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Effect of Adrenocortical Steroids on Bone Electrolyte Metabolism.* (26557) 

)I. Al. REIDENBERG+ AND R. j l - .  SEVY 
Departnaent of Phariiiacologg, TeiirplP L'riivcrsilg School of Medicine, Philadelphia, Pa. 

Bone contains about 4 0 F  of the total bod!. 
sodium. I t  therefore has the potential of be- 
ing an important factor in electrolyte metal,- 
olism. 

Harrison ( 1 ) concluded from studies mi 
normal rats and rats with various disorders 
of calcification. that bone sodium varies with 
calcium and that the calcium:sodium ratio in 
bone remains constant. Rergstrom and N'aL 
lace( 2 ) subsequently demonstrated that bone 
sodium could vary independently from the 
calcium in acidosis associated with peritoneal 
dialysis( 2.3.4.5 ) and following dietary salt 
restriction (2 .3 ) .  

Studies of the role of the adrenal gland in 
bone electrolyte nietabolisni are conflicting. 
Adrenalect omy has been relwrted to ( w s e  
bone sodium depletion in presence of a nor- 
mal diet(6.7) a low salt diet(8) or with salt 
added to the drinking water(9). Other in- 
vestigators, however, have reported that 
adrenalectomy failed to change bone sodium 
when combined with either a normal diet( 10) 
or with salt added to drinking water(8).  

M'orkers investigating adrenal insufficienq. 
by balance studies in dogs found a, greater 
loss of sodium from the extracellular fluid 
than could be accounted for by external 
losses( 10.1 1 ) .  They suggested that the so- 
dium was sequestered in the bone. However. 
U'hite, ct  a!.( 6 )  were unable to confirm these 
findings in adrenalectomized rats. 

The present investigation was carried out 
in an attempt to clarify the role of the adre- 
nal gland in bone electrolyte metabolism. 

Materials and methods. Female Spraglle 
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Dawley rats were used for all experiments. 
At time of sacrifice the animals were given 
pentobarbital 6 mg/100 g I.P. Blood was 
drawn from the right ventricle and the serum 
separated. Sera were pooled to obtain sam- 
ples for electrolyte determinations. 

The femurs with cartilage removed but 
with marrow present were weighed in the 
fresh state and again after drying for at least 
48 hours a t  105°C. The dry bones from 3 
or 4 rats were ground together in a mortar 
and 2 samples of the powder were taken. 
These were prepared for sodium and potas- 
sium determinations by the method of Berg- 
strom and Waliace(2). Our technic yielded 
05% of the Na and 90% of the K present in 
a mixture of various salts approximately the 
composition of bone. 

Sodium and potassium concentration in 
bone and serum samples was determined by 
flame photometry, using lithium as an inter- 
nal standard. 

Adrenalectomies were done through bilat- 
eral subcostal incisions and the rats were 
maintained on Purina Laboratory Chow and 
tap water until the fourth postoperative day 
when they were sacrificed. Half the adrenal- 
ectomized rats were controlled by simultane- 
ous measurements on unolperated rats selected 
at random from the same group. The other 
half were compared to controls of similar 
weight but not measured simultaneously. 
There was no difference between the sub- 
groups and they are grouped together for 
statistical analysis. 

A number of diflerent steroid-administra- 
t ion experiments were done with simultaneous 
controls selected from the same group. All 
these animals were maintained on Purina 
('how. Groups A and B were both given sa- 
line instead of tap water for drinking during 
the experiment. Group C' received tap water. 
Kach animal in subgroup A steroid-treated 
received 5 mg desoxycorticosterone trimethyl- 
acetate i.m. a t  the start plus 1.0 mg desoxy- 
corticosterone acetate (DOCA) daily for 4 
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TABLE I. Bone and Serum Electrolyt,es of Normal and Adrenalectomized Rats. 

Mean serum electro- Mean bone electrolytes 
lytes (meq/l) (meq/kg fresh hone) 

f , 7-- 3 

No. of No. of 
No. of  Mean wt at measure- nieasure- Bone water 

Group rats sacrifice, g ments Na K ments N n  I< conc., % 

Control 22 132 11 139 5.1 12 132 49 40 
S.E. 1.3 1.0 .7 2.8 2.3 
Adrenx 20 119 11 132 6.2 10 9% 45 40 
S.E. 2.5 1.4 1.7 8.7 1.9 
P .02 .1 .2 < . 0 1  <.2, >.l  

-- 

days, and were sacrificed 18 hours after the 
last dose. Each in subgroup B steroid-treated 
received 1.0 mg DOCA daily for 4 days, then 
was sacrificed. Subgroup C steroid-treated 
animals each received one injection of 12.5 
mg desoxy cor ticos terone t rime thylacetate and 
were sacrificed 2 weeks after injection. (Se- 
rum electrolytes on different animals in this 
laboratory on this regimen show the expected 
fall in potassium concentration with no 
change in sodium.) 

