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THE METABOLISM OF PROSTAGLANDIN D, AFTER INHALATION AND INFUSION
IN NORMAL MEN

C. Robinson , C.C. Hardy and S.T. Holgate, Immunopharmacology Group, Clinical
Pharmacology, Southampton General Hospital, Southampton S09 4XY.

Prostaglandin D, (PGD,) 1is a putative inflammatory mediator released by
immunological stimuli from human mast cells. In order to identify its fate in
man we have administered PGD, to normal volunteers by intravenous infusion or
inhalation. The study was approved by the Southampton Hospitals ethics
committee and certified under the Medicines Regulations (1978).

Eight subjects (29 % 4 yr) received a 20 min intravenous infusion of 86 + 4.7
pCi [°H,]-PGD,. Blood samples were taken during, and for 180 min after the
infusion. A further six subjects (28 + 1 yr) received an inhalation of 20-40
pCi PGD, from an Inspiron nebuliser. Blood samples were taken for 90 min after
inhalation. In both studies cell free plasma was prepared by centrifugation
at 4°C and extracted on C1l8 Sep Paks. Extracted plasma was analyzed by C18
reversed phase h.p.l.c. using a mobile phase of 32.8X% acetonitrile in 0.017M
phosphoric acid. Radioactivity was monitored by scintillation spectrometry.
Samples taken during the infusion period contained a maximum of 34.5X% of
unchanged PGD, (relative retention time, ty 1.00), together with metabolites
with t, values of 0.560 + 0.003 (M1) and 1.12 + 0.002 (M2) (n=29). Metabolite
M2 was the more abundant, accounting for a maximum of 64.4% of the recovered
radioactivity. There was no evidence of the formation of PGF,, and its
metabolites. Only small quantities (<5X) of 13,1l4-dihydro-15-keto-PGD, were
observed. On termination of the infusion, the PGD, peak declined rapidly (ti
2.1 min) but the less polar metabolite M2 was more persistent, accounting for
23.2%. of the radioactivity at the end of the infusion. The disappearance of
these initial metabolites was associated with the formation of uncharacterized
polar metabolites. After inhalation, PGD, rapidly appeared in the circulation,
reaching a maximum of 24.7% at 1 min but declining rapidly thereafter. This
decline was paralleled by increases in Ml to 7.5% and M2 to 47% of the total
recovered radioactivity 7 min after inhalation. Again, no PGF,, or any of its
metabolites were detected. By comparison of pooled plasma samples with
materials prepared by total chemical synthesis, M1 was tentatively identified
as 9a,118-PGF,, whilst M2 coeluted with 13,14-dihydro-15-keto-9a,118-PGF,.

These results confirm that the likely route of PGD, metabolism in man is via
initial stereoselective reduction of the C-11 ketone function to produce the
biologically active metabolite 9a,118-PGF, (Liston and Roberts, 1985). Our
present data also support our previous report that inhalation of PGD, does not
lead to the formation of PGFy, metabolites (Hardy et al., 1986). The formation
of a 13,14-dihydro-15-keto metabolite is consistent with the view that further
metabolism of 9a,118-PGF, may proceed by the 15-hydroxyprostaglandin
dehydrogenase pathway (Bacon et al., 1987).

Liston, T.E. & Roberts, L.J.II (1985) Proc. Natl. Acad. Sci. USA 82, 6030-6034.

Hardy, C.C., Robinson, C. & Holgate, S.T. (1986) Br. J. Pharmacol. 87, 563-568.

Bacon, K.B., Hoult, J.R.S., Osborne, D.J. & Robinson, C. (1987) Br. J.
Pharmacol. 91, 322P.
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OBSERVATIONS ON THE METABOLISM OF PROSTAGLANDIN D, AND 9a118-
PROSTAGLANDIN F, IN HUMAN LUNG

S. Bedwell, D.J. Shell, S.T. Holgate & C. Robinson , Immunopharmacology Group,
Clinical Pharmacology, Southampton General Hospital, Southampton S09 4XY.

 Prostaglandin D, (PGD,) is a mast cell derived bronchoconstrictor mediator
(Beasley et al., 1987). An important reaction in its metabolism is the 11-
ketoreductase (11-KR) dependent stereoselective reduction of the C-11 keto
function to produce 9a,118-PGF, (Liston and Roberts, 1986). This metabolite is
itself bronchoactive and may be further metabolised by a combination of 15-
hydroxyprostaglandin dehydrogenase (15-PGDH) and Al3-reductase (A!3R) (Bacon et
al., 1987). We now report on the metabolism of PGD, and 9a,118-PGF, in human
lung.

Fresh, grossly normal, human lung was obtained from patients undergoing
resection of bronchial carcinoma, and cytosolic supernatants were prepared by
homogenization and ultracentrifugation. Metabolism was studied by h.p.l.c.
with 1liquid scintillation counting detection of radioactivity following
incubation at 37°C with 2 ug ml™! substrate and 0.1 uCi tritiated PG (Bacon et
al., 1987). Reactions were supplemented with 4mM NAD* for studies with 15-
PGDH, or an NADPH generating system for studies on 11-KR.

In the presence of the NADPH generating system, metabolism of PGD, proceeded
slowly in the 100 000 x g supernatant fraction, with a reaction rate of 0.30 %
0.03 pmol min™! mg™! protein (n=4 lungs). The rate of reaction was linear over
60 min. Analysis of the extracted supernatant by h.p.l.c. demonstrated the
formation of 9a,118-PGF, as metabolite, this being fully resolved from the lla
epimer (PGF,,) by reversed phase h.p.l.c. with a mobile phase of 32.8%
acetonitrile in 0.017M phosphoric acid. In the presence of NAD* or absence of
NADPH, PGD, was not metabolised enzymatically, although there was some chemical
dehydration of the parent molecule to a less polar compound(s).

In 9 out of 10 lungs tested, 9a,118-PGF, was slowly metabolised in cytosolic
supernatants. The rate of reaction was 1.46 + 0.3 pmol min'! mg™! protein and
was linear over 60 min. The major metabolite formed in this reaction had a
retention time of 1.33 * 0.01 (9a,118-PGF, = 1.00, n=15 determinations) on a
Nucleosil C18 column. Electron impact GC/MS of the methoxime, methyl ester,
trimethylsilyl ether derivative indicated the following fragment ions: 539
(M*), 508, 449, 418 and 328, consistent with the presence of one keto function
and 2 hydroxyl groups in the molecule and its possible identity as 15-keto-
9a,118-PGF,. When incubations were performed with PGF,,, the 15-keto-PGF,,
metabolite was the most abundant product.

Our results thus demonstrate that 11-KR and 15-PGDH type pathways exist in
human lung for PGD, and 9a,118-PGF,. A full kinetic analysis will be one step
necessary to investigate the potential significance of these reactions in vivo.

Beasley, C.R.W., Robinson, C., Featherstone, R.L., Varley, J.G., Hardy, C.C.,
Church, M.K. & Holgate, S.T. (1987) J. Clin. Invest. 79, 978-983.
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THERMOREGULATORY RESPONSES OF ENDOTOXIN-RESISTANT MICE TO POLY I:C
AND ENDOTOXIN

C.K. Lindsay, A.S. Milton & D. Rotondc, Department of Pharmacology, University
of Aberdeen, Aberdeen. AB9 1AS. Scotland.

Endotoxin induces fever in most mammalian species, however, whether fever
is produced in mice is open to question as hypothermia as well as hyperthermia
have been observed, however Milton et al. (1982) showed mice could respond
to prostaglandin E_, which produced a rise in deep body temperature when it
was injected directly into the pre-optic area of the anterior hypothalamus (PO/
AH). Polyinosinic:polycytidylic acid (Poly I:C), a synthetic double-stranded
polyribonucleotide, which induces interferon production is pyrogenic in rabbits.
Rotondo et al. (1987) have shown that effects of this interferon inducer on
body temperature is blocked by the antipyretic drug ketoprofen. This suggests
that both lipopolysaccharide endotoxin and Poly I:C have a common final path-
way in the production of fever. Poly I:C 5.0 ug/kg i.v. to 1.0 mg/kg had
no significant effect on rectal temperature whereas 8mg/kg i.v. caused a signifi-
cant hypothermia. Rectal temperature began to fall one hour after drug admini-
stration, reached a minimum after two hours and returned to pre-treatment level
within four hours, (AT max -0.94 + 0.056). Sterile saline (0.2 ml i.v.) had
no significant effect on deep body temperature, (AT max 0.01 + 0.086). Lipo-
polysaccharide (LPS 1 mg/kg i.v.) produced a significant hypothermia, rectal
temperature began to fall one hour after drug administration, reached a minimum
after two hours and returned to pre-treatment level within four hours, (AT
max -0.94 + 0.058). Ketoprofen when given 5 minutes prior to either Poly
I:C or lipopolysaccharide prevented the development of hypothermia. Rabbit
interleukin 1 prepared from monocyte/lymphocytes produced a significant hyper-
thermia. The hyperthermia produced by rabbit interleukin 1 was completely
abolished by the administration of ketoprofen (3 mg/kg i.v.) 5 minutes prior
to the administration of the interleukin 1 solution. In contrast mouse endotoxin
stimulated monocyte/lymphocyte preparation had no significant effect on rectal
temperature. The results reported in the study show that MF1 endotoxin-resist-
ant mice do not develop a fever when given Poly I:C in doses which provoke
very marked increases in body temperature in rabbits, similar observations
were made using lipopolysaccharide (endotoxin). In contrast in the rabbit,
a prominent febrile response is seen with 5y g/kg Poly I:C and 50 nanograms/kg
lipopolysaccharide (Abul et al. 1987). Of particular importance is the obser-
vation that just as the febrile responses in the rabbit to these two pyrogens
are blocked by the non-steroidal anti-inflammatory agent ketoprofen so are the
hypothermic responses in the mouse. This would suggest that the hypothermic
responses in the mouse involve prostaglandins. That endotoxin-resistant MF1
mice are capable of developing a fever is shown by the experiments in which
interleukin 1 prepared from rabbit was given intravenously resulting in a sig-
nificant fever and also by previous observations (Milton et al. 1982) that endo-
toxin-resistant mice respond to prostaglandin E_ with a hyperthermia. Since
no hyperthermic response was obtained with the ‘supernatant prepared from mouse
lymphocytes/monocytes it would appear that these cells do not liberate mouse
interleukin 1 when stimulated with 1lipopolysaccharide and this is consistent
with the results first reported by Milton et al. (1982).

This research was supported by the Wellcome Trust.

Abul, H., Davidson, J., Milton, A.S. & Rotondo, D. (1987) Naunyn Schmiede-
berg's Arch Pharmacol 335: 305-309.

Milton, A.S., Pertwee, R.G., Todd, D.A. (1982) J. Physiol (Lond) 322: 59P.
Rotondo, D., Abul, H.T., Milton, A.S., Davidson, J. (1987) Eur. J. Pharmac.
137: 257-260.
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EFFECTS OF INTRAVENOUS AND ORAL ADMINISTRATION OF THE PROSTACYCLIN-
MIMETIC RS 93427 IN BABOONS

E. Bajka, E. Cruz, and A.L. Willis. Institute of Experimental Pharmacology,
Syntex Research, Palo Alto, CA94304

Male Baboons (Papio, papio, 10-20kg) were used, either lightly sedated
(diazepam,Roche,0.3-0.5mg/kg, i.m.) and restrained in a chair, or else
conscious, unrestrained, but sedated (as before) and anaesthetized with
ketamine (Bristol Labs; 5-10mg/kg) immediately prior to blood withdrawal or
dosing. RS93427 (Calcium salt) was dissolved in Tris Buffer (0.01M, pH8) for
intravenous use, diluted in 0.9% NaCl solution. Prostacyclin (PGIz, Sigma)
was also dissolved just prior to use in the Tris Buffer, kept on ice and fresh
dilutions made immediately prior to use. Blood pressure was determined by
sphygmomanometry using a semiautomated device (Digitronics, Model 100-046) and
heart rate measured by palpation. Both prostacyclins were administered
intravenously via a catheterized femoral vein by stepwise 15 min intravenous
infusions of 32-1,000ng/kg/min, and decay of effect followed for up to 2
hours. For oral administration of RS93427 only (PGI, is not orally active),
the compound (0.3,0.6 and 1.2mg/kg) was administered %y gavage and blood
samples taken just prior to and at 2 and 4h after dosing. Platelet
aggregation procedures were as described previously (Willis, et al, 1986;
1987). Samples of baboon platelet-rich plasma (BPRP) were prepared from
blood withdrawn into sodium citrate (final concentration of 0.3% w/v). The
BPRP was mixed 1:1 with baboon platelet-poor plasma (BPPP) and examined for
turbidometric aggregation response to ADP (Sigma; 1l.6ug/ml). In contrast to
this "homologous ex-vivo aggregation" procedure the "heterologous ex vivo
aggregation" response was determined in similar mixtures of BPPP and human
platelet-rich plasma prepared from blood withdrawn from healthy human donors
into sodium citrate (0.38% final concentration). By both oral and
intravenous routes, marked decreases (approaching 100%) in platelet
aggregation (homologous and heterologous) were produced that increased with
drug infusion rate. However (as also seen in vitro) baboon platelets were
approximately 10-fold less sensitive than human platelets to RS93427 although
very sensitive to PGI,. For RS93427 administered by i.v. infusion (n=7),
maximal inhibition of platelet aggregation was accompanied by a mean reduction
(+ s.e. mean) of 41.5 + 4.5 mm Hg in estimated diastolic b.p. with a mean
increased heart rate of 44.4 + 4.4 b.p.m. with little effect on systolic b.p.
Results were similar for intravenous infusions of PG12 (n=5): mean diastolic
b.p. was decreased by 45.1 + 2.9 mm Hg, and mean heart rate increased by 55.5
+ 6.3 b.p.m. In contrast to the almost immediate disappearance in effects of
intravenously infused PGI,, those of RS93427 were sustained during the 2h
follow up period.

Similar effects of RS93427 were seen following oral administration of RS93427,
which was almost immediately absorbed via the intragastric route (Willis et
al, 1987) and produced peak effects within 2h with effects sustained to 4h.

Willis, A.I., Smith, D.L. & Vigo, C. Prog. Lipid Res.25,635-666, 1986

Willis, A.L., Smith, D.L., Vigo, C., Kluge, A., O'Yang, C., Kertesz, D. & Wu,
H. Advances in in Prostacyclin, Thromboxane and Leukotriene Research, Vol 17
(Samuelsson, B., Paoletti, R. & Ramwell, P.W., Eds,) Raven Press, New York,
PP 254-265, 1987
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EFFECTS OF PHENIDONE, INDOMETHACIN AND DEXAMETHASONE ON ZYMOSAN
INDUCED PERITONEAL INFLAMMATION IN THE RAT

Wood, B.E., Griffiths, R.J., Li, S.W., Blackham, A. and Intwistle, N. Department of Pharmacology
Fisons plc - Pharmaceutical Division, Bakewell Road, Lauglbarough, Leicestershire, U.K.

Intraperitoneal injection of zymosan in mice or rabbits causes an acute inflammatory response
which is associated with the production of eicosanoids (Doherty et al 1987, Forrest et al 1986).
We have characterised the inflammatory response induced by zymosan in the rat peritoneal cavity
ard have studied the effects of a variety of drugs which interfere with arachidonic acid
metabol ism on the response.

(harles River CD rats (250g) were given an i.v. injection of pontamine sky blue (50mg/kg) to
label plasma proteins 3 minutes prior to an i.p. injection of 2ml of a Smg/ml zymosan
suspension. Graups of 7 rats were killed at variaus times from 7.5 min to 24 hours later and
the peritoneal cavity washed out with 5ml phosphate buffered saline. Aliquots of each sample
were taken for total and differential cell counts, absorbance measurements of dye labelled
plasm proteins (Ag,,) and measurements of prostaglandin and leukotriene levels by RIA.

Intraperitoneal injection of zymosan caused an inrease in vasaular permeability to plasm
proteins which was maximal at 3 hours (Ag,, = 0.7540.09) and an influx of inflammatory cells
which was maximgl at 6 hours (cell runbers increased from 24.546.1x10%/rat at 7.5min to
75.5422.2x10%/rat, PMN's accounted for 82% of the cells which made up this increase). The
inflammatory response was associated with the production of LTB, (25.4+4.7 ng/ml at 7.5min)
LTD, (16.748.7ng/ml at 7.5min) and 6-oxo FGF,a (86.5+21.6ng/ml at 7.5min).

The effect of drugs was studied on the inflammatory response at 30 mirutes and 6 hours. Drugs
were either dosed orally one haur prior to zympsan (indomethacin and phenidone) or
subcutanecusly (dexamethasone) 3 hours prior to zymosan. Phenidone (50mg/kg), a selective
lipoxygenase inhibitor, substantially inhibited dye extravasation at 30 minutes but was less
effective at 6 haurs and did not affect inflammatory cell influx at this time (Table).
Indomethacin (3mg/kg), a selective cyclooxygenase inhibitor, had little antiinflammatory
activity at either time point. Dexamethasone (10mg/kg) had no effect on production of
eicosanoids and did not influence dye extravasation at 30 mirnutes. However, dexamethasone
significantly inhibited dye extravasation and inflammatory cell influx at 6 hours.

Treatment Dye 30 min Dye 6 hrs Cells 6 hrs LTB, 30 min 6-oxo-FGF,a
(mg/kg) Ag1o Ag1o x10%/rat ng/ml 30 min ngml
Vehicle 0.3310.16 0.42+0.11 66.8+36.0 4.810.9 22.047.1
Phenidone (50) 0.1040.02% - 0.610.3% 21.419.5
Phenidone (100) - 0.2510.13* 68.9+25.8 - -
Vehicle 0.4310.13 0.4740.13 82.0+21.7 .3 +0.6 14.643.5
Indomethacin (3) 0.3140.11 0.5210.04 84.1422.6 4,240.6 2.041.2%
Vehicle 0.34+0.11 0.4440.13 75.7432.6 3.810.6 -
Dexamethasone (10) 0.4110.06 0.2110.09% 34, 147.3% 4,241.2 -

Results show mean + sd, n = 7 ¥p <0.05 Student's t-test.

These results suggest that lewkotrienes are impartant mediators of the early phase of vascular
permeability produced by zymosan but they do not contribute significantly to the later
inflammatory events.

Dcherty, N.S. et al Br. J. Pharmac. (1987) 91, 39-47
Forrest, M.J. et al Br. J. Pharmac. (1986)? T19-T30
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THE PROSTACYCLIN MIMETIC RS 93427 SELECTIVE INHIBITION OF PLATELET
MITOGEN RELEASE FROM HUMAN PLATELETS

D.L. Smith, N. Nguyen, J. Fulks and A.L. Willis, Institute of Experimental
Pharmacology, Syntex Research, Palo Alto, CA94304

We have postulated dual anti-atherosclerotic activity of prostacyclin (PGI,)
or some mimetics via inhibition of both vascular cell accumulation of
cholesterol and release of mitogens from plateléts and other cells (Willis et
al, 1986). A mixture of several mitogens and co-mitogens is released from
activated platélets (Bowen-Pope, et al, 1984), thus a mitogenic assay remains
the most suitable way of examining their release. We here report on
comparative effects of RS93427 in inhibiting ADP-induced aggregation of human
platelets and inhibiting release of mitogenic activity.

Platelet-rich plasma (PRP) was prepared by low speed centrifugation of human
blood (50-100ml) withdrawn into 0.1 vol of sodium citrate (0.38% final
concentration) from young healthy drug-free volunteers. The PRP was stirred
(1,000 r.p.m. 37°C) in the light path of a dual channel aggregation module
(Payton) for 3 min with various concentrations of RS93427 (Calcium salt) and
then aggregation stimulated by ADP (1.6ug/ml). After a further 3 min, each
PRP sample was then twice sequentially centrifuged (13,000 g for 1 min,
Eppendorf microfuge) and the supernatant platelet-free plasma frozen (<-20°C)
until tested for mitogenic activity. An aliquote of each sample was added to
lightly seeded human fibroblasts in culture and the increased number of cells
directly counted after 2-3 days.

As can be seen from Table I, there was considerable individual variation
between concentrations of RS§93427 producing 50% inhibition of aggregation and
mitogen release, but that mitogen release was inhibited at considerably lower
concentrations than those required for inhibition of aggregation (P < 0.05).
These data further support a potential anti-atherosclerotic role for
prostacyclins acting like RS93427.

Table I: ICgq (ng/ml) Values for RS93427
MITOGEN RATIO
EXPT. RELEASE AGGREGATION AGG/MR
1 0.31 2.4 7.7
2 0.28 1.3 4.6
3 0.04 2.3 57.5
4 0.50 10.0 20.0
5 0.45 6.5 14.4
6 4.00 6.0 1.5
7 0.15 1.25 8.3
MEAN 0.81 + 0.54 4.25 + 1.26

Bowen-Pope, D., Ross, R. & Faggioto, A. (1984) Circulation, 70, (Suppl III),
77-82.
Willis, A.L., Smith, D.L. & Vigo, C. (1986) Prog. Lipid Res., 25, 635-666.
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SMS 201-995 MAY ACTIVATE THE K* CHANNELS OF VASCULAR SMOOTH
MUSCLE

T.W. Lategan, C. Cauvin, A. Wallnofer & U.T. Riiegg {(introduced by
J. Fozard), Preclinical Research, Sandoz, Ltd., CH-4002 Basle.

Somatostatin has been shown to depress hormone secretion in a
number of endocrine systems by increasing K* channel conductance,
and, in some cases, by decreasing Ca2* channel conductance (Lewis
et al, 1986; Pace & Tarvin, 1981). As both of these conductances
are present in smooth muscle, the effects of the somatostatin
analogue, SMS 201-995 (Sandostatin; SMS) on the contraction of rat
mesenteric resistance vessels (mrv), and on *3Ca influx and K*
currents in cultured rat aortic smooth muscle cells (smc) were
examined. Whole cell voltage clamp with 2-10 MQ electrodes
{containing (mM): KC1,145; EGTA,10; HEPES,10) was used to monitor
current-voltage relationships in cultured rat aortic smc. Cells
were clamped at -40mV and successively hyper- or depolarized in 10
mV increments to potentials of -90 and +60 mV, respectively. 43Ca
influx was measured by prelabelling the smc with *%Ca (1 uC; 30 s)
before challenging them with K* (55 mM) for 5 min. Cells were
preincubated with SMS for 1 min before labelling. Isometric
tension responses of rat mrv {(internal diameter “125 pum) were
monitored using a myograph. The mrv were contracted by 10 min
applications of noradrenaline (NA; 10-SM), K+ (80 mM),
[Arg®]vasopressin (AVP; 10-°M), or by 80 mM K* for 5 min with a
subsequent, additional contraction induced by the application of
10-M NA (10 min).

SMS {10-°M) increased the magnitude of the outward currents
induced by depolarising pulses in the cultured smc. A bath
application of Ba®* (1 mM), Cs* (1 mM}), Co2* (2.5 mM) and TEA (20
mM) inhibited the SMS-induced increase in the outward currents. 55
mM K* promoted a 3-fold uptake of 4%Ca into the smc; SMS (10-° and
10-°M) had no inhibitory effect on this increased uptake. In
isolated rat mrv, SMS inhibited NA-induced tension but not 55 mM
K*- or AVP- induced tension. The maximal inhibition of NA-induced
tension by SMS was 34 * 1x with its half maximal effect at 0.3 %
0.1 nM, n=5. SMS failed to inhibit NA-induced tension in the high
K+ depolarised tissues. These results suggest that SMS activates
the K* channels of vascular smooth muscle.

Lewis, D.L. Weight, F.F. & Luini, A. (1986) Proc. Natl. Acad.
Sci. USA. 83, 9035-9039.
Pace, C.S. & Tarvin, J.T. (1981) Diabetes. 30, 836-842.
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CHRONIC EFFECTS OF ATENOLOL IN SPONTANEOUSLY HYPERTENSIVE RATS

Kingsbury, M.P., Draper, A.J., Redfern, P.H. & Todd. M.H.! University of Bath, Claverton Down, Bath.
1 ICI Pharmaceuticals, Mereside, Alderley Park. Cheshire.

Previous work has indicated that following chronic atenolol administration. changes in end-organ
response are accompanied by altered presynaptic mechanisms. (Carr et al, 1983, Draper et al, 1986) The
present study investigates this phenomenon in the spontaneously hypertensive rat (SHR).

Atenolol (50mg/Kg) was administered orally in 5% polyethylene glycol (PEG) to male SHR’'s (300-
350g); control results were obtained from animals dosed with vehicle alone. Blood pressure was
measured in the conscious rat by the “tail-cuff® technique using the schedule described previously.
(Kingsbury et al. this meeting) Twenty-four hours after the last dose of atenolol or PEG the in situ
blood-perfused mesentery was prepared according to the method of Jackson and Campbell (1980).
Vasoconstricor responses to exogenous noradrenaline and periarterial electrical stimulation were assessed
as previously described. (Kingsbury et al, this meeting)

After the first day of dosing with atenolol, blood pressure in the conscious rat was significantly
(P<0.001) reduced from 214.5+3.4mmHg in control animals to 165.3x5.2mmHg in atenolol-treated
animals. After 5 days the mean blood pressure of the control (PEG). group was 227 +3.2mmHg while
that of the atenolol-treated group was 165.3+5.2mmHg. This reduction was maintained throughout the

dosing period: after 19 days atenolol-
treated animals had a mean blood
pressure of 185.3+3.7mmHg
compared to 226+5.1 in controls.
Results from the in situ mesentery
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Fig 1: Effect of 21 days Atenolol p.o. on Electrical Stimulation.

