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Effects of the calcium channel activator Bay K 8644
on general anaesthetic potency in mice
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1 The effects of the calcium channel activator, Bay K 8644, on the anaesthetic potencies of
ethanol, argon and pentobarbitone were examined in mice.

2 Bay K 8644, at 1 mg kg™! ip., significantly antagonized the general anaesthetic potencies of
ethanol and argon, but at 5 and 10mgkg~! this compound increased the general anaesthetic
potency of these drugs.

3 At doses of 1, 5 and 10mgkg~! Bay K 8644 antagonized the anaesthetic effects of pentobarbi-
tone.

4 Bay K 8644, at the highest dose used, did not alter the brain concentrations of pentobarbitone
or the blood concentrations of ethanol.

5 The effects of the different doses of Bay K 8644 on the actions of ethanol and of argon are
compatible with the known partial agonist properties of this compound on calcium channels in
vitro.

6 The actions of Bay K 8644 on the anaesthetic effects of pentobarbitone suggests that specific

interactions may be involved in the anaesthetic actions of this compound.

Introduction

There has been considerable interest recently in the
effects on the central nervous system of drugs that
affect calcium channels (Spedding & Middlemiss,
1985; Ramkumar & El-Fakahany, 1986), although
under normal circumstances few neuronal effects of
these drugs are seen in vitro, except at very high con-
centrations. High affinity radioligand binding sites
have been found in the central nervous system
(Yamamura et al., 1982; Gould et al, 1982) and
dihydropyridine structures have particularly high
affinities for these sites. The latter include com-
pounds such as nitrendipine and nimodipine which
decrease calcium channel opening and the calcium
channel activator, Bay K 8644, which increases
calcium flux (Schramm et al., 1983).

We have shown previously that calcium channel
antagonists, chosen from three different subgroups
(Spedding, 1985), increased the general anaesthetic
potency of a variety of compounds, including
ethanol, pentobarbitone and argon (Dolin & Little,
1986). In addition, the dihydropyridine calcium
channel antagonists were very effective in preventing

! Author for correspondence.

the ethanol withdrawal syndrome, although they did
not have sedative effects when given alone (Dolin &
Little, 1986; Little et al., 1986). We now show that
the calcium channel activator, Bay K 8644, at a low
dose (1mgkg~?') decreased the general anaesthetic
actions of ethanol, argon and pentobarbitone, while
higher doses (5 and 10mgkg~') increased the
potencies of ethanol and argon and decreased those
of pentobarbitone.

These three general anaesthetics were chosen
because of their diversity of chemical structures.
Pentobarbitone has been widely used for small
animal anaesthesia. Although the pharmacokinetics
and ratio of lethal to anaesthetic doses make ethanol
unsuitable for clinical anaesthetic use, it has similar
actions to the more common anaesthetics, in produc-
ing general anaesthesia. Whilst argon is not nor-
mally considered to be an anaesthetic, all the inert
gases will produce anaesthesia if given at pressures
greater than atmospheric (Miller & Smith, 1973).
The mechanism by which general anaesthesia is pro-
duced is not known (Paton, 1984), although many
theories have been put forward. Most general anaes-
thetics are not thought to act through binding to
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specific receptor sites, although binding sites for
barbiturates have been demonstrated on the GABA
ionophore complex, a protein molecule mediating
the actions of the inhibitory neurotransmitter y-
aminobutyric acid (GABA) (Ticku & Olsen, 1978).
The contribution of this barbiturate binding site,
which mediates potentiation of GABA, to the anaes-
thetic actions of pentobarbitone is unresolved. Evi-
dence has been put forward that the general
depressant actions, but not the anticonvulsant
properties, of these compounds involves GABA
potentiation (Allan & Harris, 1986), but it has also
been reported that their effects on calcium action
potentials correlate better with their anaesthetic
actions than with their anticonvulsant actions
(Heyer & Macdonald, 1982).

