
There is indirect evidence to suggest that adjustment of the architectonics of the moto- 
neuron takes place within a fairly short time. For instance, in patients with a disturbance 
of neuromuscular transmission, when an electromyographic investigation of the muscles must 
invariably be performed before biopsy, as a rule we did not observe any denervation electro- 
physiological phenomena -- fibrillation potentials (FP) and positive pointed waves in muscles 
in which considerable degrees of grouping were found. Since we know that FP appear in re- 
sponse to disturbance of contact of the muscle fiber with the corresponding motoneuron in the 
course of 7-14 days [3, i0], this suggests that the adjustment takes place earlier. 

These results demonstate that besides branching of a motoneuron, in one zone of innerva- 
tion (most probably the central) muscle fibers located at the periphery of MU are excluded 
from the zone of its innervation, and that the motoneuron actively adjusts its structure in 
order to create optimal conditions for innervation of a certain population of muscle fibers 
located in the zone of its innervation. 
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FORMATION OF GENERALIZED SEIZURE ACTIVITY IN MICE AFTER DAILY INJECTION 

OF METRAZOL IN SUBTHRESHOLD DOSES 
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A method of inducing seizure activity by repeated subthreshold electrical stimulation 
of brain structures has been described and is known as the "kindling" phenomenon [3, 5, 6, 13]. 
Inducing seizure activity by repeated stimulation with chemical agents (convulsants) appeared 
interesting as a potential model. To study the pathogenesis of the epileptic syndrome and 
screening of antiepileptic drugs, a model of generalized seizures induced by systematic in- 
jection of metrazol is widely used [9, 12]. 

The object of this investigation was to study whether a seizure syndrome can develop 
in response to repeated injections of subthreshold doses of metrazol. 

EXPERIMENTAL METHOD 

Experiments were carried out on inbred (CBA x C57BL/6, BALC/C)FI hybrid mice and nonin- 
bred albino mice weighing 18-22 g. Each group consisted of at least 15 animals. Metrazol 
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Fig. i. Severity of seizure response evoked by differ- 
ent doses of metrazol. Dose of metrazol injected: A) 
60 mg/kg, B) 40 mg/kg, C) 30 mg/kg. Numbers near 
broken line indicate number of animals which died. 
Abscissa, duration of observations with daily injec- 
tion of metrazol (in days); ordinate, severity of re- 
sponse (in points). 

TABLE I. Effect of Daily Subcutaneous In- 
jection of Metrazol (30 mg/kg) on Intensity 
of the Seizure Response 

~.~ Intemity of seizure 
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was injected subcutaneously in a dose of 60, 40, or 30 mg/kg in a volume of 0.i ml daily, 
under the same conditions (at the same time of day, in a room with the same intensity of 
illumination and the same background noise level). After injection of metrazol the animals 
were placed in a glass container and observed for 30-40 min. Behavioral seizures were re- 
corded in points, according to the following system: 0 point) absence of seizure response, 
1 point) twitching of the head or individual trunk muscles, 2 points) repeated clonic convul- 
sions of the whole trunk, 3 points) clonic convulsions of the forelimbs, 4 points) clonico- 
tonic convulsions with the animal falling on its side, and with postictal depression, 5 
points) repeated marked tonicoclonic convulsions or lethal convulsions. Animals of the con- 
trol group were given injections of physiological saline under the same conditions. The re- 
sults were subjected to statistical analysis [i]. 

EXPERIMENTAL RESULTS 

In the animals of groups 1 and 2, which received 60 and 40 mg/kg respectively of metrazol, 
seizure responses appeared after the first injection of the drug (Fig. i). In group i convul- 
sions of different degrees of severity were observed in all animals -- from twitching of the 
head and trunk to tonicoclonic convulsions ending in death. The highest mortality among the 
animals was observed after the 3rd injection of metrazol. In group 2, after the first injec- 
tion of metrazol, convulsions were observed in four animals but they were very slight and 
did not cause death. The incresae in severity of the seizure response in the animals of this 
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Fig. 2. Dependence of latent period of first seizures 
and of intensive convulsions on duration of metrazol ad- 
ministration (30 mg/kg daily), i) Latent period of first 
seizures; 2) latent period of severe convulsions. Abscissa, 
duration of metrazol administration (in days); ordinate, 
latent period of first seizures and period of severe con- 
vulsions (in min). 

TABLE 2. Effect of Intervals in Metrazol 
Administration on Intensity of Seizure 
Responses 

~ .~- 
i,~.~,~ / ~  . ~  
I ~  O~ >'~ 

~d ~ Experimental conditions]~ N ~ o ~ = ~ o 
~<~ I o ~  ' i  ~ o  > =-~ 

After 3 weeks of daily 
injections of merrazol 
(80 mg/kg) 

Interval 
10 days 
15 days 
30 d a~s 
40 days 

58/60 2,8 

19/20 3,2 
20/20 2,9 
7/10 2,2 
O/lO 

0,05 

0,05 
0,05 
0,05 
0,01 

group was slower in character than in the mice of group i. Severe convulsions (in which one- 
third of the animals fell on their side) were observed after the 3rd injection of metrazol. 
After the 7th injection convulsions were observed in all mice, and starting with the next in- 
jection the convulsions in some animals ended in death. 

