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I. Introduction
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I. Metabolic Conversion and Mode of Action

1) Metabolism in epidermis

gy o8 290~300 mp F4-L epidermis & sta-
tum corneum - 30%7+eF E3}sla epidermis o) 4]
8%7teke] AFaelm gaA®. ol d A
A9 AER 95 epidermise] EA sl 7-dehy-
drocholesterol o] D;2 W 3toi AL oln] L#]Aed
delgot 2 AETA ol o|Ae] 2AHE 7
Al Fe A= w2 dTH 9 dgieh A2 A7
wlal] &3}d  Fig. 144 2= ulé} zo] 7-dehydroc-
holesterol & =}elAdell & F7+EF 9] Previtamin
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¢~ uko} Cholecalciferol & w gela gHel®,
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2) Hepatic Metabolism of Cholecalciferol

Cholecalciferol(CC) = ot A FAY 7Hol] A<3)
FA45s dA-L ¢35 S84l 25-(0H) CC 21
3 FEl4 25-(OH)Dg7b A4 44 HA
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o] o] A -& substrate & nFsled 25~-(OH);2 3}
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7+8} majorcalciferol-25-hydroxylase &
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ZA FEFD, o] L AEE DE FAT ol
749 25-(OH)DgsEe] W} 295 25-(OH)Dy9
FodE 9E B3R gl o83 gAQ A 25-
(OH)D;¢] Aol =& production inhibition 7 sial
% &-& 25-hydroxylases] #3lol &gk Z<qlA & of
A7 B48 TR gz g+ a2 FHE Ing-
ermar 52 dTFAsoll et Al of oj4fY
Vit. D7} &% # & mitockondriad] A & 25-hyd-

roxylationoe] dejilcim i,

microso-

Mitochondria §-¥-3 microsome R.%.9] &4 0)
2% NADPH | 9 &3l&8] 2 % mitochondria 3%
9] 25-hydroxylase &= mixed function oxidase type
L. 24 cytochrome p4500] terminal oxidase 2 3}
o5ke AW Vit. D Aol Fadsicia g,

%) Masafuni 52 rat & WALz o 444
Cholecalciferol ¢ hepatic 25-hydroxylation-& 27}
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3) Renal Metabolism of 25-(OH)ce

(1) 1-hydroxylation: A& CC 2 o 2o ghoj4
AF $549 42¢ s 12284 25-(0HCCH
4 1.25-(0H),CC 294 Agke] doluvbe FUT i
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Fig. 1. Photometabolism of 7-dehydrocholesterol to lumisterol,
is converted to vitamin D; by thermal energy.

tachysterol, and previtamin D;, which



olt}. 1.25~(OH),CC & £Aol 49 Ca F<9} bone-
mineral mobilizatione] AP glejH Vit. D
metabolite - 7}x &4 o] F3 Fuolck. 1.25-(0OH),
CC 29 A& mitochondria o 4] o vind Ap4E=}
9} Krebs cycle substrate £¢] E=-£8 utic},

NADPH + mitochondria 2 &% 4 ¢y &
ol A-g% 4 g2 mitochondriayt Wx}t P Fsiw
NADPH 9] £4lo] 7153144 Hydroxylation ¥k-2-¢]
reductant 2 2}£3 < 9lct, 25-(0H)Ds-1-hydrox-
ylase = mixed fuction oxidase 24 system -& renal
ferredoxin reductase, renal ferredoxin, cytochrome
p450¢] 37FAE FAHe der Fig. 2614 meF
= hydroxylation mechanism 3} & x}&+c},

(2) 24-hydroxylation: Al A dejvte = thE
0 24 24-hydroxylation & 5 4~
dEml oA 1-hydroxylation & ZAsL Azlz
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N e & A dA g, F P
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o] 9}7o] 24-hydroxylase & 1 hydroxylase system
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rat o4 24 R, 24, 25— (OH),CC & 248, 24, 25~ (OH),CC
2} biological activity 7} f-AFsh &l A ¢ Ca £
Wk, 8% P A%, W& Calcification 54 8] 23
B S isomer & £ ¢ Ca-gubollnl k7o) acti-
vity 7} 9132 #2] Ca mobilizing system o] o}
W Z4E Jepdobe, zev 2RAAE 24 R,
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Vit. D7} A d el A& 24, 25-(0H),CC7l 287
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24 R, 24, 25-(0H),CC = CC & 242 37 984
AR A Brd FAE 7HA 1,24, 25-(OH)CC & w14
Walln] o] AL 1,25-(0H),CC Rt &Ae] A},