The effect of anaesthetics on neuronal ion chan-
nels is, however, an important stage in the pro-
duction of general anaesthesia. Calcium has long
been thought to be involved in general anaesthesia,
but its exact role is not clear. Many general anaes-
thetics, including ethanol and the barbiturates,
reduce movement of calcium into the nerve terminal
(Blaustein & Ector, 1975; Stokes & Harris, 1982;
Lynch & Littleton, 1983). On the other hand Baker
& Shapiro (1980) suggested that anaesthetics might
increase the sensitivity of endogenous calcium
binding proteins, and Krnjevic considered that a rise
in intracellular calcium might underlie the deceased
neuronal excitability of anaesthesia (Krnjevic &
Lisiewicz, 1972).

Parts of this work have been communicated to the
British Pharmacological Society and the Physiologi-
cal Society.

Methods

Loss of righting reflex was used in the present experi-
ments to measure general anaesthetic potency as this
endpoint, although not ideal, most closely approx-
imates the ‘loss of consciousness’ which defines
general anaesthesia in man. Effects of anaesthetics on
other endpoints, such as responses to mnoxious
stimuli, do not correlate with general anaesthesia
potency (Paton, 1974). Dose-response curves to the
anaesthetic actions were plotted so that EDj, values
could be calculated. Blood concentrations of ethanol
and pentobarbitone, and brain concentrations of
pentobarbitone, were measured after administration
of Bay K 8644, to determine whether or not there
was a pharmacokinetic component to the inter-
actions. As different doses of Bay K 8644 had quali-
tatively different effects with ethanol and argon, the
brain concentrations of Bay K 8644 were also mea-
sured for comparison with the reported in vitro
actions of Bay K 8644.

Male mice of the T.O. strain, 25-35g, were used
throughout. In any one experiment the weight range
was less than 5g. Animals were treated with Bay K
8644, 1, 5 or 10mgkg™! dissolved in water and
Tween 80 (0.5%) or vehicle, by the intraperitoneal
route, immediately before the administration of the
anaesthetic. Tests on Bay K 8644-treated and
vehicle-treated animals were carried out concurrent-
ly. All animals were placed in cages on heated mats,
with overhead heating where necessary. Rectal tem-
peratures were monitored throughout the experi-
ments and maintained in the range 36.5-37.5°C.

General anaesthetic potency

General anaesthetic potency was determined by con-
struction of dose-response curves from measure-
ments of loss of righting reflex. Assessments were
made by an observer who did not know the pretreat-
ment (i.e. Bay K 8644 or vehicle) given to each
animal. For pentobarbitone and ethanol, the anaes-
thetic was given ip. and then each animal was
assessed for righting reflex every 5min by placing it
on its back. Failure to regain the upright posture (on
all four feet) within 60s was taken as the criterion for
anaesthesia. A minimum of four doses of each anaes-
thetic was studied, each animal being used once only.
Ten mice were used in each group, ie. at each dose
of each general anaesthetic.

For argon anaesthesia the mice were placed in a
rotating cage, with four divisions, inside a 20 litre
steel pressure chamber. Oxygen was supplied to
04atm and then argon added at a rate of
3atmmin~! to the predetermined pressure. An equi-
librium time of 15min was used for argon, based on
preliminary experiments. At the end of the equili-
bration time the righting reflexes were assessed by
rotating the cage by remote control, thus rolling the
animals on to their backs, in turn. A time of 60s was
allowed to regain the upright posture. A second
pressure was then chosen and a second assessment
made in the same way after a further 15min equili-
bration. each mouse was used for only one experi-
ment; eight mice were used in each group. One half
were assessed at a lower pressure followed by a
higher pressure and the other half conversely. A
minimum of four different pressures was used for
construction of each dose-response line. A separate
control and a separate Bay K 8644-treated mouse
were used for temperature monitoring in every
experiment, kept in another cage in the chamber,
adjacent to the rotating one. Rectal temperatures
were maintained at 37 + 0.5°C by alteration of
ambient temperature.

As a check on the possibility that the hypertensive
effects of Bay K 8644 were responsible for the
changes in anaesthetic potency found after this com-



pound, the effects of methoxamine, a sympatho-
mimetic with mainly a-agonist properties, were
assessed on the anaesthetic potencies of pentobarbi-
tone and ethanol. On the basis of other work (Bolger
et al., 1985), Bay K 8644 10mgkg~! and methoxa-
mine 8 mgkg ™! were considered to be approximately
equipotent in raising blood pressure, so 8 mgkg~?!
methoxamine was selected for study.

