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ABSTRACT Evidence has been presented suggest-
ing the presence of vitamin D; 38-glucosiduronate and
1,25-dihydroxyvitamin D; glucosiduronate in rat bile.
To evaluate the role of vitamin D glucosiduronates in
calcium and phosphorus homeostasis, we synthesized
vitamin D; 38-glucosiduronate and tested its biological
activity in calcium- and vitamin D-deficient rats. After
the intravenous administration of vitamin D, 38-gluco-
siduronate to rats maintained on a low calcium diet,
there was an increase in duodenal calcium transport
and an increase in serum calcium. Vitamin D; 38-gluco-
siduronate, however, was less active than equimolar
amounts of vitamin D;. At doses of less than 0.65-1
nmol per rat, the conjugate exhibited no activity. When
vitamin D; 38-glucosiduronate was administered to
vitamin D-deficient rats, 25-hydroxyvitamin D was de-
tected in the serum; the increase in serum 25-hydroxy-
vitamin D levels was less than that observed after the
administration of an equimolar amount of vitamin D;.
Vitamin D; 3B-glucosiduronate showed no detectable
activity in the induction of calcium binding protein
in chick embryonic duodena, a system in which no
endogenous steroid B-glucuronidase activity is detect-
able. These data demonstrate that vitamin D; 38-glu-
cosiduronate is biologically active in vivo and that the
observed activity is due to hydrolysis of the conjugate
to vitamin D;. As vitamin D; 38-glucosiduronate is ex-
creted in the bile of rats, it is possible that this conjugate
is reutilized in vivo after hydrolysis to free vitamin D;.
These results suggest the existence of a mechanism for
reutilization of the biliary products of vitamin D;.

INTRODUCTION

To act physiologically vitamin D must be metabolized
to 25-hydroxyvitamin Dj; in the liver and then to 1,25-
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dihydroxyvitamin Dj in the kidney (1). The peripheral
metabolism of vitamin D homologues, however has
received little attention. Evidence has been presented
to show that at least one vitamin D; homologue, 1,25-
dihydroxyvitamin D;, is metabolized in several ways
(2-4). Furthermore, there is strong evidence to suggest
that the biliary route of excretion is an important path-
way in the metabolism of several vitamin D; com-
pounds (5-9). We have recently shown that products
of 1,25-dihydroxyvitamin D, (5) and 24,25-dihydroxy-
vitamin Dj (6) are excreted in bile as polar compounds,
reabsorbed in the intestine, and re-excreted in bile. It
is likely that one of the metabolites present in bile
is a glucosiduronate of 1,25-dihydroxyvitamin D, (5).
Earlier, Bell and Kodicek (7) demonstrated that vitamin
D; 3B-glucosiduronate was probably excreted in rat
bile. Therefore, glucuronides of at least two vitamin
D; homologues are known to exist in vivo.

There are several unresolved questions concerning
the metabolism of vitamin D homologue glucosiduro-
nates: Do these compounds have biological activity?
If so, are they active per se or do they need to be
hydrolyzed to the parent vitamin D; homologue? Is it
possible that the biliary excretion and subsequent re-
absorption of these compounds in the intestine is a
mechanism whereby the organism can conserve vitamin
D; and thus prevent rapid depletion of this vitamin?
To answer these questions we synthesized vitamin D,
3B-glucosiduronate and tested its biological activity in
vitamin D-deficient rats in vivo.

METHODS

General. Ultraviolet spectra were taken in ethanol with a
Beckman model 25 recording spectrophotometer (Beckman
Instruments, Inc., Fullerton, Calif.). Mass spectra were re-
corded on spectrometer HP model 5985a GC/MS (Hewlett-
Packard Co., Palo Alto, Calif.) equipped with a direct insertion
probe. Helium was used as carrier gas. Spectra were recorded
at a source temperature of 150°C. High performance liquid
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FIGURE 1 Mass spectrum of vitamin

chromatography (HPLC)! was performed on a Waters Associ-
ates, Inc., (Milford, Mass.) chromatograph, equipped with a
U-6-K injector, a programmable solvent delivery system and a
model 450 variable wavelength detector set at 265 nm. Radio-
activity was determined with a Beckman LS9000 g-scintilla-
tion counter.

