ALTERED ADRENOCORTICAL SECRETION AFTER ACTH

rise in serum inorganic phosphate and mag-
nesium. On cessation of therapy the serum
calcium level declines again to normal levels.
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The nature of the adrenocortical secretion
in diverse species has now been evaluated
in vivo and in vitro. It was first shown that
the isolated bovine gland, perfused with
ACTH, synthesizes a mixture of corticos-
teroids, the major components of which are
17-hydroxycorticosterone (hydrocortisone)
and corticosterone(1). Subsequent examina-
tion of the steroids present in adrenal  vein
blood has revealed that either hvdrocortisone
or corticosterone (or a mixture of both) is
uniformly present in highest concentration in
all species studied(2). The relative amounts
of hydrocortisone and corticosterone, how-
ever, vary widely among species. It has been
reported that the adrenal glands of sheep and
monkeys secrete primarilv hydrocortisone,
those of rabbits and rats produce predomi-
nately corticosterone, while cows, ferrets, cats
and dogs secrete mixtures of both(2,3). Re-
cent studies indicate that human adrenal vein
blood contains primarily hvdrocortisone, al-
though lesser amounts of corticosterone have
been detected(4). These differences between
species have been reported by Bush(2.3) to
be constant and unaltered by ACTH: the
inference has been drawn that the species

* Aided by grants from the U. S. Public Health
Service and the Research and Development Division,
Office of the Surgeon General, Department of the
Army.

differences may be fixed genetically.

The view that the nature of the steroids
released in response to ACTH is fixed in un-
alterable fashion seemed at variance with
certain observations on the comparative
effects of ACTH and corticosteroids on lym-
phoid tissues of the rabbit. Thus, ACTH,
cortisone and hydrocortisone induced signifi-
cant changes in the weight and concentrations
of ribonucleic acid in lymph nodes. Cortico-
sterone, on the other hand, the presumed
product of adrenal secretion in. rabbits, had
no significant effect at the same dosage levels
as the other 2 steroids(5,6). The response of
the rabbits to ACTH was not explicable on
the assumption that rabbits secrete cortico-
sterone exclusively. Inasmuch as the effects
of ACTH on lymph nodes were observed after
relatively prolonged administration, the pos-
sibility was considered that prolonging the
treatment with ACTH might alter the pattern
of secretion of corticosteroids in this species.
Accordingly, experiments were undertaken to
test this view. The results to be reported
demonstrate that the prolonged administration
of ACTH to the rabbit leads to an alteration
in the pattern of secretion of corticosteroids
so that hydrocortisone becomes the predomi-
nant steroid component of adrenal vein blood.

Methods. White male rabbits weighing be-
tween 2.5 and 3.5 kg, with no apparent dis-
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ease, were used in these experiments. To
obtain sufficient corticosteroid for analysis,
adrenal vein blood from identically treated
rabbits was pooled and analyzed as a single
sample. Four groups of rabbits were studied.
Group I represented untreated rabbits; the
other groups received porcine ACTH as fol-
lows: Group II received 15 1.U. of ACTH in
gelatint intramuscularly 2-3 hours before col-
lection of the adrenal vein blood was begun.
Groups 11T and IV received ACTH daily for
7 days and 21-28 days, respectively. For the
latter groups, a highly purified ACTH prep-
aration (25-50 I.U. per mg as evaluated by
bioassay in mice(7)) was suspended as a dry
powder in sterile peanut oil containing 5%
beeswax. This suspension contained one mg
per ml of highly purified ACTH, and was
given intramuscularly daily in 0.5 m! doses
for the indicated period of time. The pro-
longed treatment with this preparation of
ACTH produced significant loss of body
weight and marked hyperplasia of the adrenal
glands. The adrenal weights were approxi-
mately doubled after 7 days of treatment and
approximately tripled after 21-28 days of
treatment. The adrenal vein blood was col-
lected from a segment of the vena cava so
isolated that only blood from the left adrenal
vein could enter it. The left adrenal vein
could not be cannulated directly inasmuch as
it runs its course almost entirely within the
adrenal cortex, entering the renal vein almost
at the junction of the left renal vein and in-
ferior vena cava. The right adrenal gland
was technically more difficult to isolate in this
manner, hence the left gland was used exclu-
sively in these studies. To achieve the vena
caval pouch for the collection of adrenal vein
blood, the animals were anesthetized with in-
“travenous sodium pentobarbital. A longi-
tudinal midline incision was made over the
abdomen, and the inferior vena cava and
peritoneal surfaces of the left kidney and left
adrenal gland were exposed. Double ligatures
were placed around the renal vein distal to
the adrenal gland and around the vena cava
above and below the left renal vein. All

