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Failure of Liver Feeding to Counteract Cortisone Effects Other than

Growth Inhibition.

(20972)

H. C. StoErk, A. I, KNowLTON, AND E. N. LoEB.

From the Merck Institute for Therapeutic Research, Rahway, N. J., and the Department of
Medicine, College of Phvsicians and Surgeons, Columbia University, N. Y. City.

Ershoff (1) reported that addition of 10%
whole liver powder to an adequate synthetic
diet minimized certain effects of oral corti-
sone acetate upon the immature rat. These
effects included retardation of growth, alo-
pecia and death. The present authors(2)
reported an additional effect of cortisone ace-
tate in rats, viz., hypertension. The experi-
ments herein described sought to determine
whether addition of liver powder to the diet
might also prevent development of hyperten-
sion as well as of other effects characteristic
of prolonged cortisone administration.

Methods. Sixty-four male Sprague-Dawley
rats were purchased from the Holtzman-
Rolfsmeyer Company at 4 weeks of age.
After a 2 week period of acclimatization the
animals were divided into 8 groups (Table I).
The animals in the first 4 groups were un-
operated; bilateral adrenalectomies were per-
formed at the outset of the experimental
period upon rats in the other 4 groups. All

animals were given a sodium-restricted syn-
thetic diet of the following composition: Dex-
trose 60%, Labco casein 24%, Wesson oil
109, cod liver oil 2%, sodium chloride-free
USP salt mixture No. 2, 3.3%, and am-
monium chloride 0.67%. This was supple-
mented with 10 g of the following vitamin
mixture per kilo of diet: Vit. B; 100 mg,
Vit. B2 200 mg, Vit. Bg 100 mg, pantothenic
acid 1 g, nicotinic acid 1 g, inositol 500 mg,
choline 10 g, PABA 3 g, biotin 5 mg, folic
acid 20 mg, Vit. E 1420 mg, Vit. K 1420 mg,
and Vit. B triturate 1 g. This basic diet
was adjusted to contain 109 desiccated
whole liver* for the rats in the 2nd, 4th, 6th
and 8th groups. Cortisone acetatet was ad-
ministered to all groups. In Groups III, IV,
VII and VIII 3 mg of the steroid was injected
subcutaneously daily in order to ensure both
the control and liver supplemented groups
receiving equal amounts despite possible var-
iations in food intake. In Groups I, II, V, VI,

TABLE I. Effect of Dietary Liver Supplementation on Action of Cortisone Acetate upon Growth,
Blood Pressure, Serum Sodium, Sugar and Liver Glycogen Levels.

.Group: I II I Iv v VI VII VIII
. Adxjenals: — intact -~ excised N
Cortisone acetate, mg/day +6% +6* 3 3 +6% =+6* 3 3
Route of steroid admin. per os subeut. per 08 subeut, ——
Liver in diet, %t 10 0 10 0 10 0 10
Initial wt, g 118 118 118 118 118 118 118 118
Range 105-131 106-131 104-130 106-128 102-133 102-134 100-132 104-134
Final wt, g 123 155 118 112 103 109 106 104
Range 97-142 137-181 110-131 100-125 90-120 92-128 85-115 92-118
Change in 14 days +5 +37 0 -6 ~15 -9 -12 -14
Initial blood pressure, 112 110 115 105 115 117 113 112
mm Hg
Final blood pressure, mm Hg 170 173 171 169 189 174 179 173
Terminal serum Na,} 148, 143.8 140.5 141.5 130.0 132.0 142.0 141.5
mEq/L
Terminal serum sugar,} 99 215 285 283 95 132 270 130
mg %
Liver glycogen,$ mg/g 7.6 10.7 46.0 48.0 7.9 8.5 49.5 52.0

* Steroid incorporated in food cone. of 6 mg/10 g of diet.
§ Avg of 2 determinations each based on pool of 4 livers.

% Avg of 2 pools of 4 individual sera.

t Armour’s desiccated liver powder.

* Armour and Co.

t Cortone Merck.
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however, the steroid was incorporated into the
food, as described by Ershoff(1), in a con-
centration to provide 6 mg/10 g of diet.
Body weights were recorded daily. Blood
pressure determinations(3) were made with-
out anesthesia, at the outset and at the con-
clusion of the experimental period of 2 weeks.
Prior to sacrifice food was withheld from all
animals for 16 or 24 hours. Then the rats
were anesthetized with nembutal and blood
pipetted from the incised heart for determina-
tion of serum sugar and sodium concentra-
tion.t Sera were collected individually, and
pooled from 4 animals, providing 2 separate
pools in each group. At autopsy, body weight,
and weights of heart, adrenals, thymus, right
kidney, testicular fat body, and liver were
recorded. The livers were then collected in
dry ice in two pools from each group and
total reducing substances (liver glycogen)
determined. Chemical and bioassays were
carried out on mixtures of liver powder with
cortisone acetate.$

In addition to the above experiment, addi-
tional data were accumulated on body growth
and adrenal weight of groups of 6 to 12 nor-
mal rats receiving a low sodium diet(2) with
109% liver supplementation and cortisone ace-
tate orally in a concentration of 2 mg/100 g
diet, or subcutaneously in a dosage of 2.0, 1.0
and 0.5 mg daily. The results, combined with
data from Groups II and IV in Table I, are
presented in graphic form in Fig. 1.