Animals. Male, albino, weanling rats (50-60 g) were ob-
tained from Holtzman Co. (Madison, Wis.) and maintained on
vitamin D-deficient synthetic diets containing 0.02% calcium,
0.4% phosphorus or 1.2% calcium, 0.1% phosphorus. The
animals were used for experiments when they were 4 wk
postweaning, and when active transport of calcium in the
duodenum was undetectable.

Everted gut sac technique for assessment of calcium trans-
port. Under ether anesthesia, rats were dosed intrajugularly
with various doses of vitamin D; or vitamin D; 38-glucosidu-
ronate in 50 ul of 75% aqueous ethanol. Control rats were
dosed with 75% aqueous ethanol alone. Before each dose,
400 ul of blood was drawn to measure serum calcium or phos-
phorus levels. 24 h later, the rats were decapitated and their
blood was collected. The first 10 cm of the duodenum was
removed. Duodenal intestinal calcium transport was measured
by the everted gut sac technique of Martin and DeLuca (10).

Duodenal organ culture. This was performed as described
by Corradino (11). To detect the presence of B-glucuronidase
in the system, [*H]tetrahydroaldosterone 38-glucosiduronate
(concentration 10,845 dpm/ml in water) was added to the me-
dium. The absence of free tetrahydroaldosterone was detected
by DEAE chromatography. Salts in the culture medium were
removed by applying the solution to a 1 X 25-cm Amberlite
XAD-2 (Rohm & Haas Co., Philadelphia, Pa.) column; the
water soluble salts were eluted with 150 ml of water. Organic
materials were subsequently eluted with 150 ml of methanol.
10-ml fractions were collected; radioactivity was measured
in aliquots taken from the eluate. The methanolic fractions
that had detectable radioactivity were collected, pooled, and
dried on a flash evaporator. The resulting oily residue was
subjected to DEAE batch elution chromatography. DEAE-
cellulose (10 g) was equilibrated in methanol. The residue
was resuspended in methanol and applied to the gel. The gel
was eluted with methanol (100 ml) and later with 25% acetic
acid in methanol (100 ml). The solvents were evaporated and
the radioactivity was determined.

Serum calcium and inorganic phosphorus measurements.
Serum calcium or phosphorus were measured after appropri-
ate doses of either vitamin Dj, vitamin D; 38-glucosiduronate,

! Abbreviations used in this paper: CaBP, calcium-binding
protein; HPLC, high performance liquid chromatography; M+,
parent molecular ion; m/e, mass/energy ratio.
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D, triacetoxy glucuronide methylester.

or vehicle by intravenous, intraperitoneal, or oral routes. Se-
rum calcium was determined with an atomic absorption spec-
trometer (Perkin-Elmer Corp., Instrument Div., Norwalk,
Conn.; model 303) using 0.1% LaCl,; as diluent. Serum in-
organic phosphorus was determined by a colorimetric assay (12).
25-Hydroxyvitamin D assay. The serum 25-hydroxyvita-
min D levels were measured as previously described (13).

Statistical analysis. The statistical analysis were per-
formed as described by Bancroft (14).

Synthesis of methyl(9,10-secocholesta-5,7,10[19)-trien-33-
yl-2',3' 4'-tri-O-acetyl-B-D-glucopyranosid)uronate. 1g (3.63
mmol) of freshly prepared (15) silver carbonate and 0.159 g
(0.413 mmol) of vitamin D, were suspended in dry benzene
(20 ml) in a distillation flask. Distillation was commenced
and as the benzene distilled, a solution of 0.518 g (1.30 mmol)
of methyl 1-bromo-2,3,4-tri-O-acetyl-1-deoxy-B-D-glucuronate
(16) in dry benzene (25-30 ml) was added at the same rate as
the rate of distillation. After addition of about half of the
bromide solution, an additional 1 g (3.63 mmol) of dried silver
carbonate was added to the reaction mixture. The reaction
was followed by thin-layer chromatography; when the reac-
tion was complete, the reaction flask was cooled, the silver
salt was filtered and washed with an additional quantity (2
x 15 ml) of dry benzene. The filtrate and the washings were
combined, dried over anhydrous sodium sulfate and the
solvent was removed on a rotary evaporator. The residual
oil was chromatographed on a silica gel 60 H column (Merck
AG, Darmstadt, West Germany) with 10% ether-hexane as the
eluting solvent. The unreacted bromide was separated from
the product, and the latter was recrystallized from hot ethanol.
The yield was 85-90%. The melting point of the product was
72°-73°C; UV spectrometry showed A maximum at 265 nm
and A minimum at 228 nm.

