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SYAPIN. P J Inhtbtt,m of pentxlenetetrazol tndu~ ed genettt allx-determmed stereotvpt~ ~ onvulstons m tottering mutant 
mt~ e by dmztvmm PHARMACOL BIOCHEM BEHAV 18(3) 38%394. 1983 --Genetically-determined stereotypic behav- 
ioral convulsions (GDSC) resulting from the autosomal recessive mutation tottering (tg) were studied In C57BL/6J mice 
GDSC was found to be rehably reduced in (tg/tg) homozygotes with 30 mg/kg pentylenetetrazol (PTZ). a dose that is 
slgmficantly below the threshold for inductmn of generahzed clonlc convulsions in (tg/+) heterozygotes and (+/+)  wdd 
type C57BL/6J m~ce The effects of antlconvulsant drugs on GDSC were studled m (tg/tg) m~ce reduced by 30 mg/kg PTZ 
Ethosuxlmtde (250 mg/kg), phenytom (25 and 50 mg/kg), sodmm phenobarbital (25 and 50 mg/kg), naloxone (6 mg/kg). 
valprolc aod  ( 150 mg/kg), sodmm valproate (200 mg/kg) and ammooxyacetlc acid (25 mg/kg) were all without effect on PTZ 
reduced GDSC In contrast to its usual antlconvulsant action, phenytom caused GDSC in (t¢/tg) mice Dmzepam (4 mg/kg) 
was completely effective m blocking GDSC 2 hr post administration Ethosuxlmlde (250 mg/kg), which did not protect 
(tg/tg) mice against GDSC was able to protect both (tg/te) and (tg/+) mice against generahzed clomc-tomc convulsions 
reduced by 85 mg/kg PTZ These results suggest a novel mechamsm of action for the reduction of GDSC by 30 mg/kg PTZ m 
(te/tg) mice which may involve benzod~azepme receptors 

Tottering mouse Genetxc mutation Convulsions Epilepsy Pentylenetetrazol Dmzepam 
Phenytom 

M I C E  h o m o z y g o u s  for  the genet ic  mu ta t i on  named  to t te r ing  
(gene des igna t ion  tg, c h r o m o s o m e  8, au to soma l  recess ive )  
are pheno typ lca l ly  d i s t ingu i shed  by  a h tnd l lmb a tax la  and  
" s p o n t a n e o u s "  gene t i ca l ly -de t e rmined  s te reo typ lc  b e h a v -  
ioral convu l s i ons  (GDSC)  l e , r epea ted ly  occur r ing ,  com-  
puls ive  sets  o f  r ep roduc ib le  a b n o r m a l  m o t o r  act ivi t ies  ap- 
pear ing  the  same  in all (tg/tg) mlce (see [4] for  de ta i led  de-  
scr ip t ion of  the  GDSC)  The  s p o n t a n e o u s - c o n v u l s i n g  
p h e n o t y p e  is not  ident i f ied unti l  4 -8  weeks  pos tna ta l ,  de- 
pend ing  on  the  m o u s e  s t ra in  used,  and  in o t h e r  r e spec t s  ap- 
pears  normal ,  they  are fert i le,  a t ta in  normal  body  weight  as 
adul ts ,  and  seem to have  normal  longevi ty  

The  d i s cove ry  of  the  tg muta t ion  and  its s u b s e q u e n t  t r ans -  
fer  to the  highly inbred  C57BL/6J  s t ra in  p rov ides  a s table ,  
h o m o g e n e o u s  popu la t ion  to s tudy how a genet ic  trai t  can  
inf luence  the  suscept~bdl ty o f  the  n e r v o u s  sys t em towards  
na tura l ly  occur r ing  se izures  and  convu l s i ons  H o w e v e r .  
knowledge  a b o u t  the  t o t t e n n g  m o u s e  is hml ted  The  cel lular  
e t iology of  the  s p o n t a n e o u s - c o n v u l s i n g  p h e n o t y p e  is pres-  
ently u n k n o w n  The  brain of  the C57BL/6J  (tg/tg) mouse  ap- 
pears  morpholog ica l ly  no rma l  ([12] and  unpub l i shed  obser -  
va t ions)  a l t hough  d i f fe rences  in the  dens i ty  of  i nne rva t lon  by  
ca t echo l amlne -con t a l n i ng  neu r ons  ot  the  locus  ceru leus  have  
b e e n  r epo r t ed  b e t w e e n  (tg/tg) and wild type  ( + / + )  mice  [10] 

