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The eentral nervous system stimulants are
commonly categorized according to their prineipal
kite of action on the spinal cord, the medullary
ecnters, or the vercbral cortex. In.our investiga-
tion with the various CNS stimulunts during the
st deeade, we have utilized some of their typical
neurapliurmaeological effects for characterization
anil vlassifieation. This approach has been used
with twe purposes in mind: 1) to investigate the
properties of new stimulating agents by compari-
son with those of referenee standards and 2) to
examine the nenropharmaeslogienl properties of
NS depressants by antagonisi.

In this puper, the results obtained with various
old and =ome new CNS stimulants in miee are
given: the data are clneidated categorically ac-
cording  to selzure patterns and some other
typieal plarmacological offeets. Studies on ONS
depressants will be communicated in a subse-
quent report,

Merners, Male albino mico weighing 18 to 22
gm. were nsed. The effective dose of each stimu-
Innt was determined in 10 animals by parenteral
adminisiration. Intravenous administralion wis
carriedl out by infusion ut the rate of
0058 ml. per W sevonds (Orloff, Williams and
Pfeiffer, 1941 in the ease of the following stiinu-
Lants: pierotexin, pentvlenetetrazol, caffeine, 10-(2-
dimeth y lnmimoprepyD . 9acridone  (“*Acridone™),
1 methyl-d-ethvlglutarimide  (MMegimide)!,
e d. g tetramet hvlsaeeinimide (PAT 10800 il
1 hydrazinophthalazine (hydratazine, Apresaline’.
The gquantities of the stimulant requiresl fur pro-
dneing the first elonie contracture, for the maximul
tunic extension of hind limbs and Tor respiratory
failure were recorded. Sinee the average body
weight of 10 mice wis about 20 gm., the amounts of
the stimulants used were expressed in mean values
of milliliters per 20-gm. mouse, Inantagoni=m ex-
prriments where 1the tonic extensor setzures of
some niee were abolished under the influence of o
depressunt. the results for sueh s response were
given by the frietion of animals so affected
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This compound was investigated by us in 145
Bemea aml Wilson, 1950,
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Cocaine-H(, desuxyophedr-ﬁno, o, a-diphenyl.
piperidinemethanal  (pipradrol, Meratran),
phenyl-2-piperidine  acetic acid methy]  ester
(methyl phenidate, Ritalind, bysergie acid i
ethylamide (LETY) and 1,4-dipyrrolidine-2-butyne
{Tremorine) were administered intraperitoncally.
The signs and symptoms noted were fremors,
running movement , pilomotor response, salivadion
and laerinmadion.

For some «timulants, their antiextensor seizure
effects were examined by a modified procedire of
Toman, Swinyvard and Goodnun (19167, Three
graup= ol 10 mice each were employed for each dose
of the stimulant. to determine (he three rurrent
strengths which would he rvequired to produce
tonie exfensor seizures in 10 to 90 per cent of the
animals, The 30 per cent convulsive 1hreshold of
curreni and standard errors were estimated fram
a graph relating the percentage of the eonvulsive
animals in probit units to milliamperes of eurrent
in Ingarithms (Miller amd Tainter, 1944).
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ResvrTs axp piscussion. The datn are pre-
sented under two main divisions on the buasis of
whether or not intenvenous administratinn of the
stimulants will induce tonie extensor seizures in
the limbs of mice.

