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Pharmacological dissociation of the motor and electrical aspects
of convulsive status epilepticus induced by

the cholinesterase inhibitor soman*

Steven Sparenboru-. Luca's H. Brennecke'" and Everette T. Beers'

.J hcrdeen, Provitit' (,rund. MDL .210/0i, 1 S.1

tReccixed 9 Juls 10~41 revision recet~cd 25 Aug~ust 1992. .ictcpicd 1- Octathcr I 942)

Kev wt trds: Organophosphorus avent: Coinvulsions: Seizures: Anticonvulsants. Pat:itlmlauŽ St.. us cpilepticus. lPo%%cr Npcctral jauk 'iN

In an effort to %alidate methods to be used in a screen for drugs effective as anticonvulsants for soman-induced convulsions.
scopolamine (0.2 mg kg) or diazepam (I mg.'kg) were given (i.m.) to male guinea pigs as a pretreatment 30 min before a convulsant dose
of soman. Pvridostigmine. atropine and pralidoxime chloride also were given to counteract the lethality ofsoman. All animals chalienged
with soman and %%hich did not receive either diazepam or scopolamine exhibited convulsixe status epilepticus ISE). identified b%
continuous electrographic seizure activity (EGSA) and continuous motor convulsions. Despite the presence of continuous motor
convulsions in all animals pretreated with diazepam and challenged with soman. EGSA was; not observed in five of the seven animals.
Continuous motor convulsions developed in four of seven animals pretreated with scopolamine and challenged with soman. but EGSA
was not observed in any scopolamine-pretreated guinea pig. Neuronal necrosis was observed in the hippocampus. thalamus. amvgdald.
and cerebral and pyriform cortices in each animal with EGSA. but no brain damage was found in subjects without EGS.A. Thus.
although convulsions. EGSA and brain damage normally occur together in animals exposed to soman. the convulsions can be
pharmacologicallk dissociated from the EGSA and brain damage, demonstrating that the clinically manifested convulsions are not
dependent on EGSA recorded from the rnrtow nr" - 'normal activity which leads to neuronal necrosis in the forebrain.

93-24230 Introduction

iii 1111 U Ei ElExposure to the organophosphorus (OP) anti-
*The experiment reported here was conducted according to the coietrs oa pnclimtypopo

'Guide for Care and Use of Laboratory Animals' (document 85- nofluoridate) results in peripheral signs of' cholin-
23: revised 1985) as prepared by the Committee on Care and ergic poisoning, convulsions. central neuronal
Use of Laborator% Animals. National Research Council, United damage, respiratory arrest and death"'t 1 626. These
States of America. The opinions or assertions contained herein
atre the private vi~sof the authors and are not to be construed toxic effects are thought to be related to the exces-
as reflecting the views of the Department of the Army or the sive buildup of acetyicholine resulting from the in-
Department of Defense. United States of America. hibition of cholinesteri.ses which become irreversi-

Correspondence to: S. Sparenborg. Division of' Neurophar- bly bound by soman 3 3 . Soman-induced convul-
macological Drug Products. HFD-120, FDA. 5600 Fishers sions in guinea pigs are characterized by a mild to
Lane, Rockville. MD 20857. USA. robust tonic extension of all limbs. Tonic extension

93 10 14 061
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predominates. but bouts Of rapid fore- and hind- '_'ii nea pigs ( 'u na peirce/ho.). %%eci hing -300 150 u.
limb clonus may occur. Tonic limb extension nia% cre quarantined on arrival and screened for evi-
endure for 2 days following an acute dose of so- dence of disease. They were individually housed in
mnan, althou~gh thle degree oft tonicitv is much Ir0- pol\ carbonaie shoebox cages on contact corn cob
duced after a1 fe hours"' Electrographic SCI/ure' ieddine'u clianced tmo timles per %\eek and prouided
activity ( EGSA) is observed in the EEG, consist- xith commliercial certified guinea pig cho\" lPUrna
Ing of spikes. sharp xý ave paroxvsmns. and, occ.i- =50')?6i d tap \%ater aid libitumn. \nimlal roomis
sionally. a spike and w\ave pattern. Neuronal dai- ckrc maintained at 20 212 C. clati~ c h umidi t\ of
mage in some flimbic Ind cortical reeions is oh- ) in",, on a 12-h lightrdark c'iet \% ith n ti. mi-
served follo\%ing somian poisonmnue and has 11een ct
highly correlated w\ith the occurrence of clinicalk Fihe guinea pigs were chronicall\ instrumenteI(d
observed convulsions I31m o elect rocortilcomran IECoGi rccordina under

