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Sumnmary
1. Maturation of the excitatory and inhibitory neuromechanisms at various
levels of the central nervous system was demonstrated by the convulsogenic
activity induced by leptazol in the developing albino rat.
2. The somatomotor end points considered (myoclonic jerk, myoclonic
seizure, tonic seizure and catalepsy) were not observed in all age groups. Tonic
seizure was seen at birth, myoclonic jerks at 2 weeks of age, myoclonic seizure
and catalepsy at 3 weeks of age.
3. The convulsive sequences described presented three different patterns,
defining three age groups: the infant pattern (infant group: newborn-i week
old animals); the transitional pattern (transitional group: 2 week old animals);
and the adult pattern (adult group: 3 week old-adult animals).
4. Effective doses were determined for the three types of convulsive sequence:
MJ50 for the myoclonic major sequence (maximal end point: myoclonic jerk),
MS50 for the myoclonic major sequence (maximal end point: myoclonic
seizure) and the TS50 for the myoclonic-tonic-clonic sequence (maximal end
point: tonic seizure).
5. The correlation of the convulsive patterns with the dose and latency varia-
tions suggests that: (a) the neuromechanisms responsible for the tonic seizure
and clonic seizure, located at brainstem and spinal cord levels, function at birth
and reach maturity at 3 weeks of age; (b) the neuromechanisms responsible for
the myoclonic manifestations and for catalepsy, located at the striato-thalamo-
cortical level, start functioning at 2-3 weeks of age, indicating the later matur-
ation of the more cephalic structures.

Introduction

The convulsogenic activity induced by leptazol depends on the stimulation of
interacting excitatory and inhibitory neuromechanisms, located at various levels of
the central nervous system. According to the dose used, neuromechanisms at one
or more level can be activated (Gastaut & Fischer-Williams, 1959; Hahn, 1960;
Esplin & Zablocka, 1965). The induced nervous discharges are translated into
different somatomotor responses, which can be used as an index of the activity of
the neural levels stimulated.

Observation of the responses induced by leptazol in a developing animal permits
the degree of maturity of the stimulated neural levels to be determined using as a
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reference the pattern of the responses and the time of their appearance. Modifica-
tions of the responses during development depend on the progressive maturation of
the neural levels responsible for the diverse manifestations.

This paper describes the results of such an analysis in the albino rat, in various
phases of its postnatal development. In a previous paper (Engelhardt & Esberard,
1968) we studied the reactivity of the neuromechanisms of the spinal cord and caudal
regions of the brainstem using strychnine. This paper demonstrates not only the
reactivity of the caudal neuromechanisms, but also that of the more cephalic regions.
A brief communication of some of the results has already been published (Engel-
hardt, Esberard & Casrilevitz, 1970).

Previous descriptions of the effect of leptazol on the immature animal are restric-
ted to those of Libet, Fazekas & Himwich (1941) and Cadilhac, Passouant-Fontaine,
Mihailovic & Passouant (1962), who studied the electroencephalographic
modifications induced in the immature cat; Caveness, Nielsen, Adams & Yakovlev
(1960), who studied focal seizures in the immature monkey; and Vernadakis &
Woodbury (1969), who studied the variation of the median effective dose in the
developing rat.

Methods
Eight hundred and sixty-two albino rats (Wistar strain) of both sexes were dis-

tributed into six age groups (Table 1). Leptazol (10-100 mg/ml) was injected intra-
peritoneally in doses of 25-400 mg/kg. In newborn and 1 week old animals the
skin had minimal elasticity and the injections were made through a small strip of
plastic adhesive applied to the abdominal wall, to avoid reflux of the injected solu-
tion through the needle puncture.
The rats were individually observed after the injection and four to six animals

were studied in each session. A set of records was made by one observer for each
animal throughout the reactive period. As a result, each age group and each dose
was studied by more than one observer and a final set of records was established
for each age group and each dose from the individual records obtained.
Each rat was used only once, to avoid responses caused by modifications of

reactivity (Liebert & Weil, 1939 ; Strecker, Alpers, Flaherty & Hugues, 1939 ; White-
head, Neuburger, Rutledge & Silcott, 1940; Sacks & Glaser, 1941).

