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INTRODUCTION

Since i t s  d iscovery  and i s o la t io n ,  v itam in  D has been 

s tu d ie d  frcsn numerous v iew poin ts w ith o u t reg a rd  f o r  th e  s id e -  

p ro d u cts  produced in  th e  a c t iv a t io n  p ro cess ’.

The a c t iv a t io n  o f e rg o s te ro l  in v o lv es  th e  fo rm ation  of 

c e r ta in  in te rm ed ia te s  such as  lu m is te ro l and t a c i^ s t e r o l  and 

upon continued i r r a d ia t io n  scane of th e  v itam in  D i s  converted, 

to  to x ic  compounds such a s  to x i s te r o l  and th e  s u p ra s te ro ls .

The presence o f th e se  to x ic  compounds in  th e  e a r ly  v itam in  D 

p re p a ra tio n s , le d  to  th e  development o f pu re  v itam in  D p ro d u cts  

which have been in  use f o r  a  number o f y e a r s .  There has however 

been re c e n tly  developed an id ea  th a t  th e  n a tu ra l  sou rces o f 

v itam in  D m ight co n ta in  in te rm ed ia te s  which m ight have physio­

lo g ic a l  v a lu e .

From ta c h y s te ro l  th e re  has been produced a  compound c a l le d  

d ih y d ro ta c h y s te ro l, known in  th e  e a r ly  h is to r y  o f th e  compound 

as A.T. 10 which has found co n s id e rab le  use  in  r a i s in g  th e  

blood calcium  le v e l  in  d e f ic ie n c ie s  o f th e  p a ra th y ro id . The 

p h y s io lo g ic a l e f f e c ts  o f th e  s id e -p ro d u c ts  have n o t been s tu d ie d  

to  any e x te n t,  excep t t h a t  i n  th e  case o f some o f them, t h e i r  

a n t i - r a c h i t i c  v a lu es  have been determ ined . C e rta in  s tu d ie s  have 

a ls o  been made on th e i r  to x ic i ty  and on th e  e f f e c t  o f th e  mode 

of a d m in is tra tio n  on t h e i r  p h y s io lo g ic a l a c t i v i t y .

Because o f t h i s  la c k  o f in fo rm ation  i t  was considered  th a t  

a  comparison between pure v itam in  D and c e r ta in  n a tu ra l
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v itam in  D p ro d u c ts  such as  f i s h  o i l s  and i r r a d ia t e d  y e a s t  

m ight y ie ld  seme in te r e s t in g  r e s u l ts *  I t  was o f c h ie f  con­

ce rn  to  determ ine w hether th e r e  i s  a  d if fe re n c e  in  physio ­

lo g ic a l  b eh av io r between th e  n a tu ra l  and pure p roducts*

Although m ost of th e  work on v itam in  D p ro d u c ts  and on 

th e  v a rio u s  s id e -p ro d u c ts  has been perform ed on r a t s  and 

ch ick en s, dogs and cows were a ls o  used in  th e se  s tu d ie s*

The b lood  p ic tu r e  was s tu d ie d  to  determ ine th e  e f f e c ts  

o f  th e  v a rio u s  p ro d u cts  used* Because o f  th e  f a c t  t h a t  

v itam in  D i s  c h ie f ly  concerned w ith  calcium  and phosphorus 

m etabolism , a d e ta i le d  s tudy  was made o f  th e  calcium  and 

phosphorus changes o f th e  b lood  accompanying th e  a d m in is tra ­

t io n  o f  th e  v a r io u s  products*  In  a d d it io n  some o f th e  e x p e ri­

m ents invo lved  th e  d e te rm in a tio n  o f th e  a c id  and a lk a l in e  

phosphatase le v e l  in  th e  b lo o d .

- 2 -
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HISTQRIGAL

A» G eneral

In  1906 Hopkins suggested th a t  r i c k e t s  WBS due to  some 

d e f ic ie n c y  o f n u tr i t io n *  A v ailab le  evidence a t  t h a t  tim e 

p o in ted  to  th e  conclusion  th a t  th e  supposedly adequate d ie t  

needed some supplem entary c o n s ti tu e n t  in  o rd er to  p rev en t 

r ic k e ts *  E xhaustive in v e s t ig a t io n s  have confirm ed th e  views 

th a t  r ic k e ts  has to  be considered  as  a  d e f ic ie n c y  d isease*

The names o f M ellanby, McCallum, Sherman, and Pappenheimer 

a re  prcaninently connected w ith  t h i s  work*

I t  was found th a t  experim ental r i c k e t s  could be induced 

in  dogs by g iv in g  them a d ie t  from which th e  a n t i r a c h i t i c  

p r in c ip le  was m iss in g , and on th e  o th e r hand th a t  experim ental 

r i c k e t s  as w e ll a s  th e  r ic k e t s  occurring  spontaneously  could 

be cured  by supplem enting th e  d ie t  w ith  c e r ta in  o i l s  co n ta in in g  

th e  a n t i r o c h i t i c  su bstance . Of th e s e , cod l i v e r  o i l  proved to  

be th e  most e f f e c t iv e .

The symptoms o f r ic k e t s  c o n s is t  m ainly  in  changes in  th e  

development o f th e  sk e le to n  and a re  u s u a lly  accompanied by a  

g en e ra l low ering of th e  v i t a l i t y  and by a  r e ta rd a t io n  o f growth* 

The development o f methods f o r  producing experim ental 

r i c k e t s  made i t  p o s s ib le  to  t e s t  d i f f e r e n t  food s tu f f s  fo r  

t h e i r  a n t i r o c h i t i c  p ro p e rtie s*  As experim ental r ic k e t s  can be 

cured  by supply ing  th e  a n t i r a c h i t i c  substances i t  i s  p o s s ib le

- 3-
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t o  work out th e  doses n ecessary  to  cure  r i c k e t s .  This i s  c a l le d
I

th e  " c u ra tiv e  t e s t " . The second method of t e s t in g  c o n s is ts  in  

determ ining  th e  amount o f a  a n t i r a c h i t i c  substance n ecessary  to  

p rev en t th e  development o f r i c k e t s .  This i s  c a l le d  th e  "preven­

t iv e  t e s t " .  I t  has been found th a t  doses n ecessa ry  to  cure 

r ic k e t s  a re  always g re a te r  than  th e  doses p rev en tin g  r i c k e t s .  

More r e c e n tly  chem ical methods have been used f o r  th e  determ ina­

t io n  of v itam in  D.

The d iscovery  of methods of producing experim ental r ic k e t s  

fo llow ed by th e  development of t e s t s  f o r  m easuring th e  a n t i ­

r a c h i t i c  v a lu e  was th e  f i r s t  g re a t advance in  e lu c id a tin g  th e  

n a tu re  o f r i c k e t s .

The second g re a t  d iscovery  was due to  a  German p h y s ic ian  

H uldschinsky, who in  1919 found th a t  cod l i v e r  o i l  was n o t th e  

only c u ra tiv e  agen t f o r  r ic k e t s ,  and proved by a  la rg e  number 

o f c l in i c a l  o b serv a tio n s  t h a t  l i g h t ,  and e s p e c ia l ly  u l t r a ­

v io le t  l i g h t ,  had e x c e l le n t  c u ra tiv e  a c t io n  f o r  human r i c k e t s .  

L a te r ,  1922, Hess and Lindhagen, observed th a t  th e  blood c o n ten t 

o f in o rg an ic  phosphate d ecreases and in c re a se s  w ith  th e  seaso n a l 

changes o f u l t r a - v i o l e t  l i g h t  from th e  sun. R ats  p laced  on a 

r ic k e ts -p ro d u c in g  d ie t  cou ld  be p ro te c te d  a g a in s t  r ic k e t s  by 

s u n lig h t .  U l t r a -v io le t  l i g h t  th e re fo re  had th e  same e f f e c t  as 

th e  substance v itam in  D.

The connecting  l in k  between th e se  ap p aren tly  u n re la te d  

ob serv a tio n s  was th e  t h i r d  g rea t d isco v ery  in  t h i s  f i e l d .

—
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In  I 92U, Hess and Steenbock found sim ultaneously  t h a t  i t  was by 

no means n ecessa ry  to  expose th e  r a c h i t i c  anim al t o  u l t r a - v i o l e t  

l i g h t  p rov ided  th e  food was i r r a d ia te d .  The in te r p r e ta t io n  o f 

t h i s  d isco v ery  was soon found. The fo o d s tu ffs  as  w ell as  th e  

sk in  co n ta in  substances which on i r r a d ia t io n  w ith  u l t r a - v i o l e t  

l i g h t  produce v itam in  D. These substances a re  c a l le d  pro ­

v itam in s  D. T heir p resence i s  e a s i ly  dem onstrated . V egetable 

o i l s  in a c t iv e  b efo re  i r r a d ia t io n  become a c tiv e  a f t e r  i r r a d ia t io n .

The n a tu ra lly -o c c u r r in g  v itam in  D seems to  be formed by 

photochem ical p ro cesses  from a  p ro -v itam in  D. Summer m ilk  i s  

r ic h e r  in  v itam in  D th an  w in te r  m ilk . T his i s  due la rg e ly  to  

th e  p rod u ctio n  of v itam in  D in  th e  sk in  o f th e  an im als.

The o r ig in  o f v itam in  D in  f i s h e s  i s  n o t y e t  c le a r ly  under­

s to o d . The cod f i s h  l i v e s  a t  a  dep th  where th e  n ecessary  amount 

o f  u l t r a - v io l e t  l i g h t  i s  n o t considered  s u f f ic ie n t  f o r  th e  forma­

t io n  of v itam in  D. Drummond (1) assumes th a t  th e  cod p o ssesses  

an ex cep tio n a l power o f s to r in g  v itam in  D. Coppens and Metz (2) 

found th a t  th e  t i s s u e s  o f th e  lungs o f r a t s  d es tro y s  v itam in  D. 

The absence o f lungs in  f is h e s  m ight account f o r  t h e i r  la rg e  

s to r in g  c a p a c ity . Another p o s s ib i l i ty  would be a b iochem ical 

sy n th e s is  o f  v itam in  D in  f i s h e s .

The in v e s t ig a t io n  o f i r r a d ia te d  v eg e tab le  o i l s  gave e v i­

dence th a t  th e  a c tiv e  p r in c ip le  i s  to  be found in  th e  unsapon i- 

f i a b le  p a r t  o f th e  o i l .  The p h y to s te ro ls ,  th e re fo re ,  were 

examined. A f te r  i r r a d ia t io n  t h ^  became a c t iv e ;  th e  same

-5-

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



U"

a c t iv a t io n  was observed a f t e r  th e  i r r a d ia t io n  o f crude cho les­

t e r o l .  Thus in  192$ i t  was f i r s t  b e liev ed  t h a t  th e  p ro -v itam in  

D was a  s te ro l*

In  1927 Pohl (1 )* in v e s tig a te d  th e  u l t r a - v i o l e t  a b so rp tio n  

of c h o le s te ro l*  The maximum was found a t  280 mu. During i r r a ­

d ia t io n  th e  maximum i s  s h if te d  to  th e  u l t r a - v io le t*  A f te r  a 

sh o r t i r r a d ia t io n  t h i s  s h i f t  was so co n sid e rab le  t h a t  a  la rg e  

q u a n tity  o f c h o le s te ro l  was supposed to  have undergone a  photo­

chem ical transfo rm ation*  The a n a ly a is  o f  th e  i r r a d ia te d  

m a te r ia l  in d ic a te d  i t  to  be m ostly  c h o le s te ro l ,  and a ls o  seme 

a n t i r a c h i t i c  substance* This a c t i v i t y  was l o s t  by r e c r y s ta l ­

l i z a t i o n  from alcohol*  *Rosenheim and W ebster (3) o b ta in ed  

th e  same r e s u l t ,  by p u rify in g  i r r a d ia te d  c h o le s te ro l  by forma­

t io n  o f th e  dibrom ide o r d ich lo rid e*  In  so  doing a l l  o f th e  

o r ig in a l  a c t iv i ty  was l o s t .  Consequently th e  v itam in  D must 

be a s so c ia te d  w ith  c h o le s te ro l  o r th e  phytostOTols* The study 

o f th e  ab so rp tio n  sp e c tra  o f  pure and crude c h o le s te ro l  in d i ­

ca ted  th a t  th e  crude c h o le s te ro l  had a  maximum a t  280 mu 

w hereas th e  p u r if ie d  c h o le s te ro l  had a maximum a t  2I4.O mu.

In  1927 Windeus (U) compared th e  ab so rp tio n  s p e c tra  o f 

a l l  th e  known s te r o l s  w ith  t h a t  o f p ro -v itam in  D* They d is ­

covered th a t  th e  s te r o l  of e rg o t,  e rg o s te ro l ,  had th e  same 

a b so rp tio n  spectrum  as p rov itam in  D* They i r r a d ia te d  e rg o s te ro l  

and g o t a  p roduct 1000 tim es more a c t iv e  th a n  i r r a d ia te d  

c h o le s te ro l*  This proved e rg o s te ro l  to  b e  p ro -v itam in  D*
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I t  was now assumed th a t  e rg o s te ro l  i s  a s so c ia te d  w ith  th e  

known s te r o l s ,  e s p e c ia lly  th o se  of th e  s k in . I t s  p resence 

in  sk in  was supposed to  account f o r  th e  fo rm ation  o f v itam in  

D upon exposure to  some source of u l t r a  v io l e t  l ig h t*  The 

re a so n  fear th e  long delay  in  is o la t in g  th e  n a tu ra l ly -o c c u r r ­

ing  p ro -v itam in  D i s  e a s i ly  seen . I t s  s o lu b i l i ty  i s  so much 

l i k e  th a t  o f c h o le s te ro l  th a t  i t  was d i f f i c u l t  to  se p a ra te  i t  

from c h o le s te ro l .

A A « A JL M ^3 j  ^  a.1. am a#a I0m lA* ^  ̂  nA j. U d  W iC  v i i a V  tP x 'g U D o ^ j. wo. w w u-i.\x

changed in to  a  s tro n g ly  a n t i r a c h i t i c  substance th e  i s o la t io n  

o f p ro -v itam in  D and o f v itam in  D from n a tu ra l  sou rces was 

postponed, and re se a rc h  was concen tra ted  on th e  a c t iv e  sub­

s tan c e s  formed by i r r a d ia t io n  of e rg o s te ro l .  This work was 

troublescane and slow . L i t t l e  p ro g ress  was made u n t i l  1931 

when WindauB in  Germar^, and Askew, B o u rd illo n  and t h e i r  c o l­

la b o ra to rs  in  England re p o rte d  th e  i s o la t io n  of pure c r y s ta l ­

l i n e  v itam in  D from i r r a d ia te d  e rg o s te ro l .

Windaus and h is  co lleag u es  r e a l iz e d  frcm  th e  beginn ing  

t h a t  th e  i r r a d ia t io n  of e rg o s te ro l  produced a m ix ture o f com­

pounds. The f i r s t  a n t i r a c h i t i c  product is o la te d  from i r r a ­

d ia te d  e rg o s te ro l  was a m ix tu re  o f equal m olecular amounts 

o f v itam in  D w ith  a  second i r r a d ia t io n  compound c a l le d  lum i­

s t e r o l .  This m ix ture  was d esig n a ted  as  V itam in D^. A y ear 

l a t e r  Windaus, L in s e r t  (^) and th e i r  c o lla b o ra to rs  succeeded 

in  i s o la t in g  pure c r y s ta l l in e  v itam in  D. This was now

-7—
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d esig n a ted  as  V itam in Ü2 « Thé name c a lc i f e r o l ,  used in  th e  

E n g lish  l i t e r a t u r e ,  was o r ig in a l ly  a p p lied  to  V itam in b u t 

was l a t e r  t r a n s f e r r e d  to  Vitam in D2 » Vitam in D2 and c a lc i ­

f e r o l  a re  used synonymously.

In  th e  fo llow ing  y e a rs  o th e r p roducts o f i r r a d ia t io n  of 

e rg o s te ro l were found by Windaus. They a re  arranged  in  th e  

fo llow ing  photo-chem ical s e r ie s :

e rg o s te ro l  lu m is te ro l > ta c h y s te ro l  *■

S u p ra s te ro ls

An e la a e n ta ry  a n a ly s is  o f th e se  p roducts  gave th e  s t r i k ­

in g  r e s u l t  t h a t  a l l  have th e  same form ula as  e rg o s te ro l3 

namely, C2fi^l|l|Q* Like e rg o s te ro l ,  th ey  a l l  a re  u n sa tu ra te d  

s te r o l s .  The f i r s t  assum ption was t h a t  th e  a c t io n  o f l i g h t  

on e rg o s te ro l  produced m ainly  s t e r i c  rearrangem ents and s h i f t ­

in g  of th e  double bonds. F u rth e r in v e s t ig a t io n s  by I ,e t t r e * (6 ) 

showed th a t  th e  p rocess  was f a r  more com plicated th an  had been 

thought in  th e  beg inn ing .

A ll p ro o f to  d a te  has shown th a t  th e  a n t i r a c h i t i c  p ro p e rty  

depends on th e  p resence o f a f re e  hydroxyl group p re se n t in  

th e  3 r in g  sk e le to n , p rov ided  w ith  th re e  con jugated  double 

bonds in  c lo s e ly  l im ite d  p o s it io n s .

The to x ic  e f f e c t  i s  produced by substances which c o n ta in  

two or th re e  conjugated double bonds in  th e  3 r in g  sk e le to n .
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This i s  svnnmed up by th e  fo llow ing  ta b le  tak en  from Friedm ann's 

book, " S te ro ls  and R ela ted  Compounds", pg . 60 (7)*
'I

Conjugated I s o la te d  A n ti-

Rings
Double
Bonds

Double
Bonds

Double
Bonds

r a c h i t i c
Toxic

E rg o s te ro l h 3 2 1 —
L um istero l k 3 2 1 “
T achystero l 3 h 3 1 “
V itam in Dg 3 h 3 1 + +
T o x is te ro l 3 (?) h (?) 2 (?) 2 (?) i
S u p ra s te ro l I U 3 — — —
S u p ra s te ro l I I k (3) 3 (U) — 3 (W — —

The su cc e ss fu l i s o la t io n  of a  substance w ith  h ig h ly  a n t i ­

r a c h i t i c  p ro p e r t ie s  from i r r a d ia te d  e rg o s te ro l  b r in g s  th e  r e ­

search  back to  i t s  s ta r t in g  p o in t—th e  i s o la t io n  o f v itam in  

frcan n a tu ra l  sources* Was th e  v itam in  D in  cod l i v e r  o i l  s im ila r  

to  o r id e n t ic a l  w ith  th e  v itam in  from i r r a d ia t io n  of e rg o s te ro l?  

Much evidence showed th i s  to  be t r u e .  The chem ical com position, 

s o lu b i l i ty  and r e a c tio n s  tow ards d i f f e r e n t  reag en ts  was s im ila r ;  

i t  was to x ic  in  h igh  doses, and o ffe re d  th e  same ra tio ;b e tw e e n  

to x ic  and a n t i r a c h i t i c  doses as  v itam in  Dg* However, i t s  physio­

lo g ic a l  a c t iv i ty  in d ic a te d  t h a t  th e re  was a  d iffe ren ce*  A ccm- 

parason  o f t h e i r  a n t i r a c h i t i c  a c t iv i ty  showed no d if fe re n c e  in  

r a t s  w ith  v itam in  Dg, b u t in  th e  case o f ch icks th e  v itam in  I) 

from f i s h  o i l  sources was much more pow erfu l.

Windaus subsequen tly  d isco v ered  th e  ex is ten c e  o f ano ther 

p ro -v itam in  D; namely, 7-d e h y d ro c h o le s te ro l. This compound 

b ea rs  th e  same r e la t io n s h ip  t o  th e  v itam in  D in  f i s h  l i v e r  o i ls
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as e rg o s te ro l  does to  V itam in T>2 *

In  1936 Werder and Windaus (8 ) i s o la te d  v itam in  from 

th e  i r r a d ia t io n  p roducts  o f 7-d eh y d ro o h o les te ro l *

A.T. 10 o r d ih y d ro ta c h y s te ro l a  d e r r iv a t iv e  o f an i r r a ­

d ia t io n  product of e rg o s te ro l ,  i s  known to  have im portan t 

e f f e c ts  upon calcium  and phosphorous m etabolism . T his has 

been amply shown n o t only by H oltz (9) and o th e rs , i t s  

d isc o v e re rs , who showed i t s  a b i l i t y  to  r a i s e  serum calcium  

c o n cen tra tio n  a f t e r  removal o f  th e  p a ra th y ro id s , b u t a ls o  by 

th e  s tu d ie s  o f A lb rig h t (10,11) and c o lla b o ra to rs  on th e  

m etabolism  o f calcium  and phosphorus in  id io p a th ic  hypopara- 

th y ra id ism  and in  r i c k e t s .  They compared th e  e f f e c ts  o f 

A.T. 10 w ith  th o se  o f v itam in  D2 and p a ra th y ro id  e x t r a c t .

I t  i s  t h e i r  th e s i s  th a t  v itam in  D has two prim ary a c t io n s j  

to  in c re a se  phosphate e x c re tio n  in  th e  u r in e ,  and to  in c re a se  

calcium  ab so rp tio n  from th e  g a s t r o in te s t in a l  t r a c t .  P ara thy­

ro id  hormone does n o t in c re a se  ab so rp tio n  o f calcium  b u t does 

in c re a se  phosphate in  th e  u r in e  m arkedly. According to  th ese  

au th o rs  A.T. 10 has th e  same two a c tio n s  a s  v itam in  D, b u t 

in c re a se s  calcium  ab so rp tio n  le s s  and p h o sp h a te .e x c re tio n  

more. In  con firm ation  o f t h i s  hypo thesis  i t  has been shown 

th a t  A.T. 10 w i l l  p rev en t o r cure r ic k e t s  in  r a t s  produced by 

a low calcium -low  phosphorus d ie t  in  th e  same dosage th a t  i s  

w ith o u t e f f e c t  on th e  r ic k e t s  produced by th e  c la s s i c a l  high 

calcium -low  phosphorous d ie t s  by Shohl, F a rr  and F o rb er(1 2 ).

- 10-
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I t  has been re p o rte d  by Hornapp (13)» th a t  A.T. 10 has l/UOO to  

/  1/600  th e  a n t i r a c h e t ic  po tency  of v itam in  Dg* Shohl and Forber 

(11+) have shown th a t  A.T. 10 i n  amounts which approxim ate to x ic  

dosage, i s  e f f e c t iv e  in  p rev en tin g  experim en tal r ic k e t s  in  r a t s  

fe d  a  h igh-calcium -low  phosphorus ra e h ito g e n ic  d i e t .

I t  was no ted  by Hess and Suppléé (1$) th a t  i r r a d ia te d  

e rg o s te ro l  i s  much l e s s  e f f e c t iv e  th an  v itam in  D frcm  n a tu ra l  

sources in  prom oting normal c a lc i f i c a t io n  i n  th e  c h ick . These 

o b serv a tio n s  have been amply confirm ed, b u t no s a t i s f a c to r y  

ex p lan a tio n  o f th e  phenomenon has been found. R ecen tly , C c r re l l  

and Wise (16) have shown t h a t  one a n t i r a c h i t i c  r a t  u n i t  of d e - 

h y d ro ta c h y s te ro l i s  e q u iv a len t in  th e  c h ick  to  between i+ and $ 

u n i t s  o f th e  U .S .P . R eference O il .  A s im ila r  r e la t io n s h ip  of 

dose le v e l  to  r a t i o  of e f fe c tiv e n e s s  f o r  th e  ch ick  has been 

shown to  e x is t  between v itam in  D2 and n a tu ra l  v itam in  D by 

M assengole and B e lls  (1 7 ) .

Summarizing th e re  e x is ts  t h i s  p e c u lia r  s i tu a t io n :  V itam in 

D2 i s  eq u iv a len t in  th e  r a t  to  1+0,000 U .S .P . U nits  p e r m i l l i ­

gram (Cawood 18) b u t in  th e  ch ick  to  only  about 1000 U .S.P. 

U n its , Remp and M arshall (1 9 ). V itam in i s  eq u iv a len t t o  

1+0,000 U .S .P . U nits in  b o th  r a t  and chicken and c r y s ta l l in e  

d ih y d ro tac h y s te ro l i s  eq u iv a len t to  80 U .S .P . U n its  p e r  m i l l i ­

gram b u t to  about 360 u n i t s  in  th e  chicken* Most re c e n t work 

shows v itam in  D2 and Dj e q u iv a len t to  about ^0,000  u n its  p e r  

m illig ram .
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R u sse ll and co-w orkers (20,21) have attem pted  to  ex p la in  

^  th e  low e f fe c tiv e n e s s  in  th e  chick by showing th a t  th e  amounts 

o f v itam in  D2 and n a tu ra l  v itam in  D rec o v e ra b le  from th e  fec e s  

o f th e  chick  a re  q u ite  comparable (26.5  and 3U*1^ o f th e  dose 

adm in istered  re sp e c tiv e ly )*  I t  was n o t d e f in i te ly  s e t t l e d  

w hether or n o t a i^  o f th e  rem ainder o f th e  dose was destro y ed  

in  th e  d ig e s tiv e  t r a c t .  They d id  show th a t  th e  v itam in  

was e f fe c t iv e  in  th e  ch ick  when given e i th e r  by mouth or i n t r a -  

p e r i to n e a l ly ,  w hereas s ix  tim es as  many u n i ts  of v i t - ^ n  D2 

g iven  in t r a p e r i to n e a l ly  in  o i l  f a i le d  to  promote eq u iv a len t 

c a lc i f i c a t io n .  From th e se  s tu d ie s  th e y  concluded t h a t  th e  low 

e f fe c tiv e n e s s  o f v itam in  D2 in  th e  ch icken  could n o t be a t t r i ­

b u ted  to  f a i lu r e  of ab so rp tio n  frcm or d e s tru c tio n  in  th e  d i ­

g e s tiv e  tra c t*

McChesney and w orkers (22 ,23 ,2L ), found th a t  th e  r a t io s  

of o ra l  e f fe c tiv e n e s s  in  th e  chick of t o  D2 was 35s i  and 

o f d ih y d ro s tac h y s te ro l to  D3 = U«5 s l  confirm ing th e  work of 

o th e r  w orkers. Most w orkers have found v itam in  D3 ,  D2 , and 

DHT most e f f e c t iv e  when g iven  o r a l ly .  These au th o rs  (25) 

have a lso  found in  studying  o f th e  o ra l  and p a re n te ra l  u t i l i z a ­

t io n  o f v itam in s  D2 and D3 t h a t  th e  l a t t e r  (D3 ) i s  somewhat 

b e t t e r  absorbed from th e  d ig e s t iv e  t r a c t .