Cholinolytics. in1cluding scopolaniffle. have often keta mine (30 mg, kg. . in.m and xx lazine if- ig kg,.
been considered as antidotes to soman poisonline i-ni. anesthesia. Lidocaine _"u %%as inflected Into
for their a biljt\ to ,cenera il\ counteraict anm to\ic ýhe c p pror ito aI Inidli nI TIC IIctIon Small '.(1ainless

effect Of excsoix \( h" Shlortly .1 ic . e cC r lcdInI hole, drilled bilaterall\
World War iI. researchers Cronm tiii, insut.iwion ;e:- tile 'kald _3 HIM an11er101 10 1110 .3 :111m latera, I0

ported that scopolamnine Could restore a1 convulsant1 brenina fokr recording the [CoG1. The tips of these
EEG record. resultinu from thle cliolincstcrase ~CI'\\ electrodecs rested JLust 1Ibo\ e he dura o\ cr1',-
inhibitor I) P. ito normlal lowk-voltaac fast ire sensorinotor cortex. W~ires conniected the dclc-
activity36. The restorative etfect of scopolamine trodes ito a plastic socket secured ito thle 'kull %ith
was attributed to its antimuscarinic property. off- dental cemrent. Antibiotic ointment was applied to
setting the excessive levels of ACh resulting from all areas of the incision, which was then closed with
the action of DFP_ Recent studies of scopolarmie wound clips.
as an antidote to soman poisoning have focused on
its potential as an anticonvuisant. demonstratinL' Ei'VPerim1'n~aI desiýLn
that it prevents convulsions"~ or that it arrests both One w~eek after suraerv, the guinea pigs were
EGSA and convulsions when given I min after the placed in individual. plexiglas cubicles (side length
onset of convulsions--15 . Similarly, a tropine has 30 cmn) for ECoG recording and experimental
been used to arrest EGSA induced by DFP or sar- drui! administration. The experiment began with a
in, another irreversible cholinesterase inhibitor-". 30-mmn baseline period of' behavioral observation
Aithough it has been known for many years that and ECoG sampling, followed by a 30-mi npre-
diazepam can block convulsions. EGSA. and brain treatment period. At the beginning of the pretreat-
damage caused by somani23.25.27, a more effective menit period, the following combinations of sub-
treatment for soman neurotoxicity is sought. stances were administered to groups of seven sub-

An important step in screening potential anticonl- jects each: scopolamine airopine pyridlosthimine
vulsants effective against soman poisoning is to (SCO ATR), diazepam atropine pyrld&.stigmine
verify that those candidates which stop motor con- (DIAATR). saline~atropine pyridostigmine (SAL
vulsions also prevent EGSA and brain damage. In ATR). salinesaline pyridostigmi ne (SAL SAL).
the development of' a module to measure electro- At the beginning of the soman treatment period.
graphic seizure activity in a screen for anticonvul- each subject in all groups received 2 x LD,;0 so-
sants we tested diazeparn and scopolamine as ex- man followed 30 s later by pralidoxime. All sub-
emplary test compounds. jects were observed for 2 h imrmediately following

the somian injection and rated for the severity of
Methods convulsive activity.

