SOME METABOLIC EFFECTS OF CORTICOSTERONE IN
DIFFERENT TISSUES OF THE RAT AND THE
SUBCELLULAR DISTRIBUTION OF (7H)

CORTICOSTERONE IN THESE TISSUES

By
GERALD DOYLE BOTTOMS

Bachelor of Science
East Central State College
Ada, Oklahoma
1955

Mastar of Science
Oklahoma State University
Stillwater, Oklahoma
1959

Submitted to the faculty of the Graduate College of
the Oklahoma State University
in partial fulfillment of the requirements
for the degree of
DOCTOR OF PHILOSOPHY
May, 1966



OKLAHOMA
STATE UNIVERSITY,
LIBRARY

NOV 8 1860

SOME METABOLIC EFFECTS OF CORTICOSTERONE IN -

DIFFERENT TISSUES OF THE RAT AND THE
SUBCELLULAR DISTRIBUTION OF (3H)

CORTICOSTERONE IN THESE TISSUES

Thesis Approved:

Thesis Adviser

).S., Newraeoryq
%%&{ﬁgy’)<,,ii&ﬁﬁdjvu

&7 Dean of the CGraduate College

)
2
E‘-'ﬂi'-“ld
bt
oy}
8 2]

ii



ACKNOWLEDGMENTS

The writer expresses sincere appraaigtian to Dr. D. D. Goetsch for
his interest, guidance, #nd many helpful suggestions throughout the
course of this studyvand»the.ppeparatibn of the manuscript. Apprecia-
tien is expressed to the members .of the faculty »f the Department of
Physiplogy and Pharmacology for their suggestions and -encouragement.
Speeial thanks is expressed to Dr. J. H, Venable for his assistance in
preparing elettron micrographs. Appreciation is-expn&ssgd to Mr, Billy
Sanders for his hglp»in some. of the analyses madg in.this study.

Thanks is expressed for support of this work in part by grants
from the National Institutes of Health, United States Public Health
Service (5-F1~GM~23,254~02), and by an Academic Year Fellowship from
the National Science Foundation,

Finally, sPécialvthanks.andvappreciation must go to my wife,
Maxine, and our children for their patience, sacrifices, and encourage-

ment -throughout the completion of this study and manuseript,

e
e
R



TABLE OF

Chapter
I, INTRODUCTION . . . . . . . . .
IT. REVIEW OF LITERATURE . . . . .

Carbohydrate Metabolism .
Lipid Metabolism., . . . .
‘Protein Metabolism. . . .
Oxidative Metabelism. . .
Gene Regulation of Enzyme

CONTENTS

. L] a » ».
» - . a .
o - o ° .

s o s o @

Synthesis .

o

¢

o

Subegllular DlStrlbUtan of Glucocortlcoids

III. MATERIALS AND METHODS. . . . .

Experiment I. . . . . . &
Treatment of Animals

e ¢ e & o

. e o & ¢

LI} e o e

Preparation of Homogenates and

Experiment IT , . . . . .,
Treatment of Animals

L ’ . Ll L]

* °© < - -

Preparatipbn of Mitechondria. .

Analysis s & o s o @

Experiment III, . . . . .
Treatment of Animals

a o . e e

e o o o .

« 9 e s 2

Fractisnation of Tissues ., . .
Extraction and Purification of

TV, RESULTS. . « &« 4 40 s o o+ &

L ) o » o

°

°

s

[

@

a

@

.

°

@

e

e

.

Corticesterone,

.

P

.

@

Experiment I. Biochemical Changes in TisBues.
Exper iment II. Mitochendrial P/0 Ratios ., . .

Experiment III. Subcellular Distributien of (3H)
Corticosterone. . . . .

V. DISGUSSION . & v o « « o & . .

Experiment I,

Experimesnt II.

Experiment III.
Cortiepsteronz, ., . . .

é o o o ¢

iv

-

-

e

°

r

Bipochemical Changes in Tissues . .
Mitochondrial P/O Raties.
Subgellular Distributien of (3H)

.

@

Page

10
11
18
22
30

37
37
37
37
39
39
39
39
40
40
41
42
A

44
55

59
66

66
75

81



Chapter Page

VI. SUMMARY AND CONCLUSIONS. . . . o o o & o & « o o« « o o o o 92
SELECTED BIBLIOGRAPHY. . . « o o o o « 6 o s « o s a o o o o o 95

APPENDIX . . . o o o o 4 o o « s v o o o o o o o o s & « & o« » o 106



LIST OF TABLES

Table

I. Ayerage Ozygen Uptake By Brain, Heart, Diaphragm,
Liver, Kidney, and Testis Homogenates . . . . . . . « .

II. Ayerage Protein in Brain, Heart, Diaphragm, Liver,
Kidney, and Testis Homegenates Before and After
Incubati@npvq i 6 o o o 5 a 5 4 & s o s o6 o o o s a o

III. Average Glycogen in Brain, Heart, Diaphragm, Liver,
' Kidney, and Testis Homegsnates Before and After
I.ncubatiGDa @ 6 6 a & o o 6 & & g o e B o 6 o o & 6. 0 @

1V, Average Glucose in Brain, Heart, Diaphragm, Liver,
Kidney, and Testis Homogenates Before and After
Incubati@na 5 o 4 8 o @ ° e s o B o & 5 ° s 4 @ o = o o

V., Average Total Carbobydrate in Brain, Heart, Diaphragm,
Liver, Kidney, and Testis Homogenates Bafore and
After Ineubation., . . . & ¢ o o 4 o o o a0 o 8 o 5 4 s o

VI, Average Lactic Acid in Brain, Heart, Diaphragm, Liver,
Kidney, and Testis Homogenates Before and After
Ineubafibn., o o o o 6 o 0 o o o ¢ 0 o a o o o 5.0 o o o

V11, Changes in Inorganic Phesphate in Brain, Hsart, Diaphragm,
Liver, Kidnay, and Testis Homogenates Before and After
Incubatidn, o o o o o o o o o o o o o o o o o 5 o o o o

VITI., Oxygen Consumption, ATP Formation, and P/O Ratios in
Brain Mitschondria. . . . o o« o o o s o o s o & o 0 o 4

IX. Oxygen Consumption, ATP Formation, and P/O Ratips in
Heart Mitochondria, . . o 2 o o o o 6 o 5 o o s o o o o

X. Oxygen Consumptiopn, ATP Formation, and P/0 Ratios in
Liver Mitochondria, . . . o o o 4 o & o o o 6 ¢ 5 o o «

XI. Megan Subcellular Distributien of (30} Certicostsrone
in Rat Brain, Thymus, Heart and Liver . « o o o o o

Page

45

49

52

53

54
58
59
60

61



Figure
1. Aystage Oxygen Uptake by Brain and Heart Homogenates, . .
2. Average Oxygen Uptake by Diaphragm and Liver Homegenates.
3. Average Oxygen Uptake by Kidney and Testis Homogenates. ...
4, Electron Micrographs of Brain and Thymus Mltoch@ndrla
Isplated from Adrenalectomized Ratg . . . . s e e o s o .
5. Electron Micrographs of Heart and Liver Mitochondria
Isolated from Adrenalectomized Rats . . . . . . . . . .
6. Uptakevofv(3H) Corticosterone by Various Cell Fractiens .
7. A Comparison of ths (3H) Corticosterons Uptake by One
Tisgue Fraction with the Gorrcbpending Fraction of
Other TISSUGE . . 5 o & o 4 o o o o s = a o o s o o o
8. Mean Ratio of Radivcactivity Between the Varlmus Tissues

LIST OF FIGURES

and the Bl@@d o 2 o 6 e & & o 5 B 8 5 e s w a o & & o =

wvii

Page

46
47

48
56
57
63
64

65



CHAPTER 1
INTRODUCTION

Homeostatic conditions must be maintained by living organisms for
survival. Homeostatic mechanisms must be able to alter the rate of pro-
duction of various rate~limiting metabolites and enzymes to compensate
for alteration in the external or internal environment.

Mammals have developed coordinated homeostatic systems to compen-
sate for environmental changes. One of these systems involves stimula-
tion and release of increased amounts of glucocorticoids from the
adrenal cortex. These hormones aid the organism in maintaining an ade-
quate blqod glucose level when normal quantities of carbohydrates are
not available t; the cell. The importanﬁe of this increased release
of glucocorticoids is indicated by the fact that blood glucose levels
as low as 50 mg percent, for only a few minutes, leads to the loss of
consciousness and if it persists death results,

Normal blood glucose level is maintained primarily by glycogen-
olysis and gluconcogenesis. Glucocorticoids are active in these pro-
cesses. Changes in internal or external environmental conditions may
stimulate the production and the release of ACTH from the anterior
pituitary. ACTH in turn stimulates the release of glucocorticoids by
the adrenal cortex. These hormones, by some unknown mechanism, reduce
peripheral glucdgse utilization and cause the release of lactate, amino

acids, and three-carbon precursors from extrahepatic tissues. Hepatic



gluconeogenic enzymes are increased and glucose production results from
non-carbohydrate precursors, Glucocorticoids seem to affect almost all
tissues, effects varying from catabolic in lymphatic and muscle tissues
to anabolic in hepatic tissue.

Many investigators have studied the effects of cortiseol, cortisone,
and synthetic glucocorticoids on various metabolic activities in liver
tissue of the rat. Since corticosterone is the natural glucocorticoid
produced by the rat and glucocorticoids appear to affect almost all
tissues, experiments were designed to study some of the metabolic effects
of intramuscular administration of this hormone. Although corticoster-
one has been found to be only one third to one half as active as corti-
sol and cortisone in stimulating liver glycogen deposition and thymus
involution, it was believed that a study of its effects on tissue meta-
bolism deserved greater attention., It is possible that metabolic
effects of corticosterone may differ from the effects of cortisol or
cortisone in the rat.

A review of literature revealed that single injections of predni-
solone and hydrocortisone increased oxygen uptake and caused other
metabolic changes in rat liver homogenatés. In order to study possible
actions of corticosterone in other tissues, the first experiment was
designed to measure metabolic activities in homogenates prepared from
the heart, brain, diaphragm, liver, kidney, and testis taken from
treated and non-~treated animals., Criteria of metabolic activity in-
vestigated were changes in in vitro oxygen uptake, lactic acid produc-
tion, glyecogen breakdown, protein levels, inorganic phosphate dis-

appearance, and glucose utilization. After these biochemical changes



were measured, more basic experiments were performed.

A search of the literature further revealed that several invest--
igators have suggested an effect of steroids on the structure and
functions of mitochondria. The mitochondrial membrane contains lipid
and protein substituents. Since steroids are lipid, they may change
the membrane structure so that oxidation of substrate may be altered.
In order to study further the effects of intramuscular injections of
corticosterone on mitochondria, the second experiment was designed to
measure the P/0 ratio in mitochondria isoclated from hepatic, cardiac,
and brain tissues taken fron adrenalectomized corticosterone-treated
and adrenalectomized non-treated controlled rats. NAD-dependent sub-
strates and succinate were used. These substrates were selected since
they are oxidized by different components of the electron transport
chain., A steroid effect near the NAD-cytochrome reductase would be
indicated by an effeect on the P/0 ratio with NAD-dependent substrate;
however, no effect should be observed with succinate oxidation,

Various workers have reported that glucocorticoids stimulate de
novo synthesis of many enzymes in the liver. Increased enzyme synthesis
also occurs to some extent in extrahepatiec tissues; a hormone-gene
effect and a membrane effect have been suggested as primary sites of
action of the glucocorticoid. However, at this time no real evidence
has been presented in support of a hormone-gene or a membrane effect
by glucocorticoids, If one assumes that these hormones act "in person"
at their sites of action, localization of the hormone within the tar-
get cell would contribute greatly to the understanding of their mech-

anisms of action. Consequently the third experiment was designed to



localize (5&) corticosterone within the subcellular fractions of the

brain, the thymus, the heart, and the liver,



CHAPTER I1I
REVIEW OF LITERATURE

A complete review of the metabolic effects of glucocorticoids
is beyond the scope of this treatise. Many recent reviews have appear-
ed which cover the subject more thoroughly than it will be covered here
(31, .36, 43, 93, 114), An attempt will be made to consider recent work
in the following areas: (A) the effects of glucocorticoids on carbo-
hydrates, lipids, proteins, and oxidative metabolism; (B) gene regula-
tion of enzyme synthesis; and (C) subcellular distribution of gluco-

corticoids.
Carbohydrate Metabolism

Within the last few years abundant evidence has been published
indicating a profound effect of glucocorticoids on carbohydrate metab-
olism. The best recognized effects are an increase in blood glucose
and liver glycogen. Investigators generally agree that glucocorticoids
accelerate hepatic gluconeogenesis, increase liver glycogen stbres,
and exert some action on peripheral glucose utilization (70). Whether
the primary affect of gluecocorticoids is upon hepatic or extrahepatic
tissues is not known.

The well-known, early work of Leong et 31. (74) provided experi-

mental evidence that adrenal cortex hormones have a direct and positive



role in the metabolism of carbohydrates and proteins. They found that
adrenalectomized, fed rats maintained normal levels of liver and muscle
glycogen., In adrenalectomized, fasted rats, a rapid decline in liver
glycogen was observed followed by a depletion of muscle glycogen.
Hypoglycemia occurred after a fast of 48 hours. A definite fall in
the rate of protein catabolism, measured by urinary nitrogen excretion,
was suggested by these workers to account for the decreased carbohy-
drate levels, Treatment of animals with adrenal cortex extracts re-
versed the above observations. These workers proposed that the cor- -
tical hormones increase the rate of protein catabolism in muscles, and
by the process of gluconeogenesis, a normal blood glucose level was
maintained at the expense of tissue protein.

In later work, Long 2£ al. (75) suggested that the effects of
corticosteroids on protein and carbohydrate metabolism are not always
associated with each other., In fasted animals a quantitative relation-
ship was observed between the protein breakdown and the carbohydrates
deposited as liver glycogen, muscle glycogen, and as increased blood
glucose. In fed animals alterations in the pattern of carbohydrate
metabolism occurfgd without any significant change in protein catab-
olism,

Many other investigators have reported effects of glucocorticoids
on blood glucose and liver glycogen stores since the original work by
Long et al. (74). Some early work by Ingle et al. (52, 53, 54) demon-
strated that prolonged glycosuria and hyperglycemia were produced in
intact rats treated with adrenocorticotrophic hormone or with corti-

sone. Prolonged treatment of animals with glucocorticoids resulted



in a 20-30 fold inecrease of liver glycogen (62, 90, 117). Winternitz
and Forest (128) reported that adrenalectomy in rats resulted in pro-
found inhibition of glycogen storage when the rats were subjected to

a carbohydrate load., These workers suggested that the excess carbo-
hydrates were apparently disposed of by an over-all inereased metabolic
rate. Hockaday (49) found that the effect of epinephrine in causing

a rise in blood glucose was further augmented within 15-20 minutes
after hydrocortisone injection., Hydrocortisone may exert a syner-
gistic action with epinephrine on carbohydrate metabolism.

Many investigators have postulated that glucocorticoids have a
direct effect on extrahepatic tissues which could conceivably be the
primary hormonal effect, The primary effect may be on decreased
peripheral utilization of glucose rather than on gluconeogenesis.
Glenn EE.EA' (33) have shown that hydrocortisone administered to
fasted, adrenalectomized rats resulted in early increases in plasma
levels of lactate and glucose, whereas amino acid, nonesterified fatty
acid, and protein levels in the plasma were not altered. These workers
postulated that the rapid rise in blood glucose was due to inhibitory
effects of hydrocortisone on glucose utilization in peripheral tissues
and the primary effects were not on gluconeogenesis. Much evidence
has accumulated supporting this viewpoint. Munck (84) reported a de-
creased rate of glucose uptake by isolated epididymal fat pads from
rats injected with cortisol. Tissues removed from animals injected
with glucocorticoids and studies in vitro using physiological concen~
trations of steroids suggest a decrease in glucose uptake by muscle

(41), heart (56), thymus (83, 86), skin (91), and adipose tissue (69,



85). The rate of glucose utilization by the brain does not change dur-
ing glucocorticoid administration (106). Ewing and Nobel (22) found
that stress in rabbits, which presumably increased adrenal cortical
hormone production, decreased glucose utilization by kidney and testis
slices. The uptake of glucose by liver and muscle was not impaired
following administration of adrenocortical hormones (88). Munck and
Keritz (87) have shown that glucocorticoids enhanced slightly the in-
corporation of glucose by the isolated rat gastrocenemius, Fain et al.
(23) reported that glucose uptake and its conversion to carbon dioxide
and fatty acids were decreased by dexamethasone and corticosterone
added in vitro to rat adipose tissue. Physiological concentrations
(10~7M) of cortisol inhibited glucose metabolism of free adipose cells
during 4 hours of incubation according to Blecher (8). Furthermore, an
intact cell boundary or membrane was required for the inhibitory action
on glucose uptake by cortissl since phospholipase C prevented the action
of cortisol.

In fresh rat thymus preparations, physiological concentrations of
cortisol significantly inhibited glucose uptake according to Munck (86).
Additional evidence indicated that in order to observe physiologically
significant effects of glucocorticoids in vitro, the integrity of tis-
sue cells must be preserved and steroids must be used at physiological
concentrations; otherwise, physiological effects may be obscured by
non-physiological effects.

Further evidence of an extrahepatic effect on carbohydrate metab-
olism has been reported by Lecocq et al. (70). These workers found

that intravenous infusion of hydrocortisone into dogs produced an



immediate reduction in hepatic glucose output and a decrease in peri=-
pheral glucose utilization. These effects occurred within 20 minutes
after the start of a continuous infusion of hydrocortisone at the rate
of 1.3 mg per minute. The simultaneous inhibition of peripheral glucose
utilization and the fall in hepatic glucose output resulted in an un-
changed mean arterial concentration of glucose. These workers suggest-
ed that a decrease in hepatic phosphorylase or an increase in glycogen
synthetase activity, or both, accounted for the reduced hepatic glucose
output, This hypothesis is supported by Hilz Eﬁ.ﬂl‘ (48) who showed

an inerease in hepatic synthetase activity within 30 minutes after glu-
cocorticoid administration in the rat. Helt et al. (51) have suggested
that glucocorticoids enhance gluconeogenesis and glycogen synthesis

and impair glycogen degradation, Goetsch and McDonald (35), Goetseh
(34), and Geurkink (32) have shown that acute injections of glucocorti-
coids did not alter glycolytie rates in liver homogenates prepared from
normal rats and normal goats.

A direct effect of glucocorticoids on carbohydrate metabolism in
hapatic tissue was indicated by the observations « Eisenstein et al.(20).
These workers observed that physiological amounts of glucocorticoids
increased carbohydrate synthesis in liver slices of normal and adren-
alectomized rats incubated with alamine. These observations support
the hypothesis that glucocorticoids increase carbohydrate stores by
promoting conversion of protein to carbohydrate.

A review of the literature indicated that many effects of gluco-
corticoids on carbohydrate metabolism have been reported. However the

primary effects which result in the increased blood glulgose and the
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liver glycogen deposition still remain unknown. These effects could
be the result of increased gluconeogenesis, the inhibition of peri-
pheral utilization of glucose, or both. Whatever the mechanisms may be

that influences these processes, they remain to be elucidated.
Lipid Metabolism

Many effects of glucocorticoids on lipid metabolism are well docu-
mented. Marked changes in fat distribution occur in the rabbit (81),
the rat (47), and the human (108) after excessive treatment with gluco-
corticoids., Hill and Drake (47) reported the development of hyper-
lipemia and lipid deposition in the livers of rats which had been
treated chronically with cortisone,

It is possible that the effects on glucose metabolism is secondary
to the effect on fat metabolism since it has been found that hydro-
cortisone elevates the concentration of non-esterified fatty acids in
venous blood 10 minutes after the start of a continuous, intra-arterial
infusion into the human forearm (49). The rapid increase in plasma
fatty acids was not observed by Maickel and Brodie (77) in adrenalect-
omized rats which were injected with cortisone; however, liver tri-
glycerides rose much earlier and because of this they suggested a dir-
ect action of glucocorticoids on the liver,

Further studies by Hays and Hill (44), designed to determine
whether or not cortisone acts directly upon the liver, resulted in the
observation that 14C-labeled palmitate was preferentially converted
into the non-phospholipids in the liver of cortisone~treated rats.

This suggested a specific intrahepatic effect of cortisone. Additional
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work indicated an enzymatic basis for this preferential synthesis of
neutral fat in the liver of cortisone-~treated rats (44). This in-
creased triglyceride-synthesizing activity was shown to be sensitive
to actinomycin D and puromycin (44), I

Many reports have appeared which indicate an EE.EEEEE effect of
glucocorticoids on the release of free fatty acids from adipose tissue.
Jeanrenaud and Renold (55) reported that cortisol or corticosterone
failed to influence oxidation of glucose, pyruvate, or lipogenesis
from glucose when they were added to rat adipose tissue in vitro. How-
ever, a significant increase in net release of free fatty acids from
adipose tissue was observed. Fain et al. (23) found that the addition
of physiological amounts of corticosterone increased the release of
fatty acids by incubated parametrial and mesenteric adipose tissue.
The onset of this action required about two hours of incubation.

Ne jad and Chaikoff (89) found that adrenalectomy depressed the
incorporation of glucose carbon into fatty acids of rat liver slices,
Also, hypophysectomy resulted in a decreased incorporation of glucose
carbon into fatty acids of liver slices. Daily injections of ACTH for
14 days brought about complete repair of the defective hepatic lipo-
genesis in the hypophysectomized rats, but not in hypophysectomized-
adrenalectomized rats., These workers concluded that activation of

the adrenal glands repaired the depressed hepatic lipogenesis.
Protein Metabolism

Profound effects of glucocorticoids upon protein metabolism are

well established. However, it still remains to be elucidated whether
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these effects are primary or secondary. Gluconeogenesis, one of the
primary hémeostatiC'meghanisms for maintaining normal blood glucose
levels, is greatly stimulated by glﬁcopor;icoids. Enzymes inveolved in
the»breakdown of glucose are not increased. This has led to an inten~-
sive study of the effects of glucocorticoids on enzymes involved in
gluconeogenesis,

Retept papers by. Rosen (QB)ﬁgnd Tomkins (;11) provide excellent
reviews of corticosteroid effects on tissue enzymes. There are four
enzymes in the final pathway-of gluconeogenesis whigh exert a rate-
limiting role on the cenversion of non-carbohydrate precursors to
glucose (125), These are glucose-6-~phosphatase, fructose 1,6-diphos~
phatase, phosphoenol pyruvate carboxykinase, and pyruvate earboxylase.
These enzymes are désignated as rate—limiting‘op key enzymes because
they have low activity, they govern one-way reactions, and they ars
involved in overcoming thermodynamic barriers (125)7 These enzymes
are chiefly localized in tissues capable of gluconeogenesis, They
are decreased or absent in rapidly growing liver tumors (118, 119,
120, 123). TQeSe findings suggested that the failure of gluconeo~
genesis in liver tumors was due to the loss of the enzymes strategic-
ally loéated at the key steps of gluconeogenesis.

