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SCHONFELD, A. R AND S D. GLICK. Handhng-mduced setzure~ and rotational behavtor m the Mongohan gerbd. 
PHARMAC. BIOCHEM BEHAV. 14(4)507-516, 1981.--The aim of this report was to examine the relationship between 
sensory-induced seizures, cerebral laterahty (as measured by rotation) and nlgrostriatal asymmetry in Mongohan gerbils. 
Seizure resistant gerbds made proportionally more spontaneous turns to a preferred direction than sensitive animals Three 
prototyplcal antlepfleptlc drugs strongly elicited rotational behavior (carbamazepme (10-20 mg/kg), dlazepam (16 mg/kg) 
and pentobarbltal (40 mg/kg)) and two others (phenobarbital (20--40 mg/kg) and ethosuximide (500 mg/kg)) also appeared to 
potentmte rotation, only dlphenylhydantom and tnmetha&one were ineffective. Two dopammerg~c agomsts, amphetamine 
(4 mg/kg) and apomorphme (16 mg/kg) enhanced rotation at anticonvulsant doses whde the dopamlnerglc antagomst 
haloperidol reduced rotational behavior at a dose ( 1 mg/kg) which exacerbates seizure seventy. Finally, surgical induction 
of nlgrostrlatal asymmetry by means of unilateral electrolytic striatal lesions reduced seizure seventy, sham and bdateral 
strmtal lesions had no slgmficant effects on seizures. These results suggest that seizure activity and rotational behavior are 
inversely related and, furthermore, that the hnk between these two behawors may be the asymmetry between nlgrostrlatal 
dopammerglc systems. 

Seizures Gerbils Rotation Antlconvulsants 

CIRCLING behavior or rotation by rodents has been exten- 
sively investigated as a behavioral expression of cerebral 
functional asymmetry [13]. Although earlier work focused on 
rotation elicited by surgical, electrical or pharmacological 
means, more recent observations in our laboratory have re- 
vealed that normal, intact rats and gerbils spontaneously ro- 
tate [13,20]. Neurochemical analyses in&cated that asym- 
metries exist in strlatal dopamine content [12,20] and striatal 
dopamine metabolism and dopamine-stimulated adenylate 
cyclase activity [22] which can be correlated with rotational 
behavior; furthermore, these asymmetries can be poten- 
tiated pharmacologically by drugs which stimulate rotation, 
such as amphetamine. This normal, intrinsic mgrostriatal 
asymmetry is believed to be responsible for a persistent be- 
havioral lateral bias of the rodent which can be measured as 
rotation [13]. 

Myslobodsky and Rosen [34] recently reported that a 
convulsant (pentamethylenetetrazol) produces asymmetric 
wave-spike discharges and that rats rotate contralateral to 
the hemisphere with the lower amplitude discharges. The 
authors postulate that the intrinsic nigrostriatal dopammer- 
gic asymmetry which underlies drug-induced rotation m non- 
lesioned rats [l l] also modulates the observed asymmetric 
seizure activity. Since the nondrugged and nonlesioned 

Mongolian gerbil spontaneously rotates [20] and is suscepti- 
ble to handling-induced seizures [47], the aim of the present 
study was to determine what relationship exists between sei- 
zures, rotation and nigrostriatal asymmetry by taking advan- 
tage of the unique neurological characteristics of the gerbil. 

In Experiment 1, in order to determine if seizure suscep- 
tibility is associated with altered behavioral laterality, the 
spontaneous rotational behavior of seizure sensitive gerbils 
was compared to that of resistant animals. The results 
suggest that seizure resistant animals are more lateralized 
(i.e. they make proportionally more rotations to one direc- 
tion) than sensitive gerbils. 

In Experiment 2A, the effects of 7 prototyplcal anticon- 
vulsant drugs on rotation were determined in order to test 
the hypothesis suggested in Experiment 1 that seizure resist- 
ance is associated with enhanced rotation. We have previ- 
ously reported on the effects of these drugs on handling- 
induced seizures in gerbils [44]. To evaluate whether poten- 
tiating rotation reduces seizure activity, in Experiment 2B 
the dose/response effects of drugs which modulate rotation 
were compared with their previously determined effects on 
seizure activity [44]. 

Finally, in Experiment 3 the results of surgical modifica- 
tion of nigrostriatal asymmetry on the seizure behavior of 
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susceptible gerbils are described. The results generally sup- 
port a relationship between enhanced rotation and seizure 
resistance, although all pharmacological anticonvulsant ac- 
tivity cannot be simply attributed to changes in such asym- 
metry. 

GENERAL METHOD 

Subjects 

In all experiments, naive female Mongolian gerbils 
(Meriones unguiculatus) approximately 3 months old 
(Tumblebrook Farm, West Brookfield, MA) were housed in 
pairs and supplied with food and water ad lib. Subjects for 
rotational testing were maintained on a 12-hr hght-dark cycle 
(L/D:7:00 a.m./7:00 p.m.) and tested in the morning. However, 
because seizure activity is subject to circadian fluctuations 
[44], unlike rotational behavior [45], subjects for seizure test- 
ing were habituated to a reversed lighting schedule (D/L:7:00 
a.m./7:00 p.m.) and tested between 9 a.m. and 1 p.m. in 
order to maximize the probability of observing seizure activ- 
ity. 

