
DESOXYCORTICOSTEKONE AND LIVER GLYCOGEN FORMATION 7 79 

tivity was not extracted by water or toluene, 
but remained in the dried residue fraction. 
These results suggest that the administered 
hydrocarbon is rapidly converted to radioac- 
tive metabolites that are firmly bound to 
tissue. This type of protein binding has been 
established with other carcinogenic agents 
(5,6). Studies to determine the chemical 
nature of the binding of H3-3-methylchol- 
anthrene or its metabolites with tissue con- 
stituents are being undertaken. 

The prolonged excretion of radioactive ma- 
terial in feces indicates that the carcinogen or 
its metabolites have a relatively long sojourn 
in the organism. The observations of Dao, 
et al. (4)  and of Dauben and &labee( 7 )  sup- 
port this interpretation. Failure to demon- 
strate significant quantities of radioactivity 
in tissues 25 days after administration of the 
hydrocarbon does not preclude its presence in 
trace amounts. I t  must be emphasized that 
the present technics for determination of tri- 
tium in biological material are not sensitive 
enough to detect with certainty concentrations 
below 5 dpm/mg. The small and variable 
quantities found in the feces after the first 
week may be due in part to the limitations in- 
herent in the technic and in part to biological 
variation. 

Summary.  1) Sprague-Dawley female rats, 
age 50 days, were given 10 mg H3-3-methyl- 
cholanthrene dissolved in sesame oil by gas- 
tric tube. 2 )  I n  the first experiment selected 
tissues, urine and feces were analyzed for ra- 
dioactivity after 24 hours. Sixty to 90% of 

administered radioactivity was found in gas- 
tric and intestinal contents or in feces; 4.4% 
in urine. Less than 2 %  was recovered in the 
tissues analyzed. Results obtained by com- 
bustion technic for measurement of total ra- 
dioactivity were compared with those ob- 
tained by toluene extraction. Data indicate 
that most radioactivity in fat and mammary 
tissue could be extracted with toluene, where- 
as negligible quantities could be obtained by 
this method for liver, kidney, brain, uterus 
and skeletal muscle. 3 )  In  the second experi- 
ment, 24-hour samples of urine and feces 
were analyzed for total radioactivity for 24-2 5 
days. Significant quantities of tritium-la- 
beled material appeared in urine for 13-17 
days and in feces for 7-11 days. 'Thereafter, 
fecal and urinary excretion of radioactivity 
occurred intermittently in trace amounts. 
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It has been established that a relationship lieved that this decrease was the result of PO- 

exists between potassium and carbohydrate tassium entering cells of tissue along with glu- 
metabolism in the intact animal. Harrop and cose during glycogenesis. This idea was sup- 
Benedict( 1 )  were first to describe a decrease I,ortecj by Fenn ( 2  ) who observed that potas- 
in blood serum potassium concentration fol- siurn content of liver of intact rats approxi- 
lclwing administration Of insulin. They be- mately glycogen content. Gardner 

(3) reported that rats depleted of potassium 
- 
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by dietary restriction of this element produced 
practically no glycogen following intraperi- 
toneal injection of glucose. Desoxycorticos- 
terone acetate (DOCA) has been shown to be 
a potent mineralworticoid. IYhen injected 
into experimental animals, it caused a wasting 
of potassium resulting in a severe deficiency 
of that element(4). Low tissue glycogen 
levels have been reported ( 5 )  following admin- 
istration of large doses of this steroid. In  vi- 
tro studies showed that glycogen formation 
in liver slices was dependent on a high potas- 
sium concentration in the incubating medium 
( 6 ) .  Similar studies indicated that even in 
the presence of high potassium concentration, 
addition of 1.0 mg % DOCA to the medium 
completely inhibited glycogen production ( 7 ) .  
It was of interest therefore, to study the 
mechanism of action of DOCA on glycogen 
formation in z~iuo, and to determine whether 
the inhibition elicited by this steroid on gly- 
cogen production was secondary to, or inde- 
pendent of its action on potassium metabol- 
ism. It was postulated that by increasing 
potassium intake of rats, large decreases in 
potassium content of tissues and blood serum, 
normally associated with administration of 
large doses of DOCA, might be avoided. The 
action of DOCA on glycogen formation could 
thus be studied independently of large 
changes in potassium concentration of both 
serum and tissues. 

