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Extraction of Vitamin D Metabolites

by Bones of Normal Adult Dogs

K. OLGAARD,J. SCHWARTZ,D. FINCO, M. ARBELAEZ, J. HADDAD, L. AVIOLI,
S. KLAHR, and E. SLATOPOLSKY,Renal Division and the Division of Bone and
Mineral Metabolism, Department of Medicine, Washington University School
of Medicine, St. Louis, Missouri 63110

A B S T R A C T Using the isolated perfused canine tibia
we examined the extraction of [3H]25(OH)D3,
[3H]1,25(OH)2D3 and [3H]24,25(OH)2D3 by bone of
normal adult dogs. The studies were performed with
and without vitamin D binding protein (DBP) in the
perfusate to examine the effect of protein binding on
the extraction of the vitamin D metabolites. An av-
erage of 48±2% of [3H]25(OH)D3 was extracted by
bone, when no DBP was present. However, addition
of only a small amount of DBP (-720 ng/ml of per-
fusate) nearly completely abolished the extraction of
[3H]25(OH)D3 by bone. No degradation and/or trans-
formation of the labeled 25(OH)D3 could be demon-
strated during passage through the isolated perfused
bone. The extraction of [3H]24,25(OH)2D3 in a DBP-
free medium averaged 33±5%. Addition of 720 ng of
DBP/ml of perfusate completely inhibited the
extraction of this metabolite. The extraction of
[3H]1,25(OH)2D3 averaged 30±3% in a DBP free me-
dium and no inhibition of the extraction was demon-
strated after addition of DBP(720 ng/ml of perfusate).
However, addition of DBP in a concentration of 14.4
jig/ml of perfusate reduced the extraction of
1,25(OH)2D3 to 8±2%, a value still significantly higher
than that seen after addition of 20 times less DBP to
perfusions with 25(OH)D3 and 24,25(OH)2D3. It is con-
cluded that the isolated perfused bone of normal
dogs can extract significant amounts of 25(OH)D3,
1,25(OH)2D3, and 24,25(OH)2D3. Small concentrations
of DBP (720 ng/ml) in the perfusate significantly in-
hibited the extraction of 25(OH)D3 and 24,25(OH)2D3.
A carrier role for DBP is suggested and it is proposed
that the levels of free vitamin D are important for
extraction of the metabolites by bone. Therefore, due
to the different affinities of DBP for the various me-
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tabolites of vitamin D, only 1,25(OH)2D3 is extracted
in vitro in significant amounts by bone of normal adult
dogs, in the presence of DBP.

INTRODUCTION

The metabolism and fate of the different vitamin D
metabolites, 25-hydroxy vitamin D3(25[OH]D3), 1,25-
dihydroxy vitamin D3 (1,25[OH]2D3), and 24,25-di-
hydroxy vitamin D3 (24,25[OH]2D3), in the skeleton is
still a matter of debate. Specific cytosolic receptors
have been demonstrated in bone for 1,25(OH)2D3 (1-
6) and 25(OH)D3 (7). Furthermore, conversion of
25(OH)D3 to 24,25(OH)2D3 (8) and to 1,25(OH)2D3
(9) has been suggested to take place in bone cells.
However, most of these studies have been performed
in isolated bone cells, often from fetal rats (2, 3, 7, 8)
or from vitamin D-deficient animals (1). The handling
of the different vitamin D metabolites by the bone of
normal, adult vitamin D-repleted animals has not been
studied.

The present studies, therefore, were designed to ex-
amine the extraction of 25(OH)D3, 1,25(0H)2D3, and
24,25(OH)2D3 by bone of normal adult dogs. The study
was performed using the isolated canine tibia, which
was perfused with Krebs-Henseleit bicarbonate buffer
containing one of the different vitamin D metabolites
labeled with tritium. Furthermore, in order to examine
the effect of vitamin D binding protein (DBP)l on the
extraction of the different vitamin D metabolites by
bone, experiments were performed either with the
vitamin D metabolites present in the buffer in a free,
nonprotein bound form, or when serum (containing
DBP) was added to the buffer together with the vi-
tamin D metabolite.

