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act like strychnine and pentylenetctrazol, onized by reserpine more efficiently in seizures
respectively. Picrotoxin behaves like pentylene- induced by pentylenetetrazol, 4-methyl-4-ethyl-
tetrazol against the anticonvu]sant effect of glutarimlde or PM-1090 than in picrotoxin-,
Dilantin but behaves like strychnine in the hydra]•zinc- or "Acridone"-induced seizures.
presence of reserpine. A majority of the other Thus, the results appear to indicate that hydrala-
compounds available to us for study have con- sine and "Acridone" are picrotoxin-like while
vulsant properties similar to those of picrotoxin 4-methyl-4-ethylg_tarimide and PM-1090 are
or pentylenetetrazol. A comparison of four CNS pentylenetetrazol-like convulsants.
stimulants, which are of current interest, with Excitants. These CNS stimulants are so re-
pierotoxin and pentylenetetrazol is shown by the ferred to here simply because they do not produce
data in table 1. It may be noticed first from the tonic extensor seizures in mice by intravenous
quantity of the stimulant required to produce admlnlstration. The outstanding signs and
tonic extensor seizures that the extensor seizure symptoms produced by the excitants are tremors,
response of mice to pentylenetetrazol, 4-methyl- increased body movements, piloerection, saliva-
4-ethylglutarimide or PM-1090 stimulation was tion or lacrimation. In table 2 are listed eight
facilitated by reserpine but the response to compounds which may represent the principal
picrotoxin, hydralazine or "Acridone" was not types of excitants. The quantities given in
affected by reserpine. Second, the extensor column 1 are excitatory doses producing typical
seizures of the limbs induced by the six con- symptoms in all 10 mice. Animals receiving
vulsants were suppressed or abolished by Dilan- diphenhydramine will run or jump intermittently
tin. This influence of Dilantin may be prevented with slight attacks _clonic seizures but without
by reserpine. Third, there is an indication that, tremors. The typical effect of cocaine is the well-
although pheusuximide, mephenesin and barbital known "circus" movement in which mice circle
were almost equally effective in suppressing the along the cage rapidly and continuously. At
convulsive seizures induced by the six convul- "noncireling" doses of cocaine, slight tremors and
sants, their anticonvulsant effects were ant•g- ruffling of hair are observable. Desoxyephedrine,

TABLE I

A comparison of the convulsant properties of certain stimulants under the influence of reserpine
and different antieontmlsants in mlee

Picrotoxin, Hydralazine, Acridone, Pentylene-tetra- t-Methyl-4-ethyl PM-1090,
ml./20$-gm, ml./20-gm, ml./20-gm, zol, ml./20-gm. ;lutarimide, ml./ ml./20-gm.

Time
Treatment foul Int.t (0.15%) (I.0%) (0.05%) (0.5%) 20-gin. (0.25%) (0.1%)

C§ T L C T L C T L C T L C T L C T Lmlm./klr4, ii i0(Control) _.29 336)390.17 0.320.370.21 0.383.43 ).16 ).49 _.b5 0.11 0.29 0.34 0.15 ).41 }.4S

R'8 i.p. 5hr. _.34 0.37 ).420.20 i0.29 0.3411.34 0.39_.4_ ).16 ).17HZ17[10.10 0.11110.10110.10 ).2111 _.2el
!

Dilantin 10 i.p. 2hr. _.28 --¶!).M0.17 7/100.40D.37 6/10 _. 62 0.15 -- _.87 0.11 2/10 0.49 0.15 |/10 ).64

Dilantin _- R {).38 0._5 _.6_0.20 0.1120.420.37 0.44 D._ ).19 _.21 [}.22 0.11 0.17 0.22 '0.10 I)'27 [}.3S

Phensuximidel_ or. lhr. _.36110.53).580.34_!0.450.5111.44110.51_._ ).20 I -- _.82 D.14 0.51 0.02 0.2511iT/10 _.72
Phensuximide q- 0.40n 0.71'_.78 0.35_ ).38 0.51 0.4011 o.M 11.0_ ).33A z42 11.43 0.13 0.20 0.20 ).fTu _.57 11.u

