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INTRODUCTION.

The fo o d  o f  to d a y  may he  t h e  p o i s o n  o f  tom orrow .

I n  many r e s p e c t s  t h e  t r u t h  o f  t h i s  h a s  b e e n  b o rn e  

o u t  i n  a  r e m a rk a b le  way a s  manf s know ledge h a s  p r o g r e s s e d  

c o n c e r n in g  h i s  " d a i l y  b r e a d " .

C e r e a l s  have  a lw ay s  fo rm ed  th e  m a jo r  p a r t  o f  m anf s 

d i e t  and have  g e n e r a l l y  b e e n  r e g a r d e d  a s  e n t i r e l y  w holesom e. 

Y et su ch  d i s e a s e s  a s  p e l l a g r a  and b e r i - b e r i  have b e e n  a s s o c 

i a t e d  w i th  t h e  o v e r -c o n s u m p t io n  o f  two o f  t h e s e  c e r e a l s ,  

m aize and  r i c e ,  w h i le  s c u rv y  and r i c k e t s  a r e  now r e g a r d e d  a s  

d e f i n i t e  d i e t a r y  d i s t u r b a n c e s .

Modern m ethods o f  m i l l i n g  and p r e p a r i n g  f o o d - s t u f f s  

a r e  no d o u b t  r e s p o n s i b l e  f o r  many c h a n g e s ,  b u t  i n c r e a s i n g  

know ledge o f  th e  c o n s t i t u e n t s  o f  f o o d - s t u f f s  h a s  r e s u l t e d  i n  

th e  r e j e c t i o n  o r  a l t e r a t i o n  o f  many s u b s t a n c e s  w h ich  w ere a t  

one t im e  e s t a b l i s h e d  a s  s t a p l e  a r t i c l e s  o f  d i e t .

I n  a  s e r i e s  o f  r e s e a r c h e s  c a r r i e d  o u t  d u r in g  a  p e r io d
1

o f  more th a n  20 y e a r s ,  Stockman h a s  s t u d i e d  th e  e f f e c t s  o f  

f e e d in g  leg u m in o u s  s e e d s  and c e r e a l s .  He c o n c lu d e d  t h a t  

l a t h y r u s  p o i s o n in g  i n  a n im a ls  and l a t h y r i s m  i n  man was due to  

a  p o i s o n  p r e s e n t  i n  t h e  p e a s  and was n o t  a t t r i b u t a b l e  t o  any 

" d e f i c i e n c y "  d i s e a s e .
2

I n  a  s tu d y  o f  t h e  c a u s e s  o f  p e l l a g r a  he c o n c lu d e d  

from  a  l a r g e  s e r i e s  o f  e x p e r im e n ts  on a n im a ls  t h a t  th e  d i s e a s e  

was c a u se d  by an  a c i d  o r  a c i d s  w hich  w ere n o t  o n ly  p o iso n o u s



i n  th e m s e lv e s ,  b u t  w hich  h ad  a  s e c o n d a ry  e f f e c t  o f  g r a d u a l l y  

o r  s u d d e n ly  w i th d ra w in g  a l k a l i e s ,  e s p e c i a l l y  c a lc iu m ,f r o m  

th e  b lo o d  and  t i s s u e s .  He p ro d u c e d  e v id e n c e  t h a t  t h e r e  was 

no q u e s t i o n  o f  d e f i c i e n c y  o r  a v i t a m i n o s i s .  F u r t h e r ,  he 

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

m aize c o n t r i b u t i n g  t o  t h i s  c o n d i t i o n .  W hile  p e l l a g r a  e x i s t s  

a s  a  m aize  d i s e a s e ,  he s u g g e s te d  t h e  p o s s i b i l i t y  o f  o t h e r  

c e r e a l s  a s  c a u s a t i v e  f a c t o r s .
3

H o ls t  fo u n d  t h a t  a c i d  e x t r a c t s  o f  o a t s  and o t h e r  

c e r e a l s  when n e u t r a l i s e d  and f e d  to  r a t s  w ere  c a p a b le  o f  

p ro d u c in g  r i c k e t s ,  and t h a t  t h e  s u b s ta n c e  was p r e c i p i t a t e d  

by a l c o h o l .

By i n j e c t i n g  a n im a ls  w i t h  a c i d  e x t r a c t s  o f  o a tm e a l
4M irv is h  p ro d u c e d  a  d ro p  i n  b lo o d  c a lc iu m  o f  o v e r  30fo a f t e r  

24 -48  h o u r s ,  w h ich  r e t u r n e d  t o  n o rm a l i n  4 8 -72  h o u r s .  He 

s u g g e s te d  a  r e l a t i o n s h i p  w i th  p a r a t h y r o i d  d i s f u n c t i o n .

On d i e t s  of w heat and  w heat embryo H a r t - M i l l e r  and
5

McCollum p ro d u c e d  i n  p i g s  s i g n s  n o t  u n l i k e  b e r i - b e r i .  They 

s u g g e s te d  a  t o x i c  s u b s ta n c e  i n  th e  f a t  o f  w hea t embryo.
g

M ellan b y  , i n v e s t i g a t i n g  th e  h a rm fu l  e f f e c t s  o f  some 

f o o d - s t u f f s ,  fo u n d  t h a t  c e r e a l s  had  a  s p e c i a l  p r o p e r t y  o f  

i n t e r f e r i n g  w i t h  t h e  c a l c i f i c a t i o n  o f  b o n e s .  He s t a t e d  t h a t  

i f  o a t s  w ere s te e p e d  f o r  two d a y s ,  g e rm in a te d  f o r  1 - 6  d a y s ,  

and h e a t e d  t o  100°C f o r  18 h o u r s ,  t h e i r  power t o  p r e v e n t  

c a l c i f i c a t i o n  was r e d u c e d .  He p o s t u l a t e d  th e  p r e s e n c e  o f  

t o x i c  s u b s ta n c e s  w hieh  he te rm e d  Toxam ins.



7
I n  some l a t e r  w ork lie p o i n t e d  o u t  t h e  a e t i o l o g i c a l  

s i g n i f i c a n c e  o f  a  d e f i c i e n t  i n t a k e  o f  v i t a m in  A and  c a r o t e n e  

i n  su ch  t o x i c  d e g e n e r a t i o n s  a s  t h o s e  a s s o c i a t e d  w i t h  c o n -  

v u l s i v e - e r g o t i s m ,  p e l l a g r a  and l a t h y r i s m .  He c o n c lu d e d  

t h a t ,  a p a r t  f rom  a  d e f i c i e n c y  o f  v i t a m in  A and c a r o t e n e  and 

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

p r o d u c t io n  o f  d e g e n e r a t i v e  l e s i o n s  i n  th e  n e rv o u s  s y s te m .

I n  c o n t in u a n c e  o f  S tockm an1s i n v e s t i g a t i o n s  t h e  p r e s e n t  

r e s e a r c h  was u n d e r t a k e n  p r i m a r i l y  a s  a  s y s t e m a t i c  s tu d y  o f  th e  

c e r e a l s ,  r i c e  and b a r l e y ,  w i th  a  v iew  t o  d e te r m in in g  t h e  

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

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

o f  b e r i - b e r i  and  o t h e r  n u t r i t i o n a l  d i s t u r b a n c e s .
0

C e r e a l s  w ere  c a l l e d  " f ru m e n ta "  by P l i n y  to  d i s t i n g u i s h  

them fro m  th e  " l e g u m in a " . " F ru m e n ta ” i n d i c a t e d  " a l l  t h o s e  

k in d s  o f  c o rn s  from  w hich  b r e a d  was p r e p a r e d  by th e  A n c i e n t s . "

The c e r e a l s  may be  d e f i n e d  a s  t h e  e d i b l e  f r u i t s  o f  

th e  G ram ineae . The g r a s s e s  a r e  d i v i d e d  i n t o  t h i r t e e n  t r i b e s  

o f  w hich  a t  l e a s t  n in e  f u r n i s h  im p o r ta n t  g r a i n s  f o r  human 

and a n im a l  co n su m p tio n .

The p r e s e n t  r e s e a r c h  was made on O ryza s a t i v a  and 

Hordeum d i s t i c h o n ,  members o f  th e  two t r i b e s  O ryzeae  and 

H o rd e a e .



STUDIES Iff QRYZA SATIVA.



R ic e  i s  t h e  g r a i n  o f  a  c u l t i v a t e d  g r a s s  w h ich  a c c o r d -  
9

in g  t o  R oxburgh h a s  o r i g i n a t e d  from  a w i ld  p l a n t  c a l l e d  i n

I n d i a ,  "Rewaree" o r  TR i v a r a . ” I t s  c u l t i v a t i o n  was p r a c t i s e d  i n

C hina  and J a p a n  a s  e a r l y  a s  3000 B .C .

T h e o p h ra s tu s 1 0  d e s c r i b e d  i t  a s  s i m i l a r  i n  a p p e a ra n c e
\

to d a rn e l, but th a t fo r  most o f i t s  time o f  growth tf *TO"V

t t o A / u v  ^ p o v o v  £ V  T t  IT. The C au ls  a c c o r d in g

to  P l i n y 1 1  made a  p o r r i d g e  from  i t  w hich  th e y  c a l l e d  tfdu r i z " ,

and he d e s c r i b e d  i t  a s  t h e  "m ost f a v o u re d  fo o d  o f  a l l  i n
12I n d i a  w here a  p t i s a n 1 i s  made from  i t . ” I t s  a s t r i n g e n t

13e f f e c t  was n o te d  by G-alen

W ith  c h a n g in g  c o n d i t i o n s  o f  s o i l  and a r t i f i c i a l  i r r i 

g a t i o n  many v a r i e t i e s  o f  r i c e  have  r e s u l t e d  and i t  i s  now 

e x t e n s i v e l y  c u l t i v a t e d  i n  I n d i a ,  C h in a ,  West I n d i e s ,  C e n t r a l  

A m erica ,  U .S .A . and some o f  t h e  s o u th e r n  c o u n t r i e s  o f  E u ro p e .

I t  f u r n i s h e s  d a i l y  fo o d  f o r  more human b e in g s  th a n  

any o t h e r  c e r e a l .

The r i c e  p l a n t ,  Oryza s a t i v a ,  w hich b e lo n g s  t o  th e  

t r i b e  O ryzeae o f  t h e  n a t u r a l  o r d e r  Cram ineae i s  an  a n n u a l  

g r a s s  w hich  grows from  two t o  t e n  f e e t  i n  h e i g h t .

I t s  l e a v e s  a r e  lo n g  and s l e n d e r ;  t h e  s p i k e l e t s  a r e  

o n e - f lo w e r e d ,  w i th  two s m a l l  empty g lu m es , a f lo w e r in g  glume 

which may o r  may n o t  have  an  awn and a s m a l l e r  p a l e t .  The 

p a n i c l e s ,  w h ich  d roop  a s  th e  f r u i t  r i p e n s ,  m easure  a b o u t  tw e lv e  

i n c h e s  i n  l e n g t h  ( f i g . l ) . The f r u i t  o r  k e r n e l  w hich  i s  a



c a r y o p s i s  i s  e n c lo s e d  i n  b u t  d o e s  n o t  a d h e re  t o  t h e  p a l e t s .

The c u l t i v a t i o n  o f  t h e  p l a n t  v a r i e s  w i t h  th e  ty p e  o f  

s o i l .  Where grown i n  low and i r r i g a t e d  la n d  i t  i s  te rm e d  

swamp r i c e  -  " a r r o z  de s e m e n te ra "  ( f i g . 2) . There  a r e  o t h e r  

v a r i e t i e s  w h ic h  d e v e lo p  i n  t e m p e r a te  c l i m a t e s ,  h ig h  above 

i r r i g a t i o n  l e v e l ,  w h ich  a r e  c a l l e d  m o u n ta in  r i c e  -  na r r o z  de 

s e c a n o . ’V The more im p o r ta n t  v a r i e t i e s  r e q u i r e  r e p e a t e d  i r r i 

g a t i o n  and  a r e  s e m i - a q u a t i c .
1 -

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

show a  r e m a rk a b le  a c c o rd a n c e  i n  t h e  c h e m ic a l  c o n s t i t u e n t s  o f  th e  

v a r i e t i e s .



M ic ro s c o p ic  S t r u c t u r e .

S e c t i o n s  o f  t h e  g r a i n  f o r  m ic ro s c o p ic  e x a m in a t io n  w ere 

p r e p a r e d  and s t a i n e d  a s  f o l l o w s .  The g r a i n s  w ere  m o is te n e d  i n  

w a te r ,  g e n e r a l l y  o v e r n i g h t .  They w ere  t h e n  embedded i n  d e x t r i n  

p a s t e  and  c u t  by f r e e z i n g  m ic ro to m e . S in c e  th e  s e c t i o n s  were 

c u t  from  d e x t r i n  i t  was e s s e n t i a l  f i r s t  t o  p l a c e  them i n  w a t e r .  

Two m ethods  o f  s t a i n i n g  and  m ounting  w ere  u s e d .

( I )  The s e c t i o n s  w ere t r a n s f e r r e d  d i r e c t l y  t o  aqueous  

i o d i n e  s o l u t i o n  and  s t a i n e d  p u r p l e .  They w ere th e n  mounted i n  

F a r r a n t ' s  Medium. The a le u r o n e  l a y e r  was c o lo u r e d  b ro w n ish -  

y e l lo w  w h i le  th e  s t a r c h  o f  t h e  endosperm  was s t a i n e d  p u r p l e .

( I I )  The s e c t i o n s  w ere l e f t  o n ly  a  s h o r t  t im e  i n  th e  

w a te r ,  t h e n  t r a n s f e r r e d  t o  70fo a l c o h o l  and  th e n  to  a b s o l u t e  

a l c o h o l .  From t h i s  th e y  w ere t r a n s f e r r e d  to  an  a l c o h o l i c  

s o l u t i o n  o f  i o d i n e .  The s t a r c h  s t a i n e d  a  b r o w n is h - p u rp ie  and 

th e  a l e u r o n e  l a y e r  y e l lo w .  The s e c t i o n s  a f t e r  s t a i n i n g  w ere 

p a s s e d  th ro u g h  X y lo l  b e f o r e  m ounting  i n  Canada Balsam .

The seco n d  method was fo u n d  more s a t i s f a c t o r y  a s  t h e  

s t a i n i n g  f a d e d  more r a p i d l y ,  and  v e ry  l i g h t l y  s t a i n e d  s e c t i o n s  

a r e  m ost s u i t a b l e  f o r  p h o to g ra p h ic  p u r p o s e s .

F i g s .  3 and  4 show a  c r o s s - s e c t i o n  o f  t h e  f r u i t  f rom  

w hich  t h e  p a l e t s  have  b een  d e ta c h e d  i n  c u t t i n g .  I t  c o n s i s t s  

o f
(1) Husk o r  s i l i c e o u s  h u l l  w h ich  i s  composed o f  -

(a) an  o u t e r  e p id e r m is  o f  s q u a re  c e l l s
(b) s c le re n o h y m a to u s  f i b r e s
(c) spongy parenchym a
(d) i n n e r  e p id e rm is  o f  p o ly g o n a l  c e l l s .



(2) P e r i c a r p  w h ich  c o n s i s t s  o f  e p i c a r p ,  m esjaocarp, 
c r o s s - c e l l s  and tu b e  c e l l s .  ^

(3) Spermoderm o f  t r a n s v e r s e l y  e lo n g a t e d  c e l l s  
( y e l lo w  w i t h  c h l o r z i n c  i o d i n e ) .

(4) P e r i  sperm o f  t r a n s v e r s e l y  e lo n g a te d  c e l l s  
( b lu e  w i t h  c h l o r z i n c  i o d i n e ) .

(5) Endosperm  c o n s i s t i n g  o f  (a) a l e u r o n e  l a y e r  
one o r  two c e l l s  d e e p ,  (b) s t a r c h  c e l l s .

D u r in g  t h e  p r o c e s s  o f  m i l l i n g  v a r i o u s  l a y e r s  o f  t h e  

g r a i n  a r e  rem oved . A s tu d y  o f  t h e  m i l l i n g  m ethods and  a  

m ic ro s c o p ic  e x a m in a t io n  o f  t h e  p r o d u c t s  g iv e  some i n t e r e s t i n g  

i n f o r m a t i o n .

The f r u i t ,  when i t  h a s  b e e n  s e p a r a t e d  from  th e  r e s t  o f  

th e  p l a n t  and t h e  empty g lu m es ,  i s  te rm ed  u n h u sk ed  o r  paddy 

(p a d i)  r i c e .

M ethods o f  M i l l i n g  R i c e .

1 . H a t iv e  o r  hand  m i l l i n g .

2 .  E u ro p ean  o r  m achine m i l l i n g .

1 .  The n a t i v e  m ethod o f  m i l l i n g  may be (a) D i r e c t  o r

(b) P a r b o i l i n g .

(a) D i r e c t  Method -  The paddy i s  pounded i n  a  wooden 

m o r ta r  w i t h  a  lo n g  wooden p e s t l e  ( f i g . 5) u n t i l  t h e  h u l l s  have  

become d e ta c h e d  from  th e  g r a i n .  T h is  p r o c e s s  i s  lo n g  and 

t i r e s o m e ,  and r e s u l t s  n o t  o n ly  i n  t h e  rem oval o f  t h e  h u l l  and 

a  v a r y in g  p r o p o r t i o n  o f  th e  p e r i c a r p ,  b u t  a l s o  i n  t h e  b r e a k in g  

o f  a l a r g e  number o f  g r a i n s .



Winnowing i n  t h e  open  a i r  ( f i g . 7) by means o f  a  c l o t h  

o r  h id e  s e r v e s  t o  s e p a r a t e  t h e  d e ta c h e d  p a r t s  o f  t h e  g r a i n .

The p ro d u c t  may be f u r t h e r  t r e a t e d  by l i g h t l y  p o u n d in g ,  t o  

remove a  f u r t h e r  amount o f  t h e  p e r i c a r p .  A c r o s s - s e c t i o n  o f  

th e  p r o d u c t  ( f i g . 8 ) shows t h e  p a r t i a l  rem o v a l o f  th e  p e r i c a r p ,  

b u t  t h e  a l e u r o n e  l a y e r  i s  s t i l l  a d h e r e n t .

A m o d i f i c a t i o n  o f  t h e  above method i s  u s e d  by some 

t r i b e s  i n  I n d i a  -  t h e  T a m ils ,  and by some i n  West A f r i c a .  T h is  

c o n s i s t s  i n  (b) P a r b o i l i n g  o r  " C u r in g ” th e  r i c e ,  p r e v io u s  t o  

th e  m i l l i n g  p r o c e s s .  B r a d d o n ^  d e s c r i b e s  s e v e r a l  m ethods u se d  

by d i f f e r e n t  t r i b e s .  The f o l lo w in g  i s  t h e  one g e n e r a l l y  u s e d .

Paddy r i c e  i s  s t e e p e d  i n  an  e q u a l  q u a n t i t y  o f  w a te r  f o r  

tw e n ty  four* to  f o r t y  e i g h t  h o u r s .  I t  i s  b o i l e d  f o r  a b o u t  t e n  

m in u te s  and s p r e a d  o u t  t o  d ry  i n  t h e  su n .

By t h i s  p r o c e s s  many o f  t h e  h u l l s  a r e  d e ta c h e d  by t h e  

s w e l l in g  o f  th e  g r a i n .  When th e  g r a i n  i s  l a t e r  m i l l e d ,  th e  

h u l l s  a r e  r e a d i l y  d e ta c h e d ,  and  l e s s  o f  th e  p e r i c a r p  i s  r e 

moved. The g r a i n  i s  s e m i - t r a n s l u c e n t ,  and b e in g  to u g h e r ,  i s  

l e s s  l i a b l e  t o  be b r o k e n .

2 .  E u ro p ean  o r  Machine M i l l i n g  i s  a  more advanced  b u t  

l e s s  d e s i r a b l e  m o d i f i c a t i o n  o f  th e  n a t i v e  m ethods.

I n  t h e  D i r e c t  m ethod, th e  paddy i s  p a s s e d  be tw een  two 

h u l l i n g  " s t o n e s "  w hich  c r a c k  th e  h u sk  and a f t e r  f a n n in g ,  th e  

g r a i n  i s  l e f t  w i th  i t s  a d h e r e n t  p e r i c a r p .  The p e r i c a r p  may 

v a ry  i n  c o lo u r  from  r e d  to  brown o r  even  y e l lo w .  The g r a i n  i s



t h e n  p a s s e d  th ro u g h  t h e  " h u l l e r "  o r  s c o u r e r ,  w h ich  rem oves 

most o f  t h e  p e r i c a r p  and t h e  em bryo. A f u r t h e r  t r e a t m e n t  by 

p o l i s h i n g  w i t h  s h e e p s k in  o r  p i g s k i n  r e s u l t s  i n  t h e  p r o d u c t io n  

o f  W hite R ice  o r  s o - c a l l e d  " u n p o l i s h e d ” r i c e .  A g l a z i n g  p r o c e s s  

w i th  g lu c o s e  and t a l c  p ro d u c e s  a  h i g h l y  g l a z e d  g r a i n  w hich  i s  

c a l l e d  " p o l i s h e d  r i c e " .  T h is  s e v e re  t r e a t m e n t  r e s u l t s  i n  t h e  

p r o d u c t io n  o f  a g r a i n  w h ich  i s  v e ry  h i g h l y  m i l l e d  and c o n s i s t s  

s o l e l y  o f  t h e  s t a r c h  c e l l s  o f  th e  endosperm  ( f i g s .  9 and 1 0 ) .

The method o f  P a r b o i l i n g  i s  p r e c i s e l y  t h a t  u s e d  by th e  

n a t i v e s ,  b u t  i n  p l a c e  of b o i l i n g ,  s team  i s  p a s s e d  f o r  t e n  

m in u te s  th ro u g h  c y l i n d e r s  c o n t a i n i n g  th e  soaked  paddy . The 

r e s u l t a n t  m i l l i n g  p ro d u c e s  a  l e s s  h i g h l y  m i l l e d  g r a i n  ( f i g s .

1 1  and 1 2 ) i n  w h ich  p a r t i c l e s  o f  t h e  a l e u r o n e  l a y e r  a r e  a p p a r 

e n t .

E f f e c t  of M i l l i n g . By t h e  v a r i o u s  s t a g e s  o f  m i l l i n g ,  

t h e  w e ig h t  o f  th e  g r a i n  i s  m a t e r i a l l y  d e c r e a s e d  and im p o r ta n t  

c h e m ic a l  c o n s t i t u e n t s  a r e  r e d u c e d  i n  q u a n t i t y .  C om parison o f  

th e  c h e m ic a l  a n a ly s e s  ( f i g . 13) shows t h a t  n a t i v e  m i l l i n g  r e 

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

d id  th e  modern m i l l . ( f i g . 1 3 .A ) .

By an  a n a l y s i s  ( f i g . 14) o f  p o l i s h e d  and p a r b o i l e d  r i c e ,  
16F r a s e r  and S ta n to n  have p o in t e d  o u t  t h a t  p a r b o i l e d  r i c e  con

t a i n s  51$ more f a t ,  39$ more P^ 5  and h a s  an  a s h  30$ h i g h e r .

The im p o r ta n c e  o f  t h i s  o b s e r v a t i o n  w i l l  be c o n s id e r e d  l a t e r .



Chem ical C o n s t i t u e n t s .

P r o t e i n . The b u lk  o f  t h e  p r o t e i n  c o n s i s t s  o f  a  g l u t e l i n

o r y z e n in .  T hree  g l o b u l i n s  have  b een  i s o l a t e d  by J o n e s  and
17 18

G -ersd o rff  and by Kondo and I  to

F a t .  From an  e t h e r  e x t r a c t  o f  b r a n  a y i e l d  o f  9$ was

o b t a i n e d .  The o i l  u n d e rg o e s  r a p i d  d e t e r i o r a t i o n ,  w h ic h ,  a c c o r d -  
19in g  t o  Browne , i s  due t o  a n  enzyme l i p a s e .  The c h i e f  f a t t y

20
a c i d s  a r e  o l e i c  a c i d  and p a l m i t i c  a c i d ,  w h i le  Jam ieso n  fo u n d  

a l s o  th e  g l y c e r i d e s  of l i n o l i c ,  s t e a r i c ,  m y r i s t i c ,  a r a c h i d i c  

and l i g n o c e r i c  a c i d s .

C a r b o h y d r a t e s . S t a r c h  c o n s t i t u t e s  th e  main b u lk  o f  

c a r b o h y d r a t e , th o u g h  F r a p p s 2 1  d e t e c t e d  some r e d u c in g  s u g a r s ,  

d i s a c c h a r i d e s  and  p e n to s a n s ,  i n  sm a l l  am ount.

M in e r a l  C o n s t i t u e n t s .
22F ra p p s  by an  a n a l y s i s  o f  th e  m in e ra l  c o n s t i t u e n t s

o f  t h e  a s h  ( f i g . 15) showed t h a t  i n  p o l i s h e d  r i c e  t h e r e  was a

marked d e c r e a s e  i n  th e  amount o f  p h o s p h o ru s .

P h o s p h o ru s . I t  was t o  t h e  p h o sp h o ru s  c o n t e n t  o f  r i c e

t h a t  my a t t e n t i o n  was d i r e c t e d  and a t t e m p t s  w ere made to

a s c e r t a i n  t h e  n a t u r e  o f  th e  p h o sp h o ru s  i n  t h e  g r a i n .
23I n  1903 P o s t e r n a k  d e s c r i b e d  th e  i s o l a t i o n  from  s e e d s ,  

o f  a  compound c o n t a i n i n g  1 9 -2 0 $  p h o sp h o ru s  i n  o r g a n ic  com bina

t i o n ,  and  t o  i t  he a s s ig n e d  th e  e m p i r i c a l  fo rm u la  C^HgOgP^.

He c a l l e d  i t  p h y t i n  and d e s c r i b e d  i t  a s  an h y d ro -o x y m e th y le n e -  

d ip h o s p h o r ic  a c i d ,  w i th  a  c o n s t i t u t i o n
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H euberg l a t e r  showed, t h a t  I t  was a n  i n o s i t e - p h o s p h o r i o  aeid. 

w i th  a  c o n s t i t u t i o n

A
{OH^P P(0H)3

0 0 
| I 

HC CH 
\  /

( 0 H ) , P  -  0  -  CHHC -  0 -  P (O H )~

< >
(OH)gP -  0  -  CHHC -  0 -  P ( 0 H ) 3

OK
H is  work was c o n f i rm e d  by W i n t e r s t e i n  .

I n  1907 S u z u k i ,  Y oshim ura  and  T a k a i s h i ^  fo u n d  t h a t  

th e  enzyme p h y ta s e  h y d r o l i s e d  t h e  p h y t i n  t o  i n o r g a n ic  p h o s 

p h o r ic  a c i d  and a  s e r i e s  o f  i n t e r m e d i a t e  compounds.
27 28P a t t e n  and H a r t  and A nderson  w ork ing  on c o t t o n

se e d  fo u n d  no i n o s i t e - h e x a p h o s p h o r i c  a c i d ,  b u t  i s o l a t e d  i n o s i t e -

mono-, d i -  and  t r i - p h o s p h o r i c  a c i d s .  U sing  0 .2 $  h y d r o c h lo r i c
29a c i d  to  i n h i b i t  enzyme a c t i o n  A nderson  l a t e r  i s o l a t e d  from

w heat b r a n  p h y t i c  a c i d  and c o n c lu d e d  t h a t  i t  i s  i n o s i t o l  h e x a -
30p h o s p h o r ic  a c i d  o r  CgHgfOHgPOg) g . R a th e r  p r e p a re d

s i l v e r  and s t r y c h n i n e  s a l t s  and a d o p te d  th e  fo rm u la

G6 H 6  5  o r  C6 % 7 °2 1 i>5 ~ i n o s i t e  p e n ta - p h o s p h o r ic  a c i d .



31Thompson by e x t r a c t i o n  w i t h  h y d r o c h l o r i c  a c i d  and p r e c i p i t a 

t i o n  w i th  a l c o h o l ,  i s o l a t e d  8 . 2 2 $  p h y t i n  f ro m  r i c e  b r a n ,  b u t  

c o u ld  n o t  o b t a i n  any  from  p o l i s h e d  r i c e .

Enzymes.
32I n  1907 S u s u k i ,  Y oshim ura and T a k a i s h i  d e s c r i b e d  a  

m ethod f o r  i s o l a t i n g  from  d e f a t t e d  r i c e  b r a n  an  enzyme w h ich  

th e y  c a l l e d  p h y t a s e .  T h is  enzyme h y d r o l i s e d  p h y t i n ,  p ro d u c in g

low er  e s t e r s  o f  i n o s i t e  p h o s p h o r ic  a c i d  and  i n o r g a n ic  p h o s -
33p h o r ic  a c i d .  Dox and G olden  fo u n d  a  s i m i l a r  enzyme p r e s e n t

34i n  some f u n g i ,  w h i le  McCollum and H a r t  o b s e rv e d  s i m i l a r

p r o p e r t i e s  i n  an  e x t r a c t  o f  a n im a l t i s s u e s .

The a c t i v i t y  o f  p h y ta s e  was o r i g i n a l l y  d e te rm in e d  by

th e  e s t i m a t i o n  o f  t h e  i n o r g a n ic  p h o s p h a te  l i b e r a t e d  by h y d ro -
35l y s i s  o f  p h y t i n .  More r e c e n t l y  C o l l a t z  and B a i l e y  d e t e c t e d  

th e  c h an g es  p ro d u c e d  by t h e  enzyme i n  th e  s p e c i f i c  c o n d u c t iv 

i t y  o f  an  aqueous  e x t r a c t  o f  p h y t i n .  I t s  optimum te m p e r a tu re  

i s  55°C and i t s  optimum r e a c t i o n  i s  a t  pH 5 . 4 - 5 . 5 .

IUVE ST I  GAT I  OH OF THE ENZYME.

To d e te rm in e  t h e  e x t e n t  o f  enzyme a c t i o n  i n  t h e  h y d ro 

l y s i s  o f  th e  o r g a n ic  p h o sp h o ru s  compounds, an  e x t r a c t  was made 

by c r u s h in g  2 0 0  gm. o f  paddy r i c e  i n  a hand m i l l  and  m a c e r a t 

in g  i t  w i t h  1 0 0  m i l s ,  o f  c o ld  w a te r  a t  room te m p e r a tu re  f o r  

f o u r  h o u r s .  The marc was th e n  p e r c o l a t e d  w i th  c o ld  w a te r  t i l l  

500 m i l s ,  e x t r a c t  had  b een  c o l l e c t e d .  To d e te rm in e  th e  amount 

o f  i n o r g a n ic  p h o sp h o ru s  50 m i l .  p o r t i o n s  o f  t h i s  e x t r a c t  were



u s e d  and f o r  t o t a l  p h o sp h o ru s  a s s a y  5 m i l .  p o r t i o n s  w ere u s e d .

The P r i n c i p l e  o f  t h e  P h o sp h o ru s  A s s a y . The p r i n c i p l e  o f  th e
36v o lu m e t r i c  m o ly b d a te  m ethod a s  u s e d  by R ic h a r d s  and  Godden

37and by Cameron and  Dow i s  t h e  p r e c i p i t a t i o n  o f  th e  p h o s p h a te  

a s  ammonium p h o sp h o -m o ly b d a te  i n  t h e  p r e s e n c e  o f  n i t r i c  a c i d  

and ammonium n i t r a t e ;  s o l u t i o n  o f  t h e  p r e c i p i t a t e  i n  s t a n d a r d  

a l k a l i ,  and t i t r a t i o n  o f  t h e  e x c e s s  o f  a l k a l i  by s t a n d a r d  a c i d .  

The e q u a t i o n  e v o lv e d  i s

2(HH4 ) 3 P04 .12Mo03+ 46NaOH = 2 (NH4 >2 HP04 + (NH4 ) 2 Mo04 + 23Na2Mo0

+ 22HgO

Each atom o f  p h o sp h o ru s  r e q u i r e s  23 m o le c u le s  o f  sodium 

h y d ro x id e  so 1  m i l  ^ / 5  N a O H s  0*6168 mg.PgOg.

’M olybdate  R e a g e n t 1 -  c o n s i s t e d  o f  th e  n i t r i c  a c i d  s o l u t i o n  o f  

ammonium m o ly b d a te  p r e s c r i b e d  f o r  g r a v i m e t r i c  work i n  S t a t u t o r y  

R u le s  and  O rd e rs  1932 N o .658 made u n d e r  t h e  F e r t i l i s e r s  and  

F e e d in g  S t u f f s  Act 1926 . T h is  r e a g e n t  was k e p t  f o r  se v e n  days  

i n  a warm p la c e  b e f o r e  u se  a s  d u r in g  t h a t  t im e  a  cream  c o lo u r e d  

p r e c i p i t a t e  was o f t e n  d e p o s i t e d .

M ethod o f  E s t im a t in g  I n o r g a n i c  P h o sp h o ru s  -  50 m i l s ,  o f  e x t r a c t  

( =  20 gm. o f  g r a i n )  w ere d i l u t e d  w i th  50 m i l s ,  o f  w a te r ,  15 gm 

o f  ammonium n i t r a t e  and 5 m i l s ,  o f  n i t r i c  a c i d  ad d ed .  The 

m ix tu re  was h e a t e d  i n  a  w a te r  b a t h  a t  65°C w i t h  35 m i l s ,  molyb

d a te  r e a g e n t  f o r  30 m in u te s .  The m ix tu re  was a l lo w e d  t o  s ta n d  

f o r  15 m in u te s  and was th e n  f i l t e r e d .  The p r e c i p i t a t e  was



w ashed w i t h  5$ n i t r i c  a c i d ,  d i s s o l v e d  i n  5 m i l s ,  ammonium 

h y d ro x id e  and  b o i l e d  w i t h  50 m i l s ,  w a te r  f o r  15 m in u te s .

1 0  gm. ammonium n i t r a t e  w ere added  and th e  s o l u t i o n  was
o

f i l t e r e d .  The f i l t r a t e  was h e a t e d  on a  w a te r  b a t h  t o  65 C 

w i th  5 m i l s ,  n i t r i c  a c i d  and  to  t h e  s o l u t i o n  was added  i n  a  

t h i n  s t r e a m  35 m i l s ,  o f  m o ly b d a te  r e a g e n t .  T h is  was a l lo w e d  

t o  s t a n d  a t  a  t e m p e r a tu r e  o f  65°C f o r  30 m in u te s  and  th e n  s e t  

a s i d e  t o  c o o l  f o r  15 m in u te s .  The s u p e r n a t a n t  l i q u i d  was 

f i l t e r e d  o f f  th ro u g h  an  a s b e s t o s  f i l t e r  i n  a  Gooch c r u c i b l e  

u n d e r  s l i g h t  s u c t i o n .  The p r e c i p i t a t e  was d i s s o l v e d  i n  35 m i l s .  

