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The Role of the Liver in the

Metabolism of Vitamin D

G. PONCHONand H. F. DELuCA

From the Department of Biochemistry, University of Wisconsin,
Madison, Wisconsin 53706

A B S T R A C T The metabolism of vitamin D3 has been
studied after intravenous injection of 10 IU of [1,2-3H]-
vitamin Da to vitamin D-deficient rats. The disappear-
ance of the radioactivity from the plasma follows a very
peculiar pattern characterized by an early rapid dis-
appearance followed by a rebound of radioactivity before
assuming still a third rather slow disappearance rate.
The "rebound" phenomenon is concomitant with a rapid
release of the radioactivity from the liver and is ac-
counted for by the appearance of 25-hydroxycholecal-
ciferol and other metabolites in the blood. It is postu-
lated that the liver is the major site of transformation
of vitamin D3 into 25-hydroxycholecalciferol.

INTRODUCTION
There has been much recent investigation into early
biochemical events after the administration of vitamin
D to man and animals (1). In experiments in man, it
was noted that after the intravenous administration of
labeled vitamin Ds the plasma radioactivity falls rapidly
at first and then "rebounds" before assuming a regular
decay curve (2, 3). Previously this had not been noted
in animals. Until now, the origin and significance of
this "rebound" remained a matter of speculation. The
"rebound" phenomenon has now been demonstrated in
rats and is the result of radioactivity leaving predomi-
nantly the liver to enter the plasma. This radioactivity
is composed primarily of 25-hydroxycholecalciferol, the
recently identified metabolite believed to be the meta-
bolically active form of vitamin D3 (4, 5). The results
further suggest that the liver is the main organ involved
in the conversion of vitamin D3 to 25-hydroxychole-
calciferol.

The aim of the present study is to investigate the role
of the liver in the metabolism of vitamin D3 in the rat,
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particularly in respect to the plasma "rebound" and the
formation of 25-hydroxycholecalciferol.

METHODS

Tritiated vitamin D. [1,2-3H]-vitamin D3 with a specific
activity of 24,453 dpm/IU or 0.44 uc/,ug was prepared in this
laboratory as reported earlier (6). Radiochemical purity,
achieved through column chromatography on silicic acid,
was assessed by chromatographic methods and ultraviolet
spectrophotometry (6). The labeled vitamin Ds was dis-
solved either in absolute ethanol or in plasma from vita-
min-D deficient rats at a concentration of 200 IU/ml.

Animals. Holtzman, male weanling rats housed in indi-
vidual hanging wire cages were fed for 2-3 months the
vitamin D-free diet No. 11 (0.47% Ca, 0.30%o P) described
by Guroff, DeLuca, and Steenbock (7). At the time of
experiments, the rats weighed an average of 230 g and were
vitamin D deficient as revealed by a lack of growth and
low serum calcium values.

Experimental procedure. In the first series of experi-
ments, the disappearance of the plasma radioactivity was
investigated after intravenous injection of labeled vitamin
Ds (series I). Doses of 10 IU [1,2-3H]-vitamin D3 in 0.05
ml plasma were injected into the jugular vein of 13 rats
under light ether anesthesia. The animals were placed in
individual restraining cages (8) during the periods of blood
sampling or in their original cages with food (diet No. 11)
and water ad lib. 0.4 ml of heparinized blood samples from
the tail vein was collected at specific time intervals after
dosage. Plasma was separated by centrifugation for radio-
activity measurements. Hematocrits were performed on
several occasions using heparinized microhematocrit tubes
(Yankee, Clay-Adams, Inc., New York). The proportion
of the injected labeled vitamin D3 present in the plasma at
each time period was obtained by multiplying the radio-
activity of the 0.1 ml plasma sample by the estimated plasma
volume "P1 V." The total initial blood volume "initial BV"
was assumed to represent 6% of the body weight, and the
plasma "initial P1 V" as well as the red blood cell volumes
"initial RBCV" were deduced on the basis of the hematocrit
value, usually 50 at the beginning of the experiments. Blood
and plasma volume estimates were corrected for the blood
losses occurring by multiple blood samplings during the
experiments. The following calculations were used for these
corrections: (a) Loss of red blood cells at the time of the
first sampling = blood volume subtracted X Hct/100 = milli-
liters of RBC lost. (b) This volume of lost RBCwas sub-
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tracted from the "initial RBCV" to give the "remaining
RBCV." (c) At the beginning of the next blood sampling,
knowing the new Hct value, the "remaining P1 V" was given
by "remaining RBCV" X (100- Hct)/Hct. The same calcu-
lation was applied to each successive blood sample.