C o rre ll and Wise (26) found A.T. 10 had an a n t i r a c h i t i c  

potency  o f 300 u n i ts  p er mgm by r a t  te c h n iq u e . They a lso  

found th a t  th e  a c tio n  o f A.T. 10 resem bles t h a t  o f v itam in  D
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r a th e r  than  th e  p a ra th y ro id  hormone* R at u n i t  fo r  r a t  u n it  

th e y  found A.T. 10 four tim es more e f f e c t iv e  as  an a n t i r a c h i t i c  

th an  v itam in  D from cod l i v e r  o i l .  On a  r a t  u n i t  b a s is  they  

a ls o  found A.T* 10 to  be n e a r ly  200 tim es more e f fe c t iv e  on th e  

ch ick  th an  Dg*

Jones and Rapaport (2?) found t h a t  i r r a d ia te d  e rg o s te ro l 

fe d  to  dogs on b a s is  of 30,000 u n its  of v itam in  D p e r  k i lo  of 

body w eight produced a l^ e rc a lc e m ia *  Schneider and Steenback 

(28) found t h a t  a  sy n th e tic  d ie t  low in  phosphorous and f r e e  

o f v itam in  D produced r ic k e t s ,  b u t when supplemented w ith  

s u f f ic ie n t  phosphorous and v itam in  D, i t  su ff ic e d  as th e  so le  

source of n u tr ie n ts  fo r  th re e  successive  g enera tion  o f r a t s .  

They found t h a t  v itam in  D induced th e  u t i l i z a t i o n  o f P by 

bone, thereby  dep riv ing  th e  s o f t  t i s s u e s  o f  t h e i r  supply of 

P, which in  tu rn  in h ib i te d  growth*

C o rre ll and Wise (29) found th a t  th e  a n t i r a c h i t i c  v itam in  

from se v e ra l sources ex e rted  vary ing  degrees o f in flu e n c e  on 

th e  phosphatase va lues in  chicken serum* God l i v e r  o i l  was 

more e f fe c t iv e  th an  i r r a d ia te d  e rg o s te ro l  and th e  tuna  l i v e r  

o i l s  in  reducing  serum phosphatase a c t i v i t y  in  th e  growing 

ch ick .

In  1938 Rapaport and Guest (30), re p o rte d  t h a t  in  r a t s  

given a h igh  Ga and low P d ie t  ( ra e h ito g e n ic )  th e  development 

of r ic k e ts  was a sso c ia te d  w ith  decreases f i r s t  o f  in o rg an ic  

4  P and of ad eo sin e trip h o sp h a te  (A*T*P*) and then  of diphospho- 

g ly c e r ic  ac id  in  th e  blood c e lls*  In  th e  hea ling  o f  r ic k e t s ,
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th e  re v e rse  o f t h i s  p ro cess  "was found to  tak e  p la c e .  T h ^  

suggest th e  fo llcw in g  scheme:

T riosephosphate  -  p y ru v ic  a c id  phosphoglycrate  

Hexosephosphate
In o rg an ic  P 

A denosinetriphosphate  

Jones (31) ,  in  19UUj found sm all doses o f v itam in  D g iven  

to  r a t s  k ep t on a low phosphorus-high calcium  d ie t  produce a 

iQrpercalcemia. I r r a d ia te d  e rg o s te ro l ,  pure c a l c i f e r o l ,  o r 

i r r a d ia te d  7 -d eh y d ro ch o les te ro l were e q u a lly  e f f e c t iv e ,  whereas 

A.T. 10 was much l e s s  e f f e c t iv e .  The degree o f hypercalcem ia 

produced was dependent on th e  amount of v itam in  D ad m in is te red . 

The degree o f growth in h ib i t io n  was d i r e c t ly  r e la te d  to  th e  

degree o f l^ypercalcem ia. C a lc if ic a t io n  as  judged by femur ash 

was g re a te r  in  th o se  cases in  w hich th e re  was a  d e f in i t iv e  in ­

c rease  in  calcium . Thus t h i s  d a ta  gave a d d it io n a l  support in  

fav o r o f th e  view th a t  v itam in  D in c re a se s  th e  ab so rp tio n  of 

calcium  from th e  in t e s t in e s  and se rv e s  to  in d ic a te  th e  im port­

ance o f th e  calcium -phosphorus p ro d u c t of th e  serum in  c a l c i f i ­

c a tio n .

W addell (32) has shown th a t  i r r a d ia te d  crude c h o le s te ro l  

i s  e q u iv a le n t to  cod l i v e r  o i l  and su p e rio r  to  i r r a d ia te d  

e rg o s te ro l  in  p rev en tin g  th e  development o f le g  weakness in  

c h ick s . Bethke (33) has suggested  t h a t  perhaps two o r more 

f a c to r s  may be p re se n t in  i r r a d ia te d  e rg o s te ro l ,  one of which
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i s  e f f e c t iv e  in  bo th  th e  chicken and th e  r a t  and th e  o th e r  only 

in  th e  r a t .  This d o e s n 't  seem to  ho ld  because i t  has been 

shown th a t  c r y s ta l l in e  v itam in  Dg and V io a te ro l were found to  

have r e l a t iv e ly  th e  same potency when te s te d  on r a t s  as w e ll as  

on chicks* Thus in  th e  ch ick  i t  seems to  be a  m a tte r  o f th e  

degree o f u t i l i z a t i o n  o f th e  se v e ra l forms*

McChesney (3i|) found th a t  d if fe re n c e s  o f ab so rp tio n  and or 

d e s tru c tio n  can n o t a lone account f o r  th e  v e ry  h igh  doses o f  

v itam in  Dg needed to  produce th e  hypercalcém ie e f f e c t  in  c h ic k s . 

I t  re q u ire d  12$ mgms p e r  kg o f v itam in  Dg t o  r a i s e  th e  serum 

calcium  to  a le v e l  o f  12 m g n ^ . T his le v e l  was a ls o  reached  

in  th e  chick- w ith -a  dose o f 10 mpi p e r -k g -o f  v ita in in  b u t 

n o t a f t e r  a  dose of 5 mgm p er kg. Caward (35) in  a  group o f 

se p a ra te  re se a rc h e rs  e s ta b lis h e d  th a t  v itam in s Dg and have 

th e  same a n t i r a c h i t i c  potency in  r a t s ;  i . e . ,  UOjOOO I .U . p e r 

mgm. R u sse ll (36) in  a  review  concluded t h a t  th e  v itam in  

was 30 tim es as e f f e c t iv e  as Dg and 6 tim es as  e f f e c t iv e  as  

A.T. 10 in  th e  chick* Toxic e f f e c ts  were observed when cod 

l i v e r  o i l  was fed  a t  about 5000 tim e s , th e  c a lc i f e r o l  a t  about 

100 tim es , and A.T. 10 a t  about 10 tim es th e  le v e ls  n ecessa ry  

fo r  normal m inera l m etabolism . Morgan and Shim atori (37) in  

t h e i r  work on dogs fed  v a rio u s  sources o f v itam in  Dg and 

t h a t  th e re  was produced a  prolonged b lood  calcium  r i s e ,  which 

was g r e a te s t  in  th e  case o f i r r a d ia te d  e rg o s te ro l fo llow ed by 

D e is te ro l  and Tuna l i v e r  o i l .
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Sherman and Booker (38) found th a t  when th e  d ie t  was com­

posed of n a tu ra l  food s tu f f s  arranged  so as  to  make calcium  th e  

s o le  s ig n if ic a n t  v a r ia b le ,  th a t  a t  each o f  th e  ages s tu d ie d , 

th e  amount o f  calcium  in  th e  body o f th e  growing anim al v a r ie d  

in  accordance w ith  th e  calcium  con ten t o f  th e  d i e t .  Lanford 

and Sherman (39) found on d ie ts  of d i f f e r e n t  calcium  le v e ls  

t h a t  a lthough  th e  percen tage o f body calcium  f in a l l y  reached 

on th e  two h ig h e r calcium  r a t io n s  were th e  same, th e  r a t e  o f 

c a lc i f i c a t io n  was somewhat g re a te r  on th e  d ie t  p ro v id in g  .8  

p e rc e n t then  on th a t  w ith  »6l\ p e rcen t o f calcium . Jones, 

R apaport and Hades (UO), in  working w ith  dogs, r e p o r t  th a t  th e  

source o f th e  calcium  in  th e  hypercalcem ia produced by i r r a ­

d ia te d  e rg o s te ro l  i s  th e  food  and n o t th e  body t i s s u e .  Green- 

w ald (W.) observed th a t  i t  was im possib le  to  e s ta b l i s h  a  

d e f in i te  r e la t io n s h ip  between th e  co n c en tra tio n s  o f calcium , 

phosphate , and p ro te in  in  th e  se ra  o f dogs.

lELein and R u sse ll (^2) found th a t  of th e  i r r a d ia te d  ergos­

t e r o l  fe d  to  ch ick s  during th e  f i r s t  U weeks of l i f e ,  26.$ p e r­

cen t was recovered  in  th e  droppings. When cod l i v e r  o i l  was 

used U3 .1  p e rce n t was reco v ered .

Outhouse, Sm ith, and Twomey (b3) found th a t  r a t io n s  con­

ta in in g  la c to s e  and cod l i v e r  o i l  caused g re a te r  r e te n t io n  o f 

calcium , phosphorus, and magnesium th an  r a t io n s  co n ta in in g  

s ta r c h  o r su c ro se .
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McLean (14;) found th a t  d ih y d ro ta c h y s te ro l and c a lc i f e r o l  

a re  h ig h ly  e f f e c t iv e  in  in c re a s in g  th e  co n c en tra tio n  o f c a l ­

cium in  th e  b lood  and in  r e l ie v in g  th e  symptoms r e s u l t in g  from 

hypocalcem ia in  cases  o f in s u f f ic ie n c y  o f th e  p a ra th y ro id s .

He found no to x ic  e f f e c ts  nrhen ad m in iste red  over co n s id e rab le  

p e rio d s  of tim e . A lb rig h t and co-w orkers (U5) working w ith  

human su b je c ts  e s ta b lis h e d  th e  fo llow ing  r e s u l t s  w ith  v itam in  

D, A.T. 10, and p a ra th y ro id  hormone;

Calcium Phosphorus e x c re tio n
A bsorption in  th e  u r in e

Vitam in D + 4 + +
A.T. 10 + 4 4 4
P ara th y ro id  e x tr a c t  0 4 4 4 4

Cohn and Greenberg (i;6 ) in  t h e i r  work w ith  radiophosphorus 

and v itam in  D concluded th a t  th e  in f lu e n c e  o f v itam in  D on th e  

d e p o s itio n  of in o rg an ic  phosphorus in  th e  bone of r a c h i t i c  r a t s  

m ust be a sc r ib e d  to  a  more d i r e c t  e f f e c t  th an  one m erely r e s u l t ­

in g  from an in c re a s in g  a b so rp tio n . They thought t h a t  v itam in  D 

m ust have a s p e c i f ic  e f f e c t  on organic bone phosphorus and a 

s p e c i f ic  r o le  o f t h i s  f r a c t io n  in  bone form ation  i s  in d ic a te d .

McDonald and M assengole (U7) found th a t  m assive doses o f 

i r r a d ia t e d  e rg o s te ro l  ad m in iste red  to  p u l l e t s  gave only  185 

tim es more v itam in  D potency  in  th e  eggs th a n  d id  one te n  

thousand th  as  much v itam in  ( in  th e  form of cod l i v e r  o i l ) .

R u sse ll ,  T aylor and W ilcox, in  work on ch icks (J48) ob ta ined  

e s s e n t ia l ly  th e  same bone ash  percen tag es  when v itam in  D was 

ad m in iste red  by in je c t io n  o r by cap su le ,
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B. A n ti ra c h i t ic  Compounds and Side P roducts

Vitam in D i s  shomi to  be a  g e n e tic  name f o r  a  c la s s  of 

substances p o ssess in g  a n t i r a c h i t i c  p r o p e r t ie s .  C e rta in  mem­

b e rs  o f th e  group have been p u r if ie d ,  and t h e i r  s tru c tu re s  

e lu c id a te d . The commonest procedure f o r  th e  fo rm ation  o f an 

a n t i r a c h i t i c  substance i s  i r r a d ia t io n  w ith  u l t r a - v i o l e t  in  

which e rg o s te ro l  and 7 dehydro c h o le s te ro l  a re  th e  usual 

s ta r t in g  ccxapouhds. A n t i r a c h i t ic a l ly  a c tin g  p ro d u c ts  may 

a ls o  be produced from c h o le s te ro l  by a  v a r ie ty  o f chemical 

p ro ced u res . These p ro d u cts  have however n o t a t ta in e d  comaer- 

c i a l  im portance. (U9).

The more common a n t i r a c h i t i c  compounds a re  l i s t e d  below:

(1) V itam in Dg, C a lif  e r o l .  The p ro d u c t o f  i r r a d ia t io n  of 

e rg o s te ro l .  This occurs in  many i r r a d ia t e d  foods o f 

p la n t  o r ig in .

(2) V itam in Dj ,̂ 2 2 -d ih y d ro o a lc ife ro l. The product o f i r r a d i a ­

t io n  o f 22-d ih y d ro e rg o s te ro l,

(3 ) E r tro n . This i s  e l e c t r i c a l l y  a c t iv a te d  e rg o s te ro l  and 

may p o ss ib ly  be a  d i s t i n c t  e n t i ty .

(li) The p roduct from th e  a c t io n  o f n i t r i t e s  on e rg o s te ro l .

T his substance i s  fe e b ly  a c t iv e  b u t i s  c e r ta in ly  d i f f e r e n t  

from o th e r  forms o f v itam in  D which a re  destroyed  by 

n i t r i t e s .

(^) The p roduct o f  i r r a d ia t io n  o f 22, 2 3 -o x id o -e rg o s te ro l.

T h is  substance i s  a ls o  fe e b ly  a n t i r a c h i t i c .
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(6 ) V itam in B y  i r r a d ia te d  7 -dehydrocho lestero l*  This has 

been shown to  be th e  c h ie f  farm o f  th e  v itam in  found 

in  c e r ta in  f i s h  o i l s .

(7) The p roduct o f  i r r a d ia t io n  o f 7 -d e h y d ro s ito s te ro l .  This 

probably  occurs to  a sm all e x te n t in  n a tu re , a lthough  

i t  i s  only fe e b ly  a n t i r a c h i t i c .

I t  has been shown, t h a t  in  a d d itio n  t o  th e se  compounds, 

th e re  i s  a  p o s s ib i l i t y  t h a t  s t i l l  o th e r forms of v itam in  D 

may e x i s t  in  cod l i v e r  o i l  o r in  o th e r n a tu r a l  p ro d u c ts .

I t  has been shown t h a t  a  r e a l  and s ig n i f i c a n t  d i f f e r ­

ence, bo th  q u a n ti ta t iv e  and q u a l i t a t iv e ,  e x is t s  between th e  

ch ick  and th e  r a t  in  th e  r e a c t io n  o f th e  v a rio u s  forms of 

v itam in  D, and i t  i s  concluded th a t  r e c e n t  s tu d ie s  of th e  

a c tio n  o f s e v e ra l forms of v itam in  D show t h a t  th e  human r e ­

a c ts  in  g en era l in  th e  same manner a s  th e  r a t  to  th e  v a rio u s  

v itam in s  D.

In  th e  i r r a d ia t io n  o f e rg o s te ro l  th e r e  a re  formed as  

p re v io u s ly  m entioned se v e ra l s id e  or r e l a t e d  p roducts  such a s  

lu m is te ro l ,  ta c h y s te ro l ,  t o x i s t e r o l ,  s u p ra s te ro l  I ,  and Supra­

s te r o l  I I .  T h e ir a n t i r a c h i t i c  a c t i v i t i e s  a re  r e l a t iv e ly  

s l i g h t  a lthough c e r ta in  w orkers have shown some of t h e i r  d e r -  

r iv a t iv e s  such a s  d ih y d ro ta c h y s te ro l,  t o  have ap p rec iab le  

a n t i r a c h i t i c  e f f e c t  and a p a r t ic u la r ly  marked in flu e n c e  on 

th e  blood calcium  le v e l .
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G» E ffe c ts  o f A n t i - r a c h i t ic  Ccmpounds and S id e-p ro d u cts  on 
M ineral I^etatiolïsm

The s tu d y  o f th e  in f lu e n c e  o f v itam in  D on m ineral 

m etabolism  has occupied th e  a t te n t io n  of many in v e s tig a to rs^  

and i t  should be ap p re c ia te d  a t  once t h a t  such in v e s t ig a t io n s  

o f fe r  maiy d i f f i c u l t i e s .  As a conseque. s e , th e  o b serv a tio n s  

have n o t been uniform , and th e  conclusions have le d ,  th e re ­

fo re ,  to  much confusion .

Eddy and D a lld o rf (^0) in  t h e i r  work on th e  calcium  

in ta k e  o f r a t s  found th a t  norm ally th e  r a t  lo s e s  20 to  UO p e r  

cen t of th e  calcium  in ta k e  and 15 p e rc e n t o f  th e  phosphorus 

in  th e  f e c e s , whereas in  r a c h i t ic  anim als th e  calcium  lo s s  

amounts to  90-100 p e rc e n t and phosphorus 60-70 p e rc e n t. When 

v itam in  D i s  ad m in iste red  to  r a c h i t i c  r a t s  r e s to r e s  th e  p ro ­

p o r tio n a te  a b so rp tio n . T his makes i t  appear t h a t  th e  fu n c tio n  

o f v itam in  D i s  to  promote ab so rp tio n  of calcium  and phosphorus. 

The p rocess  i s  somewhat more com plicated  however. Kem and 

Montgomery (5 l)  found th a t  on h igh  doses o f v itam in  D, th e re  

was an in c re a se d  i n t e s t i n a l  ab so rp tio n  of calcium  and to  a  l e s s  

e x te n t phosphorous.

Taylor and Weld (52) in  t h e i r  work on r a t s  found th a t  

v itam in  D hypercalcem ia was due to  m o b iliz a tio n  o f  calcium  f ro a  

th e  bones and t h a t  th e  v itam in  dep ressed  th e  power o f th e  in ­

t e s t i n e  to  e x c re te  calcium . Bauer, M arble, and G la ff in  (53) 

found no e f f e c t  on n itro g e n  m etabolism  from th e  in g e s tio n  of 

v itam in  D over p e rio d s  up to  a  month o r more. B lood calcium
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and phOBphonis le v e ls  were l ik e w ise  u n a ffe c te d . They found 

th e  m in era l ba lances n o t ap p rec iab ly  a f f e c te d .

In  an in te r e s t in g  s tudy  o f th e  e f f e c ts  o f  v itam in  D on 

c a lv e s , Duncan etnd Huffman (5U) found th a t  th e r e  was b u t 

l i t t l e  a l t e r a t io n  of b lood calcium , whereas inoi'ganic  phos­

phorus was in c reased  d e f in i te ly  and re tu rn e d  to  normal le v e ls  

a f t e r  fo u rte e n  d ay s . There was decreased  f e c a l  and in c re a se d  

r e n a l  e x c re tio n  o f b o th  elem ents.

W a llis , Palm er, and G ullickson  (55) re p o r te d  t h a t  a  c a l -  

cium-phosphorus r e te n t io n  r a t i o  o f 2 was p re s e n t in  b o th  normal 

and r a c h i t i c  ca lv es  and th a t  v itam in  D in c re a se d  r e te n t io n  w ith ­

out a l t e r in g  th e  r a t i o .  P atroharden  and C h itre  (56) claim ed th a t

I1.500 u n i ts  o f  v itam in  D fed  d a i ly  to  a d u l t  r a t s  in c re a se d  re n a l 

e x c re tio n  o f calcium , phosphorus and n itro g e n .

Reed, S truck , and Steck (57) in  t h e i r  m inera l b a lan ce  stusfy 

on humans w ith  a r t h r i t i s ,  could reach  no d e f in i t e  co nclusions 

because o f  such v a r ia t io n s .

N icolaysen (58, 59, 60, 61, 62, and 63 ) in  a  s e r ie s  o f 

s tu d ie s  on r a c h i t i c  r a t s  has shown th a t  th e  r a t  may ad ap t i t s e l f  

to  excess v itam in  D which would cause in c o n s is te n t  r e s u l t s  as 

in  th e  case  of th e  humans w ith  a r t h r i t i s .  He a lso  found th a t  

w ith  v ary in g  le v e l s  of calcium  added to  t h i s  d i e t ,  th e  ou tpu t 

o f endogenous phosphorus in  th e  fe c e s  was p ro g re s s iv e ly  in c re a se d , 

b u t th e  v itam in  g e n e ra lly  in h ib i te d  th e  in c re a se  to  scane e x te n t.  

With v ary in g  le v e ls  of phosphorus in  th e  d i e t ,  th e  f e c a l  ou tpu t
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of calcium  was lik e w ise  p ro g re s s iv e ly  in c re a se d  and ag a in  th e  

in c re a se  was le s s  when v itam in  D was g iv en .

I t  i s  apparen t t h a t  th e re  i s  no co n v en tio n a l p ic tu r e  of 

m inera l m etabolism  in  a r t h r i t i s  and th a t  th e r e  i s  no c h a ra c te r ­

i s t i c  response to  v itam in  D t h a t  can be considered  s p e c i f ic  in  

t h i s  r e l a t io n .  A lso i t  i s  ap p aren t th a t  th e  v itam in  i s  capable 

o f producing o p p o site  r e s u l t s  under d i f f e r e n t  c o n d itio n s . What 

f a c to r s  a re  re sp o n s ib le  f o r  e s ta b lis h in g  th e  p o in t o f reversia l 

i s  n o t e n t i r e ly  c le a r ,  b u t c e r ta in ly  th e  s iz e  o f th e  dose i s  

n o t th e  only f a c to r  invo lved . The a b so lu te  amounts o f  calcium  

as  w e ll as  th e  calcium -phosphorus ra t io y  th e  s ta t e  o f th e  

d ig e s t iv e  t r a c t  as  w e ll as o f th e  l i v e r ,  a r e  a l l  concerned. 

There may be many o th e r im portan t in f lu e n c e s .

D. E f fe c ts  o f A n ti ra c h i t ic  Compounds and S id e-p ro d u c ts  on 
Blood C o n stitu en ts

S ince th e  b lood  stan d s a s  an in te rm ed ia ry  between th e  

a lim en ta ry  c an a l, th e  p e r ip h e ra l  t i s s u e s ,  and th e  k id n ey s, i t  

i s  where one would expect to  lo o k  f o r  some c lu e  as to  th e  

n a tu re  o f th e  m etab o lic  resp o n ses  to  v itam in  D. A lte ra tio n s  

in  b lood  com position a re  n o t always s p e c if ic  and o f te n  cannot 

be in te rp r e te d  a lo n e , y e t  c e r ta in  tre n d s  a re  reco g n izab le  as 

more o r l e s s  in d ic a t iv e  o f changes in  th e  t i s s u e s .  A lthough 

i t  i s  probab le t h a t  to o  much s t r e s s  has been l a i d  on c e r ta in  

b lood  changes in  response  to  v itam in  D, y e t  in  th e  absence o f 

b e t t e r  c r i t e r i a  i t  has been n ecessary  t o  make use o f  such
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d a ta  in  seeking in fo rm atio n  o f i t s  action*

Schmidt and Greenberg (6U) in  t h e i r  s tu d ie s  on some o f 

th e  e le c t r o ly te s  in  body f lu id s  found th e  p h y s io lo g ic a l 

range f o r  calcium  in  th e  b lood  o f humans to  range between 9 

and 1 1 .^ . The normal b lood calcium  le v e l  iu  most common 

la b o ra to ry  anim als i s  o f about th e  same o rd er as f o r  man except 

in  case  o f b ird s  during  th e  la y in g  season* S pecies d if fe re n c e s  

a re  n o t r e a d i ly  ex p la in ed .

Q uite  commonly one f in d s  sta tem en ts  t o  th e  e f f e c t  t h a t  th e  

a c tio n  o f v itam in  D i s  to  produce hypercalcem ia or hyperphos­

phatem ia o r b o th , y e t  th e re  i s  abundant evidence th a t  e i th e r  one 

may occur independently  o r t h a t  n e i th e r  may fo llo w  th e  adm inis­

t r a t i o n  o f la rg e  amounts o f v itam in  D* Very o ften  th e  ex p eri­

m ental co n d itio n s  a re  no t s u f f ic ie n t ly  s tan d a rd ized  to -e n a b le  

one to  determ ine j u s t  wty a  g iven v a r ia t io n  occurs; in  f a c t ,  

even when a l l  co n d itio n s  a re  as w e ll s tan d a rd ized  a s  p o s s ib le ,  

i t  may s t i l l  be d i f f i c u l t  to  account fo r  th e se  v a r ia t io n s *

There i s  now in c o n tro v e r tib le  evidence th a t  a  h ig h  degree 

of hypercalcem ia o f long d u ra tio n  i s  com patible w ith  l i f e .  

S u sta in ed  hyperphosphatem ia i s  much more l i k e ly  to  d is tu rb  

body fu n c tio n s . Some y ea rs  ago Reed and Leed suggested th a t  

th e  prim ary  g ro ss  e f f e c t  o f  v itam in  D i s  one o f s ta b i l i z in g  

calcium -phosphorus m etabolism , re g a rd le s s  o f  d i r e c t io n .

Not many observ a tio n s  have been re p o rte d  on th e  e f f e c ts  of 

v itam in  D on th e  formed elem ents o f th e  b lo o d , P h i l l ip s  and
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c o llo b o ra to rs  (65) have shown v itam in  D to  in c re a se  th e  

throm bocytes o f th e  blood and to  decrease  co ag u la tio n  tim e 

in  r a t s .  Sure and Kik (66) in  t h e i r  s tudy  o f heanatopoisis 

in  r a t s  found th a t  anemia o f r ic k e t s  i s  n o t due to  a v itam in  

D d e f ic ie n c y .

T ay lo r, Weld, and Branion and Kay (6?) rep o rted  t h a t  

v itam in  D g re a tly  reduced th e  phosphatase co n ten t in  th e  r a t ,  

r a b b i t ,  fow l, and dog. Leenhardt and co-w orkers (68) in  t h e i r  

s tu d ie s  of r i c h i t i c  c h ild re n  found th a t  th e  a c id  so lu b le  phos­

phorous was in c reased  markedly whereas th e  phosphatase a c t iv i ty  

was decreased .

Dreyer and Reed (69) worked w ith a group of a r th r it ic  

p a tien ts  fed  massive doses o f vitam in D and found th a t the  

serum phosphatase a c t iv ity  was apparently o f l i t t l e  use as an 

ob jective  d iagnostic t e s t  in  a r th r it is ,  because o f the wide 

v a r ia tio n  in  values found.