N/5 NaOH, and  50 m i l s ,  d i s t i l l e d  w a te r  and t h e  s o l u t i o n  b a c k -  

t i t r a t e d  w i t h  ^ / 5  HOI u s in g  p h e n o l p h t h a l e i n  a s  i n d i c a t o r .

35 m i l s .  ^ / 5  HC1 w ere t h e n  added , and t h e  s o l u t i o n  h e a t e d  on 

a  w a te r  b a t h  a t  90°C f o r  15 m in u te s .  A f t e r  c o o l in g  r a p i d l y  

th e  s o l u t i o n  was b a c k - t i t r a t e d  w i th  ^ / 5  NaOH u s in g  p h e n o lp h 

t h a l e i n  a s  i n d i c a t o r .

The amount o f  ^ / 5  NaOH was m u l t i p l i e d  by t h e  f a c t o r  

d e r iv e d  f o r  t h e  p h o sp h o -m o ly b d a te  p r e c i p i t a t e ,  and th e  p e r c e n t 

age p h o sp h o ru s  was e x p r e s s e d  i n  grammes o f  p h o sp h o ru s  p e n to x id e .

Method o f  E s t i m a t i n g  T o t a l  P h o s p h o ru s .

5 m i l s ,  e x t r a c t  ( =  2 gm. g r a i n )  w i t h  0 .5  gm. l i g h t  

magnesium o x id e  i n  an i g n i t i o n  c r u c i b l e  w ere d r i e d  i n  an  oven 

a t  100°C. The mass was i g n i t e d  by b u n sen  f la m e  t i l l  th e  

o r g a n ic  m a t t e r  was o x i d i s e d .  The mass was d i s s o l v e d  i n  5 m i l s ,  

n i t r i c  a c i d  and 50 m i l s ,  w a te r  and  b o i l e d .  10 gm. ammonium



n i t r a t e  w ere  added  and th e  f i l t e r e d  s o l u t i o n  was h e a t e d  on a  

w a te r  b a t h  a t  65°C w i th  35 m i l s ,  m o ly b d a te  r e a g e n t  f o r  30 

m in u te s .  A f t e r  c o o l i n g  f o r  15 m in u te s  i t  was f i l t e r e d  th ro u g h  

a  Gooch c r u c i b l e .  The e s t i m a t i o n  was c o n t in u e d  a s  d e s c r i b e d  

u n d e r  I n o r g a n i c  P h o sp h o ru s .

E s t i m a t i o n s  w ere made i n  t r i p l i c a t e  and t h e  mean v a lu e  

e x p r e s s e d  a s  shewn i n  f i g . 16 .

The e f f e c t  o f  c o n t r o l l i n g  h y d r o l y s i s  by means o f  an  

a c i d  s o l v e n t  was i n v e s t i g a t e d ,  and an  e x t r a c t  was made u s in g  

1 fo HC1 a s  th e  e x t r a c t i n g  medium.

An a t t e m p t  was made to  s t a b i l i s e  t h e  g r a i n  by h e a t i n g  

i t  w i t h  a b s o l u t e  a l c o h o l  i n  an  a u t o c l a v e  a t  1 -J- a tm o sp h e re s  

f o r  £ h o u r s .  The g r a i n  was th e n  d r i e d  t o  c o n s t a n t  w e ig h t ,  

c r u s h e d ,  e x t r a c t e d  w i t h  c o ld  w a te r  and a s s a y e d  a s  ab o v e .  An 

e x t r a c t  was a l s o  made u s in g  1$ HC1 a s  t h e  e x t r a c t i n g  medium.

The r e s u l t s  o f  t h e s e  d e t e r m i n a t i o n s  a r e  e x p r e s s e d  i n  f i g . 17 . 

These r e s u l t s  show t h a t

(a) a  l a r g e r  p r o p o r t i o n  o f  th e  p h o sp h o ru s  compounds 
i s  h y d r o ly s e d  when w a te r  i s  u s e d  a s  e x t r a c t i n g  
medium.

(b) l f 0 HC1 i n h i b i t s  enzyme a c t i o n .

(c) 1$ HC1 e x t r a c t s  more p h o sp h o ru s  f rom  t h e  g r a i n .

(d) A u to c la v in g  th e  g r a i n  w i th  a l c o h o l  s e r v e s  to  
s t a b i l i s e  t h e  g r a i n ,  and p r e v e n t s  h y d r o l y s i s  
o f  th e  o r g a n ic  p h o sp h o ru s .

The zone o f  th e  enzyme a c t i o n  was th e n  i n v e s t i g a t e d .

I f  th e  p h o sp h o ru s  compounds w ere c a t a b o l i s e d  i n  th e  p e r i c a r p  

and th e  a r e a ,  e x t e r n a l  to  th e  endosperm , a  p o r t i o n  o f  th e  g r a i n



i n  w h ich  t h a t  a r e a  was a b s e n t  s h o u ld  show no e v id e n c e  o f  p h o s 

p h o ru s  h y d r o l y s i s .  A c c o r d in g ly  e x t r a c t s  o f  Siam p o l i s h e d  r i c e  

w ere  p r e p a r e d  and  a s s a y e d  a s  d e s c r i b e d  ab o v e .  I n  f i g . 18 t h e  

r e s u l t s  o f  t h e  a n a l y s i s  i n d i c a t e  t h a t  t h e r e  i s  no i n o r g a n ic  

p h o sp h o ru s  i n  p o l i s h e d  r i c e  and  t h a t  t h e r e  i s  e v id e n c e  o f  

h y d r o l y s i s  to  a  s l i g h t  d e g re e  o f  o r g a n ic  p h o sp h o ru s  a f t e r  

e x t r a c t i o n  w i t h  w a t e r .  T h is  s u g g e s t s  t h e  a b se n c e  o f  enzymes 

c a p a b le  o f  p h o s p h o r ic  h y d r o l y s i s .

As was d e m o n s t r a te d  i n  th e  m ic ro s c o p ic  e x a m in a t io n  o f  

p o l i s h e d  r i c e ,  t h e r e  was a  v a r i a b l e  m in u te  amount o f  a l e u r o n e  

l a y e r  a d h e r e n t  to  t h e  endosperm . The e v id e n c e  t h u s  s u p p o r t s  

th e  c o n t e n t i o n  t h a t  th e  enzyme i s  l o c a t e d  i n  th e  zone e x t e r n a l  

to  t h e  endosperm .

The i n f l u e n c e  o f  enzyme a c t i o n  i n  t h e  p a r b o i l i n g  o f  

r i c e  was c o n s id e r e d .  Paddy r i c e  was s te e p e d  i n  c o ld  w a te r  f o r  

£4 h o u r s  and b o i l e d  f o r  10 m in u te s  when th e  h u sk s  a p p e a re d  to  

become d e ta c h e d  from  th e  g r a i n .  The mass was t r a n s f e r r e d  to  a 

c a n v a s  t r a y  and d r i e d  i n  a  c u r r e n t  o f  warm a i r .  T h e r e a f t e r  

d r y in g  was c o n t in u e d  to  c o n s t a n t  w e ig h t .  £ 0 0  gm. w ere c r u s h e d ,  

e x t r a c t e d  w i th  1$ HC1, and a s s a y e d  a s  d e s c r i b e d  ab o v e .

Paddy r i c e  w hich  had  b e e n  p r e v i o u s l y  a u to c l a v e d  w i th  

a l c o h o l  was s i m i l a r l y  p a r b o i l e d  and a s s a y e d .

From th e  a n a l y s e s  f i g . 1 9 ,  i t  i s  s e e n  t h a t  i n  t h e  p r o c e s s  

o f  p a r b o i l i n g  t h e r e  i s  a l o s s  i n  t h e  t o t a l  p h o sp h o ru s  c o n te n t  

and an  i n c r e a s e  i n  th e  amount o f  i n o r g a n ic  p h o sp h o ru s .  The 

h y d r o l y s i s  o f  th e  p h o sp h o ru s  compound t a k e s  p la c e  d u r in g  t h e



s t e e p i n g  o f  t h e  g r a i n  i n  w a t e r .  I t  was a l s o  n o te d  t h a t  t h e r e  

was a g r a d u a l  i n c r e a s e  i n  t h e  a c i d i t y  o f  t h e  w a te r  d u r in g  t h e  

s t e e p i n g  p r o c e s s .

F u r t h e r  a n a l y s e s  w ere made o f  e x t r a c t s  o f  p a r b o i l e d  

r i c e  w h ich  had  b e e n  h i g h l y  m i l l e d .  These  sam ples  o f  r i c e  w ere 

known i n  commerce a s  p a r b o i l e d  r i c e .

I n  f i g .  20 i t  i s  shown t h a t  d u r in g  th e  p a r b o i l i n g  o f  

r i c e  a b o u t  25$ o f  th e  o r g a n ic  p h o sp h o ru s  i s  h y d r o l i s e d ,  and 

t h a t  d u r in g  t h e  su b se q u e n t  m i l l i n g  p r o c e s s  a c o n s id e r a b l e  p e r 

c e n ta g e  o f  t h e  p h o sp h o ru s  i s  rem oved b u t  t h a t  t h e  r a t i o  o f  

in o r g a n ic  and  t o t a l  p h o sp h o ru s  i s  u n a l t e r e d .  I t  i s  a l s o  s e e n  

t h a t  t h e r e  i s  no e v id e n c e  o f  f u r t h e r  h y d r o l y s i s .  T h is  s u g g e s t s  

t h e  a b se n c e  o f  p h o s p h o ly s in g  enzymes i n  m i l l e d  p a r b o i l e d  r i c e .

I s o l a t i o n  o f  th e  Enzyme.

A t te m p ts  were made to  i s o l a t e  th e  enzyme by two d i f 

f e r e n t  m e th o d s .  I n  t h e  f i r s t  method s u g g e s te d  by th e  work o f
38S usuk i e t  a l i a  r i c e  b r a n  was u s e d .

1000 gm. r i c e  b r a n  w ere r e f l u x e d  w i th  e t h e r  i n  a  S o x le t  

a p p a r a tu s  f o r  4 h o u r s .  The d e f a t t e d  b r a n  was d r i e d  i n  a i r ,  

d i g e s t e d  w i th  w a te r  f o r  4 -5  h o u r s  and f i l t e r e d  th ro u g h  a  Gooch 

f u n n e l .  The f i l t r a t e  was n e u t r a l i s e d  w i th  b a r iu m  h y d ro x id e  

and a s o l u t i o n  o f  b a r iu m  c h l o r i d e  was added , t i l l  t h e r e  was no 

f u r t h e r  p r e c i p i t a t e .  The p r e c i p i t a t e  was f i l t e r e d  and th e  

f i l t r a t e  was s lo w ly  added w i t h  s t i r r i n g  to  a m ix tu re  o f  85$ 

a l c o h o l  and e t h e r .  The w h i te  p r e c i p i t a t e  v/as s e p a r a t e d ,  d i s s o l v e d



i n  w a te r  and b a r iu m  c h l o r i d e  s o l u t i o n  added* The s m a l l  p r e c 

i p i t a t e  was f i l t e r e d  and t h e  f i l t r a t e  was g r a d u a l l y  p o u re d  

i n t o  a  m ix tu re  o f  a l c o h o l  and e th e r *  The p r e c i p i t a t e ,  w hich  

was a l lo w e d  to  s e t t l e  o v e r n i g h t ,  was f i l t e r e d ,  w ashed w i th  

a l c o h o l - e t h e r  m i x t u r e ,  and d r i e d  i n  . vacuo o v e r  HgSO^. The 

p r e c i p i t a t e  w eig h ed  1 9 .4 5  gm. r e p r e s e n t i n g  a  y i e l d  o f  1 .9 5 $ ,

The w h i te  powder was r e a d i l y  s o l u b l e  i n  w a t e r .

The seco n d  m ethod was an  a t t e m p t  to  i s o l a t e  t h e  enzyme 

d u r in g  a  p e r i o d  o f  a c t i v a t i o n .  I t  was c o n s id e r e d  t h a t  i f  r i c e  

was g e r m in a te d  f o r  a  p e r i o d  o f  say  14 d a y s ,  th e  o r g a n ic  p h o s 

p h o ru s  compounds w ould be h y d r o l i s e d  d u r in g  t h i s  p e r i o d ,  i n  

th e  c o u r s e  o f  c a t a b o l i s m ,  t o  s u p p ly  e n e rg y  and fo o d  f o r  th e  

young p l a n t .  The enzyme w ould  be i n  an  a c t i v e  s t a t e ,  and 

m ight be more r e a d i l y  i s o l a t e d .

A c c o rd in g ly  500 gm. paddy r i c e  w ere s p re a d  i n  l a y e r s

o f  m o is t  c o t t o n  wool and  m a in ta in e d  i n  a  d a rh  m o is t  a tm o sp h e re

f o r  10 d a y s .  The g e r m in a t in g  s e e d s  w ere th e n  c ru s h e d  i n  a

h y d r a u l i c  p r e s s  and th e  e x t r a c t e d  l i q u o r  was s e p a r a t e d .  The

c ru s h e d  s e e d s  w ere d i g e s t e d  w i th  25$ a l c o h o l  and th e n  p e r c o l a t e d

w i t h  1 l i t r e  25$ a l c o h o l .  The p e r c o l a t e  was c o n c e n t r a t e d  i n

v acu o ,  and  th e  c o n c e n t r a t e  was p o u red  i n t o  96$ a l c o h o l .  The

p r e c i p i t a t e ,  a f t e r  s e t t l i n g ,  was f i l t e r e d ,  washed w i th  96$

a l c o h o l ,  t h e n  w i th  e t h e r  and d r i e d  i n  vacuo o v e r  ELSO,,. The * 2 4
p r e c i p i t a t e  w eighed  4 .5  gm. r e p r e s e n t i n g  a  y i e l d  o f  0 .9 $ .  The 

w h i te  powder was r e a d i l y  s o lu b l e  i n  w a t e r .

These p r e p a r a t i o n s  w ere n o t  i n v e s t i g a t e d  c h e m i c a l l y , 

b u t  were p r e p a re d  f o r  a n im a l e x p e r im e n ts .



CHEMICAL IHVESTIGATIQfl.

The c h e m ic a l  i n v e s t i g a t i o n  was u n d e r t a k e n  w i t h  a  v iew  

to  i s o l a t i n g  t h e  t o x i c  s u b s ta n c e  o r  s u b s t a n c e s  w h ich  w ere 

b e l i e v e d  t o  be t h e  c a u se  o f  b e r i - b e r i .

Stockman and  J o h n s t o n ^  d e s c r i b e d  th e  a c t i o n  o f  an  

aq u eo u s  e x t r a c t  o f  p o l i s h e d  r i c e  on a  monkey and  a t t r i b u t e d  

i t  t o  an  a c i d ,  s i m i l a r  t o  t h a t  i n  m aize  w hich  c a u s e d  p e l l a g r a .

I t  was th o u g h t  t h a t  th e  r o l e  o f  t h e  o r g a n ic  p h o sp h o ru s  com

pounds was w o r th y  o f  i n v e s t i g a t i o n  and t h e  method u s e d  i n  

i s o l a t i n g  t h e s e  compounds was a s  f o l l o w s .

The g r a i n  was c ru s h e d  i n  a  m i l l  t o  a c o a r s e  pow der.

I t  was m a c e ra te d  w i t h  1$  HC1 f o r  e i g h t  h o u r s  a t  a  t e m p e r a tu re  

n o t  e x c e e d in g  35°C an d  th e n  p e r c o l a t e d  f o r  24 h o u r s .  The 

p e r c o l a t e  was m ixed w i th  sodium  a c e t a t e  i n  t h e  p r o p o r t i o n  o f  

2 9 .1  gm. p e r  l i t r e  o f  p e r c o l a t e ,  and f i l t e r e d .  A c o n c e n t r a t e d  

s o l u t i o n  (30$) o f  l e a d  a c e t a t e  was added  to  th e  f i l t r a t e  t i l l  

t h e r e  was no f u r t h e r  p r e c i p i t a t e .  I t  was f i l t e r e d .  The p r e c i p 

i t a t e  was known a s  t h e  "Lead P r e c i p i t a t e 1*. To t h e  f i l t r a t e  

was added  a  30$ s o l u t i o n  o f  m e rc u r ic  a c e t a t e  t i l l  t h e r e  was no 

f u r t h e r  p r e c i p i t a t e .  I t  was f i l t e r e d .  T h is  p r e c i p i t a t e  was 

known a s  t h e  "M ercury  P r e c i p i t a t e " .  The f i l t r a t e  was r e j e c t e d .

Method o f  I s o l a t i n g  th e  Toxic S u b s ta n c e s  
from  th e  ^Lead and  M ercury P r e c i p i t a t e s . "

The p r e c i p i t a t e  was washed w i th  c o ld  w a te r  t i l l  t h e  

w ash in g s  gave no r e a c t i o n  to  l i t m u s  p a p e r .  The p r e c i p i t a t e  was 

suspended  i n  c o ld  w a te r  and  h y d ro g en  s u lp h id e  was p a s s e d  i n  a



s low  s t r e a m  w i t h  s t i r r i n g  t i l l  a l l  t h e  m e ta l  was p r e c i p i t a t e d  

a s  s u l p h i d e .  I t  was f i l t e r e d .  The s u lp h id e  was d i s c a r d e d .

and  f i l t e r e d .  The f i l t r a t e  was p o u re d  i n t o  a b s o l u t e  a l c o h o l  i n  

a  t h i n  s t r e a m  w i th  c o n s t a n t  s t i r r i n g .  The p r e c i p i t a t e  was 

w ashed w i th  a b s o l u t e  a l c o h o l  and  d r i e d  i n  vacuo o v e r  c a lc iu m  

c h l o r i d e .  I t  was known a s  t h e  "A lco h o l  I n s o l u b l e  P r e c i p i t a t e ” .

i s e d  w i t h  sodium  b i c a r b o n a t e ,  f i l t e r e d  and th e  f i l t r a t e  s e t  

a s i d e  to  c r y s t a l l i s e .

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

and m in im ise d  th e  h y d r o l y s i s  o f  e s t e r s  to  i n o r g a n ic  p h o sp h o ru s  

and lo w e r  e s t e r s .

s e p a r a t e d  and  d r i e d  a s  a  p u re  w h i te  pow der. I t  was v e ry  s o lu b l e  

i n  w a te r  and  was a c i d  to  l i t m u s .  I t  g a v e  r e a c t i o n s  f o r  

c a lc iu m ,  magnesium and p h o s p h o ru s .

f o r  6  h o u r s  and  b a r y t a  w a te r  was added , th e  f i l t r a t e ,  when 

c o n c e n t r a t e d  i n  vacuo and p o u red  i n t o  a l c o h o l ,  fo rm ed a  w h i te  

p r e c i p i t a t e ,  w hich  on d r y in g  y i e l d e d  th e  r e a c t i o n s  o f  I n o s i t o l .  

W ith  t h e  a c e t a t e s  o f  l e a d ,  co p p e r  and m ercu ry  i t  fo rm ed  den se  

p r e c i p i t a t e s .  An aqueous  s o l u t i o n  n e u t r a l i s e d  w i th  HaOH form ed 

a  w h ite  p r e c i p i t a t e  w hich  when f i l t e r e d  and d r i e d  gave r e a c t i o n s  

f o r  Ca and Mg. I t  was a  n e u t r a l  Ca Mg s a l t  o f  p h y t i c  a c i d ,

The f i l t r a t e  was c o n c e n t r a t e d  i n  vacuo a t  35°C t o  a  t h i n  sy ru p

The f i l t r a t e  was c o n c e n t r a t e d  i n  vacuo to  a  t h i n  s y ru p ,  n e u t a l

The m ethod o f  e x t r a c t i o n  d e s c r i b e d  above s e rv e d  t o

( I )  The A lc o h o l  I n s o l u b l e  l e a d  p r e c i p i t a t e  (AlPb) was

o
When h e a t e d  w i th  d i l u t e  HgSO^. i n  an  a u to c l a v e  a t  150 C



21.

i n s o l u b l e  i n  w a t e r ,  b u t  s o l u b l e  i n  a c i d  s o l u t i o n .  On a d d in g  

a l c o h o l  t o  t h e  f i l t r a t e ,  n e u t r a l  sodium  p h y t a t e  was p r e c i p i 

t a t e d .

The f r e e  a c i d  was g e n e r a t e d  by d i s s o l v i n g  th e  AlPb 

p r e c i p i t a t e  i n  w a t e r ,  a d d in g  l e a d  a c e t a t e  s o l u t i o n  and d e 

com posing th e  l e a d  p r e c i p i t a t e  w i th  h y d ro g e n  s u l p h i d e .  The 

f i l t r a t e  was c o n c e n t r a t e d  i n  vacuo t o  a  t h i n  c l e a r  s y ru p .  I t  

fo rm ed  a c i d  and n e u t r a l  s a l t s  w i th  a l k a l i e s  w h ich  w ere  v e ry  

s o l u b l e  i n  w a t e r ,  w h i le  w i th  C a . ,M g . ,  Ba and  th e  h eavy  m e ta l s  

i t  fo rm ed  two s e r i e s  o f  s a l t s  -  a c i d  s a l t s ,  s o lu b l e  i n  w a te r ,  

and  d o u b le  s a l t s  i n s o l u b l e  i n  w a te r  b u t  s o lu b l e  i n  d i l u t e  

a c i d  s o l u t i o n .

I n  f i g .  21 t h e  p e r c e n ta g e  y i e l d s  a r e  shown. These 

q u a n t i t i e s  were o b ta in e d  from  th e  e x t r a c t i o n  o f  500 gm. o f  

t h e  g r a i n .

The m a t e r i a l  p r e p a r e d  f o r  a n im a l  e x p e r im e n ts  was i s o 

l a t e d  from  8  kgm. and  1 2  kgm. l o t s .  These e x t r a c t i o n s  were 

c a r r i e d  o u t  i n  l a r g e  wooden b a r r e l s  and s u b s e q u e n t ly  p r e c i p i 

t a t i o n  was done i n  l a r g e  p o r c e l a i n  c o n t a i n e r s .

( I I )  The A lc o h o l  S o lu b le  Lead P r e c i p i t a t e  (ASPb).

The c r y s t a l s  w h ich  s e p a r a t e d  w e re ,  a f t e r  f u r t h e r  r e - c r y s t a l l i s 

a t i o n ,  a n a ly s e d  and fo u n d  t o  be sodium p h o s p h a te  (NagHPO^j^HgO) . 

The y i e l d  was s m a l l  and v a r i a b l e .  I n  e a r l i e r  e x t r a c t i o n s ,  

when c o ld  c h lo ro fo rm  w a te r  was u s e d  a s  t h e  e x t r a c t i n g  medium 

i n s t e a d  o f  1 f0 HC1, th e  y i e l d  was q u i t e  l a r g e ,  a s  much a s  

0 .3 - 0 .4 5 ^  b e in g  o b t a i n e d .



( I l l )  The M ercury  P r e c i p i t a t e .  -  When c h lo ro fo rm  w a te r  

was u s e d  f o r  e x t r a c t i n g ,  i n  e a r l i e r  i n v e s t i g a t i o n s ,  q u i t e  a  

l a r g e  p r e c i p i t a t e  was fo rm ed  when m e rc u r ic  a c e t a t e  was added  to  

t h e  f i l t r a t e  f ro m  t h e  l e a d  p r e c i p i t a t e .  On f u r t h e r  i s o l a t i o n  

th e  a l c o h o l  i n s o l u b l e  p o r t i o n  was fo u n d  t o  r e se m b le  i n  a p p e a r 

an ce  and i n  many r e a c t i o n s  t h o s e  o f  A lP b . I t  d i f f e r e d  i n  t h a t  

no p r e c i p i t a t e s  w ere y i e l d e d  w i t h  l e a d  or c o p p e r  a c e t a t e  and 

no r e a c t i o n s  w ere o b t a in e d  f o r  Mg o r  Ca. I n  v iew  of  th e  f a c t  

t h a t  no m ercu ry  p r e c i p i t a t e  was o b t a i n e d  when 1  f0 HC1  was u se d  

a s  e x t r a c t a n t ,  f u r t h e r  i n v e s t i g a t i o n  o f  AIHg was ab andoned .

I t  i s  p o s s i b l e  t h a t  i t  r e p r e s e n t e d  i n t e r m e d i a t e  d e g r a d a t i o n  

p r o d u c t s  o f  p h y t i c  a c i d ,  and  p r o h a b ly  c o n s i s t e d  o f  lo w e r  e s t e r s

o f  p h o s p h o r ic  a c i d  w i t h  i n o s i t o l ,  su ch  a s  th e  mono-, d i -  and
40

t r i - p h o s p h o r i c  e s t e r s  d e s c r i b e d  by A nderson



ACTION OH ANIMALS.

The a c t i o n  o f  p h y t a t e s  h a s  b e e n  i n v e s t i g a t e d  by
41

G i l b e r t  and  Lippmann who fo u n d  t h a t  w h e re a s  i n  r a b b i t s  and 

g u in e a  p i g s  t h e  l e t h a l  dose  by  in t r a v e n o u s  r o u t e  was a b o u t

50 mg. p e r  ig ,.  b . w . , 3 gm. w ere r e q u i r e d  h y p o d e r m ic a l ly ,  w h i le
42Mendel and  U n d e r h i l l  fo u n d  a  c o r r e s p o n d in g  d i f f e r e n c e  i n  

d e g re e  o f  a c t i o n .  The f o l l o w i n g  e x p e r im e n ts  were made w i th  

t h e  A lc o h o l  I n s o l u b l e  Lead P r e c i p i t a t e  (A lP b ) . A c o n s id e r a b l e  

number o f  e x p e r im e n ts  w ere p e r fo rm e d ,  o n ly  some o f  w h ich ,  f o r  

th e  sak e  o f  b r e v i t y ,  a r e  r e c o r d e d .

E x p e r im e n t I . ( F ig .  22) F r o g s .

H y p o d e rm ic a l ly  a  dose  o f  0 .1  gm. p ro d u c e d  d e p r e s s i o n  

i n  5 m in u te s ,  w h ich  was fo l lo w e d  by m arked p a r e s i s  and i n  some 

c a s e s  v i o l e n t  t e t a n u s .  The h e a r t  s to p p e d  i n  d i a s t o l e  and t h e r e  

was p a r a l y s i s  o f  th e  m u sc le s  ro u n d  th e  s i t e  o f  i n j e c t i o n .  I n  

d o s e s  o f  0 .0 2 - 0 .0 5  gm. t h e r e  was m arked p a r a l y s i s  o f  th e  b r a i n  

and s p i n a l  c o rd  w h ich  l a s t e d  f o r  some h o u r s .  I t  was f o l lo w e d  

by i n c r e a s e d  s p i n a l  r e f l e x e s  w hich  l a s t e d  f o r  some d a y s .

E x p e r im e n t I I . ( F i g . 23) R a b b i t s .

By hypoderm ic  i n j e c t i o n  a  dose  o f  1 .0  gm. c a u se d  p a r 

a l y s i s  o f  th e  h in d  l e g s .  The c o n d i t i o n  g r a d u a l l y  im proved  i n  

th e  c o u r s e  o f  4  h o u r s .  S m a lle r  d o s e s  c a u se d  d e p r e s s i o n .  I n t r a 

v e n o u s ly  th e  a c t i o n  was more r a p i d  and a f t e r  a  dose  o f  0 .3  gm. 

by th e  e a r  v e i n ,  a r a b b i t  v/as m ark ed ly  d e p r e s s e d  and d u l l  i n



10 m in u te s .  With, l a r g e r  d o s e s  t h e  s ig n s  w ere  e x a g g e r a t e d .

G iven  by mouth t h e  a c t i o n  v a r i e s  somewhat i n  t h e  

a n im a l s .  W ith  r a b b i t s  a  dose  o f  5 gm. p ro d u c e d  d r o w s in e s s  

and  l e t h a r g y  w hich  l a s t e d  f o r  a  d ay ,  b u t  t h e r e  w ere no i l l  

e f f e c t s  o b s e rv e d  n e x t  d a y .  W ith p ig e o n s  ( f i g . 24) a  d o se  o f  

3 .0  gm. p ro v e d  f a t a l  and  th e  s ig n s  p ro d u c e d  c l o s e l y  re se m b le d  

t h o s e  o f  p o l y n e u r i t i s  g a l l i n a r u m .  T here  a p p e a r s  to  be  a  l i m i t  

t o  t h e  e x t e n t  o f  d e g r a d a t i o n  o f  t h e  e s t e r s  t o  i n o r g a n ic  p h o s 

p h a t e s  i n  th e  s tom ach and b o w el,  and  when th e  undecom posed 

o r  p a r t i a l l y  decomposed e s t e r s  a r e  a b s o rb e d  th e y  a r e  t o x i c  

and  e x e r t  a  m arked a c t i o n  on t h e  b r a i n  and  s p i n a l  c o r d .



AHIMAL FEEDING EXPERIMENTS.

43
I n  1897 E ijkm an  p u b l i s h e d  some e x p e r im e n ts  w hich  he 

had  c o n d u c te d  i n  J a v a .  He fo u n d  t h a t  a  d i e t  o f  cooked o r  raw  

d e c o r t i c a t e d  r i c e  p ro d u c e d  i n  fo w ls  a  s p o n ta n e o u s  p o l y n e u r i t i s  

i n  3 -4  w eeks c h a r a c t e r i s e d  by d e g e n e r a t i o n  o f  p e r i p h e r a l  

n e r v e s  and  a t r o p h y  o f  t h e  g a n g l io n  c e l l s  i n  a n t e r i o r  c o rn u  o f  

t h e  s p i n a l  c o r d .  He a t t r i b u t e d  t h i s  d i s e a s e  t o  a  t o x i c  su b 

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

As a  r e s u l t  o f  s u b se q u e n t  e x p e r im e n ts  i t  was r e c o g n i s e d  

t h a t  a  d i s e a s e  was p ro d u c e d  i n  p ig e o n s  and fo w ls  w hich  w ere  f e d  

on c e r t a i n  r i c e s .  T h is  d i s e a s e  was c h a r a c t e r i s e d  by p a r a l y s i s  

o f  t h e  l e g s ,  f o l lo w e d  by p a r a l y s i s  o f  th e  w ings  and r e t r a c t i o n ,  

( o p i s th o to n u s )  o r  by f a l l i n g  fo rw a rd  (e m p ro s th o to n u s )  o f  th e  

h ead  ( f i g . 2 5 ) .  The g a i t  o f  th e  a n im a l  re se m b le d  v e ry  c l o s e l y  

t h a t  s e e n  i n  b e r i - b e r i .  The p e r i p h e r a l  n e r v e s  o f  t h e s e  a n im a ls  

on h i s t o l o g i c a l  e x a m in a t io n  showed t y p i c a l  W a l l e r i a n  d e g e n e ra 

t i o n .

The d i s e a s e  was c a l l e d  p o l y n e u r i t i s  g a l l i n a r u m  and from  

th e  c l i n i c a l  m a n i f e s t a t i o n s  and p a t h o l o g i c a l  e f f e c t s  i t  was 

u se d  a s  a  r e a c t i o n  on w hich  were b a s e d  th e  f i n d i n g s  o f  th e  

e x p e r im e n t .

The e x p e r im e n ts  a b o u t  to  be sum m arised a r e  d e s c r ib e d  

i n  f u l l  i n  Volume 2 ,  F i g .  2 6 -3 2 .  The e x p e r im e n ts  w i th  p ig e o n s  

were c o n d u c te d  i n  pens  w i th  c o n c r e te  w a l l s  and f l o o r s .  V e n t i 

l a t i o n  and l i g h t  w ere p ro v id e d  by a w ir e  c a g in g ,  g e n e r a l l y  on 

a t  l e a s t  two s i d e s .  The p ig e o n s  were a l lo w e d  a d i s h  o f  w a te r .



E x p e r im e n t  I . ( F ig .  26 and  26A.)

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

p ig e o n s  w i t h  t h e  p o r t i o n  o f  r i c e  rem oved i n  m i l l i n g ,  6 p ig e o n s  

w ere f e d  on Siam p o l i s h e d  r i c e .  I n  19-21  d a y s  t h e y  a l l  showed 

s ig n s  o f  t h e  d i s e a s e .  At th e  o n s e t  o f  t h e  d i s e a s e ,  2 w ere f e d  

r i c e  b r a n  ( p o l i s h i n g s )  by th e  mouth (4 gm.) d a i l y ,  and one 

r e c o v e r e d  c o m p le te ly  i n  a  d a y ,  w h i le  th e  o t h e r  a f t e r  o n ly  a  

t r a n s i e n t  r e c o v e r y  d ie d  p a r a l y s e d .  L ik e w ise  4 w ere f e d  r i c e  

b r a n  w h ich  h ad  b e e n  made i n t o  a  w ash w i th  w a te r  and  th e n  d r i e d  

on a  s team  b a t h .  They a l l  showed a  s l i g h t  im provem ent, b u t  

a f t e r  p r o lo n g e d  t r e a t m e n t  f a i l e d  to  r e c o v e r  t h e i r  no rm al con 

d i t i o n  and  d i e d  p a r a l y s e d .  W hile r i c e  b r a n  was s u c c e s s f u l  i n  

r e s t o r i n g  p o l y n e u r i t i c  p ig e o n s  to  n o rm a l,  t h e  c u r a t i v e  p r o p e r t y  

was d e s t r o y e d  by h e a t i n g  on a  s team  b a t h .

E x p e r im en t I I . ( F ig .  27 and 27A.)

D e te r m in a t io n s  were made t o  f i n d  i f  t h e  c u r a t i v e  p r o p 

e r t y  i n  r i c e  b r a n  was s o lu b l e  i n  a l c o h o l .  A c c o rd in g ly  r i c e  

b r a n  was e x t r a c t e d  w i th  l f 0 HOI, th e  e x t r a c t  was n e u t r a l i s e d  

w i th  sodium  a c e t a t e  and f i l t e r e d .  The f i l t r a t e  was p o u red  

i n t o  a b s o l u t e  a l c o h o l .  The f i l t r a t e  was n e u t r a l i s e d  w i t h  NaOH 

and c o n c e n t r a t e d  to  a  volume such  t h a t  1 e . c .  ss 4 gm. r i c e  b r a n .  

P ig e o n s  w ere f e d  Siam p o l i s h e d  r i c e  t i l l  t h e  o n s e t  o f  p o ly 

n e u r i t i s .  A f t e r  th e  a d m i n i s t r a t i o n  o f  an  e q u i v a l e n t  o f  20 gm. 

r i c e  b r a n  t h e r e  was a  s l i g h t  im provem ent, w hich  however was 

o n ly  t r a n s i e n t .  Where t h e  dose  was g iv e n  d a i l y  a s  p r o p h y la c t i c



27.

t r e a t m e n t ,  t h e r e  w ere no i n d i c a t i o n s  o f  p o l y n e u r i t i s  a f t e r  

30 d a y s .

