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Summary--25-Hydroxycholecal~ferol ~5-OHD~) ~ converted to 8~,25-~hydroxy-3-oxoneo- 
cholecal~ferol ~,25-(OH)~-3-oxonco-DO by ~ver microsome~ ~veo~r macrophages and 
myeloid ~ukem~ c e ~  The charac~fisfics of t~s reaction in fiver microsomes have been 
determined. Omis~on of an NADPH-generafing system or NADH res~ted in a > 75% 
reduction in the production of 8,25~OH)z-3-oxoneo-D~. In the absence of the cytosolic 
fraction, 25-OHD~ was conve~ed to products that comigrated with 8,25-(OH):-3-oxoneo-D3 
on a ~fica column developed with hexane-isopropanol, thereby preventing quantitafion. 
Production of 8,25-(OH)~-3-oxoneo-D~ was unaffected by EDTA and was stimulamd by 
N,N'-~phenyl-p-phenylenediamine. Both progesmrone and pregnenolone inhibimd 
production of 8,25-(OH)~-3-oxoneo-D£ inhibition by proges~rone was greater than that by 
pregnenoion~ 8,25-(OH)~-3-Oxoneo-D3 did not ~nd the thymus receptor for l~5-dihydroxy- 
cholecalciferol [1,25~OHhD~] at concentrations 10-fold higher than that of 1,25-(OH):D~. The 
lack of affi~ty of 8,25-(OH)~-3-oxoneo-D~ for the 1,25dOH):D~ receptor suggests th~ t~s 
mctabo~ ~ a degradative product of 25-OHD~, which might be produced when 2~OHD~ 
concentrations in the fiver are exces~ve. Synthesis of this metabofite in the fiver may be 
cat~yzed by enzymes that also metabofize other ster~ds. 

INTRODUCTION 

2~Hydroxycho~c~d~roi  (2~OHD~) ~ con- 
verted to 8a~5-d ihydrox~oxoncochdec~-  
~ r o l  ( 8 ~ , 2 ~ h y d r o x y - ~  1 0 - s e c o - ~  10(19)- 
cholestatrien-Yone; ~25-(OH):-3-oxoneo-D~) 
by ~ v c ~ a r  macrophages [1, ~,  mydoid 
~ukemh (M1, HL-60, and U93~ ceHs[l ,~,  
and liver microsomes [3]. 8,2~(OH):-~Oxonco- 
D~ resu~s ~om hydroxyladon at the 8 position 
and o~dation at position 3. The subsequent 
shift in double bonds changes the absorption 
ma~mum from 265 nm for 2~OHD~ to 295 nm 
[1, ~ for the ~hydroxy-Yketo metabolite. 

8,2~(OH)~-3-Oxonco-D~ was first ~enfificd 
as a produ~ of 25-OHD~ metaboNsm by phago- 
cytic ce~s [1, 2], which ~so  produced 10-oxo-19- 
nor -2~hydroxycho lec~fe r~  (10-oxo-19-no~ 

*To whom correspondence shoed be addrm~d at: Deparb 
ment of N~don~  Science~ U~versi~ of Wi~onsi~ 
1415 Linden Drive, Mad~on, W153706, U.~A. 

Abbrev~tions: 2~OHD~, 25~ydroxychdccald~r~; I~Y 
(OHhD~, 1,2S-dihyOroxychcecal~rol; 2S,26-(OH):D~, 
25-2~dihydroxycholccalciferol; 24,25-(OH):D~, 24,2~ 
~hydroxyoholecel~fer~; 8~5~OH)2-~oxoneo-D~, 8~2~ 
d~ydrox~3-oxoneocholecalcif~ol, 8g2~hydrox~ 
~1~seco~,6,1~19)-cho]estat~¢n-~-one; DPPD, N,N'- 
dipheny]~-phenylenediamine. 

25-OHD3~ Synthefis of 8~5-(OH)2-3-oxoneo- 
D~ in phagocytic cells differed from that of 
10-oxo-19-nor-25-OHD~ in that 8~5-(OH)~3- 
oxoneo-D~ was produced at longer incubation 
periods (12-24 h as compared with 1 h) and was 
not produced in the absence of phagocytic cells 
(nonenzymafica~y). It was proposed that a 
dioxygenase catalyzes 8,25-(OH):-3-oxoneo-D3 
synthesis in phagocytic ceNs [2]. 