End point criteria
End points were established, following the methods of Finkelman, Steinberg &

Liebert (1938), Strauss & Landis (1938), Strauss, Landis & Hunt (1939), Toman,

TABLE 1. Characteristics ofanimals used

Age group Age Number of Number of Weight
(days) animals litters (g)

Newborn 1-3 189 35 5 4+ 1-01
I week 6-8 100 19 9 3± 1-85
2 weeks 13-15 104 26 15 6+ 3 70
3 weeks 20-22 155 29 20-9+ 4-56
4 weeks 27-29 137 26 32-6+ 503
8 weeks 54-58 93 24 95-7+18-66
Adult 180-360 84 - 197-9±33-87

Total 862

Age in days refers to range in each age group. Weight values are given as mean ±S.D.
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Swinyard & Goodman (1946), Radouco, Frommel, Gold, Greder, Melkonian,
Radouco, Strassberger, Vallette & Ducommun (1952), Woodbury & Davenport
(1952), Jenney & Pfeiffer (1956), Truitt, Ebersberger & Ling (1960), and Esplin &
Zablocka (1965). These authors used electroshock stimulation, leptazol and hexa-
fluorodiethyl ether to produce convulsions in various species.
The end points observed on mature animals in this paper are as follows: (1) Myo-

clonic jerk (MJ), consisting of a sudden episode of head extension-retraction, with
abduction-protraction of the hind limbs and clonic movements of one of the fore
limbs, followed by a return to normal posture; duration 1-2 seconds. (2) Myo-
clonic seizure (MS), a sustained episode of head retraction-flexion-torsion, followed
by abduction-protraction of the hind limbs, with possible elevation of the head and
trunk or partial or total loss of quadruped posture and clonic movements of the
limbs, followed by a return to normal posture; duration 10-60 seconds. (3) Tonic
seizure (TS), comprising (a) anterior tonic seizure (aTS), characterized by loss of
quadruped posture, head hyperextension, extension of trunk-pelvis-tail, caudal ex-
tension of the fore limbs and flexion of the hind limbs-sustained for 5-30 s; and
(b) complete tonic seizure (cTS), characterized by additional caudal extension of the
hind limbs-maintained for 15-30 seconds. (4) Catalepsy, the animal remains still,
presenting great tolerance to manipulation, sustaining abnormal postures without
reaction, with delayed recovery.

In immature age groups, end points may be absent or they may appear with
different features. Differences are emphasized in Results. Other features, less clear-
cut, were not used as end points, but are described for sake of continuity.

Quantitative determinations

Median effective doses were calculated according to Finney (1952, 1962) for
myoclonic jerk (MJ50), myoclonic seizure (MS50), anterior tonic seizure (aTS50)
and complete tonic seizure (cTS50).
The mean latent period for the first myoclonic jerk, the first myoclonic seizure

and the first anterior tonic seizure of a given convulsive sequence corresponds to
the mean value of the delay observed in the reaction of animals of each age group.

Results

Patterns of somatomotor responses

The chief features of the somatomotor responses observed in the various age
groups, in the order of their appearance, are described in Table 2. The correlation
of the response modalities observed in the several age groups examined permitted
the separation of three patterns of response, which characterize three age groups:
(1) the infant pattern, observed in the infant group (newborn and 1 week old
animals); (2) the transitional pattern, corresponding to the transitional group (2
week old animals) and (3) the adult pattern, characteristic of the adult group
(animals 3 weeks old or more).

According to the dose related to the age group, three types of convulsive sequence
were observed. Each sequence was also related to the three patterns of response.
(1) Myoclonic minor sequence was observed with doses corresponding to the MJ50.
This sequence was well defined in the adult age group, starting with hyperkinesia
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TABLE 2. Sequences of responses to leptazol

Adult group
(3 weeks old to adult)

Hyperkinesia Slightly increased activity,
short runs, intense whisker
activity.

Myoclonic Quick episode (1-2 s) of
jerk head extension-retraction

with postural reinforce-
ment of hind limbs and
clonic jerks of fore limbs.
Up to thirty or more, iso-
lated or in volleys. Con-
stant.

Myoclonic Episode (10-60 s) of head
seizure retraction-flexion-torsion

with no loss, partial or
total loss of quadruped
posture and clonic jerks of
the limbs. One, two, rarely
more. Constant.

