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Summary. A comparison of antagonism by bicuculline or strychnine of the effects of GABA or ctomidate on rat isolated
superior cervical ganglia, frog isolated hemisected spinal cords and rat central neurones in vivo indicates that etomidate

has GABA-mimetic actions.

Etomidate is a novel short acting, non-barbiturate hypnotic
drug of high potency and low toxicity which is used in the
induction of anaesthesia. Etomidate is of particular interest
to the pharmacologist because it has 2 optical isomers, the
(+)-form being considerably more potent than the (—)-
form?

We have examined the effects of etomidate on rat neurones
in vivo and also on the isolated superior cervical ganglion
of the rat}, the isolated hemisected spinal cord of the
immature rat* and the isolated hemisected spinal cord of
the frog®. In all preparations the effects of etomidate were
depressed specifically by GABA antagonists, suggesting
that this drug produces its central depressant action by
mimicking the action of the inhibitory neurotransmitter.
Figure 1 shows the depolarizing effects of carbachol,
GABA, etomidate and pentobarbitone recorded from the
postganglionic nerve of the isolated superior cervical gan-
glion of the rat. Carbachol, GABA or (+) etomidate
produced dose dependent depolarizations of the ganglion
cells. Similar responses were recorded also from dorsal
roots of the isolated immature rat spinal cord. Responses to
(+) etomidate resembled those to pentobarbitone and were
slower in onset and of longer duration than those to GABA.
Responses produced by GABA, etomidate or pentobarbi-
tone, but not carbachol, were antagonised by bicuculline.
Responses to GABA or the 2 depressant drugs were unaf-
fected by hexamethonium.

Figure 2 shows potentials recorded from dorsal and ventral
roots of isolated frog spinal cords. GABA or (+) etomidate
produced depolarization of primary afferent fibres and
hyperpolarization of motoneurones. As with the superior
cervical ganglion and rat spinal cord, the responses to
etomidate were greatly prolonged in comparison to those of
GABA. Bicuculline (100 pM) depressed responses to
GABA or (+) etomidate and similar effects were observed
with picrotoxin (50 pM). Strychnine has been shown to
antagonize hyperpolarizations of frog motoneurones pro-
duced by f-alanine, taurine or glycine, but not those
produced by GABA®". Figure 2, B shows that hyperpolar-
izations of frog motoneurones produced by (+) etomidate
or GABA were unaffected by strychnine (1 pM), whereas

responses to taurine were abolished. Each antagonist
(bicuculline, picrotoxin or strychnine) was tested against
reponses produced by etomidate and GABA or taurine on
2 preparations; complete recovery of frog spinal cord
preparations from the antagonists was normally not sought
since this took 12 h or longer.

Dose response plots for depolarization of frog primary
afferent terminals produced by (+) or (—)etomidate and
recorded from a dorsal root are shown in figure 2, C. The
(+) isomer was 20 times more potent than the (—) isomer.
Responses to the (—) isomer were antagonized also by
bicuculline. These in vitro effects of (+) etomidate occur at
concentrations similar to those measured in brain (5-
30 uM) during behavioural and hypnotic effects®.

(+) Etomidate, applied microiontophoretically to 67 gluta-
mate excited neurones in the caudal medullary reticular
formation (n. reticularis ventralis), produced depression of
all of them. When the depressant actions of GABA, glycine
and (+) etomidate were compared it was found that the
mean currents necessary to produce the same level of
depression were similar for applications of glycine or (+)
etomidate whereas slightly higher currents were required
for applications of GABA. On 13 neurones which were
depressed by both GABA and (+ ) etomidate, iontophoreti-
cally applied bicuculline methobromide antagonized the
action of GABA on all of these cells and that of (+)
etomidate on 12 of them. An example of such an ex-
periment is shown in figure 3. On 5 similar neurones
strychnine was found to reverse the depressant action of
glycine but not that of (4 ) etomidate.

Thus, both in vivo and in vitro experiments show that
responses to etomidate are specifically antagonized by
known GABA antagonists, which indicates that etomidate
produces its central depressant effects by a GABA-mimetic
action. Pentobarbitone has also been shown to have
GABA-mimetic actions>!®, and it is interesting that the
relative GABA-mimetic potency of (+) etomidate and
pentobarbitone, indicated in figure 2, approximates to the
relative brain levels associated with the hypnotic effects of
these 2 drugs® !,
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Fig. 1. Continuous recording from postganglionic neurones of a rat
isolated superior cervical ganglion. Polarity was recorded between 2
electrodes placed in contact with the ganglion body and the distal
end of the postganglionic nerve. Upward deflection on the record
indicates an increase in negativity of the ganglion body correspond-
ing to depolarization of sympathetic neurones. The ganglion was
maintained at 20°C and superfused with Ringer solution at a rate
of 1 ml/min. The following drugs were dissolved in 2 ml of Ringer
solution and introduced as indicated. Carbachol 20 uM (C), pento-
barbitone 250 uM (PB), GABA 5 uM (GA) and (+) etomidate 25
uM (ET). The bar above B indicates the introduction of hexame-
thonium bromide 250 uM and the bar above D, introduction of
bicuculline 5 uM.

These GABA-mimetic actions could be caused either
directly by an agomst action of the drug on GABA recep-

tors or indirectly via release of, or potentiation'?'* of, the '

effects of endogenous GABA. An indirect GABA-mimetic
action involving endogenous GABA would seem unlikely
because, in the present study, pentobarbitone and etomi-
date had similar effects on both the rat isolated superior
cervical ganglion and the rat isolated spinal cord. The
ganglion unlike the spinal cord does not possess GABA
containing nerve terminals thus the distribution and release
of endogenous GABA in these 2 tissues would be quite
different.