These results indicate that chronic administration of atenolol caused a reduction in the blood pressure in
the conscious SHR which reached a maximum after 3 days. and was maintained for at least 18 days
thereafter. Although this reduction was highly significant, blood pressure in the SHR was still higher
than in untreated normotensive animals. Results from the in sizu mesentery indicate that after 21 days
atenolol administration, there is a significant reduction in transmitter release from the presynaptic
‘terminal, as evidenced by the reduced response to periarterial electrical stimulation. The time course
and size of this effect suggests that it-may be important in the antihypertensive effect of atenolol
observed clinically.

Draper, A.J., Kendall, H.E. & Redfern, P.H. (1986) J. Auton. Pharmac. § 259-268
Carr, S.R.. Draper. A.J.. Lamaa. M. & Redfern, P.H. (1983) J. Auton. Pharmac. 3, 7-12.
Jackson, EK. & Campbell W.B. (1980) Eur. J. Pharmac. 66 217-224.

Kingsbury. M.P., Draper, A.J.. Redfern, P.H. & Todd. M.H. (1988) this meeting
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CHRONIC EFFECTS OF ATENOLOL IN WISTAR RATS

Kingsbury, M.P., Draper, A.J., Redfern, P.H. & Todd, M.H.! University of Bath, Claverton Down, Bath.
1 ICI Pharmaceuticals, Mereside, Alderley Park, Cheshire.

We have previously shown that after long-term administration of B-adrenoceptor blocking drugs in the
rat, complex changes are produced quite distinct from the blockade of post-synaptic 8-adrenoceptors.
(Carr et al, 1983, Draper et al. 1986) These effects are more consistent with the time course of the
antihypertensive action of B-adrenoceptor blocking drugs. The present study investigates further the
effect of chronic B-adrenoceptor blockade on adrenergic neurotransmission using an in situ preparation to
avoid complications arising from possible "wash-out” of antagonist following tissue removal.

Atenolol (50mg/Kg) was administered orally to normotensive male Wistar rats (300-350g) in 5%
polyethylene glycol (PEG). Control results were obtained from animals dosed with vehicle alone. Blood
pressure was measured in the conscious rat by the "tail-cuff” technique and was recorded daily before
and 2h after dosing. Twenty-four hours after the last dose of atenolol or PEG the degree of blockade
was assesed by constructing dose response curves to isoprenaline injected as a bolus i.v. The in situ
blood-perfused mesentery was prepared according to Jackson and Campbell (1980). Vasoconstrictor
responses to exogenous noradrenaline (20-2000ng) and periarterial electrical stimulation (15v
rectangular pulses of 1ms duration for 20sec. 2-35Hz) were obtained 24h after the last dose.

During the first week of dosing with atenolol, blood pressure in the conscious rat was significantly
reduced. After 5 days the mean blood pressure of the control (PEG). group was 153 +2.9mmHg while
that of the atenolol treated group was 128.5+2.8mmHg (P<0.001). This reduction was maintained
throughout the dosing period; after 19 days, atenolol-treated animals had a mean blood pressure of
130.1+2.0mmHg compared to 151.8 + 1.7mmHg in controls. (P <0.001)

ISOPRENALINE (ug)
.0025 .005 .01 .02 .05 .1 2
74 PEG 38+25 89+28 20x25 288+76 88.8+13.6 110x11.2 140+ 12.2
7d atenolol 25+22 88x51 25x75 30+10.6 50+18.1 60+15.8¢ 70+ 15*¢
21d PEG (o] 3.1+15 189x59 356+99 88.1:+48 118.1+4.3 158.8+8
21d atenolol || O 7.5+4.1 17.5+7.4 30x8.8 35+ 7.7%%*% 55.0+:8.3*** 58.816.7%*
Table 1 :- Mean Increase in Heart Rate (beats/min)+SEM, n=4 atenolol, n=8 PEG.

*=P <0.05, *=P<0.01, **=P<0.001

Results from the in situ mesentery showed that treatment with atenolol for 7 days resulted in increased
vasoconstriction in response to higher doses of noradrenaline. This trend increased after 21 days
treatment. In contrast, responses to higher frequencies of periarterial electrical stimulation were reduced
after 21 days treatment with atenolol.

These results indicate that chronic administration of atenolol caused a reduction in blood pressure which
reached a maximum after five days. and was maintained for at least 16 days thereafter. B-adrenoceptor
blockade was established within 7 days and was maintained up to 21 days of dosing with atenolol
(Table 1). Results obtained from the in situ mesentery further suggest that atenolol exerts a presynaptic
action apparent after 21 days but not after 7 days drug treatment.

Draper, A.J., Kendall, H.E. & Redfern, P.H. (1986) J. Auton. Pharmac. 5 259-268
Carr, SR., Draper, A.J., Lamaa, M. & Redfern, P.H. (1983) J. Auton. Pharmac. 3. 7-12.
Jackson, E.K. & Campbell W.B. (1980) Eur. J. Pharmac. 66 217-224.
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EFFECT OF FIBRINOPEPTIDES A AND B ON HUMAN AND RAT PLATELET
AGGREGATION

I. Hussaini, R. Bhardwaj & P.K. Moore, Department of Pharmacology,
King's College, University of London, Manresa Road, London SW3 6LX.

Thrombin-induced proteolysis of fibrinogen which occurs as a natural consequence
of haemostasis, thrombosis or inflammation, results in the sequential formation
of fibrinopeptide A (FpA) and fibrinopeptide B (FpB). These peptides contain 16
and 14 amino acids respectively and occur naturally in the plasma of healthy
humans (Nossel et al., 1974). Although FpB constricts the pulmonary vascular beds
of several species (Bayley et al., 1967) and increases rat blood pressure (Osbahr
et al., 1967) there have been no reports of their effect on platelet aggregation.

In the present study, blood obtained by venepuncture of human volunteers and
cardiac puncture of ether anaesthetised rats (male, Sprague-Dawley, 250-300g) was
anticoagulated (1:9 v/v with 3.8% trisodium citrate) and centrifuged (300g,

15 min) to prepare platelet rich plasma (PRP). Platelet aggregation was measured
turbidometrically using a Payton dual channel aggregometer.

FpA mimicked the effect of ADP on human platelet aggregation. Low concentrations
(0.65-6.5uM) caused a monophasic, reversible wave of platelet aggregation while,
at a higher concentration (30uM), biphasic platelet aggregation was observed.

At concentrations in excess of 65uM, addition of FpA resulted in irreversible
platelet aggregation. FpA was approximately 10 times more potent than ADP.
Fibrinogen (minimally effective concentration, 0.6-0.9uM) also aggregated human
platelets. Preincubation of PRP (37 C, 1 min) with p-bromophenacyl bromide (100uM)
indomethacin (10u) or dazoxiben (10uM) prevented the second wave of aggregation
in response to maximally effective concentrations of FpA (65uM), fibrinogen (5uM)
and ADP (10uM). At lower concentrations, which had no direct platelet aggregatory
activity, FpA (0.01-0.1uM), potentiated platelet aggregation due to ADP and
collagen in both species. Neither FpA (0.1-65uM) nor fibrinogen (0.1-50uM)
aggregated rat platelets.

In contrast, FpB at concentrations up to 1 mM had no detectable effect on human
or rat platelet aggregation and did not potentiate ADP- or collagen-induced
responses. However, addition to the cuvette of FpB (0.65uM and 6.5uM) did reduce
the potency and the maximal inhibitory effect of PGIL, and PGD, in PRP from both
species. For example, PGI, (0.9nM) inhibited ADP-induced platelet aggregation
in human PRP by 56.5 * %Z (n=8) in the absence and 17.8 * 2.37 (n=8, P <0.01,
Student's t test) in the presence of FpB (6.5uM). The threshold concentration
of FpB required to antagonise the effect of PGI, on human platelets was 0.65uM.
FpB (up to 65uM) did not influence the platelet anti-aggregatory effect of
adenosine in human PRP. Neither FpA nor fibrinogen, at concentrations which did
not aggregate human or rat platelets directly, affected the platelet inhibitory
activity of PG12 or PGD2 in human or rat PRP in response to ADP or collagen.

Thus, FpA and FpB released during blood coagulation may, by different mechanisms,
exacerbate platelet aggregation thus accelerating the formation of a platelet
plug and indirectly the production of a thrombus.

We would like to thank the Wellcome Trust for financial support.

Bayley, T., Clements, J.A. & Osbahr, A.J. (1967) Circ. Res. 21, 469
Nossel, H.L., Yudelman, I & Canfield, R.E. (1974) J. Clin. Invest. 54, 43
Osbahr, A.J., Morris, R.E. & Coleman, R. (1967) Nature 215, 292
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INVESTIGATION OF THE ACTION OF NEUROPEPTIDE Y IN THE ISOLATED
HUMAN CORONARY ARTERY

J.R.Tippins, J.Clarke, S.Larkin, ’4.Yacoub1 and A.Maseri.
Cardiovascular Research Unit, ?yal Postgraduate Medical School,
Hammersmith llospital, London W12 OHS, 'Harefield Hospital, Middlesex.

e have previously reported that neuropeptide Y (NPY), infused into the left
anterior descending coronary artery (LADC) of patients, nroduces a pronounced
decrease in coronary blood flow and ischaemia, concomitant with ECG ST
elevation, but with no change in epicardial coronary artery diameter (Clarke
et al, 1987). The present experiments were undertaken as part of a study to
determine the site of action of NPY in the human coronary arterial
circulation.

Segments of LADC were obtained from eleven patients undergoing transplant
operations, eight for cardiomyopathy, two for myocarditis and one for cystic
fibrosis. Spiral strips were prepared from these segments and suspended in
Krebs solution at 37°C, gassed with 95%0,/5¢ %Q0,, in 2ml baths. 1g tension was
applied to the tissues and changes in tension were reoor?ed isomet, 1ca11y.
Cumulative dose-response curves to nor adrenali9e (MA; 10 to 3x10™ ‘4) were
prepared in the absence and presence of NPY (1077 and 5x10~7 M).

Arterial strips could not he prepared from two patient's tissues because of
severe atherosclerosis. Arterial strips from four of the patients (10
preparations) were founrd to be unresponsive to hoth NA and NPY. The arterial
strips from the remaining five (eight preparations) natlents re also found
to be unresnonsive to NPY at concentrations of 5x1 0' to 5x10° 1 In addition
NPY was without effect on the dose-response curves to NA, The lack of resvonse
to NA was unrelated to patients' age, nathology of the tissues or the
patients' drug therapy.

This work supports the contention that PY acts predominantly in resistance
vessels in the human coronary circulation.

Clarke,J., Davies,G., Kerwin,R., Hackett,D., Larkin,S., Dawbarn,D., lLee,Y.,
Bloom,S., Yacoub,M. & Maseri,A. (1987) Lancet, I, 1057-1059.
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COMPARISON OF AFFINITY OF 8-SUBSTITUTED XANTHINES FOR ADENOSINE
RECEPTORS IN ATRIA FROM RATS AND GUINEA-PIGS

M.G. Collis, J.C. Culver & S, Holmes, Imperial Chemical Industries, PLC,
Pharmaceuticals Division, Alderley Park, Macclesfield, Cheshire SK10 4TG

Comparative studies of the affinity of xanthine derivatives at Al binding sites
in C.N.S. membranes from the rat and guinea—pig have indicated that affinity is
often significantly higher for the rat (Ukena et al, 1986). In the present study
we have compared the apparent affinity of some alkyl—xanthines in atria from rats
and from guinea—pigs in order to determine whether a species difference can be
detected, at functional adenosine receptors.

Atrial pairs from rats and guinea—pigs were mounted for isometric tension
recording in organ baths containing Krebs solution (dipyridamole 10 pM, 37°C).
Dose—-response curves were constructed for the bradycardic effects of 2—
chloroadenosine and carbachol or acetylcholine. Dose-response curves were
repeated after exposure to 8—phenyltheophylline (8PT), 8—(4—(2—aminoethyl)
aminocarbonylmethyloxyphenyl)—1,3—dipropylxanthine (XAC), 8—(4—carboxy
methyloxyphenyl)—1,3—dipropylxanthine (XCC), 8—cyclopentyl—l,3—dipropylxanthine
(CPX). The tissues were incubated with the antagonists until equilibrium was
judged to have occurred (generally 1 hour).

All of the xanthines behaved as competitive antagonists in atria from both
species. None of the xanthines altered dose—response curves to muscarinic
receptor agonists in the atria. The data was exposed to Schild analysis and the
results are presented below.

Antagonist data for 8—substituted xanthines in atria from rat and guinea—pig

Antagonist Species PAy Slope Concentration n
(952 Confidence range (pM)
interval)

8PT Rat 7.16(6.54=7.95) -0.9530.12 0.1-3 13
G.Pig 6.48(5.89-7.23) —0.86%0.12 0.1-10 14

XAC Rat 7.82(6.94-9.0) —0.88%0.11 0.1-10 20
G.Pig* 7.22(6.68-7.87) —1.03%0.09 0.1-10 11

Xcc Rat 7.93(7.06—9.08) —0.8140.09 0.1-10 14
G.pig* 7.40(7.0 —7.85) -1.12%0.06 0.1-10 15

CPX Rat 8.24(7.33-9.42) -0.93%0.13 0.01-1 13
G.Pig 8.14(7.67-8.65) —0.9140.06 0.01-1 15

X Prom Collis et al (1987)

Although pA; values in the rat atria tended to be higher than those in guinea—pig
atria, these differences were not significant, and were small in comparison with
those reported in ligand binding studies (Ukena et al, 1986). The results of
this study do not support the concept that there are marked species differences
in the affinity of 8—substituted xanthines in atria from guinea—pigs and rats.

Collis, M.G., Jacobson, K.A. & Tomkins, D.M. (1987) Br. J. Pharmacol. 92, 69-75
Ukena, D., Jacobson, K.A., Padgett, W.L., Ayala, C., Shamim, M.T., Kirk, K.L.,
Ollson, R.A. (1986) Febs. Letts. 209, 122-128.
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SOURCES OF CALCIUM FOR CONTRACTION OF RAT FEMORAL VEIN TO ®,- AND
®,-ADRENOCEPTOR STIMULATION

D. Stubbs, J.W. Smith, O.A. Downing, & K.A. Wilson, Pharmaceutical Sciences
Institute, Aston University, Aston Triangle, Birmingham B4 7ET.

Pressor responses of pithed rats to ai:-adrenoceptor agonists are invariably
sensitive to calcium entry blockers while those to aj-adrenoceptor agonists are
generally resistant. It has been sugdested (Timmermans et al, 1987) that this
is due to the dual nature of the utilization of Ca?* by these agents:
aj-agonists producing Ca2* release and entry, a:-agonists Ca2+ entry only.
However, it has also been suggested that sensitivity to calcium entry blockers
is not related to the subtype of adrenoceptor activated, but rather to
characteristics of the agonists. One such suggestion is that it is the
intrinsic activity (i.a.) of the agonist that determines sensitivity to calcium
entry blockers such that agonists with low i.a. are susceptible while those with
high i.a. are not (Ruffolo et al, 1984). Observations in vitro in support of
either hypothesis are equivocal. In the present study, we have examined these
hypotheses in the rat femoral vein in vitro, a preparation which possesses both
a;- and az- postjunctional adrenoceptors (Downing et al, 1986).

Ring segments of femoral veins from male Wistar rats (200-250g) were mounted
under 0.5g tension between two parallel fine steel wires in physiological salt
solution (PSS) at 37°C gassed with 95% Oz, 5% CO:. In some experiments responses
were elicited following a 2 min incubation in a calcium free PSS containing
0.2mM EGTA (the EGTA-resistant response). Table 1 shows maximal contractile
responses to the non-selective adrenoceptor agonist noradrenaline (NA), the
aj)-selective adrenoceptor agonist cirazoline (CIR) and the a:-selective
adrenoceptor agonist BHT-920 (BHT), in the presence of EGTA and following 30
minutes incubation in PSS containing 10-5M verapamil.

Table 1. Contractile responses of Rat Femoral Vein, % control.

Agonist i.a. EGTA-resistant Response¥ in presence of
Responsex 10-5M verapamil

NA 1.0 36.0+3.5 78.0+2.1

CIR 0.7 42.8+4.0 79.8+4.7

BHT 0.7 0 34.0+1.0

X% Results expressed as % of control response to each agonist in normal PSS
(meantsem, n>6).

These results show that the az-selective adrenoceptor agonist BHT, which has a
similar i.a. to CIR, was incapable of producing an EGTA-resistant contraction
whereas stimulation of aj;-adrenoceptors by CIR produced a clear EGTA-resistant
contraction. Furthermore, BHT was much more susceptible than either NA or CIR to
inhibition by the calcium entry blocker verapamil. These observations provide
in vitro support for the hypothesis of Timmermans and co-workers (Timmermans et
al, 1987) that contractions of vascular muscle mediated via stimulation of
a;-adrenoceptors utilise intracellular and extracellular sources of Ca2?* whereas
contractions mediated by a:-adrenoceptor stimulation utilise extracellular Ca2+
only.

Downing, O.A. et al (1986). Br. J. Pharmac., 88, Proc. Suppl., 292P.
Ruffolo, R.R. et al (1984). J. Pharm. exp. Ther., 230, 587-594.
Timmermans, P.B.M.W.M. et al (1987). J. Pharm. exp. Ther., 240, 864-870.
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THE INFLUENCE OF HYPOXIA ON ACETYLCHOLINE-INDUCED RELAXATION IN A
RANGE OF RABBIT ARTERIES

J.F. Marriott and J.M. Marshall (introduced by J.H. Coote).
Department of Physiology, The Medical School, Birmingham B15 2TJ.

It is nov generally accepted that acetylcholine (ACH) produces relaxation of
vascular smooth muscle by causing release of endothelium-derived relaxing
factor (EDRF), vhile the finding that a fall in PO, reversed the ACH-induced
relaxation in rabbit aortae that were pre-contracted wvith noradrenaline (NA),
led to the proposal that the production of EDRF is attenuated by hypoxia
(Furchgott & Zawadki, 1980). Further, measurement of Ca uptake in rabbit
aorta led to the proposal that EDRF released by ACH causes relaxation by
inhibiting NA-induced Ca influx, as well as by influencing processes which are
independent of extracellular Ca (Ratz et al, 1987). In the present study wve
have investigated these proposals in a range of blood vessels with different
dependencies upon extracellular Ca for NA-induced contraction.

Segments of the thoracic aorta (TA), common carotid (CA), femoral (FA) and
superior mesenteric (MA) arteries were removed from rabbits under
pentobarbitone anaesthesia (45mg/kg i.v.) and mounted between parallel vires
at 37°C for recording of tension. Contractions to NA (ED,,) vere elicited
during normoxia (P0,=102.4+0.5, n=507) before and 5 linutes after exposure to
Ca-free Krebs’ (vitﬁ EGTA 0.5mM) and during hypoxia (P0,=7.1:+1.2, n=338).
Further, at peak contraction induced by NA in normoxia, ACB (1uM) was added to
produce relaxation, then the tissue was made hypoxic.

Ca free H ACH ACH+H
TA 74.54+2.9(7) 33.8+7.2(7) 36.3+7.7(6) 48.6+9.8(6)
CA 63.9+4.7(5) 76.9+22.8(5) 47.6+7.0(6) 99.94+11.2(6)
FA 52.9+4.8(7) 5.6+£3.0(7) 50.6+14.2(5) 46.8121.5(5)
MA 71.7+12.7(6) 47.6+13.6(6) 44.4414.0(6) 105.3+21.2(6)

Table 1 Magnitudes of NA-induced contractions in aorta (TA), carotid (CA),
femoral (FA) and mesenteric (MA) arteries as ¥ of normoxic control in the
absence of Ca (Ca free), in hypoxia (H), in the presence of ACH in normoxia
(ACH) and in hypoxia (ACH+H).

These results suggest that the dependency of a given vessel upon extracellular
Ca for NA-induced contraction is not obviously correlated with the extent of
relaxation induced (i) by hypoxia (cf Marriott & Marshall, 1987) (ii) by ACH
in normoxia nor (iii) with the ability of hypoxia to reverse ACH-induced
relaxation. It has recently been suggested that EDRF is identical with nitric
oxide (Moncada et al, 1987). The present finding, that hypoxia attenuated
ACH-induced relaxation in CA and MA, but not in TA and FA suggests that either
EDRF and/or the pathway for its production is not identical in all vessels.

Supported by the British Heart Foundation.

Furchgott, RF and Zawadzki, JV (1980) Nat. 288, 373-376.
Marriott, JF and Marshall, JM (1988) J. Physiol. Soc. 398, S55P.
Moncada, S et al (1987) Trends Pharmacol. Sci. 8 (10), 365-367.
Ratz, PH et al (1987) Circ. Res. 60, 31-38.
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THE CHRONOTROPIC PROPERTIES OF EPANOLOL IN THE ANAESTHETISED DOG

A.J. Bilski, R. Hatton, J. Moors, A. Nuttall and G. Shaw, ICI Pharmaceuticals
Alderley Park, Macclesfield, Cheshire SK10 4TG.

Epanolol (ICI 141292, [H-[-2-(3-o-cyanophenoxy-2-hydroxypropylamino)ethyl]-4-
hydroxyphenylactamide) is a new cardioselective Bj-adrenoceptor partial agonist
which has been developed to assess the role of modest partial agonism on the heart
particularly in angina pectoris (Bilski et al. 1987). The partial agonist
properties of the compound were evaluated in two series of experiments in the

dog.

The potency and partial agonist activity were firstly determined in pentobarbitone
anaesthetised vagotomised dogs which had been depleted of catecholamines by
pretreatment with syrosingopine (5 mg kg“ s.c., 24 hours prior to experi-
mentation). Heart rate and blood pressure were monitored and blood gasses, pH and
body temperature were maintained within physiological limits, Chronotropic dose
tesgonse curves were determined first to isoprenaline (in the range 0.01-10pg

) and then to epanolol (0.3-1444pg kg=1). 1In a further series of experiments;
the ability of epanolol to modulate the response of the heart to sympathetic nerve
stimulation was determined using anaesthetised dogs. In these, the stellate
ganglia were located and crushed and the vagal nerves sectioned in the neck.
Frequency - response curves relating changes in heart rate to right ansa sub-
clavia stimulation were obtained in the absence or presence of increasing
intravenous concentrations of epanolol (5-50pg kg~1). The antagonist potency of
epanolol, expressed as an effective dissociation constant, Kp was determined using
the method of Bilski et al. 1979.

In the catecholamine-depleted dog the agonist potency of epanolol, as determined
by its EDsg, was found to be 5.2%0.9 ug.kg-l (n=4). 1Its partial agonist activity
was 22.3% 1.5 2 of the maximum isoprenaline response. In the further experiments,
epanolol acted as a classical partial agonist in that it raised the resting heart
rate in accordance with its agonist properties and displaced the frequency -
response curves to the right demonstrating B-adrenoceptor antagonist activity. Its
potency as a B-adrenoceptor antagonist, Kg, was found to be 4.6%0.6pg kg-1,

value similar to its agonist ED5g. A feature of this experiment was the 1nability
of the sympathetic nerves even at high rates of stimulation to release enough
noradrenaline to overcome the antagonism produced by epanolol. Consequently with
increasing doses of epanolol, the magnitude of the sympathetic response to nerve
stimulation was decreased. The overall effect was to limit the response to
sympathetic stimulation to a level close to the partial agonist activity of the
compound viz 22%.

In conclusion epanolol is a potent B-adrenoceptor partial agonist which should
stabilise heart rate at a level close to the agonist activity of the compound.

Bilski, A.J., Hadfield, S.E. and Wale, J.L. (1988). J.Cardiovasc. Pharmacol. in

press.
Bilski, A., Robertson, H.H. and Wale, J.L. (1979). Clin.Exp. Pharmacol. Physiol.

6, 1-9.
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INTERACTION OF HIMBACINE WITH ACETYLCHOLINE AT MUSCARINIC
RECEPTORS OF RABBIT AORTA

Anwar-ul-Hassan Gilani (introduced by S.A. Saeed), Department of Pharmacology,
The Aga Khan University Medical College, Karachi-5, Pakistan.

Muscarinic receptors in heart and smooth muscle are known to belong to different
subtypes. Recently, a plant alkaloid himbacine has been shown to have potent
competitive antimuscarinic activity with at least 10 times greater affinity for
cardiac receptors than for those in ileum, uterus and trachea (Gilani & Cobbin,
1986). In these smooth muscle preparations, muscarinic receptors mediate
excitatory responses whereas in atria they mediate inhibitory responses to choli-
nomimetics. Rabbit aorta responds to acetylcholine by relaxation (inhibition)
provided that the preparation has undamaged endothelium (Furchgott & Zawadzki,
1980). This communication describes the interaction of himbacine with muscarinic
receptors of rabbit aorta to study whether himbacine has selectivity for inhibit-
ory muscarinic receptors other than those in the heart.

