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Abstract--The synthetic analog of lo:,25-dihydroxyvitamin D 3 [1,25(OH)2D3], 22-oxacalcitriol (OCT), 
retains most of the properties of 1,25(OH)2D3 but exhibits much less hypercalcemic action than the 
parent compound. The effects of OCT on plasma calcium, phosphorus, and 1tr,25-dihydroxyvitamin D 
[1,25(OH)2D] concentrations were examined in mice. Administration of a single dose (24 pmol/g body 
wt, i.p.) of OCT had no effect on plasma calcium for up to 48 hr, significantly increased plasma 
phosphorus at 4 and 8 hr and significantly reduced the concentration of 1,25(OH)2D in plasma between 
4 and 48 hr. Both OCT and 1,25(OH)zD3 at 24 pmol/g body wt (i.p.) induced a single, 3.4-kb mRNA 
encoding vitamin D 24-hydroxylase (24-OHase), the cytochrome P450 enzyme responsible for 
1,25(OH)zD3 degradation, in kidney and duodenum. The OCT-induced increase in 24-OHase mRNA 
and an increase in enzyme activity were marked at 2 and 4 hr in both tissues. In kidney, mRNA 
abundance had decreased by 8 hr but remained above basal values for up to 30 hr; activity remained 
relatively high for up to 48 hr. In duodenum, 24-OHase mRNA abundance returned virtually to control 
values by 8 hr after OCT treatment; activity remained at nearly maximal levels for up to 30 hr but was 
decreased at 48 hr. The effects of OCT and 1,25(OH)2D 3 on 24-OHase mRNA abundance and enzyme 
activity were dose-dependent in kidney and duodenum. Whereas the dose-response relations for the 
effects of both compounds on 24-OHase mRNA were similar, OCT was slightly more potent than 
1,25(OH)2D3 in stimulating 24-OHase activity in both tissues. These results suggest that the OCT- 
induced decrease in plasma 1,25(OH)zD3 is attributable, at least in part, to an increased degradation 
of 1,25(OH)2D3, which results from an increase in 24-OHase abundance and enzyme activity. 
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The hormonally active form of vitamin D3,l,25- 
(OH)2D3t, and related compounds, such as OCT, 
have been studied as potential therapeutic agents 
for the treatment of various diseases including osteo- 
porosis, psoriasis, leukemia, and secondary hyper- 
parathyroidism associated with chronic renal failure 
[1-5]. The recent development of vitamin D analogs 
that exhibit selective activities has also provided a 
new approach for studying the mechanism of vitamin 
D action in target tissues such as the duodenum and 
kidney. OCT mimics specific actions of 1,25(OH)2D3, 
including induction of differentiation of WEHI-3 
myelomonocytic cells [6], inhibition of proliferation 
of psoriatic fibroblasts [7], and suppression of PTH 

* Corresponding author. Tel. 81-249-32-8931; FAX 81- 
249-33-7372. 

t Abbreviations: 1,25(OH)2D3, lac,25-dihydroxyvitamin 
D3; 1,25(OH)zD, ltr,25-dihydroxyvitamin D; OCT, 22- 
oxacalcitriol; 24-OHase, vitamin D 24-hydroxylase; 
25(OH)D3, 25-hydroxyvitamin D3; 1,24,25(OH)3D3, 
1 , 2 4 , 2 5 - t r i h y d r o x y v i t a m i n  D3; 24,25(OH)2D3, 24,25-dihy- 
d r o x y v i t a m i n  D3; and PTH, parathyroid hormone. 

secretion and gene expression [8, 9]. However, OCT 
exhibits little hypercalcemic activity, suggesting that 
bone and intestine are resistant to this analog [4]. 
Indeed, unlike 1,25(OH)2D3, OCT does not increase 
the intracellular calcium concentration in osteoblast- 
like osteosarcoma cells (ROS17/2.8) [10]. In 
contrast, OCT both binds to nuclear receptors and 
stimulates calcium absorption in the intestine [10, 11], 
although the stimulation is only transient because of 
the rapid clearance of the drug [11-13]. OCT has 
been shown to reduce the plasma concentration of 
1,25(OH)2D independently of PTH, an important 
modulator of 1,25(OH)2D3 synthesis in the kidney; 
this effect of OCT may result from suppression 
of 1,25(OH)2D3 synthesis, increased hormone 
degradation, or both [12]. 

