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tency of pituitary glands; neither normal rab-
bit serum nor sheep heart antiserum had any
effect. A pattern of vaginal cycling was ob-
served after antihormone treatment which was
not apparent in cycles of controls. No impor-
tant differences were found in thymus weight
or in adrenal or thyroid histology.
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There has been increasing evidence that the
limbic system (rhinencephalon) is involved in
emotional responses(1). This suggests that
drugs which alter mood might produce
changes in this part of the brain. The present
paper describes effects on the septum, amyg-
dala and hippocampus of the cat of 2 psycho-
depressant drugs (chlordiazepoxidet and me-
probamate) and 2 psychostimulant agents
(iproniazid and imipramine).

* A brief report was presented to Am. Scc. Phar-
macol. and Exp. Therap. Seattle, Wash., Aug. 21,
1960.

t Librium® formerly referred to as methamino-
diazepoxide.

Methods. Thirty cats were prepared under
ether anesthesia. The trachea was cannu-
lated for artificial respiration and the left fe-
moral vein for drug injection. Bipolar con-
centric electrodes were inserted with the aid
of a Baltimore stereotaxic instrument in an-
terior and posterior portions of septum, amyg-
dala and hippocampus. Recording electrodes
were placed on frontal and occipital areas of
cortex. All wound edges were infiltrated with
The ether was withdrawn and the

procaine.
animals immobilized with decamethonium
(Cyo). Stimulation was carried out with a

Grass S-4 stimulator, using the following
parameters: frequency, 40 per sec.; pulse
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TABLE I. Statistically Significant Drug Effects. Figures show mean =+ stand. error of mean.

Dose, Duration of after-discharge, sec.

Site of mg/kg No.of ~ Statistical
stimulation Drug iv. exp. Pre-drug Post-drug® Difference significance;
Septum Saline 4 31+ 87 66 = 17 + 35 = 11

Chlordiazepoxide 10 3 39+ 11 27 + 7.9 - 12 =+ 12 <.02
- 20 1 12 83 19 = 3.5 - 23 = 10 <.01
Imipramine 10 3 5+ 14 1.7+ 88 — 31 =+ 14 "
Meprobamate 20 4 DO+ 27 T+ 6.1 - 28 + 31 <05
Amygdala Saline 3 20 + 12 21 + 6.0 4 1.3+ 85
I'proniazid St 3 N+ 029 64+ 17 456 + 17
Hippocampus Saline t 2+ 7.9 46+ 11 23 4+ 9.2
Chlordiazepoxide 10 3 B84+ 7.5 23 + 13 -~ 15 = 85 "
——— Amplitude of after-discharge, uV—-m—
Amygdala Saline 4 1300 =436 1297 =435 — 25+ 25
Chlordiazepoxide 10 4 1060 =410 S0 =110 —750 240 <02
20 4 o " 200 =+ 60 830 370 ”

* Maximum effect,

T Pre-treated for 5 duys with 5 mg/kg i.p. © Pre-dvug ™
© Difference

+ (¢
I

p’7 values for drug vs saline figures in
duration. 2 msec: irtensity. 8 volts: duration
of stimulation. 5 sec.: interval between stimu-
lations, 5 min. Subcortical centers were
stimulated in the following sequence: anterior
septum, amygdala, hippocampus: posterior
septum, amygdala, hippocampus. Recordings
were made on a Grass I1I-C electroencephalo-
graph. Only one drug was administered to
each animal. Tproniazid was tested at 5 mg
kg iv. in cats pre-treated for 5 days with 3
mg kg i.p. The other drugs were tested in
animals without pre-treatment; a dose of 10
mg kg i.v. was followed 1 hr later by 20 mg
kg. To minimize cardiovascular effects. drugs
were injected over a 10 min period at the rate
of 1 ml/min. Significance of results was de-
termined by *‘t” test. Electrode locations
were confirmed histologically.

