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I t  has now been established that the acute 
effect of vitamin D administration on the 
kidney is the enhancement of phosphate, so- 
dium and calcium reabsorption ( l ) .  Further- 
more, the availability of the 25-hydroxylated 
form of vitamin DB, now identified as the 
major circulating biologically active deriva- 
tive formed in the liver (2),  has permitted 
the employment of a physiologic, rather than 
pharmacologic dose of the vitamin in evaluat- 
ing its renal actions. While 25-hy- 
droxycholecalciferol (25-HCC) has been 
demonstrated to be approximately 400 times 
as potent as the parent compound in inducing 
alterations in renal electrolyte transport and 
in shortening the lag time of onset of this 
effect from that noted with cholecalciferol 
(CC) , it did not act immediately, nor was i t  
possible to detect an effect with very small 
amounts of this substance (1). These obser- 
vations prompted the search for a vitamin D 
metabolite which might prove to be that de- 
rivative which is active directly on the renal 
tubular cell without further metabolic con- 
version. Such a “tissue active” substance 
would be expected to act quite rapidly, to 
possess greater potency than other forms of 
the vitamin, and to induce changes in the 
renal tubular handling of ionic substances 
when administered in minute amounts. 

Recently, intensive investigative effort has 
resulted in the isolation of a polar derivative 
of 25-HCC which is formed in the kidney (3 ,  
4) and which possesses the ability to en- 
hance markedly the uptake of calcium from 
the gut contents ( 5 ,  6).  This report describes 
the results of an investigation into the possi- 
bility that this substance, subsequently iden- 

tified as 1,2 5-dihydroxycholecalciferol ( 1, 
25-DHCC) ( 7 ,  S) ,  might also be effective in 
altering phosphate, calcium and sodium han- 
dling by the kidney. In addition, an attempt 
was made to evaluate whether or not 1, 
25-DHCC is also that form of the vitamin 
which exerts a direct effect on renal tubular 
transport, a t  the tissue level. 

Methods. Twelve acute clearance studies, 
the details of which have been previously 
described ( 1 ) , were performed in thyropara- 
thyroidectomized (TPTX) mongrel dogs 
weighing 16-24 kg. Absence of the parathy- 
roids was verified by a postoperative fall in 
the serum calcium concentration of at least 
30% or the development of tetany, or both. 
Thyroid hormone replacement was provided 
as synthroid (0.1 mg) daily. Because of the 
difficulties encountered in accurately analyz- 
ing urinary phosphate in TPTX animals, 
mild to moderate phosphaturia was first in- 
duced by means of the‘ infusion of 25-30 
mll kg physiological saline solution (contain- 
ing 3 5-4.5 mEq/liter calcium gluconate) 
and the volume expansion was then main- 
tained by matching urinary flow with the 
infusion rate, Once a steady state had been 
achieved, one of two maneuvers was then 
accomplished: in 6 control animals, propy- 
lene glycol (1 ml) was given intravenously 
and urine and blood collections were contin- 
ued while the volume expansion was sus- 
tained; in 6 animals, 25 U (0.625 pg) of 
1,25-DHCC, diluted in 1 ml of propylene 
glycol was given intravenously. Blood was 
drawn at  the beginning of each steady state 
plateau, before each experimental maneuver 
and approximately every 30-45 min through- 
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Controls e-e 
25U. 1.25 DHCC *--I* 
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FIG. 1. Time course of the effects of sustained volume expansion (controls, upper panel) and 
25 U of 1,25-DHCC (lower panel) on the percentage of filtered phosphlate excreted (CW’CI, X 
100). Values shown are the means (+_SE) for the clearance periods obtained a t  the times in- 
dicated. At time zero, either the vehicle (propylene glycol) or 1,25-DHCC was given. 

out the study. Blood and urine specimens 
were analyzed for inulin, para- 
aminohippurate (PAH) , phosphate, calcium 
and sodium by methods previously described 
(1). Determinations of the serum levels of 
calcium and phosphate were performed on 
ultrafiltered samples handled anaerobicallq 

The [26, 271 3H-25-HCC (9) was 
prepared by the method of Suda, DeLuca 
and Hallick (9).  The 1,25-DHCC employed 
in the study was isolated from an in vitro 
chick kidney incubation system described by 
Gray, Boyle and DeLuca (4),  as modified by 
Boyle et al. ( 10). 