The key gluconeogenic enzymes are increased in the liver of rats
treated with glucocorticoids (46, 48, 67, 79, 107, 122, 125) Weber et
El. (122) studied glucose;S-phosphatase activity in the liver of rats
treated chronically with corﬁispne,b These investigators found thaf
after five daily injections of cortisone there was an increased glucose-

6-phosphatase activity in all particulate subcellular fractions of the
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rat 1iver;. The péreentage distribution of glucose-6-phosphatase be~
tween the various subcellular fractions was not affected, Cortisone
treatment produgced heavy deppsité of glycbgen and fat in the rat liver,
' Body gtbwth was inhibited and thg_liver,weight to body weight ratio
was increased. ‘Later, Weber et al. (124, 125) found that glucose-6-
phosphatase activity in the rat liver increased significantly within

4 hours after a single injeetion of triamtinolone,:a.synthetic gluco~
corticoid. Cortisol injections resuited in ne inereaSe in glucose-6~
phosphatase activity in the rat liver’&uring the first 24 hours. These
investigators also found that the cortisoi inducedtglueqseeé-phos-
phatase activity was blockéed by actinomycin, puromycin, or ethinnine,
The inereased glucose~6-phosphatase activity was preceded by a rise

in amino acid nitrogen and was followed by a rise in RNA. These Wprkf
ers prpposed that the rapid rise in aﬁino aeid content enabled the
liver to produce more glucese by Saturating preexisting‘enzyme, ;pra
ever, synthe8is of new enzyme occprredeithin,a few houts.thus indi-
¢ating that SE nove enzyme synthesis must play an important part in
the.early eyenté of glucpcorticoid.actipn.

Yudoev and Leyedeva (132) fpund that endogenous cottiqosteroné
produced during a state of.st:ess resulted in inereased rat hepatic
,gluéose-6—phosphatase activityf

MokraSehWEEXgl.'(79) found thgtjliver levels of ffuctose 1,6;
diphosphataSe.We;e increased by feeding rabbits diets low in glucose
but rich in protein er by”chrpnic adminiétration of corticosteronex
It was suggééted that the observed incréase_repre&ented a physiolog~

ical means of causing increased glucogenesis, Weber et al. (124, 125)
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found that fructose 1,6-diphosphatase activity increased in the rat
liver within two hours after cortisone or triamcinolone injections.
This irerease was blocked by.actinomycin, puromyein, or ethionine,
Underwood;and Newsholme (116) have suggested that fructose 1,6-diphos~
phatase plays a key rele as a pacemaker in gluconeogenesis. Eropertieﬁ
of this enzyme which indicate its importance as a pacemaker are its ‘
very low Km and its inhibition by AMP and,fructose.1,6-diphosphate,

Since an indireet reversal of the Embden=Meyerhof pathway is pro-
bably involved in gluconeogenesis, Spgrggo et al. (107)>studied the
effects of glucocorticoids on phosphoenplypyquate'carboxykinése and
malic enzyme in the rat liver. The direct reversal of the Embden-
 Meyerhof pathway does not readily occurvdue‘to the.Strongly‘eiergonie
nature of glchIysis (66). Sharago et al. (107) found that phos-
phoenolpyruvate carboxykinase.activity increased after chronic gluco-
corticoid treatment, This indieated a close correlation of this enzyme
with carbohydrate formation especially since it wés_found to be pre-
sent in sufficient amounts to account for phosphoenolpyruvate synthesis
during glucogenesisf Malic enzyme must_notlﬁe_invplved in glucocorti~
coid induced gluconeogenesis since its activity was not altered by
glucocorticoid administration.

Hgnning g&_gl. (46)»found that cortisel inereased pyruvate car- -
boxylase activity.in the rat liver.

Current evidence indicates that after glucocopticoid treatment
glycogenic amino acids are_subjected to transamination and pyruvate
is fprmed, Pyruvate. is éarboxylated_to_ﬂgalacgtatg by pyruvate car-

boxylase, Oxalacetate is converted to phosphoenolpyruvate by phos-
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phoenolphyruvate carboxykinase, From this point the reversal of the
Embden—Meye:hof pathway 6ccufS'during glucogenesis. Glucocorticoids
increase selectively certain live:‘glucoheogenic enzymes, whereas
other enzyme sSystems are not‘affegted (121),

Several other liver enzymes that participate in amino acid degrad-
ation or in gluapneogenesis increasg after glucocorticoid administra-
tion. Tgese are tyrosine~ketoglutarate tranéaminase‘(66), glutamie~
pyruvate transaminase (99), glycogen Synthetase (48){ and tryptophan
pyrrolase (28)f

~ Lin and Knox (73) found that tyrosine increased the tyrosine-g-
kefoglutarate.tfansaminase‘activity in the livers frem intaect rats bpt 
ﬁot in theose from adrenalectemizgd rats. Kenney and Flora (Go)gfcund
that tryptpphan.aﬁd suspensions of Inorganic materials (celite) were
ag effective as tyrosing in inducing this increased.aCtivity'within 5
hours after injection inté_intact rats, but not adrenaleétpmizéd rats,
They also fouﬁd that hydrocortisone was,an‘effective inducer pf this
enzyme in both intact and adrenalectomized rats within 5 hours after
its administration, These workers Canluded that increased tyrosine-
transaminase activity is médiatgd by .adrenal hormones. Additional
work by‘Kenney»(Gl) has ghown that glucoco:ticoids stimulate §£12222
~synthesis of tyrosineutpansaminase enzyme within 1 hbur after injee~
tion in the rat. |

~Rosen et al. (99) have reported that treatment of rats foﬁll
week with glucacorticeids resultgd in a 6 to‘lﬁ fold inerease in liver
glutamicfpyruvatgwtransaminase activity. vThe-high»gldconeogenic

potency of substrates of this enzyme'and'the fact that glucoecerticoids
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inerease the activity of thisg eﬁzyme led to the suggestion by Resen et
al. (100)  that the control of this enzyme by glucocorticoids is related
to the mgchanism whereby gluCDCortieoidsvexert their action., Addi-
tional work by these investigators showed that glutamic-pyruvate trans-
aminase activity also intreased in the thymus gland and in Walker car-
«einoma. 256 (99), Other vonditions knewn to be associated with gluco-
neogenesis, eg., fasting, diabetes, and high protein diets, resulted
in.a 5 to 7 fold increase in rat liver glutamie-pyruvate transaminase
activity (99),_ These workers pointed out that the,activity of this
enzyme may be rate-limiting in gluconeogenesis.

Hilz Eﬁjéif (48) studied the effects.of cortisol acetate injection
pn glucose polymgrizatipn in adrenalectomized rats. 'Thirty minutes
after the injection, gluﬁpse~6—pha$phate coneentrations in rat liver
began to rise and cpntinued to do so fer 6 hours. A 40 fold inerease
was observed at the end of 6 hours, Glueose~l<phosphate, glycogen
levels, and glycogen synthetase activity were significantly inecreased,
whereas the cancentratiOns of UDPGapyrophosphorylaSet glycogen phos~
phorylase, &nd glucose~6-phosphatase inereased very little. The in~
ereased glycogen synthetase activity, using saturatedllevels of glu-
cosxgeé._t-phos'phata, wag not suffieient to account for the rapid glycogen
formation that oceurred. ‘HQWGVBF, glucose-6-phosphate has been shpwn
to be an activator of glycagen synthetase (7}), Thus thevcpmbined
stimulation of glycogen synthetase.activity by inereased concentra-
tions of glucose-6~phosphate and the inc¢rease in the enzyme itsslf was
sufficient to account for the increased glycogen synthesis, These

workers c¢oncluded that ¢0rtisol primarily induces the formation of
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glucose~6-phosphate and that the i‘ne»rveased glycogen synthetase activity;
was a,Seepndary,effect,

Feigelson and Greengard (28) found that within 4 houfs after a
single intraperitoneal administration of tryptophan or cortisel teo
rats resulted in a 3 fold increase in the amount of tryptophan-pyrrolase
enzyme protein in the liver. AUnlike the substrate induction of tyroa
sine~d~ketoglutarate traﬁsaminage, substrate iﬁduction of tryptophan
pyrrolase by tryptpphan oceurred in adrenale¢tomized animals as well
(73).‘ It was shown by immunochemical methods that cortisol and trypto-
phan stimulatgd EEhEEXE syﬁthesisbof,enzyme protein (28), Tryptophan
is_also éapable‘bf aétivating’existing tryptophan‘pyrrolase by. the con-
version of apoenzyme to holoenzyme (27). Therefore, the substrate-
induced elevation of the enzyme activity consisted of aﬁ initial aectiwv~
ation of thé gxisting,enzyme protein follqwgd by,anvincreaSe»in enzyme
protein, Cortisel had no.effect‘on the existing enzyme; however, it
stimulated gglgggg:synthesis of tryptophan pyrrolase within 4 hours
after injeetion in the rat (28):

_Pitot et al. (92) suggested that corticosteroids, in very small
amounts; are necessary to stimula;e m-RNA synthesis in hepatic cells.
Tryptophan was neceSsary to Stabilize tryptophan pyrrolase and to pre~
vent its breakdown. Acting in this manner the hormone stimulated
m-RNA synthesis andAgg\BgzgvenZyme-synthesis. .The substrate permitted
maximum activity and stabilizad the enzyme.

‘Cbnditipns which lead to protein bﬁgakdpwn r33u1t in_an inereased
activity of the urea cyélerengymes. Schimke (i01) studied the_effects

of glucocorticoids on the urea c¢ycle enzymes in the rat liver. It was
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found that glucotorticoid effects on the urea vycle enzymes appear to
be non-gpetific thét is the enzyme levels increased due to the en-
hanced protein breakdewn and the urea excretion., Intact adrgnal glands
were not necessary for the in¢reased enzyme levels which were produced

by a high protein diet,
Oxidative Metabolism

Many investigators haye‘reported effects of glucoecorticeoids on
oxidative metabolism (11, 31, 34, 35, 36, 41, 57, 63, 64, 70, 72, 110).
These effects seem to vary, depending upon the tissue used and the
length of treatment. Goetsch and McDonald (35) and Geurkink (32)»h§ve
ghowh that single injections of prednisolone or hydrocortisone in= ‘
creased oxygen uptake iﬁ rat liver homogenates. Goetsch (3&) has
shahn that prednisolone administered to normal goats 18 hburs_befpre
sprgical removal of a liver sample caused an inerease in oxygen uptake
by homogenates prepared from these livgr Samples. Repeated adminis~
t:atinn of'gluqocgrticoids cadsed a decreasied oxygen gptake by rat
liver homogenates (35,:43), Robgrts and Keller (97) found that 4 hours
after cortisone Was injeeted intravenously into rats, oxygen consump-
.tion of the anterior pituitary wés reduced. At the same time an in-
erease in-the_respirationvand aerobic glycplysis,of the posterior
hypothalamus was observed. They suggésted that cortisone activates
the posterior hypothalamus, lThe'posterior hypothalamus may initiate
an inhibitory neurohumor which in turn inhibits activity in the an=
terior hypothalamusf

Clark and Pesch (11) found that chronically administered cortisone
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lowered the oxygen uptake of normal rat liver mitochondria when o-keto
glutarate was used as the substrate. No effect on oxidative phos-
phorylation was observed., They also found that the protein content and
the relative weight of the liver increased in treated animals. Liver
mitochondrial protein also increased.

The exact site of these effects on oxidative metabolism is unknown
although much work has been done attempting to localize sites of action
within the mitochondrion. Gordon et al. (36) have shown that the in
vitro addition of adrenal cortical extracts and crystalline corticost-
erone depressed oxygen consumption by rat brain tissue in the presence
of glucose. Methylene blue did not reverse the steroid-induced inhib-
ition of oxygen consumption, This indicated a site of action preceed-
ing the flavoproteins since methylene blue can act as a carrier be-~

tween dehydrogenases and oxygen.

Most workers seem to agree that generally the inhibition of oxid-
ative metabolism is limited to the activity of enzymes requiring
pyridine nucleotides for electron transfer. The succinoxidase system
is unaffected by steroids. Gallagher (31) provided evidence that
hydrocortisone inhibited oxidative metabeolism in rat liver mitochbndria
in vitro by destroying the selective semipermeability of mitochondrial
membranes. This destruction of semipermeability resulted in a loss of
soluble cofactors from the mitochondria, This was supported by the
fact that hydrocortisone increased the uptake and reduction of NAD by
mitochondria as measured spectrophotometrically at 340 mp.

Jensen and Neuhard (57) found that the addition of steroids to a

suspension of electron transport particles oxidizing NADH, spontane-
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ously decreased the rate of oxidatipnt They found that steroids were
-concentratedAin the elect;on transpert partielg phase and that the rate
of inhibition was related to the.splﬁbility of the steroid in the part-
i¢le more than the effect of the steroids upen the NADH oxidasg enzyme
aetivity, These workers (57) also found that_CDrFicosterpne had an
amytal-like effeect upon the oxidation of NADH by heart sarcosome frag-
ments. Succinate exidation was not inhibited. They suggested that
the site of steroid action in mitochondria is located neér'flavqprptein
in the respiratory chain. Klinggnberg and Hefen.(GS)vfound that cortis=
costerone interfers with the H transfer between NAD and the suceinate
~dehydrogenase region of the respiratory chain,
Bojeéen.anvaensen (§),repprted.that steroids had no effect on in
»fﬁiﬁé oxidation of NAD-dependent substrates in intact heart sarcoscmes
when measured by conventional Warburg manometry. However, when a G}ark
electrode was used to measure oxygen consumption during a short period
of time, an inhibitory effect_on oxygen consumption was observed on
NADH.and suceéinate oxidation. .Hatefi ﬁ£(§l° (42) suggested that the
NADH oxidase_éys;em of beef heart mitechﬁndria is very closely assog-
iated with a respiratory cbnt?ol mecbaniSm,and further suggested that
the oxidation-of succinate does not seem to be regulated by a respir-
atory control mechanismg
_Hartmgn‘£41).found that-mitochOndria of the rat central nervous

system become vacuolated after adminiétration of cortisone. He pro-
posadvthat the igvgigg effects may be the same as the EE.XEEEE‘effGQtS
observed by Gallagﬁar (3;). Hartman (41} suggestédithat glueocorti-

coids may be a factér in governing the selective samiepermeability of
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mitochondria 222332£ and in regulating tissue metabolism,

~In order to study further the possible effects of glucopeorticoelds
on oxidative metabolism, Kerppolaranvaitkanen (64) invgstigated the
action of cortisone upen oxidative and glyeolytic liver enzymes in
the rat. They found that the activity of cytochrome oxidase was de-
ereased in liver mitochondria isolated from normal rats chronically.
treated with cortisone. Detreased cytochrome pxidase was most obvious
in 914 female rats. The activity of NAQH-cytochromec reductase was
decreased only in old rats. The activity of suee¢inate dghydrogenase
was unchanged in animals of different age and sex. Cortisane,tpeat-
ment had neo effeét on glycolytic_enzymes; Thésa investigators suggest-
ed that mitochendrial functions are influenced by cortisonme.

Kerppola (63)‘reportad that ehronie injections of cortisone into

intact animals frequently inhibited oxidative phosphorylation in liver
mitochondria from rats of all ages and of both sexes. The utilization
of phosphorous in male rats was variably inhibited with suecinate,
malate,,and pyruvate as substrate. vaygen,consumption wag unechanged
in young male‘rats when 5uecinatglor mala;e was used as substrate.
With malate, a small decrease in,tthP/O ratie was obtained in male
animals, With suceinate as substratg, a decreasge in P/O ratio was
slight in young females, significant in old males, and even greater
in old female rats.

Strickland»(110)‘ﬁepqrted that elimination of en@ogeneus COrtif‘
costeroids failed to cﬂangg the P/Q,values of rat liver mitqehondria,
or homogenates. Respiratory rates based upen protein nitrogen in

mitoehondria and in homogenates were unaffected by adrenalectomy.
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Hawev&r, adrenalectomy was found to decreaSelliver homogenate regpir-
atory rates based upon DNAvlevels7 Since DNA is generally a measure

of the number of liver cells, Strickland (110) postulated that a de~
-erease in the number of mitechondria per liver cell may occur in
adrenalg¢tomized rats. This decrease may alter the maximum respiratory
capacity even though the concentration of respiratory enzymes per
milligram of mitochondrial protein remains unchanged.

Recent work by Liljgroot gEﬁﬁl,_(??)»did_nnt agree.with the obser-
vations of Striekland (110). Liljeroot Eﬁbél' (72) found that adren-
alectomy caused a decreased P/O ratio in rat liver mitochondria, Addi-
tion of cortisone iﬂqﬁiﬁﬂﬂ inereased the mitochendrial P/Q ratio, The
impairéd oxidative phosphorylation in adrenaleetomized animals waSJthé
result of a decrease in gdenosing triphosphate synthesis which was
accompanied, in'moet-casgs, by an inecreased oxygen consumption. Qorti«
sone added Eg(zigzg,had no.-effeét on the P/0 ratio in liver mitochondria
.iselated frOm.nmfmal.rats, These investigators suggested that the
steroids may confribute.to‘the integrity of the mitochendrial membranes
and that steroids may enhance the efficiency of oxidative phosphoryl-

atien,
Gene Regulation of Enzyme Synthesis

Karlson (59) and Zalokar (133) guggedted independently that
.severalkh@rmones may function by stimulating;enzyme,éynthesis. This
concept has been designated as the hprmone-gene thesis. Hormones may
exert their_actiOn‘by regulating genetic transc¢riptien at the chroma-

some or they may regulate translation at the riboseme. An action at
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one or both of the abpve sites would bg gxprgssed in terms of enzyme
formation followed by changes iﬁ;cgllular metaﬁmlism. _Whatevgr ﬁhe
mechanism may be, there is cpnsidgrable»evidenee-that_some of the bio-
chemical effects elicited by the glucocorticoids involve the Synthesis
of enzymes,

Theﬁhormqng—gene'thesis is an attractive hypothesis for the mech-
anism of»actiOn of the glucecorticoids and therg is considerable evid~
-ence_spppo;ting this hypothesis. A recent review by Hechter and
Halkerston (45) provides an excellent géﬁay_on steroid hor@one_regulaa
tion of géne activity, They econcluded that the action of steroid hbr—
mones»at the cellula:_lgyel dogs involve gene regulation; however, the
exact site of the action and the primary effect are unknown.

Allesteric mechanisms and the operon theory for protein synthesis
were suggested by Monod et al. (80). They suggest that many proteins
possess two.ncn—overlapping receptor sites., One, an active site,
which bindé'the substrate; thanother, an allesterie site, binds,a
metabolite or a hormone. The binding: of an allosteric effector to the
allosteric site results in an alteration of the protein structure so
that the active site is altered resulting in_the,altgred aetivity of
allosteric enzymes, |

Thg,allastefig effects may. be inyp;vgd injthg control af:p;ptein
synthesis (80). Along the chremosomes, clusters of geneé or unitg of
DNA may be blocked by a repressor substance, If the représsor mole-
cule is not present, the synthesis (t;an§érip;ion) offal}ftypes of RNA
by the units of DNA p:oceedsﬁ Messenger, ribosomalf_and_tranngr‘RNA

are synthesized by the units of DNA and they leave the nucleus and
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enter the cytoplasm where they serve as templates for translation, or
to transfer activated amino acids to the template. Hormones may be
active in removing repressors from units of DNA,

There are many points in the sequence of protein synthesis that
glucocorticoids may affect. They are known to affect the size of amino
acid pools, energy supply, purine and pyrimidine biosynthesis, DNA-
dependent RNA synthesis (transcription) and m-RNA directed assembly of
amino acids (translation). Any one or several of the above points may
be the primary site of glucocorticoid action.

Hechter (45) concluded that the action of the steroid hormones
at the cellular level does involve gene regulation; however, there is
no conclusive evidence for the direct action of glucocorticoids at the
gene, Also, there is much evidence to indicate that some of the actions
of glucocorticoids are not mediated through the genes.

In order to study the effects of glucocorticoids on amino acid
pools, Betheil et al. (6) studied the differential effects of cortisone
acetate on tissue and plasma amino acid levels in the rat. They found
that 4 hours after cortisone acetate administration, liver and plasma
tyrosine concentrations were depressed. This was probably due to the
known induction of tyrosine-od-ketoglutarate transaminase in the liver.
The principal amino acids formed by transamination namely glutamate,
aspartate, and alanine were elevated. The concentration of numerous
other amino acids in the liver was depressed due to the increased rate
of protein synthesis. In thymus and muscle tissues, glutamate, aspar-
tate, alanine and other amino acids rose, presumably due to depressed

protein synthesis and involution (6). It was suggested that intra-
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cellularly releaéeduamino'aéidS»may not be transparted_intofthe blood
as rapidly as involution oeccurs. The alterations in amino acid con-
centrations may be due to the hormonal induced transaminase aetivity
in the liver 4and in protein degredation in:lymphgid and mpscle.tissuas
(6).

- Rivlin gt al. (96) recently reported that cortisone treatment de-
pressed plasma tyrosine concentration in man. These workers suggested
that eortisone depressed the c:onéent,rat‘ipn of tyrosine by inereased
hapatie~tynusine‘transaminasevactivity,

Rgceht work indicating an effeect of gluﬁqrticoids_on.enzyme pro-
tein hag 1ed to many studies of glucochticaid.effacts.on RNA synthesis.
Faigglson,and_ﬁgigelson (26) found that four hpurs after certisone-~
acetate injeetions into adrenalectomized rats, glycin&414C‘ineqrporar
tion intq RNA of the liver ingreased? whereas in the spleen, incorpor-
ation.of~1abelled“g1ycine into RNAYdecraaSedj A gimilar butgquaﬁtitaé
tively smaller effeet on protein metgbnlism.was observed, Increased
incorporation of glycine-2-14C into rat liver RNA oceurred in all sub-
cellular fraetionss however, quantitatively, the most rapid incorpora=
tion inerease occurred in the nueledr fraetien, Wbbar g£;gl. (126)
‘reported that triameinolone and cortisone iqjegtions stimulated orstate
incorporation into RNA. This reached a peak about 8 hours after the
injeetion., In rats treated with triameinolone, this inerease was pre-
ceeded by a rise in amino acid nitrogen and fructese 1,6-diphosphatase
:activitﬁ. Glueoge-6-phosphatase aetivity did not rise during the 24
hour study. Wiek et al. (127) and Greenman et al. (38)~recently re-

ported that 2 hours after glucocorticoid treatment de novo synthesis
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of all three major species of RNA was stimulated in tne:rat liver,

Sinee RNA and protein biosynthesis are endergenie reactions, it
is possible that incneased:ATP production may stimilate the increased
RNA and protein biosynthesis. Feigelson and Feigelson (25) found that
adrenalectomy regulted in decreased hepatic ATP concentrations. Treat-
ment pf.ad:@naleﬁ;omized animals witﬁ cort1501 e1evatgd these levels
to near normal. Administration of glucose to .adrenalectomized animals
vincrengd‘ATP_Lgvels more than cortisene administtatiop; hqwgyer, this
had no effect on glyeine-2-14C incorperation into RNA or protein. They
concluded that the primary aétionvafvglucocarti¢¢ids was not on ATP
synthesis,

Feigelson and Feigelson (26) and Betheil (6) later obsgerved. i:hat
increased transaminase reactions following cortisone treatment in the
rat formed glutamate, aspartate, and 1a¢er}g1utamine which stimulate
-hépatie purine nueleotide and urea biosynthesis.

