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I n  s t u d y i n g  t h e  u t i l i z a t i o n  o f  a c e t o n e  b o d i e s  u n d e r  a  v a r i e t y  

o f  e x p e r i m e n t a l  c o n d i t i o n s ,  i t  became d e s i r a b l e  t o  a n a l y z e  whole a n im a l s  

and d e t e r m i n e  t h e i r  c o n t e n t  o f  exo genous  o r  endogenous  a c e t o n e  b o d i e s  

r a t h e r  t h a n  depend  upon t h e  m easurem ent  o f  k e to n e m ia  o r  k e t o n u r i a .  

S e v e r a l  p r o c e d u r e s  f o r  t i s s u e  a n a l y s i s  were a t t e m p t e d ,  b u t  were s u b ­

s e q u e n t l y  d i s c a r d e d  b e c a u s e  t h e y  were  e i t h e r  t o o  t im e -c o n su m in g  f o r  

th e  l a r g e  number o f  d e t e r m i n a t i o n s  i n v o l v e d ,  o r  i n a c c u r a t e ;

For  t h e  d e t e r m i n a t i o n  o f  a c e t o n e  b o d i e s  i n  b l o o d ,  B a rn es  (1) 

m o d i f i e d  th e  Van S ly k e  method  , (2) so, a s  , t o  p e r m i t  t h e  use  o f  a  s e n ­

s i t i v e  i o d o m e t r i c  p r o c e d u r e  i n  t h e  f i n a l  m easu rem en t  o f  t h e  a c e to n e  

p r e c i p i t a t e d  by  t h e  Van S ly k e  p r o o e d u r e .  We have a d a p t e d  B a r n e s ’ mod­

i f i c a t i o n  t o  t i s s u e  a n a l y s i s ,  The s p e c i f i c i t y ,  r a p i d i t y , a n d  c o n v e n ­

i e n c e  o f  t h i s  method w a r r a n t s  i t s  g e n e r a l  a p p l i c a t i o n .  The p r e s e n t  

r e p o r t  d e t a i l s  t h e  method  and a p p a r a t u s  employed i n  t h e  s t u d i e s  t o  be 

r e p o r t e d  i n  s u b s e q u e n t  c o m m u n ic a t io n s .

The p r e f o r m e d  ace to ne . ,  t h e  a c e t o n e  r e s u l t i n g  from th e  hy ­

d r o l y s i s  o f  a c e t o a c e t a t e , and t h a t  r e s u l t i n g  f rom  t h e  o x i d a t i o n  o f  

B - h y d r o x y b u t y r i c  a c i d  a r e  p r e c i p i t a t e d  a s  oomplex  Hg s a l t s  w i t h  D e n ig es  

r e a g e n t  a s  i n  t h e  o r i g i n a l  Van S ly k e  p r o c e d u r e .  The p r e c i p i t a t e  i s  

s e p a r a t e d  by  f i l t r a t i o n ,  washed and  decomposed b y  a  b u f f e r e d  h y d r o -  

c h l o r i d  a c i d  s o l u t i o n ,  and th e  . r e s u l t i n g  a c e t o n e  d i s t i l l e d  i n t o  w a t e r ,  

where i t  i s  e s t i m a t e d  by  t h e  u se  o f  i t s . r e a c t i o n  w i th  i o d i n e  t o  form 

io d o fo rm  ( 3 ) .  ■

' ’ METHOD

Reagents: . .

2 0 $  c o p p e r  s u l f a t e : 2 0 0  gm. o f  CUSO4 . 5 H2 O d i s s o l v e d  i n  w a t e r

and  made up t o  1  l i t e r .
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10# c a l c i u m  h y d r o x i d e : 100 gm . ' a n a l y t i o a l  g ra d e  Ca(OH) 2  s u s ­

p ended  by  t h o r o u g h  m ix in g  i n  1 l i t e r  o f  w a t e r .  Must be c o m p l e t e l y  r e ­

su s p en ded  by  s h a k i n g  b e f o r e  u s i n g .

50 v o l .  #  s u l f u r i c  a c i d ; 500 c c .  o f  c o n c e n t r a t e d  s u l f u r i c  

a c i d  d i l u t e d  t o  1  l i t e r .

10# m e r c u r i c  s u l f a t e : 75 gm. a n a l y t i c a l  g rade  r e d  HgO d i s ­

s o l v e d  i n  1 l i t e r  o f  4N HgSO^.

5# p o t a s s i u m  d i o h r o m a t e : 5 gm.KgCrgO^ d i s s o l v e d  and made up

t o  1  l i t e r  w i t h  w a t e r .  ..

Combined p r e c i p i t a t i n g  r e a g e n t : 175 c c .  10# m e r c u r i c  s u l f a t e *

50 c c .  o f  50# HgSO^ made up t o  250 c c .  w i t h  w a t e r .  •

H y d r o c h l o r i c  a c i d  -  b o r a t e  m i x t u r e : 38 gms. Na2 B4 .O17. lO  HgO

d i s s o l v e d  i n  a b o u t  300 c c ;  h o t  w a t e r ;  c o o l e d ;  50 c c .  co n o .  HC1 a d d e d ,  

and d i l u t e d  t o  1  l i t e r ;

40# sodium h y d r o x i d e ; 400 gms. a n a l y t i c a l  g ra d e  NaOH d i s ­

s o l v e d  i n  w a t e r  and made up t o  1  l i t e r .

0 .0 0 5  N I o d i n e : 25 c c .  0 . 1  N i o d i n e  and  15 feraras p o t a s s i u m

i o d i d e  made up t o  1  l i t e r .

0 . 0 0 5  N t h i o s u l f a t e ; 25 c c .  0 . 1  N NagSgOg, s t a n d a r d i z e d  

a g a i n s t  KH ( I 0 g ) g ,  d i l u t e d  t o  1 l i t e r .  Must  be f r e s h l y  d i l u t e d  e a c h  day .

A p p a r a t u s ;

The s c a l e  d raw in g  F i g u r e  I  i s  s e l f - e x p l a n a t o r y .  The f i n g e r  

c o n d e n s o r  h a s  b e e n  fo un d  t o  be e x t r e m e l y  e f f i c i e n t .

■■ 1

We have fo u nd  t h a t  s e p a r a t i o n  o f  Hg complex by  c e n t r i f u g a ­

t i o n  w i t h o u t  l o s s  i s  r a t h e r  d i f f i c u l t .  F i l t r a t i o n  w i t h  a s m a l l  f i l t e r  

s t i o k ,  which  i s  d e t a c h e d  and  l e f t  i n  t h e  f l a s k ,  h a s  p r o v e n  more r a p i d  

and c o n v e n i e n t .

Two t y p e s  o f  f i l t e r  s t i c k s  have been  u s e d ,  (1)  a  g l a s s  tu b e
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a b o u t  25 mm. l o n g ,  w i t h  an  o u t e r  d i a m e t e r  o f  a b o u t  6  mm. o v e r  15 mm. 

o f  i t s  l e n g t h ,  h a s  t h e  l a s t  10 mm. e n l a r g e d  t o  r e c e i v e  a  7 mm. s o l i d  

g l a s s  b e a d ,  p r e f e r a b l y  somewhat I r r e g u l a r ,  which  s e r v e s  a s  a  b a s e  f o r  

an  a s b e s t o s  m a t i  (2) A se c o n d  t y p e ,  g i v i n g  somewhat more u n i f o r m  

m a t s ,  h a s  t h e  same d i m e n s i o n s  a s  t h e  a b o v e ,  b u t  h a s  a  l i g h t l y  s i n t e r e d  

g l a s s  wool mat  a b o u t  7m m . i n  d i a m e t e r  f u s e d  i n t o  t h e  e n l a r g e d  p o r t i o n  

o f  t h e  t u b e .  The f i l t e r  s t i c k  i s  a t t a c h e d  by  a  s h o r t  p i e c e  o f  r u b b e r  

t u b i n g  t o  a b e n t  g l a s s  t u b e ,  which  i s  l o n g  enough t o  e a s i l y  r e a o h  t h e  

b o t to m  o f  t h e  r e a o t i o n  f l a s k ,  and  which  l e a d s  t o  a  f i l t e r  pump. The 

r u b b e r  t u b e  s h o u l d  o v e r l a p  t h e  f i l t e r  s t i c k  o n l y  3 . o r  4 mm. so  t h a t  

a t  t h e  c o m p l e t i o n . o f  f i l t r a t i o n  i t  may be e a s i l y  d i s l o d g e d  -  a f t e r  d i s ­

c o n n e c t i n g  t h e  s u c t i o n  -  by  p u s h i n g  i t  a g a i n s t  t h e  s i d e  o f  t h e  f l a s k .

The mat i s  fo rm ed by  d i p p i n g  i n t o  a s u s p e n s i o n  o f  a s b e s t o s ;  a f t e r  an  

e v e n ,  dense  mat a b o u t  1  mm. t h i c k  h a s  b een  d e p o s i t e d j  t h e  f i l t e r  i s  

washed and i s  r e a d y  t o  u s e .

S a t i s f a c t o r y  a s b e s t o s  i s  p r e p a r e d  by  m aking a s u s p e n s i o n  o f  

medium f i b e r  a c i d  washed a s b e s t o s ,  so  t h i n  t h a t  t h e  o o a r s e r  f i b e r s  

w i l l  s e t t l e  t o  t h e  low er  1 / 4  o f  a  2 l i t e r  c y l i n d e r  i n  a b o u t  5 m i n u t e s .  

The s u p e r n a t a n t  i s  t h e n  drawn o f f  and  u se d  w i t h o u t  f u r t h e r  d i l u t i o n .

When the bead type f i l t e r  s t i c k  i s  used, a th ick  suspension i s  used 

to f i l l  the large openings, a f te r  which a mat i s  formed from the thinner  

suspension.

P r e p a r a t i o n  o f  T i s s u e  E x t r a c t :

The r a t ,  k i l l e d  by  a  b low on t h e  h e a d ,  i s  c u t  up r a p i d l y  i n t o  

an  o r d i n a r y  m ea t  g r i n d e r  and  g rou n d  up r e p e a t e d l y .  A f t e r  th e  4 t h  g r i n d ­

i n g ,  a  homogenous m i x t u r e  o f  t h e  r a t  i s  o b t a i n e d ,  and  a l i q u o t s  c a n  be 

t a k e n  f o r  t h e  d e t e r m i n a t i o n .  I n  a l l  e x p e r i m e n t s ,  t h r e e  a l i q u o t s  o f  t h e  

m inced  t i s s u e  were  t a k e n  i n  o r d e r  t o  a s s u r e  a d e q u a te  s a m p l i n g .
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10 grams o f  t h e  m inced  t i s s u e  a r e  i n t r o d u c e d  i n t o  a  250 c c .

v o l u m e t r i c  f l a s k  c o n t a i n i n g  50 c c .  20$ c o p p e r  s u l f a t e .  T h i s  i s  c onven­

i e n t l y  a c c o m p l i s h e d  by  w e ig h in g  t h e  t i s s u e  on a  t a r e d  p i e c e  o f  c e l l u l o i d  
1 1/ j l

a b o u t  3£ X 5£ which  i s  t h e n  r o l l e d  and  i n s e r t e d  i n t o  t h e  n e c k  o f  t h e  

f l a s k .  The c y l i n d e r  o f  t i s s u e  i s  t h e n  pushed  i n t o  t h e  f l a s k  w i t h  a

f o o t e d  g l a s s  r o d  and t h e  c e l l u l o i d  and r o d  a r e  r i n s e d  w i t h  d i s t i l l e d

w a t e r  and w i th d ra w n .  The volume i s  b r o u g h t  up t o  a b o u t  190 c c .  and t h e

c o n t e n t s  o f  t h e  f l a s k  a r e  mixed t h o r o u g h l y  and a l l o w e d  t o  s t a n d  f o r

30 m i n u t e s .  50 c c .  o f  10$ c a l c i u m  h y d r o x id e  a r e  t h e n  a d d e d ,  t h e  f l a s k  

t h o r o u g h l y  sh a k en  and a l l o w e d  t o  s t a n d  a n o t h e r  t h i r t y  m i n u t e s .  The 

m i x t u r e  i s  d i l u t e d  t o  250 o c .  m ixed and  f i l t e r e d .  The e x t r a c t  u s u a l l y  

h a s  a  p u r p l e  b i u r e t  t i n g e  w h ich  i n  no way i n t e r f e r e s  w i t h  t h e  s u b s e q u e n t

a n a l y s i s .  T h i s  e x t r a c t  i s  b o t h  s u g a r  and  p r o t e i n  f r e e .

