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Summary: Intra-renal distribution of 25-hydroxyvitamin D3(25-OH-D3)-l~-hydrox- 
ylase activity was studied in single nephron segments prepared from New Zealand 
White rabbit fetuses (26th to 28th day of gestation). Fetal kidneys were treated 
with collagenase and the isolated nephrons were micro-dissected into five differ- 
rent parts. Each segment of the nephron was incubated with [3H]-25-0H-D3. Me- 
tabolites of [3H]-25-OH-D3 were separated by high performance liquid chromatog- 
raphy. The results show that 25-OH-D3-1~-hydroxylase activity is localized only 
in the proximal tubule and that the pars recta of proximal tubule possesses 
higher activity than the proximal convoluted tubule. The findings indicate that 
the major and probably exclusive site of I~,25-(0H)2-D 3 synthesis is the 
proximal tubule not only in birds, as reported by Brunette et al. (8), but also 
in mammals. 

Introduction 

It is now well established that the physiological functions of vitamin D 

are exerted by hydroxylated metabolites rather than the parent vitamin itself 

(1-2). Among several hydrox~ylated metabolites, l~,25-dihydroryvitamin D3[I~,25- 

(0H)2-D3] is the most potent known metabolite in stimulating intestinal calcium 

transport and bone mineral mobilization(3,4). I~,25-(OH)2-D 3 has been thought to be 

synthesized exclusively in the kidney (5), though recent reports (6,7) dem- 

onstrate that placental tissues are also capable of producing I~,25-(OH)2-D 3 
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Abbreviations used: 25-0H-D3, 25-hydroxyvitamin D3; Ia,25-(OH)2-D3, l~,25- 
dihyd<oxyvitamin D3; 2h,25-(OH)2-D3, 24,25-dihydroxyvitamin D3; PTH, parathyroid 
hormone; cyclic-AMP, adenosine 3'5'-monophosphate; Glm, glomerulus; PCT, proximal 
convoluted tubule; PR, pars recta of the proximal tubule; DT, distal tubule and 
thick ascending limb of Henle's loop; CT, collecting tubule. 
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in pregnancy. Using single nephron preparations from rachitic chicks Brunette 

et al. (8) recently demonstrated that the major and the probably exclusive site 

of I~,25-(OH)2-D 3 synthesis is the proximal tubule. The precise intra-renal 

localization of 25-hydroxyvitamin D3(25-0H-D3)-l~-hydroxylase in mammals, how- 

ever, is not known, because of the presence of the l~-hydroxylase inhibitor in 

rats (9). 

Very recently, Sunaga et al. (i0) demonstrated that fetal kidneys from 

rabbits fed a laboratory chow can produce in vitro I~,25-(OH)2-D 3 from its pre- 

cursor. Using single nephron preparations from the fetal rabbit kidney, we now 

report that 25-0H-D3-1~-hydroxylase is localized primarily in the proximal tu- 

bule not only in birds, but also in msmmals. 

Material and Methods 

Animals: Pregnant rabbits (New Zealand White strain) were obtained from local 
distributor. They were fed a rabbit chow (Oriental Co. Ltd., Tokyo) containing 
0.85% calcium, 0.66% phosphorus and 1.0 U vitamin D3/g diet ad libitum through- 
out pregnancy. On the 26th - 28th day of gestation, the animals were anesthe- 
tized with sodium pentobarbital (40 mg/kg), and the kidneys of the fetuses were 
perfused via the aorta with a collagenase solution which consisted of 0.1% col- 
lagenase (Sigma, Type i), 1.0 mM CaCI 2 and 0.1% bovine serum albumin in a modi- 
fied Hanks' medium (NaCI 137 mM, KCI 5 mM, MgS04 0.8 mM, NaH2P~0.33 mM, KH2P04 
0.44 mM, MgCI 2 1 mM, Tris-HCl i0 mM, pH 7.4). 

Preparation of nephron segments: Slices cut along the corticopapillary axis were 
incubated in the same collagenase solution at 37°C for 50 min bubbled with 100% 
oxygen. The slices were rinsed 3 times with the ice cold modified Hanks' solu- 
tion. Micro-dissection was performed in a petri-dish with a fine needle at 4°C 
under a stereomicroscope. Isolated nephrons were separated into 5 different 
portions. Proximal convoluted tubules (PCT) were collected from the proximal 
tubules attached to the glomerulus (Glm). The pars recta (PR) of the proximal 
tubules was micro-dissected from the inner cortex and outer medulla retrogradely 
from the early portion of its discending limb of Henle's loop. The thick as- 
cending limb of Henle's loop and the distal tubule were micro-dissected from 
the attachment to the glomerulus at the macula densa. They were pooled and ana- 
lysed togather as distal tubules (DT). Collecting tubules (CT) ~ere micro- 
dissected from the cortex and outer medulla. Each nephron segment was identi- 
fied by its location and appearance under a phase-contrast microscope. After each 
tubular segment was photographed for measurements of the length, they were trans- 
fered to a Terasaki's tissue calture plate with controlled humidity. The protein 
content of tubules was determined by Lowry's method (9). 