H o m o z y g o u s  t o t t e n n g  mice also have  abno rma l  elec- 

t r oco r t l cog rams  (ECG)  with 6/sec spike and  waves  o c c u m n g  
h u n d r e d s  o f  t imes  daily [7.12] The  E C G  changes  are accom-  
pa ined  behav io ra l ly  by a b r i e f  cessa t ion  in act ivi ty  and  do  
not  a p p e a r  t empora l ly  l inked to the  more  p r o n o u n c e d  
G D S C  Dis tu rbances  of  swimming  abil i ty,  ro to rod  per form-  
ance .  and open  field act ivi ty are also a s s o o a t e d  wi th  
pheno typ lc  e x p r e s s i o n  o f  the  tg mu ta t i on  [22] G D S C  were  
not  Induced by  audi tory ,  phot lc ,  s o m a t o s e n s o r y ,  or  ves t ibu-  
lar  s t imula t ion  in C57BL/6J(tg/tg) mice [12] and  are thus  re- 
ga rded  as " s p o n t a n e o u s  '" 

The  pharmaco log ic  r e sponse  of  the  G D S C  of(tg/tg) mice 
has  been  s tudied in this l abora to ry  A p rocedu re  is desc r ibed  
in which  a G D S C  can  be  induced  at  will in (tg/tg) mice 
A m o n g  severa l  an t l convu l s an t  agents  t e s ted  for  ac t iv i ty .  
only the  b e n z o d l a z e p l n e  d l azepam was able to p ro tec t  (tg/tg) 
m~ce agains t  PTZ  induced  G D S C  T r e a t m e n t  with  p h e n y t o m  
was found  to induce  G D S C  This  is the  first  repor t  of  a 
t r e a t m e n t  tha t  can  b lock  the gene t i ca l ly -de te rmined  
stereotyp~c convu l s i ons  of  (tg/tg) mice and  may  prov ide  in- 
sight  into  m e c h a n i s m s  under ly ing  the i r  o c c u r r e n c e  

METHOD 

Animal Rearmg 

Male and  female  C57BL/6Jttg/tg) and (tg/+) mice were  
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obtmned from the Jackson Laboratory (Bar Harbor, ME) at 
the N16 and NI7 cross generation and used for breeding 
Ammals were housed in polypropylene cages with pine shav- 
ing 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 Brotherxslster  mating of a homozy- 
gous male with a heterozygous female was used to produce 
(tg/tg) 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 ' tottenng'" gait or 
stereotypic convulsions were first observed but remained 
housed with httermates Over 100 (tg/tg) mice have now 
been studied in this fashion with only one instance of an 
animal not being identified as homozygous prior to 10 weeks 
of age Therefore, it appears unlikely that a (tg/tg) was 
falsely identified as a fig/+) animal 

The subjects used in these studies were 18 (tg/t~) 14 
(tg/+), and 5 wild type C57BL/6J(+/+) mice of both sexes 
The ages of individual litters used In 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 Thres hold Deter mmatton 

A tail vein infusion method [6] was used to measure the 
threshold dose for PTZ-eliclted 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 synnge mounted on a hand operated micro-drive 
The system was filled with a 0 3% solution of PTZ m 0 9%, 
NaCI and slowly infused into a tall veto until the animal 
responded The volume infused was measured and the 
animal'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 clomc convulsion with the 
loss of righting or the start of a GDSC, whichever occurred 
first 

Indu~ tlon oJ GDSC by PTZ 

The following procedure was developed to rehably reduce 
a GDSC in (te/tgJ mice Animals were brought to the labora- 
tory on the rr~rnmg of the experiment m their home cages. 
weighed, and then left undisturbed for at least 60 mm 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 Animals were observed 10 mm 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 antlconvulsant 
action as reported in the hterature, animals were injected 
lntrapentoneally with 30 mg/kg of PTZ in 0 9% NaCI (10 
ml/kg body weight) and placed in individual observation 
chambers (30× 9× 10 cm. L × W × H) for 60 mln In addition to 
noting the presence or absence of a GDSC the following 
data were usually recorded (1) time of onset of first sign ot 
PTZ action. (2) time of onset of "partml'" and/or complete 
GDSC (see Results section for description) and (3) duration 
of complete GDSC, up to 60 mln Fhe first sign of PTZ action 

was taken as the first noticeable change in behavior follow- 
ing administration of the PTZ It could be either twitching, a 
startle response, ~'partlal" GDSC. or complete GDSC Llt- 
termate (tg/+) mice were treated using Identical procedures 
and observed along with homozygotes Heterozygotes 
served as controls for strain-specific, gene dosage or 
,dtocyncrahc drug responses Convulsions were induced be- 
tween 1200 hr and 1500 hr except when aminooxyacetlc acid 
(AOAA) was tested 6 hr post-treatment 

Drue Treatments 

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

Pentylenetetrazol AOAA, and propylene glycol were 
purchased from the Sigma Chemical Co (St Louis, MOt 
The following drugs were gifts from the manufacturers 
naloxone HC1 (Endo Laboratories. Inc ). diazepam 
(Hoffmann-La Roche, Inc ), phenytoln and ethosux,mlde 
(Park, Davis and Co ), sodium phenobarbital (Sterling Drug. 
Inc ). valprolc acid (Abbott Laboratories) All doses refer to 
drugs in the form specified above except sodium valproate 
which is given as the free acid Valproic acid was converted 
to the sodmm salt by the addition of an equal volume of 
equimolar NaOH 