The mass spectrum contains a peak for parent molecular
ion at mass/energy (m/e) 700 (M*) and peaks at 383 (M-pyronium
ion)*, 366 (M-pyronium ion-H,O)*. Peaks at m/e 317 (pyronium
ion)*, 257 (C,;H,;0,)*, 155 (C;H,0,)*, 95 (C;H;30,)*, 60 (methyl
formate or acetic acid)* establish the presence of triacetylated
sugar moiety (Fig. 1).

Preparation of vitamin D;3B-glucosiduronate (sodium 9,10-
secocholesta-5,7,10[19]trien-3-yl-B-D-glucopyranosiduronate)
(17). To a solution of 100 mg (0.143 mmol) of methyl-(9,10-
secocholesta-5,7,10[19]-trien-38-yl-2',3',4'-tri-O-acetyl-8-D-
glucopyranosid)uronate in 10 ml of 1:1 mixture of anhydrous
methanol and dichloromethane, 1 ml of 0.1 N sodium hy-
droxide in anhydrous methanol was added. After 2-h stirring
at room temperature 20 ml of distilled tetrahydrofuran was
added. After this, aqueous sodium hydroxide (10 ml, 1 N) was
added over a period of 10 min. The mixture was stirred for
30 min when, an oily semisolid material appeared; the latter
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was dissolved by the addition of 20 ml of methanol. The water
was removed from the flask and the mixture was allowed to
react for an additional 30-45 min. The solvent was concen-
trated until all the organic solvent was removed and an oily
semi-solid reappeared in the reaction mixture. The semi-solid
was washed several times with water (10 ml). The oily material
was dissolved in methanol and a foamy solid was obtained on
evaporation of the solvent.

Purification of vitamin D3 3B-glucosiduronate. The foamy
solid obtained in the above experiment was further purified
on an HPLC system using acetonitrile-water (1:1.86) as the
starting solvent. A linear gradient was developed over a
period of 15 min at a flow rate of 2 ml/min. The final
eluent was 100% acetonitrile. The HPLC profile of the
title compound is shown in Fig. 2. The ultraviolet
spectrum of vitamin D; glucosiduronate (Fig. 3) exhibited
a curve expected of the vitamin D chromophore with
an absorbance maximum at 265 nm and an absorbance mini-
mum at 228 nm. The ratio of 1.68 for absorbance maximum/
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FIGURE2 Reverse phase HPLC of vitamin D; conjugates, 0.4
x 30 cm uBondapak column, 35:65 (vol/vol) acetonitrile/water
to 100% acetonitrile with a linear gradient in 15 min. Ammonium
vitamin D; sulfate (4.05 min). Vitamin D; 3B-glucosiduronate
(5.02 min) and 1,25-dihydroxyvitamin D, (8.39 min).
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FIGURE 3 Ultraviolet spectra of vitamin D, 38-glucosiduro-
nate. A maximum, 265 nm; A minimum 228 nm. A maximum/
minimum is 1.68.

absorbance minimum is also characteristic of the triene chro-
mophore in vitamin D. The molecular ion peak is not ob-
served in the mass spectra; however, peaks at m/e 446 (M*-
side chain), 366 (M*-sugar moiety — H,0), 177 (C¢HgO4)* 133
(CsH0,)*, 118 (C,H¢0,)*, 74 (C3Hg0,)*, 73 (C3H;50,)*, and 55
(C3H30)* are in agreement with the proposed structure for
vitamin D; glucosiduronate (Fig. 4).

Synthesis of vitamin D3 3B-sulfate (ammonium 9,10-seco-
cholesta-5,7,10(19)-triene-3-yl-B-sulfate). Vitamin D, 38-
sulfate was prepared according to the procedure of Higaki
et al. (18). It was used as a standard for the HPLC of vitamin
D conjugates.