In  summary, s tu d ie s  on blood showed t h a t  th e  only  con­

s t i tu e n t s  a f fe c te d  in  any c o n s is te n t manner by m assive doses 

o f v itam in  D were t o t a l  calcium  (upward), c h o le s te ro l ,  g lu ­

cose , phosphatase (g en era l tre n d  downward), and phosphorus 

(upward).

D ih y d ro tach y ste ro l has been shown to  cause in c re a se s  

in  b o th  phosphorus and calcium  and a  downward tre n d  in  phos­

p h a tase  a c t i v i t y .
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E. T o x ic ity  o f A n ti ra c h i t ic  Ccaapotmds and S ide-p roducts

The voluminous d iscu ss io n  o f th e  to x ic  e f f e c ts  o f  v itam in  

D has been com plicated by a  number o f confusing  f a c to r s .  In  

th e  f i r s t  p lace  s tan d a rd  term inology i s  s t i l l  la c k in g . 

"H ypervitam inosis D", and "Vitam in D in to x ic a t io n " , have a l l  

been used lo o se ly  and in te rch an g eab ly  to  d e s ig n a te  th e  same 

p h y sio lo g ic  s t a t e .  Evidence has shown th a t  th e re  i s  a  d e f in i te  

d i s t in c t io n  to  be made among th e se  te rm s. There has a ls o  been 

a  g en era l f a i lu r e  to  reco rd  q u a n t i ta t iv e ly  th e  dosage ox v i t a ­

min D in  r e la t io n  to  body w eight and to  in d ic a te  th e  d u ra tio n  

o f  a d m in is tra tio n . Moreover th e  sp ec ies  v a r ia t io n  in  s u sc e p ti­

b i l i t y  has v ery  o f te n  n o t been tak en  in to  acco u n t. Then to o , 

th e  p u r i ty  o f th e  v itam in  D p re p a ra tio n s  used was unquestionab ly  

a  f a c to r  o f im portance in  a l l  th e  work on t h i s  problem up to  

th e  p e r io d  when c a lc i f e r o l  o r v itam in  D2 was made a v a i la b le .

Most work th e r e a f te r  d id  n o t d i f f e r e n t i a t e  between th e  e f f e c ts  

produced by th e  e a r ly  impure p re p a ra tio n s  and th o se  o f pure c a l­

c i f e r o l .  F in a lly  th e  symptans o f in to x ic a t io n  have n o t always 

been as  c lo se ly  observed as would be d e s ir a b le ,  nor has due 

account been taken  o f th e  in flu e n c e  o f d i e t  and o f o th e r physio­

lo g ic a l  f a c to r s .

Both to x i s te r o l  and t a c ly s te r o l  a re  capab le  o f producing 

severe  symptoms of in to x ic a t io n .  Furtherm ore bo th  produce h is to ­

lo g ic a l  and chem ical changes in  th e  body t i s s u e s  g e n e ra lly  

t h a t  a re  d e f in i te ly  p a th o lo g ic .
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C a lc ife ro l a lso  i s  ab le  to  produce to x ic  e f f e c t s .  H erein 

l i e s  th e  j u s t i f i c a t i o n  fo r  th e  assum ption t h a t  hyperv itam inosis  D 

and v itam in  D in to x ic a t io n  a re  one and th e  same s t a t e .  The com­

mon occurrence o f hypercalcem ia in  to x ic  co n d itio n s  a t  f i r s t  

le d  to  th e  assum ption th a t  t h i s  phenomenon was re sp o n s ib le  fo r  

th e  to x ic  c o n d itio n . Reed and Thacker (70) have c a l le d  a t te n ­

t io n  to  th e  freq u en t occurrence o f hypercalcem ia o f long dura­

t io n  w ith o u t sisy symptoms of to x ic ity *  From t h e i r  s tu d ie s  they  

concluded, th e re fo re , t h a t  v itam in  D in to x ic a t io n  and hyper­

calcem ia a re  no t synonymous, a lthough  th e  two co n d itio n s  may 

e x is t  s im ultaneously .

The id e n t i ty  o f v itam in  D in to x ic a tio n  and hyperparattgr- 

ro id ism  a re  n o t though t to  be id e n t ic a l  in  as much as n o t a l l  of 

th e  o b je c tiv e  and su b je c tiv e  evidences of in to x ic a t io n  by one or 

th e  o th e r  can be proved by an excess of th e  o th e r . î^yperav ita- 

m inosis D and th e  v itam in  D in to x ic a t io n  can n o t be used synony­

mously inasmuch as th e  to x ic  th re sh o ld  v a r ie s  among in d iv id u ^ s 

and th u s  hyperv itam inosis D does n o t in e v ita b ly  le a d  to  in to x i­

c a tio n . Obviously, a  su b je c t re c e iv in g  30,000 u n its  o f v i t a ­

min D p e r kilogram  p e r  day i s  in  a  s ta te  o f  hyperv itam inosis D, 

even though no to x ic a t io n  occu rs. Likeiirise th e  su b je c t re c e iv ­

ing  2,000 u n its  p e r kilogram  p er day, may under some circum stances 

show a  to x ic  co n d itio n  b u t sc a rc e ly  can be s a id  to  be in  a  condi­

t io n  o f h jiperv itam inosis D, s in ce  an in c re a se  of v itam in  D concen­

t r a t io n  i a  th e  blood stream  may n o t be dem onstrable.
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I t  i s  suggested , th e re fo re ,  t h a t  "txypervitam iuosis D" be 

employed to  d es ig n a te  only th o se  s ta te s  in  which th e  co ncen tra­

t io n  o f th e  v itam in  in  th e  b lood  stream  can  be dem onstrated to  

be d e f in i t e ly  in c re a se d . R egard less o f th e  amount in g e s te d , 

i f  i t  i s  n o t c i r c u la t in g  i t  must have been m etabo lized , s to re d , 

ex c re ted , or unabsorbed, and th e re  can be no h y p erv itam in o sis .

I f  under th e se  co n d itio n s  a to x ic  s ta te  develops, i t  i s  ob­

v io u s ly  n o t hyperv itam inosis  p e r  se  a lthough  probably a second- 

cary  e f f e c t  th e re o f .

I t  i s  apparen t t h a t  in  some re sp e c ts  th e  to x ic  a c t io n  of 

v itam in  D i s  not u n lik e  th e  dehydrating  e f f e c t  of p a ra th y ro id  

e x tr a c t  B asset (71)• I t  i s  apparen t a lso  t h a t  th e  to x ic  a c tio n  

may a f f e c t  any and a l l  t i s s u e s  b u t th e  k idney  i s  most commonly 

in v o lv ed . M oreover, th e  e f f e c ts  seem to  be ex e rted  on t i s s u e  

c e l l s ,  and w ith in  p h y s io lo g ic a l ranges o f a p p lic a tio n  th e r e  i s  

improvement in  c e l lu l a r  fu n c tio n . However t h i s  p ro cess  appears 

to  be r e v e r s ib le  by e i th e r  a  d e f ic ie n c y  o r an excess a s  p o in ted  

out by Freudenberg (7 2 ),

Widenbauer (73) claim ed th a t  v itam in  A o r B complex p ro te c te d  

mice a g a in s t  to x ic a t io n  w ith  e i th e r  v itam in  D or d ity d ro ta c h y -  

s t e r o l .  Numerous r e p o r ts  have in d ic a te d  th a t  a c t iv a te d  e rg o s te ro l  

i s  more to x ic  than  cod l i v e r  o i l  w ith  com parable v itam in  D 

u n ita g e .

In v e s tig a tio n s  w ith  mammals have g e n e ra lly  in d ic a te d  th a t  

m assive doses o f v itam in  Dg a re  to x ic ,  dem onstrating  in c re a se d
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ca lc iim  le v e ls  accompanied by bone d i s s o l u t i o n . , The l e s s  f r e ­

quen tly  s tu d ied  by-p roduct o f e rg o s te ro l  i r r a d ia t io n  d ihydro ­

ta c h y s te ro l  has been shoim by C o r re ll  and Wise (7U) to  have a 

low a n t i r a c h i t i c  e f f e c t  and fo r  mammals, i t  i s  hypercalcém ie 

and to x ic .

In  summing up th e  to x ic  e f f e c ts  o f  th e se  compounds, we 

f in d  th a t  severe  and f a t a l  to x ic a t io n  may be  produced by  exces­

s iv e  amounts o f v itam in  D. The endldence and s e v e r i ty  may be 

co n d itio n ed  by:

(1) th e  dose p e r  u n i t  o f body w eight
(2) th e  d u ra tio n  of a d m in is tra tio n
(3) th e  ccsnposition o f th e  d i e t ,  in  b o th  m in era l and 

o rgan ic  con ten t
(it) th e  s ta t e  of th e  a lim en tary  t r a c t
(5) th e  sp e c ie s  s u s c e p t ib i l i ty
(6) in d iv id u a l s u s c e p t ib i l i ty
(7) age
(8) p re -e x is t in g  patho logy
(9) th e  v e h ic le  in  which th e  v itam in  i s  ad m in iste red

(10) th e  ro u te  o f a d m in is tra tio n
(11) th e  fu n c tio n a l s t a t e  o f th e  endocrine system
(12) th e  p u r i ty  o f th e  viteanin p re p a ra tio n
(13) th e  source of th e  v itam in
(lU) probably  o th e r f a c to r s  n o t y e t  recogn ized

There i s  a  tendency to  d e p o s itio n  o f calcium  and , to  a 

l e s s e r  e x te n t, o f  phosphorus in  s o f t  t i s s u e s  w ith  approach to  

a  to x ic  s ta g e . This p rocess  i s  r e v e r s ib le  t o  a  c o n sid e rab le  

e x te n t and ap p a re n tly  le av e s  no chron ic  in ju ry .

The in c id en ce  of to x ic a t io n  in  human s u b je c ts  i s  r e l a t iv e ly  

low . The th re sh o ld  o f to x ic a t io n  f o r  humans and dogs appears to

be 20,000 U .S .P . u n i ts  o f  v itam in  D p e r  kilogram  o f body w eigh t

p e r day fo r  most p re p a ra tio n s  used.
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Of a l l  t i s s u e s  s tu d ie d  th e  kidney appears to  be th e  

most v u ln e ra b le , and th e  a o r ta  n e x t. N ev erth e less  hyperten ­

s io n  has n o t been encountered in  human s u b je c ts .

The extrem e p a th o lo g ic a l changes d esc rib ed  in  an im als 

have, w ith  few ex cep tio n s , been produced by doses o f v itam in  

D g re a t ly  in  excess o f th e  h ig h e s t doses recranmended fo r  

human th e rap y . I f  th e  doses a re  c a lc u la te d  on th e  b a s is  o f 

u n i t  w eigh t.

Goormaghtigh and Handosrsky (75) have r e c e n tly  shown 

w ith  dogs doses of v itam in  D (pure c a lc i f e r o l )  ran g in g  from 

1600 to  2800 u n i ts  p er kilogram  fo r  37 to  102 days, th e  

blood p re ssu re  was in c reased  from an average o f 134 mm be­

fo re  tre a tm e n t to  l4 ?  mm a f t e r  tre a tm e n t. They a ls o  found 

t h a t  r e n a l  damage was produced by doses in  th e  range o f  20,000  

u n i ts  p e r  kilogram  p e r  day o r above. Doses o f 4 ,000 u n i ts  

were harm less and even b e n e f ic ia l .  Even on th e  la rg e  doses 

th e y  found th a t  th e  a r t e r i o l a r  m uscu lature  could reco v e r w ith  

no permanent damage. In  young anim als however re g re s s io n  o f 

th e  thymus m ight occur r e s u l t in g  in  c e s sa tio n  o f grow th.

Changes d esc rib ed  were found only in  th e  kidney and to  

a  l e s s e r  e x ten t in  th e  sp le e n . Larger doses produced s im ila r  

changes in  th e  neurohypophysis, th y ro id , gonads, a d re n a l and 

p a n c rea s . The a o r ta  was n o t a f fe c te d  excep t by s t i l l  la rg e r  

d o ses .
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CHEMISTRY OF THE PROVITAMINB D AND OF THE 
IRRADIATION PROCESS

An im derstand ing  o f th e  s tru c tu r e  o f th e  m olecule of 

v itam in  D and o f th e  chem ical r e a c t io n s  lead in g  to  i t s  forma­

t io n  as w e ll as o f th e  changes brought about by v a rio u s  chemi­

c a l and p h y s ic a l agents can b e s t  be gained  by a  d iscu ss io n  o f 

th e  chem istry  of s te r o l s .  This i s  due, o f  co u rse , to  th e  

f a c t  th a t  v itam in  D i s  d eriv ed  from s te r o l s ,  b o th  in  n a tu re  

and in  te c h n ic a l  m anufacture.

The chem istry  o f s te r o l s  s in c e  th e  i s o la t io n  o f c h o le s te ro l  

from g a ll- s to n e s  by de l a  S a lle  about 1769 has been review ed by 

F ie se r  (76) and B i l l s  (7 7 ) . S te ro ls  have been found in  p r a c t i ­

c a l ly  a l l  anim al and p la n t  t i s s u e s —a f a c t  which has le d  b io lo ­

g i s t s  to  th e  conclusion  th a t  th ey  have some im p o rtan t fu n c tio n s  

in  c e l lu la r  m etabolism . Another in d ic a t io n  o f t h i s  Im portance 

i t  th e  f a c t  th a t  i t  has been amply proved th a t  sy n th e s is  may 

ta k e  p lace  in  th e  anim al organism.

The elem entary  form ulas o f m ost o f  th e  s te r o l s  which have 

been i s o la te d  in  pure form have been d e riv e d , and a few o f 

th e se  a re  in c lu d ed  in  th e  fo llow ing  t a b le ,  which l i s t s  a lso  

th e  m eltin g  p o in t ,  o p t ic a l  r o ta t io n ,  and c h ie f  source of 

c e r ta in  o f th e  more common s te r o l s .
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Name Formula M.P. Occurrence

C h o les te ro l C27%60 190° - 38. 8° A ll anim al c e l l s
.D ihydrocho lestero l C27HU8O 1U2 +28.8 Companion o f c h o le s te ro l
C oprostero l C27%80 102 +23.S Feces
O s tre a s te ro l 2̂9% 8^ 1U3 -ii3 .9 O y ste rs , gastropods
L anostero l C30H40O. lip. +28.0 Wool f a t
A gnosterol C30HU8O 162 +70.6 Wool f a t
E rg o ste ro l C26%itO 163 - 133.0 E rg o t, y e a s t
S i to s te r o l C29H50O IU6 -4 2 .4 F a ts  o f h ig h er p la n ts
S tig m aste ro l ^29%8° 170 -U5.0 Calabor beans, soy beans
Chincol C29H50®

C29%8°
^ 2 9 % °

lUo —2U.0 Chinchona bark
F u co ste ro l 12U -3 8 .Ü Algae
Tymosterol n o +ii7.3 Y east

The stu d y  of th e  chem istry  o f s te r o l s  has assumed a  g r e a te r  

im portance in  re c e n t y e a rs  s in ce  i t  has been found th a t  in  a d d itio n  

to  v itam in  D c e r ta in  o th e r  b io lo g ic a l ly  im p o rtan t substances a re  

a lso  s te ro id d e r r iv a t iv e s .  For example c e r ta in  o f th e  sex hormones 

a re  m odified  s te ro ls*  The b i l e  a c id s  a re  s t e r o i l s ,  as  a re  c e r ta in  

ca rd iac  poisons such as  s tro p h an th in  and th e  to a d  po isons such as  

b u fo to x in . C erta in  o f th e  carc inogen ic  hydrocarbons co n ta in  th e  

phenanthrene nucleus found in  a l l  s t e r o l s .

So f a r  as i s  known a t  p re se n t, a l l  s te r o l s  a re  m od ifica­

t io n s  o f th e  genera l s tr u c tu r e  shown in  form ula I .
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The r i n g s  a r e  n o t  e r o m e t i c  i n  n a t u r e  b u t  a x e  n o t  

n e c e s s a r i l y  c o r a v l e t e l y  s a t u r a  t ec’ . The s i d e  g r o u p ,  I n d i ­

e s  t e ^  b y  R i n  F o r  nul a I , ' c r i e s  v i t b  t h e  s t e r o l  f-nd may 

b e  s a t u r a t e d  o r  c o n t a i n  one one d o u b l e  b o n d . The a c c e p t ­

ed f o r m u l a s  o f  c h o l e s t e r o l  end  e r g o s t e r o l  e r e  g i v e n  i n  

F o r m u l a s  I I  a n d  I I I  a s  e x a m p l e s  and  f o r  c o m p a r i s o n ,  â 

t y p i c a l  p l a n t  s t e r o l ,  s t i g m a s t e r o l ,  i s  shown i n  F o r m u l a  

IV.

3

“"SSL A

H3
- C H = O H - O H -G B

/HR

131. Vr A
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I t  i s  n o tic e a b le  th a t  th e se  th re e  fo rm ulas have a remark­

ab le  s im i la r i ty  in  s p i te  of th e  wide d iv e r s i ty  o f th e  sources 

of th e  s te r o ls  th ey  re p re s e n t .  I t  i s  to  be no ted  f u r th e r  th a t  

th e  g r e a te s t  d iffe re n c e s  l i e  in  th e  s id e  c h a in , and indeed th e  

v a r ia t io n s  in  chem ical and p h y s io lo g ic a l behav io r a re  asso ­

c ia te d  more w ith  changes in  th e  s id e  ch a in  than  w ith  any deep 

sea ted  rearrangem ents or s u b s t i tu t io n s  in  th e  r in g  system  i t ­

s e l f ,  The nucleus i s  rem arkably s ta b le ,  and only s tro n g  

methods o f tre a tm e n t w i l l  cause ru p tu re .

O ther p ro p e r t ie s  o f th e  s te r o l s  may be exp lained  by th e  

form ulas g iven . They a re  a l l  secondary a lc o h o ls , s in ce  th e  

r in g  to  which th e  hydroxyl group i s  a tta c h e d  i s  s a tu ra te d .

Thus th ey  a re  n e u tr a l  r a th e r  th an  p h e n o lic . They a re  r e a d i ly  

e s t e r i f i e d .  A la rg e  p ro p o rtio n  of th e  c h o le s te ro l  in  mammalian 

t i s s u e s  e x is ts  as e s te r s  o f v a r io u s  f a t t y  a c id s .  As would be 

expected from s t e r i e  co n s id e ra tio n s  a s  w e ll  as  from th e  gen era l 

p ro p e r t ie s  o f a l l  secondary a lc o h o ls , th e  e s te r s  a re  r e a d i ly  

s a p o n if ie d .

The s im i la r i ty  o f s tru c tu r e s  I I ,  I I I  and IV su g g ests  th a t  

th e  p h y s ic a l and chemical p ro p e r t ie s  would be expected to  vary  

l i t t l e  among th e  v a rio u s  s te ro ls *  This i s  th e  ca se . S te ro ls  

can be p repared  from t h e i r  v a r io u s  n a tu ra l  sources w ith o u t 

g re a t d i f f i c u l ty ,  b u t even when such p re p a ra tio n s  y ie ld  cry ­

s t a l l i n e  p roducts th ey  a re  a lm ost in v a r ia b ly  m ix tu res o f two 

o r more s te r o l s .  The se p a ra tio n  and p u r i f ic a t io n  o f a  s in g le
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s te r o l  i s  a  p ro cess  o fte n  re q u ir in g  g re a t  in g en u ity  and f r e ­

q u en tly  tax es  th e  re so u rces  of th e  cheaiist to  th e  u tm ost, 

s in ce  s o lu b i l i t i e s  a re  alm ost id e n t ic a l ,  and d i s t i l l a t i o n  ia  

d i f f i c u l t .  In  a d d itio n  s te r o l s  form m olecu lar compounds of 

c<mplexes w ith  each o ther which a re  exceedingly  d i f f i c u l t  to  

s e p a ra te .

Formulas I I ,  I I I ,  and IV in d ic a te  a ls o  th e  v a s t  p o s s ib i l i ­

t i e s  fo r  fo rm ation  of s te reo iso m ers . There a re  e ig h t  . asym étrie  

carbon atoms in  c h o le s te ro l as w ell as  in  e rg o s te ro l .  On th i s  

b a s is  a lo n e , two hundred and f i f t y  s ix  isom ers o f each substance 

a re  p o s s ib le . The r in g  s tru c tu re s  p re s e n t o p p o rtu n itie s  fo r  

c lsan d  transisoraerism . These p o s s i b i l i t i e s  a re  im p o rtan t, s in ce  

many of th e  v a rio u s  n a tu ra l ly  occurring  s te r o l s  d i f f e r  from one 

ano ther only by s p a t ia l  c o n fig u ra tio n  of th e  groups around c e r­

t a i n  of th e  assym etric  carbon atcm s. When i t  i s  remembered 

t h a t  no chem ical o r p h y s ica l d iffe re n c e s  e x i s t  between o p tic a l  

an tip o d es  except th e  r o ta t io n  of p o la r iz e d  l i g h t  and th a t  th e  

L / d if fe re n c e s  between c is  and trsnsLsomers and between eplmers 

a re  o ften  no t v ery  g re a t ,  th e  d i f f i c u l t i e s  of s e p a ra tio n  and 

id e n t i f ic a t io n  of th e  v a rio u s  s te r o ls  a re  r e a d i ly  understood ,

A ltho th e re  has been accumulated a r a th e r  la rg e  amount of 

in fo rm ation  reg ard in g  r e a c tio n s  o f s t e r o l s ,  most o f  th i s  has 

n o t been of p a r t ic u la r  i n t e r e s t  fo r  p re se n ta tio n  h e re . The 

re a c tio n s  which a re  u se fu l f o r  a n a ly t ic a l  purposes may be des­

c rib e d  b r ie f ly  h e re , s in ce  th ey  a re  s im ila r  to  re a c tio n s  which
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have been s tu d ie d  in  a ttem p ts  to  develop a  chranical procedure 

f o r  th e  a ssay  of v itam in  D« C e rta in  s te r o l s  when t r e a te d  w ith  

s tro n g  a c id s  under dehydrating  c o n d itio n s  g ive r i s e  to  co lo red  

ccxapost.

These re a c t io n s  form th e  b a s is  f o r  se v e ra l co lo r  t e s t s  

fo r  s t e r o l s ,  although th e se  co lo rs  a re  n o t s p e c i f ic  fo r  any 

p a r t ic u la r  s t e r o l  nor a re  they  q u a n t i ta t iv e  except under 

r ig id ly  c o n tro lle d  conditions*

I f  th e  t e s t s  a re  n o t as r e l i a b le  as  i s  d e s ira b le  fo r  d i s ­

t in g u ish in g  between v a r io u s  u n sa tu ra te d  s te r o l s  th ey  do se rv e  

to  d is t in g u is h  sh arp ly  between s a tu ra te d  and u n sa tu ra te d  

s t e r o l s .  Only u n sa tu ra te d  s te r o ls  g ive  c o lo rs  under th e  condi­

t io n s  o f th e  e2qj®:iment. The co lo red  compounds a re  p robably  

halochrom ie s a l t s  formed by attachm ent o f th e  ac id f (o r ,  when 

used , a m eta l s a l t )  to  an u n sa tu ra te d  c e n te r  o f th e  m olecule.

The r e a c t io n  appears to  invo lve  a r in g  system ^of th e  m olecule , 

s in ce  many o th e r  p o ly n u c lea r hydroarom atic compounds which a re  

sa tu ra te d  or p o te n t ia l ly  s a tu ra te d  behave lik e w ise .

Another re a c t io n  o f im portance i s  one d isco v ered  by Windaus, 

He showed t h a t  c h o le s te ro l  (and s in c e  many o th e r  s te r o ls )  forms 

a m olecular compound w ith  d ig e to n in . This l a t t e r  substance 

i s  a  r a r e  g lu c o s id ic  saponin found in  d ig eS tilis  seeds and has 

th e  form ula C^^E^2^29* compounds formed a re  c a l le d  d ig i -

to n id e s  and a re  formed from one m olecule each o f th e  s te r o l  

and d ig i to n in .  They a re  u su a lly  exceed ing ly  in so lu b le  in
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c e r ta in  so lv e n ts  and t h i s  has been used t o  se p a ra te  th e  s te r o l  

form ing in so lu b le  d ig ito n id e s  from th o se  which form so lu b le  

I ones. In  o rd er t o  form d ig ito n id e s  th e  hydroxyl group must be 

f r e e  and must have th e  same s t e r i c  arrangem ent as  in  c h o le s te ro l .

Steeriback, Hess and o th e rs  soon a f t e r  t h e i r  d iscovery  t h a t  

r a c h i t ig e n ic  d ie t s  could  be rendered  p ro te c t iv e  a g a in s t  r i c k e t s ,  

d iscovered  t h a t  s te r o l s  could  be a c t iv a te d  by u l t r a - v io l e t  

l i g h t .  This made i t  c le a r  then  th a t  th e  s te r o l  f r a c t io n  of 

foods was in flu en ced  by th e  a c t iv a t in g  r a y s .

I t  was n ex t d isco v ered  th ru  th e  study  of th e  u l t r a  v io l e t  

a b so rp tio n  spectrum  th a t  c h o le s te ro l  was n o t th e  p ro v itam in .

I t  was soon shown th a t  i t  was a  contam inant. When crude ch o les­

t e r o l  was p u r if ie d  by th e  dibrom ide tre a tm e n t, i t  was no lo n g e r 

a c t iv a ta b le  and no lo n g er showed th e  c h a r a c te r i s t i c  ab so rp tio n  

spectrum  o f th e  o r ig in a l  p ro d u c t.

H eilb ron , Kanam, and Morton (79) t h a t  th e  re p e a te d  f r a c t io n a l  

c y s ta l l i z a t io n  o f c h o le s te ro l  le d  to  th e  accum ulation in  th e  

l e a s t  so lu b le  f r a c t io n  of th e  substance re sp o n s ib le  f o r  th e  

c h a r a c te r is t i c  ab so rp tio n  spectrum of crude c h o le s te ro l .  A fte r  

f u r th e r  s tudy  t h i s  was id e n t i f i e d  as  e rg o s te ro l .