Four groups of mice were used in testing agents for ant~- 
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 animals w~th a new agent One group of 4 (tg/tg) m,ce 
received diazepam vehicle, diazepam, phenytoin vehicle 
phenytoin (25 mg/kg), naloxone vehicle, naloxone. 
ethosux,mlde, phenobarbital, sodium valproate and AOAA 
(6 hr) A second group of 4 (tg/tg) mice received naloxone 
vehicle, naloxone, d,azepam vehicle, d,azepam, phenytom 
vehicle, phenytoln, ethosuxtmide, phenobarbital, and 
AOAA (I 5 hr) A third group of 3 (tg/te) mice received 
AOAA (6 hr). valproic acid. sodium valproate, phenytoln (50 
mg/kg) and phenobarbital (50 mg/kg) The last group, which 
contained one (tg/te) mouse, was tested with AOAA (6 hr) 
only 

Blood levels for the drugs used were not measured m 
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 in these studies 

RESULTS 

Induction oJ GDS(~ ~tth PTZ 

Complete stereotypic behavioral seizures (1 e . a GDSC) 
were reported observed within 3-5 rain following the reJec- 
tion of 20 mg/kg PTZ into (tg/tg) mice [12]. however, this 
finding was not reproducible in this laboratory (data not pre- 
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T A B L E  1 

THRESHOLD DOSES FOR CONVULSIVE RESPONSE TO 
PENTYLENETETRAZOL IN C57BL/6J TOTTERING 

MOUSE GENOTYPES 

Response ehclted Mean _+ S D * Genotype 

GDSC 29 5 _+ 14 6Y (tg/te) (6) 
Generahzed clonlc 51 5 _+ 12 7 (tg/+) (8) 

convulsion 
Generalized clomc 51 8 _+ 7 3 (+/+)  (5) 

convulsion 

*Umts are mg/kg 
?F(2,16)=6 684, p < 0  01, one-way analysis of variance, p < 0  01 

fig#e) vs (+/+), 2-tad t-test,p<O 02 (tg/tg) vs (tg/+), 2-tad t-test 
Animals from 7 litters were used Nine mice were male (5 tg/tg, 4 

te/+) and 5 were female (1 tg/tg, 4 tg/+) Wild type (+/+)  were all 
males from 2 litters Tottering litters 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 
animals tested In parentheses 

sen ted)  In o rde r  to de t e rmine  w h e t h e r  any  dose  of  PTZ was 
able  to induce  G D S C  in (tg/tg) mice f rom our  b reed ing  col- 
ony ,  the  t h r e sho ld  dose  needed  to elicit  any  convu l s ive  re- 
sponse  in to t te r ing  mice by  PT Z  was e x a m i n e d  (Table  1) 
Our  resul ts  are in qual i ta t ive  a g r e e m e n t  wi th  [12] In tha t  
G D S C  were  Induced  in (tg/tg) mice by  PT Z  at a m e a n  dose  
(29 5 mg/kg) s ignif icant ly  lower  ( p < 0  01) than  the  doses  tha t  
ehc l t  genera l i zed  clonlc convu l s i ons  in (tg/+) and  ( + / + )  
mice (Table  1) 

Re~pon~es oJ Tottering Mice to 30 mg/kg PTZ 

Based  upon  this  da ta  (Table  l) the  re jec t ion of  30 mg/kg 
PTZ  IP  was found  to r ehab ly  induce  G D S C  In (tg/tg) mice 
Us ing  this  p r o c e d u r e  23 of  24 (tg/tg) mice have  been  suc- 
cessful ly  induced  fol lowing a first in jec t ion  of  30 mg/kg PTZ  
The  lone n o n - r e s p o n d e r  was not  Induced  even  af te r  6 sepa-  
ra te  in jec t ions  Two  types  of  r e s p o n s e s  have  b e e n  o b s e r v e d  
fol lowing admin i s t r a t i on  of  30 mg/kg PT Z  to (tg/tg) mice 
The  mos t  c o m m o n  r e sponse  is a comple t e  G D S C  las t ing 
40-50 mln wh ich  is Indis t inguishable  f rom a " s p o n t a n e o u s "  
G D S C  The  second  r e s p o n s e  is wha t  appea r s  to be a " p a r -  
t i a l "  convu l s ion  In this  case  the  an imal  begins  to show the  
s t e reo typ lc  m o v e m e n t s  a s soc ia t ed  wi th  ini t ia t ion o f  a G D S C  
(f la t tening of  the  s ac rum,  h l n d h m b  abduc t ion  and  dors l f lex-  
ion, and  f lexion of  the  head)  bu t  these  are abo r t ed  wi th in  a 
few seconds  Severa l  a t t emp t s  at a G D S C  usual ly  occu r  o v e r  
a 5 mln per iod  N o r m a l  ac t iv i ty  or,  less c o m m o n l y ,  PTZ  
induced  twi tch ing  is seen  b e t w e e n  " p a r t i a l "  G D S C s  