Seizure Testmg 

In Experiments 1 and 3, gerbils were screened for their 
susceptibility to handling-induced seizures. For this, animals 
were not handled for at least 1 week prior to testing. Cages 
were then removed individually from the storage room to the 
testing room with a minimum amount of disturbance or noise. 
The seizure test consisted of 2 parts and was an adaptation of 
the "triple-handhng" technique of Cox and Lomax [5]. First, 
the animal was placed on the top of a laboratory cart and 
allowed free movement for 2.5 min. The animal was then 
handled vigorously for 20 sec. The initiation procedure was 
terminated at the first appearance of seizure activity and the 
animal was left undisturbed untd the seizure had been com- 
pleted and preictal behavior had returned. 

The seizure severity rating scale used was the 7-point 
scale described fully by Loskota, Lomax and Rich [29]. In 
summary, the seizures are classified: grade 0, no seizure, 
grade 1, subject moving with vibrissae and pinnae twitching; 
grade 2, motor arrest with twitching of vibrissae and pinnae; 
grade 3, motor arrest with myoclonic jerks followed by 
"quick release", grade 4, clonic-tonic seizure wtth pro- 
longed posUctal recovery period; grade 5, clomc-tonic sei- 
zure with body roll-over and prolonged recovery period; and 
grade 6, seizure progressing to death. 

Rotation and Acttvtty Testing 

In Experiments 1 and 2, hourly rotational behavior was 
measured in opaque spherical Plexiglas rotometers [16]. A 
flexible wire, which harnessed the animal, was connected to 
a shaft which activated a photoelectric position sensing de- 
vice that differentiated between incomplete and full (360 ° ) 
rotations. Total hourly 360 ° rotations to the left and right and 
90 ° turns to the left and right were recorded on Sedeco 
pnnt-out counters. 

Two indices of rotaaon were calculated, the number of 
"Net  Rotations" (i.e. 360 ° turns in the dominant direction 
minus 360 ° rotations in the opposite direction) and "Domi- 
nance" 0.e. 360 ° rotations to the dominant direction/total 
360 ° rotations). At the same time, the number of "Extra 
Quarter Turns"  (i.e. total left and right 90 ° turns minus 
4×total left and right 3600 turns) was determined as a meas- 
ure of random locomotor activity as distinguished from 

TABLE 1 

ROTATION AND ACTIVITY OF SEIZURE SENSITIVE AND 
RESISTANT GERBILS 

Mean S.E M 

Net Rotation 
Sensitive 

(N=32)* 31 19 4 00 
Resistant 

(N=29)* 29 63 3.40 
Dominance 

Sensitive 
(N=32) 0 668 0 01 

Resistant :~ 
(N=29) 0 713 0 02 

Extra Quarter Turns 
Sensitive 

(N=32)t 232 58 15 00 
Resistant 

(N=30) 210.80 20 60 
Photocell Counts 

Sensitive 
(N= 17) 1583 31 132.53 

Resistant 
IN = 18) 1284 82 75.20 

*Subjects not rotating (net rotation=0 or 1) were omitted from the 
net and dominance calculations (n=2 sensitive, n= 1 resistant) 

~Subjects (N =2) making more than 3 standard deviations from the 
mean were excluded 

$Slgnlficantly different from each other at p<0 05, t test 

rotatory behavior [16]. In addition, the locomotor activity of 
the subjects was also measured in Lehigh Valley photocell 
activity cages (No. 145-03) for 30 min immediately following 
the rotation session. 

Linear regression analyses were used to determine asso- 
ciations between the two indices of rotation and activity. 
Differences m rotation and activity were analyzed by un- 
pmred Student's t tests. Drug effects on rotation and activity 
were evaluated by computing one-way analyses of variance, 
unpaired Student 's t tests and the Duncan's  Multiple Range 
test. Effects on seizure magnitude were analyzed by the use 
of the Wilcoxon signed ranks test and effects on seizure 
frequency were evaluated by the Ch~-square test. 

EXPERIMENT 1 

METHOD 

Gerbils were seizure tested on Monday morning. Fifteen 
minutes after completion of the seizure test, subjects were 
placed in rotometers for 60 min. Rotational testing was re- 
peated on Wednesday and Friday mornings. Seizure testing 
was not repeated since the effects of both postictal refracto- 
riness [28] and prior handling only 2 days before the next test 
[47] would minimize the likelihood of seizure occurence. 

RESULTS 

Thirty-four seizure sensitive and 30 resistant gerbils were 
tested. The median seizure score was 2 5 
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Drug N Rotation Activity Seizures [44] 
mg/kg Extra Photo- Seizure Percent 

Net Dominance Quarter Turns cell Counts Score Seizing 

Dlphenylhydantoln 
Vehicle 6 27.5___ 11 03 0 72±0 07 146 8± 1 7 . 3 2  808.0_ + 113.90 2 0 53 
25 6 22.3± 8.57 0.64_+0.03 185.7_+ 27 .61  1290.7_+119.77 2.0 58 
75 6 39 0±14.18 0.69±0 04 225.0± 49.60 935 7±140 13 0.0 44 
150 6 24.7_+ 8 58 0 62_+0.04 265 7_+ 37 10" 1675 3-+252.01 * 0.0§ 15# 

Phenobarb,tal 
Veh,cle 14 39.9± 8 78 0.68±0 03 204.5-+ 18 02 1216.3-+ 53 99 1.0 50 
20 12 67.9_+ 14 .64  0.68_+0.03 353.9_+ 24.63~: 2079.7± 152 195 0.0¶ 05# 
40 12 73.6±11 73 0 66±0.03 398 2_ + 78.35t 3302 4±283 85~: 0 0¶ 00"* 
80 6 52.7±20.90 0.65_+0 04 219 8± 42 74 2376 0___381 41~: 0 0¶ 00"* 