I t  w ould  t h u s  a p p e a r  t h a t  some p r o t e c t i v e  s u b s ta n c e  

w hich  i s  e x t r a c t e d  by a c i d  and i s  s o lu b l e  i n  a l c o h o l  was 

p r e s e n t  i n  t h e  e x t r a c t  from  b r a n .  T h is  s u b s ta n c e  a p p e a re d  to  

p r e v e n t  b u t  was n o t  a b le  t o  c u r e  th e  p o l y n e u r i t i c  c o n d i t i o n .

E x p e rim en t  I I I . ( F ig .  28 and 28A.)

The c u r a t i v e  t r e a t m e n t  o f  p o l y n e u r i t i s  g a l l i n a r u m  was 

o b s e rv e d  u s in g  a  c o n c e n t r a t e d  p r e p a r a t i o n  o f  v i t a m in  B], ob 

t a i n e d  f ro m  J a v a .

I t  was fo u n d  t h a t  w here d o s e s  o f  0 . 2 - 0 . 5  c . c .  co n 

c e n t r a t e  e q u i v a l e n t  t o  2 0 -3 0  t im e s  t h e  c u r a t i v e  day  dose  o f  

w ere g iv e n  t h e r e  was a  d r a m a t ic  r e c o v e r y ,  b u t  t h e r e  was no 

r e s t o r a t i o n  o f  w e ig h t ,  and th e  p ig e o n s  a f t e r w a r d s  d i e d .

T h is  i s  i n  ag reem en t w i th  th e  o b s e r v a t i o n s  made by 
44O’B r i e n  w h ich  I  came upon a t  a  l a t e r  d a t e .

E x p e r im en t IV . ( F ig .  29 and  29A.)

Siam p o l i s h e d  r i c e  was m a c e ra te d  w i t h  c o ld  w a te r  f o r  3 

d ays  and  th e n  p e r c o l a t e d  t i l l  no a p p r e c i a b l e  r e s i d u e  was ob

t a i n e d  on e v a p o r a t in g  the p e r c o l a t e . I h e  r i c e  was d r i e d  on a  

w a te r  b a t h  and f e d  to  p ig e o n s .

I t  was fo u n d  t h a t  th e  p ig e o n s  became p o l y n e u r i t i c  i n  

from  15-21  d a y s ,  f rom  w hich  th e y  r e c o v e r e d  i f  g iv e n  r i c e  b r a n  

by m outh. T here  i s  a  c o n s id e r a b l e  l o s s  i n  a s h  v a lu e  and P90M O
c o n te n t  when Siam p o l i s h e d  r i c e  i s  e x t r a c t e d  w i t h  w a te r ;  th e



a s h  v a lu e  0 .1 7 9 2  and  PgOg v a lu e  0 .1 0 7 0  com pared w i th  0 .4 9 0 4  

and  0 .2 4 0 8  i n  u n e x t r a c t e d  r i c e .  The p e r c e n t a g e  o f  p h o sp h o ru s  

i s  v e ry  low  and i s  n o t  s u f f i c i e n t  t o  p r e s e r v e  a  p ig e o n  i n  good 

c o n d i t i o n .

E x p e r im e n t  V. ( F ig .  30 and 30A.)

On a  d i e t  o f  p a r b o i l e d  r i c e  w h ich  had  b e e n  h i g h l y

m i l l e d ,  p ig e o n s  re m a in e d  q u i t e  norm al a f t e r  147 d a y s .  F r a s e r
45and  S ta n to n  have  a t t r i b u t e d  t h i s  to  t h e  p r e s e n c e  o f  t h e  su b -  

p e r i c a r p a l  l a y e r .

From my e a r l i e r  i n v e s t i g a t i o n s  i t  w i l l  be  s e e n  t h a t  

l i t t l e  o r  no a l e u r o n e  l a y e r  was l e f t  i n  th e  p a r b o i l e d  r i c e  

u s e d  i n  t h e s e  e x p e r im e n t s .  The e f f i c i e n c y  o f  t h i s  r i c e  I  

a t t r i b u t e  t o  t h e  p a r b o i l i n g  p r o c e s s  w h ic h  c o n v e r t s  a t  l e a s t  

25$ o r g a n ic  p h o sp h o ru s  t o  th e  i n o r g a n ic  s t a t e ,  t h e r e b y  r e n d e r 

in g  i t  n o n - to x i c  o r  c a p a b le  o f  a s s i m i l a t i o n .

E x p e r im en t V I . ( F ig s .  31 and 31A.)

P ig e o n s  f e d  on u n m i l l e d  r i c e  re m a in e d  q u i t e  h e a l t h y .  

T h is  i s  i n  a g reem en t w i th  t h e  r e s u l t s  o f  a l l  i n v e s t i g a t o r s  

and c a n  be  a t t r i b u t e d  to  t h e  p r e s e n c e  o f  th e  e s s e n t i a l  su b 

s ta n c e  i n  th e  p e r i c a r p a l  and s u b - p e r i c a r p a l  l a y e r s ,  w hich  d e -  

t o x i c a t e s a n d  r e n d e is  t h e  p h o sp h o ru s  c a p a b le  o f  b e in g  a s s i m i l a t e d .

E x p e rim en t V I I . ( F ig s .  32 , and 32A ,B ,C .)

R ice  b r a n  was mixed i n t o  a  s t i f f  wash w i th  w a te r  and 

g e n t l y  d r i e d  I n t o  c a k e s  and  f e d  t o  p ig e o n s .  A f t e r  18-21  d ay s



t h e r e  w ere  d e f i n i t e  s i g n s  o f  p o l y n e u r i t i s  w h ich  d e v e lo p e d  to  

a  f a t a l  t e r m i n a t i o n  i n  from  £ 3 -3 0  d a y s .  When th e  b r a n  was 

m ixed w i t h  a b o u t  £0$ c r u s h e d  p o l i s h e d  r i c e  and  f e d  i n  t h e  same 

way, th e  p ig e o n s  re m a in e d  i n  good c o n d i t i o n  and  g a in e d  i n  

w e i g h t .
4

T h is  e v id e n c e  s u p p o r t s  t h e  o b s e r v a t i o n s  o f  R .R .W il l ia m s  

who fo u n d  t h a t  p ig e o n s  on an  e x c l u s iv e  d i e t  o f  r i c e  m eal d ev 

e lo p e d  p o l y n e u r i t i s ,  t o  w hich  he a t t r i b u t e d  a  t o x i c  s u b s ta n c e
47i n  t h e  o u t e r  c o a t s  o f  r i c e .  P .  H. Moore fo u n d  t h a t  on a  

s i m i l a r  d i e t  p i g s  d e v e lo p e d  a  la m e n e ss  i n  t h e  h in d  l e g s  and 

d y sp n o ea  on  s l i g h t  e x e r t i o n .  The g a i t  became s t a g g e r i n g ,  and 

th e  s k i n  and h a i r  were d i s c o l o u r e d .  These s ig n s  d e v e lo p e d  

a f t e r  3 0 -50  d a y s  f e e d in g  and c e a s e d  when t h e  d i e t  was a l t e r e d  

to  o t h e r  g r a i n .  He s u g g e s te d  a  s i m i l a r i t y  t o  b e r i - b e r i  and 

a t t r i b u t e d  t h e  d i s e a s e  t o  a  t o x i c  f a c t o r  i n  t h e  b r a n .

When a  d i e t  c o n s i s t i n g  o f  a  h ig h  p r o p o r t i o n  o f  th e  

i n i s o t o l  p h o s p h o r ic  e s t e r s  i s  a d m i n i s t e r e d ,  even  i n  th e  p r e s 

ence o f  th e  h y d r o ly s in g  enzym es, th e  amount o f  e s t e r s  may be 

s u f f i c i e n t  t o  p ro d u ce  on  a s s i m i l a t i o n  a  t o x i c  c o n d i t i o n  

r e s u l t i n g  i n  t h e  s ig n s  m a n i f e s t e d .



FEEDING- EXPERIMENTS WITH MONKEYS.

E x p e r im e n t  I .

A R hesus  monkey was f e d  d a i l y  on 150 gm. Siam p o l i s h e d  

r i c e ,  cooked  by s te a m in g ,  and f r e s h  f r u i t .  F or 40 d a y s  t h e r e  

w ere no p e r c e p t i b l e  c h a n g e s ,  and th e  a n im a l  a t e  w e l l .  On t h e  

4 1 s t  day  i t  s a t  h u d d le d  i n  a  c o r n e r  and was r e l u c t a n t  t o  move 

( f i g . 3 3 ) •  T here  was some p a r e s i s  o f  t h e  l e f t  arm, w hich  was 

f l e x e d  a t  th e  w r i s t .  A f t e r  2 d ay s  i t  r e c o v e r e d  and a p p e a re d  

q u i t e  n o rm a l .  By th e  8 8 th  day  i t  was a g a in  v e ry  q u i e t  and 

u n w i l l i n g  to  move. On e x e r c i s i n g  i t  was e a s i l y  e x h a u s te d .

I t  g r a d u a l l y  l o s t  w e ig h t  and i t s  b e h a v io u r  v a r i e d  from  day to  

d a y .  Sometimes i t  was q u i t e  a c t i v e  and a t  o t h e r  t im e s  i t  was 

u n w i l l i n g  t o  move a b o u t .  A f t e r  143 d ays1 f e e d i n g  t h e r e  was a  

r e c u r r e n c e  o f  th e  w r i s t  d ro p ,  w hich  d i s a p p e a r e d  a g a i n .  On 

th e  1 5 0 th  day i t  was u n a b le  to  move and was s c a r c e l y  a b l e  to  

s u p p o r t  i t s  own w e ig h t  ( f i g . 3 4 )•  When i t  moved i t  d id  so 

l a b o r i o u s l y  and 4 days  l a t e r  i t  l a y  h e l p l e s s  on i t s  s i d e .

I t s  j o i n t s  w ere a l l  f l e x e d  and th e  m u sc le s  a p p e a re d  to  be 

v e ry  weak and  l im p .  Next day (155 th )  i t  was c o m p le te ly  p a r 

a l y s e d  and  was c h lo ro fo rm e d .

The p o s t-m o r te m  e x a m in a t io n  showed t h a t  th e  l a r g e  

v i s c e r a  w ere  norm al i n  a p p e a ra n c e  and q u i t e  h e a l t h y .

E x p e rim en t  I I .

A R hesus  monkey was f e d  d a i l y  on 100 gm. Siam p o l i s h e d  

r i c e ,  cooked by s te a m in g ,  and an  a p p le  o r  o ra n g e .
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A f t e r  109 d a y s 1 f e e d i n g  i t s  w r i s t s  w ere  f l e x e d  t u t  

o th e r w i s e  i t  was q u i t e  a e t i v e  and was a b le  t o  r u n  and Jump.

On t h e  1 6 4 th  day i t  s a t  i n  i t s  cage  w i th  i t s  t o e s  and  f i n g e r s  

f l e x e d  ( f i g . 35) and i t  w a lked  w i th  a  t r a i l i n g  g a i t .  I t s  l e g s  

w ere  f l e x e d  a t  t h e  k n e e s  due to  e x t e n s o r  m usc le  w eak n ess ;  i t  

c o u ld  o n ly  d r a g  i t s  l e g s  s lo w ly .  I t  g r a d u a l l y  l o s t  w e ig h t  

and on t h e  202nd day i t s  d i e t  was a l t e r e d  to  80 gm. Siam 

p o l i s h e d  r i c e  and 20 gm. r i c e  b r a n .  By th e  2 0 6 th  day  i t s  s k in  

a p p e a re d  t o  be  v e r y  s e n s i t i v e  and i t c h i n g ,  i t  s c r a t c h e d  co n 

t i n u a l l y  and had  l o s t  a f a i r  amount o f  h a i r .  T here  was a 

s e r i e s  o f  c o a r s e  t r e m o r s  i n  i t s  h a n d s ,  w hich  gave i t  t h e  

a p p e a ra n c e  o f  t r e m b l i n g .  I t  became w eaker  and  s a t  h u d d le d  i n  

i t s  c a g e .  I t s  f i n g e r s  were so f l e x e d  t h a t  i t  c o u ld  n o t  u se  

them f o r  c l im b in g  on i t s  c a g e .  I t s  l e g s  w ere so f l e x e d  a t  

t h e  k n e e s  t h a t  i t  c o u ld  o n ly  s h u f f l e  a lo n g  ( f i g . 3 6 ) .

On th e  2 2 1 s t  day i t  l a y  c o m p le te ly  p a r a l y s e d  and c o u ld  

n o t  move. 3 c . c .  c o d - l i v e r  o i l  d a i l y  were added  to  i t s  d i e t  

b u t  2 d ay s  l a t e r  t h e r e  was no im provem ent, i t  l a y  h e l p l e s s  

and was u n a b le  to  f e e d  i t s e l f .  I t  was c h lo ro fo rm e d .

There  was m arked l o s s  o f  s t o r a g e  f a t  and  w a s t in g  o f  

t h e  m u s c le s .  The l a r g e  v i s c e r a  were much a t r o p h i e d .  I n  t h e  

b r a i n  t h e r e  was g r o s s  f l a t t e n i n g  o f  th e  c o n v o lu t io n s  o f  th e  

o c c i p i t a l  l o b e s .  I n  th e  s p i n a l  c o rd  t h e r e  was a  g e l a t i n o u s  

f o r m a t io n  c o v e r in g  th e  p i a - a r a c h n o i d  membrane, w h i le  on s e c t i o n  

t h e  g r e y  m a t t e r  a p p e a re d  d e f i n i t e l y  p in k .



Experiment III.
A R h esu s  monkey was f e d  d a i l y  on Siam p o l i s h e d  r i c e ,  

cooked  by  s te a m in g  and  m ixed w i t h  10 gm. b u t t e r  and  60 c . c .  

f r e s h  m i lk .  I n  a d d i t i o n  i t  was g i v e n  f r e s h  f r u i t  d a i l y .  By 

t h e  9 9 th  day  i t  had  shed  some f u r  on i t s  b ack  and s a t  w i th  

i t s  b a c k  b e n t  h o ld in g  i t s  l e g s .  I t  c o u ld  r u n  and Jump q u i t e  

w e l l  a n d  was f a i r l y  a c t i v e  t i l l  t h e  1 6 4 th  day when t h e r e  was 

a  g r a d u a l  change i n  i t s  a p p e a r a n c e .  I t  became drowsy and  

a v o id e d  moving a b o u t .  I f  c o m p e lle d  i t  c o u ld  r u n ,  b u t  s tu m b le d  

i n  Jum ping. T here  was a  marked l a c k  o f  c o - o r d i n a t i o n  o f  

m u sc u la r  movement, and any a t t e m p t  a t  Jumping r e s u l t e d  i n  i t  

f a l l i n g  on t h e  g round  or l a n d in g  h e a v i l y  and c l u m s i l y .  I t  was 

g iv e n  120 g r a i n s  m arm ite  i n  i t s  fo o d  on t h e  1 6 9 th  d ay ,  b u t  a s  

t h i s  r e s u l t e d  i n  s e v e re  d i a r r h o e a  and n a u s e a ,  i t s  fo o d  had  to  

be w ith d ra w n  and i t  was f e d  f o r  2 d a y s  on m i lk .  On th e  1 7 4 th  

day i t s  d i e t  was resum ed , w i th  i n  a d d i t i o n  1 gm. m arm ite  d a i l y .  

T here  was m arked im provem ent f o r  two d a y s ,  b u t  m u sc u la r  weak

n e s s  a g a i n  r e t u r n e d ,  and i t s  l im b s  were so f l e x e d  t h a t  i t  c o u ld  

s c a r c e l y  c lim b  i n  i t s  c a g e .  I t  s a t  h u d d le d  i n  a  c o r n e r ,  w i t h  

d ro o p in g  h ead  and i t s  b a c k  b e n t ,  h o ld in g  i t s  f e e t  and h ands  

t o g e t h e r  ( f i g . 3 7 ) .  By t h e  1 8 0 th  day i t  was q u i t e  h e l p l e s s  and  

u n a b le  to  s u p p o r t  i t s  own w e ig h t .  I t  l a y  on i t s  s id e  and was 

fo u n d  dead  n e x t  d ay .

There  was a marked ab sen ce  o f  body f a t  and  e x t e n s iv e  

a t r o p h y  o f  m u sc le .  The v i s c e r a  were h e a l t h y  and i n  t h e  lo w e r  

bowel t h e r e  was e v id e n c e  o f  a  l i t t l e  h aem o rrh ag e .



S e c t i o n s  o f  t h e  c o rd  a f t e r  c h ro m a t io n  and t r e a t m e n t  

w i t h  Osmic a c i d  by t h e  M archi m ethod showed t h a t  i n  a l l  t h r e e  

t h e r e  was m y e l in  d e g e n e r a t i o n  o f  t h e  p o s t e r i o r  n e rv e  r o o t  

f i b r e s ,  b o th  a f f e r e n t  and e f f e r e n t .  I n  th e  p o s t e r i o r  and 

a n t e r o - l a t e r a l  a r e a  some f i b r e s  w ere in v o lv e d  and  i n  t h e  

m e d u l la  o b lo n g a ta  t h e r e  were d i s t i n c t  a r e a s  o f  d e g e n e r a t i o n  

ro u n d  t h e  r e s t i f o r m  body a t  t h e  s e n s o ry  d e c u s s a t i o n .

T h is  g ro u p  o f  e x p e r im e n ts  shows t h a t  t h e  o n ly  r o l e  

o f  v i t a m i n - c o n t a i n i n g  fo o d s  i s  t h a t  th e y  may d e la y  t h e  o n s e t  

o f  t h e  d i s e a s e ,  b u t  t h a t  th e y  a r e  a p p a r e n t l y  u n a b le  t o  p r e v e n t  

i t .  The same s ig n s  w ere e l i c i t e d  i n  a l l  t h r e e  e x p e r im e n ts ,  

and p a t h o l o g i c a l  e x a m in a t io n  s u p p o r t s  t h i s  e v id e n c e .

E x p e rim en t  IV .

A R hesus  monkey was f e d  on 100 gm. Siam p o l i s h e d  r i c e  

w hich  h ad  p r e v i o u s l y  b e e n  e x t r a c t e d  w i t h  c o ld  w a te r ,  d r i e d  on 

a  w a te r  b a t h ,  and  s u b s e q u e n t ly  cooked by s te a m in g .  I t  was 

g iv e n  i n  a d d i t i o n  0 .1 2 5  gm. S te e n b o o h 's  s a l t  m ix tu re  d a i l y .  

A f t e r  20 d a y s  i t s  s k in  was v e ry  s e n s i t i v e  and  i t  s c r a t c h e d  

c o n t i n u o u s l y .  T h e re  was f l e x i o n  o f  th e  w r i s t s ,  b u t  i t  was 

q u i t e  a c t i v e  and  w e l l  t i l l  t h e  4 9 th  day when i t  d e v e lo p e d  

c a r p o - p e d a l  spasm s. I t  w a lked  on f l e x e d  t o e s  and  f i n g e r s  and 

t h e r e  was g r o s s  f l e x i o n  o f  b o th  a n k le s  and w r i s t s ,  so t h a t  

i t s  g r i p  was v e ry  poor ( f i g . 3 8 ) .  I t  beg an  t o  l o s e  w e ig h t  and 

became v e ry  d row sy . I t  d i d  n o t  move a b o u t  much b u t  s a t  h u d d le d  

i n  i t s  c a g e .  A f t e r  70 d a y s 1 f e e d in g  i t  became more a c t i v e  and
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and  moved w i th  more a g i l i t y ,  tho u g h  t h e r e  was s l i g h t  l a c k  o f  

c o - o r d i n a t i o n  e v i d e n t  i n  f i n e r  movements. The r i g h t  l e g  was 

v e r y  w eak. I t  t r a i l e d  i t  a b o u t  and  d i d  n o t  u se  i t .  On th e  

2 1 2 th  day  (5 c . c . )  o l i v e  o i l  was added  d a i l y  to  i t s  f o o d ,  b u t  

t h e r e  was no im provem ent i n  i t s  c o n d i t i o n ,  i t  was u n a b le  t o  

o l im b ,  and  b o th  t h e  l e f t  l e g  and arm were weak and a lm o s t  

c o m p le te ly  p a r a l y s e d .  A f t e r  224 d ay s  c o d - l i v e r  o i l  was s u b s t i 

t u t e d  f o r  o l i v e  o i l .  There  was, how ever, no im provem ent and 

on t h e  2 4 5 th  day i t  l a y  on i t s  s id e  c o m p le te ly  p a r a l y s e d  and  

u n a b le  t o  move. I t  d i e d  on t h e  f o l lo w in g  d ay .

T here  was m arked m uscle  w a s t in g ,  and  co m p le te  a b se n c e  

o f  body f a t .  The v i s c e r a  th o u g h  h e a l t h y  w ere much a t r o p h i e d .  

There, was a  g e l a t i n o u s  m a t e r i a l  c o v e r in g  th e  p i a - a r a c h n o i d  

and th e  b r a i n  i n  s e c t i o n  showed num erous p u n c t a t e  v e s s e l s  i n  

th e  c o rp u s  s t r i a t u m .  E x a m in a tio n  o f  t h e  t i s s u e  a f t e r  t r e a t 

ment w i t h  p o ta s s iu m  d ic h ro m a te  and Osmic A c id ,  a f t e r  th e  M archi 

m ethod, i n d i c a t e d  th e  a b se n c e  o f  any d e g e n e r a t i o n  i n  th e  

C o r te x ,  Corpus S t r i a tu m ,  M id b ra in ,  M edu lla  o r  C ord . T here  

w ere ,  how ever,  s ig n s  o f  d e g e n e r a t io n  i n  th e  b r a c h i a l  p le x u s  

and s c i a t i c  n e r v e ,  where th e  m y e lin  s h e a th  was b ro k e n  up and 

c o l l e c t e d  i n t o  d r o p l e t s  ( f i g . 3 9 ) .

E x p e rim en t V.

A Rhesus monkey was f e d  d a i l y  on a  140 gm. o f  a  d i e t  

c o n s i s t i n g  o f  d e x t r i n i s e d  r i c e  s t a r c h  74, c a s e in o g e n  20 , 

s a l t  m ix tu re  (S teen b o ch )  4 cooked by s te a m in g ,  to  w h ich  was 

added 5 c . c .  o f  aqueous  e x t r a c t  of  Siam p o l i s h e d  r i c e  e q u iv a -



l e n t  t o  100 gm. Siam p o l i s h e d  r i c e . 2 c . c .  cod l i v e r  o i l

w ere g iv e n  tw ic e  w e e k ly .  F r e s h  f r u i t  was g iv e n  d a i l y .  A f t e r  

48 d a y s  i t  was q u i t e  a c t i v e  and  i n  good c o n d i t i o n .  The amount 

o f  t h e  s o l u t i o n  was i n c r e a s e d  so t h a t  t h e  e q u i v a l e n t  o f  200 gm 

r i c e  was g i v e n .  The s a l t  m ix tu re  was d i s c o n t i n u e d .  T here  

was a  g r a d u a l  l o s s  i n  w e ig h t .  On th e  9 1 s t  day  i t  s u d d e n ly  

became v e ry  weak and c o u ld  n o t  move. T here  was some d i a r r h o e a  

and  a l l  i t s  l im b s  w ere f l e x e d  and i t  was u n a b le  to  s u p p o r t  i t s  

own w e i g h t .  I t  l a y  h e l p l e s s  n e x t  day w i th  arms and l e g s  com

p l e t e l y  p a r a l y s e d .  I t  was c h lo ro fo rm e d .

The m u sc le s  were f a i r l y  w e l l  d e v e lo p e d  and th e  v i s c e r a  

w ere h e a l t h y  and o f  norm al a p p e a ra n c e .

E x p e r im e n t V I .

A R hesus monkey was f e d  d a i l y  on 100 gm. o f  a  m ix tu re  

o f  d e x t r i n i s e d  r i c e  s t a r c h  74 and c a s e in o g e n  20 cooked by 

s te a m in g ,  to  w h ich  was added  2 gm. d r i e d  y e a s t ,  2 d ro p s  H a l-  

i v e r o l  and 10 c . c .  aq u eo u s  e x t r a c t  o f  Siam p o l i s h e d  r i c e  =  200 

gm. Siam r i c e .  I t  was a l s o  g iv e n  f r e s h  f r u i t  d a i l y .  A f t e r  

28 d a y s 1 f e e d i n g  i t  had shed  some f u r  on i t s  lum bar r e g i o n ,  

i t s  t o e s  w ere f l e x e d  and on e x e r c i s i n g  i t  was q u ic k ly  e x h a u s te d  

By t h e  63rd  day t h e r e  was d e f i n i t e  w eakness  o f  t h e  r i g h t  l e g  

w hich  was f l e x e d  a t  th e  k n e e .  I t  s a t  c ro u c h e d  i n  a  c o r n e r  and 

when i t  w a lk ed  i t  d id  so on f l e x e d  t o e s .  T here  was a  g r a d u a l  

p a r a l y s i s  o f  t h e  r i g h t  l e g  and arm and on th e  9 8 th  day  i t  

s tu m b led  on c l im b in g  and a t t e m p t s  a t  movement r e s u l t e d  i n  i t  

f a l l i n g  on i t s  r i g h t  s i d e .  There was com ple te  p a r a l y s i s  o f



t h e  r i g h t  s i d e  w h ich  d e v e lo p e d  so t h a t  i n  t h r e e  d a y s  i t  was 

c o m p le te ly  p a r a l y s e d  and was u n a b le  to  move or c o n t r o l  any 

m ovem ents. I t  d i e d  n e x t  d ay .

The v i s c e r a  were q u i t e  h e a l t h y  and  no rm al i n  a p p e a r a n c e .  

I n  th e  c o r d  t h e r e  was a  l i t t l e  g e l a t i n o u s  m a t e r i a l  c o v e r in g  t h e  

p i a - a r a c h n o i d .  A f t e r  t r e a t m e n t  by th e  M arch i method f o r  m y e l in  

d e g e n e r a t i o n ,  s e c t i o n s  o f  th e  lum bar c o rd  showed d e g e n e r a t i o n  

o f  F a s i c u l u s  g r a c i l i s  and an  in v o lv e m e n t  o f  th e  p o s t e r o - l a t e r a l  

r e g i o n .  At t h e  r e g i o n  o f  th e  c e r v i c a l  e n la rg e m e n t  th e  colum ns 

o f  S o i l  and  B urdoch and t h e  p o s t e r o - l a t e r a l  r e g i o n  w ere  i n 

v o lv e d  ( f i g . 4 0 ) .

I n  t h e  m e d u l la  o b lo n g a ta ,  a t  t h e  l e v e l  o f  th e  p y ra m id a l  

d e c u s s a t i o n ,  t h e  p o s t e r i o r  colum ns and  t h e i r  n u c l e i  showed 

d e f i n i t e  d e g e n e r a t i o n  w h i le  t h e r e  was some in v o lv e m e n t  o f  

s e n s o ry  f i b r e s  o f  th e  m e s ia l  f i l l e t .  The p e r i p h e r a l  n e r v e s  

showed d e f i n i t e  m y e l in  d e g e n e r a t i o n .

E x p e rim e n t V I I .

A R hesus  monkey was f e d  70 gm. o f  a  m ix tu re  o f  d e x t r i n -  

i s e d  r i c e  s t a r c h  7 4 ,c a s e in o g e n  20, s a l t  m ix tu re  (S teenboeh) 0 .5  

cooked by s te a m in g ,  t o  w hich  was added 2 gm. d r i e d  y e a s t ,  2 d ro p s  

H a l i v e r o l .  I t  was g iv e n  f r e s h  f r u i t  d a i l y .  A f t e r  22 days* 

f e e d in g  i t  u n f o r t u n a t e l y  d e v e lo p e d  an a t t a c k  o f  c o l i t i s  f rom  

w hich  i t  d i e d  a  few  d a y s  l a t e r .  P o s t-m o rtem  e x a m in a t io n  con

f i r m e d  t h i s .

Owing t o  d i f f i c u l t y  i n  o b t a i n i n g  monkeys, t h i s  e x p e r im e n t ,  

w hich was in t e n d e d  to  a c t  a s  a c o n t r o l  was n o t  r e p e a t e d .  I t  i s



a  s i g n i f i c a n t  f a c t  t h a t  t h e  above h a s  b e e n  g e n e r a l l y  a c c e p te d  

a s  a  no rm a l d i e t ,  and  i n  e v e ry  way s a t i s f a c t o r y .

E x p e r im e n t  V I I I .

A R h esu s  monkey was f e d  d a i l y  100 gm. u n p o l i s h e d  Temne 

r i c e ,  w h ich  was cooked  by s te a m in g .  I t  was g iv e n  f r e s h  f r u i t  

d a i l y ,  g e n e r a l l y  an  a p p l e .  T here  was d e f i n i t e  w eakness  o f  th e  

r i g h t  w r i s t ,  and o c c a s i o n a l  c o a r s e  t r e m o r s ,  a f t e r  31 d a y s ’ 

f e e d i n g .  I t  g r a d u a l l y  grew  more drowsy and was n o t  i n c l i n e d  

to  move u n l e s s  d i s t u r b e d .  I t s  r i g h t  arm became p r o g r e s s i v e l y  

w e a k e r ,  u n t i l  by th e  7 3 rd  day i t s  r i g h t  l e g  was a l s o  in v o lv e d .  

I t  s c r a t c h e d  f r e q u e n t l y  and i t s  s k in  seemed t o  be  v e ry  s e n s 

i t i v e .  A f t e r  145 d ay s  i t  had  shed  a lm o s t  a l l  i t s  f u r  and 

w a lk ed  on f l e x e d  t o e s .  I t  a t e  w e l l ,  b u t  t h e r e  was a  g r a d u a l  

d e c r e a s e  i n  i t s  w e ig h t  u n t i l  by th e  2 3 1 s t  day i t  b e g a n  t o  e a t  

o n ly  70 gm* d a i l y .  The r i g h t  arm was so p a r a l y s e d  t h a t  t h e r e  

was s c a r c e l y  any h a n d - g r i p ,  no r  was i t  a b le  to  c l im b .  F le x io n  

o f  th e  r i g h t  k nee  j o i n t  ( f i g . 43) was so marked t h a t  i t  w alked  

w i th  a  h o b b l in g  g a i t ,  w hich l a t e r  r e s u l t e d  i n  any a t t e m p t  a t  

w a lk in g  t e r m i n a t i n g  i n  a  f a l l  to  th e  r i g h t  s i d e .  Owing to  th e  

ex trem e w eak n ess  o f  i t s  r i g h t  arm, i t  was u n a b le  to  a s s i s t  i t s  

l e g  i n  m a in t a in in g  an  even  b a la n c e  and i t  c o u ld  o n ly  move on 

th e  l e f t  s i d e .  Complete p a r a l y s i s  o f  th e  r i g h t  s id e  r e s u l t e d  

i n  i t  l y i n g  on th e  l e f t  s id e  u n a b le  to  s ta n d  on i t s  f e e t .

A f t e r  a  day  o r  two no s ig n s  o f  r e c o v e ry  were e l i c i t e d  and i t  

was c h lo ro fo rm e d  on th e  2 6 7 th  day .

The v i s c e r a  were q u i t e  h e a l t h y  b u t  showed d e f i n i t e



a p p e a ra n c e  o f  a t r o p h y .  I n d i v i d u a l  f i b r e s  i n  th e  cau d a  e q u in a  

showed s i g n s  o f  e a r l y  m y e l in  ch an g es  ( f i g . 4 1 ) ,  w h i le  a t  th e  

l e v e l  o f  t h e  c e r v i c a l  e n la rg e m e n t  t h e r e  was d e f i n i t e  d e g e n e r a 

t i o n  i n  t h e  p o s t e r i o r  colum ns ( f i g . 4 2 ) .  I n  th e  a n t e r o - l a t e r a l  

r e g i o n  t h e r e  w ere  some d e g e n e r a t in g  f i b r e s  e s p e c i a l l y  o f  f a s i -  

c u l u s  g r a c i l i s .  I n  t h e  m e d u l la  o b lo n g a ta  a t  th e  l e v e l  o f  th e  

p y ra m id a l  d e c u s s a t i o n ,  th e  p o s t e r i o r  columns and some l a t e r a l  

f i b r e s  showed d e g e n e r a t i o n ,  w h i le  th e  i n t r a - o l i v a r y  t r a c t s  

and a r c u a t e  f i b r e s  w ere a l s o  i n v o lv e d .

E x p e r im e n t I X .

A l o n g - t a i l e d  monkey was f e d  100 gm. u n p o l i s h e d  S i e r r a  

Leone r i c e ,  w h ich  i t  a t e  uncooked . I n  a d d i t i o n  i t  was g iv e n  

f r e s h  f r u i t  d a i l y .  A f t e r  66 d a y s 1 f e e d in g  i t  su d d e n ly  f e l l  

i n t o  a  spasm o f  c o a r s e  t r e m o r s  d u r in g  w hich  i t  l a y  on i t s  

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

I t  was g iv e n  0 .2  c . c .  B e ta x in  ( v i ta m in  Bq) s u b c u ta n e o u s ly , b u t  

a s  t h e r e  was no im provem ent th e  dose  was r e p e a t e d  4 h o u rs  

l a t e r .  T here  was no ch an g e , th e  t r e m o rs  in d e e d  had i n c r e a s e d  

i n  f r e q u e n c y .  Next m orning th e  an im al c o u ld  s i t  up and was 

a b l e  to  w a lk  r a t h e r  s l u g g i s h l y .  By th e  7 1 s t  day  i t s  movements 

were s low  and  i t  d i d  n o t  move much, u n l e s s  f o r c e d  to  do so .

To m a i n t a i n  i t s  d a i l y  i n t a k e  th e  r i c e  was o c c a s i o n a l l y  cooked . 

On th e  1 1 7 th  day i t  su d d e n ly  had a r e c u r r e n c e  o f  spasm o f  

c o a r s e  t r e m o r s  d u r in g  w hich  i t  f e l l  o f f  i t s  s p a r .  I t s  d i g i t s ,  

knee  and  elbow  j o i n t s  w ere f l e x e d  and i t  l a y  u n a b le  to  move 

and c o m p le te ly  p a r a l y s e d .  I t  d i e d  i n  an h o u r  ( f i g . 4 3 .Aj .



T here  was no a b n o r m a l i ty  i n  th e  t i s s u e s  and th e  

l a r g e  v i s c e r a  w ere  q u i t e  norm al i n  a p p e a r a n c e .  T here  w ere  

s m a l l  p u n c t a t e  h aem o rrh ag es  i n  t h e  s tom ach .

E x p e rim en t X.

A R hesus monkey was f e d  100 gm. C a l c u t t a  p a r b o i l e d  

r i c e  cooked  by s te a m in g .  I t  was g iv e n  f r e s h  f r u i t  d a i l y .  

A f t e r  102 d a y s 1 f e e d i n g  i t s  arms were f l e x e d  a t  th e  w r i s t  

j o i n t  and  i t s  g r i p  was p o o r .  I t  g r a d u a l l y  d e c r e a s e d  i t s  i n 

t a k e  t i l l  by th e  1 1 1 th  day i t  a t e  o n ly  50 gm. d a i l y .  Though 

i t  was a b l e  to  jump w e l l ,  i t  was e a s i l y  e x h a u s te d  and i t s  

l e f t  arm showed w eakness  and c o n t in u o u s  f l e x i o n  a t  th e  w r i s t .  