A thi rd  r e s p o n s e  has  occas iona l ly  been  o b s e r v e d  whe re  
an  an imal  has  only twi tches ,  con t r ac t ions ,  and  a m a r k e d  
S t raub  tall In r e s p o n s e  to the PT Z  T h e s e  effects  can  be  
a t t r ibu ted  to PTZ  act ing at a site o t h e r  t han  the  muta t ion-  
induced  site, s ince they  have  also b e e n  seen  in o t h e r  s t ra ins  
of  mice  af te r  r epea t ed  in jec t ions  wi th  low doses  o f  PTZ  [23] 
A four th  r e s p o n s e  not  seen  in (tg/tg) mice but  c o m m o n l y  
seen  in (tg/+) and DBA/2J  mice is hypo-ac t lv i ty  fol lowing 30 
mg/kg PTZ  The  animal  hes  d o w n  and  r ema ins  inac t ive  for  
10-20 mln  

Prote~ tton Against PTZ Induced GDSC 

Severa l  ant tepi lept lc  drugs  have  b e e n  tes ted  for  the i r  
abil i t ies to b lock  G D S C  induced  by  30 mg/kg PTZ  using the  
p rocedu re  desc r ibed  in the  M e t h o d  sec t ion  (Table  2) 
E thosux imlde ,  va lpor lc  acid,  phenoba rb i t a l ,  and  p h e n y t o l n  
were  unable  to b lock  the  induc t ion  of  G D S C  by PTZ  Sur-  
pris ingly,  p h e n y t o l n  re l iably induced  G D S C  in (tg/tg) mice 
(Table  2) This  effect  was  ev iden t  wi th in  10-15 min of  admin-  
i s t ra t ion  of  the  p h e n y t o l n  A similar ,  bu t  less rel iable effect  
was  also seen  with 250 mg/kg e thosux lmide  Ne i t he r  the  
opia te  an tagon i s t  na loxone  no r  the G A B A - e l e v a t l n g  drug  
A O A A  had any  effect  on induc t ion  o f  G D S C  by PTZ  

Al though  (tg/tg) mice were  not  p ro t ec t ed  agains t  G D S C  at 
the  doses  used ,  ev idence  of  pha rmaco log ic  ac t ion  was  gen-  
eral ly o b s e r v e d  Seda t ion  and  mild to severe  a tax ia  fol lowing 
pheny to ln ,  phenoba rb i t a l ,  va lpro ic  acid,  and  sodium val- 
p roa te  were  o b s e r v e d  at the  t ime of  tes t ing  F o r  
e thosux imlde ,  the p r e sence  of  pha rmaco log ic  act ivi ty  was 
d e m o n s t r a t e d  by  its abili ty to b lock  genera l ized  c lonlc- tonlc  
convu l s i ons  in these  mice (see be low)  

The  only  agent  t e s ted  tha t  b locked  PTZ induced  G D S C  in 
(tg/tg) mice was the  benzodIazep lne  d i azepam Two  hour s  
af ter  a 4 mg/kg dose  100% of the  mice  t es ted  were  p ro tec t ed  
The  an imals  were  awake  and  mov ing  at this  t ime but  s h o w e d  
intensi f ied a tax la  tha t  was  not  a b o h s h e d  by  PTZ  t r e a t m e n t  
In con t ras t ,  he t e rozygo te s  were  also ataxlc  bu t  this  ac t ion of  
d l azepam was an tagon ized  by  30 mg/kg PTZ  

Effect o f  Drug Treatment on Parameters o f  PTZ lndu~ ed 
GDSC 

Table  3 shows  values  for  the fol lowing c o m p o n e n t s  of  
PTZ induced  G D S C  in (tg/tg) mice (1) t ime of  onse1 o f  first  
sign o f  PTZ  act ion ,  (2) t ime of  onse t  of  comple t e  GDSC,  (3) 
t ime of  onse t  o f " p a r t l a l '  and/or  comple te  GDSC and (4) dura- 
t ion of  comple t e  G D S C  No t  all an imals  had  eve ry  r e sponse  
The  dura t ion  of  convu l s ion  IS p r e s e n t e d  only  for  those  mice  
which  f in ished wi th in  the  60 mln o b s e r v a t i o n  per iod  Any  
an imal  still expe r i enc ing  a G D S C  at the  end  of  the  per iod  was 
ass igned  a lower  l imit for  dura t ion  but  was  not  inc luded  in 
the  ca lcu la t ions  Incomple t e  records  were  also kept  for  some 
of  the  first drugs  t es ted  so tha t  no da ta  is avai lable  

It can  be  seen  (Table  3) tha t  the  var ious  t r e a t m e n t s  gen-  
eral ly had  little effect  on  these  p a r a m e t e r s  The  only  s~gnlfi- 
can t  d i f fe rences  b e t w e e n  t r e a t m e n t s  were  in the t ime of  
onse t  of  comple t e  G D S C  A delay o f  onse t  was  r eco rded  
fol lowing t r e a t m e n t  with  na loxone  or 0 9% NaC1, pH 11 The  
a p p a r e n t  effect  of  the  pH 11 vehicle  on  la tency  s e e m e d  to be 
a n o m o l o u s  s ince it is not  r eproduc ib le  (da ta  not  shown)  

