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In order to avoid the disadvantages inherent to the supramaximal electro-
shock method in studying the influence of drugs on the convulsive threshold, a new
electroshock method was developed, in which the minimal electrical energy required
to provoke a typical convulsive seizure is determined on the basis of impedance
measurements of the brain. (Delaunois et al, 1962).

According to this method, rectangular DC pulses, with 'a duration of 2 miIIisec.
and a frequency of 125jsec., were applied for 0.5 sec. in unanesthetized rabbits with
implanted electrodes. Application of these stimuli at an energy level of 0.2 W.sec.
provokes in intact rabbits a typical convulsive seizure, characterized, after a latency
period of 3.0 sec. ±0.9 sec., by the occurrence of a flexion of the fore and hindlegs,
an extension of both fore and hindlegs accompanied by a more or less pronounced
hyperextension of the trunk, of a duration of 16.4 sec. ± 3.5 sec., and finaJlya
shorter lasting and less pronounced clonic phase.

This method has been applied to the experimental study of pharmacological
substances which are known to influence the level of brain amines. Control elec-
troshocks were applied one week before administration of drugs.

Thus a decrease of the levels of brain amines was obtained by means of
reserpine, dimenthylaminobenzoyl methylreserpate (Su-5171) (Brodie et al 1960)
oc-methyl.dihydroxyphenylalanine (Hess et al., 1961) and oc-methyl-m-tyrosine
Brodie and Costa (1962).

A selective increase of brain serotonin and a combined increase of brain
serotonin and noradrenaline, on the other hand, were provoked by pretreatment with
5-hydroxytryptophan or ,B-phenylisopropyl-hydrazine (JB-516) and by pretreatment
with ,B-phenylisopropyl-hydrazine (1B-516) or ,B-phenylisobutyl-hydrazine (1B-835)
respectively (Brodie, et al., 1959). A selective increase in brain dopamine was
obtained by means of a combined pretreatment with reserpine, iproniazid and
I-dihydroxyphenylalanine (Carlsson, 1959).

As shown in Table I reserpine provokes a marked decrease of electroshock
convulsive threshold. Since reserpine lowers brain serotonin as wen as brain cate-
cholamine levels, the question arises whether this decrease of electroshock threshold,
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which is also prevented by monoamine oxidase inhibitors, may be attributed more
precisely to one or another of these amines.

TABLE I

Amine levels in % of
normal (average values
in groups of 8 animals)

% Increase(+)
or Decrease(-I

i-----,----- of electroshock
threshold

Experimental conditions Drug (dose in mg/kg,
route of administration, time of adrni-

nistration before electroshock)
Noradre-
nalineSerotonin

Reserpine (I, i.v., 16 hrs) 10
==Methyl-m-tyrosine (50, i.v., 13 hrs) 100
Reserpine (1, i.v., a 23° C, 2 hrs) 25
Reserpine (after 3 hrs a 4° C, 1, i.v., 2 hrs a 4° C) 65
Su-5171 (2, i.v , 1 hr) 35
Su-5171 (2, i.v., 6 hrs) 60
oc:-Methyl-dihydroxyphenylalanine (400. i.p., 4 hrs) 25
=-Methyl-dihydroxyphenylalanine 400, i.p., 18 hrs) 80
Su-5171 (0.25, i.v., 4 hrs) 85

5-Hydroxytryptophan (50, i.p., I hr) 270
JB-516 (2, i.v., 1 hr) 169
JB-516 (2, i.v., 23 hrs) 183
JB-835 (l0, daily, i.p. for 3 days 332

9
o

20
25
30
30
50
50
55

100
104
140
182

Using reserpine, the reserpine analogue Su-517I, ee-methyl-dihydroxy pheny-
lalanine and oc:-methyl-m-tyrosine, more or less selective decreases of either brain
serotonin or brain noradrenaline levels may be obtained at well-defined periods~
time after administration of these drugs.

It can be seen from Table I that there is no parallelism between the decrease
of electroshock threshold and the decrease of brain serotonin, whereas a very good
relationship holds between the decrease of electroshock threshold and the decrease
of brain noradrenaline.

Selective or combined increases of brain serotonin and noradrenaline, on
the other hand, provoked by pretreatment with 5-hydroxytryptophan and JB-516 or
JB·835 respectively, were not found to significantly modify the electroshock threshold.

The selective increase (4.7 mcg/g vs. 0.28 mcg/g in controls) of brain dopa-
mine, however, provoked by pretreatment with reserpine (Img/kg, i.v., 21 hrs. before
electroshock), iproniazid (lOO mg.zkg., i.p., 13 hrs. before electroshock), and
I-dihydroxyphenylalanine (75 or 25 rug/kg, i.p., 1 hr. before electroshock) was follo«
ed by a very pronounced increase of electroshock threshold, which appeared to be dose-
dependent for l-dihydroxyphenylalanine (300% increasefor 75 mglkg of I-dihydro-
xyphenylalanine vs. 100% increase for 25 mg/kg of I-dihydroxyphenylalanine) .