Tonie ertensor seizure producing ogents. As hus
been mentioned in a previeus report (Clien and
Bohner, 1956a), a large number of NS stimy-
lants can prduce clonie and tonie cxtensor
svizures i mice during slow intravenous adminis-
tration administration. However, amder the in
Auenee of reserpine and by antagonism with
different pliarmacelogical types of anticonvulsant,
agents, the convulsant properties of these stim-
lants may be distinctly difirrentinted. For in-
stnee, reserpine will facilitate the tonie extensor
~eizures ¢f mice indueed by pentylenetetrazol or
vaffeine but it does not affect those indured by
stryvehnine.  Thlantin {diphenylhydantoin), on
the other hand, is offeetive in mice in suppressing
pentylenetetruzol-induerd  seizures hut not i
suppres<iy strechnine- or caffeine indueed tonge
extensor seizures. Under similar experimentyl
eomditions wmmonium acetate amd nikethamile
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act like strychhine and pentylenetetrazol,
respectively. Picrotoxin bebaves like pentylene-
tetrazol against the anticonvulsant effect of
Dilantin but behaves like strychnine in the
presence of reserpine. A majority of the other
compounds available to us for study have con-
vulsant properties similar to those of picrotoxin
or pentylenetetrazol. A comparison of four CNS
stimulants, which are of current interest, with
picrotoxin and pentylenetetrazol is shown by the
data in table 1. It may be noticed first from the
quantity of the stimulant required to produce
tonic extensor seizures that the extensor seizure
response of mice to pentylenetetrazol, 4-methyl-
4-ethylglutarimide or PM-1090 stimulation was
facilitated by reserpine but the response to
picrotoxin, hydralazine or “Acridone” was not
affected by reserpine. Second, the extensor
seizures of the limbs induced by the six con-
vulsants were suppressed or abolished by Dilan-
tin. This influence of Dilantin may be prevented
by reserpine. Third, there is an indication that,
although phensuximide, mephenesin and barbital
were almost equally effective in suppressing the
convulsive seizures induced by the six convul-
sants, their anticonvulsant effects were antag-
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onized by reserpine more efficiently in seizures
induced by pentylenetetrazol, 4-methyl-4-ethyl-
glutarimide or PM-1090 than in picrotoxin-,
hydralazine- or “Acridone”-induced seizures.
Thus, thie results appear to indicate that hydrala-
zine and “Acridone” are picrotoxin-like while
4-methyl-4-ethylglutarimide and PM-1090 are
pentylenetetrazol-like convulsants.

Ezcitants. These CNS stimulants are so re-
ferred to here simply because they do not produce
tonic extensor seizures in mice by intravenous
administration. The outstanding signs and
symptoms produced by the excitants are tremors,
increased body movements, piloerection, saliva-
tion or lacrimation. In table 2 are listed eight
compounds which may represent the principal
types of excitants. The quantities given in
column 1 are excitatory doses producing typical
symptoms in all 10 mice. Animals receiving
diphenhydramine will run or jump intermittently
with slight attacks df clonic seizures but without
tremors. The typical effect of cocaine is the well-
known “circus” movement in which mice circle
along the cage rapidly and continuously. At
“noncircling” doses of cocaine, slight tremors and
ruffling of hair are observable. Desoxyephedrine,

TABLE 1

A comparison of the convulsant properties of certain stimulants under the influence of reserpine
and different anticonvulsants in mice

Picrotoxin, | Hydralazine, Acridone, (Pentylene-tetra- 4-Mcthyl4-ethfrl PM-1090,
T ml./203-gm. | ml./20-gm. ml./zo-#m. zol, ml./20-gm. |glutarimide, m./| ml./20-gm.
Treatment Route I::!t: (0.15% 1.0%) 0.05%) (0.5%) 20-gm. (0.25%) 0.1%,
G|TyL|c|T|L;c|T{L|c|(T|L]clT|{L|c|T[L
mgm./kgm.

0 (Control) 0.29 (0.36/0.390.17 [0.32(0.37(0.31 |0.38(0.43{0.16 |0.49 [0.55 [0.11 0.29 [0.34 |0.15 [0.41 [0.48
R*8 i.p. 5 hr. 0.34 |0.37]0.42(0.20 |0.29/0.34/0.34 [0.39(0.45[0.16 [0.17] 0.17(]/0.10 0.11]0.16]!(0.16 [0.21]l}0.26]
Dilantin 10 i.p. 2 hr. 0.28 | —910.51(0.17 |7/10/0.40;0.37 6/10(0.62(0.15 | — [0.87 j0.11 2/10 [0.49 [0.15 (2/10 [0.64
Dilantin + R 0.36 (0.55:0.60/0.20 (0.32/0.42(0.37 [0.44/0.53/0.19 [0.21 [0.22 0.11 10.17 0.22 (0.18 (0.27 [0.35
Phensuzxirnide 135 | or. Lhr.  (0.36[[/0.53(0.58,0.34(/0.45(0.51/0.44])/0.51/0.60{0.20 | — {0.82 |0.14 [0.51 |0.62 0.25(117/10 10.72
Phensuximide + 0.49]1.0.71/0.75,0.35]|(0.36(0.51/0. 48] /0. 55/0.85/0.33[(0. 42 |0.43 0.13 [0.20 0.26 0.27]/10.57 |0.68

