
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 180,219-223 (1985) 

24,25(OH)2D3 Enhances the Calcemic Effect of 1,25(OH)2D3 (421 67) 
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Abstract. The effect of 24,25(OH)& on 1 ,25(0H)2D3-induced hypercalcemia was studied in 
normal rats. Serum (S) levels and urinary excretion of Ca2+ (UcaV) were measured in (a) control 
rats, (b) rats receiving a daily sc injection of 54 ng 1,25(OH)2D3, (c) rats receiving 24,25(OH)2D3 
in the same dose and same manner, and (d) rats receiving 1,25(OH)2D3 + 24,25(OH)&. The 
animals were housed in metabolic cages and 24-hr urine specimens were collected. After 24 hr 
SCa2+ increased similarly with 1 ,25(OH)2D3 and with 1,25(OH)2D3 + 24,25(OH)*D3, while 
24,25(OH)2D3 alone did not change SCa2+. UcaV after 24 hr increased significantly less (P < 0.025) 
with 1 ,25(OH)2D3 + 24,25(OH)2D3 than with 1 ,25(OH)2D3 alone. After 5 days of 1,25(OH)tD3, 
SCa2+ rose from 5.1 -C 0.15 to 6.29 k 0.08 whereas 1,25(OH)2D3 + 24,25(OH)2D3 effected a 
greater increase in SCa2+ up to 6.63 f 0.09 (P < 0.01). 24,25(OH)zD3 alone did not change SCa2+. 
UcaV after 5 days of treatment rose similarly with 1,25(OH)& and with 1,25(OH)2D3 
+ 24,25(OH)2D3. After 10 days of 1 ,25(OH)2D3 SCa2+ was 6.17 -+ 0.15 meq/liter while with the 
combination SCa2+ rose to 6.74 +- 0.2 (P < 0.025). 24,25(OH)$3 alone did not change SCa2+. 
These results show that (a) 24,25(OH)2D3 alone does not alter SCa2+ in normal rats, (b) combined 
administration of 1 ,25(OH)2D3 + 24,25(OH)& enhances the hypercalcemic response to 
1,25(OH)2D3 without a parallel increase in UcaV, and (c) it is suggested that the effect of 
24,25(OH)2D3 on serum Ca2+ level, at least partly, may result from its hypocalciuric effect. 
0 1985 Society for Experimental Biology and Medicine. 

The metabolite 1 ,25(OH)2D3, the active 
form of vitamin D, is more potent than 
25(OH)D3 both in enhancing the gut transport 
and in augmenting the skeletal mobilization 
of calcium (1,2). In contrast to 25(OH)D3 and 
1,25(OH)@3, both of which exhibit a calcemic 
action, 24,25(OH)2D3 does not alter the serum 
calcium concentration (3, 4). Experimental 
evidence has been advanced implying that 
24,25(OH)2D3 may act to augment bone for- 
mation and bone mineralization (5-7). 

In a previous study by Pavlovitch et al. (8) 
a single dose of 24,25(OH)2D3 has been shown 
to suppress the hypercalcemia induced by 
acute bilateral nephrectomy and to attenuate 
the hypercalcemic effect of I ,25(OH)2D3 in 
acutely nephrectomized rats. 

The present study was undertaken to ex- 
amine the effect of 24,25(OH)2D3 on the hy- 
percalcemia induced by 1,25(OH)2D3 in intact 
rats. 

Materials and Methods. White male rats of 
the Hebrew University strain weighing 200- 
250 g were studied. 

Twenty-four rats of comparable age and 
weight were housed in metabolic cages and 
fed Purina pellet chow and tap water ad libi- 
tum for several days for acclimatization. On 

the first day of the study the rats were divided 
into four groups: 

(1) Control rats receiving the vehicle 1,2 
propanediol sc only. 

(2) Rats receiving a daily sc injection of 54 
ng 1,25(OH)2D3 in 1,2 propanediol. 

(3) Rats receiving 24,25(OH)2D3 in the 
same dose and same manner. 

(4) Rats receiving 1,25(OH)2D3 + 24,25- 
(OH)2D3 in the same dose and same manner. 

Urine output and food intake were mea- 
sured at 24-hr intervals for 5 consecutive days 
and blood was drawn at the end of 1 and 5 
days. In an additional group of 24 rats the 
same experiment was performed for 10 days 
and blood was drawn at the end of 10 days. 
Urinary data for 10 days are not presented. In 
a separate group of 24 rats a control experi- 
ment of the same design as detailed above was 
performed for 5 days except that 25(OH)D3 
was used instead of 24,25(OH)2D3. Blood was 
drawn at the end of 5 days. 

Ca2+, Pi, and creatinine excretion rates in 
24-hr urine collections and in plasma were 
measured. 

