Table 1. Effect of cholestenone on secretion of corticosterone by the rat adrenal. Group

B was fed 1 percent cholestenone and group A the control ration.

Adrenal i
Body Adrenal vein Corticosterone
Animal  weight weight flow
() (mg) (plasma) . ug/mg of
(ml/min) ug% ug/min gland/min
Group A
1 235 11.0 0.041 878 0.36 0.033
2 273 13.8 0.179 762 1.36 0.099
3 262 13.0 0.050 1560 0.78 0.060
4 225 9.0 0.053 1042 0.55 0.061
Mean 249 11.7 0.081 1061 0.76 0.063
Group B
B-1 212 86.0 0.094 129 0.12 0.0014
B-2 230 83.0 0.061 152 0.09 0.0011
B-3 270 39.0 0.056 300 0.17 0.0044
B-4 212 103.0 0.032 223 0.07 0.0007
Mean 231 77.8 0.061 201 0.11 0.0019

ticoids in adrenal vein blood, it has now
been found that the feeding of choles-
tenone results in a profound reduction of
steroid output by the rat adrenal.

Male Sprague-Dawley rats were placed
on a synthetic, cholesterol-free diet to
which was added 1 percent cholestenone
by weight (group B, Table 1). Rats in
a control group (A) were pair-fed with
the drug-fed rats; they maintained com-
parable weights. After 43 days, the ani-
mals in both groups were anesthetized
with ether and Nembutal and heparin-
ized, and left-adrenal vein blood was
collected. The plasma content of corti-
costerone was determined by a spectro-
fluorometric method (4). The results
shown in Table 1 indicate that the
greatly enlarged glands of the treated
animals were secreting corticosterone at
a rate per unit weight of gland which
was only about 3 percent of that in the
controls.

Corticosterone and aldosterone were
also determined specifically in pooled
plasma samples from the adrenal vein
collections by an isotope derivative tech-
nique (5). The values for corticosterone
(in micrograms percent) obtained from
the pooled plasmas by this method were:
group A 1-2, 720; and group A 3-4, 742.
The values in the treated animals were
group B 1-2, 109; and group B 3-4, 192.
These results were consistent with those
obtained by the less specific method,
which may be expected to yield some-
what higher values.

The values for aldosterone obtained
on the same pooled samples were 5.6 and
6.1 ug percent in the control pairs, and
4.2 and 3.5 in the treated pairs. These
data suggest that aldosterone secretion
is likewise decreased.

Adrenal vein blood was also obtained
from rats fed 1 percent cholestenone for
only 12 days. The treated and control
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groups each contained 5 rats. The mean
adrenal weights per unit body weight of
the treated animals were 1.7 times those
in the controls. In the treated rats the
mean plasma corticosterone concentra-
tion was 57 percent and the output (per
gram of gland per minute) 22 percent
of that in the controls. These data in-
dicate that inhibition of steroid output
and adrenal hypertrophy both progress
with continued feeding of cholestenone.

The general architecture of the hyper-
trophied adrenal glands from choles-
tenone-fed animals remains undisturbed,
and the hypertrophy is limited to the
cortex. The hypertrophied glands show
very low concentrations of ascorbic acid
and of cholesterol (6). On the other
hand, the relative sterol content is either
unchanged or slightly elevated, and the
properties of this nonsaponifiable ma-
terial suggest that it is largely dihydro-
cholesterol, known to be a major end-
product of cholestenone metabolism (7).

There are several ways in which cho-
lestenone feeding may be leading to in-
hibition of adrenal cortical function. (i)
Cholesterol, known to be at least a po-
tential precursor of many adrenal ster-
oids (3), may be actually an obligatory
precursor. An inhibition of adrenal cho-
lesterol biosynthesis would then be re-
flected in an inhibition of steroid syn-
thesis. (ii) The marked depression of
serum and of adrenal cholesterol concen-
trations, due in part to replacement by
dihydrocholesterol, may deprive the
adrenal’ of cholesterol normally trans-
ported to it via the blood, and of its nor-
mal reserves of stored cholesterol, for
use in steroid synthesis. (iii) Choles-
tenone, or its product dihydrocholesterol,
may inhibit a reaction or reactions in the
pathway of steroid synthesis from small
precursors, even though that pathway
does not necessarily involve cholesterol

as an intermediate. The fact that simul-
taneous feeding of cholesterol partially
protects rats against the toxic effects of
cholestenone and limits the adrenal
changes suggests that one of the first two
mechanisms is of importance. These re-
sults emphasize the importance of con-
sidering the effect upon adrenal function
of agents designed to lower plasma cho-
lesterol, particularly through an inhibi-
tion of cholesterol synthesis.

The effects of A*-cholestenone upon
adrenocortical hormone secretion are
being studied in other species and with
regard to site of action. The toxicity of
cholestenone (6) suggests that it will
have little clinical application for the
production of adrenocortical inhibition.
However, these results offer another ap-
proach not only to the study of adreno-
cortical inhibitors but to that of the more
basic mechanisms of hormone synthesis.
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Respiratory Properties of the
Hemoglobin of Two Species
of Diving Birds

Comparison of the oxygen-hemoglobin
equilibrium of three species of diving
mammals (1) with terrestrial mammals
indicates no significant differences. It
would be of interest to know whether the
respiratory properties of the hemoglobin
of diving birds are essentially identical to
those of nondiving forms (2).