I Abbreviation used in this paper: DBP, vitamin Dbinding
protein.
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METHODS

Isolated perfused canine tibia. The canine tibia was pre-
pared for perfusion in vitro as previously described (10). In
brief, after pentobarbital anesthesia (20-30 mg/kg), and
heparin 3,000 U, i.v., both tibiae were removed from the
dog. The anterior tibial artery was identified and the nutrient
artery dissected and cannulated with PE 50 tubing. The re-
maining adherent muscles were removed. After cannulation
of the nutrient artery, the bone was washed with 10 ml of
Krebs-Henseleit bicarbonate buffer. The bone was then
placed in a specially designed apparatus (10) and perfused
at 37°C. The perfusate, a Krebs-Henseleit bicarbonate
buffer (Na+ 135 mM, K+ 5.0 mM, Cl- 115 mM, HCO3- 25
mM,Mg++ 0.6 mM,Ca++ 1.2 mM,phosphorus 2 mM,glucose
5.6 mM, bovine serum albumin 10 g/l, pH 7.40), was con-
tinuously gassed with 95% oxygen and 5% carbon dioxide
and pumped into the bone at a pressure of 90-100 mmHg.
The flow rate was 2±0.2 ml/min. The venous effluent was
allowed to seep from the bone surface and was subsequently
collected for analysis. Once the perfusion system was estab-
lished, the bone was perfused with buffer alone for 30 min.
After this equilibration period, four basal control periods of
5-min duration were obtained. Then the tritium-labeled vi-
tamin D compound to be tested was added to the arterial
side of the perfusion system. Following this, both arterial
and venous samples were collected at 5-min periods for 80
min. The samples were kept at 40C, centrifuged and aliquots
transferred to counting vials. Based on the counts, the ar-
teriovenous (A-V) difference of the vitamin D compound
was calculated for the different time periods and the ex-
traction expressed in percent: A - V/A X 100. The vitamin
D compounds to be tested were all labeled with tritium in
the 23,24 position. The binding of tritium in this position
has previously been shown to be very stable in both vitamin
D compounds and other steroids, labeled at the same posi-
tion.

Experimental design
68 bones obtained from 44 normal adult mongrel dogs

were used in this study. Measurements of serum concentra-
tions of ionized calcium, total calcium, phosphorus, creati-
nine and immunoreactive PTH (iPTH) were obtained in all
dogs before study. The dogs were fed 400 g of normal dog
chow daily and tap water ad lib. The following studies were
performed.

Extraction of 25(OH)D3. (a) 16 bones obtained from 11
dogs were perfused with [3H]25(OH)D3 (sp act 102 Ci/mmol)
at a concentration of 80 pg of 25(OH)D3/ml of perfusate.
In all these experiments the buffer contained bovine serum
albumin (fraction V, Pentex) from Miles Laboratories, Elk-
hart, Ind. No serum was added to the buffer in these ex-
periments. (b) The effect of DBP on the extraction of
25(OH)D3 by bone was studied by adding freshly obtained
dog serum to the perfusate containing [3H]25(OH)D3 as
above. In five experiments 500 Ml of serum ( 180 Mg of
DBP) were added to 250 ml of perfusate. In three experi-
ments progressively increasing amounts of serum were added
to the perfusate resulting in approximate concentrations of
0, 36, 54, 144, and 720 ng of DBP/ml buffer. (c) In eight
experiments thin-layer silica gel Gchromatography was per-
formed on both the arterial (before entering the bone) and
venous samples (after leaving the bone) to check for deg-
radation of ['H]25(OH)D3 and/or production of new metab-
olites. Lipid extraction of the samples was performed in