Blood and brain concentrations of anaesthetics

In order to determine whether changes in anaesthetic
potency were due to alterations in metabolism or
distribution, the blood concentrations of the anaes-
thetics were measured after the highest dose of Bay
K 8644, compared with vehicle treatment. Blood
ethanol measurements were made 30min after the
administration of ethanol, 4gkg™!, i.p. with Bay K
8644 10mgkg~"! or vehicle, and 2 h after injection of
ethanol, 2gkg™!, i.p., with Bay K 8644, Imgkg ! or
vehicle. At these times after injection, in mice, the
blood ethanol concentrations are declining, and so
changes here would reflect altered metabolism;
blood ethanol concentrations have been shown to
parallel brain levels at these times (Goldstein, 1983).
These two concentrations of Bay K 8644 had
opposite effects on ethanol anaesthetic potency
(Table 1).

Pentobarbitone plasma concentrations were mea-
sured 30min after a dose of 60mgkg™!, when the
anaesthetic effects were beginning to decline.
Samples were taken after treatment with either Bay
K 8644, 10mgkg™!, or vehicle, given at the same
time as the anaesthetic, as in the anaesthesia experi-
ments. In addition, in order to ensure that the
central concentrations of anaesthetic were not
altered, despite the lack of change in blood concen-
trations, the brain concentrations of pentobarbitone
were measured 10min after a dose of 30mgkg™*
(when anaesthetic effects were at their peak). Bay K
8644, 10mgkg™!, i.p., (the highest dose used) was
given immediately before the anaesthetic. Lower
doses of Bay K 8644 were not tested as they had
qualitatively the same effects on anaesthetic potency
as the highest dose.

Blood samples, for the ethanol and pentobarbi-
tone concentration measurements, were obtained
from the carotid artery immediately after death, by
cervical dislocation. The blood samples were centri-
fuged at 2,000r.p.m. for 10min. One microlitre of
supernatant was taken from each and ethanol con-
centrations measured by gas chromatography and a
flame ionisation detector, with isopropanol as the
internal standard. The areas under the ethanol and
internal standard curves were compared. Pentobar-
bitone concentrations were measured by gas-liquid
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chromatography (Flanagan & Withers, 1972), using
chloroform extraction and tetraphenylethylene as an
internal standard and comparing peak heights.
Recoveries were 100% for ethanol and 94% for
pentobarbitone.

For the brain pentobarbitone measurements,
mouse whole brain was homogenized, in an Ultra-
turrax, for 30s in normal saline, with a 1 : 4 dilution.
The pentobarbitone was extracted by addition of
chloroform, at a 1 :1 ratio, to the brain homogenate.
The extraction ratio was 0.56 over the drug
concentration-range of 10-20ugmg™! wet weight.
This ratio was consistent within 0.01 when repeat
estimates were made. The internal standard was
tetraphenylethylene, 10 ugml~1. A sample (4 ul) from
each mouse was analysed by gas-liquid chromato-
graphy and peak heights of pentobarbitone and the
internal standard were compared.

Whole brain concentrations of Bay K 8644

Whole brains were removed from rodents which had
been injected 20 min previously with Bay K 8644 1, 5
or 10mgkg ™!, i.p. At this time clear effects of Bay K
8644 were seen on anaesthetic potency, in the studies
described above. Whole brain tissue was ground to a
uniform consistency; 30 mg was mixed with 800 ul of
distilled water and 150ul of 1M NaOH, and
extracted into toluene already containing the inter-
nal standard, nifedipine. Quantitation was by peak
height using a RSL-150 capillary column with elec-
tron capture detection, on a Perkin Elmer Sigma 2B
gas chromatograph.

Drugs

Bay K 8644 (Bayer U.K.) was suspended in Tween
80 (polyoxyethylene sorbitan mono-oleate, Sigma)
0.5% and sonicated. Pentobarbitone (May & Baker
Ltd) was dissolved in saline, and ethanol (Analar
quality, James Burrough) was mixed with distilled
water, final concentration 20% v/v. Argon was
obtained from the British Oxygen Company.

