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olve B 1,25- min D3 (10) (Fig. 1). The possible metabo- 
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Side Chain Metabolism of 25-Hydroxy-[26,27-'4C]vitamin D3 

and 1,25-Dihydroxy-[26,27-t4C]vitamin D3 in vivo 

Abstract. Radioactive CO., was detected in expired air after the administration of 

25-hydroxy-[26,27-4'C]vitamin D:3 to vitamin D-deficient hypocalcemic rats; 14CO0 

was also detected after the administration of 1,25-dihydroxy-[26,27-'4C]vitamin D: to 
rats raised on the same diet. Nephrectomy totally abolished 4CO.2 formation after 
administration of 25-hydroxy-[26,27- 4C]vitamin D:,, but not tafter the administration 

of 1,25-dihydroxy-[26,27- 4C]vitamin D.:. The production of '4CO, commenced within 
4 hours after injection of 1,25-dihydroxy-[26,27- '4C]vitamin D:,, suggesting a possible 
relevance of this reaction to the finction of 1,25-dihydroxyvitamin D:,. These results 
at least demonstrate a new metabolic pathway of vitamin D3 metabolism involving 
the oxidation of a portion of the side chain of1,25-dihydroxyvitamin D1: to CO.. 
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Fig. 2. Cumulative 14C02 production by rats 
injected with 25-OH-[26,27-'4C]D: or 1,25- 
(OH),-[26,27'-1C]D:. Vitamin D-deficient rats 
were either left intact or nephrectomized and 
then injected intrajugularly with 650 pmole of 
25-OH-[26,27-1'4CD,, or 325 pmole of 1,25- 
(OH)2-[26,27-'4C]D:, in 0.05 ml of ethanol; CO, 
was collected at 4, 8, 12, 24, and 48 hours. 
The 14CO2 present at each time point was 
determined, and the cumulative 14CO., was 
plotted. The vertical bars represent the stan- 
dard error of the mean, and there were four 
rats in each group. 

taining 0.02 percent calcium and 0.3 per- 
cent phosphorus (11). After 3 weeks they 
were considered vitamin D depleted. Vi- 
tamin D deficiency was assessed by a 
lack of growth and low serum calcium 
levels (4 to 5 mg/100 ml). At the end of 
this period the animals were divided into 
four groups. Groups 1 and 3 received 650 
pmole of 25-OH-[26,27-'4 CD:,, while 
groups 2 and 4 received 325 pmole of 
1,25-(OH),-[26,27- 'C D:, intrajugularly 
in 0.05 ml of ethanol. Animals in groups 3 
and 4 were nephrectomized just prior to 
the injection of the 25-OH-[26,27-14C]D:, 
or 1,25-(OH),-[26.27--''C]D:,. After in- 
jection, all animals were immediately 
placed in a metabolism apparatus, and all 
expired CO2 ('2CO2 and '4CO,) was 
trapped in a solution of ethanolamine 
and methyl Cellusolve (12). This solution 
was changed at 4, 8, 12, 24, and 48 hours 
in the first two groups and at 4, 8, 12, 24, 
28, and 32 hours in groups 3 and 4. Ani- 
mals in groups 3 and 4 died 36 hours after 
nephrectomy and, therefore, the experi- 
ment was terminated at 32 hours. The 
"4CO2 was determined by liquid scintilla- 
tion counting (12). 

The cumulative amounts of "'CO, 
evolved in the four groups (Fig. 2) in- 
dicate that 'CO., is formed as a result of 
oxidation of at least a portion of the side 
chain of 25-OH-D:, and 1,25-(OH).D:,. 
Both 25-OH-[26,27-'4C]D3 and 1,25- 
(OH),-[26,27- 'C]D:, were metabolized to 
4CO.2; but "4CO, formation was abol- 

ished totally in nephrectomized animals 
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given 25-OH-[26,27- 'C]D:,, while '"CO, 
evolution from 1,25-(OH).,-26,27-' 'C}D:, 
was unchanged by nephrectomy. These 
data demonstrate that 25-OH-D:, is al- 
most certainly converted to 1 25- 
(OH).,D, before '4CO. formation from the 
26 and 27 carbons occurs. Other extreme- 
ly unlikely possibilities are that 25-OH- 
D:3 may be converted solely in the kidney 
to an unknown compound X, and that 
1,25-(OH),D:, could be converted to the 
same intermediate compound at an extra 
renal site, or alternatively 1,25-(OH),- 
[26,27-'C]D:, forms 4CO., via a pathway 
totally distinct from that for 25-OH-D:,. 
These hypotheses are summarized be- 
low: 

(i) 25-OH-D 
in kidn(lll" 25-OH- D:, - -->' 

1,25-(OH),D, -: 
(rly in kidtne 

(ii) 25-OH-D:, 

compound X 
extra renal 

1,25-(OH)2D: 
"a 

compound X 

(iii) 1,25-(OH)2D: 

?Y --- 

Although none of these hypott 
be completely excluded, the firs 
pears the most likely. 

The response of intestinal 
transport at 4 and 8 hours after 
the 1l25-(OH),-[26,27-"C]D:, is 
Fig. 3. In this experiment, grou 
vitamin D-deficient rats prepar 
scribed above were given an int 
injection of either ethanol vehic 
pmole of 1,25-(OH)2,-[26,27-"C i 
anol. At either 4 or 8 hours aftei 
intestinal calcium transport w 
mined by the everted sac techn 
The results show a clear respc 
hours, again illustrating the biol 
fectiveness of the 1,25-(OH 
'4C]D: at the time "CO., was de 
other experiments, no signif 
testinal response was noted at 2 
ter dose with a measurable rest 
hours, and varying the dose frc 
65 pmole of 1,25-(OH)2,D, did n 
ciably alter the time course of 
calcium transport response. 

It is, therefore, of significanc 
pired "lCO, begins to appear 
hours after administration of I,' 
[26,27-4C]D,,-early enough to 
nificance in intestinal calciur 
tion. Even if this proves not 
case, this pathway of 1,25-(C 
quantitatively of major signific 
counting for as much as 30 perc 
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Fig. 3. Intestinal calcium transport response 
of vitamin D-deficient rats to 1,25-(OH)2- 
[26,27-"C]D:,. Vitamin D-deficient rats (six in 
each group) were injected with 0.05 ml of 
ethanol or 0.05 ml of ethanol containing 130 
pmole of 1,25-(OH),-[26,27-'4C1D:3. At 4 or 8 
hours after injection, intestinal calcium trans- 
port was determined by the everted sac meth- 
od (13). 

CO., + '?? 

> 
injected parent compound. Thus, if this 

CO,, pathway represents breakdown or degra- 
sitcs dation of 1,25-(OH),D3, it may have ma- 

jor significance in the control of the tis- 
sue levels of 1,25-(OH)2D3,, a potent cal- 

O cium-mobilizing hormone. Either pos- 
sibility suggests that this new pathway 
of vitamin D metabolism may be of major 

- CO., importance to our understanding of vita- 
min D function. 
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