
not a structural analog of serotonin. This, 
and the lack of competitive antagonism, 
would argue against its being an anti- 
metabolite of the hormone. Present data 
indicate that the action is indirect. 
Thus, nicotinamide was found to inhibit 
the muscle-contracting action of Ca++, 
whereas a specific antimetabolite of 
serotonin, BAS (8), did not (see Table 
2). If the action of serotonin on muscle 
and nerve cells is to transport Ca++ into 
them (6, 9), then a specific antiserotonin 
should not interfere with the serotonin- 
like action of Ca++. Conversely, an agent 
which did not antagonize directly the 
basic action of serotonin, but which in- 
terfered with some other steps of the 
contractile process of muscle (for ex- 
ample, the energy-yielding ones), should 
also interfere with the action of Ca++. 
This is what nicotinamide was found to 
do. Such indirect inhibitions might be 
of DPNase or the transmethylation proc- 
esses which are known to be sensitive to 
nicotinamide. Elucidation of the precise 
mechanism must await further study. 

The main purposes of this note (10) 
are to point out that nicotinamide af- 
fects the behavior of normal animals and 
that its effects are not incompatible with 
its ability to act as an antagonist to sero- 
tonin and to acetylcholine. 

D. W. WOOLLEY 
Rockefeller Institute, New York 
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Table 1. Results. The figures in parentheses show the number of animals in each series. 
Each brain serotonin value represents an analysis of the pooled brains of two to three 
animals. 

Room Sleeping- Animals 
ter- Rectal Brain time after that went Treat- Time e pera- e 

temperature serotonin pentobarbital to sleep/ ment 
t,ture hr) (?C S.E.) (Rg/g 

+ 
S.E.) + S.E.* treated 

(?C) animals 

Control 0 21 36.6 + 0.15 (10) 0.93 + 0.11 (6) 
Reserpine 0 21 34.3 + 0.26t (10) 0.99 + 0.024 (10) 
Control 22 21 37.3 + 0.09 (25) 0.91 + 0.05 (30) 25' + 1'37" 11/22 
Reserpine 22 21 32.6 + 0.3t (15) 0.26 + 0.02t (8) 53' + 2'13"t 20/22 
Control 29 4 37.3 + 0.4 (5) 0.96 + 0.03 (4) 24' + 1'41" 6/8 
Reserpine 29 4 34.4 + 0.3t (5) 0.29 + 0.037t (4) 63' + 1'45"t 7/8 
Control 29 21 37.2 + 0.18 (5) 1.02 ? 0.034 (4) 24' + 1'52" 5/8 
Reserpine 29 21 34.5 + 0.19t (5) 0.31 + 0.035t (4) 54' + 3'35"t 7/8 
Control 37 4 37.5 + 0.14 (5) 1.15 + 0.04 (4) 23' + 2'20" 6/8 
Reserpine 37 4 37.2 + 0.13 (5) 0.85 ? 0.35 (4) 28' + 1'14" 5/8 
Control 37 21 37.1 + 0.1 (15) 1.25 + 0.074 (6) 24' + 1'04" 8/16 
Reserpine 37 21 37.0 + 0.12 (15) 1.72 ?+ 0.24f (10) 24' + 1'24" 7/16 

* The average includes only the number of animals that went to sleep after receiving pentobarbital. 
f Significant beyond the 0.01-level of probability. 
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of serotonin, such as lysergic acid diethyl- 
amide (LSD) (3), are also antagonists 
of reserpine (4); and (iii) that sub- 
stances which increase brain serotonin, 
such as iproniazid, can reverse the seda- 
tive activity of reserpine (4, 5). 

Recently Lessin and Parkes (6) 
stressed the importance of hypothermia 
occurring after administration of reser- 
pine as an explanation of its sedative 
activity. But serotonin too can decrease 
body temperature (7). This observation 
may explain the potentiation of barbitu- 
rates by serotonin, since the hypnotic 
effects of barbiturates are increased when 
hypothermia is induced (8, 9). Finally, 
in Pletscher's experiments, iproniazid an- 
tagonized both serotonin metabolism and 
hypothermia after reserpine (10). 

These data prompted us to determine 
whether a relationship between the seda- 
tive action of reserpine, serotonin re- 
lease, and hypothermia is evident under 
different experimental conditions. 