RESULTS

We tested the biological activity of vitamin Dj and
vitamin Dj 38-glucosiduronate after intravenous, intra-
peritoneal, and oral dosing. When vitamin D, or vita-
min D3 3B-glucosiduronate was administered intra-
venously, to rats maintained on a low calcium diet, an
increase in serum calcium was observed 24 h after the
dose. Table I shows the mean differences of serum
calcium levels (A) measured before and after treatment,
the results of two-tailed ¢ test values along with the
significance of these tests (14). Vitamin D; is active at
all the doses tested, whereas vitamin D, 38-glucosid-
uronate is active only at doses of 1,000 pmol or more.
When the biological activity of vitamin D; and vitamin
D; 3B-glucosiduronate was tested in an everted duode-
nal gut sac system, both compounds were noted to
increase active calcium transport (Table II). It is ap-
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FIGURE 4 Mass spectrum of vitamin D; 38-glucosiduronate.

parent that vitamin D, 38-glucosiduronate has intrinsic
biologic activity but is less potent than vitamin D; it-
self at all doses tested.

When vitamin D-deficient rats were administered a
dose of 1,300 pmol/d for 7 d of either ethanol, vitamin

TABLE 1
Increse in Serum Calcium in Response to Various Doses of
Vitamin D; or Vitamin D4 Glucosiduronate

Ds, or vitamin D; 38-glucosiduronate intraperitoneally,
the change in serum calcium (mean+SE) was 0.72
+0.19 mg/dl in the control group, 2.52+0.22 mg/dl in
the vitamin D;-dosed group, and 1.69+0.18 mg/dl in
the vitamin D, 3B8-glucosiduronate-treated group. Both

TABLE II
Intestinal Calcium Transport in Response to Various Doses
of Vitamin Dj; or Vitamin D; Glucosiduronate

Serum calcium

Rats/ Signifi-
Compound Dosage group A+SE cance*
pmollrat mg/100 ml P
Control — 5 0.04+0.26 NS
Vitamin D; 65 5 0.66+0.30 <0.025
260 6 1.65+0.17 <0.001
325 7 1.16+0.31 <0.005
650 6 1.28+0.37 <0.01
1,040 5 1.42+0.18 <0.001
1,300 7 1.51+0.31 <0.01
2,600 5 1.96+0.21 <0.001
52,000 5 2.26+x0.18 <0.001
Vitamin D, 65 5 -0.08+0.25 NS
glucosiduronate 260 6 0.00+0.27 NS
325 7 —-0.24+0.15 NS
650 7 0.39+0.15 <0.025
1,040 4 0.90+0.11 <0.001
1,300 9 0.48+0.22 <0.05
2,600 4 0.95+0.35 <0.05
52,000 5 1.68+0.15 <0.001

Rats fed a vitamin D-deficient, low calcium synthetic diet
for 4 wk were administered various doses of either vitamin
D; or vitamin D; 38-glucosiduronate in 50 ul of 75% aqueous
ethanol intrajugularly. Rats in the control group received only
75% ethanol. Before the dose, 400 ul of blood was drawn
and serum calcium determined. 24 h later rats were killed and
blood was collected for calcium determination. The difference
in the posttreatment and pretreatment (A) is shown.

* P values for ¢ test comparing the after treatment vs. before
treatment. NS means not significant.

Intestinal calcium

Compound Dosage transport* Significance}
pmollrat serosal/mucosal ratio P
Control 1.05+0.07
Vitamin D, 65 2.62+0.11 <0.025
260 3.39+0.37 <0.001
325  3.23+0.11§ <0.001
650 2.80+0.39§ <0.01
1,040 4.08+0.27 <0.001
1,300 3.28+0.34§ <0.001
2,600 2.24+0.29 <0.005
52,000 5.92+1.63 <0.001
Vitamin D, 65 1.61+0.19 <0.05
glucosiduronate 260 1.18+0.25 NS
325 1.50+0.13 NS
650 1.94+0.31 NS
1,040 2.57+0.51 <0.02
1,300 2.78+0.36 <0.01
2,600 3.31+0.57 <0.005
52,000 5.36+0.92 <0.005

Rats fed a vitamin D-deficient synthetic, low calcium diet
were administered either compound in 50 ul of 75% aqueous
ethanol intrajugularly; the control group received only
aqueous ethanol. 24 h later the rats were killed and their
duodena were removed. Intestinal calcium transport was
measured.

* Mean+SE.

t P values for two-tailed ¢t test. Control vs. the treatment. NS
means not significant.