Tonic Preceded by fast run, sud-
seizure den stop, extension of

head-trunk-pelvis, loss of
quadruped posture; fore
limbs are slowly extended
caudalwards and hind
limbs flexed constituting
the aTS posture. aTS is
sustained for 5-10 s and
followed by caudalwards
slow extension of hind
limbs to constitute cTS, or
it is sustained for 15-30 s
and followed by clonic
seizure. Rarely repeated in
the same reactive period.
cTS is infrequent in 8 week
old and adult rats, and
very frequent in those of 3
and 4 weeks. Constant.

Clonic Follows aTS or cTS im-
seizure mediately. Initially very in-

tense with generalized
clonic jerks and extensor
spasms of the hind limbs.
Proceeds with gradual de-
crease of intensity. Lasts
5-15 min or more.

Catalepsy The rat remains curled up,
does not react to manipu-
lation nor to the imposition
of abnormal postures.
More frequent, intense and
prolonged after the myo-
clonic seizure, also ob-
served after the myoclonic
jerk or the clonic seizure.
Duration 5-30 min or
more.

Transitional group
(2 weeks old)

Greatly increased activity,
progression and regression,
less intense whisker ac-
tivity.

Slow episode of head ex-
tension and abduction of
the four limbs. Few and
usually isolated. With less
frequency, similar to those
of the adult. Not constant.

Atypical episode of head
extension-retraction, loss
of quadruped posture and
uncoordinated limb move-
ments associated with ill
defined clonic movements.
Rare.

Quick progression, some-
times with adult character-
istics, loss of quadruped
posture and establishment
of aTS posture. cTS is very
frequent. Tonic postures
present features similar to
those of the adult, being
more prolonged (up to 45
s). Tonic seizure, anterior
or complete usually is re-
peated several times (up to
eight) in the same episode.
Constant.

Follows tonic seizure, im-
mediately or after a short
period of depression. Less
intense than in the adult
group, clonic jerks are
poorly characterized and
extensor spasms of hind
limbs are absent. Lasts 15
min or more.

Not observed.

Infant group
(newborn and I week old)

Very intense activity, pro-
gression and regression,
episodes of loss of quad-
ruped posture.

Not observed. Continua-
tion of hyperkinesia with
increasing activity and fre-
quent episodes of loss of
quadruped posture and
slow movements of head-
trunk-pelvis and limbs
(contortions) and delayed
righting.

Not observed. Hyperkin-
esia as described above
continues.

Progression followed by
loss of quadruped posture,
slow contortions and estab-
lishment of aTS posture.
cTS is very frequent. Tonic
postures have character-
istics similar to those of
the adult, being maintained
longer (usually from 30 to
60 s, reaching 120 s). Tonic
seizure is repeated several
times (ten or more) in the
same reactive period. Con-
stant.

Observed after a prolonged
period of depression (30-
120 s) that follows tonic
seizure. Consists of slow
contortions and tremors of
the limbs, gradual decrease
of intensity. Duration of
30 min or more.

Not observed.
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followed by myoclonic jerks. In the transitional age group, myoclonic jerks could
be absent or atypical. In the infant age group only hyperkinesia was observed.
The reactive period, which started 1-2 min after the injection, lasted for 5-30
minutes. (2) Myoclonic major sequence was observed with doses corresponding to
the MS50. In the adult group it was well defined, comprising hyperkinesia, myo-
clonic jerks and myoclonic seizure. In the transitional group it was usually incom-
plete, lacking the myoclonic seizure. This sequence was absent in the infant group,
in which only hyperkinesia could be observed for this dose. The duration of the
reactive period varied between 10 and 45 min, but it could last, less frequently, up
to 90 minutes. (3) Myoclonic-tonic-clonic sequence was observed with doses corres-
ponding to the TS50. It was well defined in the adult group, in which it com-
prised hyperkinesia, myoclonic jerks, myoclonic seizures and the tonic-clonic period.
The tonic-clonic period started with tonic seizure and covered all the events until
the return to quadruped posture. This sequence was frequently incomplete in the
transitional group, where the myoclonic manifestations could be absent. In the
infant group it consisted of hyperkinesia followed by the tonic-clonic episode. The
reactive period, starting 30-60 s after injection, in the transitional and adult groups
usually lasted for 30-90 min, sometimes reaching 120 min; in the infant group it
varied from 90 to 120 min but could extend to 240 minutes.

