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

m u s c u la r  a p p a r a t u s  h a s  b e e n  t a k e n  a s  one o f  t h e  m ost 

r e l i a b l e  c l i n i c a l  s i g n s  o f  t h e  p r e s e n c e  and s e v e r i t y
Cl)o f  i d i o p a t h i c  t e t a n y  i n  c h i l d r e n  e v e r  s i n c e  Erb  i n

1874  a s c r i b e d  t h i s  h y p e r e x c i t  a b i l i t y  o f  t h e  p e r i p h e r a l

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

t h e r a p e u t i c  m e a s u re s  s u g g e s t e d  an d  a d o p te d  h a s  b e e n  m e a su re d

by  t h e  i n f l u e n c e  t h e y  h av e  on t h e  e l e c t r i c a l  e x c i t a b i l i t y .

T ha t t h i s  i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y  i s  due t o  an

a c t i o n  upon  t h e  p e r i p h e r a l  a s  o p p o se d  t o  t h e  c e n t r a l  p a r t s

o f  t h e  n e u r o - m u s c u l a r  s y s te m  i s  c l e a r l y  shown b y  t h e  w ork
(2) -  " 

o f  M acCallum  .  T h i s  i n v e s t i g a t o r  c i r c u l a t e d  t h e  b lo o d

o f  a  p a r a t h y r e o i d e e t e r n i s e d  dog  t h r o u g h  t b e  b l o o d - v e s s e l s  o f

t h e  a m p u ta t e d  l e g  o f  a  h e a l t h y  a n im a l  and  fo u n d  a  m arked

i n c r e a s e  i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h a t  l e g .  I t

h a s  f u r t h e r  b e e n  shown t h a t  t h i s  i n c r e a s e  p e r s i s t s  a f t e r

t h e  p e r i p h e r a l  p a r t  h a s  b e e n  s e p a r a t e d  f ro m  t h e  c e n t r a l

n e r v o u s  s y s te m  b y  s e c t i o n  o f  t h e  n e r v e s .

A know ledge  o f  t h e  u l t i m a t e  f a c t o r  o r  f a c t o r s  o f  t h e

i n c r e a s e  i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  neurom yone

i s  o f  g r e a t  im p o r ta n c e  i n  any  a t t e m p t  t o  p r e v e n t  t h e  o n s e t

o f  s u c h  a  p a t h o l o g i c a l  c o n d i t i o n  and  when i t  h a s  d e v e l o p e d ,

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

The w ork d e t a i l e d  i n  t h e  f o l l o w i n g  t h e s i s  was u n d e r t a k e n
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t o  d e t e r m in e  t h e  c a u s e  o r  c a u s e s  o f  i n c r e a s e  i n  e l e c t r i c a l  

e x c i t a b i l i t y  o f  t h e  n e u ro -m y o n e .  A l th o u g h  a l l  t h e  w ork  

was done by  m y s e l f ,  I  s h o u l d  l i k e  t o  t h a n k  P r o f .D .N o e l  

P a t  o n ,  F .R .S .  f o r  h i s  h g l p f u l  c r i t i c i s m  and a d v ic e  th r o u g h -  

: o u t  t h e  c o u r s e  o f  t h e  r e s e a r c h .
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By t h e  t e r m  n e u ro -m y o n e  i s  m ean t t h e  p e r i p h e r a l

n e u r o - m u s c u l a r  m e c h a n ism . The v a r i o u s  e l e m e n t s  t h a t  go

t o  make up t h i s  m ech an ism  a r e  s t i l l  somewhat i n  d o u b t .

The a x o n - f i b r e ,  t h e  n e r v e - e n d i n g  and  m u sc le  a r e  t h e  t h r e e

c o n s t i t u e n t s  w h ic h  h av e  l o n g  b e e n  know n, and t h e  fam ous
(S)

c u r a r e  e x p e r im e n t  o f  C lau d e  B e r n a r d  was t a k e n  t o  mean 

t h a t  t h e  p o i s o n  a c t e d  f i r s t  on t h e  n e r v e - e n d i n g s  a s  b e i n g  

t h e  m ost s u s c e p t i b l e  p a r t  o f  t h e  n e u r o n e .  T h i s  v i e #  w as
(4)

s u p p o r t e d  b y  t h e  s t a t e m e n t s  o f  Kuhne t h a t  t h e r e  w ere  

d i s t i n c t  c h a n g e s  i n  t h e  n e r v e - e n d i n g s  i n  t h e  m u s c le  o f  ,

l i z a r d s  a f t e r  c u r a r e - p o i s o n i n g .  A d r e n a l i n  w as fo u n d  b y  <v
(5)