D u rin g  th e  n e x t  t e n  d ay s  t h e r e  was a re m a rk a b le  improvement 

i n  i t s  c o n d i t i o n  and i t  became v e ry  a c t i v e  and a p p e a re d  q u i t e  

n o rm a l.  I t s  w e ig h t  had  f a l l e n  s l i g h t l y ,  b u t  t h e  g e n e r a l  con

d i t i o n  was su ch  t h a t  a f t e r  175 d ay s  th e  e x p e r im e n t  was con 

c lu d e d .  The a n im a l  a p p e a re d  to  be p e r f e c t l y  n o rm a l.



SUMMARY AID DISCUSSION.



On t h e  s u b j e c t  o f  b e r i - b e r i  a  l a r g e  amount o f  work 

h a s  b e e n  d o n e .  To r e v ie w  a d e q u a te ly  th e  e x t e n s iv e  l i t e r a t u r e  

w h ich  h a s  a c c u m u la te d  w ould e n t a i l  a  c o n s id e r a b l e  amount o f  

sp ace  w h ich  i n  t h i s  a c c o u n t  i s  n o t  d e s i r a b l e .

B e r i - b e r i  i s  a  d i s e a s e  w hich  a f f e c t s  r i o e - e a t e r s .  

Y/here r i c e  i s  t h e  s t a p l e  a r t i c l e  o f  d i e t  th e  i n c id e n c e  i s  

h ig h  and  w here  l i t t l e  r i c e  i s  consumed t h e  i n c id e n c e  i s  low .

I t  d o e s  n o t  r u n  a c o u rse  l i k e  t h a t  o f  an  i n f e c t i o n .  

I t s  o n s e t  i s  f r e q u e n t l y  c h a r a c t e r i s e d  by g a s t r o - i n t e s t i n a l  

i r r i t a t i o n ,  u s u a l l y  i n  t h e  form  o f  d i a r r h o e a  w i th  n a u s e a ,  

w h i le  s e v e r e  a t t a c k s  may be accom panied  by h aem o rrh ag e .

The c o m p l i c a t io n s  o f  th e  c a r d i o - v a s c u l a r  system  w hich  f o l lo w  

a r e  g e n e r a l l y  d e n o te d  by dyspnoea  and p a l p i t a t i o n ,  w h i le  

oedema i s  m arked i n  s w e l l in g  o f  th e  f e e t  and l e g s  ( f i g . 4 4 ) ,  

a  f a c t  w h ich  was a t  one t im e  u se d  to  d i s t i n g u i s h  i t  from  

"d ry  b e r i - b e r i " ,  i n  w hich  t h e r e  i s  no oedema. There may be 

h y p e r t ro p h y  o f  th e  r i g h t  s id e  o f  th e  h e a r t  accom panied  by 

f a t t y  d e g e n e r a t i o n .

Of t h e  ch an g es  i n  th e  n e rv o u s  system  th e  most im p o r t 

a n t  a r e  th o s e  d i s t u r b a n c e s  o f  th e  p e r i p h e r a l  n e rv o u s  system  

w h ich  r e s u l t  i n  a m u l t i p l e  n e u r i t i s  w hich i s  v e ry  v a r i a b l e  

i n  e x t e n t .  T here  i s  a n a e s t h e s i a  of  th e  s k in ,  w a s t in g  and 

l a t e r  a  p a r a l y s i s  o f  th e  l im b s .  The m y e lin  s h e a th s  become 

d e g e n e r a te d  and th e  a x i s  c y l i n d e r s  become i r r e g u l a r l y  sw o l le n  

and i n t e r r u p t e d .  T here  a r e  d e g e n e r a t iv e  changes  i n  t h e  c e l l s



o f  t h e  s p i n a l  c o rd  and r o o t  g a n g l i a .

As to  t h e  c a u s a t i o n  o f  b e r i - b e r i ,  many t h e o r i e s  have 

b e e n  a d v an ced  o f  w hich  th e  c h i e f  a r e  (1) V ita m in  d e f i c i e n c y  

and (2) R ice  i n t o x i c a t i o n .

48
V ita m in  D e f i c i e n c y . I n  1897 E ijkm an showed t h a t  an

aqu eo u s  e x t r a c t  o f  r i c e  b r a n  p o s s e s s e d  a n t i - n e u r i t i c  p r o p e r -
49 5 0

t i e s .  G rr i jn s  and l a t e r  P o l  p r e p a re d  a  d e c o c t io n  from

K a t ja n g  id«ju (P h a s e o lu s  r a d i a t u s )  w hich  th e y  s t a t e d  had

p r o p h y l a c t i c  and t h e r a p e u t i c  p r o p e r t i e s  i n  b e r i - b e r i .  T h e ir
51work was a f t e r w a r d s  c o n f irm e d  by K ie w ie t  de Tonge

52F r a s e r  and S ta n to n  i n  a  s e r i e s  o f  e x p e r im e n ts

s t a t e d  t h a t  b e r i - b e r i  had  an  i n t i m a t e  r e l a t i o n  to  d i e t  and

a t t r i b u t e d  t h e  d i s e a s e  t o  an  ab sen ce  o f  a  s u b s ta n c e  i n  r i c e
53w hich  was s o lu b l e  i n  a l c o h o l .  H opkins and Funk f o l lo w in g  

t h i s  work i s o l a t e d  i n  a c ru d e  s t a t e  a  s u b s ta n c e  w hich  was 

c a l l e d  ,rV i ta m in e n . From th e  p e r i c a r p a l  l a y e r  o f  r i c e  removed 

i n  m i l l i n g ,  Veddar and  W il l ia m s 54 and l a t e r  C h am b erla in  p r e 

p a re d  an  e x t r a c t  o f  t i k i t i k i  w hich  was found  to  p o s s e s s  c u r a 

t i v e  p r o p e r t i e s  i n  b e r i - b e r i .  I t  c o n s i s t e d  o f  an  a l c o h o l i c  

e x t r a c t  o f  t h e  g r a i n  c o n c e n t r a t e d  i n  vacuo t o  a  sy ru p y  f l u i d  

w hich  i n  t u r n  was e x t r a c t e d  w i th  a l c o h o l ,  c e n t r i f u g e d  and 

a g a in  c o n c e n t r a t e d  to  a  Sp.G-. o f  1 .3 2 ,  c e n t r i f u g e d  and b o t t l e d .

One u n i t  o f  t h i s  e x t r a c t  r e p r e s e n t e d  20 gms. r i c e  p o l i s h i n g s .
55I n  1927 J a n s e n  and Donath  p u b l i s h e d  th e  r e s u l t s  of 

t h e i r  work on r i c e  p o l i s h i n g s ,  from w hich th e y  had p r e p a re d



by a c i d  e x t r a c t i o n  and  a b s o r p t i o n  on F u l l e r * s  e a r t h ,  a  c o n c e n 

t r a t e d  p r e p a r a t i o n  o f  w hich  1 gm. r e p r e s e n t e d  t h e  v i t a m in  from  

300 gm. r i c e  p o l i s h i n g s .
56

I n  1928 M oC arrison  d i s t i n g u i s h e d  b e tw een  what he  c a l l e d  

" p o l y n e u r i t i s  eolumbarum” and " b e r i - b e r i  c dum b arum ". He co n 

s i d e r e d  t h a t  i n  t h e  l a t t e r  a  t o x i c  f a c t o r  was su p e r im p o se d  on 

a  p u re  v i t a m i n  d e f i c i e n c y  and was b ro u g h t  a b o u t  by a  s h o r t a g e  

th o u g h  n o t  a  l a c k  o f  v i t a m in .
57

From th e  work o f  Plimmer and R o se d a le  , Chick and 
58 59R oseeoe , Aykroyd and o t h e r s ,  i t  was r e a l i s e d  t h a t  th e

v i t a m in  B com plex seemed to  c o n t a i n  3 f a c t o r s ,  nam ely th e

a n t i - n e u r i t i c , u s u a l l y  c a l l e d  B^; th e  p e l l a g r a - p r e v e n t i n g ,

known a s  B2 , and a t  l e a s t  a  t h i r d  f a c t o r .  I n v e s t i g a t i n g  th e

c o n d i t i o n s  a r i s i n g  o u t  o f  f e e d in g  p ig e o n s  on p o l i s h e d  r i c e ,

C a r t e r 60 fo u n d  t h a t  even  i f  a s  much a s  30 c u r a t i v e  day d o se s

o f  B]_ from  y e a s t  were a d m in i s t e r e d ,  r e c o v e ry  d id  n o t  o c c u r ,

and p o s t u l a t e d  t h e  im p o r ta n c e  o f  p r o t e i n  d e f i c i e n c y  w hich  he
61

s u p p l i e d  by means o f  an  e x t r a c t  o f  w heat germ .
62J .  R. O 'B r ie n  fo u n d  t h a t  p ig e o n s  f e d  on p o l i s h e d  

r i c e  and  r e c e i v i n g  d o s e s  6 t o  12 t im e s  th e  d a i l y  dose  o f  

f a i l e d  t o  r e c o v e r  w e ig h t  even  i f  g iv e n  2 gm. c a s e in o g e n  d a i l y .

He i n f e r r e d  t h e  a b sen ce  o f  a  t h i r d  f a c t o r  B^.

I n  f a c t  a s  many a s  5 f a c t o r s  have been  p o s t u l a t e d .

So llegaw63 s p e a k in g  o f  b e r i - b e r i  and p e l l a g r a ,  h a s  s a id  w i th  

t r u t h  " p e r h a p s  v i ta m in s  have b een  overdone  and have been  

s a d d le d  w i th  an  undue s h a re  i n  t h e  r e s p o n s i b i l i t y  f o r  two 

v e ry  im p o r t a n t  and i n t r i g u i n g  d i s e a s e s . ”



R ice  I n t o x i c a t i o n . The p o s s i b i l i t y  o f  t h e  e x i s t e n c e

o f  a  t o x i c  s u b s ta n c e  i n  r i c e  h a s ,  on th e  w h o le ,  n o t  b e e n
64e x p lo r e d  t o  any e x t e n t .  I n  1907 Van D ie re n  drew  a t t e n t i o n

to  t h e  f a c t  t h a t  t h e  s ig n s  and symptoms o f  b e r i - b e r i  r e se m b le

th o s e  o f  p e l l a g r a ,  c o n v u ls iv e  e r g o t i s m  and l a t h y r i s m ,  and
65s u g g e s te d  g r a i n - i n t o x i c a t i o n  as  th e  c a u s e .  Braddon and

66
H a m il to n  W rig h t  s t r e s s e d  a t o x i c  f a c t o r  a s  th e  c a u s a t i v e

a g e n t .  Ohmori s u b s e q u e n t ly  made some i n v e s t i g a t i o n s  w i th  a
67

c o ld  a l c o h o l i c  e x t r a c t  o f  r i c e  and A cton and Chopra pub

l i s h e d  some w ork on th e  a l c o h o l i c  -  and w a t e r - s o l u b l e  t o x i n s  

o f  damaged r i c e .  T e ru  Uchi and h i s  c o l l a b o r a t o r s ,  a s  a  r e s u l t  

o f  e x t e n s i v e  a n im a l  e x p e r im e n ts ,  advanced  e v id e n c e  o f  " o ry z a -  

t o x i n ” i n  r i c e .

By some i t  was c o n s id e re d  t h a t  d i s t u r b a n c e  o f  l i p o i d  

m e ta b o l ism  was r e s p o n s i b l e  f o r  th e  symptoms o f  th e  d i s e a s e ,  

w h i le  Langen c o n c lu d e d  t h a t  th e y  were due to  th e  l a c k  o f  a 

s u b s ta n c e  n e c e s s a r y  f o r  th e  s y n t h e s i s  o f  th e  p h o s p h a t id e s .

The im p o r ta n c e  o f  th e  p a r t  p la y e d  by p h o sp h o ru s  was r e a l i s e d
68by V eddar and F e l i c i a n o  who p o in t e d  o u t  t h a t  t h i s  was

l a r g e l y  rem oved i n  th e  m i l l i n g  o f  t h e  g r a i n .  They found  t h a t

b e r i - b e r i  c o u ld  be p r e v e n te d  when th e  r i c e  consumed had a  P^O^

v a lu e  o f  0 .5 0 ^  p ro v id e d  t h e r e  was a t  l e a s t  7 5 e x t e r n a l  l a y e r

o f  t h e  g r a i n  r e m a in in g .  The Committee on b e r i - b e r i  i n  th e
69

P h i l i p p i n e  I s l a n d s  i n  i t s  R e p o r t  a d o p te d  t h i s  a s  one of th e  

ch e m ic a l  s t a n d a r d s  f o r  b e r i - b e r i - p r e v e n t i n g  r i c e .



45.

W hile  F r a s e r  and S ta n to n  r e c o g n i s e d  th e  p h o sp h o ru s  

p e n to x id e  s t a n d a r d  as  an  i n d i c a t o r  o f  th e  e x t e n t  t o  w hich  

r i c e  h ad  b e e n  m i l l e d ,  th e y  d id  n o t  s u g g e s t  t h a t  a d e f i c i e n c y  

o f  p h o s p h o ru s  i n  o r g a n ic  c o m b in a t io n  a c c o u n te d  f o r  t h e  o c c u r 

r e n c e  o f  b e r i - b e r i .  I n  e a r l y  e x p e r im e n ts  th e y  had  fo u n d  t h a t
o

when paddy was h e a t e d  i n  an a u to c la v e  a t  120 C f o r  an  hou r  

and f e d  to  fo w ls  i t  c a u se d  p o l y n e u r i t i s ,  b u t  when paddy was 

s te e p e d  i n  w a te r  and s u b s e q u e n t ly  t r e a t e d  i n  th e  same f a s h i o n  

th e  f o w ls  re m a in e d  h e a l t h y .  W hile th e y  s u g g e s te d  t h a t  t h e  

s t e r i l i s a t i o n  o f  paddy r e s u l t e d  in  th e  d e s t r u c t i o n  o f  th e  

p h y s i o l o g i c a l  a c t i v i t y  o f  th e  p r o t e c t i v e  s u b s ta n c e s  th e y  made 

no o t h e r  comment e x c e p t  t h a t  t h e  im m ersion  i n  w a te r  seemed 

to  n e g a t i v e  t h e  d e s t r u c t i v e  e f f e c t  o f  an  a tm o sp h ere  o f  s team , 

an e f f e c t  w hich  th e y  a t t r i b u t e d  to  th e  " c o n s i d e r a t i o n  o f  o th e r  

p h y s i c a l  c o n d i t i o n s " .  They a l s o  o b se rv e d  t h a t  th e  p a r b o i l i n g  

o f  r i c e  b e f o r e  m i l l i n g  o n ly  s e rv e d  th e  p u rp o se  o f  so h a r d e n 

in g  th e  o u t e r  l a y e r s  o f  th e  g r a i n  t h a t  t h e i r  rem oval was l e s s  

e a s y .
71I n  1907 F l e t c h e r  commenting on human e x p e r im e n ts  

w hich  he h ad  c o n d u c te d  a t  K uala  Lumpur, co n c lu d e d  t h a t  "w h ite  

p o l i s h e d  r i c e  i s  a  cau se  o f  b e r i - b e r i ,  a c t i n g  e i t h e r  by some 

p o is o n  w hich  i t  c o n t a i n s  o r  by a s t a r v a t i o n  due to  some d e f 

e c t  i n  th e  n u t r i t i v e  v a lu e  o f  such  r i c e " .  Y/hen he u se d  p a r 

b o i l e d  r i c e  a l l  t h e  p a t i e n t s  rem ain ed  w e l l  b u t  two, b o th  o f  

whom w ere s u f f e r i n g  from  th e  d i s e a s e  b e f o r e  th e  e x p e r im e n t  

was s t a r t e d .
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I  have  shown (p a g e 17) t h a t  th e  e f f e c t  o f  s t e e p in g  

paddy  i n  w a te r  and  o f  p a r b o i l i n g  r i c e  i s  to  in d u c e  h y d r o l y s i s  

o f  t h e  o r g a n ic  p h o sp h o ru s ,  so t h a t  th e  r e s u l t i n g  p h osphorus  

i n  t h e  d i e t  i s  a s s i m i l a t e d  more r e a d i l y  and t h a t  th e  o rg a n ic  

p h o s p h o r ic  compounds which a re  t o x i c ,  a r e  decomposed and 

r e n d e r e d  n o n - t o x i c .

From th e  e x p e r im e n ts  on a n im a ls  (pages  23 to  29) 

i t  i s  s e e n  t h a t  when g iv e n  p a r e n t e r a l l y ,  th e  o rg a n ic  compounds 

o f  p h o s p h o ru s  i s o l a t e d  from  r i c e  a re  t o x i c ,  and p roduce  a  

m arked e f f e c t  on th e  b r a i n  and s p in a l  c o rd .  Y/hen a d m i n i s t e r 

ed o r a l l y ,  t h e i r  a c t i o n  i s  v a r i a b l e ,  depend ing  on w h e th e r  

th e y  a r e  decomposed i n  th e  a l im e n ta ry  t r a c t .  I f  c le a v a g e  

r e s u l t s ,  t h e r e  i s  o n ly  d i a r r h o e a  p roduced , w h ile  i f  th e y  a r e  

a b s o rb e d  i n t o  th e  b lo o d  s tream  w ith o u t  change , th e y  e x e r t  a 

m arked e f f e c t  on th e  n e rv o u s  system .

The q u e s t io n  o f  c le a v a g e  of th e  o rg a n ic  p h o sp h a te s  

seems to  be  t h e  d e te rm in in g  f a c t o r  i n  th e  u t i l i s a t i o n  o f  th e  

p h o sp h o ru s  o f  th e  d i e t .  There i s  no ev idence  a s  to  th e  e x t e n t  

o f  h y d r o l y s i s  n e c e s s a r y ,  a s  th e  i s o l a t i o n  o f  th e  d i f f e r e n t  

lo w e r  e s t e r s  o f  i n o s i t o l  w i th  p h o sp h o ric  a c id ,  i s  a t  th e

moment n o t  p o s s i b l e .

I n  p r e l im i n a r y  work which I  c a r r i e d  o u t on a n im a ls  

w i th  t h e  c ru d e  enzyme p r e p a r a t i o n  I  was n o t  s u c c e s s f u l  in  

d e m o n s t r a t in g  th e  e f f e c t s  w hich  I  was s e e k in g ,  n e v e r t h e l e s s  

more r e c e n t  r e p o r t s  by C o n ta rd i  and by B e l f a n t i  i n d i c a t e  

t h a t  a n  enzyme p h o sp h a ta se  which th e y  i s o l a t e d  from  r i c e  b ra n



by a  m ethod s i m i l a r  to  t h a t  f o r  i s o l a t i n g  v i t a m in  had  an  

e f f e c t  on t h e  o r g a n ic  p h o sp h o ru s  compounds. They s t a t e d  t h a t  

a l l  v i t a m in  B s u b s t a n c e s  c o n t a i n  t h e s e  f e r m e n t s .
7 4 .  7 5

H o r iu c h i  and  A rn au d i and F r a n c i o l i  have shown 

t h a t  p h o s p h a ta s e  from  r i c e  b r a n  and c u l t u r e s  o f  A s p e r g i l l u s  

N ig e r  and  A. Oryzae grown on g lu c o s e ,  were a b le  to  decompose 

and to  s y n t h e s i s e  th e  h e x o s e p h o s p h a te s .

To i s o l a t e  th e  v a r io u s  e s t e r s  o f  p h o sp h o r ic  a c i d  w i th  

i n i s o t o l  and  d e te rm in e  t h e i r  r e s p e c t i v e  p r o p e r t i e s  c h e m ic a l ly  

and p h a r m a c o lo g ic a l ly  i s  beyond th e  bounds o f  my p r e s e n t  i n 

v e s t i g a t i o n s .  I  am c o n v in c e d ,  how ever, t h a t  th e  s o l u t i o n  to  

t h e  p ro b lem  o f  b e r i - b e r i  i s  to  be fo u n d  i n  th e  r o l e  o f  phos

p h o ru s  i n  th e  d i e t .  The p r e s e n t  p r a c t i c e  o f  p r e v e n t in g  b e r i 

b e r i  and s i m i l a r  d i s e a s e s  w i th  v i t a m in  p r e p a r a t i o n s  i s  i n  

e s s e n c e  t h e  s u p p ly in g  o f  a  means o f  m e ta b o l i s in g  p h o sp h o ru s .  

W ith  t h e  e v id e n c e  t h a t  I  have p ro d u c e d ,  i t  i s  r e a s o n a b le  t o  

co n c lu d e  t h a t  th e  o r g a n ic  p h o sp h o ru s  compounds w hich  i n  them

s e l v e s  a r e  s to r a g e  p r o d u c t s  o f  th e  r i c e  g r a i n ,  a r e  c a p a b le  o f  

b e in g  h y d r o ly s e d  to  s im p le r  s u b s ta n c e s  by means o f  an  enzyme 

i n  t h e  p e r i c a r p  o f  th e  g r a i n .  I n  th e  ab sen ce  o f  th e  enzyme, 

t h e  o r g a n ic  p h o sp h o ru s  c a n n o t  be decomposed to  any e x t e n t  

and when a b so rb e d  i s  p o is o n o u s .  F u r th e rm o re ,  th e  p hosphorus  

d oes  n o t  become a v a i l a b l e  f o r  a s s i m i l a t i o n ,  so  t h a t  a  d i s 

o r d e r e d  m e ta b o lism  r e s u l t s .

T/here r i c e  fo rm s  th e  s t a p l e  a r t i c l e  o f  d i e t ,  and such 

c o n d i t i o n s  p r e v a i l  t h e  p r o c e s s  o f  n u t r i t i o n  becomes abnorm al 

and a  c l i n i c a l  syndrome re se m b l in g  b e r i - b e r i  i s  p ro d u ced .



B a r le y  i s  one o f  th e  most a n c i e n t  a l im e n t s  o f  man,
76

I t  was c u l t i v a t e d ,  i n  Egypt a s  lo n g  ago as  1500 B.C. The

G reek s  p r e f e r r e d ,  h a r l e y  to  a n y th in g  e l s e  f o r  making p o l e n t a

and. i t  was c a l le d .  from  th e  Greek o k x k o l  Q r j v a i
/ 77( to  s e p a r a t e  o u t)  b e c a u se  when i t  was f i r s t  used., t h e  d e l i c a t e  

k e r n e l s  w ere s e p a r a t e d  o u t .

The name " h o r d e a r i i "  o r  " b a r l e y - f  ed" was g iv e n  to  th e

g l a d i a t o r s  who a t e  i t .  H ip p o c ra te s  m en tio n s  t h r e e  k in d s  o f
78 79

b a r l e y  and T h e o p h ra s tu s  s t a t e s  t h a t  i n  A s ia ,  i t  was u se d

f o r  making "sw e e t  b r e a d  and good p o r r i d g e . "  The G auls  a c c o r d -  
80in g  to  P l i n y  p r e p a re d  from  i t  a  p o r r id g e  c a l l e d fTorge  monde."

I t s  u s e s  f o r  b rew ing  were known to  th e  a n c i e n t  Saxons 

who c a l l e d  i t  " b e r e u , w h i le  in  o ld  High German i t  i s  " p r i o r " ,  

i n  H orse " e o lo "  and in  A nglo-Saxon " a l e "  and " b e e r " .

The c u l t i v a t e d  t y p e s  o f  b a r l e y  a p p ea r  to  have a r i s e n  

from  a  w i ld  fo rm  o f  b a r l e y  -  Hordeum sponteneum  -  w hich i s  

s t i l l  fo u n d  grow ing i n  some p a r t s  o f  W estern  A s ia .  I t s  c u l t i 

v a t i o n  now r e a c h e s  o ver  a rem ark ab ly  e x te n d e d  r a n g e ,  f o r  o f  

a l l  t h e  c e r e a l s ,  b a r l e y  i s  th e  most t o l e r a n t  o f  c l i m a t e .  I t  

i s  grow n i n  Horway and i n  L ap land ; i n  n o r th e r n  Canada and i s  

e x t e n s i v e l y  c u l t i v a t e d  th ro u g h o u t  E urope , C e n t r a l  A s ia  and

H o rth  A f r i c a .

The b a r l e y  p l a n t  Hordeum d i s t i c h o n  i s  a member o f  

th e  t r i b e  H ordeae of th e  N a tu r a l  Order G ram ineae. I t  i s  an 

a n n u a l  p l a n t  w i th  s e v e r a l  smooth s tem s , two to  t h r e e  f e e t  i n  

h e i g h t ,  and h a s  few l e a v e s .  The s p i k e l e t s  w hich a r e  s e s s i l e



and  o n e - f lo w e r e d ,  o c c u r  i n  g ro u p s  o f  t h r e e  a l t e r n a t i n g  on 

o p p o s i t e  s i d e s  o f  th e  p o in te d  r a c h i s .  The t y p e s  o f  b a r l e y  a r e  

c l a s s i f i e d  a c c o r d in g  to  th e  number of f e r t i l e  s p i k e l e t s .

I n  th e  tw o-row ed v a r i e t y  -  Hordeum d i s t i c h o n ,  th e  

m id d le  s p i k e l e t  o n ly  i s  f e r t i l e ,  w h i le  in  Hordeum h e x a s t ic h o n ,  

th e  s ix - ro w e d  v a r i e t y ^ a l l  t h r e e  s p i k e l e t s  a r e  f e r t i l e  ( f i g . 4 5 ) .

Each s p i k e l e t  h a s  two s l e n d e r  g lum es, one o f  w hich  -  

t h e  f l o w e r i n g  glum e, i s  f i v e - r i b b e d ,  th e  c e n t r a l  r i b  b e in g  

p ro lo n g e d  a s  a  lo n g  awn o r  " b e a r d " .  The tw o -k e e le d  p a l e t  i s  

c l o s e l y  c l a s p e d  by th e  edges o f  th e  f lo w e r in g  glume ( f i g . 46) 

and  t h e r e  i s  a b ro a d  g roove  w hich  l i e s  b e n e a th  th e  p a l e t .  The 

f r u i t ,  a  c a r y o p s i s ,  i s  e n c lo s e d  i n ,  and a d h e re n t  t o ,  t h e  p a l a a e .  

On th e  d o r s a l  s id e  l i e s  th e  embryo e x te n d in g  ab o u t one t h i r d  o f  

th e  d i s t a n c e  t o  th e  ap ex .

M ic ro s c o p ic  S t r u c t u r e .

S e c t io n s  o f  th e  g r a i n  were c u t  and s t a i n e d  a c c o rd in g  to  

th e  m ethods a l r e a d y  d e s c r ib e d  on page 6. A c r o s s - s e c t i o n  o f  

th e  g r a i n  ( f i g . 47) shows th e  f o l lo w in g  c o n s t i t u e n t s .

1 . The f lo w e r in g  glume v/hich c o n s i s t s  o f

(a) an  o u te r  e p id e rm is  o f  w avy-w alled  c e l l s  
w hich may be c r e s c e n t  shaped or o v a l .

(b) S c le ren ch y m ato u s  f i b r e s  w i th  t h i c k  and 
t h i n  w a l l s .

(c) A spongy parenchyma of q u a d r i l a t e r a l  o r  
sq u a re  c e l l s .

(d) An in n e r  e p id e rm is  of l a r g e  p o ly g o n a l  c e l l s  
w i th  h a i r s  and s to m a ta .



£ .  The p e r i c a r p  c o n s i s t i n g  o f

(a) an  e p ic a r p  and hypoderm o f  p o ly g o n a l  c e l l s ;

(b) t r a n s v e r s e l y  e lo n g a te d  c r o s s - c e l l s ;

(c) an  endocarp  o f  tu b e  c e l l s .

3 .  The spermoderm o f  two l a y e r s  o f  e lo n g a te d  c e l l s  

w h ich  s t a i n  y e l lo w  w i th  c h l o r - z i n c  io d in e

4 .  The p e r i s p e rm  of wavy and t h i c k  w a l le d  c e l l s  which 

s t a i n  b lu e  w i th  c h l o r - z i n c  i o d in e .

5 . The endosperm  w hich c o n s i s t s  of

(a) an  a l e u r o n e  l a y e r  o f  two t o  f o u r  rows o f  
c u b i c a l  c e l l s  w i th  d a r k l y - s t a i n i n g  g r a n u l a r  
c o n t e n t s .

(b) S ta r c h  c e l l s  w i th  t h i n  w a l l s  and packed 
w i th  s t a r c h  g r a i n s .  Owing to  p r e s s u r e  by 
t h e  s t a r c h  g r a i n s  th e  n u c l e i  o f  th e  c e l l s  
a r e  f e e b l e  and i l l - d e f i n e d .  The embryo 
l i e s  a t  th e  p ro x im a l end o f  th e  endosperm , 
p a r t l y  embedded i n  i t s  t i s s u e .

^ h e  M i l l i n g  o f  B a r l e y .

I n  most c e r e a l s  th e  c a r y o p s i s  i s  f r e e d  from th e  glumes 

o r  f l o r a l  l e a v e s  by t h r e s h i n g ,  b u t  i n  b a r l e y  t h i s  i s  n o t  th e  

c a s e ,  e x c e p t  i n  th e  c a se  of Hordeum nudum -  naked b a r l e y  -  

w here th e  g lum es a r e  r e a d i l y  s e p a r a t e d .

D u r in g  th e  m i l l i n g  o f  th e  g r a i n  v a r io u s  l a y e r s  a re  

rem oved and th e  c h em ica l  c o m p o s i t io n  of th e  g r a i n  i s  a c c o r d in g 

l y  a l t e r e d .

A d iag ram m a tic  s k e tc h  o f  th e  m i l l i n g  p ro c e s s  i s  shown 

on f i g . 48 . The v a r io u s  p r o d u c ts  of m i l l i n g  a r e  shown i n  f i g . 48.



A f t e r  t h e  s e p a r a t i o n  o f  th e  g r a i n  from  th e  r e s t  o f  th e  

p l a n t  hy t h e  t h r e s h e r ,  th e  b a r l e y  i s  " c le a n e d "  i n  a  s e r i e s  o f  

w ir e  m eshes and i s  f r e e d  from  a l l  f o r e i g n  g r a i n  such  a s  o a t s ,  

w h e a t ,  c o c k le ,  e t c . .

I n  t h e  n e x t  p r o c e s s  -  b lo c k in g  -  th e  f lo w  o f  b a r l e y  

i s  d i r e c t e d  be tw een  a  r e v o lv in g  drum and w ire  mesh, by means 

o f  w h ich  th e  husk  and a  v a ry in g  p r o p o r t i o n  o f  th e  p e r i c a r p  a r e  

rem oved . The o u t f lo w in g  g r a i n  i s  te rm ed  "B locked" o r  " .F i r s t -  

ru n "  b a r l e y .  I t  i s  l i g h t  brown to  y e l lo w  in  ap p e a ra n c e  and 

a  c r o s s - s e c t i o n  ( f i g . 49) i n d i c a t e s  t h a t  w h i le  th e  husk  and 

t h e  o u t e r  l a y e r s  of  th e  p e r i c a r p  have been  removed th e  endocarp  

w i th  t h e  spermoderm and p e r i s p e rm  i s  s t i l l  i n t a c t .

The p ro d u c t  of th e  r e e l  i s  te rm ed  c o a r s e - d u s t  and i s  

u s e d  m a in ly  a s  f u e l .

The b lo c k e d  b a r l e y  i s  "damped" and a l lo w ed  t o  l i e  f o r  

n o t  l e s s  th a n  24 h o u r s .  The e x te n t  to  w hich m o is tu r e  i s  added 

d ep en d s  on th e  n a t u r a l  m o is tu re  of th e  g r a i n ;  th e  m o is tu re  

c o n te n t  b e in g  r a i s e d  u s u a l l y  to  1 8 .5 $ .

Damping to u g h en s  th e  b a r l e y  and o b v ia t e s  th e  danger  o f  

i t  b e in g  b ro k e n  i n  th e  su b seq u en t  s t a g e s  of m i l l i n g ,  w hich , a s  

e x p la in e d  above , a r e  o f  n e c e s s i t y  s e v e re  f r i c t i o n a l  p r o c e s s e s ,  

f u r t h e r  f r i c t i o n a l  a c t i o n  p ro d u ces  "S econd-run"  b a r l e y .  I f  

S c o tc h  g r a i n  i s  u s e d ,  t h i s  i s  c a l l e d  P o t - b a r l e y .  M ic ro sco p ic  

e x a m in a t io n  o f  S eco n d -ru n  b a r l e y  ( f i g .50) shows t h a t  w h ile  

f r a g m e n ts  o f  th e  endocarp  a r e  d i s t i n g u i s h a b l e ,  th e  spermoderm 

and p e r i s p e r m  have b een  removed to  a v a r i a b l e  e x t e n t .  The
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endosperm  i s  com ple te  w i th  a l l  l a y e r s  o f  a l e n r o n e  c e l l s .

The d u s t  from  th e  r e e l  i s  term ed  " F i n e - d u s t .

By f u r t h e r  " ru b b in g  down", " T h i rd - ru n "  b a r l e y  i s  

p ro d u c e d .  I t  i s  i n  a p p ea ran ce  a lm o s t  w h i te ,  th o u g h  t h e r e  

a r e  s t r e a k s  o f  y e l lo w  m a t e r i a l  a d h e re n t  to  i t s  s u r f a c e .  I n  

f i g . 51 i t  w i l l  be seen  t h a t  t h e r e  a r e  t r a c e s  o f  th e  p e r i 

sperm , b u t  f o r  th e  most p a r t  t h i s  h a s  b een  rem oved; and a t  

some zo n e s  th e  a le u r o n e  l a y e r  h as  been  d i s t u r b e d .

E x t r a - f i n e  d u s t  i s  o b ta in e d  from  th e  r e e l  and i s  u se d  

a s  a  component i n  some bak in g  f l o u r s .

To p roduce  P e a r l  b a r l e y ,  more f r i c t i o n a l  a c t i o n  i s  

a p p l i e d ,  and th e  g r a i n  p roduced  i s  v e ry  much s m a l le r  i n  s i z e  

and w h i t e r  i n  a p p e a ra n c e .  The pu rp o se  o f  p ro d u c in g  a  f i n e  

p e a r l  b a r l e y  seems to  be t h a t  o f  p r o c u r in g  a g r a i n  w hich i s  

w h i te  i n  a p p e a ra n c e  and i n  which t h e r e  i s  no t r a c e  o f  th e  

m edian ra p h e  a p p a r e n t .  T h is  r e s u l t s  i n  " ru b b in g  down” th e  

b a r l e y  t i l l  o n ly  th e  endosperm i s  l e f t  and a s  f i g s  52 and 53 

i n d i c a t e ,  v a r i a b l e  amounts o f  a le u ro n e  c e l l s  re m a in .

