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An analysis of various environmental and specific sensory stimuli 
on the seizure activity of the Mongolian gerbil 

N a n d o r  L u d v i g * ,  P a u l  A .  F a r i a s  a n d  C h a r l e s  E .  R i b a k  

Department of Anatomy and Neurobiology, University of California, lrvine, CA, U.S.A. 
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Mongolian gerbils were subjected to different environmental and specific sensory stimuli to determine the ability of these stimuli to 
provoke seizures. None of the specific sensory stimuli, somatosensory, olfactory, auditory or visual, were effective in inducing convul- 
sions. This finding does not implicate dysfunctions of the specific sensory pathways in seizure genesis in gerbils. In contrast, several 
novel environmental stimuli that exposed the animals to a difficult exploratory task (i.e., Y-maze, dish rack, etc.) could trigger sei- 
zures, and this suggests that the pathophysiology of epileptiform events in gerbils may have a unique association with exploratory be- 
havior. However, the frequency, latency and severity of the seizures showed no correlation with each other, indicating that these pa- 
rameters are probably determined by independent factors. Taken together with previous studies on the electrophysiology of the den- 
tate gyrus during exposure to novel experiences, and the anatomical abnormalities found in the hippocampus of the seizure-sensitive 
gerbil, these behavioral data provide further support for a significant role of the hippocampus in the pathophysiology of seizures in this 
model of genetic epilepsy. 

I N T R O D U C T I O N  

Genetical ly epi lepsy-prone animals are useful 

tools for the elucidation of  the heredi tary  factors 
involved in epileptogenesis.  The Mongol ian  gerbil 

(Meriones unguiculatus) is one  of  a number  of  ani- 
mal species that  have genetically de te rmined  sei- 
zure susceptibility 1°. Most  of  these seizure-sensi- 
tive strains display convulsions following well-de- 
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fined sensory stimuli. For  example,  convulsions 
can be induced in genetically epi lepsy-prone rats 
( G E P R s )  by audi tory stimuli 4 or in the Senegalese 
baboon ,  Papio papio, by visual stimuli 21. Interest-  

ingly, Mongol ian  gerbils display seizures following 

certain envi ronmenta l  stimuli that  are apparent ly  
not  epi leptogenic in o ther  genetic models  of  epi- 
lepsy. Such stimuli include placement  into a new 
cage and handling 3'8-1°'19. However ,  a detailed 

analysis of  the effects of  specific sensory stimuli 
and various envi ronmenta l  exposures  on the sei- 
zure  activity of  gerbils has not  been described. 
Such an analysis will contr ibute  to a bet ter  under-  
s tanding of  the pa thophys io logy of  the seizures in 
these animals and the location in their brains 
where  the circuitry and function are abnormal .  

0920-1211/91/$03.50 © 1991 Elsevier Science Publishers B.V. (Biomedical Division) 



Previous studies have indicated that several ana- 
tomical defects occur in the hippocampus of sei- 
zure-sensitive gerbils. Paul et al. TM showed that the 
number of spines on pyramidal cells was altered.' 
Peterson et al .  16 showed that hippocampal mossy 
fibers, the axons of granule cells, displayed a se- 
vere depletion of synaptic vesicles, a change com- 
monly found in drug-induced seizures of the hip- 
pocampus. Also, the number of granule cells and 
GABAergic neurons in the dentate gyrus was in- 
creased in seizure-sensitive gerbils and in the sei- 
zure-naive offspring of these gerbils 15:6. Further- 
more, bilateral lesions of the perforant pathway, 
which provides the hippocampal formation with its 
primary excitatory input from the entorhinal cor- 
tex, result in the abolition of the behavioral ex- 
pression of seizure activity ~7. Taken together, 
these data suggest that the hippocampal forma- 
tion, and particularly the dentate gyrus, has an ab- 
normal circuitry that is significantly involved in the 
generation and/or propagation of epileptic activity 
in this model. 

The present study shows that a number of specif- 
ic sensory stimuli, somatosensory, auditory, visual 
and olfactory, were ineffective in inducing convul- 
sions in gerbils, whereas several, although not all, 
novel environmental stimuli provoked seizures. 
The relationship of these new data to a possible 
dysfunction of the hippocampus is discussed in this 
paper. 