Results. The results are set forth in Tables
I and II and in Fig. 1. In the first table, 4
observations relative to growth are notable:
1) Comparison of the weight gains of rats in
Group II, given dietary supplementation with
liver powder, with those of Group I, indicates
that the growth-inhibiting effect of the ster-
oid was prevented by the liver as reported by
Ershoff; 2) when the steroid was injected
subcutaneously, however, it was seen that the
addition of liver to the diet failed to counter-
act growth retardation (c¢f. Groups IIT and
IV); 3) the addition of liver to the diet was

t For these determinations we are indebted to Dr.
D. M. Tennent.

§ For these assays and for the blood sugar and
glycogen determinations we are indebted to Dr.
C. C. Porter and Dr. R. H. Silber.

TABLE II. Effect of Dietary Liver Supplementation on Action of Cortisone Acetate upon Body and Organ Weights.*

v

VII

ITI

No. in group

Adrenals
Cortisone acetate, mg/day
Route of steroid admin.
Liver in diet, %1

Body wt, g

Group:

subcut.

excised

subeut.

intact

+6

per 0s

10
104
92-118

10
112
100-125

0
118
110-131

10
155
137-181
21(14.9)

0
123
97-142
22(18)

106
85-115

109

92-128

103
90-120

Range

Adrenals, mg
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17(14.2)

18(15.3)
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FIG. 1.
Left—Ability of liver to counteract growth retardation due to orally administered cortisome.
Right—Failure of liver to counteract adrenal atrophy due to orally administered cortisone.

without effect upon the growth of adrenalec-
tomized rats given cortisone acetate regardless
of the route of administration of hormone
(compare Groups V through VIII). 4) Com-
parison of Groups I and II, neither receiving
liver supplement, indicates that the steroid
was much more effective in suppressing body
growth when given parenterally than orally,
since equivalent degrees of suppression were
obtained with parenteral doses one-half as
large as the oral doses.

Determinations of blood pressure reveal
that a definite and comparable degree of
hypertension developed in all animals by the
end of the 2-week experimental period. It is
noteworthy that the elevations in blood pres-
sure in the Group II rats, in which the
addition of liver prevented the suppressive
effect of cortisone acetate upon growth, were
quite as striking as in the other 7 groups.

The terminal serum sodium concentrations
were essentially normal except in Groups I,
V and VI. In the first group the concentra-
tion was abnormally elevated, while in the
fifth and sixth groups the levels were signi-
ficantly reduced. However, levels of serum
sodium in adrenalectomized groups receiving

liver were comparable to those of rats on the
unsupplemented diet. Since the serum sodium
level in adrenalectomized rats on low sodium
diets bears a relation to the dosage of corti-
sone(4) the findings suggest the absorption
of equivalent amounts of cortisone whether
or not the diet was supplemented by liver.
Serum sugar values were definitely elevated
in 3 of the 4 groups receiving parenteral
cortisone acetate, while this obtained in only
one of the 4 groups receiving the steroid
orally. Similarly the glycogen content of the
livers was markedly greater in the rats re-
ceiving parenteral hormone. Again liver
failed to counteract the expected rise in blood
sugar and liver glycogen due to cortisone.
Organ weights are presented in Table II.
In the first 4 groups (animals with intact
adrenals), marked adrenal atrophy occurred
following administration of cortisone by
either route irrespective of whether the diet
was supplemented with liver. Other organ
weights, especially when expressed in rela-
tion to body weight, give evidence of a
slightly greater hormonal effect in groups re-
ceiving parenteral steroid even though the
administered dose was approximately one-
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half that given the other animals, i.e., the
hearts and kidneys in these groups were
heavier as were the testicular fat and liver
weights, and the thymus was more strikingly
atrophied. None of the anatomical changes
tvpical of cortisone action were reversed by
liver feeding.

Data presented in Fig. 1 illustrate that in
animals receiving the liver supplement corti-
sone acetate had no effect upon body growth,
whereas when the parenteral route was used,
increasing doses of cortisone were accom-
panied by progressively more severe growth
retardation even though the diet contained
the same liver supplement. In contrast to
the marked differences in the effect of liver
supplementation upon growth response to
orally and parenterally administered hormone,
analogous and progressively more severe de-
grees of adrenal atrophy obtained in all ani-
mals as the dosage increased, regardless of
the route of administration of the hormone.