R
Mephenesin 125 Lp. | 10 min. [0.36]| — |0.62(0.26],0.39/0.44(0.46//[5/10/0.67/0.19 | — |0.97 0.10 {5/10 (0.52 [0.20])| — [0.82
Mephenesin + R 0.461110.88/0.78,0.29]|10.46(0.52/0.65[110.71/0.850. 22| — j0.75 [0.12 2/10 0.52 0.29/2/10 |0.74
Barbital 100 i.p. 2 br. 0.38]1/0.550.59/0.42] 0.61|0.650.631/0.93/0.99(0.33 | ~ [1.00 0.27{/{1.06 (1.11 (0.28(10.88 |0.97
' Barbital + R 0.52} 0.78i0.&5 0.44]1/0.620.67.0.58(1/0.97/1.02(0. 44}/10.96 10.97 0.26]111.09 |1.14 [0.39](!1.14 [1.19

* R = Reserpine.

¢ Time interval between injection of an and chall the mice with a stimulant.

+ Average ity of the soluti quired to prod a typical sei in & 20-gram mouse calculated from 10 animals.

§ C = elonic sei , T = tonie i 5 exp d in ml./20-gm. of the stimul quired or in fi of animals whose
tonic i were abolished, L = lethal.

Y Tonic i bolished in all V!

. Siguificantly different from controls at a “P" value of less than 0.01 (8impeon and Roe, 1939).
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TABLE 2

The convulsant and antiextensor properlies of some excitanis in mice

j
Motor Activity | Tremor

! | Antiextensor Seirure (CSw + S.E.)*

Pilo-erection | Salivation .
Compound i (Running) i i i mgm./ , poote | Time int.t‘ mA
} 4 : ! , kgm.
mem./kgm., §.p. j i ‘
Diphenhydramine, 40! Jerky No No No 50 i.p. | ¥4 hr. | >200
Cocaine, 40 “Circus’’ Slight Slight Slight 50 i.p. | ¥¢ hr. | >200
Methylphenidate, 20 | Increased co- | Slight Very Slight 80 | i.p. | ¥ hr. 71
ordinated slight +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 +0.3
Ibogaine, 20 Slightly in- Slight No No 8 | i.p. | 1hr >200
creased
L8SD, 3 ‘“Popcorn”’ Very Very Slight 40 | i.p. | 3¢ hr. 5.4
marked| marked
Tremorine, 10 Slightly in- Marked | No Very 20 i.p. | % hr. 5.5
creased marked +0.2

* CSw = S.E. of untreated mice = 4.6 & 0.1 mA.
t Time interval between injection of the drug and electroshock.

TABLE 3

The influence of certain excitants on clonic an

d tonic extensor seizures induced by strychnine,

pentyleneletrazol and caffeine in mice

Strychnine-NO», ml./20- | Pentylenetetrazol, ml./20-|  Caffeine, ml./20-gm.
Compound Time Int. gm. (0.005%) gm. (0.5%) (1.0%)
c T L c i T | L c T L
— — - e B
mgm./kgm., 1.p. i
0 (Control).............. ... .. 0.27 10.27 1 0.31 | 0.31 | 0.42 { 0.49 | 0.23 | 0.33 | 0.40
Diphenhydramine 20. ... ... .. 15/ 0.29 (10.29|0.37 |0.12] — | 0.70 | 0.30 | 0.40 | 0.51
Cocaine 40..... .. .. . . ... . .. 15’ 0.26 | 0.26 | 0.44 ([ 0.10 | — | 0.59{0.20 | 0.33 | 0.49
Methylphenidate 120. ... .. .. 157 0.24,0.24 031 |0.11 . — |0.62|0.23|0.36 | 0.45
Pipradrol 20. .. . . .. ... .. 15/ 0.28 1 0.28/0.36 009, — |0.53|0.24,0.36 | 0.46
Desoxyephedrine 5. ... . . 15’ 0.23 10.23/0.28/0.13: — [0.55|0.22|0.3010.39
Ibogaine 80.. 15’ 0.20 1 0.20 | 0.25  0.11 ' — | 1.15,0.18 | 0.31 | 0.38
LSD 10.. . 30 0.21/0.210.27/0.12,0.3210.37 | 0.21 | 0.32 | 0.37
Tremorine 20 . . ' 30’ 0.30 | 0.30 ' 0.48 ’ 0.19 l 0.30 ! 0.35]0.15{0.19 | 0.36