METHODS 

Twenty-six Mongolian gerbils of both sexes 
(evenly distributed) were used in this analysis. 
Their ages ranged from 6 to 18 months, and this 
age was well beyond the time (50 days of age) re- 
ported for the onset of seizure activity 1°. Some of 
these gerbils (N = 11) were bred from our own col- 
ony 15, whereas others were obtained from Tum- 
blebrook Farms (N = 15). The testing of various 
seizure stimuli occurred with a 2 day interstimulus 
interval; this period was long enough for the ger- 
bils to fully recover from the postictal refractory 
period, which is considered to be 24 h (Ribak, un- 
published observation). 

The gerbils were tested with 10 environmental 
stimuli, an air blower and 5 specific sensory stimu- 
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li. The environmental stimuli consisted of: (1) a 
white plastic cylindrical bucket, 9" in diameter and 
6" high; (2) the top surface of a stainless steel cart, 
24" long, 16" wide, with a 1" ridge on 3 sides; (3) a 
small room, 4 ft. by 4 ft.; (4) a stainless steel sink, 
21" long, 16" wide and 7" high; (5) a long gray cyl- 
inder with a base of aluminum foil, 13" in diameter 
and 30" high; (6) a clear glass jar, 6" in diameter 
and 7" high; (7) a yellow plastic tupperware lid, 
22" in diameter and 2" high; (8) a white styrofoam 
box, 14" long, 12" wide and 10" high; (9) a tan 
plastic dish-drying rack, 16" long, 14.5" wide, 4.4" 
high, with 0.5" parallel bars with a spacing of 
0.75"; and (10) a Y-maze consisting of 5" white 
cardboard walls with a base of aluminum foil (one 
arm led to the gerbil's cage whereas the other was 
a dead end). The eleventh stimulus was an air 
blower that was pointed at the gerbil in its cage so 
that the air currents were directed toward its face. 

The 5 specific sensory stimuli (stimuli 12-16) 
were administered to the gerbils while they were in 
their cages. They consisted of: (1) pain stimula- 
tion, squeezing the gerbil's tail with a hemostat; 
(2) odor stimulation, placing a mixture of 35% al- 
cohol and 15% ammonia under the nose of the ger- 
bil; (3) tactile stimulation, poking the neck and 
back of the gerbil with a narrow firm-bristled 
brush; (4) acoustic stimulation, ringing two door- 
bells used for inducing seizures in GEPRslS; and 
(5) intermittent light stimulation, 20 Hz by a 
strobe light. 

Upon placement in a different environment, ger- 
bils were monitored for seizures for a 3 min inter- 
val. Immediately thereafter, they were returned 
to their home cages. For the air blower test and the 
specific sensory stimuli, the gerbils were subjected 
to each stimulus for 1 min. Each gerbil was sub- 
jected to each test only once. The effectiveness of 
each stimulus was determined. It was defined as 
the percentage of animals that responded with sei- 
zures to a stimulus. 

Seizure severity was rated using a 5 point scale 
from 0-4 that was modified from Loskota et al. 1°. 
A zero score was given when no seizure was ob- 
served. A score of 1 indicated a mild seizure in 
which vibrissae twitching and some flattening and 
flicking of the pinnae of the ear were observed at 
faster rates than usual. A score of 2 was given if the 
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twitching of vibrissae and pinnae occurred with 
motor arrest. A 3 indicated a gerbil with the same 
features in 2 but myoclonic jerks were present. 
Lastly, a 4 indicated a severe seizure in which the 
animal manifested tonic hindlimbs, clonic-tonic 
forepaw movements (forelimbs jerking, followed 
by tonic extension), head bobbing, extreme lordo- 
sis and falling followed by righting, wild running 
and jumping. None of the gerbils died following a 
seizure. 

If a seizure were observed following a stimulus, 
the seizure score was recorded as well as the sei- 
zure latency. The seizure latency was defined as 
the time from placement into the novel environ- 
ment until the onset of a convulsion. Furthermore, 
each gerbil was characterized by its seizure fre- 
quency. Seizure frequency was defined as the 
number of times the gerbil produced seizures di- 
vided by 10, the number of stimuli that caused sei- 
zures in the population. This parameter was ex- 
pressed as a percentage. Linear regression analy- 
sis was used to determine whether seizure severi- 
ty, seizure latency and seizure frequency corre- 
lated with each other. Linear regression analyses 

were made to determine whether any significant 
correlations existed for the data. First, the mean 
seizure score values were plotted against the mean 
seizure frequency values. Second, the mean sei- 
zure scores were plotted against the mean latency 
periods. And third, the mean latency periods were 
plotted against the mean seizure frequency values. 