g 1, 25-(OH),CC 7} 24-hydroxylase & X3}~
] 2o} 24 hydroxylation & AA 1,25-(0H),CC =
Hel 1,24, 25-(0H),CC7 AAH 7% e}, 1,24,25
(OH),CC = E3] £ A active stry] =l-Fd] Aol A
9] Ca-$9)o] bone mobilization ] & § Ca - 2}
LAl A 2Rl Azl o] e,

1,24,25~(OH),CC %= S.R isomer 7} zled
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Vitamin D7} Fg 3 FFol 24,25-(0H) ,CCH &
S rat 8] 91,24, 25-(OH)CC A AP 4B
A Bye VeRl = A0 2 noliE functional imp-

ortance 7} gtz Bl wid ERAAE AETH
%xalov »r_O_ B }‘/]V}_% Ziﬁl—ol ‘Qo—]p],_ A&E
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(3) Regulation of the renal hydroxylase: 3]z}l
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2. Components of 25-OH-Ds-la-hydroxylase of chick kidney.
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A 25-(0H)CC 244 1.25-(0H),CC Y 24, 25-(0H),
CCe AR« vlE Ae7t4 24t 9. Fig.
3¢ #A ¢8R Vit. D;9] v} AE2E A3 Ao}

Ca, P, PTH, Calcitonin, #}¢] Vitamin s} %
2 Vit. D metabolite | 4o Resti =03 =
ol =}o] e},

Ca s PTH

Ao} Ph 9 CarEr 1,25-(OH),CCHAHL 24
shesl o}F $4% 9% ¥k Vitamin D& F4
g S|4 2] Cadlo]E Zom4 g = Caxlst
wolxd 1,25-(0H),CC & WAL Zrldte] A o]}
delule] FH1+.
ik 3 CadlelE &% Canid 3718 A LA
53 1-hydroxylation & =pwisti w4l 24,25-(0H),
ccd] YL kA, oY AuIAA S Falg A
3 Y1 CapEst 349 o S8 1,25-(0H),CC
sh 24,25-(OH).CC& =% 44¢¢ ¢ + A4 3
hypocalcemia o] A& 1.25-(0H),CC 9] 4o $4l3t
1} hypercalcemia ol 4] &= 24, 25(0H),CC & §4do] &
AFEo, o] A& PTHS S sdshe A2
2 ¥3%9 Ca¥yiErst ¥od PTHEHE Itz
PTH & =}4] 1-hydroxylation & =}3sl= ¥ 24-
hydroxylation & o A}s}7] wjEole}., =z} 1,25-

1) PTH

2)Low Pi
Kidney
Ho* HO" OH

(24R)-24, 25-(0H)2 O3

(24 Ry1,24,25- (OH), D,

(OH),CC7 444 PTHS Egol Slol% 443
2 W Fag JozH 44 PTH: £34 Ca
Subell AY 3L wAA) gk 4kl PTHAF 8
o deAde ko= 1,25-(0H),CCrl ESAE =
2¥E Cao] o] f5&d &¥¢ 4+ dvk. F 1.25-
(OH),CCE 449 Cafdt FAASt wzis
Ca®] o] 5& &A% %iv}. web4 hypoparathy-
roid 82% 4o]d] Cag Fx 1,25-(0H).CCE F4&
3 AAgord Jb 2L X8 AT o8 F Atk

Pel 9&¢ A% 1.25-(CH),CC 7L 445, &% Ca
Ex7} Jabolaolgl sejel®E A PAeolE A %3
B ok 1.25-(0H)ce 7 4=, of® A ofsf
2 PTHY Ful& 4A=E9E Aol

& 3} renal tubule & F-]¢-& 1.25-(0H),CO &
A& £435= Key substance & 7+F3 3 92 PTH
X tubular celldy F7]91¢ #HIAAP o2 1,25~
(OH),CC &4 & AFat=1. F71419 kL 4ol9 A
%), glucose loading, renal tubulec]4] phosphate
reabsorption - PTH 7} Asigdogsd g2 + d
o wely AlX8 R4l oke] AR 58I 4R
& Aok, AT § FEsF Eow 24,25-(0H),CC
Aol 7l AlZEY ¢l FE/F od 1.25-(0H),
CC A Aol % slct, o] 3 renal hydroxylase & &

T
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Fig. 3. Diagrammatic representation of vitamin D metabolism and its regulatory features.