Pentobarb~tal 
Vehicle 14 39.9± 8.78 0.68±0 03 204 5± 18.02 1216 3_+ 53.99 1.0 50 
20 5 69.8_+23.92 0 .71_+0.08 347.4_+ 73.76* 1447 3±172 55 0.0 08# 
40 6 93.0_+32.32* 0.76±0.06 449.7±113 64? 2025.5_+508.94 0.0§ 00# 

Trlmethadione 
Vehicle 8 26.1±10.67 0.66±0.04 150.6_+ 19.26 1060 9-+ 97.01 0.0 31 
150 6 37 5_ + 6 30 0 70+-0.04 261.7-+ 32.36 1486.7±208.80 0.0 44 
300 6 20.2_+ 3.35 0.67±0.03 161.8± 19 .87  1075.2±185.56 0.0 44 
450 6 29.8± 9.78 0.67±0.06 258.2± 45 69 1724.0_216.04t - -  - -  
600 6 34.8±10.19 0.65±0.03 366.7± 97 68* 1822.0-+353.49" 0.0 31 

Ethosuxlmlde 
Veh,cle 8 18.8± 2.65 0 75±0.02 141 8-+23 33 1469.0±104.41 2.0 56 
125 6 16.5± 0.72 0.72±0.08 211.5±48 30 1687 5±127.12 3.0 63 
250 6 34.5± 17 .94  0.72±0.07 159.2±44 33 1455 7-+ 155.24 0.0 44 
500 6 42.3± 14.89 0 73-+0 05 195.3-+81.99 1777.5± 194.65 0.0§ 06** 
1000 6 9.0± 3.92 0.82_+0 10 27 7± 10 78? 761.7±255.82" - -  - -  

Carbamazepme 
Vehicle 8 17.8_+ 3.87 0.67±0.03 206.1±31.3 1376.1± 94.11 0.0 11 
5 6 19.3± 6 23 0.66±0 04 160 5_+20.8 1910.0± 165 80* 0 0 11 
10 6 34.8± 7.13" 0 73±0 06 165 7_+40.2 1338.7-+ 168 97 0 0 00 
20 6 42.0± 7.65* 0 72±0 03 156 0_+ 1 9 . 6  1400.2± 167.54 0 0 00 
40 6 23 2± 3 61 0.69±0 04 90.0_+ 14.8" 1766 0±206.69 0.0 16 

Dtazepam 
Vehicle 14 16 3± 4 11 0.65_+0.03 225 8±35 48 1476 9±116.54 0.0 10 
1 6 21 3± 9.35 0.70_+0.06 155 5±13 32 1931.3_+140.66 - -  - -  
2 6 16 2± 2 97 0 71 _+0 05 134.2±27 59 1607 2± 113 79 0.0 10 
4 6 28 0_+17 15 0.67±0.07 131 3±24 35 2261.0_+217.11" - -  - -  
8 6 23.8-+ 7.26 0.70±0.06 160 8±23 88 2442.5_+224.00z~ 0 0 10 
16 16 42.9± 7 48t 0.74_+0.03* 206.8±32 87 2602.3_+223.88z~ 0 0 00 

*Significantly different from control, p<0.05, t test 
tSigmficantly different from control, p<0.01, t test 
:~S,gmficantly different from control, p<0.001, t test 
§Significantly different from control, p<0.05, Wdcoxon S~gned Ranks test. 
¶Significantly different from control, p<0.01, Wflcoxon Signed Ranks test 
#Sigmficantly different from control, p<0.05, Chl square test. 
**Significantly different from control, p<0.01, Chi square test. 

The results  are indicated in Table 1. Fo r  both  groups,  the 
two radices o f  ro ta t ion,  net  and dominance ,  were  signifi- 
cantly correlated (sensitive: r=0.49,  n=32,  p<0 .01 ;  resistant:  
r=0.62,  n=29,  p<0 .001 ,  linear regress ion analyses)  as were  
the two indices of  act ivi ty,  ex t ra  quar te r  turns  and photoce l l  
counts  (sensit ive:  r=0.50,  n=18 ,  p < 0 . 0 5 ;  res is tant :  r=0 .63 ,  
n =  19, p<0 .01) .  Seizure  sensi t ive subjec ts  d isplayed signifi- 

cant ly  less dominance  overall  than res is tant  gerbils (t =2.11, 
d f=59 ,  p < 0 . 0 5 ,  t test) .  Di f ferences  b e t w e e n  groups m bo th  
overal l  ext ra  quar te r  turns and photocel l  counts  suggested 
that  se izure  sensi t ive  gerbils were  more  act ive than res is tant  
subjects  a l though these  d i f ferences  did not  reach  statistical 
s ignificance (photocel l  counts :  t=1 .97 ,  d f=32 ,  p <0 .10 ,  t 
test) .  
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EXPERIMENT 2A 

METHOD 

Seven prototypical anticonvulsant drugs were tested for 
their effects on rotation and activity. The drugs tested, doses, 
vehicle solution and number of subjects tested per dose were 
as follows: (1) Diphenylhydantoin: 25, 75 and 150 mg/kg, 
sterile water; n=6;  (2) Phenobarbital: 20 (n= 12), 40 (n= 12) 
and 80 (n=6) mg/kg; vehicle of 50% sterile water,  40% 
propylene glycol, 10% ethanol (n= 14); (3) Pentobarbital:  20 
(n=5) and 40 (n=6) mg/kg; same vehicle as for phenobarbital 
(n=14); (4) Trimethadione: 150, 300, 450 and 600 mg/kg: 
sterile water (n=8); (5) Ethosuximide 125,250,500 and 1000 
mg/kg (n=8); sterile saline (n=8), (6) Carbamazepme: 5, 10, 
20 and 40 mg/kg (n=6), 70% propylene glycol (n=8); (7) 
Diazepam: 1, 2, 4, 8, 16 and 32 mg/kg (n=6); 1% Tween 80 in 
saline (n= 14). Forty-five minutes after drug administration, 
animals were placed into the rotometers for a 15 min habitu- 
ation period and rotation was monitored for the next hour. 
All drugs were injected intraperitoneally in a 0.2 ml injection 
volume. Vehicle solutions were used as controls. 