ResuEts. In Table I are summarized the 
experimental observations obtained in both 
the control animals (group A) and those re- 
ceiving 25 U (0.625 pg) of 1,25-DHCC 
(group B) . Sustained volume expansion re- 
sulted in the lack of any significant change in 
the transport of phosphate, calcium or sodi- 
um, or in renal hemodynamics. Hernatocrit 
was likewise unaffected. However? 1, 
25-DHCC induced a mean decline of 40, 32 
and 26% in the fractional excretion rates of 
phosphate, calcium and sodium, respectively, 
accompanied by depresssions of absolute ex- 
cretion rates for these ions of 36, 26 and 2076, 
respectively. Furthermore, this effect of the 
agent was invariable (Table I, group B) . In 
pilot studies, 5 U of 1,25-DHCC was found 
to be without such an effect. GlomeruIar 

(1) 

filtration rate and effective renal plasma flow . 
were unaltered, nor was there any significant 
change in serum ultrafilterable calcium or 
phosphate concentration. 

An analysis of the time course of the ac- 
tion of 1,25-DHCC on prosphate excretion is 
depicted in Fig. 1. In the control animals, 
maintenance of the modest volume expansion 
employed resulted in no consistent alteration 
in the percentage of filtered phosphate 
which was excreted. However, the effect of 
1,25-DHCC on this parameter can be seen to 
have begun in about 20-30 min, with a peak 
response developing in about 80-120 min. 

Discussion. The concept that there might 
exist several metabolites of vitamin D which 
have differing degrees of potency on the vari- 
ous end organs involved in calcium and phos- 
phate homeostasis has evolved from investi- 
gative work aimed at  uncovering the metabol- 
ic products of the vitamin, their tissue locali- 
zation and sites of biological action. It now 
seems likely that 25-HCC is the major circu- 
lating (or “humoral”) form of vitamin D and 
that further biochemical conversion of this 
substance is required before the characteristic 
effects of the vitamin can become manifest. 
The most extensively studied of these metab- 
olites of 25-HCC is 1,25-DHCC. This com- 
pound has been shown to shorten the lag time 
between its administration and the onset of 
an increase in calcium transport by the small 
intestine from that which is required for 



RENAL EFFECTS OF 1,25-DHCC 3 83 

vitamin Ds or 25-HCC to act (6: 11). Fur- 
thermore, in these studies, l ,2 5-DHCC was 
demonstrated to possess much greater poten- 
cy in this regard than either of the latter two 
substances ( 6, 1 1 ) . Investigations directed 
toward establishing the mechanism of action 
of vitamin D in the promotion of intestinal 
calcium transport have resulted in the obser- 
vation that, while this effect on the part of 
CC and 25-HCC is blocked by the prior 
administration of actinomycin D, no such 
suppression by this inhibitor of protein syn- 
thesis attends the action of 1,25-DHCC 
(12). These experiments, as well as more 
recent investigations utilizing tritiated 1, 
25-DHCC (13) strongly suggest that 1, 
25-DHCC and not a further metabolite of 
this compound, is the vitamin D derivative 
directly responsible for enhancing intestinal 
calcium transport. 

As regards the actions of vitamin D on the 
skeleton, previous studies have documented 
that 25-HCC can act directly to mobilize 
bone mineral (14), However, more recent 
evidence suggests the likelihood that 1, 
25-DHCC is not only more active than 
25-HCC in this respect, but that i t  is also 
more rapidly effective in inducing bone 
resorption ( 15, 16). Holick, Garabedian and 
DeLuca (17) have also demonstrated in 
nephrectomized rats that 1,25-DHCC, but 
not 25-HCC promotes the mobilization of 
calcium from bone, thus strongly suggesting 
that 1,2S-DHCC is the metabolically active 
form in this system, at  least a t  physiological 
doses. 

