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EFFECT OF THE LEUKOTRIENE ANTAGONIST FPL57231 ON THE ACUTE PHASE OF
ENDOTOXIN SHOCK IN CATS.

S.E. Bryson, K. McKechnie, N. Pacitti*, J.R. Parratt & I.W. Rodger, Department of
Physiology & Pharmacology, University of Strathclyde, Glasgow, G1 1XW.

Recent. studies have provided evidence that leukotrienes may be mediators of endo-
toxin shock. Lipoxygenase products are released during endotoxin shock in sheep
(Ogletree et al, 1982) and the leukotriene.antagonist FPL55712 improves survival

in a mouse endotoxln model (Hagmann& Keppler, 1982). The purpose of this study

was to assess the possible role of leukotrienes in the acute phase of endotoxin
shock in cats using the Fison leukotriene antagonist FPL57231 (Sheard et al, 1984).

Cats were prepared as described previously (Ball et al, 1983), with measurements
1nc1udlng pulmonary arterial pressure (PAP), dynamic lung compliance (C n) and
airways re?zstance (Ray). LTC4 and LTD, were administered 1n%raven?usf¥ (0.1 -
3.0 ug kg~') before and after an 1nfu51on of FPL57231 (2mg kg~' min~'). At 0.3,
1.0 and 3.0 pg kg~ ' there were significant rises in arterial blood pressure (ABP)
with both LTD, and LTC4. These responses were attenuated in the presence of
FPL57231 although the antagonism was more marked -with LTD,. In the doses admini-
stered LTC, and LTD, had little or no activity on PAP, C or R, During an
infusion of FPL57231, E. coli endotoxin (2mg kg~ 1) was agmlnlstered and measure-
ments were made for a further 30 min. Results are presented in Table 1. FPL57231
prevented the increase in PAP and Raw and the decrease in ABP and Cdyn’ effects
which were all observed in the control cats given endotoxin.

Table 1 The effects of FPL57231 on the acute phase of endotoxin shock. Values
are means + s.e.m. of n observations.

Control (n=6) FPL57231 (n=7)
Time (min) -5 +2 -5 +2
ABP (mmHg) 123 + 9 69 + 14* 101 = 7 95 + 6
PAP (mmHg) 1 14 + 1 31 + 5% 18 + 2 19 + 2
Cgyn, (Ml cm H07.) 4.5 + 0.2 2.9 + 0.3* 5.0 + 0.4 5.0 + 0.4
Rgy (cm H,0 177s-1) 10.2+ 0.6 20.9 % 5.2 8.5+ 0.7 8.5%0.7

* PL 0.05 (Wilcoxon Rank Test).

Radio-immunoassay of blood samples taken from the cats given FPL57231 showed that
levels of 6-ketoPGF « and TXB, were not significantly increased by endotoxin, as
would normally be expected (Coker et al, 1983). This suggests that FPL57231 acts
as a cyclooxygenase inhibitor at this d dose and may thus be attenuating the acute
endotoxin response by this known mechanism (Parratt, 1983). It is unlikely that
leukotrienes are involved in the acute phase of the feline endotoxin response
because of their minimal actions on the pulmonary vasculature and airways.

Ball, H.A. et al (1983) Br.J.Pharmac. 80, 295-301.

Coker, S.J. et al (1983) Br.J. Pharmac. 78 561-570.

Hagmann, W. & Keppler, D. (1982) Naturwxssenschaf‘ten 69, 594-595.
Ogletree, M.L. et al (1982) Prostaglandins 23, 459-468.
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THE EFFECT OF CYCLO-OXYGENASE AND LIPOXYGENASE INHIBITION ON THE
RELEASE OF PAF-ACETHER IN VITRO

M.F. Fitzgerald*, S. Moncada & L. Parente, Department of Mediator
Pharmacology, Wellcome Research Laboratories, Beckenham, Kent. U.K.

Platelet activating factor (PAF-acether) is formed by a two stage process in
which the 1-0-alkyi-2-acyl-sn-glycerol-3-phosphorylcholine ether phosphatide
precursor is catalytically degraded to lyso-PAF by the enzyme phospholipase A
and then acetylated by a specific Co-A dependent acetyl transferase (Albert g
Snyder, 1983). It has been recently demonstrated that in human neutrophils
lipoxygenase metabolites can modulate the biosynthesis of PAF-acether by
enhancing the expression of PLA, (Billah et al, 1985). We have shown that
PAF-acether is released after chgllenge with antigen by sensitized guinea-pig
lungs perfused through the airways (Fitzgerald et al., 1985). As alveolar
macrophages are the most likely cellular source of this mediator in the lungs,
we have investigated : (i) the capability of these cells to synthesize
PAF-acether in response to inflammatory stimuli; (ii) the effect of inhibitors of
both cyclo-oxygenase and lipoxygenase on the formation of PAF-acether.

Cells were harvested by the lavage of the lungs of male Dunkin-Hartley
guinea-pigs (250-350g.) with heparinized sterile saline.  Alveolar macrophages
were purified by adherence to tissue culture plates in Dulbecco's Modified
Eagle's Medium containing 10% foetal calf serum. After 4 hours, the
non-adherent cells were removed and the adherent cells were shown to be >99%
macrophages by positive esterase staining. The macrophages were incubated
for 30 minutes with either the vehicle or the drugs (BW755C or inggmethacin)
and for a _féjrther 30 minutes with the inflammatory stimuli (Ca_sionophore
A23187 2x10 "M or formyl methionyl-leucyl-phenyl-alanine (FMLP) 10 "M). At
the end of the incubation PAF-acether was extracted from the supernatant,
identified and bioassayed as previously described (Parente & Flower, 1985).
The levels of thromboxane B., (TXB,) and leukotriene Bq (LTBu) in the
supernatant were measured by radioimmlnoassay.

Alveolar macrophages incubated for 30 min with A23187 released PAF-acethe
(1.4920.08ng;mts.e.m), TXB (43.424.5ng), and LTB, (0.6+0,05ng) per 10
cells/(n=lt). BW755C (1—20|.1|3\) caused a dose dependen‘% inhibition of TXB2 and
LTB, formation. Indomethacin (1uM) completely inhibited TXB., formation™ with
no effect on LTB,. Neither drug had any effect on PAF-gcether\release.
Alveolar macrophages incubated for 30 min with FMLP released PAF-acether
(0.78+0.06 ng), TXB. (94.9#5.1 ng), and LTB, (1.3520.04 ng) per 10" cells
(nch).  BW755C (1-50uM) inhibited the formation of TXB. in a dose dependent
fashion. The inhibition of LTB, was statistically “significant but less
pronounced (21,4% at 50uM; P<0.&J1). The release of PAF-acether was
unaffected by the drug.

These results demonstrate that guinea-pig alveoig_r macrophages are capable of
synthesizing PAF-acether in response to the Ca”" ionophore A23187 and FMLP.
In these cells the inhibition of cyclo-oxygenase and lipoxygenase does not
interfere with the formation of PAF-acether.

Albert, D.H. & Snyder, F., (1983) J. Biol. Chem. 258, 97-102
Billah, M.M. et al (1985) J. Biol. Chem. 260, 6899-6906
Fitzgerald, M.F. et al (1985) Br. J. Pharmacol. 86, 573P.
Parente, L. & Flower, R.J. (1985) Life Sci. 36, 1225-1231,
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THE METABOL:ISM OF LEUKOTRIENES BY PORCINE PULMONARY ARTERY

S.A.Galton* and Priscilla J. Piper, Department of Pharmacology, Royal College of
Surgeons, Lincoln's Inn Fields, London WC2A 3PN

Porcine pulmonary arteries have the capacity to generate leukotrienes (LTs) upon
stimulation with the calcium ionophore A23187 (Piper and Galton, 1984). The
release is time-dependent; after 60 min the main LTs generated are LTB4 and LTE,
whereas, at 30 min, LTC4 and LTD4 are also produced. In these experiments we
have investigated the metabolism of exogenous LTs by these arteries.

Porcine pulmonary arteries, obtained from an abattoir, were weighed, chopped,
suspended in Tyrode's solution (6ml/g) and agitated at 370C. LTBy4, LTC4 or_ LID
was added (final concentration 1lnM) with tracer amounts of the respective [3H]-LT.
2ml aliquots were removed at time intervals fram O to 180 min and partially
purified using Waters C18 Sep-Paks. The material was further purified by RP-HPLC
(Spherisorb 50DS column; solvent MeOH, H70, HAc 75:25:0.02, pH5.4; flow rate

1.0 ml/min). Synthetic LTs were co-injected with each sample. Fractions were
collected and counted using a liquid scintillation counter. The effect of the
inhibitors L-cysteine and serine borate on LT metabolism were also studied. In
large scale experiments, synthetic LTs were not added during HPLC and the
fractions were assayed for LTs on superfused strips of guinea-pig ileum smooth
muscle (GPISM) in the presence and absence of FPL55712 (2.3 x 10-6M) .

The results show that LTC; was rapidly converted to LTD, with a t1/2 of approxi-
mately 3 min. The level of LTD4 reached a maximum at 10 min, after which it
slowly declined with a concomitant rise in the level of LTE4. After 120 min,
75% of the radioactivity co-eluted with synthetic LTE,;. There was no further
metabolism beyond LTE,, all the radioactivity being in either the LTC,4, LTD4 or
LTE, fractions. Incubation with LTDgoresulted in the formation of LTE;,, the t1/2
being approximately 20 min. After 180 min, 90% of the radioactivity was
associated with LTE, and, as with LTC,;, there was no further metabolism.
Experiments with boiled tissue showed no conversion of LTC4 or LID,.

The addition of L-cysteine (10mM) to the incubation of LTC4 had no effect on the
conversion of LTC; to LID4 but markedly reduced the conversion of LTD; to LTE4.
Serine-borate (45mM) inhibited the conversion of LTC4 to LIDj.

Assay of the HPLC fractions on GPISM confirmed the identity of the radioactive
fractions as the corresponding leukotriene.

Similar experiments performed with LTB; revealed that no metabolism was
occurring, in that no radioactivity co-eluted with either 20-OH or 20-COOH LTBy.

These results show that pulmonary arteries metabolise LTC;4 to LTD4 and then to
LTE, but that no further metabolism occurs. There appeared to be no metabolism
of LTB4. In view of these findings, it would appear that these arteries may have
a role in reducing the biological activity of the peptido-LTs and in eliminating
them from the circulation by pramoting the early stages of their metabolism.

Piper, P.J., Galton S.A. (1984). Generation of leukotriene B; and leukotriene E,4
from porcine pulmonary artery. Prostaglandins 28, 905-914



THE EFFECT OF AGE ON THE INVOLVEMENT OF THROMBOXANE A, IN
ANAPHYLAXIS IN THE ANAESTHETIZED GUINEA PIG

*
Barnes, A. and Goadby, P., Department of Pharmacology, Sunderland Polytechnic,
Sunderland, SR1 3SD.

Thromboxane A, (TxA,) is involved in anaphylaxis induced by exposure of
conscious, sensitized guinea-pigs to aerosolized ovalbumin (Barnes and Goadby,
1985). Pretreatment of anaesthetized, sensitized guinea-pigs with dazoxiben, a
thromboxane synthetase inhibitor, was found to offer no protection against
anaphylaxis induced by intravenous ovalbumin in initial experiments. Thus the
conscious and anaesthetized models of anaphylaxis appear to differ. This present
study aimed to investigate anaphylaxis in anaesthetized animals using two
thromboxane receptor antagonists, EP092 (Jones et al, 1984) and AH23848
(Humphrey and Lumley, 1984).

Male sensitized guinea-pigs (450 - 1390g) were anaesthetized with urethane
(1.5g/kg, i.p.) and the trachea cannulated. Sodium pentobarbitone (6mg/ml in
saline) was administered, via a cannulated jugular vein, until spontaneous
respiration ceased. Guinea-pigs were then attached to a respiratory pump and
increases in respiratory overflow volume were detected using the method of
Gardiner (1971). Drugs were administered via the jugular vein cannula, 10 min
prior to ovalbumin.

Guinea-pigs were divided into two groups; young (5 weeks old; 525%12g;n=33)
and old (>15 weeks old; 986*24g; n=26). Table 1 shows the effect of phenidone,
dazoxiben, EP092 and AH23848 on ovalbumin-induced increases in respiratory
overflow volume.

Table 1. Responses to ovalbumin (0.5mg/kg) of anaesthetized, artificially
respired guinea-pigs.

Treatment Dose % maximum respiratory overflow volume
(umo1l/kg) (meants.e.mean (n))
young old
None 99.4 + 0.6 (7) 94.1 + 2.4 (9)
Phenidone 3.7 21.7 £ 5.5 (4) 100.0 £+ 0 (4)
Dazoxiben 3.7 40.0 + 9.0 (6) 88.0 £ 5.4 (5)
EP092 2.4 45.7 + 17.4 (6) 100.0 £ O (4)
AH23848 0.2 64.4 + 13.1 (8) 100.0 £ 0 (4)

The control animals of both groups responded similarly to ovalbumin challenge
with regards to the severity of response. However the mechanisms involved in
the response must differ with age as interference with the action of TxA
offered protection to young but not to old guinea-pigs. It remains to be
determined if this is due to a difference in sensitivity to or release of

TxA2 within the lung.

We thank Dr.R.L.Jones (University of Edinburgh) for EP092 and Dr.P.P.A.
Humphrey (Glaxo Research) for AH23848.

Barnes, A. and Goadby, P.(1985).Br.J.Pharmac.,86,804P.

Gardiner, D.G.(1971).Br.J.Pharmac.,41,122-131.

Humphrey, P.P.A. and Lumley, P.(1984).Br.J.Pharmac.,83,378P.

Jones, R.L., Smith, G.M. and Wilson, N.H.(1984).Br.J.Pharmac.,81,100P.
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PREVENTION OF PULMONARY OEDEMA AND ALTERED PULMONARY PHARMACO-
KINETICS INDUCED BY a-NAPHTHYLTHIOUREA (ANTU) IN RAT LUNG

Y.S Bakhle & C.J.Grantham*, Dept. of Pharmacology, Hunterian Institute, Royal
College of Surgeons, Lincoln's Inn Fields, London, WC2.

Pulmonary oedema is induced in rats by intra-peritoneal(i.p.) injection of ANTU.
This type of lung injury is accompanied by defects in the pulmonary pharmaco-
kinetics of prostaglandin E2(PGEp), thromboxane By and adenosine (Bakhle &
Grantham,1985 a and b). Here we describe the effects of three different agents
-dimethyl sulphoxide(DMSO), N-acetyl cysteine(NAC) and a synthetic steroid,
budesonide (BUD) on the pulmonary oedema induced by ANTU. In addition we have
studied the effects of one of these agents(NAC) on the pulmonary pharmacokinetics
of adenosine and PGE2 in the same model.

Male rats(200-270g) were injected subcutaneously(s.c.) with NAC(500mg/kg) or
BUD(1.2 mg/kg) or with an i.p. injection of DMSO(7.8g/kg), lh before an i.p.
injection of ANTU(10 mg/kg) in olive oil. A further group of rats received the
same dose of DMSO s.c. Lungs were removed from anaesthetised rats at fixed times
after ANTU injection and the lung dry weight: wet weight ratio determined. This
ratio was below that for lungs from untreated rats(21.0+0.7%, n=6), i.e., oedema
was present, between 2h and 28h after ANTU injection with the maximum effect, a
dry:wet ratio of 16.0+0.1% (n=19), present at 4h after ANTU. Pretreatment with
DMSO(s.c.) decreased the oedema at 4h after ANTU, giving a dry:wet ratio of
18.4+1% (n=4). This agent given i.p. totally prevented the oedema at 2h and 4h,
giving dry:wet ratios of 20.8+0.2% and 20.1+0.3% respectively (n=3-4), and
decreased that present at 6h. Pretreatment with NAC or BUD reduced oedema at 4h
after ANTU only, with dry:wet ratios of 18.9+40.6% and 16.8+0.3% respectively(n=4).

Pulmonary pharmacokinetics were assessed in the isolated perfused lung by
measuring the Tj/7 value, the time taken for 50% of injected radioactivity to
emerge from the {ung aftgr an injection of labelled substrate(Bakhle & Grantham,
1985a). The substrates(°H-adenosine, 10mmol, 10OnCi and 14C-PGE2, lomol, 20nCi)
were injected together as a 100ul bolus into the perfusate entering the lung.
Lung effluent was collected in 40 fractions of 4 drops(each equal to about 3s).
The radioactivity in each fraction was measured and the T}/ value calculated.
Treatment with ANTU produced Ty/2 values for adenosine of about 20s at 2,4, and
6h after injection, compared with Tj/7 of more than 120s in sham- treated or
untreated lungs. Pretreatment with lengthened the Ty for adenosine, i.e.,
towards the normal value, only at 4h to 25.3+0.8s (ANTU alone, 20.3+1.5s, n=4).
After ANTU, the Ty/ for PGEp increased from 44.2+2.0s at 2h to 50.410.7s at
6h(n=4), compared with a value of 39.8+1.5s (n=24) in untreated lungs.
Pretreatment with NAC did not prevent the ANTU-induced changes in the Tj;p for
PGEp at any time up to 6h.

In sumnary, ANTU-induced pulmonary oedema was decreased in the early stages by
all three pretreatments and most effectively by the anti-oxidants,DMSO and NAC.
With NAC, decrease of oedema was accompanied by an improvement in pulmonary
pharmacokinetics of adenosine, but not that of PGES Thus adenosine may prove to
be the better substrate to use as a biochemical index of pulmonary oedema in this
model.