Subjects and surgical preparation Drugs
Twen~ty-eight rna'e albino CilL(HA)BR VAF/Plus The following forms and dosages of the drugs
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were used: pyridostigmine bromide (0.22 mg/kg; The severity of convulsive activity was compared
Hoffman-La Roche). atropine sulfate (4 mg/kg; between groups by submitting the most severe
Sigma Chemical Co.). diazepam (0 mg/kg; Hoff- stage level attained for each subject to the Krus-
man-La Roche). scopolamine HBr (0.2 mg kg: Sig- kal-Wallis test. a non-parametric, multiple-group
ma Chemical Co.). pralidoxime chloride (25 mg method. When a significant outcome was ob-
kg: Wyeth-Averst). and soman (56 pg kg). All tained, post hoc paired comparisons of groups
drugs were dissolvea in normal saline, except dia- were made with a procedure which is the non-para-
zepam (vehicle = 40% polyethylene glycol, 10% metric analog of the Fisher least significant differ-
ethanol, 1.5"0 benzxl alcohol. 48.5'o water) and ence test".
all were administered in 0.5 ml, kg volume. All in- For ECoG recording. the difference voltage from
jections were given intramuscularly except soman, the two electrodes was amplified and band-pass
which was given subcutaneously, filtered (half amplitude cut-offs: 0. 1 and 100 Hz).

Military personnel may be issued pyridostigmine, This signal was passed to an analog-to-digital con-
atropine, pralidoxime and diazepam .as antidotes verter, an FM tape recorder. an oscilloscope, and a
to soman poisoning. The use of these substances paper chart recorder. The paper chart records were
as therapy for nerve agent exposure has been re- examined for electrographic seizure activity, char-
viewed elsewhere17 . Pyridostigmine was given as a acterized by spikes or sharp waves (2-5's) with an
pretreatment to prevent soman from irreversibly amplitude twice that of the baseline ECoG signal.
inhibiting virtually all peripheral cholinesterase The digitized signal was sampled 12 times per
molecules. Soman and pyridostigmine both inhibit minute (sample epoch = 1 s) and a fast Fourier
cholinesterase bv binding at the same site. After transform performed on each epoch. Separate
soman had either bound tightly to the remaining power spectral estimates (PSE) for each subject
cholinesterase molecules or had been metabolized, were produced by combining spectral amplitudes
some cholinesterase molecules became free to per- for single frequencies into five bands. 1-4. 5-7, 8-
form their enzymatic function as pyridostigmine 13, 14-21. 22-32 Hz. and for the total (a composite
dissociated from them. Pralidoxime is routinely of 1-32 Hz).
i\en to victims of OP poisoning because it can The magnitude of ECoG activit\ was standar-
separate the OP-cholinesterase complex. although dized between sub.ects h\ converting the PSE to
its effectiveness auainst soman is limited. Atropine -- scores. To accomnplish thi. a I 5-mmin sample of
\\,IN used to protect muscarinic receptors from ex- PSE from each of the baseline. pretreatment. and
ce,<i"c slim uklatio, soman periods \%ýa, extracted The freuuencv hand

L 1 h': 2 x LD), dose of noman \% ý.s used to pro- and total means of the baseline sample PSE were
du&,:, unequivocal seizure, in cach sLiblect which subtracted from wte appropriate pretreatment and
did not receive either diazepam or scopolamine. soman sample PSE means and then divided by the
The doses of atropine. pyridostigmine. and prali- standard deviation. The baseline PSE sample be-
doxime used in this experiment were selected to gan 10 min after the beginning of the baseline pe-
promote survival, vet not interfere with seizures. riod. The pretreatment PSE sample began 10 min
),iaiepam and scopolamine were added to this after drug injections during the pretreatment peri-

drug regimen as representative anticonvulsant test od. The soman PSE sample began with the onset of
dru LI spike or sharp wave activity during the soman pe-

riod. 1•"a subject did not exhibit EGSA. the soman
Data collection and analhsis sample was considered to nave begun 10 min after

