990) J. 4pp.
Physiol. 68, 2542 - 2549.



175P PHARMACOLOGICAL DIFFERENCES BETWEEN THE BINDING OF ['51]EL8 AND UNLABELLED fL8 TO THE HUMAN
RECOMBINANT CXCR1 AND CXCR2 RECEPTORS

C. Browning, I.J.M Beresford, D.A. Hall & H. Giles. Receptor
Pharmacology, GlaxoWellcome Medicines Research Centre, Gunnels
Wood Road, Stevenage, Herts, SG1 2NY.

Interleukin-8 (IL8) is a pro-inflammatory chemokine involved in the
recruitment of neutrophils to sites of inflammation. This effect is
mediated by CXC chemokine receptors 1 and 2 (CXCRl and 2).
(Oppenheim et aL, 1991). Conventional saturation binding
experiments require the use of large amounts of radioligand, which
presents substantial difficulties for radio-iodinated compounds, such as
['25II]L8. To circumvent this problem, binding parameters of radio-
iodinated ligands are frequently determined by either (i) 'spiking' the
radioligand with the non-iodinated ligand and peforming saturation
binding, or (ii) using homologous competition experiments. However,
a key assumption in using either experimental design is that both
radioligand and homologous cold ligand have the same KD value for
the receptor (Hulme & Birdsall, 1992). We report data which
suggests that this is not the case for IL8 and ['nI]IL8 binding to
recombinant CXCR1 and 2 receptors.

Membranes from CHO cells stably expressing CXCR1 or CXCR2
were prepared. Bound radioligand was measured using a scintillation
proximity assay (SPA). Briefly, membranes (10 and 100 gg protein
for CXCR1 and CXCR2 respectively) were incubated with 0.5 mg
SPA bead and increasing concentrations of ['"I]IL8 (0.5 pM - lnM,
sauration binding), or 50 pM [lnI]1L8 in the presence of increasing
concentrations of cold IL8 (0.4 pM - 0.1 pM; competition binding) for
eight hours. For spiking experiments, membranes were incubated with
['25II]L8 (2.5 pM - 5 nM) after the specific activity had been reduced
10-fold by adding a 9-fold molar excess of cold IL8. Non-specific
binding was determined using a saturating concentration of IL8. IL8
was radioiodinated by Amersham Life Science using sodium
['12I]iodide and lactoperoxidase. B.. and pKD values were estimated
by direct non-linear regression and expressed as mean ± s.e.mean of 3

experiments. Data was analysed statistically using one-way analysis
of variance followed by a Tukey-Kramer test for significance.

1L8 competed for ['"I]RL8 at the CXCR1 receptor with a pKi value
which was 6.9 fold lower (P<0.05) than the pKD determined from
unspiked saturation experiments (Table 1). Spiked saturation
experiments yielded a pKo value not significantly different from the
pKi (P>0.05), but 6.2 fold lower (P<0.05) than the pKD determined
from unspiked saturation experiments. Data obtained for CXCR2
showed a similar trend, with a pKD derived from spiked saturation
experiments which was significantly lower (P<0.05) than the pKD
determined from unspiked saturation. B.. estimates obtained from
competition and spiked saturation binding at CXCR1 and CXCR2
were approximately five and two fold higher (P<0.05), respectively,
than the B.. values obtained from unspiked saturation experiments.

Table 1

CXCR1 CXCR2

pKiJpK B.ax' pKDpK. Bmul
Control Saturation 9.64 ± 0.03 20 ± 2 9.41 ± 0.03 1.1 ± 0.1
Spiked Saturation 8.85 ± 0.02 97± 3 9.04 ± 0.09* 2.4 ± 0.1
Competition 8.80 ± 0.05* 93± 8* 9.22 ± 0.03 1.7 ± 0.2
* P<0.05 vs pKD or B.. (control saturation). ' pmoles/mg protein

These results demonstrate that ['25I]IL8 and cold IL8 are not
pharmacologically identical and the use of cold IL8 to determine KD
and B.. values yields erroneous results. Therefore, results derived
from such experimental paradigms should be treated with caution.

Hulme, E.C. & Birdsall, N.J.M. in Receptor-Ligand Interactions ed.
Hulme, E.C. pp 177-212. IRL Press.
Oppenheim, J.J., Zachariae, C.O.C., Mukaida, N. et al. (1991) Annu.
Rev. Immunol., 9, 614-648.

176P SPERMINE SUPPRESSES L-ARGININE TRANSPORT ACTIVITY IN RAT ALVEOLARMACROPHAGES (AM4) WITHOUT
DIRECTLY INHIBTIING TRANSPORT

J. M6ssner, R. Hammermann, I. Wessler* & K. Rack6, Institute
of Pharmacology & Toxicology, University of Bonn, Reuterstr.
2b, D-53 113 Bonn, Germany; *Dept. Pharmacol., Univ. Mainz,
Germany.

Certain polyamines, such as spermine have been shown to inhi-
bit nitrite production in immuno-stimulated macrophages and it
was suggested that polyamines may suppress the induction of
iNOS (e.g. Szab6 et al., 1994). NO synthesis by iNOS largely
depends on the supply of the substrate L-arginine (L-Arg)
which is taken up by the cells via specific cationic amino acid
transport systems (see Closs, 1996; Hirschmann et al., 1997). In
the present study it was tested whether the polyamine spermine
might affect L-Arg transport in rat AMC, cells in which iNOS
plays a particular role (e.g. Hey et al., 1995).

Rat AMO (0.5*106 cells per well) were cultured for 20 h in
DMEM-F12 medium containing 5 % FCS (see Hey et al., 1995)
in the absence or presence of 1 gg ml-' lipopolysaccharides
(LPS) and/or spermine (1 - 100 EgM). Thereafter, L-Arg uptake
was studied by measuring the cellular radioactivity after 2 mm
of incubation with 3H-L-Arg (37 kBq, 0.1 jM). Data are ex-
pressed either in absolute terms (d.p.m.) or as % of the uptake
observed in controls of the respective cell preparation, means±
s.e.mean ofn experiments are given.

3H-L-Arg accumulated in rat AMO, which had been cultured
under control conditions, amounted to 4 874±324 d.p.m.
(0.5* 106 cells)l (n=21). When spermine (up to 100 jM) was
present only during the acute uptake period, it had no signifi-
cant effect on 3H-L-Arg uptake. However, when spermine (10

and 30 gM) was present during the 20 h period of culture, the
subsequently studied 3H-L-Arg uptake was reduced by 86±2
and 95±1 %, respectively, whereas at lower concentrations (1
and 3 jIM), spermine had no significant effects (n=3-9). It
should be noted that in rat AMD cultured under control condi-
tions iNOS is already expressed, but iNOS activity is largely
enhanced after culture in the presence of LPS (Hey et al., 1995;
Hammermann et al., 1997). On the other hand, after culture in
the presence of LPS, 3H-L-Arg uptake was not significantly
affected and spermine also inhibited 3H-L-Arg uptake in LPS-
stimulated cells. Spermine (10, 30 and 100 gIM) reduced 3H-L-
Arg uptake by 92±2, 96±1 and 98±0.2 %, respectively, whereas
3 gIM spermine had no significant effects (each n=3).

In conclusion, in rat AMD spermine does not interfere directly
with the L-Arg transport, but following prolonged exposure can
cause reduction of the L-Arg transport activity in these cells.
Suppression of cationic amino acid transporter activity may be
one mechanism by which polyamines can exert inhibitory ef-
fects on NO synthesis in macrophages.

Closs, E.I. (1996) Amino Acids 11, 193-208.
Hey, C., Wessler, I. & Rackl, K. (1995) Naunyn-Schmiede-
berg's Arch. Pharmacol., 351, 651-659.
Hammermann, R., Hirschmann, J.,Folkerts, J.G., Nijkamp, F.P.
Wessler, I. & Rackd, K. (1997) This meeting.
Hirschmann, J., Hey, C., Harnmermann, R. et al., (1997) This
meeting.
Szab6, C., Southan, G.J., Wood, E., Thiemermann, C., & Vane,
J.R. (1994) Br. J. Pharmacol., 112, 355-356.



1W77P NHIBN ON OF L-ARGININE TRANSPORT IN RAT AND GUINEA-PIG ALVEOLAR MACROPHAGES (AMP) BY
POLY-CATIONIC PEPTIDES

J. Hirschmann, C. Hey, R. Hammermann, J.G. Folkerts*, F.P.
Nijkamp*, G.J. Gleich0, I. Wessler' & K. Racki, Institute of
Pharmacology & Toxicology, University of Bonn, Reuterstr. 2b,
D-53113 Bonn, Germany; *Fac. Farmacie, Univ. Utrecht,
Netherland; *Dept Immun. & Med., Mayo Clinic & Found.,
Rochester, USA; 'Dept. Pharmacol., Univ. Mainz, Germany.

L-Arginine (L-Arg) serves as substrate ofNO synthase and argi-
nase, enzymes which play a particular role in AMO (Hey et al.,
1995). The cellular uptake of L-Arg is carried out by specific
cationic amino acid transporters (CATs). Eosinophils can re-
lease cationic proteins such as major basic protein (MBP) or eo-
sinophilc cationic protein (ECP) which appear to be involved in
the development of airway hyperresponsiveness (Gleich et al.,
1993). Biological effects of MBP can be mimicked by poly-L-
arginine (p-L-Arg) or poly-L-lysine (p-L-Lys) (e.g. Coyle et al.,
1993). Here, it was tested whether cationic peptides may affect
transport ofL-Arg in AM0.

Rat or guinea-pig AMO (3*106 cells per well) were cultured for
20 h in DMEM-F12 medium containing 5 % FCS (see Hey et
al., 1995). Thereafter, L-Arg uptake was studied by measuring
the cellular radioactivity after 2 min of incubation with 3H-L-
Arg (37 kBq, 0.1 jIM).

Under control conditions, rat and guinea-pig AMO accumulated
20 239%1 340 (n=57) and 75 720±12 530 (n=22) d.p.m. 3H-L-
Arg per 3*106 cells, respectively (meansis.e.mean of n experi-
ments). 3H-L-Arg uptake was inhibited by p-L-Arg (5 000-
15 000), p-L-Lys (4 000-15 000), protamine or MBP as summa-
rized in Table 1.

Table 1. Concentration-dependent effects of cationic peptides
in the absence or presence of 100 gg/ml heparin on 3H-L-Arg
uptake in rat and guinea-pig AMO expressed as % of respective
controls.

10 30 100 300 pg/ml
RatAMO:
p-L-Arg 74±22 52+14 35±9" 16±4"
p-L-Arg+heparin 130±1+ 127±4+
p-L-Lys 122±9 106±8 62±5 58±3
p-L-Lys+heparin 143i15+ 130±8+
Protamine 102±5 91±4 78±5 51+4

MBP 90±3 77±2 67±5

Guinea-RigAMP:
p-L-Arg 63±9* 42±6 33±6
p-L-Arg+heparin 137±4+ 96±1+

meanms.e.mean, n=3-8; *P<0.05, **P<0.01 vs respective con-
trols; +P<0.01 vs respective value in the absence ofheparin.

In conclusion, L-arginine transport in AMO can be inhibited by
cationic peptides, an effect which may contribute to the biologi-
cal effects of eosinophils-derived cationic peptides.

Coyle, A.J., Ackerman, S.J. & Irvin, C.G. (1993) Am. Rev.
Respir. Dis., 147, 896-900.
Gleich, G.J., Adolphson, C.R. & Leiferman, K.M. (1993)AnmL
Rev. Med. 44, 85-101.
Hey, C., Wessler, I. & Racke, K. (1995) NaunynSchmiede-
berg's Arch Pharmacol., 351, 651-659.

1 78P TEMPORAL AND SPATIAL EXPRESSION OF THE INDUCIBLE ISOFORMS OF CYCLOOXYGENASE, NITRIC OXIDE
SYNTHASE AND HEME OXYGENASE IN TISSUES FROM RATS INFUSED WITH LPS IN THE CONSCIOUS STATE

A. Tomlinson, S.M. Gardiner*, D. Willis, J. All, PA Kemp*,
DA Willoughby and T Bennett*. Department of
Experimental Pathology, William Harvey Institute, St.
Bartholomew's Medical College, London ECIM 6BQ, and
School of Biomedical Sciences, Nottingham University
Medical School, NG7 2UH.

We have, in previous studies, analysed the regional and
cardiac haemodynamic effects of a continuous infusion of
LPS in conscious rats, and provided evidence for
involvement of complex interactive mechanisms (Gardiner
et aL, 1995). In the present work, using this model of
endotoxaemia, we have investigated tissue changes in the
inducible isoforms of cyclooxygenase (COX-2), nitric oxide
synthase (iNOS) and heme oxygenase (HO-1) by Western
blotting and immunocytochemical techniques (Tomlinson
et aL, 1994; Willis etaL, 1996).

Male, Long Evans rats (350450 g were anaesthetised
(sodium methohexitone, 4060 ng kg-', supplemented as
required) and had catheters implanted in the right jugular
vein. The following day, an infusion of saline (n = 12) or
LPS (E.coli serotype 0127: B8, Sigma, 150 pg kg' hI') (n = 12)
was begun, and at 6 h or 24 h, 6 animals from each goup
were anaesthetised (sodium pentobarbitone, 60 mg kg- i.v.)
and decapitated, and tissues (heart, kidney, lung, liver,
spleen, mesentery, aorta) were frozen in isopentane pre-
cooled in liquid N2, and processed for the expression and
localisation of COX-2, iNOS and HO-1 protein by Western
blotting and Immunocytochemistry.

In all tissues from saline-treated control animals, at both 6
and 24h, all three inducible enzymes were detected by
Western blotting, with no change between the time points.
Constitutive expression of iNOS has been reported by others
(e.g., Park et aL, 1996; Hoffman et aL, 1997). In animals
given LPS for 6h, densitometry ofWestern blots showed a 6-
fold increase iNOS protein in lung and 4-fold in spleen;
COX-2 expression was unchanged in all tissues. After 24 h

infusion of LPS, iNOS protein had returned to control
values in all tissues. In contrast, all tissues showed at least
a 2-fold increase in HO-1 protein (except spleen, which has
high endogenous HO- 1 levels), with a 4-fold increase in lung.
As at 6h, no detectable change in COX-2 protein expression
was observed.