R

Mepb_ain125 i.p. lOmin. 0.3611 -- 3.620.261! ) . 39 0. 44 0. 40115/1011. 6_ ).12 -- 0.07 0.I0 5/10 0.52 ).2011 -- 11.82

'Mephenesin+ R 11.46110.68 _.7_ 0.291, ).40 0.52 0,65110.711}._ ).2_ll -- 11.75 0.12 2/I0 0.52 ).2911_/I0 0.74

Barbital 1O0 i.p. 2hr. 11.38110.f_Z_0.42_ ).610.M0,631[0.9311.9_ ).33 -- 1.00 0.27 1.06 I.II ).2811).88 11.97

!Barbital -I- R 0.5211 0.78r[}.8_i0.44[[ ).6_ 0.67 0,5811 0.97 I._ ).441[ 11.96 0.97 0.26 1.09 [I.14 ).39[[ii.14 1.10

• R -- Re_m'pme.

' Time inter_tl between injection of an antagonist and ehsllen_ing the mice with • stimulant.

Average quantity of the solution required to produce • typical l_/lum in a _0-gram mouse calculated from I0 Imimlda.
i C - elonie seiauro, T - tonic extensor seizure; expressed in ml./_0-1gm, of the stimulant required or in fraetiolm of aninmls whom

tonic extou_c¢ sei_m._t were _bolished, L -- Ieth_d.
Tonic mmmsm" mlsurm abolished in all

:: Siluifie_tly different from eontrok at • "P" _due d lem than 0.01 (Simpson and Roe, 1930).
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TABLE 2

The convulsant and antiextensor properties of some excitants in mice

AntiextensorSeizure(CSI*-4-S.E.)*
Compound MotorActivity Tremor Pilo-erection Salivation(Running) r

kn_m'/ , Route Timeint.t mA
'i-- I I

mfra./kgra.,i.p. !

l)iphenhydramine, 40[ Jerky No No No 50 i.p. _ hr. >200
Cocaine, 40 I "Circus" Slight Slight Slight 50 i.p. _ hr. >200
Methylphenidate, 20 Increased co- Slight Very Slight 80 i.p. _ hr. 71

ordinated sl:tght -4-5.8
Pipradrol, 10 Increased co- Slight Very Slight 40 i.p. _ hr. >200

ordinated slight
Desoxyephedrine, 5 Increased co- Marked Slight Slight 20 i.p. _ hr. 7.9

ordinated :t:0.3
Ibogaine, 20 Slightly in- Slight No No 80 i.p. 1 hr. >200

creased

LSD, 3 "Popcorn" Very Very Slight 40 i.p. _ hr. 5.4
marked marked

Tremorine, 10 Slightly in- Marked No Very 20 i.p. _ hr. 5.5

creased marked I -4-0.2

* CSb0 + S.E. of untreated mice = 4.6 -4- 0.1 mA.
t Time interval between injection of the drug and electroshock.

TABLE 3

The influence of certain excilants on clonic and tonic extensor seizures induced by strychnine,
pentylenetetrazol and caffeine in mice

Strychnine.NO,, ml./20- Pentylenetetrazol, ml./20- Caffeine, ml./20-1on.

Compound TimeInt. gin. (0.005%) gin. (0.5%) (1.0%)

_ c. iT L c TT, ,
mgm./kgm., i.p.