I t  was a t  f i r s t  th o u g h t th a t  ( e rg o s te ro l)  was th e  only  pro­

v itam in  D b u t t h i s  was shown to  be d o u b tfu l. Convincing e v i­

dence was tem p o ra rily  n o t forthccaning because in te n s iv e  s tu d ie s  

were th en  being  made on th e  ph y sics  and chem istry  o f th e  i r r a ­

d ia t io n  o f e rg o s te ro l .
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I t  was found th a t  sources of ra d ia n t  energy o th e r th an  

u l t r a - v io l e t  were e f fe c t iv e  in  form ing v itam in  D from ergos­

t e r o l .  Among those  found e f fe c t iv e  were cathode rays which 

gave l i t t l e  v itam in  D and much decom position and radium 

emanation which was m oderately  e f f e c t iv e .  X-Rays were shown 

n o t to  a c t iv a te  e rg o s te ro l ,  as were high in te n s i ty  ra d io  ways.

In te n s iv e  s tu d ie s  on th e  p o r tio n  of th e  spectrum c h ie f ly  

re sp o n s ib le  f o r  th e  a c t iv a t io n  showed th a t  e rg o s te ro l  absorbs 

s tro n g ly  in  th e  range 305-230 Mu and th a t  th e re  i s  some ab­

so rp tio n  on e i th e r  s id e  o f t h i s  ran g e . Seme work has shown 

th e  longer waves up to  313 mu seem t o  be o f some im portance 

in  th e  decom position o f e rg o s te ro l and p o ss ib ly  o f th e  prim ary

i r r a d ia t io n  p ro d u c ts .
H P , ' V -  r  i ;  T  r  r ' ' T ’ T  1 c  I ' i  ;L r.'Uj.., o Fllli à CUNDS "

OHYbTf.KOL VIT

P h o to -d e rr iv a tiv e s  ( .02  p ercen t in  e th e r)
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D if f i c u l t i e s  in  determ ining  th e  a c t iv a t io n  energy of 

e rg o s te ro l  a re  co n ta in ed  in  th e  f a c t  th a t  th e re  i s  a  s e r ie s  

o f b y -p roducts  formed during  i t s  a c t iv a t io n .  Q uan tity  and 

sequence v a ry  w ith  th e  co n d itio n  o f i r r a d i a t i o n .  I t  has been 

concluded th a t  one h igh  v e lo c i ty  e le c tro n  produces, under th e  

co n d itio n s  o f Hoffman and D an ie ls , l e s s  than  one m olecule of 

v itam in  D, b u t decomposes about e ig h ty  e rg o s te ro l  m olecu les. 

Owen and Sherman have shown th a t  th e  a c t iv a t io n  energy f o r  

th e  conversion  of e rg o s te ro l  to  c o lc i f e r o i  l i e s  between 72 

and 92 kilogram  c a lo r ie s .  W ebster and B oundillon  have con­

cluded on th e  b a s is  o f a  low c o e f f ic ie n t  o f a c t iv a t io n  and low 

tem peratu re  t h a t  th e  fo rm ation  o f v itam in  D from prov itam in  D 

i s  a  moncsnolecular r e a c t io n .

The co n d itio n s  under which e rg o s te ro l  i s  i r r a d ia te d  in ­

f lu e n ce  g re a t ly  th e  c h a ra c te r  and amounts o f o th e r  p ro d u cts  

o b ta in ed . I r r a d ia t io n  o f dry e rg o s te ro l  y ie ld s  poor p ro d u c ts  

because th e  p roducts  f i r s t  formed th e  su rface  a c t  as f i l t e r s  

and p rev en t l i g h t  from reach in g  th e  low er l a y e r s .  D isso lved  

oxygen a f f e c t s  th e  r e s u l t s  o f a c t iv a t io n ,  t h i s  e f f e c t  being  

m ostly  on th e  b y -p ro d u c ts . V itam in D has been shown by many 

w orkers to  be s ta b le  tow ards oxygen.

Other f a c to r s  being  c o n s ta n t, th e  use o f v a r io u s  so lv e n ts  

had a  marked e f f e c t  on th e  v itam in  D potency formed in  th e  

i r r a d i a t i o n .  E ther s o lu tio n s  re q u ire d  a lo n g er tim e of i r r a ­

d ia t io n  to  ach ieve th e  maximum potency  than  was re q u ire d  f o r
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th e  e n t i r e  sequence of a c t iv a t io n  and d e s tru c tio n  in  a lc o h o l.

The maximum potency o b ta in ab le  was much g re a te r  in  e th e r  th a n  

in  a lcoho l or cyclohexane, b u t th e  s p e c tra l  changes were most 

conspicuous in  a lc o h o l.

A ltho th e  a c t iv a t io n  of e rg o s te ro l to  v itam in  D i s  v ery  

probably a monomolecular re a c tio n  and c o n s is ts  of th e  iso m eriza­

t io n  o f th e  e rg o s te ro l m olecule, th e  p rocess  i s  n o t a  d i r e c t  

one. There a re  se v e ra l in te rm ed ia te  s tep s  as g iven below:

E rg o s te ro l

L um isterol

T achystero l

S u p ra s te ro l I

C a lc ife ro l  

" T o x is te ro l
(substance 2^8) S u p ra s te ro l I I

E rg o s te ro l

1 , White c r y s ta l l in e  s o l id

2 . M.P. = 163

3- W

U. Not a n t i r a c h i t i c

^ = -133" in  CHGl^

E rg o s te ro l
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Of these interm ediates a l l  except to x is te r o l have been iso la te d  

either in  pure, c r y s ta llin e  form or in  so lu tion s of high con­

centration .

Lumisterol:

1 . a stereoisomer of ergosterol

2 . has no a n tira c h itic  value

3 . transformed to  vitamin D by irra d ia tio n  

g ives the various co lor reactions

V* forms a 1:1 addition compound with c a lc ife r o l  

which i s  d i f f i c u l t  to  separate (D  ̂ of German 

workers)

HQ -  CH = CH-ÇH-CH

ÇH

Lumisterol

Tachysterol:

1 . does not c r y s ta ll iz e  read ily

2 . has great a f f in i ty  for oxygen

3 . questionable a n tir a c h it ic  action  

U» to x ic

-Uo-
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CH -  CH
CH

CH

T achystero l

= CH-GH-CH

A
CHj CH

or

HO

CH,

C a lc ife ro l  = V itasiin  Dr

1 . isom eric  w ith  e rg o s te ro l

2 .  M . P .  -  1 1 ^ 0  _  1 1 7 0  c ,

3 . White

U. ^  = + 123 . 2$ to  -f 123.75
^3U6l

Cl%
5 . 8p. A bsorption Llcm 26$ mu = ii60-$00

6 . a n t i r a c h i t i c  potency ^0,000 I n t .  u n i ts  p e r  mgm.

7 . to x ic

CH.
•G -  CH = CH-CH-I

CH

HO

C a lc ife ro l

'CH.
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T o x is te ro l

1 . form ula unknown -  probably  co n ta in s  3 r in g s  

and perhaps U double bonds two being  con jugated  

and th e  o th er two is o la te d .

2 . to x ic

3 . n o t a n t i r a c h i t i c

S u p ro ste ro ls  I  and I I

1 . i s o la te d  b u t form ulas n o t y e t  determ ined

2 . n o t to x ic

3 . n o t a n t i r a c h i t i c

h* g ive m odified  co lo r re a c tio n s  

5» iso m eric  w ith  e rg o s te ro l

? -d eh y d ro ch o les te ro l

1 . n o t a n t i r a c h i t i c

2 . p rov itam in

H

CH

CH
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V ita m in  D,

1 . M.P. 82-8U

2 . c o lo r le s s  c ry s ta ls
-|2 0

3» cK r  + 63 .3° ( in  acetone) 
J  D

U. ab so rp tio n  maximum. 265 mu.

5 . UOjOOO u n i ts  per mgm

6 . more e f f e c t iv e  in  p o u ltry

CHo-CHo-CH„-OHuH
CH,

CH

Vitamin D

D ih ydro tachystero l

1 . to x ic

2. s l ig h t ly  a n t i r a c h i t i c

3* p rep ared  by reducing  ta c h y s te ro l  w ith  sodium 

in  a lcoho l

It. no co lo r r e a c tio n s CH.

-CH s  CH-l
■CH

CH
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PHYSIOLOGY OF THE ANTIRACHITIC CCMPOÜNDS

B il l s  (79) made a rev iew  o f th e  l i t e r a t u r e  concerning th e  

physio logy  of v itam in  D and concluded h is  review s w ith  th e  fo llo w ­

in g  s ta tem en tÎ "Confusion in  t h i s  f i e l d  i s  understandab le  when 

one contem plates th e  perm utations and com binations which a re  pos­

s ib le  in  a  system  com prising se v e ra l forms o f calcium  and phos­

phorus in  th e  b lood , a  r e s e rv o ir  and d ep o sito ry  o f th e se  elem ents 

in  bone, a f lu c tu a tin g  in ta k e  and ou tpu t o f  them in  th e  d ie t  and 

e x c re tio n s , and dimping p la c e  fo r  thorn in  th e  s o f t  t i a s u e s ~ a l l  

under th e  in flu en c e  o f many fa c to rs  b e s id e s  th e  p a ra th y ro id  

g lands and th e  sev e ra l fbrms of v itam in  D. As f o r  th e  hoimone 

and th e  v itam in , which seem to  be th e  m ajor fo rc e s  in  th e  system , 

i t  i s  most s a t i s f a c to ry  to  reg a rd  them as  a c tin g  to g e th e r— 

complementing, supplem enting or opposing each o th e r  a s  th e  occas­

io n  demands".

A ltho i t  cannot be s a id  th a t  any c le a r  ex p lan a tio n  o f th e  

p h y s io lo g ic a l a c tio n  of v itam in  D has c r y s ta l l i z e d  out o f th e  

mass of in v e s t ig a t io n  s in ce  B i l l ’ s rev iew , many new f a c ts  a re  

a v a ila b le  which have brought f in a l  understand ing  perhaps a 

l i t t l e  n e a re r .

I t  i s  rem arkable , when one co n s id e rs  t h a t  th e  experim ental 

in v e s t ig a t io n s  have been so g en e ra lly  c a r r ie d  ou t on th e  r a t  and 

t h a t  th i s  anim al i s  so w idely  used as  a  t e s t  su b je c t in  th e  

assay s  of v itam in  D, t h a t  no one has made comprehensive study o f 

th e  com parative physio logy o f th e  r a t .  To t h i s  f a c t  one may
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a t t r ib u te  a la rg e  p a r t  o f th e  r e s p o n s ib i l i ty  fo r  th e  lack  of 

comprehensive knowledge o f th e  p h y s io lo g ic a l r e la t io n s  o f 

v itam in  D (U8). That t h i s  p o in t has rece iv ed  a t te n t io n  i s  

evidenced by th e  in creased  tendency to  a tta c k  v a rio u s  a sp ec ts  

o f th e  genera l problem from th i s  p o in t of view.

Evidence i s  accum ulating th a t  th e  responses to  v itam in  

D which have occupied most a t te n t io n ,  such as hypercalcem ia, 

phosphatem ia, m o d ifica tio n  of r a te s  o f ab so rp tio n  and excre­

t io n ,  08s i f i c a t io n —are  n o t prim ary changes.

S iiith  and McLean (80) have observed th a t  th e re  was no 

evidence from chem ical ana lyses of bones o f r a t s  fed  th y ro id  

to  th e  s ta te  o f severe hyperthyro id ism  th a t  th e re  was cLijy d i s ­

tu rbance  o f calcium  m etabolism  in  e i th e r  growing anim als or 

a d u l t s .  These observations c a l l  j j i to  q u estio n  th e  r e la t io n s h ip  

o f th e  th y ro id  to  calcium  metabolism in d ic a te d  in  th e  e a r l i e r  

r e p o r ts .

The in v e s tig a tio n s  o f Haase (81) on th e  r o le  o f th e  th y ­

ro id  would r a i s e  a  q u estion  about t h i s  p o in t .

However, i t  must be adm itted  th a t  most o f th e  evidence on 

th e  r e la t io n  to  endocrine fu n c tio n  has to  do w ith  e f f e c ts  o f 

amounts of v itam in  D which a re  probably  la rg e r  th a n  th o se  ever 

invo lved  in  p h y s io lo g ic a l ran g es . The only p o in t dem onstrated, 

th e re fo re ,  i s  t h a t  i f  s u f f ic ie n t  amounts of th e  v itam in  a re  

p re se n t i t  can e x e rt an in flu en c e  through th e  p a r t ic u la r  endo­

c r in e s .  I t  must be conceded th a t  th e re  i s  a  p o s s ib i l i ty  of
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e f fe c ts  on th e se  organs m ediated by sm alle r amounts of th e  v i t a ­

min th a t  a re  n o t dem onstrable because o f th e  crudeness o f a v a i l ­

ab le  te s ts *  The f a i lu r e  of c o r re la tio n  o f blood changes w ith  

symptoms i s  a  good example o f t h i s .

I t  i s  c le a r  th a t  th e  a c tio n  of th e  v itam in  whether d i r e c t  

or in d i r e c t ,  a f f e c ts  a v a r ie ty  of t i s s u e s  since  any t i s s u e  may 

show a h ig h er calcium  co n ten t even though th e re  may be no h is to ­

lo g ic a l  evidence of c e l l  in ju ry .  I t  i s  specu la ted  th a t  th e  v i t a ­

min may have bo th  a  g en era l and a  lo c a l iz e d  a c t io n . Evidence 

fo r  th e  g en era l ac tio n  i s  supported by such work a s  t h a t  of 

G elfan , P re s n a ll ,  Vernor and Todd, and Fischmann (8 2 ). In  sup­

p o r t  o f lo c a l iz e d  a c tio n  th e  in flu en ce  on th e  p a ra th y ro id , th y ­

r o id ,  and a n te r io r  p i tu i t a r y  may be m entioned as  w ell as th e  

in flu e n c e  on calcium  ab so rp tio n  which appears to  be lo c a liz e d  

in  th e  i n t e s t i n a l  mucosa.

That th e re  i s  seme d e f in i te  e f f e c t  on r e s is ta n c e  to  in fe c ­

t io n  seems p robab le .

D efic iency  e f fe c ts  a re  c le a r ly  due in  p a r t  to  d e f ic ie n t  

ab so rp tio n  o f calcium .

That th e  v itam in  rem ains in  th e  mammalian b lood  stream  

f o r  months a f t e r  th e  a d m in is tra tio n  o f excess amounts suggests 

th a t  i t  i s  r e a d i ly  s to re d  in  th e  t i s s u e s  o r e ls e  th a t  th e  

s to rag e  tu rn o v er i s  very  a c t iv e .  I t  a lso  appears th a t  th e  

body does n o t possess an e f f ic ie n t  mechanism fo r  d e s tru c tio n  

or in a c t iv a t io n  of th e  v itam in  D when su pp lied  in  excess.
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A ltho th e  a n t i r a c h i t i c  e f f e c ts  o f  th e  v ario u s  forms of 

v itam in  D appear to  be id e n t ic a l  in  th e  human, so f a r  as  they  

have been in v e s t ig a te d , i t  seems u n lik e ly  th a t  d if fe re n c e s  do 

n o t e x is t  in  seme of th e  o th e r  e f f e c ts  t h a t  have been d escrib ed  

f o r  c a lc i f e r o l ,  cod l i v e r  o i l ,  and e r t ro n .

That th e  v itam in  has some in flu e n c e  on muscle fu n c tio n  

seems in e v ita b le  from b o th  d i r e c t  and in d i r e c t  ev idence . That 

i t  may in flu e n c e  th e  nervous system i s  suggested  by th e  work 

o f many in v e s t ig a to r s .

That th e  v itam in  d i r e c t ly  in f lu e n c e s  a b so rp tio n  of calcium  

and in d i r e c t ly  o f phosphorus seems f a i r l y  w e ll e s ta b lis h e d .

That i t s  main fu n c tio n  i s  ex e rted  elsew here seems even more 

c e r ta in  from th e  in v i t ro  experim ents c i te d  on p e rip h en a l t i s s u e s ,  

bone, en d o crin es, or c e n tra l  nervous system .

C a p illa ry  r e s is ta n c e  and p e rip h en a l vasomotor re a c tio n s  

appear to  be in flu en ced  to  seme e x te n t by th e  v ita m in .

L a s tly  th e  in flu e n c e  on s k e le ta l  growth must n o t be d is ­

reg ard ed , a lthough  th i s  i s  probably  secondary to  th e  general 

in flu e n c e  on bone.
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SIGNIFICANCE

A» Calcium le v e ls

S ince calcium  i s  con tained  e n t i r e ly  i n  th e  plasma i t  i s  

obvious t h a t  th e  calcium  co n ten t o f th e  whole blood w i l l  vary  

in v e rse ly  as  th e  conpusculor volume. Because o f th e  g re a t  v a r ia ­

b i l i t y  o f th e  l a t t e r  f a c to r ,  d e te rm in a tio n s  o f  calcium  a re  

u su a lly  n o t made on whole b lood . The calcium  con ten t o f human 

serum norm ally  ran g es frcm 9-11 mgm. p er 100 cc . The plasm a con­

te n t  i s  from *9 to  1 mgm lower although some observers b e lie v e  

i t  to  be h ig h e r . The serum calcium  i s  q u ite  co n stan t under 

normal c o n d itio n s . Serum calcium  c o n s is ts  o f two p h y s io lo g ic a lly  

d i s t i n c t  f ra c t io n s  which have been termed d i f f u s ib le  and non- 

d i f f u s ib le .  The d i f f u s ib le  p robab ly  c o n ta in  th e  p h y s io lo g ic a lly  

a c tiv e  calcium  and re p re se n ts  hO to  60 p e rc e n t o f  th e  t o t a l  

serum calcium .

The q u a n t i ta t iv e  r e la t io n s h ip  between th e  v a rio u s  calcium  

s ta te s  in  th e  blood ai-es

T o ta l serum calcium  = D if fu s ib le  Ca + non d i f f u s ib le  Ca 
9-11.5  mg b .5 -5 .5  mg U.5-6 mg.

(1) io n ized  2 mg n o n -io n izab le
(2) nonioniaed

Benjamin and Hess (72) have p o s tu la te d  fou r physico-chem ical 

s ta t e s  o f calcium  in  normal b lood  serum:

1 . an adsorbab le  calcium -phosphorus complex c o n s ti tu t in g  

tw o -th ird s  of th e  d i f f u s ib le  calcium .

2 . Calcium io n  (ran a in in g  d i f f u s ib le  ca lc ium ).
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3 . adsorbab le , n o n d iffu s ib le  calcium -phosphorus complex 

(l/U  of n o n d iffu s ib le )

U» p ro te in  bound calcium (3/U of n o n d if fu s ib le ) .

C onditions causing or in  which a hypercalcem ia c o e x is ts

a re ;

1 . H yperparathyroidism

2* Excess v itam in  D (hyperv itam inosis)

3 , N ep h ritis  ( r a r e  cases w ith  uremia)

U* Polycythemia

5 . M u ltip le  myeloma

6 . In creased  CO2 ten s io n

7 .  N eop lastic  d isea se  of bone

8 . O vulation i n  b ird s

Conditions causing or a s so c ia te d  w ith  a hypocalcem ia a re ;

1 . Hypoparathyroidism

2. Vitamin D d e fic ien cy

3 . Calcium d efic ien cy  

O stecm alocia 

Hunger Ostenpathy

6 .  C eliac  d ise a se

7 . Sprue

8 . Nephrosis

9 . N ephrites (o ccasio n a lly )
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10, K ala-azar

11. M ilk fe v e r  of c a t t l e

Given below a re  a  few normal serum calcium  v a lu es  fo r  th e

anim als used in  th e se  s tu d ie s :

Cow......................................   .9-12 mgms/lOO cc serum
D o g ............................................. 9-11.5 mgms/lOO cc serum
R a t .       9-11*5 mgms/lOO cc serum
Chicken (n o n la y in g ) . . . . . .9 - 1 2 .5  mgms/lOO cc serum
Chicken ( la y in g ) .................17 -39  mgms/lOO cc serum

B. Phosphorus le v e ls

A bsorption-A pproxim ately two th i r d s  o f th e  P p re se n t in  

average normal d ie ts  i s  absorbed from th e  i n t e s t i n a l  t r a c t .

Most o f th e  food phosphorus i s  p re se n t in  n u c le o p ro te ln s , phospho- 

p ro te in s ,  and p h o sp h o lip id s . Excessive amounts o f  calcium  in  th e  

d ie t  in h ib i t  phosphate a b so rp tio n . Vitam in D i s  necessary  f o r  

optim al ab so rp tio n  during childhood.

D is tr ib u tio n —Most o f th e  phosphorus o f th e  body i s  in  th e  

bones and t e e th .  However, sm all amounts a re  p re se n t in  a l l  

n u c lea ted  c e l l s ,  s ince  phosphoric a c id  i s  a  c o n s ti tu e n t of 

n u c le o p ro te in s . The t o t a l  phosphorus o f plasma v a r ie s  frcm 8 to  

18 mgms p er 100 c c . Red blood c e l l s  c o n ta in  f ra n  1|7 to  11)t mgm 

in  each 100 c c . Most o f th e  blood phosphorus i s  p re se n t in  

o rgan ic  form.

Normal v a lu es  fo r  in o rg a n ic  phosphorus a re  g iven below:

Cow......................   2.25-9*63 mgma./lOO ccs
D o g . . . . . . . . . . . ................. . . , 3 - 6  mgms./lOO ccs
Chicken ( la y in g ) .................... 5*9-10-26 mgns./lOO ccs
Chicken (n o n lay in g ) .7*1-7.98 mgms./lOO ccs
R a t . . .  ..................... . . .3 * 5 - 6 .5
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Functions o f Phosphorus;

1 . Phosphorus i s  re q u ire d  fo r  th e  sy n th e s is  o f  bones and 

te e th .

2 . I t  i s  necessary  fo r  th e  fo rm atio n  of n u c le o -p ro te in s  

p h o sp h o lip id sj sugar e s te r s ,  and o th e r o rgan ic  phos­

phorus ccmpounds in  th e  t i s s u e s .

3 . Phosphate s a l t s  a c t  as  b u f fe rs  in  b lood .

iu  Phosphoric ac id  and organic phosphorus compounds a re  

necesBarj»- fo r  normal muscle c o n tra c tio n .

I t  i s  n ecessary  f o r  th e  fo rm ation  of m ilk . C asein, 

one o f th e  p r in c ip a l  m ilk  p ro te in s ,  i s  a  phosphopro te in .

6 . I t  may be n ecessary  fo r  th e  ab so rp tio n  of sugars  f re n  

th e  d ig e s tiv e  t r a c t  and th e  k idney  tu b le s .

7 . I t  i s  re q u ire d  f o r  normal grow th.

E x cre tio n ;

About two th i r d s  o f th e  phosphorus e lim in a ted  from th e  body 

i s  ex cre ted  in  th e  u r in e . The rem ainder i s  p re se n t in  th e  s to o ls .

C. Phosphatase -  G eneral S tatem ent

They a re  p re se n t in  p r a c t i c a l ly  a l l  l iv in g  c e l l s .  C e rta in  

t i s s u e s  and f lu id s  have been in v e s tig a te d  e s p e c ia lly ;  th e se  a re  

bone, b lood plasm a, e ry th ro c y te s , le u c o c y te s , l i v e r ,  k idney , 

i n t e s t i n a l  ep ith e liu m , m ilk , u r in e ,  r i c e ,  b ra n , moulds.

Phosphatase a c t i v i t y  assumed s ig n if ic a n c e  as a  la b o ra to ry  

d ia g n o s tic  a id  when Kay found th a t  v a lu es  in  plasma were in ­

c reased  in  v ario u s  c o n d itio n s , b u t p a r t ic u la r ly  in  bone d is e a se s .
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A la rg e  body of c l i n i c a l  d a ta  has s in ce  accxnnulated, d e f in in g

th e  p a r t ic u la r  le v e ls  in  th ese  d ise a se s  more c lo s e ly .  There
!|

has a ls o  been co n sid e rab le  in v e s t ig a t io n  concerning th e  

n a tu re  of th e  enzymes in  th e  v a rio u s  t i s s u e s  and th e  source 

o f th e  serum phosphatase.

The s ig n if ic a n c e  of th e  in c re a se  in  serum phosphatase in  

bone d ise a se  has been v a r io u s ly  in te rp r e te d .  Kay o ffe red  th e  

ex p lan a tio n  th a t  th e  in c re a se  i s  e i th e r  th e  r e s u l t  o f an over­

p roduction  in  th e  bone in  a ttem pting  to  ccanpensate fo r  th e  

le s io n  or o f fo rced  e x i t  from th e  in ju re d  bone due to  mechan­

i c a l  s t r e s s .

I n te re s t in g  changes have been dem onstrated t o  tak e  p la c e  

in  th e  phosphatase a c t i v i t y  o f th e  b lood in  d is e a se , p a r t ic u la r ly  

i n  g en e ra lized  bone d is e a se . There i s  alm ost in v a r ia b ly  a 

marked in c re a se  in  plasma phosphatase, th e  v a lu e  r i s in g  in  some 

cases to  tw enty or more tim es th e  normal average va3.ue. The 

abnorm ality  i s  confined alm ost e x c lu s iv e ly  to  cases o f bone 

d ise a se , and in  a  g en era l way v a r ie s  in  e x te n t w ith  th e  s e v e r i ty  

o f  th e  d is e a se . I t  suggests  a  d e f in i te  c o r re la t io n  between 

bone d ise a se  and abnormal phosphatase d i s t r ib u t io n  in  th e  body, 

a  f in d in g  which i s  o f  i n t e r e s t  in  connection  w ith  th e  suggested  

r o le  o f  phosphatase in  bone fo rm ation  and maintenance*.

—̂2—
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DESCRIPTION OF METHODS

A. Calcium —

The C lark -C o llip  m o d ifica tio n  o f th e  K ram er-T isdall 

Method, was used in  th ese  s tu d ies»  The calcium  i s  p r e c ip i ta te d  

d i r e c t ly  from th e  serum as o x a la te  and th e  l a t t e r  i s  t i t r a t e d  

w ith  potassium  permanganate*

Procedure —

In troduce  in to  a  g raduated  15 ml c e n tr ifu g e  tube  2 cc o f 

c le a r  serum, 2 ml of d i s t i l l e d  w a te r, and 1 ml o f U p e rcen t 

ammonium o x a la te  s o lu tio n . Mix tho rough ly . The c e n tr ifu g e  tube 

should  have an in s id e  diam eter o f 6-7 mm a t  th e  «1 ml mark. 