Rabbit aorta ring preparations were suspended in Krebs solution taking care not to
damage endothelial surface (Furchgott & Zawadzki, 1980). Krebs solution was main-
tained at 37°C and aerated with 5% CO, in 0j. Each tissue was allowed to equilib-
rate for 2 h under the resting tension of 2 g and phenylephrine was then added to
bring the tissue to a moderate tone. Acetylcholine (ACh) was administered in the
absence and presence of antagonist using 40 min antagonist exposure time. Antago-
nist affinities were assessed using the method of Arunlakshana & Schild (1959).

ACh (10 nM - 1 uM) produced concentration-dependent inhibition of phenylephrine-
induced contraction of aorta. Pretreatment with himbacine (0.3 - 3.0 uM) caused
concentration-related and parallel displacement of the concentration-response
curves to ACh to the right. Schild plot of the data yielded a pA, value of 7.13
(Table 1) with slope of the plot not significantly different from unity (P >0.05).
Affinity of himbacine for muscarinic receptors in aorta was similar to that in
ileum (P >0.05), but 12 times less than that obtained in atria. In contrast,
atropine had similar affinities for muscarinic receptors in all three preparations.

Table 1 Antagonist affinities (pA,) of himbacine and atropine in cardiac
and smooth muscle preparations

Tissue Response to pA, values*

cholinomimetic Himbacine Atropine
Guinea-pig ileum Excitatory 7.27 + 0.15 (15) 9.10 + 0.14 (14)
Guinea-pig atria Inhibitory 8.22 + 0.10 (24) 9.08 + 0.11 (13)
Rabbit aorta Inhibitory 7.13 + 0.15 (15) 9.20 + 0.19 (12)

*Values shown are mean t s.e.mean, together with number of observations in
parentheses. Values other than aorta are taken from Gilani & Cobbin (1986).

These results suggest that himbacine does not differentiate between excitatory
and inhibitory muscarinic receptors rather it exhibits selectivity for cardiac
versus smooth muscle muscarinic receptors.

Arunlakshana, 0. & Schild, H.O0. (1959) Br. J. Pharmac., l4, 48-58.
Furchgott, R.F. & Zawadzki, J.V. (1980) Nature, 288, 373-376.
Gilani, S.A.H. & Cobbin, L.B. (1986) N.S. Arch. Pharmacol., 332, 16-20.
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DETERGENT ABOLISHES CARBACHOL VASODILATATION AND CHANGES PRESSURE/
FLOW RELATIONS IN SITU IN RAT SUPERIOR MESENTERIC ARTERIAL BED

Michael D. Randall & C. Robin Hiley, Department of Pharmacology, University of Cambridge, Hills
Road, Cambridge CB2 2QD

Endothelium-dependent relaxation to acetylcholine occurs in the isolated superior mesenteric arterial
bed of the rat perfused with Krebs-Henseleit solution (Byfield et al, 1986; Burdet et al, 1986; Hiley
et al, 1987). In this preparation the endothelium can be removed by perfusion with detergents which
include deoxycholate and CHAPS (3-[(3-cholamido-propyl)-dimethyl-ammonio]-1-propane
sulphonate). Recently, it has been proposed that endothelium derived relaxing factor (EDRF), which
is the mediator of endothelium-dependent relaxation to acetylcholine, is released tonically and
modulates the resistance properties of small arterioles (Griffith et al, 1987). In this paper we report
an investigation of the relaxant effects of carbachol on the in situ blood perfused superior mesenteric
arterial bed and on the effects of perfusion of this preparation with CHAPS.

Male Wistar rats (270-350g; Bantin & Kingman, Hull) were anaesthetised with 120mg/kg sodium
thiobutabarbitone (Inactin, BYK), given i.p., and prepared for in situ blood perfusion of the
superior mesenteric arterial bed, at a rate of 2ml/min, essentially as described by Jackson &
Campbell (1980) except that a trapped air system, to reduce pressure fluctuations, and a heat
exchanger, to reheat blood to body temperature, were included in the extracorporeal circuit.
Noradrenaline (Koch Light) and carbachol (Sigma) were administered close arterially into the
extracorporeal circuit; the effects of carbachol were assessed as the reductions in the pressor
response to a standard dose of noradrenaline (1pg, giving an increase in perfusion pressure of
135+9mmHg, n=14) co-administered with the test dose of carbachol (see Hiley et al, 1987).
CHAPS was administered by perfusing the mesenteric vascular bed with an 0.3% solution in 0.9%
NaCl for 150s at 2ml/min in place of blood.

Before perfusion with CHAPS, carbachol (Ing-3pg) gave dose related reductions in the pressor
response to coadministered noradrenaline with an ED50 of 25.54+6.0ng and a maximal reduction of
51.841.9% (n=8). After CHAPS, carbachol was without any significant relaxant effect and the
mean reduction of the noradrenaline response with 3pg was 10.7+6.4% (n=7). After perfusion with
CHAPS the pressor response to noradrenaline (164+16mmHg; n=6) was not significantly different
from control. Also, the relaxant response to 10pg sodium nitroprusside (Koch Light) was not
affected by CHAPS; before treatment it was 47.3+3.4% and afterwards it was 45.5+2.4% (n=6 for
both). Central arterial pressure, heart rate and haematocrit were not changed by the CHAPS
perfusion.

Pressure/flow relations were established in control preparations and those treated with CHAPS using
flow rates from 0.4-3.5ml/min. In the controls, the regression of pressure on rate gave a mean
slope of 9.0+0.8mmHg.min/ml and a mean elevation (y) of 34.7+1.6mmHg (n=6) whereas in the
CHAPS perfused preparations the mean slope was 15.0+2.1mmHg.min/ml and y was
57.943.2mmHg. (n=6). Analysis of covariance showed both variables to be significantly different
in the control and the CHAPS preparations with P<0.01.

Perfusion with CHAPS abolished the relaxant response of carbachol which is consistent with the
functional destruction of the endothelium as seen in vitro. This treatment also increased the

resistance to flow which may indicate an in vivo role for the endothelium in modulating vascular
resistance.

Burdet, R. et al (1986) Br. J. Pharmacol. 88, 266P

Byfield, R.A. et al (1986) Br. J. Pharmacol. 88, 436P

Jackson, EK. & Campbell, W.B. (1980) Eu. J. Pharmacol. 66, 217-224
Griffith, T.M. et al (1987) Nature (Lond.) 329, 442-445

Hiley, C.R. et al (1987) Br. J. Pharmacol. 91, 378P
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EFFECTS OF ENALAPRIL ON CHANGES IN CARDIAC OUTPUT AND ITS
DISTRIBUTION IN PITHED RATS WITH HYPOXIA AND HYPERCAPNIA

Margaret R. MacLean and C. Robin Hiley, Department of Pharmacology, University of
Cambridge, Hills Road, Cambridge CB2 2QD

We have previously shown that a low artificial ventilation volume (AVV) of
15ml/kg in air-ventilated pithed rats induces moderate acidosis, hypoxia and
hypercapnia (MacLean & Hiley, 1988a). This induces an increase in cardiac output
which is inhibited by propranolol. Angiotensin II increases cardiac output in
pithed rats (Kaufman & Vollmer, 1985) and beta-adrenoceptor blockers inhibit
renin release in rats (Qates et al, 1978). Here we investigate the possibility
that the increased cardiac output induced by 1lowering AVV is mediated by
angiotensin II.

Male Wistar rats (250-300g; Bantin & Kingman) were pithed under halothane
anaesthesia. Both femoral arteries were cannulated to allow withdrawal of blood
(at 0.5ml/min) during the microsphere injection and continuous monitoring of
blood pressure (BP). When BP had stabilised after pithing, the rats were given
either 0.5ml saline or 2mg/kg enalapril (Merek,Sharp & Dohme) i.v. For the next
10min the raf?3 received an i.v. infusion of saline (0.1ml/min) after which
60000-80000 Sn-labelled microspheres (15pm diameter; NEN) were injected
through a cannula into the 1left cardiac ventricle. Cardiac output and organ
blood flows were determined by the method of McDevitt & Nies (1976) . Rats were
artificially ventilated at either 15ml/kg or 20ml/kg (54 cycles/min).
Statistical comparisons were by analysis of variance; n=6 for each of the 3
groups.

Low AVV induced moderate acidosis (pH=7.34), hypoxia (P0,=53.7mmHg) and
hypercapnia (PC0,=46.9mmHg) compared with controls (pH=7. jﬁ PO, =75mmHg,
P002'29 .8mmHg). Low AVV increased cardiac output from 12. 4+0.7 to "17.2+1.1
ml/min/100g body weight (P<O 01) and this increase was inhibited by enalaprll
(P<0 05), cardiac output being reduced to 14.1+0.9 ml/min/100g body weight.
Enalaprll decreased mean arterial pressure from 38. 5+1.9mmHg to 23.0+2.4mmig
(P<0.001) and both low AVV and enalapril reduced total peripheral resistance
(P<0.01) from  3.3+0.2mmHg.min/m1.100g  body  weight to 2.4+0.2 and
1 6+O 1mmHg.min/ml1.100g body weight, respectively. Low AVV increased cardiac
output distribution to the heart (33%) and epididimides (46%) and increased blood
flow through the heart (82%), 1liver (42%), spleen (76%), testes (47%),
epididimides (92%), gastrointestinal tract (43%) and skeletal muscle (47%). All
of these effects of low AVV, except that on skeleletal muscle were inhibited by
enalapril. We have found that decreases in cardiac output induced by enalapril
at an AVV of 20ml/kg are reversed by an infusion of angiotensin II (MacLean &
Hiley, 1988b).

The results suggest that the increase in cardiac output, the changes in its
distribution and consequential changes in organ blood flows, induced by low AVV
in air-ventilated pithed rats are mediated by endogenous angiotensin II.

This work was supported by a grant from The Wellcome Trust.

Kaufman L.J. & Vollmer R.R., (1985) J. Pharmacol. Exptl. Ther., 235, 128-134.
McDevitt, D.G. & Nies, A.S., (1976) Cardiovasc. Res. 10, 494-498

MacLean M.R. & Hiley C.R., (1988a) Br. J. Pharmac. 93, 781-790.

MacLean M.R. & Hiley C.R., (1988b) Br. J. Pharmac. In press.

Oates, H.F. et al, (1978) Arch. Int. Pharmacodyn. Ther., 234, 205-213.
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EFFECTS OF FLOSEQUINAN, A NOVEL ARTERIOVENOUS DILATING AGENT, ON
cGMP LEVELS IN RAT ISOLATED AORTIC STRIPS

A.A. Allcock, G. Frodsham & M.F. Sim, Research Department, The Boots Company PLC,
Nottingham, NG2 3AA.

Flosequinan (F) (7-fluoro-1-methyl-3-methylsulphinyl-4-quinolone), a novel
arteriovenous dilating agent (Cowley et al 1984), is on clinical trial in
hypertension and heart failure. There are similarities between the
cardiovascular responses to F and to sodium nitroprusside (SNP) in man (Kessler
and Packer 1987), animals (unpublished) and in vitro (Yates 1988). The
vasodilator effects of SNP and atrial natriuretic factor (ANF) are similar
(Winquist et al 1984) and associated with increased cGMP levels. We therefore
decided to determine if the relaxant activity of F is also associated with
increased cGMP levels and have compared the three dilators at equiactive relaxant
concentrations. The effect of the cGMP phosphodiesterase inhibitor M & B 22948
(MB) was also examined.

For determination of equiactive relaxant concentrations, spirally cut rat aortic
strips from the thoracic aorta of male Wistar rats (200-250g) were suspended
with an initial resting tension of 1g in 15ml organ baths containing Krebs
bicarbonate buffer gassed with 9§§ 0,/5% CO, at 37°C (K). Vessels were
contracted with noradrenaline 10 M %NA) to“achieve a sustained tone, 817 of
maximal. Relaxant drugs were then added to the bath and changes in tension
recorded over 5 min. Concentrations of F, SNP and ANF producing approximately
907 relaxation of the NA-induced contraction were determined.

For the measurement of cGMP levels, aortic strips were mounted on rigid nylon
threads and suspended in K. The tissues were then transferred to K + NA for

600 secs and then to K + NA + the dilator agent at 907 relaxant concentration and
incubated for 30, 90 or 300 secs. Control (C) tissues were incubated in K + NA.
At the end of incubation the tissues were removed, rapidly freeze clamped and
frozen in liquid nitrogen before being powdered and extracted in 107 w/v
trichloroacetic acid. Lyophylised extracts were resuspended in deionised water
and an aliquot acetylated for the determination of cGMP by radioimmunoassay (NEN
RIA Kit). cGMP is expressed as fmol/mg protein.

SNP 5 x IO-8M produced maximal elevation of cGMP at 90 secs (C; 76 * 26 fmol/mg
(mean * SEM), SNP: 510 * 90 fmol/mg, n=7 p<0.01). ANF 5 x 10 "M produced maximal
elevation of cGMP at 300 secs (C: 88 * 16 fmol/mg, ANF: 1320 * 314 fmol/mg, n=7
p<0.001). F 10 °M produced maximal elevation of cGMP at 90 secs (C: 82 * 23
fmol/mg, F: 295 * 110 fmol/mg, n=7 p<0.01). Each treatment produced significant
elevations in cGMP (p<0.01) at 30, 90 and 300 secs. In another experiment MB,

5 x 100 'M, the maximum practical concentration, caused only a 307 relaxation of the
tissue but was associated with a marked increase in cGMP (C: 36 * 11 fmol/mg,

MB: 216 + 36 fmol/mg, n=6, p<0.001). Increase in cGMP preceded development of
maximal relaxation after SNP, ANF, MB and F.

We conclude that the mode of vasodilator action of F may be associated with an
increase of cGMP but F may differ from SNP and ANF since the increase in cGMP
after F was less for equivalent relaxant concentrations. The weak relaxant
activity of MB is associated with marked increases in cGMP.

Cowley, A.J. et al (1984) J. Hypertens., 2 (suppl. 3), 547-549.
Kessler, P.D. and Packer, M. (1987) Am. Heart J., 113, 137-143.
Winquist, R.J. et al (1984) Eur. J. Pharmac., 102, 169-173.
Yates, D. B. (1988). This meeting.



431P

EFFECTS OF FLOSEQUINAN, A NOVEL ARTERIOVENOUS DILATING AGENT,
ON ISOLATED SMOOTH MUSCLE

D.B. Yates (introduced by M.F. Sim), Research Department, The Boots Company
PLC, Nottingham NG2 3AA

Flosequinan, a novel hypotensive agent (Sim et al 1988), is currently under
clinical trial for use in both hypertension and heart failure. Studies in
animals (unpublished) and man (Cowley et al 1985) suggest that it is an orally
effective agent dilating both arteries and veins and having much in common
with sodium nitroprusside (Kessler and Packer 1987). The work presented here
was undertaken with the object of elucidating its effect on isolated smooth
muscle.

Isolated thoracic aortae from male Charles River Wistar rats weighing 175-200 g
were spirally cut and mounted under 1 g tension in Krebs bicarbonate buffer at
37°C gassed with 957 0,; 5% CO, (K). Contractions were recorded with isotonic
transducers on Lectromeéd recorders.

Tissues were contracted with noradrenaline (NA) IO-SM or KC1 30 mM to give
contractions of 80.9 * 1.47 and 81.3 * 0.97 of maximum respectively. Drugs
were given cumulatively to produce relaxation. Table 1 shows the
concentrations required for 507 relaxation (ICSO)'

Table 1 IC50 Values against noradrenaline and KCl contractions

8

Drug Noradrenaline 10 M KC1l 30 mM
Flosequinan (F) 8.7 x IO:;M 2.3 x IO:SM
Sodium nitroprusside (NP) 2.3 x 10_9M 9.7 x 10_8M
Atriopeptin II (ANP) 4.7 x IO_SM 2.8 x IO_4M
8-Br cyclic GMP (BrGMP) 5.5 x 10_7M 4.0 x 10_9M
Nifedipine (Ni) 1.9 x IO_SM 9.1 x lO_SM
Diazoxide (D) 1.8 x 10 M 5.6 x 10 °M

All drugs except Ni were more potent in relaxing NA than KC1l induced contrac-
tions. Greater concentrations of NA or KCl resulted in higher IC50 values for
F, NP, ANP, BrGMP and D suggesting Egtagonism o£8the mechanism of contraction.
In calcium free K with EGTA (1 x 10 "M) + NA IO_8M, IC50 values for F or_yP
remaigsd similar to those obtained in K + NA 10 M. Using K+ Ni (1 x lg M) +
NA 10 "M, IC50 values for F were similar to_ghose obtained in K+ NA 10 "M,
Against.cumulative dose responses to NA, 10 'M F produced a shift to the right
but 10 "M F produced only a small rightward shift. However, in depolarisi&g K
(38 mM KC1) cumulative contractions to CaCl, were not antagonised by F 10 M.
In addition, unlike slow calcium channel angagonists such as Ni or diltiazem,
both F and NP produced no inhibition of CaCl dose_gesponse cyrves in
guinea-pig taenia caeci at concentrations up to 10 "M and 10 "M respectively.

These in vitro studies on smooth muscle provide further support for the
similarity between F & NP; furthermore, contractions with greater dependence on
involvement of internal, as opposed to external, Cat++ seem to be more sensitive
to these agents.

Cowley, A.J. et al (1984) J. Hypertens., 2 (suppl.3), 547-549.
Kessler, P.D. and Packer, M. (1987) Am. Heart J., 113, 137-143.
Sim, M.F. et al (1988) Br. J. Pharmac. {(in press).
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EFFECT OF CHRONIC TREATMENT WITH ATENOLOL ON DEPRESSOR
RESPONSES TO PRAZOSIN IN THE ANAESTHETIZED RAT

R. Chess-Williams and M.J. Winn. Department of Pharmacology & Therapeutics,
University of Liverpool, P.O. Box 147, Liverpool L69 3BX.

We have previously shown that the depressor response to prazosin in the
anaesthetized rat is enhanced following acute administration of propranolol or
ICI 118,551 (Chess-Williams and Winn, 1987). In the present study we have
examined whether this enhanced depressor response also occurs following acute
administration of the B;-selective antagonist atenolol and also if this effect
is maintained after chronic pretreatment with this antagonist.

Male Wistar rats (250-350g) were anaesthetized with sodium pentobarbitone (60mg
kg 1 i.p.). Catheters were inserted into the carotid artery for the measurement
of diastolic blood pressure (DBP) and heart rate (HR) and also into the jugular
vein for the administration of drugs.

In the first group of rats (n=7) prazosin (100ug kg-l i.v.), alone, was
administered, and changes in DBP and HR were recorded over the subsequent 30
min. In the second group of animals (n=8), atenolol (img kg 1, i.v.) was
administered 30 min before prazosin (100ug kg_l). The final group of rats (n=7)
were treated with one dose of atenolol (10mg kg—l S.C.) daily for 7 days before
undergoing the procedure described for group 2.

Prazosin, alone, caused a significant (P<0.01) fall in DBP (38.6 + 4.1 mmHg)
within one minute of its administration, with a slight increase in HR. Although
DBP recovered slightly over the next 30 min, it remained below resting levels.
In the second group of rats, atenolol produced a fall (P<0.001) in HR of 71.5 +
8.1 b min"! and a significant fall in DBP of 31.9 + 9.2 mmHg (P<0.05), although
DBP had returned to resting levels after 30 min, HR remained depressed
(P<0.001). Subsequent administration of prazosin produced a fall (P<0.001) in
DBP of 63.5 + 4.6 mmHg. This was significantly greater than that produced by
prazosin alone (P<0.01). Although DBP recovered over the next 30 min, pressure
remained below resting levels. Whilst there was a slight increase in HR
observed with prazosin alone, following atenolol, prazosin produced a
significant bradycardia (P<0.01) of 19.0 + 3.4 b min l.

In animals which had received atenolol for 7 days prior to the measurement of
blood pressure the i.ve administration of atenolol when the rats were
anaesthetized resulted in a fall in HR (44.0 + 4.8 b min~1l; Pp<0.01), with no
significant change in DBP. The bradycardia produced by atenolol under these
conditions was significantly smaller (P<0.05) than that seen in animals not
chronically pretreated with atenolol. The subsequent administration of prazosin
caused a reduction in DBP (47.7 + 3.6 mmHg; P<0.001) which was significantly
smaller (P<0.05) than the hypotension produced in rats given prazosin in the
presence of acute atenolol administration. However, the fall in pressure was
not significantly different from that obtained after the administration of
prazosin alone. Prazosin produced a bradycardia of 24.6 + 5.2 b min~! (p<0.05)
in rats given chronic atenolol. This was not significantly different from the
bradycardia seen in the presence of acute atenolol treatment.

One explanation of these data is that a marked «aj)-adrenoceptor-mediated
vasoconstriction occurs following acute. atenolol administration, which is not
maintained during chronic treatment with this B-blocker.

RCW is a Bristol-Myers lecturer
Chess-Williams, R. & Winn, M.J. (1987) Br. J. Pharmac. 91: 386P.



SK&F 104078 DOES NOT SELECTIVELY ANTAGONISE @,-ADRENOCEPTORS IN
THE RAT

K. Bertie, J.A, Davis*, A.G. Roach, Patricia Rowland and C.F.C. Smith, Reckitt &
Colman plc, Departments of Pharmacology and Medicinal Chemistry*, Dansom Lane,
Hull, HU8 7DS.

Despite their different anatomical locations, most experimental evidence suggest
that pre- and postjunctional a_-adrenoceptors are similar pharmacologically.
However, Ruffolo et al. (1987) have recently described the pharmacological profile
of SK&F 104078 (SK&F), as a_-adrenoceptor antagonist which is significantly more
effective at postjunctionai a,-adrenoceptors than a_ -receptors 1located pre-
junctionally. We have studied”the effects of this compound at pre- and post-
junctional a_-adrenoceptors and postjunctional a.-adrenoceptors both in vitro and
in vivo to assess its reputed selectivity for postjunctional uz-receptots.

All experiments were performed using Sprague Dawley male rats (250-350 g). In
vitro antagonist activity at a_-adrenoceptors was assessed against p-amino-
clonidine (PAC) in the vas deferens preparation and at a 6 -adrenoceptors against
phenylephrine in rings of the abdominal aorta. Experiments were performed as
described by Doxey et al. (1983) and were controlled by BBC microcomputers.
Concentrations of SK&F were used which evoked 3-20 fold shifts of the control
agonist concentration-response curves. The specificity of SK&F for a-receptors
was assessed by studying its effects on the responses to 5-HT in the rat aorta
preincubated with prazosin (70 nM). In vivo antagonist effects of SK&F (1-5
mg/kg i.v.) were assessed against UK-14,304 induced inhibition of stimulation-
evoked contractions of the vas deferens (pre a ), UK-14,304 induced pressor
responses (post a,) and cirazoline induced pressor responses (post a.) in pithed
rats as described” by Doxey et al. (1983). Saline pretreated pithed rats were
used as controls and groups consisted of 5-7 rats. Agonist potencies were
expressed as ED__ values (cumulative doses inhibiting the vas deferens by 50% or

raising the diaggolic blood pressure by 50 mmHg).

SK&F had pA_, values of 6.47+0.15 (n=3) and 6.76%0.15 (n=3) at pre a - and post
a, —adrenoceptors in the rat vas deferens and aorta respectively. However, SK&F
was slightly more potent at 5-HT., receptors in the rat aorta with a pA_ value of
7.35:0.04 (n=3). In pithed rats, SK&F did not antagonise the effects of
UK-14,304 in the vas deferens (UK-14,304 ED_. values after saline and 5 mg/kg SK&F
were 2.330.2 and 3.0+0.4 ng/kg). Higher™ doses of SK&F could not be tested.
SK&F (1 mg/kg) produced a 2.2 fold shift of the UK-14,304 pressor response curve
(UK-14,304 ED o values after saline and SK&F were 5.5%0.6 and 12.1%1.5 ug/kg
P<0.01 Studenés t-test). Increasing the dose of SK&F to 3 mg/kg did not further
antagonise the pressor responses to UK-14,304. At a,-adrenoceptors, SK&F
produced a dose-related antagonism of cirazoline (cirazoline ED 0 values after
saline, SK&F (3 and 5 mg/kg) were 0,710.1, 1.3+0.2 and 1.940.2 ng/ﬁg).

In contrast to the results of Ruffolo et al. (1987), we have demonstrated that
SK&F was able to antagonise prejunctional a_,-adrenoceptors in vitro. In_vivo
there was relatively little difference between the antagonist effects of SK&F at
post- junctional a,- and a_ -adrenoceptors. In vitro data showed that SK&F is a
slightly more po%ent antagonist of 5-HT receptors than either a, - or
a_-receptors. These results suggest that SKEP is not a selective antagonist at
post az-adrenoceptors in rats.