CHC13:CH30H (11). CHCl3 layers were dried under a N2
stream. The thin-layer chromatography (12) was then per-
formed with n-hexane/acetone (8:2, vol/vol) solvent on
silica gel G sheets (Gelman Instrument Co., Ann Arbor,
Mich.). Unlabeled markers of cholecalciferol, 25(OH)D3,
1,25(OH)2D3, and 24,25(OH)2D3 were cochromatographed
and detected by their absorbance of ultraviolet light. (d) In
two experiments the bone marrow was scraped out of the
bone after perfusion with [3H]25(OH)D3. The bone marrow
was checked for radioactivity after extraction with acetone
and further examined for the presence of vitamin D metab-
olites by high-pressure liquid chromatography. (e) To ex-
amine for a possible noncellular distribution of [3H]25(OH)D3
in the bone and thus a noncellular extraction of [3H]25(OH)D3,
four bones were perfused with buffer containing [3H]
25(OH)D3 without DBP for 80 min. The perfusate was then
exchanged to buffer without [3H]25(OH)D3 and without DBP
and the perfusion continued for 30 min. The perfusion was
then stopped and the perfusate exchanged with a buffer
containing 10 ml of serum (providing a concentration of

- 14.4 Mg of DBP/ml of buffer) but no radioactive or "cold"
25(OH)D3 in order to examine how much of the previously
extracted [3H]25(OH)D3 could be mechanically "washed
out" of the bone. It was expected that the high affinity of
DBP for 25(OH)D3 would result in efflux of non-intracel-
lularly deposited labeled 25(OH)D3 from the bone during
perfusion with a buffer containing serum (and DBP).

Extraction of 1,25(OH)2D3. In another series of dogs, the
extraction of [3H]1,25(OH)2D3 by bone was examined.
[3H]1,25(OH)2D3 (sp act 102 Ci/mmol) was added to the
perfusate at a concentration of 40 pg of 1,25(OH)2D3/ml of
buffer. Bone perfusion was performed with (n = 8) and with-
out (n = 3) addition of 500 ul of serum to the perfusate
(-720 ng of DBP/ml of buffer) and in other experiments
(n = 3) with the addition of 10 ml of serum (~-14.4 Mg of
DBP/ml of buffer).

Extraction of 24,25(OH)2D3. In another series of dogs,
the extraction of [3H]24,25(OH)2D3 by bone was examined.
[3H]24,25(OH)2D3 (sp act 68 Ci/mmol) was added to the
perfusate at a concentration of 59 pg of 24,25(OH)2D3/ml
of buffer. Bone perfusion was performed without (n = 5)
and with (n = 3) addition of 500 Ml of serum to the perfusate
(-720 ng of DBP/ml of buffer).

Extraction of other compounds. (a) The extraction of
vitamin D binding protein by bone was examined by adding
1251-human(h)DBP (sp act 50-100 MCi/Mug) to the perfusate
resulting in a concentration of hDBP of 7-14 ng/ml of per-
fusate. The bone perfusion was performed without any vi-
tamin D metabolite added (n = 6). In two experiments 1251_
hDBP (-10 ng/ml) was added to the perfusate together
with 15% normal human serum. The concentration of non-
labeled hDBP in the perfusate was measured before and
after passage across the bone by an immunodiffusion tech-
nique. (b) Finally, the "specificity" of the extraction by bone
was examined using a steroid such as [3H]aldosterone, which
does not have known effects on bone and by means of "'C-
inulin. These compounds were added to the perfusate in
eight different experiments.

Compounds
The vitamin D compounds, 25-hydroxy[23,24(n)3H]-

cholecalciferol (sp act 102 Ci/mmol), 1,25-dihydroxy-
[23,24(n)-3Hlcholecalciferol (sp act 102 Ci/mmol), and 24,25-
dihydroxy[23,24(n)-3H]cholecalciferol (sp act 68 Ci/mmol),
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were all purchased from Amersham Corp., Arlington Heights,
Ill. and further purified on a LH-20 Sephadex column before
use (13). [1,2-3H]Aldosterone (sp act 40 Ci/mmol) and
[I4C]inulin (sp act 11.3 mCi/mmol) were both obtained from
Amersham Corp. and were used without further purifica-
tion. h-DBP was labeled by the lactoperoxidase method (sp
act 50-100 qCi/jgg) (14). The concentration of nonlabeled
hDBPwas measured in the perfusate by an immunodiffusion
analysis (15). This compound was found to be free of con-
tamination by DBP. Since purified canine DBPwas not avail-
able, freshly obtained dog serum was used. As the immu-
nodiffusion analysis used for measuring the hDBP
concentration did not crossreact with dog serum, no exact
concentration of DBPin dog serum can be given. However,
saturation analysis of dog serum by 25(OH)D3 resulted in
an estimated concentration of DBP in dog serum of 360 Ag/
ml, a value similar to that seen in other mammals (16, 17).