T o t a l  a o e t o n e  body  a n a l y s i s :

1 0  c o .  o f  e x t r a c t  i s  m ea su re d  i n t o  t h e  r e a c t i o n  f l a s k  c o n ­

t a i n i n g  4 o r  5 s m a l l  b e a d s .  4 c c .  o f  t h e  combined r e a g e n t  i s  ad d ed .

The f l a s k  i s  p l a c e d  i n  i t s  s u p p o r t  o v e r  a m ic ro  b u r n e r ,  a  f i n g e r  c o n ­

d e n s o r  i n s e r t e d ,  and  0 . 1  c c . o f  w a t e r , r o u g h l y  m e a s u r e d , p l a c e d  i n  th e  

apace  b e tw een  t h e  n e c k  o f  t h e  f l a s k  and  t h e  c o n d e n s o r .  The f l a s k  h e a t e d  

a t  suo h  a r a t e  t h a t  t h e  c o n t e n t s  come t o  a  b o i l  i n  2 t o  3 m i n u t e s .

B o i l i n g  i s  c o n t i n u e d  f o r  a b o u t  a  h a l f  a  m in u te  t o  d r i v e  most  o f  t h e  a i r

o u t  o f  t h e  f l a s k ,  t h e  b u r n e r  i s  t h e n  .removed and 0 ; 5  o o .  o f  5$ p o t a s s i u m  

d i c h r o m a t e  a r e  d e l i v e r e d  i n t o  t h e  sp a c e  b e tw e e n  th e  c o n d e n s o r  and 

f l a s k  n e c k ,  and  washed down w i t h  two p o r t i o n s  o f  w a t e r ,  o f  a b o u t  0 . 1  c c .  

e a c h .  When most  o f  t h e  l a s t  w a sh in g  h a s  b e en  drawn i n t o  t h e  f l a s k ,  

h e a t i n g  i s  r e s u m e d ,  and  t h e  c o n t e n t s  a r e  e v e n l y ,  b u t  g e n t l y ,  r e f l u x e d  

f o r  90 m i n u t e s .  The s o l u t i o n s  a r e  t h e n  f i l t e r e d  by  s u c t i o n  t h r o u g h  a 

f i l t e r  s t i c k ,  and  t h e  p r e o i p i t a t e  washed 2 o r  3 t i m e s  w i t h  a b o u t  5 o c .

p o r t i o n s  o f  w a t e r .
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The s o l u t i o n  s h o u l d  be f i l t e r e d  i m m e d ia te ly  a f t e r  h e a t i n g  i s  

s t o p p e d ,  f o r  t h e  r e a s o n s  m e n t io n e d  be lo w .  When f i l t r a t i o n  i s  c o m p le t e d ,  

t h e  f i l t e r  s t i c k  i s  d e t a c h e d  and l e f t  i n  t h e  f l a s k .  T h is  i s  a  c o n ven ­

i e n t  p o i n t  t o  i n t e r r u p t ' t h e  a n a l y s i s ,  s i n c e  t h e  p r e c i p i t a t e  i s  q u i t e  

s t a b l e .

B-hydroxyhutyric a d d  o n ly .

To 10 c c .  o f  t h e  t i s s u e  e x t r a c t  i n  a r e a c t i o n  f l a s k ,  0 . 3  c c .

50$ s u l f u r i c  a c i d  i s  a d d e d ,  and t h e  l e v e l  o f  t h e  l i q u i d  c a r e f u l l y  marked 

w i t h  a  wax p e n c i l .  1 0  c c .  o f  w a t e r  a r e  a d d e d ,  and th e  s o l u t i o n  b o i l e d  

down t o  t h e  marked vo lum e .  2 . 8  c c .  o f  10$ m e r c u r i c  s u l f a t e  and  0 . 5  o c .  

o f  50$ s u l f u r i c  a c i d  a r e  t h e n  a d d e d ,  and t h e  d e t e r m i n a t i o n  c o n t i n u e d  a s  

a b o v e .

Decomposition of mercury acetone p r e c ip i t a t e :

A 1" X 8 " t e s t  t u b e  c o n t a i n i n g  a b o u t  10 c c i  o f  w a t e r  i s  f i t t e d  

o v e r  th e  c o n d e n s o r  d e l i v e r y  tu b e  so t h a t  t h e  t i p  o f  t h e  l a t t e r  i s  a b o u t  

1 / 2  i n .  above t h e  b o t to m  o f  t h e  t e s t  t u b e .  To t h e  f l a s k  c o n t a i n i n g  t h e  

f i l t e r  s t i o k  and  p r e c i p i t a t e ,  1 0  c c .  o f  t h e  b o r a t e  a c i d  m i x t u r e  a r e  

added ;  t h e  f l a s k  i s  f i t t e d  t o  t h e  c o n d e n s o r , a n d : d i s t i l l a t i o n  s t a r t e d .  

D i s t i l l a t i o n ,  w h ich  s h o u ld  r e q u i r e  7 t o  10 m i n u t e s ,  i s  c o n t i n u e d  a l m o s t  

t o  d r y n e s s ,  when t h e  r e c e i v e r  i s  lo w e re d  t o  a l l o w  a few d r o p s  o f  d i s ­

t i l l a t e  t o  r i n s e  down t h e  i n s i d e  o f  t h e  d e l i v e r y  t i p .  M eanw hile ,  i t s  

o u t s i d e  i s  r i n s e d  w i th  w a t e r .

An a p p r o p r i a t e  amount o f  s t a n d a r d  i o d i n e  s o l u t i o n  ( p r e f e r a b l y  

d e l i v e r e d  j u s t  be low t h e  s u r f a o e )  i s  i m m e d ia t e l y  added  t o  t h e  d i s t i l l a t e  

f o l l o w e d  by  5 o c .  40$ sodium h y d r o x i d e . • The c o n t e n t s  o f  t h e  t u b e  a r e  

mixed w i t h  a  f o o t e d  g l a s s  r o d  (which s e r v e s  t h r o u g h  a c i d i f i c a t i o n  and 

t i t r a t i o n )  and a f t e r  a b o u t  1 0  m i n u t e s ,  t h e  r e m a i n i n g  i o d i n e  i s  r e l e a s e d

by s low  a c i d i f i c a t i o n  w i t h  3 c c .  o f  50$ s u l f u r i c  a c i d .  I n  o r d e r  t o
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a v o i d  v o l a t i l i z a t i o n  o f  i o d i n e  d u r i n g  a d d i t i o n  o f  t h e  a c i d ,  t h e  t e s t  

t u b e  s h o u l d  b e - k e p t  c o o l  by  im m ers ion  i n  a  j a r  o f  c r a c k e d  i c e .  The 

e x c e s s  i o d i n e  i s  t h e n  t i t r a t e d  w i t h  d i l u t e  s t a n d a r d  t h i o s u l f a t e  o f  

s i m i l a r  t i t e r  t o  t h e  i o d i n e  s o l u t i o n .  1% s t a r c h  s o l u t i o n ,  o f  which  2  

d r o p s  a r e  added  j u s t  b e f o r e  d i s a p p e a r a n c e  o f  t h e  i o d i n e  c o l o r ,  i s  u sed  

a s  an  i n d i c a t o r ;

I t  i s  c o n v e n i e n t  t o  s e p a r a t e  t h e  b l a n k  due t o  r e a g e n t s  i n t o  

two p a r t s .  The i o d i n e  consum ing  m a t e r i a l  a r i s i n g  from t h e  r e a g e n t s  u se d  

d u r i n g  t h e  p r e c i p i t a t i o n  and d i s t i l l a t i o n  -  d e t e r m i n e d  by  c a r r y i n g  1 0  c c .  

o f  w a t e r  t h r o u g h  t h e  e n t i r e  p r o c e d u r e ,  i n c l u d i n g  f i l t r a t i o n  r  i s  s m a l l  

and q u i t e  c o n s t a n t .  The i o d i n e  c o n su m p t io n  .of t h e  a l k a l i  and a c i d  d u r ­

i n g  t h e  M e sseng e r  r e a c t i o n  i s  somewhat l a r g e r  and  more v a r i a b l e .  Our 

p r a c t i c e  i s  t o  t i t r a t e  e a c h  d a y . t h e  amount o f  i o d i n e  t o  be  u se d  i n  t h e  

a n a l y s i s ,  w i th ,  t h e  u s u a l  amounts  o f  40fo sodium h y d r o x i d e  and 50c/o s u l f u r i c  

a c i d  p r e s e n t ,  and  t o  d e d u c t  f rom t h i s  t h e  b l a n k  due t o ; p r e c i p i t a t i o n  e t c .  

( o c c a s i o n a l l y  r e d e t e r m i n e d )  t h e n  s u b t r a c t i o n  from t h i s  o f  t h e  c c .  o f  

t h i o s u l f a t e  u s e d  i n  a  g i v e n  a n a l y s i s ,  g i v e s  d i r e c t l y  t h e  c c .  o f  s t a n d a r d  

i o d i n e  u se d  by  t h e  a c e t o n e  i n  t h a t  c a s e .

B ecause  o f  a s l i g h t  s o l u b i l i t y  o f  t h e  m e r c u r y  oomplex i n  t h e  

p r e c i p i t a t i n g  m ix t u r e  (more' f u l l y  d e s c r i b e d  b e lo w ) ,  v e r y  s m a l l  amounts  

o f  k e t o n e s  w i l l  n o t  be d e t e c t e d  by t h e  above p r o c e d u r e .  Amounts l e s s  

t h a n  t h i s  m in im a l  l e v e l  w h ich  s a t u r a t e s  t h e  r e f l u x i n g  m ix t u r e  can  be 

e s t i m a t e d  b y . a d d i n g  a s m a l l  known q u a n t i t y  o f  a c e t o n e  p r  B -h y d rox y bu -  

t y r i c  a c i d  t o  t h e  t i s s u e  e x t r a c t s  (T ab le  5 ) .

C a lcu la t io n s:

Use o f  t h e  e q u a t i o n s  b a s e d  on a n a l y s i s  o f  s t a n d a r d  s o l u t i o n s  

( se e  be low) i s  b e s t  i l l u s t r a t e d  by  an  exam ple ;  f rom  t a b l e s  2 and 3.

mgm. a c e t o n e  = 0 .0 5 1 8  ( I - - f -0 * 1 0 )  .
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mgm. B - h y d r o x y b u t y r i c  a c i d  = 0*112. ( I  -f- 0• ).

; , ■ • , , ■■■ o r  . .. .• v-

mM a c e t o n e  = 0 .0 0 0 8 9 2  ( I - b  0 .1 0 )  

mM B - h y d r o x y b u t y r i c  a c i d  = 0 .0 0 1 0 7  ( I V  0 .0 6 )  

and  when a  0 . 4  gm. sample  o f  t i s s u e  i s  t a k e n : -  

mM a c e t o n e / k i l o  = 2 . 2 3  ( I  V 0 . 1 0 )  

mM B - h y d r o x y b u t y r i c  a c i d / k i l o  = 2 . 6 8  ( I f -  0*06)*  

where I  -  c c .  0 .0 0 5  N I o d i n e .

I f  i n  an  a n a l y s i s  o f  10 c c .  o f  t i s s u e  e x t r a c t  r e p r e s e n t i n g  

0*4 gm. o f  t i s s u e ,  2 . 0 3  c c .  o f  0 . 0 0 5  N i o d i n e  was u se d  when c a r r i e d  

th r o u g h  t h e  t o t a l  a c e t o n e  b o d y . d e t e r m i n a t i o n  d e s c r i b e d  ab o v e ,  and  1 0  

c c .  o f  t h e  same e x t r a c t  when a n a l y z e d  f o r  B - h y d r o x y b u t y r i c  a c i d  u se d  

o n l y  1 . 7 8  cc* o f  0 .0 0 5  N i o d i n e ,  t h e n  2*03 -  1 . 7 8  o r  0 . 2 5  c c .  o f  0 .0 0 5  

N i o d i n e  r e p r e s e n t s  a o e t o n e  p l u s  a c e t o a o e t i c  a o i d .  T h e r e f o r e

mM B - h y d r o x y b u t y r i c  a c i d / k i l o ..= .2 ,68  ( 1 . 7 8  V  0 . 0 6 )  = 4 . 9 3  . 

mM a c e t o n e  a c e t o a o e t a t e / k i l o  = 0*25 X 2 . 2 3  . 0 .5 6

T o t a l  k e to n e  b o d i e s   ̂ -  5 .4 9  mM/kilo

The c o n s t a n t  c o r r e s p o n d i n g  t o  th e  complex  Hg p r e c i p i t a t e  

h e ld  i n  s o l u t i o n  i s ,  o f  c o u r s e ,  i n  t h i s  c a s e  a p p l i c a b l e  t o  t h e  B- 

h y d r o x y b u t y r i o  a c i d  d e t e r m i n a t i o n '  o n l y .