Statistical analysis

For the measurements of anaesthetic potency, the
data, as the number of mice out of each group of ten
(eight for argon experiments) which lost their right-
ing reflex, at each anaesthetic dose, were analysed by
probit analysis (Ross, 1980) and dose-response
curves constructed. Lines of best fit were compared
by Chi-squared analysis, with results expressed as
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Table 1 (a) The effects of Bay K 8644 on the anaesthetic potency of ethanol, 20 min after drug injections

Dose of
Bay K 8644

Treatment (mgkg™?)
Vehicle
Bay K 8644 1
Vehicle
Bay K 8644 5
Bay K 8644 10

Ethanol
ED, values s.e. mean
(kg™ (gkg™")
32 0.2
3.5+ 0.2
31 0.1
2.6** 0.1
28* 0.1

(b) The effects of Bay K 8644 on the anaesthetic potency of argon, using 15min equilibration times

Dose of
Bay K 8644

Treatment (mgkg™?Y)
Vehicle
Bay K 8644 1
Vehicle
Bay K 8644 5
Bay K 8644 10

Argon
EDg, values s.e. mean
(atmospheres) (atmospheres)

16.6 0.1
17.5* 0.1
17.2 0.1
13.8%** 0.1
15.8%* 0.1

(c) The effects of Bay K 8644 on the anaesthetic potency of pentobarbitone, 20 min after drug injections

Dose of
Bay K 8644

Treatment (mgkg™?Y)
Vehicle
Bay K 8644 1
Vehicle
Bay K 8644 5
Bay K 8644 10

Pentobarbitone
ED, values s.e. mean
(mgkg™") (mgkg™")
272 09
31.2 1.2
309 1.2
55.0%+* 1.3
55.7%%* 1.3

(d) The effects of methoxamine, 8 mgkg ™!, on the anaesthetic potencies of ethanol and of pentobarbitone

Anaesthetic Control ED, values
Ethanol 2.09 + 0.06,gkg™?!
Pentobarbitone 254 + 09,mgkg™!

ED, values with methoxamine

297 + 0.06,gkg™*!
278 + 1.2, mgkg™!

The results are expressed as EDy, values, with standard errors of the mean, derived from the dose-response curves
for loss of righting reflex. Ten animals were used for each point on the dose-response curves (except for the argon
experiments where eight were used, at two pressures each). At least four anaesthetic doses were tested for each
curve. Either Bay K 8644 or Tween vehicle were given immediately before each anaesthetic. * P < 0.05; ** P < 0.01;
*** p < (.001, compared with concurrently tested controls, Chi squared analysis.

ED;, values and tests were made for line fit, parallel-
ism and heterogeneity. The line fit tested each set of
control and Bay K 8644-treatment results and deter-
mined whether one or two lines provided the best fit
of the data. This indicated whether or not there were
significant differences between the dose-response
lines.

The blood concentrations of ethanol and the brain
concentrations of pentobarbitone in the presence
and absence of Bay K 8644 were compared by the
Mann-Whitney U test.

Results

General anaesthetic potency

The effects of Bay K 8644 on general anaesthetic
potency followed two patterns. The first was seen
with ethanol (Figures 1a and 2a and Table 1a) and
argon (Figure 1b and Table 1b). At the lowest dose
of Bay K 8644, 1mgkg™!, the general anaesthetic
potencies of both drugs were significantly decreased.
The dose-response curves in each case showed a



parallel shift to the right. These curves were obtained
to each anaesthetic (except argon) every Smin for
30 min, but for clarity only the results at 20 min after
anaesthetic administration are given in the Tables
and Figure 1. At this time interval the ED;, value of
ethanol was increased by 6% by Bay K 8644,
Imgkg~! and that of argon, at the 15min equili-
bration time, was increased by 7% ; these differences
were significant (P < 0.05). However, at higher doses
of Bay K 8644, 5 and 10mgkg™!, anaesthesia was
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Figure 1 The effects of Bay K 8644 on the general
anaesthetic effects of (a) ethanol (20min), (b) argon
(15min) and (c) pentobarbitone (20 min). The left hand
axis gives the percentages of mice anaesthetized at each
dose of anaesthetic, calculated using n = 10 for each
dose of ethanol and of pentobarbitone and n =8 for
argon. On the right hand axis these values have been
converted to probits. Times given are from the injection
of anaesthetic and Bay K 8644 or vehicle.