The present authors subsequently demon- 
strated the conversion of 25-OHD~ to 8~5- 
(OHh-3-oxoneo-D~ by liver microsomes [3]. The 
~ver h known to be the m~or  site of production 
of 25-OHD3 ~om cholecal~ferol, but had not 
been shown previously to be a site of subsequent 
metabolism of 25-OHD~. In this reporL the 
charactefis~cs of  the reaction producing 8~5- 
(OH)~-3-oxoneo-D~ in fiver microsomes are 
addressed and a function for this metabolite ~ 
proposed. 

M.A~RIALS AND M E T H O ~  

M a ~ r ~  

C~stalline 24,25-dihydroxycholeca~rol  
[ 2 4 ~ 0 ~  2~2~oxy~a~ 
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erol ~ 2 ~ ( O H h D  ~ and 1,25-dihydroxyehole- 
c~dferol [125-(OH)~DO were #ffs from 
Dr Milan R. U s k o k o ~  Hoffmann-LaRoche, 
Nufle~ NJ. Crysta~ne 2~OHD~ was a gl~ 
from Dr John Baheoek (U~ohn Co., Kahma- 
zoo, MI). Concen~ations of the cholecaleiferol 
metaboHtes were determined in ethand by ~v. 
absorbance (Lambda 3B u~./~s spec~opho- 
tometer; Per~n-Elmer, N o r v ~  CT) at 265 nm 
u~ng a "mo~f '  extinction coeflident of 
18,200 M-)em -~. Organic solvents were an~yti- 
c~ or HPLC grade. Glucose ~phosphate, 
glucose &phosphate dehydrogenas~ ATP, 
hicotinamide, NADP +, ketoconazole, EDTA, 
progesterone, pregnenolone and N,N'-dipbenyl- 
p-phenylenediamine (DPPD) were obt~ned 
from ~gma (St Loui~ MO). 25-Hydrox~ 
[26,27-methyl)H]choleealdferol was purcha~d 
~om Amersham Corp. (ArHn~on H~gh~, IL) 
and was purified [4] before use on a ~46 × 
25 cm Zorba~Sfl HPLC column (Dupont Co., 
Wilmington, DE) with hexane-isopropanol 
~ 4 : ~  v/~ at a flow ra~ of 1 ml/min (Dupont 
8800 Pump). S y n t h ~  2~OHD~ ~rved as 
~andard. 

Anima~ 

Ma~ Sprague-Dawley rats (Charles River 
Lab~ Wilmington, MA) were m~nt~ned on a 
~tamin D-defident diet [5] containing eal~um 
and phosphorus at a Mvd of 0.4% OCN, 
Clevdand, OH). At sacrifice, rats were 
anesthetized with ethel guillotined and thor 
rivers exci~d. 

Preparation of microsomes 

The five~ were rinsed with ice-odd 0.25 M 
sucrose and homoge~zed ~ 3 vd of 0.25 M 
sucrose, ~05M imidazo~ (pH 7.4) with a 
motor-driven glass-Teflon Potter-Elvehjem 
homogenizeL PoamitochondriM supernatant 
fractions were prepared ~om the rivers by cen- 
trifugation at 12,000g for 15 rain at 4°C [6~8]. 
Microsomes (pe~et) and cytosol ~upernatan0 
were prepared ~om the 12,000g supernatant by 
centrifugation at 105,000g for 60 rain at 4°C M 
an L8-70 ultracentrifuge (Beckman Instruments 
Inc., Palo Alto, CA). The microsom~ pellets 
were sur~ce-rinsed twice with 0.25 M sucrose 
and resuspended ~ a vdume of ~25 M sucrose, 
0~5 M irnidazoM equal to the volume of the 
postmitochondriM supernmant ~om which they 
were derived. The fluffy whi~ layer at the top of 
the cytosd~ fraction was removed with a Pasteur 
pipet~ and the rem~ning supernatant was used. 