Mixing i s  a ided  by holding th e  tube a t  th e  mouth and g iv ing  i t  a 

c i r c u la r  motion by tapp ing  th e  lower end. Let s tan d  30 m inutes 

o r lo n g e r . Again mix th e  c o n te n ts . C eh trifu g e  fo r  about 5 

m inutes a t  2500 rev o lu tio n s  p e r  m inute. C a re fu lly  pour o f f  th e  

su p ern a tan t l i q u id  and w h ile  th e  tube i s  s t i l l  in v e r te d  l e t  i t  

d ra in  in  a rack  f o r  5 m inutes, r e s t in g  th e  mouth of th e  tube on 

a p iec e  o f  f i l t e r  p ap er. Wipe th e  mouth o f th e  tube dry  w ith  a 

s o f t  c lo th .  S t i r  up th e  p r e c ip i ta te  and wash th e  s id e s  of th e  

tube w ith  3 ml o f d i lu te  ammonia (2 ml o f co n cen tra ted  ammonia 

to  98 ml w ater) d ire c te d  in  a v ery  f in e  stream , from a wash 

b o t t l e .  C entrifuge th e  suspension and d ra in  again  a s  b e fo re . 

Add 2 m]. o f approxim ately normal s u lfu r ic  a c id  (28 ml o f con­

c e n tra te d  p er l i t e r )  by blowing i t  from a  p ip e t te  d i r e c t ly  upon

-53 -

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



th e  p r e c ip i ta te  so as to  b reak  up th e  mat and f a c i l i t a t e  so lu ­

tion*  P lace tube in  a b o il in g  w ater b a th  fo r  a  m inute. T i t r a te  

w ith  .OIN potassium  permanganate to  a d e f in i te  p ink  co lo r which 

p e r s i s t s  fo r  a t  l e a s t  one m inute. I f  necessary  during  th e  course 

of t i t r a t i o n  warm th e  tube by p lac in g  in  a  w ater b a th  kept a t  

70-75°* A m ic ro -b u re tte  graduated in  .01 ml should be used.

C alcu la tio n :

(X-b) X .2 X = mgms Ca p er 100 ml o f serum.

Where X = number c c ’s o f permanganate req u ired  

b -  b lank (reag en ts)

B. Phosphorus —

Method o f Youngburg'ss

T ransfer U ml of 10^ t r i c h lo r a c e t ic  a c id  to  a  t e s t  tube and 

add 1 ml of plasma or serum w hile m ixing. Shake w e ll and f i l t e r  

th ru  a sh le ss  f i l t e r  p ap er. T ransfer 2 cc o f th e  f i l t r a t e  to  a  

t e s t  tube and 2 cc of s tandard  phosphate so lu tio n  (0 .02 mg P)

to  a  s im il a r  tu b e . Then to  each tube add 5 ml o f water^ 2 ml o f

m olybd3.c-sulfuric ac id  re a g e n ts , and f in a l l y ,  w ithou t delay , blow 

in  from a p ip e t te  ex ac tly  1 ml of d i lu te  stannous ch lo rid e  so lu ­

t i o n .  Mix a f t e r  1 m inute determ ine th e  co lo r  w ith  a  p h o to e le c tr ic  

c o lo rim e te r (Lumetron),

Reagents fo r  Phosphorus D eterm ination:

Ten p e r-c e n t T r ic h lo ra c e tic  Acid;

The O.P. a c id  i s  p u r if ie d  by d i s t i l l i n g  under reduced p re s ­

su re . D ilu te  to  make 10^
-5L-
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10 N, S u lfu r ic :

U50 ml of co n cen tra ted  s u lf u r ic  C.P* a re  added to  1200 ml 

o f w a te r. T his so lu tio n  i s  t i t r a t e d  and d i lu te d  to  make i t  ION. 

M olybdate-S ulftiric  Acid M ix tu res:

S o lu tio n  A. $0 ml o f 7*^# sodium molybd^te (P f r e e ) .

^0 ml o f 10 N s u lf u r ic  a c id .

Stannous C hloride S o lu tio n :

D isso lve 10 grams o f C .P. Stannous c h lo r id e  in  25 ml o f

concen tra ted  0=P= H ydrochloric a c id . S to re  in  a brown g la s s

stoppered  b o t t l e .  P repare f r e s h  a f t e r  fo u r  weeks. D ilu te  1 ml 

o f th e  above s to ck  s o lu tio n  to  200 ml w ith  w a te r . D iscard  un­

used p o r tio n s .

Data fo r  Phosphorus Curve:

The s to ck  standard  f o r  t h i s  curve was p rep ared  in  th e  fo llo w ­

in g  manner—

D isso lve .J4389 grams of pure d ry  monopotassium phosphate in  

w ater enough to  make 1000 m l.

. 10 ml = 1 mgm P D ilu te  10 ml to  100 (1 ml= .Olmgm P ) .

This stock  was d i lu te d  to  g ive th e  fo llo w in g  curve p o in ts .

(R efer to  above).

A. Stock (1 cc equals .Imgm).

B. 10 ml A d ilu te d  to  100 ml (1 ml equals .01 mgms).

0. 10 ml B d ilu te d  to  100 ml (1 ml equals .001 mgms).

D. 10 ml 0 d i lu te d  to  100 ml (1 ml equals .0001 mgms).
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DILUTIONS FOR STANDARD P CURVE

NO. CONG. HOW MADE AMT. HgO AMT OF MO.A SnCl2 TOTAL

I .01 1 ml B 6 2 1 10

I I .007 7 ml 0 0 2 1 10

I I I .005 5 ml C 2 2 1 10

IV .003 3 ml 0 U 2 1 10

V .001' 1 ml C 6 2 1 10

VI .0007 7 ml D 0 2 1 10
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c. Phosphatase A c tiv ity

M odified King and Armstrong Method:

Approximately 12 to  1$ ml o f  blood a re  withdrawn from a 

v e in  and allowed to  c lo t  in  a t e s t  tube or cen tr ifu g e  tu b e . 

P recau tions a g a in s t hem olysis a re  observed by using a d ry  sy­

r in g e  and tube and by avoiding fragm entation  of th e  e ry th ro cy tes  

through to o  vigorous expression  of th e  b lood  from th e  sy ringe 

in to  th e  tu b e . A fte r  th e  blood has c lo t te d ,  th e  o u te r su rface  

of th e  c lo t  i s  sep ara ted  from th e  in n er su rfa c e  of th e  tube  by 

rimming i t  w ith  a wooden a p p lic a to r  s t i c k .  The blood i s  then  

cen trifu g ed  fo r  $ to  10 m inutes, a f t e r  which th e  serum i s  

p ip e t te d  o f f .  Three ml of serum a re  needed f o r  th e  t e s t .  I f  

i t  i s  necessary  to  sh ip  serum samples to  a d is ta n t  p o in t  fo r  

a n a ly s is ,  th e  enzyme a c t iv i ty  can be p reserv ed  in  t r a n s i t  by 

adding 2 to  U drops o f to lu o l  to  U or 5 ml o f serum and stopper­

ing  t i g h t l y .

S o lu tio n s  R equired; Note: A ll chem icals should be of

a n a ly t ic a l  reag en t q u a li ty .

( l )  pH 5 b u ffe r  s u b s tra te :

Disodium-monophenyl-phosphate- 1 .09  grams.

0.2N sodium a c e ta te -  700 ml (27.22 gm. sodium

a c e ta te  (MaGgHL0_.3H0) p e r l i t e r  o f  d i s t i l l e d  w a te r ) .
* 3 ^ 2

0.2N a c e t ic  ac id -300  ml (11.3 ml g la c ia l  a c e t ic  ac id  

p er l i t e r  o f  d i s t i l l e d  w a te r ) .

The d is odium-monophenyl-phosphate i s  d isso lv ed
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in  300 ml o f 0.2N a c e t ic  a c id , th en  0.2N sodium 

a c e ta te  i s  added to  d i lu te  to  1000 m l. This con­

s t i t u t e s  a O.OOSM s o lu tio n  of disodium-monophenyl- 

phosphate.

Add 3 ml o f chloroform . Keep on i c e .

(2) pH 9 .3  b u ffe r  su b s tra te ; 

Disodium-monophenyl-phosphate- 1 .09 grams.

B a rb ita l sodium -  10.3 grams.

D isso lve in  d i s t i l l e d  w qter and d i lu te  to  1 l i t e r .  

Add 5 m l. o f chloroform . Keep on ic e .

(3 ) Phenol reag en t o f F o lin  and C io calten

The reag en t should have no g reen ish  t i n t .  I t  

should be kep t w e ll p ro te c te d  from d i s t ,  because 

organ ic  m a te ria ls  w i l l  g rad u a lly  produce s l ig h t  

re d u c tio n s . D ilu te  t h i s  reag en t one in  th re e  

(2$0 ml rea g e n t to  7^0 ml o f w a te r ) .

I n to  a  1^00 ml F lorence f la s k  in tro d u ce  100 gm 

sodium tu n g s ta te ,  NàgW0^ . 2H20, 2$ gm. sodium molyb­

d a t e , NagMo0^.2H^0, 700 ml w ater, $0 c c . 8$ p er­

cen t phosphoric ac id  and 100 c c . concen tra ted  

h ydroch lo ric  a c id , and r e f lu x  g e n tly  f o r  10 h o u rs. 

Add 150 gm. l i th iu m  s u lf a te ,  $0 ml o f w ater and 

a  few drops o f brom ine. B o il m ix ture fo r  f i f t e e n  

m inutes w ithou t condenser, to  remove excess brcanine. 

Cool, d i lu te  to  1 l i t e r ,  and f i l t e r .
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(U) 20% sodium carbonate:

D isso lve 200 gm. o f anhydrous sodium carbonate

(Na^CO ) in  one l i t e r  o f  d i s t i l l e d  water*
 ̂ 3

($) S tock phenol so lu tio n :

D isso lve 1 gm. c r y s ta l l in e  phenol in  O.IN HGl and 

make iç  to  1 l i t e r  w ith  O.IN HGl.

T ran sfe r 2$ ml o f t h i s  so lu tio n  to  a 250 ml f la s k ,  

add 50 ml of O.IN sodium hydroxide and h ea t to  

65^ c en tig rad e .

To th e  ho t so lu tio n  add 25 ml of O.IN iod ine 

s o lu tio n j s to p p er th e  f la s k  and l e t  i t  s tand  a t  

room tem perature fo r  t h i r t y  to  f o r ty  m inutes.

Add 5 ml of concen tra ted  hydroch lo ric  a c id  and 

t i t r a t e  th e  excess of io d in e  w ith  O.IN th io s u l f a te  

s o lu tio n . Each cubic cen tim eter o f  O.IN iod ine  

so lu tio n  corresponds to  1.56? mg. of pheno l. On 

th e  b a s is  of th e  r e s u l t  d i lu te  th e  phenol so lu tio n  

so t h a t  10 ml co n ta in  1 mg. of pheno l. F ive ml 

of t h i s  so lu tio n  (eq u iv a len t to  0 .5  mg. o f p h en o l), 

when 10 ml o f th e  phospho-tungstic  phosphomolybdic 

reag en t and 25 ml o f th e  s a tu ra te d  sodium carbon­

a te  so lu tio n  a re  added, and whole made w ith  

w ater a t  about 30° C. to  100 ml g iv es  a  convenient 

s tan d a rd .

P rep ara tio n  o f a  S tandard Curve:
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Prepare a s e r ie s  o f  s o lu tio n s , d i lu t in g  th e  d i lu te  

stock  s tan d ard  phenol so lu tio n  (10 mg, phenol p er 100 ml of 

so lu tio n )  iirith d i s t i l l e d  w ater in  ap p ro p ria te  amounts o f 

phenol rang ing  from 0.00$ mg. to  0 .1  mg. Take 5 .0  ml p o r­

t io n s  of each d i lu t io n  in  sep a ra te  2$ ml v o lu m etric  f la s k s .

Add U.5 ml d i lu te d  phenol re ag en t (F o lin -C io ca lten ) to  each. 

Add 2 .5  ml 20$ NagCO  ̂ to  each. (The tim e should  be no ted  when 

Na2C0^ i s  added to  th e  f i r s t  f la s k  and a convenient tim e 

in te r v a l ,  30 seconds o r 1 m inute observed between a d d itio n s  

to  subsequent f la s k s ,  so th a t  th e  same tim e sequence may be 

ob tained  in  tak in g  co lo rim eter re a d in g s ) . D ilu te  to  25 ml 

w ith  d i s t i l l e d  w a te r . Pour 10 to  15 ml from each vo lum etric  

f la s k  in to  sep ara te  co lo rim eter tu b e s . Read in  ex a c tly  20 

m inutes from th e  tim e NagCO-j was added to  each s o lu tio n . 

Readings a re  tak en  on an Lumetron c o lo rim e te r , model No. UOO, 

w ith  a  650 mp f i l t e r ,  and a low s e t t in g  on th e  c o lo rim e te r . 

From th e se  read in g s  a  standard  curve i s  c o n s tru c te d  on sem i- 

lo g rith m ic  graph paperj o rd in a te s  a re  mg, o f phenol p er 25 ml 

vo lum etric  f la s k ,  a b sc is s a  a re  read in g s  on th e  co lo rim eter 

s c a le .  The s tandard  curve should be checked p e r io d ic a l ly .

(The d i lu te  stock  s tan d ard  phenol so lu tio n  w i l l  keep a t  

l e a s t  3 months in  a  r e f r ig e r a to r .
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DILUTIONS OF STOCK STANDAJRD PHENOL 
FOR STANDARD CURVE

STOCK DILUTIONS /5 ml

5 ml. K 25 ml. (L) .005 mg./5 ml.

2.5 m l. A 25 m l. (J) .010 mg./5 m l.

5 ml. A 25 ml. (B) .020 mg./5 ml.

7.5 ml. A 25 m l. (H) .030 mg./5 m l.

1 0 ,0 ml. A 25 ml. (0) .OiiO mg./5 m l.

12.5 m l. A 25 ml. (G) .050 mg./5 m l.

15*0 ml. A 25 ml. (D) .060 mg./5 ml.

1 7 .5 m l. A 25 ml. (M) .070 mg./5 m l.

20 .0 ml. A 25 ml. (E) .080 mg./5 ml.

22.5 ml. A 25 ml. (F) .090 mg./5 ml.

5 ml. stock 25 ml. (A) .100 mg./5 ml.

K = 1 m l. A d i l  U n a . 

1 m l. K -  .005 mg.

1 m l. s to ck  phenol % 1.1232 mg. phenol

100 m l. s tock  phenol d ilu te d  to  1123,2 m l. w ith  .IN HCl

1 m l. d i lu te d  phenol = 0 .1  mg. phenol

10 m l. d i lu te d  phenol = 1 mg, phenol
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POINTS USED FOR PLOTTING STANDARD PHENOL CURVE

DILUTIONS READINGS

.100 mg./S m l. 38.7

,090 m g./S m l. U2,U

,080 mg./S m l. U6,2

.070  m g./5  m l. 50,5

.060  m g,/5 m l. 5 5 .0

.050 m g./9 m l. 60 ,0

-OJiO mg./X m l. 65 .5

.030 m g./5 m l. 72,7

,020 m g,/5 m l. 79 .0

.010 m g./5 m l. 86.7

.005  m g,/3  m l. 90,7

Readings on th e  s tan d a rd  curve were tak en  w ith  th e  orange f i l t e r  

a ls o  b u t were n o t p lo t te d ,  because o f th e  s im i la r i ty  to  th e  re d . 

These re ad in g s  may be found in  th e  data* Readings were a ls o  

made w ith  th e  or^inge f i l t e r  on a l l  th e  unknowns b u t were n o t c a r­

r i e d ,  over in to  th e  r e p o r t .

P rocedure:

A ll t e s t s  a re  made in  d u p lic a te ,  B u f fe r - s u b s tra te  so lu ­

t io n s  should  be brought t o  room tem pera tu re  b e fo re  s ta r t in g  

t e s t .  In  U t e s t  tu b es  a re  p laced  two 10 ml p o r tio n s  each of 

pH 5 and o f pH 9 .3  b u f fe r  s u b s tra te  s o lu t io n . Allow tu b es  to  

rem ain in  th e  oven a t  37.5°C . u n t i l  s o lu tio n s  have reached  t h i s
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same tem p era tu re , rem aining a t  l e a s t  f iv e  m inutes* Add 0 .5  ml 

servau to  each, s to p p er w ith  rubber s to p p e rs , in v e r t  tw ic e , and 

a llow  to  rem ain in  th e  oven fo r  e x a c tly  30 m inu tes. At th e  end 

of t h i s  tim e add J4.5 ml of d i lu t e  F o lin -C io c a lte n  re a g e n t,  in ­

v e r t  sev e ra l tim e s , and c e n tr ifu g e  f o r  2 to  3 m in u tes . I t  i s  im­

p o r ta n t  th a t  th e  F o lin -C io ca lte n  re ag en t be added to  each tube 

e x a c tly  30 m inutes a f t e r  th e  serum was added to  i t ,  so t h a t  a 

p re c is e  p e rio d  o f in cu b a tio n  i s  observed f o r  each sam ple.

In  2 t e s t  tu b es  p la ce  10 ml p o r tio n s  each of pH 5 and of 

pH 9 .3  b u f fe r  s u b s tr a te  s o lu t io n . Add ml d i lu te  F o lin -C io -  

2̂, caltem  re a g e n t, 0 .5  ml serum, in v e r t  tw ic e , and c e n tr i fu g e .

( I t  i s  im portan t t h a t  th e  F o lin -C io c a lte n  reag en t be added 

b e fo re  th e  serum ).

T e s t:

P ip e tte  2 ml f i l t r a t e  from t e s t  and c o n tro l s o lu tio n s  in to  

25 ml v o lu m etric  f la s k s .  Add 2 .5  ml of 20^ sodium carbonate  

s o lu t io n  to  each; t h i s  should be c a r r ie d  ou t w ith  convenient 

tim e in te r v a ls ,  30 seconds o r 1 m inute, between a d d it io n s  to  

su ccessiv e  f la s k s ,  so t h a t  co lo rim e te r re ad in g s  may be made in  

th e  same manner. D ilu te  w ith  d i s t i l l e d  w a te r to  25 m l.,  s to p p e r , 

in v e r t  sev e ra l tim es , and pour 10 to  15 ml o f each s o lu tio n  

in to  co lo rim e te r tu b e s . Read each s o lu t io n  in  co lo rim e te r 

e x a c tly  20 m inutes a f t e r  th e  sodium carb o n a te  yms added.
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C alcu la tio n ;

The eq u iv a len t mg. of phenol per 25 ml of s o lu tio n  fo r  

each co lo rim e te r read ing  i s  ob ta ined  from th e  s tan d a rd  cu rve. 

Then, mg. of phenol per 25 ml o f s o lu tio n  x  l5 /2  x 1 0 0 /0 .5  

(which cancels  out to  read ; mg. of phenol p e r  25 ml o f so lu ­

t io n  X 1500) equals mg. of phenol p e r 100 ml serum in  t e s t  

or c o n tro l .  The King and Armstrong u n i t  i s  d efin ed  th u s : 

one u n i t  of phosphatase a c t i v i t y  i s  t h a t  amount of enzyme 

w hich, when allow ed to  a c t  upon excess disodirîm-monophenyl- 

phosphate a t  p roper pH fo r  30 m inutes a t  37«5°C., w i l l  l i b e r a te  

1 mg. o f phenol. T herefore , mg. of phenol p e r 100 m l. of 

c o n tro l (unincubated) serum equals u n i ts  o f  phosphatase per 

100 ml of serum.

Many la b o ra to r ie s  use th e  o lder Hodansky method f o r  

determ ining  serum a lk a lin e  phosphatase. Sodium betaglycero- 

phosphate i s  used as a s u b s tr a te  and m onosodium -diethyl- 

b a rb i tu r a te  to  b u f fe r  to  p roper pH. One ml of serum to  be 

te s te d  i s  incubated  in  th e  b u f fe r  s u b s tr a te  s o lu tio n  a t  37 

degrees C entigrade f o r  e x a c tly  one h our. The enzyme a c t iv i ty  

i s  h a lte d  by .adding  t r i c h lo r a c e t i c  a c id .  The f i l t r a t e  i s  

th en  analyzed f o r  in o rg an ic  phosphorous. One u n it  o f  a lk a l in e  

phosphatase a c t i v i t y  i s  d e fin ed  as t h a t  amount of enzyme 

which when allow ed to  a c t  upon a  given excess o f sodium- 

b etag ly cero -p h o sp h ate  a t  p roper pH (8 .6 )  f o r  one hour a t  37 

degrees C en tig rade, w i l l  l i b e r a te  1 .0  mg, of phosphorous,
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U nits a re  expressed  p er 100 ml o f serum» The a lk a l in e  phos­

p h a tase  a c t iv i ty  o f th e  serum of normal a d u lt  ranges from 1 

to  U Bodansky u n i ts  p er 100 m l. U npublished d a ta  in d ic a te  

t h a t ,  a lle g in g  f o r  d iffe re n c e s  in  h y d ro ly s is  of s u b s tr a te s  and 

in  tim e of in cu b a tio n , one Bodansky u n i t  i s  approxim ately  equal 

to  1 .8  King and Armstrong u n i t s .

Notes A ll th e  c a lc u la t io n s  co n ta ined  in  th e  d a ta  from 

th e se  experim ents a re  c a lc u la te d  on th e  b a s is  of 

King and Armstrong u n i t s .  In  o rder t o  secure Bodanslqr 

u n i t s ,  i t  i s  necessarj»- to  d iv id e  th e  King and Armstrong 

u n i ts  used h e re in  by 1 .6 .

One Bodansky u n i t  i s  equal to  1 .6  King and Armstrong u n its .

—65—

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



DESCRIPTION OF RATIONS, PRODUCTS, AND ANILIALS USED

A. R ats

Both young and m ature a lb in o  r a t s  were used  in  th ese  

s tu d ie s .

R ations

Low P d i e t—
Yellow c o rm ie a l.. .  .66^ 
Wheat g lu te n .............. 2$
Brewers y e a s t    3^
CaCOo............................. 3^
Table s a l t .

Stock d ie t—
Gornmesl.
Oatmeal. . . .
M ilk powder 
O il m eal.
A H a lP a .. . .  I 
Brewers y e a s t . ,  3% 
S a l t ......................... 1^

...W. . .20%

. . . 20%

. . .10% 

. . .  6%

S p ec ia l low P d i e t—
Yellow co rnm eal....71%
Wheat g l u t e n . . ..........2^%
Brewers y e a s t .............. 3%
Table s a l t . . . . . . . . .  1%

Low Calcium d i e t —
Cornmeal.............. i|_9%
Oatmeal. . . . . . . . 3 0 %
Wheat g lu te n . ..20% 
NaCl......................... 1%

B. Dogs

A t o t a l  of t h i r t y  th re e  dogs were used , most of them being 

of a S p an ie l or Shepard ty p e . They were fe d  a  ccm plete commer­

c i a l  dog r a t io n .

C. Chickens

The b ird s  were secured  from th e  p o u ltry  departm ent and 

c o n s is te d  o f groups of young and o ld  h e a lth y  b ird s  o f Rhode 

Is la n d  Red and B arred Rock b reed . They were fe d  a ca n p le te  

growing mash.
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D, Cows

The cows used were frcsn th e  experim ental d a iry  herd  of 

M. S. G. They were h ea lth y  cows o f th e  H o ls te in  type weigh­

ing  between 1100 and 1300 pounds. They were m ain tained  on 

a r a t io n  o f hay and g ra in .

P roducts used!

1 , I r r a d ia te d  E rg o ste ro l (v io s te ro l)  con ta in ing  lj.00,000 

u n its  per gram of v itam in  D in  v eg e tab le  o i l .

2i I r r a d ia te d  E rg o s te ro l  (v io s te ro l)  con ta in ing  ii00,000 

u n its  p er gram of v itam in  D (S tandard  Brands) in  

sesame o i l .

3 . I r r a d ia te d  E rg o s te ro l in  n e u tra l  o i l ,  500,000 u n i ts  

v itam in  D p er gram.

li. Tuna L iver o i l ,  20,000 u n its  V itam in D p er gram.

5 . C ry s ta llin e  C a lc ife ro l

6 . Hydee Y east (S tandard B rands), 2U,000 u n its  v itam in  

D per gram.

7 . Brewers Y east ( I r ra d ia te d )  F leishm anns, 9,000 u n i ts  

v itam in  D per gram.

8 . D ihydro tachystero l (H ytakerol) 1 cc = 1.25 mgm of 

d ih y d ro tac h y ste ro l in  n e u tra l  v eg e tab le  o i l .

9 . God L iver o i l ,  180 u n its  v itam in  D p e r gram.

10. I r r a d ia te d  E rg o s te ro l -  (V io s te ro l)

Sample I  300,000 u n i ts  Vitamin D/gram 

Sample I I  500,000 u n i ts  Vitamin D/gram
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11. Tima l iv e r  o i l ,  17,000 u n its  Vitamin D p er gram

12. Hydee y e a s t e x t r a c t ,  2U,000 u n its  V itam in D per gram 

(as b ioassayed th re e  d i f f e r e n t  tim e s) .
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EXPERIMENTAL PROCEDURES

A. Rats

The animais were fed  ad lib itum  of th e ra tion  used. The 

supplements except the yeasts which were mixed with the ra tio n s, 

were fed  in  Hendryx cups being mixed w ith a small amount of 

sucrose to  induce ready consumption.

At the end of the experimental period the animals were 

sa cr ificed  and the blood frcm each group pooled for a n a ly s is ,

B. Dogs

The dogs were kept in  quarters which had separate pens for  

iso la t io n  i f  d esired . In most cases they were allowed to  run 

in  a large enclosed area. They were fed  tw ice a day. The sup­

plements were administered o r a lly  by syringe except in  certa in  

cases in  which the supplement was fed  in  ground meat. They were 

bled from the heart on a sp e c ia lly  constructed ta b le , a t  the  

beginning of the experiment and u sually  at in terv a ls  of three  

or four days during and a fter  the adm inistration of the supple­

ments,

G. Chickens

The birds were maintained in  regular poultry racks. They 

were allowed to  eat a l l  of the stock ration  they desired and 

the supplements were fed d a ily  o ra lly  by syrin ge. At the end 

of the experimental period the birds were sa cr ific ed  by decapi­

ta tio n  and the blood c o lle c ted .
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D. Cows

The cows used were those from the experimental dairy barn. 

They were fed  hay and grain as th e ir  regular stock feed . The 

o i l  supplements were administered daily  by number 10 veterinary  

capsule using a B o llin g  gum. They were b led , i n i t i a l l y  and on 

every th ird  day of th e  experimental period, from the jugular  

v ein .

