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SUMMARY: A sensitive and rapid in vitro assay of 25-hydroxyvitamin D3 [25- -- 
(OH)D3]-la- and 24-hydroxylase activities was developed using rat kidney homo- 
genates. A potent inhibitor of the enzymes in rat plasma was removed by thor- 
oughly perfusing rats with saline. Kidney homogenates prepared from vitamin 
D-deficient rats preferentially produced tritiated la,25-dihydroxyvitamin D3 
[la,25(OH)2D3] from 25(OH) c3H]D3. Addition of 10 ~1 or more of rat plasma to 
3 ml of 10% kidney homogenates suppressed la-hydroxylase activity dose-depen- 
dently. Thyroparathyroidectomy (TPTX) of vitamin D-deficient rats greatly 
abolished la-hydroxylase activity. Administration of parathyroid hormone to 
the TPTX rats increased la-hydroxylase activity and that of la,25(OH)2D3 en- 
hanced 24-hydroxylase markedly. Since this assay is technically simple, rapid 
and sensitive, it will be useful in studying the regulatory mechanism in the 
renal metabolism of 25(OH)D3 in mamnals. 

It is well known that vitamin D3,before it exerts its physiological ac- 

tion in bone and intestine, is converted first in the liver to 25-hydroxy- 

vitamin D3 [25(OH)D3] and then in the kidney mainly to la,25-dihydroxyvitamin 

D3 [lu,25(OH)2D3], the active form of the vitamin, and to 24,25-dihydroxy- 

vitamin D3 [24,25(OH)zD3] (1). Production of these two dihydroxy metabolites 

in the kidney is rigidly regulated by parathyroid hormone (PTH) (2, ll), la, 

25(OH) 2D3 (3, 4) , and other hormones and ions (4). 

During the last decade, in vitro assays of 25(OH)D3-la- and 24-hydroxy- -- 

lase activities have been performed extensively in avian kidneys, because in 

rat kidney homogenates the existence of some inhibitor(s) interfered with the 

la- and 24-hydroxylation reactions of 25(OH)D3. The inhibitor is thought to 

be a vitamin D binding protein in rat plasma (5). However, it has long been 
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hoped that a sensitive in vitro assay of the la- and 24-hydroxylase activities -- 

could be developed for rats, the most commonly used manunalian experimental an- 

imal in research on vitamin D metabolism. 

Recently, it has been possible to measure the enzyme activities in vitro -- 

in rats, using kidney mitochondria (6), isolated renal tubules (7) and kidney 

slices (8), which were extensively washed with buffer to eliminate the inhib- 

itor. However, no one had succeeded in the in vitro assay of la- and 24- -- 

hydroxylase activities using rat kidney homogenates before the report of 

Tanaka and DeLuca (9). They demonstrated the method of assaying the enzyme 

activities by using an extremely high concentration (1 x 10s4 M) of 25(OH)D3, 

with which the inhibitor was supersaturated. They determined the enzyme ac- 

tivities by measuring the peak height on a high pressure liquid chromatograph 

(HPLC) or by a competitive protein binding assay using the intestinal cytosol 

receptor for la,25(0H)p~3. We have developed a rapid and sensitive assay of 

the la- and 24-hydroxylase activities in homogenates of rat kidney extensively 

perfused with buffer. 

MATERIALS AND METHODS 

Animals: Weanling male rats (Sprague-Dawley strain) were maintained on a vit- 
amin D-deficient diet containing 0.47% Ca and 0.30% P (10) for 6 weeks. Some 
vitamin D-deficient rats were either thyroparathyroidectomized (TPTX) or sham- 
operated surgically. After the surgery, rats were continuously infused with 
a nutrient solution containing 5 mu Ca for 30 h as reported previously (11). 
The infusion enabled vitamin D-deficient TPTX rats to survive for 2 - 3 days. 
Some of the vitamin D-deficient rats were given either bovine PTH (TCA powder, 
181 U/mg, Inolex, Ill) at a rate of 6 U/h for 18 h during the last part of 
infusion, or 1.3 nmol of la,25(OH)zD3 intravenously once immediately after the 
surgery. All TPTX rats were killed 30 h after the surgery. 

Preparation of rat kidney homogenates: Rats were anesthesized with ether and 
completely exsanguinated from the aorta with a syringe. The animals were 
then perfused with 50 ml of calcium- and magnesium-free phosphate buffered 
saline [PBS(-)]. The color of the kidneys changed from dark violet to pale 
pink. The kidneys were removed and placed in ice-cold 15 mM Tris-acetate 
buffer (pH 7.4) containing 0.19 M sucrose, 2 mM magnesium acetate and 25 mM 
sodium succinate. A 10% (w/v) homogenate was prepared in the Tris-acetate 
buffer. 