Variation of the median effective doses in relation to age

Three median effective doses were determined (Table 3): (1) MJ50 required to
evoke the myoclonic minor sequence, occurring from the transitional group onwards,
with only small fluctuations; (2) MS50, required to evoke the myoclonic major
sequence, occurring only in the adult group, the variations of which were not signifi-
cant; (3) TS50, required to evoke the myoclonic-tonic-clonic sequence, occurring
in all age groups. Two doses were calculated: one producing anterior tonic seizure
(aTS50); the other, somewhat higher, producing complete tonic seizure (cTS50).
The median effective dose for anterior tonic seizure, a response constant and com-
mon to all age groups, decreased from birth up to 2-3 weeks of age, and increased
from this point onwards. The appearance of hind limb tonic extension characteriz-

TABLE 3. Median effective doses (mg/kg, i.p.)
Age group Anterior Complete Myoclonic Myoclonic

tonic seizure tonic seizure jerk seizure
(aTS) (cTS) (M) (MS)

Newborn 207-1 313-6
(188.4-227.7) (2225-441-9)

1 week 103.4 122-4
(82.1-102-7) (38 4-390.3)

2 weeks 63.0 102-7 41O0
(57.0-69 6) (81.6-129-4) (38-8-43 3)

3 weeks 61-3 85 2 39.0 63-8(53.6-70.2) (72-1-100-7) (37.4.40-7) (56.3-72-4)
4 weeks 81-5 131-5 52-0 59 6

(73-1-90-8) (126.9-136*5) (47 9-56 4) (55-6-63-8)
8 weeks 76-1 144-1 48-1 60-0

(69.6-83.3) (74-6-278.5) (38 4-60-2) (43-5-82 0)
Adult 80-0 32-0 52-8

(31-5-200-0) (27.5-37.3) (46.1-605)
Values in brackets are the fiducial limits for chance sampling variation (P=0 05).
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ing complete tonic seizure, was variable in older animals, as reflected in the wider
range of the higher median effective dose required to evoke this sign.
Comparison of the median effective doses for anterior tonic seizure in different

age groups showed that the adult value appears initially between 1 and 2 weeks of
age, marking the time when the rat shows maximum reaction to the adult dose
(Table 3).

Variation of the mean convulsive latent period in relation to age

The mean latency was calculated as an index of the modification of the animal's
reactivity to the convulsogenic drug in the course of development. It was realized,
however, that this was a somewhat artificial value, since there was latency variation
for each dose; higher doses showed the smaller latency. The values of the mean
convulsive latent period for the end points considered in the present paper are listed
in Table 4.
The latency for anterior tonic seizure had a higher value in the newborn, but from

1 week of age variations in latency were not significant. The variation in latencies
for myoclonic jerk and myoclonic seizure was also of no significance.

Discussion

The somatomotor convulsive reactions to leptazol have been grouped in three
sequences, depending on the dose used: the myoclonic minor sequence, the myo-
clonic major sequence and the myoclonic-tonic-clonic sequence. Three patterns
of response were recognized, referring to three age-groups: the infant pattern, the
transitional pattern and the adult pattern (Table 2).
The sequences in the immature and mature animal are similar to those reported

with bemegride (Vulpe, Caldwell, Rodin, 1963) and with hexafluorodiethyl ether
(Webb & Davis, 1964). In the first paper two sequences were distinguished, one
having its end point at the myoclonic seizure and another with its end point at the
tonic seizure; in the second paper the sequences described are the maximal ones,
since the inhalation of gas was interrupted only after obtaining the tonic seizure.
Using electroshock stimulation it has also been possible, according to the intensity
of the stimulus, to obtain comparable aspects of the convulsive reactions (Millichap,
1957; Vernadakis & Woodbury, 1965, 1969), the maximal end points also differing
in the various age groups.
The times of appearance of the end points considered here (myoclonic jerk,

myoclonic seizure, anterior tonic seizure) generally agree with those described by