Doxey, J.C. et al. (1983). Br. J. Pharmac., 78, 489-505.
Ruffolo, R.R. et al. (1987). N.S. Arch. Pharmac., 336, 415-418.
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CEN]r'RAL CARDIOVASCULAR EFFECTS OF NEUROPEPTIDE Y AND CLONIDINE
IN THE RAT

M.A. McAuley*, I.M. Macrae & J.L. Reid, Department of Materia Medica,
Stobhill General Hospital, Glasgow, G21 3UW, Scotland.

The rostral ventrolateral medulla (RVLM), a vasopressor region, and a
vasodepressor area of the caudal ventrolateral medulla (CVLM) are thought to
play an important role in the regulation of tonic and baroreflex mediated
changes in blood pressure (Granata et al, 1986). Neuropeptide Y-
immunoreactive terminals have been localised in these areas and this peptide
coexists with adrenaline and noradrenaline in some perikarya of the RVLM and
CVLM respectively (Chronwall et al, 1985; Everitt et al, 1984). The aim of
this study was to determine the cardiovascular effects of NPY and clonidine,
an alpha2-adrenergic agonist, following microinjection into these areas and to
examine the possibility of a functional interaction.

Stereotaxic microinjections of drug or vehicle (0.9% saline) in a volume of
0.1lul, were administered to separate groups of male Wistar-Kyoto rats (250-
320g), anaesthetised with a mixture urethane (1g/kg; i.p.) and alpha-
chloralose suspension (60mgs/kg; i.p). Blood pressure (BP) and heart rate
(HR) were measured for 2 hours post-injection via an indwelling intra-aortic
cannula and treatments were compared using ANOVA (with the Bonferroni test for
multiple comparisons). Following each experiment the brain was fixed in Faglu
and 50um sections cut for verification of the injection site.

NPY (25pmol and 50pmol) microinjected into the CVLM resulted in a decrease in
BP and HR but in the RVLM had no significant effects (table 1). Clonidine
(10nmol) evoked a significant fall in BP and HR in both regions examined
(table 1). Microinjection of saline into CVLM and RVIM produced no
significant cardiovascular effects.

Submaximal doses of clonidine and NPY coadministered in the CVLM produced a
reduction in BP and HR which was greater than with either drug alone but
similar in magnitude to their sum.

Table 1 Changes in BP (mmHg) and HR (b/min) - 30 minutes postinjection.
Results are means + sem, n=6-12 per group.

DRUG NPY(25pmol) NPY(50pmol) CLON(10nmol) CLON(10nmol) CLON(10nmol)
+NPY (25pmol) +NPY (50pmol)

CVLIM

BP -7.4+ 2.2 -12.3+ 3.0%* -18.5+ 3.9%*  -23.5+ 3.3* -30.3+2.6*
HR  -87.2%¥21.2* -73.9_16.5 -103.0+ 9.1* -109.0+13.6* -163.8+8.0*
RVLM

BP -5.1+4.1 -1.743.1  -21.6% 5.9*  -16.7+ 4.6*

HR 2.135.6 1.7+45.8  -54.6+12.2*  -68.8+20.1%

* p< 0.05 compared to saline

In conclusion, the cardiovascular effects of NPY appear to be restricted to
the CVLM while clonidine has depressor effects in both the RVLM and CVLM.
There does not appear to be a functional interaction between these two agents.

Chronwall, B.M. et al (1985) Neuroscience 15, 1159-1181.
Everitt, B.J. et al (1984) Neuroscience 11, 443-462.
Granata, A.R. et al (1985) Am. J. Physiol. 248, H547-H567.

Supported by the M.R.C., S.H.H.D. and B.H.F.



ISOPRENALINE RESPONSES ON THE GUINEA-PIG ATRIA AND THE EFFECT
OF ENDOGENOQOUS ADENOSINE

A.N.A. Wilson & K.J. Broadley, Department of Pharmacology, Welsh School of Pharmacy,
UWIST, PO Box 13, Cardiff CFl1 3XF

It has been suggested that in the heart the response to catecholamines is attenuated
by the increased levels of endogenous adenosine formed as a consequence of stimula-
tion by the amine (Schrader et al. 1977). This effect of endogenous adenosine has
been demonstrated in both the rat heart and atria (Dobson 1983, Dobson et al. 1986).
However, we have been unable to show this effect on the guinea-pig Langendorff
heart (Broadley and Wilson 1985). Atrial muscle is considerably more sensitive to
the effects of adenosine than ventricular (BBhm et al. 1984), so it was decided to
see if any effects of endogenous adenosine could be detected in guinea-pig isolated
atria.

Isolated left (L.A.) and right atria (R.A.) were set up in Krebs-bicarbonate solu-
tion ‘at 38°C gassed with 5% C02/95703. Tension responses of left atria paced at

2Hz (5ms, threshold voltage + 50%) and rate responses of spontaneously beating

right atria were recorded. Cumulative concentration-response curves to isoprenaline
(IS0) were determined before and during incubation with adenosine deaminase (0.3U/
ml (DEAM), dipyridamole (2.0x10-6M) (DiPY) or deoxycoformycin (1.5x10-7M) (DEOX).
Pretreatment curves were corrected using control experiments.

Control EC50 for ISO Treated EC50 for ISO Effect of Treatment

Treatment

(10-8v) (10-8M) Alone
R.A. L.A. R.A. L.A. R.A. L.A.
DEAM 1.35 6.18 1.3 3.53% 0 +
DiPY 4.84 2.29 7.55 3.04 - 0
DEOX 9.24 3.3 7.19 3.17 0 +

*=Significant difference between treated and control (P<0.05) +/- = significant
+ve or -ve effect on basal tension or rate when compared to untreated controls
(P<0.05).

Although minor but significant changes in the cumulative concentration-response
curves were detected with some of the treatments used, only in the case of DEAM
treatment of L.A. did this cause any significant change in the EC50 and even this
was a leftward shift of less than 2 fold! Depression of maximum response to ISO
was only observed with DiPY treatment of R.A. and this is probably due to the
direct effect of DiPY itself rather than endogenous adenosine.

Therefore it would seem that even in atrial muscle endogenous adenosine does not
markedly attenuate responses to catecholamines. These experiments add further
evidence that in the normoxic guinea-pig heart the modulation of the whole heart
response to catecholamines by endogenous adenosine is of little significance.

Bbhm, M.M. et al. (1984) J. Pharmac. exp. Ther. 230, 483-492.
Broadley, K.J. and Wilson, A.N.A. (1985) Br. J. Pharmac. 79, 382P.
Dobson, J.G. Jr. (1983) Am. J. Physiol. 245, H468-H474.

Dobson, J.G. Jr. et al. (1986) Am. J. Physiol. 251, H455-H462.
Schrader, J. et al. (1977) Pflllegers Arch. 372, 29-35.
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THE EFFECTS OF ADENOSINE AND NECA UPON NORADRENALINE AND POTASSIUM
CONTRACTED RABBIT AORTA

R.A. Urquhart & K.J. Broadley, Department of Pharmacology, Welsh School of Pharmacy,
University of Wales Institute of Science and Technology, Cardiff.

Noradrenaline (NA) and high concentrations of potassium chloride (KCl) induce sus-
tained contractions of rabbit aortic spirals, which are dependent upon Ca++ influx
through Receptor Operated Channels (ROCs) and Voltage Operated Channels (VOCs),
respectively (Karaki 1987). Nitro vasodilators and organic calcium antagonists,
for example sodium nitroprusside (NaNP) and verapamil (Ver), selectively relax NA
and KCl contracted tissues respectively (Karaki 1987). This study examined the
effects, upon NA and KCl contracted aortic strips, of adenosine (Ad) and the adeno-
sine agonist 5'-N-ethylcarboxamidoadenosine (NECA) and compared them with the NaNP
and Ver.

Helical strips of aorta (40x5mm) from male New Zealand Rabbits (1.5-3kg) were strip-
ped of endothelium and suspended in Krebs-bicarbonate solution at 37.5°C, under a
maintained lg tension, gassed with 57 CO2 in 0. Sub-maximal doses of 10~6M NA

and 3.71g/1 KC1 (51mM K+) were used throughout.

NA and KC1 produced sustained contractions of 2.37+0.12g (n=22) and 2.44+40.19g (n=
23) respectively, which were not significantly different. NaNP produced dose-
dependent relaxations of NA and KCl contracted tissues. The maximum relaxationwas
significantly greater (P<0.05) for the NA (2.4+0.29g, 7.6x10-5M, n=6) than for the
KCl contracted tissues (1.78+0.l6g, 7.6x10'5M,—h=6). The geometric mean concentra-
tion of NaNP producing a 1.5g relaxation of NA (1.3x10"7M, n=5) was_significantly
lower (P<0.05) than that required in KCl contracted tissue (4.4x10’7M, n=4). These
two facts together indicate the greater sensitivity to NaNP of the NA contracted
tissues. Ver also relaxed NA and KCl contracted tissues in a dose-dependent manner.
The maximum relaxation was significantly greater (P<0.01) for the KC1 (2.8+0.46g,
1.3x10'5M, n=5) than for the NA contracted tissue (1.06+0.16g, 1.3x107M, n=5).
The_geometric mean concentration of Ver producing a 0.5g relaxation of KCl (8.3x
107°M, n=5) was significantly lower (P<0.01) than that in NA contracted tissue
(2.4%x107°M, n=5). Together, these two facts indicate a greater sensitivity to Ver
of the KCl contracted tissue.

NECA dose-dependently relaxed the NA contractions, with the maximum response (1.7+
0.17g, n=5) at 1.95x10'5M, but failed to relax the KCl contractions at concentra-
tions up to 1.95x1075M (n=6). Ad also relaxed the NA contractions dose-dependently
with the maximum response (1.81+0.34g, n=5) at 2.3x1073M. Ad produced a small but
significant (P<0.01) dose-dependent relaxation of the KCl contractions with a
maximum (0.44+0.13g, n=6) which was significantly less (P<0.01) than the maximum of
NA contracted tissue. The geometric mean concentrations of Ad producing a 0.25g
relaxation of NA (5.8x10-5M, n=5) and KCl contractions (1.23x1073M, n=4) were
significantly different (P<0.0l1) and together with the greater maximum response in
NA contracted tissues this indicates that the NA contractions are more sensitive

to Ad. Ad in the presence of dipyridamole (10 “M) failed to relax KCl contractions
at concentrations up to 2.3x1073M. This suggests that an intracellular Ad sensitive
site was responsible for the relaxation of KCl contracted tissue by Ad. This was
backed up by the failure of NECA, not a substrate for purine transport (Collis et
al. 1983), to relax KCl contracted tissues. Both Ad and NECA selectively relaxed
NA contractions, and in this respect resembled NaNP more closely than Ver. We
therefore postulate that in the rabbit aorta Ad and NECA selectively inhibit influx
of Ca++ through ROCs.

Supported by a SERC Case Award with SK & F Research Ltd.

Karaki, H. (1987) J. Pharmac. Meth. 18, 1-21.
Collis, M.G. et al. (1983) Eur. J. Pharmac. 96, 61-69.
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EFFECTS OF VASODILATORS ON TONE, CYCLIC GUANOSINE MONOPHOSPHATE
LEVELS AND PHOSPHATIDYLINOSITOL HYDROLYSIS IN RAT AORTIC RINGS

K.J. Morrison. & D. Pollock, Department of Pharmacology, University of Glasgow,
Glasgow, G12 8QQ, Scotland

Isolated blood vessels contracted with noradrenaline (NA) or other agonists can
be relaxed by acetylcholine (ACh) or sodium nitroprusside (SNP). Both the
endothelium-dependent and the endothelium-independent vascular relaxation
produced by ACh and SNP respectively, are mediated yia stimulation of soluble
guanylate cyclase and increased levels of cyclic guanosine monophosphate (cGMP)
(Rapoport & Murad, 1983). The ability of ACh or SNP to relax vascular smooth
muscle may be dependent on the nature of the agonist used to raise the tone.
There is evidence that NA-induced contraction of isolated aortic rings is
associated with hydrolysis of phosphatidylinositol (PI) and that this PI
response and the associated contraction can be inhibited by vasodilators that
elevate cGMP levels in vascular smooth muscle (Rapoport, 1986) but KCl-induced
contractions, which are not associated with PI hydrolysis, are less sensitive to
such vasodilators (Furchgott, 1983).

This study sought to determine whether the relaxation of rat aortic rings is
affected by the nature of the contractile agonist used and the intracellular
coupling mechanisms involved.

Aortic rings (2-3 mm in length), prepared from the descending thoracic aorta of
male Wistar rats (200-250 g) were suspended, with an initial resting tension of
2 g, between wire hooks in 25 ml organ baths, containing Krebs bicarbonate
buffer gassed with a mixture of 95% O /5$ CO,. Isometric tension was measured
with Statham force displacement tx'ansdueers and displayed or a Linseis recorder.
Tone was raised with either NA or KCl (E 0 concentrations) and, subsequently,
at various times after adding the relaxant drug (ACh, SNP) tissues were frozen
in 1liquid nitrogen, then homogenised and extracted in trichloroacetic acid 5%
w/v. The cGMP content of an aliquot of each extract was determined by
radioimmune assay. In separate experiments the rate of PI hydrolysis was
monitored by measuring the levels of phosphatidic acid (PA) using the 1ipid
extraction method of Lloyd et al (1972).

In tissues contracted with KCl, the ability of ACh (10" M) to induce vascular
relaxation was signif:lcantly less than in tissues contracted with NA (gA 96.9 -
2.3%; KCl: 21.2 ¥ 5.3%; mean ¥ S.E. mean, n { 6, P<0.01). SNP (10~° M)
relaxed KCl-contracted tissues but again the degree of relaxation was
significantly less than that observed when the tone was raised with NA (NA:100.0
* 16%; KCl: 75.5 ¥ 3.9%; n §¢ 6, P<0.01). The maximum cGMP level associated
with ACh-induced relaxation in KCl-contracted tissues was significantly lower
than t.hat obtained  with M-contracted tissues (NA: 324.1 ¥ 80.4 pmol.g™ 1; KCl:
28.3 ¥ 9.5 pmol.g™ 1 %ean ¥ S.E. mean, n { 6, P<0.05).. A similar effect was
observed with SNP Go- M) (uas 3350.9 % 435.3 pmol.g-'; KCl: 649.5 * 198.4
pmol.g~', n £ 6, P<O01). Both ACh and SNP reduced the rate of NA-induced PI
hydrolysis but neither ACh nor SNP reduced the low level of PI hydrolysis
associated with KCl-induced contractions.

K.J.M. is an M.R.C. Research Student.

Furchgott, R.F. (1983) Circ.Res. 53, 557-573

Lloyd, J.V. et al (1972) Br.J.Haematol. 23, 571-585

Rapoport, R.M. (1986) Circ.Res. 58(3), 407-410

Rapgg?r;,gsR.H. & Murad, F. (1983) J.Cyclic Nucleotide Protein Phosph.Res. 9,
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INVOLVEMENT OF GUANYLATE,CYCLASE IN OVERFLOW OF RADIOACTIVITY IN
RAT ATRIA INCUBATED IN [3H]-NORADRENALINE AND [**C]-CHOLINE

S.J. Boyle' & D. Pollock, Department of Pharmacology, University of Glasgow,
Glasgow, G12 8QQ, Scotland

Complex interactions occur between neurotransmitters in atria where the
sympathetic and parasympathetic nerve terminals are in close apposition (Ehinger
et al, 1970). Auto~inhibition of noradrenaline (NA) and acetylcholine

(ACh) release is accompanied by neuromodulation of ACh release by NA and of NA
release by ACh (Boyle & Pollock, In Press). There is evidence that increased
adenylate cyclase activity is associated with enbanced release of NA (Wikberg,
1979) and increased guanylate cyclase activity is associated with inhibition of
NA release (Pelayo, 1978). This study re-examined the involvement of these
enzymes in regulating transmitter release from autonomic nerves in atria.
Field stimulatjon-induced {-’flease of radioactivity from atria previously
incubated in (°H)-NA and ('"C)-choline was examined in the presence of drugs
that selectively stimulate these enzymes or prevent the breakdown of the cyclic
nucleotides they synthesise.

Paired, sponta?eously-beating atria from male Wistar rats (200-25? g) were
incubated in (°H)-NA (500 nM, 43 Cimmol"‘, 30 min, 37°C) and/or ( uC)-choline
(550 nM, 43 Cimmol'1, 60 min, 37°C) and inserted into silver ring electrodes in
2 ml organ baths, containing Krebs bicarbonate buffer, 5gassed with 0, 95%8/C0, 5%
and containing eserine (10™° M) and hemicholinium (1072 M) Atria were
stimulated with suprag:aximal voltage, 1 ms pulses and trains of 60 pulses at 2
Hz, if :lncubateq in (°H)-NA alone or trains of 525 pulses at 5 Hz, if incubated
in (°H)-NA and ( l‘C)-ACh. Krebs buffer bathing the atria was collected during
and between stimulations and the radioactivity in each sample was counted.

Forskolin (10~2 M) increased 3H overflow by 71 % 3% (mean ¥ SE mean, n = U,
0.01>P>0.001) in atria previously incubated in (3H)-NA.  This enhancement was
not greater than _that produced by the vehicle, dimethylsulphoxide (1% v/v),
which increased SH overflow by 86 £ 13% (n = 5, 0.01>P>0.001). Sodium
nitroprusside (10™° M, SNP) increased °H overflow by 56 ¥ 6% (n = 5,
0.01>P>0.001). Overflow of “H was also increased by the permeant cyclic
nucleotide, 8 bromo-cyclic guanosine monophogphate (10~ M) by 31 ¥ 5% (n = 4,
0.01>P>0.001), by 1sobutylmethy‘lxagthine (10™° M) by 47 £ 5% (n = 6,
0.05>P>0.01) and by atropine (10~° M) by 50 £ 8% (n = 4, 0.01>P>0.301). The
combination of SNP (1072 M) and atropine (10~2 M) did not_enhance SH overflow
above the level produced by either drug alone. SNP (10'6 M) inhibited c

o l?f'].ow by 47 *3% (n = 5, 0.01>P>0.001) in atria previously incubated in
('7C)-choline. These results do not support the view that increased NA release
is associated with enhanced adenylate cyclase activity but suggest instead that
increased_guanylate cyclase activity may be involved. The ability of SNP to
increase °H release may be indirect, involving guanylate cyclase in cholinergic
nerves, resulting in removal of ACh-mediated restraint on NA release.

S.J.B. is a University of Glasgow Postgraduate Scholar.

Boyle, S.J. & Pollock, D. (1988) Br.J.Pharmac. In Press
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Pelayo, F. et al (1978) Nature 274, 76-78
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INFLUENCE 'OF ®-ADRENOCEPTOR RESERVE AND [K*] ON THE INHIBITORY
EFFECTS OF CROMAKALIM AND NITRENDIPINE IN DOG SAPHENOUS VEIN

P.E.Hicks*, M.Barras, M.A.Minard and J.M.Armstrong. Department of pharmacology,
Recherche Syntex France, Leuville-sur-Orge, 91310, Montlhéry, France.

It has been proposed that the relative potency with which CaZ*-antagonists
inhibit contractions produced by receptor agonists can be greatly affected by
the number of spare receptors in the tissue (Ruffolo et al, 1984). We have
studied the influence of the alpha-receptor reserve on the inhibitory effects of
the K*-channel opener cromakalim,(CROM:BRL 34915; Buckingham et al, 1986; Weir
and Weston, 1986?using phenylephrine (PHE)-induced contractions in dog
saphenous vein after alphaj-receptor occlusion with phenoxybenzamine (PBZ).
Rings of dog saphenous vein (SV), were denuded of endothelium and set up under
2g tension in Krebs'bicarbonate containing propranolol (luM) at 37°C . Logjg
concentration response curves to PHE were obtained before and after increasing
concentrations of PBZ (1nM-1 uM; 30 min incubation followed by 30 min wash). The
receptor reserve (q, % receptors remaining after PBZ) was calculated from Kp
plots using the methods of Furchgott and Bursztyn (1967). Concentration response
curves to PHE were also made before and after 30min incubation with CROM or
nitrendipine (NTR) in control tissues and after PBZ treatment.

PBZ non-competitively antagonized the contractile responses to PHE and
progressively removed the alphaj-receptor reserve (Table 1). Response curves

to PHE were shifted to the right of controls by CROM (0.1-30 uM) with little
depression of Emax. After progressive receptor alkylation the displacement by
CROM (1uM) of PHE-response curves (calculated at EC5g) was markedly increased
(Table 1). In contrast the contractile effects of PHE were resistant to
antagonism by NTR and removal of the alpha-receptor reserve with PBZ failed to
modify the inhibitory activity of NTR (Table 1). Increasing the [K*]gxt to

22.5 mM prevented the inhibitory effects of CROM but not NIR after PBZ.

Table 1.Influence of receptor reserve on the inhibitory effects of CROM
or NITR in dog saphenous vein.

CROM  (1uM) NITRENDIPINE (1uM)
R q (%) A Emax R q (%) A Emax
Control 4.3 100.0 =14 + 2 4.0 100.0 -34.2+ 14
PBZ(nM) 1 4.2 36.8 -8 E 2 - - -
10 56.2 18.6 =23 +11 7.4 17.3 -33.2+ 2
100 105.0 4.2 <14 + 4 12.0 6.1 -39.2+ 6
1000 30.4 0.6 =59 +2 0 0.7 0

CR,Conc-ratio at ECg(;q ¥ receptors remaining after PBZ,n=4-10/group.

In_conclusion PHE- induced contractions in SV are not dependent on
CaZ*-entry through dihydropyridine calcium-channels. Futhermore the
increased inhibitory effects of CROM against PHE after receptor occlusion
with PBZ is not simply explained by removing the alpha-adrenoceptor
reserve, since this phenomenon was prevented by raising [K*]gxt to

22.5 oM. Under the same conditions, the weak inhibitory effects of NIR
were not modified by PBZ.

Buckingham.R.E, Clapham J.C, Hamilton T.C, Longman S.D. Norton J.and
Poyser R.H.(1986) J.Cardiovasc.Pharmacol 8,798-804.

Furchgott, R.F.and Bursztyn, P.(1967). Ann.N.Y.Acad.Sci. 144: 882-899.
Ruffolo R.R,Morgon E.L.,and Messick K.(1984).J Pharm.Exp.’i'lEr,Zﬁ,587-594.
Weir S.W and Weston A.H.(1986).Br.J.Pharmacol 88,121-128.
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EFFECT OF INHIBITORS OF ION TRANSPORT ON 5-HT INDUCED
INCREASES IN SHORT CIRCUIT CURRENT IN ISOLATED JEJUNUM

C.J. Urquhart, K.A. Wilson, O.A. Downing, A.G Roachk¥ & J.A.H.
Lord*¥, Pharmaceutical Sciences Institute, Aston University,
Birmingham B4 7ET and *Department of Pharmacology, Reckitt &
Colman Plc, Hull HU8 7DS.

5-HT has been reported to evoke a transient increase in short
circuit current (SCC) in the rat jejunum in _vitro which has been
attributed to a stimulation of electrogenic Cl- secretion
(Hardcastle et al, 1981). 1In rabbit ileum in vitro 5-HT has been
shown to produce a similar transient increase in SCC and a
sustained stimulation of non-electrogenic coupled NaCl secretion
(Donowitz et al, 1980). We have used piretanide (Zeuthen et al,
1978), amiloride (Cuthbert et al, 1979) and acetazolamide
(Waygood, 1955) as inhibitors of chloride, sodium and bicarbonate
transport respectively to further investigate the ionic nature
of the SCC response of rat jejunum to 5-HT.

Tissues were obtained from male Wistar rats (200-250g) killed by
cervical dislocation and exsanguination. Stripped preparations of
rat jejunum were mounted in a modified Ussing chamber and bathed
with a Krebs' bicarbonate solution at 37+0.5°C, gassed with 5% CO:
in O2. The mucosal solution contained mannitol 1in place of
glucose. Measurements were made of the changes in SCC evoked by
5-HT alone and following a 15 min incubation with acetazolamide,
piretanide or amiloride. 6-HT (10-6M) added serosally 30 minutes
after tissue mounting caused a sub-maximal, transient increase 1in
SCC of 21.7+3.8 pamps.cm-2 (n=6) which reached a peak within 1-1.5
min. This response to 5-HT was unaffected by mucosal addition of
amiloride (10-3M) or by serosal addition of piretanide (10-3M).
This concentration of piretanide completely reversed the
response evoked by 4x10-3M theophylline, a potent stimulant of Cl-
secretion (Frizzell & Schultz, 1979). However, bilateral
addition of the carbonic anhydrase inhibitor acetazolamide (10-3M)
significantly reduced the 5-HT response to 10.1%3.0 upamps.cm-2
(n=6) but had no effect upon the response to theophylline.
(4x10-3M).

The results of the present study using pharmacological inhibitors
of ion transport are not consistent with the suggestion that the
transient increase in SCC evoked by 5-HT in the rat jejunum is
mediated via a stimulation of Cl- secretion but are consistent
with a stimulation of bicarbonate secretion.

Cuthbert, A.W. et al (1979). In: Amiloride and Epithelial
Transport, Baltimore-Munich:Urban & Schwarzenberg.