E l l i o t t  t o  p ro d u c e  i t s  no inaa l c o n s t r i c t o r  e f f e c t  on 

t h e  f r o g ' s  s a r t o r i u s  6 w eeks  a f t e r  d e n e r v a t i o n  when a l l  t h e  

n e r v e - e n d i n g s  h a d  d i s a p p e a r e d .  He c o n c lu d e d  t b a t  i t  m ust 

t h e r e f o r e  a c t  on some s u b s t a n c e  on t h e  p l a c e  o f  e n t r y  o f

t h e  n e r v e - f i b r e ,  w h ic h  h e  c a l l e d  t h e  " n e u r o - m y a l  j u n c t i o n " .
(6)

L a n g le y  show ed t h a t  n i c o t i n e  p r o d u c e d  a  m ark ed  c o n t r a c t i o n ,  

i f  a n y t h i n g  g r e a t e r  t h a n  n o r m a l ,  w hen a p p l i e d  t o  t h e  d e n e r v a t e d  

g a s t r o c n e m iu s  m u s c le  o f  t h e  f o w l .  C u r a r e ,  he f o u n d ,  w as 

c a p a b l e  o f  r e d u c i n g  a n d , i f  i n  s u f f i c i e n t  d o se ,  e n t i r e l y  

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

T hese  d r u g s  m ust t h e r e f o r e  a c t  on an  i n t e r m e d i a t e  s u b s t a n c e  

w h ic h  m ust b e  on t h e  m u s c l e - s i d e  o f  t h e  p l a c e  o f  e n t r y  o f  

t h e  n e r v e - f i b r e s .  T h i s  s u b s t a n c e  L a n g le y  t e r m e d  t h e  

R e c e p t i v e /
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R e c e p t iv e  S u b s t a n c e .

S u p p o r t  f o r  t h i s  v ie w  was f o r t h c o m i n g  i n  t h e  e x p e r i m e n t s
(7)

of L u cas  who fo u n d  t h a t ,  on s t i m u l a t i n g  t h e  f r o g ' s  s a r t o r i u s

m u sc le  w i t h  c o n d e n s e r  d i s c h a r g e s  t h e r e  w ere  tw o  d i s t i n c t

o p t i m a l  s t i m u l i  i n  one o f  w h ic h  t h e  r a t e  i s  v e r y  lo w , i n

t h e  o t h e r  v e r y  h i g h .  S t i m u l a t i o n  w i t h  t h e  lo w e r  r a t e  i s

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

r a t e  o f  i n c i d e n c e  o f  e n e r g y  show ed s i g n s  o f  a b o l i t i o n  a f t e r

m o d e ra te  d o s e s  o f  c u r a r e  and  had  no e f f e c t  a f t e r  l a r g e  d o s e s .
(8 )

The n e r v e  i t s e l f  L u c as  show ed had  a  low o p t i m a l  r a t e  n o t

d i f f e r i n g  g r e a t l y  f ro m  t h e  low r a t e  he fo u n d  i n  m u s c l e .

T h is  w ork  s u g g e s t s  t i n t  t h e  h i g h e r  o p t i m a l  r a t e  s t i m u l a t e s  
<«t h e  r e c e p t i v e  s u b s t a n c e  o f  L a n g le y .  The e x p e r i m e n t s  o f

(9 )
N oel P a t  on and F i n d l a y  th r o w  f u r t h e r  l i g h t  u p o n  t h e  

c h a r a c t e r s  o f  t h e  r e c e p t i v e  s u b s t a n c e  sh o w in g  t h a t  i t  

g e n e r a l l y  r e m a in s  u n a l t e r e d  f o r  some t i m e  a f t e r  t h e  n e r v e  

h a s  c e a s e d  t o  a c t .  They s u g g e s t  t h a t  t h e  d e v e lo p m e n t  

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

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

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

d e g e n e r a t i o n  o f  t h e  " r e c e p t i v e  s u b s t a n c e " .  A f t e r  o o n s i d e r -  

: i n g  t h e  e v id e n c e  as  t o  t h e  c a u s a l  f a c t o r  o f  i n c r e a s e d  

e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  neurom yone  a  s u g g e s t i o n  w i l l  

be p u t  f o rw a rd  a s  t o  i t s  i n f l u e n c e  i n  p r o d u c i n g  t h i s  

r e a c t i o n /
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r e a c t i o n  o f  d e g e n e r a t i o n .