Further hydroxylation of 1,25(OH)2D3 is thought 
to result in catabolism to the end product of side- 
chain cleavage, calcitroic acid [14, 15]. The C-24 
oxidation pathway is a major catabolic route for 
1,25(OH)2D 3 in target tissues, including intestine 
and kidney, and protects against the toxic effects of 
excess hormone ]14-17]. The first enzyme in this 
degradative sequence, 24-OHase, catalyzes the 
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conversion of 1,25(OH)zD3 to the biologically less 
active metabolite 1,24,25(OH)3D3 and is identified 
as a mitochondrial cytochrome P450 [18]. The 
enzyme, which is expressed constitutively in the 
kidney, also converts 25(OH)D3 to 24,25(OH)2D3 
[19]. This catabolic pathway is also inducible in 
intestine and kidney with 1,25(OH)zD3 treatment 
I20]. 

We have now examined the effect of OCT on 24- 
OHase activity and gene expression in mouse kidney 
and duodenum. 

MATERIALS AND METHODS 

Materials. 1,25(OH)2126,27-3H]D3 (sp. act. 
6.0TBq/mmol) was obtained from DuPont NEN 
Research Products (Boston, MA, U.S.A.). Crys- 
talline 25(OH)D3 was obtained from the Philips- 
Duphar Co. (Amsterdam, Netherlands). Crystalline 
1,25(OH)2D3 and 24,25(OH)2D3 were donated by 
Dr. H. Yamato (Kureha Chemicals, Tokyo, Japan). 
OCT and 1,24,25(OH)3D3 were gifts from Dr. H. 
Ohkawa (Chugai Pharmaceutical, Gotemba, Japan). 
25(OH)[26,27-3H]D3 (sp. act. 740 GBq/mmol), [o:- 
32p]dCTP (sp. act. 110 TBq/mmol), a Gigaprimer 
DNA labeling kit, nylon membrane (Hybond-N ÷) 
and Hyperfilm were obtained from Amersham 
(Tokyo, Japan). A Micro-Fasttrack mRNA isolation 
kit [oligo(dT)-cellulose] was purchased from Invi- 
trogen (San Diego, CA, U.S.A.). A Gene Amp 
RNA PCR kit was obtained from Perkin Elmer 
Cetus (Norwalk, CT, U.S.A.), and a pT7Blue T- 
vector kit was purchased from Novagen (Madison, 
WI, U.S.A.). Calcium C-Test was purchased from 
Wako Pure Chemical Industries (Osaka, Japan), 
and Pi Set was from Iatron (Tokyo, Japan). All 
other reagents and chemicals were of analytical 
grade. 

Animals. Normal ddY male mice (SLC, Hama- 
matsu, Japan), weighing 35-45 g, were maintained 
on rodent chow (Oriental Yeast, Tokyo, Japan) 
containing vitamin D 3 (1.6 IU/g diet) for 1 week. 
OCT or 1,25(OH)2D3 was administered i.p. to the 
mice in 100/~L of corn oil at doses of 0.24, 1.2, 3.6, 
or 24 pmol/g body wt. Control animals received 
vehicle alone. Mice were killed by cervical dislocation 
under anesthesia at the indicated time after the 
administration of vitamin D analogs. Plasma from 
five mice of the same group was pooled for the 
measurement of 1,25 (OH)2D, as well as total calcium 
and phosphorus. Plasma 1,25(OH)2D was measured 
by a radioreceptor assay with calf thymus receptor 
and C18/OH cartridge purification [21]. Total 
calcium and phosphorus in plasma were measured 
with the Calcium C-test and Pi Set, respectively. 
Kidneys were also removed, and the duodenum 
(5 cm from the pyloric sphincter) was scraped with 
a glass slide. Homogenates were prepared for the 
determination of 24-OHase activity. For the isolation 
of total and polyadenylated [poly(A) ÷] RNA, kidney 
or whole duodenal tissue was quickly frozen with 
liquid N 2. Animal studies were conducted in 
accordance with the Guidelines for the Care and 
Use of Laboratory Animals [22]. 