TABLE 4. Convulsive latent periods

Age group Anterior Myoclonic Myoclonic
tonic seizure jerk seizure

(aTS) (MJ) (MS)
Newborn 6-35+2O04
1 week 4-11±2-00
2 weeks 3.23±2-43 1b92±1-15
3 weeks 4-12±3-12 1P98±1P70 2-27±1-54
4 weeks 3-67±1-53 1-70±0-90 2-27±1 41
8 weeks 3-45±2-40 1-42+0 52 1.62±062
Adult 3-67±2-19 1 50±0-82 1-69±1-40

Time values are given as mean ±S.D., expressed in minutes.
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Vulpe et al. (1963), for bemegride, and by Webb & Davis (1964) for hexafluoro-
diethyl ether. They differ from the findings of Millichap (1957) for electroshock
stimulation and from those of Vernadakis & Woodbury (1965, 1969) for leptazol
and electroshock stimulation.
Most studies of convulsions on the developing animal suggest that younger

animals are less sensitive, sensitivity increasing with maturation. This has been
shown for chemical stimulants like strychnine (Falck, 1884, 1885 ; Engelhardt &
Esb&rard, 1968), leptazol (Libet et al. 1941; Caveness et al., 1960), bemegride
(Vulpe et al., 1963) and hexafluorodiethyl ether (Webb & Davis, 1964). The last
two substances induce convulsive manifestations similar to those obtained with
leptazol, and they seem to act upon the central nervous system through a common
mechanism (Rodin, Rutledge & Calhoun, 1958; Chatrian & Petersen, 1960; this
paper, Table 3). With electroshock stimulation also a more intense current is re-
quired to obtain a given convulsive end point in the immature animal (Millichap,
1957; Vernadakis & Woodbury, 1965).
These findings, with which our results agree, show that the immature animal is

less sensitive to convulsogenic substances such as leptazol, and others that have a
similar mode and site of action.
Vemadakis & Woodbury (1969) have also reported on the variation of the median

effective dose of leptazol in the developing rat. They used as references the maximal
end points obtained by electroshock stimulation (also described by Millichap, 1957),
that are different in each age group. Tonic seizure, for instance, was observed only
from 2 weeks of age onwards, although other authors, including ourselves, who
used chemical stimulants of comparable action (see above) have observed this
reaction in the newborn. It seems that Vernadakis & Woodbury (1969) used
different end point criteria for the first 2 weeks of age. It is possible, therefore, that
the variation they report for the dose effective at each age group results from their
failure to discriminate different end points.

Maturation of integrative levels
All levels of the central nervous system are stimulated by leptazol (Schoen, 1926;

Gutierrez-Noriega, 1944; Hahn, 1960; Esplin & Zablocka, 1965), including excita-
tory and inhibitory neuromechanisms (Lewin & Esplin, 1961; Esplin & Zablocka-
Esplin, 1969; Jinnai, Mogami, Mukawa, Iwata & Kobayashi, 1969). The somato-
motor convulsive manifestations originate from a process of spatial summation of
impulses in different regions of the central nervous system. These become effective
when they reach the spinal and supraspinal motor centres-responsible for the
somatomotor reactions, where they reinforce local excitation (Gutierrez-Noriega,
1943, 1944; Hahn, 1960). The convulsive impulses probably originate in specific
regions of the central nervous system, whiclh are important for the initiation and inte-
gration of the various aspects of the convulsive sequence (Hahn, 1960).

Correlation of the convulsive patterns with the median doses necessary to pro-
duce them and the latency of the appearance of the chief end points (Tables 2-4),
allows an assessment of the convulsogenic maturity of the several stimulated levels.

Tonic seizure and clonic seizure
The tonic seizure represents the maximal manifestation of leptazol stimulation

of excitatory neuromechanisms that are located, for the most part, at the brainstem
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level. The reticular formation is a neuronal structure situated here which, when
stimulated, permits the initiation and the development of the self-sustained convul-
sive attack, without the necessity for significant intervention of circuits rostral to
the mesencephalon (Schoen, 1926; Asuad, 1940; Gutierrez-Noriega, 1944; Freed-
man & Moossy, 1953; Starzl, Niemer & Forgrave, 1953; Jolly & Steinhaus, 1956;
Kreindler, Zukerman, Steriade & Chimion, 1958 ; Gastaut & Fischer-Williams, 1959;
Bircher, Kanai & Wang, 1962; Bergman, Costin & Gutman, 1963 ; Kreindler, 1965;
Sille & Sayers, 1967; Jinnai et al., 1969). The reticular formation acts on the effec-
tor neurones, particularly on those of the spinal cord, through several descending
pathways that transmit the convulsive impulse (Ajmone-Marsan & Marossero, 1950;
Gastaut & Fischer-Williams, 1959).