Prote~ tton Against Generahzed PTZ Convulsions 

Since severa l  of  the  agents  ineffect ive against  the  G D S C  
in (tg/tg) mice are effect ive  in b locking  genera l ized  clonlc-  
tonic  convu l s i ons  p roduced  by  a larger  dose  o f  PTZ  [8], the  
fol lowing e x p e r i m e n t  was  pe r fo rmed  to de t e rmine  w h e t h e r  
h o m o z y g o u s  mice  can  be p ro tec t ed  agains t  genera l ized  PTZ  
convu l s i ons  

Two groups  of  eight  mice (4 tg/tg, 4 tg/+) were  t r ea ted  
wi th  0 9% NaC1 or  250 mg/kg e thosux imide  in sal ine 30 rain 
p r io r  to cha l lenge  wi th  a large dose  of  PTZ  (85 mg/kg, SC) 
W h e n  sal ine p re t r ea t ed  h o m o z y g o t e s  rece ived  PTZ  they re- 
sponded  w~th a mix ture  of  G D S C  (dors l f lexion o f  h ind l imbs ,  
f lexion of  the  neck ,  and  c lonus  In fore- or  h l n d h m b s )  and  
genera l ized  PTZ  convu l s i ons  ( in tense  t remor ,  m a r k e d  S t r aub  
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T A B L E  2 

EFFECT OF DRUGS ON FffZ INDUCED GDSf_ IN Ite,t~,) MICE 

Treatment 

Number Number Number 
showing showing showing 

spontaneous partial complete 
GDSC ~ GDSC GDSC Q Prott.cted I 

0 9% NaC115 ml/kg) 
Ethosuxlmide (250 mg/kg) 
Ammooxyacetlc acid (25 mg/kg 6 hr) 
Amlnooxyacetnc acid (25 mg/kg 1 5 hr) 
Naloxone 16 mg/kg) 
09% NaCI pH 11 15 ml/kgl 
Phenytoln (25 mg/kg) 
Phenytoln (50 mg/kg) 
Phenobarbital (25 mg/kg) 
Phenobarbital (50 mg/kg) 
Sodium valproate (200 mg/kgl 
Propylene glycol ethanol water (5 ml/kg) 
Dlazepam (4 mg/kg) 
Valpronc acid (150 mg/kgl 

1,8 2/8 6/8 if(  
s/85 0/8 8:8 0% 
0/8 0/8 6,'8 25% 
2,'4 @4 4,4 i f ,  
0/8 1~8 7/8 (f ;  
0 8 1,'8 7 8 0% 
8/8s s ~/8 4/8 12 5c~ 
"~/'~- 3/3 0/'~ (Y~ 
1/8 0/8 8/8 0% 
0 3 0'3 ~,~ (Y 
0'7 1 7 6/7 i f ,  
0/8 1,8 5/8 25(~ 
@8 0,8 0'8 lOOCc# 
0,'4 0/4 3 '4 25% 

* 'Spontaneous GDSC refers to a GDSC occurring after drug treatment and prior to mducuon with PTZ 
+Calculated as percent of ammals failing to show a 'parnal or complete GDSC 
-p<0  04 versus 0 9% NaCI 2-tall test of differences between sample propomons iX] 
~¶p<0 01 versus 0 9"7f NaC1, pH 11, 2-taft test of difference between sample propornons 13] 
# p < 0  01 versus propylene glycol ethanol water 2-tall test of dnfference between sample propomons 131 
Mice from 5 different litters were stud~ed Ten mice were female t7 t~,,/t~,, 3 t~,/+ ) and 8 male (5 t~,/t~, 3 te/+ ) L~tters 

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 secuon for further 
details) 

tail, gene rahzed  c lonus  and  hopping)  The  e thosux lmlde-  
t rea ted  homozygo te s ,  on  the  o the r  hand ,  all went  into a 
comple te  GDSC with only shght  signs of  genera l ized  PTZ 
acUon (an occas ional  weak  S t raub  tall wi th  local ized br ief  
twi tching)  All sahne  t rea ted  f i g /+)  mice had genera l ized 
PTZ  convu l s ions  and  2 of  4 mice died dur ing tonic  h l n d h m b  
ex tens ion  The  e thosux tmlde  t rea ted  (t~,/+) mice were  all 
p ro tec ted  with only  an occas ional  twi tch  obse rved  These  
mice had s t r ab i smus  and m o v e d  very  little 