Currently there is n0~c9ne1uéive gvidence indicating a direct
reffect_of,glucﬂdprticaidsvat the gene locus; however, it still remains
An attradétive hypothesigﬂ There is,éuggeétive.evideneé that ecdysone,
an inSagt hormone, and aldosterone, a,mingralocorticbid, may-éct at
the gene locus (3, 13, 15, 58).

,Beermann_(3) has presented evidenee that the well defined bands
on tertain insset salivapy chromosomes represent high»coneentratians,
of DNA. D&ringvmgtamorphbsis_pr>15'to 30 minutes after eedysone treat~
ment, these bands'axhibit,a.”puffing"i> The "puffs” are thought to-
represent sites of active RNA synthesis. Rarlson (58) suggested that

cedysone acts direetly on the gene. Later Karlson (59) found that
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ecdysone imjection ied to puffing of a certain region on a specific
salivary chromosome of Chironoﬁus, The same locus undergoes puffing
Jjust before pupa formétion. It was suggested that ecdysone may‘aetiy_
ate genes in some manner and thereby stimulate DNAedependent synthesis
of RNA; theVRNA; in turn, carries the genetic information to the ecyto-
plasm and direetsbfhe aynthesisvof specific proteins, Using tritium
labeled ecdysone, Karlsonv(§9)_fognd a large propoftion of the radio-
activity in the nuclear_fraetion of the epidermis, the target organ.
Incorppration of labéled precursors into RNA was enhanced,by_ecdysone:
RNA‘pfoduéed in the epidermis of Cplliphora, under the infiugnce of
eedysone, stimulated incpfporation of gmino'acids into protein and
direéted synthesis of ﬁopa decarboxylase im an in vitro protein-
synthgsiéing'systgm from rat liver (103).

Aldosterone may exert it's effect on sodium transport at the gene,
Sqdium‘transPQrt in'muéosal_peJls of.the_toad bladder is blocked by
actinomycin D (19)‘: Edelman et El' (19) have shown by autoradiography
that labeled aldosterone is concentrated in the nucleus or perinuclear
region of the mucosal epitheiium of‘thg toad bladder.

.Dahmus and Boomer (15) reported that hydrocortisone treatment 4
heurs befo;e sacrifice resulted in increased templateva¢tivity.for‘DNAu
dependent»RNA synthesis inbchromatin isolated from the ra£ 1iver, The
differgnce‘in>temp1ate‘ac;ivity betweeh chromatin extpaeted from treat-
ed rats and ehromatin_extracted ffpm_éontppl rats was abolished by the
removal of DNA~bound protein. These investigators coﬁcluded that
hydrocortisone action appeared to”bevassociated.in sﬁme way with DNA-

bound protein.
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Sekeris and Lang (104) and Lang and Sekeris (68) have provided
evidence that cortisol action in rat liver may act at the gene locus.
Sekeris and Lang (104) reported direct evidence of cortisol stimula-
tion of messenger RNA synthesis by the use of P2 turnover studies in
rat liver nuclei and cytoplasm. Lang and Sekeris (68) stimulated pro-
tein synthesis in an in vitro amino acid incorporating system with
nuclear RNA fractions isolated from normal and cortisol treated animals.
RNA fractions from cortisol treated animals caused a higher incorpora-

tion of Cl4

~L-~leucine into protein than the corresponding RNA fraction
from normal animals,

As attractive as the hormone-gene thesis appears to be, some ex-
cellent work which indicates the primary effects of glucocorticoids
are not on gg hovo enzyme synthesis has been presented; however, de
novo enzyme synthesis appears to be necessary for complete expression
of hormone activity. Ray et al. (94) studied the effect of hydro-
cortisone on blood glucose, hepatic glycogen, and hepatic phosphoenol-
pyruvate carboxykinase. Animals were treated with NaCl, actinomycin D,
actinomycin D plus hydrocortisone and with hydrocortisone. The levels
of glycogen and glucose were much higher in animals treated only with
hydrocortisone. Actinomycin D blocked any rise in phosphoenolpyruvate
carboxykinase in the above experiment. In the same experiment by Ray
et al. (94), rats were similarly treated but also were given glucose
intraperitoneally fo insure a glucose load in all animals, Glycogen
formation was stimulated by hydrocortisone plus actinomycin D as well
as by hydrocortisone alone. Since actinomycin D blocks enzyme protein

synthesis, these workers concluded that increased glycogen synthesis
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after glucocorticoid treatment did not require .de novo enzyme synthesis.
This was also suggested earlier by Kvam and Parks (67).

Tomkins.g&ngl, (112) have recently suggested an important role of
translation in enzyme synthesis, Tﬁese‘workers found that tryptophan
pyrrolase activity increased in the liver of adrenalectomized rats
treated with hydrocortisone. This inerease began 2 hours after treat-
ment, peaked at 4 to 8 hours, and returned to:normal 8 to 10 hours after
treatment. This increase was completely blocked by previous treatment
with actinomycin D. Altheugh actinomycin D blocked the initial stereid-
induced increaSg in tryptophan py;rolase activity, later administration
of the antibiotie caused an increase in trypotphan pyrrplase aetivity.
These workers suggested that sufficient m~RNA was present fo; increased
enzyme synthesis after tryptophan pyrrolase actiyity began to decrease;
howeyer, a cytqplaSmic_RNAmdependent'repressor blpcked further synthesis
of the enzyme by m-RNA, Later_adminiéfration of actinomycin D blocked
the synthesis of the repressor and translation was permitted to con-
tinue, These investigators proposgd.that glucocorticoids may act on
protein synthesis‘at some step beyond the gene transcription site.

‘The effeets oﬁ_glucocorticoids in the thymus, another target organ,
are considerably different than those in the liver. In the thymus
glucocorticoid~induced involution occurs by some unknown mechanism.
Although there is considerable evidence that the glucocorticoids exert
a hormone gene effeet in the liver, existihg evidence indieates_that
hormone effects in the thymus do not iﬁyolve:gene regulation,

Reduced rat thymic weights and K/Na ratios can be observed 6 hours

after glucocorticoid treatment., Histologic studies by Stevens et al.
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(109) 6 hours after cortisol treatment revealed depressed mitosis and
the presences of a large ﬁumbgr of shrunken pyknotie nuclei. Sinee
there was no measurable ¢hange in the levels of nucleiec acids, a pre-
ferential loss of water and qytoplasmic‘constituents probably occurrgd.
DNA synthesis, measured by the rate of thymidine~2-14C incorporation,
decreased after cortisol administration.

Halkerston et al. (39) studied-the effects of cortisol on gene
regulation in the thymus. They found that cortisel treatment caused
a simila: reduction in both the thymus weight and K/Na ratio in beth
contrel and agtinqmycin D—treated_rats, These workers also found that
the thymus weights were not reduéed in rats reeceiving aetinomyein D
.alone. If invelution was_the.result of catabolic enzyme synthesis,
actinomycin D should block thymus imvelution after cortisol treatment.
Alternatively, if cprtisol represses the synthesis of enzymes necessary
fqr'anabplic_prpgessas,'actinomycin D should exert a catabolic effeét
on the thymus also, by blocking the synthesis of anabolic enzymes.
Since these effects were not observed, these workers conpluded that

cortisol a¢tion may net involve the gene locus in the thymus.
Subcellular Distribution of Glucocorticoids

Recently, several inveatigators have studied the subcellular dis-
tribution of labeled glucocortiecoids in hepatic tissue. If one assumes
‘that the hormone acts "in person’ at it primary site of actiemn, local-
ization within the eell would p:ovide somevindication §f its primary
action. Rapid, preferential localization of tritiated aldosterone in

the nuclear and perinuclear region of toad bladder mucosal'cells has
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provided suggestive evidence that this hormope may act at the gene
locus (19). 1If it could be established that this radioactivity repfe-
sents free aldosterone and not metabolic products, this would provide
additional evidence for an effectiat,the gene locus.

Several invgstigatprs_haye studied the subcellular distribution
of labeled glucocorticoids inm vive and in vitro (4, 5, 113). Ulrich
KllS)‘gtudied the 3ubcelluléf distribution of (140),eortisol in rat
hepatic tiSSUe_iE{XEEEE, He found 75 to 80% of the‘aetivity in the
supernatant fraection, 18% in the mierosomal fraction, 3% in the mito-~
chondrial fractien, and 2.8% in the nuclear fraction. Incubation of
isplated mitochondria with (14C) cortisol demonstrated that the hormone
entered thehmitpehpndrinn veryvrapidly by the process of diffusion.

Two washings with sucrose remoyed 95% of the radisactive cortisel and
its metabolites from the mitochondria? thus indicating very little or
no binding of the steroid.

Bellamy et al. (5) studied thezig yivo uptake of cortisel in.rét.
tissues. It was noted that tissues of the rat differ greatly in their
ability to coneentrate (140),cortigol. Tissue/plasma ratios were found
to be about 6 for liver, 5 for spleen, 3 for kidney, 3 for intestine,

1 for skeletal musele, and less than one for nerve tissue. Mugh of the
activity was probably due to metabolites of cortisql gince a large per=
centage of the activity moved into the water phase when partitioned be-
- tween chlprofopm ané water. It was suggestedlthat,cor;isal entered the
¢ell by diffusion and that a favorable,diffusiOn gradient was main-

tained bj the intracellular adsorption of free cortisol. A_barrigr to

the diffusion of cortisel into the brain seemed to exist since the
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tissue plasma ratio was less than one,

Later Bellamy (4), in an iﬂ vivo study, found that (14c) cortisel
was not adsorbed to any type of rat liver cell particles. He found
that about 14% of the total homogenate activity was present in the
nuelear fraction, 6.6% in the mitochondrial fraction, 7.3% in the
microsomal fraetion, and 75%.in the supernatant fraction, The ¢onecen-
tration of 14C counts/min/g. wet wt. was highest in the microsome frac-
tien, and lowest in the nueleéar fraction. Similar results were obtained
with in vitre experiments. Most of the activity in the supernatant was
due to palaf metabolites of cortisel, whereas the non-polar compounds
remained mostly in the particulate fractions. (140)_Corticosterone was
taken up by liver slices faster than cortisol; however, the subcellular
distribution was similar. At low temperatures the adsorbed labeled
steroid was not easily removed by washing. At higher temperatures it
was readily removed. This indicated that metabolism of the steroid to
more polar metabolites occurred and that the metabolites were readily
leached out. Treatment of the particulate fraetion with ribonuclease
or removal of ribonucleic acids from tissues with hot trichleroacetic
acid made no diffe;enee in the adsorption of corticosterone. It was
suggested that the steroids were adsorbed to proteinaceous cell strue-
tures where they were relatively inaccessible to enzyme aetion. The
tissue/plasma ratios were: brain 0,38, skeletal muscle 0.38, spleen
0.30, and liver 1.72.

The subgellular distribution of (14C).cortis01-and (140) ¢orti~
costerone in rat liver and muscle has been studied EE vivo and in

vitro by De Venuto et al. (16). "Equilibrium fractiocnation” was used
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during the separation by different fractions. This procedure provides
for separation by differential centrifugation in such a way that the
original suspending medium was utilized throughout the entire fraetion-~
ation procedure, and therefore remained in equilibrium with all frae~
tions. These workers compared the difference in the subecellular dis-
tributien of labeled steroids when prepared either by equilibrium
fraectionation or by the standard fractionatien proecedure. A differ-
_ence wag clearly shown. Standard fraetipnation procedures resulted
in a higher percentage of the aetivity in the supernatant fraetion and
a lower percentage of the activity in the nuelear and mitpehondrial
fraction. The distribution pattern 5 minutes after the injection of
cortisol is essentially the same as that of corticosterone, whereas EE
vitro the amount of corticosterone bound to the mitochondrial fractien
is greater than the corresponding value for cortisel. The results are
essentially the same in adrenalectomized rats or normal rats., The sub-
cellular distribution of (140) corticosterone EE.ZEZE in adrenalec¢tom~
ized rats was as follows: nuclear fractionh 13.4%, mitochondrial frac-~
tion 26.6%, microsomal 7,8%, and supernatant 51.1%. Equilibrium frac-
tionation procedures were used to obtain the abpve f:actions,
Equilibrium dialysis experiments were prepared by placing the
different fractions in dialysis bags and placing the bags and contents
in wide mouth glass jars containing a known amount of radiocactive
steroid (16), After a predetermined shaking time the radioactivity
of the solutionwinside‘the bags, outside of the bags, and the amount
of»radipactive material bound te the subcellular fractions was deter~

mined. The results of the dialysis studies were similar to .the in vivo
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studies.  Far less steroid was bound to the nuglear and microsomal
fractions than to the mitochOndrial fraetion.

The possibility of metabelie transformations of the,steroids EE'
vivo and iﬂ 21353 was investigated by chromategraphy (16). It was
found that the nuclei and supernatant fractions contained emnly original
cortisol or eorticosterone and no metabolites were detected. The
radioactive material in the mitochondria and microsomes consisted of
about 15 to 25 percent metabolic products. Prgvious work by De Venuto
and Westphal (17) provided evidence that in the presence of a NADPH-
regengrating system all fraetions metabolized cortisol. In the absence
~of a NADPH-regenerating system microsomes and mitochondria metabolized
cortisel rapidly, whereas nuclei and supernatant fraetions did not
metabolize the steroid.

Hanngren et al. (40) made whole body autoradiographs of mice in-
Jjeeted with (14C)>labeled,cortisone.and cortisel Both were rapidly
distributed to all tissue. Selective accumulation was observed in

 1iver, kidney, intestines, bremchial mucosa, ductus epididymus, vas
deferens, and iﬁterstitial.cells of testiele and ovary, The brown
fat in the neck region and the pituitary contained relatively high
chcentrations of the steroid. Radiesactivity in joints? brain tissue{
and‘cerebrospinallfluid was low. The rgdipactiVe steroids penetrated
the,blacental barrier; however, up;ake in the foetus was low.

Dingman and Sporn (18) studied in the intracellular binding in
zizg of actinpmycin D and hydrocortisone in rat liver. These workers
found that DNA was the major binding site for labeled actinomycin D,

whereas hydrocortisone did not bind with DNA. The activity in the
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subcellular fractions was nuclei-S%, mitochondria 8%, michSOmQSHA%,

and supernatant 85%. The possibility of binding sites in the super-
natant fraction'was investigated with equilibrium dialysis‘techniqdes,
It was found that only 7-12% of the activity was non-dialyzable.
Therefore a.large number of binding sites probably do not exist in the
é@luble‘part offthe»celly Thgse:workers concluded that the priméry site
of actien éf steroid hormones is not the genetiec apparatus.

Bojesen and Jensen (9) studied the 33.2113 incorporation of (3H)
corticosterone in subcellular particles of heart and kidney. These
workers reported that attempts to localize corticosterone in vive in
subcellular fraetions of heart tissue indicated no lecalization within
‘the particulate fraction. The major part of the activity was found in
the supernatant fraction,

Additienal attempts by these investigatqrs were made to localize
(3H)‘qorticosterone in ordep to gain clues conecerning its site of
action. Animals received a continuous infusion of (?H) corticosterone
and were sacrificed after 60 minutes of infusion. The heart and the
kidngy were quickly removed and homogenized imn sucrose~mannitol solu-
tion;containing (4o corticosterone. According te these investigaters
.this_permitted distinction between Sterpid inco;pqrated into subeell~
ular partielés and steroid simply adsorbed or dissolved in these par-
tieles. This was-dﬁne by determining the 3u/l4c ratie in the super-
natant and in the particulate fraction. The 3u/14C ratio in the super-
natant fraction represents only steroid that is dissolved or adsorbed
to‘particlgsg A large amount of incorporated steroid in a particulate

fraction would result in a higher H/14C ratio than observed in the
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supernatant fraetien, Ong hour after starting a continupus infusien
of (3H);corticpsterone the animal was sac;ificed and the CCH)/(14C)
was found to be 1,83 in the heart mitochondrial pellet and 1.04 in

the heart supernatant solution, Reliable raties were not found in

the microsomal fraection, This indicated that within the mitochendrion
the steroid is slightly incorperated and unexchangeable. Metabolism
of the steroid in kidney tissue c¢omplicated the ratios being meagured;
however, it was found that a Small amount of the‘steroid was bound in

unexchangeable form to mitochpndria and microsemes.



GHAPTER IIT
MATERTALS. AND METHODS
‘Exper iment I

Treatment of Animals: Young Holtzman strain male rats weighing

150 to 200 g were bilaterally adfenalectomized'unde: ether anesthesia,
Two separate incisions were made parallel to the last pair of ribs.
The glands were removed and the abdemindl opening was elosed with twe
layers of sutures, a muscle-peritoneal layer and a skin layer. The
rats were returned to cages and allowed to recover for three to five
-days. They were given a rat laboratory chow* and 1.0% salt water ad
‘1ibitum,

The animals were fasted twelve hours before sacrifice. Five
hours before sacrifice the treated animals were injected (IM):with
five mg of corticosterone™ suspended in a sterile.aquepus vehicle, ***

Contrel animals were injected with the carrier vehiele only.

Preparation of Homogenates and Warburg Flasks: Each animal was
decapitated by a mechanical device. An incision was quickly madée
into the body and ecranial cavities; about half of the eystic lobe of

the live;, the right kidney, the right testis, the diaphragm, the

*Ralston-Purina Gompany, St. Leuis.
**Nutritiponal Bischemical Cerp., Cleveland, Ohio,
***The Upjohn Co., Kalamazoo, Michigan.

57



38

brain, and the heart were quickly rempved and each plaged in 9.0 mi
of cold 0.154 M KCl. The entire brain was removed by unreoofing the
cranial vault. It was bisected sagittally and one half was used.
Each tissue was cut into small pieces with scissors and homogenized
for approximately thirty seconds in a chilled PottermElevehjem‘homo—
genizer. The diaphragm required an additional thirty seconds of homo-
genizing., Six ml of the homogenate were transferred to a large test
tube ¢ontaining three ml of cold 0.1 M phosphate buffer pH 7.4. Three
ml of this mixture were transferred to a cold Warburg flask containing
0.2 ml of 25% KOH and a small piece of flutted, filter paper in the
center well. One ml of the mixture was placed in a 10 ml tared beaker
and dried for 12 hours in a 90° C. oven. The following aliquots were
taken from the mixture for preinecubation analysis: Two ml were depro-
teinized with 1.8% barium hydroxide and 2% zinc sulfate for glucose
and laectic acid determinations, one tenth ml was rempved fop prptein
determination, one tenth ml was removed for inorganic phosphate deter-
mination, and 0.5 ml was remeved for glycogen determination.
The_Warburg»fiasks.containing the tissues were plated on a Gilson
respiromgter and the tissues were equilibrated under air for 10 min-
utes at 370 C.,-The equilibration period was followed by a 30 minute
incubation period during which oxygen uptake readings were taken at
10 minute intervals. At the end of the incubation period aliquets
were removed from the flasks and used to determine protein, glucose,
‘giyeogen, inorganie phosphate, and lactic acid levels in a manner sim~-
ilar to the preincubation analyses noted above.

Protein was determined by the Biuret method (37). Glucese was



39

determined by the glucose oxidase method (24);1 Inorganic phosphate was
determined according to.theiprocadure of Lowery and Lopez (76). Laetie
aecid was determined according to the procedure of Barker and Summerson
(1). Reagent grade ehemiqals were used in all the analytical proced-

ures,
Experiment IT

Treatment of Animals: The treated and control rats in this experi-

ment were handled in an identical manner to treated and contrel rats in

. Experiment I.

Praparétiah_gg Mitschondria: Each animal was decapitated and hemo-
genates were made of brain, heart, and liver tissue, The brain and
heart were each homogenized in ice cold sucrose~EDTA solution (0.3 M
sucrose; 0.005 M EDTA; 0,002 M ;ris buffer). Thg,livgr,was hemogenized
in iece eold sucrose~EDTA splution‘(0,25 M sutrose; Q.GOS M EDTA; 0.002
M tris buffer).

Brain mitoechondria were isolated by a method previously deserib-
ed by Baylays (2). Heart mitochondria were isolated aecording to the
procedure deseribed by Cleland (12). Liver mitochondria were iselated
according to the procedh?e described by Hegeboom (50).

Analysis: P/0 ratios were measured in 15 ml Warburg vessels in-
eubated for 15 minutes at 302 C. using a Gilsen reSPirametér for
oxygen uptake measuremepts.

The final volume of the reaction mixture was 3.0 ml. It con-
taingd: sucrose, 120 p m@ies; tris buffer (pH 7.4), éOo;Jtnplgs;

either sucéinate, 75 p moles, 25 p moles, or malate plus pyruvate, 20
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j moles of each; ecytoehrome e., 0.03 p moles; phosphate, 40 p moles;
_ATP, 3.0 p moles; magnesium sulfate, 1.5 p moles; and a mitechondrial
suspension ¢ontaining 4 to.lo mg of mitoc¢hondrial protein. The side
arm contained 50 n moles of glucose, 350 KM units of hexokinase, and
3.0 p moles of ADP., Reagents were purchased from Sigma Chemical Com-~
pany,*» Duplieate flasks were prepared and were allowed to equilibrate
under air for 10 minutes. The reaetion was initiated by adding the
hexokinase-glueﬂse trap from the side arm. One_flask of each pair was
removed and immediately after adding the side arm contents, 0.2 ml was
removed and placed in 0.8 ml of 5% TCA. This was analyzed for inerganic
phosphate by the method of Lowery and Lopez (76). The other flasks
were ineubated fa; 15 minutgs during which oxygen uptake was measured.
At the end of 15 minutes the flask were removed‘and.aliquots were taken
for inorganie phosphate and protein determinations. The change in in-
Drganic,phqsphate-levgls.reBr§Sgnted the amount bound as high energy
phosphate, The P/0 ratio was determined by comparing the dge:ease in
inorganic phosphate, expressed in p moles phosphate, tp~the‘p atoms of

oxygen taken up.