EXPERIMENTAL

P r o p o r t i o n a l i t y  o f  t h e  M e s s in g e r  r e a o t i o n :

■) ■ •

C .P .  a c e t o n e  d r i e d  o v e r  c a l c i u m  c h l o r i d e  was r e d i s t i l l e d ;  and

*The constant to  be added to  the c c .  o f  Ipdine in the above equation i s  
a correct ion  fo r  the acetone-raercury complex which remains in  s o lu t io n .  
Since the same complex r e s u l t s  regard less  of the souroe o f  the acetone,  
the co rrec t io n  should be the same in  e i th e r  ca se . We u se , as the 
probable va lu e , the more r e l ia b le  0 .06 cc *
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t h e  f i r s t  and  l a s t  f r a c t i o n s  were  d i s c a r d e d .  2  c c ;  were m easu red  a t  

20° f rom  a c a l i b r a t e d  Van S ly k b - O s tw a ld  p i p e t t e  i n t o  a  two l i t e r  v o l u ­

m e t r i c  f l a s k  a lm o s t  f i l l e d  w i t h  w a t e r .  When made up t o  vo lum e,  1 c c .  

o f  t h i s  s o l u t i o n  c o n t a i n e d  0 .7 9 2  mg. a c e t o n e .  From t h i s  a  d i l u t e  s o l u ­

t i o n  c o n t a i n i n g  0 ,3 1 7  m gm ./cc .  was p r e p a r e d .  The i o d i n e  e q u i v a l e n t s  o f  

v a r y i n g  amounts '  o f  t h i s  s o l u t i o n  ( i n  a  t o t a l  volume o f  2 0  c c .  o f  w a t e r )  

were d e t e r m i n e d  a s  d e s c r i b e d  a b o v e .  ,

As T ab le  I  d e m o n s t r a t e s ,  t h e  y i e l d  o f  i o d o fo rm  ( a s  shown by 

th e  i o d i n e  u sed )  i s  p r o p o r t i o n a l  t o  t h e  a o e t o n e  t a k e n  o v e r  a  q u i t e  c o n ­

s i d e r a b l e  r a n g e .  The s l o p e ,  0 .0 4 8 8  c c .  0 .0 0 5  N iod ine /m gm . a c e t o n e ,  o f  

• t h e  l i n e  p a s s i n g  t h r o u g h  t h e  e x p e r i m e n t a l  p o i n t s  i n d i c a t e s  an e s s e n ­

t i a l l y  c o m p le te  r e a c t i o n  (9 9 .2 $ )  s i n c e  t h e  t h e o r e t i c a l  e q u i v a l e n t  i s  

0*0484 oc . /mgm. a c e t o n e .  T h is  p r o p o r t i o n a l i t y  e v i d e n t l y  i s  m a i n t a i n e d  

o v e r  a l a r g e  r a n g e  o f  i o d i n e  e x c e s s  s i n c e  no s e r i o u s  d e v i a t i o n  was 

found  w i t h  v a r i a t i o n  o f  t h e  e q u i v a l e n t  r a t i o  o f  i o d i n e  t o  a c e t o n e ,  

f rom  1 . 2  t o  63’.~ , v  ;

Y i e ld  f rom  v a r y i n g  amounts  o f  a o e t o n e :

V a r y in g  amounts  o f  a o e t o n e  i n . 10 c c .  o f  d i s t i l l e d  w a t e r  i n  

r e a c t i o n  f l a s k s  were, c a r r i e d  t h r o u g h  t h e  w h o l e . p r o c e d u r e  a s  d e s o r i b e d  

i n  t h e  method a b o v e , b e i n g  b o i l e d  i n  t h e  p r e s e n o e  o f  d i c h r o m a t e  f o r  

1-| h r s .  T h i s ,  t h o u g h  u n n e c e s s a r y ,  d u p l i c a t e s  t h e  c o n d i t i o n s  o f  a c e to n e  

p r e c i p i t a t i o n  i n  an a c t u a l  d e t e r m i n a t i o n .  The r e s u l t s  i n  T ab le  2 ,  i f  

p l o t t e d  w i t h  th e  amounts  o f  i o d i n e  u s e d  a g a i n s t  t h e  a o e t o n e  t a k e n ,  

would show a  s t r a i g h t  l i n e  p a s s i n g  be low  t h e  o r i g i n .  T h is  i s  shown 

by t h e  c o n s t a n t  i n  t h e  e q u a t i o n ,  c o .  I o d i n e  = 0 .6 1 2  ( o c .  a c e t o n e )  -  

0 . 1 0 2 ,  f i t t e d  t o  t h e s e  d a t a  by  th e  m e t h o d - o f  l e a s t  s q u a r e s .  T h i s  i s  

a  r e s u l t  o f  a s l i g h t  s o l u b i l i t y  o f  t h e  complex  i n  t h e  h o t  p r e c i p i t a ­

t i o n  m i x t u r e ; a s  w i l l  be d e s c r i b e d  more f u l l y  i n  t h e  c a s e  o f  B -h y d ro x y -
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b u t y r i o  a c i d .  The y i e l d  a s  shown b y  th e  s l o p e  o f  th e  s t r a i g h t  l i n e ,  

i s  a b o u t  94#,  and i s  q u i t e  c l o s e  t o  t h a t  o b t a i n e d  by  B a rn e s  ( 4 ) .

Y i e l d  f rom  v a r y i n g  amounts  o f  B - h y d r o x y b u t y r i c  a c i d :

The c a l c i u m  z in c  s a l t  o f  s y n t h e t i c  B - h y d r o x y b u t y r i c  a c i d  was 

p r e p a r e d  a c c o r d i n g  t o  S h a f f e r ,  and M a r r i o t t  ( 5 ) .  C a lc iu m  and z in c  

a n a l y s i s  o f  t h i s  s a l t  gave th e  f o l l o w i n g  r e s u l t s :

Ca Zn

Found 7 .7 5 #  
7 .  76#

1 2 *1 #

C a l c u l a t e d  f o r  
CaZn (C4 H17O3 ) 4 . 7 .7 4 # 1 2 ; 6 #

0 .1 9 9 0  gm. o f  t h i s  s a l t ,  e q u i v a l e n t  t o  0 .1 6 0 0  gm. o f  t h e  

a c i d  was d i s s o l v e d  i n  2  l i t e r s  o f  w a t e r  g i v i n g  a  s o l u t i o n  c o n t a i n i n g  

0 . 8  mg. B - h y d r o x y b u t y r io  a o i d  i n  10 c o .  V a r y in g  q u a n t i t i e s  o f  t h i s  

. s o l u t i o n  i n  a t o t a l  volume o f  1 0  c c .  were a n a l y z e d  a s  d e s c r i b e d  a b o v e .  

The r e s u l t s  a r e  shown i n  T ab le  3 .  When t h e  e x p e r i m e n t  was r e p e a t e d  

s u b s t i t u t i n g  c o l d  f o r  h o t  f i l t r a t i o n  by c o o l i n g  t h e  f l a s k  i n  c o l d  

w a t e r  t o  room t e m p e r a t u r e ,  f rom 0 .0 6  t o  0 . 0 9  c c .  e x t r a  i o d i n e  were 

Used.  The e q u a t i o n  f i t t e d  t o  t h e  d a t a  s e c u r e d  b y  h o t  f i l t r a t i o n  i s ,  

®gm. B - h y d r o x y b u t y r i c  a c i d  = 0 .1 1 2  (o o .  0 . 0 0 5  N i o d i n e  0 ; 0 6 ) .  I t  

i s  a p p a r e n t  t h e n  t h a t  t h e  Hg complex  i s  s i g n i f i c a n t l y  s o l u b l e  i n  t h e  

h o t  D e n ig es  r e a g e n t ;  a c c o r d i n g  t o  t h e  c o n s t a n t  i n  t h e  e q u a t i o n ,  t h i s  

amounts  t o  a n  e q u i v a l e n t  o f  a b o u t  6  gamma o f  B - h y d r o x y b u t y r i c  a c i d .

A * s o l u b i l i t y  o f  s i m i l a r  m ag n i tu d e  w a s  r e p o r t e d  by Van S ly k e  ( 2 ) ;  Hot  

f i l t r a t i o n  o f  t h e  t i s s u e  e x t r a c t s  i s  made n e c e s s a r y  b y  a  c o n t a m i n a t i o n '  

° f  t h e  p r e c i p i t a t e  o c c u r r i n g  on o o o l i n g .  T h is  c a n n o t  be c o m p l e t e l y

a c c o u n te d  f o r  b y  a b l a n k  o b t a i n e d ' b y  o x i d i z i n g  t h e  B - h y d r o x y b u t y r i c
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a c i d  and b o i l i n g  o f f  th e  a c e t o n e  b e f o r e  t h e  p r e c i p i t a t i o n  i s  c a r r i e d

OUt; , ■ ■ ■■ ■

T h is  s l i g h t  s o l u b i l i t y  o f  t h e  m e rc u ry  complex  becomes o f  im­

p o r t a n c e  vwhen one i s  d e a l i n g  w i t h  v e r y  s m a l l  amounts  o f  a c e t o n e  b o d i e s .  

V/e have e s t i m a t e d  l e v e l s  w i t h i n  t h e  s o l u b i l i t y  r a n g e ,  o f  t h e  h o t  r e ­

a c t i o n  m ix tu re ,  by  a d d in g  a known amount o f  B - h y d r o x y b u t y r i c  a c i d  s u f f i ­

c i e n t  t o  s a t u r a t e  t h e  s o l u t i o n .  I n  Tatlle  5 t h e  r e s u l t s  o f  s e v e r a l  su c h  

e x p e r i m e n t s  a r e  shown, 0 . 1  c c . o f  c a l c i u m  z in c  B - h y d r o x y b u t y r a t e  s o l u ­

t i o n  -  c o n t a i n i n g  8 . 0  gamma o f  t h e  a c i d  -  was added t o  eac h  1 0  c c .  o f  

t i s s u e  e x t r a c t  t a k e n  f o r  a n a l y s i s .  I n  T a b le  5a a r e  r e s u l t s  s e c u r e d  by  

t h i s  t e c h n i q u e  o n ' a n a l y s i s  o f  the- mixed whole body t i s s u e  o f  24 hour  

f a s t e d  f e m a le  r a t s ;  i n  T ab le  5b a r e  t h e  v a l u e s  found  by  t h e  same p r o ­

c e d u re  w i t h  f e d  fem a le  r a t s .

The p e r c e n t a g e  y i e l d  o f  a c e t o n e  f rom  B - h y d r o x y b u t y r i c  a c i d  

i n  t h e  o x i d a t i o n  a s  d e t e r m i n e d  f rom  t h e  s l o p e  o f  t h i s  e q u a t i o n  and th e  

p r e v i o u s  a c e t o n e  s t a n d a r d i z a t i o n ,  amounts  t o  a b o u t  83$ .  T h is  i s  h i g h e r  

t h a n  th e  76$ found  by Van S l y k e ,  a s  i s  a l s o  t h a t  r e p o r t e d  by o t h e r s  

( 6 ) .  T h i s  v a r i a t i o n  i n  y i e l d ,  t h a t  a p p a r e n t l y  o c c u r s  i n  t h e  o x i d a t i o n ,  

makes i t  i m p e r a t i v e  t o  s t a n d a r d i z e  t h e  p r o c e d u r e  w i t h  known amounts  o f  

B - h y d r o x y b u t y r i c  a c i d  i f  more t h a n  m e r e l y  r e l a t i v e  v a l u e s  a r e  d e s i r e d .