In general, where Western blotting indicated an increase in
protein, this was mirrored by an increase of
immunolabelling, especially in influxing inflammatory
cells. However, cells were observed to be immunopositive
for iNOS at 6h and for COX-2 at 6 and 24h, where Western
blotting indicated no change. This probably reflects
differences in sensitivities of the techniques. Combined
results from these two experimental approaches suggests a
less pronounced pattern of COX-2 expression than for the
other two inducible enzymes. iNOS was induced in most
tissues at 6h, with a return to control values by 24h. In
contrast, there was a marked induction of HO-1 after 24h
LPS infusion, indicative of a stress response feasibly
mediated by nitric oxide, since previous findings indicate
expression of COX-2 and iNOS is associated with pro-
inflammatory events, whilst that of HO-i, a stress protein,
coincides with inflammatory resolution (Tomlinson et aL,
1994; Willis et aL, 1996). The temporal pattern of changes is
consistent with our earlier studies showing maximum iNOS
activity at 6h, but maximum vasodilatation 24h after onset
of LPS infusion (Gardiner et aL, 1995). The present findings
indicate that HO-1 may contribute to the delayed
vasodilatation.

Gardiner, S.M. et aL (1995). Br.J.Pharmacol., 116, 2005-
2016.
Hoffnan, RA etaL (1997). Am.J.Physiol., 272, G383-G392.
Park, C.-S. et aL (1996). Life Sci. 59, 219-225.
Tomlinson, A. et aL (1994). Br.J.Pharmacol., 113, 693-698.
Willis, D. et aL (1996). Nature (Med.), 2, 87-89.



1 79P APOPTOSIS INDUCED BY MONOCULAR DEPRIVATION IN THE LATERAL GENICULATE NUCELUS (LGN) OF NEW-
BORN RATS IS PREVENTED BY N@-NITRO-L-ARGINI-METHYL-ESTER (L-NAME)

C. Nucci, S. Piccirifi'2, M. Lombardo', G. B ue- . G
Nisticb & L Cerull Depts. of Surgery and 'Biology, Univ. of
Rome "Tor Vergata", Via Raimondo 00173 Rome, IRCCS S.
Lucia, Via Ardeatina 00179 Rome, 3Dept of Pharnaco-Biology,
Calabria Univ., 87030 Cosenza & 4'Mondino-Tor Vergata"
Center for Exp. Neurobiol. Univ. ofRome "Tor Vergata" Rome,
Italy.

During early post-natal life, the mammalian visual system is
particularly susceptible to plastic adaptation in response to
altered experience. Brief occlusion of vision in one eye during
this period causes the initially binocular visual cortex to respond
almost exclusively to stimulation of the unoccluded eye. So that
vision in the deprived eye is irreversibly impaired. Anatomically,
monocular deprivation (MD) causes cell shrinkage in the LGN
and a reduction of geniculo-cortical axon arbors connected with
the deprived eye (Rauschecker, 1991). Here we report that MD
induces apoptosis in the LGN of new-born rats and this is
prevented in a stereoselective fashion by L-NAME, an inhibitor
of nitric oxide synthase (NOS). The right eyelid of Long Evans
new-born rats (post-natal day=15; n=6 per group) were sutured
for 2, 7 and 14 days. Age-matched, non-deprived rats (n=6 per
group) were used as controls. Serial brain coronal sections
(15m) were processed for in situ detection of DNA
fragmentation according to the TUNEL technique (Gavrieli et
al., 1992). Morphological characteristics and cell counting of
adjacent brain sections were assessed under light microscopy
using haematoxylin and eosin (H&E) staining as previously
described (Nucci et al., 1997). DNA fragmentation (TUNEL +
cells) was observed in areas of sections (n=6 per brain)

corresponding to (Pellegrino et al., 1981) the LGN of rats
deprived for 2 days (8.5+0.3), 7 days (8.0+0.3) and 14 days
(8.0+1.1). Nuclear chromatin marginalization and condensation,
typical features of apoptosis, were observed in H&E stained
sections. No TUNEL + cells were observed in the LGN of
controls. In adjacent sections (n=6 per brain) stained with H&E,
the total number of cells was counted (lOOx magnification) in
176pm2 to include approximately the whole LGN area and the
resulting meansus.e.m. from MD and controls evaluated
statistically for differences. The results are given in Table 1.

Table 1: L-NAME prevents cell loss caused by monocular
deprivation (MD) in the LGN ofnew-born rats

Days NO of rats Control MD MD+L-NAME
2 6 62.4+0.7 54.9+0.4*
7 6 63.3+0.9 40.1+1.0* 66.1+0.6
14 6 62.4+2.1 28.2+0.3*

*p<0.05 vs age-matched controls (Student's "t" test)

As shown in table 1, treatment with L-NAME (3mg kg ', given
i.p. twice daily for 7 days, n=6) reduced 7 days MD-induced cell
loss in the LGN and the number ofTUNEL + cells (0.2+0. 1) did
not differ from control (p>0.05). In all instance, D-NAME (same
doses as for L-NAME) resulted ineffective.

Gavrieli, Y. et al. (1992) JCell Biol 119,493-501.
Pellegrino, L.J. et al. (1981) A Stereotaxic Atlas of the Rat
Brain. Plenum Press, London.
Nucci, C. et al. (1997) Neurosci Lett 229,185-188.
Rauschecker, J.P. (1991) Phsiol Rev 62,587-615.
Partial financial support from the CNR (Rome).

1 80P EVIDENCE THAT INDOMETHACIN PREVENTS APOPTOSIS INDUCED BY HUMAN IMMUNODEFICIENCY VIRUS
TYPE 1 (HIV-1) COAT PROTEIN gpl2O IN THE NEOCORTEX OF THE RAT

"2G. Baaetta, 3M.T. Corasaniti, 2A.M. Paoletti, 2L.
Berliocchi, 3N. Costa, 4A. Finazzi-Agr6 & 5G. Nstic6 'Dept of
Pharmaco-Biology, Calabria University at Cosenza (Italy);
2"XMondino-Tor Vergata" Center for Exp Neurobiol at IRCCS
Santa Lucia, Rome; 3Faculty of Pharmacy & IBAF-CNR,
Catanzaro (Italy); 4Dept of Exp Med & Biochem Sci & 5Dept of
Biology, University ofRome "Tor Vergata", Rome.

Recently, we have shown that intracerebroventricular (i.c.v.)
injection of gpl20 causes apoptosis in the brain neocortex of rat
(Bagetta et al., 1996ab) and suggested that this may be
implicated in neuronal loss often described at post-mortem in the
brain of patients suffering from AIDS-associated neurological
syndrome (see Bagetta et al., 1997). Here we report that gpl2O
enhances cyclo-oxygenase type 2 immunoreactivity (COX2-I)
and increases PGE2 in the rat brain and this may be involved in
the mechanisms of gpl2O-induced apoptosis because the latter is
prevented by indomethacin, an inhibitor of COX activity. HIV-1
gp120 IIB (lOOng) or bovine serum albumin (BSA; lOOng) were
administered (i.c.v.) daily for 7 days to individual rats with a 5W1
Hamilton syringe (1W4 volume) as previously described (Bagetta
et al., 1996a). In the antagonism study, gpl20 injection was
preceded (lh beforehand) by indomethacin (3.0 and 6.0 mgkg-'
i.p.). Apoptosis was assessed in coronal tissue slices (n=6 per
brain) from the brain of rats sacrificed 24h after the last injection
of gpl20 by using the in situ terminal transferase (TUNEL)
method, haematoxylin and eosin staining and transmission
electron microscopy (TEM) (see Bagetta et al., 1996ab).
Cryostat brain sections (30gm) were incubated with a polyclonal
rabbit anti-mouse antibody (Cayman Co.; diluted 1:1500) to

detect COX2-1.Whole brain tissue content of PGE2 was assayed
by ELISA using a commercial kit (Cayman Co.). Quantification
of apoptotic (TUNEL+ cells [1 161 m2]l) cells and COX2-I cells
([4753 m2]-I) in the brain neocortex was performed according to
Bagetta et al. (1996a, 1997). In the neocortex of rats, gpl20
causes in situ DNA fragmentation, nuclear chromatin
marginalisation and condensation. Apoptotic cell counts are
given in Tablel.

Table 1. Indomethacin reduces the number (mean+s.e.m.) of
TUNEL+ cells yielded by 7 days i.c.v. injection of gp120 in the
untreated (U) and treated (T) side ofthe rat neocortex.

Treatment NO of rats U T
gpl20(100ng,i.c.v.) 6 1,8+0,4 3,6+0,4
gpl2O+Indo (3.0 mgkgl) 6 2,1+0,4 2,5+0,4
gpl20+Indo (6.0 mgkgl) 6 0 2+0,1* 0,5+0,1*
*P<*01 vs gp120 (ANOVA & Tukey-Kramer test).

The viral protein also increased COX2-I cells (gpl20=1 13.8+9.4
vs BSA=81.8+1.4; P<0.01, Student's "t" test) in the same region
of the rat (n=12) brain. The latter effect coincided with a 50%
increase in brain (n=6 per group) PGE2 content
(gpl20=1474+424 vs BSA=992+281, ng PGE2/g tissue) and this
may be involved in gpl20-induced apoptosis because the latter
was prevented by indomethacin (Table 1).
Supported by Calabria Region (POP 1997) and by the X AIDS
Project, Istituto Superiore di Sanita, Rome (Italy).
Bagetta G., et al. (1996a) Proc. Nati. Acad Sci. USA 93,928-
933.
Bagetta G., et al. (1996b) NeuroReport 7,1722-1724.
Bagetta G., et al. (1997) Neurosci. Lett. 224, 75-78.



181 P THE USE OF A SCINTILLATION PROXIMITY ASSAY TO DETERMINE THE INTERACTIONS BETWEEN P-AMYLOID
AGGREGATION INHIBITORS AND f -AMYLOIDPEIE

J.E. Swatton, L.R. Howlett & C. Spitzfaden, Smith~in
Beecham Pharmaceuticals, New Frontiers Science Park,
Harlow, Essex, CM19 5AW, UK

We have described the inhibition of beta-amyloid aggregate
formation by a novel series of benzofurans. Although the
compounds prevent the formation of toxic aggregates of the
peptide, the immunoassay and neurotoxicity data do not
provide information on whether the inhibitors actually bind
to the peptide. In this communication, we describe the use of
a scintillation proximity assay (SPA) to study the interaction
between peptide and the aggregation inhibitor SKF-74652
(Howlett et al., this meeting).

SKF-74652 was radiolabeled to 48.7 Ci/mmol by tritium
exchange and was purified on a silica gel Sep-Pak column
(Waters). Beta-amyloid 1-40 peptide (Batch ZM605 -
Bachem) was incubated in the presence of [3H1-SKF-74652,
a mouse monoclonal raised to the 1-16 sequence of beta
amyloid, and anti-mouse SPA reagent (Amersham).
Association of [3H]-ligand and beta-amyloid was
demonstrated by the formation of a complex between
peptide, monoclonal and SPA reagent bringing the
radioactive moiety and SPA reagent into close proximity.

Competition for [3H1-SKF-74652 binding (lOnM) by cold
SKF-74652 was observed between 0.2 and 20 IIM of
unlabelled compound, with a maximum of 56 +/- 2.4%
(mean +/- s.d.; n=4) inhibition at 20jM. Another aggregation
inhibitor of the same chemical series inhibited [3H1-SKF-
74652 binding suggesting competition for the same site

(SKF-64346 (Howlett et al., this meeting): 60 +/- 8 %
inhibition at 20 PM; n=4) whilst an analogue which was
inactive in aggregation assays (SKF-73033) was also
ineffective in preventing binding (IC50>1mM).
Other known inhibitors of beta-amyloid aggregation were
examined in the [3H]-SKF-74652 SPA. Of these,
daunomycin inhibited the binding (IC50 26 +/- 12pM; n--4)
whilst benzoquinone was ineffective (IC50 > 1mM).

Although competition was observed between tritiated and
unlabelled SKF-74652, in a typical experiment the total
binding of SKF-74652 increased exponentially from 0.16
pmole/nmole beta 1-40 at 31 nM to 0.77 nmole/nmole beta
1-40 at 203 pM free SKF-74652 (this was repeated 3 times).
SPA signal was not detected in the absence of beta 1-40
peptide. Attempts to demonstrate association between
peptide and inhibitor by nuclear magnetic resonance
spectroscopy indicated that self-aggregation of SKF-74652
(and SKF-64346) occurred at high concentrations (200p)
of benzofuran. Thus, it would appear that the increases in
binding are associated with concentration-dependent co-
aggregation of SKF-74652 (incorporating tritiated ligand)
and subsequent binding to beta-amyloid peptide.

These data, together with the anti-aggregation results
(Howlett et al., this meeting), suggest that inhibition of
formation of toxic aggregates of beta-amyloid by SKF-
74652 is associated with production of non-toxic beta-
amyloid/SKF-74652 complexes.
Howlett, D.R. et al., (1997) This meeting

182P PROGESTERONE INHIBITS NICOTINE-EVOKED RELAXATION OF THE GUINEA-PIG ISOLATED BASILAR ARTERY

K.F. Rhodes, J.C. Buckiiqgham & C. Kennard,1 Department of
Neuroendocrinology and Department of Sensorimotor Systems,
Imperial College School of Medicine, Fulham Palace Road,
London, W6 8RF, U.K.

O'Shaughnessy & Connor (1994) have described an in vitro
method for stimulating trigeminal terminals of the guinea-pig
basilar artery (GPBA) with nicotine. A nicotine-evoked
relaxation was substance P-mediated and blocked by
sumatriptan or capsaicin. Progesterone has been shown to
inhibit plasma protein extravasation in the dura mater following
trigeminal stimulation in an in vivo model in the rat (Limmroth
et al., 1996) and is reported to block neuronal nicotinic receptor
responses in mouse-brain synaptasomes (Bullock et al., 1997).
We have investigated the effects of progesterone in an in vitro
model using the GPBA.

Male, Hartley guinea-pigs (250-400g) were killed by stunning
and exsanguination. Ring segments (1.5-2 mm in length) of the
GPBA were mounted on tungsten wires (0.1mm diameter) in
10ml tissue baths under a tension (isometric recording) of 0.4g.
Tissues were maintained in Krebs' solution at 370C, gassed with
5% CO2 in 02 for 90 min before a concentration-response curve
to prostaglandin F2a (PGF2a, lOnM-l0iM) was obtained.
Substance P (3nM) was added to confirm an intact endothelium.
Tissues were then washed and equilibrated with guanethidine
(3gM) and atropine (3itM). After lh tissues were re-contracted
with PGF2a (1 or 3pM) and the nicotine (0.1mM) relaxation was
determined. Tissues were washed before progesterone (0.1 or
IgM) or vehicle (ethanol, final concentrations 0.1 and 0.01 .Wml
respectively) was incubated with the tissues for 60min. Tissues
were then re-contracted with PGF2a and the response to nicotine
obtained. One concentration of progesterone was tested in a
tissue. The ratio of the response to nicotine in the presence of
progesterone or vehicle (S2) with the initial response to nicotine

(SI) was calculated in each tissue. Mean values ± s.e. mean are
quoted.

