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pophysectomized rats, but not in adrenalecto-
mized animals. Administration of DOC to
hypophysectomized rats failed to lower ala-
nine transaminase, nor did it alter the re-
sponse of this enzyme to treatment with
ACTH. The inhibitory effect of DOC on
alanine transaminase activity appears to be
due to suppression of ACTH release by the
pituitary.

The authors are indebted to Mr. Louis Budnick
and Miss Phyllis Roble for excellent assistance in
this investigation.
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Diminished Adrenal Corticoid Response to Burn and ACTH in the

Nephrectomized Dog.*
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Recent reports have implicated the kidney
in the control of aldosterone secretion(1,2,3),
and have suggested that this organ may play
some role in control of 17 hydroxycorticoid
(17 OHCS) secretion as well(3,4). Since

* Supported in part by grants from Cleveland
Area Heart Society and Nat. Inst. Health.

ACTH is known to affect both aldosterone
and 17 OHCS secretion, the present studies
were undertaken to determine whether ne-
phrectomy alters the 17 OHCS response to
burn, a known stimulus to ACTH release, and
if so, by what means.

Methods. Experiments were performed on
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22 dogs anesthetized with sodium pentobarbi-
tal. The right lumboadrenal vein was cannu-
lated by the method of Hume and Nelson(5).
Simultaneous bilateral nephrectomy was car-
ried out in 10 dogs. One liter of normal sa-
line was given intravenously through a fe-
moral venous cannula to prevent hypovole-
mia during preparation. Arterial pressure
was monitored by means of a cannula in the
femoral artery. Following completion of the
preparation, the animal was heparinized and
left undisturbed for one hour. The level of
anesthesia was maintained. Blood lost
through adrenal venous collections or inci-
dentally was replaced with dextran in saline.

Burn experiments were carried out in 6
normal and 7 nephrectomized dogs. Of
these, 4 normal and 3 nephrectomized dogs
were burned twice; all other dogs were
burned once. In all cases of 2 burns, the
magnitude of response to the second burn
was equal to that from the first. A control
timed sample of adrenal venous blood was
first collected. The animal was then burned
on the thigh with cautery for 2 minutes. This
procedure resulted in a uniform third degree
burn measuring more than 35 sq. cm. The
edges of the burned area were sharp and
there appeared to be virtually no region of
submaximal burn. Additional timed adrenal
venous samples were collected 10, 30 and 60
minutes after the start of the burn. In those
dogs which were burned twice, the second
burn (contralateral thigh) was begun after
collection of the 60-minute post-burn sample.
The same protocol was then observed follow-
ing the second burn.

Nine ACTH experiments were carried out
in 5 normal and 4 nephrectomized dogs. A
control sample of adrenal venous blood was
collected and 10 my of ACTH (Armour, crys-
talline, dissolved in saline) was injected into
the adrenal vein over a 15-second period and
washed in with 10 ml of saline. A second
sample of adrenal venous blood was collected
beginning exactly 5 minutes after ACTH in-
jection. This collection extended over the
period of maximal response described by Nel-
son and Hume(6). After a recovery period
of 30 to 45 minutes, the procedure was re-
peated with a dose of 100 mpu; then, after a
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similar period, with a dose of 1 u; then, after
another period, with a dose of 22 x. Hypo-
physectomized dogs were not used for these
experiments because the intent was to deter-
mine the effect of the absence of kidneys
alone. A series of increasing doses was used
in the same animal in order to demonstrate
the cumulative, as well as the acute, effects
of ACTH.

Adrenal venous samples were centrifuged
immediately, the plasma was withdrawn and
analyzed for 17 OHCS by Peterson’s modifi-
cation(7) of the method of Silber and Porter
(8). Secretion rates of 17 OHCS were calcu-
lated from concentration, rate of adrenal
blood flow and hematocrit.

Results. Average initial control levels of
17 OHCS secretion were 2.67 + 0.61 (SEM)
pg/min for all normal dogs and 3.99 + 0.61
pg/min in all nephrectomized dogs. These
values are not significantly different. Adrenal
blood flows were equal in the 2 groups.

The effects of burns upon adrenal 17 OHCS
secretion in normal and nephrectomized dogs
are shown in Fig. 1 and tabulated and ana-
lyzed in Table I. The difference between the
10-minute post-burn and control secretion
rates is a measure of the response to burn,
while the differences between the 30- and 60-
minute post-burn and control secretion rates
are measures of rate of return to control lev-
els following stimulation. It may be seen
that burn elicited a significantly greater rise
in 17 OHCS secretion rates in normal than in
nephrectomized dogs. Further, 17 OHCS se-
cretion had returned to control levels after
30 minutes in nephrectomized dogs but were
still elevated in normal dogs. 17 OHCS secre-
tion rates 60 minutes after burn were not sig-
nificantly different from control levels in
either group. The high mean and large
standard error at 60 minutes in the normal
group are the results of a single experiment in
which 17 OHCS secretion remained elevated.
This was in an animal which was burned
twice, and this result followed the second
burn.

