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As the view is widely held that limbic structures
may be concerned with emotional lifel and as the
amygdaloid nucleus is intimately connected with the
hypothalamus through fiber tracts such as the stria
terminalis, it seems natural to suspect a possible
influence of the amygdala upon the stress mechanism
which is known to be integrated in the hypothalamus.
Although there are already a few reports on this
matter with controversial results>—5, the present
study is planned to test the matter anew.

Materials and Methods

Twenty-six male Sprague-Dawley rats weighing
around 300 gm. were used. They were divided into
two equal groups and in one group the amygdaloid
nuclei on both sides were destroyed electrolytically
under Nembutal anesthesia (amygdala-damaged
group). The electrode employed for the electrolysis
was a straight piano wire insulated except at the tip.
Utilizing de Groot’s coordiation®’, the electrode was
implanted stereotaxically to the site of A5.8, L4.3,
H2.4, and a direct current of 3mA. intensity was
applied for 30 seconds between this electrode as
anode and a subcutaneous needle electrode as cathode.
In the other group, all procedures including place-
ment of electrode in the amygdala on both sides
were carried out as in the amygdala-damaged group,
except that current was not passed. This group
served as control.

Seventy-two hours after the electrode placement,
every animal was subjected to laparotomy under
ether and the left adrenal gland was excised. Usually
this procedure required no more than 5 minutes,
and was regarded as a stress. The abdominal cavity

was then closed with a few stitches and the animal
was kept in a quiet place for four hours before it

was sacrificed by rapid decapitation and the right
adrenal gland was removed.

The ascorbic acid content of left and right adrenal
glands was measured separately and the difference
in the amount (mg/100 gm. sample) was regarded as
an index of reaction to the stressful stimuli. Each
adrenal gland was weighed wet, ground with sand
in 5% metaphosphoric acid solution, and the ascorbic
acid content of the extract was measured colori-
metrically with the Evelyn photoelectric colorimeter
utilizing the reduction of 2,6-dichlorophenolindophe-
nol sodium.

All animals were deprived of water and food from
the time of electrode placement on to the end of the
experiment. These measures were taken in consider-
ation of the preliminary observation that all amyg-
dala-damaged rats stopped eating and drinking.

After completion of the experiment the brains
were fixed in 10% formaldehyde and embedded in
celloidin. Coronal sections were cut at 20x thickness,
and every tenth section was stained with luxol fast
blue and cresylechtviolet following Kliiver method.
Microscopic examination of the brains with amyg-
daloid damage (Fig. 1) revealed that the lesions on
both sides were round or oval in shape, mostly with
the diameter of about three millimeters. Usually the
lesion extended from around A5.0 to A7.8 approach-
ing pyriform cortex laterally, reaching globus pal-
lidus and part of optic tract medially, and somewhat
encroaching upon the striatum dorsally at the level
of the rhinal fissure, but frequently it did not reach
the orbital surface of the brain. Among the amyg-
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Fig. 1. Structures most commonly involved in the
electrolytic lesion(shaded area in the center). ABL,
Nucleus amygdaloideus basalis pars lateralis; ABM,
Nucleus amygdaloideus basalis pars medialis; ACE,
Nuclens amygdaloideus centralis; ACO, Nucleus
amygdaloideus corticalis; AL, Nucleus amygdaloi-
deus lateralis; AME, Nucleus amygdaloideus medi-
alis; CE, Capsula externa; CLA, Claustrum; CPU,
Nucleus caudatus/Putamen; EP, Nucleus entoped-
uncularis; FR, Fissura rhinalis; GP, Globus pallidus;
PIR, Cortex piriformis; ST, Stria terminalis

dalar nuclear masses commonly involved in the lesion

were Nuc. amygdaloideus lateralis, Nuc. amygdaloi-
deus centralis, and Nuc. amygdaloideus intercalatus.
At least part of the Area amygdaloidea anterior,
Nuc. amygdaloideus basalis, and Nuc. amygdaloideus
medialis were involved in the damage, but the Nuc.
amygdaloideus corticalis and neighbouring part of
Nuc. amygdaloideus medialis frequently escaped
damage. There were structures other than the
amygdaloid nuclear complex mostly involved in the
damage. They were claustru mand part of striatum.
Sometimes the lateral border of the pyriform cortex
was also found damaged. Sections of brains of
control rats showed slight damage along the needle
tract which usually coursed through the striatum.
Slight lesion along the needle tract was also noticed