The maximum increase in tension with PGF2a in control tissues
was 0.52±0.05g and the relaxation evoked by the first exposure
to. nicotine was 0.15±0.04g (n=10). Only 50% of tissues
responded to nicotine. A significant reduction in the nicotine
response was seen in the presence of progesterone (1IM). The
nicotine S2:S1 ratios were 0.28±0.03 and 1.06±0.16 in the
presence of progesterone (1 M) and ethanol vehicle
respectively (p=0.008, paired t test, n=5). Progesterone
(0.1uM) did not significantly reduce nicotine-evoked
relaxations, S2:S1 ratios being 0.48±0.07 and 0.74±0.19 in the
presence of progesterone (0.1 M) and ethanol vehicle
respectively (p=0.180, paired t test, n=6). Responses to PGF2a
(1 or 3±M) were not significantly different in progesterone (0.1
or 1IgM) and vehicle treated groups (S2:S1 ratios 1.06±0.08,
0.97±0.03, 0.98±0.02 and 0.99±0.06 for progesterone 1IM
0.1 M and their respective ethanol vehicle controls, n=5).

The results show that nicotine-evoked relaxation of the GPBA is
blocked following lh equilibration with a high concentration of
progesterone (1 gM). The mechanism of action of progesterone
is unknown but high concentrations of progesterone have been
reported to block the ion channel of the neuronal nicotinic
receptor (Bullock et al., 1996; Ke & Lucas, 1996). A GABAA
receptor mechanism is also possible (Limmroth at al., 1996).

This work was supported by the Migraine Trust.

Bullock, A.E. etal. (1997) J. Neurochem. 68, 2412-2423.
Ke, L. & Lucas, R.J. (1996) J. Neurochem. 67, 1100-1112.
Limmroth, V. et al. (1996) Br. J Pharmacol. 117, 99-104.
O'Shaughnessy, C.T. & Connor, H.E. (1994) Eur. J.
Pharmacol 259, 37-42.



183P EFFECTS OF A BRIEF SWIM STRESSON PLASMA CORTICOSTERONE AND BRAIN MONAMINE LEVELS N MICE
WITH GENETIC MANIPULATION OF aoc-ADRENOCEPTOR EXPRESSION

E. MacDonaldl, J. Sallinen2, T. Viitamaa3, A. Haapalinna3,
M. Scheinin2, R.E. Link4 & B.K. Kobilka4, 1Dept. Pharma-
col. & Toxicol., Univ. Kuopio, PL 1627, Kuopio, 2Dept
Pharmacol., Univ. Turku, Kiinamyllynk. 10, Turku, 30rion
Corporation - Orion Pharma, PL 425, Turku, Finland, 4 Dept.
Mol. Cell. Physiol. Stanford Univ., CA 94305, U.S.A.

Recently strains of mice have been genetically manipulated to
either over-express (by three-fold) the a2C-receptor (a2Cxs) or
have receptor inactivation, i.e. so-called knock-out mice
(a2Cko) (Link etaL 1996; Sallinen etal. 1997). It was shown
that though both strains of mice respond to non-subtype
selective a2-agonists with characteristic changes in the levels of
brain monoamine metabolites, there were some subtle
differences (e.g. in levels of homovanillic acid, HVA) between
mutant mice and controls (Sallinen et al. 1997). However, the
central effects of non-subtype selective agonists are
predominantly mediated via a2A-receptor subtype. Therefore
this experiment was designed to investigate the effects of minor
stress on these mice strains, i.e there was no drug intervention.

The characteristics of the a2Cko and a2Cxs mice, including the
method of production have been reported elsewhere (Sallinen et
al. 1997). It should be noted that the strains of mice used to
generate the tansgenics differ. The a2cko mice are pre-
dominantly C57BIJ6J with a contribution of DBA/2J and
129/Sv strains whereas the a2Cxs are derived from FVB/N
strain. This means that they are not mutually comparable i.e.
comparisons are only valid between transgenics and their own
wild type (wt) controls. Each group consisted of 9 or 10 male
mice, average weight 31 ± 0.4 g s.e. mean. The mice were left
to swim for 2.5 min in a 2 1 beaker of water at 25C. After the
short swim, they were placed back in the home cage and 20 min
later they were decapitated, blood drawn for assay of plasma

corticosterone (by RIA) and brain monoamines and metabolites
by HPLC and electrochemical detection. Statistical analysis was
2 factor ANOVA (stress; strain) followed by Scheffe's test.

Plasma corticosterone levels were elevated by the swim stress
but the extent of the increase was somewhat blunted in
transgenics, especially in the a2cxs strain (table 1). Of all the
brain monoamines/metabolites measured, only HVA showed
both strain and stress related significant differences but neither it
nor any other index revealed strain x stress interactions.
Table 1: Concentrations (± s.e. mean) of corticosterone in
plasma and HVA in mouse brain 20 min after a 2.5 min swim
a2Cko mice Corticosterone (ng/ml) HVA (nmol/g)

wt a2Cko wt a2Cko
Control 19.0±3.3 15.5±3.7 1.13±.04 1.04±.03
Swim 99.7±10.8# 80.0±5.8# 1.36±.04# 1.26±.04#
a2C15 mice
Control 32.6±7.8 38.6±16.8 0.65±.02 0.82±.07*
Swim 170.0±8.8# 138.5±1 1.1*# 0.88±.04# 0.89±-06
* Significant difference; transgenic vs wt (P<0.05)
# Significant difference; swim vs control (P<0.05 at least)

In conclusion, manipulation of a2C-adrenoceptor gene express-
ion either by knock-out or over-expression does not eliminate
physiological or neurochemical responses to minor stress.
However, in mice with a2C-receptor over-expression, there did
seem to be a blunting of the responses. This may mean that
these mice are constitutively stressed and the stress-relieving
properties of a2-agonists are mediated, at least partly, via a2C-
adrenoceptors.

Link, R.E., Desai, K., Hein, L. et al. (1996). Science 273,
803-805.
Sallinen, J., Link, R.E., Haapalinna, A. et al. (1997) Mol.
Pharmacol. 51,36-46.

184P THE ROLE OF 5iHTlb RECEPTORS IN THE MODULATION OF PLASMA ACTH LEVELS

T. Ashmeade & C. Routledge, Department of Neuroscience Research,

SmithKline Beecham Pharmaceuicals, New Fronteirs Science Park,

Harlow, Essex, CM19 5AW.

Measurement of neuroendocrine responses to a 5-HT drug challenge

provides a valid means of assessing brain 5-HT function in both animals

and humans (Cowen, 1993). In the present study the role of 5-HTIB
receptors in the modulation of plasma ACTH levels was evaluated using

a repeat sampling, cannulation method.

Male Sprague Dawley rats (250-300g) were anaesthetised with

Sublimaze (0.9ml/lOOg i.p.) and Domitor (0.4ml/lOOg i.m.) and the

jugular vein and carotid artery cannulated. Animals were allowed to

recover overnight before blood collection (O.5ml) via the arterial

cannula commenced. Following collection of baseline samples, drugs

or vehicle were administered and 4 further samples were collected at 30

min intervals. ACTH levels in blood samples were detected using a

Diagnostic Systems Laborotories, Inc, RIA kit. Data was analysed

using ANOVA followed by least significance difference t-test, using

SAS-RA software. Significance was taken at the p<0.05 level.

Using this cannulation technique it was feasible to monitor drug induced

changes in plasma ACTH levels over a 3-4h time period. The mixed 5-

HTlA/lB/lD receptor agonist SKF-99101 (20 mg/kg i.p., Hatcher et al.,

1995) caused a significant (p<0.05) increase in plasma ACTH levels 30

imi post administration when compared to vehicle controls. Levels

reached 464.8 ±101.9 pg/ml (n=4) compared to vehicle control levels of

97.5 ± 36.7 pg/ml (n=4).

The selective 5-HTIB receptor antagonist, SB-224289 (Roberts et al.,

1997) at doses of 2, 4 and 8 mg/kg p.o., had no significant effect on

plasma ACTH levels per se, though a small transient increase in ACTH

levels was observed at the 4mg/kg dose. At a dose of 2 mg/kg, SB-

224289 had no significant effect on the SKF-99101 response. In

contrast, at a dose of 4 mg/kg and 8 mg/kg SB-224289 significantly

(p<0.05) attenuated the SKF-99101 induced increase in plasma ACTH

levels.
The 5-HTIA receptor antagonist, WAY-100635 (1 mg/kg i.p.), elicited

a transient, but non-significant increase in plasma ACTH levels when
compared to vehicle controls, lh post treatment. Pretreatment with

WAY-100635 (1 mg/kg i.p.) partially attenuated the effects of SKF-

99101, however, this effect did not achieve significance.

The present study has validated the cannulation technique as a robust

method for monitoring changes in plasma ACTH levels over time.

Lack of effect of WAY-100635 on the SKF-99101 response and the

attenuation of this response by the selective 5-HT1B receptor
antagonist, SB-224289, suggests that 5-HT1B receptors modulate

changes in plasma ACTH levels. In addition, these data provide a

pharmacodynamic model for measuring 5-HTIB receptor function in

vivo, which may be transferable to man.

Cowen P. J. (1993) Clinical Neuropharmacology 16, 56-S18.
Roberts C., Price G.W., Gaster L. et al. (1997) Neuropharmacology 36,
549-557.
Hatcher J.P., Slade P.D., and Hagan J.J. (1995) J. Psychopharmacol. 9,
234-241.
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Despite extensive hybridization screening in multiple species and
tissues under both high and low stringency conditions, molecular
studies identify only two CCK receptor family members, CCK-A
and CCK-B (Wank et al., 1994). Suggestions of further
heterogeneity have arisen from a variety of studies in the literature.
The glycine-extended precursor of bioactive amidated gastrin G-
Gly, was recently reported to cause potent proliferative effects via
a putative novel site on AR4-2J cells with maximal effects at
0. nM, four orders of magnitude below its CCK-B receptor
affinity, which were not blocked by the antagonist L-365,260
(Todisco et al., 1995). Novel gastrin receptors were also
proposed to mediate mitogenic effects of gastrin and G-Gly in
CCK receptor-lacking Swiss 3T3 cells (Singh et al., 1995).
Growth-promoting effects of CCK have been documented in a
variety of tissues and cells of erieral origin, including gastric,
pancreatic and lung cancer cell lines, but there is less information
regarding proliferative effects in neuronal or pituitary tissue. We
therefore examined effects of CCK and G-Gly on mitogenesis in
GH3 cells, previously shown to express a single population of
functionally coupled CCK-B receptors (Smith et al., 1994).

Cells were seeded at 5-8xIO4/ml in poly-L-lysine-coated 24-well
plates and allowed to attach for 24h in serum-containing medium
(1:1 DMEM/Hams FIO + 15% horse serum). A change to serum-
free conditions was achieved over a 24h period with two changes
of medium. Peptides were then added in fresh serum-free medium
for a further 72h and lILCi/well [3H]thymidine was present for the
final 24h. Antagonists were added lh prior to agonists.

CCK peptides elicited small but significant dose dependent
increases in growth over 3 day periods in the absence of serum as
determined by [3Hlthymidine incorporation. CCK-8s, gastrin(l-
17) and G(1-17)-Gly all produced similar maximal increases over

control growth of 39±10% (P=0.002, n=20), 40±1 1% (P=0.007,
n=9) and 44±14% (P=0.019, n=7) respectively. Significance of
difference from control was determined by unpaired two-tail t-
Test. Interleukin-2, a potent mitogen for GH3 cells, was routinely
included as a control (252±33% increase in cell proliferation).
CCK-8s responses were maximal at lOOnM with an EC5o of
0.12nM. The CCK curve was shifted to the right in a parallel
manner in the presence of 1IpM of the competitive CCK-B
receptor antagonist L-365,260 with ICso of 25nM, in good
agreement with the ICso for inhibition of GH3 cell ['25I]BHCCK
binding of 18nM (14;24, n=7) and an apparent pA2 for inhibtion
of proliferation of 8.32. The CCK-A receptor antagonist
devazepide (lOnM) was ineffective against stimulation by lOnM
CCK-8s (35±10% increase over control, n=4). 0.1% DM50
solvent controls were without effect. Gastrin also potently
stimulated cell proliferation with maximal effects at lOOnM which
were also blocked by 1PM L-365,260. G-Gly promoted cell
growth with similar efficacy but markedly lower potency.
Maximum proliferative effects were observed at 1IpM G-Gly
(44±14%, n=7) with no effects observable below lOOnM. The
affinity for displacement of ['25]BHCCK binding from GH3 cells
by G-Gly was l.09pM (1.01;1.17, n=6) and 5.53pM (3.71;5.99,
n=4) in guinea-pig cortex. In the presence of 1pM L-365,260 the
response to 1pM G-Gly was reduced from 44±l4% to 6±7%
(n=4) increase over control. These results are consistent with
Mediation of G-Gly effects via normal CCK-B receptors. L-
365,260 alone reduced control responses from 100±1% to 89±4%
(P=0.018, n=14) and may indicate that GH3 cells produce an
endogenous CCK peptide which influences growth. These results
suggest that GH3 cells do not contain any novel G-Gly-responsive
site and further reinforce the concept of a role for CCK-B
receptors in control of cell proliferation.

Singh, P. et al. (1995) J. Biol. Chem. 270, 8429-8438.
Smith, A.J. et al. (1994) Eur. J. Pharmacol. 267, 215-223.
Todisco, A. et al. (1995) J. Biol. Chem. 270, 28337-28341.
Wank, S.A. et al. (1994) Ann. N.Y. Acad. Sci. 713, 48-66.

1 86P OXYTOCIN AND VASOPRESSIN (V.) RECEPTOR ANTAGONbIS IN HUMAN MYOMETRIUM AT TERM:
COMPLEXITIES IN FUNCTIONAL PHARMACOLOGY

R.J. Wilson, M.J. Allen, H. Giles, A. Mills & S. Thornton', Receptor
Pharmacology Unit, Glaxo-Wellcome Medicines Research Centre,
Stevenage, SG1 2NY and 'Dept. of Obstetrics & Gynaecology, University
of Cambridge, Rosie Maternity Hospital, Cambridge CB2 2SW. UK.