Preparation and analysis o f  mRNA.  For prep- 
aration of a probe for Northern and dot blot analysis, 

total RNA was isolated from the kidneys of normal 
ddY mice (40 g body wt) fed a normal diet and 
injected with 1,25(OH)2D3 (24pmol/g body wt 
i.p.) 4hr  previously [23]. Reverse transcription- 
polymerase chain reaction was performed using a 
Gene Amp RNA PCR kit. Oligo(dT)-primed single- 
strand cDNA was then generated by the reverse 
transcriptase reaction. Double-strand cDNA was 
synthesized with specific primers based on the rat 
cDNA sequence encoding 25(OH)D3-24-OHase [18] 
(5' primer, nucleotides 844 to 865; 3' primer, 
nucleotides 1867 to 1888) and the polymerase chain 
reaction (PCR). Thirty cycles of PCR were performed 
in the following sequence: denaturation at 93 ° for 
i min, annealing at 55 ° for I min, and extension at 
72 ° for 2 min [24]. The PCR products were separated 
on a low melting temperature agarose gel and cloned 
into pT7Blue T-vector. The nucleotide sequence 
was determined by the dideoxynucleotide chain 
termination method [25]. A clone with high sequence 
homology to the confirmed sequence was used to 
prepare the probe. 

Total RNA was isolated from kidney and 
duodenum by acid guanidium thiocyanate-phenol- 
chloroform extraction [23]. Poly(A) ÷ RNA was 
isolated with oligo(dT)-cellulose (Micro-Fasttrack 
mRNA isolation kit). For Northern analysis, 
poly(A) ÷ RNA or total RNA was fractionated on a 
1.2% agarose gel containing formaldehyde and then 
transferred to a Hybond-N ÷ membrane. Blots were 
hybridized with the cDNA probe, which had been 
labeled with [o:-32p]dCTP and the Gigaprimer DNA 
labeling system [26]. Northern analysis of poly(A) + 
RNA from kidney and duodenum was used to assess 
the integrity of the isolated RNA and the validity of 
the probe. Northern blots and dot blots of total 
RNA were used to quantify the amount of 24-OHase 
mRNA. Hybridization was performed in 50% 
formamide and 5 x SSPE (saline, sodium phosphate, 
EDTA) at 42°; blots were washed in 0.2 x SSPE 
at room temperature. These conditions allow 
hybridization between RNA species and labeled 
DNA probes that show >75% homology [27]. After 
hybridization, the membrane was exposed to 
Amersham Hyperfilm at - 80  ° with intensifying 
screens. Cyclophilin mRNA, which is not affected 
by hormone administration, was used to verify the 
amount of mRNA on Northern blot analysis of 
poly(A) + RNA. RNA loading among lanes on 
Northern blotting of total RNA was compared by 
ethidium bromide staining. 

Measurement of  24-OHase activity. 24-OHase 
activity in homogenates was assayed in vitro. The 
kidney cortex was minced and the duodenum was 
scraped, and both tissues were washed in ice-cold 
homogenization buffer containing 0.19M sucrose, 
25 mM sodium-succinate, 2 mM MgCI2 and 20 mM 
Tris-HEPES (pH7.4). Homogenates (5%, w/v) 
were prepared in homogenization buffer [20]. 
Substrate, dissolved in 10/tL of ethanol, was added 
to 1 mL of homogenate and incubated at 37 ° for 
20 min. The substrates for renal and duodenal assays 
were [3H]-25(OH)D3(250pmol/80,000cpm) and 
[3H]-1,25(OH)zD3 (50pmol/80,000cpm), respect- 
ively. The rate of conversion of the substrate into 
the product was nearly linear with time of incubation 
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Fig. 1. Effects of OCT administration on plasma calcium 
and phosphorus. Mice were injected i.p. with OCT 
(24pmol/g body wt), and plasma calcium (O) and 
phosphorus (A) were measured at the indicated times. 
Values are the means -+ SEM of 3-5 samples. Key: (**) 