Bile duct cannulations were performed in two rats under
ether-pentobarbital (Nembutal, Abbott Laboratories, North
Chicago, Ill.) anesthesia. The bile was collected through a
polyethylene catheter PE 10 (Intramedic, Clay-Adams, Inc.,
New York). Blood samples were collected as usual from the
tail vein.

In another group of rats (series II), 10 IU of [1,2-2H]-
vitamin Ds in 0.05 ml 100%o ethanol was injected intra-
venously via the jugular vein under light ether anesthesia.
Animals were killed by exsanguination through cardiac
puncture under ether anesthesia at specific time intervals
after dosage. One rat was sacrificed at each time. The
plasma was immediately separated by centrifugation from the
heparinized blood. The livers and kidneys were removed,
rinsed in 0.9%, aqueous NaCl, blotted on adsorbent paper,
and weighed. The small intestines were dissected from the
mesentery and cut into segments which were rinsed in 0.9%
aqueous NaCl after all intestinal contents were carefully
removed. They were blotted on adsorbent paper and weighed.
The femurs were dissected, weighed, and split longitudinally
to remove the bone marrow. Samples of striated muscles
surrounding the femurs were freed of fat and ligaments,
rinsed in 0.9% aqueous NaCl, blotted on adsorbent paper,
and weighed. All plasma and tissue samples were kept frozen
at -100C until use.

Total radioactivities in plasma and tissues of each rat
were determined in triplicate (femurs in duplicate). Total
plasma volume, skeleton, and striated muscle weights were
estimated to represent respectively 3, 15, and 30%o of body
weight.

In the last series of experiments (series III) the distri-
bution of radioactivity among vitamin D and its metabolites
in plasma and tissue was studied as a function of time after
injection of vitamin D3-'H. Each of 30 rats was injected
intravenously with 10 IU of [1,2-3H]-vitamin Ds in 0.05 ml
of plasma from vitamin D-deficient rats. Groups of four rats
each were bled and sacrificed as in the previous experiments
at various times after vitamin Ds-sH dosage (six rats were
killed at 4 hr). Plasma and livers were collected, and their
total radioactivities were measured in triplicate as in series
I. In addition, pooled plasma and liver samples from each
group of rats were submitted to lipid extraction and chroma-
tography to determine the relative and absolute amounts of
unchanged vitamin D3 and its metabolites.

Extraction and chromatography. Lipid extraction in
chloroform-methanol was carried out according to the pro-
cedure of Bligh and Dyer (9) slightly modified in this
laboratory (10). The radioactivities of the "chloroform-
soluble," "aqueous-soluble," and "nonextractable" phases
were measured in triplicate. The chloroform extracts were
dried under N2 and redissolved in 5-10 ml of redistilled
Skelly B (petroleum ether, bp 670C). They were chromato-
graphed on silicic acid columns (reference 11, footnote 1)
according to the following solvent system. (a) An expo-
nential gradient 0-50%o diethyl ether in redistilled Skelly B
was first obtained by superimposing a holding chamber con-
taining 250 ml of 75%o diethyl ether in petroleum ether on
a 250 ml Erlenmeyer mixing chamber containing 230 ml of
100% Skelly B. (b) An exponential gradient from 50%o di-