(@) Vehicle; Bay K 8644: (W) 1mgkg™', (O)
Smgkg™',(0) 10mgkg™".
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increased, the potencies of both general anaesthetics
being significantly greater than controls. The per-
centage changes in the ED,, value for ethanol, at
20min were —22% and —15% and those for the
ED;, value for argon at 15min were —16% and
—9%, for 5 and 10mgkg™! Bay K 8644, respec-
tively (Table 1). Again the dose-response curves after
Bay K 8644 were parallel to those of controls and
the data showed no heterogeneity, i.e. any residual
variation was consistent with binomial sampling.

The second pattern of change with Bay K 8644
was seen with pentobarbitone (Figure 2a and Table
1c). At 1mgkg ™! Bay K 8644 the ED;, of pentobar-
bitone was slightly lower than the control value
(—5% change in ED,,) but this was not a significant
change. However, at 5 and 10mgkg™!, Bay K 8644
caused marked antagonism of the general anaes-
thetic effects of pentobarbitone. This was in contrast
to the effects of these doses on the anaesthesia pro-
duced by ethanol or argon (see above). At 20 min,
the changes in the ED,, value for pentobarbitone
were +78% and +80%, after 5 and 10mgkg ™! Bay
K 8644 respectively (Table 1). Comparison of the
dose-response curves in each set of experiments
showed no significant deviation from parallelism and
the data showed no heterogeneity.

Figure 2 shows the time course of the effects of
Bay K 8644 on ethanol and on pentobarbitone
general anaesthesia. Table 1d shows the ED,, values
for ethanol and for pentobarbitone after adminis-
tration of methoxamine, 8 mgkg~!. There were no
differences between methoxamine treated animals
and controls.

Blood and brain concentrations

The presence of Bay K 8644 did not significantly
alter the blood concentrations of ethanol or the
brain concentrations of pentobarbitone (P > 0.05,
Table 2).

The brain concentrations of Bay K 8644 are given
in Table 3. The brain concentrations in these tables
were calculated assuming an equal distribution of
the drugs throughout the brain. It is appreciated that
this calculation is approximate, as the presence of
Bay K 8644 in blood vessels and extracellular fluid
will contribute. The results are of interest in the case
of Bay K 8644, for comparison with results obtained
by other workers in vitro (see below).

Discussion

Bay K 8644 showed some antagonist actions against
the general anaesthetic effects of all three drugs
studied, but the pattern of changes varied. With
ethanol and argon a small shift to the right of the
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Figure 2 The time courses of the actions of Bay K
8644 on the anaesthetic actions of (a) ethanol and of (b)
pentobarbitone. The ED,, values were obtained from
the dose-response lines, such as those illustrated in
Figure 1, which were obtained every Smin from the
start of the experiments to waking. The percentages
were calculated using the control ED,, values at each
time point (i.e., the ED;, values in control animals
given vehicle injections rather than Bay K 8644). (In (b)
the numbers of animals with loss of righting reflex 5 min
after injections of Bay K 8644, 5 and 10mg kg™*, with
pentobarbitone, were insufficient to enable calculation
of ED, values.)

Bay K 8644: 1 mgkg™! (W), Smgkg™! (O), 10mgkg™*
((m)X

O —
(2]

dose-response curve was seen with I mgkg™! Bay K
8644, but the higher doses of the calcium channel
activator (5 and 10mgkg~") potentiated the general
anaesthesia. The effects of Bay K 8644 were dose-
dependent to an extent, in that the two higher doses

produced greater or substantially different responses
to the lowest dose, 1 mgkg~!. However, the effects of
the highest dose 10mgkg™' were not significantly
different from 5mgkg™?!, suggesting that the effects
of Bay K 8644 on anaesthesia may be via a saturable
mechanism. Previous experiments (unpublished
results) showed that loss of righting reflex did not
occur when high doses of Bay K 8644, up to
100mgkg~!, were given alone. This was in agree-
ment with previous observations (Bolger et al., 1985).
Bay K 8644 has behavioural effects when given alone
including ataxia and limb clonus (Bolger et al., 1985).
However, these did not preclude the use of loss of
righting reflex as an endpoint in the present experi-
ments as the clonus was not seen after the anaes-
thetic administration.