Incubat~n conditions 

M~rosom~ suspen~ons ( l~ml)  were incu- 
ba~d in the presence of 2~ mM magne~um 
acetat~ 25raM potas~um acetat~ ~4mM 
NADP +, 20 ram nieotinamide, 4~ mM ~ucose 
6-phosphate, 1.2 U ~ucose 6-phosphate dehy- 
drogenas~ 1ZS#M DPPD, 33 mM imidazo~ 
(pH 7.4) and 1 ml of cytosol. Total incubation 
volume was 3.0 ml. Trip~eate incubations were 
mad~ Each flask was gassed with oxygen for 
l mi~ a~er which ~I-I]2~OHD~ (1.7~M, 
60,000 dpm/nmol) or unlabeled 2~OHD~ 
(25-83~M) was added ~ 20~1 ethanol. The 
flasks were ~oppered and incubated in a 
Dubnoff shaking incubator for 30 rain at 37°C. 
Each incubation flask contained 5~ mg 
microsom~ protein and 18~ mg cytosol~ pro- 
teim In some experiment~ cytosol was rep~ced 
by ~25 M sucrose-0.05 M imidazole buffer. In 
each experiment, boiled mierosomes, incubated 
in the same manner as unboiled mierosome~ 
served as consols. The reactions were termi- 
nated by the addition of 1 vol of cyclohex- 
ane-eth~ acetate (1:1, v/v). Postmitochond~ 
supernatant ( l~ml)  was used in those 
incubations testing the effec~ of various agent~ 
In these experiments, higher concen~ations of 
un~bded 2~OHD3 (25-83#M) were used, 
~nce ~ was found (unpublished result~ that 
production of 82~(OH)~-3-oxoneo-D~ varied 
with concentrat~n of 25-OHD~ and had not yet 
reached saturation at 17 #M. In the incubations 
where NADH replaced NADP+, other 
components of the NADPH-generating system 
(nicotinamide, glucose 6-phosphate and glucose 
~phospha~ dehydrogenas~ were included in 
the incubation mixture. Ketoconazole, DPPD, 
progesterone and pregnenolone were added to 
each incubation in 10#1 of ~hanol. An equ~ 
volume of ~hanol was added to control 
samples. EDTA was added in deionized water. 

The incubation mixtures were extracted once 
with 2vo119] of cyclohexane--ethyl acetate 
(1:1, v/v) and once with 3 vd of a h ~  ether 
(passed first over an ~umina column~ The 
ex~ac~ were tom,ned and evaporated under 
ni~ogem 

Chrom~ograph~ analys~ 

The ~ d  extrac~ were chromato~aphed on 
~uminum-baeked filiea gel 60 F2u TLC ~ates 
(E. Merck, Darm~adL Germany). M~d 
ex~ac~ of the incubation minute were spotted 
under a stream of ~ o g e n  as bands 2 cm wid~ 
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Five samples were spored 1 cm apa~ on a 
20x 20cm TLC ~a~.  Synthetic 2<25- 
(OHhD. 25,26-(OHhD~ and 1,2~(OH)2D~ 
spotted in the cen~r of each plate, ~rved as 
externM gandard~ The p ~ s  were developed 
with chloroform-ethyl acetate (1:1, v/~ for 
90min[ l~  11]. The migration ~stance was 
14 cm. The ~andards were ~sualized under an 
~ hmp at 254 rim. 

The regions on each TLC chromatogram that 
co~esponded to the dihydroxy metabolites were 
scraped ~to 9 in. Pasteur ~pets plugged with 
~ass wo~. The memboli~ was duted ~om 
the ~ c a  with 30 mi ~h~  acetate. The eth~ 
aceta~ extracts of the dihydroxy metabohte 
re~ons we~ evaporated under ~trogen, re- 
di~olved ~ hexane-isopropan~ ~0:1~ v/v), 
and chromatographed on a 0 A t x 2 5 c m  
Zorbax-Sfl HPLC c~umn (Dupont) with 
hexane-isopropan~ O0:1~ v/v) at a flow ra~ 
of I mi/min [4]. Synthetic 24,2~(OH):D~ and 
25~6-(OHhD~ served as ~andards. U l ~ a f i ~  
absorption of the standards was monitored at 
265 nm with a Wate~ Lambda-Max Model 481 
fiquid chrom~ography spectrophotometer 
( W a ~  Chromatography Difi~o~ Milford, 
MA). Ra~oa~i~ty in the experimental sam~es 
was too&toted by c~kcting (using a 2070 UI- 
~orac H fraction collector from LKB Produkter 
AB, Bromm~ Sweden) and counting 30 1-ml 
fractions ~om the column. The fractions were 
evapora~d, di~olved in 3aTOB scintillation 
fl~d (Research Produc~ In~rnafion~ Corp., 
Mt ProspecL IL), and counted ~ a Modal LS 
5801 fiq~d sontiHafion counter (Beckman 
Instruments IncO. 

