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ABSTRACT

O-isobutyl S-[2-(diethylamino)ethylJmethylphosphonothioate (VR), an extremely toxic
organophosphorus compound, is known to cause cholinergic hyperfunctions, seizures,
convulsions, cardiorespiratory failure, and death (Chang et al., 1998). In this study, the
effectiveness of scopolamine in antagonizing VR-induced pathophysiology and lethality was
evaluated in guinea pigs chronically instrumented for concurrent recordings of electrocorticogram
(ECoG), diaphragm electromyogram (DEMG), Lead II electrocardiogram (ECGm) and neck
skeletal muscle electromyogram (NEMG). Thirty (30) min prior to intoxication with a 2xLDso of
VR (22.6 pug/kg, sc;), the guinea pigs were pretreated with pyridostigmine (0.026 mg/kg, im).
Within 1 min after VR intoxication, the animals were treated with 2-PAM (25 mg/kg, im) and
scopolamine (0.1, 0.25 or 0.5 mg/kg, im). All animals survived the VR challenge 24 hr later.
None of the animals of three scopolamine dose groups displayed seizures or convulsions. In
animals receiving 0.1 mg/kg scopolamine, however, 33% developed a brief period (3-5 min) of
elevated cortical excitability. Scopolamine was also remarkably effective in reversing VR-induced
cholinergic hyperfunctions and cardiorespiratory dysfunctions. Restoration of cardiorespiratory
functions following scopolamine was prompt: With the exception of transient periods of mild
tachycardia and tachypnea, the cardiorespiratory activity profiles of all three scopolamine dose
groups appeared normal throughout the course of intoxication and recovery. In summary, findings
from this study showed that while lethality can be averted with only 0.1 mg/kg scopolamine, a
higher scopolamine dose (e.g., 0.25 or 0.5 mg/kg) seemed to provide much better protection
against VR-induced CNS excitability and cardiorespiratory dysfunctions.
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INTRODUCTION

O-isobutyl S-[2-(diethylamino)ethylJmethylphosphonothioate (VR) is a recently disclosed
novel chemical warfare agent from Russia (Szafraniec et al., 1995). VR, an extremely potent
acetylcholinesterase (AChE) inhibitor (Maxwell et al., 1997), is a structural isomer of a more
widely known organophosphorus (OP) chemical warfare agent, O-ethyl S-[2(diisopropylamino)-
ethyl]methylphosphonothioate (VX). VR is extremely toxic. Maxwell and co-workers (1997)
have shown that the guinea pig LDso of VR (11.3 pg/kg, sc; range, 9.9-12.6 ng/kg) was quite
similar to that of VX (8.9 ug/kg, sc; range, 7.6-10.2 ng/kg).

Acute exposure to a lethal dose of VR in guinea pigs has been shown to cause progressive
cardiorespiratory depression and death (Chang et al., 1998; 2002; Maxwell et al., 1997).
Experimental therapeutics investigations (Chang et al, 2002; Maxwell et al., 1997; Shih and
McDonough, 2000) showed that VR-induced lethality and other life-threatening cardiorespiratory
symptoms can be antagonized with a regimen involving carbamate pretreatment and oxime/
atropine treatment (Dirnhuber et al., 1979; Dunn and Sidell, 1989; Keeler et al., 1991; Leadbeater
et al., 1985). While this regimen was effective in preventing lethality, it had little, if any, impact
on the development and progression of seizures unless an anticonvulsant adjunct (e.g, diazepam)
was also given following exposure. Further evaluation of this pretreatment/therapy regimen
revealed that, all else being equal, increases in atropine dose levels (from 2 mg/kg to 8 or 16
mg/kg) can, in an incrementally more effective manner, block VR-induced seizures and restore a
variety of aberrant cardiorespiratory activities to a level comparable to that of control (Chang ez
al., 2002). OP-induced seizure activity is an important medical management issue since sustained
periods of uncontrolled cortical excitability can cause brain injury and prolonged physical
incapacitation (Churchill ez al., 1985; Lallement et al., 1991; 1993; 1994; Lemercier et al., 1983;
McLeod, 1985; McDonough et al., 1989; Petras, 1994). Currently, diazepam (10 mg
intramuscular autoinjector) is made available to the U.S. military personnel for controlling
seizures and/or convulsions in the combat environment. Notwithstanding, the extent of CNS
protection offered by diazepam has recently been questioned (Baze, 1993; Clement and Broxup,
1993; Hayward et al., 1990; Martin et al., 1985; McDonough et al., 1995; Phillipens et al., 1992)
and anticonvulsant compounds other than benzodiazepine derivatives are currently being sought
and evaluated.

