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FIG. 2. Effect of continuous intravenous injection
of glucagon upon glycosuria of a partially depan-
creatized rat.

glucose which reached a peak during the 2nd
day and then fell to preinjection levels or
lower by the 4th day. The data are in Fig. 1.
Similar individual rats were given glucagon
in doses of 0.1 to 2 mg/rat/day for 5 days.
Each rat showed exacerbation of the glyco-
suria which reached a peak on the 2nd day
and then abated. The response of one animal
is shown in Fig. 2.

Discussion. Glucagon has a positive effect
upon the glycosuria of the partially depan-
creatized rat. Our data indicate that the
exacerbation of diabetes is temporary but
definite conclusions may not be warranted.
Some veins were found to be infected at

433

autopsy although it was demonstrated that
the infusion fluid still entered the blood in
those animals which are reported here. There
is evidence that the pancreas secretes a hyper-
glycemic agent(4) which may or may not be
identical with glucagon. At this time the
origin of glucagon, its hormonal nature and
its role in body economy have not been clearly
established.

Summary. When a highly purified prepara-
tion of glucagon was administered to partially
depancreatized, force-fed rats by continuous
intravenous injection there was temporary
exacerbation of the diabetes. The continuous
subcutaneous injections of glucagon to normal
and to partially depancreatized rats were in-
effective in the doses (0.05 to 1 mg/rat/day)
tested.

We wish to express our appreciation to Dr.. W. R.
Kirtley, Clinical Investigation Department, Lilly and
Co., who supplied the glucagon for these studies.
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Eosinophils of Blood During Prolonged Exposure to Cold and Chronic

Administration of Cortisone Acetate.*t

(20908)

M. E. DENisoN AND M. X. ZARROW.
From the Department of Biological Sciences, Purdue University, Lafayette, Ind.

In accordance with the concept of the
General-Adaptation-Syndrome, it has been
postulated that an increased secretion of
adreno-cortical steroids occurred when an
animal was placed under prolonged exposure
to stress(1). This increased release of ad-

* These studies were aided by a contract between
the Office of Naval Research, Department of the
Navy and the Purdue Research Foundation.

t The cortisone acetate was obtained through the
courtesy of Dr, Carlisle, Merck and Co., N. J.

renal corticoids has been demonstrated indi-
rectly by changes in the concentration of
different metabolites in the blood during the
period of exposure(l). The use of the ad-
renal ascorbic acid or adrenal cholesterol de-
pletion tests as indices of adrenal activity
have also revealed an immediate and marked
release of adreno-corticoids(2). However, both
substances returned to normal or above normal
during prolonged exposure to cold(3). Simi-
larly, prolonged exposure to a low atmospheric
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pressure(4) caused an initial depletion of ad-
renal ascorbic acid which returned to normal
levels after adaptation to the environmental
stress had occurred. It has been suggested
that the recovery of the adrenal ascorbic acid
and cholesterol were indicative of a new level
of homeostasis and the gland was still in a
hyperactive state.

Recently Ingle(5,6) has indicated that the
hormones of the adrenal cortex play a per-
missive rather than a regulatory role in many
adjustments to stress. Since the requirements
for the cortical hormones are greatly in-
creased during severe stress, he goes on to
say . .. “that increased amounts of hormone
would be required to support a state of eucor-
ticalism and, consequently, permissive action,
during severe as compared to a mild stress.”
The present study was undertaken to deter-
mine the level of adreno-cortical activity in
rats during prolonged exposure to cold.
Changes in the level of circulating eosinophils
were used as an index of adrenal activity and
comparisons made between normal rats, rats
exposed to cold and rats treated with cortisone
acetate.

Materials and methods. Mature female
rats of the Harvard-Wistar strain, weighing
between 150 and 250 g were used in the fol-
lowing experiments. The animals were di-
vided into groups of 8 to 12 rats and 2
groups were exposed to a low environmental
temperature (2 + 2°C) for a period of 90
days. Four other groups were treated daily
with various doses of cortisone acetate for a
period of 21 days. The hormone was injected
subcutaneously in a volume of 0.1 ml at dos-
ages of 20, 50, 100, and 200 ug. A seventh
group of animals served as controls and re-
ceived 0.1 ml of saline daily. The animals
were bled at regular intervals and the number
of eosinophils/mm?® of blood was determined.
Peripheral blood was obtained from the tail
and used for all the counts. The eosinophils
were stained by the method of Pilot(7) and
the number of cells was determined by count-
ing the total number of eosinophils present in
the entire field on both sides of a Neubauer
Haemocytometer. Another group of rats re-
ceived a single injection of 100 ug of cortisone
acetate at the termination of a 90-day expos-
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ure to cold. This was done in order to deter-
mine whether the eosinophils were still sen-
sitive to cortisone. A final group of rats was
used for diurnal rhythm studies. The control
animals and those treated with cortisone ace-
tate were kept at a constant temperature of
22-24°C and supplied with food and water
ad libitum. The animals exposed to the cold
(2 = 2°C) were kept in individual cages and
given free access to food and water. All rats
were fasted for 24 hours prior to each bleed-
ing, but water was available at all times.
Three eosinophil counts were made on all ani-
mals prior to treatment or exposure to cold
and the subsequent counts were expressed as
a percentage of the control values.