We thank Draco AB for a gift of budesonide; C.J.G. is a MRC Scholar.

Bakhle, Y.S. & Grantham, C.J. (1985a), Biochem. Pharmacol., 34, 4325-4327.
Bakhle, Y.S. & Grantham, C.J. (1985b), J. Physicl., in press.



235P

9, 113-PROSTAGLANDIN F2, A METABOLITE OF PGD,, IS A POTENT
CONTRACTILE AGONIST OF HUMAN AIRWAYS IN VITRO AND IN VIVO

C.R.W. Beasley*, M.K. Church, R.L. Featherstone, C.C. Hardy, S.T. Holgate, C.
Robinson, J.G. Varley.

Medicine I & Clinical Pharmacology, Centre Block, Southampton General Hospital,
Southampton S09 4XY.

Prostaglandin D, (PGD,) is generated in large amounts with allergen challenge
of human isolated lung mast cells in vitro, and is a potent bronchoconstrictor in
asthmatic subjects, being 3.5 times more potent than PGF,, (Hardy et al 1984),
PGD2 is metabolised by the initial formation of the 11 -hy&roxyl epimer of

PGF o 9%,11g =PGF, , which has been found in substantial quantities in the
plasma during mast ‘cell activation in vivo in humans, and is biologically active
in a number of test systems (Liston & Roberts, 1985). We now report the airway
effects of 90\,11’- 1"GI~‘2 in isolated human airways and in patients with asthma.

Human airways of 4 mm diameter were dissected from lung tissue obtained from
patients undergoing surgery for bronchial carcinoma. The airways were cut
spirally and suspended in organ baths containing Krebs’ solution at 37°C,
aerated with 95% O, and 5% CO, and contractions measured isometrically. Both
prostanoids caused _cgmcentration-related smooth muscle contraction in the range
of 0.32 - 32 x 10 M. 9%,11g-PGF was 4,27 times more potent than 1"'(;D2 (n
= 6, 3 lungs), this difference ﬁeing statistically significant (P<0.001).

To extend these observations, a comparative study was carried out in 8 male
subjects with mild allergic asthma (mean age 29 years, mean FEV. 70% predicted,
mean provocation _goncentration causing a 20% fall in v (PC, FEV.)
histamine 2.4 x 10 "M.) On three separate occasions subjects inhaled doubling
concentrations of nebulised histamine, 9w,llf =PGF and PGD,, and airway
calibre followed as changes in FEV1 and specific azrways conductance (sGaw).
Concentration response curves weére constructed and the PCZOFEV and
provocation concentrations causing a 35% fall in sGaw (PC,.sGaw) wete dlerived
for each agonist.. Histamine, 9«,l1lg =PGF and PGD, caused concentration-
related bronc!ngconstriction with geometric mean PC FE\?2 values of 2.4, 0.17,
and 0.15 x 19 "M respectively; and PC35 sGaw values 021:0 2.31, 0.1l4,and

0.11 x.10 respectively . There was no significant difference
between the bronchoconstrictor effects of 9&,11,1-PGF and PGD,, however both
were significantly more_%otent (P<0.005) than histamine. The effzect of a single
inhalation (0.71 x 10 "M) of 9«,11p -PGF and PGD, was 1investigated in 6
asthmatic subjects. Airway calibre was measured wigh sGaw, and the change
expressed as percentage fall from the baseline values. Both 9¢,11¢ -PGF and
PGD, caused maximum bronchoconstriction 3 to 7 minutes post inhalation. The
meafi maximum fall for 9«,11g =PGF was 48% and this was significantly greater
than the fall caused by PGD (33% P<0.01). Despite the greater magnitude of
bronchoconstriction observed With 9«,11§-PGF, , the rates of recovery of airway
calibre were not significantly different betwéen the two prostaglandins.

Our studies suggest that 9«,11‘;-PGF is at least equipotent with PGD, as a
bronchoconstrictor agonist, and as a metabolite of PGD,, may contribute 2i:o the
bronchoconstrictor effect of this mast cell-derived mediator in asthma.

Hardy C.C. et al (1984) N. Engl. J. Med. 311, 209.
Liston T.E., Roberts L.J. (1985) Proc. Natl. Acad. Sci. USA. 82, 6030.
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RELEASE OF LEUKOTRIENES BY RAT AND HUMAN GASTRIC MUCOSA AND ITS
PHARMACOLOGICAL MODIFICATION

K.W. Dreyling, K. Lang?l, B.A. Peskarl and B.M. Peskar*, Department of Experimental
Clinical Medicine and “Department of Phammacology, Ruhr-University of Bochum,
D-4630 Bocum, F.R.G. (introduced by B.J.R. Whittle)

Vasoconstriction and stasis of blood flow (Guth et al., 1984) are praminent fea-
tures of ethanol (EtOH)-induced gastric damage in rats. Similar effects are evo-
ked by exogenous leukotriene (LT) C4 (whittle et al., 1985). We have determined
gastric mucosal damage and LTC4 formation induced by EtOH and the effects of pre-
treatment with the anti-ulcer drugs carbencxolone (CX) and prostaglandin (PG) E2
and the lipoxygenase inhibitor nordihydroguaiaretic acid (NDGA). Furthermore, we
have studied the effect of CX on LT release by human gastric mucosa in vitro.

Rats were treated orally with 2 ml of water or 20%, 50% or 100% EtOH. After 5 min
the animals were killed and the ulcer index was determined. Fragments of gastric
corpus muoosa were incubated in Tyrode solution at 37¢C for 2o min. Eicosanoids
were determined radioimmunologically. HPLIC revealed formation of LTC4 but not of
LTD4 and LTE4. Effects of CX on LT release fram human gastric mucosa were studied
using normmal tissue obtained fram surgical specimens. Chopped tissues were pre-
incubated in the absence or presence of various concentrations of CX at 370C for
20 min. Then the medium was replaced by fresh buffer containing the same concen-
trations of CX plus 0.005 mg/ml ionophore A23187.

Gastric mucosa of control rats released 58 + 7 ng/g LTC4 (mean + SEM, n=18). In-
stillation of various concentrations of EtOH enhanced mucosal LTC4 formation ex
vivo in a dose-dependent manner. Thus, treatment with 1oo% EtOH resulted in an
about fivefold increase in LTC4 release (267 + 25 ng/g, n=43, p<o.0ol). Mucosal
LTC4 formation correlated with gastric damage induced by various concentrations
of EtOH(r=0.7, n=32,p<0.001). Oral pretreatment of rats with CX (33-3co mg/kg)
or NDGA (1o-10o mg/kg) 3o min prior to instillation of 100% EtOH resulted in
dose~dependent gastric protection and inhibition of mucosal LTC4 release. Both
drugs did not affect formation of cyclooxygenase-derived products of arachidona-
te metabolism. Pretreatment with oral PGE2 (0.2 mg/kg) campletely protected the
mucosa against EtOH-induced damage, but did not reduce mucosal LTC4 release.

Human gastric mucosa released less LT than rat mucosa. Thus, ionophore-stimula-
ted release (ng/g/20 min, n=19) of LTB4 was 3.9 + o.7 and of sulfidopeptide-LT
(expressed as immunoreactive (i.r.) LTC4) was 3.3': 0.5. HPIC analysis demon-
strated that human gastric mucosa released a mixture of LTC4, LTD4 and LTE4. CX
(0.025-0.4 mM) dose-dependently reduced mucosal release of i.r. LIC4 (IC50
0.07 mM) and LTB4 (IC50 0.2 mM).

The results indicate that 1.) Increased formation of LTC4 and possibly other 5-
lipoxygenase~derived products of arachidonate metabolism could contribute to
EtOH~-induced mucosal injury. 2.) In this type of acute gastric damage inhibition
of LT formation may be an important mechanism of action of protective drugs.
Protection by exogenous PGE2, however, is not due to inhibition of mucosal LT
release, but may be mediated by functional antagonism of LTC4 effects. 3.) Simi-
lar to the rat, the 5-lipaxygenase pathway of arachidonate metabolism may be

a target for anti-ulcer drugs in man.

Guth, P.H., Paulsen, G. & Nagata, H. (1984) Gastroenterology 87, 1083-10%.

whittle, B.J.R., Oren-Wolman, N. & Guth, P.H. (1985) Am.J.Physiol. 248, G580-
G586.
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INHIBITION OF PAF-INDUCED GASTRIC MUCOSAL DAMAGE BY CORTICO-
STEROIDS.

J.L. Wallace* & B.J.R. Whittle, Department of Mediator Pharmacology, Wellcome
Research Laboratories, Beckenham, Kent.

We have recently reported that platelet-activating factor (PAF) is a potent ulcerogenic
agent (Rosam et al., 1986) and augments the gastric damage induced by topical irritants
(Wallace & Whittle, 1985). It is possible that eicosanoids such as thromboxane A. or
leukotriene C, (Whittle et al., 1985) mediate some of the gastric damaging effects of
PAF. Hence, in the present study, we have examined the effects on the gastric mucosal
damage and systemic hypotension induced by intravenous PAF of the cyclooxygenase
inhibitor, indomethacin, and the dual cyclooxygenase-lipoxygenase inhibitor, BW755C.
Further, we have investigated the actions of the corticosteroids, dexamethasone and
prednisolone, which inhibit phospholipase A2 activity through lipocortin biosynthesis
(Flower & Blackwell, 1979).

Male rats (4 to 12 per group) were anaesthetized with sodium pentobarbitone. Systemic
arterial blood pressure (BP) was measured throughout the 60-min experiment. A 10-min
infusion of PAF, at a dose (100 ng/kg/min) previously shown to produce gastric mucosal
erosions (Rosam et al., 1986), was started at minute 20. Rats were pretreated with
dexamethasone (0.2 or 2 mg/kg) administered s.c. 120 min or i.v. 15 min prior to PAF
administration, while prednisolone (20 mg/kg s.c.), BW755C (50 mg/kg p.o.) and
indomethacin (5 mg/kg s.c.) were given, respectively, 120, 60 and 45 min prior to PAF. The
stomach was subsequently opened, photographed and mucosal damage was scored (0 to 3
scale) in a randomized, blind manner.

In the control group, i.v. infusion of PAF for 10 min caused a rapid fall in BP (A 75 = 3 mm
Hg; mean + SEM; n=10). The BP remained depressed throughout the infusion period and,
during the ensuing 30 min, slowly recovered to 38 * 8% of pre-PAF levels. The infusion of
PAF also resulted in severe hyperaemia and haemorrhage in the stomach, with a mean
gastric damage score of 2.9 *+ 0.1. While none of the drugs tested significantly affected the
fall in BP induced by PAF, all produced a significant acceleration of the recovery of BP
after PAF. Thus, in the indomethacin, BW755C, dexamethasone (2 mg/kg s.c.) or
prednisolone groups, the BP recavered to (as % of pre-PAF levels): 69 * 5% (p<0.05), 77 *
8% (p<0.05), 82 + 3% (p<0.01) and 87 * 4% (p<0.005), respectively. However, only the
corticosteroids, when administered 120 min prior to PAF, and BW755C significantly
reduced the gastric damage score. Prednisolone reduced the gastric damage score to 1.0 £
0.5 (p<0.05) while dexamethasone (0.2 and 2 mg/kg) and BW755C reduced the gastric
damage score to 1.6 + 0.6 (p<0.05), 1.2 + 0.3 (p<0.01) and 1.2 * 0.4 (p<0.01) respectively.

The reversal of the hypotensive effects of PAF can be significantly accelerated by
pretreatment with indomethacin and by the dual inhibitor, BW755C, as well as by
dexamethasone and prednisolone. These results suggest a role for the generation of cyclo-
oxygenase products in the prolonged hypotension induced by PAF. However, only the
corticosteroids, when given 2 hours before PAF, and BW755C significantly reduced gastric
mucosal damage. Although it is thus unlikely that cyclo-oxygenase products play an
important role in the ulcerogenic actions of PAF in the gastric mucosa, the role of
lipoxygenase products in such damage cannot be excluded.

Flower, R.J. & Blackwell, G.J. (1979) Nature 278, 456-459.

Rosam, A-C.R., Wallace, J.L. & Whittle, B.J.R. (1986) Nature 319, 54-56.
Wallace, J.L. & Whittle, B.J.R. (1986) Br. J. Pharmacol. 87, 94P.

Whittle, B.J.R. et al. (1985) Am J Physiol 248, G580-G586.
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EVIDENCE OF A ROLE FOR PLATELET-ACTIVATING FACTOR IN ANTIGEN-
INDUCED CORONARY VASOCONSTRICTION IN GUINEA-PIG PERFUSED HEARTS.

Priscilla J. Piper & A.G. Stewart*, Department of Pharmacology, Hunterian
Institute, Royal College of Surgeons of England, London WC2A 3PN

The consequences of cardiac anaphylaxis, which include impaired myocardial
contractility, dysrythmias and coronary vasoconstriction, have been attributed
to antigen-induced release of mediators such as histamine, thromboxane Ay and
cysteinyl-containing leukotrienes (LTs). However, administration of platelet-
activating factor (PAF) to guinea-pig or rat isolated, perfused hearts results
in disturbances of function resembling those occurring during cardiac
anaphylaxis (Benveniste et al, 1983; Levi et al, 1984; Piper & Stewart, 1985).
Furthermore, antigen-challenge of sensitized guinea-pig hearts is accompanied by
the release of PAF (Levi et al, 1984). The present study investigates the role
of PAF in cardiac anaphylaxis using the selective PAF receptor anatagonists,
BN52021 and L652,731.

Male Dunkin-Hartley guinea pigs (150-200g) were sensitized to ovalbumin (40pg OA
+ 10mg A1(OH)3/kg, i.p.) and experiments were performed 14 to 21 days later
(Andersson, 1380). Hearts were perfused via the aorta using Kreb's solution
(37°9C, gassed with 95% 07, 5% ) at a constant flow rate (8 ml/min) for 30 min
before receiving an infusion (0.1 ml/min) of vehicle (30% dimethylsulphoxide),
BN52021 (3, 10 or 30 M) or L652,731 (10 yM). Recordings of coronary perfusion
pressure (CPP) were made 10 min after the beginning of the infusion and for a
further 10 min following the administration of 100 pg OA. Antigen or vaso-
constrictors were administered as bolus doses (10 to 100 ul).

BN52021 (30 pM) significantly attenuated (P <0.05, unpaired Student's t-test)
the increase in CPP induced by PAF (100 pmol) whereas responses to LTC,; (30
pmol, LTD; 100 pmol) and the thromboxane Aj-mimetic, U44069 (100 pmol) were
unaffected. Similarly, L652,731 selectivefy inhibited the PAF-induced increase
in CPP. Neither BN52021 nor L652,731 significantly altered resting CPP.
Administration of OA evoked increases in CPP which reached a maximum at 20-40 s
(74+10%, n=13), declined after 2 min (33+8%) and were maintained up to 10 min
after OA (29+6%). BN52021 (30 uM) attenuated the maximum increase in CPP
(39+12%, n=9), whereas both BN52021 (30 uM) and L652,731 (10 pM) markedly
inhibited the increases in CPP at 5 (8+6%, 6+4% n=7, respectively) and 10 (9+8%,
3+4%, respectively) min after OA.

The inhibitory effects of selective concentrations of the PAF-receptor
antagonists BN52021 and L652,731 on antigen-induced coronary vasoconstriction
suggest a role for PAF in cardiac anaphylaxis.

We thank Dr J Rokach, Merck Frosst, Canada, for synthetic LTC4 and LTDy;
Dr P Braquet, Institut Henri Beaufour, for BN52021; Dr J Chabala, Merck, Sharp
and Dohme USA, for L652,731; Dr J Pike, Upjohn USA, for U44069 and the Charles
Wolfson Charitable Trust and the Welton Foundation for financial support.

Andersson, P. (1980) Allergy 35, 65-71.

Benveniste, J., Boullet, C., Brink, C. & Labat, C. (1983) Br.J.Pharmac. 80,81-83.
Levi, R., Burke, J.A., Guo, Z-G., Hattori, Y., Hoppens, C.M. McManus, L.M.,
Hanahan, D.J. & Pinckard, R.N. (1984) Circ.Res. 54,117-124.
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INTRACRANIAL CIRCULATORY EFFECTS OF PLATELET-ACTIVATING FACTOR AND
INDOMETHACIN IN THE ANAESTHETISED PIG

Priscilla J. Piper & A.W.B. Stanton*, Department of Pharmacology, Hunterian
Institute, Royal College of Surgeons, Lincoln's Inn Fields, London WC2A 3PN

Platelet-activating factor (PAF, 1-O-hexadecyl-2-acetyl-sn-glycero-3-phosphoryl-
choline) is synthesised by white cells, platelets and other cell types and has
been shown to possess both vasodilator and vasoconstrictor properties (Kenzora
et al, 1984). In view of a possible role in pathophysiological processes, the
effects of PAF on special circulations are of interest.

We have examined the effects of bolus injections of PAF and a thromboxane
mimetic, U-44069, on intracranial blood flow (ICBF) in the pig. The influence
of indomethacin was studied in this system.