Oxytocin (OT) is a potent uterotonin whose role in normal human
parturition remains controversial. Both OT and vasopressin Via
receptors can be activated by OT to elicit myometrial smooth muscle
contraction. Here we have used L-371,257, a non-peptide OT receptor
antagonist (Williams, et al., 1995) and atosiban, a cyclic peptide
OTNI. receptor antagonist (Fuchs et al., 1989) to probe myometrial
responses to OT. Binding affinities (p&() at cloned human OT and Via
receptors (Allen et al., in press) are: L-371,257 8.1 & 6.2; Atosiban
7.4 & 8.5, respectively.

Briefly, myometrial biopsies were obtained from the lower uterine
segment of women undergoing Caesarean section at term, with full
written consent. Following suspension in siliconised organ baths
containing Krebs solution at 360C for isometric recording, tissue strips
(lOx2x2mm) were allowed to equilibrate for a 90-minute period prior
to addition of antagonist or vehicle. Spontaneous phasic contractions
were observed in 81% of drug-naive tissue strips; quiescent and
spontaneously active strips could be obtained from directly adjacent
smooth muscle. Sixty minutes after addition of antagonist a single
cumulative concentration-effect (E/[A]) curve to OT was obtained.
Contact time for each concentration of OT was 30 min. Curve
parameters were estimated by fitting a four-parameter logistic function
to activity integral data. Data was analysed by one-way ANOVA
followed by Dunnets test. Values quoted as mean ± s.e.mean.

Atosiban and L-371,257 (lIOnM-lpM) reduced spontaneous activity in
a concentration-dependent manner but did not antagonise responses
to exogenously applied OT in a simple competitive manner (Table 1).

Table 1. OT EI[A] curve parameters in the absence and presence of
antagonist (n=4-8). Asymptote describes curve height in integral units
(g.s); CR denotes concentration ratio. * Denotes P<0.05 vs. control.

pECso slope asymptote LogCR
Control 7.56±0.26 2.03±0.61 990±180
lOnM atosiban 7.26±0.28 0.75±0.17 1990±824 -0.04±0.68
3OnM atosiban 7.39±0.29 0.92±0.10 1313±546 0.16±0.37
1OOnM atosiban 7.61±0.50 0.63±0.15 2946±996 -0.04±0.56
300nM atosiban 7.40±0.31 0.49±0.09 2355±743 0.27±0.35
IgM atosiban 6.15±0.54* 0.78±0.14 2011±701 >1.6*
Control 7.92±0.11 1.65±0.55 1334±340
1OnM L-371,257 7.85±0.18 1.74±0.81 719±177 0.1±0.13
3OnM L-371,257 7.81*0.27 2.44±0.91 1258±206 0.16±0.23
lOOnM L-371,257 7.67±0.07 1.81±0.93 1370±295 0.31±0.17*
300nM L-371,257 7.49±0.20 1.58±0.70 2041±410 0.49±0.23*
EIgM L-371,257 7.18±0.20* 1.58±0.56 2012±564 0.80±0.19*

Overall concentration-ratios were smaller than expectations based on
the relative binding affinities of these antagonists. Degradation of OT
by oxytocinase enzymes or supression of basal activity can generate
resistance to antagonism. The oxytocinase inhibitor bestatin (lOOgiM;
Naruki et al, 1996) did not affect OT E/[A] curve parameters (log CR
= -0.03±0.41; n=7). Furthermore, computerised simulations suggest
that suppression of OTNIa receptor-mediated basal activity cannot
account for these results. These complexities in the myometrial
OTNVI system in vitro are the subject of ongoing investigations.
Allen, M., Smith, J., Hampton, S., et al., (1998), Adv. Exp. Med. Biol. (in
press).
Fuchs, A., Vangsted, A., Ivanisevic, M., et al., (1989), Am. J. Perinatol.
6,205-208.
Naruki, M., Mitzutani, S., Goto, K., et al., (1996), Peptides.17, 257-261.
Williams, P., Clineschmidt, B., Erb, J., et al., (1995), J .Med. Chem. 38,
4634- 4636.



1 87P THE THIAZOLIDINEDIONE, MCC-555, REDUCES OB EXPRESSION IN MATURE ADIPOCYTES, BUT NOES NOT ALTER
PLASMA LEPTIN CONCENTRATIONS

Pi. Widdowson, R. Upton, S. Ishii' & G. Williams, Dept. of
Medicine, University of Liverpool, L69 3GA and 'Mitsubishi
Chemical Corp., Tokyo 120, Japan.

Thiazolidinediones enhance insulin action in glucose intolerant
and diabetic rats (Whitcomb and Saltiel, 1995) thereby leading
to increased glucose entry into adipose tissue and an increase in
fat mass. The adipose derived hormone, leptin, a product of the
ob gene, provides feedback information to the brain on the fat
mass. Plasma leptin concentrations are proportional to fat mass
in normal and obese animals (Campfield et al., 1996). We have
investigated the effect of the novel thiazolidinedione, MCC-555
(Upton et al., 1997) on plasma leptin concentrations and ob
mRNA density in white adipose tissue (WAT) of obese Zucker
and diabetic ZDF rats, to investigate whether leptin signals are
altered in response to increasing fat mass.

Groups of male obese (300g) and lean (200g) Zucker rats and
diabetic ZDF (200g) and lean (200g) rats were orally dosed with
MCC-555 (10mg/kg/day) for 21 days. Rats were killed by CO2
inhalation and blood removal by cardiac puncture into cold
heparnised tubes. Gonadal WAT mass was removed, weighed
and snap frozen in liquid N2. Plasma leptin concentrations were
measured by radioimmunoassay. Ob mRNA concentrations
were measured by Northern blotting and expressed as the ratio
of ob mRNA/18S RNA. Ratios were normalised to those
measured in WAT from lean rats. Chronic treatment of MCC-
555 for 21 days resulted in a significant increase in gonadal
WAT pad mass in both obese Zucker rats (MCC-555 treated
obese = 7.6 ± 0.3 g versus controls 6.4 ± 0.3 g, P <0.05,

Student's t-test, mean + s.e.m.) and diabetic ZDF rats (MCC-
555 treated 7.0 i 0.2 g versus controls 5.9 + 0.2 g P<0.01).
Northern blotting demonstrated a significant reduction in ob
mRNA density in MCC-555 treated obese Zucker rats and
diabetic ZDF rats, as compared to controls (ratio ob mRNA/18S
RNA density; Zucker rats, 2.5 + 0.2 versus 3.4 + 0.4 *; diabetic
ZDF rats 1.5 ± 0.2 versus 2.5 + 0.4 *P<0.05, Student's t-tests).
However, plasma leptin concentrations were not significantly
different between MCC-555 treated Zucker rats and controls
(11.7 ± 1.4 versus 9.8 + 1.1) or between MCC-555 treated
diabetic ZDF rats and controls (5.8 + 0.5 versus 5.7 i 0.5)
Microscopic examination of hematoxylin/eosin stained wax
embedded sections of WAT tissue, fixed with formyl saline.
revealed a higher cell density in tissue from MCC-555 treat
Zucker and diabetic ZDF rats, as compared to controls. This is
consistent with data demonstrating that thiazolidinediones can
promote preadipocyte differentiation (Whitcomb and Satiel,
1995). In conclusion, we demonstrate that MCC-555 increases
WAT mass and cell number and produces an opposing
reduction in ob mRNA synthesis thereby cancelling out any
change in plasma leptin concentrations.

Upton, R., Widdowson, P.S., et al. (1997) Br. J. PharmacoL
122, 149P
Whitcomb, R.W. & Saltiel, A.R. (1995) Exp. Opin. Invest.
Drugs 4, 1299-1309.
Campfield, L.A., Smith, FJ & Burn, P. (1996) Horm. Metab.
Res. 28, 619-632.

1 88P THE HYPERPHAGIA IN MODERATE STREPTOZOTOCIN-INDUCED DIABETES IS NOT ACCOMPANIED BY CHANGES
IN HYPOTHALAMIC NPY ACTIVITY

Widdowson. P.S.. *Buckinghm. R.E., *Wilson, S. & Williams,
G. Dept. of Medicine, University of Liverpool, L69 3GA and
*SmithKline Beecham Pharmaceuticals, Harlow CM 19 5AD.

The potent orexigenic neurotransmitter, neuropeptide Y (NPY)
which is found in rat hypothalamus may mediate the
hyperphagic response observed in streptozotocin-diabetic rats
(Frankish et al., 1993). Previous studies have demonstrated
increased hypothalamic NPY synthesis and release in rats with
extreme streptozocin-induced diabetes which is associated with
up to 90 % depletions in plasma insulin concentrations
(Frankish et al., 1993; 1995). As NPY is also activated during
severe weight loss and following large reductions in both leptin
and insulin, we wished to study whether the hypothalamic NPY
system is regulated by moderate reductions in leptin and insulin
in diabetes. Male Wistar rats (200g) were injected with
streptozocin (55 mg/kg) or sterile saline (controls) via the tail
vein under light halothane anaesthesia. Between 14 and 21 days
after the establishment of the diabetes, daily food and water
intake were measured. Rats were then killed by CO2 inhalation,
blood collected into cold heparinised tubes via cardiac puncture
and the brains removed. In some rats, hypothalamic blocks were
disected free and snap frozen in liquid N2 for later
measurements of NPY mRNA using Northern blotting. The
brains from other rats were frozen on dry ice for measurements
of NPY receptor densities using 30 pM [125I]PYY and
quantitiative receptor autoradiography as described previously
(Widdowson, 1997). The remaining rats received chronic
intracerebroventricular cannulas as described previously for
injection of the NPY antagonist, 1229U91 (Kanatani et al.,
1996). Injection of the streptozocin was accompained by an

increase in plasma glucose (control = 4.5 ±0.2 mmol.V',
diabetic =26.3 ±1.8 mmol. l, n =25, mean ± s.e.m., P<0.01;
Student's t-test), a reduction in plasma insulin (controls = 20.5
±0.9 PU.ml-r; diabetic = 11.5 ±0.8 ilU.ml-', n = 25, P<0.01) and
leptin concentrations (controls = 2.6 ±0.3 ng.ml-l; diabetic = 0.6
±0.1 ng.mlV) and an increase in daily food (controls =33.8
±0.7g, diabetic = 47.2 ±0.8g, n = 9* P<0.01) and water intake
(controls = 41 ±1 ml, diabetic = 179 ±6 ml* P<0.01). However,
Northern blots failed to detect changes in NPY mRNA density
nor was there evidence for a down-regulation in NPY receptors
in hypothalamic regions (specific binding to the hypothalamic
lateral perifomnical hypothalamus, control = 6.6 ±0.7 fmol.mg
tissue', diabetic = 6.2 ±0.5 fmol.mg tissue', n=9). Finally,
intracerebroventricular injections of the NPY antagonist,
1229U91 (30 pg twice daily), which reduces feeding following
overnight starvation, did not attenuate the hyperphagia and
polydypsia. In conclusion, although moderate streptozocin-
induced diabetes resulted in a reduction of both plasma insulin
and leptin concentrations, these changes were not of sufficient
magnitude to produce an increase in hypothalamic NPY
activity. Thus the hyperphagia observed in moderate diabetes
cannot be attributed to increased hypothalamic NPYergic
activity.

Frankish, H.M., McCarthy, H.D., et al. (1993) Peptides 14,941-
948
Frankish, H.M., Dryden, S., et al. (1995) Peptides 16, 757-771
Kanatani, A., Ishihara, A., et al., (1996) Endocrinology 137,
3177-3182
Widdowson, P.S. (1997) Brain Res. 758, 17-25



1 89P CHARACTERISATION OF THE 5-Er RECEPTORS MEDIATING THE CONTRACTILE EFFECT OF 5-HT IN THE
PROXIMAL REGION OF THE RAT SMALL INTESTINE

F.A. Javid & RJ. Naylor, Postgraduate Studies in Pharmacology,
The School of Pharmacy, University of Bradford, Bradford, West
Yorkshire, BD7 lDP.

In a systematic study we have shown that different 5-HT receptors
are involved in mediating the contractile effect of 5-HT in
different regions of the Suncus murinus intestine (Javid et al,
1996, 1997). VW have extended these experiments to intestinal
tissues taken from the rat and in this study report on tissues taken
from the proximal region.
Segments (1-1.5 cm long) taken from the intestine (2 cm distal to
the pyloric sphincter) of adult Hooded Lister rats (210-320 g) of
either sex were mounted in 10 ml organ baths containing Krebs'
solution (37TC, 95% 02, 5% C02). The tissues were allowed to
equilibrate for 60 min and washed every 20 min. The resting
tension was maintained at 0.5 g and recorded isometrically. Non-
cumulative concentration-response curves to 5-HT (lnM-30pM)
were established with a 1 min contact time and 20 min intervals.
The procedure was repeated in the presence of antagonists (1 h
equilibration time): methysergide (methy, 1PM), ritanserin (rit,
0.lI M), atropine (atr, 1pM), ondansetron (ond, 1pM), SB204070
(SB, InM), a combination of methysergide (lpM) plus
ondansetron (1pM), SB204070 (mnM) or atropine (1pM). The
control responses to 5-HT alone and in the presence of antagonist
were established using a randomised experimental design. Tension
changes were expressed as the meanis.e.mean of n=9 and
analysed using one-tail Dunnetts t-test.
5-HT (lnM-30pM) produced a concentration-dependent
contraction. Methysergide, a 5-HTl12 receptor antagonist and
ritanserin, a 5-HT2 receptor antagonist, significantly (P<0.05)
shifted the concentration-response curve to 5-HT to the right with
a significant (P<0.05) reduction at 30 P±M of 5-HT.
Ondaxisetron, a selective 5-HT3 receptor antagonist ahd
SB204070, a selective 5-HT4 receptor antagonist, (Wardle et al,
1994), significantly (P<0.05) reduced the response to 5-HT at
concentrations >3OnM. Atropine also significantly (P<0.05)
reduced the response to 5-HT at concentrations >3OnM. A
combination of methysergide plus atropine or ondansetron or
SB204070 significantly (PNO.05) shifted the concentration-

response curve to 5-HT to the right with a significant (P<0.05)
reduction in the maximum response (Figures l.a-c).
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Figure 1. The effect of 5-HT receptor antagonists on the
contractile response to 5-HT in the rat proximal intestine.
The data suggest that in the proximal region of the rat small
intestine the contractile response to 5-HT is mediated via 5-HT2,
5-HT3 and 5-HT4 receptors, unlike the proximal region of
Suncus murinus intestine where contractions to 5-HT are
mediated via 5-HT2 receptors.
Javid, F. A. et al. (1996) Br. J. Pharmacol. 1 9, 197P.
Javid, F. A. et al. (1997) Br. J. Pharmacol. 120, 193P.
Wardle, K. A. et al. (1994) Br. J. Pharmacol. 112, 789-794.

