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S e m m a ~ - - T h r e e  A-ring analo~ of l~25-~hydroxyvi~min D~ (l,25(OHhD3)~2-no~l,3- 
seco-l,25(OH)~Da (2-nor ana~g), 2-oxa~¢ox~25-OH-Ds (2-oxa ana~g), and A&omo-~ 
deoxy-3,3-dimethyl-2,~dioxa-25-OH-D~ (A&omo analog)~we~ ~stcd ~r ~r abiH~ to 
in.bit 25-OH-Drla&ydrox~a~ (l~&ydroxylas¢) ~ h~a~d mitochondria and to ~ter 
2~OH-D s metabolism in c~d c~ck ~dney ~I~. The 2-nor and 2-oxa analogs we~ 
~fively point (K~s of 60 and 30 nM, ~spectively, compared wi~ 170 nM ~r 1,25(OHh D s L 
whe~as ~e A~omo anflog was completely ineff~five ~ ~fing l~-hydroxylas¢ a~ifi~. 
In co~rasL all thr~ analogs were a~e m ~pr©~ 1~&ydroxyl~e and ~duce 2ghydroxyla~ 
acfifi~ ~ cultured ch~k ~dney ~I~ sugg~fing ~at t~s process ~ not one of ~rect act~n 
~ the mitochondd~ bm ~ mo~ Hk~y ~ be a ~ o r - m e ~ a t e d  one. 

INTRODUCTION 

The fin~ and rate-limiting step h the 
biosynthesis of lg25-dihydroxyvitamin Da 
(l~5(OHhD~g the potent cal~tropic s~r~d 
hormon~ ~ the l~-hydroxylation of 25-OH-D3, 
the major drculating derivative of fitamin D~. 
Th~ hydrox:afion ~ carried out by a ~dney 
mitochondd~ cytochrome P450 dependent 
mixed f u n ~ n  ofida~. 2gOH-D~-la-hy- 
d rox :a~  (la-hydrox:as~ can easi~ be 
measured in mitochondfia holated from kidney 
ti~ue from fitam~ D defic~nt c~cks [1]. In 
addition both the 1~- and 24R-hydrox:afion of 
2~OH-Ds can be asses~d in primary cultur~ of 
c~ck kidney cells [2]. In t~s case the rehtive 
acti~ties of the two hydrox:a~s are dependent 
on the exposu~ of the cells to I~5(OHhD~, or 
active an~ogs of the s~r~d hormon~ w~ch 
repress the la-hydrox:ase and induce the 24R- 
hydrox:ase. The mechanism of the~ effects 
have not been ducida~d on a mo~cular lev~ 
but the induct~n of the 24-hydroxyhse ~ 
known to ~ q ~  protein s y n t h ~  ~, ~ and ~ 
has been suggeged [4] that both change~ Le. 

*To whom corrcspon~n~ shoed ~ addressed. 

repression of the la-hydrox~ase and induction 
of the 24R-hydrox~ase, are ~ d  receptor 
mediated events ~ v ~ n g  alt~ations ~ gene 
expresfion. 

Po~ntial i n h i b i ~  of de  renal l ~-hydroxyl- 
a~ are of ~ ~ r  a number of reasons. A 
comparison of the abiliff of a compound to 
~ t  de  l~-hydrox~a~ by ~rect ~ r a c f i o n  
with the enzyme ~ ~ e d  mitochondfia with 
de  a~fity of the same compound m repress 
la-hydrox~ation and induce 2 4 R ~ y d r o x y ~  
a c f i ~  ~ ~tact ce~s co~d profide ~ g h t  ~ 
the mecha~sms of the~ processes. Similarly, 
comparisons of the acfifi~ of a compound ~ 
the motivation of 2~OH-D3 metabolism with 
~s caldtropic actifi~ ~ bone or ~ s t i n e  may 
h~p ~ucida~ the mechanisms of action of 
1,25(OH):D~ ~ ~cse tissues. Such comparisons 
co~d ~so ~ve~ compounds w~ch cou~ be 
~ven ~s~mically to in~bR the ~rmation of 
1,25(OH)zD~ without causing hyperealcemia. 
One cli~c~ ~tting ~ w~ch t~s wo~d be u ~ l  
~ hypervi~minosis D. 