A+ mechanism-2 obd e xx @&k}l renal
hydroxylase 7} 2ol A 2p&stv] = AFg3E 4] 7o)
A7

=X E: enzyme-&

o] Fo] g}t jonic regulation o] &8 A=
B 9zhgh A3 AR 24

=z kel AXE9 jon levelo] 24-hydroxylasey} 1-
hydroxylase & ¢4l &5 AR Aotz F5
Hx g+

Vit. D Ak

Vit. D7} 28 4% W& 25-(0OH)-Ds-1-hydrox-

lase 71 4]o] %9 Caelvt P9 Wizl =il 24 Fet
A=A gl=via el o] shzk& Vit. D &2 1 25-

(OH),CC o 7 alatel, 1.25-(0OH),CC & 4 A4 1-
hydroxylase & <] A)sb 24-hydroxylase & =}53+
o}, 28y PTH &= 24-hydroxylase & <& A g2,
PTH Y} 1.25-(0H),CC & S @024 Aol 1}: hyd-
roxylase ® 8} serum Ca, P ¢ w3te} Az A
o] ofuiw olgl jon ] AT W3¢} FAAR. of
w A%}k 1.25-(0OH),CC = renal cell ol 4 2] #3}
E fE3lY PTH Y F7 Q122 st F hydroxylase
ZAL & g}, Caleitonin -2 1.25-(0H),CC ¢
AAE A, Calcitonin & serum Ca level B}
serum P leveld] ©] & Q35S njxjrz Cau)AFHr}
E Frial WAl AAE FEshe Aol ek,

(4) Intestinal metabolism: 1. 25-(0OH),CC 7} 4=+
49 Cag+8 A58 FF¢ mechanismo]
) ZHe U A7k Peizich Vit DO met-
abolite & 25-(OH)cc 9} 1.25-(OH),cc7b &=Fol] 4]
Calcium binding protein(Ca BP)¢ $-z8.0. 24 Ca
Frol ARt g A g,
o}g] £ Cytosolel] 3.0~3.7 S receptor protein o}
EA 8 receptor mechanism & ©}& Steroid H =+
B FARE A A S R, T3 o] B 3k TR e

Haussler 5-& ¥

A8 EAAL 1, 25-(OH),CC 7} 4k4-3F 4 g+ rat o
9] A= 3,0~3.7S proteino] WA gropow] 1

Bl Alel 25-(OH)CC &F A gte] o} 245k 6S protein o]
43 binder g vl Aol v
o8] ZAe] e o] Wy ZEAFE Ao® Ho}
AgPAel nu g receptor protein & ol r}, 1,25~
(OH).Dy7} w12 upA el Setroid H.3k -f-2FshA] =+
$aehT AEA ol ok Be G EAe] ok ok,
Ulmann $-& rat 9] duodenal mucosa cytosol o] 4]
Cholecalciferol 8] 27}x] metabolite o] 3] &3 2
3 25-(0H)CC 2} 1.25-(0H),CC 7} o] cytosole] A
Tt F57 2 E A gol WgH®,

©]-%>] 6S protein-&

Actino.