Motor activity was categorized in three levels: soman administration. Group differences in PSE
stace I -preconvulsive. muscle tremors in the face, were compared by analyzing -scores with cne-
limb-. or body: stage 2-convulsive. running-boun- way ANOVAs. Paired comparisons of treatment
cing clonus or tonic forelimb extension or clonic group means were made with the Fisher least sig-
hindlimb activity, and stage 3-profoundly convul- nificant difference test following significant out-
sive. rigid tonic fore- and hindlimb extension. comes in the ANOVAs.
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Histopaiholotyl- BASELINE POST-SOMAN

Those guinea pigs surviving at 48 h after the ad-
ministration of soman were deeply anesthetized
with pentobarbital sodium and transcardially per- ,___.._,__
fused with saline followed by 101% formalin. The
brains were removed and processed for hematoxy-
lin and eosin stainintg and cvaluated for pathology S -W

by a board certified (DAVCP) pa,.hologist accord- SAt.'ATR __._-____ -_"_- -
ing to methods described else\where"-.

Results DIA/ATR ..... -.--..... _---

LethalitY
All SAL SAL subjects died within I h after so- SCO/ATR

man challene. Fle addition of" atropine to the
antidotal regimen enabled three of the seven sub- Fie 1. Electrocorticouram 1E-Co(i recorded trom durai ILITALice
jects from the SAL ATR group to survive for 48 h of guinea pigs. .\nimlais .%cre 11npianICt NIlkttrati. W.;,licl

after soman. One subject from each of the DIAi steel scre%%s that rested on the dural surface oserlying ,ens,,o-
ATR and SCO AFR groups died within 48 h after mnotor cortex. Bioclectric potentials %ere amplitied and continu-

ously displaxed on rectilinear chart paper durini the coure otfsom an.--
the experinment. Left panel. baseline acti it, ,s as recorded lor 30
min prior to any drug treatment. Right panel: subjects pre-

Electrocorticogram data treated with only pyridostigmine. SAL SAL. exhibited robust
EGSA developed within approximately 10 min of soman-induced electrographic seizure activitv IEGSA) that con-

soman injection in each subject from the SAL/SAL tinued from within minutes after soman administration until
and SAUiATR groups. EGSA was continuous in just prior to death (within I h post soman). Guinea pigs pre-treated with pyridostigmine and atropine (4 mg/kg), SAL,
the SAL/ATR subjects throughout the 2-h obser- ATR. exhibited robust seizures (right panell that continued fbr
vation period, and continued in each SAL/SAL hours. Five of seven animals pretreated %vith pyridostigmine.
subject until minutes before death. Bursts of rhyth- atropine and diazepam iI mg kg). DIA ArR. did not exhibit
mic activity, which might signify an ictal event, seizure activity. Pretreatment with scopolamine 10.2 mg kg)
were rarely observed in these animals. Pretreat- plus pyridostigmine and atropine. SCO ATR. prevented EGSAweren rithdiarely m obsery i these animals.Preat- in all subjects. Calibration bar is 0.5 s and 0.7 mV.ment with diazepam completely prevented the ap-

pearance of EGSA. or any paroxysmal activity, in
five guinea pigs. One of the two subjects from the ATR group in Fig. 3. A separate plot of the PSE
DIA/ATR group that did develop EGSA was the of these two subjects is found in Fig. 4. along with
one member of this group that died. No evidence a plot of the remaining five subjects that did not
of any seizure-like activity was found in the paper have EGSA. A relatively high level of power was
chart, oscilloscope, or digitized records of those found in the 22-32 Hz frequency band of the non-
subjects given scopolamine (see Fig. 1). seizing subjects.