Donowitz, M. et al (1980). Am J, Physiol., 239, G463-472.
Frizzell, R.A. & Schultz, S.G. (1979). In: In. Rev. Physiol., V19,
ed. Crane, R.K., University Park Press:Baltimore, pp. 205-225.
Hardcastle, J. et al (1981). J. Physiol., 320, 41-55.

Waygood, R. (1955). In: Methods in Enzymology, VII, eds. Colowick,
S.P. & Kaplan, N.O., New York:Academic Press,pp836-846.

Zeuthen, T. et al (1978). Nature, 273, 678-680.



441p

INVESTIGATION OF ALUMINIUM NEUROTOXICITY USING RAT BRAIN
REAGGREGATION CULTURES

Atterwill, C.K. & Collins, P. Investigative Toxicology, Smith Kline & French
Ltd, The Frythe, Welwyn, Herts.

The central neurotoxicity of aluminium has been associated with various types of
dementia. Four primary neurodegenerative conditions of late adult life,
including Alzheimers Disease, exhibit neurofibrillary degeneration of cortical
neurones which also contain elevated aluminium levels (see Crapper McLachlan &
van Berkum, 1986). In Dialysis Encephalopathy aluminium is similarly associated
with neurofilament abnormalities in cortical neurones but the neuropathological
profile differs from that of Alzheimers Disease (Scholtz et al, 1987). Since
cholinergic dysfunction is implicated in Alzheimers Disease and aluminium has
been reported to inhibit central cholinergic function (Johnson & Jope, 1986) we
have investigated whether cholinergic neurotoxicity occurs in rat brain
reaggregate cultures. HWe have recently demonstrated specific cholinergic lesions
in t?ese cultures using another cholinergic neurotoxin, ECMA (Atterwill et al,
1988).

Whole brain reaggregates were cultivated from 16-17 day rat foetuses as
previously described (Atterwill et al, 1984). Cells were grown for 9 days in
vitro (9 DIV) in a serum - supplemented DMEM medium (10% FCS) at 37°C (9%
COp/humidified air) with constant rotation at 70-80 rpm. 0.1 or 0.01 mM

A1C13 was added at 9 DIV and again at 11 DIV. Reaggregates were harvested at

2 48. 72 and 96h after initial treatment and assayed for ChAT activity, protein
and neurofilament protein by an Elisa assay using an anti-neurofilament McAb.

Exposure to 0.1 or 0.01 mM A1Cl3 for up to 48 hours produced no change in ChAT
activity in the brain reaggregages when compared to untreated control cultures
(ChAT activity in the controls was similar to previously reported values of
around 50 pmols/min/mg protein). However, after 72 and 96 hours both
concentrations produced 30-40% losses of enzyme activity (p<0.01). No
significant change in the content of neurofilament protein was observed although
there were slight increases especially at 96 hours.

Despite the apparent connection between aluminium and dementia it was reported
that central cholinergic activity was minimally affected in rabbits with
aluminium-induced neurofibrillary tangles (Wisniewski et al, 1980). However,
Johnson and Jope (1986) demonstrated inhibition of choline uptake, glucose
metabolism and carbachol-stimulated phosphoinositide hydrolysis in synaptosomes.
Our data support an inhibitory action of aluminium on intact, cultured
cholinergic neurones. The specificity of this lesion is not yet known, nor
whether cholinergic cell loss or direct inhibition of ChAT activity occurs.
Nevertheless, it is clear that a substantial loss of neurones does not occur
since neurofilament protein levels were not significantly reduced.

Atterwill, C.K. et al (1984). Br. J. Pharmac, 83, 89-102.
Atterwill, C.K. et al (1988). Br. J. Pharmac, 93 304P.
Crapper-McLachlan & van Berkum (1986). Progr. Brain Res., 70, 399.
Johnson, G.V.W. & Jope, R.S. (1986). Toxicology, 40, 93-102.
Scholtz, C.L. et al (1987) Clin. Neuropath., 6, 93-97.

Wisniewski, H.M. et al (1980). Neurotoxicology, 1, 121-124.
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INTERACTION OF AMINOGLUTETHIMIDE AND SKF 525-A IN THE MOUSE

B. Ahmad & P.J. Nicholls, Welsh School of Pharmacy, UWIST, PO Box 13, Cardiff CF1
3XF

Several studies have demonstrated that aminoglutethimide (AG) is metabolized partly
by N-acetylation and partly by various hydroxylations in man (Foster et al. 1984)
and mouse (Seago et al. 1985). The acetylation follows a polymorphic pattern (Adam
et al. 1984). However, there is no information regarding the nature of the enzymes
involved in the oxidative pathway, and the present preliminary in vivo experiment
was conducted to clarify this aspect. The study involved the effect of the cyto-
chrome P-450 inhibitor, SKF 525-A, on the sleeping time response to AG in mice.

Male albino mice (23-25g) were given either saline or SKF 525-A (either 20, 30 or
50mg/kg ip) 30 min before AG (250mg/kg suspended in 0.75% carboxymethylcellulose,
ip). Pentobarbitone sodium (30mg/kg ip; metabolized) and barbitone sodium (200mg/
kg ip; non-metabolized) were used in place of AG as controls. For each animal,
duration of absence of the righting reflex was recorded. Plasma levels of AG were
determined at 3, 6, 9 and 12h after dosing by a reverse-phase hplc method.
Table. Effect of SKF 525-A on hypnosis in mice induced by AG, pentobarbitone and
barbitone.

Saline SKF 525-A (mg/kg)

(control) 20 30 50
AG 141 * 16 158 * 16 202 + 23% 374 + 15%
Pentobarbitone 22 + 3 71 £ 11* 84 + 12% 77 £ 10%*
Barbitone 98 + 18 108 + 15 103 + 22 112 + 31

Values are hypnosis time (min) mean * s.e.mean, n=10, *P<0.05 compared with saline

The results in the Table show that, as anticipated, while SKF 525-A did not affect
barbitone-induced hypnosis, it significantly (P<0.05) prolonged the effect of pento-
barbitone. The action of AG was also significantly prolonged by SKF 525~A at 30

and 50mg/kg but not at 20mg/kg, indicating a different sensitivity compared with

the effects on pentobarbitone. In addition, pretreatment of mice with the P-450
inhibitor metyrapone (29mg/kg ip) caused a two-fold increase in AG-induced hypnosis.
In mice pretreated with SKF 525-A (50mg/kg), the plasma levels of AG were signifi-
cantly (P<0.05) elevated above control values at all times studied. Pharmacokinetic
parameters derived from these (STRIPE programme; Johnston & Woolard, 1983) showed
that SKF 525-A was without effect on the apparent volume of distribution (V4) of

AG but significantly (P<0.05) prolonged plasma t] and decreased total clearance
(ClT). Control and test values (mean * s.e.mean, n=4) were: for V; 574 and 43+3ml,
for £y 7.940.6 and 15.6*0.6h, and for Cl,, 0.08+0.002 and 0.032:0.081m1/min
respectively. In contrast, SKF 525-A (ZEmg/kg) did not influence the pharmaco-
kinetics of AG.

The data are consistent with AG being metabolized in part by a P-450 system. The
differential sensitivity of SKF 525-A towards AG and pentobarbitone may indicate
that either different P-450 isozymes are involved in the oxidation of these two
substrates or non-P-450 pathways have a dominant role in AG metabolism.

Financial assistance was received from Ciba-Geigy, Horsham.
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THE IRREVERSIBLE BINDING OF DRUGS TO PROTEIN IN THE PRESENCE OF
CHLORINE

M.D. Tingle & B.K. Park, Department of Pharmacology and Therapeutics, University of
Liverpool, P.O. Box 147, Liverpool, 169 3BX.

It has been suggested that the antimicrobial agent chlorhexidine may become irreversibly
bound to protein in the presence of chlorine and hence render the protein immunogenic
(Layton et al, 1986). Hapten formation is thought to proceed via a protein-reactive N-
chloro derivative. The purpose of this study was to investigate whether the postulated
mechanism of N-chlorination is applicable to other drugs. The drugs investigated were
{14C)chlorhexidine, [l%Clamodiaquine, [3HImianserin, [3H)paracetamol, [3H]sulphanilamide,
[3H]sorbinil and [3Hlethinylestradiol.

Radiolabelled drug was pre-incubated with various concentrations of hypochlorous acid (0-
100ppm, final concentration) in acetate buffer, pH 6.5, for S5 minutes before the addition
of protein (human serum albumin). The reaction was stopped after 20 minutes by the
addition of diethyl ether and the degree of irreversible binding determined by liquid
scintillation counting after exhaustive solvent extraction.

Table 1. Irreversible binding of drugs to human serum albumin in the presence of
chlorine (MEAN + S.D.; N=3)

DRUG DRUG:HSA (mmol: mol)
[C1,](PPM) 0 10 100

Chlorhexidine 920.0 + 75.0 1132.0 + 149.0 2632.0 + 299.0
Amodiaquine 8.2 + 2.4 91.6 + 8.3 586.6 + 170.5
Mianserin 0.3 + 0.0 18,0 + 3.0 327.0 + 95.0
Paracetamol 10.7 + 0.8 140.3 + 11.5 941.1 + 48.8
Sulphani lamide 28.0 + 13.0 171.0 + 44.0 209.1 + 7.1
Phenytoin 0.0 + 0.00 1.3 + 0.2 2.7 + 0.8
Ethinylestradiol 2.8 + 0.2 3.2+ 1.3 5.6 + 1.1

Irreversible binding was detected for all the drugs, and was dependent upon the chlorine
concentration. Although ethinylestradiol does not possess a nitrogen atom, it would
appear that chlorine is able to oxidise the drug to a protein-reactive species. It has
been reported that oestrogens become covalently bound to DNA in the presence of iodine
(Blackburn et al, 1985), and chlorine, a more powerful oxidising agent than iodine, may
act in a similar fashion. Agner (1972) demonstrated that sulphanilamide may be N-
chlorinated by the myelo-peroxidase (MPO) system found in neutrophils. Generation of
reactive species by chlorine may also occur when drugs are taken with drinking water that
is heavily chlorinated for sterilisation purposes; normal chlorine concentration 0-2
ppme N-chlorination may therefore provide a mechanism for the formation of immunogenic
hapten-protein conjugates and cytotoxic intermediates.

This work was supported by ICI Pharmaceuticals.

Agner, K. (1972) 1In "Structure and function of oxidation-reduction enzymes" (Eds. A.
Akeson and A. Ehrenberg) pp 329-335. Pergamon Press, Oxford.
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KETOCONAZOLE TOXICITY IN RAT HEPATOCYTE SUSPENSIONS

M.P. Pritchard and G.M. Hawksworth, Clinical Pharmacology Unit, Departments of
Medicine & Therapeutics, and Pharmacology, University of Aberdeen, U.K.

10% of patients on ketoconazole (KCZ) show transient abnormalities of liver
function tests, but the incidence of severe, symptomatic hepatotoxicity is far
lower (~ 1 in 15,000) (Lewis et al., 1984). Buchi et al. (1986) demonstrated
dose-dependent toxicity in the range 56-132uM KCZ in 24h primary cultures of rat
hepatocytes. The toxicity was decreased by pretreatment of the animals with
phenobarbitone (PB), but was unaffected by piperonyl butoxide pretreatment. Since
primary cultures of rat hepatocytes exhibit differential changes in the levels of
the isozymes involved in drug activation and detoxification by 24h, the mechanism(s)
responsible were investigated using suspensions of freshly isolated rat hepatocytes.

KCZ in 0.05 M HC1 was added to suspensions of hepatocytes (106 cells m17l) in
Krebs Hepes buffer, pH 7.4, at a final concentration of 50-200uM and incubated at
37°C in 95% 02/5% CO2 for 3% h. KCZ exhibited reproducible, dose dependent toxi-
city, manifested by a decrease in cell viability, preceded by depletion of intra-
cellular reduced glutathione {GSH). After 3h hepatocyte viability was significantly
reduced to 36 + 14%, 11 + 7% and 0% of initial viability at 140, 160 and 190uM
KCZ respectively, compared with >80% viability of control suspensions. PB pre-
treatment markedly increased the toxicity of KCZ over the concentration range
50-200uM, in contrast to Buchi et al., 1986. Piperonyl butoxide pretreatment
significantly decreased the toxicity of KCZ (160uM), increasing the viability at
3h from 11 + 7 to 60 + 5%.

GSH depletion was accompanied by an increase in oxidised glutathione (GSSG) in the
medium. When hepatocytes were pre-incubated with diethylmaleate (DEM, 1.2mM for

3 min) to deplete GSH, there was an increase in toxicity. Pre-incubation with
both DEM and buthionine sulphoximine (5mM) for 30 min resulted in a further increase
in toxicity, with viability at 2h falling from 64 + 7% in control suspensions to
2% in the presence of 160uM KCZ. At this concentration of KCZ, there was a 60%
decrease in GSH conjugation with l-chloro-2, 4-dinitrobenzene.

After lh incubation GSSG reductase was slightly increased in the presence of 160uM
KCZ (126 carpared with 109 nmoles NADPH min~! (100 cells)_l). Under the same conditions
the elevation of Se-dependent GSH peroxidase was more marked. This suggests an
increase in oxygen radical concentration.

N, Nl-diphenyl-p-phenylenediamine (DPPD) and dithiothreitol (DTT) are potent
antioxidants. When DPPD (luM) or DIT (5mM) were added to rat hepatocyte suspensions
in the presence of KCZ, there was a marked increase in toxicity. At 3h viability
of cells incubated with 120uM KCZ was 73 + 5%, compared with 29 + 9% when co-
incubated with DPPD. A less marked effect was observed in the presence of DTT.

Compounds such as DPPD have been shown to undergo redox cycling via the formation
of cation free radicals (Mason, 1982). Incubation of cells with DPPD and KCZ
could therefore result in a further depletion of GSH compared with KCZ alone.
Oxygen radical generation by redox cycling of KCZ could therefore be the determinant
factor resulting in the dose dependent toxicity observed with KCZ in vitro. It is
possible that this could account for idiosyncratic toxicity in individuals with
compromised peroxidative enzymes or antioxidant systems.

Buchi K.N. et al. (1986) Biochem Pharm 35, 2845-2847.
Lewis J.H. et al. (1984) Gastroenterology 86, 503-513.

Mason R.P. (1982) pp.161-212 in "Free Radicals in Biology"” Vol V, Academic Press,
New York.



TOXICITY OF MENADIONE AND MITOZANTRONE IN HUMAN HEP G2 HEPATOMA
CELLS

S.J. Duthie and M.H. Grant (introduced by G M Hawksworth) Unit of Clinical
Pharmacology, Department of Medicine & Therapeutics, University of Aberdeen,
Foresterhill, Aberdeen AB9 2ZD.

The cytotoxicity of the model quinone, menadione (M), and the anticancer quinone
drug, mitozantrone (MZ), was measured in the human Hep G2 hepatoma cell line. The
cytotoxic properties of quinones are thought to be mediated through one-electron
reduction to semiquinone radicals catalysed mainly by NADPH cytochrome c reductase.
Semiquinones are readily re-oxidised under aerobic conditions and participate in
deleterious redox cycling which produces reactive oxygen species, causes axidation
of reduced glutathione (GSH) and ultimately results in cell death. In contrast,
two-electron reduction catalysed by DT-diaphorase is considered to be a detoxi-
fying reaction.

The cytotoxicity of M and MZ was measured in suspensions of Hep G2 cells (108/m1)
incubated in Krebs-Henseleit buffer, pH 7.4, containing 12.5 mM Hepes. Toxicity
was assessed by loss of viability (Tfypan blue exclusion) and depletion of GSH.

In addition, the ability of the two quinones to inhibit cell growth was measured
by exposing monolayer cultures to the drugs for 4h, washing the cells and allowing
the cells to grow for 48h before determining the cell number and protein content
per flask. In some experiments specific enzyme inhibitors were present to invest-
igate the mechanisms responsible for toxicity. Dicoumarol (30uM) was used to
inhibit DT-diaphorase, aminotriazole (5mM) to inhibit catalase and 1,3-bis(2-
chloroethyl)-1l-nitrosourea (BCNU, 75uM) to inhibit glutathione reductase.

At concentrations above 50uM M caused a concentration dependent loss in viability
within 120 min preceded by a rapid depletion of GSH which occurred within 5-10 min.
The toxicity of M was exacerbated by the presence of dicoumarol, BCNU or amino-
triazole indicating that the enzymes DT-diaphorase, glutathione reductase and
catalase protect the cells and that M-induced toxicity involves one-electron re-
duction. MZ, at concentrations up to 200uM, did not alter the viability or GSH
content of Hep G2 cell suspensions when incubated for 4h. However, in the presence
of MZ plus dic oumarol the viability declined to 36.7 + 5.12 (n=11) within 4h
compared with 82.7 + 1.2% (n=5) in controls. DT-diaphorase therefore detoxifies
MZ. This decline in viability was not preceded by GSH depletion. MZ was not
toxic in the presence of BCNU or aminotriazole indicating that this quinone was
not undergoing significant one-electron reduction.

Growth inhibition studies showed that MZ was a more potent inhibitor than M.
Dicoumarol potentiated the growth inhibition induced by M but not by MZ (Table 1).

Table 1 Inhibition of cell growth by M and MZ

Drug Cell numbers (Z control) Protein (Z control)
10uM M 80.3 + 12.3 (4) 80.9 + 9.7 (3)
25uM M 19.0 + 5.4 (7) 40.8 ¥ 3.5 (4)
25uM M + Dicoumarol 0+ 0 (4) 13,7 13

10uM MZ 11.7 ¥ 2.2 (4) 58.3, 53.1

25uM MZ 8.3+ 0.9 (4) 46.9, 53.7

25uM MZ + Dicoumarol 16.4 + 4.0 (4) 58.2, 75.9

Values are means + SEM, with the number of experiments in parentheses. Where
only two experiments were carried out both values are given. Drug effects on
both cell numbers and protein are expressed as Z of control values.

MZ toxicity is therefore not mediated through the one-electron reduction pathway
which is accepted for menadione.
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THE ANTI-INFLAMMATORY ACTIVITY AND DISTRIBUTION OF INDOMETHACIN
FOLLOWING ORAL AND TOPICAL ADMINISTRATION

P.N.C. Elliott and C. Rostron, School of Health Sciences, Liverpool Polytechnic,
Byrom Street, Liverpool L3 3AF.

The successful use of non-steroidal anti-inflammatory drugs, such as indomethacin,
in the treatment of arthritis is limited by their frequent induction of gastro-
toxic symptoms and by their failure to completely control the inflammatory
reaction. Attempts to reduce the gastro-toxicity of these drugs by the use of
formulations designed to decrease gastric mucosal contact of the drug have not
proved entirely satisfactory as ulceration has been shown to occur even with
rectally administered indomethacin indicating that this effect is mediated via
the circulating drug rather than a simple local irritant effect (Taylor et al
1968). The questionarises, therefore, whether the anti-inflammatory activity of
these drugs may also be due to an effect in the circulation rather than directly
in the tissues.

In this study the distribution and activity of indomethacin were determined
following either the topical application of 300mg of a 1% hydro-alcohol gel to
each hind paw or the oral administration of an aqueous suspension (6mg/kg). The
drug preparations were administered to groups of 5 rats 30 minutes before the
sub-plantar injection of 0.1lml of 1% carrageenan. Paw volumes were measured with
a mercury plethysmograph and the percentage inhibition of swelling determined by
comparison with untreated animals. Serum and paw levels of indomethacin were
determined by a modified version of the method of Skellern and Salole (1975).

Table 1 The anti-inflammatory effect and paw and serum levels of indomethacin.

Time after carrageenan (min) 30 60 120 240
Oral administration

Inhibition of swelling (%) 27 24 39* Sl**
serum drug level (ug/ml) 7.0442.58 11.46+3.9 11.79*7.48 4.53+1.73
paw drug level (peg/paw) 4.62+3.21 3.20%0.98 4.77%0.82 3.99+1.35
Topical administration

inhibition of swelling (%) 0 15 20 39%x
serum drug level (lg/ml) 1.4840.82 2.46+1.51 2.97#1.39 4.41%1.71
paw drug level (pg/ml) 11.5643.95 3.52+1.52 5.71%2.28 5.46%1.85

The Figures are the mean (%) the standard deviation. *P<0.05 ** P<0.005

Despite the fact that the groupsof rats treated with a topical preparation of
indomethacin achieved consistently high paw levels of the drug the anti-inflammat-
ory activity of the preparation was considerably inferior to that found when

the drug was given orally. A 39% reduction in paw oedema was seen two hours
after the carrageenan injection in the orally treated rats, but significant
anti-inflammatory activity was not detected until 4 hours after carrageenan in
the rats given topical indomethacin corresponding to a point where the serum

drug level had risen to 4.4lpg/ml. These results suggest that the anti-
inflammatory activity of indomethacin may be expressed in the circulation rather
than in the tissues.

The support of Merck Sharp & Dohme Ltd. is gratefully acknowledged.

Taylor, R.T. et al (1968) Brit. Med. J. 4, 735.
Skellern, G.C. & Salole, E.G. (1975) J.Chromatog. 114, 483.
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CONTRIBUTION OF ARTERIAL CHEMORECEPTORS TO SALICYLATE - INDUCED
HYPERVENTILATION IN ANAESTHETIZED RATS

D.S. McQueen & Isobel M. Ritchie, Department of Pharmacology, University of
Edinburgh Medical School, 1 George Square, Edinburgh EH8 9JZ, Scotland.

In previous experiments on salicylate-induced hyperventilation in anaesthetized
rats (Birrell et al, 1987) we found that, whereas central actions accounted for
most of the respiratory response in the later stages of a hmgkg" min~1 1.v.
infusion of sodium salicylate, there was some evidence for involvement of
arterial chemoreceptors in the hyperventilation seen during the early stages of
salicylism, We have used a lower dose of salicylate in the present study in
order to obtain a better separation between the peripheral and central actions of
salicylate on respiration, and have also compared the effects of intravenous
injections of salicylate with those of infusions.

Male Wistar rats (240-360g) were anaesthetized with a long-acting thiobarbiturate
(Inactin, 11‘5mgkg‘1 i.p.) and respiration measured using a pneumotachograph and
electrospirometer (see Bond et al, 1982). Sodium salicylate was administered
intravenously by infusion (0.5mgkg~1 min~1), or by bolus injection (10-240mgkg=1)
administered at 3 min intervals. Arterial plasma salicylate concentration was
estimated by colorimetery. Input to the CNS from functional arterial
chemoreceptors was abolished by cutting both carotid nerves 15 min before
starting to administer salicylate. Loss of chemosensitivity was verified by
lack of response to injections of the peripheral chemoreceptor stimulant NaCN
(10- 50pg i.v.), which contrasted with the reflex hyperventilation evoked in
intact animals.

Infusion of salicylate in intact (control) rats caused a significant
hyperventilation with respiration increasing significantly (P < 0.05, t test)
above basal values (120 + 5ml min‘1, mean + s.e.m., n = 5) from 45 min onwards,
reaching a peak of 235 + 8ml min~1 at 115 min. In rats with sectioned carotid
nerves ventilation did not increase significantly above basal values (88 + 11ml
min~!, n = 4) until 75 min after starting the infusion, and the peak value was
170 + 35ml min~! at 115 min. Bolus injections of sodium salicylate also
revealed significant differences between intact and denervated rats. A marked
hyperventilation occurred during the first 30s following 150mg (cumulative dose)
or more of sodium salicylate in intact animals, whereas no such response could be
obtained at any dose in denervated rats. Central effects of salicylate appeared
to be responsible for the delayed increase in basal R.M.V. which began 3-5 min
after the injection of higher doses in both groups. Mean plasma salicylate
levels did not differ significantly in the two groups.

The results from these experiments provide further evidence that salicylate
initially increases respiration by stimulating peripheral arterial
chemoreceptors; as the salicylate levels in the blood rise central actions of
the drug also cause hyperventilation. Thus, in the early stages of salicylism
symptoms such as hyperventilation appear secondary to activation of peripheral
chemoreceptors.

This work was supported by a project grant from S.H.E.R.T.

Birrell, G.J., McQueen, D.S. & Ritchie, Isobel M. (1987). J.Physiol. 392, 98P.
Bond, S.M., Cervero, F. & McQueen, D.S. (1982). Br.J.Pharmac. 77, 517-524.
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THE EFFECT OF SULPHASALAZINE AND ITS METABOLITES ON COLLAGEN
ARTHRITIS IN THE MOUSE

S.E. Wilson, J.E. Hawkes, D. Bradshaw & D. Westmacott, Department of Biology,
Roche Products Ltd., Welwyn Garden City, Hertfordshire AL7 3AY

Interest has recently been revived in the potential of sulphasalazine (SASP) as a
disease-modifying anti-rheumatic drug and this has resulted in the identification
of the metabolite sulphapyridine as the active moiety in rheumatoid arthritis
(Pullar et al, 1985; Neumann et al, 1986). Experimental research into the mech-
anism of action underlying the anti-arthritic activity of SASP is hampered by the
paucity of animal models of arthritis capable of detecting the activity of the
compound. A recent report (Holmdahl et al, 1986) suggesting efficacy of SASP in
mouse collagen arthritis offered the possibility of a suitable model for studying
the effects of SASP and led us to investigate whether sulphasalazine itself or
one of its metabolites, sulphapyridine or 5-amino salicylic acid might be respon-
sible for activity in this model.