M eanw hile  t h e  neurom yone can  be  c o n s i d e r e d  a s  c o n s i s t i n g  

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

s u b s t a n c e .  I n  t h i s  i n v e s t i g a t i o n  n o  e n d e a v o u r  h a s  b e e n  

made t o  d e t e r m in e  t h e  p a r t  p l a y e d  by  e a c h  com ponent o f  t h e  

neurom yone i n  t h e  v a r i a t i o n s  o f  e l e c t r i c a l  e x c i t a b i l i t y .  The 

e v i d e n c e ,  h o w e v e r ,  l e a d s  one t o  t h i n k  t h a t  t h e  r e c e p t i v e  s u b s t a n c e  

i s  t h e  p a r t ,  c h a n g e s  i n  w h ic h  p ro d u c e  v a r i a t i o n s  i n  e x c i t a b i l i t y .

As r e g a r d s  t h e  p l a n  a d o p te d  i n  t h i s  t h e s i s ,  t h e  g e n e r a l  

m e th o d s  u s e d  i n  t h e  e x p e r i m e n t s  w i l l  f i r s t  be d e s c r i b e d .

T h e r e a f t e r  w i l l  be  c o n s i d e r e d  some o f  t h e  v ie w s  t h a t  h av e  b e e n  

h e l d  a s  t o  t h e  c a u s e  o f  i n c r e a s e d  e x c i t a b i l i t y  o f  t h e  n eu ro m y o n e ,  

f o l l o w i n g  on w h ic h  w i l l  b e  d e t a i l e d  t h e  e v id e n c e  on w h ic h  h a s  

b e e n  b a s e d  t h e  v iew  t h a t  a n o x a e m ia  i s  t h e  u l t i m a t e  f a c t o r .

•oOo*



Ii.

M E T E  0 D S.



4 -

1 .  M ethod  o f  M e a su r in g  t h e  S t r e n g t h  o f  C u r r e n t  c a u s in g  C o n t r a c t i o n

A. A p p a r a t u s ; -  As r e g a r d s  t h e  m e th o d  o f  t e s t i n g  t h e

e l e c t r i c a l  e x c i t a b i l i t y ,  I  h a v e  f o l l o w e d  t h a t  d e s c r i b e d  by

N oel P a t o n ,  F i n d l a y  a n d  W atson  The c u r r e n t  was t a k e n

from  t h e  m a in  a n d  p a s s e d  th r o u g h  a  r h e o s t a t .  A m i l l  lamp e reme t e r

o f  t h e  d * A rso n v a l  ty p e  was i n t r o d u c e d  i n t o  t h e  c i r c u i t  a s  w e l l

a s  a  m e rc u iy  key by w h ic h  t ' r e  c i r c u i t  was made a n d  b ro R e n ,

The e l e c t r o d e s  w e re  o f  c o p p e r  c o v e r e d  w i t h  ch am o is  l e a t h e r ,

t h e  s m a l l e r  o r  a c t i v e  one h a v in g  a d i a m e t e r  o f  0 . 5  c m .,  t h e

l a r g e r  o r  n e u t r a l  e l e c t r o d e  m e a s u r in g  5 cm. i n  d i a m e t e r .  D u r in g

t h e i r  w o rk ,  N oel P a to n ,  F i n d l a y  a n d  W atson  fo u n d  t h a t  i t  was

a d v i s a b l e  t o  commence w i t h  a weak c u r r e n t ,  g r a d u a l l y  s t r e n g t h e n —