DISCUSSION 

The  genet ic  muta t ion  des igna ted  to t te r ing  confers  upon 
the  rec ip ient  h o m o z y g o u s  mouse  an a l tered ne r vous  sys tem 
which  penodzcal ly  undergoes  abe r r an t  act ivi ty resul t ing in 
" s p o n t a n e o u s "  s te reo typlc  behav io ra l  c o n v u l s m n s  (GDSC) 
These  gene t i ca l ly -de te rmined  s te reo typ lc  convu l s ions  may 
also be elici ted by exposu re  to a dose  of  PTZ which  us sub- 
c o n v u l s a n t  in he t e rozygo te s  and normal  mice of  the  same 
s t ra in  (Table 1) 

The  site of  ac t ion  for this  effect  of  F F Z  is u n k n o w n  but  
appea r s  to be dis tract  f rom the site(s) w he r eby  PTZ induces  
g e n e r a h z e d  c lonlc- tonlc  convu l s ions  In mice This  conclu-  
sion IS based  upon  the  obs e r va t i on  that  e thosux imlde ,  
p h e n o b a r N t a l ,  valprolc  acid,  and  A O A A ,  agents  tha t  b lock 
convu l s ions  by a h igher  dose  of  F F Z  [8 16] were ineffect ive 
m al ter ing the ac t ion of  30 mg/kg PTZ on ( t e / t e )  mice This  
conc lus ion  was s t r eng thened  by  a tes t  for  genera l ized  antl-  
c o n v u l s a n t  ac t ion  using e thosuxnmlde (see Resul ts  sect ion)  
It is poss ible  tha t  a l tered p h a r m a c o d y n a m l c s  are respons ib le  

for the resul ts  s ince only one or  two doses  of  each  drug were  
tes ted ,  howeve r ,  the doses  and  t ime of  tes t ing were  c h o s e n  
to be wnthm the range for  good an t l convu l san t  act ivi ty  in 
mice for  each  drug used [8, 13 16] There fore ,  the fo rmer  
in te rp re ta t ion  appear s  more  likely 

If  we may genera l ize  f rom the  rat  two m e c h a n i s m s  for 
P T Z ' s  reduct ion of  G D S C  may  be p roposed  One  possibi l i ty 
IS tha t  30 mg/kg PTZ acts  as a d i sc r imina t ive  s t imulus  (DS) 
that  mimics  the na tura l  m t e r o c e p n v e  st imuli  normal ly  ehc~t- 
mg the  G D S C  re sponse  Using  a classical  l ever -press ing  
parad igm it has been  s h o w n  that  20 mg/kg FFZ  in the rat  ns a 
DS [17] This  p roper ty  of  PTZ does  not  genera l ize  to most  
o the r  convu l san t s  and  is not  an tagon ized  by e thosuxnmlde or  
p h e n y t o m  among  o the r  an t l convu l s an t s  [19] Only those  
a n n c o n v u l s a n t s  which  also have  anx lo lync  act ivi ty  were  
able to an tagon ize  the  DS proper ty  of  PTZ [19.20] It has  
been  p roposed  that  the DS proper ty  of  lrI 'Z resul ts  f rom an 
anxlogen,c  ac t ion [18] Data  f rom this l abora to ry  suggest  that  
~ s p o n t a n e o u s "  G D S C  may be Induced by s t ress  or  fear  (see 
below) In this respec t  the abil i ty of  dnazepam to an t agomze  
PTZ induced  G D S C  in (tt,./tt,,) mice (Table 2) would not be 
surpr is ing  

A second  possible  me~.hamsm involves  the abil i ty of  sub- 
c o n v u l s a n t  doses  of  PTZ as well as o the r  convu l san t s ,  to 
e n h a n c e  sensory  evoked  potent ia l s  in the  m e s e n c e p h a h c  re- 
ncu la r  sys tem [1] Fol lowing an inject ion of  30 mg/kg PTZ 
sensory  pa thways  that  elicit the  '~spontaneous ' "  G D S C  may 
be e n h a n c e d  such that  one occurs  in the p re sence  of  the 
PTZ i e PTZ is pe rmiss ive  to the expres s ion  of  a "spon- 
t aneous  " G D S C  
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T A B L E  3 

EFFECT OF TREATMENT ON PARAMETERS OF PFZ INDUCED GDSC 

Treatment 

Time of onset Time of onset T~me of onset Duration 
of first sign of complete of partml and/or of complete 