rat 8] 4e] 4 1. 25-(0H),CC & 413 Ca
Sato] 1} RNA #H4]-¢ Aapareernz 1.25-(0H),
CCx Cas <wpstls wiwials HEstry] Erob o
mechanism © 2 28 Ca-$ub-& A gz 24
o}, F@ o] 1.25-(0H),CCoF A0 2 bk
AL ofnkE RNA ¢ =x9ld FA A Fe A =E =
RNA #40) A" ohg A4 1.25-
(OH),CC = temperature dependent process 5 A A
47 o)1}k chromatin ol $]x134A] v chromatin
38 Ag-e }E Vit, Dy metabolite v} analogs 2t
u) 33 & 1. 25-(OH),CC &l gleI 4] =% specific ghet.
Ca -9-u} wr@igoe] %4 H %L mechanism & H¥AISH
7] A& Ca BP o] gels) A4 de novo syn-
thesisof] 93] A& FERok vh. 2 1.25-
(OH),CC 7} o]& & Ca BP & o] WA U HES i
Qe Al s G goked = Ca
BP¢] Cagitstgold o197 F4eAE 34
grth. Ronal & £3l4 Ca el FEHE A
Ca BP9 &3] &4 %1011»]-%-: Aoz nol Ca BP
o Cagwel AHY 4% Tohm FAIGPAD.
2y F 29 2l 4°Pﬂ &7 49 Cagub-d
Baa sl oed Vit D2 Fd% & 274 & Ca
2ulo] Ca BPglol gojib A& 7] alkaline pho-
sphatase 7} =}5-& ¥t witd Fr]e] i Ca BP o]
o b e, el A 1 25-(0H),CC 7t 2hE-3h+=
molecular mechanism & FE 37 Sl E B =
o] 47HL& vholuh
£ A Po] $utEE AL Cadl ub B
Aol RozAq Priate] Vit, D7 w2 G & o
D
%

mycin D &

s,

HAE g2 AT dent 3T a7 A3 Vie

£ 2e4 Pl ® Belgtol eAFHD, P
o Aol A¥AAE Caol EAT W AT BU
0 BAANAE Cad 9FE A gtk T4

PY &t % Vit. D,, 25-(OH)CC. 1.25-(0H),CC ¢}
o] 24 A 24, 25-(0H),CC & o shxl ko
25-( OH)DM 1. 25-(OH) D7} 9h-8-& wepd v 2
g A fabshd AE AARNE =& 125
(OH),Dsute] E#jo] glvh. 24,25-(0H).CC & Pk

o] e skl ot 1,24, 25-(0OH),CC = Azgro 2y
e ﬂt} 1. 24, 25-(0OH)sCC = bone Ca

yolub Podtel e GFE
bak-g ZA4 34 7] = Vit.
2 pFFcel Vit DX 4239 P4 E Ao dtE
¥ Pb& Cast f4bgt BPo2 Fodveh &4 st

Ca g-utel &=
mobilization (] £

15
u] 2] x] g3 439 Ca—,‘v_’—
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£ Ca® Fo Vit. DA 74 AA FEs+ Z&
o]y} Pbo] F4HE F Fdoln o]o HF Vit. D
8 ZFgx Fwuslt, Cag &3 AddA F571 7
A dojutr g Casl Pb& AHE -FE5 mechan-
ism-¢ Zz 9 gk 28V PE &4 Jb
F 7k 2 H2E Po PhESe A2 w4l
iz BFrl, £34-2 bone resorption system 3tk
EHoE & ok Vit. DEE X3/l Hrez u
2 o}9] Vit. DE FYHR #4 deAdor g
4 W2} dAg g e AL ohiy I 4
g &el x& Vit. D7} % « CC =7} &30
2 F4HE AL passive diffusion ] ¢35+ perfu-
sate 24 4] gL o,

(5) Skeletal Metabolism: ¢ 4] Ca o] 5o, e 3}
+ metabolite §¢ &4 & nl @by 1. 25-(0H),CC 7}
7t 78 stel, 1.25-(0H).CC & CCyv 25-(0H)CC
¥eb 0% whE Aol A Z4d EFHE EYE
ZAsteh. a8 v AETHY wbgE ey A Al
o] 4 ¥k=4] 1-hydroxylatione] ¢ ejilef ghelbi A
ol ZRRgst. Vit D7 AR Ao A& FHA
E41 8} o (3. 25 moles)9 CC, 25~-(0H)CC, dihydrota-
chysterol, 0. 26 nmole ¢ 1. 25-(0H),CC 7} =% bone
mobilization ¢ g e e} Age] & #l¥E 1.25-
(OH),CC mte] fdatA o] Caol-Foll JoFA™,
Vitamin D metabolite Eo] FAYAd JFdste &
st shal oleisbAl A AFASE dEEE. @
A 2A &= Cholecalciferole] F7 843 resorption o
L 4FE Fa A b AR g vk

(6) 1 Wel i TEE: H = A4 =38 3959
3¢ ] Vitamin Db wlzd 56y oJ4de =
el 25~(0H)CC, 1.25-(0H).CC, CCr ubziss)
+ b dll$ A okelel, Vit. Dy Ag g ¢ ofzl e
LMz CCE F438w CaBPe| Fststed &
24 Ca BP 3 #]-9 »] 538}e}®,