Calcium was determined by the o-cresol- 
phthalein complexone method. Inorganic 
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phosphate was determined spectrophotomet- 
rically as phosphomolybdate after reduction 
with 10% ascorbic acid. Creatinine was deter- 
mined by the picric acid method. All these 
solutes were measured with an automated 
technique using the Gilford Computer-Di- 
rected Analyzer System 3500 (Gilford, Ober- 
lin, Ohio). Serum albumin was measured by ~ 

the albumin color reagent from Sigma Chem- 5 
ical Company. > 

Vitamin D metabolites were a gift of Hoff- Z 2oo man-La Roche and Company, Basel, Swit- 
zerland. Results are presented as means k SE ,oo 
and compared by the Student t test. 
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of 1 ,25(OH)2D3 + 24,25(OH)2D3 was also ac- 
companied by an increase in urinary Ca2+ ex- 
cretion, but this increase was significantly 
smaller than that observed with 1 ,25(OH)2D3 
alone (P < 0.025). 

It should be noted that the fall in urinary 
Ca2+ excretion, caused by the addition of 
24,25(OH)2D3 to 1 ,25(OH)2D3 compared to 
I ,25(OH)2D3 alone, was not due to decreased 
serum Ca2+ level, which as mentioned above 
was the same as with the administration of 
1 ,25(OH)2D3 alone. 24,25(OH)2D3 alone did 
not significantly change urinary Ca2+ excre- 
tion. 

The effect of 1 ,25(OH)2D3, 24,25(OH)2D3, 
and their combination on serum Ca2+ levels 
and urinary Ca2+ excretion after 5 days is de- 
picted in Fig. 2. After 5 days 1,25(OH)zD3, as 
expected, caused a rise in serum Ca2+. This 
increase was significantly augmented by the 
combined administration of 24,25(OH)2D3 

alone did not change serum Ca2' levels. 

rals D~ 

I ,25(OH)2D3 ( P  < 0.01). 24,25(OH)*D3 
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FIG. 1. The effect of 1 ,25(OH)2D3, 24,25(OH)2D3, and 1,25(OH)2D3 brought about a marked 
1,25(OH)2D3 + 24,25(0H)2~3 on urinary excretion and increase in urinary Ca+ excretion. The 
serum concentration of calcium in intact rats after 24 hr. combined administration of 24,25(OH)2& 



CALCEMIC ACTION OF 24,25(OH)*D3 22 1 

2 
s 6 . 5  
E 
I 
6 6.0 
J 
4 V 

5 5.5 
a 
w Y, 

5.0 

+ 1,25(OH)2D3 causes the same increase in 
urinary Ca2+ excretion as 1 ,25(OH)2D3 alone 
in spite of the greater increase observed in 
serum Ca2+. 

The effect of I ,25(OH)2D3, 24,25(OH)2D3, 
and their combination on serum Ca2+ levels 
after 10 days is depicted in Fig. 3.  Similarly to 
what occurred after 5 days, also after 10 days 
the increment in serum Ca2+ caused by the 
combination of 24,25(OH)2D3 + 1,25(OH)2D3 
was significantly greater than that caused by 
1 ,25(OH)2D3 alone while 24,25(OH)2D3 alone 
did not change serum Ca2+. In a separate ex- 
periment two additional groups receiving ei- 
ther 54 ng/day of 25(OH)D3 or a combination 
of I ,25(OH)2D3 + 25(OH)D3 were studied for 
5 days. Serum calcium was measured after 5 
days. The control value was 5.6 -t 0.1. With 
25(OH)D3 alone serum calcium was 5.7 k 0.1, 
not different from control. With 1 ,25(OH)2D3 
+ 25(OH)D3 serum calcium was 6.8 k 0.07, 
not different from 1,25(OH)2D3 alone 6.8 k 0.2. 

No significant changes in creatinine clear- 
ance were observed after 24 hr or 5 days of 
treatment with vitamin D metabolites. In all 
cases the clearances ranged between 0.9 and 
1.1 ml/min which represent normal values for 
rats of about 200 g. 

Fractional excretion of phosphate after 24 
hr and 5 days of vitamin D metabolite ad- 
ministration is shown in Table I. After 24 hr 
fractional excretion of phosphate was similar 
in all groups. After 5 days of treatment with 
1,25(OH)2D3 and with the combination of 
1,25(OH)2D3 + 24,25(OH)2D3, marked and 
similar phosphaturia was observed (P < 0.01). 
24,25(OH)2D3 alone causes a mild but signif- 
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FIG. 3. The effect of 1,25(OH)2D3, 24,25(OH)2D3, and 
1 ,25(OH)2D3 + 24,25(OH)2D3 on serum calcium concen- 
tration in intact rats after 10 days of treatment. 

icant phosphaturic effect (P < 0.05). There 
were no measurable changes in serum levels 
of phosphate after 24 hr or 5 days of treatment 
with vitamin D metabolites. 

Serum albumin concentrations and daily 
food intake did not differ between the four 
groups studied. 

Discussion. The results of the present study 
show that 24,25(OH)2D3 enhances the hyper- 
calcemic response to 1,25(OH)2D3 while 
24,25(OH)2D3 alone does not change serum 
calcium concentration in intact rats. 

