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Centrally mediated seizures are one of the toxic
signs that occur following poisoning with a very
toxic organophosphate (OP) soman (pinacolyl methyl
phosphonofluoridate). They are belived to be pri-
marily due to hyperactivity of the cholinergic sys-
tem as a result of decreased acetylcholinesterase
(AChE; EC 3.1.1.7) activity and increased endoge-
nous acetylcholine (ACh) level at central neuronal
synapses.

This convulsive activity creates a problem for
medical management and, if uncontrolled, can lead
to brain damage. A combined regimen of prophy-
laxis and therapy, consisting of pretreatment with
pyridostygmine and treatment with atropine and
oxime (mostly HI-6), is now generally agreed to be
the most effective medical countermeasure for dea-
ling with these poisonings (Dunn and Sidell, 1989;
Moore et al., 1995).

However, this combined treatment regimen does
not appear to block completely seizure activity and
concomitant motor convulsions (Leadbeater et al.,
1985). In many experimental animals these seizures
rapidly progress to status epilepticus and contribute
to the profound brain damage (Lemercier et al.,
1983; McLeod et al., 1984; Petras, 1994).

Therefore effective management of soman-indu-
ced seizures is critical for both minimalization of
brain damage and full recovery from the central ef-
fects of exposure. Undoubtedly, several anticholi-
nergic drugs (like scopolamine) can block in some
cases the onset of OP-induced seizures (Capacio
and Shih, 1991; Anderson er al., 1994). However,
effectiveness of these drugs is limited and in many
cases they do not prevent the onset of convulsions
(McDonough and Shih, 1993).

Benzodiazepines, especially diazepam, are very
effective in the treatment of OP-induced convulsions
when given as adjuncts to atropine and oxime (Lipp,
1972, 1973; Rump et al., 1972, 1973; Johnson and
Lowndes, 1974; and others) Although neuropatho-
logy was significantly reduced compared with ani-
mals that did not receive diazepam, the incidence
and degree of protection afforded were never com-
plete. Administration of diazepam before the start

of convulsions prevented expression of the patho-
logy, whereas, if diazepam was administered either
at the start of or at various times after the initiation
of convulsions the therapeutic benefit was quickly
lost (Clement and Broxup, 1993).

These observations suggested that the use of
diazepam must be initiated shortly after the expo-
sure to soman in order for any therapeutic benefit
to be realised. Otherwise administration of diazepam
would only control the seizures without a provid-
ing therapeutic benefit against the neuropathology.

Diazepam is now commonly used for the mana-
gement of convulsions in OP intoxications. In many
countries diazepam is provided to military forces
in a special autoinjectors to deliver the drug i.m. by
ordinary soldier as quickly as possible after the con-
tact with OP (Moore et al., 1995).

Unfortunately, diazepam, alongside anticonvul-
sant and anxiolytic activity has sedative and myo-
relaxant properties. Therefore when diazepam would
be used in combat conditions in autoinjector by
non-professional people without real intoxication
with OP (e.g. as a result of a false chemical alarm)
a performance decrement and a decrease of fight-
ing ability of the soldier due to sedative and myo-
relaxant properties of this drug could be a real
consequence.

From the military point of view there is a need
to search other anticonvulsant drugs which could
control the OP-induced seizure activity and do not
produce the unwanted side-effects and performance
decrement.

Partial benzodiazepine receptor agonists are re-
garded as producing sedation and ataxia only when
given in very high doses (Bernard et al., 1985).
Imidazenil, recently reported imidazobenzodiazepine
derivative (Giusti et al., 1993) and partial allosteric
modulator of benzodiazepine receptors seems to be
of special interest.