P < 0.01 (vs time zero). 

up to 20 rain and with the amount of protein up to 
6% homogenate,  corresponding to 12 mg protein in 
the kidney and 6 mg protein in the duodenum. 
[3H]-24,25(OH)2D3 and [3H]-l,24,25(OH)3D3 were 
separated by straight-phase HPLC on a Fine-Pak 
SIL column (25 cm x 3.9 mm i.d., JASCO, Tokyo, 
Japan) with n-hexane : isopropanol : methanol 
[90:5 : 5 (by vol.) for kidney; 88: 6:6  for duodenum] 
as solvent at a flow rate of 1.5 mL/min. 24,25(OH)2D3 
and 1,24,25(OH)3D3 were identified as described 
previously [22]. To monitor the recovery, [3H]- 
1,25(OH)2D3 (3000cpm/sample) for the kidney 
homogenate or [3H]-25(OH)D3 (3000 cpm/sample) 
for the duodenal homogenate was added to each 
sample after the reaction was stopped. We corrected 
the amount of product and substrate by the 
radioactivity of recovery tracers on the HPLC. The 
recovery of each sample was 85-90%. Enzyme 
activity was expressed as pmol/mg tissue/20 min. 

Statistical analysis. Results are expressed as 
means +--SEM and were analyzed by one-way 
A N O V A  followed by a Fisher PLSD test with a 
computer program (Statview 512, Brain Power, 
Calabasas, CA,  U.S.A.) .  P < 0.05 was considered 
statistically significant. 

R E S U L T S  

Effect of OCT on plasma calcium, phosphorus 
and 1,25(OH)2D. Mice were injected i.p. with OCT 
(24 pmol/g body wt), and the plasma concentrations 
of calcium and phosphorus were measured at 1, 2, 
4, 8, 18, 30, and 48 hr. OCT did not affect the 
plasma concentration of calcium but significantly 
increased plasma phosphorus at 4 and 8 hr (Fig. 1). 
The plasma phosphorus concentration had returned 
to basal values by 18 hr after OCT administration. 
To compare the hypercalcemic effect of OCT with 
that of 1,25(OH)2D3, dose-response experiments on 
the plasma calcium were performed (Table 1). Mice 

Table 1. Effects o f  OCT and 1,25(OH)2D3 on plasma 
calcium concentrations 

Dose Plasma calcium 
(pmol/g body wt) (mg/dL) 

Control 9.5 -+ 0.2 
OCT 3.6 9.7 --- 0.4 

24.0 10.3 -+ 0.3 
1,25(OH)2D3 3.6 11.2 -+ 0.4* 

24.0 12.1 -+ 0.1" 

Mice were injected i.p. with OCT or 1,25(OH)2D3, and 
plasma calcium was measured at 18 hr. Values are the 
means - SEM of 3-5 animals. 

* P < 0.01 (vs control). 
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Fig. 2. Time course of plasma 1,25(OH)2D in OCT-treated 
mice. Mice were injected i.p. with OCT (24 pmol/g body 
wt), and plasma 1,25(OH)2D concentration was determined 
by radioreceptor assay at the indicated time. Results are 
expressed as the means -+ SEM of 3-5 samples. Key: (*) 

P < 0.05, and (**) P < 0.01 (vs time zero). 

were injected i.p. with graded doses of OCT or 
1,25(OH)2D3, and the plasma concentrations of 
calcium were determined at 18 hr. After  adminis- 
tration of OCT at doses of 3.6 and 24pmol /g  
body wt, there was no hypercalcemia, whereas 
1,25(OH)2D 3 at the same doses led to hypercalcemia. 
We also examined the effect of OCT (24 pmol/g 
body wt, i.p.) on plasma 1,25(OH)2D concentration 
(Fig. 2). Plasma 1,25(OH)2D did not differ 
significantly from the control value at 2 hr, but was 
decreased significantly between 4 and 48 hr. 