Eleven female pigs (32.5-55 kg) were sedated with azaperone (Suicalm, Janssen)
i.m. and anaesthesia was induced and maintained with metonidate (Hypnodil,
Janssen) i.v. The animals were placed on a heating pad, intubated through a
tracheotomy incision and ventilated with Op-enriched air. Blood pressure (BP),
ECG, heart rate and core temperature were recorded. Blood gases were closely
monitored and maintained at PCO 5.28+0.50 kPa, pH 7.4140.04 (mean + s.d.),

POy > 10.5 kPa. The intracranial circulation was isolated as previously
described (Piper & Stanton, 1985) and intracranial blood flow recorded using an
electromagnetic flow cuff (Gould). Drugs were administered via a polyethylene
cannula (Portex) in the lingual artery.

Platelet-activating factor (Cl6, Bachem) 3x10-15 - 3x10-10 mol produced a dose-
dependent decrease in ICBF. A transient increase in flow of <8.0% sometimes
preceded the decrease but this was not dose-related. U-44069 (2.9x1?‘ mol)
reduced ICBF by 51.1+4.9% (n=4). Indomethacin (5 mgkg-! + 0.5 mgkg-lh-1, i.v.)
caused a rise in BP and a fall in ICBF of 64.0+4.9% (n=4). This was followed
by gradual recovery. In indomethacin-treated animals PAF elicited a biphasic
response: a dose-related increase in flow, threshold dose 3x10-12 1, was
followed by a more sustained decrease in flow, threshold dose 3x10-11 mol. The
dose-response curve for the second phase was steeper than in untreated animals.
U-44069 again reduced ICBF.

The results show that PAF and U-44069 can decrease ICBF, which probably
reflects active cerebral vasoconstriction. In the presence of indomethacin,
the altered PAF response characteristics may indicate that a different part of
the intracranial vasculature is reacting. A further possibility is that the
PAF-induced decrease in ICBF observed at low doses was mediated by a
cyclo-oxygenase product.

We thank the British Heart Foundation (grant nos.84/54 and 84/80) for support,
Dr J.E. Pike (Upjohn Co) for a gift of U-44069 and Dr R.M. Robertson for
assistance and advice.

Kenzora, J.L., Pérez, J.E., Bergmann, S.R. & Lange, L.G. (1984) J.Clin.Invest.
74,1193-1203

Piper, Priscilla J. & Stanton, A.W.B. (1985) Br.J.Pharmac. 85, Proc.Suppl.,
270P.
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THE PRINCIPAL SITE OF KININ-STIMULATED PGE, RELEASE IN RABBIT COLON
IS FROM SUBEPITHELIAL CELLS WHICH DO NOT DISPLAY SIDEDNESS

J.R.S. Hoult*s& J.A. Phillips, Department of Pharmacology, King's
College, Strand, London WC2R 2LS, U.K.

Bradykinin-induced secretion in mammalian colon involves prostaglandin
generation, notably PGE;, and displays "sidedness" in that the
responses are elicited after serosal kinin application and prostanoids
are released predominantly into the serosal bathing medium. However,
in recent experiments using colonic sheets stripped of epithelial cells
(Hoult & Phillips, 1986), it was shown that the kinin-induced PGE; in rat
colon derives principally from the lamina propria and not from the
epithelial cells as previously supposed, and that when the epithelial
cell layer is removed the sidedness of the responses is no longer
evident. In the present work we have extended the validity of this
concept to a "low conductance epithelium" by comparing PGE, release
induced by 1lysyl-bradykinin (LBK) in “epithelial-intact"™ and
"epithelial-removed" preparations of rabbit colon.

Sections of muscle-stripped epithelial-intact and epithelial-removed
rabbit colon were prepared and mounted in Ussing chambers as described
previously (Hoult & Phillips, 1986). 1In epithelial-intact colon, LBK
at 107° M caused significagt PGE& release when applied serosally (0.25*
0.1 to 1.61 * 0.05 ng cm™“ min P < 0.05) but was ineffective when
applied mucosally. Data shows serosal PGE, concentrations; those in
the mucosal bathing medium were lower and not significantly increasTG
after LBK application (eg 0.1 * 0.1 to 0.2 * 0.1 ng em~2 min~ ’
respectively). 1In colon with epithelial cells removed (verified in
sections using PAS and haematoxylin stains and whose intactness was
checked by adding radiolabelled PG to one compartment), LBK
significantly enhanced PGE, release when added to either serosal or
mucosal bathing goluti?n %eg on mucosal side from 0.1 * 0.05 to
1.79 * 0.77 ng cm® min™ P < 0.05).

The calcium dependency of the PG generation was investigated by
incubating tissues in Ca2*-free Krebs containing 1 mM EGTA for 30 min
before LBK application. Removal of calcium from the serosal but not
mucosal side abolished the increased potential difference evoked by LBK
in epithelial-intact tissue, and reduced the generation of PGE,.
Removal of Ca *+ from both sides had a greater effect on P Eo rg}ease:
3.0 £+ 0.66 serosally after LBK reduced to 1.0 * 0.1 ng cm™ “ min ~. 1In
contrast, in epithe%}al—removed tissues, kinin-induced PGE, release
was reduced after Ca?t removal from either bathing solution.

Our results show that kinin-induced PGE, release in rabbit colon is from
subepithelial cells and that the apparent sidedness of the effects in
terms of route of LBK application, release of PGE, and sensitivity to
calcium removal occur because of the barrier property of the epithelial
cell layer.

Supported by a SERC studentship to J.A.P.

Hoult, J.R.S. & Phillips, J.A. (1986). Br. J. Pharmac., submitted for
publication.
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PROSTAGLANDINS AFFECT GAP JUNCTION RECRUITMENT IN OVINE URETERAL
SMOOTH MUSCLE

M.Angelo-Khattar, O.Thulesius*and L.Ugaily-Thulesius, Department
of Pharmacology-Toxicology and Anatomy, Faculty of Medicine, Kuwait
University, P.O. Box 24923 Safat, Kuwait.

Indomethacin blocks motility in isolated sheep ureteral preparations
(Thulesius and Angelo-Khattar, 1985). The present investigation
deals with the role of prostaglandin Fpx (PGFoa) on establishment
of ureteral contractions and transmission of contractile waves.

Ureteral ring preparations (length 4 mm) were obtained from the
local abbatoire from freshly slaughtered Merino sheep. Contractions
were recorded in an organ bath. After spontaneous rhythmic con-
tractions had been established for 1 hour indomethacin (10~5M) was
added. After stop of contractions PGF« was added and motility
invariably restarted with a frequency (c/min) and amplitude similar
to the preceding spontaneous rhythm characteristic for each pre-
paration. This applies to three concentrations of PGF2«, 1076, 5-1070
and 10-5M. Thus there was no concentration dependent increase in
frequency or amplitude.

The diagram below shows a good correlation (P <0.001) of frequency
of ureteral contraction before and after PGFa (5°10~0M). Correlation
coefficients (r) for 106 and 10~°M PGF 2y were 0.83 and 0.87.

In a 40 mm long tandem preparation contractions were recorded from

both ends with separate trans-

ducers but in the same bath.This

r-082 enabled measurement of trans-

- mitted contractions and deter-

- mination of speed of transmission

> of contractile waves which was
o determined at 33.1 * 1.4 mm/s

L7 (n=10). In case of uncoordinated

contractions (each end beating

L. at its own rhythm) PGFoa re-

. - established coordination in a

e large number of experiments but

e did not alter pacemaker rate.

~N
2

after PG,c/min
o
L ]
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s
\

. Electron microscopy from ultra
5 10 15 20 thin sections (fixed in 3 %
before PG, ¢/min 9luteraldehyde in cacodylate
! buffer postfixed in 1% osmium
tetroxide) showed adjacent smooth muscle cells to possess membrane

structures characteristic of gap junctions.

The present findings can be interpreted on the basis of a PGFay in-
duced recruitment and coordination of a large number of contractile
units governed by pacemaker cells and is consistent with an effect
on gap-junctions rather than pacemaker cells.

Thulesius, 0. and Angelo-Khattar, Acta Pharmacol. et toxicol, 56,
298-301, 1985.

Supported by grants No. MR 014 and MA 015, Kuwait University.
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CYCLOSPORIN A INHIBITS RAT NEUTROPHIL PHOSPHOLIPASE A, AND
POSSESSES ANTI-INFLAMMATORY ACTIVITY

J.Chandler, S.Clements-Jewery, D.Fenske*, D.Packer, P.Robson and K.Woodward
(introduced by P.Miller). Roussel Laboratories Ltd, Swindon Wiltshire, U.K.

The immunosuppressive action of cyclosporin A (CSA) is mainly attributed to a
specific action on T-lymphocytes; in particular an inhibition of Interleukin-2
synthesis and receptor expression (Thomson et al. 1984). However, at higher
concentrations this compound may also interfere with macrophage Interleukin-1
release (Thomson et al. 1983) and phospholipase action (Fan and Lewis. 1984).
These latter effects may predict an anti-inflammatory action, although it has
been previously reported that CSA does not inhibit acute inflammation (Borel et
al. 1976). We now report that CSA can inhibit rat peritoneal neutrophil -
phospholipase A, and, although it is devoid of anti-inflammatory action
against the rat paw oedema induced by carrageenan, CSA does inhibit the primary
rat paw oedema induced by Freund”s complete adjuvant as assessed at 24
hours. 14
The effect of CSf4on the release of free (~ C) arachidonic acid (AA) from
A23187 stimulated ("7C) AA prelabelled rat peritoneal neutrophils was measured
using a modification of a previously rfgorted method (Annfelt-Ronne et al.
1982). CSA inhibited the release of (  'C) AA with an IC., of 0.8
micromolar. The 5-lipoxygenase products released by these cells were also
reduced with an IC o °f 2.3 micromolar. Two separate and differential}x
inhibited lipolytic reactions are catalysed by freeze/thawlgisrupted (T7C) AA
prelabelled rat neutrophils in the presence of calcium. (*7C) 2-arachidonyl
phospholipid is hydrolysed by a phospholipase A, and AA esterified in the
neutral lipid fraction is also hydrolysed to yield free AA. The former, but not
the latter, enzyme activity was inhibited by CSA with an ICsq of 20
micromolar. Hence, in both intact and disrupted rat peritoneal neutrophils CSA
acts in a manner consistent with phospholipase A, inhibition.

The effects of CSA and dexamethasone on the rat paw oedema induced by sub-
plantar injection of Freund”s complete adjuvant (FCA) were examined at 6 and 24
hour time points. Groups of rats (n=8 or 10) were orally dosed with either
vehicle, 30mg/kg CSA or O.lmg/kg dexamethasone 30 minutes before FCA injection.
The results (table) show CSA to possess significant activity at the 24 hour, but
not the 6 hour time point. Dexamethasone, however, demonstrated greater
activity at the earlier time.

Table
% INHIBITION OF CFA OEDEMA at 6 24hours
CSA 30mg/kg -8 48%
Dexamethasone 0.1lmg/kg 70% 35%
* p < 0.002

CSA did not inhibit 3 hour carrageenan oedema at 20 or 100mg/kg when dosed
either 30 minutes or 24 hours before irritant injection.

The mechanism of anti-inflammatory action of CSA as detected by inhibition of
primary FCA induced rat paw oedema is unknown. However, the ability of CSA to
inhibit the phospholipases of inflammatory cells and Interleukin-1l synthesis
(Thomson et al. 1983) suggests these factors should be investigated in this
model.

Thomson, A.W. et al. (1984) Agents Actions, 15, 306-327.

Thomson, A.W. et al. (1983) Immunology, 48, 291-299.

Fan, T.-P.D. and Lewis, G.P. (1985) Br. J. Pharmac. 84. 46P.
Borel, J.F. et al. (1976) Agents Actions, 6, 468-475.
Annfelt-Ronne, I. et al. (1982) Biochem. Pharmacol. 31, 2619-2624.



243P

EFFECTS OF INTERLEUKIN 1 ON LEUKOCYTE MIGRATION AND CARTILAGE
DESTRUCTION IN VIVO

B. Henderson, G.A. Higgs, & E.R. Pettipher* Department of Mediator
Pharmacology, Wellcome Research Laboratories, Beckenham, Kent. U.K.

Interleukin 1 (IL-1) is a potent chemotactic agent in vitro (Sauder, et al.,
1984) and induces proteoglycan loss from cultures of articular cartilage
(Krakauer et al, 1985). These observations, coupled to the detection of IL-1
in rheumatoid synovial fluid (Nouri, et al., 1984), support the hypothesis that
IL-1 is an important mediator of the erosive processes in chronic arthritis.
We have now investigated the effects of IL-1 on leukocyte accumulation and
cartilage destruction following intra-articular injection in rabbits.

Highly purified human IL-1 (Genzyme)was injected (0.2-20 units) into the knee
joints of groups of New Zealand White rabbits (2.5-3.5 kg) and the contralateral
joint of each animal received vehicle alone. The animals were killed 4h to 3
days after injection, the joints were washed with 1 ml sterile saline and
resultant joint fluids were taken for total and differential leukocyte counts.
Articular cartilage (20-60 mg) was dissected from the ends of both femurs of
each animal and digested by incubation with papain. The concentration of
sulphated proteoglycan in the digest was then measured by the 1, 9
dimethylmethylene blue binding assay (Farndale, et al., 1979) and expressed as
ug proteoglycan/mg wet weight of cartilage.

Interleukin 1 caused a dose - dependent increase in the number of leukocytes
in joint washes collected 2l|la after intra-articular injection. Total numbers
increased to 0.47 + 0.2 x 610 cells/ml (mean * s.e. mean; n= 7) with 5 units
IL-1 and to 2.1 = 0.5 x 10" cells/ml with 20 units IL-1. At 24h the cells were
predominantly mononuclear (60 - 80%). Joint washes grom animals killed 4h
after injection of 10 units IL-1 contained 8.1 * 4.5 x 10" cells/ml (n=5) and at
this time the majority of cells (>90%) were polymorphonuclear. Three days
after injection of,IL-1, the numbers of leukocytes in joint washes had decreased
to less than 10° cells/ml. Injection of vehicle into the contralateral joints
induced the accumulation of leukocytes but total numbers did not exceed 0.2 x
10° cells/m! and were significantly (P<0.05) lower than the numbers of cells in
joints receiving 5-20 units IL-1.

Intra-articular injection of IL-1 (5-20 units) caused a significant (P<0.01) loss
of proteoglycan from cartilage which was maximal 24h after injection but had
recovered by 3 days. There was no loss of proteoglycan from cartilage of
joints injected with saline, vehicle or 0.2-1 unit IL-1.  The percentage loss of
proteoglycan 24h after the injection of 5 units IL-1 was 25.9 * 6.2% (n=7).
There was not any greater loss of proteoglycan after injection of 10 or 20 units
IL-1.

These experiments demonstrate that highly purified IL-1 can induce responses
which are characteristic of chronic erosive arthritis. The pattern of
mononuclear leukocyte infiltration and cartilage breakdown 24h after
intra-articular injection of 5 units IL-1 is similar to that seen in animals with
antigen-induced arthritis of one week's duration. These findings are further
support for the proposal that IL-1 is an important mediator of tissue damage in
chronic arthritis.

Farndale, R.W., et al (1979) Connect Tissue Res. 9, 247-248.
Krakauer, T., et al(1985) Cell. Immunol. 91, 92-99.

Nouri, A.M.E. et al(1984) Clin. exp. Immunol., 55, 295-302
Sauder, D.N., et al (1984) J. Immunol. 132, 828-832
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IDENTIFICATION OF AN INTERLEUKIN-1-LIKE PEPTIDE IN PSORIASIS

R.D.R. Camp¥*, A. Chul, F.M. Cunningham, N.J. Fincham, M.W. Greaves & J. Morrisl,

Wellcome Laboratories for ?un Pharmacology, Institute of Dermatology, Hoamerton
Grove, London, E9 6BX, and “Department of Medicine, Royal Postgraduate Medical
School, Du Cane Road, London, W12 OHS.

The lesions of the inflammatory and proliferative skin disease psoriasis are
characterised by neutrophil infiltrates and have been shown to contain lipid
neutrophil chemoattractants, including leukotriene By and 12-hydroxyeicosatetra-
enoic acid (Camp et al, 1985). In preliminary experiments we have demonstrated the
presence of peptide chemokinetic activity which was distinct fram C5a des arg on
gel filtration high performance liquid chromatography (HPLC) (Cunningham et al,
1985). Further characterisation of this material has now been carried out.

An agarose microdroplet chemokinesis method (Smith & Walker, 1980) was used to
campare neutrophil chemokinetic activity in 10,000g supernatants of aqueous hamo-
genates (15 mg tissue per 0.8 ml assay buffer) of psoriatic and normal scale,
obtained by abrading lesions or large areas of the skin of healthy subjects.
Psoriatic scale supernatants (10,000g) were next ultrafiltered on Amicon YM30
membranes, the filtrates refiltered on YM10 membranes and the retentates and
filtrates assayed for chemokinetic activity. Chemokinetic activity in the YM10
retentates was also compared with that in lipid extracts of the same psoriatic
scale samples. High speed supernatants were then prepared fram samples of psoria-
tic scale and YM30 ultrafiltrates purified on a 12.5 cm Nucleosil 5 C,4 column
eluted with a linear gradient of 0.1% trifluoroacetic acid/acetonitrile (80:20 to
20:80, by vol, over 32 min). Fractions (1 min) were evaporated and assayed for
neutrophil chemokinetic activity and murine thymocyte stimulating activity (Gery
et al, 1972).

