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Abstract. Plasma parathyroid hormone (PTH) and calcitonin (CT) in rats with surgically 
induced chronic renal failure were measured by radioimmunoassay. Plasma PTH levels in uremic 
rats (2897 * 693 pg/ml) were significantly ( P  < 0.001) higher than those in nonuremic rats (286 
2 18 pg/ml). A low-phosphorus diet for 4 and 8 days increased serum calcium and decreased 
the elevated PTH level to the level of sham-operated rats. Plasma CT levels in uremic rats (60.1 
* 7.8 pg/ml) were significantly ( P  < 0.05) higher than those in nonuremic rats (37.6 * 2.4 pg/ 
ml). The low-phosphorus diet for 4 days, but not 8 days, increased the CT levels in uremic rats. 
Our results demonstrate the importance of phosphate and calcium in influencing the secretion 
of PTH and CT in uremia. The rat, along with appropriate radioimmunoassays, appears to be 
a useful model for studying bone mineral metabolism in chronic renal failure. 

Chronic renal failure is accompanied by 
dramatic changes in calcium and phosphorus 
and the hormones which regulate skeletal me- 
tabolism (1). Most experimental studies of 
hormonal and mineral changes in chronic 
renal failure have been performed in large an- 
imals like the dog (2, 3 ) .  Despite the wide- 
spread use of the rat in studies of calcium and 
skeletal metabolism, this animal has been 
sparingly used for such studies in renal failure 
(4-6). This has been largely due to the diffi- 
culties associated with measurements of the 
calcitropic hormones in the rat. We have de- 
veloped in our laboratory the procedures 
needed for systematic studies of calcium and 
skeletal metabolism in the rat. This is a report 
of those procedures and their beginning ap- 
plication to studies of chronic renal failure. 
Specifically, the present experiments were un- 
dertaken to study plasma parathyroid hor- 
mone (PTH) and calcitonin (CT) in rats with 
chronic renal failure and to examine the effect 
of varying dietary phosphorus (P) and calcium 
(Ca) intake on the secretion of these hormones. 

Methods. Adult male Sprague-Dawley rats 
(Hilltop, Calif.) weighing approximately 250 
g were employed in this study. The modified 
method of Platt et al. (7) was used to create 
chronic renal failure rats. One week after the 

Supported by the National Institutes of Health and 
the Veterans Administration. 

removal of the left kidney cortex by scissors, 
total right nephrectomy was performed under 
nembutal anesthesia. Prior to manipulation, 
the rats had been on a standard rat diet con- 
taining I .2% calcium, 0.86% phosphorus, and 
530 U vitamin D/lOO g. After surgery the an- 
imals were divided into five groups of 1 1  or 
12 animals each. Group I continued the stan- 
dard diet; Group I1 received the standard diet 
and water containing 1% calcium lactate 
(0.18% calcium solution) for 4 days prior to 
sacrifice; Group 111 received a low-phosphorus 
diet (BioServe, Inc., N.J.) containing 1% cal- 
cium, 0.004% phosphorus, and 300 IU vita- 
min D/100 g, and distilled water for 4 days; 
and Group IV received the low-phosphorus 
diet and water containing the 1% calcium lac- 
tate solution for 4 days. Group V was given 
the low-phosphorus diet for 8 days. In addi- 
tion, 16 rats were sham-operated and divided 
into two further groups (Groups VI and VII). 
Group VI received the standard diet and group 
VII was given the low-phorphorus diet for 4 
days before sacrifice. 

Twenty-five days afier the second operation 
(nephrectomy), 5-7 ml of blood was taken 
from the abdominal aorta of anesthetized rats 
for measuring plasma PTH and CT, serum 
Ca and P, and creatinine (Cr). In the partially 
nephrectomized groups tail blood was col- 
lected for plasma PTH 4 days before sacrifice 
just before starting the low-phosphorus diet. 

Plasma PTH was measured by a modifi- 
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cation for rat PTH (8-10) of previously de- 
scribed procedures for human and bovine 
PTH (1 1, 12). A chicken antiserum, designated 
C-7, raised against bovine PTH (Inolex) and 
acetic acid extracts of rat parathyroid glands, 
was used at a final dilution of 1:4000. Ra- 
dioiodinated bovine PTH was used as tracer 
and the assay conditions were otherwise as 
previously described (8- 12). In this assay sys- 
tem the mean (+SE) concentration of PTH 
in normal adult rats such as those used in this 
study is 300 k 50 pg/ml. Induced hypercal- 
cemia and hypocalcemia produce a respective 
decrease and increase in plasma PTH and the 
hormone in undetectable in parathyroidec- 
tomized rats. Preliminary details about this 
procedure have been presented (8- 10) and a 
more detailed report shall be published sep- 
arately. 

Plasma CT was measured by a radioim- 
munoassay based on human calcitonin which 
was adapted to the measurement of rat cal- 
citonin ( 14, l 5 ) .  Plasma calcium, phosphorus, 
and creatinine were measured by autoanaly- 
zer. Statistical analysis was done using the stu- 
dent's t test. 

The data were analyzed by a one-way AN- 
OVA and for each measurement a significant 
(P < 0.0001) F ratio was achieved. The in- 
dividual measurements were then evaluated 
for significance by the method of Tukey 
for making pair-wise comparisons among 
means (13). 