Materials and methods. Two hundred and 
twenty male rats of Wistar origin that 
weighed between 200 and 300 g were divided 
into 2 groups. Group I consisted of 140 rats 
which were further divided into 7 subgroups 
of 20 rats each. Half of the rats in each sub- 
group were given tap water to drink and the 
other half were given 1.0% potassium chlor- 
ide solution. Rats in the first subgroup re- 
ceived daily injections of sesame oil and 
served as controls for the other 6 subgroups 
that received 5.0 mg of DOCA daily in the 
form of a 5.0% solution in sesame oil, injected 
subcutaneously for 1, 2,  3, 5 ,  10 and 14 days 
respectively. Twenty-four hours before last 
injection, food was withdrawn from the cages 
but the drinking fluid continued to be avail- 
able ad libitum. At time of last injection, 200 

mg of glucose per 1010 g of body weight were 
injected intraperitoneally in the form of a 
10% solution prepared in isotonic saline. 
After 4 hours the animals were anesthetized 
by injecting 5.0 mg of sodium pentobarbital 
intraperitoneally per 100 g s f  body weight. 
Fifteen minutes later the abdominal cavity 
was opened and blood was collected from the 
inferior vena cava for potassium analysis. 
The liver was removed, quickly trimmed of 
fat  and connective tissue, and excess blood 
removed by blotting between sheets of filter 
paper. Approximately half of each lobe was 
placed in a tared weighing bottle containing 
10 ml of 5.070 trichloroacetic acid and finely 
minced with scissors for glycogen determina- 
tion. The remaining portion of liver was 
placed in a small tared silica dish and ashed 
for potassium analysis. Glycogen was deter- 
mined by the method of Carroll et aZ.(8) 
which consisted of trichloroacetic acid extrac- 
tion of the homogenized tissue, and alcohol 
precipitation of the glycogen, followed by the 
anthrone reaction. Potassium was determined 
with a Beckman Model DU Flame Spectro- 
photometer (9) following the analytical pro- 
cedure of Bills et d.( 10). The results from 
the analytical determinations were averaged 
for each subgroup of animals. Mean liver 
glycogen and potassium values were expressed 
in milligrams per liver and meq per liver re- 
spectively. ilfean blood serum potassium 
values were expressed in meq/l. Group I1 
consisted of 80 rats subdivided into 4 sub- 
grcups of 20 rats each. Rats in the first sub- 
group received daily injections of sesame oil 
and served as controls for the other 3 sub- 
groups that received 5.0 mg of DOCA per day 
for 2 ,  5 and 14 days respectively. Half of the 
animals in each subgroup were given tap water 
to drink and the other half 1.0% potassium 
chloride solution, These rats served as fast- 
ing-controls for the glucose injected rats of 
Group I, and were treated identically except 
that 0.9% sodium chloride solution was sub- 
stituted for the 10% glucose solution injected 
intraperitoneally 4 hours befolre sacrifice. 

Results. The results obtained with animals 
that received tap water are presented in Fig. 
1. In the fasting control rats, administration 
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F I G .  I .  Effect of 11-tlesoxycorticostcrolle acetate 
( L O C A )  011 glycogen and potassium content of 
liver 4 l i r  :rf tcr tlir I.P. inj. of glucose into ii1t:ic.t 
rats. 

FIG.  2. Effect of 11-dcsoxycorticosterolle acetate 
(.DOCA) 0x1 glycogen uncl yotassiurn content of 
liver 4 hr after tlie I.P. inj. of glucose into intact 

of DOCA had essentially no effect on either 
mean glycogen or mean potassium content of 
the liver. There was however, a marked de- 
crease in blood serum potassium concentration 
from a mean of 5.67 meq/l for the control 
group to a mean of 3.31 meq/l far the group 
of rats treated with 5.0 mg of DOCA for 14 
days. 