The reminder of each of the TLC 
chromatograms were sectioned into three parts 
(from origin to ~ont). The ~ctions were cut into 
20 mi counting fi~s and counted u~ng 10 mi of 
3a70B scintil~tion fluid. Disintegrations/rain 
(dpm) were calculated for all samples counted 
u~ng a stood ~andard curve (ex~rn~ 
s~ndard~ation). The ra~oactivity found on 
the reminder of the TLC chromatogram was 
added to that obt~ned on each HPLC 
chromatogram ~ order to compu~ recovery. 
The average overall recovery was 57%. The 
radioa~ivity ~ the m~abofi~ peak was 
corrected for recovery and the speofic acfifity 
of the incuba~d 25-hydroxych~ecal~rol 
(60,000dpm/nmo~ was used to calcu~te the 
number of nmol of m~aboHte formed. Boiled 
microsomes were incubated and ev~ua~d ~ the 
same manner as the experimental sample~ The 

~ was not p ~ m  ~ t ~  ~mpks 
i ~ a ~ d  ~ t h  boiled m ~ m ~ m ~  

In s o ~  e x ~  s a ~  were ~ h ~ -  
m ~ ~  on a 0 A 6 x 2 5 ~  Z o r ~  
H P ~  ~ n  ~ 0  ~ d ~ ~  
~ p ~  O5 : 5, v ~  ~ a f l ~  m~ ~ 1 m ~ n  
a ~ r  ~ t h  ~ c h ~ t h a ~ t h a n o l  ~ 8 : ~  
~ at a flow ra~ of 2 ~ [1~. S y ~  
2~OHD~ ~ ~  ~ d  2 5 ~ ~  
~ as e x ~  ~ d ~  ~ ~ s  
• o~ng ~ o n  of 8 ~ 5 ~ O ~ o x o n e ~  
~ t h ~  thee ~ s  are a v ~ b l e  ~ an ~ r ~ r  
p u ~ c ~ o n  ~ of the aut~rs.  

In those e ~ m e n ~  e m ~ o ~  n o ~ a ~ l ~  
25~HD~, ~ o s y ~  8 ~ 3 - o x o n e ~  
was e m p ~ d  as ~anda~. ~ extinction co- 
e f f i ~  ~21,878 M -~ ~ - l  and the abso r~n~  
~ ~ ~ we~ u~d ~ d e t e ~ n e  the a mour  of 
8~(OH~3-oxone~D~ c ~ o m ~ p h ~ .  A 
~sponse factor w~ ~ l c u ~ d  by c o ~ g  
t ~  ~ a k  area ~ synth~c 8 ~ H ~ o x o n e o -  
~ ~ t h  the k n o ~  amou~ of the ~nthetic 
smnda~ ~ r o m a ~ d .  T~s r~pon~ 
factor was used to c ~  t ~  a mour  of 
8~5-(OH)~-oxoneo-D~ ~ u c ~  in each ~cu- 
~tion.  R ~ t i v e  2 ~ O H ~  ( 5 ~  dpm) ~ 
a ~  to each incubation i~edia te ly  fo~o~ng 
i n c ~ o n .  The ~ a g e  of ra~oactive 
2 ~ H ~  r~overed was ~ d  to assess w ~ e r  
~ o v e ~  was e ~  ~ ~ sam~e~ 
~ h ~  2~OHD~ m o ~ d  at 2 6 5 ~ ,  
~ r v ~  as a ~anda~ ~ r  t ~  ~ution t ~ e  of the 
mdioa~ve tra~r. 

T f i ~ t e  ~cubations ~ ~ d e .  T ~  
p r o b a b ~  of ~ n ~  ~ t w ~ n  two means 
was ~ i n e d  u~ng a ~ o - t ~  t-~sL 
~ o ~ s  we~ a s ~ y ~  by the method of ~ w ~  
et ~ [1~ u~ng ~ n e  ~ a~um~ as a 
s m n ~  

1 , 2 5 - D ~ d r o ~ c h o ~ c a ~  radioreceptor ~ -  
s ~  

~ o s ~ c  8 ~ 5 - ~ - o x o n e o - ~  was 
p ~ d  and q ~ t e d  ~ ~ r  u~  in ~ ashy 
of ~ p t o r  ~ n ~ &  The ra~or~e~or  ~say 
~ t  (INCSTAR Co~., S ~ a ~  M ~  con- 
t~ned the ~ u s  r ~ t o ~  w ~  ~ s ~ c  
~ r  both 1 ~ ~  ~ d  l ~ 5 - ~ H ~  [1~. 
The m~hod e m ~ d  was a noneq~bdum 
competitive ~n~ng  assay. 

