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Chlordiazepoxide as an Anticonvulsant in Monkeys.* (27263) 

JOSEPH G. CHUSID~ AND LENORE M. KOPELOFF 
Dept .  of Bacteriolog?, N .  Y .  State Psychiatric Inst. ,  New York Ci ty  

Experimental studies of potential anticon- 
vulsive agents in the past have depended al- 
most exclusively on the normal or intact ani- 
mal, usually the mouse: rat or cat. The pres- 
ent method using chronic epileptic monkeys 
summarizes illustrative data obtained from a 
study of chlordiazepoxide (Librium) .t The 
use of epileptic primates with clinical features 
resembling those of some human epileptics 
has the theoretical advantage of more direct 
application for man. Although this report 
deals with the results of acute experiments. 
our method, based on the capacity of a po- 
tential anticonvulsive agent to prevent or al- 
ter analeptic-induced clinical seizures in epi- 
leptic monkeys, might also be readily adapted 
for chronic experiments. 

Method. Chlordiazepoxide was tested in 
a group of 11 Macaca rnul~tta (2.4-4.8 kg). 
Five of these had been made chronically epi- 
leptic by application of alumina cream to 
cerebral cortex( 1 ) , and 6 remained unoper- 
ated (normal). Chlordiazepoxide was in- 
jected rapidly intravenously ( freshly pre- 
pared solutions of 0.5-5% in physiologic sa- 
line), and was followed one-half hour later 
by an intramuscular injection of pentame- 
thylenetetrazole (24 mg/kg for epileptic and 
64 mg/kg for normal monkeys). Dosages of 
chlordiazepoxide tested ranged from 35 mg,/ 
kg to 0.55 mg/kg intravenously. At least 2 
weeks elapsed between repeated tests of an 
individual monkey. The minimal effective 
anticonvulsant dose was considered to be the 
smallest dose which prevented onset of clini- 
cal convulsions within on: hour after the in- 
tramuscular challenge dose of pentamethyl- 
enetetrazole. Daily electroencephalographic 
and clinical observations were made for pe- 
riods of 4-7 days following each injection of 
chlordiazepoxide. Effects of chlordiazepox- 
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ide on the EEG were graded quantitatively on 
a scale of 4+ to 0 (44- = pronounced ef- 
fects over 4 days, 3+ = less marked, over 
3-4 days, 2+ = definite ifor 1-2 days, l+ = 
slight for 1 day or less, 0 =I none). Effects 
of intramuscular pentamethylenetetrazole on 
clinical status and EEG were also graded 44- 
to 0 (4-+- = generalized tonic-clonic clinical 
and electrical seizure, 3+ = focal electrical 
seizure, 2-+- = transient spike and slow 
waves, 1-1- = minimal changes, 0 = no 
change). A total of 63 test injections of 
chlordiazepoxide was made; a maximal dose 
of 35 mg/kg intravenously was tested 18 
times in 5 epileptic and 3 normal monkeys. 

Results. Epileptic monkeys. Following 
injections of the larger doses of chlordiaze- 
poxide, monkeys showed profound ataxia, 
weakness, emesis and stupor. With smallest 
doses tested, animals exhibited diminished 
activity and aggressiveness. Challenge doses 
of pentamethylenetetrazole (24 mg/kg), 
which were capable of inducing clinical seiz- 
ures in these epileptic monkeys, failed to do 
so following intravenous injection of the 
larger doses (Table I ) .  The minimal effec- 
tive doses for the 5 epileptic monkeys were 
1.1, 1.1, 2.2, 2.2, and 4.4 mg/kg, respeotively. 
Replacement of high amplitude sharp, slow 
and spike waves in the EEG by lower ampli- 
tude fast activity (25/second) lasting for 3 
or more days was noted with the largest doses 
of chlordiazepxide, and proportionately re- 
duced effects with the smaller doses (Fig. 1, 
2).  

..l'ormnl monkpys. Clinical and electroen- 
cephalographic effects were similar to those 
produced in the epileptic monkeys. Chal- 
lenge doses of pentamethylenetetrazole (64 
mg/kg i.m.) which were usually capable of 
inducing clinical seizures failed to do so after 
injection of the larger doses of chlordiazepox- 
ide. Minimal effective anticonvulsant doses 
deterniined in 4 of these monkeys were 1.1, 
1 . I ,  2.2 and 2.2 mg/kg. 

In 2 monkeys (1 epileptic Aliscellnncous. 



CHLORDIAZEPOXIDE IN EPILEP~C MONKEY s 547 

TABLE I. Protocol of Representative Epileptic Monkey (#65) Summarizing Effects of Intra- 
venous Chlordiazepoxide Followed 30 Min. Later by Intramuscular Pentameth ylenetetrazolc. 

Chlordiazepoxide Pentamethylenetetrazole 
I.V., Clinical I.M., Clinical 

mg/kg EEGt seizures mg/kg EEG” features 

35 

35 
35 
17.5 

4.4 
2.2 
1.1 

0 
.55 

+++ 
+++ ++* ++ 

+ + 
t 
0 

ataxia +++ 16 
emesis 
idem +++ 32 
ataxia + 48 
ataxia + 24 
sl. stupor 
quiet 24 

24 
24 
24 
24 

0 

+ + + 
++ 
+++ +++ ++++ ++++ 

0 

0 
0 
0 

0 
0 
0 ++++ ++++ 

* Degree of low amplitude fast  activity. 
t Degree of high amplitude sharp, slow and spike waves. 
Tests run at intervals of 2 wk. 

and 1 normal), transient gross hematuria fol- 
lowed injections of the laregst doses of chlor- 
diazepoxide used ( 3 5  mg/kg i.v.) on 3 oc- 
casions, approximately 154-2 hours after in- 
jection. Similar reactions were not noted fol- 
lowing 15 other injections of the same dosage. 