§ These groups have a separate control with a serosal/
mucosal of 1.49+0.12.
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TABLE III
Relative Potencies of 1,25-Dihydroxyvitamin D, Vitamin D,
and Vitamin D; 3B-Glucosiduronate in the Induction
of CaBP in the Organ-cultured Duodenum

Vitamin D;3-38-

1a,25(0OH),D, Vitamin D, glucosiduronate CaBP (mean)

nM uM uM pgl100 mg duodenum

0 0 0 0
0.065 — — 1.02
0.65 — — 3.81*
6.5 — — 12.88
— 0.065 — 1.00
— 0.65 — 3.25¢%
— 6.5 — 10.07
0.065 0
0.65 0
6.5 0

CaBP was determined in the embryonic chick duodena after
various concentrations of vitamin D homologue compounds
were separately introduced into the medium. The details of
the procedure are described elsewhere (11).

* Fits a power function: y = 422,106 x 0.55; r = 0.99.

t Fits a power function: y = 4,054 x 0.5; r = 0.99.

treatment groups were significantly different from the
control (P < 0.001). Again vitamin D; 38-glucosiduro-
nate showed less activity than vitamin Dj.

When rats were administered an oral dose of 5,000
pmol/d of either vitamin D; or vitamin D; 38-glucosid-
uronate for 4 d, intestinal serosal/mucosal ratios were
elevated in both the vitamin D; and vitamin D; 38-
glucosiduronate-treated rats. The serosal/musocal ratio
for the control group was (mean+SE) 1.09+0.17, for
the vitamin D,-treated group the corresponding figure
was 3.68+0.25, and for the vitamin D; 38-glucosiduro-
nate group it was 3.63+0.56 (P < 0.001 for both treat-
ment groups when compared with control). However,
serum calcium increased only in the vitamin Ds-treated
group (control A+SE, 0.74+0.17 mg/dl, vitamin D; 1.66
+0.42 mg/dl, and vitamin D; 38-glucosiduronate 0.80
+0.15 mg/dl).

Table III summarizes the results of the biopotency
of 1,25-dihydroxyvitamin Dj, vitamin D3, and vitamin
D, 3B-glucosiduronate in embryonic chick duodena.
The activity of vitamin D, 38-glucosiduronate, deter-
mined by measuring the concentration of vitamin D-
induced calcium binding protein (CaBP), was zero at a
concentration as high as 6.5 uM. Both vitamin D; and
1,25-dihydroxyvitamin D, showed the expected re-
sponses. No hydrolysis of tetrahydroaldosterone 38-
glucosiduronate was detected in this system.

In animals maintained on a low phosphorus diet and
dosed with either vitamin D; or vitamin D; 38-gluco-
siduronate at doses of 5,000 pmol/d intraperitoneally
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TABLE IV
Serum 25-Hydroxyvitamin D Levels in
Vitamin D-deficient Rats

Dosc administered 25-Hydroxyvitamin D*

pmol ngldl

Control — 4.18+2.65
Vitamin D, 1,040 12.65+2.05
2,600 17.95+0.75

52,000 72.76+8.85

Vitamin D, 1,040 8.83+0.66
glucosiduronate 2,600 9.29+0.69
52,000 26.05+2.01

Rats were fed with vitamin D-deficient low calcium diets for
4 wk. Rats were dosed with various doses of vitamin D; or
vitamin D; 3B8-glucosiduronate intrajugularly. 24 h later, the
blood was collected. Serum 25-hydroxyvitamin D levels were
determined in duplicate or triplicate.

* Mean=SE.

for 4d, serum phosphorus increased in the vitamin
D,-treated group (6.49+1.0 vs. 4.4+0.9 mg/dl in con-
trols, mean=SE), but only slightly in the vitamin D,
3B-glucosiduronate-treated group (5.04=1.1 vs. 4.4+0.9
mg/dl in controls).

Serum 25-hydroxyvitamin D, levels were measured
in control rats and in rats administered varying doses
of either vitamin D, or vitamin D; 38-glucosiduronate
24 h before sacrifice (Table IV). Serum 25-hydroxy-
vitamin D levels are higher in animals administered
vitamin D, than those of animals administered an equi-
molar amount of vitamin D; glucosiduronate.