Diazepam and scopolamine significantly reduced Analyses of PSE revealed a variety of drug effects
power spectral estimates during the soman period in the pretreatment period. The two drugs that
(P <0.01) relative to those of the SAL/ATR protected against the seizure-inducing properties
group. Although scopolamine pretreatment slight- of soman also affected PSE prior to soman admin-
ly elevated power in the lower frequencies in the istration. Scopolamine significantly increased pow-
pretreatment period, the combination of scopol- er in the lower frequencies and diazepam signifi-
amine and soman returned PSE to bas-ltine levels cantly ;ncrei!sed power in the highcr frzq -ncies
in the soman period. The PSE of these two diaze- (see Fig. 2). Pyridostigmine and atropine did not
pam-pretreated subjects that exhibited seizure ac- affect PSEs. These statements are based on plan-
tivity are included in the average for the DIA/ ned comparisons of PSE during the pretreatment
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mine pretreatmelnt, SC:opoiaiillnC aind dile/paitll pl-CtreatnicniI.I. \'%CraLcC PSF of the DI\ FIR -,rOuIp &dCpiCd here fl-

however.~~~~~~ ~ ~ ~ ~~ in~eseC afce pnaou CG1t\I.S,1-d[lie uh~fICCIN \%[I [(is V I ie alroflifl prrircatlneflt LteI'CI

dardized PSF 1' o (o0(i .iC11\11% are plotted III li'.re IrIC1\ theII SAl \ I R _,roup enh1,LIncCd p0'.'.Cr ItiIII tie MO IoV.CNi Ire-

bands. each point representing l'SE during a I )-rn if sa mple ~ I hanidN corn parcd to theC control Lroup gi'.en px nidosaig-

starting at 10 min after pretreatment drugs %%ere gixen (incan iiiuC as [ieC oril% pretreatment drug. -\steri'.kN indicate diffe-

± SEM). ECoG data from this period were converted to PSE CuLL'. from the SAL ATR group. P' <0.1)1. See Figs. I and 2
and then standardized as :-scores based on the mean and stn- for additional explanations.
dard deviation of' data from the baseline period. Siandlarduzed
baseline period activity for each group at each frequency hand is grou p pretreated with diazepamn that went into sta-
represented by =0. Asterisks indicate differences fromn the ItLS epilepticus also reached the stage 3 level of con-

SAL ATR group. 1' <0.01. % Ulsions. However, thve subjects from that group
had COns ullsions (three at stagze 3). but without

period between the SAL.ATR group and each of' EGSA or SE detectable from the electrodes at the
the other three g~roups in each frequency band (P surface of the brain. None of the scopolamine-pre-
< 0.0 1 ).

Motfor con iu/sions EOSA

Convulsive activitv was observed in all subjects ... oES

except in three animals that were pretreated with 4

scopolamine. In pairwise comparisons following a6-
significant outcome in the Kruskal-Wallis test (P
<0.05), only the group that received scopolamine (
had significantly reduced convulsions relative to CD 2

any other group. The average maximum convul- 0. ~ ' - ----

sion stages for the SAL/SAL, SAL/ATR. DIA, < -' - -3 142 23

ATR. and SCOýATR groups were 3.0. 2.86, 2.57. 14 57 81 42 23

and 1 .57. respectively. ECoG Frequency Bands (Hz)

The severity of convulsions in each subject in the F igs. 4. Spectral power plot of ECo~i acti'.it'.. diazepam-pre-

SAL/SAL group progressed from stage I through treated subjects. Average power spectral estimates during the
sae3.Nn oftesbet ntegop r- soman period ror the two subjects with EGSA from the DIA

stag Noe ofthesubjctsin te goup re- ATR group are plotted separately from the five subjects without
treated with scopolamine, however, reached stage FGSA. Data points are mean minus the SEM. See Fig. 2 for
3 level convulsions. The two subjects from the further explanations.
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treated sLbJects. Ceen th. four subjects that con- convulsions exhibited b\ subjects in tile gro•;,; pre-

vulsed at the stage 2 level, exhibited EGSA or SE. treated with diazepam was indistinguishable from