Evaluation of the specificity of the mouse 24-OHase 
cDNA probe. Renal and duodenal poly(A) ÷ R N A  
from control and 1,25(OH)2D3-treated mice was 
subjected to Northern blot analysis with a 32p-labeled 
mouse 24-OHase cDNA probe (Fig. 3). The probe 
hybridized with a 3.4-kb mRNA from kidney and 
duodenum of mice treated with 1,25(OH)2D3 
(24 pmol/g body wt). This transcript was virtually 
identical in size to that of the rat 24-OHase mRNA 
described previously [18, 22]. The 3.4-kb mRNA 
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Fig. 3. Evaluation of the specificity of the mouse 24-OHase cDNA probe. Poly(A) + RNA was prepared 
from the kidneys and duodenum of mice that were killed 4 hr after the administration of 1,25(OH)2D3 
(24 pmol/g body wt) or vehicle. Poly(A) + RNA (5 ~g) was fractionated by electrophoresis on a 1.2% 
agarose gel containing formaldehyde and then transferred to a nylon membrane. (Upper panel) The 
membrane was hybridized with the 1.0-kb 32p-labeled mouse 24-OHase cDNA fragment and exposed 
to X-ray film for 24 hr at -80 °. (Lower panel) The membrane was hybridized with the cyclophilin 
cDNA probe and exposed to X-ray film for 24 hr at -80 °. The positions of 28S and 18S ribosomal 

RNA are indicated. 

was not detected in the renal and duodenal poly(A) ÷ 
RNA from control mice. The amount of 24-OHase 
mRNA relative to cyclophilin mRNA also increased 
in the kidney and duodenum of 1,25(OH)2D3-treated 
mice. The mouse 24-OHase cDNA probe was thus 
shown to be suitable for the determination of 24- 
OHase mRNA abundance in the remaining studies. 

Time course o f  the effects o f  OCT on 24-OHase 
m R N A  and activity. Total RNA from kidneys and 
duodenum of mice that were killed at various times 
after administration of OCT (24 pmol/z body wt, 
i.p.) was subjected to northern blot analysis with 
the 24-OHase cDNA probe (Fig. 4). The time 
courses of the increase of 24-OHase mRNA were 
similar in both tissues; 24-OHase transcripts were 
observed at 1 hr and reached a maximum at 4 hr. 
However, the subsequent disappearance of 24- 
OHase mRNA was more rapid in the duodenum 
than in the kidney. We then directly compared the 
time courses of 24-OHase mRNA accumulation and 
enzyme activity in kidney and duodenum of mice 
treated with OCT (24 pmol/g body wt, i.p.) (Fig. 
5). Both 24-OHase gene expression and enzyme 
activity were increased markedly in both tissues 2 
and 4 hr after OCT administration. In kidney (Fig. 
5A), mRNA abundance had decreased by 8 hr but 
remained above baseline until 30 hr. The activity 

remained relatively high even at 48 hr. In contrast, 
duodenal 24-OHase mRNA abundance returned to 
almost control values by 8 hr after OCT injection, 
whereas activity remained almost maximal at 30 hr 
and decreased at 48 hr (Fig. 5B). 