1 Ponchon, G., and H. F. DeLuca. Data in preparation.

ethyl ether in Skelly B to 76% ether, 21%o Skelly B, and 3%
methanol was next used by adding 200 ml of 5% methanol in
diethyl ether to the empty holding chamber. (c) An expo-
nential gradient from 76% ether, 21% Skelly B, and 3%
methanol to 40% ether, 6% Skelly B, and 54% methanol
was obtained by adding 150 ml of 100% methanol to the
empty holding chamber. The effluents were collected in 10-ml
fractions directly in counting vials for radioactivity measure-
ments.

Radioactivity measurements. 0.1 ml of each plasma sam-

ple was pipetted in triplicate into counting vials and dried
under an infrared lamp. To the vials were added 1 drop of
distilled water and 0.5 ml of "NCS" solubilizer (Nuclear-
Chicago Corporation, Des Plaines, Ill) (12). The stoppered
vials were then incubated at 40'C for 12-24 hr to achieve
complete dissolution of the organic matter in the NCS.
Toluene counting solution (100 mg of dimethyl 1,4-bis[2-(5-
phenyloxazolyl)] benzene (POPOP) and 2.0 g of 2,5-di-
phenyloxazole (PPO) per liter of toluene analytical reagent
was then added to each counting vial.

Total radioactivities in the various tissues were deter-
mined in triplicate by the combustion technique of Kelly,
Peets, Gordon, and Buyske (13) with a Thomas Ogg Safety
Igniter (Arthur H. Thomas Co., Philadelphia, Pa.), as de-
scribed earlier (6). The resulting tritiated water was dis-
solved and counted in combustion counting solution (6 g
of PPO, 5 mg of dimethyl POPOP, 200 ml of absolute
ethanol, and toluene to 1 liter).

Aliquots of the chloroform-soluble phases were monitored
for radioactivity in toluene counting solution. Aliquots of
each aqueous-soluble phase were dried in counting vials,
redissolved in distilled water and NCS solubilizer, and mixed
with toluene counting solution. The nonextractable radio-
activity was obtained by dissolving the residue from the
lipid extractions in the NCS solubilizer and counting in
toluene counting solution. The chromatographic fractions
were dried directly in the counting vials and counted in
toluene counting solution. The "dose standards" were mea-

sured in triplicate in toluene counting solution after disso-
lution in NCS solubilizer (D3-3H in 0.05 ml of plasma).

All radioactivity measurements were performed with a

Packard Tri-Carb 3003 liquid scintillation counter equipped
with an automatic external standardization system 3951 (14).
Counting efficiencies were in the order of 30-35% with the
toluene counting solution and in the order of 15-25% with
the combustion counting solution.

RESULTS

Plasma radioactivity after i.v. injection of 10 IU of
[1,2-3H]-vitamin D3 to vitamin D-deficient rats. (series
I). Figs. 1 and 2 show the characteristic pattern of
plasma radioactivity after an intravenous dose of triti-
ated vitamin D3. It may be described as three successive
phases.

The initial phase does not last longer than 30 min and
consists of a very rapid disappearance of the plasma
radioactivity. 51.7 ±8.0% (reference 4, footnote 2) of
the dose is present in the plasma compartment 5 min
after injection and only 34.9 ±4.1% (4) after 30 min.

The second phase occurs between 30 min and 8 hr

2 Mean + SEM (number of rats).
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FIGURE 1 Plasma radioactivity after i.v. injection of 10
IU of [1,2-8H]-vitamin D3 to vitamin D-deficient rats
(series I).

and is characterized by a rebound of the plasma radio-
activity from a low level of 29.8 ±2.8% (2) at 90 min
to a high of 38.4 ±0.6% (2) at 150 min. The shape of
this peak is quite irregular. There are large individual
variations in its intensity and time of occurrence.