The currem paper focuses on three A-ring 
an~og~ whose structures am shown in Fi~ 1, 
as such experiment~ probes. The s y n ~ i s  of 
the~ compounds has akcady been reposed 
~ , ~ .  
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(a) Vltam~ Ds and Metabol~es 

~tsm~ Ds 
(~) 

~-~dmxyv~mln ~ 
(Se-OH,,~) 

lc~2~Dlhydmxyvl~mln Dt 
~ 3S.(OH',~.D~ 

(b) A-rang An~ogs 

~ N o r - l ~ © o - l ~ O ~  
( A ~  ~ 

2~x~S~eow~OH-~ 
~ a n ~ )  

~Homo*~deox~dlm~h~- 
2A.~ox~2~O~ 
~ h o ~  ~ 1 ~ )  

H& 1. The structures ~ ~ n  Ds, ~ m e t a b o ~ s  and ~ e  A-ring ~ s  & 1,25~H)2D ~ used ~ 
~ese s t ~  

EXPERIMENTAL 

Mitochondria were ~o~tcd from a 10% On 
0~5 M sucros~ homogenate of ~dney tissue 
from 3- to 4-week-old ~tamin D dcfi~ent 
chicks by standard diffcrcnti~ centrifuga~o~ 
as described pre~ously[~. A~ays of l~-hy- 
drox~a~ acti~ty were carried out in a fin~ 
v~ume of 2~ml cont~ning 25raM Tris- 
CI, 75mM sucrose, 10mM malat~ 2raM 
MgCI~, 5 × 10-~M 25-OH-[26,27-~H]~tamin 
D) (40mCi/mmo~ and ~5-3~mg/ml mito- 
c h o n d ~  p r o t ~  In some cxperiment~ the 
substrate concentration was varied as ~dicatcd 
in the figure legend. The A-ring an~og of 
inmrc~ was added ~ ethan~ just p~or to the 
initiation of the reaction with subs~a~. Incu- 
bations were at 37°C for 10rain and were 
~rminated by the addition of CHCI3 m~han~ 
(1 :~, v /~ .  

Kidney cel~ were ~ a m d  from 2- to 3- 
week-old dtamin D dcfi~cnt ch~ks and 
culture~ as described prev~usly[2]; 20h 
prior to assay, cuRures were changed to 
~rum-frcc medium with 5 ~ m l  insulin 

1,25(OHhD~ or tbe A-ring an~og of in.rest 
was added at this tim~ Incubations with ~I-I]25- 
OH-D s wer~ for 30 rain and were terminated by 
scraping the cc~s into CHCI3 methanol 
(1 : ~ v/v). 

For both mitochondri~ and cell culture 
assays, Hpids were extra~ed by a modifi- 
cation of the m~hod of Bligh and Dyer [8, ~ 
and samples were prepared for chromatog- 
raphy on a 10~m sil~a radifl compression 
cartridge. Radioacti~ty was quantitatcd ~ther 
by co~ection of indi~dufl ~actions and sub- 
sequent fiquid scintillation counting or by 
flow-through d~cction of radioactivity wRh 
a Beckman Mod~ 171 flow-through dcm~ 
tor. The percent of total radioacti~ty conve~ed 
to ~I--I]I,25(OH)~D3 was determined and con- 
verted to pmol/10min based on the known 
specific acti~ty of the ~a~ing sub.rate. 

The three anflogs (Fi& I) described in this 
~udy were purified by HPLC and then checked 
for purity by ~H- and ~C-NMR and ~ spcc- 
~oscop~ anflyfis and by anflyticfl HPLC. 
Freshly purified samples wcrc routinely stored 
under argon or ~Wogcn at -70°C. 