In group 3 (receiving 30 mg/kg metrazol) single twitches did not appear until after the 
4th injection (Fig. i). With an increase in the number of injections of metrazol a tendency 
was observed for the severity of the seizures to rise steadily, and for the number of animals 
with seizures to increase. A dose of 30 mg/kg of metrazol was chosen for a more detailed 
study of the pattern of development of the seizure syndrome. 

During daily injection of metrazol in the above dose (Table i) the animals responded in 
most cases only by weak twitches. On the subsequent days the intensity of the seizure re- 
sponse increased, and by the 15th day marked clonic convulsions were observed in half of the 
animals with seizures, during which the mice fell on their side, together with postictal de- 
pression, production of frothy saliva, and other autonomic responses which accompany a severe 
convulsive fit. In isolated cases the convulsions terminated in death of the animal. Depend- 
ing on the times of onset and the severity of the seizure response the animals could be divided 
conventionally into two subgroups: The first, the most numerous, included animals developing 
convulsions during the first 10-12 days; the second subgroup consisted of animals with greater 
resistance to the development of convulsions. They did not arise until after 2 weeks of 
metrazol injections and they were characterized by very low intensity. As a rule the animals 
of this subgroup did not develop intensive clonicotonic convulsions. 

Aginst the background of a general tendency toward an increase in the number of animals 
with seizure responses, depending on the times of injection of metrazol these parameters were 
found to vary on individual days both in the group as a whole and also in single animals 
(Table i). Severe convulsions with falling on the side were observed daily in some animals, 
whereas in others intensive convulsions one day were followed on the next day by very weak 
twitches, and vice versa. However, starting with the 14th day, seizure responses with an in- 
tensity of not less than 2 points were observed in nearly all animals (over 90%), but after 
3 weeks convulsions were observed in virtually all animals. Investigation of the change in 
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the latent period of the first seizures and of the period of development of severe convulsions 
(falling on the side) in the course of their development showed (Fig. 2) that an increase in 
the number of metrazol injections was accompanied by shortening of the latent period of the 
first seizure manifestations from 8.9 • 0.8 min on the ist day of injection to 4.1 • 0.2 min 
on the 20th day (P < 0.001) and of the period of severe convulsions from 12.6 • 0.6 to 7.4 • 
0.3 min (P < 0.001). Hence, like the severity of the convulsions, their latent period also 
varied on different days both in the group as a whole and in individual animals. 

The aim of the next series of experiments was to study the duration of the state of pre- 
paredness for seizures, tested by noting if a seizure response developed to a subthreshold 
dose (30 mg/kg) of metrazol. For 3 weeks mice were given a daily subcutaneous injection of 
30 mg/kg metrazol, and this was followed by an interval of varied duration between injections 
of the drug. As Table 2 shows, a 10-day interval between metrazol injections did not abolish 
seizure activity. Moreover, the seizure responses observed were rather more severe. Intervals 
lasting 15 and 30 days also did not cause a statistically significant decrease in the number 
of animals with seizures or the mean severity of the seizure responses. Only after a 40-day 
interval did the state of preparedness for seizures disappear completely. Meanwhile an in- 
vestigation to determine if repeated development of seizure activity was possible in the ani- 
mals of this group after disappearance of their state of preparedness showed that twitching of 
individual muscles appeared in three of 20 mice as early as after the 2nd injection of 30 mg/ 
kg metrazol, and after the 3rd injection four mice responded with marked clonicotonic convul- 
sions with falling on their side; after six injections of metrazol convulsions were observed 
in half of the animals and the mean severity of the seizure response in the group was 1.25 
points; this is statistically significantly greater than observed in mice of the same group 
during the first induction of seizures (0.4 points; P < 0.05). 

The investigations thus showed that repeated epileptogenic stimulation with the use of 
subthreshold doses of metrazol causes a progressive increase in the state of preparedness for 
seizures and leads to the appearance of convulsions in response to a subthreshold dose of 
metrazol. This phenomenon resembles that of "kindling" [3, 5, 6, 13], in which convulsions 
are induced by repeated weak subthreshold electrical stimulation of brain structures. 

The results are in agreement with those obtained by other workers [2, 4, 7, i0, ii], who 
showed that repeated administration of cocaine, lidocaine, methionine-sulfoximine, and metrazol 
potentiates behavioral and electrographic seizures, i.e., causes the onset of a unique kind 

of pharmacological "kindling". 

Convulsions produced experimentally by the method descirbed above differ significantly 
from acute generalized convulsions evoked by threshold doses of metrazol. The use of clonic 
injections of subthreshold doses of the convulsant provides a model of increasing prepared- 
ness for seizures and enables a broad spectrum of seizure manifestations to be obtained. These 
features of the model will make it useful not only for screening of antiepileptic agents, but 
also for studying the pathogenetic mechanisms of development of chronic epilepsy. 
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