A11 measurements for bone electrolytes are 
in units of mEq per kg fresh whole femur. 
No attempt was made to calculate “chloride 
space sodium’’ or “free sodium” since our in- 
terest was in the net sodium or potassium 
balance of whole bone. 

Results. Our measurements of adrenalec- 
tomized compared to control rats are sum- 
marized in Table I. Weights given are those 

at  time of sacrifice and reflect dehydration 
of the adrenalectomized animals. Bone so- 
dium concentration decreased significantly in 
the adrenalectomized rats. The potassium 
appeared to decrease slightly but the change 
was not statistically significant for the num- 
ber of measurements. 

The results of steroid treatment are re- 
ported in Table II. Neither bone sodium nor 
bone potassium changed significantly, al- 
though in each experiment, average potas- 
sium values for steroid-treated rats were 
slightly lower than the controls. 

Discussion. This investigation confirms 
the results of others showing that adrenalec- 
tomy causes a decrease in bone sodium(6,7, 
8,9).  It does not support Stern, Cole, Bass, 
and Overman’s( 10) conclusions of no change. 
These workers, however, actually found a 
fall in mean bone sodium levels in their dogs 

TABLE 11. Bone Electrolytes of Normal and Steroid Treated R:its. 

No. meas- N:t K Bone water 
Group No. rats Mean wt, g urements s-meq/kg----7 conr,., % 

Control A 7 149 4 145 45 36 
S.E. 3.3 3.6 2.8 
Steroid A 7 146 1 156 43 35 
S.E. 4.5 9.8 2.1 
P .3 .9 

Control B 8 171 4 155 42 36 
S.E. 6.1 9.5 2.8 
Steroid B 8 168 4 150 38 36 
S.E. 5.6 3.0 .6 

F .6 <.3, >.2 

Control C 11 172 6 - 40 37 
S.E. 2.9 - 2.0 
Steroid C 12 180 6 I 38 37 
S.E. 3.3 - 1.4 

P <.2, > . I  



lrom 24h to 229 n i A I  kg fresh niidfeiiiur. 
Because of the large variation between nieas- 
urements and small number of measurements 
made, this fall was not statistically signifi- 
cant . 

RIunro. Satoskar. and IYilson (8 )  did not  
demonstrate a fall in bone sodirtni in adren- 
alectomized rats maintained on 0.9 o/c saline 
when cornpared to normal rats on a regular 
diet and tap water. They did find a fall i n  
adrenalectomized rats on a rice diet and dis- 
tilled water, but hsd already shown(3) that 
a rice diet and distilled water can lower bone 
sodium in normal rats. They did not report 
results of adrenalectomized rats on a standard 
diet and water or normal rats on saline. Sich- 
01s and Nichols( 1 2 )  have shown that salt 
alone. in large quantities: could actually raise 
1)one sodium. 

The effects of adrenal steroid administta- 
tion on bone electrolyte composition have not 
heen thoroughly studied. Uosekun ( 9 )  found 
that cortisone treatment prevented the fall of 
h n e  sodium concentration in adrenalecto- 
niized animals. Borle, ct 01. ( 7 ) .  demon- 
strated that prednisolone did not change bone 
Na or JK concentrations in intact rats. W'ood- 
l iury(l3) and Green ~t al.(14) using a radio- 
active sodium technic found that mineralo- 
active corticoids did not elevate bone sodium 
concentration above normal. Using a direct 
111 eas u r em e n t technic and various ni i n era 1 oa c - 
tive corticoid reginlens, we were Linable to 
produce a significant change in bone Na or 
E; concentrations in intact rats. 

Summary. The effects of adrenocortical 
hormones on bone electrolyte tiietaholistii 
have been investigated hy 2 series of es1,et-i- 
ments. I n  the first, femur sodium and 1 ~ ) -  

tassium concentrations were compared in nor- 
mal and adrenalectomized rats. Sodium con- 
centration decreased a significant amount. In 
the second series, normal rat femurs were 
compared to femurs from rats given varying 
amounts of NaC'l in the diet and various min- 
eraloactive steroid drugs. In each of these 
experiments sodium concentration was un- 
changed and potassium fell an insignifican.t 
 mount. 
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