Parotid Gland

Plasma Ca homeostasis & 43, 3, W9 A3
gl s zAE o] 7hxl slake] Vit D& zF
£& 3 target organo® <A ¢} oy
parotid gland 7} AJ2& = 3h}el mAs39e] ¥
H3h, el Addl4 Ca, P, Na, K39 Fride] A
5 342 AL A wl$ F4siel, CC metab-
olite £¢ A% £AAY, AAZ{E v ay &
st fAkste Ca BP9 EAE 8418 == gl
Az deiA etdAde E3 A PP FaF

gaje] e EE=e] A &
stz Yeh 22 F4

Ca BP 2%} %a}zlf 7;1»% umzz}gm{ Vit. D7}
AA s Gea 995 wrel &v Efo] F Aol B

(7) Excretion of Vit. D: Vit. D& mj4e] 25 &
Ea $AHR o] RojAhe AL AR o F
okel] sl 4 Wik A ¢lvk. Vitamin D9
radioactivity & 4% ®)ute] Urineed] Ve}ich E5
4 53 Hﬁ'g_:‘]t‘ Vit. D& F g EaAld g 34 &=
HAEE ¢ et Vit D sulfate 7} FHaisl
ub glo1} we off] Vitamn D& F9-¢ A9l 3t
gel, wel4 Vit, Do} 2 metabolite 8] wi4dZ 2L
oFd g Fo]of & siAo] =,

(8) SideChain Oxidation in Kidnrey and Intestine:
25~-(OH)CC ¢} 1. 25-(0H),CC 7} side chain oxidation
€ AH Coyst vjAY HA4EE FAUTE AL #F
F Al A& AAskz HHFY &4 Vit. DE
Aol 2 AL o 25-(0H)OC & & Foll & COA
o] 432} 1.25-(0H),CC & F4-& & 3H&5l=]
¢t .o ® Mol I-hydroxylatione] ejd FHIE
(1. 25-(0H) ,CC)r}e) o] 7 =E F-8F+ precursor ¥ &
g 4 Qe £24¢ FAR FEA4Q 1.25-(0H).CC
B3y COA40] RAERALE B 4o side
chain oxidationo] Yoy F43g 23T 4 ¢
‘;}_37,38).

E. Summary

Cholecalciferol & 2 stal A =tk A28 3§
& e} 7-dehydrocholesterol 2 3} Previtamin D
2 AH FAol Hw oo el By &4, 25byd-
roxylation & ARA Iz AFZNA A Z4-L W
el 1.25-(0H),CC = w3tA Roh, g Agel4
= 8 Ca, Po] F42oE FASA 4 l-hydr-
oxylatione] €A=& W4l 24-hydroxylationo] 4.
o]y} = ¥& active form gl 24,25-(0H),CC 7t HE&
¥ 24-hydroxylatione] <ol Foiglrtel o 3 4]
= o}y FAdLR WA gach 24,25-(0H).CC
W} 1.25-(0H),CC & &5 FEHLE =i active
formel 1.24,25-(0H),CC & ¥4¢ = 9=t 1%
1. 25-(OH),CC & Steroid H.e® AR/ E &
Vit. D metabolite T A -4 842 7 FejolH
sAATLE ZA &7, W, AFE ' 5 I £



Aol A e R urls CaFfo gdxide Ao
B AF A2 3?-"52]- Ca BP Ao st ats). &
A B4 WY st Vit. D
metabolite E-¢] &Eabel] A= o}A7px g9
= 2asb gl gk 1.25-(0H),CC = side chain
oxidation & Ax CO.4: wjxj¢] B4 4453w
o] mechanismo] olwd &n] & zZtix Hadz] gl
el E BLE 24 Fo R T A8 EAE
eHFow Vit D7 s A2 g e 4=
T v gl Vit Do @5S ERA fAdAeE
WA £ HE 3 WA =) metabolite%

g AR EE o & T ok & A9

mineralization o

2 £ xm

1) Wasserman, R.H. and A.N. Taylor: Metabolic
Roles of fat-soluble Vitamin D.E. and K. Ann.
Rey. Biochem., 41:179, 1972.