With the perspective of these recent de- 
velopments in the study of vitamin D ac- 
tions, it is possible to tentatively interpret 
the findings obtained in the present studies. 
1,25-DHCC does possess the capacity to alter 
renal-electrolyte transport, as do CC and 
2 5-HCC ( 1 ) . Moreover, this effect is a direct 
one on tubular ionic transfer, since alter- 
ations in filtered load and renal hemodynam- 
ics were eliminated as contributing factors to 
the changes noted. However, its effect on 
fractional phosphate excretion (mean decline 
of 40%) is less than that induced by an 
equivalent dose (25 U)  of 25-HCC (mean 
fall of 66%) and about the same as that 

obtained with 400 times as much vitamin D3 
(25%) (1) .  The fact that the onset of its 
effect is noted to occur more rapidly (20-30 
min) than that of either 25-HCC (30-40 
min) or CC (50-60 min) ( l) ,  suggests that 
a t  least part of the time lag in the physiologic 
response of the kidney to the administration 
of vitamin D is the result of the necessity 
for the parent compound to be converted 
to 25-HCC, and then to 1,25-DHCC. 
Unfortunately, data regarding the effect of 
pretreatment with actinomycin D on the ren- 
al tubular transport effects of 1,2S-DHCC 
are not yet available. On the basis of the 
studies reported in this communication, we 
propose that 1,25-DBCC is probably not the 
primary kidney-active vitamin D derivative 
for the following reasons: first, its potency in 
altering renal tubular transport was less 
than that of 25-HCC; second, it did not act 
immediately; and third, it dibd not induce any 
changes in phosphate excretion when given 
in small doses (5  U) ,  a situation similar to 
that noted for 25-HCC (1), although it is 
possible that lower doses of both agents 
might have proved effective in D-deficient 
animals. Therefore, the search continues for 
the final vitamin D metabolite primarily re- 
sponsible for the acute enhancement of phos- 
phate, calcium and so’dium reabsorption, at 
the renal “tissue” level. 

Summary. 1,2 5-Dihydroxycholecaliferol 
(1,25-DHCC) is a metabolite of vitamin D 
produced in the kidney from the major circu- 
lating biologically active form of the vitamin, 
2 5-hydroxycholecalciferol (2 5-HCC) and 
has been demonstrated to be the derivative of 
cholecalciferol (CC) primarily responsible 
for the initiation of calcium transport from 
the gut contents. Because previous studies 
have shown that both CC and 25-HCC act 
acutely to enhance phosphate, sodium and 
calcium reabsorption in the kidney, the effect 
of 1,25-DHCC was evaluated in clearance 
studies performed in mildly expanded thyro- 
parathyroidectomized dogs. In  a dose of 25 U 
(0.625 pg), 1,25-DHCC induced an invaria- 
ble fall in both fractional and absolute phos- 
phate excretion (wean declines of 40 and 
36oJ0, respectively, p < .05 and < .Ol). Frac- 
tional sodium and caliciurn excretion also de- 
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creased by mean values of 26 and 36%, re- 
spectively ( p  < .02). Renal hernodynamic 
changes and alterations in serum ultradilter- 
able calcium and phosphate concentrations 
did not occur, providing evidence for a direct 
tubular effect of the metabolite. A compari- 
son of the action of 1,25-DHCC on phos- 
phate excretion, to that obtained previously 
with CC and 25-HCC revealed the following: 
First, whereas the former metabolite furt!!er 
shortened (to 20-30 min) the time required 
for the onset of the renal action of CC (50-60 
min) and 25-HCC (30-40 min), it did not 
act immediately; and secondly, an equivalent 
dose of 25-HCC had a greater effect on 
phosphate excretion than did 1,25-DHCC in 
this investigation. 
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