Based on findings derived from an earlier investigations (Chang et al., 1998), we began to
focus our attention on scopolamine as a potential alternative for antagonizing VR-induced
seizures. Scopolamine (hyoscine) is a belladonna alkaloid that possesses anticholinergic activities
similar to those of atropine. The potential of scopolamine as an antidote for OP poisoning has
been the subject of investigation in this laboratory for many years (Capacio and Shih, 1991; Harris
et al., 1994; Lennox et al., 1992; Solana et al., 1991). Anderson and co-worker (1994; 1997)
argued further that scopolamine could possibly replace atropine or diazepam, or both, as a
therapeutic compound against soman toxicities. The purpose of this study is to examine more
closely the effectiveness of scopolamine in antagonizing VR-induced seizures, convulsions,
cardiorespiratory dysfunctions and death.




METHODS

Surgical Instrumentation. Eighteen (18) barrier raised male Hartley albino guinea pigs (Cavia
porcellus) weighing between 550-1010 g were used in this study. Each animal was surgically

instrumented for concurrent electrophysiological recordings of i) electrocorticogram (ECoG); ii)
diaphragmatic electromyogram (DEMG); iii) neck skeletal muscle electromyogram (NEMG); and
iv) Lead 1 electrocardiogram (ECGr; from which heart rates could be derived). ECoG was
monitored to evaluate changes in CNS excitability (such as seizures) in response to VR and
pretreatment/therapy. DEMG activity recordings were made to provide information concerning
the animal's ventilatory status as well as the extent of perturbation and recovery in diaphragmatic
function throughout the course of VR intoxication and therapy. Neck skeletal musculature
(NEMG) activities were documented to assess the extent of aberrant changes in skeletal muscle
activity (such as fasciculation). Finally, ECGp signals and heart rates were surveyed to reveal
changes in general cardiovascular status of the animal and the functional integrity of the
myocardium throughout the course of VR intoxication and therapy. Methods of surgery and
chronic instrumentation procedures for electrophysiological recordings of diaphragmatic
electromyogram, ECoG, ECGu and NEMG have been documented elsewhere (Chang and Harper,
1989, Chang et al., 1998). Readers are referred to the reports cited above for technical details.

Intoxicant. Stock solutions of O-isobutyl S-[2-(diethylamino)ethyl]methylphosphonothioate (VR;
1 mg/ml) were obtained from the chemical surety materials facility of the U.S. Army Medical
Research Institute of Chemical Defense. Working solution (45.2 pg/ml) of VR was prepared from
stock aliquots minutes before intoxication. In this study, each animal was intoxicated with a 2-
LDso VR dose (22.6 pug/kg, sc; dose volume, 0.5 ml/kg).

Pretreatment and Therapy. Each animal was pretreated with pyridostigmine hydrobromide (0.026
mg/kg, im; dose volume, 0.25 ml/kg) thirty (30) minutes prior to VR intoxication. Seconds after

VR administration, a therapy admixture (dose volume, 0.25 ml/kg; im) of scopolamine
hydrobromide (0.1, 0.25 or 0.5 mg/kg) and 2-PAM chloride (25 mg/kg) was given

intramuscularly.

Experimental Group Design. Animals (n=18) were randomly assigned to three (3) experimental
groups (n=6 per group). All animals received the pyridostigmine pretreatment followed by VR

intoxication and a therapy mixture of scopolamine and 2-PAM. For Groups 1, 2 and 3, the
scopolamine dose levels in the therapy mixture were 0.1 mg/kg, 0.25 mg/kg, and 0.5 mg/kg
respectively.