E f f e c t s  o f  M i l l i n g .

Com parison o f  th e  ch em ica l a n a ly s e s  o f  th e  v a r io u s  

p r o d u c t s  ( f i g .54) shows t h a t  w h ile  t h e r e  i s  a  g r a d u a l  d e c re a s e  

i n  a s h  v a l u e ,  p r o t e i n  and f i b r e  c o n te n t ,  t h e r e  i s  an  in c r e a s e d  

amount o f  c a r b o h y d ra te  a s  th e  m i l l i n g  p ro c e e d s .



C hem ical C o n s t i t u e n t s .

P r o t e i n . F o llo w in g  th e  work o f  K r e u s l e r 8 1 , O sborne8**

c l a s s i f i e d  th e  p r o t e i n s  o f  b a r l e y .  The c h i e f  p r o t e i n s  a r e

h o r d e i n ,  w h ich  i s  s o lu b le  i n  a l c o h o l ,  and an  i n s o l u b l e  p r o t e i n

w h ich  h a s  n o t  y e t  been  i n v e s t i g a t e d ,  l e u c o s i n  and e d e s t i n  have
83

a l s o  b e e n  i s o l a t e d  and Csonka and Jo n es  have d e t e c t e d  an  

and f $ . g l u t e l i n .

F a t .  The c h i e f  f a t t y  a c i d s  i n  th e  s e p a r a t e d  f a t  a r e
84o l e i c  a c i d  and l i n o l i c  a c i d .  T a u fe l  and Rusch have r e p o r t e d  

t h e  p r e s e n c e  o f  s t e a r i c ,  p a l m i t i c  and l i n o l e n i c  a c id s  i n  th e  

f a t s  w hich  th e y  exam ined.

Garb  ohydr a t  e s . W hile s t a r c h  i s  th e  main c o n s t i t u e n t ,  

s u c ro s e  and r a f f i n o s e  a r e  p r e s e n t  t o  a sm a ll  e x t e n t .  The 

p e n to s a n s  a r a b a n  and x y la n  have been  d e t e c t e d  by Le C le re  and 

W ahl, and L i n t n e r  h as  a l s o  shown th e  p re se n c e  o f  g a l a c t o x y l a n .

M in e ra l  C o n s t i t u e n t s . An a n a l y s i s  o f  th e  a sh  gave t h e  

f o l l o w in g  v a lu e s  f o r  th e  dry  g r a i n  -

U n m illed  b a r l e y gm. i n  100 gm. (m o is tu re  f r e e )

k2 ° CaO MgO P2°5 S

0 .7 1 0 .0 8 0 .21  
i_----------  —

1 .0 4 0 .16

Enzymes.

Many enzymes have been  a s c r i b e d  to  b a r l e y .  In  th e  

g e r m in a t in g  p l a n t  M a e s t r in i^ ^  was a b le  to  d e t e c t  am y lase ,



i n v e r t a s e ,  l i p a s e ,  p r o t e a s e ,  c a t a l a s e ,  and o x id a s e .  Most o f  

t h e  i n v e s t i g a t i o n s  on enzyme a c t i v i t y  have been  d i r e c t e d  t o  t h e  

s tu d y  o f  d i a s t a s e  and i t s  f u n c t io n  i n  th e  p r o c e s s  of m a l t i n g .  

K rabbe a s s i g n e d  a l l  d i a s t a s e  s e c r e t i o n  to  th e  i n d i v i d u a l  c e l l s  

o f  t h e  endosperm , w h ile  H an s teen ,  P u r n e v i tc h  and L in z  s t a t e d  

t h a t  t h e  a l e u r o n e  l a y e r  d id  n o t  s e c r e t e  d i a s t a s e .  A l l  were 

a g r e e d  t h a t  th e  a le u ro n e  l a y e r  i s  made up o f  h i g h l y  v i t a l  c e l l s ,  

w h ich  p e r s i s t  u n t i l  th e  s t a r c h  endosperm h a s  been  c o m p le te ly  

a b s o rb e d .

C hem ical I n v e s t i g a t i o n .

P r e l im in a r y  work c a r r i e d  o u t on e x t r a c t s  of  b a r l e y  

i n d i c a t e d  t h a t  t h e  r o l e  of p hosphorus  re se m b le d  t h a t  i n  r i c e .  

A c c o r d in g ly  i n v e s t i g a t i o n s  were d i r e c t e d  ,to th e  i s o l a t i o n  o f  

th e  o r g a n ic  p h o sp h o r ic  compounds from th e  v a r io u s  m i l l e d

p r o d u c t s  o f  B a r l e y .

The method of e x t r a c t i o n  and i s o l a t i o n  was th e  same

a s  t h a t  u s e d  i n  r i c e  and i s  d e s c r ib e d  on pag es  19 and 20*

The f o l lo w in g  summary may be u s e f u l  f o r  im m ediate  r e f 

e r e n c e  .
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G r a in  c rushed ..  M acera ted  w i th  1 fo HC1, th e n  p e r c o l a t e d  

P e r c o l a t e  m easu red . NaA 2 9 .1  g m . / l i t r e  added .

F i l t r a t e .
3Ofo P M  added .

P r e c i p i t a t e .
Washed w i th  w a te r .  Suspended i n  w a te r .  HgS p a s s e d .

F i l t r a t e .
Gone, i n  vacuo to  t h i n  sy ru p .  Poured  
s lo w ly  i n t o  a b s o lu t e  a l c o h o l .  F i l t e r 

ed .

1
P r e c i p i t a t e .

Washed w i th  a b s .  a l c o h o l .
• D r ie d  i n  vacuo o ver  CaCl^ 

D is s o lv e d  in  w a te r .
P o u red  i n to  a b s .  a l c o h o l .  
F i l t e r e d .

P r e c i p i t a t e .
Washed w i th  a b s .  
a l c o h o l .
D r ie d  i n  vacuo 
o v e r  CaOlg. 
W eighed.
A . I . P b .

F i l t r a t e .

A lcoho l 
r e c o v e r y  
ed .

f i l t r a t e . 
A lco h o l  
r e c o v e re d .

P r e c i p i t a t e  
PbS d i s c a r d e d

The p e r c e n ta g e  y i e l d s  a r e  shown i n  P i g . 55 and were o b ta in e d  

from  th e  e x t r a c t i o n s  of 1 kg« o f  g r a i n .



The A lc o h o l  I n s o lu b le  Lead P r e c i p i t a t e  (A .I .P b )  when 

d r i e d  i n  vacuo was an amorphous w h ite  powder w hich  was r e a d i l y  

s o lu b l e  i n  w a te r  and a c i d  i n  r e a c t io n *  I t  y i e l d e d  r e a c t i o n s f o r  

c a lc iu m ,  magnesium and p h o sp h o ru s .  When h e a te d  i n  an  a u to c la v e  

a t  150°C i n  a  s e a l e d  tu b e  w i th  d i l u t e  HgSO .̂ f o r  6 h o u r s ,  c o o le d ,  

t r e a t e d  w i th  b a r y t a  and f i l t e r e d ,  th e  f i l t r a t e ,  when c o n c e n t r a 

t e d  and s e t  a s i d e  to  c r y s t a l l i s e ,  gave th e  r e a c t i o n s  o f  i n o s i t o l .

An aqueous  s o l u t i o n  of A .I .P b  form ed dense  p r e c i p i t a t e s  

w i th  l e a d  a c e t a t e  and copper  a c e t a t e .  The n e u t r a l  sodium s a l t  

was o b t a i n e d  by p r e c i p i t a t i n g  a s o l u t i o n ,  n e u t r a l i s e d  w i th  

NaOH, w i th  a l c o h o l .  The f r e e  a c id  was o b ta in e d  by d e g r a d a t io n  

o f  t h e  l e a d  s a l t  w i th  H2S, and c o n c e n t r a t i o n  o f  th e  f i l t r a t e  

i n  v a c u o .  I t  was a  t h i n  c l e a r  sy rup  and form ed two s e r i e s  o f  

s a l t s  w i t h  th e  a l k a l i n e  e a r t h  and heavy m e ta l s .  The a c id  

s a l t s  w ere f r e e l y  s o lu b le  i n  w a te r ,  w h i le  th e  doub le  s a l t s  

w ere s o lu b l e  o n ly  i n  an  a c id  medium.



ACTION ON ANIMAXS.

The p h a rm a c o lo g ic a l  a a t i o n  o f  A .I .P b  was fo u n d  to  be 

s i m i l a r  t o  t h e  A . I .P b  o f  r i c e .

P a r e n t e r a l  a d m i n i s t r a t i o n  to  r a b b i t s  i n d i c a t e d  t h a t  

t h e  i n t r a - v e n o u s  r o u te  was much more r a p i d  and o f t e n  r e a c h e d  

a f a t a l  t e r m i n a t i o n  i n  a s h o r t  t im e .  Hypodermic i n j e c t i o n  

p ro d u c e d  marked d e p r e s s io n  o f  th e  b r a i n  and s p in a l  c o rd  

f o l lo w e d  by i n c r e a s e d  r e f l e x e s .

I n  f r o g s  d o ses  of 0 .0 2 -0 .0 5  gm. g iv e n  h y p o d e rm ic a l ly  

c a u s e d  d e p r e s s i o n  and o f t e n  p a r a l y s i s  of  th e  b r a i n  and s p in a l  

c o rd  f o r  12 -24  h o u r s .  I n c r e a s e d  r e f l e x e s  p e r s i s t e d  f o r  

s e v e r a l  d a y s .

When g iv e n  by mouth th e  a c t i o n  was v a r i a b l e  and 

depended  on th e  e x t e n t  to  which th e  e s t e r s  were decomposed.

I n  d o s e s  o f  5 -8  gm. t h e r e  was d ro w s in e ss  and marked d e p r e s s io n  

i n  r a b b i t s .

ANIMAL FEEDING EXPERIMENTS.

F e e d in g  e x p e r im e n ts  were made w i th  th e  v a r io u s  p r o d u c ts  

o f  b a r l e y  m i l l i n g ;  th e  e x p e r im e n ts  w i th  p ig e o n s  were conduc ted  

u n d e r  th e  same c o n d i t i o n s  a s  d e s c r ib e d  under  r i c e .



FEEDING EXPERIMENTS WITH PIGEONS.

E x p e r im e n t I . ( F ig s .  56 and 56A) .

A f t e r  175 d a y s ,  p ig e o n s  f e d  on 1 s t  Run b a r l e y  rem a in ed  

q u i t e  no rm al and g a in e d  w e ig h t .

T h is  i s  i n  ag reem ent w i th  th e  r e s u l t s  o b t a in e d  from 

f e e d i n g  u n m i l l e d  r i c e .

E x p e r im e n t I I . ( F ig s .  57 and 57A) .

On a  d i e t  o f  2nd Run b a r l e y  p ig e o n s  d ev e lo p e d  t y p i c a l  

s ig n s  o f  p o l y n e u r i t i s  a f t e r  60-70 d a y s 1 f e e d i n g .  In  a l l  c a s e s  

t h e r e  was an  i n i t i a l  r i s e  i n  w e ig h t  fo l lo w e d  by a  g r a d u a l  

d e c l i n e .

E x p e rim en t I I I . ( F ig s .  58 and 58A).

F e e d in g  on a d i e t  o f  3 rd  Run b a r l e y  p ig e o n s  showed 

s ig n s  o f  w eakness  and a t a x i a  a f t e r  20-25  d a y s .  T h is  c o n d i t i o n  

g r a d u a l l y  p r o g r e s s e d  and a f t e r  10 d a y s 1 f u r t h e r  f e e d in g  t h e r e  

was e v id e n c e  o f  m u scu la r  w eakness, and d e f i n i t e  p a r e s i s .  I n  

some c a s e s  spasms of u n c o n t r o l l e d  movement d e v e lo p e d  v e ry  

su d d e n ly  and th e  p ig e o n s  were u n a b le  to  c o n t r o l  th e  d i r e c t i o n  

or th e  e x t e n t  o f  movement. While t h e r e  was no ev id en ce  o f  

h ead  r e t r a c t i o n ,  th e  f a l l i n g  fo rw ard  of th e  head  (e m p ro s th o to -  

nos) was t y p i c a l  of p ig e o n s  f e d  on p o l i s h e d  r i c e .

E x p e rim en t IV . ( F ig s .  59 and 59A).

On a d i e t  o f  h ig h ly  m i l l e d  (4 th  Run) b a r l e y  p ig e o n s  

d e v e lo p e d  i n  from  15-22 days  th e  s ig n s  c h a r a c t e r i s t i c  o f



p o l y n e u r i t i s .  There  was w eakness o f  th e  l e g s  and th e  g a i t  

was q u i t e  u n s te a d y .  Marked l o s s  o f  e x te n s o r  to n e  was e v id -  

d en ced  i n  t h e  f l e x i o n  o f  th e  t o e s ,  w hich was a c h a r a c t e r i s t i c  

s ig n  ( f i g . 60) . The movements of th e  p ig eo n s  were q u i t e  i n c o 

o r d i n a t e d  and u n c o n t r o l l e d .  The head  and neck  m usc les  l a t e r  

became in v o lv e d  r e s u l t i n g  i n  e i t h e r  e m p ro s th o to n ic  o r  o p i s -  

t h o t o n i c  spasm s ( f i g . 6 1 ) .  H i s t o l o g i c a l  ex a m in a t io n  o f  th e  

s c i a t i c  n e rv e  showed m y e lin  g r a n u l a t i o n  and clum ping o f  th e  

f i b r e s  ( f i g . 6 1 .A) .

E x p e r im e n t  V. ( F i g . 6 2 ) .

The b a r l e y  d u s t  o b ta in e d  from th e  m i l l i n g  o f  2nd Run 

b a r l e y  was mixed in to  a mash w ith  w a te r  and f e d  by mouth, to  

p ig e o n s  w h ich  had  d ev e lo p ed  th e  t y p i c a l  s ig n s  o f  p o l y n e u r i t i s  

a s  a  r e s u l t  o f  f e e d in g  on 3rd  Run b a r l e y .

A f t e r  2 d o se s  o f  5 gm. t h e r e  was an improvement i n  

t h e i r  g e n e r a l  c o n d i t i o n .  The l e g s  became s t e a d i e r  and f l i g h t  

was r e s t o r e d  ( f i g s . 63 and 6 3 .A ) . I n  two days th e  p ig e o n s  

a p p e a re d  to  be q u i r e  normal and t h e r e  was no ev id en ce  o f  any 

n e u r i t i c  c o n d i t i o n .  The p ig eo n s  s t e a d i l y  g a in e d  w e ig h t ,  w h ich  

was m a in ta in e d  f o r  a s  much as  12 d a y s , when th e  ex p er im en t 

was c o n c lu d e d .

E x p e rim en t 7 1 . ( F ig s .  64 and 6 4 .A) .

P ig e o n s  w hich had become p o l y n e u r i t i c  on a d i e t  o f  

4 th  Run b a r l e y  were f e d  d r i e d  y e a s t  p e r  c rop  a s  c u r a t i v e  t r e a t 

m ent. I n  d o s e s  of 1 gm. d a i l y  t h e r e  was no d e f i n i t e  improvement



i n  t h e  c o n d i t i o n .  When 2  gm. d a i l y  were g iv e n  a  g r a d u a l  im

p rovem ent i n  g e n e r a l  c o n d i t i o n  fo l lo w e d  and th e y  g a in e d  w e ig h t .  

Vs/hen g i v e n  2  gm. d a i l y  a s  a p r o p h y la c t ic  t r e a t m e n t ,  th e  p ig e o n s  

re m a in e d  w e l l  and q u i t e  norm al and g a in e d  w e ig h t .

E x p e r im e n t  V I I . ( F ig s .  65 and 65 .a ) .

As a  so u rc e  o f  v i ta m in  B complex, marmite was t r i e d  a s

c u r a t i v e  t r e a t m e n t  f o r  p ig eo n s  which had d ev e lo p ed  p o l y n e u r i t i s

on a  d i e t  o f  4 th  Run b a r l e y .  I n  d o ses  o f  1 gm. by th e  c ro p  

t h e r e  was a  v a r i a b l e  r e s p o n s e .  I f  g iv e n  c o n t in u o u s ly  a f t e r  

th e  f i r s t  d o s e ,  t h e r e  was a  g ra d u a l  improvement w i th  r e s t o r a 

t i o n  o f  w e ig h t ,  b u t  i f  t r e a tm e n t  was d i s c o n t in u e d  th e  n e u r i t i c  

c o n d i t i o n  was m a n i fe s te d  i n  a d ay . I n  p r o p h y la c t i c  d o se s  o f  

1 gm. d a i l y  th e  p ig e o n s  rem ained  normal and m a in ta in e d  t h e i r  

w e i g h t .

E x p e rim en t  V I I I . ( F ig s .  66 and 66 .A,B) .

F o l lo w in g  upon th e  fe e d in g  ex p e r im en ts  w i th  r i c e ,  th e  

e f f e c t  o f  s u p p ly in g  phosphorus  i n  in o rg a n ic  form , was s tu d i e d .  

P ig e o n s  on a  d i e t  o f  4 th  Run b a r l e y  were g iv e n  by th e  c ro p ,  

i n  a d d i t i o n ,  0 .3 3  gm. sodium phospha te  (Na^HPO^.lSHgO) i n  3 c . c .  

w a te r  d a i l y .

T here  was a p r o lo n g a t io n  of th e  normal c o n d i t i o n ,  b u t  

th e  a d d i t i o n  o f  in o rg a n ic  phosphorus to  th e  d i e t  f a i l e d  to  

p r e v e n t  t h e  o n s e t  o f  p o l y n e u r i t i s ,  though t h e r e  were no c a se s  

o f  th e  h ead  and neck  m uscles  b e in g  a f f e c t e d .  There was a l s o  

a- g r a d u a l  d e c l i n e  i n  w e ig h t ,  so t h a t  su p p ly in g  in o rg a n ic
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p h o s p h o ru s  h o es  n o t  d i r e c t l y ,  of i t s e l f ,  i n f lu e n c e  th e  d i e t  

o f  h i g h l y  m i l l e d  P a r l e y .

On a  d i e t  o f  End Run P a r le y  w i th  0 .3 3  gm. sodium phos

p h a te  a s  a  su p p le m e n ta ry  d i e t ,  th e  appearan ce  o f  th e  n e u r i t i c  

c o n d i t i o n  was d e la y e d  f o r  a t  l e a s t  1E8 d a y s .  The p ig e o n s  

re m a in e d  i n  good c o n d i t i o n  t i l l  a few days P e fo re  th e  o n s e t .  

The a d d i t i o n  o f  in o rg a n ic  phosphorus t o  th e  d i e t  would seem 

t o  i n d i c a t e  t h a t  a  d e f i c i e n c y  o f  phosphorus  was a  c a u s a t iv e  

f a c t o r  i n  p o l y n e u r i t i s .



DISCUSSION.

The f e e d i n g  o f  p ig e o n s  on P a r le y  h as  shown t h a t  where 

t h e r e  h a s  P een  no rem oval o f  th e  p e r i c a r p  th e  p ig e o n s  have 

re m a in e d  norm al and g a in e d  w e ig h t .

Where t h e r e  i s  d i s tu r b a n c e  o f  th e  p e r i c a r p  and su b -  

p e r i e a r p  l a y e r s  i n  th e  g r a i n ,  th e  developm ent o f  p o l y n e u r i t i s  

h a s  f o l lo w e d  th e  f e e d in g  of th e  m i l le d  g r a i n .  I t  i s  i n t e r e s t 

in g  t o  n o te  t h a t  i n  End Run P a r le y ,  th e  a le u ro n e  l a y e r  i s  

i n t a c t ,  y e t  t h e  p re se n c e  of th e  a le u ro n e  c e l l s  does  n o t  e n su re  

p r o t e c t i o n ,  a s  was su g g e s te d  Py .F raser,  i n  h i s  e x p e r im e n ts  

w i th  r i c e .

P ig e o n s  f e d  on 4 th  Run P a r le y  where th e  a le u ro n e  l a y e r  

h a s  P een  rem oved to  a v a r i a P le  e x t e n t ,  Pecame p o l y n e u r i t i c  i n

from  15 to  EE d a y s .

The c u r a t i v e  e f f e c t  of  a d m i n i s t r a t i o n  o f  th e  p e r i c a r p

and s u P - p e r i c a r p  l a y e r s  h as  Peen d e m o n s tra te d .

The p r o p h y la c t i c  va lu e  o f  y e a s t  and marmite i n  th e  

t r e a t m e n t  o f  p o l y n e u r i t i s  o f  P a r le y  and th e  l i m i t e d  u se  o f  

t h e s e  s u P s ta n c e s  i n  c u r a t i v e  d o se ,  has  Peen p o in te d  o u t .

The a d d i t i o n  o f  in o rg a n ic  phosphate  to  th e  d i e t  d e la y e d  

P u t d i d  n o t  e v e n t u a l l y  p re v e n t  th e  o n s e t  o f  p o l y n e u r i t i s .

I t  h a s  long  Peen r e c o g n is e d  t h a t  c e r e a l s  have a harm

f u l  e f f e c t  upon bone fo rm a t io n .  As long  ago as  1650 o s se o u s

c a c h e x ia  was known i n  Norway and was a t t r i b u t e d  t o  a  f a u l t y
86

d i e t . The c a u s a t i v e  f a c t o r  was a t t r i b u t e d  to  a p l a n t  which



was a t  t h a t  t im e  g r e a t l y  u se d .

C a n t ig e t a n a  B r i s s o n e t 87 s t i l l  l a t e r  in  1846 showed 

t h a t  w here  t h e  s o i l  c o n ta in e d  l e s s  th a n  1 ,5 0 0  k g . o f  p h o sp h o r ic  

a c i d  t o  t h e  h e c t a r e ,  o sseous  c a c h e x ia  was a lm o st p e rm a n e n t ly  

p r e s e n t .  When t h i s  r a t i o  o f  p h o sp h o ric  a c id  was r a i s e d  beyond 

2 ,0 0 0  k g .  t h e  c a c h e x ia  f i n a l l y  d is a p p e a re d .

F o r  more th a n  h a l f  a  c e n tu ry  o a t s  have been  condemned 

a s  a  d i e t  on a c c o u n t  of  th e  p re se n c e  o f  an a c id  su b s ta n c e  

w h ich  was c a p a b le  o f  c a u s in g  d e m i n e r a l i s a t i o n  o f  bone . As a 

r e s u l t  o f  i n v e s t i g a t i o n s  on r a b b i t s  Weiske a t t r i b u t e d  th e  

h a rm fu l  e f f e c t s  o f  o a t s  to  an a c id  s u b s ta n c e ,  and n o t to  a 

d e f i c i e n c y  o f  c a lc iu m .
88

From some g e n e r a l  ex p er im en ts  B u rn e t t  found a v e ry

w ide  v a r i a t i o n  i n  th e  m in e ra l  c o n te n t  o f  bones a s  a  r e s u l t  o f

a l t e r i n g  t h e  c o m p o s i t io n  o f  th e  fo o d .  E xpe rim en ting  w i th
89

d i e t s  o f  w hea t on p ig e o n s ,  Ghossat found  t h a t  s a l t s  were 

g r a d u a l l y  w ithd raw n  from th e  bones which g r a d u a l ly  became 

weak, and  w ere l i a b l e  to  spon taneous  f r a c t u r e .
90

More r e c e n t l y  Sherman and Pappenheimer a t t r i b u t e d

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

o f  p h o s p h o ru s  i n  th e  d i e t ,  and cu red  th e  c o n d i t io n  by th e

a d m i n i s t r a t i o n  o f  p o ta ss iu m  p h o sp h a te .  T h is  c o n c lu s io n  was

s u p p o r te d  by many o th e r  i n v e s t i g a t o r s .

I n v e s t i g a t i n g  th e  e f f e c t s  o f  c e r e a l s  on b o n e - c a l c i f i c a -

t i o n ,  G reen  and H e l l a n ty 91 found t h a t  no i l l  e f f e c t s  r e s u l t e d

when th e  d i e t s  were r i c h  i n  v i ta m in  D.



92I t  h a s  b e e n  s u g g e s te d  t h a t  one o f  th e  f u n c t i o n s  o f  

v i t a m in  D a p p e a r s  to  be to  i n c r e a s e  th e  a b s o r p t i o n  o f  i n o r g a n ic  

e le m e n ts  from  th e  a l im e n ta r y  c a n a l .  When t h e r e  i s  a l a c k  o f  

v i t a m in  D a  s u f f i c i e n c y  o f  t h e s e  e le m e n ts  i s  n o t  a b so rb e d  and 

p r e s e n t e d  to  t h e  t i s s u e s  r e q u i r i n g  them f o r  d ev e lo p m en t.
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FEEDING- EXPERIMENTS V/ITH RABBITS.

E x p e r im e n ts  were c o n d u c ted  t o  s tu d y  th e  e f f e c t s  o f  

f e e d i n g  r a h b i t s  on a  d i e t  of  u n m i l le d  b a r l e y ,  and to  d e t e c t  

w hat c h a n g e s ,  i f  any , c o u ld  be o b se rv e d  i n  th e  bones  o f  young 

g row ing  a n im a ls ,  a s  a  r e s u l t  o f  th e  d i e t .

Each  g roup  o f  a n im a ls  was k e p t  i n  a  w ire  c a g e ,  and 

p ro v id e d  w i t h  f r e s h  w a te r  d a i l y .  The a n im a ls  were a l lo w e d  

to  r u n  a b o u t  on a  c o n c r e te  f l o o r ,  f o r  a  s h o r t  p e r io d  e v e ry  

d ay .

Method o f  P r e p a r a t i o n  o f  Bone f o r  A n a l y s i s .

The fem ur, t i b i a  and f i b u l a  from  b o th  h in d  l e g s  o f  th e  

dead  a n im a ls  were X -ra y -p h o to g ra p h e d ,  a f t e r  rem oval o f  most of 

th e  s o f t  t i s s u e .  The bones were a l lo w e d  to  d ry  f o r  t h r e e  d a y s ,  

and a f t e r  a l l  c o n n e c t iv e  t i s s u e  had b een  rem oved, were b ro k en  

i n t o  f r a g m e n ts  i n  a m o r ta r .

D e f a t t i n g .

By r e f l u x i n g  i n  f l a s k s ,  tw ic e  f o r  t h r e e  h o u rs  w i th  a b s o lu t e  

a l c o h o l ,  and tv /ice  f o r  t h r e e  h o u rs  w i th  m e th y la te d  e t h e r ,  a l l  

t h e  f a t  was removed and th e  bones  were d r i e d  to  c o n s ta n t  w e ig h t .

A s h in g .

The bones  were p u l v e r i s e d  i n  a  h a n d - m i l l  and a l i q u o t  

p o r t i o n s  were w eighed in to  Rose c r u c ib le s *  A shing was c a r r i e d  

o u t  i n  a  com b u stio n  f u r n a c e .  D uring th e  f i r s t  h a l f - h o u r  th e  

t e m p e r a tu re  was k e p t  abou t 70°C, t h e r e a f t e r  th e  h e a t in g  was



c o n t in u e d  a t  a  h ig h  te m p e ra tu re  t i l l  t h e  bone a sh  was o f  

c o n s t a n t  w e ig h t .  The t im e  r e q u i r e d  f o r  a s h in g  was g e n e r a l l y  

from  f o u r  to  s i x  h o u r s .

Method o f  E s t im a t io n  o f  Calcium  i n  Bone A sh .

P o r t i o n s  o f  ab o u t 0 .12  gm. o f  bone a sh  were w eighed 

to  t h e  4 t h  p l a c e  o f  d e c im a ls .  The ash  was d i s s o l v e d  i n  4 m i l s .  

HC1.; t h e  s o l u t i o n  was d i l u t e d  to  50 m i l s ,  w i th  d i s t i l l e d  

w a te r  and h e a te d  to  abou t 90°C . 10 m i l s .  O x a lic  a c i d  r e a g e n t

and 5 d ro p s  m ethy l r e d  were added . Prom a  b u r e t t e  d i l u t e  

ammonium h y d ro x id e  was added t i l l  th e  s o l u t i o n  was y e l lo w .

The p r e c i p i t a t e  was a l lo w ed  to  s e t t l e  o v e r n i g h t .  The s u p e r -  

n a t e n t  l i q u i d  was d e c a n te d  th ro u g h  a  V/hatman Wo.44 f i l t e r -  

p a p e r .  The p r e c i p i t a t e  was washed w i th  60 m i l s ,  p o r t i o n s  o f  

d i s t i l l e d  w a te r  c o n ta in in g  a  t r a c e  o f  ammonia, t i l l  th e  f i l t r a t e  

y i e l d e d  no c l o u d in e s s  w i th  c a lc iu m  c h l o r id e  s o l u t i o n .  The 

f i l t e r - p a p e r  was washed w i th  h o t  d i l u t e  s u lp h u r i c  a c i d ,  and 

th e  f i l t r a t e  s e rv e d  to  d i s s o l v e  th e  p r e c i p i t a t e  i n  th e  b e a k e r .  

The r e s u l t i n g  s o l u t i o n  was h e a te d  to  70°C, and t i t r a t e d  w i th  

dec in aan a l p o ta s s iu m  perm angana te .  The c a lc iu m  c o n te n t  was 

e x p r e s s e d  a s  a p e rc e n ta g e  o f  c a lc iu m  o x id e .

O x a l ic  A cid  R e a g e n t .

O x a l ic  Ac id  3 4 .0  gm.

D i s t i l l e d  W ater to  1000.0  m i l s .

D is s o lv e d  and f i l t e r e d .

10 m i ls ,  of t h i s  s o l u t i o n ,  e q u iv a le n t  t o  0 .3 4  gm. O x a lic  

A cid  were u se d  in  each  e s t i m a t i o n .



Method o f  E s t i m a t i o n  of P hosphorus  i n  Bone A sh .

A l iq u o t  p o r t i o n s  o f  0 .0 5 -0 .0 6  gm. o f  hone a s h  were 

w eighed  to  th e  4 t h  d ec im a l p la c e  and d i s s o l v e d  i n  5 m i ls  

HWOg. 70 m i l s ,  d i s t i l l e d  w a te r  and 10 gm. WĤ WÔ  were 

a d d e d .  The s o l u t i o n  was h e a te d  to  65°C and 35 m i l s ,  m olyb- 

d a t e  R ea g en t  were r u n  i n  a slow s tre a m ,  from  a  b u r e t t e .

The r e s u l t i n g  p r e c i p i t a t e  was s e t  on a w a t e r - b a t h  a t  65°C 

f o r  15 m in u te s .  I t  was th e n  a l lo w ed  to  c o o l  f o r  15 m in u te s  

and f i l t e r e d  th ro u g h  a G-ooch c r u c i b l e  u n d er  s l i g h t  s u c t i o n .  

The p r e c i p i t a t e  was washed and f u r t h e r  t r e a t e d  as  d e s c r ib e d  

i n  p a g e s  13 and 14 .

Bone A n a ly s i s  of  Normal -an im als .

From an a n a l y s i s  o f  th e  bones o f  norm al a n im a ls  

A l s t e a d 101 h a s  shown t h a t  w i th  ad v an c in g  age t h e r e  i s  a 

g r a d u a l  i n c r e a s e  i n  th e  p r o p o r t i o n  of in o r g a n ic  m a t t e r .  

W hereas i n  th e  f i r s t  month th e  bone a sh  i s  ab o u t  45$, a t  

th e  age o f  12 months and o v er  th e  v a lu e  r a n g e s  from  55$-60$ . 

T here  d oes  n o t  ap p e a r  t o  be much change i n  th e  c o m p o s i t io n  

o f  th e  a sh  how ever, i n  r e s p e c t  of phosphorus  and c a lc iu m , 

and d e s p i t e  th e  v a r i a t i o n  i n  bone a sh  v a lu e ,  th e  phosphorus  

c o n te n t  i s  ab o u t 45$ PgOg w h ile  t h a t  o f  c a lc iu m  i s  a p p r o x i 

m a te ly  50-55$ CaO.



Experiment I (Pig.67).
I n  Group A, 5 young r a b b i t s  o f  th e  same l i t t e r  w ere

f e d  d a i l y  on u n m i l le d  b a r l e y  w hich had been  c ru sh e d  i n  a  m i l l .

2 r e c e i v e d  i n  a d d i t i o n  1 gm. d r i e d  y e a s t  d a i l y .

I n  g roup  B, 6 young r a b b i t s  o f  th e  same l i t t e r  w ere

f e d  d a i l y  on u n m i l le d  b a r l e y  which had p r e v i o u s l y  b een  a u t o 

c l a v e !  i n  a l c o h o l  a t  l j  a tm o sp h eres  f o r  2 h o u r s .  2 r e c e iv e d  

i n  a d d i t i o n  1 gm. d r i e d  y e a s t  d a i l y .

The a n im a ls  in  each  group a t e  w e l l  and g a in e d  w e ig h t .  

I n  b o th  g ro u p s  ab o u t  a week b e fo re  d e a th  th e  a n im a ls  became 

weak and w ere n o t  i n c l i n e d  to  move a b o u t .  The h in d  l im b s  

became s t i f f  and i n c o - o r d i n a t e  and l a t e r  q u i t e  p a r a l y s e d .

When p l a c e d  on t h e i r  s id e  th e y  were u n a b le  to  r e g a i n  t h e i r  

no rm al p o s i t i o n .  They d ie d  g e n e r a l l y  2 days  a f t e r  th e  o n s e t  

o f  p a r a l y s i s .

E x p e rim en t  I I  ( F i g . 6 8 ) .

I n  g roup A, 3 young r a b b i t s  o f  th e  same l i t t e r  were 

f e d  d a i l y  on c ru s h e d ,  u n m il le d  b a r l e y  w i th  1 c . c .  f r e s h  lemon 

j u i c e  and 3 d ro p s  H a l iv e r o l  each  i n  a d d i t i o n .

I n  Group B, 3 young r a b b i t s  of th e  same l i t t e r  were 

f e d  on th e  same d i e t  o n ly  i n  p la c e  o f  H a l i v e r o l ,  each  was

g iv e n  1 c . c .  c o d - l i v e r  o i l .

A l l  the animals a t e  w e l l  b u t  g r a d u a l ly  l o s t  w e ig h t .  

A f t e r  3-4 w e e k s1 f e e d in g  they became weak and showed ev id en ce  

of inco-ordination i n  t h e i r  movements. I n  some th e  p a r a l y s i s  

first affected the f o r e  l im b s  ( f i g . 70) w hich were sp la y e d  o u t



and  w ere  u n a b le  to  s u p p o r t  th e  w e ig h t  o f  th e  body . The h in d  

l im b s  l a t e r  became in v o lv e d  and th e  a n im a ls  d ie d  q u i t e  p a r a 

l y s e d .

E x p e r im e n t I I I  ( P i g . 6 9 ) .