RESULTS

Fig. 1 demonstrates the extraction of [3H]25(OH)D3 by
bone during 80 min of perfusion. The extraction was
highest (mean, 64+2%) during the first 20 min of per-
fusion (not shown), possibly due to the distribution of
the D metabolite in a certain volume of bone. There-
after, a relatively stable extraction was seen during the
remaining 60 min (mean, 48±2%). In the experiments
illustrated by the upper curve no DBP was added to
the perfusate, while the lower curve demonstrates the
effect of addition of DBP (720 ng/ml of perfusate) on
the extraction of [3H]25(OH)D3. Fig. 2 demonstrates
the effect of adding increasing amounts of DBPto the
perfusate on the extraction of [3H]25(OH)D3 by bone.
The concentration of [3H]25(OH)D3 was the same in
all of these experiments. Addition of 36 ng of DBP/
ml of buffer resulted in a mean uptake of [3H]25(OH)D3
of 32±2%; 54 ng of DBP/ml of perfusate reduced the
uptake further to 27±2%; 144 ng of DBP/ml of per-
fusate decreased extraction to 10±2% and finally ad-
dition of 720 ng of DBP/ml of buffer decreased ex-
traction of [3H]25(OH)D3 to 2±1%. Thus, it was clearly
shown that the extraction of [3H]25(OH)D3 by bone
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FIGURE 1 Percentage extraction of [3H]25(OH)D3 by bone
(mean±SEM), without serum containing DBP in the per-
fusate (upper curve) and with serum containing an estimated
DBP concentration of 720 ng/ml added to the perfusate
(lower curve).
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FIGURE 2 Mean percentage extraction by bone of
[3H]25(OH)D3 during 1 h of bone perfusion (from 20 to 80
min). In experiments depicted by the first column to the left,
no serum and thus no DBP was added to the perfusate (n
= 16). The next four columns indicate the effect of increas-
ing amounts of dog serum containing the indicated esti-
mated amounts of DBP on the percentage extraction of
[3H]25(0H)D3 by bone (n = 3).

diminished by adding increasing amounts of DBP to
the perfusate and that a concentration of 720 ng of
DBP/ml of perfusate resulted in a nearly total cessa-
tion of extraction of 25(OH)D3 by bone. 5 gCi
[3H]25(OH)D3 (sp act 102 Ci/mmol) were added to
250 ml of perfusate in each experiment, resulting in
a concentration of 25(OH)D3 of -80 pg/ml of buffer.
Thus, in the experiments using a DBP-free buffer, the
bone extracted -77 pg of 25(OH)D3/min, when the
flow rate was 2 ml/min. In the experiments with 720
ng of DBP added/ml of perfusate, the extraction of
[3H]25(OH)D3 was 1.6 pg/min, a value that, due to the
low percent extraction, was not significantly different
from zero.

The possibility of degradation and/or transforma-
tion of the labeled 25(OH)D3 during the passage
through the isolated perfused bone was examined. Fig.
3 demonstrates by use of thin-layer silica gel chro-
matography that the products coming out of the bones
were not distinguishable from the vitamin D metab-
olites entering the bone and that no new peaks ap-
peared. However, the method of thin-layer chroma-
tography might be too insensitive to demonstrate
minor changes of a few percent in the vitamin D pat-
tern of the venous effluent. Furthermore, the
[3H]25(OH)D3 was diluted by the much greater pool
in the bone of unlabeled 25(OH)D3, which also may
mask eventually small changes in the venous pattern
of vitamin D metabolites. During the extraction no
tritium was detectable in the water phase, indicating
no degradation of [3H]25(OH)D3 or release of tritium.
It was, therefore, concluded that by the use of thin-
layer chromatography no new metabolites appeared
in the effluent fluid.