RESULTS 

Effectiveness of stimuli 
Fig. 1 and Table I show that the different stimuli 

had variable effects on the quantity and quality of 
seizure activity in the gerbils analyzed. Seventy- 
seven percent of the animals, the largest percent- 
age in this study, had seizures following placement 
in the dish rack that had a ridged surface providing 
difficult footing for the gerbils. In contrast, anoth- 
er environmental stimulus that was very similar to 
the home cage of the gerbils, the 4 × 4 room, had 
no effect on seizure activity. This environmental 
stimulus was the only one that did not induce sei- 
zures. In the Y-maze that induced seizures in 31% 
of the gerbils, many of the animals had their sei- 
zures prior to entering either one of the arms of the 
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Fig. 1. Seizure provoking potential of different environmental 
stimuli, the air blower and 5 sensory stimuli (see Methods and 
Table I for the key to the numbered stimuli). The bars repre- 
sent the percentage of animals (N = 26) that responded with 
seizures to a given stimulus. Note that the novel environmental 
stimuli caused marked differences in the percentage of gerbils 
exhibiting seizures whereas none of the 5 specific sensory stim- 
uli induced seizures. The percentage values for stimuli 3 and 

12-16 indicate 0%. 

TABLE I 

Effectiveness o f  novel environmental and specific sensory stimu- 
li on the seizure activity, average latency and average score o f  
gerbils (N = 26) 

Stimulus Gerbils Latency (sec) Score (0-4) 
with sei- (mean ± SE) 
zures (%) (mean ± SE) 

(1) White cylinder 7.7 22.5 + 7.5 3.0 + 1.0 
(2) Cart 42 49 __+ 13.4 2.2 + 0.3 
(3) 4' x 4' Room 0 0 0 
(4) Sink 31 18.5 + 5.0 2.5 + 0.3 
(5) Grey cylinder 15 12.5 + 3.2 3.0 + 0.6 
(6) Glass jar 19 16.4 ___ 2.8 3.6 + 0.4 
(7) Yellowlid 11.5 28 ± 15.7 2.7 ± 0.9 
(8) Styrofoam box 23 24.5 + 8.3 2.8 + 0.5 
(9) Dish rack 77 18.3 ± 3.1 3.0 + 0.2 

(10) Y-maze 31 34.5 + 4.7 3.5 + 0.3 
(11) Air blower 23 22.0+__0.9 3 . 7 ± 0 . 3  
(12) Pain 0 0 0 
(13) Odor 0 0 0 
(14) Tactile l) 0 0 
(15) Acoustic 0 0 0 
(16) Visual 0 0 0 



Y-maze. A commonly used stimulus for inducing 
seizures, the air blower, produced seizures in 23% 
of the gerbils. Remarkably, none of the 5 specific 
sensory stimuli caused seizure activity. 

The average latency time for seizure onset fol- 
lowing placement into the novel environment 
varied without any relationship to the effective- 
ness of a seizure stimulus (Table I). For example, 
the grey cylinder had the shortest latency (12.5 
sec) and it provoked seizures in only 15% of the 
gerbils whereas the steel cart had the longest la- 
tency period of 49 sec, yet it provoked seizures in 
42% of the gerbils. 

The quality of seizure activity was assessed by 
using the scores obtained following each seizure 
provoking stimulus. Only the animals that ex- 
hibited seizures following a specific stimulus were 
included in this analysis of seizure severity asso- 
ciated with environmental stimuli. The stimuli that 
elicited the most severe seizures included the clear 
glass jar, the Y-maze and the air blower (Table I). 

Seizure activity of gerbils 
Table II shows the frequency, latency and score 

of the seizures for the individual gerbils. Three 
gerbils had seizures in response to more than 50% 
of the environmental stimuli. Eight had seizures in 
response to 40-50% of the stimuli. The remaining 
group of 10 gerbils displayed seizures in response 
to 10-30% of the stimuli (Table II). It is important 
to note at this juncture that 20 of the 21 gerbils dis- 
played a seizure in response to the dish rack. The 
one gerbil that failed to have a seizure when 
placed in this environment had the lowest score 
possible for seizures. 