of PTZ action GDSC* complete GDSC GDSC 

0 ~ N a C I  226  ± 089(8)  475_+ 1 17 (6) 4 17 + 045(8)  51 15 + 943(5)  
Ethosuxlmlde 334 + 1 10(4) 4 9 6 ±  284(4)  334 ± 1 10(4) 410  
Ammooxyace t lcac ld(6hr )  569_+ 790(7)  696_+ 787(6)  538 + 779(6)  35 30_+ 13 57 (5) 
Ammooxyacetlcacld(1 5hr)  1 75 ± 061(4)  421 _+ 930(4)  1 96 ± 041 (4) 27 88 ± 705(4)  
Naloxone 353 ± 361(8)  14 28_+ 791(7)  360 ± 328(8)  37 38 ± 442(2 )  
09%NaCI ,  p H l l  2 6 7 ± 2 0 0 ( 8 )  1 7 6 2 ±  1330(8) 1 0 6 4 ±  1257(8) 4 2 8 9 ±  857(3)  
Phenytoln (25 mg/kg) 2 12 ± 0 76 (8) (no data) 2 25 ± 0 71 (7) (no data) 
Phenytom (50 mg/kg) 2 77 ± 0 25 (3) (no data) 12 18 ± 2 04 (3) none 
Phenobarbital (25mg/kg) 404_+ 3 19 (8) 598 ± 304(7)  431 ± 330(7)  44 87 ± 758(8)  
Phenobarbital (50mg/kg) 6 6 4 ±  233(3)  958 ± 498(3)  664-+ 233(3)  46 67 
Sodlumvalproate 255 ± 1 03 (7) 295 ± 049(6)  771 + 146(7)  38 21 ± 776(6)  
Propylene glycol ethanol water 3 55 _+ 1 29 (4) 6 61 ± 0 28 (4) 4 49 ± 0 91 ~4) (no data) 
Dlazepam none none none none 
Valprolcacld 273 _+ 079(3)  5 14 + 066(2)  455 ± 1 48 (2) 56 20 

*One way analysis of variance showed a significant difference between treatments (p<0 001) 
Values are m mln (mean ± SD) with sample size shown m parentheses Data were collected from the same group of animals used in 

Table 2 "none means no animals showed that particular response following treatment Analysis of varmnce did not include treatment 
groups with "none ' values 

At  the  p resen t  t~me, no senso ry  m o d a h t y  has  been  ~den- 
t~fied that  can  ellclt  G D S C  m (tg/lg) mice U n p u b l i s h e d  
s tudies  f rom this  l abo ra to ry  may p rov ide  some clues as to an 
adequa t e  st imuli  for  the a p p e a r a n c e  of  " s p o n t a n e o u s "  
G D S C  It has  been  found  tha t  ' s p o n t a n e o u s "  G D S C  occu r  
app rox ima te ly  50% of  the  t~me w h e n  (tg/tg) mice are re- 
pea ted ly  wa t ched  con t inuous ly  for  60 rain by a h u m a n  ob-  
s e rve r  On the  o the r  hand ,  the  o c c u r r e n c e  o f " s p o n t a n e o u s "  
G D S C  was m u c h  lower  ( < 5 %  of  the  t ime) in an imals  ob-  
s e rved  repea ted ly  us ing v ideo  c a m e r a  record ings  (Syap ln  
and  Segal,  u n p u b h s h e d  data)  T h e s e  da ta  sugges t  tha t  anx-  
iety,  s t ress ,  or  fear  t r iggered by  the  p r e sence  o f  the  o b s e r v e r  
may  reduce  a " s p o n t a n e o u s "  G D S C  

The  spike and  wave  E C G  act iv i ty  m (tg/lg) m~ce, with  the  
c o n c u r r e n t  b n e f b e h a w o r a l  u n m o b d l t y ,  has  led some au tho r s  
to p ropose  tha t  (tg/tg) mice have  two i n d e p e n d e n t  lctal 
even t s ,  m o t o r  convu l s ions  (GDSC)  and  ' a b s e n c e "  se izures  
[7] On the o t h e r  hand ,  the  two even t s  may  s t em f rom a 
c o m m o n  m e c h a m s m  The  genet ic  mu ta t i on  to t t e rmg  arose  m 
the  DBA/2J  s t ra ta  of  m o u s e  [4], a s t r am tha t  is also k n o w n  to 
have  s p o n t a n e o u s ,  b i la tera l ly  h y p e r s y n c h r o n o u s  sp~ke 
burs t s  m the i r  E C G  [15] These  E C G  a b n o r m a h t l e s  are also 
induced  by s u b c o n v u l s a n t  doses  o f  PT Z  and  are  accom-  
pa ined  by ac t ive  supp re s s ion  of  body  m o v e m e n t  [15] It 
s eems  plausible  tha t  the  t g - m u t a t l on  could  lead to a 
t h re sho ld  reduc t ion  tha t  a l lows these  E C G  changes  to occu r  

s p o n t a n e o u s l y  '" 
A means  to clarify the  re la t ionsh ip  b e t w e e n  the spike and  

wave  act iv i ty  and  the  G D S C  is to inves t iga te  the  effect  of  
drugs  on the i r  r e spec t ive  act iv i t ies  If  these  are i n d e p e n d e n t  
~ctal even t s ,  it should  be  poss ib le  to suppres s  one  wi thou t  
affect ing the  o the r  If  one even t  ~s an  e p l p h e n o m e n o n  of  the  
o ther ,  b lock ing  one  should  suppres s  the  o t h e r  In a p rehml-  
na ry  r epor t  [5] p h e n y t o l n  at 30 or  60 mg/kg was ineffect ive  m 
al ter ing the  sp~ke and  wave  actw~ty (t~,/tg) m~ce Valprolc  

acid ( 100 mg/kg) was  found  to r educe  spike and  wave  act ivi ty  
for up to 40 rain af te r  mt rape r l tonea l  reject ion,  while re- 
pea ted  re ject ions  eve ry  30 rain for  6 hr  led to comple te  ab- 
sence  of  spike and  wave  acUvlty for  6 hr  How these  resul t s  
relate  to the  p r e sen t  f indings  is no t  c lear  since stereotyp~c 
convu l s i ons  were  not  m e a s u r e d  or  induced  F u r t h e r  s tudy 
w~th d~rect m o m t o r l n g  of  b o t h  even t s  is neces sa ry  to 
adequa te ly  a n s w e r  this  ques t ion  