Since many types of sudden movements may stress ger- 
bils and initiate seizures [23], drug administration was con- 
ducted in the storage room only by one of  the researchers 
(A.R.S.) who acquired a method of handling and injection 
using a few deliberate, rapid steps which rarely triggered 
seizure activity (<2%). Any animal which seized during drug 
administration was eliminated from the study. 

RESULTS 

The effects of  anticonvulsant drugs on rotation and activ- 
ity in gerbils are indicated in Table 2. Diphenylhydantoln had 
no significant effects on net rotation or dominance; however, 
at 150 mg/kg DPH increased activity (p<0.05, t tests) as 
measured both as extra quarter turns, F(3)=2.13, p=0.11,  
and photocell  counts, F(3)=5.50, p<0.01.  

At 40 mg/kg of  phenobarbital,  net rotation was at a very 
high level (approximately 75 net rotatlons/hr), however,  this 
was not statistically significant from control (t =2.04, df=20, 
p<0.10,  t test). As seen in Fig. 1 which illustrates the effect 
of the vehicle solutions on net rotations, the barbiturate ve- 
hicle solution alone produced significantly more net rota- 
tions than any other vehicle (p<0.05, Duncan 's  Multiple 
Range test). Therefore, the statistical significance of the in- 
creased rotation produced by the drug IS somewhat masked 
by an elevated baseline. Phenobarbital increased the number 
of extra  quarter turns F(3)=4.75, p <0.01 at 20 (p <0.001) and 
40 mg/kg (p<0.01, t tests) and produced significant increases 
in photocell counts F(3)= 19.33, p<0.0001 at all doses tested 
(p<0.001, t tests). The other barbiturate tested, pentobarbl- 
tal, enhanced rotation at 40 mg/kg F(2)=2.44, p=0.11 
(p <0.05, t test). Pentobarbital increased the number of extra 
quarter turns F(2)=5.38, p<0.05 at 20 (/9<0.05) and 40 mg/kg 
q~<0.01, t tests) and elevated photocell counts F(2)=3.04, 
p=0.07  at 40 mg/kg (p<0.05, t test). 

Ethosuximide had no significant effect on rotation when 
measured for the entire 1 hr session. However,  within only 
the first 30 min of  testing, ethosuximlde potentiated net rota- 
tion F(4)=2.59, p=0.056 and increased extra quarter turns 
F(4)=2.69, p=0.049.  Therefore, these results indicate that 
the maximal effect of  ethosuximide on rotation might have 
occured during the 1 hr injection/test interval. 

Trimethadione had no significant rotatory effects al- 
though the drug increased activity as measured both by extra 
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quarter turns F(4)=3.28,p <0.05 at 600 mg/kg (p <0.05, t test) 
and photocell counts F(4)=2.77, p<0.05 at 450 (p<0.01) and 
600 (p<0.05, t tests) mg/kg. Carbamazepme enhanced net 
rotation F(4)=3.38, p<0.05 at 10 and 20 mg/kg (p<0 05, t 
tests) without significantly affecting activity at these same 
doses. At 16 mg/kg only, diazepam increased net rotation 
F(6)=1.58, p=0.17  (p<0.01, t test) and dominance 
F(6)=0.74, p=0.62,  (p<0.05, t test). Diazepam increased 
photocell counts F(6)=5.94,p<0.001 at 4 (p<0.05), 8, 16 and 
32 (p<0.001, t tests) mg/kg. 

In summary, three prototyplcal antlconvulsant drugs 
clearly enhanced rotation in the gerbil: carbamazepine,  
diazepam and pentobarbital.  In addition, the results suggest 
that phenobarbital and ethosuximlde also stimulate rotation. 
Increased rotational behavior was not necessarily associated 
with increased activity (i.e. carbamazepine) and 2 drugs 
which stimulated activity had no rotational effects (1.e 
diphenylhydantoin and trimethadione) 

For  comparison, Table 2 also presents the results of a 
previous study in which these drugs were evaluated for their 
effects on handling-induced seizure activity in gerbils [44]. 
At doses which enhanced rotation, seizure actwity was re- 
duced by pentobarbital,  phenobarbital and ethosuxlmide 
Since the vehicles of both carbamazepine and diazepam de- 
creased seizures, the anticonvuisant properties of  these 
drugs could not be evaluated statistically; however,  for car- 
bamazepine and dlazepam, sexzure activity was completely 
suppressed at only those doses which stimulated rotation. 
The results for diphenylhydantoln indicate that anticonvul- 
sant activity is not always associated with increased rota- 
tion. In addition, anticonvulsant activity is not simply a re- 
sult of hyperactivity,  as illustrated by trlmethadlone. 