Experiment III

Treatment of Animals: Adrenalectomized rats weighing abeout 150
grams were anesthetized with sodium pentabarbital. The left femoral.
vein was exposed and each animal received 0.5 ml of solution eontain-

ing 10 mierograms of "ecold” corticosterone and 20 microcuries of Cny

*Sigma Chemical Ce., St. Louis,
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eorticesterone* intravenously, The seolution was prepared by evapor-

, ating to dryness 0.2 ml of benzene containing 6.2 millicuries of (5H)
corticosterone. The residue was disseolved in 0.2 ml of ethyl alcohol
containing 0.10 mg of "cold" corticosterpne. Saline was added to make
a total vplume of 5;0,m1. A (3H),corticosterone with a specifie activ-
ity of 33.9 curies per millimole was used without prior purificatien.

Fractionation of Tissues: Thirty minutes after injeection of (SH)

corticosterone, one ml of blood was e¢olleeted by cardiac puncture.

The animals were immediately sacrificed by decapitatisn and the 1iver?
heart, thymus, and brain were removed and rinsed twice in suerpse. The
brain, thymus, and heart were each placed in 0.3 M ;ucrose, 0.005 M
EDTA, and 0,003 M tris buffer, pH 7.5. The liver was placed in 0.25 M
sucrose, 0.005 M EDTA and 0.003 M tris buffer, pH 7.5. Bach tissue
was cut inte small pieeces and homogenized in a Potter-Elvehjem homo-
genizer driven by an electriec drill. Fifty pg of carrier eéprticoster-
one were added at this point, Aliquots of the heomogenates were saved
for extraction. The remaiﬁing homogenates were fractionated into
nuclei (fraection 1), mitochondria (fraction 2}, microsomes (fractien
3), and supernatant (fraction 4). Fraction 1 and fraetion 2 of brain,
héart, and liver were obtained as previpusiy indiecated in Expepiment
II. The thymus was fractionated by the same procedure used for the
heart. The_éombined,ﬁupernatant for each tissue was centrifuged at
105,000 x g for 60 minutes in a Backman modal L52 ultracentrifuge in

prder to obtain fraction 3 and fraetion 4,

*New England Nuclear Corporatien, Boston, Mass.
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Microscopie examination of fractien 1 indicated the absence of
intact cells in this_fréctionq

Electron mierographs of fraction 2 showed a very high conecentra-
tion of mitochondria and very few contaminants in all preparations
except from thymus., The thymus preparativn was contaminated with
.other.o:ganelles and eell fragments to a greater extent than this
fraction from the other tissues, |

Extraction and Purification of Corticosterone: Each fraction

was extracted with 15 volumes of hot acetone (54-602 C.) and filtered
with #40 Whatman filter paper. The filtrate was evaporated te dryness
using a Rotavapor and a water bath at 50° C. . In order to remove acids,
phenolie compounds, and conjugated.steroids, 5 ml of water and 0.25 ml
of 10% NaOH were added to the dry material and extracted 3 times with
10 ml diethyl ether. The ether extraect was washed 3 times with 2 ml
of water in‘opder to remove all sodium hydroxide. The ether extract
was -evaporated to dryness under nitrogen. The material was recenstit-
pted in 2 ml of 90% aqueous methanol and partitioned 3 times with 2 .ml
of ligroine in order to defat the extract. The partitioning was accom-
plished by placing three test tubes in .a row, each ceontaining 2 ml of
90% aqueous methanol. The first tube contained the reconstituted
ether extract. Two ml of ligroine were added to the first tube and
after thoroughly shaking with a vortex mixer, thg tube was centrifpged
briefly to.preak the'emulsiOn and the ligroine was transferred with a
pipet to the next tube containing 2 ml .of 90% aqueous methanol. Fresh
ligroine was addgd to the first.tube and the above procedure was rée-

peated 3 times. Each tube was shaken and transfers were made to the
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next tube. The ligroine removed from the last tube in the series was
disearded. The aqueous methanel in the 3 tubes was combined, placed

in an evaporating flask and evaporated to dryness. Five tenths ml of
kwater was. added to each evaporating flask and extracted 4 times with
diethyl ether. The ether was evaporated tp dryness and the residue

was reconstituted in 1 ml of chloreform-methanel (1:17.. Fifty ug of
carrier steroid were added at this peint. One tenth ml of this mixture
was taken and spotted en thin layer plates which were coated with
gilica gel (30 g Silicar* and 60 ml of Hp0) and chromatographed in a
¢hlorof orm~methanol s@lvgnt-(&E:lB),',Spnts‘eprresppnding to standard
corticosterone were removed and placed in small test tubes. One tenth
ml of water was added and the silica gel was extracted two times with

2 ml of benzene. The bénzene was plaeced in a liquid scintillation vial
and evaporated under nitrogen. Ten ml of seintillation fluid (4 g
2,5-Diphenyloxazole** and 0.3 g Qf'1,A*biSﬁ2ﬁ4%M¢ihy1'5~Ph§ny10vaDly1~
Benzene** in 1 L of reagent toluene) were added andveach~vi$1 was
counted far 10 minutes in a Pdckard Tri Carb Seintillation Counter.

The samples were prepared to give a counting rate at least twice the
background eount. The total counts were at least 400 for this counting
time. It was possible toucount‘3H with an efficiency ofvls% using a
vpltage setting of 10-200 on ¢hannel A,.and.a,voltagg getting of 200—

1000 on c¢hannel B,

*Mallingkredt, St, Louis.
**Packard’ Inst. C@,;AanngrszGrove,4111{



CHAPTER IV
RESULTS

The objectives of these studies were the follewing: £irst, to
measure bipchemical ¢hanges in differgnt tissues of the rat after
torticesterone treatment; second, to measure P/0 ratios in mitpchendria
isvlated from live:, heart, and brain tisspes taken fnom»ad:enalectsm—
ized eprticosterone~treated and adrenalectomized non~-treated rats; and
third, to localize (3H) corticesterone within-the subcellular fraections
of the brain, the thymus, the heart and the liver. It is hoped that
the results presented herein and thé-expetiments suggested by this work

will eontribute to the elucidatipn of glucocorticoid action sites.
Experiment I. Biochemical Changes in Tissues

In order tnlmake &4 comparison batwéanpglucaenrtie@ideinduaed
changes in diffsrent tissues and metabolic alterations in these tissues,
the fifst experiment was dgsigned.tp-megsura the &ffects of acute admin-
ist;ation of corticosterone on the metabolism of homogenates which were
prepared froem the brain, heart, diaphragm, liver, kidney, and testis.
Preincubation levels and changes in the amount of oxygen uptake, lactic
acid produection, glycogen breakdewn, protein changes, inorganie phﬂsé
_phate.disappearance, and glucose utiiization»wgre measured during a 30

minute incubation peried. Appropriate aliquets were removed from the

44
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ineubation mixture for preincubation determinations and after ineuba-

tion gimilar aliquots were removed from the flask for postincubation

determinations.

TABLE I

AVERAGE: OXYGEN. UPTAKE (MICROLITERS/IOO MG PROTEIN) BY BRAIN,

HEART, DIAPHRAGM LIVER, KIDNEY, AND TESTIS HOMOGENATES'

FROM “"FASTED, ADRENALECTﬁMIZED GORTIGOSTERONE~TREATED
RATS AND FASTED, ADRENALECTOMIZED - NON-TREATED RATS.

TREATED RATS RECEIVED 5.0 MG OF CORTICOSTERONE

IM 5 HOURS BEFORE’SACRIFICE NQNuTREATED

- RATS RECEIVED CARRIER VEHICLE ONLY

 Tissue

Treatment

Rats

No. of

Incuhatlon Time (minutes)

o*** ’

2 Ox**

30kkk

Brain
Brain
Heart
Heart
Diaphragm
Diaphragm
Liver
Liver
Kidney
Kidney
Testis
Testis

Treated
Non-treated
Treated
Non=treated
Treated
Noen-=treated
Treated
Non=treated
Treated
Non~treated
Treatéd
Non~treated

25
25
23

23

23
22
25
25
26
26
25
25

62
58
102
43
41
143
119
70

74
27

30

17
45

#41
&34
30

43

453

&25
#29
% 8
%16

122
113
165
180

70
59

249%

193

131

128
53

51

36

%32
66
+58
*41
i38
78
+82
#41

*#47

£15
&21

176
155
213
226

98
79
328%*

246
178

171
71
69

50
35
77
44
44
47
£104
£ 96
%51
.61
* 26

&aa&&w_.

& 27

*PL= 0,05

**pL #.0,01.

Treated v8 non~treated.

***Values représent oxygen uptake during. 10 20, and 30 minutes
1ncubat10n_

of

The effeect of acute tortieosterune.treatment.mn oxygen uptake by

hemogenates prapared from brain, diaphragm, liver, and testis are shown

in T4ble I and illustrated graphieally in Figures I, 2, and 3,

the liver hemogenate was there & gignifieant treatment effect.

Only in

The

sxygen uptake by the liver homogenates which were prepared from corti-

costerone~treated animals was significantly greater after 20 minutes
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Figure 1.

—_— — Brain from treated rats

tese.cseve Brain from non-treated rats
S Heart from treated rats
————— Heart from non—treated rats

) ) i

10 20 , 30

Time (Min.)

Average Oxygen Uptake (microliters/100 mg protein) by Brain
and Heart Homogenates. Tissues prepared from fasted,
adrenalectomized, corticbsterone-treated rats and fasted,
adrenaleetomized, non-treated rats. Treated rats received
5.0 mg of corticosterone intramuseularily five hours be~
fore sacrifiecs.
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Figure 2, Average Oxygen Uptake (microlitsrs/100 mg protein) by Dia-

' phragm and Liver.Homogenates. Tissue prepared friom fasted,
adrenalectomized, corticostereone~treated rats and fasted,
adrenaleetomized, non-treated rats. Treated rats reeceived
5.0 mg of corticosterone intramuscularily five hours be=~
fore sacrifice.
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Figure 3. Average Oxygen Uptake (microliters/100 mg protein) by Kidney
and Testis Homogenates. Tissue prepared from fasted,
adrenalectomized, corticosterone~treated rats and fasted,
adrenalectomized, non~treated rats. Treated rats received
5.0 mg of corticosterone intramuscularily five hours be-
fore sacrifice.
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(P££0.05) and after 30 minutes (P4 0.01) of incubation when compared
to the corresponding value for non-treated animals. The treatment pro-
duced no effect on oxygen uptake by homogenates prepared from the other
tissues.

Protein levels in the different tissues taken from corticosterone-
treated and non-treated rats measured before and after incubation in

the Warburg apparatus are given in Table II. A treatment effect was

TABLE II

AVERAGE PROTEIN (MG/GM DRY TISSUE WI') IN BRAIN, HEART, DIAPHRAGM,
LIVER, KIDNEY, AND TESTIS HOMOGENATES FROM FASTED, ADRENALECT-
OMIZED, CORTICOSTERONE-TREATED RATS AND FASTED, ADRENALECT-
OMIZED, NON-TREATED RATS, TREATED RATS RECEIVED 5,0 MG
OF CORTICOSTERONE IM 5 HOURS BEFORE SACRIFICE. SAMPLES
WERE TAKEN BEFORE AND AFTER 30 MINUTES INCUBATION
IN WARBURG FLASK UNDER AIR.

Tissue Type of No. of Preincu- Postincu- Differ-
Homogenate Rats Rats bation bation ence
Brain Treated 21 445 * 88 436 + 88 -9
Brain Non-treated 19 492 %101 483 + 89 -9
Heart Treated 24 405 123 364 £138 =41
Heart Non~treated 25 435 101 436 %125 -9
Diaphragm Treated 20 431 %140 417 2156 -14
Diaphragm Non-treated 21 452 £152 430 163 -22
Liver Treated 24 540 #159 524 %163 -16
Liver Non-treated 25 550 #151 553 %171 3
Kidney Treated 24 460* % 51 443 %108 ~-17
Kidney Non-treated 22 529 *119 498 £124 -31
Testis Treated 24 522 %105 525 £110 3
Testis Non-treated 22 570 £122 546 %116 -24

*P£ 0.05 Treated vs non-treated.

observed only in the kidney. 1In this tissue, the quantity of protein
was significantly less (P< 0.05) in the kidney homogenates prepared

from treated rats when compared to untreated rats, This is not sur-
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prising since glucocorticoids are known to enhance protein degradation
in extra hepatic tissue for the gluconeogenic process. There was no
significant change between preincubation and postincubation protein
levels in any tissue.

The effect of corticosterone treatment on glucose and glycogen
levels in the different tissues and the changes that occurred during
incubation were made in order to obtain some idea of substrate utiliz-

ation., The results of these studies are shown in Tables II and IV.

TABLE III

AVERAGE GLYCOGEN (MG/100 G PROTEIN) IN BRAIN, HEART, DIAPHRAGM,
LIVER, KIDNEY, AND TESTIS HOMOGENATES FROM FASTED, ADRENA-
LECTOMIZED, CORTICOSTERONE-TREATED RATS AND FASTED,
ADRENALECTOMIZED, NON-TREATED RATS. TREATED RATS
RECEIVED 5.0 MG OF CORTICOSTERONE IM 5 HOURS
BEFORE SACRIFICE., SAMPLES WERE TAKEN
BEFORE AND AFTER 30 MINUTES INCUBA-
TION IN WARBURG FLASK UNDER AIR.

Tissue Type of No. of Preincu- Postincu- Differ-
Homogenate Rats Rats bation bation ence
Brain Treated 15 362 * 272 269 %155 - 93
Brain Non-treated 15 288 * 212 177 %£114 -111
Heart Treated 14 436 £ 208 156 £150 -291
Heart Non-treated 15 361 £ 114 86 £ 52 -275
Diaphragm Treated 14 305 £ 159 109 % 98 - 96
Diaphragm Non-treated 14 286** 149 121 £107 -165
Liver Treated 16  2200°%fa20 241 %224 -1959
Liver Non~treated 14 89 = 48 70 £ 46 - 19
Kidney Treated 15 114 £ 63 84 = 40 - 30
Kidney Non-treated 14 88 £ 33 59 * 36 - 29
Testis Treated 14 76 £ 37 79 * 41 3
Testis Non-treated 14 69 = 37 59 + 33 - 10
*P < 0.05 **P £ 0,001 *%*P £ 0,001 Treated vs Non-treated

Treatment produced a highly significant (P<£ 0.001) glycogen increase in
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the liver (Table III). Although there was no significant glycogen in-
crease in any other tissue, a numerical inecrease in glycogen levels was
observed in all tissues of treated rats. A rapid breakdown of glycogen
during incubation was observed in the brain, heart, diaphragm, and
liver of both control and treated rats. A high standard deviation
oceurred in all tissues; however, this was expected since tissue gly-
cogen levels are known to vary considerably in the rat.

The effects of treatment on tissue glucose levels and on glucose

changes during incubation are shown in Table IV. Glucose levels were

TABLE IV

AVERAGE GLUCOSE (MG/100 G PROTEIN) IN BRAIN, HEART, DIAPHRAGM,
LIVER, KIDNEY, AND TESTIS HOMOGENATES EROM FASTED, ADRENA-
LECTOMIZED, CORTICOSTERONE-TREATED RATS AND FASTED,

ADRENALECTOMIZED, NON-TREATED RATS. TREATED RATS
RECEIVED 5.0 MG OF CORTICOSTERONE IM 5 HOURS
BEFORE SACRIFICE. SAMPLES WERE TAKEN
BEFORE AND AFTER 30 MINUTES INCUBA-

TION IN WARBURG FLASK UNDER AIR.

Tissue Type of No. of Preincu- Postincu- Differ-
Homogenate Rats Rats bation bation ence
Brain Treated 20 41 £ 25 28 £ 20 ~13
Brain Non-treated 22 54 & 30 34 = 29 -20
Heart Treated 22 164 % 81 183 %= 118 19
Heart Non-treated 20 165 & 91 167 * 106 2
Diaphragm Treated 20 157 #108 193 % 130 36
Diaphragm Non~treated 19 143 & 94 170 * 103 27
Liver Treated 21 784*% £318 2690 %1228 1906*
Liver Non-treated 20 361 %184 745 % 264 384*
Kidney Treated 21 341 %310 569 + 280 228*
Kidney Non-treated 20 329 %171 593 £ 270 264*
Testis Treated 14 30 & 22 24 = 21 -6
Testis Non-~treated 14 45 % 53 40 £ 45 -5

*P£ 0.001 Treated vs non-treated and preincubation vs postincubation
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significantly higher (P<0.001) in the livers of treated rats than in
the livers of non~treated rats. Treatment produced no change in the
glucose level in other tissues. During incubétion of liver and kidney
homogenates there was a highly significant glucose increase. The ori-
gin of this glucose was the breakdown of glycogen as indicated in
Table III.

A further summary of corticosterone treatment effects on tissue

carbohydrates is given in Table V. Since glycogen levels are expressed

TABLE V

AVERAGE TOTAL CARBOHYDRATE (MG/100 G PROTEIN) IN BRAIN, HEART,
DIAPHRAGM, LIVER, KIDNEY, AND TESTIS HOMOGENATES FROM FASTED
ADRENALECTOMIZED, CORTICOSTERONE-TREATED RATS AND FASTED,
ADRENALECTOMIZED, NON-TREATED RATS. TREATED RATS
RECEIVED 5.0 MG OF CORTICOSTERONE IM 5 HOURS

BEFORE SACRIFICE. SAMPLES WERE TAKEN
BEFORE AND AFTER 30 MINUTES INCUBA-
TION IN WARBURG FLASK UNDER AIR.

Tissue Type of No. of Preincu- Postincu- Differ-
Homogenate Rats Rats batien bation ence
Brain Treated 403 297 -106
Brain Non-treated 342 211 ~131
Heart Treated 600 328 -272
Heart Non-~treated 526 253 -273
Diaphragm Treated 462 302 -160
Diaphragm Non~-treated 429 291 ~138
Liver Treated 2984 2931 - 53
Liver Non-treated 450 815 365
Kidney Treated 455 682 227
Kidney Non-treated 417 652 235
Testis Treated 106 103 - 5
Testis Non-treated 114 99 - 15

as mg of glucose, the sum of the glycogen levels and glucose levels are

given in this table. It can be seen that in almost all cases a dis-
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appearance of total carbohydrate occurred during incubation. The car-
bohydrate decrease does not appear as lactic acid (Table VI). Since
no exogenous substrate was added, the carbohydrate which disappeared
was likely used as substrate feor tissue metabolism. Total carbohydrate
disappeared more rapidly in the liver homogenates from corticosterone-
treated rats than from non-treated rats.

Lactic acid values for each tissue from treated and non-treated

animals, before and after incubation, are summarized in Table VI. No

TABLE VI

AVERAGE LACTIC ACID (MG/100 G PROTEIN) IN BRAIN, HEART, DIAPHRAGM,
LIVER, KIDNEY, AND TESTIS HOMOGENATES FROM FASTED, ADRENALECT-
OMIZED, CORTICOSTERONE-TREATED RATS AND FASTED, ADRENALECT-
OMIZED, NON-TREATED RATS. TREATED RATS RECEIVED 5.0 MG
OF CORTICOSTERONE IM 5 HOURS BEFORE SACRIFICE.

SAMPLES WERE TAKEN BEFORE AND AFTER 30 MIN-
UTES INCUBATION IN WARBURG FLASK

UNDER AIR.

Tissue Type of No. of Preincu- Postincu~ Differ-
Homogenate Rats Rats bation bation ence
Brain Treated 21 43 %16 37 #12 -6
Brain Non-treated 21 36 %14 30 £14 - 6
Heart Treated 20 69 £24 69 #22 0
Heart Non-treated 20 69 %26 74 %24 5
Diaphragm Treated 20 100 %69 88 452 -12
Diaphragm Non-treated 20 82 431 69 £32 -13
Liver Treated 19 6 * 4 14 *13 8*
Liver Non-treated 17 11 % 9 12 %11 1
Kidney Treated 21 18 £23 24 =24 6
Kidney Non-treated 20 21 %16 14 %11 Sl
Testis Treated 19 19 %24 22 %43 3
Testis Non-treated 19 12 % 8 12 % 9 0

*P £ 0,05 Preincubation vs Postincubation.

significant treatment effects were observed on lactic acid levels in
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the preincubation mixtures of any tissue. A significant lactic acid
increase (P<0.05) occurred in treated liver homogenates during incuba-
tion; however, only very small, nonsignificant changes occurred in
other tissues during incubation.

The changes in inorganic phosphate levels during incubation are

shown in Table VII. Since the homogenates were buffered in phosphate

TABIE VII

CHANGES IN INORGANIC PHOSPHATE (MICROMOLES/G PROTEIN) IN BRAIN,
HEART, DIAPHRAGM, LIVER, KIDNEY, AND TESTIS HOMOGENATES FROM
FASTED, ADRENALECTOMIZED, CDRTICOSTERONE-TREATED RATS AND
FASTED, ADRENALECTOMIZED, NON-TREATED RATS. TREATED RATS
RECEIVED 5.0 MG OF CORTICOSTERONE IM 5 HOURS BEFORE
SACRIFICE. SAMPLES WERE TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK UNDER

AIR,

Tissue Type of No. of Difference betwsen Prein-
Homogenate Rats Rats cubation and Postinecubation
Brain Treated 22 71.6

Brain Non-treated 20 55.5

Heart Treated 21 78.1

Heart Non-treated 23 68.7

Diaphragm Treated 20 -19.0
Diaphragm Nen~treated 17 - 2.4

Liver Treated 23 11.7

Liver Non-treated 25 31.2

Kidney Treated 19 48.0

Kidney Non-treated 21 25.7

Testis Treated 19 26.3

Testis Non-~treated 19 45,6

buffer, initial levels of phosphate in the tissue are not given. Only
the changes that occurred during incubation are reported in Table VII.
These data indicate no significant treatment effect on inorganie phos-

phate levels in any tissue. Although not significant, the inecrease
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of inorganic phosphate during incubation of liver homogenates prepared
from corticosterone-treated rats was less than that observed for non-

treated rats.

Experiment II. Mitochondrial P/O Ratios.

In order to study further the effect of glucocorticoid treatment
on oxidative metabolism, a second group of experiments was designed to
measure the effect of corticosterone treatment on phosphorous/oxygen
utilization ratio. Animals were treated as previously indiecated (p 37),
and immediately after sacrifice the brain, heart, and liver were re-
moved and homogenized in sucrose~EDTA solution. A mitochondrial pellet
from each tissue was isolated by differential centrifugation as pre-
viously indicated (p 39). P/0O ratios were determined using succinate,
malate, and malate+pyruvate as substrate. These substrates were
selected because they enter the electron transport chain at differ-
ent points and a steroid effeect at one certain locus might have an
effect on the oxidation of one substrate and not on the other.

Electron micrographs were made from sample pellets of each tissue,
All pellets examined were found to contain highly concentrated intact
mitochondria., The results are shown in Figure 4 and Figure 5.

