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The exposure to chemical warfare agents is not restricted to the battlefield
but as humans may be poisoned with nerve gases either from a chemical
warfare stockpile or even in a public place. The recent use of nerve gas
Sarin in a subway of Japan by a fanatic group has triggered global
consternation about the extremists and homemade weapons of mass
destruction. Nerve agents are organophosphorus (OP) compounds that
exert acute toxic manifestations principally by inhibiting the enzyme
acetylcholinesterase (AChE) resulting in a variety of physiological
alterations and ultimately death from respiratory failure (Brimblecombe
1977). However, pharmacological studies indicate that nerve agents have
plethora of actions other than inhibition of AChE (Worek and Szinicz
1995, Corbier and Robineau 1989, Robineau and Guittin 1987).

Several studies have revealed that acute intravenous (i.v.) administration
of an OP agent increased blood pressure in cat, dog and rat (Brezenoff
and Giuliano 1982, Lang and Rush 1973), while subcutaneous (s.c.)
administration produced marked hypotension (Preston and Heath 1972).
In a recent communication from this laboratory, it has been reported that
i.v. administration of DFP/sarin produced a dose-dependent hypertension
involving cholinergic-catecholaminergic interaction in rats. Subcutaneous
administration of DFP/ sarin was found to produce a dose-responsive
hypotension mediated through muscarinic receptors (Dube et al 1993).
However, the mechanism of cardiovascular toxicity induced by nerve
agents still remains obscure. Therefore, the effects on blood pressure,
heart rate, tracheobronchial response, neuromuscular transmission, and
modulatory role of various pharmacological agents were studied after
systemic administration of VX (O-ethyl S-[2- (diisopropylamino) ethyl ]
methyl phosphonothioate) to delineate the distinction in mechanism of
action from other OP compounds.
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MATERIALS AND METHODS

Male Wistar rats (150-200g) were bred in Animal Facility of Defence R &
D Establishment, Gwalior and were housed in propylene cages and
provided gold mohur laboratory feed from Brooke Bond Lipton India
Limited, India and water ad libitum.

The nerve agent, VX was synthesized in the Synthetic Chemistry Division
of Defence R & D Establishment, Gwalior. O-Ethyl methylphosphonothioic
acid on reaction with N,N-diisopropylethyl chloride in the presence of
triethylamine yields VX with >95% purity as confirmed by gas chromato-
graphic analysis. Atropine sulphate was purchased from Plantex Ltd,
Israel. Tolazoline and all other drugs/ chemicals were procured from Sigma
Chemical Co.(St. Louis, MO, USA) and RBI USA.

Rats were anaesthetised with pentobarbitone sodium (40 mg/kg,i.p.) for
recording various physiological parameters on a Grass Polygraph (Model
7-16P-35). In order to eliminate the influence of vagus activities especially
on the cardiovascular system, bilateral vagotomy was performed and the
animals were maintained on positive pressure ventilation using a rodent
ventilator (Ugo Basile Model 7025, Comerio, Italy) whenever required. A
bronchospasm transducer (Ugo Basile Model 7020, Italy) was used to
measure the tracheobronchial constriction/spasm; i.e. tracheobronchial
response (TBR). The signals generated were fed to a low level D.C.
preamplifier (Model 7Pl) to record the TBR. The carotid artery was
cannulated and connected to a Statham transducer to record blood
pressure (BP) using a low level D.C. preamplifier (Model 7Pl). The pulse
signals were also fed into the tachograph preamplifier (Type 7P4) to record
heart rate (HR). Neuromuscular transmission (NMT) of the gastrocnemius
muscle was recorded using force transducer (Model FT 03) as described
earlier (Dube et al 1993).

Bilateral adrenalectomy was performed under ether anaesthesia and both
adrenal glands were removed aseptically as described by Matin et al
(1989). Antibiotic administration was stopped 48 hrs before the actual
experiment and the adrenalectomised rats were used on 10th day following
surgery.

The physiological responses (BP, HR, TBR and NMT) were studied after
a stabilization period of about 30-60 min. The same variables were also
recorded following systemic administratation (i.v. and s.c.) of various doses
of VX (5, 10, 20 and 40 µg/kg) at 15 min interval. Each animal received
only one dose of VX, whereas control animals received an equal volume
of normal saline and maintained similar to experimental animals. Each
group consisted of 5 rats.
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Data are expressed as means ± S.E. and are presented as percent of
initial basal control values. Statistical significance was taken as P<0.05 by
student’s ‘t’ test.

RESULTS AND DISCUSSION

The absolute basal values varied between 332 ± 22 and 384 ± 23 (heart
beat/min); 92±8 and 114 ± 10 mm Hg (mean atrerial pressure). The i.v.
administration of VX (5, 10, and 20 µg/kg) in positive-pressure ventilated
rats produced a dose-dependent prolonged increase in blood pressure
(106-130 % of control), a decrease in heart rate (94-57% of control) and
potentiation of the simple muscle twitch (102-130 % of control) at 2-30 min
(Figure 1 and , Table 1) without showing any significant effect on tracheo
bronchial response (data not shown). A higher dose of VX (40 µg/kg,i.v.)
produced a marked rise in blood pressure (160% of control) and a
decrease in heart rate (43 % of control) leading to shock and ultimately
death within 15-30 min (Table 1).

The administration of VX by a s.c.route produced a dose-dependent
transient decrease in blood pressure (85-68 % of control) at 2 min with
a tendency towards recovery after 30 min (Table 1). However, the
decrease in heart rate was dose responsive and maintained even after 30
min, in spite of the normal blood pressure. There was no significant effect
on simple muscle twitch and tracheobronchial response 2-30 min following
s.c. administration of various doses of VX.