Dilution-related chemokinetic activity was present in psoriatic scale superna—
tants, the maximum distance moved being three-fold greater than that seen with
supernatants of normal scale (1.11 + 0.07, n=9 vs 0.36 + 0.03 mm, n=4; mean +

s.eanean; p<0.01, Mann-Whitney U-test). “This dilution-related chemokinetic activi—
ty was found in YM1O retentates, with little activity in the YM10 filtrates or
YM30 retentates (n=4). The maximum chemokinetic movement caused by the YM10 reten-
tates (1.06 + 0.06 mm) was greater than that generated by lipid extracts obtained
fram equivalent amounts of scale (0.62 + 0.09 mm, mean + s.e. mean, n=3), although
this activity was seen at the same dilution with both samples. Two reproducible
peaks of chemokinetic activity were seen in HPIC purified psoriatic scale extracts
(fractions 10-11 and 13-15, n=8). Marked thymocyte co-stimulating activity was
consistently found in the second but not the first peak (n=3).

These results indicate that aqueous extracts of psoriatic scale contain greater
peptide chemokinetic activity than those of normal scale, and that the molecular
weight of the active material is between 10-30kd. Although corrections for recove-
ry have not been made, peptide (>10kd) chemokinetic activity in psoriatic scale
appears to be as important as that due to acidic lipids. Two chemokinetic
peptides were resolved by HPLC, one of which had the thymocyte stimulating proper-
ties of interleukin-l. The identity of these campounds and their specificity to
psoriasis remain to be established.

Camp, R.D.R. et al (1985) Br.J.Dermatol. 113 (Suppl. 28), 98-103
tham, F.M. et al (1985) J.Invest.Dermatol. 84, 447

Gery, 1. et al (1972) J.Exp.Med. 136, 128-142

Smith, M.J.H. & Walker, J.R. (1980) Br.J.Pharmac. 69, 473-478
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EFFECT OF PRO-INFLAMMATROY STIMULI ON EICOSANOID BIOSYNTHESIS IN
HUMAN BLOOD.

F. Carey, R.A. Forder, P. French and D. Haworth, (introduced by M.J. Rance)
ICI Pharmaceuticals Division, Alderley Park, Macclesfield, Cheshire SK10 4TG

Direct measurement of eicosanoids in human plasma may be used in the
determination of the bioavailabiltiy of novel agents that inhibit eicosanoid
biosynthesis. When applied ex vivo this approach takes into account the
existence of biologically active metabolites, the degree of plasma protein
binding, cell penetration of a drug and its ability to inhibit enzymes of
intracellular origin. We previously described the measurement and
characterisation of immunoreactive LTBy in plasma obtained from human blood
incubated in the presence of A23187 (Carey and Forder, 1986) and now describe
the effects of several pro-inflammatory agents on LTB and TXB b1osynfhe51s.
B1ood was collected from drug-free donors in the presence of 160 Uml~

8ar1n and incubated in the presence of different stimuli for 30 minutes at

. Plasma was obtained by centrifugation and_measurement of LTB, and TXB,

was carried out by direct RIA. A23187 (10 ugm]’l) caused a time anﬁ
dose-related stimulation of both TYB, and LTB, production and plasma levels of
TXB, were 30042 and 342+56 ng m~* and LTB, 267+31 and 251:36 ng ml1~" for a
group (n=8) of female and male volunteers respectively. Selective stimulation
of LTB4 was obtained by incubation with zymosan and the chemotactic peptlde
FMLP. Zymosan caused a statistically significant rise in basal LBy Yels (p
<0.01 Students t test) which was fose related and maximal at 300 ug m] when
levels of LTB4 were 56+4.2 ng ml1~*, FMLP over similar concentrations caused a
dose-related increase in LTBy 1evels which were maximal at 6.7+ 1.3 ng ml~
Other inflammatory stimuli eg. bradykinin, carrageenin, lipopolysaccharide and
compound 48/80 had no effect on TXB, and LTB, levels in the whole blood assay.
Benoxaprofen, indomethacin, aspirin and flurbiprofen caused no significant
inhibition of LTB4 but did inhibit formation of cyclo-oxygenase products.
BW755¢c and NDGA produced dose-related inhibitjon of A23187 stimulated LTB, and
TXBs. BW755c had an 1Cgq of 1 and 0.5 ug m1~* and NDGA an ICgq of 0.5 ané
ug m-1 against LTBy an3 TXB, respectively.

Carey F. and Forder, R.A. 1986, Prostaglandins Leukotrienes and Medicine, 22,
57.
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THROMBIN INDUCES RAPID AND TRANSIENT CHANGES IN THE PERMEABILITY OF
THE INTACT PLATELET PLASMA MEMBRANE TO CALCIUM.

C Poll1* and J Westwick, Department of Pharmacology, Royal College of Surgeons,
Lincoln's Inn Fields, London WC2A 3PN

Resting platelets, in common with other cells, exist in an environment which
produces a 10,000-fold concentration gradient of calcium from the extracellular
milieu to the platelet cytosol. The aim of this study was (a) to determine the
relationship of the extracellular calcium concentration ([Ca**]a) to agonist-
induced increases in the free intracellular calcium concentration ([Ca +]i) and
dense granule release, and (b) to quantitate the changes in the permeability of
the plasma membrane to calcium following agonist stimulation. Prostacyclin
washed, quin-2 (a fluorescent indicator of [Ca**]j)-and 14C-5HT (a marker of
dense granule release)-loaded human platelets were used (Pol1 and Westwick 1985).

Platelets suspended in hepes buffered tyrode containing 10nM; 10, 30, 100,
300uM; 3 and 10mM [Ca**]e were stimulated with either sub-maximal (0.77nM) or
maximal (7.7nM) human a-thrombin (HaT); the resulting peak increases in [Ca**]j
and 14C_5HT release were determined in the same aliquot of platelets.
Sub-maximal HaT-induced elevation of platelet [Ca**]j and 5HT release was very
dependent upon the platelet [Ca**]e, such that an overlapping bell-shaped
[Ca**]e response curve for HaT-induced A[Ca**]; and 5HT release was produced.
That is, threshold, peak and post-peak threshold responses of increases in both
[Ca**]; and 5HT release occurred at [Ca**]e of 10uM, 1 and 10mM respectively.
However, maximal thrombin-induced elevation of platelet [Ca**];, but not the
dense granule release, was dependent upon the platelet [Ca**]e. For example,
5HT release and 8[Ca*"]j induced by 7.7nM HaT in the presence of 10nM or 1mM
[Ca**]e was 542 or 80:3% 5HT, and 80%2 or 3000nM [Ca**]; respectively.

To analyse the time course of the changes in plasma membrane permeability to
Ca** following agonist stimulation, platelets were suspended in hepes buffered
tyrode containing nominal [Ca**]o (=10uM) and were stimulated with thrombin
followed by the rapid addition of 1mM Ca** at 0, 5, 15, 30, 60, 120 and 240 s
post HaT addition. The fluorimeter output was computer-transformed, so that a
linear trace of the elevation of [Ca**]j versus time was produced. Rapid and
transient increases in the permeability of the plasma membrane to calcium were
induced by thrombin or PAF. For example, the mean t se of the plasma membrane
calcium flux at 0, 5, 30, 60, 120 s post 7.7 nM HaT was 1t0, 60040, 131132,
60+15, 20+4, 51 and 3+2 A[Ca**]j nM per s respectively.

Mn** has the ability to bind to quin 2 and quench the fluorescence and is
thought to be transported via Ca** translocating pores in other cells (Hesketh
et al 1983, Hallam and Rink 1985, Almers and Palade 1981). Addition of lmM Mn**
at similar time intervals post thrombin produced a quenching of quin-2-Ca**
complex indicating qualitatively similar time-dependent changes in the membrane
permeability to Mn**. In conclusion, dynamic changes in the permeability of the
platelet plasma membrane to Ca** are pivotal in platelet activation.

We are grateful to the British Heart Foundation and Ciba-Geigy (USA) for
financial support and to Dr A Stewart for writing the computer programme that
generated the linearised traces.

Almers, W. and Palade, P.T. (1981) J. Physiol. 312, 159-176

Hallam, T.J. and Rink, T.J. (1985) FEBS Letts. 186, 175-179

Hesketh, T.R., Smith, G.A., Moore, J.P., Taylor, M.V. and Metcalf, J.C. (1983)
J. Biol. Chem. 258, 4876-4882

Pol1, C. and Westwick, J. (1985) Biochim. Biophys. Acta (in press)
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ATP AND BRADYKININ STIMULATE INCREASED CYTOPLASMIC CALCIUM
CONCENTRATION IN CULTURED PIGLET AORTIC ENDOTHELIAL CELLS.

Trevor J Hallam and Jeremy D Pearson (introduced by D A A Owen). Smith Kline
and French Research Ltd, The Frythe, Welwyn, Herts AL6 9AR and Section of
Vascular Biology, MRC Clinical Research Centre, Harrow, Middlesex HAl 3UJ.

Several agents, including ATP, bradykinin and Ca2* ionophores, are known to
cause the release of PGI2 and EDRF from cultured endothelial cells (Pearson et
al; 1983, Cocks et al., 1985), To determine whether ATP and bradykinin elevate
cytoplasmic free calcium, [Caz*]i, endothelial cells from aortas of 6-week

old piglets, were grown in culture until confluent, and then subcultured onto
glass coverslips. After 2-3 days confluent monolayers of cells were loaded with
the fluorescent Ca2* indicator, fura2 (Tsien et al, 1985). The coverslips

were then arranged vertically across the diagonal of a 1 ml cuvette in a
dual-wavelength excitation fluorescence spectrofluorimeter. In the presence of
1 mM external Ca2*, 10 uM ATP, a maximally effective dose, caused a rise in
(ca2*]; from the resting level of near 0,1 uM to a peak reached within 5-10
seconds of between 0.7 uM and 1 uM. [Ca2*]j then rapidly decreased with a
half-life of 15 seconds and steadied after 2 minutes at_about 0.2 uM. Addition
of a second dose of ATP produced no further rise in [Ca2*]j. 0.3 uM ATP was
the minimally effective dose to cause a detectable change in [Ca?*]j.

In the absence of external Ca2+, with 1 mM EGTA, similar changes in

[Ca2*]{ could be evoked but the peak levels stimulated with maximally
effective concentrations of ATP were markedly smaller at between 500 nM and 700
nM and then declined to the resting level. Agdition of a subsequent dose of
jonomycin produced a further elevation in [Ca2*]j. Ionomxcin, added alone

in the presence of 1 mM EGTA, caused an elevation in [Ca2*]j to above 1 uM
which rapidly decreased again to the resting level. ATP now had no effect on
[Caz*]i. These results suggest that ATP can cause the partial release of
Ca2* from intracellular stores. The difference in peak stimulated [Caz*]i

in 1 mM Ca2* and Ca2*-free medium suggests that under normal conditions ATP
may promote some influx across the plasma membrane.

Bradykinin, 2 uM, produced similarly rapid elevations in [Caz*]i to between

700 nM and 1 uM in the presence of external Ca2*, and to 500-700 nM in the
absence of external Ca2*. However, [CaZ*];j declined slowly from the peak

with a half-time of 70 seconds. Possible explanations why the [Caz*]i

response to ATP is short-lived are that its half-life at the cell suface is very
short due to ectonucleotidase activity, or that the P2-receptor is rapidly
desensitised. As a second addition of ATP is without effect yet bradykinin can
cause a further rise in [Caz*]i, some form of desensitisation appears 1ikely.

50-100 mM K* had no effect on the resting level of [Ca2*];j and had no

effect on the [Ca2*]j responses stimulated by ATP or bradykinin. These
results suggest that ATP and bradykinin can cause an increase in [Ca2*)y
mainly by discharge of Ca2* from an intracellular membrane-bounded pool with
some influx across the plasma membrane, though probably not through
voltage-operated channels. The results are consistent with the premise that ATP
and bradykinin agt to cause the release and/or the formation of PGI2 and .EDRF
by elevating [Ca®'lj.

Cocks, T.M., Angus, J.A., Campbell, J.H. and Campbell, G.R. (1985) J. Cell
Physiol. In press.

Pearson, J.D., Slakey, L.L. and Gordon, J.L. (1983) Biochem. J. 214, 273-276.
Tsien, R.Y., Rink, T.J. and Poenie, M. (1985) Cell Calcium 6, 145-157.
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NICOTINE-STIMULATED CATECHOLAMINE RELEASE FROM BOVINE ADRENAL
CHROMAFFIN CELLS IS NOT STEREOSPECIFICALLY BLOCKED BY NICARDIPINE.

M. Adams*, M.R. Boarder & D. Marriott, Department of Pharmacology & Therapeutics,
Medical Sciences Building, University of Leicester, University Road, Leicester.
LE1 7RH.

The mechanism by which acetylcholine (or nicotine) causes calcium influx and
stimulus-secretion coupling in adrenal chromaffin cells is not clear. Release of
catecholamines in response to nicotine is not inhibited by tetrodotoxin
(Kilpatrick et al. 1981) indicating that calcium channels are not opened by sodium
channel propagated depolarisation. The requirement for external sodium is
controversial. Little information is available on the role of dihydropyridine-
sensitive voltage-sensitive calcium channels. An earlier report (Cena et al. 1983)
describes inhibition of nicotine-stimulated release by the dihydropyridzaé calcium
channel blocker nitrendipine, but with an ICgp considerably higher than when
release was stimulated by high potassium.

In the present study, we have investigated the inhibition of potassium and
nicotine-stimulated release of endogenous catecholamines by stereoisomers of
nicardipine.

We used primary cultures of bovine adrenal chromaffin cells maintained as mono-
layers in tissue culture multiwell dishes. Cells were used after 3-7 days in
culture. Release studies were at 37°, with nicardipine present as appropriate
during an 8 min preincubation period as well as during the 3 min stimulation of
release period in the presence of either 3 x 1075 M nicotine or 50 mM potassium.

We constructed dose-response curves to (+)-nicardipine and (-)-nicardipine and
monitored release of endogenous noradrenaline and adrenaline by HPLC and electro-
chemical detection. For both these amines, nicardipine potently and stereo-
specifically inhibited the response to 50 mM potassium. Release by 50 mM potassium
in the presence of 10-7 M (+)-nicardipine was 23 + 3% of control for noradrenaline
and 30 * 2% for adrenaline (mean * s.e.m., n = 4), with ICgg values of approx.

4 x 10-8 M and 2 x 108 M. However, when release was stimulated by nicotine, no
high potency inhibition by (+)-nicardipine was observed, with little difference
between the stereoisomers. Release by nicotine in the presence of 1077 M (+)-
nicardipine was 100 * 2% (noradrenaline) and 106 * 4% (adrenaline).

At 3 x 105 M nicotine, release of catecholamines is maximal. To investigate
dihydropyridine sensitivity further, dose-response curves to nicotine were
constructed in the presence and absence of 10-7 M (+)-nicardipine. The presence
of the calcium channel antagonist produced a significant reduction in
catecholamine release at submaximal concentration of nicotine, resulting in a
small shift in the curve (EC50 of 4.1 * 0.3 x 106 M nicotine in the absence of
nicardipine compared to 6.1 * 0.6 x 106 M in the presence of nicardipine).

In conclusion, functional dihydropyridine-sensitive calcium channels are not
required for maximal stimulus secretion coupling by bovine chromaffin cells in
response to nicotine. We suggest therefore, that calcium either enters via
voltage-sensitive calcium channels which are not sensitive to dihydropyridine
calcium channel antagonists, or that calcium enters the cell directly through the
acetylcholine receptor channel.

Cena, V. et al. (1983) Neuroscience 10, 1455-1462.

Kilpatrick, R. et al. (1981) J. Neurochem. 36, 1245-1255.
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ISCHAEMIA-INDUCED FALLS IN BRAIN DOPAMINE AND ITS PROTECTION BY
NICARDIPINE, A CALCIUM ANTAGONIST.

B.J. Alps, C.M. Brown, C. Calder and A.T. Kilpatrick*, Department of
Pharmacology, Syntex Research Centre, Heriot-Watt University, Edinburgh EH14 4AS

Ligation of one common carotid artery of the Mongolian gerbil, Meriones
unguiculatus, has pronounced effects upon cerebral oxidative metabolism and
energy balance resulting in unilateral infarction (Levine and Payan, 1966). We
reported previously that, based upon neuroanatomical observation of the circulus
arteriosus, a given population of gerbils could be classified as "stroke prone"
and "stroke resistant” and that only "stroke prone" animals experience an
ipsilateral decrease in corpus striatal dopamine following cerebral ischaemia
(Alps et al, 1984). This study examined the effect of pretreatment with
nicardipine and nimodipine (type 1) and flunarizine (type 3) calcium antagonists
(Spedding & Middlemiss, 1985) on the ischaemia-induced fall in dopamine in
"stroke prone" and "stroke resistant" animals.

One hundq.ed and sixty four male gerbils (60 - 891 g) were pretreated i.p. with
50 ug.kg™ nicardipine or nimodipine, 100 ug.kg ~ flunarizine or saline, 30 min
before being anaesthetised with 6 mg pentobarbital. The right common carotid
artery was exposed in the paratracheal region. The artery was dissected free
and ligated. In sham operated controls the carotid artery was exposed and
ligatures put in place but not tied. After 3 h the animals were decapitated,
the corpus striata separated into left and right hemispheres and stored under
liquid nitrogen until analysed for dopamine content by high performance liquid
chromatography coupled to electrochemical detection (Alps et al, 1985).