Etomidate was consistently less potent than GABA in
evoking depolarizations of sympathetic neurones (figure 1)
or primary afferent terminals of the rat spinal cord. The
true molar potency at receptors, of etomidate compared to
GABA would be difficult to.determine because of the
operation of removal systems for GABA. However, the
persistence of etomidate and similar drugs in the vicinity of
GABA receptors may be more important than the potency
relative to GABA in determining the in vivo depressant
action.
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Fig. 2. Recordings from dorsal or ventral roots of 3 isolated
hemisected spinal cords of R.temporaria. Upward deflection indi-
cates increased positivity of the distal end of a root corresponding
to depolarization of afferent fibres (DR) and motoneurones (VR).
The hemicords were maintained at 12°C and the Ringer solution
contained tetrodotoxin 0.1 uM to abolish indirect actions; other
details as for figure 1. 4 Dorsal root record showing effect of
bicuculline 100 pM. GABA 2 mM, (+) etomidate 50 uM. B
Ventral root record showing effect of strychnine 1 uM. (+)
Etomidate 50 pM, GABA 50 pM, taurine 50 uM (T). C Comparison
of potency of (+) and (—) etomidate. Primary afferent depolariza-
tions recorded as in A.
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Fig. 3. Analogue ratemeter records of the firing of a single reticular
formation neurone in the halothane anaesthetized rat; abscissa,
time in minutes. Iontophoretic application of GABA (GA, filled
bar) with a current of 20 nA depressed the firing rate of this
neurone as did a similar application of (+) etomidate (ETO, open
bar). 4 min after the start of a continuous application of bicuculline
methobromide (BMB, hatched bar) with a current of 15 nA the
effectiveness of both GABA and etomidate applications was
reduced and 2 min after switching off the bicuculline methobro-
mide control responses -were obtained to both GABA and etomi-
date. The increase in firing rate during bicuculline methobromide
is independent of the antagonist action of this compound!. Before
BMB was applied GABA and (+) etomidate respectively produced
a 61% and 42% depression of firing, During the BMB these values
were reduced to 19% and 12% depression and on recovery values
of 60% and 50% depression were obtained. The drug solutions
placed in the electrodes were as follows; etomidate 0.2 M nitrate
salt in distilled water, GABA 0.2 M, pH 3.5, bicuculline metho-
bromide 5 mM in 150 mM NaCl pH 3.5.
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Histological changes in thyroid of rat under the acute exposure of O-chloro-benzylidine malononitrile

A.R. Chowdhury, M.B. Deshmukh, C.D. Raghuveeran, A. B. Nashikkar and A.K. Chatterjee
Defence Research and Development Establishment, Toxicology Division, Gwalior-474002 (India), 1 March 1978

Summary. This communication describes histological changes in the thyroid gland of rats under the acute stress of
O-chlorobenzylidene malononitrile (CS) (10 mg/kg and 20 mg/kg). It has been observed that CS, when injected, causes
histological changes in the thyroid of varying degrees, depending on the dose used.

O-Chlorobenzylidene malononitrile (CS) was originally
developed as a riot control agent (Lacrimator)?. Recently
Chowdhury et al® had reported the changes in histology
and cytometry of the adrenals of rats after i.p. administra-
tion of sublethal doses of O-chlorobenzylidene malononi-
trile (CS). The present communication deals with the
histological changes of the thyroid of rats on the same
treatment with CS.

Materials and ‘methods. CS was synthesized according to
standard methods®. 30 female albino rats (180+5 g) from
the DRDE colony were used in the experiment. The
animals were divided equally into 3 groups. The 1st group
(group A) was the control, the 2nd and 3rd groups were
injected with a solution of CS in olive oil at a dosages of
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Fig.2. 20 mg/kg CS shows the complete degeneration of thyroid
gland. % 200.
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10 mg/kg (i.p.) (group B) and 20 mg/kg (i.p.) {(group C)
respectively for 10 days. The control animals were injected
with equivalent amount of olive oil daily for 10 days. The
doses were 25% and 50% of the LD.,* for female rats
(LDs,=40 mg CS/kg i.p.). On the 11th day, the animals
were sacrificed by cervical dislocation. The thyroid was
dissected out and fixed in Bouin’s fluid for routine histolog-
ical processes.

Result and discussion. The histological pattern of the
thyroids showed an orderly arrangement of thyroid follicle
with an oval nucleus (figure 1} in the control group. After
the administration of CS at a dosage of 10 mg/kg, mild
degenerative changes were noticed in the thyroid follicle.
Follicular epithelium and nuclei in this dosage were highly
hyperproliferative, and most of the follicles were filled up
with a lower amount of thyroglobulin; the nuclei were
vacuolated, but at the dosage of 20 mg/kg, there was
complete degeneration of thyroid follicle and in addition
calciolysis of the cellular material (figure 2) was observed.
Histological changes of the thyroid during acute and chron-
ic stress have been discussed by Brown-Grant et al.5 It has
been observed by many workers’ that physical stresses, such
as haemorrhage, trauma and the injection of irritating
substances, induce a prompt and prolonged inhibition of
thyroid secretion, presumably as a consequence of dimi-
nished release of TSH. The degenerative changes in the
thyroid gland recorded in this paper might also be due to
continuous inhibition of the secretion of TSH leading to the
atrophy of the thyroid follicle; however, a direct toxic
action on the thyroid cannot be ruled out.
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