The sedative action of reserpine was 
evaluated by the potentiation of sleeping- 
time after administration of pentobar- 
bital (20 mg/kg, intraperitoneally). 
Brain serotonin was extracted according 
to the method of Bogdanski et al. (11) 
and measured spectrophotometrically at 
275 m[t by the method of Udenfriend 
et al. (12). Rectal temperature was de- 
termined with a resistance thermometer. 
The experiments were carried out with 
200-g female albino rats kept in con- 
stant-temperature rooms at 0?, 22?, 29?, 
or 37?C and injected intraperitoneally 
with 2.5 mg of reserpine per kilogram 
4 hours before the reported determina- 
tions. The results are summarized in 
Table 1. 

Our results show that increasing room 
temperature from 22? to 37?C does not 
change body temperature and sleeping- 
time after pentobarbital but does induce 
a small increase in the content of brain 
serotonin. After reserpine is injected, 
sedation is present only if serotonin is 
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released and body temperature decreases 
(22? and 29?C). At 37?C, body tem- 
perature is unchanged and brain sero- 
tonin increases after administration of 
reserpine; under these conditions there 
is no evidence of sedative activity. At 
0?C reserpine significantly decreases 
body temperature, with no change in 
brain serotonin. The measurement of 
sleeping-time after pentobarbital was 
very difficult to evaluate because the 
cold provokes large variations between 
animals. However, when the rats which 
had been at 0?C were brought to nor- 
mal room temperature, it was evident 
that animals treated with reserpine did 
not show typical sedation and ptosis. But 
after 1 to 2 hours at normal temperature 
sedation appears. An experiment, carried 
out by keeping the animals after reser- 
pine treatment for 4 hours at 0?C and 
for 4 hours at 22?C, showed in fact a 
decrease of brain serotonin (0.63 ?+ 0.08 
tg/g). 

Thus, at 22?, 29? and 37?C, there is 
a parallelism between the onset of the 
sedative activity of reserpine, as indi- 
cated by an increase of barbiturate nar- 
cosis, serotonin release, and hypother- 
mia. In contrast, at 0?C we obtained 
hypothermia after reserpine injection, 
without sedative activity or serotonin re- 
lease. It is not simply a delayed action, 
for 8 hours after reserpine treatment at 
0?C we observed no decrease in the con- 
tent of brain serotonin (1.17 ?0.06 

tg/g). 
Our results agree with the hypothesis 

that the sedative action of reserpine 
takes place only when there is serotonin 
release. The onset of hypothermia is not 
always associated with sedation, and it 
is not correlated with serotonin release. 
This is true also in experiments in which 
we kept the animals in ice bath until 
their rectal temperatures reached 30?C. 
Under these conditions no decrease of 
brain serotonin occurs (1.07 ?+ 0.1 ,Mg/g). 

It is interesting to speculate on the 
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reasons why reserpine does not exert 
sedative activity when room temperature 
is 37? or 0?C. We believe that the stress 
reaction with release of catecholamines 
takes place at 0? and at 37?C. In this 
regard recent experiments may be re- 
called in which DOPA, a precursor of 
noradrenaline, antagonizes the sedative 
activity of reserpine (13). 

The increase of brain serotonin at 
37?C may be considered as a situation 
analogous to that occurring after ipron- 
iazid administration, when reserpine does 
not show sedation (14). 

Note added in proof. Since this com- 
munication was submitted for publica- 
tion we checked our results with a more 
specific method for evaluation of brain 
serotonin [D. F. Bogdanski et al., J. 
Pharmacol. Exptl. Therap. 117, 82 
(1956)]. Thus, using a spectrofluorimet- 
rical technique, we confirmed that re- 
serpinized rats kept at a room tempera- 
ture of 37?C have a higher brain sero- 
tonin (0.36 ?+ 0.009 kRg) than the animals 
treated with reserpine at a room tem- 
perature of 22?C (0.16?+ 0.008 ktg). 

S. GARATTINI 
L. VALZELLI 

Institute of Pharmacology, 
University of Milan, Milan, Italy 
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Demethylation of 

Chlorpromazine- (N-Methyl) -C14 

Abstract. Chlorpromazine methyl-C'4 
was administered to three groups of rats 
-orally to one group following chronic 
oral administration of the unlabeled drug; 
orally to an unprimed group; and intra- 
venously to another unprimed group. Ap- 
pearance of C"402 in the air expired by all 
animals indicated that the rat metabolized 
the side chain of the labeled drug. 

