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Although parathyroid hormone is the prin- 
cipal regulator of calcium homeostasis, adre- 
nal cortical hormones also influence the me- 
tabolism of this ion. As far back as 191 1, it 
was observed that removal of the adrenal 
glands ameliorates tetany in parathyroidec- 
tomized rats (1). This suggested that the ad- 
renal glands secreted a calcium lowering hor- 
mone and more recent studies have con- 
firmed that glucocorticoids may antagonize 
many actions of exogenous parathyroid hor- 
mone (2). 

Recently, we have shown that adrenalec- 
tomy prevented the fall in serum calcium and 
rise in serum phosphate that occurs in sec- 
ondary hyperparathyroidism induced by a 
high phosphate diet (3). The present study 
was initiated to determine whether skeletal 
and renal changes of secondary hyperpara- 
thyroidism also could be inhibited by adre- 
nalectomy. The results show that adrenalec- 
tomy prevented to a large extent the renal 
lesions and completely prevented the skeletal 
lesions. 

Materials and methods. Male adult Holtz- 
man rats weighing 270-300 g were used in all 
experiments. Unless otherwise noted, all rats 
were fed a complete semisynthetic diet which 
contained 0.8% calcium, 0.4% phosphorus 
and 0.25% magnesium as previously de- 
scribed (4). Bilateral adrenalectomy was per- 
formed under light ether anesthesia at least 
seven days before the balance study. The 
sham-operated rats had similar incisions and 
their kidneys and adrenal glands were han- 
dled briefly. Adrenalectomized and sham-op- 
erated control rats were given distilled water 
containing 1% NaCl while kept in metabo- 
lism cages designed to separate urine and 
feces. Steroids were administered subcutane- 
ously after dissolution in 30% ethanol (Table 
111). Control animals received the same 
amount of 30% ethanol. Preparation of kid- 
neys for histologic and chemical evaluation 
was carried out as previously described (5).  
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Histologic grading of nephrocalcinosis was 
done by a double-blind design and based on 
counts of the number of calcified deposits 
seen on 10 microfrontal sections of kidney 
(1-10 deposits = +, 11-30 deposits = ++, 
31-60 = +++, etc.). Femora were fixed in 
neutral-buffered formalin, demineralized us- 
ing citrate and embedded in paraffm. Thin 
sections were stained with hematoxylin-eosin. 
The lesions consisted of innumerable resorp- 
tion cavities containing many osteoclasts. Se- 
verity of osteitisfibrosa cystica was based on 
numbers of such lesions per unit area with 
5+ being most severe. + Indicates a slight 
increase in number of resorption cavities. 
Calcium and magnesium were determined by 
atomic absorption spectrophotometry and 
phosphate by a modification of the Fiske- 
Subbarow procedure (6). Analyses for serum 
calcium, magnesium and phosphate were 
made on trichloroacetic acid filtrates. Urinary 
analyses were made directly on diluted sam- 
ples. Stool and tissue analyses were made 
after ashing the specimens in a muffle furnace 
at 650" for 18 hr, dissolving the residue in 
dilute HC1 and diluting to suitable volumes. 
Student's t test or analysis of variance (7) was 
performed on the data. 

Results. Effects of a high phosphate diet in 
adrenalectomized rats. In Fig. 1 it may be 
seen that adrenalectomy prevented the fall in 
serum calcium and rise in serum phosphate 
that high phosphate diets (Ca/P = 1/8) in- 
duce in intact rats (5 ,8 ) .  These results confirm 
our earlier findings (3). Also, the severe os- 
teitisfibrosa cystica found in intact rats fed 
high phosphate diet (8) was completely pre- 
vented by adrenalectomy, although occa- 
sional resorption cavities were present (Table 
I). The kidney lesions of the adrenalecto- 
mized rats were considerably reduced when 
evaluated histologically. When expressed as 
percent of dry weight, calcium, magnesium 
and phosphate contents of the kidneys were 
significantly less than those of the intact rats. 



I 3 0  
E 

2 0  

10 

D l E l A R I  2 I 

PARATHYROID-ADRENAL INTERRELATIONS 

2.1 I 0  

MAGNESIUM 

I 
T 

I 0  

PHOSPI .. .rE 

FIG. 1. Effect of high phosphate diet on serum Ca, 
Mg and POr. Six rats in each group were fed the high 
phosphate diet for approximately 60 days. The height of 
each bar represents the serum value at the end of the 
experiment. The clear bars refer to the intact rats and 
the cross-hatched bars refer to the adrenalectomized 
animals. The brackets indicate the standard deviations 
from the mean. ***Significantly different from intact 
rats fed the same diet, P < 0.001, *means P < 0.05. 
a"' Significantly different from adrenalectomized rats fed 
diet with Ca/P = 2, P < 0.001, ,"P < 0.01, "P < 0.05. 