Guinea pigs tested in this model, utilizing pyri- that of the control groups given soman khout

dostigmine atropine pretreatment. ordinarily ex- diazepain. The guinea pigs in these control ,romps

press robust and continuous ionic extension and, exhibited robust Motor Conll% 1.siois. SE. and htain

or clonus Cor at least 2 Ih following soman expo- damage. Tile severit\ and pattern of brain damiage
sure. The nat'ire of the Coll\ allsions exhibited by ,latch.,d that ohscrxed kin other rcPorts of ,.'Ir-
animals in this experiment \\as consistent with the related brain dama e induced b\ ,o0ian

model in that thee\ \\ere robust and continuous. All In guinea pigs given dia/epain. hoxxever. i .SA
"t1.161C'tS that re::ched s,',ee 3 r-covored to stage 2 and braill dalnaIe "\rC prevented. No cxidcnCc of

within 5 main and remained in that stage for the EGSA or brain damu:ze \\as found in the animals

remainder of the observation period. All subjects pretreated kxith scopolamine, even those that did

whose maximal convulsive staue was 2 remained convul.se. [he absence of brain damlaLe in these

in that stage except for one subject in both the animals suggests that prolonged abnormal act titV

SAI, L .\R and SC() A\ FR ,'ro ups. \\ hich recov- did not take piaice in : c.r 'orebrai C ,t ruct :u-

cred to stitae I h\ the end of the ohservation pern- Another example ot the \\eak relation -,t\\cen
od. EGS.\ recorued froim2 Tilc Forebrain and :ac.iilx

The onset of convlulsions occurred within + 7 observed motor CoI UIlsions \%xas tile disparit\ he-
rinm of the development of IF(USA. one not consis- tween the onset tMinle of these t\o mneas.tir,. Ill
tentlv preceding the other across subjects. No some sumbjects. the appearance of' spikes occurred

change in the rate of spiking was observed at the prior to the dev\lopment of stage I activi{tx hile,
emergence of tonic hindlimb extension (stage 3). in other subjects. spikes first occurred during state

We observed no correlation of the timing of spikes I or 2 activity. It is evident from Fig. I that the

recorded at the cortex with the occurrence of limb spike activity recorded from the saline groups dur-

clonus. ing the soman period was not rhythmical. These

facts suggest that the EGSA recorded from these
tlistopathology guinea pigs was inter-metal epileptiform activity.

Necrotic neurons were found in abundance in all which typically does not correlate well with tonic

five brain structures examined from each of the clonic activity.
three surviving SALATR subjects. Necrosis was We have reported a similar dissociation between

relatively slight in the thalamus and moderate to ECoG recordings and convulsions in guinea pigs

extreme in the hippocampus. amygdala. and the poisoned with soman when caramiphen %kas given

cerebral and pyriform cortices. Only one DIA/ as a pretreatment 3
0. Caramiphen is a drug with

ATR subject had necrotic neurons and the extent anticonvulsant. antitussive. and anticholinergic

of the damage in that subject was somewhat less in properties' 1.i4.21.34 Robust, soman-induced. mo-
the hippocampus and pyriform cortex than that tor convulsions were observed in each subject giv-

observed in the SALATR subjects. This subject en a relatively low dose of caramiphen (10 -0 mg
was one of the two DIA/ATR subjects which ex- kg), but in some of these subjects. no EGSA or

perienced SE. Necrotic neurons were not found in brain damage was observed. The presence of mo-

the brains of those guinea pigs treated with scopol- tor convulsions without EGSA or brain damage

amine, was more apparent in groups given the lower dos-

es of caramiphen. All subjects given a higher dose

Discussion (100 mg,/kg) displayed significantly reduced motor

convulsions and complete prevention of EGSA

We have described an absence of electrical sei- and brain damage. In other work using doses of

zure activity and brain damage in the forebrain of diazepam higher than that used here 3m , EGSA and

guinea pigs that exhibited convulsive status epilep- motor convulsions were arrested simultaneously,
ticus for at least 2 h. The clinical nature of the suggesting that the threshold dose for arrest of
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EGSA may be lower than that for arrest of motor probable locus of control over tonic clonic activit\
convulsions. in the guinea pig.