I n  g roup  A, 4 young r a b b i t s  o f  th e  same l i t t e r  were 

e ach  f e d  d a i l y  on c ru s h e d ,  u n m il le d  b a r l e y ,  w i th  1 c . c .  f r e s h  

lemon j u i c e ,  3 d ro p s  H a l iv e r o l  and 0 .3 3  gm. Sodium p h o sp h a te  

(Ka2HP04 .12H2 0) .

I n  g roup  B, 4 young r a b b i t s  o f  th e  same l i t t e r  were 

f e d  t h e  same d i e t  w i th  1 gm. Marmite each  i n  a d d i t i o n .

The a n im a ls  a t e  w e l l  and g a in e d  i n  w e ig h t .

I n  g roup  A, a f t e r  9-11 w eek s1 f e e d in g ,  w eakness and 

i n c o - o r d i n a t i o n  o f  th e  h in d  l im b s  was fo l lo w e d  by p a r a l y s i s  

o f  b o th  f r o n t  and h in d  l im b s .  The an im a ls  were q u i t e  u n a b le  

to  move and d ie d  two days a f t e r  p a r a l y s i s  was m a n i f e s te d .

I n  group  B th e  f i r s t  i n d i c a t i o n s  o f  p a r a l y s i s  were 

n o te d  a f t e r  a b o u t  8-9 w e e k s1 f e e d in g  and th e  t y p i c a l  s e q u a l  

o f  e v e n t s  t e r m in a te d  i n  d e a th .



DISCUSSION.

R a d io g ra p h ic  e x a m in a t io n  o f  th e  bones  a f t e r  3 w e e k s1 

f e e d i n g  on d i f f e r e n t  d i e t s  showed t h a t  th e  shadows w ere d e n s e r  

i n  t h e  b o n es  o f  th o s e  a n im a ls  which r e c e iv e d  c o d - l i v e r  o i l  

and H a l i v e r o l ;  w h i le  i n  t h e  c a se  o f  th e  an im al r e c e i v i n g  no 

s u p p le m e n ta ry  d i e t  t h e r e  was ev id en ce  o f  r e s t r i c t e d  o s s i f i c a 

t i o n .  C hem ical a n a l y s i s  d en o ted  a  v a r i a t i o n  i n  th e  a sh  v a lu e ,  

b u t  t h e  c o m p o s i t io n  o f  th e  a sh  w i th  r e g a r d  to  Ca and P ap p e a re d  

t o  v a ry  o n ly  to  a  s l i g h t  d e g re e .

S im i l a r  e x a m in a t io n  o f  bones  a f t e r  5 ,9  and 21 weeks 

o f  e x p e r im e n t  i n d i c a t e d  a v a r i a t i o n  i n  a sh  v a lu e ,  b u t  a  

r e m a rk a b le  c o n s i s t e n c y  i n  c o m p o s i t io n .  R ad io g ra p h ic  exam ina

t i o n  d i d  n o t  r e v e a l  any g r o s s  i n t e r f e r e n c e  w i th  o s s i f i c a t i o n  

( f i g s .  7 1 ,7 2 ,7 3  e^nd 74) .

S tu d y in g  th e  e f f e c t  o f  th e  i n f l u e n c e  o f  in o r g a n ic
93

p h o s p h a te  on th e  r a t e  o f  a l c o h o l i c  f e r m e n ta t io n ,  Harden 

e x p r e s s e d  h i s  f i n d i n g s  a c c o rd in g  to  t h e  e q u a t io n s  -

1 .  2C6H1 2 06 + 2P04HR2 = 2C6h i i ° 5 P04 R£ + 2H2 °

2 - C6H12°6 + 2P04HR2 = C6H1004 (P04R2 ) g + 2H20 .

E q u a t io n  1 r e p r e s e n t s  t h e  fo rm a t io n  o f  hexosem onophosphate 

and  2 ,  t h e  f o rm a t io n  o f  h e x o se d ip h o sp h a te .  By th e  a c t i o n  o f  

t h e  p h o s p h a ta s e  i n  y e a s t  t h e s e  e s t e r s  a re  h y d r o l i s e d  to  th e  

hexose  and p h o sp h o r ic  a c i d .
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C6H1 1 0 5I’C,4E2 + H2 °  = C6H12°6 + P04HE2 

C6H1004 (P04E2 ) 2 + 2H2 °  = C6H12°6 + 2P04HR2 *

A p p ly in g  t h i s  p r i n c i p l e  o f  h y d r o ly s i s  i n  a  s tu d y  o f  

hone p h o s p h a ta s e  R ob ison94 found t h a t  g lu c o s e  -  o r  f r u c t o s e  -  

m onophosphate  were h y d ro ly s e d  hy hone p h o sp h a ta se  to  g lu c o s e  

o r  f r u c t o s e  and in o r g a n ic  p h o sp h a te .

Embden9^ and l a t e r  P ryde and W a te rs9^ i s o l a t e d  from  

th e  m usc le  j u i c e  o f  r a h h i t s  and o th e r  a n im a ls  hexosemonophos

p h o r ic  a c i d  w h ich , i t  was s u g g e s te d ,  was i d e n t i c a l  w i th  th e

g lu co se -m o n o p h o sp h a te  o b ta in e d  from  th e  p r o d u c ts  of f e rm e n ta -
97t i o n  hy y e a s t .  Working a lo n g  s im i l a r  l i n e s  th e  E g g le to n s

i s o l a t e d  a  d e r i v a t i v e  o f  c r e a t i n e  which th e y  te rm ed  phosphagen ,
98P0(0H )2 .NH.C:NH N.CHg.CH.COOH. L a te r  M eyerhoff  s tu d y in g  th e  

r e l a t i o n  o f  phosphagen to  l a c t i c  a c id  fo rm a t io n  showed t h a t  

th e  p h o s p h a te  l i b e r a t e d  from  th e  h y d r o ly s i s  o f  phosphagen 

com bines w i th  g ly co g en  or hexos.es to  form h ex o se p h o sp h o r ic  

e s t e r s .

E x te n d in g  th e  r e s u l t s  o f  th e s e  r e s e a r c h e s  to  th e  s tu d y
99o f  th e  fo rm a t io n  o f  hone R obison  i n  some p r e l im in a r y  work 

fo u n d  t h a t  hone c o n ta in s  a v e ry  a c t i v e  p h o sp h a ta se  cap a b le  o f  

e f f e c t i n g  h y d r o ly s i s  o f  h ex o se p h o sp h a te s  and o t h e r  p h o sp h o ric  

e s t e r s .  He c o n c lu d ed  t h a t  i n  a d d i t i o n  to  in o rg a n ic  p h o sp h a te ,  

b lo o d  c o n t a i n s  a  p h o sp h o ric  e s t e r  whose c a lc iu m  s a l t  i s  s o lu b l e .  

I n  t h e  p re s e n c e  o f  th e  enzyme p h o sp h a ta se  t h i s  e s t e r  i s



h y d r o ly s e d ,  s e t t i n g  f r e e  i n o r g a n i c  p h o s p h a te  w hereb y  t h e  eone^ 
/ / / .

o f  P0^_ i o n s  i s  i n c r e a s e d .  The p r o d u c t  o f  t h e  c o n c e n t r a t i o n s  

o f  PO "f  and  Ga++ i o n s  t h e n  e x c e e d s  t h e  s o l u b i l i t y  p r o d u c t  o f  

c a lc iu m  p h o s p h a te  w h ich  i s  d e p o s i t e d  i n  t h e  o r g a n i c  m a t r i x  o f  

t h e  t i s s u e .  He fo u n d ^ ^ ^  t h a t  t h i s  e s t e r  was a  v e r y  i m p o r t a n t  

f a c t o r  i n  c a l c i f i c a t i o n  and  t h a t  i n  i t s  p r e s e n c e  c a l c i f i c a t i o n  

was o b t a i n e d  ev en  a t  lo w  l e v e l s  o f  c a lc iu m  and  i n o r g a n i c  p h o s 

p h a t e  .

From my e x p e r im e n t s  w i t h  a u t o c l a v e d  b a r l e y  i t  h a s  b e e n  

shown t h a t  a  d ro p  i n  t h e  c a lc iu m  c o n t e n t  o f  t h e  bone h a s  r e 

s u l t e d .  When y e a s t  was g i v e n ,  t h e  c a lc iu m  c o n t e n t  was r a i s e d .  

The p h o s p h a ta s e  o f  y e a s t  h y d r o ly s e d  t h e  p h o s p h o r ic  e s t e r s  t o  

p r o v id e  t h e  n e c e s s a r y  compounds f o r  c a l c i f i c a t i o n .  The t o t a l  

p h o s p h o ru s  c o n t e n t  o f  bone d o e s  n o t  a p p e a r  t o  b e  a f f e c t e d  t o  

any  c o n s i d e r a b l e  e x t e n t .

S u p p le m e n tin g  t h e  d i e t  o f  u n m i l l e d  b a r l e y  w i t h  c o d -  

l i v e r  o i l  o r  c o n c e n t r a t e s  o f  v i t a m i n s  A and  I) d o e s  n o t  a p p e a r  

t o  i n f l u e n c e  t h e  d e p o s i t i o n  o f  c a lc iu m  o r  o f  p h o s p h o ru s ,  an d  

c e r t a i n l y  d o e s  n o t  m a i n t a i n  t h e  a n im a l s  i n  n o rm a l  c o n d i t i o n .

I n  v iew  o f  t h e  n a t u r e  o f  t h e  g r o s s  c h a n g e s  w h ich  w ould

b e  r e q u i r e d  t o  p ro d u c e  m arked  v a r i a t i o n s  i n  t h e  c o m p o s i t io n

o f  b o n e ,  i t  was r e a l i s e d  t h a t  su c h  a n a l y t i c a l  m eth o d s  a s  w ere

u s e d  i n  t h e s e  e x p e r im e n ts  c o u ld  n o t  p r e s e n t  a  t r u e  p i c t u r e .

I n d e e d  a  r e v ie w  o f  t h e  c u r r e n t  l i t e r a t u r e  f a i l e d  to  r e v e a l

t h e  e x i s t e n c e  o f  any m ethods  w h ich  m igh t be u s e d  t o  d e t e c t

t h e  v a r i o u s  s t a g e s  i n  o s s i f y i n g  b o n e .  T h is  a s p e c t  o f  my

r e s e a r c h  was a c c o r d i n g l y  ab andoned  t i l l  a  more e x t e n s i v e  
i n v e s t i g a t i o n  c o u ld  be  u n d e r t a k e n .



COHCLUSIOH.

From a  s y s t e m a t i c  s tu d y  o f  t h e  s t r u c t u r e  and  c o m p o si

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

on t h e s e  g r a i n s  h a s  b e e n  d i s c u s s e d .  The f a r - r e a c h i n g  r e s u l t s  

on m e ta b o l i s m  o f  a  d i e t  r i c h  i n  t h e s e  c e r e a l s  h av e  b e e n  demon

s t r a t e d  by e x p e r im e n t s  on a n i m a l s .  I t  h a s  b e e n  shown t h a t  

w i t h  su c h  d i e t s  a  t o x i c  d e g e n e r a t i o n  o f  t h e  n e r v o u s  sy s te m  i s  

p ro d u c e d .  The s i g n i f i c a n c e  o f  o t h e r  e s s e n t i a l  s u b s t a n c e s  i n  

t h e  d i e t  i s  a l s o  d i s c u s s e d .  W hile  b a r l e y  d o e s  n o t  m o n o p o lise  

t h e  d i e t  o f  any  E u ro p e a n  c o u n t r y  i t s  d i e t e t i c  r e l a t i o n  t o  r i c e  

h a s  b e e n  p o i n t e d  o u t .

T h a t  t h e  s u b j e c t  i s  one o f  p r a c t i c a l  a s  w e l l  a s  o f

s c i e n t i f i c  i n t e r e s t  i s  i l l u s t r a t e d  by th e  f a c t  t h a t  a t  t h e

t im e  o f  g o in g  to  p r e s s ,  a  movement h a s  o r i g i n a t e d  i n  t h e
102

U n i t e d  S t a t e s  o f  A m erica  t o  e n c o u ra g e  t h e  c o n su m p tio n  o f  

p a r b o i l e d  r i c e .  The r e a s o n s  g iv e n  a r e  t h a t  n o t  o n ly  i s  t h i s  

a  more r e m u n e r a t i v e  m ethod o f  m i l l i n g  r i c e ,  b u t  i t  a l s o  r e 

s u l t s  i n  a  more h i g h l y  n u t r i t i o u s  p r o d u c t .  I t  i s  s u g g e s te d  

t h a t  t h i s  movement m ig h t  be e x te n d e d  t o  G r e a t  B r i t a i n  w i th  

e q u a l l y  b e n e f i c i a l  r e s u l t s .

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

t o  t h e  s t r u c t u r e  and  f u n c t i o n  o f  t h e  body a s  a  w hole  and  i n  

p a r t i c u l a r  o f  t h e  n e rv o u s  sy s te m  h a s  b e e n  c l e a r l y  d e m o n s t r a t e d ,  

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



e s t a b l i s h e d  e v id e n c e  o f  t h e  im p o r ta n c e  o f  t h e  p h o s p h o ru s  

compounds i n  c e r e a l s  and  o f  t h e  i n t i m a t e  p a r t  w h ic h  t h e y  

p l a y  i n  t h e  p r o c e s s e s  o f  n u t r i t i o n .
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F i g .  1 .  P a n i c l e s  o f  r i c e  p l a n t .

F i g .  2 .  Sw am p-rice f i e l d s .



F ig .  3

F ig .  4

. -  t r a n s v e r s e  s e c t i o n  o f  u n m il le d  
r i c e  (p a d d y ) .

t r a n s v e r s e  s e c t i o n  o f  u n m il le d  r i c e  
(paddy) -  D iagram m atic.
1 . Husk. 2 .  P e r ic a r p .  3 .  Spermoderm.
4 .  P er isp erm . 5a . A leurone l a y e r .

55 . S ta rch  C e l l s .



F ig .  6 -

F i g .  5 -  N a t iv e  pounding  
o f  g r a in .

o ld  typ e  of  
wooden mortar 
and p e s t l e .

F ig .  7 -  Winnowing g r a in .



F ig , 8 -  T ra n sv erse  s e c t i o n  o f  n a t iv e  
m il l e d  g r a in .

m m s m
' ' •*.;/I*-* \ ♦ ' * .

F i g .  9 -  T ran sverse  s e c t i o n  o f  highly-  
m il l e d  r i c e  (European m eth od ).



F i g . 10 -  T r a n s v e r s e  s e c t i o n  o f  h i g h l y
m i l l e d  r i c e  (European  method)

S K f

F i g . 11 -  T ransverse  s e c t i o n  C a lc u t ta  
p a r b o i le d  r i c e .



F i g . I S  -  T r a n s v e r s e  s e c t i o n  C a l c u t t a
p a r b o i l e d  r i c e .

C o n s t i t u e n t s  per c e n t ,  m o is tu r e  f r e e

Sample a n a ly se d Ash Crude F ib re O il P r o te in

Paddy R ice 6 .0 8 9 .7 9 1 .7 8 8 .4 3

N a t iv e  1 s t  pounded 2 .7 S 2 .9 1 2 .8 5 9 .2 9

TT Snd " 0 .9 4 o • 03 03 1 .2 0 8 .8 7
European " h u lle r

p r o d u c t11 0 .6 1 0 .4 4 0 .4 6 8 .9 1
tr " p o l is h e r  

product" 0 .4 1 0 .3 4 0 .2 8 9 .1 5

F i g . 13 -  A n a ly se s  o f  N a t iv e  and 
European m i l l e d  r i c e .



Paddy. N a t iv e  M i l l e d .

■ % £ '  
Mm

• » 4 J  ~

, ' •

N a t iv e  P a r b o i le d  
M il le d

European M i l le d .

r .

A ■A *  s. W &m ^
*** J  ^  ^
'w  V

|
European P a r b o i le d  Siam p o l i s h e d .

M i l le d .

F i g . 1 3 .A. Naked Eye Appearance o f  
M ille d  R ic e .



gnu ( p e r  c e n t .)

Sample a n a l y s e d P r o t e i n F a t C a r b o h y d r a te Ash P2°5

U n p o l i s h e d  r i c e . 1 0 .3 1 .8 9 8 6 .5 8 1 .2 3 0 .6 4

P o l i s h e d  r i c e . 1 0 .0 0 .2 5 8 9 .0 5 0 .7 0 0 .3 0

P a r b o i l e d  r i c e . 8 .7 0 .5 1 8 9 .7 9 1 .0 0 0 .4 9

F i g . 1 4 .  A n a l y s i s  o f  r i c e  ( F r a s e r  & S t a n t o n ) .

Sample a n a l y s e d K2° CaO Mg 0 P2°5 ’Ash

U n p o l i s h e d  r i c e 0 .2 5 0 .0 9 0 .1 4 0 .6 3 0 .1 6

P o l i s h e d  r i c e 0 .0 9 0 .0 5 0 .0 8 0 .2 7 0 .0 8

F i g . 1 5 .  A n a l y s i s  o f  a s h  o f  r i c e  ( F r a p p s ) .

C r a i n E x t r a c t i n g
Medium.

lg in .p 2 05;
I n o r g a n i c

....
T o t a l

% I n o r g . /  
T o t a l .

P addy  r i c e C old  W ater 5 0 .2 0 9 5 .9 4 5 2 .3 2

F i g . 1 6 .  R e l a t i o n  o f  i n o r g a n i c  t o  t o t a l  
p h o s p h o ru s  i n  paddy  r i c e .

C r a i n E x t r a c t i n g
Medium.

Mgm. Pg 0( 

I n o r g a n i c
&
T o ta l

f0 I n o r g . /  
T o t a l .

U n t r e a t e d  paddy  r i c e . C old  W ater 5 0 .2 0 9 5 .9 4 5 2 .3 2

U n t r e a t e d  ” IT 1 fo HC1 3 0 .5 7 2 5 0 .0 1 2 .2 3

A u to c la v e d  n rt C o ld  W ater 0 .0 1 0 0 .3 0 .0

A u to c la v e d  n n 1 fo HC1 4 .9 1 2 5 2 .0 , 1 .9 5

F i g . 1 7 .  The r e l a t i o n  b e tw e e n  enzyme a c t i o n  and
i n o r g a n i c / t o t a l  p h o s p h o ru s  i n  paddy r i c e .



G-rain E x t r a c t i n g
Medium.

Mgm.PgO^
I n o r g a n i c

5$
T o t a l

fo I n o r g . /  
T o t a l .

Siam p o l i s h e d  r i c e C old  W ater 1 .7 5 32* 70 5 .3 5

Siam p o l i s h e d  a u t o c l . r i c e . C old  W ater 0 . 0 3 7 .5 5 0 .0

Siam p o l i s h e d  r i c e . i f  HC1 0 .0 8 1 .4 3 0 .0

Siam p o l i s h e d  a u t o c l . r i c e i f  HC1 0 . 0 6 3 .5 6 0 .0

F i g . 1 8 .  The r e l a t i o n  b e tw e e n  enzyme a c t i o n  
a n d  i n o r g a n i c / t o t a l  p h o s p h o ru s  i n  
Siam p o l i s h e d  r i c e .

G r a in
E x t r a c t i n g

Medium
Mgm.PgOgJ

I n o r g a n i c
I

T o t a l
fo I n o r g . /  

T o t a l

U n t r e a t e d  P a r b o i l e d  Paddy I f  HC1 4 8 .0 5 1 7 4 .9 0 2 7 .4 8

A u to c la v e d  P a r b o i l e d  Paddy I f  HC1 1 8 . 4E 1 9 0 .9 0 9 .6 5

U n t r e a t e d  Paddy I f  HC1 3 0 .5 7 E50 .0 I E .  23

F i g . 1 9 .  The e f f e c t  o f  p a r b o i l i n g  on
t h e  d i s t r i b u t i o n  o f  p h o sp h o ru s  
i n  paddy  r i c e .

G r a in E x t r a c t i n g
Medium.

Mgm.PgOg

I n o r g a n i c

*

T o t a l
fo I n o r g . /  

T o t a l .

Rangoon P a r b o i l e d W ater 8 .6 4 3 1 .3 0 2 7 .6 1

Rangoon P a r b o i l e d HCl 8 .8 9 3 4 .6 1 2 5 .6 8

F i g . 2 0 .  The d i s t r i b u t i o n  o f  
p h o s p h o ru s  i n  h i g h l y  
m i l l e d  p a r b o i l e d  r i c e .



G r a in
Amount

o f
G r a in

Wt. i n  gm. 
A . I .P b  p p t n .

Y i e l d
gm .%

Paddy 500 gm. 0 .2 7 0 .0 5 4

U n p o l i s h e d  Temne 500 gm. 0 .6 0 0 .1 2 0

U n p o l i s h e d  W alah 500 gm. 0 .5 3 0 .1 0 6

P o l i s h e d  Siam 500 gm. 0 .2 5 0 .0 5 0

P o l i s h e d  Temne 500 gm. 0 .1 5 0 .0 3 0

P o l i s h e d  W aiah 500 gm. 0 .1 6 5 0 .0 3 3

P o l i s h e d  M adras 500 gm. 0 .0 7 6 0 .0 1 5

P a r b o i l e d  U n p o l i s h 
ed  S i e r r a  L e o n e . 500 gm. 0 .3 2 0 .0 6 4

P a r b o i l e d  P o l i s h e d  
Rangoon.

500 gm. 0 .0 9 0 .0 1 8

F i g . E l .  Y i e l d s  o f  A . I .P b  i s o l a t e d  
a s  d e s c r i b e d  V o l . l  p ag e^ o .



ANIMAL INOCULATIONS OF A.I.Pb RICE.

E x p e r im e n t  I . F r o g s . F i g . 2 2 .

A. 0 .1 0  gm. A . I .P b  d i s s o l v e d  i n  0 .5  e . c .  w a t e r  i n j e c t e d  s u b -  
c u t a n e o u s l y  i n t o  d o r s a l  lym ph s a c .

T im e. O b s e r v a t i o n s .

1 0 .0 0  a .m . F ro g  a c t i v e  and  jumps w e l l .  Dose i n  s o l u t i o n
a d m i n i s t e r e d .

1 0 .1 5  V ery  s l u g g i s h .  R e c o v e rs  from  d o r s a l  p o s i t i o n
w i t h  d i f f i c u l t y .  Does n o t  r e s p o n d  t o  p in c h in g  
o f  t o e s .

1 0 .2 5  Does n o t  r e s p o n d  t o  p i n c h i n g  o f  t o e s .  L i e s  f l a t
on abdomen and  when p l a c e d  on b a c h  makes no 
a t t e m p t  t o  move.

1 0 .3 0  C o m p le te ly  p a r a l y s e d .

5 .0 0  p .m . A bout t h e  same. K i l l e d  and  f a r a d i c  c u r r e n t
a p p l i e d  t o  d o r s a l  m u s c le s .  No r e s p o n s e  e l i c i t e d ,

B. 0 .1 0  gm. A . I .P b  d i s s o l v e d  i n  0 . 5  c . c .  w a te r  i n j e c t e d  su b -  
e u t a n e o u s l y  i n t o  d o r s a l  lym ph s a c .

T im e. O b s e r v a t i o n s .

1 0 .2 0  a .m .  F ro g  a c t i v e  and  jumps w e l l .  Dose a d m i n i s t e r e d .

1 0 .3 0  P a r e t i c :  v e r y  l i t t l e  r e s p o n s e  to  e x t e r n a l  s t i m u l i

1 0 .4 0  The same.

1 1 .0 0  No c h a n g e .

1 1 .1 5  M oribund .

1 2 .0 0  D ead. No r e s p o n s e  t o  f a r a d i c  c u r r e n t  i n  d o r s a l  
m u s c le s .  S l i g h t  r e s p o n s e  i n  a b d o m in a l  m u s c le s .  
H e a r t  s to p p e d  i n  d i a s t o l e .



C. 0 .0 5  gm. A . I .P b  d i s s o l v e d  i n  0 .5  e . c .  w a t e r  i n j e c t e d  
b e lo w  s k i n  o f  abdomen.

Tim e. O b s e r v a t i o n s .

1 2 .0 0  F rog  a c t i v e  and  jum ping  w e l l .  Dose a d m i n i s t e r e d ,

1 2 .1 5  Movement i n c o - o r d i n a t e ,  f i b r i l l a r y  t w i t o h i n g s  i n
f e e t .  Jumps f a i r l y  w e l l .

1 2 .3 0  T w i tc h in g s  b ecom ing  g e n e r a l i s e d ,  r e f l e x e s  i n 
c r e a s e d .

1 2 .4 5  T e ta n i c  sp a sm s .  P a r a l y s i s  o f  r i g h t  l e g .

2 .1 0  p .m . R e f l e x e s  i n c r e a s e d .  G e n e r a l i s e d  t r e m o r s .

4 .0 0  R e f l e x e s  i n c r e a s i n g .

N ext d a y .  H ind  l im b s  i n c o - o r d i n a t e  and  s l u g g i s h .  R e f l e x e s
i n c r e a s e d .

2 d a y s  l a t e r .  Jumps m o d e r a t e ly  w e l l  and  no l o c a l  p a r e s i s .
L a t e r  r e c o v e r y  a p p a r e n t l y  c o m p le te .

D. 0 .0 3  gm. A . I .P b  d i s s o l v e d  i n  0 .5  c . c .  w a t e r  I n j e c t e d  s u b -  
e u t a n e o u s l y  i n t o  abdomen.

T im e. O b s e r v a t i o n s .

3 .0 0  p .m . F rog  a c t i v e  and  jum ping  w e l l .  Dose a d m i n i s t e r e d .

3 .2 0  S l u g g i s h  and  moves w i t h  d i f f i c u l t y .

3 .3 0  Some m u s c u la r  t w i t c h i n g .

4 .0 0  A bou t t h e  same.

5 .0 0  M u scu la r  power i n c r e a s i n g .

6 .0 0  R e f l e x e s  i n c r e a s e d .  Moves more e a s i l y .

Next d a y .  A p p a r e n t ly  n o rm a l .



E. 0 .0 1  gm. A . I .P b  d i s s o l v e d  i n  0 .5  c . c .  w a t e r  i n j e c t e d  
s u b c u ta n e o u s l y  abdomen.

T im e . O b s e r v a t i o n s .

1 0 .0 0  a .m . F ro g  a c t i v e  and  jum ping  w e l l .  Dose a d m i n i s t e r e d .

1 0 .3 0  S l i g h t l y  d e p r e s s e d  b u t  jum ps w e l l .

1 1 .0 0  S l u g g i s h  b u t  jumps w e l l  when s t i m u l a t e d .

1 1 .3 0  R esp o n d s  s lo w ly  to  p i n c h i n g  and  jumps h e a v i l y .

I E . 30 A bout t h e  same.

E .0 0  p .m . R e f l e x e s  i n c r e a s e d ,  jumps q u i t e  w e l l .

4 .0 0  A bout t h e  same.

6 .0 0  R e f l e x e s  i n c r e a s e d .  Jumps w e l l .

U ext d a y .  A p p e a re d  q u i t e  n o rm a l .

E x p e r im e n t  I I  -  R a b b i t s . F i g .S3

A. 1 . 0  gm. A . I .P b  d i s s o l v e d  i n  2 c . c .  w a te r  and  i n j e c t e d  
h y p o d e r m ic a l ly  i n  f l a n k .

T im e. O b s e r v a t i o n s .

1 0 .1 5  a .m .  R a b b i t  (1E75 gm.) a c t i v e  and  q u i t e  n o rm a l .
Dose a d m i n i s t e r e d .

1 0 .3 0  no c h a n g e .

1 0 .4 5  S l u g g i s h  and  n o t  i n c l i n e d  to  move.

1 1 .1 5  H in d  l e g s  o u t s t r e t c h e d  and h a s  d i f f i c u l t y  i n  
m oving .

1 2 .0 0  Can move f r o n t  l e g s  b u t  h in d  l e g s  v e r y  w eak.
When p l a c e d  on s i d e  h a s  d i f f i c u l t y  i n  r i g h t i n g  
i t s e l f .

1 2 .3 0  A bout t h e  same.

1 .3 0  p .m . H ind  l e g s  s t i l l  w eak , and  u n a b le  t o  r e g a i n
u p r i g h t  p o s i t i o n  when p l a c e d  on s i d e .

3 .0 0  Im provem ent i n  g e n e r a l  c o n d i t i o n  b u t  s t i l l  
d e p r e s s e d .

6 .0 0  Can move a b o u t  q u i t e  w e l l .



B. 0 .3  gm. A . I .P b  d i s s o l v e d  i n  1 o . o .  w a t e r  an d  i n j e c t e d  
i n t o  e a r  v e i n .

T im e . O b s e r v a t i o n s .

1 0 .3 0  a .m .  R a b b i t  (1900 gm.) a c t i v e  a n d  n o rm a l .  Dose 
a d m i n i s t e r e d .

1 0 .5 0  D e p re s s e d  an d  d u l l ,  n o t  i n c l i n e d  to  move.

1 1 .0 5  A bout t h e  same.

5 .0 0  p .m . D e p r e s s e d  b u t  a b l e  t o  move a b o u t  q u i t e  w e l l .

H ext d a y .  R e c o v e re d  c o m p l e t e l y .

C. 0 . 7  gm. A . I .P b  d i s s o l v e d  i n  2 c . c .  w a t e r  an d  i n j e c t e d  
i n t o  e a r  v e i n .

Tim e. O b s e r v a t i o n s .

1 2 .3 0  p .m . R a b b i t  (1575 gm.) a c t i v e  and  n o rm a l .  Dose
a d m i n i s t e r e d .

1 2 .3 5  V ery  d e p r e s s e d  and  l i e s  f l a t  on  t a b l e .

1 2 .4 5  Hot i n c l i n e d  t o  move and  l i e s  i n  c o r n e r .  Can
be r o u s e d .

3 .1 5  A bout t h e  same.

6 .0 0  S t i l l  d e p r e s s e d  and  d u l l  b u t  c a n  move a b o u t
when s t i m u l a t e d .

H ext d a y .  Moves f r e e l y  b u t  r a t h e r  d u l l .  L a t e r  a p p a r e n t l y
r e c o v e r e d .



ORAL ADMIHI STRATI OH OF A.I.Pb RICE.

E x p e r im e n t  I I I  -  P i g e o n s . F i g .  2 4 .

A. P ig e o n  320 gm.

1 s t  d a y .

2 . 0  p .m . C iv e n  3 . 0  gm. A . I .P b  s u sp e n d e d  i n  5 c . e .  w a t e r
p e r  c r o p .

4 . 0  D u l l  and  d e p r e s s e d  b u t  a b l e  t o  f l y .

5 .0  C iv e n  15 g .  r i c e  b r a n  t o  e a t .

2nd d a y .

1 0 .0  a .m .  S l u g g i s h  and  h ea v y  b u t  a b l e  t o  f l y  and  w a lk .
Dose r e p e a t e d .

3 .0  p .m . A bou t t h e  same.

5 .0  R ic e  b r a n  a s  b e f o r e .

3 rd  d a y .

10 a .m . More d e p r e s s e d  b u t  s t i l l  a b l e  t o  f l y  and  w a lk .
Dose r e p e a t e d .

4 .0  p .m . C a i t  r a t h e r  u n s t e a d y .

5 .0  R ic e  b r a n  r e p e a t e d .

4 t h  d a y .

1 0 .0  a .m .  S t i l l  d u l l  b u t  a b l e  t o  f l y  and  w a lk .  Dose
r e p e a t e d .

1 1 .0  Has v o m ite d  s e v e r a l  t i m e s .

1 2 .0  C a i t  u n s te a d y  and  n o t  a b le  t o  w a l k .o r  s t a n d
u p r i g h t .

5 .0  p .m . R ice  b r a n  r e p e a t e d .

5 th  d a y .
S t i l l  d u l l  a n d  h ea v y  b u t  ca n  f l y .
E x p e r im e n t  c o n c lu d e d .



Pigeon 286 gm.

1 0 .3 0  a .m .  G iv en  3 .0  gm. A . I .P b  s u sp e n d e d  i n  5 e . e .
w a t e r  by  s to m ach  tu b e  i n t o  i t s  c r o p .

1 1 .5 0  L i e s  on i t s  s i d e ,  w i t h  o n ly  sp asm o d ic
a t t e m p t s  a t  movement.

1 2 .3 0  p .m . L i e s  on  b r e a s t  w i t h  t o e s  f l e x e d .

2 .0 0  L e g s  a r e  p a r a l y s e d  and u n a b le  t o  move.

3 .3 0  Heck i s  s t i f f  and  r e t r a c t e d  and  r e s e m b le s
v e r y  c l o s e l y  " p o l y n e u r i t i c  p ig e o n " .

3 .4 5  G iv en  1 . 0  g .  r i c e  b r a n  s u sp e n d e d  i n  w a te r
p e r  c r o p .

5 .0 0  T h e re  i s  no im p ro v em en t.  The p ig e o n  was 
f o u n d  d e a d  i n  t h e  m o rn in g .

C. P ig e o n  270 gm,

2 .0 0  p .m . G iv en  3 . 0  gm. A . I .P b  s u sp e n d e d  i n  5 c . c .
w a t e r  by  s tom ach  tu b e  i n t o  i t s  c r o p .

3 .5  U n ab le  t o  f l y  and v e r y  s l u g g i s h .

4 .0 0  L i e s  on i t s  b r e a s t ,  i t s  t o e s  a r e  f l e x e d  and
i t  c a n  o n ly  move by e x t e n d in g  i t s  w in g s .

6 .3 0  P a r e t i c  and  u n a b le  t o  move. I t s  t o e s  a r e
f l e x e d  and  i t s  h e a d  i s  r e t r a c t e d .
L a t e r  i n  t h e  e v e n in g  was fo u n d  d e a d .



F ig .2 5 A . O p isth o to n u s  in  P ig eo n

F ig .2 5 B .  Em prosthotonus in  P ig eo n .



PIGEON FEEDING EXPERIMENTS.

Experiment I. Fig.26.

B a a a l  D i e t  -  Siam p o l i s h e d  r i c e .

C u r a t i v e  T re a tm e n t  -  R ic e  b r a n  m ixed  w i t h  w a t e r  t o  mash
an d  d r i e d  on  s tea m  b a t h  t h e n  made 
i n t o  mash w i t h  w a te r  and  f e d  by  m outh .

P . R . I . 2 0 t h  d a y .  I n c o - o r d i n a t e  f l i g h t  and  g a i t .  Toes 
f l e x e d .  2 3 rd  d a y  -  t y p i c a l  h e a d  r e t r a c t i o n  and 
q u i t e  p a r e t i c .  Was g i v e n  4 grammes r i c e  b r a n  a s  
a b o v e .  T h e re  was s l i g h t  im p ro v em en t.  G a i t  was 
v e r y  u n s te a d y  and  f l i g h t  s h o r t  and  w eak . T re a tm e n t  
was r e p e a t e d  b u t  im provem ent was o n ly  s l i g h t .  The 
s u p p ly  d i e t  was g i v e n  d a i l y  and t h e r e  was g r a d u a l  
im provem ent i n  i t s  c o n d i t i o n .  1 1 7 th  day  -  became 
w e a k e r ;  l a t e r  d e v e lo p e d  h e a d  r e t r a c t i o n ^  p a r a l y s i s  
o f  l e g s  and  d i e d .