A-ring ~ o ~  of 1.25(OH)2D~ 

RESULTS AND D~CUSSION a ~ o  

2~OH-D3thesenotl ~'hydr°xylase and thor relative poWncies can - 1  ~5(OH)2D ~ (2-nor an~o~ and 2-oxa-3-deox~ASbedata.Sh°Wn~sfinguished(2.oxaAt~theFi&an~O~wer~Om ~ concentrations,b°thareoneinhibi~2"n°r'l'3"seC°-anotherOf~omboththe ! i i ,  

are subs~nti~ly bett~ inhibito~ than the 
product of the reaction itse~, 1,25(OH)2D ~. The o 

~gn~cant inhibi~ry a c ~ y  of the 2 -oxa  
an~og ~ rather smiling becaus~ whereas the 
A-~ng of the A-nor an~og and that of the 
hormone I~5(OH~D~ resemEe one another 
~hey posse, A-~ng hydroxyls which can 
a,ume ~ u a l l y  identical topograp~es), the 
A-~ng of the 2-oxa an~og ~ ~ n f i ~  non- 
p~a~ Moreove~ ~ has ~ready been shown 
~, ~ that the 2-oxa an~og exits ~ equil~um 
with nearly equimolar amounts of a p r e ~ m i n  
compound (structure not show~. These novel 
structural charactetstics of the ~oxa ana~g are 
thus ~ c u l t  to as~ss ~ terms of its ~nction ~ 
relation to I~OH)2D3 and the A-nor an~o~ 
but the dam suggest that the active ~ of 
the lu~ydrox~a~ does not require an ~ c t  
6-carbon A-fin& It ~so sugges~ that the ~de 
chin of the substrate, 2~OH-D~, may be 
more impo~ant in ~n~ng to the active ~ of 
c~ochrome P4501~ than the A-ring. 

Howev~, the A-~ng cannot be com- 
~ e ~  unimpor~n~ ~nce the third an~o& 
A~omo-3-deox~3,3-dim~hyl-2~-deoxy~ 
OH-D~ (A-homo ana~ 0 failed to ~hi~t the 
lu-hydroxylase at any concen~ation up to 
1 ~M. This fact reve~s th~ the A-~ng ~ructure 
does have some ~fluence on ~ h i ~ r y  activit~ 
It should be no~d that the A~omo an~og is 
the acetone de~ved cycl~ ket~ of an A-~nor 
analog and that ~s lack of ~ h i ~  acti~ty 

05 4~ 1.5 20 ~5 
LO~ i n ~ t o r  conc~n t ro~n  

Fi~ 2. Effect of the 2-nor and 2-oxa analogs, compared with 
that of 1~5(OH)2D3, on l •-hydroxylase activity in iso~ted 
chick kidney rnitochond~a. Inhibitor concentrations ranged 
from ~05 to I ~ # M .  The values shown are the average of 

3 determination~ SEM < 5% of the mean. 
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1 / [ 2 ~ - 0 H - ~  [ # M  "~) 

777 

I 
12 

~& 3. Doubl~reciprocal ~ of subsUa~ concenUafion n 
m ~  determinations ~ ~e  absen~ & ~ b i t o r  (~ )  and ~ 

• e presence of ~ e  2~xa and ~nor  A-~ng analog. 

may very weft be due to the presence of the 
bulky gem-dimethyl groups present at carbon-3 
in the A-fin~ Unfo~unatel% the analogs of the 
A-homo compound ~cking the gem-dimethyl 
groups could not be synthetically accessed. 

To de~rmine the mechanism of l~-hydroxyL 
ase inhibition by the 2-nor analog and 2-oxa 
anMog the subs~a~ concen~ation in the 
reaction mixture was va~ed and the resul~ 
are shown in Fig. 3. Both compounds act 
as competitive inhibitor~ and have K~s of 
• 6 and 03 x 10 -7 M. A similar anMysis for 
1,25(OH)2D 3 reveMed a K~ of 1.7 × 10-TM, 
confirming tha~ as seen in Fig. ~ the natur~ 
product of the lu-hydroxylase ~ a ~ss point  
inhibitor of the enzyme than either of these two 
A-~ng an~og~ 

We considered the po~ibility that the 2-oxa 
compound could act as a su~de inhibitor, i.e. 
that ff R were to undergo hydroxylation at 
carbon-l, the result would be a hemiacetM 
which could then fragraen~ into the ~ B unsatu- 
rated Mdchyde po~nfially able to cova~ntly 
bind to the enzyme and inhibit ~ i~eversib~ 
~, ~. If this were the case, then there should be 
a time-dependent increase in the degree of inhi- 
bition of the enzyme [8] by the compound. As 
can be seen in Table 1, this ~ not the case, 
indicating that ~mple competitive product inhb 
bifion ~ probably at work here. 