0 (Control) ................. 0.27 0.27 0.31 0.31 0.42 0.49 0.23 0.33 0.40
Diphenhydramine 20 .......... i 15' 0.29 0.29 0.37 0.12 -- 0.70 0.30 0.40 0.51

Cocaine 40 .................... I 15' 0.26 0.26 0.44 0.10 0.59 0.20 0.33 0.49
Methylphenidate 120 .......... ', 15' 0.24 0.24 0.31 0.11 0.62 0.23 0.36 0.45
Pipradrol 20 ................ ' 15' 0.28 0.28 0.36 0.09 -- 0.53 0.24 0.36 0.46
1)esoxyephedrine 5 ........ 15' 0.23 0.23 0.28 0.13 -- 0.55 0.22 0.30 0.39

Ibogaine80 ............. 15' 0.20 0.20 0.25 0.1l -- 1.15 0.18 0.31 0.38
LSD 40 .......... ! 30' 0.21 0.21 0.27 0.12 0.32 0.37 0.21 0.32 0.37
Tremorine .'20.......... ; 30' 0.30 0.30 0.48 0.19 0.30 0.35 0.15 0.19 0.36

* Same notations as those used in table 1.

pipmdrol and methylphenidate appear to act rise to so-called "popcorn seizure_." Mice given
similarly in mice with piloerection, tremors and Trernorine exhibit shaking, but still, with pro-
coor_tinated running movements, the pilomotor fuse salivation and lacrimation. The latter effect
respon_ and tremors being more marked with of Tremorine distinguishes it from the other
desoxyephedrine than with the other two agents, excitants.

In the case of ibogaine, although the tremor is Interestingly, with the exception of LSI) and

distinct, running activity and pilonmtor reac- Tremorine, the other excitants can also suppress
tion are less pronounced. The effects of LSD in and abolish the tonic extensor seizures of mice in
mice are most striking in piloerection and in- response to electrical or pentylenotetrazol ,,Colin-

tense tremors, without much running, giving ulation (Swinyard, Jolley and Go_lman, 1950;
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Tanaka, 1955; Chen and Bohner, 1956b; sb-_tu,_i_Y
Schneider and Sigg, 1957). However, in contrast A number of CNS stimulants have [_2cn in-

to the cffect of anticonvulsants and CNS de- vestigated under two main categories ba_d on

presents, the antiextensor seizure effect of the whether or not they produce tonic cxt<,nsor

excitants prevails only at highly exciting dose seizures in mice.

levels. As revealed by our studies of the ioint Among the tonic extensor _cizurc producing
antiext_n.,_Jr effect of Dilantin, phenobarbital and agcnts, 10-(2-dimcthylaminopropyl)-9-acridone

desoxyephedrine in mice, the mode of the anti- and hydralazine arc shown to be picrotoxin-like,

extensor action of an excitant is apparently differ- while 4-methyl-4-ethylglutarimide and a ,a ,/_ ,B-

ent from that of an anticonvulsant drug (Chen, tetramethylsuccinimidc are pentylenetctrazol-
1957). In the last column of table 2 are given the like convulsants.

antiextensor _izure values of these excitants in A comparative study has been carried out with
terms of the current strengths required to pro- the following excitants: diphenhydramine, co-

duce tonic extensor seizures in 50 per cent of the caine, methylphenidate, pipradrol, desoxyephe-

animals. They were determined with maximal drine, ibogaine, lysergic acid diethylamide and

nonlcthal doses at the time of their peak effect. 1,4-dipyrrolidino-2-butyne. They are incapable

The maximal tolerated doses were required in- of inducing tonic extensor _izures in mice. The

stead of the excitatory doses (column l), in order stimulant effects of these compounds differ by

to obtain a definite antiextensor seizure effect of the running movements, (disorderly or coor-

these compounds, dinated), by the intensity of tremors and by the

Their antiextensor seizure activities as deter- presence or absence of piloerection and salivation.

mined against pentylenetetrazol-induced convul- With the exception of the last two compounds,

sions in mice are shown in table 3. Here are pre- the other excitants are capable of suppressing

sented also data to show that they are ineffective electrically or pentylenetetrazol-induced tonic

in suppressing strychnine-or caffeine-induced ex- extensor seizures in mice but are ineffective in

tensor seizures. Therefore, the term "antiex- suppressing strychnine- or caffeine-induced tonic

tensor" effect of this type of compound as em- extensor seizures.
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