Examination of the bone marrow after 80 min of
perfusion with [3H]25(OH)D3 containing buffer in two
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FIGURE 3 Thin-layer silica gel G chromatography of sam-
ples obtained from the arterial inflow and the venous outflow
of a bone perfused with [3H]25(OH)D3 (n = 8). This figure,
showing a representative experiment, demonstrates that the
pattern of peaks in arterial and venous samples was the same
and only the greater height of the peaks, on the arterial -side,
was different as would be expected due to. extraction of
[3H]25(OH)D3 during its passage through bone. Thus, no
metabolism of [3H]25(OH)D3 by bone could be demon-
strated.

experiments revealed no signs of radioactivity or vi-
tamin D metabolites and thus excluded the possibility
that the extraction of 25(OH)D3 by the bone was due
to extraction of this metabolite by the fat present in
the bone marrow.

The "nonspecific" extraction of [3H]25(OH)D3 by
bone was examined using the high affinity of DBP for
25(OH)D3. After 80 min of bone perfusion with
buffer containing [3H]25(OH)D3, the total amount of
[3H]25(OH)D3 taken up by the bone was calculated
and expressed as total counts per bone. A total of 58%
of the [3H]25(OH)D3 entering the bone was extracted.
Then the perfusate was exchanged to a buffer con-
taining no vitamin D and no DBP. After an additional
30 min of perfusion the amount of radioactivity re-
maining in the bone was reduced by 11%. The buffer
was then exchanged to a new buffer without vitamin
D, but containing 14.4 gg of DBP/ml of perfusate.
After 30 min of further bone perfusion the amount of
[3H]25(OH)D3 remaining in the bone was further re-
duced by 13%. Thus, 24% of the labeled 25(OH)D3
was "washed out" of the bone by means of a high DBP
concentration in the perfusate. This amount, therefore,
accounts for the "minimal" amount of [3H]25(OH)D3,
which was extracted by the bone but not deposited
intracellularly, while 34% of the extracted 25(OH)D3
by bone could not be removed by a high DBP con-
centration in the perfusate.

Fig. 4 presents data on the extraction of [3H]-

1,25(OH)2D3 by bone. The mean extraction of this
compound when no DBPwas present in the perfusate
averaged 30±3%. Addition of DBPat a concentration
of 720 ng/ml of perfusate did not change significantly
the extraction of [3H]1,25(OH)2D3 (extraction 28±3%).
This was in contrast to the nearly total inhibition of
the uptake of [3H]25(OH)D3 seen when this concen-
tration of DBP was used (Fig. 1). However, addition
of 14.4 gg of DBP (20 times as much) resulted in a
clear inhibition of the uptake of 1,25(OH)2D3 by bone
(extraction 8±2%). 2.5 MCi of [3H]1,25(OH)2D3 (sp act
102 Ci/mmol) were added to 250 ml of perfusate in
each experiment, resulting in a concentration of -40
pg of 1,25(OH)2D3/ml of buffer. Thus, in the exper-
iments using a DBP-free buffer, the bone extracted
-24 pg of 1,25(OH)2D3/min at a flow rate of 2 ml/

min. When 720 ng/ml of DBPwas added to the per-
fusate, the extraction of 1,25(OH)2D3 averaged 22 pg/
min, while a concentration of 14.4 tsg of DBP/ml re-
sulted in an average extraction of 1,25(OH)2D3 of 6
pg/min.

