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SYAPIN, P J lnhubition of pentrienetetrazol induc ed geneticallv-deternuned stereotvpic onvalstons n tottertng mutant
mice by diazepam PHARMACOL BIOCHEM BEHAYV 18(3) 389-394, 1983 —Genetically-determined stereotypic behav-
1oral convulsions (GDSC) resulting from the autosomal recessive mutation tottering (zg) were studied in C57BL/6J mice
GDSC was found to be reliably induced in (1g/tg) homozygotes with 30 mg/kg pentylenetetrazol (PTZ), a dose that s
significantly below the threshold for induction of generalized clonic convulsions 1n (rg/+) heterozygotes and (+/+) wild
type C57BL/6J mice The effects of anticonvulsant drugs on GDSC were studied in (7g/rg) mice induced by 30 mg/kg PTZ
Ethosuximide (250 mg/kg), phenyton (25 and 50 mg/kg), sodium phenobarbital (25 and 50 mg/kg), naloxone (6 mg/kg),
valproic acid (150 mg/kg), sodium valproate (200 mg/kg) and aminooxyacetic acid (25 mg/kg) were all without effect on PTZ
induced GDSC  In contrast to its usual anticonvulsant action, phenytoin caused GDSC 1 (g/tg) mice Diazepam (4 mg/kg)
was completely effective in blocking GDSC 2 hr post admumistration Ethosuximide (250 mg/kg), which did not protect
(1g/tg) mice agamnst GDSC was able to protect both (1g/te) and (g/+) mice agamnst generalized clonic-tonic convulsions
induced by 85 mg/kg PTZ These results suggest a novel mechamism of action for the induction of GDSC by 30 mg/kg PTZ in

(tg/tg) mice which may involve benzodiazepine receptors
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MICE homozygous for the genetic mutation named tottering
(gene designation tg, chromosome 8, autosomal recesstve)
are phenotypically distinguished by a hindimb ataxia and
“‘spontaneous’’ genetically-determined stereotypic behav-
loral convulsions (GDSC) 1 e , repeatedly occurring, com-
pulsive sets of reproducible abnormal motor activities ap-
pearing the same m all (zg/tg) mice (see [4] for detailed de-
scription of the GDSC) The spontaneous-convulsing
phenotype 1s not identified until 48 weeks postnatal, de-
pending on the mouse strain used, and 1n other respects ap-
pears normal. they are fertile, attain normal body weight as
adults, and seem to have normal longevity

The discovery of the rg mutation and its subsequent trans-
fer to the highly inbred C57BL/6J strain provides a stable,
homogeneous population to study how a genetic trait can
influence the susceptibility of the nervous system towards
naturally occurring seizures and convulsions However,
knowledge about the tottering mouse 1s hmited The cellular
etiology of the spontaneous-convulsing phenotype 1s pres-
ently unknown The bram of the C57TBL/6J (r¢/tg) mouse ap-
pears morphologically normat ([12] and unpublished obser-
vations) although differences 1n the density of innervation by
catecholamine-containing neurons ot the locus ceruleus have
been reported between (tg/tg) and wild type (+/+) muce [10]

Homozygous tottering mice also have abnormal elec-
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trocorticograms (ECG) with 6/sec spike and waves occurring
hundreds of times daily [7,12] The ECG changes are accom-
panied behaviorally by a brief cessation 1n activity and do
not appear temporally linked to the more pronounced
GDSC Disturbances of swimming ability, rotorod perform-
ance, and open field activity are also associated with
phenotypic expresston of the rg mutation {22] GDSC were
not induced by audttory, photic. somatosensory, or vestibu-
lar sttmulation 1in C57BL/6J(rg/tg) mice [12] and are thus re-
garded as “‘spontaneous '

The pharmacologic response of the GDSC of (tg/tg) mice
has been studied in ths laboratory A procedure 1s descnbed
in which a GDSC can be induced at will in (1g/tg) mice
Among several anticonvulsant agents tested for activity,
only the benzodiazepine diazepam was able to protect (tg/tg)
mice against PTZ induced GDSC Treatment with phenytom
was found to induce GDSC This 1s the first report of a
treatment that can block the genetically-determined
stereotypic convulsions of (7g/tg) mice and may provide 1n-
sight into mechanisms underlying their occurrence