The effects of corticosterone treatment on oxygen consumption, ATP
formation, and P/0 ratios by rat brain mitochondria are given in Table
VIII. Regardless of substrate, corticosterone treatment had no signi-~
ficant effect on oxygen consumption or ATP formation in rat brain mito-
chondria. A slightly increased P/O ratio (P< 0.2) was obseryed using

malate as substrate. This change was due to a slight decrease in oxygen
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Figure 4. (X35,000) Electron Micrographs of Brain (upper) and Thymus
(lower) Mitochondria Isolated from Adrenalectomized Rats.
A few cell processes and synaptic vesicles are apparent
in the brain mitochondria. A lymphocyte, ribosomes, and
portione of the cytoplasmic matrix are present in the
thymus mitochondrial pellet., Some dehydration of the
mitochondrial matrix occurred. Stained in lead citrate,
embedded in epoxy resin and sectioned 0.1 micron.
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(X35,000) Electron Micrographs of Heart (upper) and Liver
(lower) Mitochondria Isolated from Adrenalectomized Rats.
Portions of the sarcoplasmic reticulum are apparent in

Figure 5,

the heart pellet. Some dehydration of the mitochondrial
matrix occurred. Stained in lead citrate, embedded in

epoxy resin and sectioned 0.1 micron.
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TABLE VIII

OXYGEN CONSUMPTION, ATP FORMATION, AND P/0 RATIOS IN BRAIN
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED, CORTI-
COSTERONE~TREATED RATS AND ADRENALECTOMIZED,
NON-TREATED CONTROL RATS.

Type of No. of Oy** ATP***%
~ Substrate Animals Animals Uptake Formed P:0

Succinate Treated 10 60.5 28,0 69.8 %29 1.17 %0.08
Suceinate Non-treated 10 64.4 £19.9 76.3 %29 1.18 %0,25
Malate Treated 12 22.2-% 4,3 32,9 %85 1.53%%0.5
Malate Non~treated 9 24,6 23,9 29.6% 7.5 1.24 %0.41
Malate+

Pyruvate Treated 6 38.7 £ 4.3 88,5 %17.8 2,29 %0,45
Malate+

Pyruvate Non-treated 6 36.9 £ 8.5 87.2 %24 2.37 £0.49

*P< 0.2 Treated vs Non-treated.
**Microatoms/g. mitochondrial protein/min.
** Micromoles of inorganic phosphate disappearing/g of mitochondrial
protein/min.
consumption and a slight inerease in ATP produection.

The effects of corticosterone treatment on oxygen uptake, ATP
formation, and P/0 raties by mitochondria isolated from the rat heart
are reported in Table IX. There was no treatment effeect on oxygen up-~
take, ATP formation, or P/0 ratios using succinate or malate+pyruvate
as substrates. When malate was used as substrate, corticosterone treat-
ment caused a decreased oxygen uptake (P<0.1) and an inecreased P/0
ratio (P 0,1).

Corticosterone treatment had a more profound effect on liver mito-
chondria than on mitochondria isolated from. other tissves; however, this
is not surprising in view of the well known fact that the liver is a

target organ of the glucocorticoids. The effects of corticosterone
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TABLE IX

OXYGEN CONSUMPTION, ATP FORMATION, AND P/0 RATIOS IN HEART
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED, CORTI-
COSTERONE~TREATED RATS AND ADRENALECTOMIZED,
NON-TREATED CONTROL RATS.

Type of No. of 0,%* ATP***
Substrate Animals Animal s Uptake Formed P:0
Succinate Treated 7 129.3 #26 64,3 £27.8 0.5 %0.18
Suecinate Non-treated 8 116.1 %28.9 67.4 %30.6 0,57 0.2
Malate Treated 9 25.8*% 5,4 59,7 22,3 2,25%%1.0
Malate Non-treated 12 33,2 #10.7 58.1 #29.6 1.72 #0.5
Malate+
Pyruvate Treated 6 59.9 £13.1 126.1 %#49.3 2.06 %0.55
Malate+
Pyruvate Non~treated 5 53.16%£24.0 119.8 #13.74 2.14 %0.51

* P<0.1 Treated va Non-treated.

** Microatoms/g. mitochondrial protein/min,
*%% Micromoles of inorganic phosphate disappearing/g of mitochondrial

protein/min.

treatment on liver mitochondrial oxidative metabeolism is given in
Table X. A significant treatment effect was found on both the quantity
of ATP formed and the P/0 ratios in liver mitochondria oxidizing malate
(P<0.01) and malate+pyruvate (P< 0.05) as substrate. Corticosterone
treatment increased ATP formation and increased the P/0 ratios in mito-

chondria oxidizing either malate or malate+pyruvate. No treatment

effect was observed when succinate was used as the substrate.
Experiment III. Subcellular Distribution of (®H) Corticosterone.

The third experiment was designed to localize (®H) corticosterone
within the cells of the brain, heart, thymus, and liver. Thirty minutes

after an IV injection of 10 micrograms of corticosterone and 20 micro-
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TABLE X

OXYGEN CDNSUMPTION, ATP FORMATION, AND P/0 RATIOS IN LIVER
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED, CORTI-
COSTERONE~TREATED RATS AND ADRENALECTOMIZED,
NON-TREATED CONTROL RATS,

Type of No. of 0g** ATP*x*

Substrate Animals Animals Uptake Formed P:0
Succinate Treated 9 75.8 £22.8 74,9 £27.4 0.98 %0.13
Suecinate Non-treated 9 68.5 £18.2 64.2 %£20.6 0.95*to.23
Malate Treated 14  19.07% 3.9 36,2% 9,95 1,917%0,41
Malate Non~treated 14 19.23% 4.5 26.9 %11.9 1.33 %0.4
Malate+

Pyruvate Treated 6 25,18t 3.3 52,1 %12,2 2.04*%0.3
Malate+

Pyruvate Non-treated 6 22,3 £ 2,4 32,3 %13,1 1.47 %0.5

* PL0.05, *% P< 0,01 Treated vs Non-treated.

** Microatoms/g mitochondrial protein/min.
*k% Micromoles of inorganic phosphate disappearing/g of mitochondrial
protein/min.

curies of (°H) corticosterone, these organs were removed, homogenized,
and fractionated into nuclei (fraection 1), mitochondria (fraction 2),
microgomes (fraection 3), and supernatant (fraction 4). The disintegra-
tions per minute of (®H) corticosterone in each subecellular fraction
expressed as percent of total disintegrations per minute contained in
the homogenate are given in Table XI and shown graphically in Figure 6.
In each tissue fraction 4 contained significantly more activity than
fraction 1, 2 or 3. This difference was highly significant in all
cases except the liver. In the liver, there was a highly significant
difference between the supernatant and the mitochondrial fractions,
and a significant difference (P< 0.02) between the supernatant and the

other fractions. Fraction 1 of the brain,. heart and thymus contained
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significantly more activity than fraction 3. Fraction 1 of each tissue

contained significantly more activity than fraction 2.

TABLE XI

MEAN SUBCELLULAR DISTRIBUTION OF (SH) CORTICOSTERONE IN RAT
BRAIN, THYMUS, HEART, AND LIVER 30 MINUTES AFTER AN IV
INJECTION OF 20 MICROCURIES OF (3H) CORTICOSTERONE.
ACTIVITY EXPRESSED AS PERCENT OF TOTAL ACTIVITY.

CONTAINED IN THE HOMOGENATE.

Bg&in Thymus Heart Liver

Number of Rats 3 4 4 [
Nuclei* 14.4 13.9 15.2 23,8
Mitechondria 6.4 6.8 < | 6.5
Microsomes 4.6 4.0 W 14.4
Supernatant 69.0 76:5 T5.T 48,0
Recovery 9.4 101.1 100.1 92.7

* The possibility of cross contamination cannot be completely excluded.

A comparison of one tissue fraction with the corresponding frac-
tion of other tissues is given in Figure 7. It was found that frac-
tion 4 of the thymus and the heart was significantly greater (P<£0.05)
than fraction 4 of the liver. A difference (P<£0.1) was observed be-
tween fractien 4 of the brain and fraction 4 of the liver. Fraction 3
of the liver was signifieantly (P< 0.05) greater than fraction 3 of the
brain, thymus, and heart. Fraction 2 of the liver was significantly
greater than fraection 2 of the heart.

The tissue/blood ratio was determined by eollecting one ml of bloed
by cardiac puncture just before sacrificing the rat. The specific grav-
ity of whole blood and the: disintegrations per minute per ml of blood
were used in order to calculate the disintegrations per gram of bloed.

The wet weight of sach tissue sample was determined and the disinte-
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grations per gram wet welght of each tissue wers caleulated., From this,
the tissue/blood ratie was caleulated. It reprasents the disintegra~
tions per minute psr gram wet tissue weight c¢ompared to the disintegra-
tions per minute per gram of blopd. The average results of these deter—
minations are shown in Figure 7. The tissue/blosd ratios are brain

0.57, thymus 0.42, heart 0.59, and liver 1.51.
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CHAPTER V
DISCUSSION
Experiment I. ‘Bibghemical Changes in Tissues

The fact that acute corticosterone treatment inereased oxygen
uptake by liver hemogenates is indicated in Table I and Figuré 2. No
significgnt effeect was observed on homogenates prepared from the brain,
heart, diap_hragm,_ kidney, or testis. A trend toward a decreased oxygen
uptake by heart homegenates Prepared from corticosterpne~treated rats
was observed; however, it was not found to be significant. The. in-
creased oxygen uptake by glucocerticoid-treated liver homogenates re~
ported here and by others (34, 35) may be necessary for the enhanced
oxidative phosphorylation ebsgrved by other investigators. Adrena-
lectomy is known to decrease oxidative phosphorylation (72) and ATP
leyels within the rat liver (25). Treatment_with]glue&corticoids
enhances oxidative phosphorylatien and ATP levels (25). There is
-amplevevidence.to indieate that a decreased glucose utilization oceurs
after.glucocqrticoid treatment in many extra hepatic tissues (69, 82,
83, 84, 85, 86, 91, 95). 1t is pqssible that the decreasedvglucose
uptake by extra hepatie tissues might be accompanied by a decreaSed
oxygen uptake by th@Se»tissugs; however, the results repprteq here do
not indiecate any significant decrease in oxygen uptake by brain,.heart,.

diaphragm, or kidney tissues of treated rats.

56
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The increased oxygen uptake by liver homogenates of cprticosterone~
treated rats reported in Table I may be due to alteratiensg in metabelic
pools within the cell or mitochondrial alteratiens that affect oxida-
tive metabolism. The results of studies on mitochendrial oxidation
of various substrates support the hypothesis of altered mitochondrial
oxidation rates (Tables VIII, IX and X). These data, although not
significant, indicate that corticosterone treatmerit may decrease the
~oxidation rate of NAD-dependent substrate and increase the rate of
succinate oxidation. The increased rate of oxygen uptake may be due
to altered mitochondrial conditions whieh permit increased oxidation
of suecinate.

The results reported here agree with those reported by Goetsch
and McDonald (35) and Geurkink (32) on the effeet of acute injeetienms
of prednisolene and hydrecortisone. They found that acute treatment
with these hormonés”resulted in increased oxygen uptake in liver homo-
genates, Chronic treatment resulted in a decreased oxygen uptake. The
above investigators reported a much greater effedt than reported here;
however, prednisolone and hydrocortisone are known to have a much high-
er glucocorticeid aetivity than corticosterone.as indicated by greater
liver glycogen deposition. Additional work by Geetseh (34) has shown
that pradnisolone treatment stimulated oxygen uptake by homogenates
prepared from the liver of goats. The results of this experiment
provides additional evidenece for an acute effect of glucocorticoids
on oxygen uptake in rat liver.

Gordan et al. (36) reported that glucocorticoids in vitre de-

pressed oxygen consumption by the rat brain. The results reported in
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Figure 1 do net indicate such an effeect on brain tissue taken from
corticosterone~treated rats. These differences are not alarming since
pharmacolegical amounts of glueocorticoids were used in the'iE;ZiEEB
studies; therefore, the_results may represent nonphysiolegical eondi-
tions and, in faet, they may not even be related to‘igﬁgizg effects.
Roberts and Keller (97) found that cortieecne treatment produced en-
haneed oxygen uptake in the posterior hypethalamus, whereas cortisone
treatment redueced oxygen uptake in the anterior pituitary. The results
reported in Table I and Figure 1 do not indieate any significant effect
of glucocorticoid treatment on hpmggenatgs prepared from the entire
brain; hewever, a trend was observed. The results reported herein
represent the effects on the entire brain rather than on a particular
part. Additional studies on certain portiens of the brain might ra-
veal local effects.

The results reported here do not indicate'any effect of aecute
glueocorticoid treatment on oxygen uptake by kidney or testis. Ewing
and Nobel (22) found that stress for 5 days produced an inerease in
oxygen uptake by rabbit teStis and kidney slices in intaet animals.
There was no significant ineresase by day 3 and by day 10 a decrease
was observed. Stressful conditions result in a variety of responses
by an organidm to compensate for alterations that eccur in the-external
pr internal environment,i-Selye'(los)_has shﬁwnvthat‘giuesemrticcids
and epinephrine ar&»released in greater amounts by the adrenal cortex
and the adrenal medullg during stress. Eive hours after treatment,
regsults reported here do not indicate any effeet of corticosterone

treatment on: exygen uptake by kidmey or testis homogenates (Figure 3),
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Continwed treatment for 5 days may have produced an inereased oxygen
uptake by kidney and testis similar to that observed by Ewing and
Nobel (22); however, it is knbwn-that.s;ress causes an increased re-
lease of epinephrine as well as glucocorticoids. The increased oxygen
pptaké observed by Ewing and Nobel (22) may have been due to the effect
of epinephrine rather than an.effactzof.glucocﬂrtiénids. There are
indications that acute injections of glucocorticoids stimulate an in-~
itial rise in oxygen uptake (32, 34, 35), whereas chronic treatment
rgsults in decreased oxygen uptake by liver tisspe‘(zz, 35, 106).

The data reported hefein.indicate_that only in-the kidney was
there any measureable effect of cprticoid tresdtment on protein content
of tissues. There was no obsérved effect of treatment on protein
thanges during Incubation in any tissuwe. It is known that glucocorti-
¢oids stimulate catabolism in extrahepatic tissue and anabolism in
hepatic tissue.  These effects are not apparent after a single treat-
ment. If anabolic or catabelic effects QGCurrgd in tisgues other than
the kidney, the turn over rate was not sufficient to be detgeted by
the procedures used in this study. There is ample evidence for de
Eggg-enaymg synthegis in hepatie tissue after glucocorticoid treat-
ment (46, 48, 67, 79, 99, 107, 122). The incrgased enzyme concentra-
tions.havé»been detected by increased enzyme activity, immunochemieal
titrations, and radieactive preeursor incorpsration into énzyme pro-
~tein. These procedurss measure much smaller changes than the tetal
prmtein determination proeedure used in this study.

.Clark_and Pesch (11) reported thattghranically administeread

eorticosterone inereased protéin content par kg. wet liver weight and
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relative weight of the rat liver. The results of this experiment did
not indicate any inerease in liver protein based upon dry weight (Table
I1). The explanation of these different observations probably lies in
the length of treatment. Data reported here are the regults of a single
injeetion \pf coprticosterone, whereas data reported by Clark and Pesch
(11)‘are the results of chroniecally tredted animals.

The glyéogen levels in all tissues taken f:om-corticosteronee
t_reated animals appeared higher than the glycogen levels in tissues
taken from non~treated animals. The increased glycogen level was highly
signifieant'in the liver of treated animals.whgn it was compared with
the liver glycogen in control animals (Table IIT1). Inereased glycogen
levels in thev1iver.of,glué@cprticpidetreatad animals was first reéport-
ed by L§ng.§EJ§i’ (74, 75) as early as 1940. It was suggested that the
»SourCe’of this new glyceggn was the degradation of protezin,

It is likely that the small glyeogen incrsase obsarved in the extra-
hepatic tissues after eorticmsterOne,treatment regsulted from inereased
blood glucose luyels and‘decreased rates of glucose utilization by
these tissue. Corticosterone may have reduced the rate of glyeogen
breakdown and maintained glycogen reserves in extrahepatie tisgues,

In .all tissues of both treated and non~treated animals the differ-
enee ba;WQen”preineubation,and postincubation indicated glycovgen break-
 down. In most cases the glyeogen breakdown during ineubation ean be
aceounted for as ingreased_giucose formed during incubation (Table III
and Tablg:IV),‘»Thasg data agree with those reported by Gestsch and
MeDonald (35) and Geurkimk (32).

It is apparent that some gluceose is unaccounted for especially in
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the brain and the beart tissue. Glucose is the principal substrate
for the brain; therefore, it is likely that the 1lost gluecose may be
ageounted for over normal metabolie pathways. |

Heart glycogen disappeared rapidly during incubation; however,
there was only a small inerease in glucpse or lactic aeid during in-
fcubation (Table IV and Table VI). It‘is.possible that some of the
glygogen_which was broken down resulted in lactate fp;mation.‘ The
lactate could have then been used as substrate by the heart; thus
lactate would show very little change during incubation.

The glueoée levels in the liver of eorticosterone-treated
animals was significantly higher than these in the liver of non-
treated animals (Table IV). This.is likely due to increased gluco-
neogenesis within the hepatic tissue.

The inereased glucose levels in the kidney homogenates after in-
cubatien cannot be completely due to the breakdown of glycogen since
the total carbehydrate after incubation was greater than the tptal
éarbphydrate before incubatiom (Table V). Undoubtedly some gluco-
neogenesis oceurred within the kidney homogenate during incubation.
There was no difference between.treated and non-treated animals, with
respect to kidney glucose changes during incubation. Both glycogen
and glucose levels in the testis are very low (Table III and Table
VI}. These findings are supported by other workers who have found
low glyeogen levels in testis tissue (78).

A further summary of cort%costerona treatment effects on tissue
carbohydrates is shown in Table V. Since glycogen levels are expressed

as mg of glucose, the sum of the glycogen levels and glutose levels
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Aare given. It can be 8een that in almost all cases avdisappearanca of
total carbohydrate ocecurred during incubation,

The disappearance of total carbohydrate.did,nat appear as lactie
acid (Table VI). Since no exogenous substrate was added, the earbo-
hydrate was likely used as substrate for the metabolism.in the differ-
ent tisgues.

Total.carbohyd;gte disappeared more rapidly in the liver homogenate ‘
of cortigosterone-tneated.énimals than in that from non-treated animals
(Table V). Part of the carbohydrate loss appeared as lactic acid
(Table VI). The increased reSpiration rate oflliVer homogenates from

treated animals glso‘:equired additional substrate and this may aceount
for at least part of the carbohydrate loss in the liver hemogenates of
treated animals. These data do not agree with those reportéd by Goetsch
and McDonald (35), and Geurkink (32); how¢Ver, differences in techni-
ques used for the analysis of gluecose may aecount for the different
~observations. The results reported here indiﬁata that the enhanced
respiration and carbohydrate utilization are related, It is possible
that the enhanced respiratory rate in liver homogenates preparad from .
rats receivihg an acute injeetion of glucocorticoids_may‘be due to the
increased substrate pools present in the cell; however, Goetsch and
McDonald (35) provided evidence that the mere presanée.of additional
glucose which is present in the livers from corticosterone~treated
.rats»(Table IIT and Table 1V) does not, in itsglf, stimulate respira-
tion.
Corticosterone treatment preduced no effeet on lactic acid levels

in the preincubation mixtures of any tissue which was studied. A
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significant inerease of lactic acid occurred during incubation of
treated liver homogenates, This accompanied a rapid decrease of total
carbohydrate, Similar results were reported by Goetsch and MeDonald
(35) after treatment with prednisplone. They also reported a similar
increase in laectie acid for control animals, an observation: not made
in this experiment. This discrepancy may be due to the fact that
normal animals were used in their work ahd adrenalectomized animals
were used in the experiment reported here. The presence of small
amounts of endogenous hormone in normal animals may have prevented the
observatien of this difference.

The increased lactic acid production during incubation of liver
homogenates from treated animals indicates that corticosterone treat-
ment enhances the rate of aerobic glycolysis, There are increased
amounts of glucose and glyecogen in the liver (Table TIT and Table IV)
and,<ae¢ording to the *"Crabtree effect’™, this should enhanee glycolysis
and reduce respiration (14). These data indicate not only an increas-
&d rate of glycolygis (Table VI) but alseo an increased rate of respir-
ation in liver homogenates (Table I), It is possible that glucocorti~
-coids.enhanced 1actate,formati0n as well as_increasing respiration.
The marked increase in glucose levels in the liver homogenates of
treated animals (Table IV) may have enhanced glycolysis (14)f Simul=
taneously induced effects at the mitechondrion or altered levels of
other metabelites or cofactors may bave enhanced respiration. The
data reported in Table X indicate that the steroid effect on liver
mitochondria metabelizing malate did not result in an increased respir~

ation but rather an enhanced phospherylation. It is pesgible that
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mitochondrial alterations resulted in enhanced oxidation of substrates
other than those requiring NAD~dependent enzymes for pmidation, Al~
though it is not statistically signifieant; there is some evidence
(Tables IX and X) that treatment enhances the oxidation of suceinate
by liver and heart mitochendria, whereas treatment decreased the rate
of malate oxidationbby heart mitechondria (Table IX). In view of the
results observed here it seems possible that corticesterone treatment
enhances both glyeolysis and reSPirationf Glycolysis may have been
enhanced due to the large concentration of glueose in the liver homo-
genates of treated animals. Raspiration‘may have been increased due
to mitochondrial alterations that enhanced oxidation of substrates not
requiring NAD-dependent enzymes for oxidation,

Another possibility for the increased 1actatg formed during incuba~-
~tion may be the deaminatien or transamination of certain amino acids
which produce pyruvate. quuction of pyruvate by NADH_to lactate may
have occurred. This would require a source of NADH which eould be sup-
plied by the oxidation of glyceraldehyde-3-phosphate., It is also
possible that NADH was released more readily from the mitochéndria of
corticosterone treated animals. Gallagher (30) found that hydroecorti-
sone destroyed the selective semipermeability of mitochondrial membranes
and increased the mngment of NAD across the membrane. Corticosterons
treatment may destroy the selective semipermeability of the membrane
and loose NAD and NADH which would be available for the oxidation of
glyceraldehyde~3~phosphate and the reduction of pyruvate to lactatef

Treatment produced no significant effect on inerganic phesphate

levels during incubation of any tissue homogenate. Apparently a break-
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down of ATP, presumably by ATPase action, occurred at a more rapid rate
than ATP synthesis in all tissue homogenates except the diaphragm. 1In
tha diaphragm indications are that synthesis occurred at a gresater rate
than breakdown since inerganie ﬁhosphate detreased duriﬁg incubation.