in the amygdala-damaged brains.
Results

The results are summarized in Table 1. Both
amygdala-damaged group and control group reacted
to the stress with marked depletion of adrenal

ascorbic acid content. But the decrease in adrenal
ascorbic acid content following stress was less
pronounced in the amygdala-damaged group than in
the control animals. According to the t test, the
difference in adrenal ascorbic acid decrease between
amygdala-damaged and control group was significant
at 2% level.

Following lesion, all amygdala-damaged rats stop-
ped eating and drinking. In addition, they became
very quiet and inactive in contrast to the control
animals, which began to move about and search for
food and water within 24 hours following electrode
placement. The final mean body weight of the
amygdala-damaged rats and control animals were
72.2% and 75.3%, respectively, of those (the mean
body weight) at the beginning of the experiment.

Table 1. Decrease in Adrenal Ascorbic Acid Content

Decrease in ascorbic acid SD

Group N 1,5/100 gm. sample)
Amygdala-
damaged 13 216.2 65.71
Control- 13 302.5 83.75

t test(amygdala-damaged vs control): t=2.796 p<C.02

Discussion

The result of the present experiment that the
decrease in adrenal ascorbic acid content following
stress was less pronounced in amygdala-damaged
rats than in control animals seems to indicate that
normally the amygdaloid nucleus exerts chiefly
facilitatory influence upon stress mechanism. The
result, however, does not tell whether there is no
inhibitory mechanism in this nucleus.

Mason® worked with monkey and found significant
increase in plasma corticosteroid content following
stimulation of amygdaloid nucleus. Martin et al.» on
the other hand, reported that removal of the amygda-
Joid nuclei in cats resulted in a marked increase in
adrenal cortical secretion associated with a reduction
in general activity and resistance to emotional stimuli.

"There is still another report by Kling et al.¥ who

obtained comparable adrenal ascorbic acid depletions
following operative stress (laparotomy) from normals
and amygdaloidectomized cats with varying removals

of hippocampus, cingulate gyrus, posterior septum,
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fornix, and anterior midline thalamic nuclei. Yamada
and Greer® also obtained similar result. They noted
an increased adrenal weight in rats with electrolytic
lesion of the amygdala. While they felt that the
increased adrenal size was probably a non-specific
result of the experimental procedure, they thought
the adrenal hypertrophy was apparently related to the
increased adrenocortical secretion since thymic invol-
ution was observed in all lesioned animals. Therefore
they concluded that the amygdala was not essential for
the increased ACTH release in the rat.

It is not always clear what is the cause of discre-
pancies among these data. It may be that the
amygdala contains both facilitatory and inhibitory
sites to the hypothalamic stress mechanism, and
individual workers have studied chiefly one or the
other site of the amygdala. Another possibility is
that individual workers studied under different con-

ditions. Unfortunately the deteil Vof the experimental -

procedure Martin et al. adopted is not available, but
Kling et al., for example, worked on animals with
extensive limbic lesions involving hippocampus. The
hippocampus appears, according to the work of the
author, to be chiefly inhibitory to the stress mechan-
ism.”8 Besides, they inflicted operative stress to
animals under pentobarbital anesthesia. The anes-
thesia may have obscured the difference in adrenal
ascorbic acid depletion between operated animals
and normal controls. Anesthetic dose of pentobarbital
is said to decrease the resting level of blood ACTH
significantly.® The results of present experiment
fully confirm the notion of Yamada and Greer that
the amygdala is not essential for stress mechanism
in rats, because marked depletion of adrenal ascorbic
acid content is also seen in amygdala-damaged rats
in the present experiment (Table 1). But the deple-
tion is apparently less pronounced compared with
that of control rats.