Electrophysiological Recording. Each animal served as its own control. Cardiorespiratory activity

profile and other physiological variables were continuously monitored and recorded throughout
the course (=6-8 h) of intoxication and recovery. A final 15-min recording was made 24 h after
VR intoxication and pretreatment/therapy.

ECoG, DEMG and NEMG signals were amplified and band-pass filtered (DEMG and NEMG,
50-7,500 Hz; ECoG, 0.5-500 Hz). All physiological activities and experimental events were
recorded with a multi-channel FM analog tape recorder.




Data Analysis. Data analyses were performed off-line. Electrophysiological data were analog-to-
digital converted and analyzed in accordance with the following scheme.

1. Power Spectral Analyses of DEMG and ECoG Activities. Power spectral analyses
(Childers, 1978) were performed to evaluate the extent of changes in DEMG and ECoG activities.
DEMG data were sampled at a rate of 5 KHz for 32.768 sec (20 epochs; 8192 points/epoch).
ECoG data were sampled at a rate of 625 Hz for 32.768 sec (20 epochs; 1024 points/epoch).
"Zero Mean" was applied to both DEMG and ECoG data. The running sums of DEMG data were
"cosine-tapered” before Fast Fourier Transforms were computed. DEMG spectra were smoothed
with a 15-point polynomial filter.

2. ECGr and heart rate data were normalized and expressed graphically as percentage of
control + standard error of the mean (SEM). Wherever appropriate, unpaired t-tests were
performed to assess the effect of VR and pretreatment/therapy on cardiorespiratory activity
patterns.

3. For clarity of data presentation, we have classified CNS and cardiorespiratory changes
throughout the course of VR intoxication and pretreatment/therapy into control stage and four (4)
experimental stages. The experimental stages were temporally designated as Post-VR Stages at 1)
+20-min, ii) +2-hr, iii) +6-hr, and iv) +24-hr.

RESULTS

The first signs of VR intoxication (ca. 3-7 min post-VR) began with oro-facial movements indicative
of excessive mucoid/salivary hypersecretion and heightened alerting responses to novel sensory (auditory,
visual, tactile) stimuli. As the toxicity progressed the animals started to exhibit mild tremors/fasciculations
and loss of righting reflexes. The symptoms mentioned above were consistently seen in Group 1 animals
(0.1 mg/kg scopolamine) with abating severity for about 2 h post-VR. These symptoms were much less
pronounced in Group 2 (0.25 mg/kg scopolamine) animals. Tremors and fasciculations were absent in
Group 3 (0.5 mg/kg) animals, although hyper-arousal and hypersecretion could still be observed. Within
about 1-2 h post-VR, Groups 2 animals were able to resume normal behavior and appeared symptom-free.
Hyper-arousal and hypersecretion disappeared completely in about half an hour. Parenthetically, more
severe cholinergic hyperfunctions typically associated with VR intoxication, such as bradycardia,
bradypnea, seizures, convulsions, etc. (see Chang et al., 1998; 2002), were not observed in any of the
animals across Groups 1-3.

Figure 1 (panels A-C) is an electrophysiographic depiction of CNS and cardiorespiratory
responses throughout VR intoxication and recovery. Cardiorespiratory changes were noticeable
only as modest increases in respiratory frequency and heart rate during the first 2-3 h after VR (see
Fig. 4; vide infra). The increase in cardiorespiratory activity profile can be attributable to vagally
mediated anticholinergic effects following scopolamine administration. Brief periods of elevated
cortical excitability lasting about 3-5 min were noted in 33% of Group 1 animals (0.1 mg/kg
scopolamine). No aberrant CNS activities (such as seizures) were noted in Groups 1-3 animals
throughout the course of intoxication and recovery. Irrespective of the scopolamine dose levels,
all animals recovered from a 2xLDso VR challenge and survived 24 h later with no indications of
neurobehavioral abnormalities.
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Figure 1 (A-C). An electrophysiographic depiction of VR-induced
pathophysiology and responses to pretreatment and therapy of three
representative animals from Groups 1-3. With the exception of varied
scopolamine doses (vide infra), all animals were pretreated with
pyridostigmine (0.026 mg/kg, im), intoxicated with VR (2xLD50 or 22.6
18/kg), and given 2-PAM (25 mg/kg, im) for acetylcholinesterase
reactivation. The scopolamine doses were: Group | (Fig. 1A), 0.1 mg/kg;
Group 2 (Fig. 1B), 0.25 mg/kg; and, Group 3, 0.5 mg/kg. Note that i) seizure
development was blocked across all three scopolamine dose groups, and ii)
the cardiorespiratory profiles did not appear to be dysfunctional throughout
the course of intoxication and treatment. Signal trace description: ECoG,
electrocorticogram; DEMG, diaphragmatic electromyogram; NEMG,
electromyographic recording from the neck muscle; and ECGy, Lead 11