The yeast (Hydee) was fed  by mixing w ith  the grain ra tio n .
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DATA

A. Calcium

I Rats——
TABLE I

Group Sex Ko. o f Supple- 
Animal s ments

R ats

1 3 S td .
Brands 
IE Do

IS

D aily  Level Ration Remarks Wt. Controls mgm Ca/lOO ml serum 
mgms or Kg, or Days
units/lO kg o
body w t.__________  days_____  3 5 7 10

Y o u n g 8.25 9.27
in  VO 8,000,000 stock Rats .05

2 I I 3 I I 6,000,000 I I i i .05 6.25 0 . 0 0

3 I t 3 I I

f f

8,000,000 I I I I .05 8.25 9.51

k I I 3 in  SO 8,000,000 I I I I .05 8.25 9.03

5 I I 3 I I 8,000,000 I I I I .05 8.25 9.52

6 I I 3 I I 6,000,000 I I I I .05 8.25 9.88
Std.

7 I I 3 Brands U,000,000 1! I I .05 8.25 8.91
IE Dp
in  VO

8 I I 3 I I I I I I I I .05 8.25 9.52

9 I I 3 I I

I I

I I I I I I .05 8.25 9.76

10 I I 3 in  SO I I I I I I .05 8.25 8.52

1 1
I I 3 I t I I I I I I .05 8.25 8.30

1 2 I I 3 I I I I I I I I .05 8.25 9.03
Std.

13 11 li Brands I I I I I I .06 11.97
IE Dp 
in  VO

lU I I I I I I 2,000,000 I I I I .06 11.97

1 ,600,000 .06 11.97

(Table I cont'd next page) 
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TABLE I  COET'D

Group Sex Ho. of Supple- Daily Level Ration Remarks Wt. Controls mgras Ca/lOO ml
Animals ments mgms or

units/lO kg  
Rats hndv w t.

Kg, ot
o

serum
Days

3 ^ 7 10

16 if
Std 
Brands 
IE Do 
in  VO

1,200,000 Stock
Young
ra ts .06 11.97 12.33

17 " k Tt 800,000 tl 11 .06 11.97 12 .b2

18 " g f]
M

800,000 11 It .Og 10.29 10.7b

19 " 5 in  SO 
Std.

800,000 11 11 .09 10.29 11,20

20 " ? Brands 
IE Dp 
in  VO

It
boo, 000 11 11 .09 10.25 10.37

21 " 

22 "

5

h
in  SO 
Std. 
Brands 
IE Dp 
in  VO

b o o ,000 

b o o ,000

11

11

11

II

.09

.06

10.29

11.97

11.35

12.33

23 " h I I 200,000 11 11 .06 11.97 11.70

IE
VO
SO

= Irradiated ergosterol 
:  Vegetable o i l  
Z Sesame o i l
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TABLE I I

Group Sex No. of Supple- D aily  Level R ation Remarks Wt. C ontro ls mgm Ca/lOO ml serum 
Animals ments mgms or Kg. or Days

units/lO kg  0
Rats body w t. days 7 1^ 20 30

1 if DHT 1 mgm
Lo

P
Mature

Rats .163 13.61 16.21

2 tt if II II
SpLo
P II .163 12.80 I k . 91

3 It 3 It II
Lo

P
Young

R ats .03 1 3 .Bit 19.81

If tl 3 It II
SpLo

P II .03 12.32 16.72

3 11 3 II II Stock II .03 11.23 I k . 76

6 It 3 II II II II .03 11.23 Ik .  92

7 tl 2 II II II
M ature

R ats .16 12.80 1 3 .7 1

8 11 if It .3  mgm II
Young

Rats .03 8.if6 8 .8k

9 It if I t .3  mgm II II .03 8.37 9.07

10 Tt if II .3  mgm
Lo

P
Mature

Rats .163 13.81 Ik .  98

11 tl if I I .3  mgm
SpLo

P I I .163 12.80 13.96

12 I t 3 I I ,3 mgm
Lo

P
Young

Rats .03 13.8k 17.92

13 11 3 I I .3  mgm
SpLo

P I I .03  12 .32 1 3 .3 6

Ilf tt 3 I I .3  mgm Stock I I .03 11.23 12.38

13 tt 3 I I .3  mgm I I I I .03 11.23 1 2 .3 8

16 n if I I .23 mgm I I I I .03 8.if6 8.37

17 It if I I .23 mgm I I I I .03 8.37 8.0k

18 It 3 I I .23 mgm I I 1! .03 11.23 11.72

19 tl 3 I I .23 mgm I I I I .03 11.23 11.36

20 t r 3 I I .73 mgm I I I I .03 11.23 12.96

21 It 3 I I .73 mgm I I I I .03 11.23 13.20

DHT = D dhydrotachysterol
Lb P = Low phosphorus
Sp Lo P ■ S pecia l Low Phosphorous
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TABLE I I I

GroiQ) Sex No. of Supple- D aily Level Ration Remarks Wt,"Controls mgms Ca/lOO ml serum
Animals ments mgms or

units/lOkg
Rats

Kg. or
0

10
Days

15 20 25
1 5 I r r a d ,  2.5% or 

Brewers 22,500 
Yeast u n its /feed . 
9000u /  100 gms 
gm

LoP
(basal)

Young
R ats

Mature

.055 9.52 10.66

2 tl k I I tt Stock 
Lo P

R ats .17 7.44 8.78

3 I I 3 I I I I (basa l) I I .17 11.10 12,81

U I I 3 I I I t I t I I .17 12.57 12.20

5 I I 3 I I It I I I I .17 13.42 14.57

6 I I 3 I I 4 5 ,0 0 0 I t I I .1 7 11.10 11.60

7 I I 3 I I tl I I I I .17 12.57 12.01

8 I I 3 I I I I I I I I .17 13.42 13.91

S> I I if 11 I I Stock 
Lo P

I I

Young
.17 7.4if 7.Ü4

10 t t 5 IT I I (b asa l) R ats .055 9.52 10.74

11 I I 5 11 9 0 ,0 0 0 I t I t .055 9.52 9.76

12 I I h I I I I Stock 
Lo P

Mature
Rats

.17 7.44 8.42

13 T l 3 I I I t (b asa l) I I .17 11.10 11.07

lU 11 3 I t t l tl 11 .17 12.57 12.20

15 I t 3 f! I I I I I t .17 13.42 13.54

Lo P = Low Phosphorous
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TABLE IV

Twenty ra ts  (I6O-I7O grams) were placed on a stock d ie t  
and fed  Jamieson’s C.L.O. (Vitamin D^) conc. 1000 n/ml 
as fo llow s:

No, of mgms 
Animals

Ca/lOO ml Serum 
10 Days

Fed 50,000 u/lO kg 
1 day/10  days 5 8.78

Fed 100,000 u/lO kg 
1 day/10  days 5 10.19

Fed 150,000 u/10 kg 
1 day/10  days 5 10.86

Controls 5 10.52

C.L.O. « Cod Liver Oil
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TABLE V

T h e  c o m p o u n d s  u s e d  i n  t h e  f o l l o w i n g  e x p e r i m e n t s  w e r e :

1 .  P u r e  c a l c i f e r o l  i n  o i l  ( D r .  E w in g )  2 0 0 , 0 0 0  u /g m
2 .  N a t u r a l  f i s h  o i l s  D 3 ( D r ,  E w in g )  1 $ 0 0 - 1 7 0 0  u /g m
3. Hydee Yeast Std. Brands 2i4.,000/gm

O n e h u n d r e d  a n d  t w e l v e  a n i m a l s  a b o u t  1 0 0  gm s e a c h  
Two r a t i o n s  ( l o w  Ca a n d  s t o c k  r a t i o n )

mgms C a /lO O  m l s e r u m

Group
Rats

V it. D  

Source
No. of 
Animals

Supplements Exp. 99 
1$ days

Exp. 100 
13 days

A Stock ration
Pure
C alcifero l if & U 2,000u/l0kg 9.08 7.82

B " "
V it. D g

I I U & U ltO,OOG\t/lOkg 10.3 8.37

Ù & 4 2,000u/'l0kg 9.31 r>C Low Ga O . p j -

D  " " I I U & It It0,000u/l0kg 10.21 10.39

E Stock ra tion
Yeast
Hydee U & it 2,000u/l0kg 10.03 7.69

F  I I  I I I I it & it itO,OGOu/lOkg 10.01 8.70

G Low Ca I I it & it 2,GGGu/lOkg n . i t 3 11.06

H "  " I t it & it itG,GGGu/lGkg 9.81 8 .60

J Stock ra tion
D o  Fish  
O ils it & it 2,GGGu/lGkg 10.18 8 .96

K "  " I I it & it itG,GGGu/lGkg 9.lt3 8.31

L Low Ca I I it & it 2,GG0u/lGkg 9.96 8.8it

M " « I I it & it itO,GGGu/lOkg lO.ltit 8.79

N Stock ration Control it & it Stock only 9.70 9.78

P Low Ga I I it & it Low Ca only 9.06 9.13
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TABLE V I

G r o u p  S e x  N o .  o f  S u p p l e -  D a i l y  L e v e l  R a t i o n  W t* C o n t r o l s  m gm s C a /lO O  m l  
A n i n la l s  m e n t s  m gm s o r  K g . o r  s e r u m

u n i t s / l O k g  o  D a y s
_____________________  b o d y  w t .   d a y s ___ h _______ 7_______

1 1 DHT 1 mgm K 10 11.03 16.20 19.40

2 1 I t 1 mgm K 10 10.10 15.92 18.93

3 1 I t .5  mgm I t 10 13.02 19.15 19.89

U 1 t t .5  mgm I I 10 15.10 19.35 19.53

5 1 t l .5  mgm I I 10 9 .50 13.78 13.93

6 1 I t .5  mgm I I 10 13.50 19.05 20.16

7 1 I t .5  mgm t l 10 13.30 16.00 17.60

8 1 I t .5  mgm I I 10 13.24 17.50 18.06

9 1 t l .5  mgm I t 10 12.00 14.10 17.20

10 1 t l .5  mgm I t 10 10.61 13.71 15.58

11 1 I I .5  mgm I t 10 12.33 15.06 17.21

12 1 t l .5  mgm I I 10 10.81 12.30 15.30

13 1 t l .25  mgm I t 10 10.29 11.08 11.70

H i 1 I t .25 mgm I t 10 12.01 12.01 12.90

15 1 I t .25 mgm I I 10 13.80 14.20 14.24

16 1 t l .25 mgm I I 10 14.60 14.89 14.90

17 1 I t ,25 mgm I I 10 12.01 12.19 13.69

18 1 t l .25 mgm I I 10 12.21 12.95 15.08

DHT =  D i h y d r o t a c h y s t e r o l
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I I  D o g s —
TABLE V I I

G rou p  Sex N o . o f  S u p p l e -  
Animals ments

Dogs

D aily  Level É ation  Remarks Wt. 
mgms or Kg. 
u n its/lO kg  
body w t.

C ontrols mgms Ca/lOO ml 
o r serum 
o Days 

days L 7 115 30

1 1
Std 
Brands 
IE D2 
in  VO

500,000 K
Supple­
ments 
fo r  10 
days

10 12.31
T issue 

2 3 .Ll C a lc i­
f ie d  
died

2

3

1

1

I I

Pure 
C alc i­
f e ro l  
Do in

"wo

500,000 

LOO,000

I I

I I

I I

I I

10

10

13.62

12.81

19.65 22.65 l&O 

lL .76  19.21

h 1 I I LOO,000 I I 10 12.20 1L.3L 18.70

5 1 I I 200,000 I I 10 1 2 ,OL 13.20 lL .83

6 1 I I 200,000 I I 10 12.61 13.68  IL .69

7 1 I I 200,000 I I 10 13.20 1 5 .OL 16 . 2L

8 1 I I 200,000 I I 10 11.08 12.90 lL .21

9 1 I I 200,000 I t 10 13.20 15.30  17.10

1 0 1 I I 200,000 I I 10 12.80 IL.OO 15.91

11 1 I I 100,000 I t 10 12.30 d isco n tin u ed

12 1 I I 100,000 I I 10 13.00 d isco n tin u ed

13 1 I t 80,000 I I 10 10.56 d isab led

lU

15

1

1

I I

s td .  
Brands 
I E  J) 
inVO

80,000

20,000

I I

I I

10

10

11.50

13.60

d ied  7-2L-LL 

IL.OO

16 1 n 10,000 I I 10 12.78 13.01

I E  = I r r a d ia te d  e rg o s te ro l 
WO -= Wesson o i l  
VO -  V egetable o i l
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TABLE V I I I

Group Sex No. o f Supple- 
Animal s ments

Dogs

D aily  Level R ation Wt. 
mgms or Kg. 
u n its /lO k g  
body Trirt.

C ontro ls
or
o

days

mgms Ca/lOO 
ml serum 

Days 
7

1 1 DHT 1 mgm K 10 10.30 1 8 .L l

2 1 I I mgm I I  I I 11.70 16.90

3 1 

h 1

I I

Pure
C a lc i­
f e r o l
D2 wo

.5  mgm 

500,000

11 11 

( I  M

13.89 

12. 9L

19.81

17.72

3 1 I I LOO,000 H  t l 11.13 died  B-12-LL

6 1 I I 200,000 t t  11 10.10 13.12

DHT = D ihydro tachystero l 
WO = Wesson O il

TABLE IX

Tvto 10 kg dogs p laced  
2^,000 u Vitam in D/ml 
meat mixed w ith  sm all

on Hydes y e a s t e x t r a c t  c o n ta in in g  
. A dm inistered th e  o i l  in  ground 
amount o f feed .

0 Days 5 Days 10 Days 15 Days 
(Supplements 
stopped h e re )

Boots
200,000 u of Vitam in D/ 
10 kg/day f o r  10 days' IL.O I 17 .LO 19.87 19 . 8L

Mike
Loo,000 u o f Vitamin d/  
10 kg/day f o r  10 days IL.82 21.91 25.63 20.96
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I l l  C h i c k e n s

TABLE X

Group Sex 

Chickens

No. of Supple- 
Animals ments

D aily  Level R ation Remarks Wt. 
mgms or Kg. 
un its/lO kg  
body w t.

C ontro ls
or
0

days

mgms Ca/lOO ml 
serum lit 

Davs o r  

7 10 15
Laying

1 k DHT Imgm/lOkg 2% Ca Hens 3 13.91 2U.30

2 h I I Imgm/lOkg " 3 8.92 17.13

3 h t l Imgn/lOkg "
I I 2 19.67 27.92

U i l
I t Imgm/lOkg " 2 8.30 17.03

h I I Imgia/lOkg "
I I

2 19,67 28.60

6 h I I Imgra/lOkg " 2 8.30 17.11
Non­

7 3 I t Imgm/lOkg " lay in g 3 13.U7 21.31

8 3 I I Imgm/lOkg " 3 8.30 15.89
Laying

9 k I I .3mgm/lOkg " Hens 3 13.91 19.56

10 h I I .3mgm/lOkg " 3 8.92 12.56

11 h I I .3mgm/lOkg " I I 2 19.67 2 k .13

12 k I I .Smgm/lOkg " 2 8.30 l i t .  90
Laying

13 k I I •3mgm/lOkg " Hens 2 19.67 2U.08

Ih k I I .3mgm/lOkg " 2 8.30 lit.9 2
Non

13 2 I I . 3mgm/lOkg " lay in g 3 10.71 16.11

16 2 I I .3mgm/lOkg " 3 9.68 13.93
Non

17 3 I I .3mgm/lOkg " lay in g 3 1 3 .b7 18.73
18 3 I I .3mgm/lOkg " 3 8.30 13.09

19 2 I I .25mgm/lOkg " n 3 10.71 11.87

20 2 I I .23mgm/lOkg " 3 9.68 1 1 .ill

DHT -  D ihydro tachystero l
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TABLE X I

C ontro ls m gm s C a /  
or 100 ral 
o sérum

Group Sex No, o f Supple- 
Animal s ments

Chickens

D aily  Level R ation  Remarks Wt, 
mgms or Kg.
u n its/lO k g  
b o d v  w t.

1 3
I r r a d .
erg Dg boo, 000 2

Young 
% Ca b ird s 2 13.10 13.20

2 t l 3
Ew
Std .
Brands boo, 000 t l  t l 2 13 .10 13.6b

3 I I 3
Dg
I r r a d .  
erg Dg 200,000 I t  I t 2 13.10 13.08

it ii 3
EW
S td ,
Brands 200,000 I f  I t 2 13.10 13.19

5 t l 3
^2Tuna 
O il Do 
Ew 
Tuna 
O il Do

200,000 I I  I I 2 13 .10 lb. 90

6 t l 3 100,000 I I  I I 2 13.10 13.96

7 tr 3
Ew 
HLO 
D o Ew b,200 I I  I I 2 13.10 l b .  52

8 11 3 DHT 1 mgm I I  I I 2 13.10 23.23
9 t l 3 DHT .5  mgm I t  I I 2 13.10 18.10

10 t l 3 DHT ,25 mgm I I  I I 2 13.10 13.50

IE “  I r r a d i a t e d  E rg o s te ro l
HLD = H aliv er O i l
IW =  O b t a i n e d  from D r. E w in g

—8 l—
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IV  C ow s

TABLE X I I

Group Sex No. of Stipple- 
Animal s ments

Cows

b a lly  Level R ation Remarks Wt. 
mgms or Kg. 
un its/lO kg  
body w t.

Controls
or
0

days

1 mgms Ca/lOO ml serum
Days lit 

or
3 5 7 10 15

1 1 DHT .3 mgm
Hay & 
Grain

Supple­
ments 500 10.88 11.2011.681U.2U15.91 11.29

2 " 1 DHT .3 mgm 11

fo r  10
days

I I I I 12.01 12.0812.U11U.0116.U9 11.81

3 " 1 DHT .5 mgm I I I I I I 11.03 11.83lU .06l6.U 2l6.53

I.

5

" 1 

" 1
Hydee
Yeast

Control

500,000

I I

I I I I

I I

I I

10.18

12.79

10.2810.2310.1010.19 

12 .7213.0U15.9816.03 lU.30

6 " 1
S td .
Brands 500,000 I I t t I I 1 0 .Uo 10.U013.361U.U815.98 12.16:

7 " 1

D g  IE

I I 500,000 I I I I I I 13.32 13.3616.0816.8817.76 13.61

8 " 1
Hydee
Yeast 250,000 I I I t I I 12.81 12.9213.1613.901U.32 13.09

9 " 1 Group
Control

I I I I 12.02 12.0812.1312.0812.10 12.08
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B» Phosphorous 

I  E a ts
TABLE X I I I

Group Sex No. of Supple- D aily  Level R ation Remarks Wt. C ontro ls mgms P/lOO ml 
Animals ments mgms or Kg. o r blood

u n lts/lO kg  o Days
R ats______________________ body vfb.  days________ 30________

Lo P Young
1 5 DHT 1 mgm (b asa l)  

Sp Lo
R ats .05 2 .3 9 3 .7 9

2 11 5 DHT 1 mgm P I I

Mature
.05 if.U3 5.81

3 I I k DHT 1 mgm Lo P 
Sp Lo

R ats .165 3.77 6 .3 8

k I I k DHT 1 mgm P I t

Young
.165 5 .6 9 7.08

5 t t 5 DHT .5 mgm Lo P 
Sp Lo

R ats .05 2.39 3 .2 8

6 t l 5 DHT .S mgm P I I

Mature
.0 5 U.U3 5 .2 8

7 t l k DHT .5 mgm Lo P 
Sp Lo

R ats .165 3 .7 7 5.08

8 I t h DHT .5  mgm P I I .165 5 .6 9 6.63

DHT = D ihydro tachystero l
Lo P = Low Phosphorus
Sp Lo P = S p ec ia l low phosphorus

TABLE XIV

T h ir ty  r a t s  about 00 grams s ta r te d  on stock  r a t io n  and 
fe d  DHT le v e ls  as fo llow s:

N o . o f  A n i m a l s  
o n  e a c h  l e v e l  a n d  
t i m e  i n t e r v a l

1 0  D a y s 30 Days

L e v e l  B .25 m g m /lO k g /d a y / lO  d a y s 3 5 .9 2 6.15

L e v e l  A .5  m g m /lO k g /d a y / lO  d a y s 3 6,3h 6.U7

L e v e l  D .75 m g m /lO k g /d a y / lO  d a y s 3 7 .2 7 7.51

L e v e l  D 1 m g m /lO k g /d a y / lO  d a y s 3 8 .2 8 7 .6 9

C o n t r o l s  6 r a t s  o n  s t o c k  o n l y 3 3 .9 1 It.55
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TABLE XV

F o u r  l a r g e  m a t u r e  s t o c k  a n i m a i s  w e i g h i n g  2 0 0  gm s  
e a c h  w e r e  f e d  DHT a s  f o l l o w s :

N o .  o f mgras P / 1 0 0  m l b l o o d
R a t s A n i m a l s 3 0  D a y s

U S t o c k
1  m g m /lO k g /d a y / 3 0  d a y s It S .71

U S t o c k
C o n t r o l s k 3.U9

—8U“

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



I I  D o g s

TABLE X V I

Group Sex Ko. of 
Animals

Dogs

Supple­
ments

- D aily  Level 
mgms or u n its  
/lO  kg body vrt

R ation  Wt.
Kg.

C ontro ls mgms P/lOO ml blood 
or Days 
0

days it 7 111 30

1 1 DHT 1 mgm K 10 2.72 3.21 5 .2 5

2 1 I I 11 11 11 3.08 3 .3 1 3.70

3 1 I I •5 mgm I I I I Ü .56 3 .5 2 U.53

h 1 I I .5 mgm I I tl U.50 2.80 ii.70

5 1 I I .5  mgm I f I t ii .o o 5.07 7.55

6 1 I I .5 mgm It I t 3.70 k.5o 5 .5 2

7 1 I I .5  mgm tr 11 2.77 3 .0 3 ii.o e

8 1 I I .5 mgm 11 I I 3.63 il.22 6.66

9 1 I I .5 mgm I I I I 3 .5 2 U.iU ii.3B

10 1 I I .5  mgm I I I I 6 .3 8 6.U7 6.U7

11 1 I I .25 mgm I I I I 7 .0 5 7.03 6.90

12 1 I I .25 mgm I I I I 3 .Ill 2.69 2 .9 3

. 13 1 I I .25 mgm t! I I 3.03 3.59 3.10

lit 1 I I .25 mgm 11 I t 2.55 5.17 6.52

15 1 I I .25 mgm tt I I 2 .2 k if.lii k.26

16 1 I I .25 mgm I t I t 3 .8 9 ii.o5 ii .l l i

' DHT -  D ihydro tachystero l
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TABLE X V II

C o n t r o l s ” m gms P /lO O  m l b l o o d
nr>

G r o u p  S e x  N o .  o f  S u p p l e -  D a i l y  L e v e l  R a t i o n  W t.
A n i m a i s  m e n t s  m gm s o r  u n i t s  K g .

/ l O  k g  b o d y  w t .
o r
o

Days

7 20
- S td .
1 1 Brands 500,000 

IE Dg 
in  VO

K 10 ii.oo 6.77

2 1 ri
Pure

500 ,0 0 0 I I 10 5.L9 6 .70

3 1 C a lc i-  Loo,000
f e r o l
Ü2 in  WO

I I 10 3 . lit 3.28 3.62

h 1 I I LOO,000 I t 10 3.01 it .52 )i.9?

5 1 I I 200,000 I I 10 3.0it 5.07 5.25

6 1 I t 200,000 I I 10 5.52 5.78 6 .00

7 1 I I 200,000 I I 10 3.U9 it.it9 5.37

8 1 I I 200,000 I I 10 2.23 3.77 it.63

9 1 I I 200,000 I I 10 3.1it it.02 5.25

10 1 I I 200,000 I I 10 1.8L 3.56 it.07

11 1 I I 100,000 I I 10 1.12 d isco n tin u ed

12 1 I I 100,000 I I 10 1 .10 d isc o n tin u e d

13 1 I I 100,000 I I 10 7 . lit d isco n tin u ed

lit 1 I I

S td .
100,000 I I 10 5.it3 d ied

15 1 Brands 20,000 
IE D g  

in  TO

I I 10 it.35 i t .25

16 1 I I 20,000 I I 10 it.2lt lt.26

17 1 I I 10,000 I I 10 i t .91 lt.69

18 1 I I 10,000 " 10

IE = I r r a d ia te d  E rg o s te ro l 
VO = V egetable O il 
WO = Wesson O il

5 .00 ii.90
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TABLE X V I I I

Group Sex Wo. o f Supple- D a i l y  Level
Animals ments mgms o r u n i ts  

/lO  kg body w t.
Dogs

R atio n  Wt. 
Kg.

C ontro ls mgms 
or 
o

days 7

P/lOO mi blood

Days
10

1

2

1

1

S td . 500,000
Brands
IE Dp
in  v6
Pure
C a lc i-  booJ000
fe ro l
Ü2 in  WO

K

I t

10

t t

3.%3

b.07

5.66

d ied  8/b/bb

3 1 " 200,000 I t I t 3.91 5.81
h 1 DHT 1 mgm I t I t 2.95 3.8b
5 1 " «5 mgm I t t l 3.98 b.b5
6 1 " .5  mgm t l t l 1 .72 2.12

VO = V egetable O il 
IE z  I r r a d ia te d  E rg o s te ro l 
DHT = D ihy d ro tach y ste ro l 
WO = Wesson O il

TABLE XIX

Two dogs fed  simplements o f E x tra c ts  o f %rdee Y east 
in  ¥ .0 .  co n ta in in g  2 b ,000 u/ml o f D a s  fo llo w s , and 
b led  a t  th e  end of 0 ,§ ,1 0 , and 15 days.

mgms P/lOO ml blood

0 Days 5 Days

Supplements 
stopped 
10 days l5 Days

Boots
200,000 u/day  fo r  10 days 3.77 b . l6 b .7b 5.1b
Mike boo,000 u/day fo r  10 days b*09 b.56 4 . 8 7 6.03

W.O. = Wesson O il
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Ill Chickens

TABLE XX

Group Sex No, o f Supple-  
Animals ments

Chickens

D aily  Level 
mgms or 
u n i ts  /lO  kg 
body w t.

R ation  Remarks w t .
Kg.