~ T S  

~ - ~ r O x o n e o - ~  was of i~n~y ~ o ~  
to ~ p r o d ~ d  by Hver m~osom~ h ~e 

SB~B 3~6--F 
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presence of an NADPH-generating system and 
the cytoso~c ~acfion [3]. When the NADPH- 
generating sys~m was o m ~ d  from the 
incubation mixture, the amount of 8,25-(OH)2- 
3-oxoneo-D~ produced was ~duced appro~ 
77%, from Z12±~08  to 0 A 9 ± ~ l l n m o i / g  
fiver per h (Table 1). NADH was capable of 
subsdtuting for NADPH. In the p ~ n c e  of 
NADH, appro~ 0.5% of the substra~ in the 
~cubation mixture was converted to product in 
30 rain. The effect of the two cofactors on the 
reaction cannot be compared ~nce NADH was 
~ the reduced sta~ ~ the s~art of the incu- 
bations, but NADP +, present at the sta~ of the 
~cubation~ had to be reduced to NADPH by 
~uco~ ~phosphate dehydrogenase. The ra~ of 
production of 8~5-(OH)~3-oxoneo-D3 varied 
with the amount of postmitochondHal super- 
natant used (Fig. 1~ 8~5-(OH)2-Oxoneo-D3 was 
not produced when the postmitochondfi~ 
supernatant was b ~ d .  

When microsomes were ~cuba~d in the 
ab~nce of cytosol, an apparent grea~r pro- 
duc~on of 8,25~OH)~3-oxoneo-D~ occu~ed, as 
e~denced by the ~ze of the peaks from sam~es 
chromatographed on a silica column devdoped 
with hexane-isopropanol. Howeve~ when the 
metabolite re ,on  was rechromatographed using 
a different solvent system (Fi~ ~,  a ~n~e peak 
was obt~ned ~om those incubations made ~ 
the pre~nce of cytosol (Fig. 2B), but two peak~ 
n~ther of w~ch co-migrant with the metab- 
olite, were obt~ned ~om those ~cubations 
made ~ the absence of cytos~ (F~. 2A). When 
2~OHD3 was ~cuba~d with cytos~ o~y ~he 
absence of microsomes), 8~(OH)2-~oxoneo- 
D~ was not produced. In the presence of cytos~, 
DPPD ~imulated microsomal production of the 
~hydroxy-3-keto metabolite ~om 2~6±0.13 
to Z15 ±~16nmol/g fiver per h (Ta~e ~.  In 
the same expe~ment 3 mM EDTA had no effect 
on the production of the m~abofi~. 

Tabk I, The effect of NAD(P)H on production of ~25~OH)~oxo- 
neo-D~ by fiver microsoraes 

8,25-(OH)~-3-O~oneo-D~ 
production 

Incubation conditions (nmoFg ~ver per h) 

Pastmitcchond~al supernamm ~ ± ~1 I 
+ NADPH ~n~atin8 system l 12 ± ~08 
+ 1 ~ mM NADH Z92 ± ~06 

Boiled postmh~hondrial supernatant 
+ NADPH gen~atlng ~stem O 
+ 1~ mM NADH 0 

Postmitochond~al supernatant from ~25 g liver was incubat©d with 
potassium acetate, maguc~um acetate, DPPD, imidazole buffer 
(pH 7.4) and 25~M 25-OHD~ for 30rain at 37°C. Product was 
analyzed as in Materi~s and Methods. Values ate mean ± SD 
for 3 incubations per group, 

• ~I t.51 ~° I O 
~ m ~ h ~  s u p ~ n ~ a ~  (mL} 

~ ,  1, ~ n d ~  ~ ~ p ~ u c t i o n  ~ ~ H ~ 3 - o x ~  
n ~ s  ~ ~ s ~ t ~ h o n d ~  ~ n t  cont~t.  ~ n g  
volum~ of ~ s t ~ t ~ h o ~  s u ~ n t  ~ e  ~ c u ~  
~ 17~M 2 ~ O H ~  ~ r  ~ n  ~ 3 ~ C  ~ ~ a ~  ~ 
• e ~ b ~ o n  ~ t ~  w ~  p ~  ~ T ~  ~ d  ~ ~ 
d ~ e r ~ t  HPLC s D t ~  C h r o m e W ~  ~ o ~ n g  ~ -  
~ a t ~ n  of 8 , 2 5 ~ - o x o n ~  ~ ~ e ~  ~ r ~  s y s ~ s  
~ s v a ~ e  ~ ~ ~ ~ n  ~ P r o d ~ i ~  of 
~ O ~ - o x o n e w ~  w ~  m o ~ t o ~  ~ ~v.  a ~ o r ~ n ~  

~ 295 ~ .  

Production of 8,25-(OH)~3-oxoneo-D~ was 
reduced by 34% in the presence of 50~M 
ketoconazole (Table 3). Addition of pro- 
gesterone and pregnenolon~ at concentrations 
of 50 ~M, reduced production of 8,25-(OH)~ 
3-oxoneo-D~ by 65 and 28%, respectively 
(Table 3). 

