pituitary growth hormone in biological
fluids may be possible.

It was of interest to note in a separate
experiment that although antiserum to
bovine somatotropin was capable of neu-
tralizing the activity of somatotropin
from the same species, confirming our
previous findings (3), it was incapable
of altering the activity of human somato-
tropin in the hypophysectomized rat.
The species specificity of somatotropin
antibodies was thus clearly demonstrated
in this instance. A comparative serologi-
cal study of pituitary somatotropin from
various species is in progress (8).

T. HavasHDA

CHaou Hao Lt
Hormone Research Laboratory and
Departments of Anatomy and
Biochemistry, University of California,
Berkeley
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Tranquilizing and Antiserotenin
Activity of Nicotinamide

Abstract.  Nicotinamide in large
amounts antagonized the action of sero-
tonin on smooth muscles in vitro and in
vivo. It also tranquilized animals. The
antagonism differed in some respects from
that of an antimetabolite of serotonin.

Two recent events have suggested that
nicotinamide might act as an antagonist
to the hormone serotonin. These are (i)
the suggestion by Woolley and Shaw
(1) that the cerebral serotonin content
plays a role in mental disorders such as
schizophrenia, and (ii) the claim of Hof-
fer et al. (2) that massive doses of nico-
tinamide or nicotinic acid control most
cases of schizophrenia.

Woolley and Shaw pointed out that a
variety of chemical compounds which
they had shown to be antimetabolites of
serotonin were able to call forth in nor-
mal men and animals some of the signs
characteristic of mental disturbances and
suggested that this was to be interpreted to
mean that the naturally occurring mental
disorders of similar type probably arose
from an abnormality in serotonin in the
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brain. Some evidence was found to indi-
cate that the difficulty was a deficiency
of cerebral serotonin, but other findings
suggested that instead an excess of this
hormone might be involved (3, 4). It
has not yet been possible to decide be-
tween these two alternatives. When Hof-
fer et al. announced that large amounts
of nicotinamide controlled the disease,
the idea occurred to us that if nicotin-
amide could be shown to act as an an-
tagonist to serotonin this fact would
argue in favor of the “too much” alter-
native.

In isolated smooth muscles and also in
whole animals ‘nicotinamide has now
been found to act as an antagonist to
serotonin. The isolated uterus from es-
trogenized rats is known to be a suitable
test object with which to demonstrate
antiserotonin activity (5). The muscle
was standardized with serotonin, as pre-
viously described (6). Nicotinamide was
applied and the response to serotonin
was again measured. Usually nicotina-
mide caused half maximal inhibition of
the contraction when it was present in a

final concentration of 0.002M, and com-

plete inhibition at 0.0144 (eight experi-
ments). An occasional tissue required
more, but the most needed was 0.01M
for half, and 0.02M for complete, inhibi-
tion.

These were the amounts needed to
counteract an amount of serotonin just
sufficient to elicit a maximal contraction
in the untreated muscle. When the dose
of serotonin was increased, the amount
of nicotinamide required to counteract
it was also increased, but not propor-
tionately—that is, the antagonism was
not strictly competitive. Once a uterus
which had been very sensitive to sero-
tonin (for example, maximal contrac-
tion to 0.003 mug/ml) had been treated
with an inhibitory amount of nicotin-
amide, washing would not restore the
sensitivity. Such a tissue would, however,
respond to larger amounts of the hor-
mone (0.02 ug/ml). The effect of the
inhibitor then could be washed away
readily, so that the washed tissue would
again respond to 0.02 pg. There was
thus only loss of the original sensitivity
to the hormone, but the newly estab-
lished level of response could be regained
after removal of the nicotinamide.

The specificity of nicotinamide as an
antagonist to serotonin was examined by
determination of whether it also would
counteract the action of acetylcholine
on the same muscle. An amount of nico-
tinamide which would inhibit the sero-
tonin response almost totally reduced
only slightly the acetylcholine response
(see Table 1). However, larger amounts
of nicotinamide did prevent acetylcho-
line-induced contractions. Washing of the
tissue restored the ability to contract to
acetylcholine or to serotonin, so that no

Table 1. Contractions of an isolated rat
uterus caused by serotonin or acetylcho-
line in the presence and absence of
nicotinamide.

Sero- Acetyl- I\tlllz?_ gzz:
tonin choline amide tions
(ug/ml) (ug/ml) (M) (cm)
0.01 0 0 5.5
0 0.04 0 4.0
0.01 0 0.003 0.5
0 0.04 0.003 3.0

irreversible damage had been done to
the muscle. Nicotinamide was thus not
a specific antagonist to serotonin, but in
the uterus the antiserotonin action was
more prominent than the acetylcholine
antagonism.

Sodium nicotinate did not show any
antagonism to serotonin in this tissue,
even at 0.1M concentration. All solu-
tions were of course adjusted to physio-
logical pH in order to avoid the inhibi-
tion caused by acidity.