In the absence of a strong relationship between With respect to the power spectral analysis re-
forebrain EGSA brain damage and motor convul- ,1ultS. a mutual antagonism occurred between 0o-
sions in these experiments, alternative neural re- man and the two test compounds. Although
gions may be considered as the critical locu tor ,copolamine. diazepam and soman individually
driving the motor aspects of convulsions. Burn- produced changes in PSE. a combination of' so-

ham and Browning have hypothesized that the man plus one of the other tmo drugs resulted in
tonic-clonic convulsions culminating in tonic hind- normal or near-normal power levels. Scopolamine
limb extension observed in many' animal models produced an expected increase in low frequenc\
are driven by epileptic activity in the non-specific E-CoG power-' during the pretreatment period.
'core' of the brainstem and spinal cord". Their hy- The subsequent administration of soman not only
pothesis is based, in part. on the similarity of re- Lailed to induce EGSA. but returned PSE to nor-
;ponses to anticonvulsant drugs, results of 1.,sion !a1 levels. Scopolamine ma ha\Ve exactly counter-

experiments, and on the common aspects of mo- acted the nuiscarinic agonist efft.c of excess acet\ I-
tor patterns seen iniong x arious mnodCls. [ihe pat- IN,,Le rizltiniL t'roml icot\lcholiwCtera',ic nhibi-

tern of convulsive activity seen in the present ex- lion by sonian. Diazepam increased power in the
perimertt is similar to that identified by iBurnham higher frequencies 229 (O 32 Hzf before soman.
and Browning as common to models such as the and like scopolamine, returned PSE to nearly base-
maximal electroshock and maximal pentylenctetra- line-like levels during the soman period for five of
zol. the seven subjects tested. The continued elevation

Browning and colleagues have demonstrated that of power in the 22-32-Hz band after soman. how-
tonic extension and certain forms of clonus similar ever. is attributable to the eftect of soman. and not
to that expressed by guinea pigs in this experiment of diazepam. A similar pattern of increased high
require an intact brain stem, but not a functional frequency activity has been found in guinea pigs
forebrain. Rats with precollicular transections dis- with soman-induced seizures that have been arres-
played tonic extension flexion and running-boun- ted with MK-80132 or in humans and monkeys
cing clonus in response to pentylenetetrazol or that have been exposed to other organophos-
minimal/maximal electroshock, just as sham-oper- phorus cholinesterase inhibitors and were not
ated rats did 3. The tonic components of convul- treated with a benzodiazepine".
sions induced by these two methods were attenu- In conclusion, the motor aspect of soman-in-
ated by lesions in the pontine reticular duced convulsive status epilepticus was not driven
formation4. Convulsions similar to those seen in by the synchronous activity of neurons whose elec-
soman-exposed guinea pigs have been produced by trical manifestations were detectable at the cortex.
electrical stimulation of the brainstem, yet without Furthermore. brain damage was not an unavoid-
accompanying forebrain EGSA 7. The genetically able consequence of soman-induced motor covul-
epilepsy prone rat (GEPR) offers another example sions. The weak relationship between forebrain
of tonic convulsive activity without EGSA at the EGSA and convulsions in soman-poisoned guinea
cortical surface. These rats do not exhibit EGSA pigs is similar to the relationship between these
during acoustically induced seizures until the sei- measures in humans with certain types of epilepsy.
zures have been repeated28 . After a few daily repe- An absence of EGSA recorded from the cortex
titions, polyspikes appeared at the cortical surface during clinically manifested convulsions in hu-
of GEPR-9 rats during tonic limb extension. Such mans with somato-motor or generalized secondary
polyspike activity is not unlike that exhibited in epilepsies is occasionally observed"'- 5. In such in-
soman-exposed guinea pigs as seen in Fig. I of stances, however, no specific pharmacological ma-
this report. Thus, diazepam and scopolamine may nipulations were undertaken to produce the appar-
have acted preferentially on the forebrain to block ent dissociation between electrical recordings and
EGSA and to a lesser extent on the brainstem. a clinical manifestations. In soman-induced. convul-
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