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Studies of the effect of various materials
derived from the adrenal on the activity of
bacterial products have yielded variable re-
sults. With diphtheria toxin, increase in sus-
ceptibility (1,2), no effect(3), and increased
resistance(4,5,6) have been noted when
adrenal substances were administered. Fa-
vour (8) reported that cortisone increased the
susceptibility of guinea pigs to small quanti-
ties of diphtheria toxin, but raised the level
of resistance to larger doses. Cortisone was
noted by Brainerd and co-workers(7) not to
interfere with the neutralization of diphtheria
toxin by specific antitoxin.

Although studies of cortisone in tetanus
intoxication in animals have indicated little
or no effect(5,9,10), it has been suggested
that the steroid exerts a favorable action in
human tetanus(11,12). There are no reports
in the literature concerning the activity of
cortisone on neutralization of tetanus toxin
by antitoxin in controlled experiments. It
is the purpose of this paper to present evi-
dence which indicates that cortisone inter-
feres with the therapeutic activity of tetanus
antitoxin, and enhances the effect of toxin in
unprotected animals.

Methods. Highly purified tetanus toxin
(0.005 mg contained 1 M.L.D. for mice) pre-
pared by the Biologic Laboratory of Mass.
State Dept. of Health, was diluted in heart
infusion broth (pH 6.6), and 1 M.L.D. in-
jected intramuscularly over the right hind
leg of mice (groups of 9) weighing 20 = 2 g.
Antitoxin, a pepsin-digested immune horse
serum, was administered intraperitoneally at
varying times in a dose of 0.5 unit in a vol-
ume of 0.2 ml; 0.001 unit of this antitexin
neutralized 5-20 mouse M.L.D. of the toxin
used in the study. Cortisone acetate (Cor-
tone, Sharp and Dohme) was diluted with
normal saline and 2 mg injected subcutane-
ously 4 hours and again 20 hours after the
antitoxin. Control animals (groups of 9) re-

ceived toxin or steroid alone. Deaths in each
group were counted daily for 10 days. The
treatment schedule used is described in
Table I.

Results. The results obtained in these ex-
periments are indicated in Fig. 1. When anti-
toxin was given 24 hours after injection of
toxin, the death rate in 10 days was 11.1%.
However, when cortisone was administered 4
hours after antitoxin, the number of fatalities
was increased to 55.5%. Treatment with
antitoxin 48 hours after tetanus toxin led, as
could be predicted, to a higher incidence of
deaths (55.5%), but even at this time the
steroid neutralized the antitoxic effect to some
degree, 77.7% of the treated animals suc-
cumbing to the intoxication. When antitoxin
was delayed for 72 hours, all of the mice died
within 10 days, without relation to the use of
steroid. In the control animals receiving
toxin alone, the fatality rate after 5 days was
smaller (55.5%) than in those given toxin
plus cortisone (88.8%). At the end of 10
days, however, the difference, although still
present, was smaller. The average survival
time with toxin alone was 82.5 hours while
with toxin and cortisone, it was 69.5 hours.
That the hormone in the quantity used was
not itself responsible for death is illustrated
by the fact that all of the mice treated with
the drug alone remained alive.

Discussion. The phenomena which have
been observed when cortisone has been ad-

TABLE I. Schedule of Treatment.

- Hours ~

Group No. 0 24 28 48 52 72 76

1 T AT. E E

2 T »

3 T AT. E E

1 T )

5 T IS S

6 T E E

7 E E

T, tetanus toxin; A.T., antitoxin; E, eortisone;
S, .85% saline.
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No. of deaths
AV ]

2 3 4 5 6 1 6 3§ 1
Days after administration of antitoxin

FI1G. 1. Effect of cortisone on tetanus toxin and
antitoxin, E, cortisone; Cont., no antitoxin or cor-

tisone (toxin alone); AT,, antitoxin 24 hr after

toxin; (AT-E),, antitoxin and cortisone 24 I af-

ter toxin; AT,, antitoxin 48 hr after toxin; (AT-
E),, antitoxin and cortisone 48 hr after toxin.