The effects of ACTH administration on
adrenal 17 OHCS secretion rates are shown in
Fig. 2 and tabulated and analyzed in Table
II. It may be seen that ACTH led to a
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TABLE I. a. Effect of Third Degree Burns on 17 OHCS Secretion (ug/min.) in Normal and
Nephrectomized Dogs.

No. of ex- 10 min. 30 min. 60 min.

periments Control after burn after burn after burn
Normal . 10 3.29 + .67* 1447 +1.31 9.40 + 2,20 6.68 + 2.14
Nephrectomized 10 3.56 + .55 752 + .69 3.18 + .74 3.15 + .46

b. Analysis of differences in individual experiments

Normal

Comparison, normal

Nephrectomized v$ nephrectomized

10 min. after burn
minus control

30 min. after burn
minus control

60 min. after burn

1118 + 1.27 p <.001
578 + 1.87 p <.02

3.06 =243 p>.2

3.96 + .64 p <.001 t=5.79 p <.001

-65+ .54 p>.2 t=3.31 p <.005

~71+ 50 p>2 t=151 p>.1

* Mean =+ stand. error.

higher maximal secretion rate in normal than
in nephrectomized dogs. The acute rise ob-
tained with ACTH was, in addition, greater
in normal dogs than in nephrectomized dogs
in response to 10, 100 and 1000 mp. This
difference was obscured by the high control
secretion rates in the group given 22 p. The
cumulative effect of multiple doses of ACTH,
evidence by the rising control levels with re-
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FIG. 1. Effect of burn on 17 OHCS secretion

(pg/min.) in normal and nephrectomized dogs.
Each bar is mean value (10 experiments in each
group).
_ FIG. 2. Effect of ACTH in sequentially inereas-
ing doses on 17 OHCS secretion (ug/min.) in uor-
mal and nephrectomized dogs. Each bar is mean
value (5 normal, 4 nephrectomized dogs).

peated doses was also greater in normal than
in nephrectomized dogs.

Discussion. 1In general, dogs with chronic
adrenal cannulae have been used for experi-
ments such as those reported here. Though
mean control secretion rates in the present
experiments were slightly higher than those
reported for dogs with chronic adrenal can-
nulae(5), there were many individual val-
ues below 2 pg/min, and the responses
to stimuli were not prevented by the ele-
vated control levels. Before starting this
study, it was decided arbitrarily to ex-
clude any dog with “resting” 17 OHCS se-
cretion rate greater than 8 ug/min since a
control level near to or at maximum secretion
rate would obscure any response to a stimu-
lus. Of 25 dogs prepared, only 3 were ex-
cluded because of this criterion. This pro-
portion of animals lost does not seem to us
excessive, compared to probable losses in
chronic preparations from death, clotting, in-
advertent removal of the cannula, and occa-
sional very high control values, despite a 48-
hour wait(5).

Third degree burns of the magnitude em-
ployed in these studies lead to rates of secre-
tion of 17 OHCS equal to those achieved with
large doses of ACTH in similar animals. The
17 OHCS response to burn is attenuated
markedly in previously nephrectomized ani-
mals. This effect is not the result of different
control secretion rates (Table I). It cannot be
ascribed to physical damage to the adrenal
in the course of nephrectomy, since adrenal
blood flows were equal in the 2 groups, and
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TABLE II. Effect of Sequentially Increasing Doses of ACTH on 17 OHCS Secretion (ug/min.)
in Normal and Nephrectomized Dogs.

Comparison,
A normal vs

Normal (5 dogs) A nephrectomized

Nephrectomized (4 dogs)

5 min. after 5 min, after
ACTH Control ACTH A* Control ACTH A t P
10 my 1.9 13.5 11.6 =+ 1.8t 4.2 8.7 45 +1.3 3.8 <.01
100 my 3.4 15.2 11.8 += 1.9 2.9 8.3 54 = 5 3.3 <.02
1lu 7.7 14.7 7.0 +1.6 6.6 7.3 7 +1.0 3.2 <.02
22 u 13.0 14.5 15 +1.1 8.2 8.1 -1 += .7 1.2 >.2

Mean seeretion rate after ACTH: Nermal, 14.47 + .94; nephrectomized, 8.11 =+ .48.

t = 6.01 p <.001

* Analysis of differences in individaal experiments,

t Mean =+ stand. error.

there was no impairment of resting secretion
rates of 17 OHCS. This limitation of response
could be explained either by decreased ACTH
release by the pituitary or by decreased
adrenal sensitivity to ACTH.