Incubation: Each tubular segment was resuspended in 2 ~i of an incubation me- 
dium. The medium was a modified Hanks' medium containing 5 mM pyruvate, I0 mM 
glucose and 140nM [23,24-3H]-25-0H-D3(II0 Ci/mmol, Radiochemical Centre, 
Amersham). Incubation Was carried out at 37°C for 30 min and terminated by 
adding i0 ~i of methanol. Extraction was performed according to the method of 
Bligh and Dyer (12). 
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Measurements of 25-OH-D~-la-hydroxylase activity: Chromatography of the extract: 
was carried out on a high performance liquid chromatograph(Waters HPLC, Model 
204 equipped with a Zorbax-SIL column 4.6 mm x 15 cm). The solvent system was 
either 1.5 % methanol in dichloromethane or 9% isopropanol in n-hexane. Fifty 
30 sec fractions were collected into minivials. The radioactivity was deter- 
mined with a Packard liquid scintillation counter (Model 3255). The metabolites 
of ~3H]-25-OH-D3 were identified by co-chromatography with authentic 25-OH-D 3 or 
Ia,25-(OH)2-D 3 on HPLC. Crystalline I~,25-(OH)2-D 3 was kindly donated by Dr. 
M.R. Uskokoci~, Hoffman-LaRoche Inc~, New Jersy. The amount of I~,25-(OH)2-D3 
produced was expressed in fmol/~g protein or fmol/mm of tubular length, based 

on the original specific activity of the [3R]-25-OH-D3. 

Results 

Figure i illustrates an HPLC profile of extracts of the PCT prepared from 

a rabbit fetus (on 28th day of gestation). The PCT metabolized [3H]-25-OH-D3 

mainly to a polar peak, as reported by Sunaga et al. (8). The polar peak 

eomigrated exactly the same position as authenthic I~,25-(OH)2-D 3. 

The levels of 25-OH-D3-1a-hydroxylase activity along nephron segments 

are shown in Table i and Figure 2. The only significant production of Ia,25- 

(OH)2-D 3 occurred in the PCT and PR in each separate set of experiments (Table 

i). Very little Ia,25-(OH)2-D 3 was produced in the remaining parts of the 
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Fi~. i. HPLC profile of the extract of the PCT. Before applying to HPLC 
columns~ 500 pmol of authentic 25-OH-D3, 24,25-(OH)2-D 3 and I~,25-(OB)2-D 3 were 
added to the sample. The columns were eluted with a solvent of 1.5% methanol 
in dichloromethane. The solid line indicates absorbance at 254 nm and the 
dotted bars represent radioactivity in each 30 sec fraction. 
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Table i. I~,25-(0H)2-D 3 synthesis along the rabbit fetal nephron. 

Experiments 

Nephron Glm PCT PR DT CT 
segmemts 

i 0.20 0.31 0.89 0 0 

2 0 0.48 4.07 0 0 

3 0 0.41 0.98 0 0 

4 0.05 2.78 6.37 0.32 0 

5 0 0.71 2.32 0 0 

6 0 0.45 0.52 0 0 

Values are expressed in fmol/glomerulus or fmol/mm tubular length. 

nephron. Some I~,25-(0H)2-D 3 was synthesized by the Glm in Experiments i and 

4. However, they were considered to be produced by contamitants of the PCT in 

the Glm. The amounts of I~,25-(OH)2-D 3 produced varied with each experiment, 

but the PR appeared to show higher activity than the PCT (Table i). The mean 

amount of I~,25-(0H)2-D 3 synthesized was 3.67 ± 1.83 fmol/~g protein (o.85 ± 0.42 
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Fig. 2. Ia,25-(0H)2-D 3 synthesis by various nephron segments prepared from fetal 
rabbit kidney. Columns indicate the mean value and the bars the standard errors 
of 6 separate sets of experiments. A significant amount of Ia,25-(0H)2-D 3 was 
found only in the PCT and the PR. Results are expressed in fmol of I~,25-(OH)2-D 3 
synthesized per mm of nephron length or fmol per glomerulus (m), and fmol per 
~g of tubular protein (F'I). 
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fmol/mm of nephron length, mean ± S.E. n=6) in the PCT and 12.5 ± 5.10 fmol/Bg 

protein (2.52 ± 1.02 fmol/mm of tubular length) in the PR. 

Discussion 

The tubular preparations from rabbit fetuses made possible the first demon- 

stration of the precise location of 25-OH-D3-1~-hydroxylase activity in mammals. 

The result that the only significant production of la,25-(OH) 2- D 3 occurs in the 

proximal tubule is consistent with that of Brunette et al. (8), who demonstrated 

that l~-hydroxylase activity was found only in the proximal convoluted tubules 

and thick loop cortex in rachitic birds. Their classification of chick nephron 

segments, however, appears to be different from that of the mammalian nephron. 

In the rabbit fetal kidney, the PR showed higher l~-hydroxylase activity than 

the PCT. These two portions of the rabbit nephron possess parathyroid hormone 

(PTH)-sensitive adenylate cyclase activity (13). According to the report of 

Chabard~s et al.(13), The PR possesses higher adenylate cyclase activity induced 

by PTH than the PCT. PTH has been shown to be the most potent and the most im- 

portant stimulator of l~-hydroxylase activity. Cyclic AMP functions as an 

intracellular mediator in the PTH-induced stimulation of l~-hydroxylase 

activity (14). Therefore, the higher l~-hydroxylase activity in the PR than 

the PCT maybe explained by the difference in the PTH-sensitive adenylate 

cyclase activity. 

The proximal tubule is a main site of inorganic phosphate reabsorption, 

which is also regulated by the PTH-cyclic AMP system (15). Renal l~-hydrox- 

ylation of 25-OH-D 3 is induced by low plasma phosphate concentration (16,17) 

and, conversely, vitamin D or its metabolites increase renal reabsorption of 

inorganic phosphate (18,19). Therefore, it is interesting to consider the 

intracellular interactions of the two PTH-cyclic AMP sensitive functions, 

phosphate reabsorption and I~,25-(OH)2-D 3 synthesis. 

The distribution of 25-OH-D3-24-hydroxylase activity in nephron segments 

is of considerable interest in view of the control mechanism of 25-0H-D 3 me- 

tabolism (20), which is currently under investigation in our labolatories. 
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