t All the ACTH was kindly supplied by Armour
Laboratories.
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tributaries entering the pouch were ligated.
Ligation of the vena cava was the last pro-
cedure immediately preceding the opening of
the pouch and onset of collection of blood
through a glass cannula using mild suction.
An average of 4-6 ml of blood per hour was
obtained in this manner; the oozing of blood
from the adrenal vein was visualized directly
in all cases. Five percent glucose in physio-
logical saline was administered through the
femoral vein at a rate of 1-2 ml per minute
in order to retard the development of circu-
latory collapse. Thrombosis in the adrenal
vein was minimized by the intravenous ad-
ministration of 10 mg of heparin, and suf-
ficient additional heparin was added to the
glucose and saline to deliver about 10 mg per
hour. Collection periods extended for 2-3
hours. The samples of adrenal vein blood
were pooled upon collection and stored at
—20°C. The corticosteroids were extracted
from the thawed blood with ethyl acetate,
using the method of Meyer(8). The residues
obtained from the ethyl acetate extracts were
fractionated between 80% ethanol and
hexane. The hexane was discarded and the
corticosteroids were obtained from the
aqueous ethanolic solution. The ethanol was
removed in vacuo under nitrogen and the cor-
ticosteroids were extracted from the aqueous
fraction with methylene chloride. The resi-
dues obtained after evaporation were fraction-
ated by paper chromatography using the
chloroform-formamide and toluene-propylene
glycol systems of Zaffaroni(9), using 2 cm
wide paper strips for each sample. The cor-
ticosteroids present on papergrams were de-
tected by ultraviolet scanning and by reac-
tion of narrow strips to a variety of spot test
reagents which included blue tetrazolium and
concentrated sulfuric acid. For quantitative
estimation of the steroid content, the steroid
zone was eluted from paper with methanol,
and the ketol content of aliguots of the resi-
due was determined using the procedure of
Chen and Tewell(10), using both hydrocor-
tisone and corticosterone as standards. In all
cases an area of paper derived from the same
papergram, not containing steroid, was eluted
and analyzed to obtain a “paper blank.”
Recovery by this method of corticosteroids
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TABLE I. Effect of Administration of ACTH on
Concentrations of Corticosterone and Hydrocorti-
sone on Adrenal Vein Blood of 4 Groups of

Rabbits,
Vol.
No. sample Ht Ct Ratio
rabbits Treatment (ml)  ug/100ml H/C
6 0 (control) 69* <6-8 155 <.06
ACTH
5 Single dose 66 <6-8 140 <.
4 7 days 50 62 126 5
5 21-28 days 60 307 75 4.

* Estimated value: Pool of 45 ml of adrenal
vein blood plug 75 ml from 1 rabbit consisting
mainly of extra-adrenal blood.

t H — hydrocortisone; C — corticosterone.

added to blood is 80-100%. Corticosterone
and hydrocortisone were identified on the
basis of comparison with reference standards,
mobility in paper chromatographic systems,
the green-yellow fluorescence on paper strips
with concentrated sulfuric acid, mixed chro-
matograms and by the sulfuric acid chromo-
gen technic of Zaffaroni(9).

