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Steroid-Induced -4drenal-Pituitary Hypof unction 11. (22255) 

ELLIOTT J. COLLINS. (Introduced by R. 0. Stafford.) 
Departnient of Endocrinology, The Upjohn Company, Kalamazoo, Mich. 

I t  has been demonstrated that daily admin- 
istration of hydrocortisone to rats lowers 
their tolerance to intraperitoneal injection of 
potassium chloride ( 1 ) . Since this observa- 
tion suggested adrenal-pituitary hypofunc- 
tion, efforts were made to determine if these 
animals could be protected by treatment with 
various hormones. Intravenous administra- 
tion of ACTH or aldosterone immediately 
prior to the injection of potassium chloride 
increased the tolerance of steroid-treated ani- 
mals to KCI stress(2). I t  was observed that 
the same response was obtained if animals 
were given 1% KaC1 to drink for 18 hours 
prior to injection of potassium chloride (3) .  

The protective action of sodium chloride 
suggested that the mortality of non-protected 
animals was not due to a hypofunctional 
adrenal or pituitary but rather to an electro- 
lyte disturbance as a result of steroid treat- 
ment. The present experiments were designed 
(1) to measure the amount of sodium and 
potassium excreted in the urine during steroid 
administration, and ( 2 )  to determine the tol- 
erance to potassium stress in rats depleted of 
sodium and potassium. 

1. Male rats, averaging 160 g 
body weight were placed in metabolism cages 
(2,/cage) and fed Ingle’s liquid medium car- 
bohydrate diet ad Zibitum (4). Following a 
2-week control period, these animals were in- 
jected once daily for 10 days with either 16% 
gelatin, 4 mg, hydrocortisone (F) in 16% 
gelatin, or 6 mg 1 lp, 17a-dihydroxy-4-preg- 

Methods. 

nene-3,20-dione ( 2  I-desoxy-F) in CMC.* 
Urine volumes were recorded daily and urin- 
ary sodium and potassium were determined 
in a flame photometer. 2. Male rats were 
given intraperitoneal injections of 8 mg Thio- 
merin sodium (Wyeth), 5 mg Neohydrin 
(Lakeside), or 6 mg Diamox (American Cy- 
anamid) in 0.2 cc aqueous solution. The rats 
were placed in metabolism cages, fasted for 
18 hours and then injected with 0.16 M po- 
tassium chloride ( 5  cc/lOO g body weight). 
The 18-hour urine collections were analyzed 
for sodium and potassium. 

- PI-DESOXY F 
- - -- HYDROCORTISONE 

VEHICLE / 

Control Period Injection Period 

- 6 - 4 - 2  I 3  5 7 9 
0 , , , , , ,  I 

, . . I .  

D A Y S  

F on urinary sodium and potassium excretion. 
FIG. 1. Effects of hydrocortisone and 21-desoxy 
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* OSYo carboxymethyl cellulose, 0.470 Tween 80, 
1.5% benzyl alcohol and 0.9% sodium chloride. 
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TABLE I. Effects of Various Diuretics on Urinary Excretion of Sodium and Potassium. 

% sur- Sodium, Potassium, 
No. rats Treatment vivals" mg/18 hr mg/18 hr 

49t 4mgF/day/lO days 19 - - 
15 Controls 73 S $  11 10.4 rt 4.73 

I) 4 8 .622  3.87 
15 Thiomerin,SmgI.P. 73 S 11 13.5 k 3.87 

D 4 10.37& 2.80 
15 Neohydrin,5mgI.P. 53 S 8 14.3 2 4 . 8 5  

D 7 15.5 2 7.09 
15 Diamox, 6 nig I.P. 66 S 10 23.8 f 6.13 

D 5 24.6 2 6.63 

- 
33.0 -i 3.20 
34.6 3. 4.13 
37.7 2 7.01 
35.75-1 1.69 
40.7 -L 9.03 
43.8 2 9.56 
43.9 2 8.73 
42.0 +- 9.54 

t Collins(1). $ S E Survivals ; * Stressed with 0.16 M KC1, 5 cc/lOO g body wt. 
D 1 Deaths. 

Results. Fig. 1 demonstrates the pattern 
of sudium and potassium excretion during 
daily administration of F or 21-desoxy-F for 
10 days. U'rinary excretion of sodium and 
potassium increased during the 24-hour p- 
riod following the injection of F. This in- 
creased excretion was not maintained. The 
animals showed a decrease in the excretion of 
both sodium and potassium during the third 
day of treatmen*t. Decreased urinary excre- 
tion of sodium and potassium coincided with 
a period of decreased foold intake. By the 
sixth day, food intake was again normal and 
urinary elec t d y t e  concentrations paralleled 
that of control animals. 

Animals injected with 2 l-desoxy-F demun- 
strated a more gradual and sustained increase 
in sodium and potassium excretion. However, 
the increased uri,nary concentratiun of these 
ions was not too different from the values ob- 
served in control animals. 