Consideration was given to possible phar-
macokinetic interactions in explaining the effects of
Bay K 8644 on anaesthetic potency. Although it was
conceivable that Bay K 8644 might have altered the
amount of anaesthetic in the brain, it is difficult to
postulate a mechanism by which this could occur, in
view of the different effects on different anaesthetic
agents. Bay K 8644 did not significantly alter blood
ethanol or pentobarbitone concentrations, or brain
pentobarbitone concentrations, after any of the
doses tested (Table 2). These results exclude a phar-
macokinetic explanation of the effects of Bay K 8644
on the general anaesthetic actions of pentobarbitone
and ethanol.

As Bay K 8644 has been shown to produce a
rapid rise in systemic blood pressure (Schramm et
al., 1983), the question was addressed whether hyper-
tension per se is capable of altering anaesthetic
potency. Steffey & Eger (1975) examined the effects
of inotropic and vasopressor drugs on halothane
MAC in dogs (MAC is the minimum alveolar con-
centration of an anaesthetic that will prevent
response to a noxious stimulus). Although the MAC
value for halothane was increased by infusions of
ephedrine and mephentermine (which increase
central catecholamine release), other vasoconstric-
tors without central effects, e.g. phenylephrine,
metaraminol, methoxamine, at doses which
increased blood pressure by 50-100%, did not alter
the MAC value. These results indicated that arterial
hypertension per se did not affect the general anaes-
thetic potency. In the present experiments, methox-
amine, 8 mgkg ™!, did not affect significantly ethanol
or pentobarbitone anaesthetic potencies (Table 1d).
It therefore seemed unlikely that the hypertensive
action of Bay K 8644 was responsible for the
changes seen in general anaesthetic potency. The
effects of Bay K 8644 on regional cerebral blood flow
were not assessed, and have not been reported in the
literature. It would be difficult to propose a mech-
anism by which altered regional cerebral blood flow
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Table 2 (a) Blood ethanol concentrations, in mg 100ml~! whole blood, (i) 30min after injection of ethanol,

4mgkg~!; (i) 2 h after injection of ethanol, 2gkg ™!

Treatment

Ethanol (mgml~?) n
(i) Vehicle 290 + 12 9
Bay K 8644, 10mgkg™! 275+ 12 9
(ii) Vehicle 51+3 8
Bay K 8644, I1mgkg™*! 65+ 8 8
(b) Plasma concentrations of pentobarbitone in ugml ~! plasma, 30 min after injection of
pentobarbitone, 60mgkg ~!

Pentobarbitone

Treatment (ugml~?) n
Vehicle 15+1 8
Bay K 8644, 10mgkg ™! 19+2 8

(¢) Whole brain pentobarbitone concentrations, in ugmg ™! wet weight of tissue. Brains removed

10min after injection of pentobarbitone, (30mgkg ~!)

Pentobarbitone
Treatment (ugg™ n
Vehicle 18+2 6
Bay K 8644, 10mgkg ™! 17+1 6

Samples taken after administration of either Bay K 8644 or vehicle. The latter injections were made at the same
time as those of the anaesthetics; all injections were by the intraperitoneal route.

Values are mean + s.e. mean.

could affect the distribution of different anaesthetics
in such a variety of ways.