2) Anthony W, Norman: 1. 25 Dikydroxy Vitamin
Ds: A Kidney Produced Steroid Hormone Ess-
ential to Calcium Homeostasis. Am. J. Med.,

57:21-27, 1974.

. 8 J.L. OMDAHL and H.F. Deluca: Regulation of
Vitamin D metabolism and Function. Physio,
Review, 53:327-372, 1973,

4) H.F. Deluca: Vitamin D; the Vitamin and the
Hormone. Federation Proc, 33:2211-2219,
197 4.

5) H. Deluca & H.K. Schnoes: Metabolism and
Mechanism of Action of Vitamin D. Ann. Rey.
Biochem., 45:631-665, 1976.

6) H.F. Deluca: Metabolism of Vitamin D. Am.
J. Clin. Nutr., 29:1258-1270, 1976.

7) M.R. Haussler: Vitamin D: Mode of Action
and Biomedical Application. Nutr. Review, 32:
257-266, 1974.

8) Sebrell: Harris in “The Vitamins” p. 226, Aca-
demic Press, 1971.

9) M.F. Holick J.E. Frommer S.C. McNeill, N.M.
Richtand: Photometabolism of 7-dekydrocholes-
terol to Previtamin D, in Skin Biochem. Biophy.
Res. Comm., 76:107~114, 1977.

10) Maryka. H. Bhattacharyya and H.F. Deluca:
Subcellilar Location of Rat Liver Calciferol 25~
hydroxylase Archieves of Biochem. Biophysics,

160:58-62, 1974.

11) M.H. Bhattacharyya and H.F. Deluca: Thke
Regulation of calciferol 25-hydroxylase in the
chick Biochem. Biophys. Res. Comm., 59:734~
741, 1974,

12) Ingemar. Bgorkem and Inger Holmberg: Assay
and Properties of a Mitochondrial 25-hydroxy-
lase Active on Vitamin D; J.B.C. 253:842-
849, 1978.

13) Masafumi Fukushima, Yasuho Nishii, Michiko
Suzuki and Tatsuo suda: Comparative Studies

on the 25-hydroxylation of cholecalciferol and

in  Perfused Rat
Liver. Biochem. J, 170:495-502, 1978.

14) M. Garabedian, H. Pavbvitch, C Fellot and S.
Balsan: Metabolism of 25-hydroxy Vitamin D,
in Anephric Rat; A New Active metabolite,
Proc. Nat. Acad-Sci, 71:554-557, 1974.

15) Ghazarian. J.G., C.R. Jefcoate, J.C. Knutson,
W.H: Orme-Johnson and H.F. Deluca. Mitoch-
ondrial cytochrome p450.; a component of chick
Kidney 25-hydroxycholecalciferol-1-a-hydroxy-
lase. J. Biol. Chem., 249:3026, 1974.

16) Yoko Tanaka, H.F. Deluca, Nobuo Ikekawa,

Deter-

I-a—hydroxycholecalciferrol

Masuo Morisaki and Naoyuki Koizumi:
mination of Stereochemical Configuration of the
24-hydroxyl group of 24, 25-Dikydroxy Vita-
min Dz and its Biological Importance Archiv.
Biochem. Biophys., 170:620-626, 1975.

17) Holick M.F, L.A. Baxter, PK Schraufrogel,
T.E. Tavela. and H.F. Deluca: Metabolism and
Biological activiiy of 24, 25-dihydroxyvitamin
Dy in the chick. J. Biol. Chem. 251:397,
1976.

18) Holick M.F,A Kleiner-Bossaller, H.K. Schnoes,
P.M. Kasten, I.T. Boyle and H.F. Deluca:
1.24, 25 Trihydroxy Vitamin Ds: a metabolite
of Vit D; effective on intestine. J. Biol. Chem.,,
248:6691, 1973.

19) Tanaka, Y and H.F. Deluca: The control of
25-hydroxy Vitamin D metabolism by inorga-
nic phosphorus. Arch. Biochen. Bicphys, 154:

566-574, 1973.

20) Y. Tanaka & H.F. Deluca: Tke control of 26—



21

~

22)

23)

24)

25)

26)

27)

28)

“binding

Hydroxy Vitamin D Metabolism by Inorganic
Phosphorus. Archiev. Biochem. Biophys, 154:
566-574, 1973.