Recently we reported the effects of imidazenil
in acute poisonings with DFP (Rump et al., 2000).
Now, we tried to determine whether imidazenil could
be used effectively and safely as anticonvulsant also
in acute poisonings with soman.
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Material and Methods

Experiments were performed on Swiss strain
male mice and Wistar strain male rats housed in a
temperature controlled room (23 * 1 °C) with free
access to standard food and water. Experiments were
carried out in accordance with the requirements of
the Polish State Animal Protection Act (Scientific
Procedures) and experimental design was approved
by the local Ethical Committee of the Institute.
Soman (pinacolyl methylphosphonofluoridate) of
98% purity was used. It was dissolved in propylene
glycol to 10% concentration and kept at 4 °C. This
stock solution was diluted to the desired concentra-
tion with redistilled water just before the experi-
ment. Imidazenil (6-(2-bromophenyl)-8-fluoro-4H-
-imidazo[1,5-a]benzodiazepine-3-carboxamide) was
dissolved in a solvent proposed for diazepam by
Crankshow and Raper, 1971). Compound HI-6
([[[(4-aminocarbonyl) -pyridino] methoxy]methyl]-
-2-[(hydroxyimino)methyl] pyridinium dichloride)
and atropine sulphate were dissolved in redistilled
water and diazepam (Valium - Hoffmann-LaRoche)
was used in the original solution as supplied.

Anticonvulsant Efficacy

Effects on convulsions intensity were determined
on mice using convulsometer (Columbus Instru-
ments, USA). The control group received soman
(200 pg/kg s.c.) and in order to increase the survival
rate HI-6 (75 mg/kg i.p.). Experimental groups ad-
ditionally received imidazenil (2 mg/kg i.p.) or
diazepam (5 mg/kg i.p.) immediately after the in-
toxication. Intensity of convulsions was measured
at 10, 30, 60 and 120 min after the treatment and
expressed in g/s.

Effects on seizure bioelectrical activity of the
brain was studied on rats with chronically implan-
ted cortical stainless steel electrodes. Animals were
divided into three groups (control and two experi-
mental). Bioelectrical activity was registered every
5 min for 30 min using Grass Model 78 Polygraph
in control group receiving soman (180pg/kg i.p.)
and to increase the survival rate HI-6 (80 mg/kg
i.p.) and methylatropine (10 mg/kg i.p.). Experi-
mental groups were treated additionally with imi-
dazenil (5 mg/kg i.p.) or diazepam (5 mg/kg i.p.).
Four stages of intensity of seizure activity was de-
termined according to Lallement et al. (1994):

» stage 1 — absence of spikes or sharp waves;

» stage 2 — discrete spikes and sharp waves on a
normal background;

» stage 3 — high voltage spikes and sharp waves
on a suppressed background;

e stage 4 — continuous or bursting high voltage
spiking.

Antilethal Efficacy

Antilethal effectiveness was examined on mice
as the influence of imidazenil (2 mg/kg i.p.) or
diazepam (5 mg/kg i.p.) on the efficacy of standard
therapy consisted of atropine (10 mg/kg i.p.) and
HI-6 (75 mg/kg i.p.) by means of determination of
LDs, value of soman given s.c. for 2 and 24 h ob-
servation using the method decribed by Thompson
(1947).

Statistical Analysis

Data analysis was performed using Student’s
t-test for individual comparisons with the exception
of antilethal efficacy when Litchfield-Wilcoxon
method with the use of program set up by Tallarida
and Murray (1987) was employed. A p-value of 0.05
ort less was required for significance.

Results

Effects on convulsions intensity of imidazenil
given in a dose of 2 mg/kg i.m. were comparable
with the effects of diazepam given in a dose of
5 mg/kg i.m. (Fig. 1). Both drugs diminished the
intensity of soman-induced convulsions in the mouse
immediately after application and their effects could
be observed within 2 h.

—— control ~-==- jmidazenil

-—-- diazepam

40 -

30 L

20

10

*

g

?_,::'JSZ'#—*:%::::--“-

To 30
time [min]

e

Draz

0

-
PO

0

“Intensity of convulsions [gram of force]

Fig. 1: Effects of imidazenil (2 mg/kg ip.) and diazepam
(5 mg/kg i.p.) on convulsions induced by soman (ug/kg s.c.)
in the mouse.
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Fig. 2: Effects of imidazenil (5 mg/kg i.m.) and diazepam
(5 mg/kg i.m.) on seizure bioelectrical activity of the rat brain
induced by soman (180 ug/kg i.p.).