A rupturing of eells during homogenization may release large amounts of
ATPase enzyme; therefere, any new ATP formed or present may have been
cleaved by ATPase actien releasing inqrggnic phesphate,

- Goetsch and McDonald (35) reported ﬁq inecrease of ineorganie phos-
phate during incubation of liver homegenates prepared from prednisolene;
however, a highly signifieant rise oceurred iﬁ control rats. They sug-
gested that the glucoeortieoids in some way enhance phpsphorylation.
Data reported in Table VII support their suggestion. The fact that’
prednisolene was used in their experiment, and its glucocbrticoid
gctions are many times greater‘than»cortigostaroné, used in this experi~
ment, may account for the greater efficiency of phosphorylation Qbserv~

gd in their work,
Experiment II. Mitochondrial P/0 Ratiss.

In order to study further the—effact,@f glucocorticgid tréatment
on oxidative metabolism, P/0 raties were determined in mitochondria
isolated from the liver, heart, and brain. Sucecinate, malate, or
malate+pyruvate were used separately as substrates for dgtermining
P/0 ratios. These substrates were selected because they are metabolized
diffsrently by.the mitochondrion. A steroid effeect at one egertain locus
might have an effect on the oxidation of ene substrate and not on the
other. This may be indicated by the following schema of electron trans~

port (21).
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A sterpid effeét at some.point.along the chain near the formation of the
first high energy phesphate ( P1) would have an &ffect on the P/O ratios
of NADfdapendenﬁ substrate, whereas no effect onvthe_P/O ratios shepuld
be sbserved using suecinate as substrate; therefore, the nbje¢tiveﬂpf
this experiment was to determine if corticesterond treatment had any
effect on the oxidation pf NAD-dependent substrate or suceinate,

Many investigators haye repo:ted-gffacts_of glucocprticoids,on
mitochondrial oxidation (29, 31, 36, 57, 82, 106). Whether these are
primary or secendary effects remain to elucidated. There has been
suggeﬁtive gvidence that the glucoecorticoids may have an effect near
the NADH Flavoprotein portion of the elec¢tron transport chain, This
was first suggested by Gordan et al. (36) after their observatien that
methylene blue did not reyerse the steroid-induced inhibitien of oxygen
consumptien in rat brain tissue. This indieated.a siﬁ& of action pre-
ceeding the flavoproteins sinqejmethylene blue ¢an act &s a carrier be-
tween dehydrogenases and pxygen. Gallagher (31) suggested that eprti-v
sone destroyed the selective semipermeability of mitochendrial mem-
branes and a. loss of NAD occurred. Jensen and Neuhard (5,:‘7)_ found that
steroids are concentrated in electron transport particles in witre.
They also reperted that corticosterone ha&,én’amytalelikeiaffact.upan
oxidation of NADH by heart sarcosome fragman;s, Bojesen and Jensen (9).

reported that stereids had no effect ig_vitro'pn,mxidation of NAD-
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dependent ,substr:a;e‘s in intact helaft Sa;rjé_:ﬂs;pme_"s when measurgd by con-
ventional Warburg mopometry; however, if a Clark electrode were ﬁsed
to measure oxygen consumption foraa_few.minutgs.an inhibiteory effect
on oxygen consumption was observed. This inhibition was observed on
both NADH and succinateuoxidatiOn{

There was no,significant,efﬁeet.of corticosterone treatment! on
brainbmitnchondrial mgtabplism; There was a very slight trend toward
an incrgaﬁed P/0 ratio (P<0.2) in brain mitochendria from treated
rats using malate as substrate. This slight<ehange was apparently due
te a slightly decreaséd oxygen consumption and a very slightly increas-
ed ATP production, Hartman (41) has suggested that cortisene affects
the selective permeability of brain mitochondria and it may help regu~
1aﬁa metabolism in nerve tissue., The data reported here do not e¢learly
support this suggestion,

No treatment effect was observed on oxygen uptake, ATP formatien,
or P/O ratios on heart mitoehondria using.succinate or malate+pyruvate
as substrate. A slight effect on oxygen uptake and P/O raties was
observed using malate as substrate. Treatment caused a decrease in
oxygen uptake (P<L0.1). Results reported here agree with those re-
ported by Jensen and Neuhard (57) that steroids, added in witre tb
zlectron transport particles oxidizing NADH decrease the. rate of oxid-
ation. They also reported that corticosterone had.aﬁ‘amytal-like
sffeet upon the oxidation of NADH by ﬁeart sarcosome. fragments. The
results reported here do not agree with those repmr;ed,by Bojeson and
Jensen (9) that steroids in vitre had no gffect on oxidatipn by NAD-

dependent substrates in intgct heart sarcosomes when measured by con-
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ventional Warburg monometry. The seeming difference in the data re-
ported here and those reported by Bojesen and Jensen (9)_may.pep:ea
sent effects in vitro that are different from effects in yive.

Cnrtiéosterone treatment had a more profound effect_on‘liyar mito-
thondria than on mitochondria isplated from other tissues. This is net
surprising in view of the well known fact that the liver is a ta:gaﬁ
‘organ pf the glucocorticoids. A signifiecant treatment effeet was found
upon the quantity pf ATP formed and the P/O raties in liver mitochendria
vgxidizingvbbtp malate and malate+pyruvate as subﬁtrate, Corticosterone
treatment Increased ATP formation and the P/O ratips in mitochondria
oxidizing either malate or malate+pyruvate. No treatment effect was
observed with succinate as substrate,

The data reported here are semewhat diffieultite-cpmpapé to those
reported by other investigators because of differences in the treatment
of animals, the type of animals used, and the type of substrate used,
In this experiment adrenalectomized animals received one injection of
corti¢ogterone 5 hours before sacrifice. Non-treated adrenalectomized
animals were injected with carrier yehiele only. The substrates used
are indicated in Table X. Other investigators have used normal animals
¢hronic injeetions, or different substrates to study mitpehondrial
oxidative metabelism. n

Glark.amd Pgsch (11) found that echronically administered cortisoﬁe
lowered oxygen uptake of normal rat liver mitechondria and no effect
was observed on oxidative thsphory19tipn_usingtx-keto glutarate as
substrate. Thaargsults reporﬁed‘here~dp_not agree with the above obser-

vations; hewever, it should be peinted out that in the werk reported
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here adrenalectomized animals were treated with a single injeetion of
corticogterene 5 hours before sacrifice. Differences between acute and
chronic injeetions have been reported by Goetsch and McDenald (35).

Glucocorticoid effects on mitochondria were first suggested by
Gordan et al. (36) after showing that adrenal cortiecal extract or corti-
costerone depresged oxygen consumption by :at brain tissue .and methylene
blue did not reverse the steroid-induced inhibitien. Gallagher (31)
later reported that stereids altered the Semipermeability of the mite~
chondrial membrane and NADH was rapidly lest from rat liver mitechendria.
Jensen and Neuhard (57) reported that the addition of sterpids to a
suspension of electron transport particles oxidizing NADH decreased the
rate of oxidation. Kerppola and Pitkanen (64) reported that cortisene
- reduced NADH-ecytochrome c reductase activity in the liyers of old rats.

Several investigators have reported:anveffeet of gluepcmrticoids
on P/0 raties in liver mitechondria. Kerppola (63) reported that
chronie injections of gortisone inte normal rats inhibited oxidative
phosphorylatison by liver mitochondria prepared from these animals. The
-éxperiment reported here indicated treatment enhanﬁed oxidative phos=
phorylation: however, adrenalactnmizad>animals were used and -only .a
single,injeation of corticosterone was médéﬁ These data support-the
recent work reported by Liljeroot gt al. (72) that adrenalectomy re-
sulted in a decreased P/0 ratio in rat liver mitochondria and the addi-
tion of cortisene in vitro increased P/O ratios,

The results of the experiment reported herein indieate that ¢orti-
costerone treatment altered mitochondrial oxidation and ATP formatien.

Whether this is a primary or a secondary effect remains to be reselved.
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This effeet was most apparent im liver mitechendria; however, thers was
also_evidence of an effect in heart mitochondria. This sffeet was mest
apparent eon mituﬁhondria:pxidizing NAD-dependent substrate. The observ«
ed effect appeared to be due to altered rates of substrate metabolism -
and a tighter coupling of eoxidative phosphorylatien.

These data support the hypsthesis that the glucpeorticoids affect
mitochondrial oxidation at some point near the NADH‘——rflavnptotein site,
The faet thatfcorticosterane treatment had an effect on ATP formation
and P/0 ratios with malate .48 substrate but had no effect when suecinate
was used as the.subStrate_indigatedva glueocorticoid effect near the
NADH<“—~flavoprotein part of the electron transport chain.

The effect of vorticosterone treatment on oxidative metabolism may
be due te the association of the steroid mplecule,with the mitochendrial
membranes or &lementary particles, altering the structure slightly so
that altered oxidative phosphorylation oeccurred. Evidence presented in
Table XI and Figure 6 and by other investigators indicates that the
steroid is present and weakly bound within,fhe mitochondrien (16).

Blai:\ggzgi. (7) found that submitochondrial particle contains
4all the fixed components of the electron transfer system. It has bsen
suggasted that this elementary parti¢le is composed of several complexes,
tach complex ¢ontaining certain components of the eleetron transport
,chain, Electfons.fr@m_substrates may enter the chain by'nnéqpf two.
complexes. After entry the electrons travel identical paths until they
ares pleked upvby.malecular.pxygeni' If the electrons come from NADH,
they enter at one peint of the chain but if thes electrons are donated

by suécinate, they enter &t another point. It hag been suggestsd pre-
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wviously that a stereid effect at some point along the chain near the
formation of the first high energy phosphate (~P) would have an effect
on the P/0 ratios of NAD-dependent substrate, whereas no effect on the »
P/0 ratio should be observed using suceinate as substrate. The re-
sults reported here indicate that corticosterone treatment enhanced

ATP formation and the P/0O ratio by isolated liver and heart mitochondria
oxidizing malate, whereas no significant effect was observed using sue-
cinate as substrate. It is therefore suggested that corticosterone
treatment has an effect on liver and heart mitoehondrial oxidation.
These .data indicate that the site of action may be near the_NADH—flav0~
protein portion of the elementary particle within the mitochondrioen.
This hypothesis is even mere attractive in view of the fact that Hatefi
et al. (42) have provided evidence that the NADH-oxidase system of beef
heart mitochondria appears to be very closely associated with a respir-

atory control mechanism,
Experiment III. Subeellular Distribution 3H) Corticosterone

This experiment was designed to localize 3ny corticosterone with-
in the cells of known target tissues as well as other tissues not re-
cognized as target tissues of these hormones. Thirty minutes after an
1V injection of 10 micrograms of corticosterone and 20 mieroeuries of
(3H)vcprticosterone the rats were sacrificed and the wvarious tissues
removed, homogenized, fractienmated, and extracted. The liver was not
perfused EE Eizg/after sacrifice to remove red blood cells since
Bellamy (4) reportad that perfusion made no difference teo aithgr the

amoynt of particulate-~bound corticosterone or the distribution pattern.
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The disintegrations per minute of (3H) corticosterone in esach fraction
were determined. The tissue/blood ratio was determined and it was
found that only the liver was capable of concentrating (3H) corticos-
terme from the blpod. The tissue/blood ratiobmay be about 15 percent
higher than tissue/plasma ratips. Studies on the binding of corti-.
costerone to red blopd-cells haye not been reportad; however, about

25 percent of hydrocortisone in a given volume of blood (hematocrit,

40 percent) was found in the red blood cells (10). The ability of the
liver to concentrate corticosterone is not surprising in view of the
fact that the liver is a target orgén.of the glucocoerticoids and it is
also the major site of conjugation and degradation of the steroids into
normal excretory forms. Since cortisol enters the liver by diffusion,
a favorable diffusion gradient appears to be maintained by the intra;
cellularvadsorption of free cortisol (5). The data reported in Table
XI indicate that the nuclear and microseomal fractions of the liver may
in some way bind corticosterone more than these-fractions in other
tissues and provide a favorabla diffusion gradient,

Bellamy et al. (5) repprtgd liver/plasma ratios of about 6 for
(140),cortisol in rats.‘_This is considerably higher than the 1.51
liver/blood ratio reported here. The difference may be even greater
since the tissue/blood ratio is about 15 percent greater than the
torresponding tissue/plasma ratio (10)( Factors responsible for the
phserved difference may be due to extraction and purification proced-
ures, The procedures followed in this exper iment were designed to
eliminate-conjugated steroids and ﬁplar metabolites of corticosterone.

Sinee these are produced in the liver, itvis very likely that the
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lower liver/blood ratio reported here does not include many of the
metabolites that were present in the work reported by Bellamy EE.EL’
v(5), In faet, these investigators reported that about 75% of the
activyity in the liver passed into the water phase when partitioned
between an organic solvent and water. The data reported here do agree
with those later reported by Bellamy (4) in which he reported a liver/-
plasma patio of 1.72.

Tissue/bloed ratios of less than one are reported for tissues
other than the liver in Figure 8. Apparently corticesterone was not
concentrated by the brain, thymus; or heart, 1Im faet, a barrier may
be present that prevents the uptake of the hormone by these tissues.
If the tissue/blood ratio for'corticpsperone is about 15 percent high—
er than the corresponding tissue/plasma ratio, the data reported here
agree with those reported by Bellamy (4} in which he reperted a
tisgue/plasma ratio of 0.38 for brain, 0.38 for skeletal muscle, and
0.30 for spleen. The low ratio for the thymus repoerted in Figure 8
and‘the low activity for spleen (4) was seomewhat surprising sinée it
is known that at least the thymus is a major target organ of gluco~
cortiecoids. It is possible that the low concentration is sufficient
to initiate any direet effect this hormone might have upon the thymus.
Low tissue/blood ratios for the heart and brain are reportedkin Figure
8 and by Bellamy (4). Again only relative low concentrations of the

 hormone may be necessary to initiate any direct action these hormones
may have upon these tissues. At this time there is little convinecing
evidence that the glucocorticoids have a direct effect on the heart

and brain. The tissue/blosd ratio for the thymus is about the same
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as for heart and brain. Therefore it is possible that eoncentration
greater than that found in the blood are not necessary for physiological
actions. This stereid may be concentrated only in organs invelved in
the metabolism of the steroid.

It is well known that adrenal cortex steroids enhance nerve trans-
mission. An insuffieiency of adrenal cprtex steroids results in a de-
creased ability te supporf reflex activity. It has been suggested by
Woodbury (129) that the defeet may be in the supply of essential sub-
strate to the nerve tissue rather than a direct effect of the hormahe.

Comparing the distributien in the various subcellular fractioms,
it was found that in each tissue fraction 4.c0ntained significantly"
more activity than fraetion 1, 2, or 37 This is given in Table XI and
shown graphically in Figure 7. These data indicate that most of the
activity within the cells of these tissues was not firmly bound to any
particulate fraction. Standard fractionation procedurss ware used to
obtain the subcellular fractions, i.e,, fresh sucrose solution was
used to resuspend each pellet for the next centrifugation, All super~
natant fluids were then. eembined for the final supernatant, This pro-
tedure enhanced thg removal of most of the free unbound corticosterone
frpm the particulats fraction'leaving only corticosterone that was
bpund in some manner to the particulate fraction. The procedure used
here differs from the.?equilibrium fractionation”vUSed by De Vemuto
et al. (16) for fractionation of rat liver and rat muscle tissue. Us-
ing an “equilibrium fracticnation” procadure; the supernatant was used
each time to resuspend the particulate fraction and no new sucrose was

added. Each fraction remained in equilibrium with the initial sucrose
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solution; therefore, the dissolved steroid as well as bound sterpid
remained in esch particulate fréction.

One should neot overloek the fact that binding sites may be present
within the supernatant. &Evidenee that this is the case has been pre-
sented by Dingman and Sporn (18). They reported that 7 to 12 percent
of the activity in the supernatant were nondialyzable. It should be
realized that the relative volumes oeccupied by each of these subesllular
fractions varies considerably within the cell. The vblume occupied by
v the supérnatant part of the cell is probably many times greater than
the volume occupied by the nucleus, mitochondria, or microsnmes; there=~
fore, a particulate fraction may have a much higher concentration of
the steroid than the supernatant, yet when a comparisen is made of the
percentage of total activity in the various fractions the supernatant
appears to contain by far the most.activity. Because of this it can-
not be concluded that the activity was definitely not concentrated
in some particulate fraction. If the relative volumes of the varieous
particulate fractions were knpwn,;a more accurate estimate of rela-
tive contentrations could be made.

Table XI and Figure 6 show thét fraction 1 of brain, heart, and
thymus contained more activity than fraetipn 3. This was not the case
in the liver. Fraction 1 of all tissues ¢ontained more activity than
fraction 2, A cpmparison of fraction 4 of the different tissues is
depicted in Figure 7. The percentage of activity in fraction 4 of the
thymus and heart was signifiecantly greater than the corresponding
fraction of the liver. Fra¢tion 4 of the brain also appeared to be

greater than fraction 4 of the liver although the difference was not
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significant (P 0.1). It can be seen in Figure 6 that the subcellqlar
distributions within the brain, heart, and thymus are similar, whereas
within the liver the pattern of subcellular distribution differs from
the other tissues. It is suggested that the subcellulagr distribution
may be related to the different effects observed in different tissues.
The percent of the activity in the miecrosemal fraction of the liver
was much greater than the activity in the micrpsomal fractions of the
other tissues (Figure 7). These data suggest that corticosterone may
have a relatively active role in the liver microsomes but not in the
microsomes of the other tissues studied. Although not significant, the
nuclear fraction of the liver contained more activity than the nuclear
fractions of the other tissues.‘ These differences may be related to
the known different effects of glucocortieoids in different tissues of
the bpdy. The high percent of activity in the nuelear and microsomal
fractions of the liver is compatible with the concept that glucocorti-
coids have a role at the transcription site (nuclei) and translation
site (microsomes) of protein synthesis., Due to the very low activity
in the microsomal fraction of the other tissues it is suggested that
corticosterone may have less effect at the translation site in brain,
heart, and thymus. The nuclear effect may also be less in these
tissues. It is possible that certain units of DNA on the chromosomes
are permanently fepressed in these tissues while only temporarily re-
pressed in the liver., Corticosterone may combine with a repressor in
the liver and derepress the units of DNA so that transcription and
the production of RNA can continue. The corresponding units of DNA

in ‘the other tissues may be permanently repressed so that corticosterone
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cannot combine with the repressor.

Little difference was observed in thé mitochondrial fractions of
the different tissues. Figure 7 indicates that a significant differ-
ence ocgurred only between the heart and liver mitochondria, The re-
latively constant percentage of activity in this fraction of these
tisgues suggests that if there is an active site within the mitochon-
drion, it may be the same in all tissues. This suggestion is supported
by the results obtained in Expgriment II. Corticosterone. appears to
have some effects on mitochondria isolated from brain, heart, and
liver; however, it is greater in the liver than other tissues,

Some differences exist between the data reported in Table XI,
Figure 6, and Figure 7 compared to those reported by other workers;
however, it should be pointed out that a great deal of difference in
procedures used by various investigators may account for part of this
discrepancy. De Venuto EE.El' (16) studied the subeellular distribu-
tion of (140) corticosterone using equilibrium fraction, a procedure
not used in the studies reported here. Centrifugation speeds for
fractionation, time after injection before sacrifice, amount of hor--
mone injeeted, and the use of adrenalectomized animals in some experi-
ments may all contribute to these differences. The degree of purifi-
cation of the extracted steroid before counting may have caused large
differences in the observed rgsults. The data repprtad here do not
include the more polar metabglites and conjugated steroids that passed
into the Water»phase during the partitioning step.

Table XI shows that the average liver nuclear fractipn in this

study contained 23.8% of the total activity in the homogenate, This
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corresponds to 13.4 reported by De VenUFD;EE al. (16). Calculations
from the figures reported by Bellamy (4) indicated that he recovered
about 14.7% in the nuclear fraction of rats injected with (14C) corti-
sol. Dingman and Sporn (18) found 7% in the nuclear fraction of rats
injected with cortisol, A possible explanatien for this difference
may be the purity of the pellet or a difference in the labeled sub-
stance counted. Purifieation procedures used for the work feported
here eliminated conjugated steroids and more polar metabolites of corti~
¢osterone. These were not removed in the procedures reported by the
above investigators. Although: it cannot be said that the activity re-
ported here represents only (PH) corticosterone, many labeled metabo-
lites were removed by the purification procedure used.

According to the results reported here, the 1iver mitochondrial'
pellet contained 6.5% of the total activity present in the‘homogenate.
De Venuto et al. (16) reported 26.6% in the mitochondrial pellet. Cal-
eulation from Bellamy (4) indicated about 6.6% in this fraction. Ding-
man and Sporn (18) reported 8% in the mitochondrial pellet. These
differences are difficult to explain., Electron micrographs (Figure 4
and Figure 5) indicated a relatively pure mitochendrial pellet was ex-
tracted in this experimant. De Venuto et al, (16) reported that about
25% of the activity in their mitoehondrial pallet was due to metabo-
lites of the steroid. This, plus the fact that other fractions also
contained metabolites, may account for a large part of these differ-
ences., Fractionation procedures used may also account for these diff-
grences. Equilibrium fractienation was used by De Vanutbinggl, (16),

Standard fractionation procedures were used for the work reported here
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and the work reported by Bellamy (4) and Dingman and Sporn (18). Re=~
sults obtained by standard fractionation procedures agree very well and
they all differ from the values reported by De Venuto et al. (16) who
used equilibrium fractionation. Ulrich (113) reperted that (14GC) corti-
sol enters the mitechondrion by diffusion and is leached out by washing.,
The equilibrium fractionation procedures used by De Venuto et al. (16)
did not remove the steroidvthat diffused into the mitochondrion, there-
fore higher concentrations were reported. Apparently the (3H) corti-
costerone is not leachsd out of the nuclear or microsomal fractiens or,
at least, it is more tightly bound than in the mitochondrion.

The microsome fraction of the liver contained 14.4% of the total
activity contained in the homogenate. De Venuto (16) reportad 7.8%
for this fractien. The results reported by Bellamy (4) indicate about
7.3% for this fraction. Dingman and. Sporn reported about 4% for this
fraction. It appears here as before that differences in fractionation
procedures, ecentrifugation speeds, extraction procedures, and purifi-
cation procedures may account for the different results observed.

The data reported here indicate that in the liver about 48% of
the (3H) corticosterone activity in the homogenate was in the super-
natant fraction. De Venuto et al. (16) reported 51.1% of the homo-
genate corticosterone activity present in the supernatant fraction.
Begllamy (4) reported about 75% of the (14¢) cortisel radioactivity of
the homogenate was found in the supernatant selution. Dingman and
Sporn (18) repbrted about 80% of cortisol im the supernatant fraction.
This indicates that the subeellular distribution of corticosterene

may be different than cortisol in adrenalectomized rats in vivo, This
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should be further investigated since it is also indicated in Table IV
of the work reported by De Venuto EE‘El? (16) aﬁd Figure I of the work
reported by Bellamy (4).