32 
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R~hromatography of ~ r a d ~ a c t ~  ~ t  ¢o- 
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column d~eloped with hexan~iso~opan~ ~0:1~ ~ 
when mi~osomes were ~cubated ~ ~e ab~n~ (A) and 
p ~ n ~  (B) of cytosoL Rcc~omato~aphy was on a Zo~ 
bax~fl column d~eloped with ~¢~orom~an~methanol 
~5: ~ v/v). The unla~led a~ows i n ~  ~e elution fim~ 

of 2~OHD~ and 24,~-(OH)~D~. 
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Tab~ ~ Eff~t ~ ~ t i o x ~ n ~  ~ ~e p ~ o n  ~ ~ O H ~  
o x o ~  ~ ~ ~ ~2~o~3~ 

p ~  
] e ~ o n  ~e~on~  ( m ~ [  , ~  ~ ~ 

P ~ t ~ o ~  s u ~ t  ~ ~ ~13 
+ 10 #M DPPD ~.]~ ± a16 
+3 ~ EDTA ~27 ± ~05 

~ i ~  s ~ t  ~mm 0.25 S " ~  ~ ~ u ~  ~tb 
25#M 2~OH~ ~ ~ ~ o~ ~ m ~  
~ m ~ ,  ~ ] e  b ~  ~H ~ . d  ~. H A D ~ -  
~ d ~ S  s ~  ~o~ ~ ~ ~ ~ u O  m ~ | ~  ~ 
~ M a ~ s  a ~  M ~ b ~  Va1~ ~ ~ ± S D  ~r  3 
i ~  W ~ P .  

Tab~ • ~ of v~ous ~ oe ~ ~ 8 ~ O H ~  
o x o ~  ~ ~ r  ~ 

• 8 , 2 ~ ( O ~ o ~  p ~ o .  

I ~ o ~  ~ o ~ s  m ~  , ~  ~ ~ % ~ ~n t~ l  

~n~o l  ~ ± ~  ~ 
+ ~ pM k ~ n ~  ~ ± ~ ~ 
+ ~ # ~  ~ o . e  ~07 ± ~30 72 
+ ~ pM ~ e  ~ ± ~ ]~ 

P ~ t ~ o n d ~ . l  s ~ t  ~ 0.2~ S f i ~  ~ i ~ u ~  ~ 
~ ~ ~ ~ m  ~ m ~ ,  ~ ~ m ~ ,  DPPD, 
i ~ k  ~ H  ~ ~ N A D P H ~ t ~ S  s ~  a ~  ~ M  
~ H ~  ~r  ~ ~ n  ~ ~ ° C  ~ t ~ n ~ l e ,  ~ l o n e  a ~  
p m ~ e  w ~  ~ d ~  ~ ~ n ~ .  Values ~ ~ ± SD ~ r  
3 i neu~ons  ~ ~ .  

In a ~ of binding of ~25-(OH)2-oxoneo-D3 
to the l~5-(OH)2D 3 thymus receptoL 8 ~  
(OH)~3-oxoneo-D3 failed to bind the receptor 
at concentrations 10-fold greater than that of 
I~5-(OH)2D ~ (Fi& 3). 25-OHD 3, the precu~or 
of 1,25-(OH)2D~ has been shown to bind the 
thymus receptor at levels 10-fold grea~r than 
that of I~(OH)2D3 ~ .  

D ~ C U S ~ I O N  

~25-(OH):-Oxoneo-D~ was first ~ o v e r e d  as 
a product of membohsm of 25-OHD~ by phago- 
cytic cel~ [1, 2]. A dioxygcnasc was suggesmd as 
the enzyme cataly~ng the reaction and a mech- 
a~sm for the o~dation was proposed [2]. The 
~quirement for NAD(P)H in the production 
of 8,2~(OH)~oxoneo-D~ by liver microsomcs 
would suggest that the enzyme ~volved in 
formation of ~25~OH)2-3-oxoneo-D3 req~res 

~o~ ~ ~  

~a ~ ~ .  

IO ~ I0 ~ 
pgltube 

~ .  3. ~ ~ ~ y  ~ 8 ,25-(OH): -3-oxo~D3 ~ r  ~¢  
~ u $  ~ t o r  ~ r  I~$-(OH)~D~. A ~ d ~ m p t o r  ~ y  

~ t  ma~k¢t~ ~ IHCSTAR C o ~  w ~  ~ .  

I I 
~0~ 10 ~ 
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a second substrate and is, thu~ not a ~oxyge- 
na~. Although two ~ s  of the 2~OHD 3 
molec~e am o~dized, two oxygens am not 
incorporated ~to the 25-OHD3 subs~ate, a 
reset expected ff a ~oxygena~ were involved. 