The third phase is represented by a very slow decline
of the plasma radioactivity from 9.4 +0.5% (13) at 2
days to 0.5 ±0.2% (2) after 3 wk.

The two rats with a bile duct cannulation showed also
a rebound of plasma radioactivity between 30 min and 6
hr after dose, although the radioactivity level was
lower (Table I).

Plasma and tissue radioactivity after i.v. injection of
10 IU of [1,2-8H]-vitamin D3 to vitamin D-deficient
rats. (series II). The fraction of the radioactive dose
present in plasma and tissues at various times after
injection is shown in Fig. 3. The plasma and liver
radioactivity curves exhibited a striking "mirror image."
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TABLE I
Plasma Radioactivity after i.v. Injection of 10 I U of

[1, 2-3H]- Vitamin Da to Two Vitamin D-Deficient
Rats with Bile Duct Cannulation

Time I II

min

30 21.9
45 17.7

120 23.7 28.5
150 23.8 32.0
180 23.6 28.6
240 23.5 29.4
360 21.4 22.2

Values as per cent of dose in body plasma compartment.

While the liver released most of its radioactive content
(from 43.9% at 90 min down to 1.4% at 120 min)
between 90 min and 150 min after an i.v. dose, the
plasma radioactivity increased during the same period
(from 12.1% at 100 min up to 24.6% at 180 min). At
the same time the skeleton and muscles were losing some
radioactivity, but in much smaller amounts.

From 150 min on, the liver and to a much smaller
extent other tissues reaccumulated radioactivity. Simul-
taneously, the plasma radioactivity fell to lower levels.

The lower levels of plasma radioactivity observed in
this series of experiments as compared to the values
given above are undoubtedly due to the ethanol used as
vehicle for the injection of the vitamin DS-8H instead of
plasma. Ethanol was used in this series of experiments
before its artifactual effect was established. The im-
portance of the injection solvent in the study of the
metabolism of vitamin D will be reported in another
publication (15). The main effect of ethanol is to accel-

10
0

FIGURE 2 Plasma radioactivity after i.v. injection of 10
IU of [1,2-3H]-vitamin Ds to vitamin D-deficient rats
(series I).

FIGURE 3 Plasma and tissue radioactivity after i.v. injection
of 10 IU of [1,2-8H]-vitamin Da to vitamin D-deficient
rats (series II).
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TABLE II
Fraction of Dose in Plasma and Liver after i.v. Injection of 10 I U of [1, 2-'H]- Vitamin D3

in Plasma (Series III) to Vitamin D-Deficient Rats

Time after dose

15 min 30 min 2 hr 4 hr 6 hr 24 hr 48 hr

Plasma 44.5 42.7 29.6 A1.8 27.3 ±0.3 21.9 42.0 24.4 (2) 18.6 ±2.5 10.5 ±0.1
(3) (6)

Liver 35.3 ±2.0 41.1 ±1.4 20.9 ±0.8 30.3 ±1.9 19.3 ±1.6 5.1 ±0.6 6.3 ±0.4
(6)

Values expressed as per cent of dose.
Mean ±SE (number of rats, if not specified = 4).
Numbers in parentheses = number of rats.

erate the disappearance from the plasma of the vitamin
DIS-H injected i.v. Hence it was decided to rely upon
vitamin D-deficient plasma as vehicle for the injection
of the labeled vitamin D8 in the experimental series I
and III.

Distribution of vitamin D8 and its metabolites in
plasma and liver after i.v. injection of 10 IU of [1,2-
3H]-vitamin D8 to vitamin D-deficient rats. (series
III). The plasma radioactivity disappeared extremely
fast during the first period of 30 min, then leveled until
6 hr before assuming a faster disappearance rate
(Table II). The apparent absence of rebound is proba-
bly due to individual variations in groups of rats killed
at each time and to the smaller number of times periods.
The liver reached its maximum uptake by 30 min and
lost abruptly half of its radioactivity between 30 min
and 2 hr. Afterwards, it reaccumulated some of the dose
before the final decrease of radioactivity.