The e l i m i n a t i o n  o f  a c e t o n e  and a c e t o a c e t a t e  by  b o i l i n g  th e  

a c i d i f i e d  s o l u t i o n  ccauses no s i g n i f i c a n t  breakdown o f  B - h y d r o x y b u t y r i c  

a c i d  a s  was shown when B - h y d r o x y b u t y r i c  a c i d  was s u b j e c t e d  t o  t h e  t r e a t ­

ment used  f o r  e l i m i n a t i o n  o f  a c e t o n e  and a c e t o a c e t a t e .  T here  was p r o ­

duced i n  one c a s e  a d e c r e a s e  o f  2 . 5 $ ,  i n  a n o t h e r . n o  c h a n g e ,  i n  a  t h i r d  

a d e c r e a s e  o f  4*5$ ,  and i n  a  f o u r t h ,  an  a p p a r e n t  i n c r e a s e  o f  1 ; 9 $ .

Recovery o f  B-hydroxybutyric acid  and aoetone added to t is s u e  e x t r a c t s :

V a r y in g  amounts  o f  B - h y d r o x y b u t y r i c  a c i d  and a c e to n e  were
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adddd t o  e x t r a c t s  o f  mixed whole r a t  t i s s u e ,  p r e p a r e d  a s  d e s c r i b e d  a b o v e ,  

w i th  t h e  r e s u l t s  shown i n  T a b le  5 ; .  A lso  r a t s  were i n j e c t e d  w i t h  known 

amounts  o f  B - h y d r o x y b u t y r i c  a c i d ,  k i l l e d ,  im m e d ia te ly  g round  and a n a ly ze d *  

These d a t a  i n d i c a t e  t h a t  added  B - h y d r o x y b u t y r i c  a c i d  and a c e t o n e  can  be 

r e c o v e r e d  q u a n t i t a t i v e l y .

I n  T ab le  6  a r e  shown t h e  r e s u l t s  o f  an e x p e r i m e n t  where  B- . 

h y d r o x y b u t y r i c  a c i d  i n  0 . 5  c c .  o f  w a t e r  was i n t i m a t e l y  mixed w i t h  1 0  

gm. p o r t i o n s ,  o f  g round  whole r a t  t i s s u e ,  and v a r i o u s  i n t e r v a l s  o f  t im e 

a l lo w e d  t o  e l a p s e  b e f o r e  a d d i t i o n  o f  c o p p e r  s u l f a t e .  These  d a t a  demon­

s t r a t e  t h a t  no s i g n i f i c a n t  d i s a p p e a r a n c e  o f  t h e  B - h y d r o x y b u t y r i c  a c i d  

o c c u r s  i n  t h e  g ro u n d  t i s s u e  u n d e r  t h e s e  c o n d i t i o n s .
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Table I

I o d i n e  Used by  S t a n d a r d  A ce tone  S o l u t i o n s  i n  
t h e  M e s s in g e r  R e a c t i o n

Number
o f

D e t e r m in a t io n s

S t a n d a r d  ' 
A ce to n e  

S o l u t i o n  
Taken*

. . . .  c c .

0 ; 0 0 5  N 
I o d i n e  

Used

c c .

0 .0 0 5  N 
I o d i n e  

C a l c u l a t e d  
f rom 

E q u a t io n * *  
■ c c .

D e v i a t i o n  
( C a l c ) - (Found)

c c .

10 0 . 1 0 .0 6 2  ( ±  0 .0 0 2 8 ) 0 .0 5 5 0 .0 0 7

2 0 . 2 0 .1 3 5  ( ±  0 .0 0 3 5 ) 0 .1 2 0 0 .0 1 5

1 2 0 . 5 0 .3 1 5  ( ± 0 . 0 0 7 7 ) 0 .3 1 4 0 .0 0 1

12 - 1 0 .6 3 1  ( ±  0 .0 0 7 1 ) 0 .6 3 9 0 .0 0 8

12 2 1 .2 9 3  ( ± 0 . 0 1 1 1 ) 1 .2 8 8 0 .0 0 5

2 ............... 3 1 . 9 4 0 .( ±  0 .0 0 7 1 ) 1 .9 3 7 0 .0 0 3

9 5 ............. 3 . 1 8 8  ( ±  0 .0 0 9 4 ) 3 .2 3 5 0 .0 4 7  i

4 10 6 .5 0 0  ( ± 0 . 0 1 2 8 ) 6 .4 8 0 0 i 020

*1 c c . ^ O 2  0 .0 3 1 7  mgtn. a o e to n e

**co .  I o d i n e  / = 0 .6 4 9  ( c c .  a c e t o n e )  -  0 .0 1 0 ;  o r
mgm. A cetone  = 0 . 0 4 8 8  ( c c .  0 .0 0 5  N I o d i n e  •+■ 0 i O l ) ; f i t t e d  t o  t h e  
d a t a  by t h e  method o f  l e a s t  s q u a r e s

* * * S ta n d a rd  e r r o r  t h e  mean (SEM) = ■/'d^Tn

V n
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T a b le  2

I o d i n e  Used b y  V a r y in g  Amounts o f  Aoetone  
( d i c h r o m a t e  p r e s e n t ,  r e f l u x e d  90 m in u t e s )

Number
o f

D e t e r m i n a t i o n s

S t a n d a r d
Acetone
S o l u t i o n

Taken*
A verage  c c .

0 . 0 0 5  N 
I o d i n e  

Used

CO .

0 .0 0 5  N 
I o d i n e  

C a l c u l a t e d  
V from  

E q u a t io n * *
CO.

D e v i a t i o n  
( C a lc ) - ( F o u n d )

c o .  0 . 0 0 5  N I

3 0 . 2 0 .047 ,
, *** 

( ± 0 . 0 0 5 4 ) > 0 . 0 2 0 0 .0 2 7

3 0 . 5 0 .2 3 0 ( ± 0 . 0 0 9 5 ) 0 . 2 0 4 0 .0 2 6

8 1 0 .5 0 3 ( ± 0 . 0 1 0 9 ) 0 .5 1 0 . 0*007t

4 2 1 .0 8 3 ( ± 0 . 0 1 6 1 ) 1 . 1 2 2 0 .0 3 9

1 0 5 2 .9 3 3 ( ± 0 . 0 1 6 7 ) 2 .9 5 8 0 .0 2 5

7 1 0 6 ; 039 ( ± 0 . 0 3 6 2 ) 6 .0 1 8 0 . 0 2 1

*1 c c .  :=0 = 0 .0 3 1 7  mg. a c e t o n e

**cc .  I o d i n e  « 0 .6 1 2  ( c c ,  A o e t o n e ) 0 . 1 0 2 ;  o r  
mgm. A cetone  = 0 ;0 5 1 8  ( c c .  0 .0 0 5  N I o d i n e  4- 0 .1 0 )  
f i t t e d  to  t h e , d a t a  by  t h e  m e t h o d . o f  l e a s t  s q u a r e s .

* ** S tand ard  e r r o r  o f  t h e  mean (SEM)
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■ •„ T ab le '  3

I o d i n e  Used by  V a r y in g  Amounts o f  B - h y d r o x y b u t y r i c  
.......................... A c id  ( h o t  f i l t r a t i o n )  ..................

Number
o f

t e r m i n a t i o n s

Calo ium
Zinc

B - h y d r o x y b u t y r a t e  
S o l u t i o n  Taken*

c c .

0 . 0 0 5  N 
I o d i n e  

Used .

0 .0 0 5  N 
I o d i n e  

C a l c u l a t e d  
from 

E q u a t io n * *  
c c .

D e v i a t i o n  
( C a l c ) - (Found)

c o .  0 .0 0 5  N I

3 O i l 0 . 0 2 3  ( ± 0 . 0 0 2 7 ) . 0 .0 1 6  . 0 .0 0 7

5 0 ; 2 0 .0 9 0  ( ± 0 . 0 0 8 2 ) . 0 .0 8 8 0 . 0 0 2  ,

2 0 . 5 0 .2 8 5  ( ± 0 i 0 1 0 6 ) 0 . 2 9 3  , 0 .0 0 8

8

i
1 0 . 6 6 1  ( ± 0 . 0 1 7 3 ) . 0 . 6 6 1 0 . 0 0 0

1 0 2 1 .3 7 6  ( ± 0 . 0 0 7 5 ) . 1 .3 7 8 0 . 0 0 2

1 3
>■—

' 3 '" 2 .0 9 3  ( ± 0 . 0 2 5 6 ) 2 .0 9 5 0 . 0 0 2

H ......."5 '" ' 3 .5 5 0  ( ± 0 . 0 2 9 4 ) 3 .5 2 7 0 .0 2 3

1 0 1 0 7 .1 0 2  ( ± 0 . 0 5 7 7 ) 7 . 1 1 1 .... 0 .0 0 9

*1 c c .= C =  0 .0 8 0  mgm, B - h y d r o x y b u t y r i c  a c i d  '

**oc, I o d i n e  = 0 .7 1 7  ( c c . .  s t d . ) -  0 .0 5 6 ;  o r  ., 
mgm. B - h y d r o x y b u t y r i c  a c i d  a 0 .1 1 2  (co .  0 .0 0 5  N I o d i n e  0 .0 6 )  
f i t t e d  t o  t h e  d a t a  by th e  method o f  l e a s t  s q u a r e s

**S.E.M........
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Table 4

R eco v e ry  o f  B - h y d r o x y b u t y r i c  A c id  and A c e ton e  Added t o  T i s s u e
E x t r a c t s  and I n j e c t e d  i n t o  R a t s

Method
of

E d ition

Ketones a 
mM/kil

dded
0

Ketones Recovered, 
. mM/kilo ' . $  Recovered

B-hydroxy’-tr. 
b utyric  acid Acetone B-hydroxy­

butyric  acid Acetone fe-hydroxy- 
butyric  aoid Acetone

4ded to
Tissue
‘Xtract

8 .69 3.15

8 .72 3 .02 100.3 $ 96.2$

8.72 3.20 100.3 $ 101.6$

’ 8 -29 2.99 95.4$ j 94.9$

‘dded to
Tissue
‘Xtract

5.22 3.15

: 5 .42 , 3 .13 103,8$ 99.3$

‘ 5 .34  ' 3,16 102.3$ 100.3i

5.21 3.25 99.8$ 103.2$

•djeoted 
in to  
Hats 

*hich ,
Were 

Milled  
immed­

i a t e l y  
^ound & 
'■dalyzed

8.20 8 .26 100.1$

8 .31 8 .39  . 101.0$ ■

8 .2 3 J 7 .91
: 1 ■ : ■

97.2$
1

8 ’68 , 8 ,35■ 96.2$
i

’8 ,28 8.57 103.5$,

i . ; ■
i -
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T ab le  5

E s t i m a t i o n  o f  Low Ketone  L e v e l s  by  A d d i t i o n  o f  S m a l l  Known 
Amounts o f  B - h y d r o x y b u t y r i c  A c id  t o  T i s s u e  E x t r a c t s

(a )
R e l i a b i l i t y  o f  A d d i t i o n  P r o c e d u r e

B - h y d r o x y b u t y r l o  a c i d ,  mM/kilo

Rat
No.

1

I n i t i a l
A n a l y s i s

2

T o t a l
a f t e r

a d d i t i o n

3

Added

4

(2) -  (3)  = 
i n i t i a l

% C a l c .
v s .