Tanaka Y.R. S Lorenc and H.F. Deluca: The
role of 1.25-dihydroxyvitmin D, and Parathy-
roid Hormone in the regulation of Chick renal
25~-hydroxyvitamin Dy 24~hydroxylase. Arch.
Biockem. Biophys, 171:521, 1975,

R.A. Corradino, C.S, Fullmer and R.H. Wass-
erman: Embryonic Chick Intcsiire in organ
culture; Stimuiaticn of Ca transtert by Exogen-
ous Vit. D-irduced Ca BP. Arch. Bicchem. Eio-
phys., 174:738-743, 1976.

Brumbaugh P.F. and M.R. Haussler: 1 a 25-
dihydroxy cholecalciferol receptors in intestine
1. Association of 1 a 25 Dihydroxy cholecalcif-
erol with intestinal mucosa chromatin. J. Biol.
Chem., 249:-1251, 1974.

Brumbaugh P.F. and M.R. Haussler: 1 a 25
Dihydroxy cholecalciferol receptors in intestine
Il Temperature dependent transfer of the horm-
one to chromalin via a specific cytosol receptor.
J. Biol. Chem., 249:1258, 1974.

Brumbaugh P.F. and M.R. Haussler: Specific
of 1.25-dihydroxycholecalciferol to
nuclear components of chick intestine. J. Biol.
Chem., 250:1588, 1975.

A. Ulmann, M. Brami, E. Pezant, M. Garabe-
dian and J.L. Funck-Brentano: Binding of cho-
lecalciferol Metabolites to Rat Duodenal Mucosa

cytosol. Acta. Endocrinologica, 84:439-448,

1977.

Huan C. Tsai and Anthony W. Norman: Stu-
dies on the Mode of Action of Calciferol VI
Effect of 1. 25-Dihydroxy-Vitmin Dy on RNA
synthesis in the intestinal mucosa. Biochem. Bio-
phys, Res. Comm., 54:622-626, 1973.

J.E. Zull and E.C. Misztal and H.F. Deluca:
Actinomycin D~inhibition of Vitamin D Action.

29)

30)

31)

32)

33)

34)

35)

37)

38)

— 16—

Science, 149:182-184, 1965.

A.W. Norman: Actinomycin D and the Response
to Vitamin D. Science, 149:184-186, 1965.
Ronal R. MacGregor, J.W. Hamilton and D.V.
Cohn: The Induction of Calcium-binding Protein
Biosynthesis in Intestine by Vitamin D; Bioc-
him Biophys. Acta, 222:482-490, 1970.
Vitamin D. Calcium binding protein and the
intestinal Transport of Calcium. Nutrition Rev-
iew, 36:90-93, 1978.

Tai C. Chen, Lou, Castillo, Margaret Korycka-
Dahl and Hector F. Deluca: Role of Vitamin
D Metabolites in Phosphate Transport of Rat
Intestine. J. Nutr., 104:1056-1060, 1974.
D. Hollander K.S. Muralidhara and A. Zimm-
erman: Vitamin D-3 intestinal absorption in
vivo, influence cf fatty acids, bile salts, and

Perfusate tH on absorption. Gut, 19:267-
272, 1978.
J.F. Maytle and A.W. Norman: Vitamin D:

A Cholecalciferol Metabolite Highly Active in
Promoting Intestinal Calcium Transport. Science,
Vol. 171, No. 3966, 79-82, 1971.

AN. Taylor: Chick Brain Calcium Binding
Protein Response to Cholecalciferol and Some
Developmental Aspects. J. Nutr., 107 :480~486,
1977.

D. Goodwin, D. Noff and S. Edelstein: The
Parotid Gland; A New Target organ for Vita-
min Action. Biochim. Biochim. . Biophys. Acta,
539:249-252, 1998.

R. Kumer, H.F. Deluca: Side Chain Oxidaticn
of 1.25-Dihkydroxyvitamin Ds in the Rat; Effect
of Removal of the Intestine Biochem. Biophys,
Resear. Comm., 76:253-258, 1977.

J. G. Ghazarian and H.F. Deluca: Kidney Mic-
rosomal Metabolism of 25-hydroxyvitamin Dy
Biochem. Biophys. Resear. Comm., 75:550~
555, 1977. ‘