EXPERIMENT 2B 

METHOD 

Four drugs affecting dopaminerglc neuronal systems were 
tested using the same paradigm described for 2A. The drugs 
tested, doses, vehicle solution, number of subjects and in- 
jection/test  intervals were" (l) Amphetamine" 0.5, l ,  2, 4, 8 
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Drug N Rotation Activity Seizures [44] 
mg/kg Extra Photo- Seizure Percent 

Net Dominance Quarter Turns cell Counts Score Selzmg 

Amphetamine 
Vehicle 12 20 8_ + 5 30 0 .68_+0.04 150.5_+ 12.97 1406 0 + _ 84 21 3 0 63 
0.5 6 27 8-+10.56 0.69-+0.07 214 0-+ 39.41 1627 0+153 87 - -  - -  
1 6 21 0_+ 5 79 0 .70_+0.06 263.3_+ 42 31t 1778 0_+127.65" 2 5 61 
2 6 51.0+21 24 0 69_+0 07 232.7_+ 80 64 1556 5_+208 43 3 0 74 
4 6 83 3_+ 19 415 0 83_+0 06* 236.3_+ 58 72 2098 8_+252 90+ 0 06 39 
8 6 90 7_+28 84t 0 73_+0 06 466.3_+ 90 455 2191 3_+298 90+ 2 0 53 
16 6 92 2_+21 295 0 74+0 05 592.3 + 140 255 2261 8+230 505 - -  - -  

Apomorphme 
Vehicle 8 14 6_+ l 67 0 66_+0.05 l l6  3_+ 12.08 1296 3_+ 98.52 2.0 58 
2 6 177_+ 308 062_+004 177.8_+ 3629 17088_+10300* 00  35 
4 6 21 5-+ 3.18 068-+006 168.0_+ 4001 1480 8-+114 13 00  45 
8 6 23 5_+ 3.66 0 .68_+0.06 161.0_+ 32 72 1789 5_+167 60* 0 0 28 
16 6 110.2_+ 12.51" 0.90_+0 05* 75.3_+ 12 52* 1563 7_+215 68 0 0§ 21"* 

Halopendol 
Vehicle 8 259_+ 8 11 080+006 110.0+ 21 93 11039 + 6066 0.0 37 
0.5 6 133_+ 601 068_+006 83.7_+ 2595 7548_+13369* 00  42 
1 6 13 3 + 3.70 0.62_+0.03 134.7_+ 24.03 948 8_+ 154 46 3 0¶ 53 
2 6 68_+ 2.54 0.73_+007 55.2_+ 1128 4963_+ 9309+ 30 53 
4 6 62_+ 105 068_+002 53.8_+ 1255 7647+13884* 00  42 

Alpha-met hyl-para-tyroslne 
Vehicle 6 17.5_+ 7 29 0 70_+0 05 115 7_+ 21.26 1449 7_+ 172 68 4 0 81 
75 6 15 0_+ 3 72 0 69_+0.06 186 5_+ 23.02* 1582.8_+ 196 96 4 0 79 
150 6 21 3+ 10 01 0 72+0.07 145 0_+ 16 .27  1594.7_+ 190 86 4 0 76 
300 6 5.7+ 2 69 0 59_+0.05 122 7_+ 12 45 1609.5_+100 87 3 0 71 

See Table 2 for explanation of footnotes 

and 16 mg/kg (n=6  per  dose);  sterile sahne (n= 12); 30 min; 
(2) Apomorphine :  2, 4, 8 and 16 mg/kg (n=6  per  dose);  sterile 
water  (n=8);  30 min; (3) Haloper idol :  0.5, 1, 2 and 4 mg/kg 
(n=6  per  dose);  sterile water  (n=8);  30 min; and (4) Alpha-  
methyl-para- tyrosine  (AMPT):  75, 150 and 300 mg/kg (n=6  
per  dose);  sterile saline (n=6) ,  75 min. 

When  testing amphetamine ,  apomorphine  or  haloperidol ,  
gerbils were  first placed into ro tometers ,  a l lowed a 15 min 
habituat ion period and tested for rotat ion and activity (extra 
quar ter  turns) during the fol lowing 60 min. Immedia te ly  after 
this, gerbils were  moni tored  in the photocel l  cages for 30 
mln. Fo r  AMPT,  subjects were  placed into the ro tometers  
for a 15 min habituat ion period 60 min after drug injection. 

RESULTS 

The effects o f  drugs with dopamlnergic  act ivi ty on rota- 
t ion and motor  act ivi ty are presented  in Table 3. Am- 
phetamine  st imulated net  rotat ion F(6)=4.04,  p<0 .01  at 4 
(p<0.001),  8 (p<0.01) and 16 (p<0.001, t tests) mg/kg. 
Dominance  was increased significantly at only 4 mg/kg 
F(6)=0.81,  p = 0 . 5 7  (p<0.05,  t test). Amphetamine  also en- 
hanced locomotor  act ivi ty when  measured  ei ther  as extra  
quarter  turns F(6)=5.68, p<0 .001  or  photocel l  counts  
F(6)=3.64,  p < 0  01. 

At 16 mg/kg only, apomorphine  increased net rotat ion 
F(4)=7.80,  p<0.001  (p<0.01,  t test) and dominance  
F(4)=4.66,  p<0 .01  (p<0  01, t test). At this dose,  apomor-  

phine inhibited extra  quarter  turns F(4)=2.31, p < 0 . 0 8  
(p<0.05,  t test). 