Found

B6 . . 32 .48 .19 >29 91%

B7 .61 .92 .19 .7 3 1 2 0 %

B8 >38 .5 8 ; 19 ■ .39 103%

A33 > 52 .7 4 . . .  .19 .55 106%

125 .4 1 . . . . .  *64 , ; . 1 9 . . 4 5 1 1 0 %

126 .62 .79 .19 .60 97%

( b )  ,

R e s u l t s  s e c u r e d  by Use, o f  A d d i t i o n  P r o c e d u r e  With 
Fed R a t s  R e c e i v i n g  G luoose

!iIi
|
i

B - h y d r o x y b u t y r i c  a c i d , m M /kilo

Rat
No.,

1

Added

2

T o t a l
Found

( 2 ) -  ( 1 ) = 
i n i t i a l Average

145. .19 i2 3 >04

146 .19 .17 . 0 2

147 .19 .1 8 i 0 1 . 0 2

148 >19 .19 iOO •

149 i 19 .2 5 .06
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/
T a b le  6

T h e , E f f e c t  o f  F r e s h ,  Ground R a t  
T i s s u e  on Added B - h y d r o x y b u t y r i c  A c id

Time 
t o  a d d i t i o n  

o f  CuS04

m i n u t e s

Aoetone

mM/kilo

B -h y d ro x y ­
b u t y r i c  a c i d

mM/kilo

No t i s s u e 0 8 .4 6

0 0 8 . 5 2

2 0 0 8 ; 38

, 80 0 8 . 4 2
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yigure I . S ^ fle  drawing o f  apparatus employed, (a) reac­

t io n  v e s s e l ,  19/38 j o in t ,  (b) oondensor used for  d i s t i l l a t i o n  o f  

aoetone from mercury p r e c ip ita te  19/38 ^ j o i n t ,  (c) t e s t  tube,

(d) f in g er  condensor, for r e f lu x in g ,  made from 15 oc . c o n ic a l  cen tr ifu g e  

tube. '
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The U t i l i z a t i o n  o f  A c e to ne  B o d ie s

I I  The I n f l u e n o e  o f  F e e d in g  and o f  Glucose  i n  N ephrec to ra ized
Female R a t s

I . . A r t h u r  M i r s k y ,  N o r to n  N e lson *  and I s a b e l l e  Grayman**

The May I n s t i t u t e  f o r  M e d i c a l  R e s e a r c h  o f  t h e  J e w i s h  H o s p i t a l ,  and  
D e p a r tm en t  o f  B i o c h e m i s t r y ,  U n i v e r s i t y  o f  C i n c i n n a t i ,

C i n c i n n a t i ,  Ohio

* E l i  L i l l y  R e s e a r c h  F e l lo w ;
**Henry Wald Bettraan F e l lo w .

T h is  r e p o r t  i s  f rom  a  d i s s e r t a t i o n  s u b m i t t e d  by  N o r to n  N e l s o n  i n  
p a r t i a l  f u l f i l l m e n t  o f  t h e  r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  D o c to r  
o f  P h i l o s o p h y  i n  t h e  D ep ar tm en t  o f  B i o c h e m i s t r y ,  U n i v e r s i t y  o f  
C i n e i n n a t i .
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The p r o d u c t i o n  o f  k e to n e  b o d i e s  g e n e r a l l y  i s  a t t r i b u t e d  t o  

a d e c r e a s e ‘i n  t h e  o x i d a t i o n  o f  g l u c o s e  , w h i l e  t h e  o x i d a t i o n  o f  f a t  i s  

c o n c o m i t a n t l y  i n c r e a s e d ;  t h e  k e to n e  b o d i e s  a r i s i n g  i n  c o n se q u e n c e  

o f  an  i n c o m p l e t e  o x i d a t i o n  o f  t h e  f a t .  T h i s  c o n c e p t ,  f i r s t  e l a b o r a t e d  

by H i r s c h f e l d  i n  1895 (1)  and s u b s e q u e n t l y  e p i t o m i z e d  by  R o s e n f e l d ; (2) 

i n  t h e  p h r a s e ,  " f a t s  b u r n  o n l y  i n  t h e  f l a m e s  o f  c a r b o h y d r a t e "  r e c e i v e d  

e x t r e m e l y  s t r o n g  s u p p o r t  f rom  t h e  " i n - v i t r o "  s t u d i e s  o f  S h a f f e r  ( 3 ) .

H is  o b s e r v a t i o n  t h a t  t h e  d i s a p p e a r a n c e  o f  a o e t o a c e t i c  a o i d  i n  t h e  

p r e s e n o e  o f  h y d ro g en  p e r o x i d e  i s  a c c e l e r a t e d  when g l u c o s e  i s  u n d e r g o i n g  

o x i d a t i o n  a t  t h e  same t i m e ,  was v e r y  s u g g e s t i v e  o f  some c h e m ic a l  u n io n  

b e tw een  th e  a c e t o n e  body  and a p r o d u c t  o f  g l u c o s e  o x i d a t i o n ,  I t  i s  

such  an  I n c r e a s e  i n  th e  o x i d a t i o n  o f  t h e  k e to n e  b o d i e s  which i s  r e ­

f e r r e d  t o  a s  t h e  " k e t o l y t i c "  e f f e c t  o f  g l u c o s e .

T h is  h y p o t h e s i s  p r o v i d e d  b a s i s  f o r  t h e  a s s u m p t io n s  t h a t  

t h e  k e to n e  b o d i e s  a r e  m a n u f a c t u r e d  i n  a l l  t i s s u e s  o f  t h e  b od y ,  t h a t  

t h e  d i a b e t i c  o r g a n i s m  c a n n o t  o x i d i z e  them and t h a t  th e  i n f l u e n c e  o f  

c a r b o h y d r a t e  i n  d e c r e a s i n g  a k e t o s i s  i s  due t o  an  a c c e l e r a t i o n  o f  

k e to n e  o x i d a t i o n  ( k e t o l y s i s ) .  C o n t r a r y  t o  t h e s e  i m p l i c a t i o n s  a r e  the  

o b s e r v a t i o n s  t h a t  t h e  l i v e r  i s  t h e  m a in ,  i f  n o t  t h e  o n l y  s i t e  o f  k e to n e  

body f o r m a t io n  (4)  ( 5 ) ;  t h a t  t h e  m u s c le s  o f  t h e  d i a b e t i c  o r g a n i s m  oan  

o x i d i z e  k e to n e  b o d i e s  a s  r e a d i l y  a s  do t h o s e  o f  t h e  no rm a l  ( 6 ) ( 7 ) ;  

t h a t  the  a d m i n i s t r a t i o n  o f  g l u c o s e  does  n o t  a c c e l e r a t e  t h e  r a t e  o f  

k e to n e  body u t i l i z a t i o n  by  t h e  m u s o le s  o f  n o rm al  r a b b i t s  ( 8 ) o r  b y  • 

th e  p e r f u s e d  dog h e a r t  ( 9 ) .  However , t h e  s t u d i e s  o f  B u t t s  and D e u e l  

( 1 0 ) ,  S h a p i r o  (11) ' ,  and  more r e c e n t l y  D e u e l ,  H a l lm an  and M urray  (12)  

a r e  n o t  i n  a c c o r d  w i t h  t h e  c o n c l u s i o n  t h a t  g l u c o s e  e x e r t s  no k e t o l y t i c  

e f f e c t .

I n  v iew  o f  t h e  a b o v e ,  we c o n s i d e r e d  i t  t o  be o f  some i m p o r t a n c e
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t o  r e i n v e s t i g a t e  th e  p ro b le m  c o n c e r n i n g  t h e  i n f l u e n c e  o f  g l u c o s e ,  u s i n g  

some method whioh would t a k e  i n t o  a c c o u n t  t h e  p r o c e d u r e s  employed by  

D e u e l  and h i s  a s s o c i a t e s .  The method employed by  t h e s e  i n v e s t i g a t o r s  

c o n s i s t s  i n  m e a s u r i n g  th e  e x c r e t i o n  o f  k e to n e  b o d i e s  i n  t h e  u r i n e  o f  

r a t s  a f t e r  th e  i n g e s t i o n 1 o f  a  d e f i n i t e  amount o f  sodium a c e t o a c e t a t e .

The d i f f e r e n c e  b e tw een  t h e  amount f e d  and the :  amount e x c r e t e d  i s  

i n t e r p r e t e d  t o  be t h e  amount o x i d i z e d .  Thus when B u t t s  and  D eu e l  

o b s e r v e d  t h a t  r a t s  m a i n t a i n e d  on a  s t o c k  d i e t  e x c r e t e d  m in im a l  amounts  

o f  th e  f e d  k e to n e  b o d i e s  a s  compared  w i t h  s i m i l a r l y  t r e a t e d  f a s t e d  

r a t s ,  o r  when S h a p i r o  fo u n d  t h a t  t h e  a d m i n i s t r a t i o n  o f  g l y c o g e n ic  

m e t a b o l i t e s  r e s u l t e d  i n  a  d e c r e a s e  i n  t h e  k e to n e  body  e x o r e t i o n  o f  

r a t s  f e d  d i a b e t i c  a c i d ,  t h e y  c o n c lu d e d  t h a t ,  c a r b o h y d r a t e  p r o d u c e s  an  

i n c r e a s e  i n  t h e  o x i d a t i o n  o f  t h e  k e to n e  b o d i e s .  The o n l y  c o n s i d e r a t i o n  

t h a t  t h e s e  i n v e s t i g a t o r s  gave t o  t h e  p o s s i b i l i t y  t h a t  c h a n g e s  i n  sp o n ­

t a n e o u s  endogenous  k e t o g e n e s i s  m ig h t  be a  f a c t o r ,  was t h e i r  o b s e r v a t i o n  

t h a t  r e l a t i v e l y  s m a l l  am ounts  o f  k e to n e  b o d i e s  a r e  e x c r e t e d ,  by  c o n t r o l  

f a s t e d  r a t s .  The p r o b a b i l i t y  t h a t  such  f a s t e d  r a t s  may b e . e x c r e t i n g  

o n l y  a s m a l l  p r o p o r t i o n  o f <t h e  t o t a l  en d ogenous  k e t o n e . b o d i e s  and o x i d i z ­

i n g  t h e  r e m a i n d e r ,  r e c e i v e d  no o b v io u s  c o n s i d e r a t i o n .  T h a t  t h i s  i s  an  

i m p o r t a n t  c o n s i d e r a t i o n ,  may be g l e a n e d  f rom  t h e  f a c t  t h a t  t h e  e x c r e t i o n  

o f  a c e t o n e  b o d i e s  i n  t h e  u r i n e  i s  no i n d i c a t i o n  o f  t h e  c o n c e n t r a t i o n  i n  

t h e  b lo o d  and t i s s u e s  ( 1 3 ) .

I n  o r d e r  a d e q u a t e l y  t o  e v a l u a t e  th e  above  m e n t io n e d  p r o c e d u r e  

and t o  d e t e r m i n e  w h e t h e r  g l u c o s e  e x e r t s  a  k e t o l y t i c  a o t i o n ,  we s t u d i e d  

th e  a c t u a l  ' d i s a p p e a r a n c e  o f  a d m i n i s t e r e d  k e t o n e s  f rom  t h e  e n t i r e  b o d i e s  

o f  n e p h r e c t o m i z e d  r a t s  d u r i n g  v a r i o u s  p e r i o d s  o f  t i m e .  By i n v e s t i g a t i n g  

th e  a c e t o n e  body c o n t e n t  o f  o o n t r o l  g r o u p s  o f  r a t s ,  we c o u ld  o b t a i n  a  

m easu re  o f  s p o n t a n e o u s  k e t o g e n e s i s ,  and t h e r e b y  make p a r t i a l  c o r r e c t i o n s

i n  e s t i m a t i n g  t h e  u t i l i z a t i o n  o f  t h e s e  s u b s t a n c e s  u n d e r  v a r i o u s  e x p e r i ­

m e n t a l  c o n d i t i o n s .
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METHODS:

. T h is  s t u d y  w a s  c a r r i e d . o u t  on f e d  and f a s t e d  fem a le  r a t s  f rom  

o u r  s t o c k  c o l o n y .  The f e d  g r o u p s  c o n s i s t e d  o f  a n i m a l s  which were  k e p t  

on a  s t o c k - d i e t *  u n t i l  a  few m in u t e s  b e f o r e  t h e  b e g i n n i n g  o f  th e  e x p e r i ­

m e n t ,  and which s u b s e q u e n t l y  r e c e i v e d  an i n t r a p e r i t o n e a l  i n j e c t i o n  o f  

g l u c o s e .  The f a s t e d  g ro u p s  c o n s i s t e d  o f  a n im a l s  from which t h e . f o o d  

was removed t w e n t y - f o u r  h o u r s - b e f o r e  t h e  . o n s e t  o f  . t h e - e x p e r i m e n t .  I n  

o r d e r  t o  p r e v e n t  t h e  e x c r e t i o n  o f  i n j e c t e d  k e to n e  b o d i e s ,  and  a l s o  t o  

o b v i a t e  th e  e f f e c t s  o f  t h e  k i d n e y s  ’p e r  s e 1 , a l l  a n im a l s  were s u b j e c t e d  

t o  a b i l a t e r a l  n e p h re c to m y  u n d e r  e t h e r  a n e s t h e s i a .  I m m e d ia t e ly  a f t e r  

t h e  c o m p l e t i o n  o f  t h e  o p e r a t i o n ,  t h e  a n i m a l s  r e o e i v e d  an i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  e i t h e r  s a l i n e  o r  o f a  g l u c o s e  s o l u t i o n  i n  a dosage  o f  1 0 0  

mgm. p e r  100 grams o f  body  w e i g h t .  A f t e r  t h e  a n i m a l s  r e c o v e r e d  from t h e  

a n e s t h e s i a ,  some g r o u p s  o f  a n i m a l s  were  t r e a t e d  a s  c o n t r o l s ,  w h i l e  o t h e r  

g ro u p s  r e c e i v e d  an  i n t r a v e n o u s  i n j e c t i o n  o f  r a c e m ic  sodium B -h y d ro x y -  

b u t y r a t e .  The dosag e  o f  t h e  l a t t e r  was k e p t  a s  c l o s e l y  a s  p o s s i b l e  t o  

b e tw een  8 . 2 0  and 8 .4 0  mM p e r  k i l o  o f  body w e ig h t  and was a d m i n i s t e r e d  by 

means o f  a t u b e r c u l i n  s y r i n g e .  At t h e  c o m p l e t i o n  o f  t h e  e x p e r i m e n t a l  

p e r i o d ,  t h e  a n im a ls ,  were k i l l e d  by  a  blow on t h e  ba ck  o f  t h e  n e c k ,  r e ­

w e ighed  t o  a s c e r t a i n  the  e x a c t  w e i g h t ,  t h u s  e s t a b l i s h i n g  t h e  e x a c t  dose  

o f  B - h y d r o x y b u t y r a t e  t h a t  was a d m i n i s t e r e d ,  and t h e n  g round  up i n  an  

o r d i n a r y  meat  g r i n d e r .  The p r o c e d u r e  employed f o r  t h e  d e t e r m i n a t i o n  o f  

t h e  k e to n e  body c o n t e n t  o f  t h e  r a t  i s  d e s c r i b e d  i n  t h e  p r e c e d i n g  communi­

c a t i o n  ( 1 4 ) ,  where i t s  r e l i a b i l i t y  i s  c l e a r l y  i n d i c a t e d .  A l l  d e t e r m i n a ­

t i o n s  were p e r fo rm e d  i n  t r i p l i c a t e .

The v a r i o u s  e x p e r i m e n t a l  p r o c e d u r e s  may be  b e s t ;  summarized , 

os f o l l o w s ;  .

Group I .  F a s t e d  r a t s  which  were t r e a t e d  w i t h  s a l i n e . a n d  k i l l e d

S t o c k - d i e t  employed was p u r i n a  f o x  chow.
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a t  v a r i o u s  i n t e r v a l s  a f t e r  r e c o v e r i n g  f rom  t h e  a n e s t h e s i a . 

Group I I .  F a s t e d  r a t s  w hich  w e r e ,t r e a t e d . w i t h  g l u c o s e  a n d . k i l l e d

w i t h i n  40 m i n u t e s  a f t e r  i n j e c t i o n .

Group I I I .  Fed r a t s  w hich  r e c e i v e d  g l u c o s e  and k i l l e d  w i t h i n  40

m i n u t e s  a f t e r  t h e  i n j e c t i o n .

Group IV. F a s t e d  r a t s  whioh were t r e a t e d . w i t h  s a l i n e  and k i l l e d

20 m i n u t e s  a f t e r  th e  i n t r a v e n o u s  i n j e c t i o n  o f  B -h y d ro x y -  

. b u t y r a t e . ■

Group V. Same a s  IV, b u t  k i l l e d  40 m i n u t e s  a f t e r  i n j e o t i o n .

Group V I .  Fed r a t s  w hich  w e r e , t r e a t e d  w i t h  g l u c o s e  and k i l l e d  20 

m in u t e s  a f t e r  r e c e i v i n g  t h e  B - h y d r o x y b u t y r a t e .

Group V I I .  Same a s  V I ,  b u t  k i l l e d  40 m i n u t e s  a f t e r  i n j e c t i o n .

RESULTS*

The r e s u l t s  a r e  d e t a i l e d  i n  T a b l e s  1 t o  9 i n  o r d e r  t o  r e v e a l  

t h e  i n d i v i d u a l  v a r i a t i o n s  w i t h i n  t h e .v a r i o u s  g r o u p s . I n  t h e  m a j o r i t y

o f  t h e  e a r l y  e x p e r i m e n t s ,  t h e  k e to n e  body c o n t e n t  o f  t h e  a n im a l s  was

d e t e r m i n e d  a s  B - h y d r o x y b u t y r i c  a c id *  and a c e t o a c e t i o  a c i d  p l u s  a o e t o n e .  

However, we found  t h a t  t h e  a v e r a g e  a c e t o a c e t i c  a c i d  p l u s  a c e t o n e  f r a o -  

I t i o n  was 4 . 7 $  o f  t h e  t o t a l ,  an d ,  t h e r e f o r e ,  a s su m in g  a  c o n s t a n t  m i x t u r e  

o f  t h e  v a r i o u s  f r a c t i o n s ,  we p e r f o r m e d  s i n g l e  d e t e r m i n a t i o n s  and have 

e x p r e s s e d  our  r e s u l t s  i n  a l l  e x p e r i m e n t s  i n  t e r m s  o f  mM o f  k e to n e  

b o d i e s .  The v a l i d i t y  o f  t h i s  a s s u m p t io n  i s  i n d i c a t e d  by t h e  f a c t  t h a t  

| when t h e  t o t a l  k e t o n e s  a r e  e s t i m a t e d  by  summation o f  t h e  i n d i v i d u a l

! f r a c t i o n s ,  t h e  r e s u l t  i s  p r a c t i c a l l y  i d e n t i c a l  w i t h  t h a t  o b t a i n e d  by

a s i n g l e  d e t e r m i n a t i o n  and t h e  U3 e o f  a  s u i t a b l e  f a c t o r  (T ab le  I ) i  As 

a c h e c k  on t h i s  f a c t o r ,  f r e q u e n t  f r a c t i o n a t i o n s  have b e e n  made t h r o u g h ­

out .  t h e  s t u d y .

T ab le  2 r e v e a l s  t h a t  an  a p p r e c i a b l e  amount o f  a c e t o n e  b o d i e s

*Some o f  t h e s e  r e s u l t s  were r e p o r t e d  in' p r e l i m i n a r y  f a s h i o n  i n  t h e  
P r o c . S o c . Exp. B i o l .  & M e d . , 39 ,  51,  1938 .
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¥

a r e  found  i n  f a s t e d : a n i m a l s  (Group I ) .  H o w e v e r t h e  a d m i n i s t r a t i o n  o f  

g l u c o s e  t o  such  a n i m a l s  (Group I I )  r e s u l t s , i n  a d i m i n u t i o n , i n  t h e  

a c e t o n e  body c o n t e n t .  I n  v iew  o f  t h e  c o n s i d e r a t i o n s  made i n  ou r  p r e -  ' 

v i o u s  c om m unica t ion  ( 1 4 ) ,  i t  i s  p o s s i b l e  t h a t ,  b e c a u s e  o f  t h e  s m a l l  

am ounts  i n v o l v e d ,  t h e  a c t u a l  c o n t e n t  may be  even  lo w er  t h a n  0 . 2 0  mM 

p e r  k i lo g r a m  o f  body w e i g h t .  T h i s  p o i n t  i s  i l l u s t r a t e d  i n  T ab le  4 ,

(Group I I I ) ,  where i t  i s  r e v e a l e d  t h a t  k e to n e  body  c o n t e n t  o f  f e d  r a t s  

i s  e q u a l  t o  0 . 0 2  when s t u d i e d  by a d d i t i o n  e x p e r i m e n t s , and 0 . 2 0  when 

d e t e r m i n e d  d i r e c t l y .  I t  ,i s  e v i d e n t  f rom  t h e  d a t a  i n  T a b l e s  3 and  4

t h a t  a f t e r  t h e  a d m i n i s t r a t i o n  o f  g l u c o s e  a  low er  endogenous  a c e t o n e  body

c o n t e n t  i s  fo u n d .

The r a t e  o f  B - h y d r o x y b u t y r i c  a c i d  d i s a p p e a r a n c e  f rom  t h e  

b o d i e s  o f  f a s t e d  r a t s  d u r i n g  a  tw e n ty - m in u t e  p e r i o d  a f t e r  t h e  admin­

i s t r a t i o n  o f  B - h y d r o x y b u t y r a t e . (Group IV) ,• i s  d e t a i l e d  i n  T a b le  5* 

w h i l e  t h a t  f o r  t h e  f o r t y - m i n u t e  p e r i o d  (Group ;V) i s  g i v e n  i n  T ab le  6 . 

S i m i l a r l y ,  i n  T a b l e s  7 and 8  a r e  p r e s e n t e d  t h e  r a t e s  f o r  t w e n ty  and 

f o r t y  m in u te  p e r i o d s  i n  f e d ,  g l u c o s e  t r e a t e d  r a t s  (Group VI and V I I I ) .

I n  T ab le  9 ,  a r e  summarized the  d a t a  f rom  a l l  e x p e r i m e n t s ,  

t o g e t h e r  w i t h  t h e i r  s t a t i s t i c a l  a n a l y s i s .  The l a t t e r  c l e a r l y  i n d i c a t e s  

t h a t  t h e r e  i s  a  v e r y  s m a l l  d i s p e r s i o n  o f  t h e  d a t a  s i n c e  t h e  mean o f

e a c h  g roup  i s  a t  l e a s t  10 t i m e s  i t s  s t a n d a r d  e r r o r .  E x a m in a t io n  o f  t h i s

d a t a  r e v e a l s  t h a t  i f  no a c c o u n t i n g  i s  made f o r  en d ogenous  k e t o s i s ,  a 

s m a l l  b u t  s t a t i s t i c a l l y  r e l i a b l e  d i f f e r e n c e  e x i s t s  be tw een  th e  u t i l ­

i z a t i o n ,  o f  B - h y d r o x y b u t y r i c  a c i d  by  th e  f e d  r a t s  r e c e i v i n g  g l u c o s e ,  a s  

compared w i t h  t h e  f a s t e d  r a t s .  However,  endogenous  f o r m a t i o n  o f  B- 

h y d r o x y b u t y r i c  a c i d  can  be a c c o u n te d  f o r ,  th o u g h  o n l y  i n  p a r t , b y  a d d in g  

th e  i n i t i a l  c o n t e n t  o f  "the r a t s  t o  t h e  amopnt a d m i n i s t e r e d , 1 and t h e n

| d e d u c t i n g  from t h i s  t o t a l  t h e  amount o f  B - h y d r o x y b u t y r i c  a c i d  t h a t  i s
! ••

! r e c o v e r e d  a t  t h e  end o f  t h e  p e r i o d .  V/hen t h i s  i s  d o ne ,  t h e  s t a t i s t i c a l
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r e l i a b i l i t y  d i s a p p e a r s ;  d e c r e a s i n g  f rom  5 ; 1  t o  S . 3 i n  th e  c a s e  o f  t h e  

20 m in u te  g r o u p s  and f rom  4 . 5  t o  1 .9  i n  t h e  40 m in u te  g r o u p s .  I t  i s  

o f  i n t e r e s t  t o  p o i n t  o u t  t h a t  i f  t h e  p r o b a b i l i t y  t h a t  the  g lu c o s e  

t r e a t e d  g r o u p s  c o n t a i n  no a c e t o n e  b o d i e s  i s  t a k e n  i n t o  a c c o u n t  (T a b le  4) 

t h e n  t h e  r e l i a b i l i t y  o f  d i f f e r e n c e  o f  t h o s e  g ro u p s  d r o p s  t o  1 . 2  and 0 . 8  

r e s p e c t i v e l y .  I t  m u s t  be em p has ized  a g a i n  t h a t  t h e s e  c o r r e c t i o n s  

a c c o u n t  o n l y  f o r  t h e  a c e t o n e  body  c o n t e n t  a t  t h e  v e r y  o u t s e t  o f  t h e  e x ­

p e r i m e n t a l  p e r i o d ,  and n o t  f o r  t h e  a c e t o n e  b o d i e s  t h a t  a r e  b e i n g  p r o ­

duced d u r i n g  t h e  r e m a in d e r  o f  t h e  p e r i o d .  I t  i s  p r o b a b l e  t h a t  t h e  

l a t t e r  may a c c o u n t  f o r  t h e  s m a l l  d i f f e r e n c e  t h a t  r e m a in s  be tween t h e  

two g r o u p s  even  a f t e r  t h e  above c o r r e c t i o n s  a r e  made.