Results.  (Table 1): Saline controls:
Stimulation of limbic centers produced after-
discharges of high amplitude (1000 uV or
more) with frequency of 3-21 per sec. These
after-discharges spread throughout the lim-
bic leads: they were usually marked by
abrupt termination. Duration of discharge
following successive stimulations remained
relatively constant in the amygdala, but pro-
gressively increased in septum and hippo-
campus.

Chlordiazepoxide showed the following sta-
tistically significant effects at 10 mg/kg i.v.:
decreased duration of after-discharge in sep-

value immediately before inj. of 5 mg/kg i.v.
column,

I

tum and hippocampus; decreased amplitude
of discharge in amygdala. Meprobamate, 20
mg ‘kg. shortened duration of discharge in
septum. Imipramine showed the same effect
at 10 mg, kg. [proniazid had no effect in cats
without pre-treatment; following administra-
tion of 5 mg/kg i.p. for 5 days, 5 mg/kg i.v.
significantly increased the duration of dis-
charge of the amygdala.

Discussion.  Delgado(2) observed that
stimulation of the amygdala in unanesthetized
monkeys “increased aggressiveness and fight-
ing.” The increased activity of the amygdala
which we observed with iproniazid might be
involved in the psychostimulant effect of this
drug. Delgado also observed that stimulation
of the septum produced “‘loss of leadership.”
If the septum has a restraining influence on
behavior, the depression of this area which we
observed with imipramine might produce psy-
chostimulant effects. However, depression of
the septum could hardly produce both psy-
chostimulant effects with imipramine and
psychodepressant effects with meprobamate.

Kletzkin and Berger(3) studied the effects
of meprobamate on the limbic system of the
cat with a technic differing only slightly from
ours (immobilization with succinylcholine,
more frequent stimulation of 1 or 2 areas).
They observed reduced duration of after-dis-
charge in hippocampus and amygdala at 20
mg/kg iv. If stimulation of the amygdala
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FIG. 1. Chlordiazepoxide, 20 mg/kg iv, de-
creases duration of discharge in septum. Upper
row is before, lower row 30 min. after, drug inj.
First panel in each row is before, second and third
panels after, electrical stimulation of area indi-
cated by arrow. Note rednced amplification in sec-
ond and third panels. EEG leads are hypothalamus,
hippocampus, amygdala, septum, frontal and oe-
cipital eortex. Paper speed 6 em/see. )

FIG. 2. Ipromiazid, 5 mg/kg iv. in eat pre-
treated for 5 days with 5 mg/kg i.p., increases
duration of discharge in amygdala. Arrangement
as in Fig. 1.

increases aggressiveness, reduced activity of
this area might have a psychodepressant ef-
fect.
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We found that chlordiazepoxide at 10 mg/
kg i.v. had depressant effects on septum,
amygdala and hippocampus. In other tests,
this compound was found to be more potent
than meprobamate in depressing the irrita-
bility of rats with septal lesions, and in re-
ducing the aggressiveness of vicious monkeys
(4). In the clinic, this agent “reduces anxiety
and agitation but does not cloud consciousness
or impair intellectual function”(5). Perhaps
these psychodepressant effects are correlated
with depression of the amygdala; much more
experimentation is needed before any such
relationship can be established.

Summary. Four psychotropic drugs had
the following statistically significant effects
on the limbic system of the cat: iproniazid in-
creased duration of after-discharge of amyg-
dala; imipramine and meprobamate decreased
duration of discharge of septum; chlordiaze-
poxide decreased duration of discharge of
septum and hippocampus, and decreased am-
plitude of discharge of amygdala.

We wish to thank Shirley Yerzy for the histology
and Kay Eisenhuth for statistical analysis.
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The authors have reported some of the
manifestations of ultraviolet irradiation dam-
age in living cells(1,2). The effects reported
concerned the nature of the response of the

whole cell to ultraviolet irradiation, rather

* Supported by Atomic Energy Comm. Contract,
Damon Runyon Memorial Fund for Cancer Research,
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