Bilateral adrenalectomy as well as tolazoline pretreatment (5 mg/kg, i.v.)
did not modify the cardiovascular response to intravenously administered
VX. The vasopressor and bradycardiac responses also remained
unaltered (data not shown) with pretreatments of hexamethonium (1 mg/kg)
and propranolol (1 mg/kg). However, the pretreatment with atropine (10
mg/kg, i.v.) completely antagonised the hypertensive and bradycardiac
effect of intravenously administered VX (Figure 2). Pretreatment with
atropine also antagonized the transient hypotension, bradycardia, and
potentiation of muscle twitch following subcutaneous administration of
VX.

The toxic manifestations during OP intoxication result from inhibition of
AChE leading to an accumulation of acetylcholine in synaptic junctions.
Death due to OP intoxication attributed to respiratory failure (Willette et al
1984). However, recent studies have demonstrated that the toxicological
action on cardiac control mechanisms is equally important in producing
lethality (Takahashi et al 1991). Several reports indicate that in most
species the predominant effect of a systemic intoxication with OP is a fall
in blood pressure and bradycardia (Robineau and Guittin 1987, Worek et
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al 1995a and 1995b). VX administration by i.v. route can cause a rapid and
severe bradycardia and an initial increase in blood pressure followed by a
slow but progrssive hypotension in anaesthetized guinea-pigs (Worek and
Szinicz 1995). However, in contrast to this we observed a prolonged
increase in blood pressuire following i.v. administration of VX in rats,
suggesting that there is a species dependent effect of VX on blood
pressure. The vasopressor response and bradycardia induced by i.v. VX
adminstration as observed in the present study in rats is in agreement with
earlier reports in cat, dog, and rat (Brezenoff and Giuliano 1982).

Table 1 Effect of VX administration on blood pressure (BP), heart rate
(HR) and neuromuscular transmission (NMT) in anaesthetised
and artificially ventilated rats. Values are Mean % control ±
SEM, n=5; a=P<0.05 as compared to control.Tolazoline 5
mg/kg, i.v. 30 min before; Atropine sulphate 10 mg/kg, i.v.10
min before.

The s.c. administration of VX produced a dose dependent hypotension and
bradycardia. Our results are in agreement with the work of Robineau and
Guittin (1987) where they observed a significant decrease in heart rate,
atrial and left intraventricular pressures, contractility index, lengthening of
QT interval, ventricular tachycardia and atrioventricular blocks probably
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Figure 1 Effect of VX (20 µg/kg, i.v.) on blood pressure (BP), heart rate (HR),
tracheobronchial response (TBR) and muscle twitch in rats.

independent of muscarinic stimulation following s.c. administration of VX
in beagle dogs. Further, VX has also been shown to induce ventricular
arrhythmias due to Na, K ATPase inhibition in guineapig papillary muscles
(Corbier and Robineau 1989). Although atropine has been reported to
aggravate the OP induced arrhythmias or to induce ventricular
tachyarrhythmias or fibrillation (Baskin and Whitmer 1992) but in the
present study a complete antagonism of VX induced effects on blood
pressure and heart rate was observed without any deleterious effect.
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Atropine 10 mg/kg, i.v. VX 20 µg/kg, i.v.

Figure 2 Effect of VX (20 µg/kg, i.v.) on blood pressure (BP), heart rate (HR),
tracheobronchial response (TBR) and muscle twitch in atropine
pretreated rats.

An increase in endogenous brain ACh levels at central neuronal synapses
evoke a pressor response which is antagonized by atropine (Domino and
Wilson 1972) or by depletion of brain ACh with hemicholinium (HC-3),
which inhibits ACh synthesis (Yamamura and Snyder 1973). In the present
study atropine pretreatment completely abolished VX-induced pressor
responses suggesting that the hypertensive effect of VX is mediated
through muscarinic receptors. This is in contrast to earlier observation
where DFP/sarin-induced vasodepressor effects were antagonized by a
combination of atropine and tolazoline, indicating a cholinergic-
catecholaminergic interaction rather than muscarinic effect (Dube et al
1993). It is also reported that cholinergically evoked impulses originating
in the brain produced cardiovascular responses via increased peripheral
sympathetic activity (Bartholini and Pletscher 1971). Various workers have
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evaluated the effects of drugs known to impair the function of sympathetic
nervous system to study OP-induced, centrally mediated, cardiovascular
responses (Brezenoff and Ginliano 1982). But ineffectiveness of the
ganglion blocker hexamethonium, β adrenoceptor blocker propranolol and,
adrenalectomy repudiates the involvement of the sympatho-adrenal
system. Hypertension observed in bilateral vagotomized animals suggested
a possible effect on other afferent pathways to the brain stem. This
indicates that the pressor response results from a direct action on the CNS
and not from a reflex increase in cardiovascular activity.

Pretreatment with atropine significantly abolished a dose- responsive
hypotension and bradycardia following s.c. administration of VX. This may
be attributed to the stimulation of cholinergic vasodilatory fibres sensitive
to atropine. The difference in cardiorespiratory responses following two
routes of challenge, with VX may be due to variation in the rate of
absorption. The intravenous route provides direct access to the blood
stream and large vascular surface areas for absorption. Whereas the
subcutaneous route leads to slower absorption because of the limited
access to vascular beds (Franz and Hilaski 1990).

The results from this study indicate that the effect of VX on cardiovascular
system is species and route specific in anaesthetized rats and these
effects are mediated through muscarinic receptors. it seems logical to
conclude that the cholinergic system is predominant in mediating the
cardiovascular toxicity of VX which needs further investigation.
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