electrocardiogram. Voltage calibrations: ECoG, 100 u1V: DEMG, 1.34 mV;

NEMG. 1.17 mV.




In an earlier investigation, we have shown that atropine (2, 8 or 16 mg/kg, co-administered
with 2-PAM in pyridostigmine-pretreated guinea pigs) was effective in antagonizing VR-induced
lethality (Chang et al., 2002). More specifically, at 2 mg/kg, atropine was only effective in
preventing lethality, but not seizures, convulsions and cardiorespiratory depression. When the
dose level was increased to 8 mg/kg, atropine was capable of blocking seizures/convulsions in
only 50% of the animals and offered marginal protection to cardiorespiratory functions. Only at
the dose level of 16 mg/kg was atropine able to block the development of seizures/convulsion,
cardiorespiratory dysfunctions, and prevent lethality. The overall effectiveness of atropine pales,
however, in comparison to scopolamine. As data in this report indicate, scopolamine could
consistently bring about a complete symptomatic reversal at a dose of only 0.1 mg/kg. Also
notable were the duration and intensity of cholinergic symptoms following either atropine or
scopolamine treatment. That is, animals treated with 0.1 mg/kg scopolamine were able to right
and began to engage in normal behavioral repertories within 2 h post-VR. In guinea pigs treated
with 16 mg/kg atropine, it took more than 4 h for the animals to restore their righting reflexes and
resume normal behavioral repertoire.
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Figure 2, for the purpose of comparison, is an electrophysiographic depiction of CNS responses
and cardiorespiratory activity profiles throughout the course of VR intoxication and treatment with
8 mg/kg atropine (and 2-PAM) in a pyridostigmine-pretreated animal.
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Electracorticographic (ECoG) Responses. All animals (Groups 1-3) became increasingly restless

and aroused by VR and scopolamine during the first 10-15 min post-intoxication. Concurrent with
the development of “alerting behaviors” was the transformation of a wakefulness, resting ECoG
patterns into to an "arousal” profile characterized by i) a small but notable reduction in the
amplitudes of a low frequency (0.5-4 Hz) power spectral complex and ii) an increase in the
amplitudes of a 5-20 Hz ECoG power spectral complex. The "alerting/arousal" ECoG profile
typically continued with abating severity for about 5-15 min and eventually returned to that of
control characteristics. In 33% (n=2) of the Group 1 animals (0.1 mg/kg scopolamine), the
“alerting” EcoG pattern was transformed into a brief period (3-5 min) of augmented cortical
excitability. The elevated cortical excitability pattern was characterized by a 1-2 Hz oscillatory
power spectral pattern with an amplitude approximately 2-3 times that of the normal wakefulness
ECoG pattern. Figure 3 (panels A, B and C) is a power spectrographic depiction of ECoG
responses to VR intoxication and therapy. CNS protection by scopolamine was quite striking:
Throughout the post-treatment and recovery periods, there was no sign of seizures or convulsions.
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ST i : 5 o [ T oy S : g circles) and heart rate (filled triangles) in
4w i » - $ response to VR and pretreatment/therapy
§: A : p S0 T - % regimen with 0.1 mg/kg (Fig. 4A), 0.25 mg/kg
VU I S 1) RS E (Fig. 4B) and 0.5 mg/kg (Fig. 4C)
2 ~ L . scopolamine. Note a consistent, albeit
A RS P E statistically-insignificant, increase in heart
A o rate during the first 2-3 h following
= (O 03 mgs Scopomine | i VR/scopolamine. Unpaired t-tests were
?,. = [: Respirstory Rate performed to assess the effect of VR and
I= e 4 7% pretreatment/therapy on cardiorespiratory
MW 9z . .
i . . . L activity patterns and none of the post-
L o fﬁ,’:;,a?::s::;::mm VR/scopolamine data points was found to be
* ITE Exporimomal Conditions. significantly different from those of control
P condition. Error bar = Standard Error of the