»
METHOD

Ammal Rearing
Male and female CS57BL/6)(1g/tg) and (tg/+) mice were
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obtained from the Jackson Laboratory (Bar Harbor, ME) at
the N16 and N17 cross generation and used for breeding
Animals were housed 1n polypropylene cages with pine shav-
g bedding and free access to food and water at all times
Temperature was maintained at 24°C Lighting was on a 12
hr (0800-2000) cycle Brotherxsister mating of a homozy-
gous male with a heterozygous female was used to produce
(tgftg) and (tg/+) offspring Litters were weaned at 4 weeks
of age, housed according to sex, and observed periodically to
identify homozygotes A homozygous mouse was perma-
nently marked by ear punch when the ‘tottering’’ gait or
stereotypic convulsions were first observed but remained
housed with littermates Over 100 (rg/tg) mice have now
been studied 1n this fashion with only one instance of an
amimal not being 1dentified as homozygous prior to 10 weeks
of age Therefore, 1t appears unlikely that a (rg/tg) was
falsely identified as a (rg/+) amimal

The subjects used in these studies were 18 (rg/tg) 14
(tg/+), and 5 wild type C57BL/6J(+/+) mice of both sexes
The ages of individual litters used 1n an experiment are given
in the legends of the corresponding table In general, mature
adults with well defined seizures were used Whenever
possible comparisons were made between httermates of the
same sex

Seizure Threshold Deternunation

A tail vein infusion method [6] was used to measure the
threshold dose for PTZ-elicited convulsions in unrestrained
mice The barrel from a 27 gauge needle was removed and
fitted with a length of PE 50 tubing connected to a 1 cc
tuberculin syringe mounted on a hand operated micro-drive
The system was filled with a 0 3% solution of PTZ 1n 0 9%
NaCl and slowly infused mto a tail vemn until the animal
responded The volume infused was measured and the
ammal’s weight determined so that a dose, in mg/kg, could
be calculated Mice were confined to a one liter glass beaker
during the infusion and subsequent convulsive period The
response measured was either a clonic convulsion with the
loss of righting or the start of a GDSC, whichever occurred
first

Induction of GDSC by PTZ

The following procedure was developed to reliably induce
a GDSC m (7g/tg) mice Amimals were brought to the labora-
tory on the morning of the experiment 1n their home cages,
weighed, and then left undisturbed for at least 60 min to
adjust to the laboratory setting **Spontaneous’” GDSC were
seen by casual observation 21 of 96 possible times during this
period After the adjustment period mice were pretreated
with the test agent or vehicle (see below) and returned to
their cage Amimals were observed 10 min later and at regular
intervals thereafter for signs of drug action and the occur-
rence of GDSC At designated times (see below), corre-
sponding for each agent to a time of known anticonvulsant
action as reported in the literature, ammals were mjected
intrapentoneally with 30 mg/kg of PTZ m 0 9% NaCl (10
ml/kg body weight) and placed in individual observation
chambers (30x9x% 10 cm, L x W xH) for 60 min In addition to
noting the presence or absence of a GDSC the following
data were usually recorded (1) time of onset of first sign of
PTZ action, (2) time of onset of *‘partial’” and/or complete
GDSC (see Results section for description) and (3) duration
of complete GDSC, up to 60 min The first sign of PTZ action
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was taken as the first noticeable change 1n behavior follow-
ing admimstration of the PTZ It could be either twitching, a
startle response, “‘partial’’ GDSC, or complete GDSC Lat-
termate (fg/+) mice were treated using 1dentical procedures
and observed along with homozygotes Heterozygotes
served as controls for strain-specific, gene dosage or
idiocyncratic drug responses Convulsions were induced be-
tween 1200 hr and 1500 hr except when aminooxyacetic acid
(AOAA) was tested 6 hr post-treatment

Drug Trearments

All drugs and therr vehicles were administered by the
mtraperitoneal route tn a volume of 5 ml/kg body weight The
vehicle for ethosuximide, AOAA, and naloxone was 0 9%
NaCl For phenytoin, sodium phenobarbital and sodium val-
proate 1t was 0 9% NaCl, pH 11 and for diazepam and val-
proic acid it was propylene glycol ethanol water (40 10 50 by
volume) The intervals between drug treatment and induc-
tion with PTZ were as follows 09% NaCl, 05 h,
ethosuximide, 0 5 h, valproic acid, 0 § hr, sodium valproate,
05 hr, naloxone, 1 hr, 0 9% NaCl, pH 11, 2 hr, sodium
phenobarbital, 2 hr, phenytoin, 2 hr, diazepam vehicle, 2 hr
diazepam, 2 hr, AOAA. | 5or 6 hr