Comparison of  the effects of  OCT and 1,25(OH)2D3 
on 24-OHase mRNA and activity. Northern analysis 
revealed that OCT and 1,25(OH)2D3 each increased 
24-OHase mRNA abundance in a dose-dependent 
manner in both kidney and duodenum 4 hr after 
administration (Fig. 6). The dose-dependent effects 
of OCT and 1,25(OH)2D3 on relative 24-OHase 
mRNA abundance in kidney were quantified by dot 
blot analysis (Fig. 7A). The increase in 24-OHase 
mRNA in response to each analog was significant at 
a dose of 1.2 pmol/g body wt and reached a maximum 
between 3.6 and 24 pmol/g body wt. Both OCT and 
1,25(OH)2D3 also increased renal 24-OHase activity 
in a dose-dependent manner (Fig. 7B). Maximal 
stimulation was observed at 1.2 to 24 pmol/g body 
wt, with the effects of OCT being significantly greater 
than those of 1,25(OH)2D3. The effects of OCT and 
1,25(OH)2D3 on duodenal 24-OHase mRNA relative 
abundance were significant at 1.2 pmol/g body wt 
(Fig. 8A). However, whereas maximal effects of 
OCT on 24-OHase mRNA were apparent at 3.6 and 
24 pmol/g body wt, mRNA abundance continued to 
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Fig. 4. Northern blot analysis of 24-OHase mRNA in kidneys and duodenum of mice treated with 
OCT. Total RNA (30/~g) from kidneys (A) and duodenum (B) of mice at various times after injection 
of OCT (24 pmol/g body wt) was subjected to Northern blot analysis. The bottom half of each panel 

shows gels stained with ethidium bromide (EtBr) before transfer of RNA to the nylon membrane. 
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Fig. 5. Time courses for the effects of OCT on 24-OHase 
mRNA and activity in kidneys (A) and duodenum (B). 
Mice were injected i.p. with OCT (24 pmol/g body wt) 
and killed at the indicated times. 24-OHase activity ((3) 
was measured using renal and duodenal homogenates with 
[aH]-25(OH)D3 and [3H]-l,25(OH)zD3 as the substrate, 
respectively. Relative 24-OHase mRNA abundance (O) 
was determined by dot blot analysis. Values are the 

means +- SEM of 3-5 animals. 

increase with the administration of 1,25(OH)2D3 up 
to 24 pmol/g body wt. Maximal stimulation of 24- 
OHase activity by OCT in the duodenum was 
observed at 0.24 pmol/g body wt, the smallest dose 
tested (Fig. 8B). The maximal effect of 1,25(OH)ED 3 
was apparent at 1.2 pmol/g body wt. 

D I S C U S S I O N  

We have shown that OCT and 1,25(OH)2D3 
increase 24-OHase gene expression and enzymatic 
activity in mouse kidney and duodenum. Although 
a transient increase in plasma phosphorus was 
apparent after injection of OCT (24 pmol/g body 
wt, i.p.), a hypercalcemic response was not observed. 
The same dose of OCT significantly reduced plasma 
1,25(OH)ED concentrations. These data suggest that 
the OcT-induced reduction in plasma 1,25(OH)ED 
is attributable, at least in large part, to an increase 
in 1,25(OH)2D degradation that results from OCT- 
induced 24-OHase gene expression in target tissues 
such as kidney and duodenum. 

We used normal mice rather than rats for our 

studies. Although the 24-OHase activity assay with 
kidney homogenates prepared from rats that had 
been perfused extensively with saline was sensitive, 
reliable, and precise [22, 28], the assay did not show 
these characteristics with duodenal homogenates. 
The difficulty with activity measurement in rats may 
be due to the presence of proteins that inhibit the 
enzyme by reducing the substrate [29]. These 
inhibitors are much weaker in mice than in the 
plasma and tissues of rats. Thus, the measurement 
of mouse 24-OHase activity in vitro is possible by 
monitoring the conversion of [3H]-25(OH)D3 to 
[3H]-24,25(OH)2D3 and of [3H]-l,25(OH)ED3 to 13H] - 
1,24,25(OH)3D3 in kidney and duodenal homo- 
genates, respectively [20]. The activity of 24- 
hydroxylation was demonstrated in vitro with 
duodenal homogenates derived from 1,25(OH)EDa- 
treated mice. The same preparation converted 
25(OH)D 3 to 24,25(OH)ED3, suggesting that duo- 
denal 24-OHase can act on more than one 
vitamin D substrate. Furthermore, 1,25(OH)2D3 
was converted to 1,24,25(OH)3Da, which was 
metabolized via pathways of C-24 oxidation and 
side-chain cleavage of the hormone [17]. In the 
intestine (duodenum), 1,25(OH)ED3 rather than 
25(OH)D 3 is thought to be a physiological substrate 
for vitamin D 24-OHase [14, 15, 20]. We therefore 
used [3H]-l,25(OH)eD3 for the assay of duodenal 
24-OHase activity. Another advantage of mice as 
experimental animals for the studies of vitamin D 
hydroxylases is that 24-OHase in mouse kidney and 
duodenum is very responsive to the administration 
of active vitamin D 3 compounds such as 1,25(OH)ED3 
[201. 