C ontro ls
or
o

days

mgms P / 
100 ml 
blood 

10 Da:̂s
Std. young

1 k Brands 
IE Dp 
inVO

b o o ,000 2% Ca non
la y in g

2 6.92 8.87

2 k I t

IE PD
I I I I 2 6 .0b 8.b6

3 3 Ewing
Dp

boo , 000 I I I I 2 6.92 8.37

\ 3 6.0b 7.b34 'd

5 3 I I 200,000 tt II 2 6.92 7.96
6 3 II

Std
200,000 tf 2 6.0b 6.87

7 h Brands 
IE Dg 
in  70

200,000 tl II 2 6.92 7.19

8 k It

IE = 
70 =  

PD r

200,000 "

I r r a d ia te d  E rg o s te ro l 
7 eg e tab le  O il 
Parke-Davi s-Ewing

2 6 .0 b 7.10
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1 3 DHT 1 mgm 2$ (

2 3 tt tl II

3 b tl II It

U b tl It tt

5 3 II .5  mgm tl

6 3 tt •5 mgm It

7 1 tt It II

8 1 It It 11

9 1 tl tt It

1 0 1 11 11 tl

1 1 1 tl 11 tl

1 2 1 11 tl tl

13 1 It It tl

lb 1 II II tt

15 b rt If II

1 6 b II 11 Tl

17 1 n .25 mgm 11

1 8 1 It .25 mgm It

19 1 It .25 mgm It

2 0 1 tl .25 mgm It

2 1 1 It .25 mgm 11

2 2 1 It .25 mgm 11

23 1 II .25 mgm It

2b 1 tl .25 mgm It

25 b It .25 mgm II

26 b It .25 mgm II

lay in g  b 3.21

b 2.11
young

non-lay ing 2 6.92
2 6 . 0b

non-
lay in g  b 3.21

TABLE XXI

Group Sex No. o f Supple- D aily  Level R ation  Remarks Wt. C ontrols mpis P/1ÜÜ ml “  
Animals ments mgms or Kg. or blood lit

u n its /lO k g  o Days or |
Chickens body w t. days 7 10 1$

non- "" ;

3.62
7.8U 
7.60  

3.62

li 2.11 3.ii9old
non-laying5.5 3.21 k»92

g.S 2.11 2,79
7.1b

9.07 
7 . 1 i 2

8.55

ii.99 
7.U1
7.b9 
7.72 
5.81 
2 .21

6.77
9.39 
6.12

9.53
6.03 
6,29  

7.33 
7.57

b 3.26
lay in g
hen old 5 3.26

b 2.51
lay in g
hen b 3.26

young
non-lay ing 2 6.28

2 6.35

2 6 . 0b
young

non-lay ing 2 6.92
old  non­
la y in g 5.5 3.21

5 .5  2.11

b 3,26
5 2.51
b 3.26

lay in g  hen
b 3.26

young
non-laying 2 6.28

2 6.35
young

non-laying 2 6 . 0b

2 6.92
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TABLE XXII

Group Sex No. o f Supple- D aily  Level R ation  Remarks Wt. C on tro ls  mgms P/100 ml 
Animals ments mgms or Kg. o r blood

Chicken
u n its /lO k g  
body w t.

o
days

Tuna Young
1 h L iver 

O il D3
200,000 2.% Ca B ird s 2 6 .9 2 7.67

2 k t l 200,000 t t  t l 2 6 . 0k 6.77
3 h t l 100,000 2 6 .9 2 7.U8

k k Î1
H aliv er

100,000 I t  t l 2 6 .0k 6.3s
$ 3 O il Do 9,000 t l  t t 2 6 .0  k 6.38

6 0V b,500 II It 2 6 .9 2 7.20
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IV  Covrs

TABLE X X I I I

Gr- Sex No* o f Supple- D aily  Level R ation  Remarks Wt. C ontro ls mgms P / l ô Ô  ml blood 
oup Animals ments mgms or ICg. o r D a y s

u n its/lO kg  0
__________ Cows  body w t. ____________ ;________ days 3 5 7 10 l5

Hay &
1 1 DHT . $  mgms g r a i n $00 4.81 $.07 $ .86 $ .94 7.14

2 " 1 C o n t r o l (I C o n t r o l  $00 4.47 4.$7 4.77 4 .03 4.47
S u p p l e ­

3 " 1 DHT . $  mgms r! m e n t s $00 $.09 $.81 6.18 6.$8 7.14 $.63
10 d a y s

ii  " 1 DHT . $  mgras II It $00 3.18 3.70 4.22 $.04 $.91 4.07

$  " 1 C o n t r o l 11 C o n t r o l  $00 $.17 $.01 $.28 $ .01 4.9$ $.17

DHT -  D i h y d r o t a c h y s t e r o l

TABLE X IV

Two c o w s  f e d  H y d e e  y e a s t  ( S t d .  B r a n d s )  2 ^ ,0 0 0  
u n i t s / g m .  B o t h  w e r e  f e d  $ 0 0 , 0 0 0  a n d  2 $ 0 , 0 0 0  
u n i t s / d a y  f o r  1 0  d a y s  r e s p e c t i v e l y .

S u p p le m e n t  
s t o p p e d

0 D a y s  3  D a y s  $  D a y s  7 D a y s  1 0  D a y s  1 $  D a y s

Cow A-U7
$ 0 0 , 0 0 0  u / d a y / l O k g  o r  l .O ij .  k g  
H y d e e  y e a s t  m ix e d  w i t h  g r a i n  
( g r o u n d  c o r n )

Cow A - $ 0
2 $ 0 , 0 0 0  u / d a y / l O k g  % rd ee y e a s t  
a s  a b o v e

3.67 U.06  U.$$ 6.20

3.31 3.83 a . 27 U.69

6.79 3.98

5.3k h .l2

#U26
C o n t r o l  
H ay & g r a i n

$.17  $ .01 $.28 $.01 U.9$ $.17
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TABLE XXV

Two cows fed  supplements o f S td . Brands I r r a d ia te d  
E rg o s te ro l (Vitamin D2 ) V io s te ro l as  fo llo w s:
Fed by #10 Vet Capsule 
Potency = 1|00,000 u /g

mgms P / 1 0 0  ml blood Supplanents
Stopped

A-53
500,000 u / io  kg /day / 
25 , 000, 000/  f o r  10 days
( 250, 000,000

5.71 5.82 6 . 3U 7.02 7.U6 6.18

A-55
Same as above

5.17 5.25 5.82 6.29 7.02 5.53

A 2 6
Control 
Hay & g ra in

5.17 5.01 5.28 5.01 U.95 5.17
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c .  Phosphatase 

I  R ats

TABLE XXVI

T hirty -tw o  la rg e  anim als were p laced  on s tock  r a t io n

s te r o l ) as fo llo w s:
Source R ats Group U nits/lO kg No. of 

Control body w t. Animals
U n its/100  ml 

Acid
serum
Aik

S td . Brands
1

1 1000 u

8.2

7 .6

62.1

67.8

I r r a d . 2 2000 k 11.2 91.1

E rg o s te ro l 3 Ù000 Ù 9.2 60.9

V io s te ro l-V it .  D2 ^ 6000 h 9.2 70,h

3 8000 h 7.2 66.1

6 10,000 h 3.2 L6.2

7 20,000 h 3.8 M .o

TABLE XXVII

S ix ty -fo u r  young anim als (60-70 grams) were p laced  
on Vitamin D2 on th e  fo llo w in g  le v e ls s

Source U nits/lO kg 
body w t.

No. of 
Animals

U nits
Acid Aik

S td . Brands 
V it .  Dg 

(V io s te ro l)

1000 u n its  

100

D 16

16

3 .3

7.9

70.1»

75.7

10 16 10.6 77.8

C ontro ls 16 10 .1 78.7
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TABLE X X V III

T w e n t y  a n i m a i s  ( y o u n g  6 0 - 7 0  gras) w e r e  p l a c e d  o n  a  l o w  
c a l c i u m  r a t i o n  s u p p le m e n t e d  b y  v a r i o u s  p e r c e n t a g e s  o f

R a t i o n  6  S u p p le m e n t  
L ow  Ca ^  % H y d e e  Y e a s t

M o. o f  
A n im a ls  R a t s A c i d

U n i t s / lO O  m i se r u m  
' A i  k

2% (ii8,000 u /lO O  gras) 5 12.9 59.2
f e e d

$% (120,000 u /lO O ) 5 9.5 Ü8.5

10% (2U0,000 u /lO O  gras) 5 6 .0 U1+.6

C o n t r o l s S 13.5 57.5

TABLE XXIX

O ne h u n d r e d  a n d  t w e l v e  y o u n g  a n i m a l s  ( 6 0 - 7 0  g r a m s )  w e r e  
p l a c e d  o n  a  l o w  G a a n d  s t o c k  r a t i o n  a n d  f e d  s u p p l e m e n t s  
o f  c a l c i f e r o l  ( V i t a m i n  D g )  a n d  H a l i v e r  O i l  ( V i t a m i n  D ^ )  
a s  f o l l o w s :

S u p p le m e n t  R a t i o n  G r o u p  U n i t s  N o . o f  T r i a l  I
A n im a ls  U n i t s
e a c h  t r i a l  A c i d  A ik

T r i a l  I I
U n i t s / l O O  m l s e r u m  

A c i d  A i k

C a l c i f e r o l  
V it a m in  Ü2

s t o c k
R a t i o n

A 10 h i t .O 72.1 it.7 71.5

11 II

Low  Ca
B 2 0 0 h 2 .5 97.lt 2 .2 55.35

I f R a t i o n C 10 k — — l l5 .i t 9.3 90.0
u

Hydee
11 D 2 0 0 h 1 .0 85.L 6 .3 82.5

Y & a st S t o c k E 10 k 7 .0 72.1 7.8 78.0

I I I I

Low Ca
F 200 k 7 .0 58.6 9.3 90.0

I I R a t i o n G 10 h it .O 111.6 6 .3 60.0

I I 11 H 2 0 0 k 2 .5 8U.6 22.8 33.0

H a l i v e r  O i l S t o c k J 10 h 2 .5 115.7 13.8 13.5
» II

K 200 k 2.5 8U.6 it.7 82.5
ft Low  Ca L 10 k ■ — “ l l l . i t — 111.0

II II M 2 0 0 k —— 105.7 15.3 8h.8

C o n t r o l S t o c k N Controls h _ 7 . 0 102.7 6 .3 60.0
I I L ow  Ga P II it 7 .0 101.0 7.8 8it.0
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I I  Cows

TABLE XXX

Two c o w s  p l a c e d  o n  e x p e r i m e n t ,  o n e  b e i n g  f e d  DHT
_________________________ a n d  t h e  o t h e r  u s e d  a s  c o n t r o l  ( 1 3 0 0 #  e a c h  -  6 0 0  K g ) » ____________________
Cow D a i l y  L e v e l  0  D a y s  3  D a y s   ̂ ^ D a y s  7 D a y s  1 0  D a y s

#  m g m s /lO k g  U n i t s  U n i t s / lO O .  m l s e r u m  U n i t s  U n i t s  U n i t s
b o d y  w t .  A c i d  A i k .  A c id  A i k .  A c i d  A i k .  A c i d  A i k .  A c i d  A ik ,

A-15 . 2m g /lO k g 3.U2 16.61 — it.26 1.26 6.ii2 1.02 3.80 it.7l 7.23

A-33
C o n t r o l  
g r a i n  & h a y •6 16.88 —— 20.70 9.18 19.02 .92 9.20 it.02 21.10
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DISCUSSION

A . C a lc iu m

1» R a t s ——

T h e b l o o d  c a l c i u m  v a l u e s  i n  t h e  s t u d i e s  o n  r a t s  a r e  g i v e n  

i n  T a b l e s  I  -  V .

T a b l e  I  c o n t a i n s  t h e  r e s u l t s  o f  s t u d i e s  o n  r a t s  f e d  a  

s t o c k  r a t i o n  ( c o m p l e t e  r a t i o n )  s u p p le m e n t e d  w i t h  v a r i o u s  l e v e l s  

o f  i r r a d i a t e d  e r g o s t e r o l  i n  v e g e t a b l e  a n d  s e s a m e  o i l s .  Y o u n g  

a n i m a l s  a b o u t  ^ 0  g r a m s  i n  w e i g h t  w e r e  u s e d .  T h e  d o s e s  w e i-e  a d ­

m i n i s t e r e d  o n  b a s i s  o f  b o d y  w e i g h t  ( u n i t s  p e r  1 0  k g . ) .

I n  c o m p a r in g  t h e  e x p e r i m e n t a l  a n i m a l s  w i t h  t h e  c o n t r o l s  a  

v e r y  s l i g h t  b l o o d  c a l c i u m  r i s e  i s  sh o w n  o n  a l l  l e v e l s .  T h i s  

r i s e  g r a d u a l l y  d e c r e a s e s  f r o m  a n  a v e r a g e  1 . 2 ^ mgm i n c r e a s e  i n  

t h e  c a s e  o f  t h e  8 , 0 0 0 , 0 0 0  u n i t  l e v e l  t o  a . 7 5  mgm r i s e  o n  t h e  

[(.0 0 , 0 0 0  u n i t  l e v e l .  T h e  i n c r e a s e s  w e r e  n o t  a s  h i g h  a s  o n e  w o u ld  

n o r m a l l y  e x p e c t  w h e r e  s u c h  m a s s i v e  d o s e s  w e r e  a d m i n i s t e r e d .  

C o n t in u e d  a d m i n i s t r a t i o n  o f  t h e  s u p p le m e n t  a p p a r e n t l y  d i d  n o t  

c a u s e  a n y  f u r t h e r  i n c r e a s e s  i n  t h e  c a l c i u m  l e v e l .

T a b l e  I I  s h o w s  t h e  r e s u l t s  o n  s e v e r a l  g r o u p s  o f  y o u n g  a n d  

m a t u r e  r a t s  p l a c e d  o n  s t o c k  a n d  l o w  p h o s p h o r o u s  d i e t s  a n d  a d m in ­

i s t e r e d  s u p p le m e n t s  o f  v a r i o u s  l e v e l s  o f  d i h y d r o t a c h y s t e r o l .

T h e  l o w  p h o s p h o r o u s  d i e t  c o n s i s t e d  o f  a  r e g u l a r  b a s a l  r a c h i t o -  

g e n i c  d i e t  c o n t a i n i n g  a b o u t  .1 6 ^  p h o s p h o r o u s .  T h e  s p e c i a l  l o w  

p h o s p h o r o u s  r a t i o n  w a s  t h e  sa m e a s  t h e  b a s a l  e x c e p t  t h e  CaCO^ 

w a s  e x c l u d e d .  T h e r i s e  i n  b l o o d  c a l c i u m  o n  e a c h  l e v e l  i s
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d i r e c t l y  p r o p o r t i o n a l  t o  t h e  d o s e  a d m i n i s t e r e d .  Y o u n g  a n i m a l s  

o n  t h e  l o w  p h o s p h o r o u s  ( b a s a l )  d i e t  e x h i b i t e d  6 , 0  a n d  1|.. mgm 

r i s e s  r e s p e c t i v e l y  f o r  t h e  1  mgm a n d  . 5  mgm l e v e l s ,  w h e r e a s  t h e  

m a t u r e  a n i m a l s  o n  t h e  sa m e  r a t i o n  g a v e  2 , l |  a n d  1 . 1 1  mgm r i s e s  

f o r  t h e  1  mgm a n d  . S  mgm l e v e l s .  Y o u n g  a n i m a l s  p l a c e d  o n  t h e  

s p e c i a l  l o w  p h o s p h o r o u s  r a t i o n  ( l e s s  CaCO^) g a v e  r i s e s  o f  ij .l i .  

a n d  3 . Oh o n  t h e  1  mgm a n d  . 3  mgm l e v e l s .  T h e  m a t u r e  r a t s  o n  t h e  

sa m e  r a t i o n  e x h i b i t e d  c a l c i u m  r i s e s  o f  2 . 1  m g n s  a n d  l . l 6  m gm s on  

t h e  1  mgm a n d  . 5  mgm l e v e l s  r e s p e c t i v e l y .

T h e  y o u n g  a n i m a l s  s h o w e d  t h e  g r e a t e r  u s e s  i n  c a l c i u m  t h a n  

m a t u r e  a n i m a l s  o n  a l l  r a t i o n s .  T h e  l o w  p h o s p h o r o u s ,  s p e c i a l  l o w  

p h o s p h o r u s ,  a n d  s t o c k  r a t i o n s  e x h i b i t e d  t h e  g r e a t e s t  r i s e s  o n  a l l  

l e v e l s  i n  t h e  o r d e r  l i s t e d  b o t h  i n  t h e  e x p e r i m e n t a l  a n d  c o n t r o l  

a n i m a l s .  T h e  l e n g t h  o f  t i m e  o f  s u p p le m e n t  f e e d i n g  i s  i n s i g n i f i ­

c a n t  a f t e r  1 $  d a y s .

I n  T a b l e  I I I  a r e  t h e  r e s u l t s  o f  b o t h  y o u n g  a n d  m a t u r e  a n i m a l s  

f e d  a  s t o c k  a n d  lovr  p h o s p h o r u s  ( b a s a l )  r a t i o n s  m ix e d  w i t h  i r r a ­

d i a t e d  b r e w e r s  y e a s t .  T h e  r e s u l t s  o n  t h e s e  l e v e l s  o f  V i t a m i n  D 

sh o w  n o  s i g n i f i c a n t  c a l c i u m  c h a n g e s  o n  e i t h e r  o f  t h e  r a t i o n s  u s e d .  

T h e s e  s t u d i e s  o n  t h e  r a t ’ s  r e s i s t a n c e  t o  c h a n g e s  i n  b l o o d  c a l c i u m  

s e e m  t o  b e  i n  a g r e e m e n t  w i t h  s u c h  w o r k e r s  a s  T a y l o r ,  W e ld ,  B r a n i o n ,  

a n d  K ay ( 8 3 ) .

T h e  e f f e c t  o f  C od  L i v e r  O i l  o n  m a t u r e  r a t s  f e e d  o n  a  s t o c k  

d i e t  m ay  b e  f o u n d  i n  T a b l e  I V .  On l e v e l s  o f  V i t a m i n  r a n g i n g  

f r o m  $ 0 , 0 0 0  t o  1 $ 0 , 0 0 0  u n i t s  p e r  1 0  k g  o f  b o d y  w e i g h t  t h e r e  w e r e  

n o  s i g n i f i c a n t  c h a n g e s  i n  b l o o d  c a l c i u m .
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T h e  e f f e c t  o f  a  l o w  c a l c i u m  a n d  s t o c k  d i e t  f e d  w i t h  s u p p l e ­

m e n t s  o f  p u r e  c a l c i f e r o l ,  H y d e e  Y e a s t ,  a n d  H a l i v e r  O i l  m a y  b e  s e e n  

i n  T a b l e  V .  Two v i t a m i n  D l e v e l s  w e r e  u s e d  n a m e ly  U 0 ,0 0 0  a n d  '

2 , 0 0 0  u n i t s  p e r  1 0  k g  o f  b o (fy  w e i g h t .  Two g r o u p s  w e r e  c o v e r e d  

t h r o u g h  a  l 5  d a y  e x p e r i m e n t a l  p e r i o d .  Mo s i g n i f i c a n t  d i f f e r e n c e s  

w e r e  f o u n d  o n  e i t h e r  t h e  s t o c k  o r  l o w  c a l c i u m  r a t i o n  o n  e i t h e r  

l e v e l  o f  v i t a m i n  D i n t a k e  r e g a r d l e s s  o f  s o u r c e .

2 .  D o g s ——

T a b le  V I c o n t a i n s  t h e  r e s u l t s  w i t h  d o g s  f e d  a  c o m p l e t e  d i e t  a n d  

s u p p le m e n t s  o f  d i h y d r o t a c h y s t e r o l .  T h e  a v e r a g e  b l o o d  c a l c i u m  r i s e  

f o u n d  w e r e  8 . 6  o n  t h e  1  mgm l e v e l ,  $ . 1  m gms o n  t h e  mgm l e v e l ,  

a n d  1 . 1  o n  t h e  , 2 5  mgm l e v e l .  On t h e  b a s i s  o f  a n t i r a c h i t i c  a c t i v i t y  

t h e s e  l e v e l s  o f  d i t g r d r c t a c h y s t e r o l  r e p r e s e n t  1 0 0 ,  5 0 ,  a n d  2 5  u n i t s  

U . S . P .  o f  v i t a m i n  D r e s p e c t i v e l y .  T h e r e  w e r e  n o  a p p a r e n t  t o x i c  

e f f e c t s  o b s e r v e d  i n  t h e s e  s t u d i e s .  D i h y d r o t a c h y s t e r o l  i s  o b v i o u s l y  

v e r y  p o t e n t  i n  r a i s i n g  b l o o d  c a l c i u m  l e v e l .  C o m p a re d  w i t h  v i t a m i n  

Dg a n d  D3  t h e s e  l e v e l s  ( w e i g h t  b a s i s )  w o u ld  r e p r e s e n t  U0 , 0 0 0 ,

2 0 , 0 0 0 ,  a n d  1 0 , 0 0 0  u n i t s  r e s p e c t i v e l y .

A g r o u p  o f  d o g s  w e r e  f e d  s u p p l e m e n t s  o f  i r r a d i a t e d  e r g o s t e r o l  

a n d  p u r e  c a l c i f e r o l .  T h e  l e v e l s  f e d  v a r i e d  f r o m  1 0 , 0 0 0  t o  5 0 0 , 0 0 0  

U . S . P .  u n i t s  p e r  1 0  k g .  T h e  r e s u l t s  a r e  sh o w n  i n  T a b l e  V I I .

T h e  d o g s  r e c e i v i n g  5 0 0 , 0 0 0  u n i t s  p e r  1 0  k g  s h o w e d  a n  a v e r a g e  

1 1  mgm r i s e  i n  c a l c i u m  ( s e v e r e  h y p e r c a l c e m i a )  w i t h  m a r k e d  t o x i c  

e f f e c t s  s u c h  a s  l o s s  o f  w e i g h t ,  e m a c i a t i o n ,  a n d  d e a t h ,  f in  a u t o p s y  

t i s s u e s  s u c h  a s  t h e  l i v e r ,  s p l e e n  a n d  k i d n e y s  s h o w e d  e x t r e m e
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c a l c i f i c a t i o n »  T h e  g o d s  o n  U 0 0 ,0 0 0  u n i t s  l e v e l  o f  p u r e  c a l c i ­

f e r o l  s h o w e d  a  6  mgm r i s e  a n d  l o s s  o f  w e i g h t  b u t  r e c o v e r e d .  A t  

t h e  2 0 0 , 0 0 0  l e v e l  a n  a v e r a g e  r i s e  o f  3  m gm s w a s  o b s e r v e d *  A t  

l o w e r  l e v e l s  n o  s i g n i f i c a n t  c a l c i u m  c h a n g e s  w e r e  n o t i c e d .  T h e

5 0 0 , 0 0 0 ,  1 + 0 0 ,0 0 0 ,  a n d  2 0 0 , 0 0 0  l e v e l s  r e p r e s e n t  o n  a  w e i g h t  b a s i s  

1 2 . 5 ,  1 0 ,  a n d  5  mgms o f  v i t a m i n  D2 « T h u s  o n  a  w e i g h t  b a s i s  2 0  

t i m e s  m o r e  v i t a m i n  D2  t h a n  d i h y d r o t a c h y s t e r o l  a r e  r e q u i r e d  t o  

p r o d u c e  t h e  sa m e  b l o o d  c a l c i u m  r i s e .

S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  i n  f u r t h e r  w o r k ,  t h e  r e s u l t s  

o f  w h i c h  a r e  sh o w n  i n  T a b l e  V I I I .

Two d o g s  w e r e  f e d  s u p p le m e n t s  o f  a n  e x t r a c t  o f  H y d e e  Y e a s t .  

T h i s  w a s  p r e p a r e d  b y  e x t r a c t i n g  s e v e r a l  t i m e s  w i t h  e t h e r ,  e v a p ­

o r a t i n g  a n d  t a k i n g  u p  i n  o i l .  I t  w a s  f e d  a t  l e v e l s  o f  2 0 0 , 0 0 0 ,  

a n d  L o o , 0 0 0  u n i t  ( v i t a m i n  D2  i n  t h e  o i l  w a s  a s s a y e d  a n d  f o u n d  t o  

c o n t a i n  2 i+ ,0 0 0  u n i t s  p e r  m l ) .  C a lc iu m  r i s e s  o f  1 1  a n d  6  m gms 

w e r e  f o u n d  a t  t h e  L 0 0 , 0 0 0  a n d  2 0 0 , 0 0 0  u n i t  l e v e l s  r e s p e c t i v e l y .  

T h i s  y e a s t  e x t r a c t  s e e m e d  t o  b e  a  l i t t l e  m o r e  p a t e n t  o n  t h e  sa m e  

u n i t  b a s i s  t h a n  p u r e  c a l c i f e r o l  o r  i r r a d i a t e d  e r g o s t e r o l .  T h i s  

m a y  i n d i c a t e  t h a t  c e r t a i n  i r r a d i a t i o n  p r o d u c t s  o t h e r  t h a n  v i t a ­

m in  Dg m i g h t  h a v e  c o n t r i b u t e d  t o  t h e  r i s e  i n  b l o o d  c a l c i u m .

3 .  C h i c k e n s —

I n  t h e s e  s t u d i e s  y o u n g  a n d  o l d  b i r d s  w e r e  f e d  a  c o m p l e t e  

r a t i o n  s u p p le m e n t e d  w i t h  d i h y d r o t a c h y s t e r o l  a t  l e v e l s  o f  1 ,  . 5 ,  

a n d  . 2 5  m g m s. T h e  r e s u l t s  o f  t h e  b l o o d  c a l c i u m  c h a n g e s  a r e  c o n ­

t a i n e d  i n  T a b l e  X . F ro m  t i i i s  i t  c a n  b e  s e e n  t h a t  c h i c k e n s
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r e s p o n d  l i k e  d o g s  t o  t h e  v a r i o u s  l e v e l s  o f  d i h y d r o t a c h y s t e r o l .  

B lo o d  Ca r i s e s  o f  8 . 6 ,  5 . 1 ,  a n d  1 . 3  mg w e r e  o b s e r v e d  a t  t h e  

a b o v e  t h r e e  l e v e l s  o f  d i h y d r o t a c h y s t e r o l .  L a y i n g  h e n s  s h o w e d  

a  sca n ew h a t s m a l l e r  u s e  w h i c h  m i g h t  b e  e x p e c t e d  in a s m u c h  a s  t h e y  

h a d  a  h i g h e r  i n i t i a l  b l o o d  c a l c i u m  l e v e l .  T h e  m a l e s  s h o w e d  

a  s l i g h t l y  g r e a t e r  r e s p o n s e .  T h e  o l d  b i r d s  s h o w e d  a b o u t  t h e  

sa m e r e s p o n s e  a s  d i d  t h e  y o u n g  b i r d s  o n  t h e  v a r i o u s  l e v e l s .