The  p resen t  resul t s  may  provide  some clues to the  neuro-  
chemica l  m e c h a n i s m  of  G D S C  expre s s ion  m (tg/tg) m~ce 
The  lack o f  p ro tec t ion  by na loxone  (6 mg/kg) suggests  tha t  
e n d o g e n o u s  oplo~ds do not  par t ic ipa te  in the  genera t ion  of  
the  G D S C  r e s p o n s e  L~kewlse, the  fadure  of  25 mg/kg 
A O A A  to a l ter  c o n v u i s m n s  af ter  e t the r  6 hr,  the  t ime of  peak  
e leva t ion  of  bra in  synap to soma l  G A B A  con t en t  [24], or  I 5 
hr. a tune of  maxuna l  anUconvuisan t  activity [9], suggests tha t  
G D S C  are not  due  to a r educed  level  of  G A B A  or inf luenced  
by inc reased  G A B A  levels  The  lack of  effect  wi th  b o t h  
s o d m m  va lproa te  and  valpro~c acid is cons l s t an t  with  this  
conc lus ion  H o w e v e r ,  fu r the r  tes t ing  wi th  di f ferent  doses  or  
c o n t i n u o u s  a d m l m s t r a t l o n  of  these  drugs  is needed  before  
f n a l  c o n c l u s | o n s  can  be d rawn  

The  resul ts  w~th d m z e p a m  may  indica te  an  i n v o l v e m e n t  
o f  the  high aff imty benzod l azep lne  r ecep to r  sys tem [21] m 
these  convu l s i ons  The  dose  and  t ime af te r  a d m u n s t r a t l o n  of  
d m z e p a m  used  m the  p resen t  s tudy was the  same as previ-  
ously  s h o w n  to occupy  sa turable ,  high aff imty bra in  benzo-  
d m z e p m e  r ecep to r  sites m i ' . ,o  and  to p ro tec t  comple te ly  
against  g e n e r a h z e d  c lon lc - tomc convu l s ions  reduced  by 80 
mg/kg PTZ [13] In vttro ev idence  f rom rats  [ l l ]  and mice 
[23] has  d e m o n s t r a t e d  a c o m p e t m v e  m h l b m o n  be tween  PTZ  
and  d m z e p a m  at the  h~gh aff imty r ecep to r  s~te There fo re .  
one  might  conc lude  tha t  d m z e p a m  b locked  G D S C  m (tg/tg) 
m~ce by m h l b m n g  PTZ from in te rac t ing  w~th a benzod laze -  
pine r ecep to r  s~te Studies  m this  l abora to ry  also indica te  
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that ' spon taneous ' "  GDSC can be s topped  by t rea tment  with 
dmzepam (unpublished observat ion)  

The results  with phenyto ln  (Table 2) are interest ing since 
~t has been p roposed  [2] that  the ability of  phenyto in  to rater- 
act with benzod lazepme  recep tors  is responsib le  for some of  
the ant lconvulsant  action of  this drug H o w e v e r  the results  
o f  this s tudy suggest  that  this relat ionship is al tered due to 
the tot tering mutat ion In (tg/tg) mice,  phenyto tn  appears  to 
act similarly to PTZ and was found to reduce GDSC (Table 
2) 

The presen t  s tudy demons t ra t e s  that (tg/tg) mice would 
be useful as models  for human epilepsy These  animals have 
a recess ive  genetic trait which pred i sposes  them to a life o f  
convuls ions  that  occur  as a result  of  normal,  everyday  activ- 
ity GDSC in (tg/tg) mice have several  features  in co mmo n  
w~th human simple partial se izures  [14] (1) the abnormal i ty  

seems  localized to dist inct  neuronal  pools,  hence  s te reo typy ,  
(2) the seizures  are " inappropr ia te  responses  ' ,  (3) the 
animal remains  consc ious  throughout  the convuls ion,  and (4) 
benzod lazep lnes  are an effect ive t rea tment  for GDSC and 
some types  of  human partial se izures  Besides  the concur-  
rent p resence  of  an ataxic gait, the mutat ion seems to do 
little else to hinder  the mouse  unless the neurological  compe-  
tence  of  the animal is chal lenged [22] As a means  to s tudy at 
least one genet ic  c o m p o n e n t  of  seizure suscept lblhty  the tot- 
terlng mutat ion appears  well suited and dese rved  fur ther  at- 
tent ion 
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