Table 2 summarizes three expefimen~ in 
wh~h the ability of the three A-~ng anMogs of 

Ta~e I. ~me ~urse ~ i ~ f i o n  ~ 
l~-hy~o~lase acti~y ~ t~  ~o ~  

~ 

~m¢ ~ ~oxa I n ~ o n  
~ o r  ~ assay ~ I~-~rox~ase 

~ ~%) 

0 ~.7 
5 ~.5 

I0 6~7 
~ ~ .0  
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Ta~e ~ Effects of A-ring an~ogs on 2~OH-D~ membofisan ~ 
c~tured ~dney cells 

Smmid ~d~ 
Concentration 1,2.$(OHhD ~ 24,25(OH):D~ 

(M) (Imlol/30 min/c~t ure) 

Ex~ A 

N°ne 1 ~ ~ ~ 7  1~2 + + ~3 • I ~5 + ~3 

~homo ~ |0 -7 7 ~ + ~ 2  1 3 + ~ 2  
A-homo a ~  3 x 10 -~ ~ 0 + ~ 1  ~ 0 + ~ 4  

~ B 
No~ 10 -7 2&6 + L2 ZI +~3 
1 ~ O ~  10 -~ ~2+~2 lgl + 1.1 
2-nor ~ o g  10 -~ 1~6+ I~ e0+~6 
~ o ~  A ~  10 -~ 1 1 ~ + ~ 4  ~ 2 + ~ 8  

~ c 
NO~ 10 -~ ~ + 1~ g3 + ~1 
1 , 2 ~ O ~  10 -~ ~0 + ~3 ~5 + ~5 
~ o ~  An~og 10 -~ ~4 + ~4 ~2 + ~3 
A-homo a~lo8 10 -~ 1~8 + l g  1~ + ~4 

I~OH):D~ to ~mr the pattern of hydroxyl- 
ation of 2~OH-D~ in cultured chick kidney 
cells. Sever~ points are wo~h noting. First, 
~I three compounds decreased l~-hydroxylasc 
acfidty in intact cclh. This indicates that ff all 
three are operating through the same mechan- 
ism, this mechanism ~ not direct inhibition at 
the active rite of the la-hydroxyhsc ~nce the 
A-homo an~og which was quite effective in 
reducing la-hydroxy~se activity in inta~ kid- 
ney cells, could not under any conditions bc 
shown to inhibit the la-hydrox~asc when 
added directly to mitochondfia. This inmrpret- 
ation ~ consismnt with a recepto~mediated 
mechanism of repression of la-hydroxylasc 
acti~t~ The fact that I~5(OH)~D~ h more 
effective than any of the three anMogs in 
decreasing l~-hydroxylase acti~ty in these 
cc~s wh~c R h ~ss effective in ~olated mito- 
chondfia (a reproducible observation typified by 
the data in Fi~ 2) h Mso confis~nt with 
a receptor mediated mechanism of smroid- 
induced repression of the la-hydroxy~sc in 
intact cells. 