Table 1 Effect of calcium antagonists on ischaemia-induced ipsilateral decrease
in dopamine

Dopamine (ug.g'l)
"stroke prone" "stroke resistant"”

Treatment n non—occluded occluded n nonoccluded occluded

striatum striatum striatum striatum
Control 11 1.31 +0.14 1.27 £+ 0.14 21 1.30+0.11 1.33 +0.11
Ligated 12 1.52 +0.18 0.57 + 0.14 23  1.41 +0.09 1.43 + 0.07
Nicardipine 13 1.47 + 0.17 0.91 + 0,10+ 20 1.33 +0.14 1.30+0.14
Flunarizine 12 1.46 + 0.15 0.90 + 0.07* 18 1.33 +0.10 1.25 +0.12
Nimodipine 14 2.79 + 0.44** 1.02 + 0.10** 20 1.15 + 0.07* 1.16 + 0.07 **

Statistical significance relative to ligated group: *p < 0.05 **p < 0.01

Pretreatment with nicardipine, flunarizine and nimodipine reduced significantly
the ipsilateral decrease in corpus striatal dopamine that occurs as a
consequence of cerebral ischaemia in "stroke prone" animals. Nimodipine, in
contrast to nicardipine and flunarizine, enhanced significantly the level of
dopamine in the non-occluded hemisphere of "stroke prone" animals. The
significant protection of dopamine by nicardipine in this model is of functional
importance in relation to the marked neuro-cytoprotection observed in vivo in
rats (Alps & Hass, 1985) and gerbils (Alps et al, 1985) subjected to forebrain
ischaemia. It must be considered that nicardipine may be of benefit in the
treatment of diseases occurring as a result of cerebral ischaemia.

Alps, B.J. et al (1984) Br.J.Pharmac., 83, 449P.

Alps, B.J. et al (1985) Biochem.Soc.Trans., 13(2), 384.
Alps, B.J. & Hass, W. (1985) Neurology 35(Supp.1l), 141.
Alps, B.J. et al (1985) Submitted this meeting.
Levine, S. & Payan, H. (1966) Exp.Neurol. 16255-262.
Spedding , M. & Middlemiss, D. (1985) TIPS, 6, 109-114.
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THE EFFECT OF NICARDIPINE ON "DELAYED NEURONAL DEATH" IN THE
ISCHAEMIC GERBIL HIPPOCAMPUS.

B.J. Alps*, C. Calder and A.D. Wilson, Department of Pharmacology,
Syntex Research Centre, Heriot-Watt University, Edinburgh EH14 4AS.

The use of the Mongolian gerbil (Meriones unguiculatus) in studies
on cerebral ischaemia and infarction is due to its lack of
communicating arteries between the carotid and the vertebro-basilar
circulation (Kahn, 1972). The exceptional susceptibility of the
hippocampal CAl neurones following 5 min transient bilateral
occlusion of the common carotid circulation is well-documented
(Kirino, 1982).

The aim of this study was to investigate the cytoprotective
activity of the calcium entry blocker, nicardipine, on delayed
death of the CAl neurones.

Mongolian gerbils weighing 50 - 70 g were anaesthetised with 5%
halothane in a 70% nitrous oxide/30% oxygen gas mixture. After
induction the halothane was decreased to about 1.5% for the
remainder of the experiment. The left and right common carotid
arteries were exposed through a paratracheal incision and
simultaneously occluded with a microvascular clamp. Both clamps
were removed after 5 min and the wound dusted with antibiotic
powde&.and surgically closed. Nicardipine was injected i.p. at 500
ng.kg”™* 15 min prior to ischaemia and repeated twice daily during a
72 h survival period. At this point the gerbils were
reanaesthetised and the brains perfuse-fixed in situ, by intra
cardiac injection of 10% buffered formalin. The heads were removed
and stored overnight in fresh formalin at 4°C, The brains were
then removed to fresh formalin and fixed for one week prior to wax
embedding, sectioning, and staining with cresyl fast violet.

Mean percent neuronal death in the hippocampal CAl subfield was
determined from a count made in five fields per hemisphere,
extending from the paramedian area to the junction with the CA2
neurones (n = 10 areas per animal).

Highly selective vulnerability of the CAl neurones was confirmed by
light microscopy in untreated control animals. For 8 controls

(80 observations) the percent neuronal death was 78.0 + 4.2%,
whereas for 8 nicardipine treated animals the value was 43.8 + 4.7%
(p < 0.001 vs control by Student's t-test).

The neuronal cytoprotective effect of nicardipine against cerebral
ischaemia in a new model of rat 4 vessel occlusion has been
previously reported (Alps & Hass, 1985). The present results lend
further support to the theory that rapid intracellular influx of
calcium may be the most critical event leading ultimately to cell
death (Hass, 1981). This hypothesis strengthens the concept of
treating cerebral ischaemia with calcium entry blocking agents
such as nicardipine.

Alps, B.J. & Hass, W.K.(1985) Neurology, 35 (Suppl 1), 141.

Hass, W.K. (1981) In: Cerebral Vascular Disease (eds Meyer, J.S.,
Lechner, H., Reivich, M., Ott, E.O., Aranibar, A.) pp3-17,

Exerpta Medica, Amsterdam.

Kahn, K. (1972) Neurology, 22, 510-515.

Kirino, T. (1982) Brain Research, 239, 57-69.
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DISSIMILARITIES BETWEEN THE EFFECTS OF VERAPAMIL AND HYPOXIA ON RAT
ARTERIES IN VITRO.

0. A. Downing, C. M. Waters* and K. A. Wilson. Pharmaceutical Sciences
Institute, Aston University, Birmingham B4 7ET.

Ebeigbe (1982) has suggested that a decrease in calcium entry may be a mechanism
for hypoxic relaxation of rabbit aortic muscle. We have investigated this
hypothesis in the rat by comparing the effects of the calcium entry blocker
verapamil (VER) with the effects of hypoxia in rat aorta (AO), superior
mesenteric artery (MA) and rat femoral artery (FA). A1l preparations were
obtained from male Wistar rats (180-250g) killed by cervical dislocation. 5-7mm
circular preparations were mounted in organ baths containing Krebs' solution
(CaClp 2.5mM) gassed initially with 5% COp in 0p maintained at 37°C. The resting
tension applied to vessels was A0 3q;MA + FA 1.5g. Following a lhr equilibration
period reproducible responses to NA (luM) were obtained (normoxic response : p0,
= 395 mmHg). After washout and recovery tissues were gassed with 5% CO, in N
for 30 min and again contracted with NA (luM) (hypoxic response : pOp = 63
mmHg) . In a separate series of experiments the effect of increasing
concentrations of VER (10‘9-10'5M) on the response of each type of vessel to NA
was studied. Results are expressed as percent inhibition of the response to NA
by hypoxia or VER.

In all three types of vessel VER caused a dose dependent inhibition of the NA
induced contraction. FA was most sensitive to VER with a maximum inhibition by
VER (10-5M) of 95 & 0.9% n=12. RA was least sensitive to VER with a maximum
inhibition by 10-5M VER of 51.1 + 8.4% (n=12). The sensitivity of MA was found
to be intermediate between A0 and FA with a maximum inhibition of 64.5 + 3.4%
(n=6). However, when comparing the effect of hypoxia it was found that A0 was
most sensitive with a 39.7 + 6.5% (n=10) reduction in hypoxia. Hypoxic responses
of FA to NA were reduced by 30.0 + 7.4% (n=19) and of MA by 5.6 + 4.7% (n=15). So
whilst VER sensitivity lies in the order FA>MA>AO sensitivity to hypoxia lies in
the order AO>A>MA. Furthermore the responses of FA to NA (1uM) in hypoxia were
not maintained and this change in time course of the response of FA to hypoxia
was not mimicked by VER (see Figure 1).

Fig 1. Representative traces showing effects of 30min hypoxia and VER (0.1uM) on
NA (1uM) induced contactions of femoral artery.
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These results suggest that there is no correlation between sensitivity of
individual arteries to VER and their susceptibility to hypoxia. Furthermore the
difference in the time course of the effects of VER and hypoxia on FA suggests
that the effects of hypoxia on isolated rat arteries cannot be wholly attributed
to a decrease in verapamil sensitive calcium entry.

Ebeigbe, A. B. (1982) Experientia 38 935.
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ACTION POTENTIAL CONDUCTION AND TRANSMITTER RELEASE FROM NON-
ADRENERGIC, NON-CHOLINERGIC NERVES: EFFECTS OF Ca?7-ANTAGONISTS

D.T. Beattie*, K.L. Clark, Siew Peng Lim & T.C. Muir, Department of Pharmacology,
Glasgow University, Glasgow G12 8QQ, Scotland

Organic Ca2+-entry blockers e.g. verapamil, diltiazem and amlodipine, inhibit
action potential (AP) conductign in sympathetic nerves. They do this at high con-
centrations (approximately 107%M), by a local anaesthetic effect and so pre¥ent
transmitter release from these nerves (Beattie et al., 1985). Inorganic Ca to
entry blockers e.g. cobalt and manganese, however, prevent transmitter release in
concentrations which leave AP conduction unaffected, by preventing Ca‘t-entry at
nerve terminals.

The present communication extends these observations to non-adrenergic, non-
cholinergic (NANC) nerves, the transmitter from which, in the tissues studied,
hyperpolarizes the membrane and relaxes the muscle. Two tissues were ielected for
study using verapamil, nifedipine and cobalt. First the effects of Ca¢*-entry
blockers on AP conduction were measured (Beattie et al., 1984) using the rat
anococcygeus extrinsic nerve preparation (McKirdy & Muir, 1976). These nerves
contain separate adrenergic and NANC fibres (Gibson & Gillespie, 1973). To des-
troy adrenergic nerves, rats were pretreated (deily, i.p.) with guanethidine

(30 mg/kg for 4 weeks) and reserpine (1 mg/kg for 2 days). The destruction of
adrenergic nerves was confirmed by Falck histochemistry (Gillespie & Muir, 1970).
Secondly, the effect of Ca2+-entry blockers was assessed on transmitter release,
by measuring inhibitory junction potentials (ijps) in the guinea-pig internal anal
sphincter (gpias) in the presence of phentolamine, guanethidine and atropine

(each 1 x 10-6M). Verapamil (3-5 x_10"5M) abolished AP conduction, while nifedip-
ine (1 x 1074M) and cobalt (3 x 10-3M) reduced the amplitude and number of APs in
the anococcygeus nerves. Verapamil (1 'x 10-4M) and nifedipine (5 x 1074M) each
inhibited ijps in the gpias, indicating that transmitter release was inhibited.
Lower concentrations (1-5 x 10-6M) of each inhibited the spontaneous spike
discharge of the sphincter and abolished tone. Cobalt (1 x 10-3M) inhibited ijps,
spontaneous spikes and tone in the ias.

Cal+-entry blockers clearly inhibit AP conduction and transmitter release from
NANC nerves. As in the guinea-pig vas deferens, higher concentrations are required
to inhibit presynaptic than postsynaptic events i.e. spike discharge and tone.
Compared with their effects on the sympathetic nerves, verapamil and cobalt were
more potent inhibitors of AP conduction in the anococcygeus nerves. Nifedipine,
ineffective in the vas deferens (Beattie et al., 1984; 1985), inhibited both APs

in the anococcygeus nerves and NANC transmitter release in the gpias. The pre-
synaptic activity of organic CaZ+-entry-blockers is unlikely to be important
therapeutically since the doses required are high compared with those required to
block postsynaptic events in muscle. Cobalt inhibits both presynaptically (trans-
mitter release) and postsynaptica]]& (spontaneous spike discharge and tone) at
equal concentrations by blocking Cal+ channels. The ability to block CaZ2* channels
presynaptically offers the possibility of developing new Cac*-entry blockers which
preferentially affect nerves. » '

Acknowledgements: The support of the SERC and Pfizer Central Research is grate-
fully acknowledged.
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THE EFFECT OF PERTUSSIS TOXIN ON AGONIST-INDUCED PHOSPHOINOSITIDE
HYDROLYSIS AND CHANGES IN CYTOSOLIC FREE Ca’* IN HUMAN NEUTROPHILS

D.E. MacIntyre & A.G. Rossi*, Department of Pharmacology, University of Glasgow,
Glasgow G12 8QQ, Scotland

Neutrophil responsiveness may be reqgulated by the actions and interactiops of at
least two second messenger molecules; namely cytosolic free calcium ([Ca*]i) and
1,2 Diacylglycerol (DAG) (Di Virgilio et al, 1984) that are produced as a con-
sequence of receptor mediated phosphoinositide hydrolysis (Nishizuka, 1984).
However, recent studies have indicated that the arachidonic acid metabolite,
Teukotriene Bg (LTBg), unlike the chemotactic tripeptide, formylmethionylleucyl-
phenylalanine (FMLP) and the ether 1ipid, platelet activating factor (PAF), may
induce the activation of rabbit (Volpi et al, 1984) and human (MacIntyre & Rossi,
1985) neutrophils independently of phosphoinositide hydrolysis. Although the role
of guanine nucleotide binding proteins (G proteins) in the adenylate cyclase
system is well established, there is conflicting evidencs concerning their involve-
ment in the regulation of agonist-induced changes in [Ca“*]i and phosphoinositide
hydrolysis (Joseph, 1985). Pertussis toxin inactivates the inhibitory guanine
nucleotide binding protein, Ni, which is linked to receptor mediated inhibition of
adenylate cyclase. In the present study we examined the effects of pertussis
toxin on phosphoinositide metabolism and changes in [Ca2+]i in human neutrophils
elicited by FMLP, LTB4 and PAF.

Human neutrophils were prepared by gelatin sedimentation followed by hypotonic
lysis of contaminating erythrocytes. [CaZ*]i was determined, directly, by using
the fluorescent indicator dye, quin 2 (White et al, 1983) and phosphoinositide
hydrolysis was monitored, indirectly, as changes in [32P]-phosphatidate (PtdA) in
cells prelabelled with [32P]-orthophosphate (Dougherty et al, 1984).

FMLP (0.05 - 50 nM), PAF (0.1 - 100 nM) and LTB4 (0.025 - 2.5 mM) induced a rapid
concentration dependent elevation of [Cal*]i from the basal value of 133 * 6 nM
(mean £ S.E., n = 20) to around 250 - 500 nM in different experiments using neutro-
phils from different donors. FMLP (1 - 1000 nM) and PAF (1.8 - 1800 nM), but not
LTB4 (< 2.5 uM) induced concentration dependent [32P]-PtdA formation. Pretreatment
of neutrophils (108 cells/ml) with pertussis toxin (15 ug/ml, 2 hours, 37°C)
inhibited FMLP, PAF and LTB; induced elevation of [Ca2*]i and also inhibited FMLP
and PAF induced [32P]-PtdA formation.

These results indicate that a pertussis toxin sensitive process, presumably a
guanine nucleotide regulatory binding protein is involved, either directly or
indirectly, in the regulation of agonist induced phosphoinositide hydrolysis and
changes in [Ca2*]i.

This study was supported by the M.R.C., S.E.R.C. and by the medical funds of the
University of Glasgow. A.G.R. is an S.E.R.C. scholar.
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ACTIVATORS OF PROTEIN KINASE C INHIBIT o, ~ADRENOCEPTOR RESPONWSES IN
RAT PINEALOCYTES

A.K. Ho, D.C. Klein, A. Louise Sugden and D. Sugden*, Section on
Neuroendocrinology, Laboratory of Developmental Neurobiology, NICHD, NIH,
Bethesda, MD 20892 U.S.A.

a;- and B-Adrenoceptors are important in the physiological regulation of the
pineal gland (Klein, 1985). ay-Adrenergic activation amplifies (20- to 100-
fold) B-adrenergic stimulation of intracellular cAMP and cGMP (Vanecek et al.,
1985); alone a)-adrenergic agonists have no effect on cyclic nucleotides.

a)-Adrenergic potentiation of the cAMP response, but not that of cGMP, appears
to be mediated by protein kinase C(PKC) because activators of the enzyme,
phorbol esters and a synthetic diacylglycerol, mimic the effect aj-agonists have
on cAMP and PKC (Sugden et al., 1985). aj-Adrenoceptor activation also
increases phosphatidylinositol{PI) hydrolysis and elevates cytosolic
Ca**([ca**]i) by enhancing Ca'* influx through a ligand-dependent Ca**
channel. PKC activation has been reported to desensitize hepatocyte oq-
adrenergic responses (Lynch et al., 1985); thus it was of interest to
investigate whether activators of PKC alter pinealocyte al-adrenergic responses.

Dispersed rat pinealocytes were incubated (37°C, 95% air/5% C02) for 24 h before
testing. Cyclic nucleotides were determined by radioimmunoassay, [Ca**]i by
mgasuring Quin-2 f\uoresenc%r and Pl nydro1ysis by measuring the production of
[°H]inositol monophosphate([°H]IP) by [“H]inositol-labelled cells.

The noradrenaline (NA, 10 uM) stimulation (4- to 5- fold) of [3H]IP formation
(Zatz, 1985) was inhibited by 4-g-phorbol 12-myristate 13-acetate (PMA, ICso ~1
nM) and 4-g-phorbol 12,13-dibutyrate (PDBu, 100 nM). Phorbol(1l uM), the parent
compound, had no effect. Synthetic diacylglycerols (50 ug/ml), 1-oleoyl, 2-
acetyl glycerol and 1,2-dioctanoyl glycerol, also inhibited the [3H]IP response;
diolein did not. Similarly, the adrenergic elevation of [Ca++]i was prevented
by prior treatment(5 min) with PMA (10 nM), which also rapidly (<2 min) reversed
the increase in [Ca**]i produced by NA (1 uM). PMA (ICsq ~6 nM) and PDBu (ICso
~35 nM) also inhibited the cGMP response to NA (1 uM), but not to isoproterenol
(1 wM). This indicates the oj-component of NA stimulation of cGMP was
inhibited. Under these conditions the cAMP response in the same cells was
unaltered, possibly because phorbol esters and the related compounds activate
PKC directly and thus potentiate B-adrenergic stimulation of cAMP by a mechanism
not involving aj-adrenoceptors.