; A n o th e r  method f o r  a n a l y z i n g . o u r ■d a t a  i s  a  c o m p a r is o n  o f  t h e  

r a t e s  o f  u t i l i z a t i o n  b e tw ee n  t h e  tw e n ty  and f o r t y  m in u te  i n t e r v a l  g r o u p s  

o f  b o t h  f a s t e d  and f e d  r a t s .  Such  a n  a p p ro a c h  o b v i a t e s  t h e  n e o e s s i t y  

o f  c o r r e c t i n g  f o r  t h e  i n i t i a l  c o n t e n t ;  b u t  n o t  for . t h e  c o n t i n u e d  end o gen ­

ous k e t o g e n e s i s  i n  t h e  f a s t i n g  r a t s .  Thus we f i n d  t h a t  t h e  d i f f e r e n c e  

b e tw ee n  t h e  f a s t i n g  Group IV and V i s  2 . 3 3  mil p e r  k i l o  o f  body  w e ig h t  

p e r . 20 m i n u t e s ,  w h i l e  t h a t  b e tw ee n  t h e  f e d ,  g l u c o s e  t r e a t e d  Groups VI ; 

a n d - V I I  i s  2 .2 9  mM p e r  k i l o  o f  body w e ig h t  f o r  t h e  same i n t e r v a l  o f  

t i m e .  T h i s  i n d i c a t e s  t h a t  t h e r e  i s  no d i f f e r e n c e  i n  t h e  r a t e s  o f  u t i l ­

i z a t i o n  o f  B - h y d r o x y b u t y r i c  a c i d  b e tw een  f e d  and f a s t e d  fem a le  r a t s .

DISCUSSION:

I n  a  s e r i e s  o f  u n p u b l i s h e d  e x p e r i m e n t s  we were a b l e  t o  c o n f i r m  

t h e  o b s e r v a t i o n s  o f  S h a p i r o  and o f  D e u e l  and h i s  a s s o c i a t e s  t h a t  c a r ­

b o h y d r a t e  r e d u c e s  t h e  k e t o n u r i a  w hich  r e s u l t s  from t h e  o r a l  a d m i n i s t r a ­

t i o n  o f  a c e to n e  b o d i e s .  However, t h e  p r e s e n t  i n v e s t i g a t i o n  d e m o n s t r a t e s  

v e r y  c l e a r l y  t h a t  c a r b o h y d r a t e  d o e s  n o t  a c c e l e r a t e  t h e  u t i l i z a t i o n  o f

a c e t o n e  b o d i e s  by  t h e  e x t r a r e n a l  t i s s u e s  o f  t h e  f e m a le  r a t ,  a n d ,  t h e r e -
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f o r e ,  i s  i n  c o m p le te  c o n t r a d i c t i o n  t o  t h e  c o n c l u s i o n s  r e a c h e d  by th e  

above  m e n t io n e d  i n v e s t i g a t o r s .  , I t  i s  p r o b a b l e  f rom  ou r  d a t a  t h a t  t h e  

r e d u c t i o n  i n  k e t o n u r i a  o b s e r v e d  by t h e s e  i n v e s t i g a t o r s  i s  n o t  a r e ­

l i a b l e  i n d e x  o f  a c e t o n e  body o x i d a t i o n ,  b u t  i s  p r o b a b l y  due t o  some 

o t h e r  f a c t o r .  F u r t h e r m o r e , , o u r ;d a t a : a r e  i n  a c c o r d  w i t h  t h e  r e s u l t s  ob­

t a i n e d  f rom  s t u d i e s  on no rm al  and  e v i s c e r a t e d  r a b b i t s  and on t h e  p e r ­

f u s e d  h e a r t ,  and  v a l i d a t e  t h e  c o n c l u s i o n s  d e r i v e d  from t h o s e  s t u d i e s .

The a d m i n i s t r a t i o n  o f  a d e q u a t e  amounts  o f  c a r b o h y d r a t e  r e s u l t s  

i n  t h e  p r e v e n t i o n  o r  c e s s a t i o n  o f  k e t o s i s  i n  human s u b j e o t s  ( 1 ) ,  i n  

p h i o r h i z i n i z e d  dogs (15)  and i n  f a s t e d ,  c o m p l e t e l y  d e p a n c r e a t i z e d  dogs 

r e c e i v i n g  no i n s u l i n  ( 1 3 ) .  S in o e  t h e  k e to n e  body c o n t e n t  o f  t h e  b lo o d  

and  u r i n e  i s  d e p e n d e n t  upon t h e  d i f f e r e n c e  be tw een  th e  r a t e s  o f  k e to n e  

body  f o r m a t i o n  and u t i l i z a t i o n ,  an y  r e d u c t i o n  i n  k e t o s i s  c o n s e q u e n t  to  

such  t r e a t m e n t  m ust  be due t o  e i t h e r  an  i n c r e a s e  i n  th e  r a t e  o f  k e to n e  

u t i l i z a t i o n  (k e t o l y s i s j o r  t o  a  d e o r e a s e  i n  t h e  r a t e  o f  k e to n e  forma­

t i o n  (a n t i k e t o g e n e s i s ) . The d a t a  h e r e i n  r e p o r t e d  i n d i c a t e  t h a t  g l u c o s e  

i s  n o t  k e t o l y t i c  i n  t h e  s e n s e  d e f i n e d  and  hence  s u p p o r t s  t h e  c o n c e p t  

t h a t  a n t i k e t o g e n e s i s  i s  t h e  mechanism whereby  c a r b o h y d r a t e  b r i n g s  a b o u t  

a d i m i n u t i o n  i n  k e t o s i s  ( e . g .  Group I I ) .  A c c o r d i n g l y ,  t h e  d e c r e a s e d  

e x c r e t i o n  o f  k e to n e  b o d i e s  o b s e r v e d  by  D e u e l  e t  a l  i s  p r o b a b l y  due t o  

r e d u c t i o n  o f  t h e  endogenous  k e t o g e n e s i s  in d u c e d  b y  r e s t i n g ;

I t  i s  g e n e r a l l y  acknow ledged  t h a t  the  l i v e r  i s  t h e  m a i n , . - i f  

n o t  t h e  o n l y  s i t e  o f  k e to n e  body  . f o r m a t i o n ,  and t h a t  k e t o g e n e s i s  a lw ays

o c c u r s  when t h e  l i v e r  g ly c o g e n  f a l l s  be low some c r i t i c a l  low l e v e l .
■ - * < • . . . .  . . .  -

C o n v e r s e l y  i t  i s  a l s o  known t h a t  t h e  r e s t i t u t i o n  o f  t h e  l i v e r  g ly c o g e n  

c o n t e n t  t o  a p p r o x i m a t e l y  n o rm a l  l e v e l s  by  t h e  a d m i n i s t r a t i o n  o f  g l y c o ­

g e n ic  s u b s t a n c e s  r e s u l t s  i n  a  c e s s a t i o n  o f  k e t o s i s .  F u r th e rm o re *  t h e  

e v id e n c e  o b t a i n e d  by Q u a s t e l  and Ytheat ley  ( 1 6 ) ,  by  S n a p p e r  and  Grun-

baum ( 1 7 ) ,  and  from o u r  s t u d i e s  w i t h  r a b b i t s ,  i n d i c a t e s  t h a t  t h e  k e to n e
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b o d i e s  p r o b a b l y  a r e  n o t  o x i d i z e d  f u r t h e r  i n  t h e  l i v e r ,  t h u s  s u g g e s t i n g  

t h a t  t h e s e  s u b s t a n c e s  a r e  e n d - p r o d u o t s  o f  f a t t y  a c i d  o x i d a t i o n  i n  t h a t  

o r g a n .  T h e r e f o r e ,  i t  i s  p r o b a b l e  t h a t  th e  a n t i k e t o g e n i c  a c t i o n  o f  g l u ­

c o se  i s  due t o  a c e s s a t i o n  o f  f a t t y a a o i d  o x i d a t i o n  i n  t h e  . l i v e r  i n  c o n ­

se q u en c e  o f  t h e  g ly c o g e n  t h a t  becomes a v a i l a b l e  f o r  p h o s p h o r y l a t i o n  and 

o x i d a t i o n .  T h is  h y p o t h e s i s ,  t h a t  g l y c o g e n i c  s u b s t a n c e s  s u b s t i t u t e  f o r  

f a t t y  a c i d s  and o t h e r  k e t o g e n i c  m a t e r i a l s  i n  s u p p l y i n g  e n e r g y  t o  t h e  

l i v e r ,  i s  i n  a c c o r d  w i t h  th e  t h e o r y  o f  s u b s . t r a t e  c o m p e t i t i o n  f o r  a v a i l ­

a b l e  oxygen ,  a s  s u g g e s t e d  by  E d s o n ’ s (17) o b s e r v a t i o n  t h a t  f a t t y  a c i d s  

compete  w i t h  o t h e r  o x i d i z a b l e  s u b s t r a t e s  f o r  t h e  o x i d i z i n g  s y s te m s  o f  

t h e  l i v e r .  I t  i s  a l s o  i n  a c c o r d  w i t h  the  o b s e r v a t i o n s  o f  S h a p i r o  t h a t  

o n l y  g l y c o g e n i c  s u b s t a n c e s  a r e  a n t i k e t o g e n i c .  The f a c t  t h a t  D e u e l ,  e t  a l  

c o u ld  d e m o n s t r a t e  no e f f e c t  w i t h  e t h y l  a l c o h o l ,  i s  i n  a g re em e n t  w i t h  

t h e  f a c t  t h a t  t h i s  a l c o h o l  i s  n o t  g l y c o g e n i c  a n d  s u g g e s t s  t h a t  t h e  a c e t i c  

a c i d  which  may be d e r i v e d  f rom  t h e  o x i d a t i o n  o f  e t h y l  a l c o h o l  i n  th e  

l i v e r ,  l i k e  t h e  a c e t o n e  b o d i e s  t h e m s e l v e s ,  i s  n o t  u t i l i z e d  by th e  l i v e r ,  

b u t  i s  s e c r e t e d  i n t o  t h e  c i r c u l a t i o n  t o  be  u t i l i z e d  by  t h e  m u s c le s  ( 1 8 ) .

SUMMARY: '

I f  a  c o r r e c t i o n  be made f o r  endogenous  k e t o g e n e s i s  ( i n i t i a l  

a c e t o n e  body c o n t e n t ) ,  i t  i s  o b s e r v e d  t h a t  t h e  u t i l i z a t i o n  o f  i n t r a ­

v e n o u s l y  i n j e c t e d  B - h y d r o x y b u t y r a t e  by  n e p f r re c to m iz e d  fem a le  r a t s  i s  n o t  

i n f l u e n c e d  by f a s t i n g  o r  f e e d i n g  o r  by t h e  a d m i n i s t r a t i o n  o f  g l u c o s e .

C a r b o h y d r a t e  does  n o t  e x e r t  a  k e t o l y t i c  a c t i o n ,  a n d ,  t h e r e f o r e  * 

i t s  e f f e o t  i n  a b o l i s h i n g  k e t o n u r i a  i s  due t o  a  s p a r i n g  o f  f a t  o r  o t h e r  

k e t o g e n i c  s u b s t a n c e s ,  i . e . ,  a n t i k e t o g e n e s i s .
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T a b le  I

Com parison  o f  T o t a l  A c e to n e  B o d ie s  E s t i m a t e d  by t h e  D e t e r m i n a t i o n  
o f  t h e  F r a c t i o n s ;  B - h y d r o x y b u t y r i c  a c i d  and A c e t o a c e t i c  Acid  P l u s  

A c e to n e ,  w i t h  t h e  T o t a l  A ce ton e  B o d ie s  E s t i m a t e d  by a  S i n g l e
D e t e r m i n a t i o n  and th e Use o f  a S u i t a b l e  F a c t o r .