A review of the data reported here and that reported by other in~
vestigators indicates thatISDme important differences may occur in the
subcellular distribution of labeled corticosterone and cortisol in rat
tissues, The data reported in Figure 6 indicated a difference in the
subcellular distribution of (3H) corticosterone in the tissues studied.
This difference is of interest because of the wide_range of effects
that results after glucocorticeid treatment. It is unknown if the
accumulation of corticosterone or cortisel is in any way associated
with a metabolic effect, or if it is dependent only upon physiochemieal
properties.

At the present time it seems very unlikely that the numerous effects
of glucocorticoids can be the result of one site of action between the
- steroid mplecule and a single receptor molecule in one or twe target
tissues. The wide distribution of the hormone within the bedy indicates
that it may aet at a number of different sites. Some of these sites may
be vulnerable in seme tissues.and not in others. This may result in an
over~all effett in .one organ much different from the overuallbeffact in
another organ, For example, glucocorticoids may have a minor effeect on
cell membranes, mitochondria, nuclei (transcription site for proteins
synthesis), microsomes (translation site for p:otein synthesis), and
allosteric effects upon enzymes in the sglublevpértion‘of‘the cell. All
of these sites may be available in the liver but only one or two may be

available in the thymus. This could result in completely different
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over-all effects in the different organs. The hofmone—gene hypothesis
is a very attractive hypothesis to explain some of the glucocortiéoid
effects; however, some effects seem to occur that do not require enzyme-
protein synthesis. It is possible that the glucocerticoeids have an
effeet of derepression of repressed genes within cells. This may read-
ily eccur in the liver by a reaetion of the hormone in some way with

a gene repressor and, as a result, the gene is no longer repressed and
RNA synthesis occurs. This same gene in the thymus may be permanently
repressed and the hermone may be unable to derepress the gene. Under
this hypothesis protein synthesis would oceur in the liver but not in
the thymus. This same type of reasoning could be extended to mito-
chondria, microsomes, and enzymes within the soluble part of the cell,
This hypothegis seems more attractive in view of the fact that many
investigators have reported numerous effeects of glucocorticoids EE.ZEXE
and i& 2&552.v,1t seems reasonable that the glucocorticoids may influ-
ence neot only one site in one or two target tissues, but they may act
at a number of sites within the ecells. The availability of these

sites &ithin the cells may vary from one tissue to another. The gluco~
eorticoid‘effects in one tissue may depend upon the number of site
available in that tissue and some effeets may occur in all tissues of
the body. The data reported here does not in any way presgnt any ¢lues
as to the type of steroid receptors; however, these data do indiecatse
that the steroid is present in all subcellular fractiens of the tissues
studied. It conceivably may be present in all body ecells and exert

some action in each eell.



CHAPTER VI
SUMMARY AND CONCLUSIONS

Three experiments were designed to study effects of single injee-~
tions of corticosterone on tissue metabolism in the-raf and provide
additienal information Qpncerning thg_sites of action of this hormone.
The first experiment was designed to study pﬂssible_metabolic effeets
in braiﬁ, heart, diaphragm, livgr, kidney, and testis tissues. GCriteria
of metabeolie aetivity investigated'ware oxygen uptake, laciic,acid pro-
duction, glyeogen deposition, glucose levels, protein conecentrations,
and inorganié phesphate chaﬁges. The second experiment was designed
to meaSure the P/0 ratios in mitochondria isolated from the brain,
heart, and liver taken from adrenalectomized-treated and adrenalect om~
ized-control rats using sugcinate, malate, or malaté%pyruvate as sub-
strate. The third experiment was designed to localize (3H) corticos=-
terge within the subeellular fraction of the brain, thymus, heart, and
liver 30 minutes gfter,IV injeetion.

The first experiment revealed that cortieosterone treatment pro-
duced an increased oxygen uptake by liver homogenates (P& 0,01). The
inereased oxygen uPtake was accompanied by increased carbohydrate util-
ization and simultansous increases on mifochondria ATP formation (P{0.05)
and P/0 ratios (P<0.01). Glyecogen and glucose levels were increased in

the}livers of treated animals (P<0.001), Lactate increased during in- -
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cubation of liver homogenatés of treated animals indieating increased
glycolysis as well as increased respiration.

The experiment designed to measure P/O ratios revealed that treat-
ment signifieantly increased ATP formation (P4 0,05) and the P/O ratio
(P<(Q,01) in liver mitochondria when malate or malate+pyruvate were
used as substrates, There was alsp evidence of a treatment induced in-
c¢rease in P/O raties in brain (P <0.2) and heart (P<0.1) mitochondria.
These data support the hypothesis that glucocorticoids affect mito~-
chondrial oxidation at seme peint near the NADH“»flaveprotein site
since corticesterone treatment enhanced ATP formation and P/0 raties
by mitochondria oxidizing malate, whereas no significant effect was ob-
served using succinate as substrate, Whether this is a primary or a
secondary effect remains to be resolved,

The results of the third experiment indicate differences in the
Subeellular distribution of labeled corticosterone in the tissues
studied. Only the liver was capable of concentrating (3H) corticoster-
one from the bloed. The steroid was present in all subcellular
fractions of the tissues studied. The supernatant fraction of each
tisgue econtained more activity than nu¢lei, mitechondria, or miecro-
somes, The nuclear fraction of sach tissue ¢ontained more activity
than the mitochondrial fraetion, Comparing one tissue fraection with
the corresponding fragetion of other tissues it was found that the
pereéent of total .activity in the supernatant fraection of the thymus
(P <0.05) and the heart (P<0.05) was greater than the pereent of
total aetivity in the supernatant fraction of the liver, The micro-~

somal fraction of the liver was greater than the microsomal fraction



%4

of the other tissues studied (P;(b.OS). The distribution pattern of
the liver was different from that observed in the other tissues. The
nuclear and microsomal fractions of the liver may in some way bind more
corticosterone than the corresponding fractions in other tissues, It
ig unknown if the accumulation of corticosterone is in any way assoc-
iated with its effeets. It is suggested that the subecellular distri-
bution may be related to the different effeets observed in different
tissues,

These experiments were not designed to study the types of steroid
receptors which may exist at the cellular level; however, the steroid
was present in the subeellular fraction of all tissues studied, It may
be present in all bedy cells and exert some effect, but not necessarily

the same effeet, in each cell,
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EXPERIMENT I

OXYGEN UPTAKE (MICROLITERS/100 MG PROTEIN) BY BRAIN HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. HOMOGENATES INCUBATED IN WARBURG
FLASK UNDER AIR

Treated Control

Incubation Time (Minutes) Incubation Time (Minutes)
10 20 30 10 20 30
41 83 52 80 104
95 191 262 52 186 258

102 200 287 108 192 216
64 124 138 73 130 186
74 157 239 93 165 232
82 130 223 50 85 126
56 115 170 68 122 177
49 95 139 52 118 173
66 139 196 62 126 146
46 94 130 53 100 146
48 108 153 51 103 150
36 85 133 50 98 139
53 94 113 45 94 138
67 128 179 37 75 113
42 78 121 (B2 125 174
38 93 139 62 113 156
35 83 125 25 71 113
79 141 193 42 90 131
45 92 129 57 114 169
43 90 131 47 88 123
63 114 166 45 82 123
87 152 212 41 82 123

110 201 256 67 126 178
67 136 182 70 124 168
i 148 211 79 135 183

67 131 193

Mean
62 122 176 58 113 155

Sl

21.2 36.8 50.4 17.4 32,2 34,7
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EXPERIMENT I

OXYGEN UPTAKE (MICROLITERS/100 MG PROTEIN) BY HEART HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE., HOMOGENATES INCUBATED IN WARBURG
FLASK UNDER AIR

nggted Control
Incubation Time (Minutes) Incubation Time (Minutes)
10 20 30 10 20 30
85 144 182 70 103 128
109 161 209 198 297 366
160 245 331 83 124 182
76 124 167 55 93
104 168 265 180 235 285
77 150 218 136 198 223
33 65 124 64 126 158
30 74 127 161 248 313
178 251 295 121 166 194
92 129 154 86 130 156
19 29 53 58 85 112
154 195 222 134 196 233
82 114 144 102 152 169
109 175 222 117 201 259
140 210 281 122 189 240
136 200 245 143 215 265
83 139 180 175 240 283
97 161 208 129 196 246
169 293 384 149 241 303
150 241 304 75 111 143
37 926 101 121 177 198
106 237 249 158 239 297
120 198 249
Mean
102 165 213 119 180 226
S.D.

45,2 66.0 77.0 41.5 58.4 44,2




109

EXPERIMENT I

OXYGEN UPTAKE (MICROLITERS/100 MG PROTEIN) BY DIAPHRAGM HOMOGENATES
FROM FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. HOMOGENATES INCUBATED IN WARBURG
FLASK UNDER AIR

Treated Control
Incubation Time (Minutes) Incubation Time (Minutes)

10 20 30 10 20 30
40 74 84 53 65 75
91 137 170 51 66 76
25 46 72 84 98 156
17 43 47 71 96 135
83 LEL 158 105 155 180
35 113 18 30
08 19 48 16 20 57
18 76 121 27 53 66
36 66 25 48 72
24 43 64 13 24 44
13 33 50 27 16
47 78 102 07 22 32
21 44 54 04 20 29
30 57 79 63 96 124
25 44 57 62 70 91
42 73 94 08 15 18
100 141 168 41 59 75
44 74 94 81 118 148
63 93 115 59 99 121
134 172 202 18 26 3
60 89 110 45 65 81
i1 53 03 40 86

53 115 135

23 o5

Mean
43 70 98 41 59 79
Sa.bs

35.9 40.6 44,4 30.0 38.2 47.0
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EXPERIMENT I

OXYGEN UPTAKE (MICROLITERS/100 MG PROTEIN) BY LIVER HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE, HOMOGENATES INCUBATED IN WARBURG
FLASK UNDER AIR

Treated Control
Incubation Time (Minutes) Incubation Time (Minutes)
10 20 30 10 20 30
103 209 256 99 117 143
188 332 423 208 267 334
227 436 561 231 394 479
160 247 331 149 220 318
159 283 365 166 278 308
222 279 389 186 266 310
167 302 431 149, 228 283
129 269 390 61 4 1 165
127 192 250 39 79 108
213 432 555 74 129 174
122 220 280 74 122 161
30 64 93 16 55 87
119 174 217 38 55 83
157 296 408 157 276 375
132 205 251 141 225 268
130 261 386 93 146 189
128 232 280 119 200 247
125 220 276 136 215 274
134 266 348 114 173 215
107 205 265 103 163 211
188 291 363 146 266 334
100 155 207 140 230 282
128 208 22 91 149 206
163 262 341 103 169 253
127 312 271 181 288 356

Mean
143 249 328 119 193 246
512

42.8 78.6 104 53.0 82.2 96.3
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EXPERIMENT I

OXYGEN UPTAKE (MICROLITERS/100 MG PROTEIN) BY KIDNEY HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG. CORTI-~
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. HOMOGENATES INCUBATED IN WARBURG
FLASK UNDER AIR

Treated 53 Control
Incubation Time (Minutes) Incubation Time (Minutes)
10 20 30 10 20 30
64 90 125 55 85 111
84 140 218 164 275 361
103 211 296 99 173 255
78 130 198 76 132 207
84 151 215 105 204 256
91 120 187 85 140 183
76 120 174 59 157 215
61 113 158 75 135 177
57 110 154 59 106 148
66 116 162 35 68 101
92 166 222 72 126 179
97 158 204 54 97 130
46 93 127 36 78 108
33 67 96 39 70 97
58 106 140 75 133 176
32 62 91 51 90 111
59 110 149 51 94 134
60 113 147 58 107 136
70 127 165 67 123 166
62 114 156 57 101 130
57 106 138 50 84 114
88 161 207 72 113 148
99 161 206 96 151 189
148 234 279 80 136 176
312 198 249 116 179 213
72 130 181 104 185 242

Mean
70 131 178 74 128 171
S.D,

25.2 40.8 51.3 28.7 47.0 61.0
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EXPERIMENT I

OXYGEN UPTAKE (MICROLITERS/100 MG PROTEIN) BY TESTIS HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. HOMOGENATES INCUBATED IN WARBURG
FLASK UNDER AIR

Treated Control
Incubation Time (Minutes) Incubation Time (Minutes)
10 20 30 10 20 30
13 28 49 22 32 46
32 48 93 97 132 166
33 92 148 39 68 97
19 41 73 24 57 102
43 71 101 38 80 96
26 56 63 34 64 85
30 57 91 44 68 84
19 41 62 24 48 62
25 56 76 29 54 81
24 49 73 19 41 56
17 56 57 18 39 48
23 36 47 22 41 56
33 60 77 10 33 49
34 62 79 52 58 76
34 62 79 28 45 57
29 56 73 17 34 55
26 49 63 21 43 56
27 40 67 26 46 62
22 41 58 33 56 72
21 41 58 16 24 30
39 63 81 32 47 64
50 81 105 37 65 83
21 37 26 35 51
55 69 91 44 49 D2
15 36 54 23 39 58

Mean
27 53 71 30 51 69
S.D.

8.4 14.8 26.2 16.5 21.2 26.8
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EXPERIMENT I

PROTEIN (MG/GM DRY TISSUE WT.) IN BRAIN AND HEART HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI~-
COSTERDNE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE., SAMPLES TAKEN BEFORE AND AFTER 30
MINUTES INCUBATION IN WARBURG FLASK

UNDER AIR
Brain 5 Heart 7y
Treated Control Treated Control

Before After Before After Before After Before After
382 403 389 389 325 244 358 303
399 479 346 348 507 340 452 452
409 450 448 390 435 508 520 486
476 409 373 435 444 384 457 472
397 410 369 384 499 526 514 587
533 416 506 422 570 484 513 513
432 328 556 620 191 191 289 289
356 248 565 451 318 237 306 286
498 563 498 236 177 301 252
376 412 673 602 220 191 374 251
400 606 471 250 190 319 265
340 409 514 440 396 497 436 348
427 467 340 438 297 254 580 506
477 558 383 452 367 367 326 365
585 494 502 545 394 373 325 344
735 677 578 591 540 469 478 521
398 407 556 505 514 514 657 597
458 407 600 659 585 552 523 523
421 377 492 540 628 463 507 635
428 485 397 356 549 641
420 450 516 364 454 454
320 273 539 497

345 345 355 296

440 440 351 310

400 460

Mean
445 436 492 483 405 364 435 426
S.D.

88.2 87.5 19l 89 123 138 101 125
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PROTEIN (MG/GM DRY TISSUE WT.) IN DIAPHRAGM. AND LIVER HOMOGENATES
FROM FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-

COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS

INJECTED IM WITH CARRIER VEHIGLE 5 HOURS BEFORE
SACRIFICE,

SAMPLES TAKEN BEFORE AND AFTER 30
MINJTES INCUBATION IN WARBURG FLASK

UNDER -ATR
Diaphragm ] _ . Liver
Treated " Control Treated Centrol
Before  After Before After Before After Befpre After
446 254 305 407 446 485 399 317
305 376 453 502 545 665 448 561
418 386 441 481 530 626 450 468
528 497 561 601 847 484 531 531
461 577 290 290 515 461 574 798
173 173 210 143 356 283 508 524
400 285 364 229 437 347 389 389
.285 285 404 353 338 377 337 297
438 571 387 387 341 389 426 380
327 410 402 402 280 280 493 493
456 492 432 516 395 346 425 319
672 575 711 711 390 407 427 304
491 532 750 683 448 415 512 512
722 826 546 656 621 507 478 585
641 479 645 645 686 731 426 456
403 307 708 497 683 611 607 650
509 361 457 307 763 794 833 799
275 200 493 393 703 742 714 910
396 396 284 235 807 745 834 787
290 350 352 352 493 493 822 722
300 260 700 844 684 627
623 574 816 729
487 487 616 556
530 490 510 553
490 560
Mean
431 417 452 430 540 524 550 553
S.D.
140 156 152 163 159 163 151 171
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~ EXPERIMENT I

PROTEIN (MG/GM DRY TISSUE WT,) IN, KIDNEY AND TESTIS HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTIGOS- -
TERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
" INJECTED IM WITH CARRIER VEHIGLE 5 HOURS BEFORE

SACRIFICE, SAMPLES TAKEN BEFORE AND AFTER 30
MINUTES INCUBATION IN WARBURG FLASK
' S UNDER .AIR

— Ridney . ggtig
Treated - Centrel ' Treated Control
_Before After Before After  Before After Befere After

464 510 456 407 417 472 425 398
412 457 470 484 449 479 502 502
476 524 468 406 483 483 498 468
489 423 604 529 485 566 438 383
455 599 534 509 468 482 510 518
505 452 369 369 445 480 455 380
326 311 406 291 368 368 412 425
306 261 481 428 397 342 490 453
446 317 627 543 436 363 653 603
428 428 620 581 657 567 659 585
466 a 491 491 550 504 669 585
428 428 350 385 502 502 459 478
470 352 346 371 429 429 500 464
350 484 580 549 438 1 423 595 595
266 266 640 532 i 574 718 - 600 600
612 543 692 692 693 655 765 851 -
575 532 760 684 583 583 901 704
730 669 - 671 586 . 703 717 788 661
662 592 666 616 719 719 688 619
367 343 435 298 . 518 509 555 508
552 483 448 539 - 492 492 575 642
368 346 520 555 545 520 570 570
448 448 - 678 678
430 430 510 550

‘Mesn ‘
460 443 529 498 522 525 570 546

S.D. :
51 108 119 124 105 110 122 116




EXPERIMENT I

116

GLYCOGEN (MG/100 G PROTEIN) IN BRAIN AND HEART HOMOGENATES FROM

INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE

FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS

SACRIFICE. SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK
UNDER AIR
Brain Heart

~ Treated Control Treated Control

Before After Before After Before After Before After
37 57 84 13 104 360 39

166 36 49 780 360 163

234 194 303 284 396 247 180 120

Y75 69 197 109 52 52 515 118

325 367 267 89 404 173 447 83

466 311 109 219 521 51 339 121

145 106 127 702 107 5

160 80 145 109 278 34 45 36

236 325 228 93 513 128 256 85

818 391 780 314 610 106 428 107

985 532 528 251 427 17 484 42

307 185 122 70 345 49 729 91

566 300 464 355 370 473 37

625 530 559 345 114 575 245 117

197 164 397 233 596 66 845 211

Mean
362 269 288 177 436 156 361 86
8.D.
272 155 212 114 208 150 114 52
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EXPERIMENT I

GLYCOGEN (MG/100 G PROTEIN) IN DIAPHRAGM AND LIVER HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5,0 MG GORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJEGTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. SAMPLES TAKEN BEFORE AND AFTER -
30 MINUTES INCUBATION IN WARBURG FLASK

UNDER AIR
Diaphragm B T N ' Liver
Treated - Control Treated - Control

Before After Before After Before After Before After
133 . 66 209 71 ~1400 120 23
360 257 221 181 5746 70 180 135
488 292 346 173 2811 648 176 131
41 41 232 93 552 237 105 104
435 256 312 793 104 54 26
262 82 176 70 1018 87 58 90
193 145 35 1696 99 65 21
238 29 128 42 2015 51 130 65
278 46 285 ‘95 906 69 47 42
304 60 112 32 1708 153 42 10
216 54 382 54 1893 118 100 50
619 61 306 74 3883 446 66 21
205 24 648 404 3866 317 123 82
498 43 507 253 1118 112 90 135

222 ’ 3279 693 :
253] 545
Mean
305 109 286 121 2200 241 89 70
S.D.

159 985 149 107 1420 224 48 46
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EXPERIMENT I

GLYCOGEN (MG/100 G PROTEIN) IN KIDNEY AND TESTIS HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI~-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE, SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK

UNDER AIR
2 Kidney : Testlis
Treated Control Treated Control
Before After Before After Before After Before After
59 46 41 41 44 44 146 36
211 108 96 150 150 112 90
197 164 131 98 140 140 125 125
69 69 64 80 47 78 60 49
122 122 41 62 54 60 60
211 105 T 76 34 34 26 25
48 69 52 85 85 45 48
78 39 107 45 50 25 59 71
109 104 64 42 37 37 21 21
84 42 50 25 70 84 51 38
79 66 110 54 56 56 52 26
214 133 26 87 56 49 60
30 46 105 70 125 133 100 120
104 140 136 67
112 67
Mean
114 84 88 59 76 79 69 59
S.D.

63 40 33 36 37 41 37 33
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GLUCOSE (MG/100 G PROTEIN) IN BRAIN AND HEART HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5,0 MG CORTI-

COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS

INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE

SACRIFICE, SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK
UNDER AIR
Brain ~Heart
Treated Control Treated Control
Before After Before After Before After Before After
58 58 65 22 245 245 404 269
41 13 46 46 198 279 335 447
24 24 111 57 322 402 144 248
16 16 58 16 145 440 192 193
14 64 31 280 370 114 95
46 18 56 174 135 81
53 39 17 175 232 222 177
62 %1 43 78 19 205 307
42 21 65 29 197 229 75 105
7 7 36 27 240 191 223 191
46 23 27 10 46 i 5] 104 46
53 21 51 38 151 152 120 6
58 39 63 21 115 920 114 63
8 4 4 170 138 80 63
10 21 31 31 102 52 172 203
86 35 26 24 51 89 100 100
74 23 57 .78 209 176 209 265
36 80 51 5 143 172 189 236
91 > 79 b5 203 238 62 149
42 20 143 135 277 221 72 108
42 22 25 47
76 23 74 47
Mean
41 28 54 34 164 183 165 167
S.D.

25 30 29 81 118 91 106

19.8
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EXPERIMENT I

GLUCOSE (MG/100 G PROTEIN) IN DIAPHRAGM AND LIVER HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTICOS-
TERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS IN-
JECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK

UNDER AIR
Diaphragm Liver
Treated Control Treated Control
Before After Before After Before After Before After
244 306 279 419 1254 3553 458 792
258 452 184 237 558 1257 559 838
170 307 288 288 993 1614 578 1052
290 290 336 336 864 2941 370 854
185 280 221 1518 4554 609 148
460 460 114 180 1547 4762 261 622
172 259 142 227 981 4257 291 421
114 127 24 15 564 1954 509 403
47 95 210 163 784 1176 766 508
88 215 63 79 672 2364 510 997
70 91 111 189 748 1940 218 454
108 145 B3 74 601 1557 294 802
110 110 39 56 681 1846 324 934
58 65 109 131 428 5542 185 367
133 163 70 79 536 2111 311 765
144 198 143 143 529 2206 291 801
100 100 234 234 737 3070 204 715
310 344 70 104 717 1988 219 897
36 72 32 64 810 2466 167 657
56 56 478 3349 115 672
498 1991
Mean
157 193 143 170 784 2690 361 745
S.D.

