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rations resulted in the loss of antibodies 
to somatotropin itself. Heijkensk6old and 
Gemzell (2) did not detect any precipi- 
tating antibodies to human somatotropin 
in the sera of rabbits, guinea pigs, and 
rats that had been injected with the hor- 
mone. 

The production of a potent antiserum 
to highly purified bovine pituitary growth 
hormone has recently been reported (3). 
This antiserum, freed of certain nonspe- 
cific antibodies by absorption, was found 
to be capable of detecting as little as 0.5 
to 1 :Rg of bovine somatotropin by the 
precipitin ring test, and it gave no cross 
reaction with comparable and consider- 
ably higher doses of all the other known 
anterior pituitary hormones. Further- 
more, it was observed that relatively 
small amounts of the arftiserum could 
completely neutralize the biological ac- 
tivity of the bovine somatotropin (3). 

In the present investigation, highly pu- 
rified human pituitary growth hormone 
prepared according to a method previ- 
ously outlined (4), was employed for the 
sensitization of guinea pigs and the im- 
munization of rabbits. Guinea pigs were 
readily sensitized to the human somato- 
tropin preparation. A dose of 10 -Rg of 
the hormone suspended in 0.4 ml of the 
adjuvant Bayol-Arlacel (5) was injected 
subcutaneously; the same dose was re- 
peated 3 days later. Three weeks after 
the initial sensitizing dose, the animals 
were challenged intracardially with vary- 
ing doses (0.025 to 0.100 mg) of the hor- 
mone in 0.5 ml of saline solution. Eight 
out of 11 of these animals showed typical 
signs of severe anaphylactic shock and 
succumbed within 3 to 5 minutes after 
the injection, whereas no signs of ana- 
phylaxis following similar doses of so- 
matotropin were demonstrable in six 
control animals that had undergone no 
prior sensitization. 

The antiserum was prepared in the 
following matter. Young albino female 
rabbits, weighing approximately 2.6 to 
2.8 kg each, were injected with a total 
of 4 mg of somatotropin suspended in 
Freund's adjuvant according to the pro- 
cedure of Cohn (5); of this dose, 2 mg 
was administered subcutaneously and 2 
mg intraperitoneally. Two weeks later 
the rabbits were bled from the marginal 
ear vein and were injected the follow- 
ing day with 4 mg of somatotropin in 
the same manner as before. After an- 
other interval of 2 weeks, the animals 
were each injected with 2 mg of the hor- 
mone, 1 mg subcutaneously and 1 mg in- 
traperitoneally, in the alum precipitate 
form (6), bringing the total dose of so- 
matotropin per rabbit to 10.0 mg. The 
rabbits were bled by cardiac puncture 10 
days later, and the serum was frozen and 
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termine the smallest amount of human 
somatotropin that could be detected. 
Tubes were set up containing a serial 
dilution of antigen ranging from 0.5 
down to 0.00005 mg in 0.5 ml of saline. 
One-tenth milliliter of human somato- 
tropin antiserum from which certain 
nonspecific antibodies had been removed 
by absorption was carefully layered un- 
der the antigen phase. Tests were read 
after incubation for 1 hour at 30?C. The 
minimal amount of somatotropin giving 
a definite positive precipitin test was 0.1 
Ilg of the hormone. 

The antiserum was also tested to de- 
termine whether or not it was capable of 
neutralizing the biological activity of the 
human somatotropin, as determined by 
bioassay according to the standard 4-day 
tibia test in hypophysectomized rats (7). 
The experimental animals, all hypophy- 
sectomized, were apportioned into three 
groups. The first group, consisting of six 
animals, served as controls and received 
normal rabbit serum only. The five ani- 
mals in group 2 were injected with nor- 
mal rabbit serum plus somatotropin, and 
the six animals in group 3 received anti- 
serum and somatotropin. The daily dose 
of hormone was 0.010 mg in 0.5 ml of 
saline solution, injected subcutaneously, 
and the daily dose of serum was 0.25 ml, 
administered intraperitoneally. The in- 
jections of serum were begun 4 hours 
prior to the first injection of hormone, 
so that over the 4-day injection period, 
five injections of serum were admin- 
istered. The animals were sacrificed ap- 
proximately 24 hours after the final in- 
jection of hormone. The results showed 
that the total dose of 0.040 mg of so- 
matotropin had increased the width of 
the tibial epiphyseal cartilage plate to 
237 ?4 gx (mean ? standard error), as 
compared with 160 ? 1 g for the controls 
that had received normal rabbit serum 
only. The simultaneous administration of 
antiserum with the somatotropin had re- 
sulted in a complete neutralization of the 
hormonal effect (164 ? 3 t). It has pre- 
viously been demonstrated (3) that the 
injection of bovine somatotropin anti- 
serum alone does not have any signifi- 
cant influence upon the width of the 
tibial epiphyseal cartilage plate in the 
hypophysectomized rat (157 +?4 [t, as 
compared with 161 +?3 .t for the unin- 
jected hypohysectomized controls). The 
fact that the biological activity of soma- 
totropin was neutralized completely 
when the hormone and relatively small 
amounts of the antiserum were injected 
into two entirely distinct sites by two 
different routes in the same animal sug- 
gests the specificity of the antigen-anti- 
body reaction in question. The findings 
from the precipitin tests, supported by 
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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). 
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Tranquilizing and Antiserotonin 

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 
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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 0.01M (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 [tg/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 tg/ml). The effect of the 
inhibitor then could be washed away 
readily, so that the washed tissue would 
again respond to 0.02 [tg. 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- 
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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 
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Table 1. Contractions of an isolated rat 
uterus caused by serotonin or acetylcho- 
line in the presence and absence of 
nicotinamide. 

Nico- Con- 
Sero- Acetyl- t- trc- 
tonin choline t 

t/ml 4 , amide tions 
([g/ml) (uLg/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 
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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 0.1 M 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- 
CaClI n BAS* tonin / tin- trac- 

(g/ M) amide M tions 
ml) ml) (M) ml) (cm) 

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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