OCT significantly increased plasma phosphorus 
concentrations between 4 and 8 hr after adminis- 
tration of a single dose of 24 pmol/g body wt. The 
hyperphosphatemia induced by a large dose of OCT 
may be due to increased intestinal absorption of 
phosphorus, although the analog is much less 
active than 1,25(OH)ED3 in increasing phosphorus 
metabolism in kidney and intestine [30]. Alterna- 
tively, this increase in plasma phosphorus may result 
from suppression of PTH gene expression [9, 311 
and its secretion [8]. Our observation that OCT at 
the same dose had no effect on plasma calcium was 
consistent with the results of previous studies [4, 6]. 
The observation that OCT reduced the plasma 
1,25(OH)zD concentration in parathyroide- 
tectomized rats [12] demonstrates that the OCT- 
induced decrease in plasma PTH could not totally 
account for the significant reduction in plasma 
1,25(OH)ED concentration apparent in our study. 
Although increases in plasma calcium suppress 
1,25(OH)2D 3 synthesis in kidney independently of 
plasma PTH [32, 33], the fact that plasma calcium 
concentration was not affected by OCT adminis- 
tration suggests that the effect of OCT on plasma 
1,25(OH)2D was not mediated by plasma calcium. 

The absence of a clear hypercalcemic action of 
OCT in the present study may be due to 
pharmacokinetic differences between the analog and 
1,25(OH)2D 3. OCT in rats disappeared from the 
circulation more rapidly than 1,25(OH)2D3 [11, 13]. 
OCT was quickly incorporated into the duodenum 
and formed an OCT-vitamin D receptor complex 
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of various doses of OCT or 1,25(OH)2D3 was subjected to northern blot analysis. The bottom half of 
each panel shows gels stained with ethidium bromide (EtBr) before transfer of RNA to the nylon 

membrane. 
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Fig. 7. Dose-dependent effects of OCT and 1,25(OH)2D3 
on 24-OHase relative mRNA abundance (A) and the 
activity (B) in kidneys. Mice were injected i.p. with various 
doses of OCT or 1,25(OH)zD3 and killed 4 hr later. 24- 
OHase mRNA abundance was determined by dot blot 
analysis, and enzyme activity was measured in kidney 
homogenates with [3H]-25(OH)D3. Results are the 
means +- SEM of 3-5 animals. Key: (**) P < 0.01 (vs zero 
dose); (t) P < 0.05 and ($) P<0.01 (vs corresponding 
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Fig. 8. Dose-dependent effects of OCT and 1,25(OH)zD3 
on 24-OHase relative mRNA abundance (A) and the 
activity (B) in duodenum. Mice were injected i.p. with 
various doses of OCT or 1,25(OH)2D3 and killed 4 hr later. 
Relative 24-OHase mRNA abundance was determined by 
dot blot analysis, and enzyme activity was measured in 
duodenal homogenates with [3H]-1,25(OH)2D 3. Values are 
the means ± SEM of 3-5 animals. Key: (*) P < 0.05, and 
(**) P < 0.01 (vs zero dose); ($) P < 0.01 (vs corresponding 

1,25(OH)2D3 group). 

that rapidly disappeared from the tissue [11]. The 
shorter time of exposure of the analog could explain 
the lower activity of OCT than 1,25(OH)2D3 in 
stimulating intestinal calcium absorption and bone 
resorption. Although OCT increased the mRNA 
levels of osteocalcin and osteopontin in osteoblast- 
like osteosarcoma cells (ROS 17/2.8), the analog 
did not mimic the action of 1,25(OH)2D3 in increasing 
the transmembrane influx of calcium in the cells 
[10], suggesting that the effect of OCT on bone 
calcium mobilization is minimal compared with that 
of 1,25(OH)2D3. These observations may account 
for the absence of high calcemic activity of OCT. 