1 90P INHIBMIION OF PERISTALSIS WITH PDE4 BUT NOT PDE3 INHIBITORS IN THE GUINEA-PIG ISOLATED ILEUM

B.R. Tuladharl, N. Cooper2 & R.J. Naylorl, tPostgraduate
Studies in Pharmacology, The School of Pharmacy, University
of Bradford, Bradford, BD7 1DP, 2Chiroscience Limited,
Cambridge Science Park, Milton Road, Cambridge CB4 4WE .

An increasing number of isoenzyme-selective inhibitors of
PDE3 and PDE4 families of phosphodiesterase enzymes have
been developed due to their potential clinical use in heart
failure and asthma respectively. However, there is a paucity of
information regarding their gastrointestinal effects. In the
present study we investigate the effect of these inhibitors in an
animal model of intestinal motility using peristalsis in the
guinea-pig isolated ileunm

Up to four segments of ileum (taken 5-30 cm from the ileo-
caecal junction) were obtained from guinea-pigs (Dunkin
Hartley) of either sex (500-lOOOg) and cannulated at the oral
and aboral ends and secured horizontally in a bath containing
Krebs-Henseleit solution kept at 371C and oxygenated with
95% 02 and 5% C02. Peristalsis was measured and recorded
using the methodology previously described (Costall et al.,
1993). Cumulative concentration response curves to PDE
inhibitors (added serosally) were constructed approximately 30
min after the mounting of the tissues as follows: peristalsis was
elicited (by closing the lower outlet) and once a regular
peristalsis was achieved vehicle or an increasing concentration
of the PDE inhibitor was applied at 3 min intervals. If
peristalsis was not abolished with the last concentration tested,
a 100 pM concentration of rolipram was added to abolish
peristalsis. The concentration response curves were expressed
as a percentage change in peristaltic threshold from the
threshold before the addition of the PDE inhibitor or the vehicle
taking the maximum pressure generated inside the tissue when
peristalsis was abolished as 100%. The comparison of the

potency of PDE inhibitors to inhibit peristalsis were made at
50% inhibition. The drugs were dissolved in either water or
DMSO with use of appropriate vehicle controls.

The peristalsis remained stable with no significant change in
the peristaltic threshold in the tissues used as the vehicle
controls. The PDE4 inhibitors rolipram (30-100 pM), Ro 20-
1724 (10-300 giM) (Beavo & Reifsnyder, 1990) and RP 73401
(30-100 gM) (Ashton et al., 1994) inhibited peristalsis with
pEC50 values of 4.40±0.06 (n=6), 4.27±0.04 (n=4) and
4.64±0.10 (n-4) respectively. Peristalsis was abolished in all
the tissues at the maximum concentration tested with these
compounds. Unlike PDE4 inhibitors, no significant changes in
the threshold for peristalsis were observed with the PDE3
inhibitors milrinone (1-10WM) and SKF 94120 (1-100 FM)
(Beavo & Reifsnyder, 1990) (n=4 each). Moreover, milrinone
and SKF 94120 did not alter the ability of rolipram (100 PK) to
abolish peristalsis.

The results suggest that unlike PDE3 inhibitors tested, the
PDE4 inhibitors rolipram, Ro 20-1724 and RP 73401 can
inhibit peristalsis in the guinea-pig ileum. Such an effect of the
compounds on peristalsis might be relevant to the
gastrointestinal motility related effects of these compounds in
the clinic. However, further studies are required to u tand
whether the inhibition of peristalsis by the above PDE4
inhibitors are due to an inhibition of phosphodiesterase4
enzymes or other mechanisms.

Ashton, M.J., Cook, D.C., Fenton, G. et al. (1994). J. Med.
Chem. 37, 1696-1703.
Beavo, J.A. & Reifsnyder, D.H. (1990). Trends PharmacoL Sci
11, 150-155.
Costall, B., Naylor, RJ. & Tuladhar, B.R. (1993). Br. J.
Pharmacol. 110, 1572-1578.



191 P EFFECT OF DARIFENACIN AND OTHER MUSCARINIC ANTAGONISTS ON GASTRIC ACID SECRETION IN
CONSCIOUS DOGS

T.E. Howard, B. McRitchie, PJ.T. Sawyer, & R.M. Wallis,
Discovery Biology, Pfizer Central Research, Sandwich, Kent.
CT13 9NJ.

Darifenacin is a competitive muscarinic receptor antagonist. It
has been shown in vitro to be selective for the M3 receptor over
both Ml and M2 subtypes (Wallis et al, 1995). In the conscious
dog it has minimal anticholinergic effects on the heart or pupil at
doses which inhibit small bowel digestive motility (Sawyer et al,
1996). Gastric acid secretion is known to involve a cholinergic
pathway sensitive to Ml selective antagonists (Hirschowitz et al,
1983). Experiments were conducted with standard muscarinic
antagonists to confirm the role of Ml receptors in the control of
gastric acid secretion in a Heidenhain pouch model. In addition,
the potency of darifenacin was assessed to define its M3 over Ml
selectivity in vivo.

Male beagle dogs (n=4), with Heidenhain pouches were used in
these experiments. They were deprived of food for 18 hours and
gastric acid secretion stimulated by a 3 hour intravenous infusion
of pentagastrin (2pgkg'1h-). Test substances were administered
orally by gavage 30 minutes into the infusion. Secretions were
collected every 15 minutes and titrated against 0.OIM sodium
hydroxide to determine their acid concentration.

In vehicle treated animals gastric acid secretion was 106 ±18
mEq H+ between 0.5 and 3 hours of pentagastrin infusion.
Darifenacin (0.3-3mgkF'l) had no effect on gastric acid secretion
at doses up to Imgkg . Only the highest dose tested, 3mgkg ',
produced a significant (p<0.01) effect, an inhibition of (31%). By
comparison pirenzepine (M, selective) (0.01-0.3mgkg') produced

a dose-related inhibition of gastric acid secretion which was
significant (p<0.Ol) at all doses, with an ED5o of 0.037mgkg'
(95% confidence limits 0.010, 0.150 mgkg'). Methoctramine
(M2 selective) (0.1-lmgkg') did not significantly inhibit gastric
acid secretion. However, a significant (p<0.01) tachycardia of 62
± 7 beats per minute at lmgkg' indicated antagonism at cardiac
M2 receptors. Atropine (non-selective) (0.001-0.lmgkg-') also
produced significant (p<0.Ol) inhibition of gastric acid secretion
at all doses tested, the ED5o being 0.007mgkg71 (95% confidence
limits 0.001, 0.049 mgkg').

In conclusion experiments with standard antimuscarinics have
confirmed a role for Ml receptors in the control of gastric acid
secretion in the conscious dog. Furthermore they indicate that
darifenacin has weak activity on canine gastric M, receptors
when compared to pirenzepine and atropine, and that darifenacin
is over 30 times more potent as an inhibitor of small bowel
digestive motility (ED5o, 0.1 mgkg1 , Sawyer et al, 1996) than
gastric acid secretion. This confirms the in vitro selectivity of
darifenacin and suggests that it will have minimal Ml antagonist
activity at doses which inhibit small bowel digestive motility.

Hirschowitz, B.I., Fong, J., Molina, E. (1983). J. Pharmacol.
Exp. Ther. 225(2) 263-268.
Sawyer, PJ.T., McRitchie, B., Merner, P.A. et al. (1996). Br. J.
Pharmacol. 1J18 Proc. suppl. 144P.
Wallis, R.M., Burges, R.A., Cross, P.E. et al. (1995). Pharmacol.
Res. ha 54.

1 92P EFFECT OF CISAPRIDE AND METOCLOPRAMIDE ON POSTOPERATIVE ILEUS IN RATS

B.Y. De Winter, *G.E. Boeckxstaens, J.G. De Man, T.G.
Moreels, A.G. Herman & P.A. Pelcknmans. Divisions of
Gastroenterology and Phanracology, University of Antwerp,
Universiteitsplein 1, 2610 Wilrijk, Belgium and * Academic
Medical Centre, Meibergdreef 9, 1105 AZ Amsterdam, The
Netherlands
Postoperative ileus is a commxn complication after abdominal
surgery. We previously showed the involvement of adrenergic
and nitrergic nerves in the pathogenesis of postoperative ileus
using a rat nmdel (De Winter et al., 1997). In the present study,
we first evaluated the effect of two well established prokinetic
agents nanxly cisapride and metoclopranide. Then we
compared their effect with that of granisetron, a 5-HT3 receptor
antagonist and that of a new prokinetic agent R 093877, a
selective 5-HT4 receptor agonist (Briejer et al., 1997). Male
Wistar rats (150-230 g) underwent an abdominal operation
under ether anaesthesia. After one hour of recuperation the rats
received an intragastric injection of 0.1 ml Evans blue. Twenty
minutes later the rats were killed and the migration of Evans
blue was mnasured from the pylorus to the most distal point of
migration of Evans blue. Ether anaesthesia and skin incision (SI)
had no effect on the transit (De Winter -et al., 1997). The
laparotomy (LAP) sig ntly inhibited the transit. This
inhibition was even more pronounced when the small intestine
and caecum were manipulated (L+M) (table 1). I.v. injection of
cisapride 1 mg/kg or nxtoclopranide 30 mg/kg, just prior to the
operations, significantly enhanced the transit after SI (table 1).
Cisapride also significantly increased the transit after LAP and
L+M, whereas metoclopranide further inhibited the transit after
these operations (table 1). ILv. injection of granisetron, a 5-HT3
receptor antagonist (10 and 50 jgg/kg) had no significant effect
on the transit after the three operations (n=9-10).

Treatment SI LAP L+M
Control 57.8 ± 2.1 cm 34.6 ± 2.4 cm 19.4 ± 2.4 cm
Cisapnide 71.4 ± 2.6 cm* 51.6 ± 2.9 cm* 28.9 ± 3.1 cm*
Metoclop 71.3 ± 3.5 cm* 20.8 ± 2A cm*# 7.6 ± 1.6 cm*#
Table 1: Effect of cisapride and metoclopramide on the
gastrointestinal transit after abdominal operations; *, PD0.05, vs.
control rats; #, P0).0S, vs. rats treated with cisapride; one wy
analysis ofvariance plus Bonferroni, n=9-10.
I.v. injection of the new selective 5-HT4 receptor agonist R
093877 (1 and 5 mg/kg) had no significant effect on the transit
after SI and L+M. However, R 093877 (1 mg/kg) sigiiantly
increased the transit after LAP from 37.4 ± 3.1 cm to 49.9 ± 2.8
cm (n=9). Finally, Lv. treatment of the rats with the combination
of granisetron 50 jg/kg and R 093877 1 mg/kg had no effect on
the transit after SI but significantly increased the transit after
LAP and L+M (table 2), thus mmickng the effect of cisapride.
Treatment SI LAP L+M
Control 63.1±3.3cm 37.5±2.8cm 17.4±2.2cm
Gran. + R 62.1 ± 2.9 cm 45.5± 1.6 cm* 24.6 ± 1.8 cm*
Table 2: Effect of the combination of granisetron and R 093877 on
the gastrointestinal transit after abdominal operations; *, PD.05,
vs. control rats; unpaired Student's t-test, n=9-10.
In sunmmry, although cisapride and nmtoclopramide increase the
transit after skin incision, cisapride accelerates the transit after
abdominal surgery whereas nmtoclopranide enhances the
postoperative ileus in rats . As the effect of cisapride is
micked by the combination of a 5-HT3 receptor antagonist
plus a 5-HT4 receptor agonist, cisapride most likely acts via
both receptors to increase the transit after abdominal surgery.
Briejer M.R., Maelanans AL., Bosnan J.-P. et al., (1997)
Gastroenterology, 112(4).
De Winter B.Y., Boeckxstacns G.E., De Man J.G. et al., (1997) Br. J.
Pharmacol., 120,464-468.



1 93P PROTECTIVE EFFECT OF POLYANIONS ON AMINOGLYCOSIDE ANTIBIOTIC-INDUCED INHIBITION OF MiT
ACTIVITYNA HUMAN RENAL CELL LINE

A.Kumar, N.Ashton & J.A.McAulay. School of Health Sciences,
University of Sunderiad, Sunderland SR2 3SD. Intduced by Dr. A.
Markham.

We have previously dmntratd (Kumar at al., 1995) that the human
renal cell line, 0401 is sensitive to the aninoglycoside antibictics. It
has boen sugete (Hulke at al., 1993), that when co-administered,
polyanions may bind to the polycationic antibiotics to form a complex
which alters the effed that the antibictic alone has on enzyme
activities. Polyanions may thus be nephrqprtective in this case. In
this study we have inv gated the effect of co-dministration of
polyanions with aminoglycoside antibioics on mitochondrial enzyme
activity in the G401 using the MIT assay (Mossman, 1983).

G401 cells (passage 81-85) were seeded in 96 well plats and grown
to couence in McCoy's Sa medium supplented with 10% Foatal
Clone at 37°C in 95% 02/ 5% CO2 Once cue, medium was
replaced with fresh media ining i) 5mM mic neom c or

mcin aloe ii) nreing conc tions of polyaspartic acid
or polyasparagpne alone (0-50mM) and iii) 5mM of either antibiotic
with either polyanion for a firther 24h after which time the MTT
assay was performwd. A control was set up c ining media
alone.Values are shown as absorbance readings at 595nm X.

Table 1 clearly shows that MTT activity was significantly inhibited
compared to the control, for each antibiotic (AB) alone whereas
polyaspartic acid (PAA) alone appears to have no significant effect.
When co-administered, a dose-dependent effect was seen and MIT
activity was restored back to the control value in each case. The same
trend was seen with polyasparagine (data not shown). Our results

est that the G401 cell line is susceptible to toxic insult by these
antibiotics and that this toxicity may be reduced by co-administration

with a polyanion. These data are comparable to those shown by
Ramsa t al., (1989) who used rat primary cultures of the
proximal tubule.