Results. The results obtained are in Table
I. The adrenal vein blood from untreated
rabbits contained corticosterone but no de-
tectable hydrocortisone. Since the method
employed would have detected 6-8 pg of
steroid per 100 ml of blood with ease, the ratio
of hydrocortisone to corticosterone is <0.05,
in agreement with the findings of Bush(3).
When ACTH was given once as 15 I.U. in a
gelatin menstruum, the results were similar.
This suggests that the considerable trauma
associated with the collection procedure may
have stimulated the release of endogenous
ACTH at rates sufficient to stimulate bio-
synthesis of corticosteroids at or near maxi-
mal capacity. Similar observations following
brief treatment with ACTH have been re-
ported(3). '

When daily treatment with ACTH was
given for one week or more, hydrocortisone
appeared in the adrenocortical secretion.
After 7 days of treatment, the ratio of hydro-
cortisone to corticosterone was about 0.5;
after 21-28 days hydrocortisone became the
predominant steroid and its concentration was
4 times that of corticosterone. There is an
indication that the total corticosteroid output
was increased in this circumstance, perhaps
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as a reflection of the increase in adrenal
weight. Evaluation of the absolute rate of
output of corticosteroid could not be attained
precisely due to variations in rates of blood
flow, adrenal weight, collection periods, etc.
However, a general figure of 40-75 pg of
steroid per g of gland per hour represents the
approximate magnitude of the rate of produc-
tion. No clear effect of ACTH, regardless of
the manner of administration, on the rate of
production of steroid per g of adrenal tissue
per unit time could be ascertained.

All of the papergrams of -the adrenal vein
samples contained, in addition to the 2 iden-
tified components, zones of unidentifiable
material giving ultraviolet reactions typical
for A*-3 ketones of varying polarity. No 17-
ketosteroid reaction zones were detected.
Those ultraviolet reactive zones that did not
react with blue tetrazolium may have repre-
sented adrenal products since they were not
present in detectable amounts in extracts of
equivalent volumes of peripheral rabbit blood.
In general, all samples studied, with the ex-
ception of those obtained after ACTH had
been given for 3-4 weeks, showed the presence
of 2 such zones, one more polar than hydro-
cortisone and the other of polarity similar to
those of cortisone and electrocortin. After
3-4 weeks of administration of ACTH, 3 ultra-
violet positive zones more polar than hydro-
cortisone and 3 zones of polarity intermediate
between hydrocortisone and corticosterone
were observed. Whatever the nature of these
unidentified substances, the suggestion from
these studies is that the administration of
ACTH for 3-4 weeks may also influence the
number or concentration of these unidentified
trace components. Although present in minor
concentration, these trace products are not
necessarily without physiological interest; a
trace component of the adrenocortical secre-
tion, electrocortin, has recently been described
and may be primarily responsible for the ad-
renal control of electrolyte metabolism
(11,12).

Discussion. These data may serve to ex-
plain why ACTH and hydrocortisone exerted
similar effects on the lymph nodes of rabbits
when corticosterone in large doses was without
significant effect. The treatment with ACTH
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in the lymph node studies was administered
for 5 days or more(5,6). QOur present results
indicate that significant amounts of hydro-
cortisone were probably produced by the
stimulated adrenal glands. There are indica-
tions that certain effects of ACTH are differ-
ent in different animal species, presumably
through variable effects on adrenal steroido-
genesis. These data have been reviewed else-
where(7,13).

Although genetic factors are undoubtedly
operative in the control of adrenal secretions,
the results herein reported demonstrate that
the nature of the adrenal secretion within a
given species is not unalterably fixed. Whether
factors other than exogenous ACTH have a
similar effect on the adrenal secretion remains
for future investigation. It has been demon-
strated, in vitro, that exogenous ACTH rap-
idly increases the rate of production and re-
lease of corticosteroids without significant
alteration of the nature of the steroids pro-
duced(3,14,15). The effect of ACTH de-
scribed in these studies is dissimilar in that
it requires days or weeks to achieve the pro-
found alteration in the pattern of adrenal
secretion without striking increase in the rate
of production of corticosteroid. The rapid
action of ACTH has been extensively studied
in vitro; this action appears to be involved in
the conversion of cholesterol to progesterone
from which both hydrocortisone and corti-
costerone are derived(15,16). In confirma-
tion of these in vitro observations Bush has
found that ACTH increases the total steroid
output without altering the relative ratios of
hydrocortisone to corticosterone under certain
conditions(3).