Mean (SEM).

Cardiarespiratory Responses. Changes in heart rate (filled triangles) and respiratory rate (filled
circles) throughout the course of VR intoxication and therapy are depicted in Figure 4.

1. Heart Rate and ECGy Waveform Attributes. Heart rate typically showed an increase for 2-3 h after
scopolamine in all three experimental groups (Figs. 4A, 4B and 4C; filled triangles). The magnitude and
duration of scopolamine-induced increase in heart rate did not appear to be dose-dependent over the dose
range used in this study. A somewhat intriguing phenomenon consistently seen in animals across all three
scopolamine dose groups was a higher than control level heart rate 24 h after VR intoxication.
Examination of waveform attributes of ECGn records throughout intoxication and recovery did not reveal
any signs of myocardial abnormalities (such as bradycardia, QT-prolongation, arrhythmias, J-Point
elevation, T-inversion, etc.) that were typically seen in OP intoxication.




2. Respiratory Rate and Pattern. A tachypneic profile (increase in respiratory frequency) was
seen during the first 20-30 min of VR intoxication in all three groups (see Figs. 3A, 3B and 3C;
filled circles). Subsequent changes in respiratory rate across three experimental groups varied
somewhat. Generally speaking, irrespective of scopolamine dose levels, the respiratory patterns
began to show behavior- or state-dependent modulations about 0.5-1 h after scopolamine. The
ability of respiratory system components to undergo modulation with behavior and states of
consciousness indicated the full return of central respiratory functional integrity as well as
resumption of a functionally dynamic central respiratory mechanism. The respiratory frequency
across all three dose groups was returned to a level comparable to that of control 2-3 h following
scopolamine treatment. A statistically insignificant 5-10% respiratory rate depression, however,
was seen in about 50% of Group 1 animals at +24 hr post-VR. For Group 2 and 3 animals, the
respiratory frequency either showed a return to control level or a slight increase at +24 hr post-VR.
Further examination of control respiratory frequency of Group 2 and 3 animals indicated that the
increase or decrease in respiratory rates at the +24-hr stage was well within the normal limits of
variability and was therefore statistically inconsequential.
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3. Diaphragmatic Responses. Figure 5 is a power spectrographic depiction of VR-induced
changes in DEMG activities throughout intoxication and recovery. For Groups 1 and 2, the
spectral powers of diaphragmatic EMG were notably augmented for about 40-80 min after
VR/scopolamine (see +20-min post-VR stage; Figs. 5A and 5B). In Group 1 animals, the initial
augmentation was followed by a gradual reduction in spectral power (see +6-hr post-VR stage;
Fig. 5A). For Group 2 animals, the DEMG power typically showed a return to control levels 1-2 h
following scopolamine. Changes in DEMG spectral powers in Group 3 animals were not
particularly remarkable throughout the 24-h period.

Closer examination of DEMG power spectrographs further revealed that changes (increase or
decrease) in DEMG amplitudes in Group 1 and 2 animals seemed to involve the entire frequency




spectrum (1-1000 Hz). Moreover, the amplitude changes were not limited to, or associated with,
any particular spectral range/components. Finally, despite variations in respiratory rate and
discrete spectral powers, the temporal attributes of respiratory pattern throughout the course of
intoxication and recovery remained virtually unchanged across animals receiving 0.1 mg/kg
(Group 1), 0.25 mg/kg (Group 2), or 0.5 mg/kg (Group 3) scopolamine.