MTT Activity PAA EC50 (mM)
Control AB alone PAA alone AB +PAA

Gat. 1.059 ± *0.486 1.053 1.130 4.00±
0.006 0.009 0.017 0.009 0.002

Neo. 1.116± *0.494± 0.941 ± 1.151 7.00±
0.013 0.004 0.007 0.012 0.005

Strep. 0.982 ± *0.554 ± 0.925 ± 0.982 ± 7.00 ±
0.037 0.013 0.017 0.014 0.003

Table I.The effect of 5mM gitam (t.), neanycm (neo.) or
strtoniycin (strep.) alone and/or polyaspartic acid, 50mM on MTT
activity. Data are expressed as mean ± s.e.m (n=30). ANOVA and
Su~nt Newman Keuls test were used for cal analysis. *p<0.05
compared to the control.

Hulke, G.F., Prazma, J., Brownlee, RE., Pulver, S., & Pilsbury, H.C.
(1993), Am. J. Otol. 14(4): 352-56.
Kunur, A., McAulay, J.A., & Sneddon, J.M. (1995), Br. J
Pharmacol. 114 (Suppl.) 264P.
Moasnan, T. (1983), J. ImmunolMethods 65.: 55-63.
Ramsammy, L.S., Josepovitz, C., Lane, B.P., & Kaloyanides, G.J.
(1989), J Pharmacol. Exp. Ther. 250(1) :149-53.

1 94P EFFECTS OF A SOYBEAN OIL-EMULSIFIED PREPARATION OF ANANDAMIDE AT CANNABINOID RECEPTORS IN
ISOLATED PREPARATIONS FROM THE GUINEA-PIG

SL Walton, SPH Alexander, EA Boyd*, PJ Millns, C
Washington* & DA Kendall, School of Biomedical Sciences,
and *Dept. of Pharmaceutical Sciences, University of
Nottingham, Nottingham, NG7 2UH, UNITED KINGDOM.

The us& of anandamide (AEA, an endogenous ligand for
cannabinoid receptors) is problematic in assays of biological
activity because of the action of endogenous amidases
(Pertwee et a/., 1995), and the need for solubilisation using
detergents or organic solvents. In this report, we have
compared the effects of an emulsified preparation of AEA in
soybean oil (emulsified AEA - droplet size 250 nm), with an
ethanol-dissolved preparation (ethanolic AEA).

Binding to cannabinoid receptors of the guinea-pig (male,
Dunkin-Hartley, 300-800 g) cerebellum was examined using
[3H]-CP55940 (0.5 nM) and 10 pM HU-210 to define non-
specific binding (Rinaldi-Carmona et a/., 1994). Competition
curves for AEA were constructed in quadruplicate assay over
the range 10-9 M to 104 M, at half-log intervals. Inhibition of
the electrically-evoked contraction of guinea-pig isolated
ileum (Pertwee et a/., 1995) was assessed by cumulative
addition of AEA over the range 10-7 M to 104 M, at half-log
intervals. AEA solutions were diluted in buffer. At least 3
preparations were used throughout. Statistical significance
was evaluated by use of ANOVA with post-hoc Student-
Newman-Keul's test.

Vehicle controls, equivalent to the highest concencentrations
of AEA examined in the binding assay, showed no significant
effect on binding of [3H]-CP55940. Ethanolic AEA competed
for [3H]-CP55940 binding with a pIC50 value of 5.50 i 0.08,
which was significantly enhanced (P<0.01) in the presence of
the non-specific amidase inhibitor phenylmethylsulphonyl

fluoride (PMSF, 50 pM) to 7.41 ± 0.03. In comparison,
emulsified AEA evoked a concentration-dependent
competition for [3H]-CP55940 with a plC50 value of 5.95 ±
0.12, which was statistically different from the ethanolic AEA
(P<0.05). In the presence of PMSF, the potency of emulsifed
AEA was enhanced (plC50 6.98 * 0.19, P<0.001), although to
a lesser extent than the ethanolic AEA (P<0.05).

In the proximal end of the guinea-pig isolated ileum,
emulsified AEA caused a concentration-dependent inhibition
of electrically evoked contractions (e.g. 3x104 M 74 ± 6 % &
10`5 M 58 ± 8 % control), which was not significantly different
from ethanolic AEA (e.g. 3x104 M 78 ± 10 % & 10 M 53 ± 6
% inhibition). The presence of 50 pM PMSF failed to
enhance significantly the inhibitory effect of 10 pM emulsified
AEA (emulsion 105 ± 2 %; PMSF 96 ± 10; AEA 58 ± 7; AEA+
PMSF 38 ± 8).

The increased potency of the emulsified AEA compared to
ethanolic AEA in the binding assay may represent increased
stability against long-term exposure (i.e. 30 min) to amidase
activity. The indistinguishable activities of the emulsified and
ethanolic AEA in the isolated ileum suggests that both
preparations show comparable bioavailabilities, at least, in
this preparation. These results suggest the emulsified
preparation may be advantageous for investigating the
effects of AEA, when the presence of ethanol is undesirable,
e.g. in vivo.

Pertwee RG. Fernando SR, Griffin G, Abadji V & Makriyannis
A (1995) Eur.J.Pharmnacol. 272, 73-78

Rinaldi-Carmona M, Barth F, H1aulme M, Shire D et a/.,
(1994) FEBS Lefts. 350, 240-244



1 95P THE EFFECTS OF REDUCED pHON A, ADENOSINE RECEPTOR-EVOKED CYCLIC AMP GENERATION IN THE
GUINEA-PIG CEREBRAL CORTEX

Joanna K. Smith & Stephen P.H. Alexander, School of
Biomedical Sciences, University of Nottingham Medical
School, Nottingham, NG7 2UH, UNITED KINGDOM.
It has been hypothesized that the levels of adenosine
required to activate A2B adenosine receptors would only be
reached during periods of stress, such as hypoxia/ischaemia
(Fredholm et at., 1994), at a time when tissues would be
expected to be acidotic. We have therefore investigated the
effects of reduced pH on the stimulation of cyclic AMP
(cAMP) responses by adenosine and the stable adenosine
analogue, 5'-N-ethylcarboxamidoadenosine, NECA.

Generation of [3H]-cAMP in [3H]-adenine labelled slices of
cerebral cortex from male, Dunkin-Hartley guinea-pigs (300-
800 g) was assessed essentially as previously described
(Alexander et a/., 1996). The pH of the Krebs-Henseleit
(checked by use of a pH meter) was lowered by reducing the
NaHCO3 concentration from 25 to 15 mM prior to gassing
with 02:CO2 (95:5). Slices were prepared at pH 7.4, and
then dispensed into medium at pH 7.1 or 7.4 prior to agonist
exposure. Agonist-evoked responses were initially
expressed as a percentage conversion from the total (3H]-
adenine nucleotides with basal levels subtracted, from
experiments carried out on at least 4 separate occasions.
Concentration-response curves were constructed to NECA
(10-7 M to 10-4 M) and adenosine (10-7 M to 10-35 M).
Statistical significance was evaluated by use of paired t-test.

Basal accumulations of [3H]-cAMP in guinea-pig cerebral
cortex slices at 15 minutes (0.74 ± 0.13 % conversion, mean
± s.e.mean) were not significantly changed by reducing the
ambient pH (0.59 ± 0.06 %). cAMP responses in the
presence of 100 pM NECA were increased at pH 7.1 (control

1.79 i 0.39 %, pH 7.1 2.45 i 0.42 %, P=0.022). Analysis of
concentration-response curves showed no significant
alteration in the potency of the NECA-evoked cAMP
response (control pEC50 5.86 i 0.07, pH 7.1 5.94 ± 0.04).
Adenosine-evoked cAMP responses were also enhanced at
lower pH (maximal responses: control 1.29 ± 0.26 %, pH 7.1
2.11 i 0.37, P=0.027), without significant effect on the
potency (pEC50 control 4.59 ± 0.21; pH 7.1 4.53 i 0.17).

The cAMP response to 100 pM NECA, but not 1 mM
adenosine, at pH 7.4 was maintained for up to 120 minutes
(Smith & Alexander, 1997). At pH 7.1, however, the
response to NECA was not maintained. For example, at 120
minutes, NECA-evoked cAMP levels were 49 i 12 % of the
pH 7.4 NECA response at 15 minutes. The adenosine-
evoked response at 120 minutes, pH 7.1, was not
significantly different from basal (12 i 3 % of the 15 minute
NECA response at pH 7.4).
Thus, at pH 7.1, cAMP responses to NECA and adenosine
are enhanced, although these responses are not as well-
maintained, compared to responses at pH 7.4. Whether the
site of modulation by reduced pH is the receptor, or some
other component of the signalling system, requires further
analysis.
JKS is a BBSRC Glaxo Wellcome CASE Student.

Alexander SPH, Cooper JA, Shine J & Hill SJ (1996)
Br.J.Pharmacol. 119, 1286-1290

Fredholm BB, Abbracchio MP, Bumstock G, Daly JW, et a/.,
(1994) Pharmacol.Rev. 46,143-156
Smith JK & Alexander SPH (1997) Proceedings Bristol BPS
meeting.

1 96P A CHANNEL MUTANT OF GABAA RECEPTORS REVEALS CHANGES IN ALLOSTERIC MODULATION

S.A. Thompson, M. Z. Smith, P.B. Wingrove, P.J. Whiting &
K.A. Wafford, Merck Sharp & Dohme Research Laboratories,
Neuroscience Research Centre, Terlings Park, Eastwick Road,
Harlow, Essex, CM20 2QR.

We have previously noted that the binding affinity (pKi) for
GABA agonists were generally two to three orders of
magnitude higher than the pECso's measured
electrophysiologically (Ebert et al., 1997). Mutation of a
conserved leucine in the putative second membrane-spanning
domain of several ligand gated ion channels results in
increased agonist sensitivity (Chang et al., 1996). We have
mutated this conserved leucine to serine in human GABAA 12
and investigated the actions of a number of GABAA agonists,
antagonists and modulators on human al p2AL259Sy2s
compared to wild type alp2y2s GABAA receptors, expressed
in Xenopus oocytes.
Significantly smaller currents to a maximum concentration of
GABA were observed in al P2&L259Sy2s receptors (88 ± 6nA
n=56) compared to alp2y2s receptors (2016 ± 340nA n=14).
The mutant receptors also displayed a greater leak current
(between 200-400nA) compared to the wild type (between 30-
lOOnA). As expected, this mutation decreased the GABA EC50
(110 fold) resulting in mean EC50 values of 182 + 61nM on

alp2AL259Sy2s compared to 20 ± 3pM on al2y2s. The
partial agonists THIP and P4S (Ebert et al., 1997) also
displayed a decrease in EC50 (90 and 70 fold respectively).
The current-voltage relationship revealed a reversal potential
of -26.3 ± 3.9mV for a1 2AL259Sy2s which was not
significantly different from -21.3 ± 1.2 mV for al12y2s.

The competitive antagonists, bicuculline and SR95531 (Ebert
et al., 1997) behaved as inverse agonists on W12AL259Sy2s
producing outward currents in the absence of GABA. The
pIC5o's of 5.5 ± 0.09 (n=4) for bicuculline and 6.8 ± 0.05
(n=4) for SR95531 correlate well with the pKi's for
competitive antagonism of GABA (Ebert et al., 1997). In
addition to producing outward currents the two antagonists
competitively shifted GABA concentration-response curves.
The effects of a range of allosteric modulators (flunitrazepam,
CL-218,872, loreclezole, pentobarbital and 5a-pregnan-3a-ol-
20-one) were examined on a submaximal GABA
concentration (EC20). None of these modulators potentiated
the EC20 response, however they all directly activated the
receptor in the absence of GABA. Pentobarbital (lOOIM)
produced the largest direct activation (79 ± 6% of maximum
GABA) while loreclezole (lOiM) produced the smallest (12 ±
1% of maximum GABA). The benzodiazepine (BDZ) inverse
agonist DMCM, produced outward currents in the absence of
GABA. Direct effects of BDZ's were blocked by the BDZ
antagonist, flumazenil (IILM). The direct activation by
pentobarbital of alp2AL259Sy2s receptors also showed a 10-
fold decrease in EC50 compared to wild type.
To conclude, the above mutation resulted in receptors which
exhibit a degree of spontaneous activity, and are more
sensitive to GABA agonists. These receptors can be activated
but not modulated by BDZ's and other agents. Bicuculline and
SR95531 can also act as allosteric channel modulators through
the GABA binding site.
Chang, Y., Wang, R., Barot, S. et al. (1996) J. Neurosci. 16:5415-5424.
Ebert, B., Thompson, S.A., Suonatsou, K. et al. (1997) Mol.
Pharmacol 52:1150-1156.



1 97P EFFECTS OF INCREASED MEMBRANE CHOLESTEROL ON GABAA CURRENTS IN ACUTELY DISSOCIATED
HIPPOCAMPAL NEURONES

T. Sooksawate & MA. Simmonds, Department of Pharmacology,
School of Pharmacy, 29/39 Brunswick Square, London WC1N lAX.
The functions of various membrane proteins are influenced by
cholesterol in the intercing directly with the protein
(Yeagle, 1991). An initial study on the GABAA receptor in neuronal
membrane fragments has shown that enhancement of flunitaz
binding by other classes of GABA-potentiatng drugs is affected by
cholesterol enrichment of the membranes (Bennett & Simmonds,
1996). We now report the effects of cholesterol enrichment of whole
neurones on their electrophysiological responses to GABA.
Brain slices containing hippocampus frm 10-16 days old male Wistar
rats were incubated in 0.03% pronase for 20 min at 310C followed by
0.03% protease type X for 20 min in a physiological salt solution
(PSS) contining (mM): Naa 140, KCI 4.7, Caa2 25, Mga2 1.2,
glucose 11, HEPES 10; adjusted to pH 7.4 with Tris-base. The
hippocampal tissue was separated and neurones were dissociated by
trituration with glass pipettes. The tissue remaining suspended after
standing for 10 min was centrifuged at 175xg for 4 min to form a
very loose pellet which was then layered onto a 5% solution of
bovine serum albumin (BSA) in PSS for further centrifugation to
separate a loose pellet of neuroses from suspended cell debris.
Enrichment of neurones with cholesterol was achieved by incubation
at 31OC for 60 min in oxygen-saturated PSS containi 1% BSA and
cholesterol + phosphatidylcholine liposomes (Bennett & Simmonds,
1996) at a final cholesterol concentration of 0.15-020 mg~ml.
Unenriched neurones were subjected to the same processes but
without liposomes. The Ichn procdure increased neuronal
cholesterol by 940% above the value of 0A47±0.02 pmolesmg
protein-' (mean ± s.emean, n=17) in uneiched neurones. Tem
neurones remaining viable (trypan blue exclusion) at this stage were
about 70-80% of enriched and 80-90% of u nnchedseurones.