After 5 and 10 days of vitamin D metabolite 
administration serum calcium concentration 
was significantly higher with the combination 
of 24,25(OH)2D3 + 1 ,25(OH)2D3 as compared 
to I ,25(OH)2D3 alone while 24,25(OH)2D3 did 
not change serum calcium concentration. 
Since serum albumin concentrations were 
identical in all groups studied, the rise observed 
in serum calcium could not be attributed to 
changes in albumin concentration. Urinary 
calcium excretion after 5 days in rats receiving 
1,25(OH)2D3 was similar to that in rats re- 
ceiving the combination in spite of the differ- 
ences in serum calcium concentration (Fig. 2) 
and the similarity in GFR. These results could 
be interpreted as reflecting a tendency toward 
increased tubular reabsorption of calcium 
in rats treated with the combination of 
24,25(OH)2D3 + 1 ,25(OH)2D3 compared to 
1,25(OH)2D3 alone. This interpretation is 
supported by the results after 24 hr of vitamin 
D metabolite administration. After 24 hr 
serum calcium concentration increased simi- 
larly with 1 ,25(OH)2D3 and 24,25(OH)& 
while urinary calcium excretion in rats receiv- 
ing the combination rose significantly less than 
in those receiving 1 ,25(OH)2D3 alone. The in- 
hibition of PTH caused by the enhanced hy- 
percalcemia could further contribute to in- 
creased Ca2+ excretion in the group treated 
by the combination of 24,25(OH)2D3 + 1,25- 
( O H ) ~ D ~ .  Yet, Ca2+ excretion was similar in 
both groups. 

The augmentation of the calcemic effect of 
1 ,25(OH)2D3 by 24,25(OH)2D3 is contrary to 
the results shown by Pavlovitch et al. (8) in 
anephric rats after 16 hr of combined treat- 
ment with 24,25(OH)2D3 + 1 ,25(OH)2D3. 

One could speculate that because of 
the presence of normal kidneys in our ex- 
periment 24,25(OH)2D3 was converted to 
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TABLE 1. FRACTIONAL EXCRETION OF PHOSPHATE (%) 24 hr AND 5 DAYS AFTER 
VITAMIN D METABOLITE ADMINISTRATION 

24 hr 5.6 ? 1.1 5.6 .t 1.35 6.4 k 2.8 6.6 k 1.2 

5 Days 8.3 * 1.0 25.7 * 6.1 13.8 * 2.1 24.0 .t 2.5 

l724,25(0H)3D3 and acted additively to 
1 ,25(OH)2D3. The arguments against this 
consideration are 

( 1 )  If 24,25(OH)2D3 were converted to 
1 ,24,25(OH)2D3, one could expect an 
independent calcemic response similar to 
1,25(OH)2D3 which did not occur in our ex- 
periments (14, 15). 

(2) The administration of 1 ,25(OH)2D3 
by itself inhibits directly the 1 -hydroxylase 
and thus would inhibit the conversion of 

(3) The increased calcium concentration 
induced by vitamin D metabolite treatment is 
known to inhibit PTH secretion which is an 
important determinant of 1 -hydroxylation ( 10). 

(4) 24,25(OH)2D3 may suppress directly 
PTH secretion independent of changes in ex- 
tracellular calcium concentrations ( 1 1 - 13). 

Thus the enhancement by 24,25(OH)2D3 of 
the hypercalcemia induced by 1 ,25(OH)2D3 
may be attributed to 24,25(OH)2D3 itself 
rather than to its metabolite 1 ,24,25(OH)3D3. 
Our present findings that 24,25(OH)2D3 by it- 
self does not change serum calcium concen- 
tration is in agreement with previous studies 
(37 47 8). 

An increase in circulating PTH is known to 
increase tubular reabsorption of calcium. 
However, in the present study, the expected 
suppression of PTH due to enhanced hyper- 
calcemia by the combination of 24,25(OH)2D3 
and 1,25(OH)zD3 would tend to increase and 
not to decrease urinary Ca excretion. Thus 
changes in PTH cannot be considered as con- 
tributing to the observed changes in urinary 
calcium in relation to changes in serum cal- 
cium. 

An additional factor needs consideration. 
Because alterations in calcitonin levels may in 
direct proportion affect urinary excretion of 
calcium, a possible rise in the level of the hor- 

24,25(OH)2D3 to I ,24,25(OH)3D3 (9). 

mone following the observed rise in serum 
calcium could certainly increase the urinary 
excretion whereas in our experiment an op- 
posite response, if any, was the case. Our re- 
sults, however, are not sufficient to draw any 
conclusions regarding the role of calcitonin. 

The combined treatment with 1 ,25(OH)*D3 
+ 25(OH)D3 did not cause changes similar to 
those observed with 1,25(OH)2D3 + 24,25- 
(OH)*D3. Thus, the administration of twice 
the total amount of vitamin D compounds 
could not play a role in the augmentation of 
the hypercalcemic effect of I ,25(OH)2D3. Re- 
gardless of the mechanism underlying the 
augmentation of hypercalcemia it appears that 
it is specific to 24,25(OH)2D3 since it could 
not be demonstrated with 25(OH)D3. The na- 
ture of this response remains unknown. How- 
ever, an involvement of a renal hypocalciuric 
mechanism warrants further experiments. 
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