The spinal reflex system has an important role in the integration of the maximal
convulsive discharges, in the form of stereotyped patterns. These are due to peri-
pheral and supraspinal influences, associated with a background state proper to the
spinal cord (Ten Cate, 1950; Esplin & Laffan, 1957; Woodbury & Esplin, 1959;
Esplin & Freston, 1960). Leptazol acts on the spinal cord, producing a clear excita-
tory effect, though it is possible to obtain with high doses in spinal animals a tonic
seizure, sometimes of short duration, followed by a clonic phase (Schoen, 1926;
Asuad, 1940; Gutierrez-Noriega, 1944 ; Jones & Lombroso, 1955 ; Esplin, 1957 ;
Esplin & Curto, 1957 ; Lewin & Esplin, 1961 ; Esplin & Zablocka, 1965; Esplin &
Zablocka-Esplin, 1969). Therefore, to obtain a well defined tonic seizure, the region
of the central nervous system constituting the brainstem and the spinal cord is
necessary, and the excitatory neuromechanisms of these structures must be stimula-
ted. To induce the tonic extension of the hind limbs (complete tonic seizure) the
dose of leptazol required is higher than that required to obtain the anterior tonic
seizure, probably to overcome the resistance of the spinal inhibitory system (Esplin
& Zablocka-Esplin, 1969).

The interruption of the tonic seizure and its substitution by the clonic seizure
depends on a process of neuronal exhaustion associated with the activity of the
inhibitory neuromechanisms that begin to dominate the excitatory ones (Cobb, 1924;
Vianna Dias, 1954; Gastaut & Fischer-Williams, 1959; Jung & Hassler, 1960;
Jinnai et al., 1969). Clonic manifestations in the mesencephalic and even in the
spinal animal (Schoen, 1926; Asuad, 1940; Gutierrez-Noriega, 1944; Jones &
Lombroso, 1955; Gastaut & Fischer-Williams, 1959) suggest the presence of inhibi-
tory mechanisms in these structures, capable of interrupting the tonic seizure and of
maintaining the clonic seizure (Lewin & Esplin, 1961; Jinnai et al., 1969).

The rat shows at birth tonic seizures that have qualitative features similar to
those of the adult. The subsequent clonic seizure is slow and ill-defined in the
infant group, reaching the definitive pattern at 3 weeks of age. These facts suggest
that the neural levels necessary for the integration of the tonic seizure, such as the
excitatory mechanisms of the brainstem and of the spinal cord are in a condition to
be stimulated at birth, though they are less sensitive; sensitivity increases progres-
sively, reaching adult levels between 1 and 2 weeks of age.

The subsequent clonic seizure which represents the interruption of the tonic
seizure and to which inhibitory neuromechanisms contribute can also be seen at
birth, though with features different from those of the adult. This suggests that the
inhibitory mechanisms of the same neural levels are already present in the newborn,
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but it is at 3 weeks of age that the seizure acquires the definitive pattern, integrated
by mature neuromechanisms.

In the infant group and in the transitional group, there is a clear predominance of
the excitatory neuromechanisms, a fact that is characterized by the great duration
and repetition of the tonic seizures in the same convulsive sequence and by the
rapid decrease in the values of the median effective doses and of the mean latencies.
From 3 weeks of age onwards there is a decrease in the duration and repetition of
the tonic seizures in the same convulsive sequence and the clonic seizure is well
defined, suggesting the maturity of the inhibitory neuromechanisms.
The existence of neuromechanisms at the level of the brainstem and spinal cord

that are capable of being stimulated at birth, is also suggested by the study of the
maturation of somatomotor responses induced by strychnine (Engelhardt &
Esberard, 1968). The tonic seizure due to this drug results from the liberation of
excitatory neuromechanisms from the block exerted by inhibitory neuromechanisms,
and it can be observed at birth. The adult sensitivity is also attained between 1 and
2 weeks of age, and the additional decrease of the median effective doses by the
age of 3 weeks and its gradual increase from this moment on is parallel to that
observed in relation to leptazol.