Electrophysiological recordings were made from dissociated single

neurones which adhered to the bottom of the recording chmber and
appeared bright and 3-dimensional under phase contrast Whole cell
membrane currents were recorded with patch pipettes at 20C and the
membane clamped at -20 mV. T-he patch pipette solution ained
(mM): Csa 140, Caa2 1, Mga2 2, Na2ATP 2, EGTA 11, HEFES
10; adjusted to pH 7.2 with Tris-base. The ecording chamber was
continuously perfsLed with PSS. GABA dissolved in PSS was
applied close to the recorded neurone by the "U-tube" adaptn of
the method of Wakamori et al. (1993) for periods of 5-15 s at
iAtervals of 1-2 min. Full log. concentration - response curves were
constnucted over the range 0.1-300 pM GABA. Results from th
analysis of the curves are shown below.

Unenriched 9 - 12% 20 -40%
enrichnent enichnent

(n =16) (n =9) (n =9)
M(Ax 2.72 0.12 1.97 0.17 150 0.04
(nA)_ _ _ _ _ _ _ _ _

log. EC50 -5.297±0.082 -5.276±0.153 -5.196±0.047

EC5 (pM) 5.05 5.30 6.37

* different from Unenmiched (P<0D0)
* different from Unenriched (P<0.001) and 9-12% erichment (P<.05)
Enrichment of hippocampal neurones with cholesterol by up to 40%
caused no significant change in the ECjo for GABA but there was a
correlated reduction in the maximal response, suggesting a loss of
functional GABAA receptors.

Bemett, P. & i ds, MA. (1996) Br. J. Pharmacol., 117,87-92.
Wakamori, M., Hidaka, H. & Akaike, N. (1993) J. Physiol., 463,585-
604.
Yeagle, PL. (1991) Biochemie, 73, 1303-1310.

1 98P DIRECT MODULATION OF MURINE RECOMBINANT GABAA RECEPTORS BY PROTEIN TYROSINE
KINASE INHIBlTORS

Emma L. Dunne, Stephen J. Moss* & Trevor G. Smart, Department
ofParmacology, The Shool ofPharmacy, 29-39 Brunswick Square,
London, WC1N lAX, & *MRC LMCB, University College, Gower
Street, London, WC1E 6BT.

Prtein trosine has a potentially important role in the
modification of neuronal function in the central nervous system

by the rgulation ofneuronal and recombinant GABAA
receptors by protein tyrosine kinases (PTK; Moss et al., 1995;
Valenzuela et al., 1995). GABAA receptors are hetero-oligomers
composed of subunits selected from a, I, y, 8 and e subunit classes.
Consensus sequences for PIK phosphorlation have been identified in
the postulated large intracellular loop between transmembrane
domains 3 and 4 of GABAA receptor P and y2 subunits. These
cnsatus sequences are phosphorylated at 2 sites in the p13 (Y370 and
Y372) and y2L (Y365 and Y367) subunits, but only phosphorylation
of the tyrosines in the y2L subunit enhanced the GABA-activated
current (Moss et al., 1995). This study addressed whether the sites of
PFK phosphorylation in the y2S subunit confer similar regulation on
GABAA receptor function. Tyrosines 365 and 367 in the y2S subunit
were mutated to non-phosphorylated phenylalanine (F) residues.
Xenopus oocytes were injected with murine GABAA receptor cDNAs
encoding for wild-type alply2S or mutant alply2S(Y365,367F)
subunits and studied using a two-electrode voltage clamp technique.

Application ofthe yrosine kina inhibitor, genist (lOOixM), which
acts at the adenosine triphosphate binding site on PTK, to aIlPIy2S
wild-type (w.t.) receptrs, produced a depression of the GABA
concentration-response curve. The maximum normalised (max)
response was reduced from 1.90o0.02 (control) to 0.69±0.04
(+genistei) and the EC50 was reduced from 38.45*1.54 to
18.33:3.01 (mean i s.e.mean, P<0.05, t test; n = 3-17 oocytes). In
comparison, 100IM daidzein, the inactive analogue ofgeistin, did
not affect the max. response (1.90Q0.02 (control) and 1.80 : 0.05
(+daidzein) n = 3-17), nor the GABA EC50 38.5*1.5ptM (control) and
.33.8*2.21lM (+daidzein) (n = 3-17) in accordance with regulating
GABAA receptor function by tyrosine kinases. Unexpectedly,
application of 100trM genistein to the tyrosine mutant receptor,

a l y2S(Y365,367F), produced a greater depression of the GABA
concentration-response curve (max response 1.93*0.06 reduced to
0.26*0.01; n=3-9). F more, lOOiM daidzein non-competitively
depress the GABA-ic conductance (max response reduced to
1.31*0.06; n=3), although the EC50 was u ted (40.25*5.2
(control) and 36.2*7.5gM (+didzn)). I ingy, the iibit by
genistem increased with the GABA concetraion (O and 64.4%
inhibiion for 5ttM and 1mM GABA, n =3-7), which is rep ive
ofuncompetitive antago

Comparative experiments with alternative PIK inhibitors, the
tyrphostins, which target the substrate binding site on PTK, also
indicated a direct interaction with GABAA receptors. Tyrphostin A25
(200gM) produced a non-competitive depression of the GABA
concentration response curve in w.t. receptors (max s
2.04*0.1 and 0.48*0.04, EC,%s 45.6*3.9 and 23.9*6.3giM, P<0.05,
for control and in the presence of tyrphostin A25 respectively, n = 3-
17). A similar inhibition was also observed for GABA conc on-
response curves obtained for the tyrosine mutant receptor (max.
responses 2.00*0.07 and 0.34*0.01, ECOs 44.1*6.2 and 31.7*4.1 aM
(n=3-18) in control and in tyrphostin A25). Similarly, the inactive
trphostin Al non-competitively inhibited the GABA-activated
response of both the w.t and mutant receptor (73.2% and 64.7%
inhibition of the maximum responses to GABA, respectively, n = 3).

These data suggest that 2 classes of inhibitors of tyrosine kinases can
directly interact with a binding site(s) on the extenal surfae of the
GABAA receptor resulting in different ypes of ihibion. This study
also demonstrates the non-specificity of these agents with respect to
phosphory ion studies when applied exnally to GABAA receptor.

This work was supported by the Medical Research Council.
Moss, S.J., Gorrie, G.R, Amato, A. & Smart, T.G. (1995) Nature
377,344-348.
Valenzuela, C.F., Maclu, T.K, McKeman, RM., Whiting, P., Van
Renterghem, B.B., McManaman, J.L., Brazowskd, S.J., Smith, G.B.,
Olsen, RW., Harris, RA. (1995)Mol. Brain Res 35, 165-172.



1 99P USE OF A 96 WELL FORMAT3'Cl FLUX ASSAY TO MEASURE GABAA ION CHANNEL FUNCTION IN STABLY EXPRES-
SED RECOMBINANT RECEPTORS: CONSTITUTIVE CHANNEL OPENING IN THE ABSENCE OF AGONIST REVEALED

L. Alder, A.J. Smith, T. Priestley, J. Silk, C. Adkins, R.M.
McKernan & J.R. Atack, Merck, Sharp and Dohme Neuroscience
Research Centre, Terlings Park, Eastwick Rd., Harlow, Essex
CM20 2QR.

GABAA receptors are multisubunit oligomers with integral
chloride channels belonging to the ligand-gated ion channel
receptor family. GABAA ion channel opening can be modulated
by compounds acting at various allosteric sites on the receptor eg.
benzodiazepines, barbiturates and steroids. This study describes
the development and preliminary characterisation of a 96 well
assay to measure human recombinant GABAA receptor function.

Ltl cells stably expressing human'recombinant GABAA subunit
combinations were grown in Dulbecco's Modified Eagle Medium
with 10% (v/v) fetal calf serum, 100 units/ml penicillin, I00Lg/ml
streptomycin and 1mg/ml geneticin. Cells were subsequently
seeded into 96 well plates at densities of 1 to 4x104 cells/ml in a
volume of 200gl/well and grown in the presence of 10% serum
for 7 days. Cells were induced one day prior to use with lul/ml
dexamethasone. Cell density was found to be critical for optimal
signals and number of days of induction important for observing
benzodiazepine modulation. Optimised assay conditions included
use of chloride-free assay buffer by substitution with acetate salts,
performing the assay at 40C, inclusion of the chloride transport
inhibitors DIDS (l J.M) and furosemide (0.1mM), and using a
short assay time of 30 secs. At extended assay times the specific
signal was progressively reduced with increasing basal
accumulation and desensitization of the GABA response. Cells
were initially washed with HEPES/Krebs buffer at room
temperature (pH 7.4 using IM Tris) using a Dynatech 96 plate
washer. Benzodiazepines were added in a 30 sec preincubation
step, particularly important for detection of compounds with
slower on-rates such as the full agonist abecarnil. A Robbins
Hydra 96 then simultaneously added 40FI of 36CI ligand solution
± GABA in chloride-free assay buffer at 4°C, to each well for 30

secs. Solutions were then aspirated and cells washed with
100gM picrotoxin-containing stop buffer at 40C. Influx was
determined by scintillation counting on a Packard TopCount.

The pharmacology of 36CI influx was examined in this 96 well
format, generating concentration response curves to GABA and
muscimol in cells expressing a subunits in combination with
03y2. Both agonists elicited similar maximum increases in 3*Cl
influx, although muscimol exhibited higher potency. EC5o values
(pM) for GABA and muscimol respectively were: al 3.9±0.5
(n=13) and 0.54±0.06 (n=17); a2 1.6±0.4 (n=12) and
0.27±0.04 (n=14); a3 10.3±0.7 (n=12) and 2.0±0.2 (n=17); a5
1.6±0.3 (n=17) and 0.36±0.03 (n=16). Agonist responses were
blocked by the competitive GABAA antagonist bicuculline
(10(pM) and the chloride channel blocker picrotoxin (100pM).
Benzodiazepine modulation of the EC2o response to GABA was
demonstrated at each of these a subtypes. At a3, for example,
maximal GABA stimulation was from 81±3 (basal) up to 666±24
cpm (P<0.001), and modulation of EC2o GABA by the full
agonist chlordiazepoxide from 161±7 to 443±15 cpm (P<0.001).
Interestingly, benzodiazepine agonists were observed to enhance
basal influx in the absence of exogenous GABA and further,
basal 36CI influx could be reduced by picrotoxin. This could infer
activation by an endogenous substance or spontaneous ion
channel activation. Conditioned 3CI solution, pre-exposed to
cells for a 10 min period, was applied to fresh, washed cells for
40 secs but no stimulatory effects were observed. Additionally,
increasing prewashing of cells prior to the start of the assay did
not reduce effects of 1pM flunitrazepam on basal influx. These
observations are supported by electrophysiological measurements
which show spontaneous channel activity in the absence of
GABA, with conductance states being consistent with mediation
via a GABAA receptor chloride channel.

In summary, a 96 well format 36CI flux assay has been developed
to measure functional activity at recombinant GABAA receptors.

200P SIMULTANEOUS MULTI-CHANNEL RECORDINGS REVEAL SYNCHRONOUS EPILEPTIFORM-LIKE BURSTING IN
CULTURED RAT HIPPOCAMPAL NEURONES INDUCED BY BICUCULLINE

DM Sokal, R Mason, KG Parker & TL Parker. School of
Biomedical Sciences, University of Nottingham Medical
School, Queen's Medical Centre, Nottingham NG7 2UH.

Reduction in GABA-mediated inhibition is thought to be
important in enhancing and amplifying excitatory post-synaptic
potentials leading to seizure generation, since drugs that block
GABAA receptors induce synchronous burst discharges in the
hippocampus (Scharfman, 1994). To date, electrophysiological
studies of epileptic bursting have largely concentrated on
recordings from one or two single-units or field potentials. We
are using a system which has been developed to record
extracellular discharge activity simultaneously from up to 64
microelectrodes (Gross & Schwalm, 1994). The system was
utilised to study bicuculline-induced epileptiform discharges
within a monolayer network of dissociated hippocampal
neurones and the actions of the anti-epileptic drugs sodium
valproate and flurazepam.

Primary dissociated hippocampal neurones from E18 rat
fetuses were cultured directly onto Multiple Micro-Electrode
Plates (MMEPs), which comprised a planar 64-channel
microelectrode array incorporated onto a glass substrate.
Extracellular discharge activity was captured and processed
using a computer-controlled Multi-channel neuronal acquisition
processor (Plexon Inc, Texas, USA). Data were analysed off-
line using SpikeWorks (Plexon Inc) and multiple spike train
analysis software (Stranger, Biographics, North Carolina,
USA). Statistical differences between groups of data were
analysed using a Student's paired t-test.

The hippocampal cultures formed monolayer networks with
characteristic morphology and exhibited spontaneous
extracellular discharge activity. Recordings were made from
6-20 cells per MMEP which expressed firing rates of 0.003-
20.45 Hz (3.32±0.48 Hz, mean±s.e.mean, n=66). GABA
produced a concentration-dependent decrease in firing rate
(EC50=9.14±0.04 FM, n=9) which was blocked by prior
application of bicuculline (10 WM). GABA-evoked suppression
of firing rate (5 FIM: 37.6±5.9%, n=18) was significantly
potentiated by flurazepam in all cells tested (20 FM:
89.8%±4.3%; P<0.001). Addition of bicuculline (10 FM)
induced epileptiform-like bursting which, within 10 minutes,
became highly synchronised between all cells recorded
(n=13). After bicuculline, the burst rate (a burst was defined
as a minimum of 3 spikes occurring within a 0.01 s period)
was significantly increased from 1.10±0.68 bursts min1 (basal)
to 43.6±7.03 bursts min"1 (P<0.001). Synchronised
epileptiform-like bursting within the network was abolished by
the addition of sodium valproate (10 jIM), with the burst rate
returning to basal levels.

Using this multi-channel recording system we have
demonstrated bicucullineinduced synchronised epileptiform-
like activity in a hippocampal network which is abolished by
sodium valproate. The system should prove a useful model
for electrophysiological studies to the genesis of epileptic
activity and the mode of action of anti-convulsant drugs.