DISCUSSION

Bell and Kodicek (7) demonstrated that products of
radiolabeled vitamin D; are excreted in rat bile. They
suggested one of these compounds could be vitamin
D; 3B-glucosiduronate. More recent work from our
laboratory has demonstrated that both 1,25-dihydroxy-
vitamin D, (5) and 24,25-dihydroxyvitamin D; (6) me-
tabolites are excreted in the bile of rats and it is likely
that 1,25-dihydroxyvitamin D; glucosiduronate is
present in rat bile. From these and other studies (5-9),
it is clear that vitamin D metabolite(s) are excreted
into the bile and reabsorbed in the intestine. This
process of reabsorption would be of little value to the
organism (other than an excretory route) unless the or-
ganism could in some way reutilize the excreted ma-
terial. We have shown in the present studies that one such
compound, vitamin D, 38-glucosiduronate, has biologi-
cal activity. When a single dose of vitamin D, 38-
glucosiduronate or vitamin Dj is administered intra-
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jugularly to vitamin D and calcium-deficient rats, the
serum calcium and intestinal serosal/mucosal ratios in-
crease at all doses of vitamin D, and at a dose of 1,000
pmol or higher for vitamin D; 3-glucosiduronate.
Based upon these results, vitamin D; 38-glucosiduro-
nate is considerably less active than vitamin Dj in vivo.
Similar results were obtained when 1,300 pmol/d of
either compound was administered intraperitoneally
to vitamin D-deficient rats for a week. When an oral
dose of 5,000 pmol/d for 4 d of either vitamin D; or
vitamin D, 3B-glucosiduronate was administered, no
mobilization of calcium from bone was observed for the
vitamin D; 38-glucosiduronate-treated group, whereas
this compound was just as active as vitamin Dj itself
with respect to its capacity to stimulate calcium trans-
port in everted gut sacs. Serum inorganic phosphorus
increased after chronic dosing with vitamin D; but to a
lesser extent in animals dosed with equimolar amounts
of vitamin D; 3B-glucosiduronate.

The mode of action of vitamin D, 38-glucosiduronate
is most likely due to hydrolysis to the free sterol. The
glucosiduronate may be hydrolyzed either in the biliary
tract, in the intestine or in other tissues by B-glucuroni-
dases. The aglycon, vitamin Dj, released by such
enzymatic hydrolysis would then be utilized in the nor-
mal fashion. The location of the vitamin D3 38-glucuron-
idase is unclear at present. Even though rat bile con-
tains B-glucuronidase (19), it appears that the hydroly-
sis does not take place to a great extent in bile as only
small quantities of free sterol were found in rat bile (5).
However, endogenous intestinal cell glucuronidases
and/or bacterial glucuronidases may play an important,
though unproved, role in the formation of the free sterol.
B-Glucuronidase in other tissues may also play a sig-
nificant role. It is unlikely that the intact conjugate is
biologically active because it fails to increase CaBP
synthesis in an embryonal duodenal system at doses
several orders of magnitude higher than the dose of
vitamin Dj necessary to elicit such a response. A model
radiolabeled conjugate, tetrahydroaldosterone 38-glu-
cosiduronate, is not hydrolyzed and hence, it is unlikely
that vitamin D, 38-glucosiduronate undergoes hydroly-
sis in this organ culture system. These data would sug-
gest that the intact sterol conjugate is inactive. Further
evidence supporting the necessity of hydrolysis of the
conjugate to the free sterol is the appearance of 25-
hydroxyvitamin D in the serum after a dose of the con-
jugate. The increment in serum 25-hydroxyvitamin D,
levels is in accordance with the observed activity of
the conjugate relative to vitamin Dj. Thus, it is likely
that the conjugate is biologically inactive unless it
undergoes hydrolysis to release the active aglycon, vita-
min D;, which is in turn metabolized to 25-hydroxy-
vitamin Dy and 1,25-dihydroxyvitamin Dj.

Our data lead us to believe that the conjugation and

excretion of vitamin D, 38-glucosiduronate in bile may
not merely be an excretory process. The conjugate may
be reutilized, most likely by hydrolysis to the free sterol.
It is likely, though unproved at present, that other
glucosiduronates of vitamin D; homologues may also
be reutilized in this manner. In any event, were defects
in the hydrolysis and reutilization of the conjugates of
vitamin D, homologues to occur in organs such as the
intestine, it is possible that less vitamin D; would be
available for utilization by the organism. We speculate
that such a situation could arise in diseases associated
with a decreased intestinal transit time; in this situa-
tion there may be inadequate time available for 8-glu-
curonidases to hydrolyze substrate. Alternatively, there
may be a decrease in the amount of B-glucuronidase
present. It is possible that alterations in this process
could contribute, in part, to the vitamin D deficiency
seen in hepatic and intestinal disease.
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