Pentylenetetrazol AOAA, and propylene glycol were
purchased from the Sigma Chemical Co (St Lous, MO)
The following drugs were gifts from the manufacturers
naloxone HCl (Endo Laboratories, Inc ), diazepam
(Hoffmann-La Roche, Inc ), phenytoin and ethosuximide
(Park, Davis and Co ), sodium phenobarbital (Sterling Drug,
Inc ), valproic acid (Abbott Laboratories) All doses refer to
drugs 1n the form specified above except sodium valproate
which 1s given as the free acid Valproic acid was converted
to the sodium salt by the addition of an equal volume of
equimolar NaOH

Four groups of mice were used 1n testing agents for anti-
convulsant activity Because of a shortage of homozygous
mice animals were retested with different agents At least 7
days, and usually 10-14 days or longer, elapsed between
testing ammals with a new agent One group of 4 (tg/tg) mice
received diazepam vehicle, diazepam, phenytoin vehicle
phenytoin (25 mg/kg), naloxone vehicle, naloxone,
ethosuximide, phenobarbital, sodium valproate and AOAA
(6 hr) A second group of 4 (rg/tg) mice received naloxone
vehicle, naloxone, diazepam vehicle, diazepam, phenytoin
vehicle, phenytoin, ethosuximide, phenobarbital, and
AOAA (15 hr) A third group of 3 (1g/tg) mice recerved
AQOAA (6 hr), valproic acid, sodium valproate, phenytoin (50
mg/kg) and phenobarbital (50 mg/kg) The last group, which
contained one (tg/tg) mouse, was tested with AOAA (6 hr)
only

Blood levels for the drugs used were not measured in
these experiments since it was necessary to re-use the sub-
jects on several occasions Data from other sources [5] as
well as indirect data (see Results section) indicate that effec-
tive anticonvulsant blood levels result from the doses and
times used n these studies

RESULTS
Induction of GDSC with PTZ

Complete stereotypic behavioral seizures (1 e , a GDSC)
were reported observed within 3-5 min following the injec-
tion of 20 mg/kg PTZ into (rg/tg) mice [12]), however, this
finding was not reproducible 1n this laboratory (data not pre-
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TABLE 1

THRESHOLD DOSES FOR CONVULSIVE RESPONSE TO
PENTYLENETETRAZOL IN C57BL/6] TOTTERING
MOUSE GENOTYPES

Response elicited Mean = SD * Genotype

GDSC 295 + 14 6t (tg/tg) (6)

Generalized clonic 515127 (tg/+) (8)
convulsion

Generahized clonic 518+ 73 (+/+) (5)
convulsion

*Units are mg/kg

tF(2,16)=6 684, p<0 01, one-way analysis of vanance, p<0 01
(tghteg) vs (+/+), 2-tail t-test, p<0 02 (rg/tg) vs (1g/+), 2-tail 1-test

Animals from 7 litters were used Nine mice were male (5tg/tg, 4
tg/+) and S were female (1 1g/tg, 4 tg/+) Wild type (+/+) were all
males from 2 htters Tottering hitters were 117, 119, 125, 134, 135,
150, or 154 days old when tested Wild type mice were 76 or 98 days
old No differences due to sex or age were apparent Number of
anmimals tested in parentheses

sented) In order to determine whether any dose of PTZ was
able to induce GDSC 1n (7g/tg) mice from our breeding col-
ony, the threshold dose needed to ehicit any convulsive re-
sponse n tottering mice by PTZ was examined (Table 1)
Our results are in qualitative agreement with [12] in that
GDSC were induced 1n (1g/tg) mice by PTZ at a mean dose
(29 5 mg/kg) significantly lower (p <0 01) than the doses that
elicit generalized clonic convulsions 1 (tg/+) and (+/+)
muce (Table 1)