108 130 94 103 318 1228 184 264
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EXPERIMENT I

GLUCOSE (MG/100 G PROTEIN) IN KIDNEY AND TESTIS HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE, SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK

UNDER AIR
Kidney Testis
Treated Control Treated Control

Before After Before After Before After Before After
569 1424 354 780 52 78 134 134
507 457 1016 66 19 111 83
625 885 545 1304 44 47 47
517 682 282 736 63 15 60 6
891 1069 865 749 9 7 195 140
182 380 317 680 & 16
275 460 383 587 9 9 18 45
194 254 526 23 47 15 19
413 565 568 568 15 7 40 3
445 317 178 44 7 14 14

510 324 25 14 12 6
378 336 220 373 4 21 15 15
183 381 317 280 2 15 S
222 444 284 127 1 16 1k
149 483 120 376 59 20 20
126 355 271 514 10 4 12
218 408 241 508
250 662 264 716
250 590 373 644
508 780 172 488
143 402 120 301
129 258
Mean
341 569 329 593 30 24 45 40
S.D.

310 280 171 270 22 21 53 45,6
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EXPERIMENT I

LACTIC ACID (MG/100 G PROTEIN) IN BRAIN AND HEART HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK

UNDER AIR
Brain . Heart
Treated Control Treated Control

Before After Before After Before After Before After
61 37 65 58 9 86 82
47 25 47 44 68 59 A 59
42 v 32 35 49 37 133 104
21 15 24 8 80 94 77 58
38 63 54 98 96 89 80
43 31 26 19 9 30 115 115
43 33 23 92 92 71 78
52 32 41 35 7 81 43 36
37 57 32 25 120 95 80 96
31 4 48 28 69 90 36 50
102 75 26 40 64 68 67 81
44 31 33 55 59 82 T 81
44 34 50 47 55 85 76 92
44 44 53 50 49 58 81 84
35 22 34 29 48 58 48 75
37 29 4 2 91 91 67 86
56 25 43 33 81 42 77 109
41 33 48 41 43 68 33 45
48 43 8 2 16 25 42 28
21 30 19 11 53 47 4 59
50 35 17 27

Mean
43 37 36 30 69 69 69 74
S.D.

16 12 14 14 24 22 26 24
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EXPERIMENT I

LACTIC ACID (MG/100 G PROTEIN) IN DIAPHRAGM AND LIVER HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5,0 MG CORTI-
COSTERONE AND FROM FASTED ADRENALECTOMIZED GONTROL RATS
INJEGTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK

- UNDER AIR
- "Diaphragm ' i o ‘Liver -
Treated - Control © Treated - Control -
Before After Before After - Before After Before After
80 83 118 48 1 1 9
151 222 72 72 4 7 6 6
49 26 28 38 5 5 28 46
274 82 116 116 6 1 4
197 197 89 92 3 27 21 19
66 70 56 3 29 27 20
92 100 80 105 3 4 20 12
260 116 86 . 55 .9 6 7 2
95 95 148 96 14 20 25 26
62 89 ' 53 67 8 15 8
5 49 1056 13 17 13 16 28
73 78 116 112 8 il 10 9
131 131 65 67 6 7 1 10
60 60 64 38 5 13
66 61 86 86 4 50 11 11
116 133 118 126 5 7 1 1
101 93 55 55 5 12 6 10
54 6 41 16 14 5
38 31 60 60
45 28
Mean
100 88 82 69 6.24 14 11 12
S.D.

69 52 31 32 4.0 12.8 9 11
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EXPERIMENT I

LACTIC ACID (MG/100 G PROTEIN) IN KIDNEY AND TESTIS HOMOGENATES FROM
FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5,0 MG CORTI~
COSTERONE AND FROM FASTED ADRENALECTOMIZED CONTROL RATS
INJECTED IM WITH CARRIER VEHICLE 5 HOURS BEFORE
SACRIFICE. SAMPLES TAKEN BEFORE AND AFTER
30 MINUTES INCUBATION IN WARBURG FLASK

UNDER AIR
~ Kidney ' S Testis
Treated Control - 7 " Treated Control

Before After Before After . Before After Before After
14 14 8 8 19 17 18 14

1 15 36 17 13 14 14 7

57 43 36 35 96 70 3 38

50 47 6 7 4 4 2 10

9 19 43 18 20 23 16 24

101 23 23 72 16 18 18

7 19 16 13 27 9 6

7 7 13 8 14 9 11 5

28 24 17 6 10 16

13 13 31 16 16 22 19

22 14 34 11 13 i6 12

12 37 62 40 18 19 14 14

20 16 . 24 22 18 19 22 27

22 23 30 17 21 10 17 15

12 11 20 13 3 11 9 6

2 5 5 6 7 129 11 10

16 110 24 9 16 15 10 12

17 15 2 12 21 21 5 2

29 37 7 40 2 ‘ .2

7 6 - 2
2 2
Mean »
18 24 21 14 19 22 12 12
S.D.

23 25 16 10,5 24 43 8 9
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EXPERIMENT I

DIFFERENCES IN PREINGUBATION AND POSTINGUBATION INORGANIC PHOSPHATE
 LEVELS (MICROMOLES/G PROTEIN) IN BRAIN AND HEART HOMOGENATES
FROM FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG
CORTICOSTERONE AND FROM FASTED ADRENALEGTOMIZED CON-
TROL RATS INJECTED IM WITH CARRIER VEHICLE 5 HOURS
BEFORE SACRIFICE. SAMPLES TAKEN BEFORE AND
AFTER 30 MINUTES INCUBATION UNDER AIR IN
: WARBURG FLASK ..

Brain ' S Heart

Treated = Control . =~ - Treated Control
90 v ~100 130 ~240
140 -70 100 160
00 120 120 ~300
30 -30 -110 00
110 130 370 100
90 70 540 00
30 100 170 240
60 160 ~-10 -10
140 60 00 250
-120 220 160 240
120 -40 -80 350
220 60 . =120 40
160 ~30 180 520
320 40 190 -30
~130 60 ‘ 00 60
110 -60 ~130 160
00 =10 . =140 240
00 170 210 340
10 100 © 60 -20
120 120 00 -170
26 ‘ =40
50 ~90

Mean
71.64 53.5 78.10 68.7
S.D.

73 89 170 198
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EXPERIMENT I

DIFFERENCES IN PREINGUBATION AND POSTINGUBATION INORGANIC PHOSPHATE
LEVELS (MICROMOLES/G PROTEIN) IN DIAPHRAGM AND LIVER HOMOGENATES
FROM FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG
CORTICOSTERONE AND FROM FASTED ADRENALECTOMIZED CON-

TROL RATS INJECTED IM WITH CARRIER VEHICLE 5 HOURS
BEFORE SACRIFICE. SAMPLES TAKEN BEFORE AND
AFTER 30 MINUTES INCUBATION UNDER AIR IN

'WARBURG FLASK

Diaphragm ) L Liver
Treated Control " Treated - Control
50 -40 ~120 . 00.
210 00 00 -90
00 00 -360 00
~400 00 : -70 -70
~-330 330 -90 330
~190 00 -80 00
-250 -~230 , -60 -180
00 260 210 -120
-250 70 100 ‘ ~170
© 80 110 200 70
290 150 190 130
30 ~290 80 , -190
=140 ~100 -100 100
40 -30 60 90
150 40 00 ~-80
-30 -310 30 100
70 00 ... 10 00
500 : 70 350
~230 130 227
310 90
=320 -~90
=20 00
100 =20
' 60
200~
Mean
-19.00 : -2,4 11.74 31,2
S.D.

219 109 157 151
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EXPERIMENT I

DIFFERENCES IN PREINGCUBATION AND POSTINCUBATION INORGANIG PHOSPHATE
LEVELS (MICROMOLES/G PROTEIN) IN KIDNEY AND TESTIS HOMOGENATES
FROM FASTED ADRENALECTOMIZED RATS TREATED IM WITH 5.0 MG
CORTICOSTERONE AND FROM FASTED ADRENALECTOMIZED CON-

TROL RATS INJECTED IM WITH CARRIER VEHICLE 5 HOURS
BEFORE SAGRIFICE. SAMPLES TAKEN BEFORE AND
AFTER 30 MINUTES INCUBATION UNDER AIR IN

WARBURG FLASK

Kidney - - ‘ ‘ Testis

Treated ~  Control =~ - Treated Control

00 00 50 ~220

220 -90 =40 00

50 00 ~40 =40

-80 -60 60 00

-90 80 150 140

180 40 00 120

=50 240 140 00

40 -270 80 160

100 ~270 00 00

220 210 =270 40

~140 -130 -10 70

280 150 10 120

10 40 -20 100

280 =240 00 70

10 180 00 60

80 00 100 -50

40 ~-80 100 © 26

~30 230 =40 110

~60 50 230 160

120 216
30 250.
Mean
' 48 25,71 26.3 45,58
S.D.

' 48,2 166 103 91.4
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EXPERIMENT 11

OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN BRAIN
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI~
COSTERONE-TREATED RATS AND ADRENALECTOMIZED
 NON-TREATED RATS

Succinate Used as Substrate

, Tredated N , ‘ " Non-Treated
0,* ATP** ' ‘ 0% ATPF*
Uptake Formed P:0 ' Uptake  Formed P:0
63,5 - 67.5 1.06 77.6 77.0 1,00
114.0 125.,5 1.10 74,5 113.,0 1.52
102.5 108.5 1.06 84,5 117.5 1.39
66,0 80.5 1.22 75.5 82.0 1.08
49.6 66.6 1.34 9%.,0 107.0 1.14
61l.3 75.3 1,23 63.5 54,0 0.85
38.0 45,3 1.19 47.3 69.3 1.46
38.6. 44,6 1.16 52.6 62.9 1,20
38.0 43,7 1.15 37.6 49,3 1.31
33.3 40,0 1.20 37.3 30,6 0.82
Mean
60.5 69.8 1.17 64 .4 76.3 1.18
S.D.
27.9 28.9 0.08 19.9 29.0 0,25

* Expressed as microatoms taken up per G. mitochondrial protein per
minute.

*% Micromoles of inorganic phosphate disappearing per G. mitochondrial
protein per minute. '



EXPERIMENT II

OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN BRAIN
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI-
COSTERQNE-TREATED RATS AND ADRENALECTOMIZED
NON~TREATED RATS

129

Milate Used as Substrate

 Treated . Non-Treated
0, “ATP ‘ 0, ATP
Uptake Formed P:0 Uptakse Formed P20
27.5 37.8 1.37 28.0 © 37.0 1,32
29,5 24,5 0.83 33.1 23.0 0,67
26.6 34,4 1,29 25.5 21.1 0.82
17,3 22,9 1.32 25.3 24,0 1,00
25.3 45.3 1.79 22.0 43,3 1.97
18.3 36.6 2.00 22,0 30.6 1.39
24,6 26.6 1.08 23,3 32.2 1,38
22.0 32,0 1.45 22.6 23.3 1.02
18.6 30.0 1.61 20.0 32,0 1.60
18.0 50.6 2.81
18.6 29.3 1.57
20.6 25.3 1.23
Mean .
22,2 32,9 1.53 24.6 29.6 1.24
S.D.
4.3 8.5 0,51 . 4.0 7.5 0.14
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EXPERIMENT II

OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN BRAIN
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI-
COSTERONE-TREATED RATS AND ADRENALECTOMIZED
NON~TREATED RATS

WMalaterPyruvate Used as Subsirate

. “Treated . Non-Treated
0 2 ATP ' ‘ 05 ATP
Uptake Formed P:0 Uptake Formed  P:0
41,3 86.6 2.10 35.3 62.8 1.8
33.6. 80.0 2.38 40,6 114.0 2.8
342,0 78,0 1.86 45,3 91.3 2.01
39.3 123,3 3.14 40,0 110.0 2.75
33.3 74.6 2.24 20.7 56,0 1,16
42,6 88.6 2.08 39,3 89.3 2.27
Mean
38,7 2.3 36.9 87.2 2.21
S.D.

4.3 0.5 8.5 23,8 0.49
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EXPERTMENT 11

OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN HEART
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI-
COSTERONE~TREATED RATS AND ADRENALECTOMIZED
NON~TREATED RATS

Spccinaté UsedvaéTSubstnate,

Treated o Non~Treated
05 ATP 0, - ATP
- Uptake Formed P:0 . Uptake - Formed P:0
140.0 98.0 0.70 130.5 85.0 0.65
123.5 80.0 0.65 108.0 106.5 0.99
124.0 29.0 0.24 142.0 105.5 0.74
156.6 59.3 0.39 139.0 63.0 0.45
76.6 38.6 0.50 148.0 73.3 0.5
140.0 96.0 0.69 65,2 26,2 0.4
1446 50.0 0.35 105.3 40,0 0.38
90.6 40,0 0.44
Mean
© o 129.3 64.3 0,5 i16.1 67.4 0.57
S.D,
26,0

27.8 0.2 28,9 30.6 0.2
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OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN HEART

MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI-

COSTERONE-TREATED RATS AND ADRENALECTOMIZED
NON-TREATED RATS

Malate Used as Substrate

Tredated ‘Npn-Treated
05 ATP 05 " ATP

Uptake Formed P:0 Uptake Formed P:0
25.7 62,5 2.4 39,0 72,0 1.85
22.5 80.0 2.13 46.0 95,0 2,07
35,3 22.6 0.64 51.5 118,0 2.29
23,3 73.3 3.14 20.5 49,5 2.41
17.3 68.6 3.96 20.6 29.8 1,45
28,6 52,0 1.83 23.3 46,6 2.00
21.3 24,0 1.12 26.0 33,3 1.28
28.6 65.3 2.28 36.0 86.0 2.40
30.0 83,3 2.78 43,3 66.6 1.54
28,0 43,3 1.55
24,0 24,0 1,00
40,0 33,3 0.83

Mean
25.8 59,1 2.25 33,2 58,1 1.72

S.D.
5.4 22,3 10.7 29.6 0.53

1.0
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EXPERIMENT II

OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN HEART
MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED GORTI~
COSTERONE-~TREATED RATS AND ADRENALECTOMIZED
NON~-TREATED RATS-

MalatesPyruyate Used as SubStrate

Treated —__ Nom_Treated
5; e — & .
Uptake Formed P:0 ____Uptake . Formed  P:0
66.6 145,3 2.18 50.0 137.3 2.8
43,3 100,0 2.30 88,0 224.,6 2,55
72.3 132.6 1.83 56.6 128.0 2,26
71.3 195,3 2.74 50,6 76.0 1.5
44,0 48,0 1.09 20.6 33,3 1.61
62.0 139.0 2.25
Mean
59.9 126.7 2,06 53,2 119.8 2.14
s.D.

13.1 49.3 0.55 24,0 13,7 0.51
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OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN LIVER

NON~TREATED RATS

MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI-
GOSTERONE~TREATED RATS AND ADRENALECTOMIZED

134

Sudpinaté Used as Subétrate

 Treated Non~-Treated

Uptake Formed P:0 Uptake = Formed P:0
51,0 55,0 1.08 57.0 68.0 1.19
96.0 106,5 1.11 49,0 64.5 1.32
94,0 161.0 1.07 62,0 61.5 0,99
97.0 72.5 0.75 71.5 70.5 0.99
75,3 66..0 0,88 62.5 58,0 0,93
106.6 120,0 - 1.13 1062.5 69.5 0.68
55.9 59,3 1.06 76.0 60.6 0.80
53,3 45,3 0.85 98.0 116.6 1,19
53,3 48,6 0.95 52,0 50.6 0.97
50.6 31,3 - 0.62
72.6 55,3 0.76

Mgan
75.8 74.9 0.98 68.5 64,2 0.95

3.D.
228 27.4 0.13 18.2 20.6 0.23
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OXYGEN CONSUMPTION, ATP FORMED, AND P/0 RATIOS IN LIVER

. MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI-
COSTERONE-~TREATED RATS AND ADRENALECTOMIZED

NON~TREATED RATS

 MaLa;e Used as Substrate

) Treated ] Non~Treated
0y ATP 0, . CATP

Uptake ~ Formed P:0 Uptake Formed P:0
16.8 25.5 1.52 16.5 24.5 1.48
13,0 26.1 2,01 “19.5 58.0 2.23
19.0 29.5 1.55 19.0 27.0 1.42
18.6 36.6 1.96 8.0 8.1 1.01
28,0 50,4 1.80 ©18.6 121.7 1.16
22.0 38.0 1.73 22.3 37.5 1.68
22,6 36.0 1.59 29.3 37.4 1.28
14,2 27.3 1.92 22.2 33.3 1.50
19.3 20,0 1.03 17.3 31.3 1.80
17.0 40,2 2,36 18,6 26.6 1.43
16,6 36.6 2.20 20.0 15.6 0.78
22,0 46.0 2.09 19.3 20.0 1.03
21.3 55.3 2.59 21.3 21.3 1.00

- 16.6 39,3 2.36 17.3 14.2 0.82

Mean
19.1 36.2 1,94 19.2 26,9 1.33
s.D.

3.9 2.9 0.41 4,6 12.0 0.4
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OXYGEN CONSUMPTION, ATP FORMED, AND P/O RATIOS IN LIVER

NON-TREATED RATS

MITOCHONDRIA ISOLATED FROM ADRENALECTOMIZED CORTI~
COSTERONE-TREATED RATS AND ADRENALECTOMIZED

Malate+Pyruvate USed as SUDSLrate

Treated Non~Ireated
05 - ATP 0, - ATP
Uptake Formed = P:0 Uptake Formed P:0
30.0 61,0 2.02 20.0 47,6 2,40
24,6 60.0 2.43 25,3 41.3 1.63
21.3 36.6 1.72 25,3 33,3 1.32
28,0 66,1 2.36 22.0 22,2 1.00
22.6 39.3 1,73 20.6 24,0 1.16
24,6 49,3 2,00 20.6 25,3 1.253
Mean
25,2 52,1 2.04 22,3 32,3 1.47
S ‘® D .
3.3 12,2 6.3 2.42 13,1 0.49
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EXPERIMENT III

SUBCELLULAR DISTRIBUTION OF (3y) CORTICOSTERONE IN RAT BRAIN 30 .MIN.
AFTER AN IV INJECTION OF 20 MICROCURIES oF (3y) CORTICOSTERONE,
DISTRIBUTION REPRESENTS DISINTEGRATIONS/MIN FOR THE VARI-

OUS FRACTIONS ISOLATED FROM 1 GRAM WET WEIGHT OF TISSUE

“BRAIN

ﬁbmﬁgenate “Noclel , Mitochondria Q_Micrbsomes._' _Supernatant '
DPM DPM_PERCENT* DPM PERCENT* _DPM PERCENT* DPM PERCENT*
3086 485 16,0 144 5.0 115 4.0 2196 72
2653 394 15.0 211 8.0 131 5.1 1803 68
6444 781 12,1 386 6.1 ‘366 5.0 4431 69
Average' ‘ : ‘ o
- 14,4 ' 6.4 . 4.6 69

SUBCELLULAR DISTRIBUTION OF (3 H- CORTICOSTERONE IN RAT THYMUS 30 MIN.
' 'AFTER AN IV INJECTION OF 20 MICROCURIES OF (3yx) CORTICOSTERONE.
DISTRIBUTION REPRESENTS DISINTEGRATIONS/MIN FOR THE VARI-~
OUS FRACTIONS ISDLATED FROM 1 GRAM WET WEIGHT OF TISSUE -

' - . THYMUS ‘ 0 N
Homogenate "Nuelei Mltochondrla - 'Microsomes ‘Supernatant
DPM " ° = DPM PERCENT* - DPM PERCENT* ~DPM PERCENT* DFM _ PERGENT*
691 67 9.6 28 4,0 35 5,0 628 91,0
3564 335 9.3 419 11.7 71 2.0 3315 93.0
1307 245 19.0 58 4.4 61 4.6 778 59.5
1615 288 17.8 119 7.3 71 4.3 1007 62.3
Average ' ‘ : -
13.9 : 6.8 Lo 4.0 76.5

* Values in perecent of total eontained in homogenate.
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EXPERIMENT III’

SUBCELLULAR DISTRIBUTION OF (3H) CORTICOSTERONE IN RAT HEART 30 MIN.’
AFTER AN IV INJECTION OF 20° MICROGURIES OF (SH) CORTICOSTERONE
DISTRIBUTION REPRESENTS DISINTEGRATIONS/MIN FOR THE VARI-

OUS FRACTIONS ISOLATED FROM 1 GRAM WET WEIGHT OF TISSUE

~HEART

ﬁongenatevi Nuclel _ Mltochondrla Microsomes ~Supernatant
DPM DPM PERCENT* DPM - PERCENT* = DPM PERCENT* 'DPM PERCENT*
2215 335 15.1 71 3.2 104 4.7 1787 80.7
6194 1650 16.9 158 2.5 390 6.2 5141 83.0
1500 227 15,1 69 4.6 155 10.3 1291 86.4
3807 - 523 13.8 81 2.1 127 3.3" 2014 52.5
Average R T ' : e o o
: 15.2 _ 3.1 6,12 75,65

SUBCELLULAR DISTRIBUTION OF (3g) CORTICOSTERONE IN RAT LIVER 30 MIN.
" "AFTER AN IV INJECTION OF 20 MICROCURIES OF (3H) CORTICOSTERONE,
DISTRIBUTION REPRESENTS DISINTEGRATIONS/MIN FOR THE VARI-
OUS FRACTIONS ISOLATED FROM 1 GRAM}WEI WEIGHT OF TISSUE

e LIVER ‘
Hemogenate " Nuclei Mltochondrla _Microsomes  Supernatant
DPM . 'DPM_ PERCENT* 'DPM PERCENT* '~ DPM PERGCENT¥®  DPM - PERGENT*
15,265 4514 29.5 796 5.2 2502 16,3 6869  45.0
12,250 4799 39.1 819 6.6 1642 13.4 8211 67.0
5,191 634 12,2 219 4,2 414 7.9 1915 37.4
6,229 896 14.3 627 10.1 1212 19.9 2051 42.9
,AVetége = = ; e ; =
e 23,8 . _ 6.53 - ‘ 48,0

i

* Values in percent of total contained in homogenate.
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DISINTEGRATIONS PER.MINUTE PER GRAM WET WEIGHT OF TISSUE THIRTY

MINUTES AFTER AN v INJECTION OF 20 MICRDCURIES OF

(BH) CORTICOSTERONE

Tissue/

15265

5191

9734

o . Aver-
Rat Number 1 2 3 -4 age Blood
Blood dpm/g 7236 6042 3997 8498 6443
© Brain dpm/g 3086 2653 5370 3705 0.57
Thymus dpm/g 2303 3564 2178 2692 . 2684 0,42
Heart dpm/g 2215 7743 1500 4759 4056 0.59
leer dpm/g 12250 6229 1.51
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