Dkmssion. Our previous studies( 2-5) 
have shown epileptic monkeys to have lower 
thresholds than normals fur the clinical con- 
vulsive effects of pentamethylenetetrazole, 
picrotuxin, semicarbazide and glutarimide. 
The ability of a potential anticonvulsive 
agent to alter this response could depend on 
a )  an effect on the analeptic agent or its mode 
of action, b) an effect on responsive nervous 

FIG. 1. EEG of epileptic monkey (#65) before, 
5 min. after and 48 hr after maximum dosage 
tcsted of chlordiazepoxide (35 mg/kg i.v.). F = 
frontal, M = motor, 0 = occipital, T = tempord, 
AT = anterior temporal, R = right, TJ = left. 
Cnlibrstion: horizontal, I scc.; vcrtical, 50 micro- 

volts. 

FIG. 2. EEG of same epileptic monkey (#65) be- 
fore and 14 min. after minimal effective dosage of 

chlordiazepoxide (1.1 mg/kg i.v.). 

and other tissues, or c) both. A potential an- 
ticonvulsive drug might therefore yield dif- 
ferent results with different test analeptic 
agents, routes of administration, dosages, etc. 
Since in these tests intramuscular pentame- 
thylenetetrazole was the analeptic agent em- 
ployed, the results could be related to the 
mode of action of this agent. 

These studies demonstrated that large 
doses of intravenous chlordiuepuxide pre- 
vented the clinical and EEG convulsant ef- 
fects of challenge doses of intramuscular pen- 
tamethylenetetrazole in normal and epileptic 
monkeys. The intravenous doses of chlordi- 
azepoxide which were effective exceeded com- 
paratively the oral dosages usually employed 
in man. I t  should also be noted that the epi- 
lepsy of the monkeys more closely resembles 
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that of human focal epilepsy of cortical origin 
than any other of the numerous clinical types. 

Although transient hematuria was noted on 
3 occasions in 2 monkeys when the highest 
dosage (35 mg/kg i.v.) of chlordiazepoxide 
was used this did not occur in 15 other trials 
of this dosage, or in 45 additional tests of 
smaller dosages. To our knowledge, hema- 
tmia has apparently not been reported in 
other experimental studies of chlordiazepox- 
ide. 

Tower(6) among others has noted the 
clinical liniitations in the predictive value of 
laboratory tests for anticonvulsant drugs. 
Extensive batteries of tests have been re- 
quired since no single test has proved suitable 
for all drugs. Our method based on ability 
of a potential anticonvulsant to prevent or 
alter analeptic-induced seizures in epileptic 
monkeys should prove a useful additional 
technic. Theoretically. the best clinical re- 
sults might be expected when the potential 
anticonvulsant drug is similarly administered 

to patients with epilepsy resembling that of 
the experimental monkey. 
Summary. 1) A method using chronic epi- 

leptic monkeys is described for testing poten- 
tial anticonvulsant drugs based on their ca- 
pacity to prevent or alter clinical seizures in- 
duced by analeptic agents. 2 )  Intravenous 
chlordiazepoxide in large doses prevented 
clinical and EEG convulsant effects of chal- 
lenge doses of intramuscular pentamethylene- 
tetrazole in epileptic and normal monkeys. 
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There is now substantial evidence that 
chlorpromazine is transformed in vivo into 
an extensive series of metabolites ( 1-4) whose 
pattern is species-dependent (4).  The ob- 
served alterations in the phenothiazine nu- 
cleus of chlorpromazine include hydroxyla- 
tion and sulfoxidation, but there are no indi- 
cations of sulfone formation(3). The di- 
methylaminopropyl side chain is subject to 
either partial or complete demethylation (3,4).  
This latter phenomenon is especially apparent 
in humans, who excrete nor2chlorpromazine 
sulfoxide as the major nonpolar metabolite. 

We wish to report here the identification 
of a new chlorl>romazine 11wtiiI)olite (chlor- 
i~romazine-T\;-oxitle) which is isomeric with 
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chlorpromazine sulfoxide but represents osi- 
dation of the side-chain nitrogen, rather than 
the nuclear sulfur atom. Reference is made 
to Fig. 1 for the structure of this compound 
(CPN0)t  as well as of the other products 
that have been identified to date. 

Experimental. Urine from patients on oral 
chlorpromazine medication was brought to 
pH 11:s and extracted with ethylene 
dichloride (Eastman) to obtain the de- 
sired noi!polar metabolite fraction( 4). The 
extract wa5 reduced in volume, spotted on 
Whatman + l  paper and chromatographed 

t The following abbreviations are used: CP = 
chlurpromazinc, CPNO = chlorpromazine-N-oxide, 
CPSO = chlorpromazine sulfoxide, norl = des- 
monomethyl, nor, = desdimethyl. Also see Table 
11, footnote (*). 