Responses of Tottering Mice to 30 mglhg PTZ

Based upon this data (Table 1) the injection of 30 mg/kg
PTZ IP was found to reliably induce GDSC 1n (1g/tg) mice
Using this procedure 23 of 24 (rg/tg) mice have been suc-
cessfully induced following a first injection of 30 mg/kg PTZ
The lone non-responder was not induced even after 6 sepa-
rate tnjections Two types of responses have been observed
following administration of 30 mg/kg PTZ to (rg/tg) mice
The most common response 1s a complete GDSC lasting
40-50 min which 1s indistinguishable from a **spontaneous”
GDSC The second response 1s what appears to be a *‘par-
tial”” convulsion In this case the amimal begins to show the
stereotypic movements associated with imtiation of a GDSC
(flattening of the sacrum, hindlimb abduction and dorsiflex-
1on, and flexion of the head) but these are aborted within a
few seconds Several attempts at a GDSC usually occur over
a 5 min pertod Normal activity or, less commonly, PTZ
imnduced twitching 1s seen between *‘partial’”> GDSCs

A third response has occasionally been observed where
an anmimal has only twitches, contractions, and a marked
Straub tail in response to the PTZ These effects can be
attributed to PTZ acting at a site other than the mutation-
mduced site, since they have also been seen 1n other strains
of mice after repeated injections with low doses of PTZ 23]
A fourth response not seen 1n (7g/tg) mice but commonly
seen In (tg/+) and DBA/2J mice 1s hypo-activity following 30
mg/kg PTZ The antmal hies down and remains inactive for
10-20 min
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Protection Against PTZ Induced GDSC

Several antiepileptic drugs have been tested for their
abilities to block GDSC induced by 30 mg/kg PTZ using the
procedure described in the Method section (Table 2)
Ethosuximide, valporic acid, phenobarbital, and phenytoin
were unable to block the induction of GDSC by PTZ Sur-
prisingly, phenytomn relhiably induced GDSC 1n (1g/tg) mice
(Table 2) This effect was evident within 10-15 min of admin-
istration of the phenytoin A similar, but less reliable effect
was also seen with 250 mg/kg ethosuximide Neither the
opiate antagonist naloxone nor the GABA-elevating drug
AOAA had any effect on induction of GDSC by PTZ

Although (1g/tg) mice were not protected against GDSC at
the doses used, evidence of pharmacologic action was gen-
erally observed Sedation and muld to severe ataxia following
phenytoin, phenobarbital, valproic acid, and sodium val-
proate were observed at the time of testing For
ethosuximide, the presence of pharmacologic activity was
demonstrated by its ability to block generalized clonic-tonic
convulsions 1n these mice (see below)

The only agent tested that blocked PTZ induced GDSC 1n
(1gftg) mice was the benzodiazepine diazepam Two hours
after a 4 mg/kg dose 100% of the mice tested were protected
The animals were awake and moving at this time but showed
ntensified ataxia that was not abolished by PTZ treatment
In contrast, heterozygotes were also ataxic but this action of
diazepam was antagonized by 30 mg/kg PTZ

Effect of Drug Treatment on Parameters of PTZ Induced
GDSC

Table 3 shows values for the following components of
PTZ induced GDSC 1n (tg/tg) mice (1) time of onset of first
sign of PTZ action, (2) time of onset of complete GDSC, (3)
time of onset of “*partial’ and/or complete GDSC and (4) dura-
tion of complete GDSC Not all animals had every response
The duration of convulsion 1s presented only for those mice
which finished within the 60 min observation period Any
ammal still experiencing a GDSC at the end of the period was
assigned a lower limit for duration but was not included in
the calculations Incomplete records were also kept for some
of the first drugs tested so that no data 1s available

It can be seen (Table 3) that the various treatments gen-
erally had little effect on these parameters The only signifi-
cant differences between treatments were 1n the time of
onset of complete GDSC A delay of onset was recorded
following treatment with naloxone or 0 9% NaCl, pH 11 The
apparent effect of the pH 11 vehicle on latency seemed to be
anomolous since 1t 18 not reproducible (data not shown)

Protection Against Generalized PTZ Convulsions

Since several of the agents neffective against the GDSC
In (tg/tg) mice are effective in blocking generalized clonic-
tonic convulsions produced by a larger dose of PTZ [8], the
following experiment was performed to determine whether
homozygous mice can be protected against generalized PTZ
convulsions