Arthritis was induced in male DBA/1 mice by injection of 100 ug of type II coll-
agen in Complete Freund's Adjuvant into the tail and of 6-9 x10% BCG cells intra-
peritoneally. Mice received an i.p. booster injection of type II collagen and
BCG cells 21 days later leading to development and progression of arthritis in the
days immediately following. Compounds were administered orally, at molar equiva-
lent dose levels, to groups of 8 mice, starting on the day of booster injection
and continuing once daily for 3 weeks. Arthritis was assessed in terms of a
subjective visual score of swelling and erythema, using a scale from O = normal to
4 = severe, for each paw. Summation of the scores for the four paws provided an
individual total score for each animal from which group means were calculated.

As a biochemical marker of the acute phase response to the inflammation blood
samples were taken at the end of the experiment and their serum amyloid P content
was determined using rocket immunoelectrophoresis.

Sulphasalazine (50, 100 and 200 mg/kg) reduced paw inflammation slightly at all
doses but this reduction was not statistically significant as judged by the Mann-
Whitney 'U' test. However, serum amyloid P levels were reduced in a dose-dependent
manner compared with vehicle-treated controls (38.6% reduction at 200 mg/kg,
P<0.01, Student's 't' test). At the end of the experiment the only statistically
significant effect seen in the groups treated with sulphapyridine (32.5, 65 and
130 mg/kg) and S-amino salicylic acid (20, 40 and 80 mg/kg) was at the highest
dose of sulphapyridine, where there was a reduction in paw inflammation from a
visual score of 11.1 in the control group to 7.8 in the treated group.

We conclude that SASP has only modest efficacy in reducing mouse collagen arth-
ritis and that the active moiety is probably the intact SASP molecule. This
would concur with recent findings in a model of arthritis in the mouse induced by
the intra-articular injection of methylated bovine serum albumin (Hunneyball et
al, 1986) and suggests that murine models of arthritis do not detect the clinic-
ally relevant activity of sulphasalazine, namely that of its metabolite sulpha-
pyridine.

Holmdahl, R., Klareskog, L., Rubin, K., Bjork, J., Smedegard, G., Jonsson, R. &
Andersson, M. (1986) Agents Actions 19, 295-305.

Hunneyball, I.M., Crossley, M.J. & Spowage, M. (1986) Agents Actions18, 394-400.
Neumann, V.C., Taggart, A.J., LeGallez, P., Astbury, C., Hill, J. & Bird, H.A.
(1986) J.Rheumatol. 13, 285-287.

Pullar, T., Hunter, J.A. & Capell, H.A. (1985) Br.Med.J. 290, 1535-1538.



CHARACTERIZATION OF THE FORM(S) OF CYTOCHROME P-450 INVOLVED IN
OESTROGEN 2-HYDROXYLATION

S.E. Balll , L. Forrester 2, C.R. Wolf? & D.J. Backl. Department of Pharmacology
& Therapeutics, University of Liverpool 1 and ICRF, Department of Biochemistry,
Edinburgh?2,

The endogenous steroid oestradiol (E2) and the synthetic steroid
ethinyloestradiol (EE3) are extensively metabolised to the catechols 2-hydroxy
E2 (2-OHE) and 2-hydroxy EE; (2-OHEEj) by the cytochrome P-450 dependent mixed
function oxygenase system in bhoth rat and man (Ball & Knuppen, 1980; Maggs et
al., 1983). We have attempted to characterise the selectivity of the form(s) of
cytochrome P-450 towards the endogenous and synthetic oestrogens by using
isozymes of cytochrome P-450 isolated from rats treated with phenobarbital (PB)
or 3-methylcholanthrene (3-MC) (Wolf et al., 1986).

Incubations contained cytochrome P-450 isolated enzyme (2 mmols/incubation),
cytochrome P-450 reductase (10,000 units/incubation), substrate (E; or EEj,
25uM), ascorbic acid (1.0 mM), NADPH (0.6 mM) and 20 mM Tris HCl (pH 7.4; 3.0
ml). Incubations were terminated by ether extraction after 30 min. 2-OHE3 and
2-OHEE were quantified by hplc using a modified method of Purba et al. (1986).

The table shows oestrogen 2-hydroxylase activity of the purified forms of
cytochrome P-450. The results are the average of 2 determinations.

TABLE Eo- and EE2-hydroxylase activity of purified enzymes

Purified EE, 2-hydroxylase E9 2-hydroxylase
Enzymes (nMole min~ ! nMole P-450 1) (nMole min~ ! nMole P-450"1)
PB 1, 0.51 0. 0_0

PB 1y 0.20 0.12

PB 2, 0.18 0.46

Psz 0,06 0.30

PB 3, 0.01 0.04

PB 3 0.05 0.65

MC 15 0.00 0.49

MC 1y 0.02 0.47

PB3 exhibited the highest E2 2-hydroxylase activity but in contrast showed low
activity towards EE2. PB; possessed the highest EEj; 2-hydroxylase activity but
had no activity towards the endogenous oestrogen. E2 2-hydroxylation was
catalysed by both PB and 3-MC inducible forms of cytochrome P-450 whereas REj
appears to be metabolised by the PB inducible PB; gene family.

In conclusion, although certain isozymes show overlapping substrate specificity

(eg PB 1y P82 ) there are major differences in the substrate selectivity of the
PB and 'MC 1nducib1e cytochrome P-450s towards the endogenous and synthetic
oestrogen.

Ball, P. & Knuppen, R. (1980). Acta endocr. Copenh. 93, Suppl. 232, 1-128.
Maggs, J.L. et al. (1983). Xenobiotica, 13, 421-431.

Purba, H.S. et al. (1986). J. Steroid Biochem. 24, 1091-1093

Wolf, C.R. et al. (1986). Biochem. J. 240, 27-33.
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THE INFLUENCE OF SOME LABORATORY ANAESTHETICS ON RENAL AND
HEPATOSPLANCHNIC BLOOD FLOW IN THE RAT: A MICROSPHERE STUDY

M. Gumbleton, P.J. Nicholls and G. Taylor, Welsh School of Pharmacy, UWIST, PO Box
13, Cardiff.

Pharmacokinetic data is often obtained from the anaesthetised laboratory animal.
Anaesthetic-induced alterations in the pharmacokinetics of thiamine (Pipkin and
Stella 1982), carboxyfluorescein (Woolfrey et al. 1985) and p-aminohippurate
(Gumbleton et al. 1987) have been reported. The aim of this present study was to
investigate the possible differential effect that some commonly used injectable
anaesthetics may have upon regional haemodynamics in the rat, the significance of
which may be relevant to laboratory pharmacokinetic studies.

The study was performed using male Wistar rats (270+19g) and the following anaes-
thetic regimens: (H) - Fentanyl & fluanisone (0.26 & 8.3mg/kg, Hypnorm) in com-—
bination with midazolam (4.16mg/kg, Hypnovel) given i.p.; (U) - i.p. urethane
(1.75mg/kg); (P) - i.p. pentobarbitone (67mg/kg); (K) - i.p. ketamine (80mg/kg) in
combination with i.p. midazolam (5mg/kg); (S) - i.v. alphaxalone & alphadolone

(9 & 3mg/kg, Saffan). After the animals had reached a sufficient depth of anaes-
thesia the right carotid artery was catheterised, the tip of the catheter was
manipulated into the left ventricle and 60000-80000 Sn-113 labelled 15 um micro-
spheres were injected. Simultaneously blood was withdrawn from the left femoral
artery at a constant rate of 0.43ml/min for 90 sec after microsphere injection.
Cardiac output and regional haemodynamics were calculated as described by McDevitt
and Nies (1976).

Table 1 Anaesthetics and Regional Haemodynamics (mean * sd, n=6)

H P U K S DMRT
Cardiac output 32.36 22.82 17.42 19.27 24,36 HSPKU
(ml/min/100g BW) $6.50  +2.93  +1.43  $3.74  +2.52 —_=
Renal blood flow (RBF) 2.84 3.19 1.99 3.24 3.90 SKPHU
(ml/min/g tissue) +0.54 +0.41 +0.26 +0.56 +0.58
Hepatosplanchnic 1.23 1.11 0.65 0.95 1.26 SHPKU
blood flow (HBF) +0.15 +0.17 +0.19 +0.95 +0.28 —_—

(ml/min/g liver)

DMRT - analysis of variance and Duncan's test. The groups are ranked left to
right in decreasing magnitude and those jointly underlined are not significantly
different (P>0.05) from each other.

Using microsphere techniques a RBF of 4.7ml/min/g tissue (Idvall, 1980) and a
HBF of 1.9ml/min/g tissue (Seyde and Longnecker, 1984) have been reported in
chronically-catheterised conscious rats. Our results demonstrate that both RBF
and HBF with S were almost twice that found with U anaesthesia whilst H, K and P
gave intermediate values which nevertheless were significantly greater than U.
Although cardiac output was noted to be significantly different between some
anaesthetics RBF and HBF were found not to correlate with cardiac output. Such
haemodynamic differences may result in anaesthetic-induced alterations in
pharmacokinetics.

Gumbleton, M.et al. (1987) 1Int. J. Pharmaceut., 38, 261-263.
Idvall, J. (1980) Anesthesiology, 55, 297-304.

McDevitt, D.G. & Nies, A.S. (1976) Cardiovas. Res., 10, 494-498.
Pipkin, J.D. & Stella, V. (1982) J. Pharm. Sci., 71, 169-172.
Seyde, W.C. & Longnecker, D.E. (1984) Anesthesiology, 61, 686-698.
Woolfrey, S.G. et al. (1985) Int. J. Pharmaceut., 26, 35-43.
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AMINOGLUTETHIMIDE AND THYMUS WEIGHT IN THE RAT

M.A. Shaw & P.J. Nicholls, Welsh School of Pharmacy, UWIST, Cardiff CF1l 3XF

In adult male rats the thymus undergoes progressive atrophy throughout life, and

can be regenerated after orchidectomy (Fitzpatrick et al. 1985). Regeneration can
be inhibited by treatment with either testosterone or oestradiol, and studies with
the steroidal aromatase inhibitor 1,4,6-androstatriene-3,17-dione suggest that
aromatisation of androgens to oestrogens may be at least partly responsible for
involution of the thymus (Mander et al. 1986). 1In this study the effects on thymus
weight of the non-steroidal aromatase inhibitor aminoglutethimide (AG) were studied
in immature rats, where the thymus is well-developed.

Female rats, weighing approximately 50g at the start of treatment, were allocated
into groups of 5 and treated daily for between 9 and 21 days with one of the foll-
owing: 1 or 10mg testosterone (as mixed esters) in 0.1-0.2ml arachis oil s.c.,

0.1 or 1lmg oestradiol benzoate in 0.2ml arachis oil s.c., 0.2ml arachis oil s.c.
alone; testosterone s.c. plus 2, 20 or 50mg/kg AG orally in distilled water con-
taining 0.75%Z (w/v) sodium carboxymethylcellulose; AG alone. At the end of the
treatment period the rats were killed by cervical dislocation under ether anaes-
thesia and the thymus dissected out, blotted dry, and weighed. In some experiments
blood was collected by cardiac puncture for measurement of hormone concentrations.

Testosterone reduced the mean thymus weight from 3.1+0.1 (s.e. mean, n=15) mg/g
body weight in solvent-treated rats to 2.5+0.1mg/g (n=10) and 1.4+0.1mg/g (n=5) in
rats treated with 1 or 10mg respectively. Oestradiol (0.1 or lmg) had a comparable
effect on thymus weight to the 10mg dose of testosterone. The lowest dose (2mg/kg)
of AG partially reversed the effect of 10mg testosterone (mean thymus weight in
treated rats 2.0+0.3mg/g, n=5), but no dose of AG was able to reverse the effect

of Img testosterone. The higher doses of AG caused an increase in thymus weight
(20mg/kg: 4.3+0.3mg/g, n=5; 50mg/kg: 3.8+0.2mg/g, n=5).

These results confirm earlier findings (Mander et al. 1986) that both oestradiol
and testosterone reduce thymus weight in rats. AG was however much less effective
at reversing this than the steroidal aromatase inhibitor used by Mander et al.

One factor responsible for this may be a feedback increase in gonadotrophin
secretion due to inhibition by AG of oestrogen synthesis. This would stimulate
ovarian steroidogenesis, thereby counteracting the effect of AG. Measurements of
plasma oestradiol showed that concentrations in rats treated with 20 or 50mg/kg
AG alone (0-370pM) were similar to those in control rats, whereas in rats treated
with 2mg/kg oestradiol concentrations were less than 30pM. The steroidal aromatase
inhibitor used by Mander et al. may be weakly androgenic, and thus suppress the
rise in gonadotrophins due to aromatase inhibition. This may partly explain its
more pronounced effect on thymus weight.

Fitzpatrick, F.T.A., Kendall, M.D., Wheeler, M.J., Adcock, I.M. & Greenstein, B.D.
(1985) J. Endocr. 106, R17-R19.

Mander, B.J.A., Fitzpatrick, F.T.A. & Greenstein, B.D. (1986) J. Endocr. (Suppl.)
111, 152.
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RESISTANCE OF HUMAN COLORECTAL CANCER CELLS TO THE ANTIMETABOLITE
METHYLGLYOXAL BIS(GUANYLHYDRAZONE)

C.S. Coleman and H.M. Wallace, Clinical Pharmacology Unit, Department of Medicine
& Therapeutics and Department of Pharmacology, Polwarth Building, Foresterhill,
Aberdeen AB9 2ZD.

The polyamines, putrescine, spermidine and spermine, are naturally occurring
polycations which are essential for cell growth and differentiation.
Intracellular polyamine concentrations and their biosynthetic enzyme activities
are typically high in rapidly proliferating cells including certain neoplastic
tissues. For example, in human colorectal cancer tissue, the polyamine content
and biosynthetic enzyme activities are increased several fold over that of normal
surrounding mucosa (Kingsnorth et al, 1984; Porter et al, 1987). Methylglyoxal
bis(guanylhydrazone) (MGBG), a structural analogue of spermidine, is a potent,
reversible inhibitor of polyamine biosynthesis known to inhibit the growth of
many cell typas at 10-20 uM concentrations (Warrell et al, 1983). Due to their
high intracellular polyamine content it seems likely that human colorectal cancer
cells would be sensitive to growth inhibition by this drug.

The aim of this study was to determine the effect of a range of concentrations of
MGBG on the growth and polyamine content of human colorectal cancer cells.

HT29/219 cells were grown in culture in the presence or absence of MGBG (100 nM-
150 uM). The drug was added at the time of plating. After 48h, the cells were
harvested and the protein content, polyamine and MGBG concentrations determined
as described previously (Wallace and Cameron, 1986).

The results shown represent the mean * SD (n = 3); nd: not detected; ¥p £ 0.05;
*¥p < 0.01 by student's t-test.

Additions Erotein Content Total Polyamine MGBG Content
Content
(mg/plate) (nmoles/mg protein) (nmoles/mg protein)
None 0.80 * 0.07 7.26 * 0.71 nd
50 puM-MGBG 0.44 £ 0.01% 5.41 + 0.18% 10.80 + 0.72
100 pM-MGBG 0.36 = 0.01%#% 3.12 + 0.42%% 12.93 + 1.02

Unlike other cell types, HT29/219 cells were found to be resistant to MGBG with a
concentration of 100 uM (5-10 fold higher than that used in other cells) causing
only 55% inhibition of cell growth at 48h. This inhibition was accompanied by an
almost equal (57%) decrease in the intracellular polyamine content. The apparent
resistance was not due to the inability of cells to take up the drug since
treatment with 100 uM MGBG resulted in an intracellular drug content of 13 nmoles/
mg protein. This represents approximately a 14 fold intracellular accumulation of
the drug suggesting active transport into the cells. This value is however
markedly lower than in other cell lines e.g. in BHK-cells a 300-500 fold
accumulation of MGBG has been observed (Nuttall and Wallace, 1987).

HT29/219 cells appear to be almost unique in being resistant to this drug.
Resistance may be related to intracellular accumulation, the lack of which could
be the result of increased metabolism or excretion.

Kingsnorth, A.N., Lumsden, A.B. and Wallace, H.M. (1984) Br. J. Surg. 71, 791-794.
Nuttall, M.E. and Wallace, H.M. (1987) Biochem. Soc. Trans. in press.

Porter, C.W., Herrera-Ornelas, L., Petrelli, N.F. and Mittelman, A. (1987)

Cancer 60, 1275-1281.

Wallace, H.M. and Cameron, G.A. (1986) J. Chromatogr. 380, 122-127.

Warrell, R.P. and Burchenal, J.H. (1983) J. Clin. Oncol. 1, 52-65.



INHIBITION OF FAST AXONAL TRANSPORT BY NERVE COMPRESSION IN THE
GALACTOSE-FED RABBIT IS PREVENTED BY ICI 128463 (STATIL)

W.G. McLean, Department of Pharmacology and Therapeutics, University of
Liverpool, P.O. Box 147, Liverpool L69 3BX.

Streptozotocin-induced experimental diabetes in the rat leads to an increased
susceptibility of fast axonal transport to inhibition by acute nerve compression
(Dahlin et al., 1986). This may be the result of intraneural accumulation of
the sugar alcohol sorbitol, since the effect is prevented by administration of
the aldose reductase inhibitor ICI 128436 (Statil) (Dahlin et al., 1987). The
following experiments were carried out to determine if similar effects are
produced in rabbits following galactose feeding, which leads to increased
intraneural galactitol, increased nerve water content and, in rat sciatic nerve,
elevated endoneurial fluid pressure (Myers et al., 1979).

Rabbits were fed a diet containing 50% galactose for 21 days over a 29 day
period. One group of galactose-fed rabbits received the aldose reductase
inhibitor Statil at a dose of 25m<;;.kq-1 daily throughout the experiment. Of two
groups of control rabbits fed normal diet one was treated with Statil and one
was untreated. Rabbits were then anaesthetised and one nodose ganglion injected
with 25puCi (5p1) 3H-L-leucine. Two hours later, the same vagus nerve was
exposed and a 15mm length of nerve compressed with a chamber that maintained a
pressure of 20mm Hg for a further 2 hours. The animal was killed and
radiolabelled nerves were cut into 2.5mm pieces and processed for 1liquid
scintillation counting (Dahlin et al., 1984). Contralateral nerves were assayed
for myo-inositol, galactitol and total nerve water content.

The inhibition of fast axonal transport produced by compression was measured in
terms of the amount of radiolabelled proteins that accumulated in the nerve
proximal to the compression 2zone, relative to the amount of radiolabelled
proteins in an unaffected piece of nerwve (Dahlin et al., 1984). This ratio had
a mean value (+ S.D.) of 0.93 + 0.61 (n=10) in control animals; this was similar
to the ratio in nerves subjected to no compression. After galactose feeding the
ratio was increased to 12.97 + 20.31 (n=5). The difference from controls was
statistically significant at P<0.02. In galactose-fed animals treated with
Statil the ratio was 0.85 + 0.74 (n=5), which was not different from that in
controls. Galactose feeding led to significant increases in nerve galactivcol
and water content but no change in nerve myo-inositol. Both increases were
markedly reduced after treatment with Statil.

The results indicate that, as in experimental diabetes, the effects of mild
compression can be additive with the osmotic changes produced by elevated nerve
polyols to lead to an impairment of fast axonal transport.

Dahlin, L.B., Rydevik, B., McLean, W.G. and Sjoéstrand, J. (1984) Exp. Neurol.,
87, 29-36.

Dahlin, L.B., Meiri, K.F., McLean, W.G., Rydevik, B. and Sjéstrand, J. (1986)
Diabetologia, 29, 181-185.

Dahlin, L.B., Archer, D.R. and McLean, W.G. (1987) Diabetologia 30, 414-416.
Myers, R,.R., Costello, M.L. and Powell, H.C. (1979) Muscle Nerve, 2, 299-303.
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THE EFFECT OF STREPTOZOTOCIN-INDUCED DIABETES ON THE IN VITRO BLOOD
N-ACETYLTRANSFERASE ACTIVITY OF THE ADULT MALE SPRAGUE-DAWLEY RAT

R.M. Lindsay and J.D. Baty, Department of Biochemical Medicine (University of
Dundee), Ninewells Hospital and Medical School, Dundee DD1 9SY, U.K.

We have previously shown that the mean in vitro blood N-acetyltransferase (NAT)
activity of human diabetic (Type 2) subjects is significantly higher than that of
healthy volunteers and the enzyme activities of both groups may be elevated by
increasing the incubation glucose concentration (Lindsay et al, 1985). The
objective of this study was to investigate the effect of drug induced diabetes on
the in vitro blood NAT activity of the rat to determine if the activities in
diabetic and non-diabetic animals displayed a similar pattern to that observed
with human samples.

Streptozotocin in citrate buffered isotonic saline (pH 4.5) was administered (S0
mg/kg i.v.) to 4 adult male Sprague-Dawley rats. Blood samples were collected
one week later from these animals and from 6 untreated rats by piercing the heart
after stunning and cervical dislocation. These samples were collected into
potassium-EDTA anticoagulant containers and used immediately. Plasma glucose
concentrations were determined enzymatically. In vitro blood NAT activity was
determined using an initial sulphamethazine (SMZ) concentration of 0.18 mmol/l as
previously reported (Baty et al, 1986). In a further set of experiments, the
incubation glucose concentration was increased by 50 mmol/l.

The in vitro blood NAT activity of rats treated with streptozotocin was
significantly (p<0.02) higher than that of untreated animals. Increasing the in
vitro glucose concentration of blood samples from both groups significantly
(p<0.01) increased the amount of acetyl-SMZ produced (Table 1).

Table 1
Animals studied Mean (range) plasma Increase in incubation Mean (range) amount
(number) glucose, mmol/1 glucose concentration, of acetyl-SMZ
mmol/1 produced ,nmol
Non-diabetic (6) 6.8 ( 4.5 - 7.8) 0 2.20 ( 1.50 -3.48)
50 4.74 ( 3.17 -8.35)
Diabetic (4) 26.1 (22.6 -29.3) 0 3.76 ( 2.95 -4.45)
50 8.44 ( 6.95 -9.74)

The comparative in vitro NAT activities and the effect of added glucose on this
enzyme activity in blood samples from diabetic and non diabetic rats (Table 1)
parallels the results obtained using human blood samples (Lindsay et al, 1985).
This study therefore supports the hypothesis that elevated blood glucose
concentrations increase in vitro drug acetylation. The significance of these
results with respect to in vivo acetylation of SMZ, particularly the reported
increased acetylation capacity of human diabetic subjects (Shenfield et al, 1982)
will depend on both the contribution of blood NAT activity to the total
acetylating capacity of the body and whether the levels of acetyl-CoA at other
sites of NAT activity are limiting.

Baty, J.D. et al (1986) J.Chromatogr. 353: 329-337.
Lindsay, R.M. et al (1985) Br.J.Pharmacol. 86: 797P.
Shenfield, G.M. et al (1982) Diabetologia 22: 441-444,
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THE EFFECT OF STREPTOZOTOCIN-INDUCED DIABETES ON THE IN VIYO
ACETYLATION CAPACITY OF THE ADULT MALE SPRAGUE-DAWLEY RAT

R.M. Lindsay and J.D. Baty, Department of Biochemical Medicine (University of
Dundee), Ninewells Hospital and Medical School, Dundee DD1 9SY, U.K.

The objective of this study was to investigate if induction of experimental
diabetes in the rat using streptozotocin significantly changed the in vivo
acetylation capacity. The reported increased frequency of rapid acetylators
amongst human diabetic patients (Shenfield et al, 1982) has been disputed (Ladero
et al, 1982). An alternative explanation for the increased in vivo acetylation of
sulphamethazine (SMZ) by diabetic subjects is that their higher blood glucose
levels increases blood levels of acetyl-CoA, the acetyl group donor for the
reaction. The apparent change in acetylator phenotype distribution could
therefore be a biochemical artefact (Shenfield et al, 1982).

Sodium sulphamethazine in isotonic saline was administered (40 mg/kg p.o.) to 5
adult male Sprague-Dawley rats (Trial 1). Urine was collected between 0-4 h, 4-8
h, 8-12 h, 12-24 h, 24-32 h and 32-48 h . The concentrations of SMZ and it’'s
acetylated metabolite in these samples were determined by HPLC (Baty et al,
1986). This experiment was repeated using the same animals one week later to
determine the extent of intra-individual variation in acetylation capacity (Trial
2). After a further week, streptozotocin in citrate buffered isotonic saline (pH
4.5) was administered (50 mg/kg i.v.) to the animals which were then orally dosed
with SMZ for a third time one week later (Trial 3).