These findings suggest that PKC activation desensitizes a-adrenergic
responses. This, supported by the finding that ay-adrenergic “stimulation
activates PKC (Sugden et al., 1985), indicates that PKL may be physiologically
involved in homologous desensitization of al-adrenergic responses in
pinealocytes by acting on an early step in signal transduction.

Klein, D.C., (1985) Pineal, Melatonin and Photoperiodism: Ciba Symposium 117.
Eds: D. Evered and S. Clark Pitman, London. p. 38-56.

Lynch, C.J. et al., (1985) J. Biol. Chem. 260, 2844-2851.

Sugden, D. et al., (1985) Nature 314, 359-361.

Vanecek, J. et al., (1985) Endocrinology 116, 2167-2173.

Zatz, M., (1985) J. Neurochem 45, 95-100.
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EFFECTS OF LITHIUM TREATMENT ON AGONIST-STIMULATED INOSITOL
PHOSPHOLIPID HYDROLYSIS IN RAT BRAIN SLICES

D.A. Kendall* & S.R. Nahorski, Department of Pharmacology & Therapeutics, Medical
Sciences Building, University of Leicester, University Road, Leicester. LE1 7RH.

Lithium salts are widely employed as an effective treatment for bipolar affective
disorders but their mode of action are unclear. Recently, the ability of Lit* to
inhibit myo-inositol-1-phosphate phosphatase has enabled the development of a
sensitive assay for phospholipase C-mediated inositol phospholipid hydrolysis
(Berridge et al. 1982), and has prompted the suggestion that alterations in the
phosphoinositide cycle may be the basis of Lits psychotropic effects. The present
experiments describe the acute and chronic effects of Li* on agonist-mediated
phosphoinositide breakdown in rat brain slices.

For acute experiments, male Sprague-Dawley rats, approx. 250 g, were injected with
6.75 m Equiv/Kg LiCl i.p. and killed 18 h later. In chronic studies rats were fed
a diet consisting of 2.3 g LigC03, 1.5 Kg rat food and 2 L Ho0 for 2 weeks.

Animals were then killed with or without an 18 h Li*-free period (Li* concentrations
in cerebral cortex, measured by flame photometry, were: acute - 1.4 + 0.2 (m Equiv/
Kg wet wt); chronic - 0.4 + 0.04; chronic (withdrawn) - 0.2 * 0.02). Cerebral
cortex slices were then prepared, preincubated with 3H-inositol in the presence of
5 mM LiCl and water-soluble 3H-inositol phosphates extracted by anion-exchange
chromatography (Brown et al. 1984).

After acute treatment, 3H-inositol phosphate accumulating in the presence of 100 uM
carbachol was reduced to 63 + 7% of the untreated level. Stimulation by
noradrenaline, KCl, histamine and SHT was not significantly influenced. When
slices were preincubated for 30 min in the presence of 2.5 mM unlabelled myo-
inositol, in an effort to reverse the depletion of endogenous inositol induced by
Lit (Allison & Stewart, 1971), the effects of acute LiCl treatment were enhanced.
Stimulation by carbachol (10-4 M) now represented 31 + 4% of the response in
untreated tissue; KCl (31 mM), 35 *+ 5%; histamine (3 x 10-4 M), 67 + 8%; 5HT (3 x
10-4 M), 44 + 5%. The response to noradrenaline (10~4 M) was unaffected.

In the absence of a drug-free period, chronic Li* treatment reduced carbachol

(10-4 M) stimulated 3H-inositol phosphate accumulation to 52 + 9% and 40 * 4%
respectively in the absence and presence of an unlabelled myo-inositol pre-
incubation. A reduction in the noradrenaline (10-4 M) response (77 + 2% of control)
could only be seen after preincubation with myo-inositol. Dose-response curves
revealed that the reduction in the response to carbachol was due to a fall in

Emax With no change in EC5p. When animals were withdrawn from chronic treatment
for 18 h prior to death, the responsesto carbachol were enhanced (235 * 33%) with
respect to untreated controls. Neither acute nor chronic Li* treatments
significantly affected the overall incorporation of 3H-inositol into phospholipids.

It appears therefore, that treatment with lithium reduces receptor-mediated
inositol phospholipid hydrolysis in rat cerebral cortex slices and that this effect
is maintained on chronic treatment. It remains to be seen if this property of
lithium is involved in its therapeutic mode of action.

Allison, J.H. & Stewart, M.A. (1971) Nature 233, 267.
Berridge, M.J. et al. (1982) Biochem. J. 206, 587.
Brown, E. et al. (1984) J. Neurochem. 42, 1379.
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POTENTIATION OF H,-RECEPTOR-MEDIATED INOSITOL PHOSPHOLIPID AND
CYCLIC AMP RESPONSES IN GUINEA PIG BRAIN BY 1,4-DITHIOTHREITOL

J. Donaldson* & S.J. Hill, Department of Physiology and Pharmacology, Medical
School, Queen's Medical Centre, Nottingham NG7 2UH.

We have previously reported that the disulphide reducing agent 1,4-dithiothreitol
(DTT) selectively potentiates histamine Hj-receptor-mediated contractile activity
in the longitudinal smooth muscle of guinea-pig ileum (Donaldson & Hill, 1985a,
1986) . We have now extended these studies to investigate the effect of this
agent on two Hjy-receptor-mediated biochemical responses in guinea-pig cerebral
cortex and cerebellum, namely accumulation of ?H-inositol phosphates (Daum et al.,
1984; Donaldson & Hill, 1985b) and the augmentation of adenosine-stimulated
cyclic AMP accumulation (Hill et al., 1981).

Accumulation of cyclic AMP (Hill et al., 1981) and ?H-inositol phosphates
(Donaldson & Hill, 1985b) was measured essentially as described previously,
except that acid extraction (10% perchloric acid w/v) was used to improve the
recovery of inositol phosphates (Donaldson & Hill, 1985c). DTT (1 mM) was added
30 min prior to the addition of agonists and the incubations continued for

10 min (cyclic AMP accumulation) or 45 min (inositol phosphate accumulation) in
the continued presence of DTT.

Incubation of tissue slices with DTT resulted in a parallel shift of the dose-
response curve for histamine stimulated *H-inositol phosphate accumulation to
lower agonist concentrations, in slice preparations of guinea-pig cerebellum
(6.0x1.2 fold, 5 experiments; p<0.005, analysis of variance according to Delean
et al., 1978) and cerebral cortex (6.3%1.2 fold, 3 experiments, p<0.005). DTT
similarly potentiated histamine stimulated cyclic AMP accumulation in cerebral
cortical slices (13.2+3.7 fold sinistral shift, 4 experiments, p<0.005) without
affecting the basal response to adenosine (0.1 mM). Interestingly the maximal
stimulation of *H-inositol phosphate accumulation elicited by the histamine
analogue 2-methylhistamine, which appears to behave as a partial agonist in
guinea-pig cerebral cortex, was increased from 33.6+3.7 to 81.9+10.9% (p<0.005)
of the response to 1 mM histamine (3 experiments) by DTT, without any significant

effect on the EC50 value.

These results indicate that DTT can potentiate Hj-receptor mediated responses in
brain tissues and suggest that this disulphide reducing agent may increase the
efficacy of Hj-agonists in addition to any effect on agonist-binding affinity.

Daum, P.R., Downes, C.P. & Young, J.M. (1984) J. Neurochem. 43, 25-32.
Delean, A., Munson, P.J. & Rodbard, D. (1978) Am. J. Physiol. 235, E97-E102.
Donaldson, J. & Hill, S.J. (1985a) Br. J. Pharmac. 85, Proc. Suppl. 206P.
Donaldson, J. & Hill, S.J. (1985b) Br. J. Pharmac. 85, 499-512.

Donaldson, J. & Hill, S.J. (1985c) Br. J. Pharmac. 86, Proc. Suppl. 568P.
Donaldson, J. & Hill, S.J. (1986) Br. J. Pharmac. in press.

Hill, S.J., Daum, P. & Young, J.M. (1981) J. Neurochem. 37, 1357-1360.
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EFFECT OF 1,4-DITHIQTHREITOL ON [3H]-MEPYRAMINE BINDING TO HOMO-
GENATES OF GUINEA PIG CEREBELLUM AND CEREBRAL CORTEX

J. Donaldson & S.J. Hill*, Department of Physiology and Pharmacology, Medical
School, Queen's Medical Centre, Nottingham NG7 2UH.

1,4-dithiothreitol (DTT), an agent which reduces disulphide bonds to sulphydryl
groups, has been widely used in receptor studies to establish the presence and
functional importance of disulphide bonds in receptor structure (Hollenburg,
1985). We have previously reported that DTT potentiates histamine Hj-receptor-
mediated responses in guinea-pig ileal smooth muscle (Donaldson & Hill, 1985;
1986a) and brain (Donaldson & Hill, 1986b). This alteration in H{-receptor
activity prompted us to investigate the effect of DTT on the binding character-
istics of the H,-selective ligand, ®H-mepyramine (Hill et al., 1978), in homo-
genates of guinea-pig cerebral cortex and cerebellum.

® H-mepyramine binding was measured in 50 mM Na-K phosphate buffer, poH 7.4, to
membrane fractions of guinea-pig cerebellum and cerebral cortex prevared
essentially as described previously (Hadfield et al., 1983). Freshly prepared
membranes were incubated for 20 min at 37°C in the presence or absence of DTT

(1 mM) before the addition of ®EK-mepyramine and, where appropriate, competing
ligand. Incubations were then continued for a further 35 min, terminated by the
addition of ice-cold buffer containing 1 uM non-radioactive mepyramine (Daum et
al., 1982) and filtered through Whatman GF/B filters. The levels of non-specific
binding was defined as that insensitive to inhibition by 2 uM promethazine.

Studies of the binding of different concentrations of ®H-mepyramine (0.5-10.0 nM)
to brain homogenates showed that DTT had no effect on either the equilibrium
dissociation constant (KD) or specific binding site capacity. The lack of effect
on KD was confirmed in studies of the inhibition of the svecific binding of 1 nM
? E-mepyramine by non-radioactive mepyramine. However, in both cerebellar and
cerebral cortical membranes DTT shifted the curve for the inhibition of *H-
mepyramine binding (1 nM) by histamine to lower agonist concentrations
(cerebellum—ICSO = 81+7 & 18+2 uM, P<0.005, analysis of variance according to
Delean et al., 1978; cortex—1050 = 5749 & 11+2 uM, P<0.005; in the absence anc
presence of DTT respectively) and lowered the Hill coefficient from

0.96+0.07 to 0.69%+0.04 (cerebellum, P<0.01) and 0.90%#0.11 to 0.72+0.08

(cortex). Analysis of these histamine inhibition curves as double hyperbolae
revealed two binding sites in the presence of DTIT and only one, low affinity
site, in the absence of DTT.

These results show that DTT affects agonist but not antagonist binding to high
affinity ®H-mepyramine binding sites in guinea-pig brain and suggest that DTT
may stabilise a proportion of the agonist binding sites in a high affinity state.

paum, P.R., Hill, S.J. & Young, J.M. (1982) Br. J. Pharmac. 77, 347-357.

Delean, A., Munson, P.J. & Rodbard, D. (1978) Am. J. Physiol. 235, E97-E102.

Donaldson, J. & Hill, S.J. (1985) Br. J. Pharmac. 85, Proc. Suppl. 206P.

Donaldson, J. & Hill, S.J. (1986a) Br. J. Pharmac. in press.

Donaldson, J. & Hill, S.J. (1986b) This meeting.

Hadfield, A.J., Robinson, N.R. & Hill, S.J. (1983) Biochem. Pharmac. 32, 2449-
2451.

Eill, S.J., Emson, P.C. & Young, J.M. (1978) J. Neurochem. 31, 997-1004.

Hollenburg, M.D. (1985) Trends in Pharmac. Sci. 6, 299-301.
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RANITIDINE AND FAMOTIDINE DIFFER IN THEIR INTERACTION WITH THE
PARIETAL CELL HISTAMINE H -RECEPTOR

H. Hannemann and K.-Fr Sewing*, Abteilung Allgemeine Pharmakologie, Medizinische
Hochschule Hannover, D-3000 Hannover 61, F.R.G. (introduced by R.T. Brittain)

After the discovery of burimamide as the first compound to block the histamine-
mediated acid response of the parietal cell numerous compound sharing these

properties were developed. They are referred to as histamine Hj-receptor anta-
gonists, suggesting a homogeneity in the formal type of interaction of these
compounds with the histamine Hy-receptor. Recently it was reported, that one of
the newer histamine Hp-receptor antagonists, famotidine, inhibits the dimaprit-
mediated chronotropic response of the guinea-pig isolated atrium in an unsur-
mountable manner (Pendleton, et al., 1983). Therefore a study was designed

to find out whether or not ranitidine and famotidine would differ in their
interaction with the guinea-pig parietal cell histamine Hp-receptor.

Guinea-pig parietal cells were isolated and enriched up to approximately 70 -
75% by the elutriation technique originally described by Soll (1978). Cell
viability was tested with the Trypan blue exclusion technique and found to be
>95%. H* secretion in response to histamine (0.1 - 1000 umol/l) in suspensions
of 106 cells was measured by the 14c_aminopyrine uptake technique developed

by Berglindh et al., (1976) and modified in our laboratory (Sewing, et al.,
1983) in the absence and presence of ranitidine (1 - 100 umol/l) or famotidine
(0.1 - 10 umol/l). The transformation of the concentration-response curves
according to Arunlakshana and Schild (1959) was used to determine the formal
nature of the antagonists' action and their pAj;-values. Furthermore 106 cells
were exposed for 30 min at room temperature to 30 ymol/l ranitidine or 10 umol/l
famotidine, washed three times in an antagonist-free buffer, and subsequently
stimulated to produce H* by 0.1 - 1000 umol/l histamine to find out whether

the inhibition was reversible by washing.

Ranitidine and famotidine shifted the histamine concentration-response curve

of histamine towards the right in a concentration dependent manner. The Schild-
plot revealed a slope of 1.03 * 0.02 and a pAjy-value of 6.83 %t 0.01 for ranitidine
(N = 3) and a slope of 1.29 * 0.04 and a pAj-value of 7.58 * 0.08 for famotidine
(N = 4). The slope of the Schild-plot for famotidine was significantly greater
than 1, that of the Schild-plot for ranitidine was not. The inhibitory effect

of ranitidine was fully reversible by washing, that of famotidine was only
partially reversible.

From this study it is concluded that ranitidine - as in all other relevant
systems - interacts with the guinea-pig parietal cell histamine Hj-receptor

in a competitive fashion. In this system famotidine reacts as a noncompetitive
and partially unsurmountable histamine Hj-receptor antagonist and behaves
identically as on the dimaprit-mediated chronotropic response of the guinea-pig
atrium. The nature of the interaction of famotidine with the histamine Hyp-
receptor is unknown. )

1. Arunlakshana, O. & Schild, H.O. (1959). Br. J. Pharmacol. 14, 48-58.

2. Berglindh, T., Helander, H.F. & Obrink, K.J. (1976) . Acta Physiol. Scand.
97, 401-414.

3. Pendleton, R.G., Torchiana, M.L. Chung, C., Cook, P., Wiese, S. &
Clineschmidt, B.V. (1983). Arch. Int. Pharmacodyn. 266, 4-16.

4. Sewing, K.-Fr., Harms, P., Schulz, G. & Hannemann, H. (1983). Gut, 24,
557-560.

5. Soll, A.H. (1978). J. Clin. Invest. 61, 370-380.
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NEW CHEMICAL PROBES FOR THE H, RECEPTOR

G. Bietti, A. Donetti, P. Duranti, A. Giachetti* and R. Micheletti - Div. of
Research & Development, Istituto De Angeli S.p.A. - Via Serio, 15, 20139 Milano,
Italy

Black et al. (1972) showed that varying the position of a methyl substituent on
histamine imidazole ring was critical to achieve selectivity for H, or H_ receptor
subtypes. This finding provided a valuable basis for the development of a series
of H2 antagonists, e.g. metiamide and cimetidine, all containing a 4-methyl
substituted imidazole ring, a moiety seemingly crucial for H_-receptor
recognition. Recently, we described a class of H_ selective antagonists, of which
mifentidine is a representative compound, characterized by a semirigid
conformation in which an amidino group is linked to an imidazole through a phenyl
ring. We postulated that receptor recognition occurs through the amidine moiety,
the imidazole ring providing only additional attachment (Donetti et al., 1984).
Thus, considering the ionization properties, the imidazoles in the mifentidine and
in the cimetidine series would play a different role.

To test this hypothesis we studied the consequences of methyl substitution on
mifentidine and cimetidine imidazoles. The results on antagonist affinity for H
receptors mediating positive chronotropic effect in guinea pig atria are
summarized in Table 1.