Two groups of eight mice (4 1g/tg, 4 tg/+) were treated
with 0 9% NaCl or 250 mg/kg ethosuximide 1n saline 30 min
prior to challenge with a large dose of PTZ (85 mg/kg, SC)
When saline pretreated homozygotes received PTZ they re-
sponded with a mixture of GDSC (dorsiflexion of hindlimbs,
flexion of the neck, and clonus n fore- or hindlimbs) and
generalized PTZ convulsions (intense tremor, marked Straub
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TABLE 2
EFFECT OF DRUGS ON PTZ INDUCED GDSC IN (r¢ne) MICE

Number Number Number
showing showing showing
spontaneous partial complete

Treatment GDSC* GDSC GDSC ¢ Proiccted!
0 957 NaCl (5 ml/kg) 1.8 28 6/8 e
Ethosuximide (250 mg/kg) S/8% 08 88 0
Aminooxyacetic acid (25 mg/kg 6 hr) 0/8 08 6/8 25%
Aminooxyacetic acid (25 mg/kg 15 hr) 2:4 04 414 [
Naloxone (6 mg/kg) 08 1.8 7'8 (L
0 9% NaCl pH 11 (5 ml/kg) 08 1:8 78 0
Phenytoin (25 mg/kg) 8/8% 38 4/8 12 57
Phenytoin (50 mg/kg) 33f 373 03 0c
Phenobarbrtal (25 mg/kg) 1/8 0/8 8/8 0%
Phenobarbital (50 mg/kg) 03 013 33 o,
Sodium valproate (200 mg/kg) 07 17 6/7 o
Propylene glycol ethanol water (5 ml/kg) 0/8 118 S8 257
Diazepam (4 mg/kg) 08 08 08 1004 #
Valproic acid (150 mg/kg) 04 04 34 257

* *Spontaneous

GDSC refers to a GDSC occurring after drug treatment and prior to induction with PTZ
tCalculated as percent of ammals failing to show a ‘partial

or complete GDSC

zp< 004 versus 0 99 NaCl 2-tail test of differences between sample proportions |3}

3p <0 01 versus 0 99 NaCl, pH 11, 2-tail test of difference between sample proportions (3]

#p<0 01 versus propylene glycol ethanol water 2-tail test of difference between sample proportions [3)

Mice from S different litters were studied Ten mice were female (7 re/te 3 12/+) and 8 male (5rg/te 31¢/+) Litters
were 139 144, 290 299, or 302 days of age when testing began Testing ended 111 or 112 days later, except for the
youngest litter which ended 9 days later Only data for the homozygotes are presented (see Method section for further

detatls)

tail, generalized clonus and hopping) The ethosuximide-
treated homozygotes, on the other hand, all went into a
complete GDSC with only slight signs of generalized PTZ
action (an occasional weak Straub tail with localized brief
twitching) All saline treated (rg/+) mice had generalhized
PTZ convulsions and 2 of 4 mice died during tonic hindlimb
extension The ethosuximmde treated (r¢/+) mice were all
protected with only an occasional twitch observed These
mice had strabismus and moved very little

DISCUSSION

The genetic mutation designated tottering confers upon
the recipient homozygous mouse an altered nervous system
which periodically undergoes aberrant activity resulting n
‘‘spontaneous’’ stereotypic behavioral convulsions (GDSC)
These genetically-determined stereotypic convulsions may
also be elicited by exposure to a dose of PTZ which 1s sub-
convulsant in heterozygotes and normal mice of the same
strain (Table 1)

The site of action for this effect of PTZ 1s unknown but
appears to be distinct from the site(s) whereby PTZ induces
generalized clonic-tonic convulsions i mice This conclu-
sion s based upon the observation that ethosuximide,
phenobarbital, valproic acid, and AOAA, agents that block
convulsions by a higher dose of PTZ [8 16] were ineffective
n altering the action of 30 mg/kg PTZ on (re/tg) mice This
conclusion was strengthened by a test for generalized anti-
convulsant action using ethosuximide (see Results section)
It 1s possible that altered pharmacodynamics are responsible

for the results since only one or two doses of each drug were
tested, however, the doses and time of testing were chosen
to be within the range for good anticonvulsant activity in
mice for each drug used [8, 13 16] Therefore, the former
terpretation appears more likely