DISCUSSION

The antidotal effectiveness of an experimental therapeutics regimen consisting of
pyridostigmine pretreatment and scopolamine/2-PAM therapy against a lethal dose (2xLDso) of
VR was described in this report. Animals from all three scopolamine dose groups (0.1, 0.25 and
0.5 mg/kg) survived the 2xL.Dso VR challenge 24 hours later with no signs of neurobehavioral
abnormality. Electrophysiological records taken throughout the course of intoxication and
recovery revealed only a modest increase in respiratory rate and heart rate (attributable primarily to
the anticholinergic properties of scopolamine) following scopolamine treatment. The extent of
scopolamine-mediated CNS protection was quite striking: With the exception of a brief period of
elevated cortical excitability seen in 33% of Group 1 (0.1 mg/kg) animals shortly after VR, none
of the animals from the three scopolamine dose groups developed seizures or convulsions.

We have shown in an earlier investigation (Chang er al., 2002) that guinea pigs pretreated with
pyridostigmine and subsequently treated with atropine (2 or 8 mg/kg) and 2-PAM were able to
survive a 2xLDso VR challenge. This regimen was ineffective, however, in blocking the
development of an incrementally heightened CNS excitability that eventually progressed into
seizures, convulsive fibrillations, etc. Only when the dose of atropine was increased to 16 mg/kg
were we able to prevent the development of seizures. Parenthetically, these findings are in
agreement with those of McDonough and co-workers (1989), which showed that only high
atropine doses were effective in blocking soman-induced seizures and convulsions after exposure
to a lethal dose of soman. In addition to seizures, cholinergic symptoms of varying severity such
as prostration, ataxia, uncontrolled mucoid/salivary secretions, lacrimation, defecation, urination,
hindlimb dystonia, muscular fasciculations, bradycardia, bradypnea and electrocardiographic
anomalies (e.g., QT-prolongation, arrhythmias, J-Point elevation, T-inversion) could also be seen
20-60 min following 2 mg/kg atropine treatment. Even when the dose of atropine was raised to 8
mg/kg, some or all of the cholinergic hyperfunctions mentioned above were still observable in
50% of the animals. In the present study, we were able to successfully prevent the development
and progression of seizures with scopolamine at a dose as low as 0.1 mg/kg. In addition to the
striking anticonvulsant response, animals receiving scopolamine treatment displayed only mild to
modest degree of cholinergic hyperfunctions.

The phenomenon of a transient elevation in cortical excitability exhibited by 33% of Group 1
animals (0.1 mg/kg scopolamine) is worthy of further note. The latency (8-12 min post-VR) and
power spectral attributes (2-3 times the amplitude of control) of this augmented cortical
excitability were very similar to the ECoG activity profile typically seen preceding the
development of full-blown seizures in OP-intoxicated animals. The development of this aberrant
ECoG pattern suggests that 0.1 mg/kg dose level was probably a bit too low to consistently block
the development of a progressively heightened CNS excitability.




Another notable difference in the therapeutic outcome of scopolamine and atropine was the
extent to which central respiratory drive was restored. In general, animals receiving either
scopolamine or atropine (Chang et al., 2002) all showed a period of compensatory increase in
diaphragmatic activities. Power spectral analyses of diaphragmatic EMG data (Fig. 5) showed
that, irrespective of the scopolamine dose levels, the diaphragmatic amplitude was consistently
returned to a level comparable to that of control 2-3 h following treatment. Examination of
diaphragmatic power spectrograms 24 h later also did not reveal any aberrant change in the
respiratory functional dynamics and the magnitude of central respiratory drive. In animals treated
with atropine (2, 8 or 16 mg/kg), however, the initial compensatory increase in diaphragmatic
activities was invariably followed by a sustained period (>6 h) of depression. Further scrutiny of
these records revealed that the spectral power reduction in atropine-treated animals appeared to
span the entire diaphragmatic frequency spectrum (1-1000 Hz) which suggested a reduction in
central respiratory drive. Incidentally, an infirmity of peripheral respiratory mechanism, such as
phrenic-diaphragm neuromuscular interface, would have been implicated had the reduction in
diaphragmatic spectral amplitudes been limited to any particular spectral ranges or discrete
spectral components. These findings suggested that scopolamine could provide a considerably
greater degree of protection to the central respiratory mechanism than atropine.