When measured  during the entire 60 rain test session, 
haloperidol  had no significant effect  at any dose on net  rota- 
t ion F(4)=2.26,  p < 0 . 0 8  al though dominance  was signifi- 
cantly decreased  at 1 mg/kg F(4)=1.74,  p = 0 . 1 7  (p<0.05,  t 
test,  see Table 3). Haloper idol  depressed act ivi ty when 
measured  e i ther  as extra  quar ter  turns F(4)=2.82, p < 0 . 0 5  or  
photocel l  counts  F(4)=4.15,  p<0 .01 .  H o w e v e r ,  there is evi- 
dence that the t ime of  peak behavioral  effect  for haloperidol  
is not until at least 1 hr post- inject ion [36]. If  only the final 30 
rain o f  the rotat ion test of  this exper iment  are analyzed,  1 
way analysis of  var iance indicates an overall  significant in- 
hibitory effect o f  haloperidol  on net rotation F(4)=3.16, 
p < 0 . 0 5  and net  rotation is significantly depressed by 1, 2 and 
4 mg/kg (p<0.05,  Duncan ' s  Multiple Range test). The t ime 
lag in the effect o f  haloperidol  may explain why haloperidol  
had a significant effect  on photocel l  counts  since this meas-  
ure was actually recorded  60 min post-injection. 

A M P T  produced  no significant effects  on rotation. Al- 
though A M P T  increased extra  quar ter  turns F(3)=2.91, 
p<0 .05 ,  no changes were  observed  in the photocel l  boxes  
F(3)=0.19,  p=0 .90 .  It is unlikely that  the lack of  effect of  
A M P T  is simply attr ibutable to the t ime course  of  the drug 
since neurochemlca l  studies indicated that 75 mg/kg A M P T  
produces  a significant deplet ion in cerebral  dopamine and 
norepinephrine within 2 hr after administrat ion [38]. 

The effects o f  these 4 drugs on seizure magnitude and 
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FIG 2. Representatwe brain section with unilateral neostnatal electrolytic les~on 

FIG 3. Representative brain section with bdateral neostnatal electrolytic lesion 
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TABLE 4 

THE EFFECT OF STRIATAL LESIONS ON SEIZURE BEHAVIOR 

Sham Lesions Unilateral Lesions Bdateral Lesions 

Subject Seizure Score* Subject Seizure Score* Subject Seizure Score* 

1 - 2  
2 +1 
3 +2 
4 +1 
5 0 
6 +1 
7 +2 
8 -1 
9 0 

1 - 2  1 0 
2 -2  2 +1 
3 +1 3 +1 
4 -1 4 -1 
5 -2  5 +1 
6 -2  6 0 
7 +1 7 +1 
8 +1 8 +1 
9 +1 9 -1 

10 -4  10 +2 
11 +i 11 +2 
12 -2  12 +3 
13 -2  13 -2  
14 -2  14 -2  
15 -2  15 0 
16 +2 16 -2  
17 +1 17 -2  
18 -2  
19 +1 
20 -5  
21 -5  
22 -3  
23 +i 
24 + 1 

*Seizure Score' postoperative seizure score-preoperative seizure score. 

frequency in gerbils are indicated in the last columns of 
Table 3. At 4 mg/kg, amphetamine reduced seizure severity 
(p<0.05, Chi-square test), this dose was the only one which 
increased dominance as well as net rotation. Apomorphine 
inhibited both the magnitude (p<0.05) and frequency 
(p<0.001, Chl-square tests) of seizures at 16 mg/kg, which 
was the only dose to increase both dominance and net rota- 
tion. In contrast, at 1 mg/kg haloperidol exacerbated seizure 
severity (p<0.01, Chi-square test) and reduced dominance 
significantly. At the doses tested, AMPT did not affect sei- 
zure activity or rotation. 

EXPERIMENT 3 

METHOD 

In part 3 of the study, the effect of unilateral and bilateral 
neostriatal lesions on handling-reduced seizure activity was 
determined. For tins, subjects were first seizure tested in the 
morning and operated upon in the afternoon. All surgery was 
conducted under methoxyflurane inhalation anesthesia. Le- 
sions were made with unipolar electrodes in the neostriatum 
by a direct anodal current of 1 mA for 5 sec. Stereotaxic 
coordinates [30] were 0.8 mm anterior to bregma, 2.8 mm 
lateral to the midline and 3.8 mm from the dorsal brain sur- 
face. Sham-operated controls had burr holes placed in the 
skull but did not undergo electrode placement. Unilateral 
lesions were placed in either left or right striatum. 

After a 2 week recovery period, gerbils were again seizure 
tested. Subsequently, all gerbils were killed and perfused 
with 0.85% saline solution and followed by perfuslon with 
10% Formalin. The brains were removed and immersed in 
Formalin for at least a week before sections (40/zm stained 
with Luxol blue and cresyl violet) were made and histologi- 
cal examination was conducted. 

RESULTS 

All lesions produced damage to a portion of the neo- 
striatum. The caudate nucleus was most extensively involved 
although some lesions were located in the globus pallidus. A 
representative unilateral lesion is shown in Fig. 2. Bilateral 
lesions were not always symmetrical in size, location or ros- 
trocaudal extent. The asymmetries, however, were small 
(Fig. 3). 

None of the lesion or control groups had any effect on 
seizure frequency. Unilateral neostriatal lesions, however, 
significantly reduced seizure magnitude (p<0.05, Wilcoxon 
Signed Ranks test). There was no difference in seizure activ- 
ity between subjects receiving left or right lesions. Bilateral 
neostriatal lesions and sham lesions had no effect on seizure 
severity (p<0.05, Wilcoxon Signed Ranks tests) (Table 4). 

