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It is generally accepted that the suprarenal

cortex is activated as a part of the phenomena

occurring in response to subjection of an organism

to acute stress. This results in depletion of the

adrenal ascorbic acid, which occurs within a

period less than one hour. This depletion is

shown to occur after injection of ACTH (Sayers

et al., 1944) as well as after the exposure of an

organism to various stressful stimuli such as

hemorrhage (Sayers et at., 1945), scalding

(Harkins and Long, 1945; Harkins, 1945), ex-

posure to cold (Levin, 1945), ether anesthesia

(Bowman and Muntwyler, 1937), ether plus

scalding, and ether plus rapid exsanguination

(Syndor and Sayers, 1954). The depletion of

adrenal ascorbic acid in response to stress does

not occur in hypophysectomized rats (Sayers et

at., 1945). Depletion of adrenal ascorbic acid

also occurs after the injection of normal rats

with posterior pituitary hormones; however, this

does not occur in hypophysectomized animals

(Martini and DePoli, 1956). The effects of in-

jection of epinephnine and surgical trauma on

ACTH secretion are blocked by an appropriate

hypothalamic lesion (Hume, 1952; Porter, 1953;

McCann, 1953).

The aim of this work was to investigate the

action of reserpine and chlorpromazine on the

response of the rat to acute stress. Chlorproma-

zinc has been reported to inhibit the depletion

of adrenal ascorbic acid induced by various

stressful stimuli (Hamburger, 1955; Aron et al.,

1953; Olling and de Weid, 1956; Sevy et al.,

1957). Christy et at. (1956) found the stress of

insulin hypoglycemia in humans to be inhibited

by pretreatment with 100 to 400 mgm. of chior-

promazine. On the other hand, Holzbaur and
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Vogt (1954) failed to demonstrate such action,

and they even found that chlorpromazine itself

caused adrenal ascorbic acid depletion in un-

anesthetized rats. This latter finding was also

demonstrated by Olling and de Weid (1956).

However, Sevy et al. (1957) failed to demon-

strate this action.

Sevy et at. (1957) found that adrenal ascorbic

acid depletion with vasopressin was unaffected

by chlorpromazine. This suggests that the drug

acts on the prepituitary phase.

The effect of reserpine on the response to

stress has not been investigated. Schneider et at.

(1955) believed that reserpine may facilitate the

action of cortical inhibitory centers which de-

press the hypothalamus.

METHODS. The degree of response to stress and

any modification in such a response was assayed

by the degree of cortical activity. Cortical ac-
tivity was assayed by determining the degree of

adrenal ascorbic acid depletion since Sayers (1950)
found it to be a very reliable index of adrenal cor-

tical activity in acute experiments.
Male albino rats from the same litter were used.

All rats were approximately of the same age. The

rats were kept under standard conditions with
respect to diet, humidity, and room temperature,
which was kept constant at 22#{176}C.± 2#{176}.The day

before the experiment, the rats were isolated for
24 hours during which no food was given.

Forms of stressful stimuli. These were selected

on the basis of their similarity to forms of stress
encountered by humans. The following three were

used: 1) Continuous ether anesthesia plus rapid
exsanguination: This simulates the stress of surgi-
cal operations. Rats were put in a tight glass box

designed to standardize the conditions of stress
with respect to the concentration of ether and

time of exposure. The box has an inlet tube at the
bottom and an exit tube at the top. An O2-CO2

mixture was passed at a constant pressure through

a Wolf bottle containing ether. After 5 minutes,
rats were removed from the box and bled from the
tail. The site of incision was heparinized to allow
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Also, severe stress causes adrenocortical stimu-

free and rapid bleeding of 8 ml./kgm. b.w. The

tail was then tied and the rat returned to the anes-
thesia box for 30 minutes before decapitation and
removal of the adrenals. 2) Heat stress: This was

considered to simulate conditions of hyperpyrexia
or heat stroke. The rats were put in a wide brass
jar closed with a glass cover and possessing an
inlet and outlet for aeration. Air was supplied by

an aerator at a constant and adequate rate. The

jar was immersed in a water bath maintained at
a constant temperature of 38#{176}C.The rats were

kept at this temperature for one hour, after which
they were decapitated immediately and the ad-

renais removed. 3) Cold stress: This form of stress
is becoming more important with the introduction

of artificial hibernation and cooling techniques.
The rats were put in a refrigerator at a constant

temperature of +3#{176}C.for one hour prior to de-
capitation and adrenalectomy.