The mean extraction of [3H]24,25(OH)D3 by bone
averaged 33±5% when no DBPwas added to the me-
dium (Fig. 4). When 720 ng of DBPwas added/ml of
perfusate, the extraction of [3H]24,25(OH)2D3 was to-
tally inhibited (Fig. 4), similar to the effect observed
with [3H]25(OH)D3. 2.5 ACi of [3H]24,25(OH)2D3 (sp
act 68 Ci/mmol) were added to 250 ml of perfusate
in each experiment, resulting in a concentration of
-59 pg of 24,25(OH)2D3/ml of buffer. Therefore, in

experiments using DBP-free buffer, the bone extracted
-39 pg of 24,25(OH)2D3/min at a flow rate of 2 ml/

min. Addition of 720 ng of DBP/ml of buffer reduced
the amount of 24,25(OH)2D3 extracted to -2 pg/min,
not significantly different from zero, due to the low
percent extraction.
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FIGURE 4 Mean percentage extraction by bone of
[3H]1,25(OH)2D3 and [3H]24,25(OH)2D3. Extraction of
[3H]1,25(OH)2Ds was examined without (n = 3) dog serum
(no DBP) and in the presence of dog serum in the perfusate
with an estimated DBPconcentration of 720 ng (n = 8) and
14.4 gg (n = 3)/ml. It is seen that the extraction of
1,25(OH)2D3 is less sensitive to the presence of dog serum
containing DBP in the perfusate than the extraction of
24,25(OH)2D3.
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Fig. 5 contrasts the extraction of [3H]25(OH)D3 with
those of '251-hDBP, [3H]aldosterone and '4C-inulin. The
extraction of aldosterone and DBP by bone was quite
low and no extraction of inulin was detected.

In two experiments, where '251-hDBP was added to
the perfusate together with 15% normal human serum,
an extraction of labeled DBP of 1.7±0.4% was found
across the bone. Furthermore, the concentration of
hDBP in the perfusate was not different before and
after passage across the bone (mean 78.5 and 82.0,ug/
ml, respectively).

DISCUSSION

Although the relationship between vitamin D and bone
is well established in treatment studies (18-21), the
actual handling of the different vitamin D metabolites
by bone has not been clarified. Most studies on this
topic have been performed in either animals with vi-
tamin D deficiency or in fetal cell preparations often
from the rat calvaria (1-3, 7, 8). To date the handling
of vitamin D metabolites by bone of normal adult an-
imals without bone disease has not been examined. The
present investigation, therefore, has used the previ-
ously published model (10) for perfusion of the isolated
dog tibia to get further information on the handling
of 25(OH)D3,1,25(OH)2D3, and 24,25(OH)2D3 by nor-
mal adult canine bone.

The present investigation clearly demonstrates that
the extraction of 25(OH)D3 by bone is high in the
presence of a DBP-free medium. However, this situ-
ation probably never occurs in vivo, since no condition
has yet been described wherein the concentration of
DBP in plasma is zero (16, 22). The use of subphy-
siological concentrations of DBP in the perfusate was
necessitated by the use of the isolated perfused canine
tibia model. Since purified dog DBPwas not available,
it would have been necessary to use serum exclusively
for the perfusion instead of the Krebs-Henseleit bi-
carbonate buffer to obtain a "normal" concentration

of DBP. The bone model has, however, not been op-
timized for this purpose. Furthermore, the concentra-
tion of 25(OH)D3 used in the perfusate was reduced
-1:375, when compared with normal plasma levels.