The ACTH experiments described were de-
signed to distinguish between these possibili-
ties. It is evident from these experiments
that the maximum secretion rate in response
to ACTH is reduced markedly in nephrecto-
mized dogs. Both immediate response to
injected ACTH and cumulative effect on
17 OHCS secretion rates of repeated doses of
the drug are less in nephrectomized than in
normal dogs. It seems reasonable to con-
clude that the adrenal glands of nephrecto-
mized dogs are less sensitive to ACTH than
are those of normal dogs, so far as 17 OHCS
secretion is concerned. The different responses
to burn of normal and nephrectomized dogs
can be ascribed to diminished sensitivity to
ACTH in the nephrectomized group. In-
deed, the observed difference between the
2 burned groups (Table I) is almost quantita-
tively accounted for by the differences in
maximal secretion rates (Table II), since
burns led to apparently maximum secretion
rates in both groups.

The diminished sensitivity to ACTH of
adrenal 17 OHCS secretion in nephrectomized
dogs may be explained in 2 principal ways,
or in combinations of these. First, substances
which inhibit adrenal corticoid secretion or
synthesis might accumulate in the blood in
the absence of the kidneys. The fact that
the nephrectomized dogs reported here did
not have lower control 17 OHCS secretion

rates than did the normal dogs would seem to
militate against this hypothesis, particularly
since the control secretion rates observed in
these studies were not absolutely basal, and
are significantly different from zero (See,
¢.g. Table 1).

Second, the kidney might secrete a sub-
stance which stimulates adrenal 17 OHCS se-
cretion. Evidence suggests that the renin-
angiotensin system plays such a role. Deane
and Masson(9) reported that injection of
renin into rats may cause hypertrophy of the
zona fasciculata of the adrenal as well as of
the zona glomerulosa. There are recent re-
ports that both renin and angiotensin infused
into hypophysectomized nephrectomized dogs
may stimulate 17 OQHCS secretion(2,3,10,11).
ACTH may play a role in regulation of kid-
ney renin content(11,12). Further, injected
ACTH is rapidly bound to kidney tissue in
large proportion(13). It is possible that part
of its adrenotropic action is mediated through
the renin-angiotensin system. However, it
is also possible that angiotensin, released by
mechanisms other than ACTH, may alter
adrenal sensitivity to ACTH. It has been re-
ported that renin is released in hemorrhagic
shock(14,15). Hume and Nelson(5) studied
17 OHCS secretion during hemorrhagic shock
in hypophysectomized dogs maintained on
constant ACTH, and found an increase in
17 OHCS secretion with hemorrhage. They
proposed an extra-pituitary mechanism regu-
lating adrenal sensitivity to ACTH. The
present data support such a possibility and
suggest that the kidney plays an important
role in this regulation.
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It has been proposed recently that angio-
tensin may be a specific aldosterone stimulat-
ing hormone(1,2). The evidence presented
here suggests, however, that the action of the
kidney in regulation of adrenal cortical se-
cretion is not limited to aldosterone. Slater,
Casper, Delea and Bartter(3) were unable
to separate aldosterone stimulating and
17 OHCS stimulating effects of angiotensin,
even at low doses, though Mulrow and Gan-
ong(2) were able to separate these effects.
It seems there must be some reservations con-
cerning the specificity of the role of the kid-
ney in control of aldosterone secretion.

In the burn experiments, 17 OHCS secre-
tion fell to levels not distinguishable from
normal after 30 minutes in nephrectomized
dogs and 60 minutes in normal dogs. The
more rapid return to control levels in ne-
phrectomized dogs may be simply a reflection
of the smaller rise after burn rather than a
specific effect.

It has been suggested(16) on the basis of
experiments on dogs with isolated pituitaries
that there may be a humoral factor arising in
the hind-brain mediating ACTH release. It
is possible that a part of the increase in
17 OHCS secretion observed in those experi-
ments results from extra-pituitary stimulation
of the adrenal rather than from extra-hypo-
thalamic stimulation of the pituitary. The
present experiments suggest that the kidney
may mediate such extra-pituitary stimula-
tion.

Summary. Nephrectomized dogs respond
to third degree burns with much less increase
in 17 OHCS secretion than do normal dogs.
ACTH injection also produces much less in-
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crease in 17 OHCS secretion in nephrecto-
mized than in normal dogs. These dimin-
ished responses appear to result from de-
creased adrenal sensitivity to ACTH. It is
suggested that the kidney plays an important
role in the control of 17 OHCS secretion.
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Recent experimental evidence indicates
that polyoma is a DNA virus. Di Mayorca

* Aided by research grant from Nat. Cancer Inst.,
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et al.(1) extracted an infectious nucleic acid
from the virus and demonstrated that infec-
tivity was abolished by treatment with DNA-
ase while RN Aase had no effect. The studies