Diabetes was successfully induced as evidenced by weight loss, diuresis,
glucosuria and elevated plasma glucose levels. The mean (+ S.E.M.) values of
percentage acetylation by the rats on Trials 1-3 are shown in Table 1. Intra-
individual variation of the in vivo acetylation of SMZ was insignificant
(p>0.05). The correlation between the urinary values of percentage acetylation on
Trials 1 and 2 was 0.99. Induction of experimental diabetes using streptozotocin
significantly (p<0.001) reduced the extent of SMZ acetylation. The total amount
of sulphonamide excreted renally was also significantly (p<0.05) reduced by this
treatment.

Table 1
Mean (+ S.E.M.) percentage acetylation of SM2

Time interval of

urine collection,h Trial 1 Trial 2 Trial 3
0 -4 49.3 % 2.2 49.4 ¢ 2.6 44.8 £ 6.2
4 - 8 59.7 £ 4.4 58.8%+ 3.5 53.5% 2.8
8 -12 60.3 % 4.0 58.9 % 3.8 47.6 £ 2.2
12 -24 57.8 £ 4.7 58.8 ¢ 4.4 47.46 £ 4.2
24 -32 49.5 £ 7.2 50.3% 6.2 36.2% 6.7
32 -48 32.2 % 5.4 32.1 % 6.4 21.3+ 6.3

In conclusion, the results of this study do not support the hypothesis that the
onset of diabetes increases the in vivo acetylation capacity of the rat.

Baty, J.D. et al (1986) J.Chromatogr. 353: 329-337.
Ladero, J.M. et al (1982) Ann.Clin.Res. 14: 187-189.
Shenfield, G.M. et al (1982) Diabetologia 22: &441-444.
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ISOLATED STRIPS OF HUMAN ENDOCERVICAL MUCOSA - A TISSUE FOR
INVESTIGATING MYOFIBROBLAST DRUG SENSITIVITY

C. Chander, Denise Craigl, I.L. Naylor and R.L. Tumerl, Post graduate School of
Studies in Pharmacology, University of Bradford, Bradford, West Yorkshire, BD7
10P, lYorkshire Clinic, Cottingley, West Yorkshire

The myofibroblast is a unique mesenchymal cell possessing dual properties of
contractility and collagen production, 1i.e. those of the myoblast and
fibroblast (Guber and Rudolph, 1978). It is considered to be responsible for
various tissue reactions ranging from contraction of granulation tissue to
Dupuytren's contracture (Rudolph, 1980) as evidenced from morphological studies
(Optical/electron microscopy). Investigations of the physiology/pharmacology
of myofibroblasts in human granulation tissue is limited as for obvious reasons
it is under ethical restraint. This communication draws attention to a readily
available, ethically acceptable and unexplored source of human myofibroblasts -
the endocervical mucosa. The latter undergoes a progressive granulomatous
change related to age and parity. Many human uteri have to be removed in the
treatment of various gynaecological conditions, for example pelvic floor repair
and from these tissues can be obtained samples of cervical mucosa.

Human uteri were obtained following hysterectomies, bisected and a strip,
18-22mm in length, 4-6mm in width and 2-3mm in thickness of the endocervix was
removed, placed in chilled Krebs solution (4°C) and used either immediately
(n = 6) or after overnight storage at 4°C (n = 40). They were then placed in
a superfusion system using a flow rate of 2ml min~! and equilibrated for
1 hour. Tissues were placed under a resting isometric tension of 2g. Response
heights or areas were calculated. Agonists administered were barium chloride
(0.01-10mg), oxytocin (0.01-1lip), 5SHT (1-100pg) and mepyramine (0.01-lmg).

The tissue samples studied showed a range of different types of spontaneous
activities. These were classified into five types, ranging from no activity to
0.1Hz contractions of up to 0.5g change of tension. All the preparations
contracted to the agonists used but the threshold sensitivities, types and
duration of responses were variable except for mepyramine which produced
clearly defined effects in all the tissues studied. The order of sensitivity
was mepyramine>oxytocin>5HT>barium ions. The type of response to an agonist
was not predictable from the type of spontaneous activity a tissue possessed.

Despite some differences in these responses as compared with animal in vitro
models of myofibroblasts, there are some similarities. Although barium ions
contracted some of the preparations the sensitivity was low as compared with
those needed for 'pure' smooth muscle preparations. In addition the lack of
repeatable effects with SHT and oxytocin but the reproducible effects with
mepyramine suggests a similarity to myofibroblasts in the rat testicular
capsule (Lal and Naylor, 1985). These results when taken in combination with
the histological appearance of the tissue suggest that myofibroblasts in the
human endocervical mucosa have a similar responsiveness to that found in rat
tissues. Studies to elucidate the contractile mechanisms of the cell are in
progress.

The authors thank the Yorkshire Clinic and the attending consultant
gynaecologists for making the tissue samples available for this study.

Guber S. and Rudolph R. (1978) Surg. Gynaecol. Obstet. 146, 641-648
Lal C. & Naylor I.L. (1985) Br. J. Pharmacol. 86, 517P
Rudolph R. (1980) World J. Surg. &4 279-287



THE ACTIONS OF ATRIOPEPTIN III IN MODELS OF CHRONIC RENAL
FAILURE

E.J. Johns & B. Rutkowski, Department of Physiology, The Medical School,
Birmingham B15 2TJ.

Recently we showed that DOCA-salt hypertensive rats exhibited an enhanced
natriuretic and diuretic response to atriopeptin III at doses which had minimal
blood pressure and renal haemodynamic effects (Johns & Rutkowski, 1987). In the
present study we have assessed the sensitivity of the kidney to atriopeptin III
in two models in which renal function is severely reduced chronically.

Male Sprague Dawley rats were used throughout. Chronic renal failure was induced
by feeding a diet containing adenine (0.75%) and renal insufficiency was
precipitated by combined unilateral nephrectomy and removal of 3/5 of the
remaining cortex under pentobarbitone ansesthesia. Four-five weeks later, rats
were anaesthetized with sodium pentobarbitone (60 mg/kg, i.p.) and prepared for
renal function measurements (Johns, 1985). Fifteen minute clearance periods were
used, two before and two after a period in which atriopeptin III was given as a
bolus dose at the beginning of the collection. Three doses of atriopeptin III
were given to each animal, 125, 250 and 500 ng/kg, in random order.

Chronic renal failure animals had lower renal blood flow and glomerular
filtration rate compared to control animals, 7.5+1.1 versus 12.9+1.1 ml/min/kg
(p<0.01) and 0.4+0.1 versus 2.4+0.2 ml/min/kg (p<0.001), respectively, whereas
blood pressure, urine flow and fractional sodium excretion were higher, 164414
versus 122+6 mmHg (p<0.05) and 75.2+13.4 versus 38.34+6.7 pl/min/kg (p<0.05) and
15.0+3.5 versus 1.7+0.3% (p<0.001), respectively. At all doses atriopeptin III
was without effect on blood pressure and renal blood flow but filtration rate
increased by 8% (p<0.05) at 500 ng/kg in the control rats and by 22% (p<0.05) at
250 and 500 ng/kg in the renal failure rats. Absolute sodium excretion was
increased by 2.5+0.8, 2.4+0.6 and 3.4+1.0 pumol/min/kg (all p<0.01) in the control
rats and by 1.740.5, 2.940.7 and 3.140.6 pumol/min/kg (2ll p<0.01) in the failure
rats with increasing doses of atriopeptin III while fractional sodium excretion
rose by 0.6+0.2, 0.940.2 and 0.83+0.3% (all p<0.05) in control and 1.84+0.8,
1.64+0.8 and 2.2+0.8% (all p<0.05) in the failure rats. Compared to unilateral
nephrectomised control rats, those with renal insufficiency had a lower
glomerular filtration rate, 0.8+0.1 versus 3.5+0.4 ml/min/kg (p<0.01), higher
blood pressure, 165+5 versus 140+5 mmHg (p<0.01), urine flow, 80+18 versus 41+7
pl/min/kg (p<0.01) and fractional sodium excretion, 7.0+1.6 versus 1.0+0.3%
(p<0.01). Atriopeptin III had no consistent effect on blood pressure or renal
haemodynamics in either group, however, increasing doses of atriopeptin III
increased absolute sodium excretion by 3.2+40.9, 5.8+1.8 and 7.1+1.9 umol/min/kg
(all p<0.05) in the insufficiency animals and by 2.6+0.7, 3.7+1.1 and 4.2+1.6
pmol/min/kg (all p<0.05) in the control rats, while fractional sodium excretion
rose by 2.5+0.7, 3.08+1.3 and 3.3+1.2% (all p<0.05) in the insufficiency animals
and by 0.61+0.2, 0.640.2 and 0.7+0.2% (all p<0.05) in control rats.

The results of this study showed that in chronic renal failure or insufficiency
there was a greatly reduced filtration rate but water and sodium output was
comparable to normal rats, consequently fractional sodium excretion was greatly
elevated. Under these conditions, the natriuretic effect of the atriopeptin III
was still evident and appeared to be somewhat enhanced.

This work was supported by the British Heart Foundation.

Johns, E.J. (1985) Br. J. Pharmac. 84, 707-715.
Johns, E.J & Rutkowski, B. (1987), Br. J. Pharmac. 92, 557P.
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STUDIES ON THE RELAXANT EFFECTS OF PHORBOL DIACETATE ON GUINEA-
PIG AIRWAYS SMOOTH MUSCLE

D.M. Jackson., A.A. Norris and S.T. Safrany. Department of Pharmacology, Fisons
plc - Pharmaceutical Division, Loughborough, Leicestershire, LE11 ORH

Phorbol esters are known to stimulate the enzyme protein kinase C (Castagna et
al., 1982) and have been shown to cause a contraction of various smooth muscle
preparations (Spedding, 1987) including airways (Park and Rasmussen, 1985).
These findings have lead to a view that activation of this enzyme may be
implicated in mediation of the tonic component of muscle contraction (Park and
Rasmussen, 1985). Other studies have shown a relaxant effect of phorbol esters
on airways smooth muscle (Menkes et al., 1986) and a reduction in intracellular
Ca** in carbachol stimulated canine trachealis muscle (Murray et al., 1987). We
have investigated further the relaxant effects of phorbol diacetate (PDA) on
guinea pig tracheas.

Helical strips of trachea were bathed in Krebs solution at 37°C and studied
under isometric conditions. Half maximal contractions induced by carbachol (1.6
x 10”7M) were relaxed consistently by PDA (ECs, 1.7 x 10°’M). These responses
were unaffected by the B-adrenoceptor antagonist propranolol (107°M) or by the
cyclooxygenase inhibitor indomethacin (107°M). Preparations contracted by the
Na* K* ATPase inhibitor ouabain (107SM) were relaxed by PDA with a similar ECs,
(3 x 1077M) to that seen with carbachol contracted tissues.

To determine whether relaxation was mediated by the formation of cyclic AMP
(cAMP), carbachol contracted tissues were relaxed with PDA (3 x 107°M - 107 %M)
and frozen rapidly in liquid nitrogen. Cyclic AMP was extracted from pulverised
tissues using methanol and measured by a protein binding assay (Amersham).
Resting levels of cAMP (18.5 + 4.6 pmol/100mg tissue) were reduced significantly
after the tissues were contracted with carbachol (8.9 + 0.92 pmol/100mg tissue).
Relaxation of the tissues with PDA (3 x 107°M) to baseline was accompanied by a
small elevation of cAMP (14 + 3.3 pmol/100mg tissue), whereas higher
concentrations of PDA (107°M) relaxed tissues below baseline tension and
increased significantly cAMP content (23 + 4.2 pmol/100mg) above carbachol
control levels. Isoprenaline behaved in a similar manner to PDA and only
increased cAMP content (20 + 3.2 pmol/100mg tissue) at a dose (107°M) which
reduced muscle tone below baseline.

In conclusion, it is unlikely that PDA relaxes guinea pig tracheas through the
release of catecholamines or prostaglandins, or through activation of the Na+ K*
ATPase pump. Although the cAMP content of tracheas was elevated after PDA,
greater effects were seen on muscle relaxation.

Castagna, M. et al (1982) J. Biol. Chem. 257, 7847-7851.

Menkes, H. et al (1986) Eur. J. Pharmacol. 122, 19-27.

Murray, R.K. et al (1987) Fed. Proc. 46, 508.

Park, S. and Rasmussen, H. (1985) Proc. Natl. Acad. Sci. 82, 8835-8839.
Spedding, M. (1987) Br. J. Pharmacol. 91, 377-384.



DOPAMINE SUPPRESSES THE NON-CHOLINERGIC CONTRACTION OF
ELECTRICALLY STIMULATED BOVINE IRIS SPHINCTER MUSCLE

J.M.Butler & A.Bacon, Department of Visual Science, Institute of
Ophthalmology, Judd Street, London, WC1H 9QS.

Isolated strips of bovine iris sphincter muscle display biphasic
frequency dependent contractions in response to electrical field
stimulation (500ps pulse width, 1.25 to 40 Hz). The response has
typically two clearly identifiable components, a fast atropine-
sensitive contraction which commences immediately on stimulation and
reaches a peak within 5 to 10 seconds, declining rapidly upon
cessation of the stimulus, and a second, slower contraction which
continues to develop after cessation, reaching its maximum up to 60 s
later and relaxing slowly to the baseline. Abolition of the fast
contraction with 10-6 M atropine reveals a small transient relaxation
followed by the onset of the second component which is frequency-
dependent, from 2.5 to 40 Hz, and unaffected by the presence of 10-5M
atropine.

In the rabbit sphincter pupillae Butler et al (1980) and Zhang et al
(1984) have shown a similar non-muscarinic component to be mediated
through “antidromic” transmission in primary afferent nerves of
trigeminal origin, analagous to that occurring in the Triple Response
in the skin, and have proposed that the mediator released from the
peripheral terminals of these bipolar neurones is a substance P-like
neuropeptide. It is not unreasonable to suppose that a similar
mechanism operates in these two species and indeed in both rabbit and
cow iris sphincter muscles exogenous substance P (SP) produces dose-
dependent contractions comparable in profile to the slow component of
this response to field stimulation. The present study sought to
identify any naturally occurring substances which would antagonise
this antidromic sensory effect, either by inhibiting the release of
the putative mediator or its action on the sphincter muscle.

Of several neurohumoral mediators or modulators examined, dopamine
(DA) 5 x 10-8 to 10-6 M produced a most striking inhibition of the
maximum non-cholinergic response to field stimulation, with a
corresponding shift of the log. frequency-response curve to the right,
10-6 M DA reducing by 90 per cent the maximal contraction to 40 Hz.

In contrast the magnitude of the cholinergic component of the response
to electrical stimulation was unaffected by 10-5 DA, as was the log.
dose-response curve to carbachol (10-8 to 10-6 M). Contractions
obtained with a maximal dose of SP (2.6 x 10-6 M) were, however,
reduced by up to 50 per cent in the presence of 10-6 M DA, and a
significant shift of the log. dose-effect curve to the right indicates
that in achieving this effect DA acts at a post-junctional site where
it may inhibit peptide-receptor interaction but does not interfere
with muscarinic mechanisms.

Butler, J.M., Unger, W.G. & Cole, D.F. (1980) Quart. J. Exp. Physiol.
65, 261-272.

Zhang, S.Q., Butler, J.M. & Cole, D.F. (1984) Exp. Eye Res. 38, 153-
163.
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5-HT INDUCED RELAXATION IN ISOLATED HUMAN BRONCHUS

H. Hill, I. Geraghty, M. Schachter, A. Hughes, P. Sever. Clinical Pharmacology,
Queen Elizabeth The Queen Mother Wing, St. Mary's Hospital, London, W2 INY.

Ergometrine has been reported to precipitate bronchospasm in a few patients.
Following experience of such a case we investigated the effects of ergometrine in
isolated human bronchus. This study (Hill et al., 1987) revealed that ergometrine
had no direct constrictor effect and, at high concentrations, produced relaxation.
We therefore decided to pursue this further, on the assumption that this action of
ergometrine might be due to interaction with 5-HT receptors.

Human lung was obtained following lobectomy for carcinoma. Bronchi (internal
diameter 3-6mm) were dissected out. Rings of bronchus were suspended between
stainless steel hooks at a tension of 1-2g. Changes in tone were measured
isometrically. The segments were suspended in Krebs-Ringer buffer, aerated with
95% 0, / 5% CO,. After equilibration all rings were challenged with depolarising
Krebs buffer (fZO mM KC1l). Rings where contraction was observed were studied
further. After washout the re-equilibration, all rings were treated with indo-
methacin (10‘5M) and then histamine (1-3uM). In each experiment 1-2 rings were
used to construct concentration-response curves to 5-HT (10-9-10'5m). Other seg-
ments were exposed to the following drugs: methysergide (1uM or 10uM), ketanserin
(10puM), l-alprenolol (10uM) or spiroxatrine (10uM) before cumulative addition of
5-HT. Other rings were treated cumulatively with the central S-HTlA agonists 8-OH
DPAT and ipsapirone (10~9-10-5M). Results below are expressed as geometric means
with 957 confidence limits.

In 7 rings of bronchus from 5 individuals 5-HT produced concentration-dependent
relaxation after histamine precomstriction. The pD, for 5-HT was -7.46 (* 1.0)

and the maximal relaxation 151.4%Z (* 2.7) of the histamine preconstriction. The
relaxation was not antagonised by any of the above drugs (n = 3-4). The maximum
relaxation to 5-HT was 64.07 (*2.5) of that induced by forskolin (10uM). At very
high concentrations (100uM) only, both 8-OH DPAT and ipsapirone induced relaxation,
comparable in magnitude to the maximum 5-HT response.

Our findings extend and largely confirm those of Raffestin et al. (1985). They
too noted that the response could not be blocked by the non-selective antagonist
methysergide or the 5-HTp antagonist ketanserin. We have found, in addition,

that the 5-HT,, antagonist spiroxatrine and l-alprenolol, a beta-adrenoceptor
blocker with géHTlA and 5-HT1 antagonist properties, were similarly ineffective.
Although the 5-l-lT1 agonists Hid produce relaxation, the concentrations required
were too high to ailow any conclusions to be drawn regarding receptor selectivity.

In conclusion, 5-HT relaxes isolated human bronchial smooth muscle. Its action
may not be mediated by the "5-HT-like" receptors described by Feniuk et al. (1983),
since the relaxant response is not blocked by methysergide. Further investigations
are needed to characterise this response, particularly in terms of agonist (e.g.
5-carboxamidotryptamine) selectivity.

Feniuk, W. et al. (1983). Eur. J. Pharmacol., 96, 71-73.
Hill, H. et al. (1987). Anaesthesia, 42, 1115-1116.
Raffestin, B. et al. (1985). J. Pharmacol. Exp. Ther., 233, 186-194.
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PHYSIOLOGICALLY ANTAGONISTIC H, AND H2 RECEPTOR SUBTYPES IN RABBIT
SECONDARY BRONCHI SMOOTH MUSCL&

L.G. M*Alpine, J.C. M°Grath! , N.C. Thomson and E.P. Wilson. Department of Respiratory
Medicine, Western Infirmary, Glasgow and 'Autonomic Physiology Unit, Institute of Physiology,
University of Glasgow.

In vitro, histamine produces highly variable effects on respiratory smooth muscle depending upon
the tone, region of the airways and species. In this study we have examined the contribution of H;
and H, receptor subtypes in rabbit secondary bronchi smooth muscle using diphenhydramine (H,
antagonist) and ranitidine (H , antagonist).

Male New Zealand White rabbits (2.0-2.5 kg) were sacrificed by cervical dislocation and
exsanguination. The lungs were removed en bloc and secondary bronchi dissected free from

extraneous tissue. Isometric tension was recorded from rings (2-3mm diameter) suspended under 1g

initial tension in a 30ml organ bath containing Krebs-Henseleit solution aerated with 5%CO, in O, at

37°C. The rings were washed every 15 min over a period of 60-90 min. A submaximal
concentration of histamine (30M) was added to the organ bath to test the responsiveness of the
smooth muscle rings to histamine. After washing and recovery of resting tension, a first cumulative

concentration response curve (CCRC) to histamine (0.03uM-10001M) was made on all preparations
after which untreated preparations were used as time controls and others exposed to diphenhydramine

or ranitidine for 30 min before subsequent histamine CCRCs. In a second series of experiments

tone was induced with histamine (30uM) and then ranitidine (0.1uM) was added.

Time controls (for the diphenhydramine experiments) showed a slight shift to the right of the CCRC
to histamine (pD,: 1* CCRC, 5.58 (0.04); 2™ CCRC, 5.44 (0.05); 3 CCRC, *5.15(0.11):

mean(s.e.m.) ) but no significant change in the maximum tension. Diphenhydramine (0.001uM,
0.01uM and 0.1uM ) caused a rightward shift in the CCRC (pD,: 5.40 (0.10) ; *5.16 (0.08) and
*4.52 (0.24) respectively ) with no significant change in the maximum tension. After correction for
the time controls the slope of the Schild plot for diphenhydramine was significantly less than unity
(0.68) and the pA, was 7.90. Time controls (for the ranitidine experiments) showed small but non-
significant shift to the right (pD,: 1* CCRC 5.54 (0.08); 2* CCRC 5.54 (0.06); 3™ CCRC 5.38
(0.10) ). Ranitidine ( 1uM and 10uM ) did not cause a significant shift in the pD, values for the
CCRC:s to histamine (pD; : 5.58 (0.09) and 5.46 (0.10) respectively ) but produced a significant
increase in the maximum tension. In the second series of experiments, the addition of ranitidine
(10uM) to preparations with histamine-induced tone showed a 9% (2%) increase in tension.

(* p<0.05 compared to first control values).

The data indicates that rabbit secondary bronchi smooth muscle has both H; and H, receptor
subtypes. At low histamine concentrations the H; receptor mediates contraction and this response
can be blocked noncompetitively with diphenhydramine. However at high histamine concentrations,
in addition, H, receptors, which can be blocked by ranitidine, mediate relaxation. Thus, at high
histamine concentrations the contraction is the net result of excitatory H; and inhibitory H, influences.
Consequently an increase in the " maximum " tension can be observed with ranitidine.
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CALCIUM DEPENDENCY OF THE HISTAMINE-INDUCED CONTRACTION IN RABBIT
SECONDARY BRONCHI SMOOTH MUSCLE

L.G. M°Alpine, J.C. M°Grath!, N.C. Thomson and E.P. Wilson. Department of Respiratory
Medicine, Western Infirmary, Glasgow and ' Autonomic Physiology Unit, Institute of Physiology,
University of Glasgow.

In airway smooth muscle, for example, guinea pig trachealis muscle, contraction induced by
histamine and PGF,, is considered to be dependent mainly upon extracellular calcium (Creese and
Denbourough, 198% whereas contraction induced by ACh is more dependent upon intracellular
calcium (Ahmed et al ., 1985). In the present study we have investigated the calcium dependence of
contraction to histamine in rabbit secondary bronchi smooth muscle and the effects on this of
nifedipine and BAY-K 8644.

Male New Zealand White rabbits (2.0-2.5 kg) were sacrificed by cervical dislocation and
exsanguination. The lungs were removed en bloc and secondary bronchi dissected free from
extraneous tissue. Isometric tension was recorded from rings (2-3mm diameter) suspended under 1g
tension in a 30ml organ bath containing Krebs-Henseleit solution aerated with 5% CO, in O, at 37°C.
Calcium-depleted medium was made by omitting CaCl,. The rings were washed every 15 min over
an initial equilibration period of 60-90 min. A submaximal concentration of histamine (30uM) was
added to the organ bath to test the responsiveness of the smooth muscle rings to histamine. After
washing and recovery of resting tension, three washes at 5 min intervals were made with calcium-
depleted Krebs-Hensleit solution. Paired rings were used as untreated controls or were exposed to
nifedipine or BAY-K 8644 for 10 min before adding histamine (30uM). A cumulative calcium
concentration-effect relationship was then obtained by a stepwise (x2) increase in [CaCl,] from
0.039mM to 5.0mM. Contractile responses were expressed as percentages of the response to the
initial contraction to histamine (0.03mM) and -logECs, values were calculated on this basis.

Addition of nifedipine or BAY-K 8644 did not affect the resting tension. When histamine (0.03mM)
was added in Ca*-depleted medium there was an initial transient response followed by a small
maintained elevation of baseline tension. In controls (for the nifedipine experiments) the readdition
of Ca® produced a concentration-related response reaching a maximum at 2.52mM Ca* (-log ECy, :
3.90 (0.22); mean (s.e.m.)). Nifedipine (0.03uM, 0.3uM & 3.0uM) caused a concentration- related
rightward shift in the concentration response curve to Ca** (-log ECy, : 3.42 (0.16); *2.67(0.10); and
*2.43 (0.09), respectively) . In controls (for the BAY-K 8644 experiments) a similar response was
observed as described above (-logECy, : 3.52 (0.23)). BAY-K 8644 (0.1uM) caused a leftward
shift in the concentration response curve to Ca? (-logECy, : 4.26 (0.12)). (* p< 0.05 compared with
control value ).

Thus the major part of the histamine-induced contraction of rabbit secondary bronchi smooth muscle
was dependent upon extracellular calcium. Since these Ca* - dependent contractions were inhibited
by nifedipine and facilitated by BAY-K 8644 these results are consistent with histamine acting
through the opening of voltage-dependent Ca*-channels.