The C-24 oxidation pathway is a major catabolic 
pathway for 25(OH)D 3 and 1,25(OH)2D3 in many 
target tissues, including kidney and duodenum 
[15, 16]. Treatment with 1,25(OH)2D3 induces 24- 
OHase expression in kidney and duodenum [14-16]. 
OCT also increased 24-OHase mRNA abundance 
and enzymic activity in a dose-dependent manner. 
OCT and 1,25(OH)2D3 showed similar dose-  
response relations for their effects on renal and 

duodenal 24-OHase mRNA abundance measured 
4 hr after administration. In contrast, OCT was more 
potent and showed a significantly greater maximal 
effect than 1,25(OH)2D 3 on induction of 24-OHase 
activity. These results indicated that increased 
degradation of 1,25(OH)2D 3 as a result of increased 
24-OHase gene expression likely contributes to the 
OCT-induced decrease in plasma 1,25(OH)2D. 
Other catabolic pathways, such as C-23 hydroxylation 
to produce 1,25(OH)2D3-26,23-1actone [17] and C- 
26 hydroxylation for 25,26-dihydroxyvitamin D 3 
synthesis [14, 15, 34], also may contribute to the 
degradation of 1,25(OH)2D3 induced by treatment 
with OCT. OCT also stimulates the metabolic 
clearance rate of plasma 1,25(OH)2D in dogs [12]. 

The affinity of OCT for plasma vitamin D binding 
protein, a major recipient of vitamin D metabolites 
in the circulation, is extremely low [35], and the 
analog is mainly bound to lipoproteins, especially to 
chylomicrons and low density lipoprotein in the 
blood [13]. Thus, OCT was more accessible to target 
cells in v i oo  and formed larger amounts of a complex 
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with the vitamin D receptor in the intestine than 
1,25(OH)2D3, but the accumulation of the complex 
by OCT administration was transient [11]. These 
observations may help explain why OCT transiently 
induced 24-OHase mRNA in the duodenum. The 
observations that both compounds showed similar 
potencies with regard to their effect on 24-OHase 
m R N A  but that OCT was slightly more potent than 
1,25(OH)2D3 in increasing the activity suggest that 
OCT also exerts a posttranslational action to prolong 
the half-life of the enzyme. 

The effect of OCT on 24-OHase gene expression 
was rapid and transient in both kidney and 
duodenum, consistent with the results of Armbrecht 
and Boltz [36] showing that 1,25(OH)2D3 induced a 
rapid, transient increase in 24-OHase mRNA in both 
of these tissues in young rats. In contrast, the effect 
of OCT on induction of 24-OHase activity was more 
prolonged than that on 24-OHase mRNA. Active 
forms of vitamin D3, including OCT and 
1,25(OH)2D3, may inhibit degradation of the 
enzyme. Previous studies [19, 22] have suggested the 
presence of at least two forms (inducible and 
constitutive) of 24-OHase. In our mRNA deter- 
minations, only one inducible form of 24-OHase 
may have been detected, whereas the activity assay 
also detected an additional (not constitutive) form 
of the enzyme that could also be induced by OCT 
and  remain during a long period in the tissues. 
Alternatively, it is likely that the methods used in 
the present study may not be sufficiently sensitive 
to detect such a small amount of mRNA. 

In conclusion, our results indicate that OCT may 
prove effective in reducing plasma 1,25(OH)2D 
concentration without inducing hypercalcemia in the 
treatment of various diseases, including sarcoidosis 
and adult T cell leukemia. 
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