During lipid extraction of plasma and liver most of
the radioactivity was soluble in the chloroform phase
(Table III). Except at 15 min, around 99% of the
plasma-3H was chloroform soluble. Liver extracts
showed an increased proportion of aqueous-soluble and

TABLE I II
Partitioning of Radioactivity During Lipid Extraction

of Plasma and Liver (Series III)

15 30 2 4 6 24 48
Time .............mi minm hr hr hr hr hr

Plasma
Chloroform soluble 91.8 99.1 97.4 99.8 95.3 99.1 97.0
Aqueous soluble + 8.2 0.9 2.6 0.2 4.7 0.9 3.0nonextract

Liver
Chloroform soluble 88.8 93.3 75.7 84.3
Aqueous soluble 9.6 3.9 14.3 13.0
Nonextract 1.7 2.8 10.0 2.7

Values are per cent of total sample radioactivity.

nonextractable tritium after 24 hr. The larger propor-
tion of aqueous-soluble radioactivity seen in plasma and
liver at 15 min might be due to some alteration of the
[1,2-3H]-vitamin Ds at the time of injection. The chro-
matographic patterns of unchanged vitamin D and its
metabolites obtained in plasma and liver after 4 and 48
hr are shown in Figs. 4 and 5. The major chromato-
graphic fractions were expressed in per cent of chro-
matographed radioactivity and per cent of dose in
Tables IV and V.

In plasma (Table IV), more than 90% of the radio-
activity chromatographed corresponded to unchanged
vitamin D (peak III) until 30 min after the i.v. dose.
The 6-7% radioactivity eluted with a retention volume
close to peak IV probably represented radiochemical
impurities in the [1,22H]-vitamin D3 in plasma since its
control chromatography revealed 4.4% of the dose eluted
in an identical position. In sharp contrast was the im-
portant proportion of peak IV (25.6% of chromato-
gram) present in the 2 hr plasma extract and rising
further to reach 55.3% of chromatographed radio-
activity after 48 hr. Expressed as per cent of dose the
maximal concentration of peak IV in plasma was
reached by 24 hr after dose and decreased afterwards
(9.9% of dose at 24 hr; 5.6% at 48 hr). Both at 24
and 48 hr, peak IV was the major radioactive vitamin
D metabolite in plasma. Peak V and more polar metabo-
lites made their appearance later than peak IV and
accounted for a growing fraction of the radioactivity
after 24 hr. Peaks I and II never represented an impor-
tant fraction of the radioactivity in plasma nor did they
show any significant change with time. As a conse-
quence of the appearance of peak IV, V, and more polar
metabolites, the proportion of unchanged vitamin D
(peak III) decreased consistently from 2 hr on. Its
plasma concentration decreased so much that there was
less vitamin D than peak IV already at 24 hr.

In liver (Table V), the bulk of the radioactivity was
represented by unchanged vitamin D (peak III) until
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TABLE IV
Major Chromatographic Fractions in Plasma after i.v. Injection of 10 I U of [1, 2-3H]- Vitamin D,

in Plasma (Series III) into Vitamin D-Deflcient Rats

Chromatographic
fractions 15 min 30 min 2 hr 4 hr 6 hr 24 hr 48 hr

%of %of %of %of %of %of %of %of %of %of %of %of %of %of
chrom. dose chrom. dose chrom. dose chrom. dose chrom. dose chrom. dose chrom, dose

I 0 0 0.2 0.06 0.2 0.05 0.6 0.1 0 0 1.2 0.2 0.9 0.09
II 1.7 0.7 1.0 0.3 1.5 0.4 1.4 0.3 0.6 0.1 0 0 0 0

III 92.3 39.9 91.6 26.3 72.0 19.1 57.4 .12.2 62.7 14.8 26.1 4.7 12.4 1.3

IV 36.5 7.8 33.0 7.8 54.7 9.9 55.3 5.6
V + more polar 6.1* 2.6* 6.9* 2.0* 25.6* 6.8*

fractions 3.3 0.7 3.0 0.7 15.8 2.8 28.6 2.9

Mean values from pooled samples of four rats.
* Represents IV and V plus more polar fractions.