Determination of b Y&Q 25(OH)D3-la- and 24-hydroxylase activities: Graded 
amounts (5 to 3750 pmol) of 25(OH) ['HID3 (80,000 cpm) (Amersham, Bucks, U.K.) 
dissolved in 30 ul of ethanol were added to 3 ml of the homogenates. Oxygen 
gas was flushed for 1 min into each flask on ice. Then the homogenates were 
incubated at 37OC for 20 min. The reaction was stopped by adding 10 ml of 
methanol/chloroform (2/l, v/v). Extraction was performed by the method of 
Bligh and Dyer (12). The lipid extract was mixed with 520 pmol of authentic 
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la,25(OH)zD3 and 24R,25(OH)xD3 (gifts from Dr. I. Matsunaga, Chugai Pharma- 
ceutical Co., Tokyo, Japan) and applied to a straight phase HPLC [Waters HPLC 
204 equipped with a Finepak-SIL column (4.6 mm x 25 cm, JASCO, Tokyo, Japan)]. 
The column was eluted at a flow rate of 1.5 ml/min using a mixed solvent of 
hexane/isopropanol/methanol (88/6/6, v/v). Thirty 30 set fractions were col- 
lected and the radioactivity was counted with a liquid scintillation counter. 
For identification of la,25(OH)zD3 and 24,25(OH)zD3, the putative la,25(OH)zD3 
and 24,25(OH)2D3 fractions from the straight phase HPLC were separately ap- 
plied to a reverse phase HPLC using a u-Bondapak Cl8 column (4.6 mm x 25 cm, 
Waters). The column was eluted at a flow rate of 1.5 ml/min with a solvent 
of methanol/water (75/25, v/v), and f i f ty 30 set fractions were collected. 
Radioactive peaks obtained from the reverse phase HPLC were purified again by 
the same straight phase HPLC described above. The resulting radioactive peaks 
were subjected to the periodate cleavage test of Garabedian et al. (13) and 
mass spectrometry (JEOL-D300). Plasma calcium and phosphorus concentrations 
were measured by procedures previously described (14). Statistical signifi- 
cance was determined by analysis of variance or the Student's t test. - 

RESULTS AND DISCUSSION 

Figure 1A shows a straight phase HPLC profile of lipid extracts of kidney 

homogenates obtained from vitamin D-deficient rats incubated with 3 nmol of 

25(OH)L3H1D3 for 20 min. The homogenates metabolized 25(OH) 13H]D3 to a radio- 

active metabolite which comigrated to the same position as authentic la,25- 

IA XtfWD3 

Time (min) 

4. 

PeakX 

Time (min) 

Fig. 1 HPLC profiles of lipid extracts of kidney homogenates from vitamin D- 
deficient rats (A, B) and la,25(OH)pD3-supplemented TPTX rats (C, D). 
In Panel C, vitamin D-deficient rats were given 1.3 nmol of la,ZS- 
(OH)zD3 intravenously immediately after the surgery and killed 30 h 
later. The putative la,25(0H)2D3 and 24,25(OH),D3 fractions on the 
straight phase HPLC (A, C) were respectively applied to reverse phase 
HPLC (B, D). 
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(OH)2D3 on HPLC. The putative la,25(OH)2D3 fraction on the straight phase 

HPLC column was applied to a reverse phase HPLC column. The radioactive peak 

which coincided with authentic la,25(OH)zD3 was the only one detected and more 

than 95% of the radioactivity was recovered in that fraction (Fig. 1B). Final 

identification of the putative la,25(OH)2D3 on the reverse phase HPLC was con- 

firmed by mass spectrometry [m/e 416 CM+), 398, 380, 287, 152 and 1341. 

Conversion of 25(OH)[3H]D3 to la,25(OH)2[3H]D3 by the kidney homogenates 

was linear for up to 30 min. Kidney homogenates preheated at 100°C for 5 min 

did not produce any radioactive metabolites. When kidney homogenates from 

vitamin D-deficient rats were incubated for 20 min with graded concentrations 

of 25(OH) r3HlD3, p reduction of la,25(OH)2[3HlD3 was saturated at a concentra- 

tion of 0.8 - 0.9 uM. The Lineweaver-Burk plot analysis indicated that the 

apparent Km of the la-hydroxylase was 2 x 10m6 M and the Vmax was 170 pmo1/300 

mg tissue/20 min, which were comparable with those of the chick kidney la- 

hydroxylase reported by Gray et al. (15). The inhibitory effect of rat plasma 

on the renal la-hydroxylase activity is shown in Fig. 2. Addition of 10 ~1 

I ’ 
1 10 100 1,000 

Volume of Rat Plasma added ( pl ) 

Fig. 2 Inhibitory effect on the renal la-hydroxylase activity of vitamin D- 
deficient rat plasma added to kidney homogenates. A graded volume of 
rat plasma was added to 3 ml of 10% kidney homogenates. Each kidney 
homogenate was incubated with 1.25 nmol (80,000 cpm) of 25(OIi)[3H]D3. 
Each point Is the mean + S.E.M. of three rats. Significantly differ- 
ent from the la-hydroxyiase activity without rat plasma (*, p < 0.02; 
**, p < 0.001). 
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or more of plasma from vitamin D-deficient rats to 3 ml of 10% kidney homo- 

genate suppressed la-hydroxylase activity dose-dependently (Fig. 2). 