If we may generalize from the rat two mechanisms for
PTZ’s induction of GDSC may be proposed One possibility
1s that 30 mg/kg PTZ acts as a discriminative stimulus (DS)
that mimics the natural interoceptive stumuli normally elicit-
ing the GDSC response Using a classical lever-pressing
paradigm 1t has been shown that 20 mg/kg PTZ in the rat 1s a
DS [17] This property of PTZ does not generalize to most
other convulsants and 1s not antagonized by ethosuximide or
phenytoin among other anticonvulsants [19] Only those
anticonvulsants which also have anxiolytic activity were
able to antagonize the DS property of PTZ [19.20] It has
been proposed that the DS property of PTZ results from an
anxiogenic action [18] Data from this laboratory suggest that
“*spontaneous’” GDSC may be induced by stress or fear (see
below) In this respect the abihity of diazepam to antagonize
PTZ induced GDSC 1n (t¢/t¢) mice (Table 2) would not be
surprising

A second possible mechanism involves the ability of sub-
convulsant doses of PTZ as well as other convulsants, to
enhance sensory evoked potentials 1in the mesencephalic re-
ticular system [1] Following an mjection of 30 mg/kg PTZ
sensory pathways that elicit the **spontaneous’ GDSC may
be enhanced such that one occurs i the presence of the
PTZ 1e¢ PTZ 1s permissive to the expression of a “spon-
taneous * GDSC
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TABLE 3
EFFECT OF TREATMENT ON PARAMETERS OF PTZ INDUCED GDSC
Time of onset Time of onset Time of onset Duration
of first sign of complete of partial and/or of complete
Treatment of PTZ action GDSC* complete GDSC GDSC
0 9% NaCl 226 +089(8) 475 = 117(6) 417 = 045(8) S115 = 943(5)
Ethosuximide 3341104 496 + 284 (4) 334 1104 410
Aminooxyacetic acid (6 hr) 569 = 790(7) 696 = 787(6) 538+ 779(6) 3530 + 13 57 (5)
Aminooxyacetic acid (1 5 hr) 175 0614 421 = 930(4) 196 = 041 4) 2788 + 705(4)
Naloxone 353 =361(8) 1428 + 791(7) 360 = 328(8) 3738+ 442(2)
0 9% NaCl, pH 11 267 =200(8) 17 62 = 13 30 (8) 10 64 = 12 57 (8) 4289 + 857(3)
Phenytoin (25 mg/kg) 212 £ 076(8) (no data) 225« 071(7) (no data)
Phenytomn (50 mg/kg) 277 £025(3) (no data) 1218 = 204 (3) none
Phenobarbutal (25 mg/kg) 404 =+ 319(8) 598+ 304(7) 431 = 330(7) 44 87 = 7 58(8)
Phenobarbital (50 mg/kg) 664 = 233(3) 958 + 498 (3) 664+ 233(3) 46 67
Sodium valproate 255 +103(7) 295 = 049 (6) 771+ 146(7) 3821 = 776 (6)
Propylene glycol ethanol water 355+12914) 661 + 028 (4) 449 + 091 4) (no data)
Diazepam none none none none
Valproic acid 273 £0793) S14+ 066(2) 455+ 148(2) 56 20

*One way analysis of variance showed a significant difference between treatments (p<0 001)
Values are in min (mean = SD) with sample size shown n parentheses Data were collected from the same group of ammals used 1n
Table 2 ‘‘none means no amimals showed that particular response following treatment Analysis of vanance did not include treatment

groups with “‘none ° values

At the present time, no sensory modality has been tden-
tified that can elicit GDSC n (1g/tg) mice Unpublished
studies from this laboratory may provide some clues as to an
adequate stimuli for the appearance of ‘‘spontaneous’
GDSC It has been found that * spontaneous’ GDSC occur
approximately 50% of the time when (tg/tg) muce are re-
peatedly watched continuously for 60 min by a human ob-
server On the other hand, the occurrence of **spontaneous’”
GDSC was much lower (<5% of the time) in animals ob-
served repeatedly using video camera recordings (Syapin
and Segal, unpublished data) These data suggest that anx-
lety, stress, or fear triggered by the presence of the observer
may induce a "‘spontaneous’’ GDSC