Thus, with two drugs of different action, a similar pattern is obtained of the
maturation of the caudal excitatory and inhibitory neuromechanisms.

Myoclonic manifestations
These responses, preceding the tonic-clonic episode, are the myoclonic jerk and

the myoclonic seizure. The myoclonic jerk is a result of the stimulation of excitatory
neuromechanisms located at the striato-thalamo-cortical level, inducing a fast
episodic excitatory state that is not seen in absence of these structures. The con-
vulsive discharge is directed to caudal levels, releasing the facilitatory reticulo-spinal
system, which is responsible for the momentary tonic reinforcement that is
characteristic of this neuromuscular manifestation (Schoen, 1926; Asuad, 1940;
Gutierrez-Noriega, 1944; Ajmone-Marsan & Marossero, 1950; Pollock & Gyarfas,
1952; Starzl, et al., 1953; Preston, 1955; Jolly & Steinhaus, 1956; Gastaut &
Fischer-Williams, 1959; Woodbury & Esplin, 1959; Okuma, 1960; Bircher, et al.,
1962; Esplin & Zablocka, 1965).
The presence of interacting inhibitory neuromechanisms, the thalamo-caudate

inhibitory system, capable of actively inhibiting the thalamic and brainstem reticular
formations, is suggested by the short duration, the abrupt ending and the frequency
of the repetitions of the myoclonic jerks (Gastaut & Fischer-Williams, 1959; Jung
& Hassler, 1960; Lewin & Esplin, 1961; Esplin & Zablocka-Esplin, 1969; Jinnai
et al., 1969).
The myoclonic seizure is seen after a series of myoclonic jerks at diminishing

intervals, and seems to be the result of their fusion. The higher median effective
dose (MS50) that induces this reaction may correspond to the additional dose
necessary to stimulate the excitatory neuromechanisms, intensively enough to pre-
vent the influence of the inhibitory neuromechanisms, thus permitting a sustained
excitatory state, responsible for the myoclonic seizure.
The myoclonic manifestations can be observed on the developing rat at 2 weeks

of age, although often atypical, and it is from 3 weeks of age onwards that they
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appear with adult characteristics. The absence of significant variations of these
median effective doses and of the mean latencies with age indicate that there is
practically no modification of the reactivity of the neuromechanisms responsible for
these manifestations, during development. The myoclonic manifestations therefore
attain maturity at the same time, suggesting their integration by a common neuro-
mechanism.

Catalepsy

This manifestation encompasses hypokinetic phenomena of the experimental
catatonic syndrome and comprises the loss of motor initiative and the maintenance
of abnormal postures (DeJong & Baruk, 1930; DeJong, 1956; Beaulnes & Viens,
1961). Catalepsy is the result of inhibitory activity at cortical and striatal levels,
and it can be elicited by leptazol and other agents (Ingram, Barris & Ranson, 1936;
Dille & Hazleton, 1939; DeJong, 1945; Ottaviano & Pappalardo, 1946; Baruk,
1950; Gutierrez-Noriega, 1951; Pollock & Gyarfas, 1952; Radouco et al., 1952;
Konradi, 1953 ; Starzl, et al., 1953 ; Mattioli-Foggia & Cossio, 1957; Zetler & Moog,
1958; Gastaut & Fischer-Williams, 1959; Jung & Hassler, 1960; Pavlov, 1961;
Ashford, Sharpe & Stephens, 1963; Steg, 1964; Munkvad, Pakkenberg & Randrup,
1969). In the rat it can be observed from 3 weeks of age onwards, that is, only in
the adult group, representing the maturity of the inhibitory activity of the striato-
cortical level.
From the discussion above we may conclude that the excitatory and inhibitory

neuromechanisms responsible for the integration of the tonic seizure, and for the
clonic seizure, located in the brainstem and at spinal cord levels, show functional
capacity at birth, although with lesser sensitivity, and they reach maturity at 3 weeks
of age. The excitatory and inhibitory neuromechanisms responsible for the myo-
clonic manifestations and for catalepsy, located at striato-thalamo-cortical level,
respond to leptazol stimulation at 2-3 weeks of age, indicating the later maturation
of these more cephalic structures.

This work was supported by the Conselho Nacional de Pesquisas and Conselho de Pesquisas
of the Universidade Federal do Rio de Janeiro.
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