P . R . 2 . 1 9 t h  d a y .  P a r e t i c  w i t h  u n s te a d y  g a i t  and  u n a b le  t o  
f l y .  Was g iv e n  4 grammes r i c e  b r a n  a s  ab o v e .
T h e re  was a  g r a d u a l  and  s l i g h t  im provem ent b u t  i t  
r e m a in e d  w eak, th o u g h  movement was more e x t e n s i v e .  
3 6 th  day  -  u n s t e a d y  g a i t  b u t  no h e a d  r e t r a c t i o n .
F e l l  f o r w a r d .  T re a tm e n t  was r e p e a t e d  w i t h  o n ly  a 
s l i g h t  im p ro v em en t.  3 9 th  day  -  g a i t  v e r y  u n s t e a d y .  
F e l l  f o r w a r d .  D a i l y  t r e a t m e n t  commenced w i t h  g r a d u a l  
im provem ent w h ic h  l a t e r  became l e s s  a p p a r e n t .  The 
f l i g h t  became p o o r .  8 1 s t  day -  g a i t  became v e r y  
u n s te a d y .  Ho h e a d  r e t r a c t i o n .  L a t e r  became p a r e t i c  
and  d i e d .

P . R . 3 . 1 4 th  d ay  -  g a i t  v e ry  u n s t e a d y .  Head r e t r a c t i o n .
G iv en  4 grammes r i c e  b r a n  a s  a b o v e .  T h e re  was 
s l i g h t  im provem ent w h ich  was m a i n t a i n e d .  A f t e r  
8 d a y s  was f l y i n g  w e l l  and  was q u i t e  a c t i v e .
3 6 th  day -  v e ry  w eak, u n s te a d y  g a i t  and  f l e x e d  t o e s .  
T re a tm e n t  was g iv e n  d a i l y  and  im provem ent r e s u l t e d .  
T h is  was m a in t a in e d  f o r  84 d a y s .  1 2 0 th  day  -  became 
v e r y  weak and was k i l l e d  by c o a l  g a s  on 1 3 5 th  d a y .

P . R . 5 . 2 0 th  day  -  became p a r e t i c  w i t h  t y p i c a l  h e a d  r e t r a c 
t i o n  and  f l e x e d  t o e s .  Was g iv e n  4 grammes r i c e  b r a n  
a s  a b o v e .  A s l i g h t  im provem ent r e s u l t e d  w h ich  was 
m a i n t a i n e d  w i t h  d a i l y  t r e a t m e n t .  A f t e r  117 d ay s  i t s  
g a i t  was s t e a d y  and  i t s  f l i g h t  q u i t e  s t r o n g .
1 1 8 th  day -  became much w eak er  i n  f l i g h t  and t^en 4 ' 
d a y s  l a t e r  d e v e lo p e d  h e a d  r e t r a c t i o n  and l a t e r ,  l e g  
p a r a l y s i s .  I t  d i e d  on th e  1 2 7 th  d a y .



P .R .O .

S. G r e y .

2 0 th  day  -  g a i t  was u n s t e a d y  and  f l i g h t  s h o r t .
22nd day  -  was g i v e n  5 grammes r i c e  b r a n  by 
m outh (m a s h ) • I n  4 h o u r s  was much im p ro v e d ,  a b l e  
t o  f l y  a n d  g a i t  s t e a d y  th o u g h  w eak . Rem ained 
q u i t e  n o rm a l f o r  12 d a y s .  3 4 th  day  -  w e a k e r ,  
w i t h  u n s t e a d y  g a i t .  3 6 th  day  -  was v e r y  p a r e t i c  
an d  f e l l  f o r w a r d  w i t h  t o e s  f l e x e d .  Was g i v e n  
4 grammes r i c e  b r a n  d a i l y .  S l i g h t ,  t r a n s i e n t  
im p ro v e m e n t.  L a t e r  became p a r e t i c  and  d i e d  on 
4 5 th  d a y .

3 4 th  day  -  weak and  u n a b le  t o  f l y  o r  w a lk .  Was 
g i v e n  5 grammes r i c e  b r a n  a s  a b o v e .  S l i g h t  im
p ro v em en t n e x t  day  and  t r e a t m e n t  r e p e a t e d .  Only 
s l i g h t  b e n e f i t  was t h a t  t im e  e v id e n c e d .  3 6 th  d a y  -  
g i v e n  u n t r e a t e d  b r a n  and  g r e a t  im provem ent r e s u l t e d  
and  was n o rm a l  n e x t  d a y .  3 8 th  day  -  u n t r e a t e d  
b r a n  g i v e n  and  p ig e o n  was q u i t e  n o rm a l i n  e v e r y  
way.





Experiment II. Fig.27.

B a s a l  D i e t  -  Siam p o l i s h e d  r i c e .

C u r a t i v e  T r e a tm e n t  -  A l c o h o l i c  s o l u t i o n  e x t r a c t  o f  r i c e  b r a n .

X. B row n. 3 1 s t  d ay  -  c o m p le t e ly  p a r a l y s e d  w i t h  h e a d  
r e t r a c t i o n .  Was g iv e n ,  p e r  c r o p ,  s o l u t i o n  
e q u i v a l e n t  t o  20 grammes r i c e  b r a n  ( p h o to g r a p h  
t a k e n ) . A s l i g h t  im provem ent r e s u l t e d  a f t e r  
35 m in u te s  b u t  p a r a l y s i s  and h e a d  r e t r a c t i o n  
r e m a in e d .  A f t e r  an  h o u r  t h e  d o se  was 
r e p e a t e d ,  b u t  i n  15 m in u te s  i t  v o m i te d ,  
an d  d i e d  s h o r t l y  a f t e r w a r d s .

E x .W h i te . P r o p h y l a c t i c  t r e a t m e n t  -  8 grammes o f  r i c e
b r a n  d a i l y .  A f t e r  22 d a y s  was f l y i n g  w e l l
and  g a i t  was q u i t e  n o rm a l .  I t  was k i l l e d  by 
CHClg, owing to  an  a c c i d e n t a l  i n j u r y .

E x .Y e l lo w .  P r o p h y l a c t i c  t r e a t m e n t  -  8 grammes o f  r i c e
b r a n  d a i l y .  A f t e r  30 d a y s  was f l y i n g  w e l l
and  g a i t  was q u i t e  n o rm a l .  I t  e s c a p e d  and
was n o t  r e c o v e r e d .

P .R .2 4 . 2 3 rd  d ay  -  f l i g h t  w eak, g a i t  u n s t e a d y  and  on 
2 6 th  day  u n a b le  t o  f l y .  I t  was g i v e n  d a i l y  
t h e r e a f t e r  a l c o h o l i c  e x t r a c t  e q u i v a l e n t  t o  
4 grammes r i c e  b r a n .  3 7 th  day  -  s l i g h t  im p ro v e 
m en t,  g a i t  s t e a d i e r ,  b u t  f l i g h t  w eak.
4 5 th  day  -  th o u g h  t h e  f l i g h t  was r a t h e r  weak 
t h e  g a i t  was f a i r l y  s t e a d y .  I t  d i e d  n e x t  d a y .

E x p e r im e n t  I I I . F i g . 2 8 .

B a s a l  D i e t  -  Siam p o l i s h e d  r i c e .

C u r a t i v e  T re a tm e n t  -  V i ta m in  B i c o n c e n t r a t e .

S .F aw n . On t h e  32nd d ay  i t  was u n a b le  t o  f l y  a n d ,  w i th  
w in g s  d ro o p e d ,  i t  f e l l  o n  i t s  b r e a s t  when 
a t t e m p t i n g  to  w a lk .  I t  was g i v e n  1 c . c .  con 
c e n t r a t e d  B-i -  e q u i v a l e n t  t o  0 .0 5  m i l l i g r a m  B i -  
h y p o d e r m ic a l ly  i n  t h e  b r e a s t  and  a f t e r  two 
h o u r s  t h e r e  was no im p ro v em en t.  3 5 th  day  -  th e  
d o se  was r e p e a t e d  b u t  no im provem ent r e s u l t e d .  
3 7 th  day  -  was v e r y  p a r e t i c  and c o u ld  n o t  f l y .  
The d o se  was a g a i n  r e p e a t e d ,  b u t  no im provem ent 
r e s u l t e d .  I t  d i e d  on  t h e  3 8 th  d ay .
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Experiment III (Contd.)
W. O range and  R ed . A f t e r  18 d a y s  t h e  l e g s  w ere  weak and

t h e  f l i g h t  s h o r t .  Was s t a r v e d  f o r  7 d a y s  and  t h e r e  
was a n  im provem ent i n  i t s  c o n d i t i o n .  The f l i g h t  was 
good and  o n ly  t h e  t o e s  w ere  f l e x e d  so t h a t  i t  
s tu m b le d  on a l i g h t i n g .  (A p h o to g r a p h  was ta k e n ) . .
I t s  d i e t  was resu m ed  on t h e  2 6 th  day  On t h e  3 0 th  
day  i t  was v e r y  weak and  u n a b le  t o  f l y .  N ext day 
i t  was g i v e n  0 .1  c . c .  c o n c e n t r a t e  Bx -  e q u i v a l e n t  t o  
0 .0 5  m i l l i g r a m  B -  h y p o d e r m ic a l ly  i n  t h e  b r e a s t .
T h e re  was a  s l i g h t  im provem ent a f t e r  2 h o u r s ,  b u t  
i t  d i e d  a f t e r  a n o t h e r  h o u r .

W. R ed ,W h ite  and  B l u e . On t h e  3 3 rd  day  t h e  f l i g h t  was weak 
and" g a i t  u n s t e a d y . On 3 4 th  day  i t  was g i v e n  0 .5  
c . c .  Bx c o n c e n t r a t e  -  e q u i v a l e n t  t o  0 .2 5  m i l l i g r a m  
Bx -  h y p o d e r m ic a l ly  i n  b r e a s t .  Next day  t h e r e  was 
a  g r e a t  im provem ent and i t  was a b l e  t o  f l y .  The 
g a i t  was s t e a d y .  B .D . was re su m e d .  4 4 t h  day  -  g a i t  
was i n c o - o r d i n a t e  and  f l i g h t  w eak . 4 8 th  day  -  g a i t  
q u i t e  s t e a d y  and  s t r o n g e r  i n  f l i g h t .  N ext d ay  i t  
s a t  w i t h  r u f f l e d  f e a t h e r s  and d r o o p in g  h e a d .
5 0 th  day  -  g a i t  v e r y  u n s te a d y  and c o u ld  n o t  f l y .
L a t e r  d i e d .

T .H . S i l v e r . 1 4 /9 /3 6  -  g a i t  u n s te a d y  b u t  no h e a d  r e t r a c t i o n .
l 6 / 9 /3 6  -  l e s s  u n s te a d y  g a i t  and no h e a d  r e t r a c t i o n .  
1 6 /9 /3 6  -  g a i t  u n s te a d y  and f e l l  f o r w a r d s .  No i n d i 
c a t i o n  o f  h e a d  r e t r a c t i o n .  L eg s  f l e x e d  and  i n  
spasm . 1 7 /9 /3 6  -  c o n d i t i o n  u n c h a n g e d .  G iv en  a t
1 .2 0  p .m . 10 p ig e o n  u n i t s  B e t a x i n  p e r  b r e a s t  s k i n .
Not much im p ro v e d .  1 8 /9 /3 6  -  S t e a d i e r  i n  g a i t  b u t  
u n a b le  t o  f l y .  G a i t  u n s t e a d y  a f t e r  e x e r c i s e .
1 9 /9 /3 6  -  c o n d i t i o n  u n c h a n g e d .  2 1 /9 /3 6  -  c o u ld  f l y  
a  l i t t l e ,  and  g a i t  f a i r l y  s t e a d y  e x c e p t  on e x e r c i s e .  
2 3 /9 /3 6  -  c o n d i t i o n  u n c h a n g e d .  2 5 /9 /3 6  -  u n a b le  to  
f l y  and  u n s te a d y  g a i t .  S a t  a l l  t h e  t im e .  G iv e n  a t
2 .4 5  p .m . 10 p ig e o n  u n i t s  B e t a x i n  p e r  b r e a s t  s k i n .  
2 6 /9 /3 6  -  d i d . n o t  r e c o v e r .  C .N .S .  and P .N .S .  r e s e r v 
ed f o r  h i s t o l o g i c a l  e x a m in a t io n .

Red W hite  and B l u e . 5 /9 /3 6  -  g a i t  u n s te a d y  b u t  no h e a d
r e t r a c t i o n .  G iven  10 p ig e o n  u n i t s  B e t a x i n  p e r  b r e a s t  
s k i n  a t  8 p .m . 6 /9 /3 6  -  a t  1 2 .3 0  p .m . g a i t  was 
s t e a d i e r  b u t  i t  was u n a b le  t o  f l y .  G iven  10 p ig e o n  | 
u n i t s  B e t a x i n  p e r  b r e a s t  s k i n .  More l i v e l y  b u t  |
u n a b le  t o  f l y .  L ie d  a t  4 p .m . C .N .S . and P . N . S . reserved 
f o r  h i s t o l o g i c a l  e x a m in a t io n



Experiment III (Contd.)

E .S .  Green N eck . A f t e r  36 days f l i g h t  was v ery  weak and 
g a i t  u n s te a d y .  I t  was g iv e n  0 .2  c . c .  B, c o n 
c e n t r a t e  . -  e q u iv a le n t  to  0 .1  m il l ig r a m  Bn. -  
Next day th e  g a i t  was s te a d y  and th e  f l i g h t  
q u it e  s t r o n g .  The improvement was m a in ta in ed  
u n t i l  53rd day when g a i t  a g a in  became u n stea d y  
and f l i g h t  p o o r .  The dose  was r e p e a t e d .  There 
was a g r e a t  improvement in  th e  c o n d i t i o n  and 
th e  f l i g h t  v/as s t r o n g e r .  6 5 th  day -  a g a in  weak 
and g a i t  u n s te a d y .  Dose r e p e a t e d .  Improved  
g e n e r a l  c o n d i t io n  r e s u l t e d  and t h i s  was main
ta in e d  f o r  3 d a y s .  73rd day -  g a i t  v ery  u n s te a d y .  
Dose r e p e a t e d .  74 th  day -  s t e a d i e r ,  but n o t  norm al.  
79th  day -  a g a in  g a i t  very  weak and l a t e r  p a r e t i c .  
Dose r e p e a t e d .  Much improved n e x t  day but l a t e r  
very  weak and p a r e t i c  w ith  head r e t r a c t i o n .
Dose r e p e a t e d .  Weak i n  l e g s  and co u ld  n ot f l y .
87th  day -  g a i t  v ery  i n c o - o r d i n a t e .  Dose r e p e a te d .  
C o n d it io n  f l u c t u a t e d  f o r  5 d a y s ,  v /ith  d o se s  every  
second  day, and su b seq u en t  improvement.
104th  day  ̂ had d im in ish e d  p o s t u r a l  to n e  and made 
no a ttem p t a t  movement. L ater  d ie d .

Red and B l u e . 9 / 9 / 3 6  -  g a i t  u n stea d y  b u t no head r e t r a c t i o n .  
1 0 / 9 / 3 6  -  g a i t  u n stea d y  and head f e l l  forw ard .  
G iven 10 p ig e o n  u n i t s  B e ta x in  per b r e a s t  s k in .  
1 1 / 9 / 3 6  -  much im proved. G iven 10 p ig e o n  u n i t s  
B e ta x in  per b r e a s t  s k in .  Much im proved.
1 3 /9 /3 6  -  u n s te a d y  g a i t  but no head r e t r a c t i o n .  
Unable to  f l y  very  w e l l  and c o u ld  n ot s o a r .
1 5 / 9 / 3 6  -  c o n d i t i o n  u n c h a n g e d .  1 6 /9 /3 6  -  weak, 
w i t h  u n s te a d y  g a i t .  S a t  h u d d le d  i n  c o r n e r .
L a ter  q u ite  p a r e t i c .  1 7 /9 /3 6  -  found dead.
C .N .S . and  P .N .S .  r e s e r v e d  f o r  h i s t o l o g i c a l  e x 
a m i n a t i o n .
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Experiment IV. Fig.29
B a s a l  D i e t

I .  B l a c k .

I I .

4 .  U avy .

4 .  Y e l lo w .

4 .  W h i te .

4 .  O ran g e .

Siam p o l i s h e d  r i c e  m a c e r a t e d  w i t h  c o l d  
w a t e r  f o r  3 d a y s  and  p e r c o l a t e d .  The 
r i c e  was d r i e d  on a  w a t e r  “b a t h  and  f e d  
t o  t h e  p i g e o n s .

1 5 t h  day  -  l e g s  w ere  f l e x e d  a t  J o i n t s  and 
r i g h t  wing  d r o o p e d .  1 8 t h  day  -  f l i g h t  p oo r  
and  l e g s  v e r y  weak .  Was g i v e n  1 . 5  gm.
Marm ite  p e r  c r o p ,  b u t  no improvem ent  was 
a p p a r e n t .  2 4 t h  day -  l e g s  p a r a l y s e d  and 
f l i g h t  v e r y  weak .  Fed r i c e  b r a n  3 grammes 
d a i l y  p e r  o s .  T h e re  was g r a d u a l  improvement  
and on 4 3 r d  day  I t  was  q u i t e  n o r m a l .

3 8 t h  day -  l e g s  v e r y  weak and f l i g h t  p o o r .
Was f e d  3 grammes r i c e  b r a n  d a i l y  p e r  o s .  
T h e re  was g r a d u a l  im p ro v e m e n t , and  on 4 3 r d  
day  was q u i t e  n o r m a l .

3 0 t h  day -  f l i g h t  weak and  e a s i l y  e x h a u s t e d .  
3 5 t h  day  -  v e r y  p a r e t i c .  Head r e t r a c t e d .  
U n ab le  t o  move a t  a l l .  L a t e r  d i e d .

2 1 s t  day  -  g a i t  v e r y  u n s t e a d y  and f l i g h t  v e r y  
weak .  B a s a l  D i e t  d i s c o n t i n u e d .  Fed  g r o a t s  
b u t  on 24 t h  day  was v e r y  we ale and c o u l d  n o t  
w a l k .  A t t e m p t s  r e s u l t e d  i n  f a l l i n g  on s i d e .  
I t  d i e d  n e x t  d a y .

2 1 s t  day  -  g a i t  v e r y  u n s t e a d y  and J o i n t s  
f l e x e d .  U nable  t o  f l y .  G iv en  d i e t  o f  r i c e  
b r a n  made i n t o  mash w i t h  w a t e r  and d r i e d  on 
w a t e r  b a t h .  G r a d u a l l y  im proved  and  was q u i t e  
no rm a l  on 3 7 t h  d a y .

2 8 t h  day  -  f l i g h t  was w eak e r  and  i t  was 
e a s i l y  e x h a u s t e d .  3 5 t h  day -  v e r y  weak and 
g a i t  u n s t e a d y .  Was f e d  g r o a t s  and  r i c e  b r a n ,  
b u t  d i e d  n e x t  d a y .
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Experiment V . Fig.30.

B a s a l  D i e t  -  P a r b o i l e d  r i c e .  C a l c u t t a  m i l l e d .

A. G rey  and B l a c k ,  l u r i n g  147 d a y s  o f  e x p e r i m e n t  i t  was
q u i t e  n o rm a l  i n  f l i g h t  and  g a i t .

A. G rey . On 3 7 t h  day  i t  was weak i n  f l i g h t  and  g a i t  
b u t  two d a y s  l a t e r  was q u i t e  n o rm a l  i n  
e v e r y  way. Remained so u n t i l  1 4 7 t h  d a y .

R. V i o l e t . B a s a l  D i e t  -  Rangoon.

A f t e r  8 th  day  f l i g h t  was s h o r t  and  weak 
b u t  g a i t  q u i t e  s t e a d y .  A f t e r  3 1 s t  day  
f l i g h t  was  q u i t e  s t r o n g  b u t  g a i t  r a t h e r  
weak.  Next  day  i t  was much im p ro v ed ,  
and  on 3 5 t h  day  was  q u i t e  n o r m a l ,  when 
s t o p p e d .

R. B l a c k  and  W h i t e .  R e p o r t  a s  f o r  above ( R . V i o l e t ) .

E x p e r im e n t  V I .  F i g . 31 .

B a s a l  D i e t -  U n m i l l e d  r i c e  (Tem ne) .

D. D ark . A f t e r  5 7 t h  day i t  was q u i t e  no rm a l  a n d  had  
l a i d  two e g g s .  Young w ere  h a t c h e d  on 73rd  
d a y .  Was q u i t e  n o rm a l  a f t e r  100 d a y s .

D. B l a c k . R e p o r t  a s  ab o v e .

D. Young. A f t e r  41 d a y s  i t  was q u i t e  n o r m a l .

E x p e r im e n t  V I I .  F i g . 32 .

B a s a l  D i e t -  R ic e  b r a n  mashed w i t h  w a t e r  and  d r i e d  on 
w a t e r  b a t h .

C. B l a c k . On 9 t h  day  f l i g h t  was weak and s h o r t  b u t  
g a i t  was q u i t e  s t e a d y .  I t  r e m a in e d  t h u s  
u n t i l  1 8 t h  day when i t s  g a i t  was u n s t e a d y  
and  w in g s  were  d ro o p e d .  On 1 9 t h  day  i t  
was v e r y  weak.  The t o e s  were f l e x e d  and





Weeks of



Experiment VII (Contd.)

C. W h i t e .

R . I .

R . I I .

7 . 1 .

7 . I I .

i t  c o u l d  o n l y  move by s p r e a d i n g  o u t  w i n g s .
I t  d i e d  on t h e  2 0 t h  d a y .

On 9 t h  day t h e  f l i g h t  was weak and  s h o r t  
t u t  t h e  g a i t  was s t e a d y .  I t  r e m a i n e d  t h u s  
u n t i l  1 9 t h  day  when i t s  g a i t  was v e r y  u n 
s t e a d y  and  i t  d i d  n o t  move much. On t h e  
22nd  day  i t  was q u i t e  p a r a l y s e d ,  t o e s  
f l e x e d ,  an d  u n a b l e  t o  s u p p o r t  i t s e l f .  I t  
was g i v e n  1 . 0  gm. d r i e d  y e a s t  i n  w a t e r  
p e r  c r o p ,  b u t  d i e d  q u i t e  p a r a l y s e d  two 
h o u r s  l a t e r .

A f t e r  7 d a y s  f l i g h t  was s h o r t  b u t  g a i t  
s t e a d y .  I t  r e m a i n e d  t h u s  u n t i l  2 3 r d  day  
when i t  became d u l l  and  h e a v y ,  n o t  i n c l i n e d  
t o  move a b o u t .  The w in g s  were  s p r e a d  o u t .
I t  d i e d  on t h e  2 4 t h  d a y .

A f t e r  7 d a y s  f l i g h t  was s h o r t  and  weak b u t  
g a i t  was  s t e a d y .  I t  r e m a i n e d  so u n t i l  
2 3 r d  day  when i t  c o u l d  n o t  f l y ,  h a d  a  v e r y  
u n s t e a d y  g a i t ,  was v e r y  weak and h a d  i t s  
w in g s  o u t s t r e t c h e d .  I t  was g i v e n  0 . 1  e . c . B ^  
c o n c e n t r a t e  -  e q u i v a l e n t  t o  0 . 0 5  m i l l i g r a m  
B-j_ -  p e r  b r e a s t  s k i n  s u b c u t a n e o u s l y  b u t  
t h e r e  was no im p ro v em en t .  I t  d i e d  on t h e  
2 4 t h  d a y .

A f t e r  21 d a y s  i t  was e a s i l y  e x h a u s t e d  and 
f l e w  o n l y  a  s h o r t  d i s t a n c e .  G-ait was u n 
s t e a d y .  A f t e r  38 d a y s  a l t h o u g h  s t i l l  
e a s i l y  e x h a u s t e d  t h e  g a i t  was  s t e a d i e r .
T h i s  c o n d i t i o n  was u n ch a n g e d  u n t i l  7 4 t h  
day  when i t s  g a i t  was q u i t e  s t e a d y  and  i t  
r e m a i n e d  norm a l  u n t i l  1 1 8 t h  d a y ,  when 
e x p e r i m e n t  was c o n c l u d e d .

A f t e r  21 d a y s  g a i t  was weak and u n s t e a d y .
I t  was e a s i l y  e x h a u s t e d ,  and  r e m a i n e d  so 
u n t i l  t h e  3 8 t h  day when i t s  h e a d  r e t r a c t e d  
and i t s  g a i t  was v e r y  u n s t e a d y .  On t h e  
4 0 t h  day i t  d i e d ,  b e i n g  p a r a l y s e d  and 
u n a b l e  t o  move.

S . R . 7 . Remained w e l l  d u r i n g  101 d a y s .
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Experiment VII (Contd.)

S . R . 8 .

S .R . 10 • 

S . R . l l .

On 6 4 t h  day  i t s  g a i t  was  u n s t e a d y  b u t  f l i g h t  
was q u i t e  s t r o n g .  I t  r e m a i n e d  t h u s  u n t i l  
7 5 t h  day  when i t  g r a d u a l l y  became n o rm a l  
a g a i n .  On 1 0 1 s t  day  i t  was f l y i n g  w e l l  and  
was  q u i t e  n o r m a l .

Remained w e l l  . d u r in g  101 d a y s .

Remained  w e l l  d u r i n g  101 d a y s .
K i l l e d  w i t h  c o a l  g a s .

S .R .1 2 . Rem ained  w e l l  d u r i n g  101 d a y s .
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F i g . 35* Monkey a f t e r  F i g . 36 .  Monkey a f t e r  206 .
164 d a y s 1 d a y s 1 f e e d i n g  Siam
f e e d i n g  Siam p o l i s h e d  r i c e ,
p o l i s h e d  r i c e .

F i g . 3 3 .  Monkey a f t e r
41 d a y s ’ f e e d i n g  
Siam p o l i s h e d  
r i c e .

F i g . 34 .  Monkey a f t e r  150 
d a y s 1 f e e d i n g  
Siam p o l i s h e d  
r i c e .

- ‘■njaa .T.



F i g . 37 .  Monkey a f t e r  176 F i g . 38 .  Monkey a f t e r  49 d a y s 1
d a y s 1 f e e d i n g  f e e d i n g  e x t r a c t e d
Siam p o l i s h e d  r i c e .  Siam p o l i s h e d  r i c e .

F i g . 39 . P e r i p h e r a l  Nerve ( B r a c h i a l  P l e x u s )  o f  
monkey f e d  on Siam p o l i s h e d  r i c e  
(M arch i  s t a i n ) .



F i g . 4 0 .  M y e l in  d e g e n .  Cauda E q u in a .  
R i c e  e x t r a c t .

F i g . 4 1 .  M yel in  d e g en .  Cauda E q u in a .  
U n p o l i s h e d  r i c e .



Fig.42. Marchi degen.
Posterior Column. 
Cervical enlarge
ment. Unpolished 
rice.

Fig.43.A. Monkey after 117 
days’ feeding 
Unpolished rice.

Fig.43. Monkey after Fig.44. Typical case of
£31 days’ feeding "dry" and "wet”
Unpolished rice. beri-beri.



F i g . 4 5 .  V a r i e t i e s  o f  B a r l e y .

a .  H. v u l g a r e .
I . H. h e x a s t i o h o n .
c .  H. l i s t i o h o n .
d.. H. z e o c i t r o n .



U n m i l l e d  B a r l e y .  F i r s t  Run B a r l e y .

W

Second Run B a r l e y T h i r d  Run B a r l e y

F i g . 46 .  Naked Bye A p p e a r 
ance  o f  M i l l e d  
B a r l e y .

F o u r t h  Run B a r l e y .



F i g . 4 7 .  T r a n s v e r s e  S e c t i o n  Unmilled, b a r l e y  (X180) .

. F l o w e r i n g  Glume. 
- - - P e r i c a r p .

Spermoderm.
- - P e r i  sperm .

— A le u ro n e  l a y e r '

 S t a r c h  C e l l s
>Endo sperm.



D ir ty _  b arley___.i C l e a n i n g  P l a n t  f o r  
r e m o v a l  o f  f o r e i g n  
s e e d s ,  d i r t ,  e t c .

fC------------ ^ ---- -
» B l o c k i n g  

i   M i l l s
1 s t  Run

E B .e iy

—

§ S t ? S?HuSk) !i
Damping worms^    ^

^ P o t  B a r l e y
M i l l  
2nd r m | ~—

e e l  ' M i l l
3rd  rmgr-->

R e e l

F i n e  D us t P e a r l  Dusi

t

P e a r l

4 t h  r u n

F i g . 4 8 .  D iag ram m at ic  s k e t c h  o f  M i l l i n g  o f  B a r l e y .



j r  o  • s*' - '<v« * -■ - * J z a d
, * * r , ; ( ? ; •  /j ? . V « y, ■ > * j  . --T1■.■£•«* .H*; A- • "V -•• * * - i.- *
■ *  •» « a s - V *. «♦?» ' •  >  ; » >

*/«• >✓/zSf’jfj,* i&Mm*. Jt¥& v 
• ;, .< v/ft*

F i g . 4 9 .  T r a n s v e r s e  S e c t i o n  o f
F i r s t  Run b a r l e y  (X 150) .

F i g . 4 9 a .  T r a n s v e r s e  S e c t i o n  o f
F i r s t  Run b a r l e y  (X 220) .



F i g . 50 .  T r a n s v e r s e  S e c t i o n  o f
Second Run b a r l e y  (X 33) .

F i g . 5 0 a .  T r a n s v e r s e  S e c t i o n  o f  P o t  b a r l e y  (X155) .



F i g . 51 .  T r a n s v e r s e  S e c t i o n  
o f  Third. Run b a r l e y  
(XI80) .

Fig.5&. T r a n s v e r s e  
S e c t i o n .
F i r s t  P e a r l  
b a r l e y  (X 3 0 ) .

F i g . 5 2 . a .

T r a n s v e r s e  S e c t i o n .  
F i r s t  P e a r l  b a r l e y  
(X220) .



F i g . 53 .  T r a n s v e r s e  S e c t i o n
Second. P e a r l  b a r l e y  (X30) .

F i g . 3 3 a .  T r a n s v e r s e  S e c t i o n
Second. P e a r l  b a r l e y  (X180) .



CHEMICAL ANALYSIS OF BARLEY AND-MILLED. PRODUCTS.

D e s c r i p t i o n Sample
No. Ash

Jo

P r o t e i n  
(N x  6 .25 )

O i l
1o

F i b r e
1o

C a r b o h y d r a t e s
fo

Rough B a r l e y 326 2 . 1 9 8 .8 6 1 .6 7 2 . 5 7 6 9 .7 9

1 s t  Run
B a r l e y 325 1 . 6 0 8 .2 7 1 . 4 0 1 .0 5 7 2 .3 6

2nd Run
B a r l e y 327 1 . 0 0 7 .3 4 1 . 0 0 0 .4 3 7 5 .7 1

3 r d  Run
B a r l e y 328 0 .7 9 7 .0 8 0 .4 1 0 . 3 5 7 8 .5 3

4 t h  Run
B a r l e y

331 0 . 6 0 6 .3 3 0 . 7 0 0 .2 8 7 8 .8 2

F i g . 54.

Source
Y i e l d  
p e r  k g .  
i n  gm.

#  Y i e l d  
i n  gm.

U n m i l l e d  B a r l e y 0 . 9 6 0 .0 9 6

1 s t  Run B a r l e y 2 .9 0 0 .2 9 0

2nd Run B a r l e y 1 . 3 0 0 .1 3 0

3 r d  Run B a r l e y 0 .4 2 0 .0 4 2

1 s t  P e a r l
B a r l e y

0 . 0 5 0 .0 0 5

F i g . 55.  Y i e l d  o f  A . I . P b  f ro m  B a r l e y .



Experiment I . Fig.56.

B a s a l  D i e t  -  1 s t  Run B a r l e y .

A .B.A.Fawn.  Remained n o rm a l  w i t h  good f l i g h t  and  s t e a d y
g a i t  d u r i n g  73 d a y s .

A .B.A.  B lu e  and
W h i t e .  Remained w e l l ,  b e i n g  n o rm a l  i n  f l i g h t  and

g a i t  d u r i n g  73 d a y s .

A . B . B l a c k .  D u r in g  175 d a y s  r e m a i n e d  w e l l ;  f l i g h t  s t r o n g
and g a i t  s t e a d y .

A .B .B lu e  & W h i t e .  D u r in g  175 d a y s  r e m a i n e d  w e l l ;  f l i g h t  s t r o n g
and  g a i t  s t e a d y .

E x p e r im e n t  I I . F i g . 57.

B a s a l  D i e t  -  2nd Run B a r l e y .

C.B.  Red, White
& B l u e .  On 38 d a y s  f l i g h t  was weak and g a i t  u n s t e a d y .

T h i s  c o n d i t i o n  c o n t i n u e d .  On 5 9 t h  day 
became v e r y  weak and d i e d  l a t e r  i n  t h e  d a y .

G.B. B lue  & Red.  R e p o r t  a s  ab o v e .

C.B. S p o t .  On 7 th  day f l i g h t  weak and g a i t  r a t h e r
u n s t e a d y .  By 9 t h  day r e c o v e r e d  and f l i g h t
q u i t e  s t r o n g  and g a i t  s t e a d y .  On 62nd day 
g a i t  was v e r y  u n s t e a d y  and c o u l d  n o t  f l y .  
Very  p a r e t i c  and u n a b l e  t o  move.

C.B.  B l a c k  & Grey .  On 7 6 t h  day  g a i t  was u n s t e a d y  and f l i g h t
was weak .  Next  day  c o n d i t i o n  w o r se ;  
a t t e m p t s  a t  w a l k i n g  r e s u l t e d  in .  f a l l i n g  
f o r w a r d  -  e m p r o s t h o t o n u s . On 8 0 th  day  
t o e s  were f l e x e d  and w alked  w i t h  h o b b l i n g  
g a i t .  Unable  t o  f l y .  Died n e x t  d a y .

L .  B l u e .  On 4 4 t h  day f l i g h t  good b u t  e a s i l y  e x h a u s t e d
and  g a i t  became u n s t e a d y  a f t e r  e x e r c i s i n g .
On 5 1 s t  day g a i t  v e r y  u n s t e a d y  and l e g s  
u n a b l e  t o  s u p p o r t  body;  u n a b l e  t o  f l y .
L a t e r  i n  d a y ,  t o e s  were  f l e x e d  and head  
r e t r a c t i o n  f o l l o w e d .