O t h e r  g r o u p s  o f  b i r d s  w e r e  g i v e n  s u p p l e m e n t s  o f  i r r a d i a ­

t e d  e r g o s t e r o l  ( v i t a m i n  D g ) ,  H a l i v e r  o i l  ( v i t a r a j j i  D ^ ) ,  a n d  T u n a  

l i v e r  o i l  ( v i t a m i n  D ^ ) a t  l e v e l s  r a n g i n g  f r o m  kSOO u n i t s  p e r  

k g  t o  ^ 0 0 , 0 0 0  u n i t s  p e r  1 0  k g  b o d y  w e i g h t .  T h e  r e s u l t s  a r e  

g i v e n  i n  T a b l e  X I ,

T h e  b i r d s  s h o w e d  n o  s i g n i f i c a n t  c a l c i u m  r i s e s  o n  1 + 0 0 ,0 0 0  

o r  2 0 0 , 0 0 0  u n i t s  o f  v i t a m i n  D2 « W it h  v i t a m i n  f r c m  t u n a  l i v e r  

o i l  a  r i s e  o f  1 . 8  m gms o n  a  2 0 0 , 0 0 0  u n i t  l e v e l  r e p r e s e n t e d  a  1  

t o  3 6  r a t i o  b e t w e e n  t h e  v i t a m i n  D 2 a n d  o r  t h e  v i t a m i n  w a s  

36 t i m e s  u ttore  e f f e c t i v e  o n  t h e  sa m e  u n i t  l e v e l .  R e s u l t s  o f  

v i t a m i n  f r o m  H a l i v e r  o i l  i n d i c a t e d  t h e  sa m e  e f f e c t i v e n e s s  a s  

t h a t  o f  T u n a  o i l .

I4 .  C ow s—

A g r o u p  o f  c o w s  w e r e  f e d  s u p p l e m e n t s  o f  D . H . T . ,  H y d e e  Y e a s t ,  

a n d  i r r a d i a t e d  e r g o s t e r o l .  T h e  r e s u l t s  a r e  g i v e n  i n  T a b l e  X I I i  

W it h  d i h y d r o t a c h y s t e r o l  a n  a v e r a g e  r i s e  o f  5 . 0 0  mgms w a s  

f o u n d  o n  t h e  b a s i s  o f  t h e  . 5  mgm l e v e l  f e d .  T h i s  i s  i n  s u r p r i s ­

i n g l y  c l o s e  a g r e e m e n t  w i t h  t h a t  o f  d o g s  a n d  c h i c k e n s  f o r  t h i s  

l e v e l ,
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T h e  c o w s  f e d  H y d e e  Y e a s t  s u p p le m e n t  s h o w e d  a  r i s e  o f  5 * 2  a n d  

1 . 5  mgms r e s p e c t i v e l y  a t  t h e  5 0 0 , 0 0 0  a n d  2 5 0 , 0 0 0  u n i t  l e v e l s .  

T h e s e  r e s u l t s  w e r e  f o u n d  t o  b e  l o w e r  t h a n  t h e  H ÿ d e e  Y e a s t  e x t r a c t  

f e d  d o g s  i n  w h i c h  a  r i s e s  o f  1 1  a n d  6  r e s p e c t i v e l y  w e r e  f o u n d  a t  

t h e  iiOOjOOO a n d  2 0 0 , 0 0 0  u n i t  l e v e l s .

I n  c o w s  g i v e n  s u p p le m e n t s  o f  i r r a d i a t e d  e r g o s t e r o l  a t  a

5 0 0 , 0 0 0  u n i t s  / l O  k g  l e v e l  a  r i s e  o f  5  mgms w a s  o b t a i n e d  w h i c h  

w a s  l o w e r  t h a n  t h e  r e s p o n s e  i n  b o t h  d o g s  a n d  c h i c k e n s .

B -  P h o s p h o r u s

1 .  R a t s —

R e s u l t s  o f  s t u d i e s  w i t h  y o u n g  a n d  m a t u r e  r a t s  p l a c e d  o n  l o w  

p h o s p h o r u s  a n d  s p e c i a l  l o w  p h o s p h o r u s  d i e t s  s u p p le m e n t e d  w i t h  d i ­

h y d r o t a c h y s t e r o l  a r e  g i v e n  i n  T a b l e  X I I I .  R e f e r r i n g  t o  t h e  1  mgm 

a n d  . 5  mgm l e v e l s  o n  t h e  l o w  p h o s p h o r u s  d i e t ,  o n e  c a n  o b s e r v e  

d e f i n i t e  b l o o d  p h o s p h o r u s  r i s e s  a t  b o t h  l e v e l s  w i t h  y o u n g  a n d  

m a t u r e  a n i m a l s .  T h e  so m e w h a t  l a r g e r  i n c r e a s e s  i n  b l o o d  p h o s p h o r u s  

o b s e r v e d  w i t h  t h e  d i e t  c o n t a i n i n g  CaCO, a r e  u n d o u b t e d l y  d u e  t o  t h e  

a b u n d a n c e  o f  c a l c i u m  i n  t h i s  d i e t .

G r o u p s  o f  y o u n g  r a t s  w e r e  p l a c e d  o n  s t o c k  r a t i o n  a n d  D .H .T .  

s u p p l e m e n t s  r a n g i n g  f r o m  1  mgm t o  . 2 5  m g m s. T h e  r e s u l t s  f o u n d  

i n  T a b l e  X IV , i n d i c a t e  b l o o d  p h o s p h o r u s  e l e v a t i o n s  r a n g i n g  f r o m  

3 .1 Ü  t o  1 . 6 0  f o r  t h e  f o u r  l e v e l s  o f  D .H .T .  a d m i n i s t e r e d .  T h e  

n o t a b l e  d i f f e r e n c e  h e r e  i s  t h a t  o n  t h e  s t o c k  d i e t  ( . 6 2 - . 6 i | ^  P  

c o n t e n t )  t h e  e l e v a t i o n s  w e r e  m u ch  g r e a t e r  t h a n  w i t h  t h e  l o w  p h o s ­

p h o r u s  d i e t s  o n  e i t h e r  y o u n g  o r  m a t u r e  a n i m a l s ,  t h i s  m a y  i n d i c a t e
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t h a t  t h e  f o o d  s u p p l i e s  o f  p h o s p h o r u s  a s  w e l l  a s  c a l c i u m  h a v e  a n  

im p o r t a n t  i n f l u e n c e  o n  b l o o d  c h a n g e s  i n v o l v i n g  t h e s e  e l e m e n t s .

T h i s  i s  f u r t h e r  s u p p o r t e d  b y  t h e  r e s u l t s  sh o w n  i n  T a b l e  XV i n  

w h i c h  h i g h e r  p h o s p h o r u s  r i s e s  o f  t h e  b l o o d  w e r e  o b s e r v e d  i n  

m a t u r e  r a t s  r e c e i v i n g  D .H .T .  s u p p l e m e n t s  i n  c o n j u n c t i o n  w i t h  

t h e  s t o c k  r a t i o n .

2 .  D o g s —

T a b l e  XVI c o n t a i n s  t h e  b l o o d  p h o s p h o r u s  v a l u e s  o f  d o g s  f e d  

a  c o m p l e t e  r a t i o n  s u p p le m e n t e d  u ÿ  t h e  d a l l j y  a d m i n i s t r a t i o n  o f  

D .H .T .  o n  1 ,  . 5 ,  a n d  ,2 $  mgm l e v e l s .  I n c r e a s e s  o f  2 . $ 3 ,  1 . 7 5 »  

a n d  1 . 0 5  m gm s w e r e  o b s e r v e d  o n  t h e  a b o v e  t h r e e  l e v e l s  a d m i n i s t e r e d .

A l t h o u g h  t h e  p h o s p h o r u s  c h a n g e s  a r e  n o t  a s  c o n s i s t a n t  a s  t h e  

c a l c i u m  t h e y  a r e  n e v e r t h e l e s s  i n  h a r m o n y  w i t h  o t h e r  r e s u l t s  o f  t h e  

i n v e s t i g a t i o n .

T h e  r e s u l t s  o f  f e e d i n g  s u p p l e m e n t s  o f  i r r a d i a t e d  e r g o s t e r o l  

a n d  p u r e  c a l c i f e r o l  a r e  sh o w n  i n  T a b l e  X V I I ,  A p h o s p h o r u s  r i s e  

o f  2 . 6  m gm s w a s  o b t a i n e d  a t  t h e  5 0 0 » 0 0 0  l e v e l  o f  i r r a d i a t e d  

e r g o s t e r o l  a n d  o n e  o f  1 . 6  mgms a t  2 0 0 , 0 0 0  u n i t s  o f  p u r e  c a l c i ­

f e r o l .

T a b l e  X V I I I  c o n t a i n s  t h e  r e s u l t s  o f  f u r t h e r  s t u d i e s  o n  h i g h  

l e v e l s  o f  i r r a d i a t e d  e r g o s t e r o l  a n d  p u r e  c a l c i f e r o l .  H e r e  a g a i n  

t h e  r e s u l t s  sh o w  a b o u t  t h e  sa m e  o r d e r  o f  b l o o d  p h o s p h o r u s  r i s e  

a s  p r e v i o u s  e x p e r i m e n t s  a t  t h e  s a m e  l e v e l s .

T h e  r e s u l t s  w i t h  a n  e x t r a c t  o f  % d e e  Y e a s t  a r e  g i v e n  i n  

T a b l e  X I X . B l o o d  p h o s p h o r u s  r i s e s  o f  l . i j  mg o n  t h e  2 0 0 , 0 0 0  u n i t  

l e v e l  a n d  a b o u t  2 . 0  mg o n  t h e  1 0̂ 0 , 0 0 0  l e v e l  w e r e  o b s e r v e d .
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3 .  C h i c k e n s —

S t u d i e s  w i t h  y o u n g  m a le  a n d  f e m a l e  b i r d s  p l a c e d  o n  a  com ­

p l e t e  r a t i o n  s u p p le m e n t e d  w i t h  t w o  s o u r c e s  o f  i r r a d i a t e d  e r g o s t e r o l  

a t  U0 0 , 0 0 0  a n d  2 0 0 , 0 0 0  u n i t  l e v e l s  g a v e  s i g n i f i c a n t  b l o o d  p h o s ­

p h o r o u s  r i s e s .  O v e r a l l  ( m a le  a n d  f e m a l e )  a v e r a g e s  o f  2 . 1 8  mg a n d  

l . I i l  w e r e  o b t a i n e d  a t  t h e  1̂ .0 0 , 0 0 0  u n i t  l e v e l  o f  i r r a d i a t e d  e r g o s ­

t e r o l  s o u r c e s  I  a n d  I I  r e s p e c t i v e l y ,  a n d  r i s e s  o f  ,9 h  a n d  , 6 3  a t  

t h e  2 0 0 , 0 0 0  u n i t  l e v e l .  T h e  r e s u l t s  a r e  s h o w n  i n  T a b l e  X X ,

I n  T a b l e  X X I r e s u l t s  a i ’e  sh o w n  f o r  y o u n g  a n d  o l d  b i r d s  f e d  

s u p p l e m e n t s  o f  D .H .T .  A t  a l l  l e v e l s  a n  i n c r e a s e  i n  b l o o d  p h o s ­

p h o r u s  w a s  n o t e d .  T h e  o l d  m a l e s  a n d  f e m a l e s  sh o w  h i g h e r  b l o o d  

c a l c i u m  r i s e s  t h r o u g h o u t  t h a n  d o  t h e  y o u n g e r  b i r d s .  T h e  m a l e s  

b o t h  y o u n g  a n d  o l d  sh o w  s m a l l e r  r i s e s  t h r o u g h o u t  t h e s e  s t u d i e s  

e x c e p t  a t  t h e  l o w e r  l e v e l s  w h e r e  t h e r e  s e e m s  t o  b e  n o  s i g n i f i c a n t  

d i f f e r e n c e s .

T h e  r e s u l t s  o f  f e e d i n g  s u p p le m e n t s  o f  V i t a m i n  i n  t h e  f o r m  

o f  T u n a  a n d  H a l i v e r  o i l  o n  v a r i o u s  l e v e l s  a r e  sh o w n  i n  T a b l e  X X I I .  

T h e  p h o s p h o r u s  r i s e s  h e r e  a r e  s m a l l e r  b u t  m o r e  u n i f o r m  w i t h i n  t h e  

v a r i o u s  l e v e l s .  No s i g n i f i c a n t  d i f f e r e n c e s  a r e  o b s e r v e d  b e t w e e n  

t h e  tw o  v i t a m i n  s o u r c e s  u s e d  i n  t h e s e  s t u d i e s .

U . C ow s—

T h e  s t u d i e s  w i t h  c o w s  a d m i n i s t e r e d  D .H .T .  s u p p le m e n t s  a t  a  

■5 mgm p e r  1 0  k g  l e v e l  g a y s  b l o o d  p h o s p h o r u s  r i s e s  w h i c h  a v e r a g e d  

2 .0 ) 1 .  A l l  o f  th e m  w e r e  f a i r l y  c o n s i s t e n t  a t  t h i s  l e v e l .  T h e  c o n ­

t r o l  c o w s  u s e d  s e r v e d  a s  a  d o u b l e  c o n t r o l  a n d  e x h i b i t e d  n o  b l o o d
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p h o s p h o r u s  c h a n g e s .  T h e  c o w s  w e r e  b l e d  i n i t i a l l y  b e f o r e  s u p p l e ­

m e n t s  w e r e  a d m i n i s t e r e d  a n d  5  d a y s  a f t e r  t h e  l a s t  s u p p le m e n t  

w a s  f e d .  H e r e  . i n  c o n t r a s t  t o  t h e  l a s t i n g  e f f e c t  o f  t h e  com p oun d^  

w e  f i n d  a  d r o p  i n  b l o o d  p h o s p h o r u s  b a c k  t o w a r d s  n o r m a l o r  t h e  

i n i t i a l  v a l u e s .  T h e  r e s u l t s  a r e  sh o w n  i n  T a b l e  X X I I I .

S u p p le m e n t s  o f  H y d e e  l e a s t  a d m i n i s t e r e d  i n  g r a i n  a t  l e v e l s  o f  

$ 0 0 , 0 0 0  a n d  2 $ 0 , 0 0 0  u n i t s  o f  V i t a m i n  p e r  1 0  k g ,  w e r e  o b s e r v e d  

t o  e x e r t  a  b l o o d  p h o s p h o r u s  r i s e  o f  3 . 1 2  a n d  2 . 0 3  r e s p e c t i v e l y *

T h e  c o n t r o l  c o w  s h o w e d  n o  r i s e .  T h e s e  v a l u e s  w e r e  p r a c t i c a l l y  t h e  

sa m e  a s  t h o s e  o b s e r v e d  o n  d o g s  f e d  t h e  H y d e e  Y e a s t  e x t r a c t  a t  

l o w e r  l e v e l s  ( H 0 0 ,0 0 0  a n d  2 0 0 , 0 0 0 ) ,  T h e s e  v a l u e s  a r e  s h o w n  i n  

T a b le  X X IV .

C ow s a d m i n i s t e r e d  i r r a d i a t e d  e r g o s t e r o l  a t  a  $ 0 0 , 0 0 0  u n i t s  

p e r  1 0  k g  l e v e l  e x h i b i t e d  a n  a v e r a g e  b l o o d  p h o s p h o r u s  i n c r e a s e  

o f  2 . 0 9 ,  a s  sh o w n  i n  T a b l e  XXV, T h e s e  v a l u e s  w e r e  o f  a b o u t  t h e  

sa m e o r d e r  a s  t h o s e  e x h i b i t e d  b y  d o g s  a t  t h e  sa m e  i r r a d i a t e d  

e r g o s t e r o l  l e v e l .

C . P h o s p h a t a s e

1 .  R a t s —

T h e  p h o s p h a t a s e  v a l u e s  o n  m a t u r e  r a t s  p l a c e d  o n  s t o c k  r a t i o n  

a n d  a d m i n i s t e r e d  i r r a d i a t e d  e r g o s t e r o l  o n  l e v e l s  v a r y i n g  f r o m

1 , 0 0 0  t o  2 0 , 0 0 0  u n i t s  p e r  1 0  k g  o f  b o d y  w e i g h t  a r e  sh o w n  i n  T a b le  

X X V I. T h e  a c i d  p h o s p h a t a s e  v a l u e s  sh o w  s i g n i f i c a n t  d e c r e a s e s  

i n  t h e  a s c e n d i n g  o r d e r  o f  v i t a m i n  D2  d o s a g e .  T h e  a l k a l i n e  p h o s ­

p h a t a s e  v a l u e s  d e c r e a s e d  a s  t h e  v i t a m i n  D2  l e v e l  i n c r e a s e d .
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T a b l e  X X V II s h o w s  t h e  sa m e  d e c r e a s e  i n  a c t i v i t y  i n  t h e  c a s e  o f  

b o t h  t h e  a c i d  a n d  a l k a l i n e  p h o s p h a t a s e ,  a l t h o  t h e  l a t t e r  w a s  n o t  

a s  p r o n o u n c e d .  T h e  a n i m a l s  w e r e  f e d  a  n o r m a l  s t o c k  d i e t  a n d  g i v e n  

s n p p l e m e n t s  o f  i r r a d i a t e d  e r g o s t e r o l  a n d  p u r e  c a l c i f e r o l .

Y o u n g  r a t s  p l a c e d  o n  l o w  c a l c i u m  d i e t  sh o v æ d  a n  i n i t i a l l y  

h i g h  a c i d  a n d  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y .  S i g n i f i c a n t  d e c r e a s e s  

i n  b o t h  a c i d  a n d  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  w a s  o b s e r v e d  w h e n  

H y d e e  Y e a s t  w a s  a d m i n i s t e r e d  a s  sh o w n  i n  T a b l e  X X V I I I ,

Y o u n g  r a t s  p l a c e d  o n  a  l o w  c a l c i u m  a n d  s t o c k  d i e t s  s u p p l e ­

m e n t e d  w i t h  p u r e  c a l c i f e r o l  % rd ee Y e a s t  a n d  H a l i v e r  O i l  e x h i b i t e d  

l o w e r e d  a c i d  a n d  a l k a l i n e  p h o s p h a t a s e  v a l u e s  a t  a l l  l e v e l s .  T h e r e  

w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  e f f e c t  b e t w e e n  v i t a m i n s  D2 a n d  

a s  sh o w n  i n  T a b l e  X X IX .

2 .  C ow s—

T a b l e  XXX s h o w s  t h e  s e r u m  p h o s p h a t a s e  r e s u l t s  o n  t w o  c o w s ,  

o n e  f e d  . 5  m g m /lO  k g  l e v e l  o f  DHT a n d  t h e  o t h e r  u s e d  a s  a  c o n t r o l .  

A g r a d u a l  d e c r e a s e  i n  t h e  a l k a l i n e  p h o s p h a t a s e  w a s  o b s e r v e d  i n  

t h e  co w  r e c e i v i n g  t h e  s u p p l e m e n t s .  T h e  a c i d  p h o s p h a t a s e  a c t i v i t y  

s h o w e d  n o  s i g n i f i c a n t  c h a n g e s .  I n  t h e  c o n t r o l  c o w  n o  s i g n i f i c a n t  

v a r i a t i o n s  w e r e  o b s e r v e d  i n  e i t h e r  t h e  a c i d  o r  a l k a l i n e  p h o s p h a ­

t a s e  a c t i v i t y .
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CONCLUSIONS

1 .  R a t s  f e d  m a s s i v e  d o s e s  o f  v i t a m i n  D f r o m  v a r i o u s  s o u r c e s  

s h o w e d  c h a r a c t e r i s t i c  r e s i s t a n c e  t o  b l o o d  c a l c i u m  c h a n g e s .

2 ,  D o g s  t o  w h i c h  m a s s i v e  d o s e s  o f  v a r i o u s  v i t a m i n  D p r o d u c t s  

w e r e  a d m i n i s t e r e d  w e r e  o b s e r v e d  t o  sh o w  a  h y p e r c a l c e m i a ,  

a n d ,  i n  c e r t a i n  c a s e s ,  a  g e n e r a l  e m a c i a t e d  c o n d i t i o n ,  f o l l o w ­

e d  b y  d e a t h .  A u t o p s y  s h o w e d  a  g e n e r a l  c a l c i f i c a t i o n  o f  

v a r i o u s  t i s s u e s .

3= C h ic k e n s  a d m i n i s t e r e d  v a r j r ln g  d o s e s  o f  v i t a m i n  D p r o d n ç t s  

sh o w e d  l o w e r  r i s e s  o n  v i t a m i n  D2 s o u r c e s  t h a n  w i t h  v i t a m i n  

V i t a m i n  w a s  f o u n d  t o  b e  a b o u t  3 6  t i m e s  m o r e  e f f e c ­

t i v e  t h e n  V i t a m in  D g .

U .  M a s s i v e  d o s e s  o f  v a r i o u s  V i t a m in  D p r o d u c t s  a d m i n i s t e r e d  t o  

c o w s  c a u s e d  a  d e f i n i t e  h y p e r c a l c e m i a .

5 .  On t h e  b a s i s  o f  l i m i t e d  s t u d i e s ,  i t  w o u l d  a p p e a r  i r r a d i a t e d

y e a s t  o r  a n  e x t r a c t  o f  i r r a d i a t e d  y e a s t  w a s  so m e w h a t  m o r e  

e f f e c t i n g  t h a n  a  c o r r e s p o n d i n g  a m o u n t  o f  p u r e  V i t a m in  D .

6 .  D i h y d r o t a c h y s t e r o l  p r o d u c e d  s i g n i f i c a n t  b l o o d  c a l c i u m  e l e v a ­

t i o n s  i n  y o u n g  a n d  m a t u r e  r a t s  f e d  n o r m a l  a n d  l o w  p h o s p h o r u s  

d i e t s .

7 .  T h e  a v e r a g e  b l o o d  c a l c i u m  u s e  e x h i b i t e d  b y  d o g s  o n  d i h y d r o ­

t a c h y s t e r o l  s u p p le m e n t s  o f  1  m g m . , . 5  m g m s . ,  a n d  . 2 5  mgras p e r  

1 0  k g .  o f  b o d y  w e i g h t  w e r e  8 . 6  mgras 5 - 1  m gras, a n d  1 . 1  mgras 

r e s p e c t i v e l y .
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8 .  C h ic k e n s  f e d  s u p p le m e n t s  o f  d i h y d r o t a c t Q r s t e r o l  w e r e  o b s e r v e d  

t o  sh o w  c a l c i u m  u s e s  o f  8 . 6  m g r a s .,  $ . 1  m g m s . ,  a n d  1 . 3  m g m s . ,

f o r  l e v e l s  o f  1  mgm, m g m ., a n d  . 2 3  m gm. r e s p e c t i v e l y .  

T h e s e  r e s u l t s  a g r e e  w e l l  w i t h  t h o s e  o b t a i n e d  o n  d o g s .

9 .  D i h y d r o t a c h y s t e r o l  o n  a  . 5  mgm l e v e l  p r o d u c e d  a  3 * 0  m gn b l o o d  

c a l c i u m  r i s e  i n  c o w s .  T h e s e  e f f e c t s  a r e  c o m p a r a b le  t o  t h o s e  

o b t a i n e d  w i t h  d o g s  a n d  c h i c k e n s .

1 0 .  D o g s  a d m i n i s t e r e d  m a s s i v e  d o s e s  o f  v a r i o u s  v i t a m i n  D p r o d u c t s  

w e r e  o b s e r v e d  t o  a t t a i n  b l o o d  p h o s p h o r u s  r i s e s  o f  b e t w e e n  l . U

1 1 .  Y o u n g  a n d  m a tu r e  c h i c k e n s  w e r e  o b s e r v e d  t o  s h o w  s i g n i f i c a n t  

b l o o d  p h o s p h o r u s  e l e v a t i o n s  w h e n  f e d  m a s s i v e  d o s e s  o f  v a r i o u s  

v i t a i E i n  D p r o d u c t s .  H e r e  a g a i n  t h e  v i t a m i n  w a s  f o u n d  t o  

b e  m o r e  e f f e c t i v e  t h a n  Dg 

1 2 . C ow s f e d  s u p p le m e n t s  o f  v a r i o u s  v i t a m i n  D p r o d u c t s  i n  m a s s i v e  

d o s e s  p r o d u c e d  m a r k e d  b l o o d  p h o s p h o r u s  r i s e s  r a n g i n g  f r o m  2 

t o  3  m gm s.

1 3 *  Y o u n g  a n d  m a t u r e  r a t s  f e d  n o r m a l a n d  l o w  p h o s p h o r u s  d i e t s  w e r e  

sh o w n  t o  h a v e  e l e v a t e d  p h o s p h o r u s  l e v e l s  w h e n  v a r i o u s  d o s e s  o f  

d i h y d r o t a c h y s t e r o l  w e r e  a d m i n i s t e r e d .  T h e  r i s e s  w e r e  g r e a t e s t  

i n  t h e  c a s e  o f  t h e  n o r m a l  r a t i o n ,  

l i t .  D o g s  t o t  w h i c h  d i h y d r o t a c h y s t e r o l  w a s  a d i a i n i s t e r e d  s h o w e d  p h o s ­

p h o r u s  e l e v a t i o n s  o f  2 . 3 3  m gm s, 1 . 7 3  m gm s, a n d  1 . 0 3  mgms a t  

l e v e l s  o f  1 . 0  m g m ., * 3  m g m ., a n d  . 2 3  m g m .,  p e r  1 0  kgm b o d y  

w e i g h t  r e s p e c t i v e l y .
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1 $ .  C h ic k e n s  a d m i n i s t e r e d  s u p p le m e n t s  o f  D . H . T .  s h o w e d  b l o o d  

p h o s p h o r u s  i n c r e a s e s  a t  a l l  l e v e l s  u s e d .  T h e  r i s e s  w e r e  

so m e w h a t  h i g h e r  i n  t h e  m a l e s  t h a n  i n  t h e  f e m a l e s .

16. Cows fed  d ih y d ro tach y ste ro l on a b a s is  .5  mgm p er 10 kg 

of body w eight showed an average phosphorus r i s e  of 2.0U 

mgms.

1 7 »  A c i d  a n d  a l k a l i n e  s e r u m  p h o s p h a t a s e  v a l u e s  o n  r a t s  f e d  o n

1,000 t o  20,000 u n i t  l e v e l s  o f  v i t a m i n  D ( I .E . )  p e r  10 k g  

b o d y  w e i g h t  w e r e  sh o w n  t o  b e  s i g n i f i c a n t l y  l o w e r e d .  N o r m a l  

a n d  l o w  c a l c i u m  r a t i o n s  w e r e  u s e d .  T h e  l o w  c a l c i u m  r a t i o n  

g a v e  h i g h e r  i n i t i a l  a n d  f i n a l  v a l u e s  i n  t h e s e  s t u d i e s .

18. Serum phosphatase v a lu es  on cows fed  d ih y d ro tac h y s te ro l,

sh o w e d  a  g r a d u a l  d e c l i n e  i n  t h e  a l k a l i n e  p h o s p h a t a s e  v a l u e s  

w h e r e a s  t h e  a c i d  p h o s p h a t a s e  r e m a in e d  u n c h a n g e d .
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