Administration of soman (180 pg/kg i.p.) to the
rat resulted within 10 min in a spike activity in the
cortex (mean value of intensity 4) which lasted to
the end of experiment, i.e. till 30 min. Administra-
tion of imidazenil (5 mg/kg) decreased the intensity
of seizure activity significantly (Fig. 2). Effects of
diazepam (5 mg/kg) were similar though a little bit
higher.

Table 1

Effects of Tested Drugs on LDs; of Soman (ug/kg)
in the Mouse During 2h Observation

LDsq TI | TE

SMN 137 (126-150) 1 -

+ A+ HI-6 1216 (1165-1268) | 8.9 1

+ A + IH-6 + Imidazenil | 4415 (3386-5750) | 32.2 | 3.6

+ A +IH-6 + Diazepam | 3180 (2461—4103) | 23.2 | 2.6

Table 2

Effects of Tested Drugs on LDs, of Soman (ug/kg)
in the Mouse During 24h Observation

LDsg T | TE
SMN 137 (126-150) 1 -
+A +HI-6 856 (609-1204) | 6.2 1
+ A + IH-6 + Imidazenil | 2140 (1640-2790) | 15.6 | 2.5

+ A + IH-6 + Diazepam 1287 (808-1832) | 94 | 1.5

Antilethal efficacy in the mouse after 2 h ob-
servation is shown in the Table 1 and after 24 h
observation in the Table 2. Imidazenil (2 mg/kg
i.p.) and diazepam (5 mg/kg i.p.) when given as
adjuncts to the standard therapy consisted of atro-
pine and HI-6 increased the effectiveness of the

therapy for 2h observation 3.6 or 2.6 times, respect-
ively, and for 24h observation 2.5 and 1.5 times,
respectively.

Discussion

Diazepam is now commonly used for the mana-
gement of convulsions in OP intoxications and in
many countries is included into special antichemi-
cal kits issued to military personnel (Moore et al.,
2000). However, sedation and myorelaxation made
diazepam a not so optimal choice for treatment of
convulsions in these situations. This is of special
importance when diazepam is administered to a
person who was not intoxicated with OP. If we
decide to give diazepam into the hands of ordinary
soldier we should be aware that the incapacitation
of the soldier after improper use of the drug is a
real consequence. Our present results showed that
effectiveness of imidazenil in the management of
soman-induced convulsions is very close to the
effects of diazepam. Antilethal effects of imidazenil
is even higher than that of diazepam when these
drugs are given as adjuncts to the standard therapy
in poisonings with soman. Effects of imidazenil and
diazepam on motor co-ordination of the mouse in
rota-rod treadmill were reported elsewhere (Rump
et al., 2000). It was stated that diazepam in thera-
peutic doses (5 mg/kg i.p. in the mouse) elicited
strong effects and produced ataxia when imidazenil
decreased only slightly the performance ability in
doses higher than 10 mg/kg. To achieve the same
level of effects of diazepam at 5 mg/kg a dose of
imidazenil at 25 mg/kg was needed, i.e. a dose >
10 times higher than therapeutic dose (2 mg/kg in
the mouse).

However, imidazenil in any country is not ap-
proved and registered as a drug. Imidazenil, accord-
ing to Costa and Guidotti (1996) is considered as a
potential antiepileptic drug of new generation and
is now under the extensive clinical trials.If further
studies, especially those concerning the chronic
toxicity, confirm the positive initial opinion and
imidazenil would be registered it could become a
drug of choice for the management of convulsions
in OP intoxications. This is not only because of
similar effectiveness to diazepam but especially be-
cause of lack of unwanted central effects of imida-
zenil which allows to use this drug in combat con-
ditions unafraid to decrease the fighting ability of
the soldier.
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