6 hr after dose. It was not until 24 hr that peaks IV,
V, and more polar metabolites increased significantly.
Maximum accumulation of peak IV was reached at 24
hr (0.8% of dose), while peaks V and more polar
metabolites were still increasing after 48 hr. Note that
in contrast to the plasma there was practically as much
peak V and more polar metabolites as peak IV both at
24 and 48 hr. Peak I (vitamin D esters) showed a
tendency to accumulate slowly in the liver after 24 hr.
Peak II exhibited no significant changes.

ml
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FIGuRE 4 Silicic acid column chromatographic profiles of
lipid extracts from plasma obtained after i.v. injection of
10 IU of [1,2-3H]-vitamin Ds to vitamin D-deficient rats
(series III).

DISCUSSION
The disappearance of the radioactivity from the plasma
of rats given 0.25 jug of [1,2-8H]-vitamin Ds intra-
venously showed a very characteristic pattern which
may be described in three successive phases.

The first period of very fast disappearance of radio-
activity occurred during the first 30 min after injection.
It is probably the result of rapid dilution of the label in
the vascular and extravascular spaces combined with an
uptake by various tissues such as liver, bones, muscles,
kidneys, and small intestine (6, 16).

617
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I
0O4

N 717

4 HR

I I
IA

N
8.7 f-U

K2-3

N 5&3

48 HR

N Y-Uff
I x | | 13.71 J

6.7 72

I A B CI
FIGURE 5 Silicic acid column chromatographic profiles of
lipid extracts from liver obtained after i.v. injection of 10
IU of [1,2-3H] -vitamin Da to vitamin D-deficient rats
(series III).
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TABLE V
Major Chromatographic Fractions in Liver after i.-v. Injection of 10 I U of [1, 2-3H]- Vitamin D3

in Plasma (Series III) into Vitamin D-Deflcient Rats

Chromatographic
fractions 15 min 30 min 2 hr 4 hr 6 hr 24 hr 48 hr

%of %of %of %of %of %of %of %of %of %of %of %of %of %of
chrom. dose chrom. dose chrom. dose chrom. dose chrom. dose chrom. dose chrom. dose

I 0.4 0.1 0.4 0.1 1.0 0.2 1.4 0.4 1.0 0.2 9.9 0.4 6.7 0.3
II 6.2 2.0 3.7 1.4 2.9 0.5 5.6 1.5 2.6 0.4 3.8 0.1 7.2 0.4

III 88.2 28.4 89.7 33.6 87.8 16.7 79.7 22.0 89.9 15.8 50.2 2.0 56.3 2.8
IV 5.9 1.9 6.0 1.1 8.7 2.4 4.1 0.7 18.9 0.8 13.7 0.7

V + more polar 5.5* 2.1*
fractions 0 0 1.1 0.2 2.3 0.6 1.5 0.3 13.8 0.6 15.1 0.8

Mean values from pooled samples of four rats.
* Represents IV and V plus more polar fractions.

The second phase exhibited a most intriguing re-
bound in plasma radioactivity reaching a maximum be-
tween 2 and 3 hr after dose. This secondary peak of
radioactivity varies with each animal in its timing and
intensity. A similar phenomenon has been reported in
man and remained so far unexplained (2, 3).

Since this rebound occurs in the two rats with bile
duct cannulation, we may rule out the possibility of an
intestinal reabsorption of radioactive bile products. The
same was found by Avioli et al. in three patients with
complete biliary fistula (2).