Estimation of the adrenal ascorbic acid. After de-
capitation, the adrenals were dissected, freed
from fat and immediately weighed to the nearest
0.1 mgm. Both glands were weighed together. They
were ground in a small mortar containing approx-

imately 2 gm. of acid-washed sand and 5 ml. of

4 per cent trichloracetic acid. The contents were

transferred to a small bottle, tightly sealed and

left over night in a refrigerator. The following
morning, the contents of the bottle were trans-
ferred to a centrifuge tube and the bottle washed
with 5 ml. of 4 per cent trichloracetic acid which
was added to the centrifuge tube. After centrifug-
ing for 5 minutes, the supernate was filtered.
Analysis for ascorbic acid was then performed by

the method of Roe and Keuther (1943).
Drugs and dosage. The drugs were diluted with

saline and administered intramuscularly one-half
hour before application of acute stress. Half of the

dose was injected into each thigh. Twenty rats
receiving no drug and not subjected to any stress

served as controls. Eight rats received 8.0 mi-
crogm. of reserpine/kgm. body weight, were

sacrificed one-half hour later without being ex-
posed to stress and their adrenal ascorbic acid
was estimated. Another group of eight rats re-

ceived 2.0 mgm. of chlorpromazine/kgm., were

sacrificed one-half hour later without being ex-
posed to stress and their adrenal ascorbic acid was

estimated. The rats exposed to stress were divided
into three groups: one receiving no drug, another
receiving chlorpromazine, and the third receiving

reserpine. The rats that received ACTH were di-
vided into three groups: one group received ACTH

alone, the second received ACTH one-half hour
after the usual dose of chlorpromazine, and the
third group received ACTH one-half hour after
the usual dose of reserpine. In each case, the rats

were sacrificed one-half hour after receiving

ACTH.

RESULTS AND DISCUSSION. The results are

shown in table 1. These results indicate that 1)

both drugs diminished ascorbic acid depletion in

response to stress; 2) neither drug prevented

the adrenal ascorbic acid depleting action of

ACTH; 3) reserpine was highly effective in the

low doses used; and 4) neither drug caused

adrenal ascorbic acid depletion when given

intramuscularly to unanesthetized rats.

In considering our results, we are assuming

that the amount of depletion of adrenal ascorbic

acid is proportional to the degree of stress

(Sayers and Sayers, 1947). In these experiments,

all groups of stressed rats were subjected to

stressful stimuli of the same degree and duration

whether or not drugs had been given. Therefore,

variations in the degree of adrenal ascorbic acid

depletion should be due to pretreatment with

the drug used.

The action of the drugs used may have been

on one or more of the following phases of the

response to stress: 1) prepituitary phase of re-

sponse to stress, 2) pituitary elaboration of

ACTH, 3) interference with the action of ACTH

on the cortex. The last possibility is eliminated

experimentally since neither drug prevents

ACTH from causing ascorbic acid depletion.

This is supported by the results obtained by

Olling and de Weid (1956) and Sevy et at. (1957)

with chlorpromazine.

Regarding the possibility that the drugs act

on the prepituitary phase, consideration must be

given to the fact that the nature of this phase is

still disputed. According to Sayers (1950), the

organism responds normally with reactions

mediated by sympathetic nervous receptor

(sympathetico-adrenal discharge). This leads to

increased tissue metabolism. Corticoids are used

up and the pituitary-cortical system is stimu-

lated from the periphery as a result of diminu-

tion of the concentration of the corticoids in the

tissue fluids. Stimuli may travel as an alterna-

tive route via hypothalamic centers to adrenal

hypophysis and through it to the adrenal cortex.