In thh stud~ 2~OHD 3 was conve~ed to 
~25-(OH)2-3-oxoneo-D ~ ~ the presence of c~o- 
sol, but to two ~ffe~nt u~dent~ed peaks ~ the 
ab~nce of cytosol. It ~ not known wheth~ 
the~ two unident~ed peaks are specific enzyme 
produc~ or nonspecific o~dation product~ 
The~ two peaks we~ produced ~ the p ~ n c e  
of DPPD, an antio~dant. 8,25-(OH)2-3-Oxo- 
neo-D3 has been shown pre~ously ~ be the 
o~y ~gn~cant membofite of 2~OHD~ th~ ~ 
bioloocaHy produced by microsomes ~ the 
presence of c~os~ [3]. The production of ~2~  
(OH)c3-oxoneo-D~ ~ the p ~ n c e  of cyWsol 
was s~mu~ted by DPPD. The metal c h ~ o r  
(EDTA) n~ther stimulated nor inhibi~d the 
~actio~ Thee ~s~ts  ~so sugg~t that ~25- 
(OH)c~oxoneo-D~ ~ ~o~ocally produced. It 
appea~ that both DPPD and c~os~ am necess- 
a~  for opfim~ production of 8~(OH)~-oxo- 
neo-D~ by ~ver mi~osomes. 

The necessity ~ r  DPPD and cytos~ when 
investigating cholecal~rol membofism by fiver 
microsom~ has been established p ~ o u s l y  
[6-~. Bhatmcharyya and DeLuca[~ have 
shown that degrada~on of cholecal~ferol by 
fiver microsom~ was p~ven~d by the ad~tion 
of DPPD, but that maximum 25~ydrox~ation 
of cholecal~fer~ was ob~rved only when cyto- 
s~ was added to the ~cubation. C~os~ both 
preven~d degradation of ch~ecalci~r~ and 
s t i m u ~ d  25-hydroxyla~ acui ty  ~, ~. In ex- 
periments by the a u~o~  [8], the cy~solic frac- 
tion stimulated ~e mi~osom~ c h ~ e c a l ~ r ~  
25-hydrox~a~ ~action ~ ad~t r~s up to 
2-fol~ The~ dam ~ c a ~  th~ a cytoso~c 
fac~r ~ ~so stimulatory ~ r  metabolism of 
2~OHD~ to 8~(OH)~3-oxoneo-D~ by ~ver 
microsom~. 

Holl~ et aL [l~ have shown recently that a 
M, < l~000 c~os~ ~ t ra~  as well as a M, 
< 1000 ~trate we~ capa~e of inc~asing I~5- 
(OH)~D~ production by human t r o p h o b ~  
mi~chondfia and mi~osom~ up to l~fol~ 
The M~ < 10,000 ~ e  had no effect on I~5- 
(OH~D~ or 2~25-(OH):D~ production by ~g 
~dney m i ~ c h o n d ~  bu~ stimulated I~5- 
(OH)~D~ production by ~g k~ney microsom~ 
3-fold. The authors sugge~ed that the 
production of I~ (OH~D~ by microsomes 
and ~opho~astic mimchond~a ~v~ves the 
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insertion of oxygen at the I position of 25-OHD5 
by a free r a d ~  mechanism [1~. l-Hydrox~- 
afion by the~ subcellular fra~ions was inhibited 
by DPPD and by EDTA. The data of Holl~ for 
p~centM ~ v#ro metabolism of 2~OHD3 ~ffer 
markedly from that for hepatic metabolism of 
2~OHD~. Present experiments suggest that the 
cytosofic fraction of fiver s t imulus  conversion 
of 25-OHD~ to 8~5-(OH)2-3-oxoneo-D 3 and 
that this converfion ~ not inhibi~d by DPPD or 
EDTA. In these experiment, fiver microsomes 
• d not conve~ 2~OHD3 to 1,25-(OH)2D3, 
~ther ~ the presence or absence of cytosol. 

The protective and stimu~tory effects of rat 
fiver cytos~ may be due to sub~r~e ~abifiz- 
afion [8]. For exampk, an ~ocopherol cytoso- 
fic ~nding protein spe~fic to Hver has been 
~ a t e d  and shown to transfer ~-tocopher~ 
from fiposomes to microsom~[l~. Miller 
and Ghazarian [1~ have ~ a t e d  two ~n~ng  
proteins ~om c~ck fiver cytoso~ one that ~nds 
~tamin D3 and 25-OHD~ and a second that is 
specific for 2~OHD~. Pmfiminary experiments 
by the autho~ indica~ bin~ng affinity for both 
~tamin D3 and 2~hydroxy~tamin D3 by a 
fraction of rat ~ver cytosol with M~ > 100~00 
(unpublished resultS. The mokc~ar w~ght 
of this ~action sugges~ that t~s protfin ~ 
not ~enticM to the I~(OH)2D~ receptor or 
~asma ~tamin D ~n~ng  proton (DBP). 
A ~n~ng  protein in this fraction might be 
Mv~ved ~ sub~ra~ or product sta~fizatio~ 
It is not known at this time wh~her this ~gh 
molecular weight protein ~ a single po~peptide, 
a m~timer or a com~ex. 