; in g  i t  u n t i l  a  d e f i n i t e  c o n t r a c t i o n  was in d u c e d ,  a n d  t h e n

w e a k e n in g  i t  u n t i l  t h e  s m a l l e s t  c u r r e n t  t h a t  w o u ld  e l i c i t  a

c o n t r a c t i o n  was r e a c h e d .  In  t h i s  way th e y  fo u n d  t h a t  t h e y

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

t h e  s t r e n g t h  o f  c u r r e n t  by w h ic h  a c o n t r a c t i o n  w as u l t i m a t e l y

i n d u c e d ,  was a b o u t  one h a l f  o r  one q u a r t e r  o f  t h a t  o r i g i n a l l y

r e q u i r e d ,  w h i l e  a s c e n d in g  t h e  s c a l e .  .T h e se  r e s u l t s  I  h a v e  
♦

c o n f i r m e d  ( T a b le  A .)

A scend]dig . D e s c e n d in g .

K .C .C . Cat 7 (1 ) 0 . 8 0 .3
n 3 (2 ) 0 . 8 0 . 4
H 6 (S) 1 .3 0 .7

Dog 1 (4 ) 2 . 9 2 . 1

K .O .C . Cat 7 (1 ) 2 . 2 0 . 8
« 3 (8) 1 5 .0 9 . 0« 6 (3 ) 1 2 .0 9 .0

Dog 1 m ______ 9 . 5 5 .0
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The same i n v e s t i g a t o r s  s t a t e  t h a t  o c c a s i o n a l l y  th e y  c o u ld

n o t  e l i c i t  a c a t h o d a l  o p e n in g  c o n t r a c t i o n ,  a l t h o u g h  50 ^

m i l l i a m p e r e m e te r s  w e re  u s e d .  I  h a v e  fo u n d  t h a t  a c u r r e n t  

o f  20 m i l l l a m p  s .  was a lw a y s  m ore  t h a n  s u f f i c i e n t  t o  e l i c i t  

t h e  K .O .C . even  when a s c e n d in g  t h e  s c a l e *

B. N erve  S e l e c t e d .  The n e r v e  s e l e c t e d  i n  a n im a l s  was 

t h e  p o s t e r i o r  t i b i a l ,  a n d  i t  was s t i m u l a t e d  on t h e  o u t e r  a s p e c t  

o f  t h e  a n k le  w h ere  i t  i s  v e ry  s u p e r f i c i a l ,  l y i n g  a s  i t  does  i n

f r o n t  o f  th e  t e n  do A c h i l l i s .  The h a i r  o f  t h e  l e g  w às c u t

so t h a t  t h e  e l e c t r o d e  w o u ld  b e  p l a c e d  d i r e c t l y  on t h e  s k i n .

The in d e x  o f  a  s u c c e s s f u l  s t i m u l a t i o n  v/as t h e  f l e x i o n  o f  t h e  

t o e s  due t o  c o n t r a c t i o n  o f  t h e  f l e x o r  b r e v i s  m u s c l e .  ■ N o e l  

P a t o n ,  F i n d l a y  an d  W atson i n v e s t i g a t e d  t h e  q u e s t i o n  a s  t o  

w h e t h e r  d i r e c t  s t i m u l a t i o n  o f  t h e  lo n g  f l e x o r  p l a y e d  any p a r t  

i n  t h i s  movement o f  t h e  t o e s  by c u t t i n g  t h e  lo n g  f l e x o r  t e n d o n s .

They show ed t h a t  u n d e r  n o rm a l  c o n d i t i o n s  t h e  f l e x i o n  o f  t h e

t o e s  i s  due e n t i r e l y  t o  s t i m u l a t i o n  o f  t h e  f l e x o r  b r e v i s *  

M acCallum  h o w e v e r ,  b e l i e v e s  t h a t  t h e r e  i s  a t r a n s m i s s i o n  

o f  m ovem ents from  t h e  s t i m u l a t i o n  o f  o t h e r  m u s c l e s ,  a n d  a d v i s e s  

t h a t  t h e  t e n d o n s  o f  a l l  t h e  lo n g  m u s c le s  b e  c u t .  T h i s  c o n t r a c t -

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

t o  o c c u r  o n ly  when s t r o n g  c u r r e n t s  w e re  a p p l i e d ,  a n d  t h e  move— 