S e p a r a t e l y  D e te rm in e d
«

T o t a l  K e to n e s D e v i a t i o n  o f

fiat
E s t i m a t e d  w i t h  F a c t o r c a l c u l a t e d

BOH A c e t o a c e t i c •T o ta l (2 .6 6  X ( I o d i n e  u se d -* - .06) t o t a l  k e t o n e s
Mo. • a c i d  p l u s k e t o n e s from  s i n g l e  d e t e r m i n a t i o n from summated

a c e t o n e f r a c t i o n s
mM/K mM/K mM/K raM/K .*

1 4 . 9 1 .56 5 .4 7 : 5 .5 5  ; 1 . 3
2 5 .2 8 .2 4 5 .5 2 5 .5 5  : 0 . 5
3 '5 . 5 9 .5 4 6  i 15 6 . 2 1 1 . 0
4 4 .7 5 . 2 0 4 .9 5 4 .9 6 0 . 2
5 5 .4 4 . 0 0 5 .4 4 5 . 4 1 ' 0 . 6
6 2i  76 ; 2 2 2;  98 : 3 ; 0 1 0 . 7
7 2 .5 0 .0 4 2;  54 2 .5 2 0 . 8
8 2 .7 7  , . 19 , 2 .96 2 .9 8 0 . 7
9 2 .6 7 . 1 0  < 2 .7 7  ; 2 .7 7 0 . 4

1 0 3 . 2 0 .1 8 3 .3 8  I 3 .4 2 1 . 2
1 1 5 .9 3 . 4 3 6 .3 6 6 .4 0 0 . 5
1 2 6 .4 5 .09 6 .5 4 6 .5 6 0 . 2
13 5 .5 0 .0 8 5 .5 8 . 5 .5 6  ! 0 . 4
14 5 .67 . 0 0 5 ;6 7 5 .6 3  ' 0 . 7
15 5 .8 8 .2 4 6 . 1 2 • 6 . 1 4 0 . 2
1 6 3 .1 8 .36 3 .5 4 3 .5 9 1 . 1
17 3 .4 8 .16 3 .6 4  1 3 . 6 4 0 . 0
1 8 4 .0 4 ; 2 1 4 . 2 5  < 4 .2 7 0 . 2
19 4 . 3 4 ; 0 1 4 . 3 5 4 . 3 2 0 . 9
2 0 2 . 6 8 . 1 1  . 2 ;7 9 ........................2 .7 9  '" ‘ . 0 . 0
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Table 4

The A ce tone  Body C o n te n t  o f  Fed 
N e p h re c to m iz e d  Female R a t s

(Group I I I )

Ra
t 

N
o.

 
.

W
ei

gh
t

m 
M 

BO
H

/K
 

ad
de

d 
to

 
a

li
q

u
o

t

m 
M 

BO
H

/K
 

fo
un

d

ac
tu

al
 

in
it

ia
l 

ke
to

ne
 

co
n

te
n

t 
m 

M 
BO

H
/K

14 194 , 0 0 .1 9
19 1 4 2 .5 0 0 .1 8
49 136 0 0 .2 4
76 1 6 3 .5 0 0 . 2 2
77 147 0 0 .1 9 i — "
81 1 5 7 .5 0 0 . 3 3
82 155 0 0 .1 7
99 163 0 0 .1 7

1 0 0 149 0 0 .1 6
1 0 1 152 0 0 . 2 2

AVi 1 5 7 .0 0 0 . 2 1

145 191 • 0 .1 9 0 . 2 3 0 . 0 4
146 188 0 .1 9 0 .1 7 - 0 . 0 2
147 196 0 .1 9 0 . 1 8 - 0 . 0 1
148 219 0 .1 9 0 .1 9 0 . 0 0
149 166 0 .1 9 0 . 2 5 0 .0 6

Av. 192 0 .1 9 0 . 2 0 0 . 0 2

. ,
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T a b le  2 T ab le  3

■he A ce tone  Body C o n te n t  o f  T w enty -Four  The I n f l u e n c e  o f  G lu co se  on th e  
Hour F a s t e d  N e p h re c to m iz e d  Female R a t s  Aoetone Body C o n te n t  o f  Twenty Hour

F a s t e d  .N ephrec tom ized  Female R a t s

(Group I )  , (Group I I )

Ra
t 

N
o. •pA&D•HQ)

m 
M 

B
O

H
/K

 
fo

un
d

16 2 1 5 .5 0 . 3 4
64 132 . 0 . 4 5
73 151 0 . 8 8
74 1 5 0 .5 1 .3 5
75 1 4 2 .5 0 . 9 1
78 133 0 , 9 8
79 143 0 . 4 4
80 1 2 0 .5 0 . 8 3
91 127 0 .2 7
92 138 0 . 2 4

105 139 0 .4 1
107 137 0 .4 5
108 1 2 5 .5 0 .3 0
117 1 2 0 .5 0 . 8 1
118 124 0 . 5 8
119 1 5 9 .5 0 . 2 8
1 2 0 140;  5 0 .5 0
124 159 0 .3 2
125 1 4 6 .5 0 . 4 8
126 166;  5 0 . 7 5

Av. 1 4 3 .5 0 . 5 8

Ra
t 

N
o'

.

W
ei

gh
t

m 
M 

BO
H

/K
' 

fo
un

d

1 0 2 147 0 .2 4
103 133 0 . 2 1
104 153 0 . 2 1
106 124 0 . 1 8
1 1 1 1 4 0 .5 0 . 1 4
1 1 2 135 0 ;2 9
113 134 0 .1 6
114 139 0 . 1 4
115 126 0 . 2 2
116 153 0 . 2 1

Av, 13 8 .5 0 . 2 0
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T ab le  7

The U t i l i z a t i o n  o f  B - h y d r o x y b u t y r a t e  D u r in g  
a  T w en ty -m in u te  P e r i o d  b y  Fed N e p h re c to m iz e d  

Female R a t s  R e c e i v i n g  G lu co se

(Group V I ) .

Ra
t 

N
o.

W
ei

gh
t

1 
~ “

 
m 

M 
BO

H 
in

je
ct

e
d

 
pe

r 
k

il
o

m 
M 

BO
H

/K
 

re
co

v
er

ed

m 
M 

BO
H

/K
 

us
ed

5 161 8 .3 6 5 .5 5 2 ; 81
7 179 8 . 2 5 5 .5 5 2 .7 0
9 1 8 3 .5 8 .4 0 6 ;2 1 2 .1 9

13 123 8 . 2 7 4 .9 6 3 .3 1
20 148 8 .2 0 5 . 4 1 2 .7 9
29 140 8 .6 7 6 . 7 8 1 .8 9
32 139 8 . 7 3 6 ; 52 2 .2 1
46 145 8 ; 59 6 . 1 8 2 . 4 1

110 1 4 7 .5 8 . 2 3 5 . 6 4 2 ,5 9
134 145 8 .5 9 5 .5 0 3 .0 9
135 167 8 . 4 4 5 .0 5 3 .3 9
136 186; 5 8 . 4 4 6 ; 04 2 .4 0
137 13 8 .5 8 . 5 3 5 .9 2 2 . 6 1
138 1 5 0 .5 8 . 5 0 6 .0 2 2 . 4 8
139 1 3 2 .5 8 . 4 2 5 .6 7 2 . 7 5
140 184 8 . 3 8 5 .7 2 2 .6 6
141 146 8 . 5 3 5 .9 0 2 . 6 3
142 139 8 .2 6 5 .1 1 3 .1 5
143 133 8 . 3 8 6 ; 39 1 .9 9
144 1 3 6 .5 8 .8 9 6 . 4 4 2 .4 5

Av. 1 5 1 .0 8 .4 5 5 .8 2 2 . 6 3

- T ab le  8

The U t i l i z a t i o n  o f  B - h y d r o x y b u t y r a t e  D u r in g  
a  F o r t y - m i n u t e  P e r i o d  by  Fed N e p h rec to m ize d  

Female R a t s  R e c e iv i n g  G lucose

(Group V I I )

Ra
t 

N
o.

W
ei

gh
t

m 
M 

BO
H 

in
je

c
te

d
. 

pe
r 

ki
lo

 
,

m 
M 

BO
H

/K
 

re
co

v
er

ed

m 
M 

BO
H

/K
 

us
ed

6 151 8 .4 7 3 .0 1 5 .4 6
8 1 6 2 .5 8 . 2 8 2 .5 2 5 .7 6

10 178 8 . 4 8 2 .9 8 5 .5 0
11 160 8 . 4 1 2 .7 7 5 .6 4
21 140 8 . 4 4 3 .4 2 5 .0 2
28 130 8 . 0 8 4 .4 2 3 .6 6
31 1 4 8 .5 8 .3 9 3 ,1 8 5 .2 1
33 136;  5 8 .8 9 4 . 7 7 4 . 1 2
42 154 8 ; 31 3 .5 6 4 .7 5
44 137 8 . 3 8 3 . 9 1 4 .4 7
45 129 8 .3 9 3 .9 3 4 .4 6
47 148 8 . 4 2 3.69. 4 . 7 3
48 151 8 . 2 5 3 .0 3 5 .2 2
50 1 7 1 .5 8 .2 2 3 . 8 1 4 . 4 1
51 1 3 2 .5 8 . 1 7 3 .5 6 4 . 6 1
93 1 4 9 .5 8 .5 6 3 .6 2 4 . 9 4
94 149 8 . 5 8 3 .2 2 5 .3 6
95 1 3 3 .5 8 . 6 0 3 .4 5 5 .1 5
96 146 8 . 5 3 3 .5 1 5 i0 2
98 1 5 9 .5 8 . 2 3 3 . 4 4 4 .7 9

A Vi 1 4 8 .0 8 . 4 0 3 .4 9 4 .9 1



T ab le  9

Summary o f  E x p er im en ts on th e  U t i l i z a t i o n  o f  I n t r a v e n o u s ly  A d m in is te r e d  B -h y d ro x y b u ty ra te
b y  N ep h rectom ized  Bed and B a ste d  Fem ale H ats

E x p e r im e n ta l
Group

N o.
o f
R a ts

Body
W eight

grams

BOH - 
I n j e c t e d

m M /kilo

Time 
a f t e r  BOH 
i n j e c t i o n

BOH
found

m M /kilo

B -h y d ro x y b u ty r ic  A cid *  
U t i l i z a t i o n

U n o o rrec ted  
f o r  i n i t i a l  

c o n te n t  
m M /K /in terv a l

C o rrec ted  
f o r  i n i t i a l  

c o n te n t  
m M /K /in terv a l

Group I  
F a s te d ,

S a l in e  T rea ted
20 1 4 3 .5 0 - - 0 .5 8  * 

( ± 0 . 0 6 5 )
—

Group I I  
F a s te d ,

G lu co se  T rea ted
10 1 3 8 .5 0 — 0 .2 0

( ± 0 . 0 1 4 )
— —

Group I I I
F ed ,

G lu co se  T rea ted
10 1 5 7 .0 Q - - 0 .2 1  

( ± 0 . 0 1 5 )
- — —

Group IV 
F a s te d ,

S a l in e  .T reated  
P lu s  K eto n es

20 1 4 5 .0
4 " .  

8 .3 3  'V' ... 20 6; 45  
( ± 0 .1 1 8 )

1 .8 8
( ± 0 . 1 1 8 )

2 .4 6
( ± 0 . 1 3 5 )

Group V 
F a s te d ,
S a l in e  T rea ted  
P lu s  K e to n e s  .

20 146  ̂ 0 8 .2 0 •• :4o . '  ■’ . 3 .9 9  
( ± 0 . 1 0 5 )

A PI
( ± 0 . 1 0 5 )

4 .7 9  
( ± 0 . 1 2 3 )

Group VI
Fed,
G lu co se  T rea ted  
P lu s  K eto n es

20 1 5 1 .0 8 .4 5 20 5 .8 2
( ± 0 . 0 8 7 )

2 .6 3  
( ±  0 .0 8 7 )

2 .8 4
( ± 0 .0 8 8 )

Group V II
Fed,

G lu co se  T rea ted  
P lu s  K eto n es

20 ' 1 4 8 .0 8 .4 0 40 3 .4 9
( ± 0 . 1 1 6 )

4 .9 1  
( ± 0 . 1 1 6 )  ,

5 .1 2  ••
( ± 0 .1 1 7 )

R e l i a b i l i t y ' o f  D if f e r e n c e s * *

Groups
i U n c o rrec ted  

f o r  i n i t i a l  
k e to n e  
c o n te n t

C o rrec ted  
f o r  i n i t i a l  

k e to n e  
c o n te n t

20 m in . Groups 
IV and VI 5 .1 2 .3  -

40 m in . Groups 
V and V II 4 .5  • 1 .9  ...

♦ S tan d ard  e r r o r  o f  th e  mean

3 .E .M ."- ^  ds / n  :

• ^
'' * * R e l i a b i l i t y  o f  D if f e r e n c e  = D if f e r e n c e  o f  m eans_______

S ta n d a rd  e r r o r  o f  d i f f e r e n c e ’

S tan d ard  e r r o r  o f  d i f f e r e n c e  = » (SEM-^)2 +■ (SEMg)2
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