This was similar to the reduction in DBP concentra-
tion, when 720 ng/ml was used in the perfusate. There-
fore, the demonstration that even low concentrations
of DBPin the perfusate (compared to the normal con-
centration in plasma, -360 ztg/ml) nearly completely
inhibited the extraction of 25(OH)D3 by bone is im-
portant. This suggests, together with the finding that
DBP is not extracted by the bone, that it is the con-
centration of free, non-DBP bound, 25(OH)D3 that is
of significance for the uptake of this metabolite by
bone. The concentration of the dihydroxylated vitamin
D compounds used was similar to the concentration
of 25(OH)D3. The metabolite 24,25(OH)2D3 demon-
strated a similar relationship between its affinity for
DBPand its extraction by bone as seen for 25(OH)D3.
However, the extraction of 1,25(OH)2D3 by bone was
much less affected by increasing concentrations of
DBPin the perfusate than 25(OH)D3 and 24,25(OH)2D3
in accordance with the much lower affinity of
1,25(OH)2D3 for DBP (17). Unfortunately, it has not
yet been possible to measure the "free" concentration
of the different vitamin D metabolites in plasma, al-
though a calculation of the free vitamin D index, based
on the molar ratio between vitamin D and DBP (23)
has been used to approximate the "real" free concen-
tration in plasma. However, the present study suggests
that vitamin D binding protein has a transport and a
carrier role for vitamin D and is not extracted by the
bone together with the vitamin D metabolite in ques-
tion. Thus, it is only the free unbound form of the
different vitamin D compounds that is available for
extraction. The present results emphasize the impor-
tance of knowing exactly what type of medium has
been used in experiments on the effect of vitamin D
metabolites. Several bovine serum albumin prepara-
tions (except fraction V-Pentex) are to some extent
contaminated by DBP (unpublished observation). In
many cell preparations fetal calf serum is used. Thus,
different results in the literature on, e.g., the effect of
vitamin D metabolites on the secretion of parathyroid
hormone from the parathyroid glands (24, 25, 26) may
result from the fact that the medium has contained
variable concentrations of DBP and, therefore, influ-
enced the concentration of the free vitamin D metab-
olites present in the medium.

The present study does not clarify the further han-
dling of the vitamin D metabolites by the bone. It is
not known by what cells the metabolites are taken up.
However, the vitamin D compounds were not ex-
tracted by the bone marrow. Bone perfusion with other
compounds with no supposed relationship to bone
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demonstrated no extraction and thus demonstrated
that the extraction of the vitamin D metabolites was
not nonspecific. By the "wash out" experiments in-
volving high concentration of DBP in the perfusate,
-34% of the extracted 25(OH)D3 was not available

for removal by DBP, indicating the amount of
25(OH)D3 specifically bound to the bone.

The present studies were carried out in normal adult
vitamin D-repleted dogs. This approach may have re-
sulted in calculation of minimal values for the extrac-
tion of the different vitamin D metabolites by bone,
since the bones in vivo already had been exposed for
a "long term" to vitamin D and DBP. If similar ex-
periments would have been performed in vitamin D-
depleted dogs, it is possible that the extraction of the
different D metabolites would increase. Furthermore,
it cannot be excluded by the results of the present
investigation that the extraction of DBPcould be sig-
nificantly greater in vitamin D-depleted dogs.

Although the isolated perfused bone does not pro-
vide information as to the handling of different vi-
tamin D metabolites at the cellular level of bone, it
clearly demonstrates that the bone has a higher affinity
for vitamin D than for the other compounds tested
(e.g. inulin, aldosterone, and h-DBP) and that the af-
finity is different for the different vitamin D metab-
olites. It is also clearly demonstrated in the present
investigation that it probably is the free and not the
DBPbound concentration which is of importance for
the extraction of vitamin D metabolites by normal
bone.

In conclusion, the isolated perfused bone of normal
adult dogs extracted significant amounts of 25(OH)D3,
1,25(OH)2D3, and 24,25(OH)2D3. DBPwas not appar-
ently extracted by bone, but small quantities of DBP
in the perfusate significantly inhibited the extraction
of 25(OH)D3 and 24,25(OH)2D3 by bone of normal
adult dogs. A carrier role for DBP in the handling of
vitamin D metabolites is therefore suggested. It seems
unlikely that DBP takes part in the cellular uptake of
vitamin D by bone. Since the plasma half-life of rabbit
DBP is 40 h (27), it is possible that an active entry of
DBP into tissues may iiot be clearly seen in the short
term experiments described in the present work. Al-
though sterol entry may be facilitated by the absence
of DBP in the perfusing medium the precise role of
DBPin vivo is not presently clear. Thus, the free (non-
protein bound) concentration of the vitamin D me-
tabolites could be a limiting factor in the extraction
of these compounds by bone of normal adult dogs.
Therefore, due to different affinities of DBP for
25(OH)D3, 24,25(OH)2D3, and 1,25(0H)2D3, only
1,25(OH)2D3 is extracted in vitro in significant amounts
by the bone of adult normal dogs, in the presence
of DBP.
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