K~oconazole, a po in t  cytochrome P450 
~M~toL ~ h i ~ d  synthes~ of 8,2~(OH)~ 
3-oxoneo-D~ 34% at 50pM. Ster~d l ~ -  
hydroxylase activity, however, ~ reduced s ~ f i -  
cantly ~0%) by concen~ations of kctoconazok 
as ~w as ~12#M~8].  Sheets et al .[l~ re- 
ported that t~s s~ect~e ~hibition ~ due to the 
• rect interaction of im~azok anfimycofics 
with the various forms of cytochrom~ P450. 
There efi~ multiple ~ozym~ ~ ~ver micro- 
some~ each with substantial~ ~fferent affi~ties 
for imidaz~e anfimycotics[l~. K~oconazok 
undoubte~y ~nds more specifical~ with the 
cytochrome P450 responfi~e for hydroxy~tion 
at the 16 position than R does to the ~ozyme 
responfibk for 8~(OH)2-3-oxoneo-D3 pro- 
duction. 

~nce synthes~ of 8,25-(OH)~3-oxoneo-D~ 
~vo~es formation of a ketone at C-3, the 
authors hypothefized th~ a 3~-hydroxy~er~d 

dehydrogenase was involved in the synthesis of 
the m~abofit~ It had been reposed recently 
that human fiver microsomes posse~ the abifity 
to conve~ 3~- and 3~-hydroxydesoge~rel, a 
proge~ogen or~ contraceptive, to the bioloo- 
cally active 3-keto form [20]. Inhibition stud,s 
sugge~ed that the enzymes cataly~ng the o~- 
dafion are pos~bly 3~- and 3~-hydroxy~eroid 
dehydrogenases ~ .  Pregnenolone, a subs~a~ 
for the 3~-hydroxysteroid dehydrogenase- 
~omerase in the a d r e n ~  inhibi~d synthesh of 
8,2~(OH~-3-oxoneo-D3 by 28%. Proges~rone, 
the product of the 3~-hydroxys~roid dehydro- 
genase-isomerase reactio~ inhib~ed synthes~ 
by 65%. The two inhibito~ were present in the 
~cuba~on mixture at concentrations l~-fold 
grea~r than 2~OHD3. It ~ not known 
wh~her pregnenolone and proge~erone were 
metabolized by rat fiver microsome~ because 
the chromatograph~ techniques employed 
were designed for the separation of cholecal- 
~ r o l  hydrox~ated m~abofites. These ~udies 
suggest, howeve~ that the enzymes inv~ved in 
the formation of this cholecalci~rol metaboli~ 
do bind pregneno~ne and progesterone. 

It is proposed here that the enzymes that 
cat~yze synthesis of 8~(OH)~oxoneo-D~ 
are constitutive~ expressed in the fiver and are 
a~e to bind and m~abolize 2~OHD~ to 8,2~ 
(OH)2-3-oxoneo-D3. 8,2~(OH)~Oxoneo-D~ is 
produced by fiver m~rosomes from both m~e 
and ~m~e rats and ~om both cho~calci~rol- 
defi~ent rats and cholecalciferol-replete rats 
(unpubl~hed data). The sub~ra~ concen- 
trat~ns required for production of ~25-(OH)2- 
3-oxoneo-D 3 are relativ~y high compared with 
that required for microsom~ cho~calci~rol 
25-hydrox~a~on in liver [7]. ~25-(OH)~3-Oxo- 
neo-D~ was ~so unable to bind the thymus 
receptor for l~5-(OH)2D 3 at concentrations 
10-fold greater than that of I~5-(OH)2D3. 
Formation of 8,2~(OH)2-3-oxoneo-D 3 at high 
substrate concentrations and the low affi~ty 
of 8~(OH)2-~oxoneo-D~ for the thymus 
receptor sugge~ that t~s metabofi~ may be 
a degradative product of 2~OHD3, w~ch ~ 
formed when 25-OHD~ ~v~s in the fiver are 
exces~ve. Synthes~ of t~s metabofite in the 
fiver may be cat~yzed by enzymes that ~so 
m~abofize other steroids. 
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