N~ther are any of the three analogs as 
effective as I~5(OH)zD3 in induing 24R- 
hydrox~asc activity, when compared at cqu~ 
mohr concentrations. The nature of this assay 
makes R difficult to draw pre~se distinctions 
between the compoundg part~ularly when as- 
rayed in different expcfimcn~ but, in general, 
they fell into the range of being 20-80% as 
effective as 1,25(OHhD~ in inducing 24R-hy- 
droxyhse acfi~ty, ~m~ar to the case of decrea~ 
ing la-hydroxylasc activity. This h interesting 
fince in the intact ch~k when bio~cal acti~ty 
~ the in~stine or brMn ~ measured [l~ these 
compounds arc ordc~ of magnitude ~ss active 
than I~OH)-D~. This sugge~s either that 

t ~  ~dney r ~ t o r  ~ mo~ ~ o ~ m u o ~  t h ~  
that ~ the ~ s t i n e  or bone or t ~ t  t ~  a ~  
~ a ~ a c ~ o ~  ~ e n t i o n s  at work ~ v~o 
w ~  p~vent s u ~  a m o ~  of ~ e  
a~logs  from r ~ c ~ n g  the ~rget fi~ues. For 
e x a m ~  ~fferen~s ~ m e t ~ s m  ~ d  con- 
tfibu~ to differen~s ~ steroid d ~ v e ~  ~ ~rget 
tissue~ 

~ r e  4 shows a ~ c ~  time c o ~  of 
the eff~ts of two of the ~ f i n g  a~ log~  ~ong 
~ t h  l ~ O ~ : ~ ,  on l ~ & o x y l a s e  a c ~ k y  
~ who~ ~ ~. ~ e  ~h~y ~ ~c s~ 
of the curves f ~ b e r  su~ests that 1 , 2 5 ( O H ~  
and the ~ f i ~  an~ogs tes t~  a ~  ~ f i ~  t ~  
e n z ~ e ~  a c t i ~  t h r o ~ h  the ~me m~hanism. 
~ h r  time courses we~ flso ~ n ~  ~ r  
~ a n g ~  ~ 2 4 - h y & o x ~  activity ~ a m  not 
s h o w ~  

In s u ~ a ~ ,  we have tested the eff~ts of 
t h r ~  ~ f i n g  an~ogs of I ~ g O ~ : ~  on l a ~ -  
drox~a~ a c t ~  ~ ~dated ~dney ~ m ~ o n -  
dfia and on 2 ~ O ~  m¢mb~sm ~ ~tact  
cuhu~d ~dney ~ g  We conclu~ that two of 
t ~  ~ e ,  the 2-nor an~og and the 2-oxa 
anflo~ act as competitive i ~  of l~- 
hydrox~a~ ac t i~y  ~ ~ m e d  ~ m ~ o n d f i a .  
~ e  dam ~ t h  ~ c t  c u l ~ r ~  ~lls ~dica t~  t ~ t  
the ~ e  anf lo~  act ~ r o u ~  a m~hafism, 
w~ch ~ ~ f i ~  ~ ~ of ~ e  n a t u ~  s t e ~ d  
~ o n e  1 ~ 5 ~ : ~  a ~  ~ proba~y ~ 
r ~ m r  m ~ h t e d  to flter 2 ~ O H - ~  me t~ -  
o~sm ~ ~tact  cdh. It wo~d ~ of ~ s t  
to d e t e ~ n e  w h ~ h ~  these c o m ~ u n ~  ~ e  
capa~e of motivating ~ c f l ~  1 ~ O ~  
kvds ~ v~o ~ o m  ~ e f i ~  serum c a ~  
l e v ~  ~ w ~  case they could ~ ~ t h e r a ~ c  
~ ~ the ~ n a ~ m e m  o~ ~ r  examfl~ 
~ m ~ n o ~  D. 

~ 25 

~ ~: 
~ ,~ 

~ ~0 

m 5 

i 
0 24 

o ~25~H  ~ ~ 
• 2 -  oxo 

~ A -  ~mo 

4 8 12 ~ ~ 

T i ~  (h)  

~ 4. Time c o ~  ~ e  eff~t ~ IA~OH)2~ (Oh 2-oxa 
~ )  and ~ m o  (A) ~ o ~  on I ~  p~uchon  
~ c ~ t ~  ~ck ~dney ~ V ~ u ~  ~ o w n  are ~ e  m ~  
~d ~or  b ~  ~ p ~ m  ~ me~ of 4 ~ o n ~  
~ e ~  no e~ r  ~ r s  a ~  ~ s i b ~  ~ e y  ~ s ~ f l e r  ~ a n  ~ 

s~b~. 
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