Table 1 Effect of methyl substituents on mifentidine and cimetidine imidazoles

K_ (nM)
methyl position mifentidine analogues cimetidine analogues
- 21 (mifentidine) 1400*
2 52 58000
4 980 365 (cimetidine)

* from Durant, G. J. et al. (1977) J. Med. Chem. 20, 901-6

Optimum affinity in the cimetidine series is observed introducing the methyl group
in 4 position, while occupancy of the 2 position results in a dramatic loss of
affinity. Conversely, in the mifentidine series, 4 substitution is the least
favourable, while absence or presence of the radical in 2 position does not ensue
in significant affinity change. The H_ site appears to recognize primarily the
N-C-N group both in its linear (formamigine in mifentidine) or cyclized (imidazole
in cimetidine) form.

These results suggest that the imidazole of mifentidine behaves differently from
that of cimetidine in respect of the H2-receptor site.

Black, J.W. et al. (1972) Nature 236, 385-90
Donetti, A. et al. (1984) J. Med. Chem. gz, 380-6
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STEPWISE INCREASE IN HISTAMINE CONCENTRATION CAUSES A PROTRACTED
MICROVASCULAR LEAKAGE.

E. Svensjd, Department of Pharmacology, AB Draco, S-~221 00 Lund, Sweden (intro-
duced by T.J. Williams).

Intravital microscopy of the hamster cheek pouch has shown that histamine stimu-
lation for 5 min results in a shortlasting permeability increase and tachyphylaxis
to repeated stimulation at intervals (<30 min) (Svensj® and Joyner 1984). Conti-
nuous stimulation with histamine also results in a shortlasting increase in
leakage of macromolecules from postcapillary venules. Now we have exposed the
hamster cheek pouch to increasing conc. of histamine. In some experiments terbu-
taline was present during the histamine stimulation.

The cheek pouch of pentobarbital anesthetized hamster was prepared for intravital
microscopy and fluorescein labelled dextran (FITC-dextran 150 KD) was injected
i.v. Svensjd et al. (1978). The FITC-dextran conc. of the cheek pouch superfusate
was measured and used to quantitate permeability changes in parallel to intra-
vital observations on venular leaky sites_gs indicated by fluorescent spots. The
cheek pouch was exposed to histamine 2x10 "M resulting in a reversible increase
in the number of leaky sites and FITC-dextran conc. of the superfusate. Thirty
minutes later the prggaration was exposed to stepwise doublings of histamine
conc. from 0.5-64x10 M and each lasting for 10 min except the highest conc.
which was given for 60 min. Mean results from eleven animals are shown in Table
1. For each histamine conc. there was a reversible increase in number of venular
leaks until the conc. reached_gxlo M. However, the FITC-dextran exudation
continued to rise until 64x10 M. At this stage both the number of leaks and
FITC-dextran conc. in the artificial lymph declined despite the fact that the
preparation was exposed to the very high histamine conc.

Table 1. Mean maximal number of leaky sites/cm2 cheek pouch (L) and FITC-dextran
efflux ng/10 min (E) following histamine (n=7) and after terbutaline
and histamine stimulation (n=4).

Histamine conc. x 10-6M
2 0.5 1.0 2.0 4.0 8 16 32 64 64 64 64
HIST
o 229 45 107 174 217 212 201 166 146 96 61 51
?;?T 206 358 317 448 888 1162 1434 1535 1735 1583 1507 1375
?ifT+TERB 219 0o 10 7 15 17 21 21 7 0 0 0
MINUTES 0 30 40 50 60 70 80 90 100 110 120 130

The response to histamine 2x10-6M prior to terbutaline treatment was not differ-
ent from_that seen in the histamine group. 30 min local application of terbuta-
line 10 °M resulted in a 90% reduced response to histamine. Even at the highest
histamine conc. the.terbutaline inhibition was unchanged.

Conclusion. The short term tachyphylaxis to inflammatory mediators like histamine
can apparently be overcome_in the hamster by increasing the strength of the
stimulus. Terbutaline, 10 M given prior to and during mediator exposure effec-
tively counteracted even the highest histamine dose. These results might be help-
ful in understanding the nature of prolonged vascular leakage in chronic inflam-
mation.

Svensjdé, E. & Joyner, W.L. (1984). Microcirc., Endothel & Lymph. 1, 381-396.
Svensjé, E. et al. (1978). Upsala J Med Sci 83, 71-79.



261P

AF-DX 116, AN M, ANTAGONIST, DISCRIMINATES AMONG PERIPHERAL
MUSCARINE RECEPTORS.

A. Giachetti, R. Micheletti and A. Schiavone - Dept. of Pharmacology, Istituto De
Angeli S.p.A. - Via Serio 15, 20139 Milan, Italy

The muscarine M_ receptor subtype located in effector organs and recognized by
pirenzepine witﬁ a uniformly low affinity, may not constitute a homogeneous
population. Evidence comes from compounds able to discriminate among muscarinic -
mediated responses. Thus, some neuromuscular blockers, tipyfied by gallamine, act
more potently at the cardiac than at the ileal receptors (Clark & Mitchelson,
1976), while drugs such as 4-DAMP and hexahydro-siladifenidol show higher affinity
for the ileal muscarine receptors (Barlow et al., 1976; Mutschler & Lambrecht,
1984). We report the characterization of AF-DX 116 (11[[2- [(diethylamino)methy]
-l-piperidinyﬂ acetyﬂ -5, 11-dihydro-6H pyrido[2,3-b][1,4 benzodiazepine-6-one),
a novel M_ selective antagonist, endowed with a marked cardioselectivity
(Giachetti et al., 1986). We estimated its affinity towards muscarine receptors in
smooth muscle and heart.

Cardiac preparations consisted of guinea pig left atria (paced at 3 Hz, 2 msec,
supramaximal voltage), and spontaneously beating right atria. Smooth muscle
contractility was studied in guinea pig ileum, taenia coli, and trachea, and in
rat urinary bladder.

Table 1 AF-DX 116 affinities in antagonizing muscarinic-mediated responses

preparation pA_ (+ s.e.) slope (+ s.e.)
left atria* 7.52(0.05) 1.036(0.026)
right atria 7.47(0.06) 0.910(0.024)
ileum 6.44(0.08) 0.932(0.074)
taenia coli 6.40(0.16) 1.002(0.124)
bladder* 6.39(0.06) 0.953(0.063)
trachea 6.32(0.06) 0.959(0.045)

agonist : bethanechol, except *carbachol

AF-DX 116 parallely displaced the agonist dose-response curves. Schild's analysis
indicated competitive antagonism (slopes not different from 1).

AF-DX 116 possesses a tenfold greater affinity for atrial receptors, in comparison
to that estimated for smooth muscle. Greater affinity for the cardiac muscarine
receptor is a feature common to the neuromuscular blockers. However, in contrast
with the latter drugs, which interact allosterically with the receptor (Clark &
Mitchelson, 1976), AF-DX 116 behaved competitively over a wide concentration range
(0.3-30 uM). As a corollary to its competitive nature, AF-DX 116 antagonism is not
influenced by the agonist used. In conclusion, the discriminative behaviour of
AF-DX 116, might be useful in the classification of the«Mzmuscarine subtype.

Barlow, R.B., Berry, K.J., Glenton, P.A.M., Nikolau, N.M. & Soh, K.5.
(1976) Br. J. Pharmacol. §§, 613-620

Clark, A.L. & Mitchelson, F. (1976) Br. J. Pharmacol. 58, 323-331

Giachetti, A., Micheletti, R. & Montagna, E. (1986) Life Sci. 38, 1663-72
Mutschler,E. & Lambrecht, G. (1984), T.I.P.S. (Suppl.) 39- 44,
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MODULATION OF PGD2-INDUCED CYCLIC AMP FORMATION IN BLOOD PLATELETS
BY PHORBOL 12-MYRISTATE 13-ACETATE.

M. Bushfield*, Fiona A. Murdoch & D.E. MacIntyre, Department of Pharmacology,
University of Glasgow, Glasgow G12 8QQ, Scotland

1,2-Diacylglycerol (DG), cytosolic free calcium ions (Caf) and cAMP act as second
messengers to control platelet reactivity (Kawahara et al, 1980; Feinstein et al,
1981). DG acts via stimulation of protein kinase C (PKC), an affect that is
mimicked by phorbol 12-myristate 13-acetate (PMA). Besides acting independently
or synergistically with elevated Caf to mediate platelet activation, DG (via
activation of PKC) can inhibit or reverse agonist-induced phosphoinositide hydro-
lysis and Cal* flux indicating that it can act as a bidirectional regulator of
cellular reactivity (MacIntyre et al, 1985). In other cell types, activation of
PKC by PMA may modulate the effects of agonists that influence adenylate cyclase
(e.g. Heyworth et al, 1984). We examined the effects of PKC activation on cAMP
formation in intact human platelets.

A1l studies were performed using plasma-free suspensions of human platelets in a
modified Tyrodes solution. Platelet cAMP content was measured by radioimmunoassay
(Bushfield et al, 1985).

Incubation of platelets (<4 min, 37°C) with PMA(<300 nM) did not alter the basal
level of cAMP (8.3 + 0.4 pmo1/108 cells; mean * S.E.; n = 7 experiments). PGDj
induced a concentration-dependent elevation of cAMP content to 120 * 10 pm01/108
cells with an ECggof around 300 nM. PMA (3-300 nM; 2 min; 37°C) but not 4a-
phorbol 12,13-didecanoate (4a-PDD; 4-400 nM) inhibited PGD, (300 nM)-induced cAMP
formation with an Igg of around 7.5 nM. These inhibitory effects of PMA were still
evident in the presence of the phosphodiesterase inhibitor IBMX (1 mM), the cyclo-
oxygenase inhibitor flurbiprofen (10 uM) and sufficient apyrase (10 units of
ADPase activity per ml) to suppress the inhibitory effects of ADP (1-10 uM) on
PGD, (300 nM)-induced cAMP formation.

These results indicate that PMA but not the non-tumour promoting 4a-PDD, inter-
feres with PGD-induced elevation of platelet cAMP content and that this effect is
not dependent upon ADP release, thromboxane Ay formation or active phosphodiester-
ase. These inhibitory effects of PMA could result from (a) an inhibitory effect
at the PGD, receptor; (b) inactivation of the stimulatory guanine nucleotide-
binding regulatory protein, Ns; (c) activation of Ni or (d) a direct inhibitory
effect on the adenylate cyclase. Recently it has been reported that PMA exerts no
direct effect on forskolin- or PGIp-stimulated cAMP formation in intact platelets
(Ashby et al, 1985), but attenuates Ni- but not Ns-dependent regulation of
adenylate cyclase in isolated platelet membranes (Jakobs et al, 1985). These
observations suggest that the inhibitory effects of PMA on PGDp-induced cAMP form-
ation reported here might best be explained by an effect on the PGD, receptor.

This study was supported by the M.R.C., S.E.R.C. and by the Medical Research Funds
of the University of Glasgow. M.B. is an S.E.R.C. scholar.

Ashby, B. et al (1985) J.Cyclic Nucleotide Protein Phosphorylation Res. 10, 473-483

Bushfield, M. et al (1985) Biochem.J. 232, 267-271

Feinstein, M.B. et al (1981) in 'Platelets in Biology and Pathology 2'-J.L. Gordon,
ed. North Holland, Amsterdam, pp. 437-464

Heyworth, C.M. et al (1984) FEBS Lett. 170, 38-42

Jakobs, K.H. et al (1985) Eur.J.Biochem. 151, 425-430

Kawahara, Y. et al (1980) Biochem.Biophys.Res.Comm. 97, 309-317
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POSSIBLE SUBTYPES OF PROSTACYCLIN RECEPTORS IN PLATELETS FROM
DIFFERENT SPECIES.

R.A. Armstrong*, R.L. Jones. & N.H. Wilson, Department of Pharmacology,
University of Edinburgh, 1 George Square, Edinburgh, EH8 9JZ.

In addition to specifically blocking thromboxane receptors in smooth muscle,

the prostaglandin endoperoxide analogues EP 035 and EP 157 inhibit the
aggregation of human platelets induced by a variety of agents. Ligand binding
and cAMP measurements indicate that these compounds activate prostacyclin
receptors linked to adenylate cyclase (Armstrong et al, 1985). However we have
observed that they do not inhibit the aggregation of rat platelets induced by
ADP, whereas prostacyclin and its stable analogues (e.g. iloprost) are highly
active. To investigate this difference further we have examined the activity of
EP 035, EP 157 and three close analogues of prostacyclin on plasma-free
suspensions of platelets from man, horse, rat and rabbit.

Iloprost and ZK 96480 (Mueller et al, 1984) are equi-effective inhibitors

on each of the four platelet preparations. They are always the most active
agents although absolute sensitivity varies considerably : iloprost IC 0 values
- human 0.19, horse 23, rat 6.0, rabbit 34 nM. Equipotent molar ratiog (EPMR)
for both inhibition of aggregation induced by PAF (ADP for rat platelets) and
for elevation of cAMP are given in Table 1.

Table 1 Species variation in sensitivity to PGI_ mimetics

EPMR : Inhibition of platelet aggregation

prostanoid Human Horse Rat Rabbit

iloprost 1 1 1 1

carbacycelin 25 14.5 4,2 3.5

EP 157 66 120 >2500 1167

EP 035 666 375 >20,000 >2000
EPMR : Stimulation of platelet cAMP production

iloprost 1 1 1 1

carbacyclin 25 12.8 8.2 2.2

EP 157 264 156 >>1000 2198

EP 035 2840 mnt >>1000 >2500

It must be appreciated that the human cAMP system is very highly tuned such

that although 3uM EP 035 increases cAMP levels 14.8 : 2.6 fold (n = 4) and 3uM
EP 157 25.8 + 3.2 fold (n = 5), less than a 2 fold increase is required for
total inhibition of aggregation. However, on rat and rabbit platelets 30 uM EP
157 can only increase cAMP levels by 1.35 + 0.17 fold (n = 4) and 1.79 + 0.20
fold (n = U4) respectively. Furthermore, when these high concentrations of EP
035 and EP 157 are used on rabbit and rat platelets the weak inhibitory effects
produced are little affected by the adenylate cyclase inhibitor SQ 22536 (Harris
et al, 1979) suggesting that another mechanism is operating.

The marked differences between human/horse and rat/rabbit platelets,
especially in relation to the relative activities of carbacyclin and EP 157,
suggest the existence of subtypes of the prostacyclin receptor.

We thank Dr. H. Vorbrliggen of Schering AG for gifts of iloprost and
ZK96480.

Armstrong, R.A. et al (1986) Br.J.Pharmac. 87, 543-551
Harris, D.N. et al (1979) J.Cyclic.Nucl.Res. 5, 125-134
Mueller, B. et al (1984) Biochim.Biomed.Acta 43, 175-178
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THE INHIBITION OF PLATELET AGGREGATION BY AMBROXOL, A MUCOLYTIC
AGENT

R.J. Flower and S.H. Peers*, The Pharmacology Group, University of Bath, Bath
BA2 7AY

Ambroxol (Mucosolvan-NA872-trans-4-(2-amino-3,5,-dibromo-benzyl amino) -
cyclohexanol hydrochloride), a mucolytic agent, inhibits phospholipases A from
rabbit lung lysosymes and alveolar macrophage lysates (Heath and Jacobson,
1986). Because phospholipases A, and C are believed to be important in platelet
activation, we studied the effects of ambroxol upon this cell and compared its
action with that of mepacrine, a known inhibitor of phospholipase Ay

Ambroxol (125 -500 uM) inhibited aggregation of both human and rabbit platelets
in response to collagen (0.5 - 10 g/ml), ADP (0.1 - 10 p,M) PAF (0.2 - 10
ng/ml) and low concentrations of thrombin (0.2 - 0.6 U/ml), but not to high
concentrations of thrombin (> 0.8 U/ml), or to arachidonic acid (10 - 50
g/ml). A similar pattern of inhibition was observed with mepacrine (50 HM)'
The inhibition by ambroxol was concentration-dependent, and appeared to be
"competitive” in that increasing doses of agonist could partially overcome the
effects of a given concentration of ambroxol e.g. the IC5 against aggregation
in rabbit platelets induced by 0.5 ng/ml PAF was ~ 200 /,LM, but ~ 400 F‘M was
required to achieve the same effect when the concentration of PAF was 4 ng/ml.
The dose response curve of ambroxol inhibition was very steep e.g. 100 uM
ambroxol was ineffective against collagen-induced aggregation of rabbit
platelets, whereas 500 HM could completely inhibit the response. The inhibition
was selective, since concentrations of 2mM and above did not affect platelet
responses to arachidonic acid or high dose thrombin. Ambroxol was 4-5 fold more
potent on washed rabbit or human platelets than on PRP, suggesting either
extensive binding to plasma components or rapid metabolism. The latter seems
unlikely, since preincubation of PRP with ambroxol before the addition of
aggregating agents did not affect its inhibitory activity.

The pattern of inhibitory activity shown by ambroxol suggested that it might act
by inhibiting arachidonic acid release, which is thought to be at least partly
catalysed by phosphol ipase A2. This suggestion was supported by the observation
that ambroxol (100 pM) completely inhibited the collagen-induced (5 yg/ml)
release of radiolabel from the phospholipids of washed rabbit platelets
prelabelled with [1-7"C] - arachidonic acid. However, in one experiment in
which tracer amounts of [l-'C] - arachidonic acid were incubated with rabbit
platelet homogenates, ambroxol inhibited the generation of cyclo-oxygenase (but
not lipoxygenase) products, with an IC50 of » 50 ”M, a concentration which did
not affect platelet aggregation in response to arachidonic acid. 1In additlifn,
ambroxol was only a weak inhibitor of the hydrolysis of l-palmitoyl, 2-""C-
oleoyl phosphatidylcholine by platelet lysates (< 25% inhibition at 500 uM, a
concentration which totally inhibited platelet aggregation), or by pig
pancreatic phospholipase A,.