The spike and wave ECG activity in (1g/tg) mice, with the
concurrent brief behavioral immobihty, has led some authors
to propose that (rg/tg) mice have two independent ictal
events, motor convulsions (GDSC) and * absence’’ seizures
[71 On the other hand, the two events may stem from a
common mechanism The genetic mutation tottering arose m
the DBA/2J strain of mouse [4], a strain that 1s also known to
have spontaneous, bilaterally hypersynchronous spike
bursts in their ECG [15] These ECG abnormalities are also
induced by subconvulsant doses of PTZ and are accom-
panied by active suppression of body movement [15] It
seems plausible that the rg-mutation could lead to a
threshold reduction that allows these ECG changes to occur

spontaneously

A means to clanfy the relationship between the spike and
wave activity and the GDSC 1s to investigate the effect of
drugs on their respective activities If these are independent
ictal events, 1t should be possible to suppress one without
affecting the other If one event 1s an epiphenomenon of the
other, blocking one should suppress the other In a prelimi-
nary report [5] phenytoin at 30 or 60 mg/kg was meffective in
altering the spike and wave activity (fg/rg) mice Valproic

acid (100 mg/kg) was found to reduce spike and wave activity
for up to 40 min after intraperitoneal mjection, while re-
peated inyections every 30 min for 6 hr led to complete ab-
sence of spike and wave activity for 6 hr How these results
relate to the present findings 1s not clear since stereotypic
convulsions were not measured or induced Further study
with direct monitoring of both events 1s necessary to
adequately answer this question

The present results may provide some clues to the neuro-
chemical mechanism of GDSC expression n (tg/tg) mice
The lack of protection by naloxone (6 mg/kg) suggests that
endogenous opioids do not participate in the generation of
the GDSC response Likewise, the faillure of 25 mg/kg
AQAA to alter convulsions after either 6 hr, the time of peak
elevation of brain synaptosomal GABA content [24], or | §
hr, a time of maximal anticonvulsant activity [9], suggests that
GDSC are not due to a reduced level of GABA or influenced
by mcreased GABA levels The lack of effect with both
sodium valproate and valproic acid 1s consistant with this
conclusion However, further testing with different doses or
continuous admimistration of these drugs 1s needed before
final conclusions can be drawn

The results with diazepam may indicate an involvement
of the high affinity benzodiazepine receptor system [21] in
these convulsions The dose and time after administration of
diazepam used 1n the present study was the same as previ-
ously shown to occupy saturable, high affinity brain benzo-
diazepine receptor sites i1 vivo and to protect completely
against generahzed clonic-tonic convulsions induced by 80
mg/kg PTZ (131 In vitro evidence from rats [11] and mice
[23] has demonstrated a competitive inhibition between PTZ
and diazepam at the high affinity receptor site Therefore.
one might conclude that diazepam blocked GDSC 1n (rg/rg)
mice by mmhibiting PTZ from interacting with a benzodiaze-
pine receptor site Studies in this laboratory also indicate
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that ‘spontaneous’ GDSC can be stopped by treatment with
diazepam (unpublished observation)

The results with phenytomn (Table 2) are interesting since
1t has been proposed [2] that the ability of phenytoin to inter-
act with benzodiazepine receptors 1s responsible for some of
the anticonvulsant action of this drug However the results
of this study suggest that this relationship 1s altered due to
the tottering mutation In (sg/tg) mice, phenytoin appears to
act similarly to PTZ and was found to induce GDSC (Table
2)

The present study demonstrates that (1g/tg) mice would
be useful as models for human epilepsy These animals have
a recessive genetic trait which predisposes them to a hife of
convulsions that occur as a result of normal, everyday activ-
ity GDSC in (tg/tg) mice have several features in common
with human simple partial setzures [14] (1) the abnormality

SYAPIN

seems localized to distinct neuronal pools, hence stereotypy,
(2) the seizures are '‘mappropriate responses ', (3) the
ammal remains conscious throughout the convulsion. and (4)
benzodiazepines are an effective treatment for GDSC and
some types of human partial seizures Besides the concur-
rent presence of an ataxic gait, the mutation seems to do
little else to hinder the mouse unless the neurological compe-
tence of the animal 1s challenged [22] As a means to study at
least one genetic component of seizure susceptibility the tot-
tering mutation appears well smted and deserved further at-
tention
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