Previous studies on the metabolism of 
the psychopharmacologic (1) agents 
containing the phenothiazine nucleus 
have resulted in little information about 
the fate of the N-aliphatic side chain of 
this class of compounds. Berti and Cima 
(2) suggested that this side chain was 
unchanged in all of the urinary com- 
pounds examined in their study on the 
fate of chlorpromazine administered to 
rabbits. Salzman and Brodie (3) failed 
to detect any demethylation of chlor- 
promazine upon incubation of the drug 
with rabbit-liver homogenate, even 
though La Du et al. (4) showed an ac- 
tive demethylation system for drugs to 
be present in liver. As a part of our pro- 
gram concerned with the metabolism of 
phenothiazine compounds, we have stud- 
ied the fate of the side chain of chlor- 
promazine by using chlorpromazine-(N- 
methyl) -C14. This report describes the 
extensive in vivo demethylation of the 
drug manifested by the appearance of 
C1402 in the air expired by the rat. 

Chlorpromazine was labeled with car- 
bon-14 by reacting 2-chloro-10-(methyl- 
aminopropyl) -phenothiazine with for- 
maldehyde-C14 (5). The product was 
identified as 2-chloro-10-(dimethylami- 
nopropyl) -phenothiazine hydrochloride 
by ultraviolet spectrum analysis (maxi- 
mum, 255 min) and by paper chroma- 
tography in isoamyl alcohol, water, for- 
mic acid, and ethanol (100: 100: 10: 15) 
and in isoamyl alcohol, n-butanol, am- 
monia, and water (8:8:1:3). Its specific 
activity, 2.42 x 106 count/min mg (3.05 
uc/mg), was determined by oxidation 
to carbonate, according to the wet-per- 
sulfate procedure (6). The radioactivity 
was counted as BaCO, in a thin-window 
gas-flow counter to a statistical accuracy 
of 1 percent. All counts were corrected 
to samples of infinite thinness by refer- 
ence to a standard self-absorption curve 
for BaCO3. 

Expiration of radioactive CO2 was fol- 
lowed in groups of adult male rats of 
the Long Evans strain. One group of 
five animals was fasted overnight prior 
to the oral administration of 15 mg of 
chlorpromazine per kilogram (approxi- 
mately 13.9 x 106 count/min kg) in 2 
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Chlorpromazine- (N-Methyl) -C14 

Abstract. Chlorpromazine methyl-C'4 
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animals indicated that the rat metabolized 
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five rats was prctreated with 15 mg of 
chlorpromazine per kilogram per os 
daily for 10 days prior to fasting and the 
oral administration of the same amount 
of labeled chlorpromazine with an aver- 
age activity of 11.9 x 106 count/min kg. 
The third group of three animals re- 
ceived 2 mg of chlorpromazine per kilo- 
gram (approximately 4.86 x 106 count/ 
min kg) intravenously in 0.5 ml of phys- 
iological saline solution by injection into 
the tail vein. After administration of the 
labeled drug, the animals were main- 
tained in an all-glass metabolism cham- 
ber, and the expired air was collected in 
sodium hydroxide solution. All animals 
were studied for 6 hours, and two rats 
from each that had received the drug 
orally were followed for 12 hours. Radio- 
activity was recovered from the absorp- 
tive solutions at hourly intervals as 
BaCO3 and determined according to the 
procedure used for the radioactive drug. 

Figure 1 shows the release of radioac- 
tivity by the three groups of animals. 
Each point represents the average of the 
amount of radioactive CO2 released dur- 
ing the collection interval, expressed as a 
percentage of the radioactivity adminis- 
tered to the animals. In all instances the 
label was detected during the first hour 
after administration of the chloroproma- 
zine-C14. The radioactivity expired by 
the animals that had received a single 
administration of chlorpromazine-C14 
was significantly greater (p = 0.01 ) than 
that released by the primed animals. 
Somewhat less C1402 was expired dur- 
ing this period by the animals given the 
drug intravenously. Subsequently the 
C1402 released declined and was not sig- 
nificantly different for any group beyond 
the first hour after administration. 

Release of the label was extensive, 
since during the 6-hour collection period 
the unprimed oral group expired 16.7 
percent of the administered radioactiv- 
ity as C1402. This was significantly 
greater (p =0.05) than the amount ex- 
pired by the primed animals, which re- 
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Fig. 1. Comparison of average percentages 
of administered radioactivity expired by 
rats following oral intravenous adminis- 
tration of chlorpromazine- (N-methyl) -C4 
(see text). 
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