Table I gives the effects of various diuretics 
on the urinary excretion of mdium and potas- 
sium as well as the results following potas- 
sium stress. Urinary excretion of sodium and 
potassium in the Diamox-treated group is sig- 
nificantly higher than the control group. 
However, within any given group, there is no 
significant difference between the a n i d s  
that survived the stress and those rats in 
which the potassium chloride proved fatal. 
Fifty-three per cent uf the Neohydrin-treated 
animals survived after potassium stress. 
However, this survival rate is higher than the 
survival rate for hydrocortisone-treated ani- 
mals. 

Discussion. Dietary potassium enters the 
blood stream and becomes available to the 
cells via the extracellular fluid. When potas- 
sium is presented to the cells, the amount 
taken up is dependent upon cellular require- 
ments. If the supply exceeds cellular de- 
mands, the excess potassium is presumably 
eliminated by renal excretory mechanisms. 
Increased concentrations of extracellular 
sodium dilutes extracellular potassium and 
increases renal elimination of potassium 
which results in a loss of intracellular potas- 
sium. These actions of s d i u m  make it useful 
in the treatment of potassium intoxication. 
Conversely, depletion of sodium enhances the 
possibility of potassium intoxication ( 5-7). 

Although the mechanism of potassium 
stress in animals with hypofunctional adrenal 
cortices has not been defined, a hydrocorti- 
sone-induced increase of sodium excretion is 
suggestive of a decreased tolerance to a po- 
tassium load. However, the present data in- 
dicate that marked s d i u m  depletion does not 
decrease the resistance of rats to potassium 
stress if adrenal-pituitary function is not im- 
paired. The sodium losing effect of hydro- 
cortisone is of 1-3 days duration and is not 
sustained during chronic administration. 
This is in agreement with the observations of 
Ingle et a L ( 8 ) .  The data which have been 
presented above indicate that decreased re- 
sistance to a potassium load results from a 
decrease in adrenal-pituitary function and not 
from steruid-indluced changes in electrolyte 
composition of the organism. 

Data are presented which in- Summary. 
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dicate that marked sodium depletion does not 
alter the resistance of intact rats to a potas- 
sium load. Early but transitory urinary elec- 
trolyte changes were observed during chronic 
hydrocortisone treatment. The decreased re- 
sistance to potassium stress in animals treated 
with hydrocortisone is probably due to hypo- 
function of the adrenal-pituitary axis rather 
than to steroid-induced alterations of electro- 
lyte balance. 
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Effect of Choline, Heparin and Aureomycin on Fatty Livers of Dogs." 
(22256) 

N. R. DI LUZIO~ AND D. B. ZILVERSMIT. 
Department of Physiology, University of Tennessee, Memphis. 

Gyorgy. et al. ( 1,2)  demonstrated that 
Aureomycin exerts a lipotropic and anti-cir- 
rhotic effect in rats fed a high fat, low protein, 
choline deficient diet. Baxter and Campbell 
( 3 )  nsoted prevention of severe renal injury 
and some diminution of liver fat after Aureo- 
mycin therapy. More recently the amount of 
fat in livers has been reduced in chdesterol- 
fed rabbits(4) and rats(5) by the daily ad- 
ministration of heparin. It therefore became 
of interest to compare the effectiveness of 
choline, Aureomycin and heparin in a differ- 
ent species, the dog, and to ascertain whether 
the mechanism of lipotropic action of Aureo- 
mycin was related to the choline sparing ef- 
fect of this drug(3,6). 

2lIethods. Healthy mongrel dogs, previously 
maintained on Purina laboratory chow were 
fed 14 g per kg body weight of a high-fat, low- 
protein, choline-deficient dieit: ( 7 )  for 2 1 days. 
Eight of these animals received 0.5 g of 

~~ ~ 

* This investigation was supported, in part, by 
grants from Lipotropic Research Fund and National 
Heart Institute of National Institutes of Health, 
Public Health Service, Grant No. (H-1238). 

t This study was carried out during tenure of 
Public Health Service Predoctoral Research FelIow- 
ship of Sational Institutes of Health, Public Health 
Service. 

AurwmycinS ( Chlortetracycline) in capsule 
form in the morning and late afternoon si- 
multaneously with the feeding of the diet. 
Seven animals received daily oral supple- 
ments of 1% choline chloride.11 Nine other 
animals were injected twice a day with 
heparin§ 2 mg/kg body weight intramuscu- 
larly. On the 21st day, some animals were 
killed by rapid intracardiac air injectioas and 
liver slices were made by a Martin slicer( 8). 
Liver slices were ilncubated with radioactive 
phosphate for one hour, with and without the 
in vitro addition of choline chloride (1 mg/cc 
of medium). Composition of medium and 
isolation ob pholspholipides have been de- 
scribed(6). From the specific activity of the 
inorganic phosphate of the medium and the 
total radioactivity in the phospholipide, the 
in vitro rate of phosphatide synthesis was cal- 
culated. The remaining dogs were sacrificed 
after the 3 week experimental per id .  Phos- 
pholipide phoslphorus was determined on an 

$ The diet was composed of 38% lard, 44% sucrose, 
8% vitamin test casein, 3% cod liver oil and 
5% Cowgill's ylt mixture. Any animal that did 
not consume entire diet upon feeding was force-fed. 

0 Kindly donated by Lederle Co., Pearl River, 
N. Y. 

11 Kindly donated by Merck and Co. 