The action of ACTH which is demonstrable
after prolonged treatment must operaté dif-
ferently in that the pattern of steroids but
not necessarily the absolute amount is al-
tered. The following sequence in the bio-
synthesis of corticosteroids from cholesterol
in vitro has been proposed(16), and the locus
of action of ACTH is indicated:

ACTH
{ 1

cholesterol—»> pregnenolene—

progesterone—
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From this sequence it is apparent that the
rate of hydroxylation of progesterone at C-17
and C-21 is a determining factor in the syn-
thesis of hydrocortisone and corticosterone
and that synthesis of corticosterone is the
major pathway of conversion of progesterone
if C-17 hydroxylating activity is low or ab-
sent. If this hypothesis is correct, the ab-
sence of secretion of hydrocortisone in un-
treated rabbits would be due to a deficiency or
inhibition of the C-17 hydroxylating system
involved in biosynthesis of hydrocortisone.
Conversely, according to this view, the ap-
pearance of hydrocortisone in the adrenal se-
cretion requires that prolonged treatment with
ACTH selectively increase the activity of the
C-17 hydroxylating system. Further work is
clearly necessary to test this hypothesis.

Summary. The adrenal vein blood of un-
treated rabbits contains corticosterone as the
predominant steroid component. A single
dose of ACTH did not alter significantly the
nature or amount of steroid output of the
adrenal gland. When ACTH of porcine origin
was given for one week, hydrocortisone as well
as corticosterone was found in the adrenal
vein blood in a ratio of 1:2. The administra-
tion of ACTH for 21-28 days led to the pre-
dominance of hydrocortisone in the adrenal
secretion, and the ratio of hydrocortisone to
corticosterone was 4:1.

The authors are grateful to Dr. Robert R. Aycock
and to Miss Marguerite M. Lundgren for much
helpful assistance.
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The exact nature of the clotting defect in
the hemorrhagic state following whole body
radiation is unclear. It is apparent that the
concentrations of fibrinogen(1), calcium, pro-
thrombin(1), ac-globulin(2), antihemophilic
globulin(3) and the plasma precursor of
serum prothrombin conversion accelerator(4)
are normal in the irradiated animal. The
most significant concomitant of the prolonged
clotting time and the hemorrhagic syndrome is
the marked thrombocytopenia. Emphasizing
the significance of the thrombocytopenia have
been the studies demonstrating temporary re-
versal of the clotting defect following trans-
fusion into these animals of normal platelets
(5,6). It is not known whether there are
qualitative changes in platelets of irradiated
animals or whether these changes may precede
onset of thrombocytopenia. Cohn has shown
in his charts that there is a delay in initiation
of clot retraction by the third post radiation
day prior to onset of thrombocytopenia but no
reference is made to this observation in the
text(7). There is a very close relation be-
tween the rate of initiation of clot retraction
as measured by clot retraction time and level
of platelet adhesiveness(8,9).

In this study evidence is presented of
changes in platelet adhesiveness and clot re-
traction time preceding onset of thrombocyto-

* This investigation was done under Contract with
the U. S. Atomic Energy Commission. ’

penia in the irradiated dog. There is also
present in the irradiated animal a circulating
plasma factor which inhibits platelet adhesive-
ness and prolongs the initiation of clot re-
traction.

Methods. Citrated venous blood was
placed in a lusteroid tube and immediately
after drawing blood a sample was drawn in a
red-cell diluting pipette. The diluting fluid
was 3.8% sodium citrate and 0.2% formalin.
The pipette was placed in shaker for 10
minutes. and the fluid then examined directly
on a counting chamber. Platelet adhesive in-
dex was determined by the glass-wool method
of Moolten and Vroman(10). The normal
index in the dog varied from 1.15 to 1.35 and
is reproducible with less than 10% error.
Clot retraction time was determined by the
method of recalcified venous blood in castor
0il(8). This was modified to account for the
more rapid clotting of recalcified dog’s blood.
4.5 ml of venous blood was drawn into a
syringe containing 0.5 ml of 3.8% sodium
citrate. One ml of this blood was placed in
each of 2 glass tubes in a water bath at 18°C
and .06 ml of a 5% CaCl, ¢ 2H,0 solution was
added to each tube. Immediately following ad-
dition of calcium, blood was drawn up in a sili-
conized capillary pipette and deposited as a
single drop in castor oil. The tubes of castor
oil were kept at 18°C and the test done in
quadruplicate. The clot retraction time was