Blood was obtained from the heart of
freshly killed Oidemia deglandi (white-
winged surf duck) and Aechmophorus
occidentalis (western grebe). Erythro-
cytes were washed in an isotonic phos-
phate buffered Ringer’s solution and
either used immediately for determina-
tion of the oxygen equilibrium of eryth-
rocyte suspensions or washed two more
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times and then hemolyzed in distilled
water (5 volumes of water to 1 of packed
red blood cells). Oxygen dissociation
curves were determined spectrophoto-
metrically (3). The data consist of per-
centage of oxyhemoglobin, y, as a func-
tion of partial pressure of oxygen, p. An
approximately linear relationship is at-
tained if log [y/(100—1y)] is plotted
against log p. The two constants of the
Hill equation are obtained from such a
linear transformation: 7, a measure of
the heme-heme interaction, is the slope;
P50, @ measure of the oxygen affinity, is
that value of p at which log [y/(100—
y)]1=0. These two constants have been
plotted as functions of pH in Fig. 1; each
pair of values of n and p;, was obtained
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Fig. 1. Oxygen affinity and heme-heme
interaction as functions of pH for the
hemoglobin of two species of diving birds.
Solid line, Adechmophorus occidentalis
(western grebe); broken line, Oidemia
deglandi (white-winged surf duck). Cir-
cles, 3 percent hemoglobin solution in po-
tassium phosphate buffers; I'/2 0.267.
Crosses, erythrocyte suspensions in isotonic
sodium phosphate buffered Ringer’s solu-
tion. Temperature, 24 to 26°C.
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from an original oxygen dissociation
curve based on six to eight determina-
tions.

Certain biochemical and physiological
conclusions can be drawn from the in-
formation given in Fig. 1, which includes
the first published complete comparison
of the Bohr effect of a hemoglobin inside
and outside the red blood cell.

For hemoglobin of the western grebe,
the oxygen equilibrium is the same in-
side and outside the erythrocyte with re-
gard to the heme-heme interactions and
their pH dependence. The slight increase
in py, in hemoglobin solutions as com-
pared with erythrocyte suspensions can
be ascribed to the difference in hemo-
globin concentration—a dilution effect
(5).
The Bohr effect—p;, as a function of
pH—of these avian hemoglobins basic-
ally resembles that of horse (6) and rat
(7) hemoglobin in that the bell-shaped
curve can be explained on the assump-
tion of two heme-linked groups. How-
ever, the reverse Bohr effect (at pH < 6)
is much more marked in these avian
hemoglobins; the two heme-linked groups
are of equal and opposite strength—in
contrast to the two mammalian hemo-
globins in which the two heme-linked
groups are of very unequal strength, a
fact that has been made use of with re-
gard to functional structure of the hemo-
globin molecule (6, 8).

The magnitude of the heme-heme in-
teractions and the oxygen affinity at
physiological pH’s of hemoglobins of
these diving birds are essentially iden-
tical to those of the duck (9) and, when
corrected for temperature, of other birds
(10).

The equation

¢ = Alog ps/ApH,

evaluated at pH 7.0 to 7.5, is a useful
physiological measure of the Bohr effect
(6). For rat (7) and horse (8) hemo-
globin, ¢ =-0.60; for the ordinary dab-
bling duck, ¢=-0.67 (8). For the surf
duck (see Fig. 1), ¢=-0.58; for the
western grebe, ¢ =-0.45. Hence, the
Bohr effect is slightly reduced in the surf
duck as compared with the ordinary
duck; for the western grebe, the reduc-
tion is considerably greater.

Perhaps the most salient point, physio-
logically, in the evolution of diving birds
and mammals is the increase in tolerance
for lactic acid and CO, (10). This toler-
ance ranges from the respiratory center
of the brain to—at least for the western
grebe—the Bohr effect of the hemoglo-
bin. During diving, such a decrease in
the Bohr effect, combined with the well-
known decrease in blood flow through
the muscles, would prevent a too rapid
unloading of O,, perhaps effecting a

saving of that substance for the obliga-
torily aerobic central nervous system. In
addition, during diving and the post-div-
ing acidosis, a large Bohr effect could
interfere with the O, saturation of blood
in the lungs. The finding that the Bohr
effect is more reduced in diving birds
than in diving mammals (/) may be cor-
related with the findings of Scholander
(11) that, during diving, the lactic acid
of the arterial blood increased relatively
more in the duck and the penguin than
in the seal. However, Scholander also
found that the position of “natural” oxy-
gen dissociation curves of the seals Hali-
choerus and Cystophora were shifted
much less by changes in CO, concentra-
tion than were in vitro oxygen dissocia-
tion curves of other mammals—including
the harbor seal (7). The possibility that
there is considerable interspecific varia-
tion in the phylogeny of physiological
adaptations to diving cannot be neg-
lected, especially since the evolution of
diving forms has occurred several sepa-
rate times in both birds and mammals.
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