In conclusion, ambroxol inhibits platelet aggregation and has a spectrum of
activity similar to that of mepacrine. However, our data suggests that although
an anti-phospholipase action seems plausible there may be additional actions of
ambroxol which affect platelets. These are currently under investigation.

Heath, M.F. & Jacobson, W. (1986) Lung, in press.
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MODULATION OF PROSTANOID SYNTHESIS, ARACHIDONATE LIPOXYGENASE AND
PLATELET AGGREGATION BY DIMETHYLSULPHOXIDE

Sheikh A. Saeed and Amin Suria. Dept. Pharmacology, Faculty of Health Sciences,
The Aga Khan University Medical Coll., Karachi, Pakistan '

Clinical Studies with Dimethlsulphoxide (DMSO) have suggested that it is effica-
cious in the treatment of burns, interstitial cystitis, arthritis, scleroderma,
and other conditions associated with inflammatory process. In addition, DMSO
exerts pharmacological actions that include vasodilation, decrease in body temp-
erature, analgesia and is anti-inflammatory. The mechanism by which DMSO exerts
these action is not understood.

Non-steroidal anti-inflammatory drugs (NSAID) produce actions similar to DMSO,
and these can be explained by their direct inhibitory actions on prostaglandin
(PG) biosynthesis. Because of the similarity in the actions of NSAID and DMSO
we reasoned that DMSO may be exerting its effects via an inhibition of PG bio-
synthesis. Therefore, we investigated the effects of DMSO on prostanoid synthe-
sis, arachidonate lipoxygenase activity, and platelet aggregation, using methods
described previously (Strickland et al, 1983; Saeed et al, 1980).

1% DMSO (v/v) had no effect on the biosynthesis of PGE;, PGFp  and thromboxane
B, (TxBp). At 9% DMSO (v/v) the production of PGEp was significantly increased
(P 0.01) by 29%, whereas the productions of PGF, or TxB, remained unchanged.

On the other hand, DMSO at a concentration range of 1-30% (v/v) caused inhibition
of soybean lipoxygenase activity. DMSO also inhibited platelet aggre-
gation induced by adrenaline (ADR) adenosine-5'-diphosphate (ADP) and arachidonic
acid (AA). The results obtained were as follows:

Drug Aggregating Agents

Adrenaline ADP Arachidonic Acid Collagen
DMSO (% v/v) 1.7 * 0.07 1.3 £ 0.2 3.8 £ 0.45 1.7 £ 0.2
Aspirin (mM) 1.4 £ 0.6 5 + 0.8 0.17% 0.02 2.8 + 1.8

Numbers represent IC50 values * S.E.M. (IC50 is a concentration of drug required
to inhibit platelet aggregation by 50 percent).

These results suggest that DMSO inhibits platelet aggregation and exerts differ-
ential effects on AA metabolism via Pg endoperoxide synthetase. Lipoxygenase
activity by DMSO may result in the attenuation of the rate of biosynthesis of
other products of arachidonic acid cascade. It thus appears that DMSO may re-
present a prototype for a new class of antiplatelet and anti lipoxygenase drugs.

Strickland, D.M., Saeed, S.A. & Mitchell, M.D. (1983). Biochem. Pharmacol; 32,
2625-2627.
Saeed, S.A. et al (1980). Eur. J. Pharmacol; 67, 169-170.

This work was supported by research funds provided by the Aga Khan University,
Karachi.
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ROLE OF THE ENDOTHELIUM IN VASODILATOR EFFECTS OF ACETYLCHOLINE,
HISTAMINE, HYDRALLAZINE AND TRYPSIN IN RESISTANCE VESSELS.

R. Burdet, L. Criscione, J. Powell, and L. Sippola (introduced by K.I. Williams)
Pharmaceuticals Division, Biological Research Department, CIBA-GEIGY Ltd, Basle,
Switzerland

Several vasodilators have been shown to act in vascular strips indirectly via
the endothelium (Furchgott and Zawadzki 1980). In this study the vasodilator
actions of acetylcholine (Ach), histamine (His), hydrallazine (Hyd), and trypsin
(Tr) were investigated using the isolated perfused mesenteric arterial bed (MAB)
of the rat in the presence and the absence of the endothelium. Bolton et al.
(1984) and Criscione et al. (1984) have recently shown that the endothelium of
intact vessels can be removed by perfusing the lumen of the artery with distilled
water for 10 min without damaging the medial smooth-muscle cells, as shown by
light microscopy, and scanning and transmission electron microscopy.

Normotensive Sprague-Dawley rats weighing 280-350 g were anaesthetized with
ether and the MAB's removed as described by McGregor (1965). The preparation was
kept at room temperature (20-22°C) and perfused at a rate 5 ml/min with a modi-
fied Tyrode's solution gassed with 95% O, and 5% CO,. Perfusion pressure (PP),
which under constant flow conditions is proportional %o vascular resistance, was
measured. To study the effects of Ach, Tr and His, vasoconstriction was induced
by continuous infusion of noradrenaline (NA) (2 pg/ml). In further studies bolus
injections of NA (2 pg) were administered at intervals of 5 min in the absence
and presence of Hyd (0.1-10 pg/ml).

The vasodilatation produced by bolus injections of Ach, Tr, and His in intact
MAB's, preconstricted with NA, was found to be concentration-dependent. (ED5 :
3 ng, n=12; 29 ng, n=8; and 2000 ng, n=11 respectively). The responses to Ach, gr
and His were selectively antagonized by atropine (0.0l pg/ml), soya bean trypsin
inhibitor (1 pg/ml) and mepyramine (0.04 pg/ml) respectively. The ED_, values in
the presence of antagonist were: Ach (320 ng, n=6), Tr (2%% ng, n=8);
His (>3 mg, n=6). Removal of the endothelium enhanced the pressor response to NA
(53 + 4 mmHg vs 89 + 6 mmHg, p <0.001), abolished the relaxant effect of Ach and
Tr, and markedly reduced (68%) that of His.

Hyd inhibited NA-induced vasoconstriction at concentrations between 0.1 and
10 pg/ml (IC_.: 0.15 pg/ml, n=7). After removal of the endothelium, pressure
responses to:“k were enhanced (53 + 9 mmHg vs 78 + 8 mmHg p <0.05) and a similar
inhibition was seen in the same dose-range (ICSO: 0.38 ug/ml, n=7).

These results indicate that in isolated MAB's of rats, Ach, Tr, and His acting
at three different sites on the endothelium are able to release a substance(s)
(probably the endothelium-derived relaxing factor) which in turn produces vaso-
dilatation. These vasodilator effects therefore appear to be indirect, whereas
Hyd produces vasodilatation via a direct effect on the smooth muscle of the re-
sistance vessels.

Bolton, T.B. et al. (1984) J. Physiol. 351, 549-572

Criscione, L. et al. (1984) J. of Hypertension 2, Suppl.3, 441-444
Furchgott, R.F. & Zawadzki, J.V. (1980) Nature 288, 373-376
McGregor, D.D. (1965) J. Physiol. 177, 21-30
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HAEMOGLOBIN INHIBITS VASODILATATION INDUCED BY STIMULANTS OF SOLUBLE
BUT NOT PARTICULATE GUANYLATE CYCLASE IN RABBIT AORTA

W. Martin®*, R.0.Morgan, J.A.Smith and D.G.White, Department of Cardiology
University of Wales College of Medicine, Heath Park, Cardiff CF4 4XN.

Haemoglobin (Bb) inhibits the vasodilatation and associated increase in cyclic
GMP induced by endothelium-derived relaxing factor (EDRF),nitrovasodilators
such as glyceryl trinitrate (GTN) and bovine retractor penis inhibitory factor
(IF)(Bowman and Drummond, 1984; Martin et al, 1985a). Inhibition is probably
mediated by the binding and inactivation of the active principles (Martin et al
1985a; 1985b), so preventing their interaction with the endogenous ferrous
haem-containing receptor site on the soluble form of guanylate cyclase

(Craven and De Rubertis, 1978). Atrial natriuretic peptides (ANP's) elicit
vasodilatation by activating a different isoenzyme, a particulate form of
guanylate cyclase (Winquist et al, 1984). It is not knowr, however, whether

the particulate form of the enzyme has a haem-containing receptor site. We
therefore utilized Hb as a tool to explore the possible role of haem-containing
receptor sites in the activation of particulate guanylate cyclase by ANP's.

Isometric tension recordings were made from endothelium-denuded rings of rabbit
aorta bathed in Krebs at 37°C. Following induction of submaximal tone with
phenylephrine (3x10'8-10’7M) relaxation to cumulative additions of the atrial
natriuretic peptide, atriopeptin II (Sigma), were recorded.

Atriopeptin II (3x10'11—10'7M) elicited a dose-dependent relaxation of
phenylephrine-induced tone (ECgg 7.6x10"10M, n=8). This relaxation was
unaffected by pretreatment with Hb (10'5M’ 10 min). Furthermore atriopeptin II
(10‘7M, 3 min) induced a 6.2- fold increase in the cyclic GMP content of
endothelium-denuded aortic rings and this increase was unaffected by
pretreatment with Hb (10~°M, 20 min). The selective cyclic GMP
phosphodiesterase inhibitor, M&B 22,948 (IO'AM), relaxed phenylephrine-induced
tone by 20.2+ 1.8%, n=8, and when tone was reestablished to the preexisting
level with additional phenylephrine, subsequent relaxation to atriopeptin II was
potentiated 2.2- fold.

The potentiation of atriopeptin II induced relaxation by M&B 22,948 is
indicative that the rise in cyclic GMP and vasodilatation are causally-related.
The fact that Hb, in concentrations which inhibit vasodilatation and increases
in cyclic GMP induced by EDRF, GTN and IF (Bowman and D rummond, 1984, Martin et
al , 1985a), did not inhibit the vasodilatation and increased cyclic GMP induced
by atriopeptin II implies that a haem-containing receptor site is not involved
in the activation of particulate guanylate cyclase. Hb appears to inhibit
vasodilatation and increases in cyclic GMP induced by stimulants of the soluble
but not of the particulate form of guanylate cyclase.

Bowman, A. and Drummond, A.H. (1984) Br. J. Pharmac. 81 665-674
Craven, P.A. and De Rubertis, F.R. (1978) J. Biol.Chem. 253 8433-8443
Martin et al., (1985a) J. Pharmac. Exp. Ther. 232 708-716

Martin et al., (1985b) Br. J.Pharmac. 86 567P

Winquist et al., (1984) Proc. Natl. Acad. Sci. USA 81 7661-7664

This work was supported by the British Heart Foundation.
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A COMPARISON OF THE INHIBITORY EFFECTS OF CRF AND OPIOID AGONISTS O
NEUROGENIC PLASMA EXTRAVASATION IN THE RAT

P. Buchan, Juliann G. Kiang, T.W. Smith*and E.T. Wei, Department of Pharmacology,
Wellcome Research Laboratories, Beckenham, Kent, BR3 3BS, and School of Public
Health, University of California, Berkeley, CA 94720, U.S.A.

Various agents, including opioid agonists, have been shown to inhibit plasma
extravasation into rat skin following antidromic electrical stimulation of the saphenous
nerve. Opioid-induced effects in this model may be mediated by opioid receptors
located peripherally on sensory nerve endings resulting in a diminished release of
substance P (Bartho and Szolcsanyi, 1981; Smith and Buchan, 1983). Kiang and Wei
(1985) have reported recently that rat corticotrophin releasing factor (CRF) also
inhibits neurogenic plasma extravasation in the rat, possibly by acting through its own
receptor system. We have extended the studies of CRF in this model and compared its
effects with those of the opiate agonists morphine, FK 33, 824 and dynorphin 1-13.

Male Sprague-Dawley rats (200-280g) were anaesthetised with pentobarbitone
sodium (60mg/kg i.p.) and the saphenous nerve in the left leg exposed for electrical
stimulation (1Hz, 10V, émsec duration). Evans Blue dye (50mg/kg, 3 min. before
stimulation) and all drugs were administered via a cannula placed in the right jugular
vein. For each drug, a minimum of 5 animals/dose were used. Immediately after
stimulation, the animals were sacrificed and the skin of the dorsal and inside flank of
both paws removed. Evans Blue was extracted from the tissue and measured
colourimetrically at 600nm. Blood pressure recordings were carried out in anaesthe-
tised rats by means of a cannula placed in the right carotid artery.

Intravenous administration of CRF inhibited neurogenic plasma extravasation in
a dose-related manner, the ED; and 95% confidence limits being S5.8nmoles/kg (4.6-
6.9). For comparison, the ED. values for the opioid agonists tested were: morphine,
2700nmoles/kg (2340-3110); e 33, 824, 0.45nmoles/kg (0.31-0.63) and dynorphin 1-13,
1180nmoles/kg (950-1480). CRF produced a long lasting inhibition of extravasation, the
effects of a 6nmol/kg dose lasting for at least lh, whilst that of morphine and FK 33,
824 were of much shorter duration. Dynorphin 1-13, however, also appeared to induce a
prolonged inhibition. Unlike the opioid agonists, the inhibitory effects of CRF were not
mediated by opioid receptors since whereas naloxone, 3umoles/kg, completely antago-
nised the effects of morphine (3000nmoles/kg), FK 33, 824 (0.8nmoles/kg) and dynorphin
1-13 (625nmoles/kg), a higher dose of naloxone, 12umoles/kg, did not significantly
antagonise CRF (6nmoles/kg). As with opioid agonists (Smith and Buchan, 1983), it
appears unlikely that CRF acts as a substance P antagonist since CRF (1uM) failed to
antagonise the contractile effects of substance P on the field stimulated guinea-pig
myenteric plexus - longitudinal muscle preparation.

CRF -induced hypotensive effects also appear unlikely to be responsible for the
inhibition of neurogenic plasma extravasation. In the anaesthetised rat, CRF
(6nmoles/kg i.v.) produced 30 min. after administration a mean fall in blood pressure of
26mmHg (n=3). Hydralazine (2umoles/kg i.v.) induced a similar fall in blood pressure at
this time, 25mmHg (n=3), but failed to reduce the extravasation response; the amount
of dye leaked/paw after hydralazine (2umoles/kg) being 29.9ug compared to 26.3ug in
control animals.

In summary, therefore, CRF and opioid agonists may inhibit neurogenic plasma
extravasation by activation of independent receptor systems. The location and
implications these actions of CRF remain to be elucidated.

Bartho L. and Szolcsanyi, J. (1981) Eu.J.Pharmac., 73, 101.
Kiang, J.G. and Wei, E.T. (1985) Eur.J.Pharmac., 114, 111.
Smith, T.W. and Buchan, P. (1983) Neuropeptides, 5, 217.



A SLOW SPINAL SYNAPTIC RESPONSE MEDIATED AT NMA RECEPTORS

R.H.Evans, Department of Pharmacology, Medical School, University
Walk, Bristol BS8 1TD

Excitations mediated at N-methylaspartate (NMA) rzceptors have
been shown to be suppressed markedly by concentrations of Mg=*
comparable to those normally present in extracellular fluid (Ault
et al 1980). Thus synaptic responses sensitive to NMA antagonists
are rarely observed in Mg®* containing medium (Herron et al

1983). In the present study three hemisected spinal cord
preparations from 1 — 4 day old rats have been used to record lang
duration synaptic activity in the presence of i1mM Mg=*. Segmental
reflexes (L3) were evoked by supramaximal cathodal shocks applied,
at 2 per min, to the dorsal root at approximately Zmm from its
entry zone. Ventral root responses were measured with d.c.
coupling via non-polarizable wick electrodes. Responses were
recorded oscillagraphically for SOmsec and for the whole of the
interstimulus interval on an ink writing recorder {(f.s.d. in
O.1sec). The oscillogaphic records showed the shortest latency
component, time to ps=alk Bmsec, to be resistant to the NMA
antagonist 2Z-amino-5-phosphonopentanoate (AFS) (100uM) as
previously reported. A second component in the oscillographic
record, time to peak 17msec, was partially depressed (less than
20%) by AP5(100pM) . The latter component corresponds in latency to
that previously reported to be depressed by APS in the absence of
Mg2+ (Evans et al 1980). Fxamination of the pen recording showed a
very slow synaptic response, time to peak 6sec, with a duration of
20sec. This very slow synaptic response was abolished by AFPS
(SopM) .

All components of the synaptic response were markedly depressed by
kynurenic acid {(0.5mM).

Tiie present ohservations suggest that it may be appropriate to
employ a very long time course when searching for NMA receptor
mediated syvnaptic responses. At present it is not clear whether
this slow excitatory potential reflects either reverberation over
interneuronal pathways or a slow synaptic response analogous to
that of sympathetic ganglia. Observations on transmission in the
amphibian spinal cord (Dale % Roberts 1985) would support the
latter possibility.

Ault et al {1980) J.Physiocl. 307,413-428

Dale,N. % Roberts,A. (1985) J.Physiol. 363, 35-60
Evans, R.H. et al (1982) Br.J.Fharmac. 75, &5-73
Herron, C.E. (1985) Neuroscience Lett. 60, 19-23.