Results. A marked decrease of 86% in the
circulating eosinophils occurred within 6
hours after the rats were exposed to cold
(Fig. 1). However, the number of eosino-
phils returned to normal (—9%) within 24
hours in spite of the continued exposure. For
the remainder of the period of cold exposure
the level of eosinophils remained similar to,
or greater than the pre-exposure value, with a
significant drop observed on the 15th day.
From the 29th day of exposure until the ter-
mination of the experiment on the 90th day
the eosinophil levels remained consistently
above normal.

The sensitivity of the eosinophils to exo-
genous cortisone acetate was tested in a sec-
ond group of animals which had been in the
cold for 90 days. An average eosinopenia of
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FIG. 1. Changes in level of circulating eosinophils

following exposure to cold (2 =+ 2°C). Note an

initial drop followed by a rise with a secondary
drop and a final rise which was maintained.
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TABLE I. Diurnal Variation in Kosinophils of

Rats Maintained at Room Temperature and during

Exposure to Low Temperature (2 == 2°C) for a
Prolonged Period.

% decrease in
eosinophils at

midnight,
compared to
Treatment noon level P’ value
0 (room temp.) —45 —
Cold ( 7 days) -35 70%
?o(60 ") ~74 .10*

* As compared against room temperature de-
crease.

minus 76% was obtained within 6 hours after
a single injection of 100 pg of cortisone ace-
tate.

The diurnal rhythm of eosinophils was de-
termined at room temperature and during
cold exposure in another group of rats. The
eosinophils were counted at noon on every
third day for a 9-day period and at midnight
on every third day for a second 9-day period.
The same procedure was repeated after the
animals had been exposed to the cold for one
week. A 45% decrease in eosinophils was
noted at midnight as compared with the noon
values for the rats maintained at room tem-
perature and 35% drop in eosinophils in the
rats exposed to cold (Table I). The levels of
eosinophils at noon and at midnight were
again determined after the animals had been
in the cold for 60 days. At this time a 74%
decrease in the level of eosinophils was noted
at midnight.

The level of circulating eosinophils was
followed for 21 days in 4 groups of rats re-
ceiving different daily doses of cortisone
acetate. In this way it was possible to dem-
onstrate that a continuous eosinopenia could
be maintained with a constant daily injection
of an adequate amount of cortisone acetate.
The number of circulating eosinophils was
determined at 3-day intervals for a 21-day
period of treatment and this was compared
to normal values which had been obtained
prior to the beginning of the hormone ad-
ministration.

The administration of 20 ug of cortisone
acetate daily had no effect on the level of
circulating eosinophils. The number varied
from —19 to +20% of the pre-injection level
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throughout the period of treatment (Fig. 2).
The animals in the second group received
50 ug of the hormone and again no significant
change in the number of eosinophils was noted
for the duration of the experimental period.
The level of eosinophils ranged from —25 to
+199% during this period. The administra-
tion of 100 pug of cortisone acetate to the
third group of rats resulted in a significant
depletion in the number of eosinophils. The
eosinopenia varied from —62 to —91% of
the pre-injection level and was maintained for
the entire period of treatment. Within 6
days after the cessation of treatment the
number of eosinophils returned to normal.
An average eosinophil depletion of —87 to
—919% was observed in the rats that received
200 pg of cortisone acetate daily. With this
dose the eosinophil level did not return to the
pre-injection value until 9 days after the
treatment had been stopped (Fig. 2).
Discussion. The conclusions that may be
derived from these experiments depend on the
validity of the eosinophil depletion test as
an index of adreno-cortical activity. Dalton
and Selye(8) were the first to indicate the
presence of an eosinopenia in the alarm re-
action. Since then a great deal of work has
been published on the eosinophil response and
its possible use as an index of pituitary
adreno-cortical activity(9-14). In addition
the eosinopenic reaction has been suggested
as an assay for cortisone(15,16) and urinary
corticoids(17). Recently the specificity of
this response has been questioned since it was
shown that epinephrine caused an eosinopenia
in the adrenalectomized mouse(18) and in the
Addisonian patient(11). Furthermore the
eosinophil reaction could not be correlated
with blood levels of compound F(19) and
treatment with cortisone at a dosage that
failed to produce eosinopenia in the adrenalec-
tomized animals, would do so if combined with
epinephrine (20). Spiers(21), however, claims
that in adrenalectomized mice the eosinopenia
response to epinephrine is due to the presence
of adrenal rests. In general it can be con-
cluded that the eosinopenia may be due not
only to a release of adrenal corticoids but also
to some other reaction. However, since the
presence of adequate amounts of the 11-oxy--
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FIG. 2.