The gerbils had mean latency periods between 
placement into the stimulus and seizure onset that 
ranged from 15 to 94 sec (Table II). Six of the ger- 
bils had latency periods under 20 sec. Thirteen or 
62% of the gerbils had latency periods between 
20-40 sec. Two gerbils had latency periods greater 
than 40 sec. The length of the latency period did 
not correlate with the frequency of seizures for an 
individual gerbil (r = 0.33). For example, the 2 
gerbils (Nos. 5 and 9) that had the highest seizure 
frequencies (70%) had mean latency periods of 28 
and 15 sec, respectively, whereas the 3 gerbils 
(Nos. 13, 17, 18, 19 and 20) with the lowest seizure 
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TABLE II 

Parameters of  the seizure activity of  individual gerbils 

The seizure activity of the individual gerbils was measured 

using the 10 stimuli that caused seizures. Five of the 26 gerbils 

were not used in this analysis because they never had a seizure. 

Gerbils Seizure Latency (sec) Mean score 
frequency (mean + SE) (+ SE) 
(%) 

1 20 49 + 11.0 2.5 + 0.5 

2 40 20 + 3.7 3.3 + 0.5 

3 50 18 + 3.2 3.6 + 0.4 

4 50 21 + 6.6 3.0 + 0.6 

5 70 28 + 12.1 3.7 + 0.3 

6 60 16 __+ 4.0 2.3 + 0.4 

7 50 18 + 10.2 1.8 + 0.2 

8 40 36 + 24.2 2.5 + 0.3 

9 70 15 __+ 3.1 2.9 + 0.3 

10 40 28 ____- 11.5 3.3 + 0.5 

11 20 94 __+ 46.5 4.0 + 0.0 

12 50 30 + 6.9 3.0 + 0.5 

13 10 19 + 0.0 4.0 + 0.0 

14 50 32 + 4.5 3.6 + 0.4 

15 20 25 + 3.0 2.0 + 0.0 

16 30 24 + 7.5 3.3 + 0.7 

17 10 34 + 0.0 4.0 + 0.0 

18 10 30 + 0.0 4.0 _____ 0.0 

19 10 23 + 0.0 1.0 _____ 0.0 

20 10 22 + 0.0 2.0 + 0.0 

21 20 50 + 0.0 1.0 __+_ 0.0 

frequencies (10%) displayed mean latency periods 
ranging from 19 to 34 sec (Table II). 

Four of the gerbils that displayed the highest ob- 
served seizure score of 4.0 (Nos. 11, 13, 17 and 18) 
had that score in response to each environmental 
stimulus. However, these gerbils responded with 
seizures in only 10-30% of the environmental 
stimuli. The gerbils that responded most frequent- 
ly to the stimuli (40-70%) had mean seizure 
scores ranging from 1.8 to 3.7. Kindling-like pro- 
gression of the seizure severity during the course 
of successive stimulations was not observed. Lin- 
ear regression analysis showed that there was no 
correlation between seizure scores and seizure fre- 
quency (r = 0.11). Also, there was no correlation 
between seizure latency and seizure scores (r = 
0.09). 
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DISCUSSION 

Three main findings were obtained from this 
study that examined the ability of various environ- 
mental and specific sensory stimuli to provoke sei- 
zures in gerbils. The first finding is that intense 
stimulation of specific sensory systems is not suffi- 
cient to induce seizures in Mongolian gerbils. 
Thus, dysfunctions of the somatosensory, olfacto- 
ry, auditory and visual pathways are probably not 
involved in the pathophysiology of seizures in 
these animals. In contrast, placement of gerbils in 
various environments that were different from 
their home cage is highly effective in provoking 
seizures in gerbils. This observation is consistent 
with previous findings 3'5'8-1°'19. Since spatial orien- 
tation plays a significant role in maneuvering in 
these unusual environments, it is likely that the 
hippocampal formation which plays an important 
role in this function 12'13 is involved in generating 
seizures. Furthermore, recent studies by Green et 
al. 7 and Sharp et al. 2° on rats have shown that nov- 
el environments which lead to an increase in the 
incidence of exploratory behaviors and hippocam- 
pal theta activity cause a substantial and persistent 
elevation in the size of the evoked field EPSPs 
from the dentate gyrus and a transient elevation in 
the evoked population spike amplitude in this 
structure whenever the animal was exposed to a 
novel experience, such as transitions between en- 
vironments. These data suggest that exploratory 
behavior is accompanied by a substantial increase 
in evoked synaptic efficacy of granule cells. Taken 

together with previous data that showed an abnor- 
mality in the numbers of granule and inhibitory 
basket cells in the dentate gyrus of seizure-sensi- 
tive gerbils 15 and the importance of intact bilateral 
perforant pathways for seizures to occur 17, this 
study provides important behavioral data to indi- 
cate that the dentate gyrus plays a role in the pa- 
thophysiology of seizures in gerbils, 