DISCUSSION 

Previous observations from this laboratory have shown 
that cerebral asymmetry in rodents modulates learning of 
both spatial and nonspatial tasks [13]. The results of the 
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present study suggest that cerebral asymmetry, as measured 
by rotational activity, influences sensory-induced seizure 
activity m gerbils. 

E X P E R I M E N T  1 

The results of Experiment 1 showed that seizure sensitwe 
gerbils make proportionally fewer rotations to a preferred 
direction than resistant animals. Differences between groups 
cannot be attributed simply to postictal effects since animals 
seized prior to Test 1 only and the greatest differences be- 
tween groups was observed during Test 2 (data not pre- 
sented). It is unhkely that the effects of the Day 1 seizure can 
last for 4 days, until Test 3, since the EEG of a non- 
convulsing seizure sensitive gerbil generally shows no sign of 
paroxysmal activity [27]. In addition, learning deficits 
produced by seizure activity disappear within 24 hours [43]. 
However, the neurological changes associated with the 
postictal refractory period of 2-5 days after a major seizure 
in the gerbil [28] may underlie the observed results. 

E X P E R I M E N T  2 

Anttconvul~ant Drug,~ 

In Experiment 2A, the effects of 7 standard ant~convul- 
sant drugs on rotatmn and activity in naive gerbils were 
evaluated. Five of these agents (carbamazepine, diazepam, 
pentobarbital, phenobarbital and ethosuxlmide) potentiated 
rotation while diphenylhydantoin and trimethadlone were 
ineffective. 

Different neurochemlcal mechanisms may underlie the 
observed effects on rotation of these drugs. For instance, 
carbamazepine, which structurally resembles the tricyclic 
antidepressants, has an antidepressant, "'psychotropic" ef- 
fect climcally [6] which suggests a dopaminergic stimulatory 
effect. In addition, the anticonvulsant effect of car- 
bamazepine on electmcally-induced seizures in rats can be 
antagonized by lntraventricular 6-hydroxydopamine lesions 
[39] which indicates that the anticonvulsant effect is specif- 
ically mediated by dopaminergic mechanisms. In contrast, 
the lack of effect of diphenylhydantoin on rotation may be 
attributed to its possible dopaminergic antagonist properties. 
For instance, diphenylhydantom decreases the therapeutic 
response to L-DOPA in Parkinson patients [31]. In the lab- 
oratory, diphenylhydantoin antagonizes L-DOPA [31], am- 
phetamine and apomorphine induced [9] rotation m rodents 
with unilateral nigrostriatal lesions. These reports stand in 
contrast to reports in vitro that diphenylhydantoin stimulates 
catecholamme release [37], inhibits monoamine oxidase [3] 
and mhlbits catecholamine reuptake [17]. 

In general, little is known about the effect of the barbitu- 
rates on catecholamlnes in the brain. In vitro, pentobarbltal 
decreases norepinephrme uptake [26,49]. In behaworal 
studies, pentobarbital and barbital antagomzed drug-reduced 
rotation m rats with unilateral nigrostriatal lesions [2,46]. 
The rotation-enhancing effects of the barbiturates observed 
in this study may be related to stimulation of GABAergic 
neuronal systems [4, 35, 40, 49]. Several studies in rats have 
demonstrated that GABA and GABAergic drugs may mod- 
ulate rotational behavior [8]; this effect is attributed to the 
effect of GABAerglc striatonigral neurons on dopaminerglc 
nlgrostriatal neurons It is likely, too, that the increased ro- 
tation produced by dmzepam, like ~ts ant~convulsant action, 
is attributable to its GABA-stlmulatmg effect. 

To date, the neurochemical action of ethosuximzde has 
not been elucidated. Pharmacological studies of pentylene- 

tetrazol-lnduced seizures in mice suggest that serotonln, not 
the catecholamlnes, may mediate the anticonvulsant effect 
of ethosuximide [32] The effect, if any, of mmethadione on 
the catecholamlnes has not been determined. 

Dopamlnerglc Drug,s 

The results of Experiment 2B, which confirm and extend 
the original observations of Jerussi and Ghck [20], indicate 
that agents which m~mlc the effect of dopamlne, such as 
amphetamine and apomorphme, induce rotation while a drug 
which antagonizes dopaminerglc activity, halopendol, 
blocks rotation in intact gerbils. 

Amphetamine-induced net rotation increased monotoni- 
cally at low doses (0.5-4.0 mg/kg) until it reached an 
asymptote at approximately 90 net rotations at the higher 
doses (4--16 mg/kg). This relationship is in contrast to the 
biphasic curve observed in the rat [18] although for both 
species, the maximal rotational response per hour is the 
same. As in the rat and mouse, amphetamine-induced rota- 
tion in intact gerbils is believed to reflect a differential re- 
lease of dopamlne between stnata, either because one 
striatum intrinsically contains more dopamlne or ~ts trans- 
mitter pool is more susceptible to the releasing action of the 
drug [21]. In fact, intact gerbils manifest a 33% strmtal 
dopamlne asymmetry [20]. 