Figure 1C shows a straight phase HPLC profile of lipid extracts of kidney 

homogenates obtained from la,25(OH)2D3-supplemented TPTX.rats. The homoge- 

nates metabolized 25(O~)[~HlD3 to a radioactive peak which comigrated to the 

same position as authentic 24R,25(OH)2D3. The putative 24,25(OH)2D3 fraction 

on the straight phase HPLC was applied to the same reverse phase HPLC column 

described above. The putative 24,25(OH)2D3 fraction was separated into two 

radioactive peaks: a major peak which coincided with authentic 24,25(OH)zD3 

and peak X (Fig. 1D). About 75% of the radioactivity was recovered in the 

putative 24,25(OH)2D3 fraction and the remaining 25% was in peak X. Almost 

all of the radioactivity in the putative 24,25(OH)2D3 fraction and in peak X 

was similarly transferred into the water phase after periodate cleavage. 

Final identification of the putative 24,25(OH)2D3 on the reverse phase HPLC 

was confirmed by mass spectrometry [m/e 416 (M+), 398, 383, 271, 253, 136 and 

118; periodate cleavage product, m/e 356 (M+)]. 

Table 1 shows the effects on renal la- and 24-hydroxylase activities of 

PTH and la,25(OH)2D3 administered to vitamin D-deficient TPTX rats. Thyro- 

parathyroidectomy of vitamin D-deficient rats markedly suppressed renal la- 

Table 1. Effect of PTH and la,25(OH)2D3 cn the renal 25(OH)D3-la- and 24- 
hyakoxylase activities and the plasma Ca and Pi levels in vitamin D-deficient 

TPTX rats 

Operation Hormones Nunher la,25(OH)2D3 24,25(OH)2D3 Plasma 
administ- of produced produced Ca Pi 
ered rats (pmo1/300 mg tissue/20 min) b&100 ml) 

Sham 11 84 + sb < 1.0 6.4 + 0.6 8.5 + 0.2 

4 8 + la c 1.0 4.3 + 0.4a 13.4 + 1.2a 

TPTX PTH 6 58 + Sb < 1.0 9.1 + l.lh 9.7 + 0.3atb - 

l.a,25(OHl2D3 5 < 1.0a 174 + ga,b 7.0 + 0.9 15.1 + 2.0a 

Each kidney homogenate was incubated with 1.25 nmol (80,000 cpm) of 25(OH)- 
L3HlD3. The amounts of la,25(OH)2Dg and 24,25(OH)2D3 produced were calculated 
from the radioactivity of the respective metabolites on the first straight 
phase HPLC and from the mean recoveries of the metabolites [g5% as la,25(OH)2- 
Dg and 75% as 24,25(OH)2D3] on the second reverse phase HPLC. 
Data are means + S.E.M. 
a. significantly different from the sham group, p < 0.01 
b. significantly different from the TPTX control group, p < 0.01 

178 



Vol. 121, No. 1, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

hydroxylase activity, but it did not increase 24-hydroxylase activity. The 

surgery decreased plasma Ca and increased Pi levels significantly. When vit- 

amin D-deficient TPTX rats were infused with bovine PTH at a rate of 6 U/h for 

18 h starting 12 h after the surgery, la-hydroxylase activity was greatly in- 

creased. On the other hand, when vitamin D-deficient TPTX rats were given 

1.3 nmol of la,ZS(OH)2DS immediately after the surgery, renal 24-hydroxylase 

activity was strikingly stimulated 30 h later. Administration of PTH to vit- 

amin D-deficient TPTX rats increased plasma Ca and decreased Pi levels, 

whereas injection of la,25(OH)pD3 significantly increased only plasma Ca lev- 

els. 

This paper describes a rapid and sensitive assay of the renal la- and 

24-hydroxylase activities using rat kidney homogenates. The method of prepa- 

ration of rat kidney homogenates is essentially the same as that used for pre- 

paring avian kidney homogenates, except that the kidneys are thoroughly per- 

fused and washed with a large volume of PBS(-). We used Sprague-Dawley 

strain rats in this study, whereas Holtzman strain rats have been used exten- 

sively in research on mammalian vitamin D metabolism, especially in the United 

States. We have also succeeded in the same in vitro assay of the enzymes in -- 

Wistar strain rats (data not shown). Thus, it is likely that the vitamin D 

binding protein in the plasma of Holtzman rats is a much more potent inhibitor 

of the la-hydroxylase than that in Sprague-Dawley and Wistar rats. 

Using this in vitro assay system, the stimulating effect of PTH and the -- 

inhibitory effect of la,25(OH)zD3 both on the renal la-hydroxylase activity, 

and the stimulating effect of la,25(OH)zD3 on the renal 24-hydroxylase activ- 

ity, all of which have already been established in avian kidney homogenates 

(16 - la), were clearly confirmed in rats. Since this assay is technically 

simple, rapid and sensitive, it will be very useful in studying the regulato- 

ry mechanism in the renal metabolism of 25(OH)D3 in mammals. 
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