% changes in eirculating eosinophil of rat following treatment with 20, 50, 100 and

200 ug of cortisone acetate daily for 21 days. A control group was injected with 0.1 ml saline
for a similar period. A significant drop in eosinophils was observed only in the rats receiving
100 or 200 ug of cortisone acetate, and in both groups the eosinopenia was maintained
throughout the period of treatment. The arrow indicates cessation of treatment. Circle—0.1 ml
saline; circle (bottom shaded)—20 ug cortisone acetate; circle (top shaded)—50 pg cortisone
acetate; circle (side shaded)—100 ng cortisone acetate; solid circle—200 ug cortisone acetate.

corticoids always produces an eosinopenia,
this reaction may be used to determine the
absence of these hormones. Nevertheless, it
must be admitted that our knowledge of the
factors involved in determining the number
of circulating eosinophils is inadequate to
make any definite statement, and all conclu-
sions reached here regarding adreno-cortical
activity are tentative and subject to new in-
terpretation.

The present results indicate that daily
treatment with cortisone acetate will main-
tain a continuous eosinopenia (Fig. 2). Al-
though the 50 pg dose did produce an eosino-
penia, the average decrease was not significant
except for day 12, due to the high degree of
variation (Table II). However, the eosino-
penia produced by the 100 and 200 pg dose
was statistically significant throughout the
period of treatment at the 0.10 and 0.05 level.

The initial eosinopenia which occurred
shortly after the rats were exposed to the cold
is presumably due to increased adreno-cortical
activity. Within 24 hours, however, the
number of eosinophils had returned to the
pre-exposure level and by 48 hours a slight

eosinophilia was present. In view of the
eosinopenia which results from daily adminis-
tration of cortisone acetate it appears that
either the adrenal gland is not secreting ex-
cessive amounts of cortical steroids after ini-
tial exposure to cold or that adreno-cortical
activity is increased only to the extent neces-
sary to maintain a eucorticoid state in the
new environment. The latter concept would
be in agreement with the theory of the per-
missive action of the adrenal gland(6).

The diurnal variation in the number of
circulating eosinophils was first demonstrated
by Halberg and Visscher(22) who found a
decrease in the number of eosinophils in mice
during the night. This diurnal rhythm has
been correlated with periods of generalized
activity and increased adrenal secretion.
Present results confirm previous findings that
the diurnal rhythm present in the rat at room
temperature is maintained after exposure to
cold(23). This maintenance of a diurnal
variation during the period of cold exposure
is probably indicative of a diurnal rhythm
in the adrenal cortex after the animal has
been adapted to cold.
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TABLE II. Statistical Significance of Results on
the Level of Eosinophils in Rats Treated with
Cortisone Acetate or Exposed to Cold.

¢¢P’? values for No. of cir-

culating eosinophils at*
Treatment 6 12 18 days
Cold >.1 >.1 >1
50 ug cortisone acetate >.1 .05 >.1
100 idem .10 .10 .05
200 ” .05 .05 .10

* Eosinophil values of above groups were com-
pared with eosinophil values obtained in normal,
saline-treated, control rats.

The possibility that the eosinophils were
refractive to adrenal corticoids is ruled out by
their ability to respond to exogenous cortisone
acetate after exposure to cold for 90 days.
A single injection of 100 ug of cortisone ace-
tate resulted in the characteristic eosinopenia
that is normally found within 6 hours. This
can be interpreted as indicating that the
eosinophils are still responsive to cortisone
and from this one may assume that there
would be a continuous eosinopenia if the ad-
renal gland was secreting large amounts of
cortical hormone during the period of adap-
tation.

A possible adaptation by the organism to
hypercorticalism has been suggested from data
indicating a failure of cortisone to maintain
high liver glycogen values(24) in spite of con-
tinued treatment. Since the cortisone-treated
rats showed no change in the eosinopenia after
prolonged treatment it is apparent that the
eosinophil reaction does not fall into this cate-
gory. Hence it is difficult to assume that the
failure to maintain an eosinopenia in the cold-
exposed rats is due to adaptation. The pres-
ent data seem to indicate that the increased
amounts of adrenal corticoids present during
the initial phase of exposure to cold are coun-
teracted by the increasing needs of the organ-
ism and that, consequently, after the animal
has become adapted a eucorticoid state exists.

Conclusion. Evidence has been presented
to show that the circulating eosinophils do not
remain depressed in rats exposed to cold for a
period of 90 days. The level of eosinophils
dropped 6 hours after the animals were ex-
posed to the cold, but returned to above the
normal values within 48 hours and in general
remained high for the duration of the ex-
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posure. Different doses of cortisone acetate
were administered to intact rats and it was
determined that a daily dose of 100 pg was
necessary to maintain a depressed level of eo-
sinophils during the period of treatment. The
evidence suggests that a eucorticoid state may
develop during adaptation to cold. The per-
missive action of the adrenal gland and its
relation to the adaptation of rats to a low
environmental temperature is discussed.
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