At 4 mgjkg, amphetamine enhanced both net and domi- 
nance without a concomitant rise in locomotor activity (only 
the number of extra quarter turns is temporally corre- 
lated with the rotation data). However, at higher doses of 
amphetamine, inspection of the actwity data indicates that 
although the magnitude of net rotation continued to increase 
as actwlty increased, dominance began to decrease Ghck 
and coworkers [14] proposed that amphetamine-reduced ro- 
tation ~s the result of asymmetric strmtal dopamine release 
while the locomotor st~mulatory effect could be attmbuted to 
release of dopamme per s e m  both strmta 

Apomorphine produced significant increases m net rota- 
tion and dommance at only the highest dose tested, 16 
mg/kg. In normal rats, apomorphlne-lnduced rotation ~s at- 
tributed to an intrinsic postsynaptlc asymmetry m the mgro- 
strlatal system I19]. 

The neuroleptlc halopendol produced a dose-dependent 
inhibition of rotation and one dose, 1 mg/kg, reduced domi- 
nance. The findings agree with the known inhibitory effect of 
haloperldol on rotation in normal and unilaterally nigral 
lesioned [48] rats, as well as in normal gerbils [20]. 

Alpha-methyl-para-tyroslne, an inhibitor of tyrosine hy- 
droxylase, had no significant effects on net rotation or domi- 
nance, although at 300 mg/kg AMPT net rotation was at a 
very low level (mean-5.67 net rotations/hr). It ~s possible 
that the lack of effect by AMPT can be attributed to dosage 
or time effects although, as indicated previously, neuro- 
chemical studies in mice show that 75 mg/kg AMFF 
produces a significant depletion m cerebral catecholamme 
levels within 2 hours [38] 

E X P E R I M E N T  3 

Unilateral striatal lesions reduced seizure seventy in 
gerbils. Since such lesions result in lpsllateral rotation in 
other rodents, the present observations support the notion of 
an inverse relationship between striatal asymmetry and sei- 
zure behavior. Bilateral striatal lesions had no effect on sei- 
zures; therefore, strlatal damage per se does not alter seizure 
behavior. Furthermore, the results clearly indicate that the 
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epileptogenic focus is not located within the striata since the 
frequency of  seizures is not affected. Rather, the asymmetry 
simply modulates seizure severity. 

Other investigators have not differentiated between uni- 
lateral and bilateral lesions when measunng effects on sei- 
zures. Bilateral lesions of the caudate enhanced audiogenic 
seizures in rats [24], chemically induced seizures in the cat 
[33] and rat [25] and electrically induced seizures in the cat 
[7]. However,  Kesner [24] failed to observe any effect of  
caudate lesions on electrically reduced seizure frequency 
and Adler [1] reported no change in seizure threshold follow- 
ing bdateral lesions of the caudate, globus pallidus or sub- 
stantia nlgra. Differential effects of unilateral and btlateral 
caudate lesions on other behaviors in rodents [10,42] has 
been attributed to the surgically induced striatal asymmetry 

Cerebral Laterahzat ton and Seizures 

Several observations presented in this report indicate an 
inverse relationship between rotation and seizure suscepti- 
bility: (1) Normal seizure resistant gerbils turn propor- 
tionally more to a preferred direction than sensitive gerbils in 
an hourly test session. (2) At least 3 antiepileptic drugs, 
phenobarbital, pentobarbital and ethosuximide, stimulate ro- 
tation at anticonvulsant doses. (3) Two dopaminergic 
agonists, amphetamine and apomorphine, have anticonvul- 
sant activity at doses which enhance rotation while a 
dopammergic antagonist, haloperidol, Inhibits rotation and 
increases seizure severity. (4) Surgically induced asymmetry 
between the striata reduces seizure severity 

One hypothesis which may explain how cerebral asym- 
metry modifies seizure activity is based on the idea that an 
optimal degree of nlgrostriatal asymmetry underlies the 
orientation response of an animal to novelty [15]. Since the 
effectiveness of a seizure-initiating stimulus is directly re- 
lated to its stress-reducing properties [23], an orientation 

deficit would enhance seizure susceptibility by rendering the 
animal more prone to a startle reaction in response to a novel 
stimulus. Enhancement of the asymmetry by pharmacologi- 
cal or surgical means may facilitate orientation. In the nor- 
mal gerbil, novel and stressful situations potentiate cerebral 
asymmetry [45]. 

It is difficult at this time to reconcile our conclusion that 
seizure activity and cerebral asymmetry are inversely related 
with that of Myslobodsky and Rosen [34] who found that 
chemically induced seizures produced rotation. For in- 
stance, if a unilateral deficit interfered with the inhibitory 
effect of the striatum on the thalamus and/or cortex and, 
thus, promoted the development of hypersynchronous elec- 
trical activity, as suggested by Msylobodsky and Rosen, one 
would have expected seizure sensitive gerbils to rotate more 
than resistant animals, in contrast to the observed results. 
The present study differs from the Myslobodsky and Rosen 
study in both the species studied and method of seizure ini- 
tiation. It is important to note that the chemical convulsant 
produced asymmetric spike-wave activtty while sensory- 
induced seizures of the gerbil are characterized by bilaterally 
symmetrical spike and wave actiwty [27]. 

In summary, the results show that normal (i.e. non- 
lesioned and nondrugged) gerbils which are resistant to 
sensory-mduced seizures rotate proportionally more to one 
direction than seizure sensitive animals. In pharmacological 
studies, some (but not all) prototyplcal anticonvulsant drugs 
potentiate rotation at thew seizure-limiting doses whde drugs 
with dopaminergic activity had opposite effects on seizures 
and rotation Surgically induced asymmetry between the 
neostrtata reduced seizure activity in sensitive gerbils. These 
results suggest an inverse relationship exists between setzure 
susceptibility and rotation, an index of laterality, which may 
be mediated via an asymmetry between the dopaminergtc 
ntgrostriatal systems 
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