ministered to animals injected with various
bacterial toxins appear to be influenced to a
great degree by time relationships of adminis-
tration of drug and exotoxin(10). The rela-
tive quantities of toxin and hormone are also
of importance in determining the results(4.
5.7,8). The experiments described in this
paper were designed to simulate to some de-
gree the situations which might arise in clini-
cal practice. For this reason, antitoxin alone
and this agent plus cortisone were given 24,
48 or 72 hours after first exposure to tetanus
toxin. The quantity of antibody used was
very large (0.5 unit neutralized between 2500
and 10,000 M.L.D. of toxin). Despite the
greatly excessive dose of antibody, the de-
pressing effect of steroid on protection was
still marked when antitoxin was administered
at a time when in animals, not receiving cor-
tisone, a distinct therapeutic effect was pro-
duced. With relatively late injection of anti-
toxin, little or no difference was observed
when cortisone was exhibited because the im-
mune material itself was without effect. In
addition, as can be seen in the graph, steroid
therapy enhanced the activity of the toxin.
It is quite possible that a different result
might have been obtained had the animals
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been given antitoxin prophylactically. Brain-
erd(7), for example, has demonstrated that
cortisone does not interfere with the neutral-
izing effect of diphtheria antitoxin when it is
administered 4 days before toxin. This is
not the situation which pertains, however, in
the management of humans in whom there
may be a relatively long period of delay be-
tween wounding and prophylaxis, or in whom
active tetanus is already present and anti-
toxin is given therapeutically. The present
study suggests that in the treatment of te-
tanus in which clinical signs have already ap-
peared, or in instances in which a relatively
long period of time has elapsed before pro-
phylaxis, the administration of cortisone is
not only without benefit but, in fact, sharply
decreases the effectiveness of the antitoxin,
as well as increases the activity of the toxin
which is either fixed or still circulating.

Conclusions. 1. The therapeutic effective-
ness of very large doses of tetanus antitoxin
is markedly reduced by simultaneous admin-
istration of cortisone, when both agents are
given 24 hours after injection of toxin. 2.
Administration of steroid has little or no ef-
fect on the course of experimental tetanus if
administration of antitoxin is delaved 48 or
more hours after exposure to toxin. 3. Cor-
tisone increases the activity of tetanus toxin.
4. Results suggest strongly that the use of
cortisone in addition to antitoxin for treat-
ment of human tetanus may produce a dele-
terious effect.
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Previous findings have led us to postulate
that the sedative and parasympathomimetic
effects of reserpine are mediated through sero-
tonin, and that serotonin may be a chemical
transmitter in the parasympathetic division
of the central autonomic nervous system(1,2).
These concepts are based in part on the find-
ings that both serotonin and reserpine induce
sedative effects in mice and potentiate by a
central mechanism the action of certain hyp-
notics, the potentiation by either substance
being antagonized by pretreatment with ly-
sergic acid diethylamide (LSD); and that
the prolonged effects of reserpine are asso-
ciated with a persistent impairment of the
capacity of the body to maintain serotonin
in the bound form which normally protects
the amine from the action of the active en-
zyme, monoamine oxidase. As a consequence,
serotonin is liberated and rapidly metabolized,
but as the enzyme in brain responsible for
formation of serotonin remains unimpaired,
the possibility has been considered that reser-
pine administration results in a persistent
flow of serotonin from cells which have lost
part of their capacity for storing the indole.
The total level of serotonin is low, as would
be expected because free serotonin is rapidly
metabolized by monoamine oxidase, but the
free amine might stimulate the central para-
sympathetic centers, thus producing the signs
typical of reserpine.

The present paper describes studies which
demonstrate that when reserpine is adminis-
tered to rabbits pretreated with the mono-

* Presented in part before the American Soc. for
Pharmacol. and Exp. Therap., Iowa City, Sept. 1955.

amine oxidase inhibitor, iproniazid, the ani-
mals, instead of showing sedative and para-
sympathomimetic responses typical of reser-
pine, display instead the excitatory and sym-
pathomimetic effects typical of lysergic acid
diethylamide (LSD). Furthermore, the con-
centration of serotonin in brain, which de-
clines rapidly after the administration of re-
serpine alone, now remains at its normal level.
Methods. Male albino rabbits were given
various drugs intravenously and were killed
by intravenous injection of air one hour after
administration of the last drug. Serotonin in
brain was assayed by the fluorometric pro-
cedure described by Bogdanski ef al.(3).

Results. Five rabbits given reserpine (5
mg/kg) demonstrated typical responses to
the drug including deep sedation and para-
sympathomimetic effects including miosis and
relaxation of nictitating membrane. Five ani-
mals pretreated with 100 mg/kg of iproniazid
and 2 hours later given 5 mg/kg of reserpine
showed no parasympathomimetic effects, but
rather displayed gross excitation, mydriasis,
exophthalmus, piloerection, and other sympa-
thomimetic effects. Animals given iproniazid
alone, displayed no obvious signs.

It seemed possible that the sympathomi-
metic effects observed following the adminis-
tration of reserpine to iproniazid-treated rab-
bits were caused by the drug combination
rather than by serotonin which had been re-
leased by reserpine and protected by ipron-
iazid from the action of monoamine oxidase.
This possibility was investigated with another
series of 5 rabbits in which the order of drug
administration was reversed; that is, the ani-