* Same notations as those used in table I.

pipradrol and methylphenidate appear to act
similarly in mice with piloerection, tremors and
coordinated running movements, the pilomotor
response and tremors being more marked with
desoxyephedrine than with the other two agents.
In the case of ibogaine, although the tremor is
distinct, running activity and pilomotor reac-
tion are less pronounced. The effects of LSD in
mice are most striking in piloerection and in-
tense  tremors, without much running, giving

rise to so-called ‘‘popcorn seizures.”’ Mice given
Tremorine exhibit shaking, but still, with pro-
fuse salivation and lacrimation. The latter effect
of Tremorine distinguishes it from the other
excitants.

Interestingly, with the exception of LSI) and
Tremorine, the other excitants can also suppress
and abolish the tonic extensor seizures of mice in
response to electrical or pentylenetetrazol stim-
ulation (Swinyard, Jolley and Goodman, 1950;
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Tanaka, 1955; Chen and Bohner, 1956b;
Schneider and Sigg, 1957). However, in contrast
to the effect of anticonvulsants and CNS de-
pressants, the antiextensor seizure effect of the
excitants prevails only at highly exciting dose
levels. As revealed by our studies of the joint
antiextensor effeet of Dilantin, phenobarbital and
desoxyephedrine in mice, the mode of the anti-
extensor action of an cxcitant is apparently differ-
cnt from that of an anticonvulsant drug (Chen,
1957). In the last column of table 2 are given the
antiextensor seizure values of these excitants in
terms of the current strengths required to pro-
duce tonic extensor seizures in 50 per cent of the
animals. They were determined with maximal
nonlethal doses at the time of their peak effect.
The maximal tolerated doses were required in-
stead of the excitatory doses (column 1), in order
to obtuin a definite antiextensor scizure effect of
these compounds.

Their anticxtensor scizure activities as deter-
mined against pentylenetetrazol-induced convul-
sions in mice are shown in table 3. Here are pre-
sented also data to show that they are incffective
in suppressing strychnine- or caffcine-induced ex-
tensor seizures. Therefore, the term “antiex-
tensor” effect of this type of compound as em-
ployed by Tanaka and Kawasaki (1957) is
applicable only in electrically or pentylenetetra-
zol-induced convulsions.

Nince the electrically induced extensor seizure in
animals was introduced by Toman, Swinyard and
Goodman in 1946 for the evaluation of anticon-
vulsant drugs, the question has often been asked
but unanswered as to how the extensor seizure is
produced neurologically by stimulation with
occular or pinnal electrodes. From the drug
antagonism studies presented here and else-
where, it appears to be clear that the neuro-
logical mechanism involved in the tonic extension
of limbs immediately following electrical stimula-
tion is very much similar to, if not the same as,
that by stimulation with pentylenctetrazol. On
the other hand, different nervous structures arc
evidently concerned in the production of tonic
extensor seizures in mice by strychnine and
caffeine. They probably not only exert their con-
vulsive action on the structures at different levels
of the central nervous svstem, but the convulsive
discharges so induced are propagated also along
different nervous pathways.
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SUMMARY

A\ number of CNS stimulants have been in-
vestigated under two main categories based on
whether or not they produec tonic extensor
seizures in mice.

Among the tonic extensor seizure producing
agents, 10-(2-dimethylaminopropyl)-9-acridone
and hydralazine are shown to be picrotoxin-like,
while 4-methyl-4-ethylglutarimide and a,a,8,8-
tetramethylsuccinimide are pentylenetetrazol-
like convulsants.

A comparative study has been carried out with
the following excitants: diphenhydramine, co-
caine, methylphenidate, pipradrol, desoxycphe-
drine, ibogaine, lysergic acid diethylamide and
1,4-dipyrrolidino-2-butyne. They are incapable
of inducing tonic extensor scizures in mice. The
stimulant effects of these compounds differ by
the running movements, (disorderly or coor-
dinated), by the intensity of tremors and by the
presence or absence of piloerection and salivation.

With the exception of the last two compounds,
the other excitants are capable of suppressing
electrically or pentylenetetrazol-induced tonic
extensor seizures in mice but are ineffective in
suppressing strychnine- or caffeine-induced tonie
extensor seizures.
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