Against this theory is the work of Bush (1953)

which led him to conclude that “a fall in the

peripheral concentration of adrenal hormones

does not stimulate the release of ACTH directly.”
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TABLE I

Inhibition of pituitary adrenocorticotrophic activity by chiorpromazine and reserpine following subjection

of rats to various stressful stimuli

Treatment Adrenal Ascorbic No. of?��at�f Pretreatmentwith Chiorpro. Acid Rats

mazine, i.m.

Pretreatment
with

Reserpine, i.m.

Controls

Heat (exposed to 38#{176}C.for one hour

before sacrifice)

Cold (exposed to 3#{176}C.for one hour
before sacrifice)

Ether anesthesia with exsanguina-

tion of 8 ml. of blood per kgm.

ACTH, i.m., 40 mgm./kgm.

None

2

None
2

None
2

None
2

None
2

20

8

9
16

6
14

12

14

6�
10

,,,gm./JO0 gin.

fresh tissue

337 ± 6.7*

341 ± 10.3

190 ± 15.7

323 ± 9.8

220 ± 19.0

333 ± 10.7

270 ± 13.6

345 ± 6.9

209 ± 8.6

226 ± 5.5

20

8

8
14

13

12

8
12

8
8

�grn./k gin.

None

8

None

8

None
8

None
S

None
8

207 ± 11.3

346 ± 13.3

243 ± 6.7
342 ± 12.1

290 ± 9.5
331 ± 11.7

233 ± 9.2
225 ± 11.5

* Average ± standard error.

Adrenal Ascorbic
Acid

mgm./100 grn.

fresh tissue

337 ± 6.7
329 ± 15.5

lation even in face of the most intense over-

dosage of corticoids (Selye, 1953). It was sug-

gested by Schnitzer (1954, 1955) that the first

mediator in response to stress is histamine

liberated from injured tissues; but the work of

Guillemin (1955) showed that epinephrine,

norepinephrine, acetylcholine and histamine

cannot be sole humoral agents responsible for

pituitary stimulation by systemic stress.

In the last few years, the hypothalamic-

hypophyseal system has received much atten-

tion as the probable pathway by which central

neural or neuro-humoral stimuli regulate ACTH

secretion. The existing evidence for this is sum-

marized by Harris et al. (1954). It points to a

humoral rather than a nervous mechanism. The

hypothalamus elaborates posterior pituitary

hormone that is formed in the neurons of the

hypothalamic nuclei (Bargmann et at., 1949,

1951; Hild and Zetler, 1953; Sharrer and Shar-

rer, 1953). Also, Adams and Sloper (1956)

demonstrated the elaboration of the postpitui-

tary principle by the hypothaiamus in man, rat

and dog. The findings of Martini and DePoii

(1956) are consistent with the hypothesis that

the posterior pituitary hormones act as a hu-

moral transmitting agent that is released by the

hypothalamus in the hypophysial portal system

and which activates the anterior pituitary to

discharge ACTH.

Considering this and the work of Das et at.

(1954) and Sevy et at. (1957), we can postulate

that chlorpromazine and reserpine depress the

response of the rat to acute stress by inhibiting

the hypothalamic centers.

Another possibility is that these drugs, through

their action on the autonomic nervous system,

may depress the alarm reaction and thus di-

minish the response. Whether this action is

beneficial or detrimental to welfare of the or-

ganism is difficult to determine. However, it was

evident that the rats subjected to stress after

receiving either of the drugs were in much better

condition than rats exposed to the same stress

without the benefit of the drugs mentioned.

SUMMARY

Both chlorpromazine and reserpine inhibited

the response of the rat to acute stress as meas-

ured by the degree of adrenal ascorbic acid

depletion. Reserpine was extraordinarily effec-

tive in blocking activation in the low doses used.

Neither drug prevented the adrenal ascorbic

acid depleting action of exogeneous ACTH. The

possible mechanisms of action of chlorpromazine

and reserpine are discussed. Our results, sup-
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ported by the results of other authors with

chlorpromazine, are suggestive of an action on

the prepituitary phase of response to stress, pos-

sibly on the hypothalamus.
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