Results. The results of this study are sum- 
marized in Table I and Fig. 1. The surgery 
effectively created renal failure in all rats, of 
which 85% survived for the duration of the 
experiment. The plasma creatinine levels of 
the partially nephrectomized rats with a stan- 
dard diet (Group I) were significantly higher 
than those of sham-operated rats with the 
standard diet (Group VI). Although there was 
not a significant difference in plasma Ca or P 
between these two groups, plasma PTH and 
CT levels were significantly higher in uremic 
rats. A positive correlation was present be- 
tween plasma PTH and creatinine levels in 
the uremic rats of Group I ( r  = 0.970, P 
< 0.001). No significant differences were ob- 
served in the serum creatinine levels of the 
uremic groups (Groups I-V). 

Efect of dietary calcium. The daily addition 
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FIG. I .  Effect of calcium supplementation and phos- 
phorus depletion on plasma PTH and CT levels in rats 
with surgically induced chronic renal failure and sham- 
operated controls. 

of extra calcium to the diet of the rats in Group 
I1 (367 mg of calcium compared to 21 1 mg 
in Group I) had no significant effect on any 
of the measurements although there was a 
slight decrease in PTH. 

Eflect of low-phosphorus diet. The low- 
phosphorus diet produced a significant de- 
crease in serum P, an increase in serum Ca, 
and a decrease in plasma PTH in both the 
uremic (Groups 111-V) and sham rats (Group 
VII). Plasma CT was increased in these same 
groups, significantly so in all but Group V. 
The rats with the lower P levels had generally 
higher Ca levels, lower PTH levels, and higher 
CT levels, although these differences were not 
always significant. 

Discussion. A number of experimental 
models have been developed to study the 
mineral and hormonal perturbations of 
chronic renal failure. These animal models 
along with clinical studies have established that 
in the blood of patients with renal failure there 
is an increase in phosphorus (P), parathyroid 
hormone (PTH), and calcitonin (CT), and a 
decrease in calcium (Ca) (1-4, 16). The in- 
creases in PTH and CT are thought to reflect 
changes in both secretion and renal metab- 
olism of the hormones (1, 16, 17). Multiple 

factors contribute to the secondary hyper- 
parathyroidism, including phosphate retention 
( 1 8, 19), hypocalcemia ( I9), abnormal vitamin 
D metabolism (20, 2 1 ), impaired calcium ab- 
sorption (22), and skeletal resistance to PTH 
(23). The abnormal parathyroid function can 
be attenuated by increasing calcium intake 
and decreasing phosphorus intake; the latter 
effect is especially dramatic (2, 4, 24). 

We have demonstrated that P restriction 
also dramatically lowers plasma PTH in the 
uremic rat (Table I). This decrease, also pres- 
ent in normal rats, is accompanied by an in- 
crease in serum Ca and it is likely that the 
increased Ca suppresses parathyroid gland 
function. The addition of calcium to the low- 
phosphorus diets caused only a slight decrease 
in PTH, probably because there was no in- 
crease in serum Ca. Calcium intake may sup- 
press the increased PTH of uremic rats when 
supplemented to a low-calcium diet (4). Fur- 
thermore, a longer duration of calcium sup- 
plementation may be necessary to show any 
effect on plasma PTH ( I  7). 

An increased plasma CT is also present in 
uremic rats, corresponding to the increased 
levels reported in humans with uremia (16, 
25). The significance of these high concentra- 
tions of CT has not been completely clarified, 
although Heynen et al. suggested the high 
concentrations of CT in some patients might 
protect against renal bone disease (25). There 
has been no report concerning CT secretion 
in rats with chronic renal failure. Since these 
animals are not hypercalcemic, the increased 
CT must largely represent decreased metab- 
olism of the hormone (26). However, like 
PTH, CT exhibited the appropriate relation- 
ship to changes in serum calcium (Table I). 

Plasma CT levels were higher in the uremic 
rat with the low-phosphorus diet for 4 days 
than in the uremic rats with the standard diet. 
But the CT levels in uremic rats with the low- 
phosphorus diet for 8 days were not signifi- 
cantly higher than the levels in uremic rats 
with standard diet, although the former had 
hypercalcemia. This might be due to depletion 
of CT in the thyroid gland as a result of chronic 
hypercalcemia (27). 

Our studies further demonstrate that ra- 
dioimmunoassays based on bovine PTH can 
be used to measure serum rat PTH (28-31). 
In addition, we also measured rat CT and 
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demonstrated here the simultaneous mea- secretion and increased urinary CAMP excretion. 
surement of both peptides in rat serum. We 

surement of 1 ,25(OH)2D in available volumes 
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man HR- eds- Methods Of Hormone Radioimmu- 
have also developed a new assay for the mea- 1 1 .  Deftos LJ. Parathyroid hormone. In: Jaffe BM, Behr- 

noassay. Academic Press, New York, 1974, pp231- of rat blood (32, 33). Thus, it is now possible 1 4 7  

to perform systematic studies of the interre- 
lationships among the three calcitropic hor- 
mones in rat models of normal and abnormal 
states of calcium and skeletal metabolism. 
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