Following intraperitoneal injection of glu- 
cose, mean glycogen and mean potassium con- 
tents of liver from the rats that did not re- 
ceive DOCA increased 59.1 mg and 0.187 
meq respectively. Glycogen production was 
facilitated by administration of DOCA for 
either one or 2 days, but was inhibited in the 
rats that received the steroid for 5 days or 
more. Inhibition of glycogen formation was 
approximately paralleled by a decrease in 
potassium content of both liver and blood se- 
rum. Statistical studies showed that the de- 
creases in both potassium and glycogen con- 
tent were significant in the rats that received 
DOCA for 5 days or more. 

The results obtained with animals that re- 
ceived 1 .O% potassium chloride solution were 
presented in Fig. 2. As in the studies with 
fasting rats that received tap water, DOCA 
had essentially no effect on either glycogen or 
potassium content of liver. However, there 
was a decrease in blood serum potassium con- 
centration of 2.09 meq/l for the rats that re- 
ceived DOCA for 14 days. 

In rats that received DOCA for less than 
3 days, the glycogenic response and increase 
in liver potassium content following glucose 
administration was essentially the same as 
that observed in those that received tap water 
as shown in Fig. 3 .  For the glucose injected 
rats treated with DOCA for 5 days or more, 
those that received potassium chloride solu- 
tion had a higher blood serum potassium con- 
centration and produced more glycogen than 
those that received tap water. These differ- 
ences were statistically significant. 

D ~ S G U S S ~ U ~ .  Conflicting reports have ap- 

rats driiikirig L.Oy0 KCl solution. 
FIG. 3 .  Effect of 1 1-desoxycorticosterone acet i l te  

(DOCA) on glycogen arid potassium content of 
liver 4 Iir after the I.P. jIij. of glucose into intact 
rats drinking I .O./', KCl solution compared w i t h  
those drinking tapwater. 
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peared concerning the action of DOCA on 
glycogen formation in intact animals. Koch 
and Bohlander ( 11) found that administration 
of 1.0 mg DOCA per day for 6 days to intact 
rats resulted in a one-third increase in liver 
glycogen concentration. IYinter and Thomp- 
son( 1 2 )  reported that implantation of 5 mg 
pellets of DOC'A subcutaneously in intact rats 
was without effect on glycogen concentration. 
Verzar and 'Il'ang(5) showed that adminis- 
tration of a single 20 mg injection of DOCA 
intraperitoneally completely inhibited glyco- 
gen formation in the liver of intact rats. 
These conflicting reports can be explained in 
part on the basis of the results of the present 
studies. These studies showed that DOCA 
administered daily for short periods of time 
resulted in increased liver glycogen produc- 
tion, but when administered daily for longer 
periods of time, there was a decrease in glyco- 
gen production. 

The observation that potassium entered the 
liver during glycogenesis was in agreement 
with the report by Fenn( 2 ) .  Since decrease 
in glycogen formation approximately paral- 
leled decrease in potassium content of liver 
and blood serum, these data suggested that 
DOCA induced inhibition of glycogen forma- 
tion was secondary to potassium depletion. 
The  observation that glycogen formation was 
essentially normal in DOCA treated rats that 
had an increased intake of potassium chloride 
further supported this mechanism of action of 
DOCA on glycogen formation. These data 
also suggested that i t  was the availability of 
potassium from extracellular fluid that limited 
production of glycogen in the livers of DOCA 
treated rats rather than potassium content of 
the liver. 

Suiizwarjl. 1. Daily administration of 

DOCA for short periods caused an  increased 
glycogenic response in liver of rats following 
intraperitoneal injection of glucose. Daily 
administration of DOCA for longer periods 
resulted in decreased glycogenic response. 2. 
DOCA induced inhibition of glycogen forma- 
tion was accompanied by decrease in potas- 
sium content of both liver and blood serum. 
3.  By forcing an increase in potassium intake, 
the potassium content of both liver and blood 
serum was maintained a t  essentially normal 
levels and liver glycogen production was not 
significantly inhibited in rats that  received 
I N C A .  4. These data indicated that DOCA 
induced inhibition of glycogen formation was 
secondary to potassium depletion. 
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