•

-62
-50
-50
-42
-35
-30
-32
-30
-25

o
-10

o
o



lYE THRESHOLD

rs, may be attributed more

vels in % of
veragevalues
of 8animals) % Increase (+)

or Decrease( - )
r------I of electroshock

Noradre- threshold
naline

9
o

20
25
30
30
50
50
55

-62
-50
-50
-42
-35
-30
-32
-30
-25

100
104
140
182

°-10

°°
-methyl-dihYdroxy pheny-
decreases of either brain
t well-defined periods ~f

ism between the decrease
in, whereas a very good

reshold and the decrease

in and noradrenaline, on
ryptophan and JB-516 or
e electroshocK threshold.

controls) of brain dopa-
gkg, i.v., 21 hrs. before
fore electroshock), and
electroshock) was follow-
ich appeared to be dose-

r 75 mgtkg of j-dihydro-
rox'yphenylalanine ).

C. HEYMANS, A. F. DESCHAEPDRYVER, A. L. DELAUNOIS AND Y • .PIETTE 115

These experimental observations suggest that brain dopamine levels are of
importance in determining the sensitivity to electroshock.

Another series of experiments corroborated this point of view. In these ex-
periments a very pronounced increase of electroshock convulsive threshold was found
to occur after administration of amphetamine or imipramine. (Table II). This increase

TABLE II

Experimental conditions: Drug (dose in mg/kg, route
of administration, time of administration

before electroshock)

% Increase (+) or
-decrease (-)

of electroshock threshold
(average values in groups

of 10 animals)

Amphetamine (20, i.v., 5 min)
Reserpine (I, i.v., 24 hrs)

+ Amphetamine (20, i.v., 5 min)
Iproniazid (lOO, i.p., 24 hrs)

+ Amphetamine (20, i,v., 5 min)
Reserpine (I, i.v., 21 hrs)

+ Iproniazid (100, i.p., 13 hrs)
+ I-Dihydroxyphenylalanine (25, i.p., 1 hr)
+ Amphetamine (20, i.v., 5 min)

+ 900

°
+ 1300

+ 2500

Imipramine (5, i.v., 5 min)
Reserpine (I, i.v., 24 hrs)
+ Imipramine (5, i.v., 5 min)

Iproniazid (100, i.p., 24 hrs)
+ Imipramine (5, i.v., 5 min)

Reserpine (I, i.v., 21 hrs)
+ Iproniazid (100, i.p., 13 hrs)
+ I-Dihydroxyphenylalanine (50, i.p., 1 hr)
+ Imipramine (5, i.v., 5 min)

=-Methyl-n-tyrosine (50, i.v., 13 hrs)
+ Imipramine (5, i.v., 5 min)

-t 5900

+ 75

+ 13.750

+ 15.000

+ 15.000

did not occur in reserpinized animals. Since reserpine decreases serotonin as well
as noradrenaline and dopamine levels in the brain, the question arises again whether
one or another of these substances may be regarded to be specifically operative in
the mechanism of action of this effect of amphetamine and imipramine.

Our experimental observations show that this effect is more marked in
presence of a combined increase of brain serotonin and catecholamine levels, i.e.
after pretreatment with iproniazid, whereas a very pronounced potentiation occurs
in presence of selectively increased brain dopamine levels, i. e. after combined
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pretreatment with reserpine, iproniazid and I-dihydroxyphenylalanine. These
observations produce additional evidence for a dopamine-mediated mechanismio
determining the electroshock convulsive threshold.

It is noteworthy that the imipramine-induced increase in electroshock thre-
shold still occurs in case the brain noradrenaline stores have been completely deple-
ted by pretreatment with cc-methyl-m-tyrosine.

In conclusion, our experimental observations point to a relationship between
the level of brain dopamine and the electroshock convulsive threshold and suggest
that amphetamine and imipramine induce an increase in electroshock threshold
through the same dopamine-mediated mechanism, e.g. by provoking a sensitization
towards dopamine. This would also explain why imipramine facilitated the effect
of amphetamine on spontaneous motor activity. (Vernier, et al., 1962)

The present findings on the influence of drugs and brain dopamine levelson
the convulsive threshold may also have clinical implications. First, the possibility
of reducing this threshold and thus the total electroshock energy required mayper.
haps allow the application of therapeutically effective electroshocks with less dan~
of unwanted cerebral complications, such as permanent memory damage. Second,
these experimental observations may be of importance with regard to both the
pathogenesis and the pharmacotherapy of Parkinsonism, (Bernbeimer, et al., 1963,
and Friedhoff, et al., 1963).

Reserpine (Serpasil R) and Su-5I7I were kindly supplied by Ciba, A G .• Basie, iproniazid
(Marsilid R) and I+dihydroxyphenylalanine by F. Hoffman-La Roche & Co, Ltd., Basle. irnipra-
mine (Tofranil R) by Geigy A.G , Basle, Switzerland,lB·516 and JB·835 by Lakeside Laboratories
Inc., Milwaukee, Wisconsin, cc-methyl·dihydroxyphenylalanine and ee-methyl-rn-tyrosine by
Merck Sharp & Dohme Research Laboratories, Rahway, New Jersey, U.S.A.
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