Scopolamine has long been known to possess antidotal action against OP poisoning (e.g.,
Wescoe et al., 1948; Wills, 1963). Notwithstanding, the use of scopolamine in medical
management of OP toxicities pales in comparison to atropine despite evidence that seemed to
suggest that scopolamine may be a more effective antidote than atropine (e.g., Anderson e al.,
1994; 1997; Bertram et al., 1977; Capacio and Shih,, 1991; Harris et al., 1991; 1994; Lennox e¢ al.,
1992; Janowsky et al., 1984; Jovic and Milosevic, 1970; Leadbeater et al., 1985; McDonough and
Shih, 1993; Solana et al., 1991; Wescoe et al., 1948; Wills, 1963). In addition to its general
antidotal effects, research from this institute (Anderson, 1994; 1997; Harris et al., 1994) has
shown that scopolamine appeared to be a notably more powerful anticonvulsant than
benzodiazepine derivatives (such as diazepam and midazolam) in animals intoxicated by soman
(an extremely toxic chemical warfare agent). In consideration of its profound anticonvulsant and
anticholinergic properties, these investigators further suggested that scopolamine could possibly
replace atropine or diazepam, or both, as a therapeutic compound against soman toxicities. Our
findings are very much in agreement with this contention.

That scopolamine can mediate a more effective protection of CNS than atropine is not
particularly surprising. Irrespective of the widespread impression that scopolamine and atropine
are virtually identical in their pharmacological actions, they do differ qualitatively and
quantitatively in their antimuscarinic properties (for review, see Brimblecombe, 1974). In clinical
applications, atropine appears to mediate a much less CNS depressant effect in doses that are used
medically and is therefore given in preference over scopolamine for most anticholinergic/vagolytic
purposes. In applications such as induction of pre-anesthesia where CNS depression is desired or
clinically inconsequential, scopolamine is often chosen over atropine. These phenomena are in
good agreement with in vitro data that showed that, compared with atropine, scopolamine’s
antimuscarinic activity was about 16-fold more potent in the CNS and about 3-fold more potent in
the peripheral neural tissues (Freedman et al., 1988). Thus, to the extent that cholinergic
mechanisms are known to play a significant role in OP-induced seizures (Shih et al., 1991) and
dysfunctional central respiratory drive (Brimblecombe, 1977), a more centrally active




antimuscarinic compound, such as scopolamine, would appear to have a distinct therapeutic
advantage over a less centrally active compound such as atropine.

The exact therapeutic role of scopolamine in VR poisoning awaits further research. The
undesirable side effects of scopolamine should also be more clearly defined. Capacio and co-
workers (1992) showed that animals did not exhibit performance deficit in an accelerating rotorod
test when given an anticonvulsant dose of scopolamine (0.43 mg/kg), which, incidentally, was
comparable to the highest dose level (0.5 mg/kg) used in this study. This finding is encouraging
since behavioral and electrophysiological correlates derived from the present study showed that a
dose of scopolamine as low as 0.1 mg/kg was sufficient to protect the animals from VR-induced
central/peripheral perturbations and lethality. Our data also suggest that a considerably greater
degree of protection could be expected when scopolamine’s dose level was increased to 0.25 or
0.5 mg/kg. Notwithstanding, in view of scopolamine’s profound central effect, more systematic
research efforts are needed to establish a dose level/range that can provide maximal therapeutic
benefit with minimal iatrogenic effect.

In conclusion, while scopolamine and atropine can both prevent the onset of a variety of VR-
induced peripheral cholinergic symptoms, our findings showed that scopolamine was far more
effective than atropine in inhibiting the development of VR-induced hyperfunctions, seizures and
in restoring the functional integrity of central respiratory rhythmogenic mechanism.
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