Thus, the chemical analysis paralleled the 
histologic evaluation of calcification. Of in- 
terest is the observation that the dry weight 
of the kidneys of the adrenalectomized rats 
fed either the control diet or high phosphate 
diet were significantly greater than those of 
intact rats fed the same diets. The significance 
of this finding is not known. 

Effect of prednisolone and aldosterone on 
absorption and excretion of calcium, magne- 
sium and phosphate by adrenalectomized rats 
fed  a normal diet. 

In Table I1 it may be seen that adrenalec- 
tomy per se had no significant effect on the 
serum level of calcium but the administration 
of prednisolone to adrenalectomized rats low- 
ered it significantly (P < 0.01) when com- 
pared to the intact rats. Neither adrenalec- 
tomy nor the administration of prednisolone 
or aldosterone altered net absorption or ex- 
cretion of calcium, phosphate or magnesium 
in a 12-day balance study. In these studies, 
net absorption is defined as intake minus 
fecal output. 

Effect of prednisolone on absorption and 
excretion of calcium, magnesium and phos- 
phate by intact rats f e d  a normal diet. 

In a 12-day balance study in which intact 
animals were allowed to eat ad libitum, pred- 
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TABLE 11." 
Calcium values 

Serum Intake Absorbed Urina 
(mM) (mmol) (mmol) (mmoy Treatment 

Control [7] 

Adrex [7] 

Adrex + prednisolone [6] 

Adrex + aldosterone [6] 

2.7 1 
(0.09) 

0.65 
(0.16) 

0.59 
(0.1 1) 

2.57 
(0.20) 

2.51** 
(0.07) 

0.45 
(0.12) 

2.59 
(0.20) 

0.59 
(0.24) 

Phosphate values 
23.6 10.5 
(0.7) (1.5) 

4.23 
(1.13) 

Control 

Adrex 

Adrex + prednisolone 

Adrex + aldosterone 

3.06 
(0.18) 

24.4 10.1 
(0.08) (1.9) 

4.0 
(0.4) 

2.76 
(0.30) 

3.08 
(0.39) 

3.9 
(0.7) 

2.77 
(0.28) 

Magnesium values 
18.8 8.9 
(0.6) ( 1 4 

2.9 
(0.8) 

Control 

Adrex 

Adrex + prednisolone 

Adrex + aldosterone 

1.17 
(0.07) 

2.7 
(0.4) 

1.12 
(0.03) 

1.11 
(0.06) 

2.5 
(0.3) 

1.14 
(0.09) 

19.2 9.1 
(2.5) (1.3) 

3 .O 
(0.5) 

Effect of prednisolone and aldosterone on absorption, excretion and serum values of calcium, phosphate and 
magnesium by adrenalectomized rats. Five days after adrenalectomy, (Adrex) rats were put in individual cages and 
habituated to the diet for 6 days prior to the 12-day balance study. Prednisolone was administered subcutaneously 
daily at a level of 0.5 mg/100 g body wt and aldosterone at a level of 2.5 &animal. The numbers in parentheses are 
the SD from the means which are directly above. The numbers in brackets are the number of rats used in each 
group. ** Significantly different from sham P c 0.01. 

nisolone decreased food intake and caused a 
significant weight loss (Table 111). Despite 
decreased intake of calcium and phosphate 
by steroid treated rats, no significant changes 
were found in their serum levels or excretion. 
The only significant change was a fall in the 
serum level of magnesium following prednis- 
olone treatment. 

Discussion. It is clear that the absence of 
all adrenal hormones had a beneficial effect 

on the skeletal and renal lesions of secondary 
hyperparathyroidism induced by the feeding 
of diet with high phosphate. The amelioration 
of the lesions following adrenalectomy im- 
plies that the adrenal glands secrete a hor- 
mone(s) which is involved in the pathogenesis 
of the renal and skeletal lesions. Although the 
mechanism involved in the amelioration of 
the lesions by adrenalectomy is not known, 
two possible explanations may be: (a) De- 
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creased secretion of parathyroid hormone 
and, (b) blunted responses of the target or- 
gans. There are studies which support either 
possibility. Glucocorticoids have been shown 
to increase PTH secretion in vitro (9) and in 
vivo (10). In their absence, it is quite conceiv- 
able that insufficient hormone may be elab- 
orated to cause the renal and skeletal lesions. 
The higher level of calcium in the serum of 
the adrenalectomized rats fed high phosphate 
diet in the present study (Fig. 1) further sup- 
ports the idea of decreased parathyroid hor- 
mone secretion in the absence of the adrenal 
glands. Parathyroid hormone would appear 
to be of greater importance in causing renal 
deposits than the elevated level of serum 
phosphate since nephrocalcinosis does not 
occur in parathyroidectomized rats which 
have markedly elevated levels of serum phos- 
phate ( 5 ,  8). However, definitive proof must 
await the measurement of circulating immu- 
noreactive PTH. It also has been shown that 
adrenalectomy diminished the hypercalcemic 
response of parathyroid hormone (1 1) sug- 
gesting a permissive action of the adrenal 
hormones with respect to PTH activity. 