The antiserotonin activity of nicotin-
amide in living animals was shown in
mice treated with 5-hydroxytryptophan
according to a method recently described
for the evaluation of antimetabolites of
serotonin (7). This is a severe test of a
compound, but 43 mg of nicotinamide
gave 50 percent protection against 1 mg
of hydroxytryptophan. When the test
was made slightly less severe by reduc-
tion of the hydroxytryptophan to 0.4 mg
per mouse, a complete protection of all
mice was observed with 25 mg of nico-
tinamide.

One prominent feature seen in mice
given these massive amounts of nicotin-
amide was marked lethargy or tranquil-
ization. This was more severe than that
seen in mice given reserpine. If lethargy
is a feature of antiserotonins which reach
the brain (4) (reserpine, chlorpro-
mazine, certain synthetic antimetabolites
of serotonin) then this effect of nicotin-
amide is noteworthy in understanding
the relationship of serotonin to the mind.

One wonders about the mechanism of
the antiserotonin action. Nicotinamide is

Table 2. Antagonism of uterine contrac-
tion by various antiserotonins.

Sero- Nico Con-
tonin CaCl, tin- BAS; trac-
(ng/ (julg/ amide (n 1g) tions
m) ™ ™ (em)
0.01 0 0 0 4.1
0 200 0 0 4.3
0.01 0 0.02 0 0
0 200 0.02 0 0.5
0.01 0 0 1 1.0
0 200 0 1 4.5

# 1-benzyl-2,5-dimethyl serotonin hydrochloride.
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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. WoorLey

Rockefeller Institute, New York

References and Notes

1. D. W. Woolley and E. Shaw, Proc. Natl.
Acad. Sci. U.S. 40, 228 (1954).

2. A. Hoffer, H. Osmond, M. J. Callbeck, I.
Kahan, J. Clin. Exptl. Psychopathol. 18, 131
(1957).

3. D. W. Woolley and E. Shaw, Brit. Med. J.
2, 122 (1954); E. Shaw and D. W. Woolley,
Science 124, 121 (1956).

4. D. W. Woolley, Proc. Assoc. Research Nerv-
ous Mental Disease 36, 381 (1958).

5. V. Erspamer, Arch. intern. pharmacodynamie
103, 293 (1953); J. H. Gaddum and K. A.
Hameed, Brit. J. Pharmacol. 9, 240 (1954);
E. Shaw and D. W. Woolley, J. Pharmacol.
Exptl. Therap. 111, 43 (1953).

6. D. W. Woolley, Proc. Natl. Acad. Sci. U.S.
44, 197 (1958).

7. D. W. Woolley, Proc. Soc. Exptl. Biol. Med.
98, 367 (1958).

8. D. W. Woolley and E. Shaw, J. Pharmacol.
Exptl. Therap. 121, 13 (1957).

9. D. W. Woolley, unpublished results.

10. I wish to acknowledge the technical assistance
of N. K. Campbell and M. Gallagher.

25 June 1958

Researches on the Mechanism of
Reserpine Sedative Action

In recent years experimental evidence
has accumulated on the possibility that
reserpine acts as a sedative through re-
lease of serotonin (I). Such a hypothe-
sis has been suggested and supported by
Brodie et al., who have shown (i) that
release of serotonin takes place only with
Rauwolfia alkaloids which have sedative
action (2); (ii) that central antagonists
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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
Treat- tem- Ti Rectal Brain time after that went
re pera- ime temperature serotonin pentobarbital to sleep/
ment ture (hr) (°C +S.E.) (ng/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 + 0.26¢ (10) 0.99 + 0.024 (10)
Control 22 21 37.3+0.09 (25) 0.91 +0.05 (30) 25" + 137" 11722
Reserpine 22 21 32.6 +0.31 (15) 0.26 + 0.02+ (8) 53/ + 213" 20/22
Control 29 4 37.3+04 (5) 0.96 +0.03 (4) 24’ + 141”7 6/8
Reserpine 29 4 344+ 031 (5) 0.29 + 0.037% (4) 63’ + 1745” 7/8
Control 29 21 37.2+0.18 (5) 1.02 + 0.034 (4) 24’ + 152" 5/8
Reserpine 29 21 34.5 + 0.19% (5) 0.31 + 0.035% (4) 54’ + 335"+ 7/8
Control 37 4 37.5+0.14 (5) 1.15+0.04 (4) 237 +2720” 6/8
Reserpine 37 4 37.2+0.13 (5) 0.85+0.35 (4) 28" + 114" 5/8
Control 37 21 37.1+0.1 (15) 1.25 + 0.074 (6) 24’ + 104" 8/16
Reserpine 37 21 37.0+0.12 (15) 1.72 + 0.241 (10) 24’ + 124" 7/16

* The average includes only the number of animals
+ Significant beyond the 0.01-level of probability.

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 mp 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

that went to sleep after receiving pentobarbital.

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
ug/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°G we observed no decrease in the con-
tent of brain serotonin (1.17+0.06
ug/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 pg/g).

It is interesting to speculate on the
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