The biphasic effects of Bay K 8644 on ethanol and
argon anaesthetic potencies are interesting in view of
recent reports that Bay K 8644 can possess both
Ca?* agonist and antagonist properties (Hess et al.,
1984; Garcia et al., 1984). The positive inotropic and
vasoconstrictor actions of Bay K 8644 showed bi-
phasic effects. In heart and smooth muscle prep-
arations the dose-response curves are bell-shaped. At
concentrations greater than 10”7 to 107°Mm the
agonist effects of Bay K 8644 declined (Schramm et

Table 3 Whole brain concentrations of Bay K
8644, in ng g~ ! net weight of tissue, and calculated
molar concentrations

Dose of

Bay K 8644 Bay K 8644 Bay K 8644

(mgkg™*) (ngg™") (um) n
1 358 +21 1.0+ 0.1 8
5 1663 + 65 46+ 0.2 8

10 4216 + 295 11.8 + 0.8 8

Values are mean + s.e. mean. Brains removed 20
minutes after i.p. injection.

al., 1983; Dube et al., 1985). In isolated heart prep-
arations Bay K 8644 showed a negative inotropic
effect at greater than 3 um, which could be reversed
with additional Ca%* (Thomas et al., 1984). The situ-
ation is further complicated by the fact that differ-
ences have been found between the stereoisomers of
Bay K 8644; the (+)-isomer was shown to possess
calcium channel antagonist properties (Schramm et
al., 1985). The isomers of Bay K 8644 were not avail-
able at the time of this study, so we were unable to
compare their effects.

In the present experiments, brain concentrations
of Bay K 8644 were measured in mice at the time
and doses to correspond to the observed effects on
anaesthetic potency. Bay K 8644 1, 5 and
10mgkg~?! produced whole brain concentrations of
approximately 1.0, 5 and 12 um respectively, so the
concentration at which Bay K 8644 changed from
antagonism to potentiation of anaesthesia occurred
between 1.0 and S uM, which agreed very closely with
the concentrations at which changes between CaZ*
agonism and antagonism occurred in cardiac and
smooth muscle preparations (Schramm et al., 1983;
Thomas et al., 1984), as well as inositol phospholipid
hydrolysis in brain (Hudspith & Littleton, 1986). The
biphasic effects of Bay K 8644 on ethanol and argon
anaesthetic potency could therefore be explained by
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this compound acting as a partial agonist at neuro-
nal Ca2* channels. :

As an agonist, at the lowest dose, 1 mgkg™!, Bay
K 8644 would increase neuronal Ca2* entry, in the
opposite direction to anaesthetic drugs (Carmichael
& Israel, 1975). As an antagonist, at the higher doses,
5and 10mgkg~!, Bay K 8644 may affect anaesthetic
potency in a similar manner to other Ca?* antago-
nists (Dolin & Little, 1986) by reducing Ca%* entry.
These effects may be mediated through changes in
the release of neurotransmitters. A wide variety of
transmitters have been shown to be released by Bay
K 8644, including dopamine (Woodward & Leslie,
1985), 5-hydroxytryptamine (Middlemiss & Sped-
ding, 1985), acetylcholine (Middlemiss, 1985) and
catecholamines (Garcia et al., 1984). However, post-
synaptic effects may also be important, and release
from cell bodies rather than nerve terminals may be
involved (Littleton & Little, 1987).

Bay K 8644 produced a consistent antagonism of
pentobarbitone anaesthesia, and did not display the
biphasic effects seen with ethanol and argon. Ethanol
and argon are relatively simple chemical structures
that have not been shown to undergo any specific
receptor-mediated interactions. On the other hand,
barbiturates have specific structure-activity relation-
ships with binding sites in the central nervous system
(Ticku & Olsen, 1978). The binding site for barbitu-
rates has been shown to exist on the GABA chloride
ionophore complex. This site has not been shown to
be associated with a Ca?* conductance, although
clear effects of barbiturates in decreasing calcium
influx into neurones have been demonstrated (e.g.
Elrod & Leslie, 1980). There is a certain amount of
doubt that the specific interactions of barbiturates
are responsible for their anaesthetic properties (see
Introduction), and these drugs still obey the relation-
ship between lipid solubility and potency (Hansch &
Anderson, 1967). The specific interactions may
account for the different patterns seen with Bay K
8644. Barbiturates have been shown to displace
[*H]-nitrendipine biniding, although for a series of
barbiturates there was a poor correlation between
general anaesthetic and displacement potencies
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