It is doubtful that increased calcium ab- 
sorption or decreased calcium excretion by 
adrenalectomized rats fed the high phosphate 
diet is responsible for the higher levels of 
calcium in the serum, since balance studies 
indicated no significant differences between 
intact and adrenalectomized rats fed a normal 
diet. However, the possibility that adrenal- 
ectomized rats may absorb more calcium 
from high phosphate diets than intact rats 
cannot be ruled out. Also, the administration 
of prednisolone, in amounts sufficient to af- 
fect body weight, or aldosterone, in amounts 
that alter sodium and potassium excretion, 
had no significant effect on the absorption or 
excretion of these ions at least during the 12- 
day balance period. With respect to calcium 
metabolism, similar findings as in these stud- 
ies have been found in adrenalectomized dogs 
(12), for an Addisonian patient (13) and for 
the adrenalectomized rats (14). 

The lack of effect of glucocorticoids on 
calcium absorption in vivo is in contrast to 
studies with the everted rat gut where they 
inhibit active transport of calcium ( 15- 17). In 
studies on the effect of magnesium ions on 
calcium absorption, striking differences be- 

TABLE 111." 

Initial Weight 
weight change Food intake 

Treatment (8) (8) (g) 
Control [6] 270 +88 222 

(4) (2) ( 5 )  

Prednisolone 270 -43 163** 
( 5 )  (11) (16) 

Calcium values 

Ab- 
Intake sorbed Urine Serum 
(mmol) (mmol) (rnmol) (mM) 

Control 44.2 
( 1 .O) 

Prednisolone 32.6** 
(3.3) 

Control 28.8 
(0.6) 

Prednisolone 2 1.2** 
(2.1) 

Control 20.1 
(0.5) 

Prednisolone 14.8** 
(1.5) 

15.0 0.22 
(4.0) (0.03) 

12.5 0.33 
(1.8) (0.13) 
Phosphate values 
10.6 3.4 
(2.1) (1.0) 

5.5**  3.7 
(0.5) (1.0) 

Magnesium values 
4.0 0.85 

(1.5) (0.7) 

4.5 0.38 
(1.7) (0.25) 

2.65 
(0.03) 

2.63 
(0.06) 

3.15 
(0.27) 

2.73 
(0.3 I )  

1.06 
(0.05) 

0.91** 
(0.05) 

'' Effect of prednisolone on absorption and excretion 
of calcium, magnesium and phosphate by intact rats: 
The rats were habituated to the diets and kept in indi- 
vidual metabolism cages for 6 days prior to the balance 
study which lasted 12 days. The steroid treated rats 
received 0.75 mg/100 g body wt subcutaneously in 30% 
ethanol daily. The numbers in parentheses are the stan- 
dard deviations from the means which are directly above. 
The numbers in brackets are the number of rats used in 
each group. * *  Different from respective controls at P 
c 0.01. 

tween net calcium absorption measured in 
vivo (1 8, 19) and calcium transport measured 
in vitro have also been noted (20). Unless 
studies in vivo confirm results obtained in 
vitro, active transport should not be equated 
with absorption by the whole animal. 

It has been suggested that adrenal corti- 
coids may alter the metabolism of vitamin D 
(21,22) although there is not complete accord 
on this point (23-25). Even if steroid treat- 
ment altered vitamin D metabolism in this 
study, the alterations had no effect on overall 
calcium absorption. This is not surprising 
since the portion of the intestine distal to the 
duodenum contains over 90% of the surface 
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area of the small intestine and is intimately 
involved in calcium absorption via passive 
diffusion while the area involved in active 
transport is much smaller. In man, the distal 
portion of the intestine also seems to be more 
important quantitatively for calcium absorp- 
tion than the area involved in active transport 
(26)- 

Summary. Removal of the adrenal glands 
prevented osteitis fibrosa cystica that occurs 
when intact rats are fed diets containing high 
phosphate. It also decreased the incidence of 
calcific deposits in the kidney. It is suggested 
that decreased secretion of PTH may be one 
of the causative factors in the beneficial ef- 
fects of adrenalectomy. Balance studies 
showed that intestinal absorption and renal 
excretion of calcium and phosphate by rats 
fed a normal diet were unaffected by adre- 
nalectomy or the administration of prednis- 
olone or aldosterone. 

The author is indebted to Dr. H. Robert Brashear, 
University of North Carolina School of Medicine, 
Chapel Hill, N.C. for evaluation of the histologic prep- 
arations. Prednisolone and aldosterone were gifts from 
Merck, Sharp and Dohme Research Laboratories, Rah- 
way, New Jersey. 
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