The third period corresponds to a very slow dis-
appearance of plasma radioactivity after 2 days. It is
evident that such a slow decrease must be considered in
the eventual estimation of the biological half-life of
vitamin D and its metabolites. A calculation based upon
the 1st 2 days after injection is likely to give much
shorter apparent half-lives than if computed over weeks.

The plasma rebound of radioactivity observed after
intravenous injection of labeled vitamin D3 is a promi-
nent feature. It must be due to a shift of the radioactive
material from the extravascular, probably intracellular,
to the plasma compartment. This prompted us to look for
a reciprocal change in the radioactivity of different
tissues.

A very definite loss of radioactivity from the liver
was found during the plasma rebound occurring between
2 and 3 hr after dose. Although some radioactivity was
also lost from the skeleton and muscle, it was clear that
the liver was responsible for the major part of the
plasma radioactivity rebound by releasing into the
blood a large portion of the previously accumulated
dose.

Individual rat metabolic variations probably account
for some irregularity in the plasma and tissue radio-
activity curves. The characteristic pattern was best ob-

served by repetitive blood sampling on a single animal
rather than by data obtained from groups of rats killed
at each time. Ethanol used as a vehicle for injection of
the tritiated vitamin in one series of experiments (series
II) is responsible for the lower plasma radioactivities
when compared to the data obtained after injection of
vitamin D--H in plasma vehicle (15).

On the basis of the very high and quick uptake of
vitamin D by the liver (6, 16-18) followed by a prompt
release of the accumulated dose, it is reasonable to
assign an important role to the liver in the early meta-
bolic events of the vitamin. One aspect might be the
need to clear the lipoprotein-bound vitamin from the
plasma to favor a more specific protein binding (19).
However, the vitamin binds readily to its plasma pro-
tein carrier before the liver has released much radio-
activity, and even when added to serum in vitro (19).
Thus the obvious question of what is the nature of the
radioactive substance released by the liver into the
blood stream was raised. One important possibility is
that the released radioactivity represented vitamin D
metabolites particularly 25-hydroxycholecalciferol (ref-
erences 4 and 5, footnote 1) considered to be the active
form of vitamin D.

Chromatographic data show the appearance of large
amounts of 25-hydroxycholecalciferol (peak IV) in
plasma at 2 hr after dose. That corresponds with the
maximum rebound of plasma radioactivity. Since vita-
min D3 (peak III) (6, 11) was sharply decreasing, and
the other chromatographic fractions were unchanged,
the increase in plasma radioactivity must be due to the
appearance of 25-hydroxycholecalciferol. It was during
the same time that the liver was losing half of its 8H
radioactive content without significant change in its
chromatographic profile.

It is interesting to note that the maximum accumula-
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tion of 25-hydroxycholecalciferol (peak IV) in plasma
occurred by 24 hr, and that most of it was actually
produced during the first 4 hr. This is particularly rele-
vant to the observation that the earliest physiologic
effects of vitamin D3 occur between 10 and 12 hr after
an intravenous dose (1) and supports the idea that
25-hydroxycholecalciferol is the active principle of
vitamin D3.

More polar metabolites consisting mainly of peak V
appeared later in plasma and liver. These compounds
have not yet been characterized but have been shown
biologically inactive.'

The conclusion of these observations is that the liver
is responsible for the very characteristic rebound of
plasma radioactivity occurring around 150 min after
intravenous injection of labeled vitamin Da to D-defi-
cient rats. The radioactive dose accumulated in the liver
during the first 30 min is partly released into the blood
between 30 min and 4 hr. The rebound of radioactivity
in the plasma is accounted for by the accumulation of
the highly biologically active metabolite, 25-hydroxy-
cholecalciferol. It is further suggested that the liver is
the major site of hydroxylation of vitamin Da (chole-
calciferol) into 25-hydroxycholecalciferol. As soon as it
is synthesized in the liver cells, 25-hydroxycholecal-
ciferol is released into the plasma.
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