L. Green  & W h i t e .  On 1 5 t h  day u n a b l e  t o  f l y ;  g a i t  was u n s t e a d y .
B a s a l  d i e t  d i s c o n t i n u e d  and g i v e n  o n l y  w a t e r  
A f t e r /







Experiment II (Contd.)
A f t e r  2 d a y s  a b l e  t o  f l y  and  g a i t  a lm o s t  
n o r m a l .  D i e t  re su m e d  b u t  on 22nd day  
g a i t  v e r y  u n s t e a d y  and  l a y  on s i d e  w i t h  
h e a d  r e t r a c t e d .

E x p e r im e n t  I I I . F i g . 58 . 

B a s a l  D i e t  -  3 r d  Run B a r l e y .

On 1 8 t h  day  f l i g h t  weak b u t  g a i t  s t e a d y .
On 2 3 rd  day  f l i g h t  s h o r t  and e a s i l y  e x 
h a u s t e d ;  l e g s  weak and s tu m b le d .  A f t e r  
2 d a y s ,  s a t  i n  c o r n e r ;  g a i t  v e r y  u n s te a d y  
an d  s t a g g e r e d  w i t h  no a p p a r e n t  c o n t r o l  o f  
movement. F e l l  i n t o  s e r i e s  o f  e m p ro s th o -  
t o n i c  sp asm s .

On 2 5 th  day  f l i g h t  weak and  s tu m b le d  on 
a l i g h t i n g .  N ext day  e a s i l y  e x h a u s t e d  and  
w a lk e d  w i t h  s t a g g e r i n g  g a i t ,  f a l l i n g  f o r 
w ard  on i t s  b r e a s t .  On 2 9 th  day l a y  i n  
spasm s o f  u n c o n t r o l l e d  m ovem ent, d a s h in g  
a g a i n s t  t h e  w a l l s  o f  t h e  c a g e .

On 3 1 s t  d ay  g a i t  a t a x i c  and  l e g s  n o t  v e r y  
a b l e  to  s u p p o r t  t h e  w e ig h t  o f  t h e  bod y ; 
f l i g h t  r a t h e r  w eak . On 3 3 rd  day  i n  spasm s 
o f  u n c o n t r o l l e d  movement; h e a d  th ro w n  
f o r w a r d  and  l e g s  p a r a l y s e d .

On 2 0 th  day  g a i t  u n s t e a d y  and  a t t e m p t s  a t  
movement r e s u l t e d  on f a l l i n g  on one s i d e .  
U nab le  to  f l y  and  q u i t e  p a r e t i c .

T .B . G re e n  & B la c k .  On 2 1 s t  day  g a i t  u n s te a d y  and  f l i g h t  w eak .
G ra d u a l  r e c o v e r y  and  on 3 5 th  day  g a i t  
q u i t e  s t e a d y ,  b u t  f l i g h t  s t i l l  w eak .
L a t e r  v e r y  p a r e t i c  and  i n c o - o r d i n a t e  i n  
movements and  q u i t e  u n a b le  t o  f l y .

T .B . Fawn. On 2 1 s t  day  f l i g h t  r a t h e r  w eak , b u t  g r a d u a l
im provem ent t i l l  3 4 th  day  when g a i t  was 
u n s t e a d y .  I n  2 d a y s  l e g s  p a r e t i c  and 
u n a b le  t o  f l y .

T.B. Red & W h i te .  On 2 1 s t  day  f l i g h t  p o o r ,  b u t  g a i t  q u i t e
s t e a d y .  A f t e r  28 d a y s  g a i t  r a t h e r  u n s te a d y  
b u t  on  2 9 th  day  f l i g h t  v e r y  p o o r  and was 
a t a x i c ,  w i t h  w in g s  s p r e a d  o u t  on f l o o r .

E .B . M ix tu r e .

E .B . Red & W h i te .

E .B . Y.

T .B . B la c k  & Red.



a n d .  W h i t e

jETa-wn



Experiment IV. Fig.59.
B a s a l  D i e t  -  4 t h  

B. B la c k .

B. B lu e .

B. G rey & W h i te .

B. G re y .

,B . G rey & B l a c k .  

Y .B. 1 6 .

Y.B. U.M.

Y.B. 34 .

M.B. 2 7 .

Run B a r l e y .

On 2 6 t h  day  s u d d e n ly  becam e weak i n  l e g s  
an d  2 h o u r s  l a t e r  l a y  p a r a l y s e d  and  u n a b le  
t o  move. I t  d i e d  t h e  same d a y .

On 1 7 t h  d ay  w eak , e a s i l y  e x h a u s t e d  and  g a i t  
u n s t e a d y .  F l i g h t  s h o r t  b u t  2 d a y s  l a t e r  
im pro v em en t i n  g a i t  and  f l i g h t .  On 22nd 
day  s a t  i n  c o r n e r  o f  cag e  h u d d le d  up w i t h  
f e a t h e r s  r u f f l e d .  G a i t  u n s t e a d y  and f e l l  
on one s i d e .  C om plete  l o s s  o f  b a l a n c e  an d  
p o s t u r e  m a in te n a n c e .  N ext day  q u i t e  p a r 
a l y s e d  and  h e l p l e s s .

On 1 5 t h  day  f l i g h t  p o o r  and  g a i t  r a t h e r  
u n s t e a d y .  N ext d ay  g a i t  u n s t e a d y  and  u n 
a b l e  t o  f l y .  Legs  l a t e r  p a r a l y s e d ,  b u t  no 
h e a d  r e t r a c t i o n .

On 1 5 th  day  q u i t e  u n s te a d y  and f l i g h t  p o o r .  
U n a b le  t o  s t a n d  n e x t  day  and  l e g s  l a t e r  
p a r a l y s e d .

On 1 7 t h  day  f l i g h t  f a i r l y  good b u t  l e g s  w eak . 
On 2 6 th  day  was n o t  a b l e  t o  f l y  much and  i t s  
l e g s  w ere  u n s t e a d y .  Was e a s i l y  e x h a u s te d  and  
l a t e r  l a y  p a r a l y s e d  an d  u n a b l e  t o  move.

On 2 1 s t  day f l i g h t  p o o r  and  g a i t  v e r y  u n s t e a d y .  
C o n d i t i o n  p r o g r e s s e d  t i l l  2 8 t h  d a y .  U nab le  
t o  w a lk ,  v e r y  weak and l e g s  p a r a l y s e d .  No 
h e a d  r e t r a c t i o n .

On 2 1 s t  day  g a i t  u n s t e a d y  b u t  f l i g h t  f a i r l y  
g o o d .  On 3 0 t h  day g a i t  v e r y  u n s t e a d y ,  move
m e n ts  i n c o - o r d i n a t e ,  l a t e r  p a r e t i c  and 
u n a b le  t o  s t a n d .

On 2 8 th  day v e r y  weak i n  f l i g h t  and  q u i t e  
u n s t e a d y .  Movements w ere  i n c o - o r d i n a t e .
3 5 th  day -  g r a d u a l l y  l e s s  a b l e  t o  move and  
d e v e lo p e d  t o e  f l e x i o n  an d  f e l l  f o r w a r d s .

On 2 8 th  day  g a i t  i n c o - o r d i n a t e ,  f l i g h t  w i t h 
o u t  d i r e c t i o n .  C om plete  a b s e n c e  o f  p o s t u r a l  
t o n e  a n d  o f  s e n s e  o f  d i r e c t i o n .  On 3 5 th  day  
p a r e t i c  w i t h  h e a d  r e t r a c t i o n .



B.Black

White



F i g . 60 .  P ig e o n  a f t e r  17 l a y s ’ f e e l i n g  
Fourth  Run "barley.

F i g . 61 .  P ig e o n  a f t e r  20 l a y s ’ f e e l i n g  
Fourth  Run "barley.



gig.61 .A.

f

T.S. Spinal Cord Pigeon.
20 days* 4th run barley (Marchi).

T.S. Spinal Cord Pigeon.
20 days’ 4th run barley + 0.33 gm. 
Na2 HP04 .12HgO (Marchi) .

M H M

T.S. Spinal Cord Pigeon. T.S. Spinel Cord Pigeon.
39 days’ 3rd run barley (Marchi). 4th run barley. Marinite

curative dose (Marchi).

Peripheral Nerve Pigeon. 
4th run barley (Marchi).



Experiment IV (Contd.)

M.B. Fawn. On 1 9 th  day  l e g s  w eak , g a i t  u n s t e a d y  b u t
f l i g h t  q u i t e  g o o d .  L a t e r  g e n e r a l  c o n d i t i o n  
weak and  on 22nd day  s a t  h u d d le d  i n  c o r n e r ;  
f l i g h t  was s h o r t  and  weak and  g a i t  i n c o 
o r d i n a t e  -  a t t e m p t s  a t  w a lk in g  t e r m i n a t i n g  
on f a l l i n g  t o  r i g h t  s i d e .  L a t e r  h e a d  r e t r a c 
t i o n  d e v e lo p e d .

M.B. B lu e  & W h i te .  On 1 9 th  day  w h i l e  f l i g h t  g o o d ,  l e g s  w ere
v e r y  weak and g a i t  u n s t e a d y .  By 2 8 th  day 
g a i t  was i n c o - o r d i n a t e  and  l a t e r  p a r a l y s e d ,  
w i t h  t o e s  f l e x e d .

E x p e r im e n t  V . F i g . 62 .

B a s a l  D i e t  -  3 r d  Run B a r l e y .

C u r a t i v e  T re a tm e n t  -  B a r l e y  d u s t  p e r  o s .

E .B . M ix tu r e .  On 2 5 th  day  s a t  i n  c o r n e r  and  v e r y  w eak .
G a i t  v e r y  u n s t e a d y ,  s t a g g e r e d  w i t h o u t  c o n t r o l  
o f  d i r e c t i o n .  3 .3 0  p .m . -  g i v e n  10 gm. 
b a r l e y  d u s t  i n  mash by  m ou th . 4 .1 5  p .m . -  
v e r y  weak an d  a p p e a r a n c e  o f  h e a d  r e t r a c t i o n .  
6 .1 5  p .m . -  s t i l l  no v i s i b l e  c h a n g e ,  f e l l  on 
r i g h t  s i d e  an d  g a i t  v e r y  u n s t e a d y .  8 p .m . -  j 
s t i l l  weak b u t  d e f i n i t e  im p ro v em en t.
9 .3 0  p .m . -  no h e a d  r e t r a c t i o n  a p p a r e n t  b u t  
s t i l l  w eak . On 2 6 th  day  g iv e n  5 gm. b a r l e y  
d u s t  a s  b e f o r e .  W alked w i t h  i n c r e a s i n g  
f a c i l i t y  b u t  g a i t  was n o t  q u i t e  s t e a d y .
N ext day 5 gm b a r l e y  d u s t  g i v e n  b u t  c o n d i t i o n  
s t i l l  weak and  f e l l  f o r w a r d ,  a t t e m p t  a t  
f l i g h t  u n s u c c e s s f u l .  On 2 8 th  day  much 
s t r o n g e r  th o u g h  g a i t  s t i l l  w eak . A b le  t o  
f l y  a  s h o r t  d i s t a n c e  b u t  e a s i l y  e x h a u s t e d .
I t  was fo u n d  d ead  n e x t  d a y .  E x a m in a t io n  o f  
p e r i p h e r a l  n e r v e s  by M a r c h iTs m ethod showed 
g r a n u l a r  m y e l in  w i t h  f r a g m e n t a t i o n .

E .B . R.W. On 2 8 th  day  v e ry  weak and i n  s e r i e s  o f  spasm s
o f  u n c o n t r o l l e d  movement. Lay on s id e  q u i t e  
p a r a l y s e d  when n o t  i n  sp asm s. 4 . 0  p .m . - g i v e n  
5 gm. b a r l e y  d u s t  p e r  o s .  I n  a n  h o u r  s l i g h t  
im provem ent b u t  m u sc u la r  spasm s s t i l l  o c c u r r e d .  
N ext day  v e r y  much im proved  and f l e w  w e l l .
G a i t /



t

f i g . 63 .  P ig e o n  a f t e r  26 d a y s 1
f e e d i n g  3rd .  Run b a r l e y .

F i g . 6 3 .A. P ig e o n  a f t e r  2 d o s e s  (4 gm.) 
b a r l e y  d u s t .



Experiment V (Contd.)

G a i t  was q u i t e  s t e a d y .  Rem ained  w e l l  and 
q u i t e  n o rm a l f o r  8 d a y s  w i t h o u t  f u r t h e r  
t r e a t m e n t .  E x p e r im e n t  c o n c lu d e d .

On 2 6 th  day u n a b le  t o  f l y  and  g a i t  v e r y  . 
u n s t e a d y .  L a t e r  d e v e lo p e d  h e a d  r e t r a c t i o n .  
At 5 p .m . g i v e n  5 gm. b a r l e y  d u s t  p e r  o s .  
6 .4 5  p .gi. -  no s i g n s  o f  im provem ent and  
u n a b le  t o  s t a n d ;  h e a d  r e t r a c t i o n  s t i l l  
p r e s e n t .  .N ex t  day  -  9 a .m .  -  g i v e n  5 gm. 
b a r l e y  d u s t  a s  b e f o r e .  10 a .m .  -  im p ro v e 
ment b u t  u n a b le  t o  s l y .  2 p .m . -  f l i g h t  
q u i t e  s t r o n g  and  g a i t  much s t e a d i e r .  N ext 
day  d o se  r e p e a t e d .  F l i g h t  s t r o n g  and  g a i t  
q u i t e  s t e a d y .  I t  r e m a in e d  w e l l  and  n o rm a l 
f o r  7 d a y s  when e x p e r im e n t  was c o n c lu d e d .

On 2 6 t h  day  g a i t  v e r y  u n s t e a d y  and  u n a b le  
t o  b a l a n c e .  L a t e r  q u i t e  p a r e t i c  and u n a b le  
t o  s t a n d .  G iv en  5 g .m . b a r l e y  d u s t  a t  4 p.m 
N ext day  g r e a t l y  im p ro v ed  b u t  s t i l l  r a t h e r  
u n s t e a d y .  2 7 th  day -  d o se  r e p e a t e d  and 
l a t e r  f l e w  s h o r t  d i s t a n c e .  Im proved  g r a d 
u a l l y  t o  n o rm a l c o n d i t i o n .  Im provem ent 
m a in t a in e d  f o r  12 d a y s ,  when e x p e r im e n t  was 
c o n c lu d e d .

E x p e r im e n t  V I . F i g . 64 .

B a s a l  D i e t  -  4 t h  Run B a r l e y .

C u r a t i v e  T r e a tm e n t  -  D r ie d  y e a s t  p e r  c r o p .

C.B. S p o t .  A f t e r  15 d a y s  v e r y  p a r e t i c  and  u n a b le  t o
s t a n d .  G iven  1 gm. d r i e d  y e a s t  i n  5 m i l .  
w a t e r  p e r  c r o p .  A f t e r  5 h o u r s  t h e r e  was 
no im p ro v em en t.  Lose  r e p e a t e d .  S t i l l  no 
im p ro v em en t.  N ext day was a b l e  t o  f l y  a  
s h o r t  d i s t a n c e ,  b u t  g a i t  s t i l l  r a t h e r  u n 
s t e a d y .  Lose r e p e a t e d ,  b u t  no c h a n g e .
On 1 7 t h .d a y  s l i g h t  im p ro v em en t,  b u t  g a i t  
s t i l l  u n s t e a d y .  Lose was r e p e a t e d  d a i l y  
f o r  3 d a y s ,  b u t  t h e r e  was l i t t l e  im p ro v e 
ment a s  t h e  g a i t  was s t i l l  u n s te a d y  th o u g h  
f l i g h t  s t r o n g e r .  On 2 1 s t  day  d a i l y  d o se  
i n c r e a s e d  to  2 gm. d a i l y  and  a f t e r  9 d a y s  
t h e  g a i t  was s t e a d y .  The l e g s  w ere much 
s t r o n g e r  and f l i g h t  was q u i t e  g o o d .  A f t e r  
e x e r c i s i n g /

L . B lu e .

T .B .  G. & B.



Experiment VI (Contd.)

T .B . B. & R.

T .B .  R. & W.

Y .B . 1 6 .

e x e r c i s i n g ,  i t s  g a i t  was u n s t e a d y  and  i t  
was e a s i l y  e x h a u s t e d .  A f t e r  50 d a y s 1 c u r a t 
i v e  t r e a t m e n t ,  t h e  f l i g h t  a n d  g a i t  w ere  q u i t e  
n o rm a l  i n  e v e r y  way. H i s t o l o g i c a l  e x a m in a 
t i o n  o f  p e r i p h e r a l  n e r v e s  f a i l e d  t o  show 
any  d i s t u r b a n c e  o f  t h e  m y e l in  s h e a t h .

A f t e r  16 d a y s  g a i t  v e r y  u n s t e a d y ;  s t a g g e r e d  
f ro m  s i d e  t o  s i d e .  No c o n t r o l  o f  movem ent. 
G iv en  1 gm. d r i e d  y e a s t  p e r  c ro p  -  no c h a n g e .  
Dose r e p e a t e d  a t  4 p .m . 7 p .m . -  no c h a n g e .  
N ext day  no im p ro v e m e n t.  Dose r e p e a t e d .  On 
1 8 t h  day  f l i g h t  s t r o n g e r  and  much im proved  
b u t  g a i t  s t i l l  u n s t e a d y .  Dose r e p e a t e d  d a i l y  
f o r  6 d a y s ,  b u t  no d e f i n i t e  im p ro v e m e n t,  so 
d a i l y  d o se  i n c r e a s e d  t o  2 gm. A f t e r  3 d a y s  
s t i l l  a t a x i c  b u t  f l i g h t  im p ro v e d .  A f t e r  70 
d a y s ’ t r e a t m e n t  t h e  f l i g h t  was s t r o n g  and  
q u i t e  n o rm a l b u t  t h e  g a i t ,  w h i l e  n o t  u n s t e a d y ,  
was weak and  n o t  n o r m a l .  H i s t o l o g i c a l  exam
i n a t i o n  o f  s c i a t i c  n e r v e s  showed some c lum p
i n g  o f  t h e  f i b r e s .

A f t e r  18 d a y s  l e g s  weak and  a t a x i c ,  u n a b le  t o  
f l y  and  l a t e r  u n a b le  t o  s t a n d .  G iven  1 gm. 
d r i e d  y e a s t  p e r  c ro p  d a i l y  b u t  no im provem ent 
a f t e r  3  d a y s .  Dose i n c r e a s e d  t o  2 gm. d a i l y ,  
a f t e r  4 d a y s  a b l e  t o  f l y  s h o r t  d i s t a n c e  b u t  
g a i t  u n s t e a d y .  On 3 7 th  day  t h e r e  was no 
d e f i n i t e  im p ro v em en t,  and  even  a f t e r  70 d a y s  
t h e  g a i t  was weak and  f l i g h t  was s h o r t  and 
i l l - s u s t a i n e d .  H i s t o l o g i c a l  e x a m in a t io n  o f  
t h e  s c i a t i c  n e r v e s  showed some c lu m p in g  o f  
f i b r e s  and  some g r a n u l a t i o n  o f  m y e l in .

A f t e r  15 d a y s  g a i t  u n s te a d y  and  f l i g h t  p o o r .  
L a t e r  g a i t  was v e r y  u n s t e a d y  and  u n a b l e  to  
w a lk .  G iven  1 gm. d r i e d  y e a s t  p e r  c r o p .
S l i g h t  im provem ent n e x t  d a y .  But on 1 7 th  
day  u n a b le  to  w a lk  and  w eak . Dose r e p e a t e d  
b u t  n e x t  d ay  u n a b le  to  f l y  and q u i t e  p a r e t i c .  
On 1 9 th  day  s l i g h t  im provem ent w h ic h  was o n ly  
t r a n s i e n t .  Toes became f l e x e d  and was u n a b le  
t o  move. I t  d i e d  n e x t  d a y .  H i s t o l o g i c a l  
e x a m in a t io n  showed g r a n u l a t i o n  o f  m y e l in  and  
c lu m p in g  o f  f i b r e s .



Y.B.Red, White and Blue



Experiment VI (Contd.).

Y .B . ” 34" A f t e r  16 d a y s  g a i t  u n s t e a d y  an d  i n e o - o r d i n a t e , 
f l i g h t  v e r y  p o o r .  G iven  1 gm. d r i e d  y e a s t  
p e r  c r o p .  Bo im p ro v em en t.  Dose r e p e a t e d  
n e x t  day  b u t  c o n d i t i o n  w o rse  and  d e v e lo p e d  
h e a d  r e t r a c t i o n s .  Dose i n c r e a s e d  t o  2 gm.
On 1 8 th  day s l i g h t  im provem ent b u t  s t i l l  
weak an d  l a t e r  t o e s  f l e x e d  and w in g s  o u t 
s p r e a d .  Dose r e p e a t e d ,  n e x t  day no im p ro v e 
m ent and  v e r y  p a r e t i c .  L a t e r  d i e d .  
H i s t o l o g i c a l  r e p o r t  was a s  f o r  ” 1 6 " .

Y .B . B .R . D u r in g  86 d a y s  w i t h  s u p p le m e n ta r y  d i e t  o f  
1 gm. d r i e d  y e a s t  p e r  d a y ,  r e m a in e d  q u i t e  
a c t i v e  and  w e l l .

Y .B . R.W.B. W ith  s u p p le m e n ta r y  d i e t  o f  1 gm. d r i e d  y e a s t  
p e r  d a y .  On 5 1 s t  day  s tu m b le d  on a l i g h t i n g  
and  g a i t  was i n c o - o r d i n a t e ,  f l i g h t  was w eak e r  
an d  some a t a x i a .  Rem ained so f o r  12 d a y s  and  
becam e q u i t e  w e l l  and  n o rm a l by 7 6 th  d a y .  
Rem ained n o rm a l t i l l  1 6 3 rd  d ay  when e x p e r im e n t  
was c o n c lu d e d .

E x p e r im e n t  V I I . F i g .  6 5 .

B a s a l  d i e t  -  4 t h  Run b a r l e y .

C u r a t i v e  T re a tm e n t  -  M arm ite  p e r  c r o p .

M.B. "2 7 "  On 3 1 s t  day  g a i t  was i n c o - o r d i n a t e  and  w eak, 
f l i g h t  w i t h o u t  d i r e c t i o n  and  a t a x i c .  G iven  
1 gm. M arm ite  p e r  c r o p .  Next day  im provem ent 
i n  g e n e r a l  c o n d i t i o n  b u t  g a i t  s t i l l  i n c o - o r d i n a t e  
and  l e g s  w eak . G r a d u a l l y  becam e w o rse  t i l l  on 
3 8 th  day  i t  was v e r y  p a r e t i c  and h ad  r e t r a c t i o n  
o f  h e a d .  G iv en  2 gm. M arm ite  p e r  c r o p .  Hext 
day  g a i t  q u i t e  s t e a d y  and  f l i g h t  s t r o n g .  Re
m ained  so t i l l  42nd day  when g a i t  v e r y  u n s t e a d y ,  
t o e s  f l e x e d  th o u g h  f l i g h t  q u i t e  s t r o n g .  Hext 
day  h e a d  r e t r a c t i o n  r e c u r r e d  and  g iv e n  1 gm. 
M a rm ite .  G e n e r a l  im p ro v em en t,  b u t  g a i t  became 
u n s t e a d y  n e x t  d a y .  G r a d u a l l y  became weak t i l l  
by 52nd day  t y p i c a l  h e a d  r e t r a c t i o n ,  spasm s o f  
u n c o n t r o l l e d  movement and  l a t e r  p a r e s i s  d e v e l 
o p e d .  2 gm. M arm ite  w ere  g i v e n  b u t  d i e d  n e x t  
d a y .
H i s t o l o g i c a l  r e p o r t  showed m y e l in  g r a n u l a t i o n  
and  some c lu m p in g  o f  f i b r e s .



Experiment VII (Contd.).

M.B. B.W. On 1 9 t h  day  l e g s  weak and g a i t  u n s t e a d y  th o u g h
f l i g h t  s t r o n g .  By 4 3 r d  day  g a i t  was so  u n 
s t e a d y  i t  c o u ld  n o t  w a lk  o r  f l y .  G iv en  1 gm. 
M arm ite  p e r  c r o p ,  b u t  no im p ro v e m e n t .  H ext 
day  i t s  t o e s  w ere  f l e x e d  an d  t h e r e  was em- 
p r o s t h o t o n u s .  Dose r e p e a t e d  b u t  no im p ro v e m e n t .  
On 4 5 t h  day  d o se  r e p e a t e d  b u t  r e m a in e d  weak and  
p a r e t i c .  D ied  l a t e r .
H i s t o l o g i c a l  r e p o r t  -  m y e l in  d e g e n e r a t i o n  o f  
s c i a t i c  n e r v e s .

M.B. T!F U. On 1 9 th  day  l e g s  v e r y  weak and g a i t  u n s t e a d y .
By 22nd day  a t t e m p t s  a t  w a lk in g  r e s u l t e d  i n
f a l l i n g  on  s i d e .  T h e re  was g r o s s  i n c o - o r d i n a t i o n ,
G iv en  2 gm. M arm ite  p e r  c r o p .  A f t e r  5 h o u r s
im provem en t i n  g e n e r a l  c o n d i t i o n  -  f l i g h t  
s t r o n g e r  and  g a i t  s t e a d i e r .  A f t e r  3 d a y s  
e m p ro s th o to n u s  e v i d e n t  and g a i t  u n s t e a d y .  H ext 
day  t y p i c a l  h e a d  r e t r a c t i o n  and p a r e t i c .  G iv e n  
2 gm. d r i e d  y e a s t ,  b u t  no im p ro v e m e n t .  D ied  
n e x t  d a y .
H i s t o l o g i c a l  r e p o r t  a s  f o r  B.W.

M.B. R .B . W ith  s u p p le m e n ta r y  d i e t  o f  1 gm. M arm ite  p e r  c ro p
d a i l y ,  r e m a in e d  q u i t e  n o rm a l d u r in g  163 d a y s  and  
m a i n t a i n e d  i t s  w e i g h t .

M.B. "M". R e p o r t  a s  f o r  R .B .

E x p e r im e n t  V I I I . F i g .  66.

B a s a l  D i e t  -  4 t h  Run b a r l e y .

S u p p le m e n ta ry  D ie t  -  0 .3 3  gm. Sodium P h o s p h a te  p e r  c ro p
d a i l y ,  g iv e n  i n  w a t e r .

4B. 7 . On 3 9 th  day  g a i t  was u n s t e a d y  and  n e x t  d ay  i t s
t o e s  w ere  f l e x e d  and  f l i g h t  was w eak . On 4 6 th  
day  i t  l a y  w i t h  l e g s  e x te n d e d  and  t o e s  f l e x e d  
and  was u n a b le  t o  move. A t te m p ts  a t ’ movement 
w ere  made w i t h  d ro o p e d  w in g s .  T h e re  was no 
h e a d  r e t r a c t i o n .  I t  d i e d  on t h e  5 0 th  d ay .
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Experiment 71II (Contd,}•

4B. 1 0 ,  On 4 0 t h  d ay  g a i t  was u n s t e a d y  and t o e s  w ere
s l i g h t l y  f l e x e d .  I t  r e c o v e r e d  somewhat and  
by  5 1 s t  day  g a i t  was s t e a d i e r  and  f l i g h t  
q u i t e  s t r o n g .  On 6 6 th  day  s tu m b le d  on  
w a lk in g  a  s h o r t  d i s t a n c e  and e a s i l y  e x h a u s t e d .  
I t s  f l i g h t  was s h o r t  and  w eak. N ext day  i t  
was p a r e t i c  and  u n a b le  t o  s t a n d .  I t  d i e d  on 
t h e  6 8 th  d ay .

4B. B l u e .  On 4 1 s t  day  f l i g h t  was. s h o r t  and  weak and
g a i t  u n s t e a d y .  I t  rem ained / t h u s  t i l l  4 5 th  
day  when t o e s  became f l e x e d  and  a t t e m p t s  a t  
w a lk in g  r e s u l t e d  i n  f a l l i n g  o v e r .  By 5 6 th  
day  was u n a b le  to  f l y ;  l a y  w i t h  l e g s  e x te n d e d  
and  t o e s  f l e x e d .  I t  d i e d  n e x t  d a y .

41B. 1 1 .  On 2 4 th  day  f l i g h t  was s t r o n g  b u t  g a i t  u n 
s t e a d y  and t o e s  f l e x e d .  C o n t in u e d  t h u s  t i l l  
3 5 th  day  when i t  l a y  q u i t e  p a r e t i c  and  u n a b le  
t o  move. I t  d i e d  n e x t  d a y .

41B. 1 3 .  On 2 8 th  day  g a i t  was u n s t e a d y  and t o e s  f l e x e d ,
f l i g h t  w eak . By 3 0 th  d ay  u n a b le  t o  f l y  o r  
w a lk .  On 3 5 th  d ay  i t  l a y  p a r e t i c  and  n o t  
a b l e  t o  move and  d i e d  l a t e r  i n  d a y .

41B. 1 6 .  On 2 6 t h  d ay  u n a b le  t o  f l y ,  g a i t  v e r y  weak and
w a lk e d  on f l e x e d  t o e s  and  o u t s p r e a d  w in g s .
A f t e r  28 d a y s ,  l a y  p a r e t i c  w i th  t o e s  f l e x e d  
and  u n a b le  t o  move. L a t e r  d i e d .

42B. 2 0 .  By 2 4 th  day  f l i g h t  p o o r ,  g a i t  u n s te a d y  and
t o e s  f l e x e d .  . On 3 1 s t  day  u n a b le  t o  f l y  and 
w a lk e d  w i t h  u n s te a d y  g a i t  on  f l e x e d  t o e s .
On 3 7 th  d a y ,  l a y  p a r a l y s e d  and i u i t e  h e l p l e s s ;  
t h e r e  was no h e a d  r e t r a c t i o n .  I t  d i e d  n e x t  d a y .

42B. 2 1 .  On 2 4 th  day  f l i g h t  weak and t o e s  f l e x e d .
W alked w i t h  u n s te a d y  g a i t .  C o n t in u e d  t h u s  
t i l l  3 9 th  d a y ,  l a y  p a r a l y s e d  and  u n a b le  t o  
move, d i d  n o t  e a t  much fo o d  and  was t h i n .
No h e a d  r e t r a c t i o n .  D ied  on  4 0 th  d a y .
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Experiment VIII (Contd.).

B a s a l  D i e t  -  End Run b a r l e y .

S u p p le m e n ta ry  D i e t  -  0 .3 3  gm. Sodium P h o s p h a te
p e r  c ro p  d a i l y .

2B. G- & B. On 1 2 8 th  day  f l i g h t  was weak and  g a i t  became
u n s t e a d y .  Hext day  f l e x i o n  o f  t o e s  and  o p i s 
t h o t o n u s  e v i d e n t .  Went i n  spasm s o f  i n c o 
o r d i n a t e  m ovem ents. Was g iv e n  0 .5  gm. Sodium 
p h o s p h a te  p e r  c r o p .  S l i g h t  im p ro v em en t,  b u t  
l a t e r  r e l a p s e d  and d i e d  on 1 3 0 th  d a y .

2B. B & W. Rem ained w e l l  t i l l  1 9 8 th  day  when i t s  c o n d i t i o n
became weak and  g a i t  was n o t  s t e a d y .  H ext day  
to e s :  f l e x e d  and  g a i t  was u n s t e a d y .  U n ab le  t o  
f l y  and  movement o n ly  on f l e x e d  t o e s .  P a r e t i c  
n e x t  day  and u n a b le  t o  move. D ied  on 2 0 1 s t  d a y .

2B. Bk.& R. A f t e r  131 days* f e e d i n g  f l i g h t  was weak and  
g a i t  becam e u n s t e a d y .  H ext day f l e x i o n  o f  
t o e s  and  g e n e r a l  c o n d i t i o n  w e a k e r .  U n ab le  
t o  f l y .  On 1 3 3 rd  day  p a r e t i c  and  d i e d  l a t e r .

2B. Be.& R. On 1 4 0 th  d ay  f l i g h t  became w eak e r  and  g a i t  was
u n s t e a d y .  T h i s  c o n t i n u e d  t i l l  1 4 9 th  day  when 
f l e x i o n  o f  t o e s  a p p a r e n t  and u n a b le  t o  f l y .
L a t e r  became p a r e t i c  and  d i e d .
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Fig.70. Rabbit after 3 weeks*
feeding Unmilled barley.

Fig.70.A.
Brachial Plexus 
Rabbit fed Unmilled 
Autoclaved Barley 
(stained Marchi).

Sciatic nerve Rabbit 
fed Unmilled barley 
(stained Marchi).



Sciatic Nerve Rabbit 
fed Unmilled Autoclaved 
barley + 1  gm. dried yeast.



Radiograms -  RABBITS -  3 weeks’ Experim ent. E ig .7  1.

gm.fo

Diet. Unmilled
(Ash. 48.54
CaO 56.26
lpo 42.90

Unmilled Barley- + 1 gm. Dried Yeast,
69 .95 
56.11 
43.40



Radiograms -  RABBITS -  3 weeks* Experim ent. F ig .71.

Unmilled Barley + 1 c.c. fresh Unmilled Barley +1 c.c. fresh lemon
lemon juice + 1 c.c. cod-liver juice + 3 drops Haliverol.
oil.

52.24 47.85
53.18 57.14
44.30 44.30



Radiograms -  RABBITS -  5 weeks* Experim ent. F ig .72

15. 11.

Diet. Unmilled Barley

Ash.
CaO
p2°5

51.17
55.51
43.90

Unmilled Bar lay + 1 c.c. fresh 
lemon juice + 3 drops Haliv- 
erol.

45.96
56.79
42.80



Radiograms -  RABBITS -  5 weeks* Experim ent. F ig .72.

9.
Diet. Unmilled Barley -l+ 1 c.c. fresh

lemon juice + 1  c.c. cod-liver oil.

Ash 46.20
CaO 5 6 • 5 6

P 2 0 5  4 4 . 8 0

2 1 ,

Unmilled Barley + 1 c.c. fresh 
lemon juice + 3 drops Haliverol 
0*33 gm. UagHPO^. 12I-I 0  + 1 gm. 
Marmite.

48.35
52.76
44.10



Radiograms -  RABBITS -  9 weeks* Experim ent. F ig .73.

23. 27.
Diet Unmilled Barley +

+

1  c.c. fresh lemon 
jui ce.

3 drops Haliverol
0.33 gm. NagH.PO. ISHgO 
1 gm. Marmite.

Same, but no Marmite,

Ash
CaO
V s

48.54
56.40
44.10

51.12
55.35
44.20



Radiograms -  RABBITS -  21 weeks* Experim ent. R ig .74.

Diet.
Ash
GaO

20.
Unmilled Barley + 10 gm. fresh 

cabbage.
61*38
57.20
42.60

Unmilie d Barley -f 1 g.c. fre sh lemon juice.
4 9 , 9 0  + 3 drops Haliverol.
Pj0 0g O.o3 gm. NagHPO^. 12HgO
4 4 .3 Q + 1 gm« Marmite.