The second finding of this study is that the ten 
different environments used in this study are not 
equally effective in producing seizures. Many en- 
vironmental stimuli induced seizures with a high 
probability, whereas others were much less effec- 
tive or even ineffective. This finding indicates that 
changes from the familiar home environment must 

be superimposed by other factors to increase the 
excitability of their brains above the seizure 
threshold. Certain environments that were similar 
to the home cages of the gerbils and were easy to 
explore, such as stimuli 1 and 3 (Table I) had little 
or no effect on provoking seizures. In contrast, 
those environments that were very different from 
the home cages of the animals in that they were 
hard to explore due to physical obstacles or a com- 
plicated structure, such as the dishrack and the Y- 
maze, respectively, were very effective in inducing 
seizures. Therefore, the environmental stimuli 
that were the most difficult to explore were most 
effective in provoking seizures. 

Consistent with previous data 5, the air blower 
stimulus was moderately effective in provoking 
seizures. This does not appear on the surface to fit 
into the discussed idea about the role of explora- 
tion and spatial orientation in the seizure genesis 
of gerbils. One may argue that the air blowing is a 
stressful stimulus and that this is why it provokes 
seizures. However, several stimuli that were 
stressful for the gerbils such as the tail-pinching 
and the 95 dB doorbell sound did not induce sei- 
zures. Thus, a stressful situation alone is insuffi- 
cient to provoke seizures in gerbils; it must be as- 
sociated with an exploratory task to trigger the pa- 
thophysiological event. It also can be considered 
that the air blowing may influence the relation of 
the gerbil to its environment and may profoundly 

disturb its spatial orientation. 
The data for the Y-maze may have a special in- 

terest because they show that an exploratory task 
widely used for learning-memory research can 
trigger seizures. As it was pointed out by Buzs~iki 2, 
information in the hippocampus is deposited in a 
relatively labile form during exploratory activity 
and the labile trace is converted into a long-lasting 
form at the termination of the exploration. Thus, 
exploratory behavior is a characteristic first step in 
learning and the efficacy of this step to induce sei- 
zures in gerbils suggests that the physiological pro- 
cesses underlying learning in these animals can 
eventually be transformed into epileptiform 
events. This conclusion is consistent with previous 
and intriguing discussions about the relationship 
between learning-memory processes and epilep- 
sy 1'6A1. Thus, the Mongolian gerbil may be a 
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un ique  m o d e l  for  the  e x a m i n a t i o n  of  this re la t ion-  

ship.  

The  last f inding of  this s tudy is tha t  f r equency ,  

l a tency  p e r i o d  and  scores  of  the  se izures  were  not  

c o r r e l a t e d  with each  o ther .  I t  was in te res t ing  to 

obse rve  tha t  gerbi ls  with high se izure  f r equency  

r e s p o n d e d  with low scores  to m a n y  e n v i r o n m e n t a l  

s t imuli  whe reas  o t h e r  gerbi ls  tha t  r e s p o n d e d  infre-  

quen t ly  to the  s t imuli  showed  max ima l  se izure  

scores  for  each  s t imulus .  F u r t h e r m o r e ,  the  se izure  

l a tency  can also vary  i n d e p e n d e n t l y  o f  the  se izure  

f requency .  A l t h o u g h  the  exact  mean ing  of  this 

lack  of  co r re l a t ion  r ema ins  unc lea r ,  it m a y  indi-  

ca te  tha t  the  exci tab i l i ty  of  the  input  pa thways  

c o n n e c t e d  to the  se izure  g e n e r a t o r  s i te(s)  and  the  

exci tab i l i ty  of  the  s t ruc tures  invo lved  in the  p r o p a -  

ga t ion  of  ep i l ep t i fo rm act ivi ty  a re  d e t e r m i n e d  by  

d i f fe ren t  neu rochemica l  and  neu rophys io log i ca l  

fac tors  in gerbi ls .  
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