Discussion. In view of the finding that
liver feeding failed to alter any of the actions
of injected cortisone but did abolish its
growth depressing action when the steroid
was given orally, it was possible that corti-
sone may be directly decomposed by some
factor in liver. To test this, known quanti-
ties of cortisone were mixed with liver powder,
re-extracted and assayed chemically (Porter,
Silber reaction) and biologically (glycogen
deposition in mice). By these methods, un-
diminished quantities of cortisone could be
recovered from the mixtures. Hence a direct
action of liver powder upon the steroid ap-
pears excluded. It remains possible that some
factor is added by the rat’s intestinal tract
which mediates such an action of liver. This
appears unlikely, however, since cortisone fed
rats, in which the expected growth retardation
was counteracted by addition of dried liver
to the diet, exhibited other characteristic
effects of chronic steroid administration.
Equivalent degrees of hypertension, and
adrenal and thymic atrophy occurred in these
animals as in rats receiving no liver supple-
ment. Hence the action of liver on body
weight gain of cortisone-treated rats does not
appear to be part of an over-all diminution in
hormonal action.

Ershoff reported that in addition to counter-

LiverR AND CORTISONE GROWTH INHIBITION

acting growth suppression of cortisone ace-
tate, the addition of liver powder to the diet
also counteracts retardation of growth and
decreases the mortality which accompanies a
variety of unfavorable experimental condi-
tions, e.g., exposure to cold(5), sublethal
doses of Roentgen rays(6), exhaustion in-
duced by swimming in cold water(7), effect
of drugs such as atabrine(8) or dinitrophenol
(9), as well as of hormones such as thyroid
(10) and cortisone.

Although there are multiple growth promot-
ing factors in liver powder, among which
may be nonspecific appetite stimulating sub-
stance, it is perhaps pertinent to contrast the
“liver effect” in animals receiving cortisone
with that of a single growth promoting sub-
stance, somatotropin. The antagonism of
growth hormone is evident not only upon
body growth but, with the exception of
adrenal atrophy, also upon every one of the
anatomical changes induced by parenteral ad-
ministration of cortisone(11,12). This is in
contrast to the action of desiccated liver which
diminishes none of the cortisone effects except
that on growth. Ershoff(13) reports an ad-
ditional dissimilarity in that growth hormone,
unlike liver powder, exerts no effect on growth
in animals exposed to cold.

The reason for the absence of the “liver
effect” in adrenalectomized rats remains un-
known. Since the presence of cortisone did
not permit this effect in adrenalectomized
animals, it is possible that the activity
of other steroids from the adrenals, presum-
ably those of the sodium retaining group,
is essential for the “liver effect.”

Finally, these studies reveal a marked dis-
parity in the effectiveness of oral and par-
enteral cortisone acetate in the rat. This has
been previously observed by others(14).
Even though the oral dose was approximately
double that given parenterally, less marked
changes occurred with oral administration.

Conclusion. 1. Desiccated liver powder as
a dietary supplement to a low sodium diet is
effective in counteracting the growth inhibi-
tion induced by cortisone acetate in rats only
if the steroid is presented orally. It is without
demonstrable effect in animals receiving the
hormone by injection. It is also without ef-
fect in adrenalectomized animals, irrespective
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of the route of hormone administration. 2.
The prevention of growth inhibition by liver
powder is not accompanied by other evidences
of diminished cortisone activity, i.e., despite
normal growth such animals exhibit physio-
logical, anatomical and biochemical changes
of the same degree as do cortisone treated
rats without liver supplement.

The authors wish to express their appreciation to
Tatiana Budzilovich, Theodore Bielinski and Dorothy
Wendelle for technical assistance.
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It has recently been observed that hyper-
lipemia, produced by orally or intravenously
administered fat emulsion, results in a marked
decrease in the number of circulating blood
platelets(1). As yet, there is no satisfactory
explanation for this phenomenon. It has been
postulated that this may be due to intra-
vascular agglutination of platelets. This pos-
sibility suggested itself when it was noted that
the intravenous injection of heparin duriry
the hyperlipemia resulted in a prompt return
of the platelet count toward normal values.
This finding offers substantial evidence that
platelets are not destroyed during intervals
of hyperlipemia but rather supports the con-
cept that they are “clumped” and that heparin
promotes redispersion.

Swank’s(2) observation that hyperlipemia
produced agglutination of red blood cells led
us to investigate the possibility that a similar

process might prevail with platelets. The
following experiments were carried out to
determine whether or not platelet suspensions
would demonstrate agglutination when incu-
bated in vitro with autologous lipemic plasma.

Methkods. All glassware used in these ex-
periments was siliconated. A platelet sus-
pension was prepared from 150 cc of whole
blood obtained from normal healthy adult
males according to the method of Stefanini(3)
with minor modification. The donors were
then given 250 cc of intravenous fat emulsiont
over a 2-hour period. Platelet counts (Rees-
Ecker) were obtained on the donor’s blood
prior to the administration of the Lipomul and
at varying intervals during its administration.
When a significant fall (40-50%) in the indi-
vidual’s platelet count was noted, a 10 cc blood
sample was obtained. The blood was centri-
fuged and the supernatant plasma removed.

* Aided by a grant from the Cleveland Area
Heart Society.

t Lipomul-—supplied by Dr. Robert Heinle of the
Upjohn Co.