DMS is supported by BBSRC and GlaxoWellcome.
Gross GW & Schwalm FU (1994) J. Neurosci. Methods 25,
73-85.
Scharfman HE (1994) Neuroscience 59, 245-257.



201 P FES OF BROMOCRIPNE AND HALOPERIDOLON PREPULSE IHIGOTON OF THE EYE-BLINK STARTLE
RESPONSE AND N1/P2 AUDITORY EVOKED POTENTIALNMAN

K.AJ. Abduijawad, RW. Lngley, CM. Bradshaw & E Szabadi,
Department of Psychiatry, University of Nottingham, Queen's
Medical Centre, Ntingham NG7 2UH, UK
he acoustic startle response can be psed by presentation of a

brief low-intensity auditory stimulus 30-500 ms before the 'startle-
eliciting' stimulus (repulse ihibition', PPI). Evidence firm
experiments with animals indicates that D2-dopamine receptors are
involved in atg PPI (Swaedlow et aL, 1992). Recently we
reported that single oral doses of a D2 receptor anst bromociptine
aenuated PPI of the electromyographic (EMG) compnt of the

startle eyeblink response hM and that this atteuation was
reversed by a nation of the D2-receptor blking neuroleptic
halOp l (A awad et aL, 1997). Here we ret the effects of
bromotine and halopeiol on PPI of the EMG response and the
NMP2 complex of the auditory evoiked potential (Mauguiere, 1995).
11 males (18-30 years) partpated in 4 sessions in which they
received oral doses of placeo (PLAC), bro iptin 1.25 mg
(BROM), halopid 3 mg (HAL), and bromociptne 1.25 mg +
haloperidol 3 mg (BROM+HAL), ding to a balanced double-
blind design. EMG ng va electrodes placed over the
orbicularis oculi muscle, and electroencepalWographic recording via
a vertex electrode, was carried out 120 min after HAL and 90 mim
after BROM. Subjects received 60 ts, s by variable
intervals (mean 25 s, range 15-35 s); the acoustic stimuli (1 kHz)
were: (i) 40 ms, 115 dB (pulse alone' [PA] trials); (ii) 40 ms, 85 dB
(epulse-alone' trials); (iii) 40 ms, 85 dB, followed after 120 ms by
40 ms, 115 dB (preplsepulse', [PPJ trials) (20 trials of each type,
in random sequence). Meanampl [A] of the EMG response and
the N1/P2 complex were derived fm the PA and PP trials, and in
the each case, percent PPI was c ted as lOO1.AA-ApA JAA
(Swerdlow et aL, 1992). Results were analyzed by ANOVA, followed
by comparisons with PLAC using Dunnett's test.

Under the PLAC condition, both the EMG response and the N1/P2
complex showed >50% PPI (Table 1). The treatments had no
significant effect on the ampe of either the EMG response (F<1)
or the N1/P2 complex (F<1). PPI of the EMG response was
sifictly reduced by BROM (F3,36=3.8, P<0.02; PIACvs BROM,
t=2.9, k=4, P<0.01); the degree of inhibi seen in the
BROM+HAL and PLAC conditions did not differ siicatly (t=1.1,
k=4, P>0.2). There was no sificat effect of the treatments on PPI
of the N1/P2 complex (F<1).

Table 1: Amplitudes of eyeblink EMG response and N1/P2 complex
evoked by 115 dB stimuli, and percent inhibition (%PPI) induced by
85 dB prepulses, under all treatment onditions (mean * s.e mean)

eyeblink EMG N1/P2 complex

Treatment amplude, mV %PPI amplitude, JLV %PPI

PLAC 0.54*0.19 53.9±11.3 50.4±4.4 70.9±5.1
BROM 0.53±0.19 32.4±11.3* 47.7±4.7 63.1±9.6
HALO 0.5&80.14 55.7±10.1 593±17.1 59.1±12.1
HALO+BROM 0.82±0.44 45.6±13.4 45.6±7.4 74.3±5.3
* Significantly different from PIAC (P<0.01): see text

The suppsion of PPI of the eyeblink EMG response by BROM,
and the reversal of this suppression by HAL, are consistent with our
previous results (Abduljawad d aL, 1997). The failure to find an
equivalent effect in the case of the NVP2 complex suggests that
different may be involved in PPI of the eyeblink and the
N1/P2 component of the auditory evoked potential, and that D2-
dopamine receptors may not be involved in the latter case.

Abduijawad, KAJ. et aL (1997) J. Psychpharmac-, 11(Suppl), A69.
Mauguiere, F. et aL (1995). Evoked potentials. In: Osselton, J.W.

(ed.) Clinical nrophysiology, Butterworth-Heinneman, Oxford.
Swerdlow, N.R. et aL (1992) J. Psychopharmac, 6, 176-190.

202P MODULATION OF [3H1]-FLUNITRAZEPAM BINDING BY NEUROSTEROIDS AND CHOLESrEROL

0. Schlepper, Q. Goetglucl & Simm Department of
Pharmacology, School ofPharmacy, 29/39 BnswickSquare, L
WCIN lAX

Neurosteroids are kMOWn to a nce the binding of [3H1-
fiunItrzea (FNZ) to neuroal embranes (Harrison et al., 1987),
pre bly tugh aloserc inIeRctiow on the GABAA receptor.
We have shown recently that this effect is ilune by the
cholesterol content of the membra (Bennet & Simmnds 1996).
Some aspects of these phmma are now explored frther.

Details of the methods have been described before (Bennett &
Simmonds, 1996). Briefly, membranes were prepared m the
cerbral cortex of male Wstarats (200-250 g) to yield a

faction which was lysed and ouly washed to
remove e GABA. Enriment of membranes with
cholesteol rwas achieved by ion wmith liposomes c g
qul amunts of choleslerol and posphadyicholine for 3h at 370C.
This reased the ebrane cholesterol to 185-240% of te levels
in memranes i ed without liposomes (uneriched). Binding of
[3H;-FNZ to fte m as was promed with I nM final
concenraton of ligand at 4°C for 60 mi Neurosteoids were
dissolved in acetone before dihltion in e in aion medium. A
ominal 1fina of 0.5% acetone was included in all
sunpes 1Thne untrosteids wer added to the nes and
I bated at 37rc for 10 min before addition of the [3H]-FNZ. Non-
specific bidn was ined with 10 pM FNZ and was less tIhn
4%. Specific b data are p

Qntzl binding of PH]-FNZ was s ficanly rduced (<0.001) in
choleterol enrich memb to 535±26 fimoLmg proteirn
compared with 730*34 fmolmg proten7' in uneicd nes
(meui±s.esmean, n=22). Tis may repesent a loss of bindings
since te binding affinity of FNZ was previously shown to be

aed ( t & Smmonds 1996).

Pregnanolone (5f-pregnan-3a-ol-20-ne) 0.1 - 30 pM cased a
enalb emn t of [3H1-FNZ biding to a

maximum determined by hyperbolic curve fi (Grahd Prism)
of 148.12.% control for enriched membtnmes and 143.9*2.3%
control forunIredmembraes (differene significa, P.22).
The EC50 for preolone was significantly lower (N)O.009) at
1.01*0.22 pM in enriched membranes compared with 2.300.43 pM
in uneriched membn. These data were derived fnrm 11
experiments in 2 of which the effect of en ntwas in the
o stede similar to the rutp previously (Bamett
& Simmnds, 199).

Experiments with 3 pM allopen lone (5a-prgan-3p3a-ol-20-one)
and 3 pM alpxalone (5a-pre -3ol- 1,2-dione) alo swd
sigificandy greas eh in [3H]-FNZ bindi in enriched
membrats: 123.2*1.1 and 117.2*1.8% control (n=4) for
ailopregnmolooe in enriched and u m rnes, rp c y,
118.3*1.9 and 109.9*1.4% control (n=3) for alpxe c
with 134.23.1 and 122.*2.1% control (n=11) for 3 pM
pregnalone. In both enriched ai! unenrched memb a
combination of 10pM pregn + 10pM alale a
[3H]-FNZ biding sncantly less (P<O.01) tha did pn
alone and not gific y moxe (P>.05) than didaalone,
_lggest~ng that aplone is a partial agonist ompedwith the

fuIler agoi action of pi nw in this effect.

Pos are that ch-lesterol enrichment abed the
s vity of the FNZ binding site to bmodulatin by or
that the 27% ofFNZ b ndng site whd a with cm
had a lower s ivity to _s tha xs thal remained.

Bamttt, P. & Simmonds, M.A (1996)BDr. J. Pharmcol., 117, 87-92.
Harriso, NL., M*w, M.D., a , J.W. & Barker, J.L
(1987) J. Phar col. Exp. Ther., 241, 346-353.



203P PERIPHERAL TYPE BENZODLAZEPINE BINDING SITES IN HUNTINGTON'S DISEASE

K. Messmer & G.P. Reynolds, Dept. of Biomedical Science,
University of Sheffield, Sheffield S 10 2 TN

Huntington's disease (HD) is a hereditary disorder associated with
the development of dyskinesias and dementia, characterised by
profound atrophy ofthe striatum and to a lesser extent in other areas
including the cerebral cortex. A relative gliosis has been described
in HD although it is unclear whether microglial proliferation occurs.
One marker for such inflammatory gliosis is an elevation of
peripheral type benzodiazepine binding sites (PTBBS) (Bourdiol et
al., 1991); these have been shown to be increased following
excitotoxic neuronal damage (Benavides et al., 1987). The present
study investigates PKl 1195 binding to PTBBS in HD brain tissue.

Post mortem tissue was taken from 10 HD patients and 10 control
subjects of comparable age. Temporal cortex (BA 21), frontal
cortex (BA 10) and putamen were examined. Tissue was
homogenised in Tris-HCl buffer (50nM, pH 7.4), centrifuged and
rehomogenised. For saturation binding assays samples contained
tissue at a 1:160 dilution in a final volume of 250 pW with 6
concentrations of [3H]PKl 1195 ranging from 0.5 to 10 nM. Non-
specific binding was determined in the presence of 1 pM unlabeled
PK1 1195. The reaction mixture was incubated for 120 mins at 4VC
and the reaction stopped by rapid vacuum filtration and subsequent
washing with buffer. Radioactivity on the filters was determined by
liquid scintillation counting.

PK1 1195 binding revealed a change in the B. of PTBBS for two
of the examined brain areas. A highly significant increase of 69%
was brved for the putamen. A moderate, but significant increase
in the B... was observed for the frontal cortex (+25%). No
signitant changes in the B. were seen for the temporal cortex.
The receptor affinity did not changed in any brain area.

Table 1. Density of peripheral type benzodiazepine binding sites in
brain regions of control subjects and HD patients.

B. mean ± SD (fmol/mg tissue)

congol-sabjects HD patients ANOVA
BA 10 39.5 ± 6.9 49.6 ± 11.8 p=0.033
BA 21 46.9 ± 14.1 52.5 ± 12.4 p=0.353
Putamen 46.6 ± 8.4 78.9 ± 30.6 p=0.007

The observed changes in the number ofPTBBS in the putamen and
frontal cortex correlate with other neurotransmitter changes
indicative of neuronal atrophy in these areas of the HD brain
(Pearson & Reynolds, 1994). An increase in the B. of PTBBS in
degenerated brain areas may be mediated by mechanisms involving
activation of microglia and astrocytes (Bourdiol et at., 1991). The
finding of a changed B. rather than an altered activity agrees with
earlier findings for astrocytosis in vitro (Canat el al., 1993). These
results closely resemble those for other diseases where
inflammatory processes may be involved, e.g. Alzheimer's disease
(Rogers et al., 1996). Our findings therefore indicate the possible
involvement of inflammation on the neurodegenerative process of
HD.

K. Messmer is funded by the DAAD (German Academic Exchange
Service)
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204P NMDA RECEPTORS IN THE STRIATUM IN SCHZOPHRENIA

M.I. Aparicio-Legarza, B. Davis & G.P. Reynolds, Dept. of
Biomedical Science, University of Sheffield, Sheffield SlO
2TN
There is substantial evidence implicating a dysfunction of
glutamatergic systems in schizophrenia. Although several
studies have reported changes in pre- and/or post-synaptic
glutamatergic markers in cortex or hippocampus there have
also been abnormalities identified in the striatum in the disease.
Thus a deficit of neuronal glutamate uptake sites has recently
been observed in striatal and accumbens tissues in
schizophrenia (Aparicio-Legarza et al. 1997), while dizocilpine
binding to NMDA receptors in putamen is reportedly increased
(Kornhuber et al. 1989).

We have undertaken saturable radioligand binding of [3H]L-
689,560 to the glycine site of the NMDA glutamate receptor
complex to determine the density of this receptor in putamen,
caudate and accumbens nuclei taken post mortem from
schizophrenic patients and age-matched controls. The method
employed has been previously reported (Reynolds et al. 1994).
In addition, the possible contribution of antipsychotic drug
treatment was determined following 21 days administration i.p.
of haloperidol (1.5 mglkg/day), clozapine (25mg/kg/day) or
vehicle.
The results (table 1) demonstrate a significant increase in the
NMDA receptor density in schizophrenia in the putamen, but
not in the other two regions. No effect of haloperidol on the
binding of [3H]L-689,560 to rat striatum was observed (table
2), however, in those receiving clozapine, a decrease in mean
values was apparent which failed to reach significance.

Table 1. [3H]L-689,560 binding in human post mortem brain
tissue.

N. Accumbens Caudate Putamen
Schizophrenics 44.2±15.9 32.6±10.0 50.6±9.7*

(n=13) (n=8) (n=12)
Controls 45.0±11.5 28.5±4.5 39.2±10.5

(n=11) (n=5) (n=12)
Data are Bmax values of saturable [3H]L-689,560 binding
expressed as pmol/g tissue. Values are means±SD. *p=0.012

Table 2. [3H] L-689,560 binding density in drug-treated and
non-treated rat striatum

Haloperidol-treated (n-8) 106.9±21.2
Clozapine-treated (n=8) 93.2±15.2*
Controls (n=8) 107.3±13.2

Data are Bmax values of saturable [3H] L-689,560 binding
expressed as pmol/g tissue. Values are means±SD. *p=0.067
These results provide further evidence for dysfunction of
glutamatergic systems in the striatum in schizophrenia.
We are grateful to Dr. P. H. Hutson (Merck,Sharp and Dohme)
for the supply of radioligand.
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