Summary

Twenty-six Sprague-Dawley male rats weighing
around 300 gm. were divided into two equal groups,
and in one group electrolytic lesion was produced
under Nembutal in the amygdaloid nuclei on both
sides (amygdala-damaged group), while the other
group which underwent exactly the same produre

except passage of current served as control.
Seventy-two hours after the electrode placement,
every rat was subjected to left adrenalectomy under
ether and this procedure was regarded as a stress.
Four hours after stress the animal was sacrificed by
rapid decapitation and the ascorbic acid content of
each adrenal gland was measured colorimetrically.
Both amygdala-damaged and control group reacted
to the stress with marked depletion of adrenal
ascorbic acid content. But the decrease in adrenal
ascoribic acid content following stress was less
pronounced in amygdala-damaged rats than in control
animals. The difference was significant at 2% level.

Acknowledgement, The author wishes to express his appreciation
to Professor Chul Kim for his kind directions in this study.

S
Amygdaloid nucleus 7} o ajg & Fe|
stress 0| CHE B S

Agdta g 4 %ay
<Az A A as>

4 & =

Amygdaloid nucleus 7} =31 H 2} Hz=HF SN A
stress & % ©H-& ¥4 ascorbic acid &30 A2

25-g vland s,

26912] o} Sprague-Dawley 5 A& F T2 W
0] 3 Fol A &= Nembutal u}3] 5t} Streotaxic method
£ M A 9% amygdaloid nucleus o) electrolysis & 2.
# oo (amygdala =3 F), oA & TAAE FF
amygdaloid nucleuse] AF-& ¥717AAY g AFL
amygdala s}3] F A ¢ ﬂz_b’l Agstet 7:1 o
ZalA okget(A 2 E). ol F Ade] BdwAnAn F T2
25 wole Eol SASHZA.

Amygdaloid nucleuse] #AFE& @A 72ATHA
ether o}3] 5}o) FE& MG F4E &%= A2
» stress = 4rgkel. Stress & @A 4AdW 2 &5

Haeulx Wgos &I 9 2% ¥4 ascorbic acid
¥ v awsto] stressoll W FEAZE JF

Stress o] &% amygdala ©t3] ¢33 W 2FAAH ZF
2.4 ascorbic acid ¥§3Fo] 2= £¥ amygdala ¥
oA =t dE2FAA Rt Agiek, o) o]
2% FEAA F5At

o} 49} A= w)Fo amygdaloid nucleus & stressel
faR e -pAgAdA Y GFol 434 9%E A
AAL e F5F3%.

— 107 — 107




—AEAAFA : A3 Ale FANTE—

REFERENCES

1) Papez, J.W.: A proposed mechanism of emotion.
Arch. Neurol. Psychiat., 38:725-743, 1937.

2) Mason, J.W.: Plasma hydroxycorticosteroid levels
during electrical stimulation of the amygdaloid
complex in conscious monkeys. Am. J. Physiol.,
196:44-48, 1959,

3) Martin, J.: Endroczi, E., and Bata, G. Effect of
the removal of the amygdalic nuclei on the secre-
tion of adrenal cortical hormones. Acta Phystol.
Aca. Sci. Hungaricae 14:131-134, 1958,

4) Kling, A., Orbach, J., Schwartz, N.B., and Towne,

» J.C.: Ijury to the Iimbic system and associated
Structures in cats. Arch. Gen. Psychiat., 3:301-
420, 1960.

5) Yamada, T. and Greer, M.A.: The effect of bilateral

ablation of amygdala on endocrine function in the
rat. Endocrinology, 66:565-574, 1960,

6) de Groot, J.: The rat forebrain in stereotaxic co-
ordinates. Verhandelingen der Koninkiijke Neder-
landse Akademie van Wetenschappen, afd. Natu-
urkunde. Tweede Reeks, Deel LII, No. 4. Amster-
dam, 1959,

7) Mason, ] W.: The central nervous system regulation
of ACTH secretion. Reticular Sformation of the
brain. Henry Ford Hospital Symposium. Boston,
Little, Brown & Co., 1956,

8) Kim, C. and Kim, C.U. Effect of partial hip-
bocampal resection on stress mechenism in rats.
Am. J. Physiol., 201:337-340, 1961,

9) Royce, P.C. and Sayers, G.: Blood ACTH: Effects
of ether, pentobarbital, epinephrine and pain.
Endocrinology, 63:794-800, 1958.

108 — 108 —