Creese. B.R. & Denborough,M.A. (1981). Clin.Exp.Pharmacol.Physiol., 8:175-182.
Ahmed,F., Foster,R. W. & Small,R.C. (1985). Br.J.Pharmacol., 84: 861-869.
Yamamoto,H., Hwang,0. & Van Breeman,C. (1984). Eur.J.Pharmacol., 102: 555-557.



IS FLUSPIRILINE A POTENTIAL LIGAND FOR THE SITE OF ACTION OF
CLASS III CALCIUM-ANTAGONISTS?

S. Fraser, B.A. Kenny, A.T. Kilpatrick & M. Spedding,
Syntex Research Centre, Riccarton, Edinburgh, EH14 4AP

Lipophilic diphenylalkylamines (flunarizine, pimozide, lidoflazine etc)
have been grouped as "Class III" calcium-antagonists on the basis of a
variety of functional tests (Spedding, 1985). The inhibitory effects of
these agents are not reversed by the calcium-channel activator, Bay K 8644
an9+ there is therefore doubt as to whether these drugs interact with the
Ca“" channel (Spedding, 1985). Lazdunski's group (Qar et al, 1987)
have proposed that fluspiriline has very high affinity (<1 nM) for the
dihydropyridine binding site in skeletal muscle and we have investigated
its profile as a calcium-antagonist.

Flgipiriline (0.1 - 10 pM) shifted concentration-response curves to
Ca (0.1 - 10 mM) to the right in parallel in K (40
mM)-depolarised taenia preparations from the guinea-pig caecum (Spedding &
Berg, 1984). The compound had an apparent pA2 of 7.5 +/- 0.1 (slope 1.1)
(n=4). Fluspiriline (1-1000 nM) was a potent and non-competitive
antagonist of the contractile effects of Bay K 8644 (1-3000 nM) in these
preparatiggs, when Bay K 8644 was added cumulatively in the presence of
0.1 mM Ca™". luspiriline was a more potent antagonist of Bay K 8644
than of Ca“’, and in this respect resembles other class III
calcium-antagonists.

In ligand bindgng experimants, fluspiriline was potent (IC50 51 nM n=4) at
displacing [“H]-PN200-110 from its binding site on rat cortical
membranes. Analysis of the displacement curves gave rise to Hill slopes
consistently less than unity (nH = 0.52). Scatghard transformations of the
saturation isotherms produced over the [“H]-PN200-110 concentration
range 0.01 - 1.00 nM  indicated binding to a single site, an equilibrium
dissociation constant of 0.05 nM and a binding site density (Bmax) of 215
fmol/mg protein. In the presence of 100 nM fluspiriline the Bmax was
rgduced to 134 fmol/mg protein with an apparent increase in the Kd of
[TH]-PN200-110 to 0.14 nM. These results are consistent with the
view that fluspiriline binds to a site distinct from the
[TH]-PN200-110 binding site (non-competitive) but sufficiently close
to influence dihydropyridine binding in a negative allosteric manner.

Flaipiriline, thus, appears to have high affinity for sites on the
Ca channels in smooth muscle and brain, although the compound is
less potent than in skeletal muscle. The compound appears to act as a
"Class III" calcium—-antagonist (Spedding, 1985).

Qar, J. et al.(1987). Eur.J.Pharmacol., 141, 261 - 268

Spedding, M. (1985). J.Pharmacol., Paris, 16. 319-343

Spedding, M. & Berg C. (1984) Naunyn-Schmiedeberg's Arch. Pharmacol. 328,
69-75
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DIFFERENTIAL EFFECTS OF CALCIUM-ANTAGONISTS ON INSULIN SECRETION

B. CLARKE, C.A. DOYLE, L. PATMORE & M. SPEDDING.
Department of Pharmacology, Syntex Research Centre, Riccarton, Edinburgh, EH14 4AP

Secretion of insulin from the pancreatic B-cell has been shown to be a Ca2+
dependent process. However while inhibition of insulin secretion by calcium
entry blockers (CEB) can be demonstrated in vitro (Semple et al. 1988), the
effects of CEB therapy on glucose tolerance in man remain controversial
(Kanatsuna et al, 1985). Calcium antagonists have been classified into 3
subgroups on the basis of in vitro studies (Spedding, 1985). This study has
investigated the effects of these different subgroups on insulin secretion in
vitro and examines the effects of diclofurime, a recently classified Class
II CEB (Spedding,et al 1987).

Rat (female Sprague Dawley 200 - 300g) pancreatic islets were isolated using a
collagenase digestion technique. After a 30 min preincubation period in_ 3mM
glucose, batches of 5 islets were incubated in a shaking water bath (37°c)
and oxygenated (95% 02 : 5% C02) for 60 min in the presence of 10mM or 18mM
glucose with or without compound. Aliquots of the incubation medium were
retained for insulin determination by RIA. Insulin secretion under these
conditions was glucose dependent (3mM glucose = 11.5 +/- 0:8; 10mM glucose =
46.7 +/- 1.5; 18mM glucose = 60.g +/- 2.5 ulU/islet/hr). The Class I
dihydropyridine nicardipine (10~ - 10 ~ M) caused a concentration

dependent inhibition of insulin secretion (pIC§0 6.90 (6.77 - 7.08) 18mM
glucose). 100% inhibition was achieved at 10 ~ M as previously reported

by §5mple gg al.,(1988). The Class II antagonists diltiazem and verapamil

(10 10 “M) were less effective in this study. Maximum inhibition

was 85.2% and 66.2% of control with 18mM glucose stimulation. Transdiclofurime
was similar_§n potency to verapamil producing maximum inhibition of 50.9 +/-
17.4% at 10 ~ M in the 18mM glucose stimulated group. The cis isomer of
diclofurime was ineffective. The potencies of the Class II compounds were not
significantly altered by ssgmulatign with 10mM glucose. The Class III
antagonist flunarizine (10 10 © M) also inhibited insulin

secretion. However, the inhibitory potency was higher in the 18mM stimulated
group than in 10mM (pIC50 6.55 (6.37 - 6.88) and 5.45 (5.32 - 5.64).

These results show that in contrast to the high potency of Class I and Class
III antagonists, Class II antagonists are less effective in inhibiting insulin
secretion in this modﬁl. This data suggests that the diltiazem /verapamil site
or coupling to the Ca”" channel in B-cells may be different to that described
in other tissues and this together with the peripheral vasosensitivity of the
Class I antagonists may contribute to the difference between in vitro and in
vivo activity of CEBs on normal islet function.

Semple, C.G.et al. (1988) J.Pharm. Pharmacol. 40 22-26
Kanatsuna T et al. (1985) Arz-Forsch. 35.(1)2. 514 - 517.
Spedding M. (1985) T.I.P.S. 6(3) 109 - 114

Spedding M. et al. (1987) J.Cardiov. Pharm. 9. 461 - 468



NEURONAL AND NON-NEURONAL 5-HT RECEPTORS CONTROL ELECTROLYTE
SECRETION IN ISOLATED ILEAL MUCOSA

M.T. Ball, K.T. Bunce & C.F. Spraggs, Department of Neuropharmacology, Glaxo
Group Research Ltd., Ware, Herts, SG12 ODJ.

SHT stimulates electrolyte secretion in rat small intestine in vitro by
promotion of electrogenic anion secretion which can be measured as increases in
short-circuit current (Hardcastle et al, 1981). The present study attempts to
classify the 5HT receptors that mediate stimulation of electrolyte secretion
using a range of SHT receptor antagonists.

Male Wistar rats were killed by cervical dislocation and the ileum was
removed. The mucosa was dissected from the overlying muscle layers and mounted
in Ussing chambers, bathed with Krebs-Henseleit solution, maintained at 37°C and
gassed with 95% 0,/5X%X CO,. The mucosa was voltage clamped at zero potential and
the resultant short-circuit current (SCC) was continuously recorded.

Under resting conditions ileal mucosa produced an SCC of 109+3pAcm—2 (mean +
SEM; n=6). When added in a cumulative manner to thé serosal bathing solution,
SHT (0.03 to 10uM) increased SCC with an ECso value of 1.7 (1.2-2.3)uM (mean,
95% confidence limits), and a maximum increase in SCC of 53+8pAcm™2 (n=6). The
antagonists ketanserin (0.3uM), methysergide (3uM) and cyanopindolol (3uM) did
not inhibit responses to SHT suggesting that 5HT, and 5HT,;-like receptors were
not involved. Tetrodotoxin (TTX; 0.3uM) had no effect on responses to low
concentrations of 5HT (<1lpM), but inhibited responses to higher concentrations
of SHT (>1uM), producing a reduction in the 5HT maximum response of 23%.
Similar effects were seen with the SHT; receptor antagonists GR38032F (0.3uM)
and ICS 205-930 (0.001 and 0.01pM) which reduced the S5HT maximum response by
41%, 28% and 39% respectively. Metoclopramide which also has 5HT; receptor
antagonist activity (Ireland and Tyers, 1987) reduced the 5HT maximum response
by 30% when tested at 1lpM, but at a higher concentration (10uM) metoclopramide
also produced a tenfold shift of the lower portion of the SHT concentration
response curve. The antagonists did not affect SCC responses to PGE,
(0.01-10uM) suggesting that they were selective antagonists of S5HT-induced
secretion.

These studies are consistent with the view that stimulation of electrogenic
anion secretion in rat isolated ileal mucosa is mediated by two 5HT receptors.
Responses to high concentrations of SHT (»>1uM) appear to be mediated by neuronal
SHT; receptors, since they are inhibited by TIX, GR38032F, ICS 205-930 and
metoclopramide. Responses to lower concentrations of 5HT (<luM) are only
inhibited by metoclopramide and therefore this receptor type may resemble the
benzamide-sensitive SHT receptor reported to modulate electrolyte secretion in
rat colonic mucosa (Ball et al, 1988).

Ball, M.T. et al, (1988) This meeting.
Hardcastle, J. et al, (1981) J. Physiol, 320, 41-55.
Ireland, S.J. and Tyers, M.B. (1987) Br. J. Pharmac., 90, 229-238.
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INVESTIGATION OF THE 5-HT RECEPTOR TYPE MEDIATING SECRETION IN
RAT COLON

M.T. Ball, K.T. Bunce & S.J. Gunning, Department of Neuropharmacology, Glaxo
Group Research Ltd., Ware, Herts., SG12 0DJ, U.K.

Cisapride inhibits S5HT-induced secretion in preparations of intestinal mucosa
from the rat and guinea-pig as measured by changes in short circuit current
(SCC) (Allbee & Gaginella, 1985; Cooke & Carey, 1985). In guinea-pig ileum the
response to SHT is also inhibited by both tetrodotoxin (TTX) and the
SHT 3-receptor antagonist, ICS 205-930 (Baird & Cuthbert, 1987), suggesting that
cisapride was antagonising neuronal 5HT; receptors. In contrast, in rat colon
the secretory response to SHT was not inhibited by TTX (Zimmerman & Binder,
1984), although it was still inhibited by cisapride (Allbee & Gaginella,
1985). In the present study we have further investigated the 5HT receptor type
mediating the antagonist activity of cisapride in rat colon, and the effect of
cisapride has been compared with a closely related benzamide structure,
metoclopramide, and also with a number of standard 5HT receptor antagonists.

Male Wistar rats, 100-150g, were killed by cervical dislocation and the
descending colon removed. The mucosa was dissected from the overlying muscle
layers and mounted between the two halves of an Ussing chamber. The tissues
were bathed with Krebs-Henseleit solution and gassed with 95% 0,/5% CO,. The
potential difference across the mucosa was held at zero by application of
external current, and this SCC was continuously recorded.

Under resting conditions the tissues produced an SCC of 51.4:10.8pA cm~2 (mean
+ S.E.M., n=8). Addition of SHT (0.1-300uM) to both sides of the mucosa
stimulated a concentration dependent increase in SCC with an ECg, value of 5.4
(3.1, 9.4)uM (95% confidence 1limits) and a maximum increase in SCC of
181.1428.1pA cm~2 (n=8) at 100pM SHT. This response was not inhibited by TTX
(0.3uM) or a SHT; receptor antagonist, GR38032F (0.3uM) (Brittain et al., 1987)
indicating that neuronal SHT; receptors were not involved. In addition, the
SCC response to SHT was not mediated by 5HT;-like receptors since it was not
inhibited by methiothepin (0.3uM) or methysergide (1uM), nor by 5HT, receptors
since it was not inhibited by ketanserin (1uM). However, both cisapride and
metoclopramide inhibited the SCC response to SHT in an unsurmountable manner
with depression of the 5HT maximum; cisapride, 0.1 and 1pM, inhibited the SHT
maximum by 32.8+8.6% and 46.019.6% respectively and metoclopramide, 3 and 10uM,
inhibited the SHT maximum by 30.5t4.3% and 44.2:11.1X respectively (n=4 for
each value). Cisapride (1pM) and metoclopramide (10uM) did not inhibit the
resting SCC or the response to PGE, (0.01-3uM) indicating that both compounds
were selective antagonists of 5HT-induced secretion.

These results show that cisapride and metoclopramide are antagonists of SHT in
rat colonic mucosa, but that the receptor type cannot be designated 5HT,-like,
SHT, or S5HTy (Bradley et al., 1984).

Allbee, W.E. & Gaginella, T.S. (1985) Gastroenterology 88, 1303.
Baird, A.W. & Cuthbert, A.W. (1987) Br. J. Pharmac. 92, 647-655.
Bradley, P.B. et al. (1984) Neuropharmacology 23, 1465-1466.
Brittain, R.T. et al. (1987) Br. J. Pharmac. 90, 87P.

Cooke, H.J. & Carey, H.V. (1985) Eur. J. Pharmac. 111, 329-337.
Zimmerman, T.W. & Binder, H.J. (1984) Gastroenterology 86, 310-317.



CALCIUM ANTAGONISM BY BENZODIAZEPINES IN GUINEA-PIG ILEUM

A.M. Alyami and D. Wood, Postgraduate School of Studies in Pharmacology,
University of Bradford, Bradford, West Yorkshire, BD7 1DP

Benzodiazepines (BDZs) reduce contractile responses of intestinal smooth muscle
to a range of stimuli, including acetylcholine, potassium and calcium (Leeuwin
et al., 1975; Hullihan et al., 1983). We have compared the effects of BDZs
with those of calcium antagonists.

Segments .of guinea-pig mid-ileum were suspended in calcium-free, depolarising
(80mM K*) Krebs-Henseleit solution at 37°C, the solution being gassed with 952
02, 5% CO3 and containing atropine (0.3pM). Changes in muscle tension were
monitored. Initially the ability of calcium antagonists or BDZs to relax
submaximal contractions to CaCly (4mM) was assessed, the order of relaxant
potency (IC50+SEM, n»6) being: nifedipine (110,.05nM); verapamil (271lnM);
cinnarizine (64%7nM); diltiazem (120%2nM); trifluoperazine (3tluM); midazolam
(9+1pM); flurazepam (10%1uM); diazepam (16+2uM); Ro5-4864 (chlorodiazepam,
17+2uM); chlordiazepoxide (20+2uM). Despite marked differences in potency,
the characteristics of relaxation induced by BDZs and by diltiazem were similar
(immediate onset, rapid relaxation, ready reversal on washing) and differed
from those for nifedipine and verapamil (immediate onset, slow relaxationm,
ready reversal) and for cinnarizine and trifluoperazine (slow omset, slow
relaxation, poor reversal).

Tissues were incubated for 2 min with low concentrations of midazolam (3pM),
nifedipine (0.1nM), verapamil (10nM) and diltiazem (30nM), either individually
or in combination. Alone, no compound significantly reduced a subsequent
maximal contraction to CaCly; (10mM) compared with preceding control responses
(n36). Incubation with midazolam + diltiazem or midazolam + nifedipine caused
inhibitions of maximal responses to Ca2* (by 27+2, 19#3% respectively) which
were greater (p<0.05) than the inhibition (by 9#4Z) obtained with midazolam +
verapamil. The combination diltiazem + nifedipine induced inhibition (by
41#2%) which was greater (p<0.05) than that observed with diltiazem + verapamil
or nifedipine + verapamil (512, 1216% inhibition, respectively).

Using unmodified Krebs-Henseleit solution, all compounds were assessed for
their ability to inhibit submaximal phasic contractions induced by
acetylcholine (Ach, 40nM), y-aminobutyric acid (GABA, 100pM), or transmural
stimulation (TMS, O0.1Hz, 0.2ms, supramax voltage): n>6 for each stimulant.
Responses to GABA and TMS were abolished by tetrodotoxin (0.1uM), whilst
atropine (0.3puM) abolished contractions to all three stimuli. Responses to
GABA and TMS were more sensitive (p<0.0l) to inhibition by BDZs (e.g.
midazolam ICs5p 6%3, 7+2uM for GABA, TMS responses respectively) than were
contractions to exogenous Ach (midazolam ICs5gp 77:13pM). Conversely, all three
responses were similarly sensitive to verapamil, nifedipine and diltiazem (e.g.
diltiazem IC5q9 8%2, 1648, 510.3uM for Ach, GABA, TMS responses respectively).

Thus, the calcium-antagonism by BDZs was dissimilar to that by cinnarizine and
trifluoperazine, compounds having marked intracellular effects (Spedding, 1983)
and most closely resembled that by diltiazem, which is similar in structure to
BDZs. BDZs inhibited cholinergic nerve-mediated effects in intestine, unlike
the other calcium—~antagonists studied.

Hullihan, J.P., Spector, S., Taniguchi, T. and Wang, J.K.T. (1983). Br. J.
Pharmac. 78, 321-327.

Leeuwin, R.S., Djojodibroto, R.D. and Groenewoud, E. Th. (1975) Arch. int.
Pharmacodyn. 217, 18-21.

Spedding, M. (1983) Br. J. Pharmac. 79, 225-231.



468P

TETANIC FADE AND RECOVERY PROFILE OF ATRACURIUM-INDUCED NEURO-
MUSCULAR BLOCKADE IN THE RAT DIAPHRAGM PREPARATION

A. Altinel, A.H. Suer, A.C. ‘mgwellland F.A. Wali. Anaesthetics Unit and 1Depau:'t:-
ment of Pharmacy, The London Hospital Medical College, whitechapel,London El.,U.K.

Electrical stimulation of the phrenic nerve ,in the rat,e.g.,at 50 Hz for ls dura-
tion,produces a tetanic tension in the hemidiaphragm ,and this tension is usually
maintained, for several minutes,in the absence of a non-depolarizing muscle relax-
ants,e.g.,atracurium. However,in the presence of atracurium,the tetanic tension

is not maintained,i.e,it fades away,probably due to an effect on presynaptic
mechanism ,of transmitter release (Bowman & Webb,1976;Gibb & Marshall,1986).Tetan-
ic fade has been observed in both man and experimental animals(Madden,Hughes &
Payne, 1983;Wali,Suer,Dark & McAteer,1987),and it is usually used as an index
for the degree of neuromuscular block by a skeletal muscle relaxant.

In the present investigation,we studied tetanic fade and peak tetanic tension
depression,in the rat hemidiaphragm preparation,in the presence of a blocking
concentration of atracurium (1 or 10 pM),and we also followed the pattern of re-
very from neuromuscular blockade by atracurium following removal of the drug by
washing it out with Krebs-Henseleit solution.

The preparation was set up in an organ bath (80 ml) containing Krebs solution
maintained at 38%20C and bubbled with oxygen and 5% carbon dioxide.The pH of the
solution was 7.4. The phrenic nerve was stimulated at 50 Hz for either 0.5 or 1.0
s duration, with 5-10 V (supramaximal) and 0.2 ms pulse duration. Tetanic tension
(peak and sustained tensions) was measured(in gram ,g) and fade was determined
by subtracting the sustained from the peak tension.This was often expressed as a
percentage difference between the peak tetanic tension(Tp) and sustained or end
tetanic tension(Te).

The results showed that atracurium reduced the tetanic tension (peak and sustain-
ed) and produced a tetanic fade in the diaphragm with time. The control tetanic
tension (peak) was 5.6% 0.4 g (meanis.e.,n=8),and the control sustained tension
was 4.8%0.2 g, giving rise to a control tetanic fade of 14%*0.1%. A full tetanic
fade occurred within 2823.1 s,and at this stage,the peak tetanic tension was de-
pressed by only 40% of the control peak tetanic tension. A full peak tetanic ten-
sion depression occurred within 3.75%0.9 min. After removal of atracurium by was-
hing the preparation in Krebs solution (3-4 times) and waiting for several min
(2-3 min),the tetanic fade was reversed and the sustained tension recovered with-
in 30 s.However,the peak tetanic tension returned to control value in several
minutes (3.5%0.1 min),indicating that the two phenomena were due to different
mechanisms.

we concluded that atracurium had a rapid onset of action and an intermediate
duration of action (as judged by progression of rapid tetanic fade and slower Tp
recovery).The mechanism(s) of tetanic fade and peak tetanic tension were mo t
analysed,but it is possible that the former is due to a presynaptic mechanism,
while the latter is attributed to a postsynaptic mechanism.Other possibilities, e.g
ion channel blockade,may be involved,especially in the latter mechanism(see the
references cited above).

Bowman,W.C.& Webb,S.N.(1976). Clin.Exp.Pharmacol.Physiol.,3, 545-555

Gibb,A.J.& Marshall,I.G.(1986). Br.J.Pharmac., 89, 619-624

Madden,A.P.,Hughes,R.& Payne,J.P.(1983). Br.J.Anaesth., 55, 535-55S5

wali,F.A.(1985). Acta Anaesthesiol.Scand., 29, 657-662

wali,F.A.,Suer,A.H.,Dark,C.H.& McAteer,E.J.(1987). Acta Anaesthesiol.Scand.,
31, 699- 705



THE EFFECT OF GLYCOPYRROLATE ON NEUROMUSCULAR TRANSMISSION IN
THE RAT PHRENIC NERVE-DIAPHRAGM PREPARATION

F.A. Wali,C.H. DarklA. Altinel and C.J. Jones::2 Anaesthetics Unit,The London
Hospital Medical College,Whitechapel,London El, Department of Anaesthetics,
Northwick Park Hospital,Harroa,Middlesex HAl ,and 27 .H.Robins Limited,Sussex
Manor Business Park,Crawley,West Sussex RH10,U.K.

Glycopyrrolate (Glycopyrronium,Robinul),is a quaternary ammonium compound,used

as a substitute for atropine (a tertiary amine) to reverse (with neostigmine) the
residual neuromuscular blockade produced by non-depolarizing muscle relaxants
(Ramamur thy,Shaker & Winnie,1972; Mirakhur,Dundee & Clarke,1977; Baraka,Yared,
Karam & Winnie,1980). We studied the effect of glycopyrrolate (a muscarinic
antagonist) and neostigmine on atracurium-induced neuromuscular blockade in the
rat isolated phrenic nerve-diaphragm preparation,to see if glycopyrrolate inten-
sified the neuromuscular blockade produced by atracurium in this preparation.

The phrenic nerve was stimulated repetitively at either 0.2 Hz or at 1 Hz,with
5-10 V(supramaximal) and 0.2-0.5 ms pulse duration. Mechanical responses of in-
directly-elicited twitch tension were recorded isometrically.The effect of glyco-
pyrrolate (10 pM),atracurium (1-100 uM) and neostigmine(l pM),either alone,or in
a mixture of two or three drugs, were studied on indirectly-elicited twitch
responses,and sometimes on directly-elicited twitch tension,in the same and
different preparations.

Atracurium had a rapid onset of blockade,reaching a maximum block in 30-40 s.
Glycopyrrolate had no significant effect on indirectly-or directly elicited

twitch (0.2 Hz) tension, whereas it significantly (P < 0.001) enhanced atracuri-
um-induced depression of twitch tension,and it also shortened the time required

to completely block the twitch tension by about 10 s. The control twitch tension
was 1.320.11 g (meants.e.,n=6),and this was 0.2%0.01 g in the presence of
atracurium (1.6 uM) in 40 s exposure.Glycopyrrolate (10 uM),had little effect on
twitch tension (11% decrease in control tension),but significantly increased the
atracurium-induced depression of twitch tension.Atracurium,alone,depressed the
twitch tension by 46*1.2%,and in the presence of glycopyrrolate,the twitch was
depreseed by 722 3.0%. Neostigmine enhanced the twitch tension by 29%1.6%,last-
ing for 1 min,thus, delaying atracurium-induced depression of twitch tension.Glyco-
pyrrolate+neostigmine had less antagonistic effect of atracurium blockade than
had neostigmine alone. The mean ICsp values(i.e concentration of atracurium to
produce 50% maximum block of twitch tension) were: 1.6%0.1, 0.3%0.1, 4.8%0.2 and
2.7%0.1 pM, for atracurium,alone,for atracurium+glycopyrrolate,atracurium+neostig-
mine and for atracurium+glycopyrrolate+neostigmine,respectively.The results were
significantly different (P¢0.001) from the control atracurium value.

We concluded that glycopyrrolate had little effect on twitch tension,but it sig-
nificantly enhanced the neuromuscular blockade produced by atracurium.The mechani-
sm of glycopyrrolate action was not further analysed,but it is possible it may
antagonize transmitter release or act by some other unknown mechanism at the rat
neuromiscular junction.
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