;m e n ts  p r o d u c e d  w e re  q u i t e  d i f f e r e n t  from  t h o s e  due t o  c o n t r a c t -  

; io n  o f  t h e  s h o r t  m u s c l e s ;  a n d  p r o v i d e d  t h e  m e th o d  d e t a i l e d  i n  

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

c u r r e n t s /
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c u r r e n t s  i s  u s e d ,  I  do n o t  t h i n k  t h e r e  a r i s e s  any  c o n f u s i o n  

a s  t o  t h e  c o r r e c t  r e a d i n g ,  Wlien I  was t e s t i n g  t h e  e l e c t r i —

: c a l  e x c i t a b i l i t y  o f  t h e  neurom yone  i n  c h i l d r e n ,  I  u s e d  t h e  

u l n a r  n e r v e  a n d  to o k  f l e x i o n  o f  t h e  d i g i t s  a s  t h e  in d e x  o f  

s t i m u l a t i o n .  T h is  i s  t h e  n e r v e  commonly u s e d  by m o st w o r k e r s ,

C, L i m i t s  o f  A c c u ra c y .  N o e l  P a t o n ,  F i n d l a y  a n d  W atson^^^^  

i n  a  d u s c u s s io n  a s  t o  t h e  l i m i t s  o f  a c c u r a c y  o f  t h e  m e th o d  h e r e  

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

i n  one e x p e r im e n t  a r e  n o t  s t r i c t l y  c o m p a ra b le  w i t h  t h o s e  o f  

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

a n im a l s  may v a r y ,  a  s e r i e s  o f  s u c c e s s i v e  t e s t s  on t h e  same 

a n im a l  a r e  s t r i c t l y  c o m p a ra b le .  I n  t h e  f o l l o w i n g  s e r i e s  o f  

e x p e r im e n t s  t h e  i m p o r t a n t  p o i n t s  t o  be  n o t e d  a r e  (1 )  t h e  p r e s e n c e

o f  any m a rk e d  ch an g e  i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y ^  w h e t h e r  i n  

t h e  u p w a rd  o r  downward d i r e c t i o n :  a n d  (2 )  t h e  r e l a t i v e  i n c r e a s e

o r  d e c r e a s e  r a t h e r  t h a n  t h e  a c t u a l  v a l u e s .  Thus f o r  t h e  p u r p o s e  
the

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

As t h e  aim  o f  t h e  p r e s e n t  r e s e a r c h  w as t o  d i s c o v e r   ̂

t h e  c a u s e  o f  v a r i a t i o n s  i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y #  I  h a v e  

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

C l i n i c a l l y  t h e  c a t h o d a l  o p e n in g  c o n t r a c t i o n  i s  t h e  o n e  u s e d  a s  

t h e  in d e x  o f  t h e  e l e c t r i a a l  e x c i t a b i l i t y .  E x p e r i m e n t a l l y ,  a l s o ,  

we f i n d  t h a t  i t  i s  s u b j e c t  t o  t h e  g r e a t e s t  r a n g e  o f  v a r i a t i o n ,  

so t h a t  t h e  v a lu e  f o r  t h e  c a t h o d a l  o p e n in g  c o n t r a c t i o n  h a s  b e e n  

r e c o r d e d /
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r e c o r d e d  a s  b e in g  t h e  c l e a r e s t  i n d i c a t i o n  o f  any chan g e  

i n  e x c i t a b i l i t y .  N o rm a lly  K .O .C , g i v e s  t h e  h i g h e s t  v a l u e  

a n d  K ,C .C , t h e  s m a l l e s t ,  b u t  ACC. so m e tim es  a  h i g h e r ,  

so m etim es  a  l o w e r  v a l u e  t h a n  ACC, Von P r a n k l - H o o h w a r t  

h a s  r e c o r d e d  t h e s e  v a r i a t i o n s ,  N oel P a t o n ,  F i n d l a y  a n d  

W atson ^^9) t a k i n g  s e v e n t e e n  e x p e r im e n t s  a t  random  from  t h e i r  

s e r i e s ,  show t h a t  i n  t h e  n o rm a l  s t a t e  t h e  m a j o r i t y  g i v e  t h e  

s m a l l e r  v a lu e s  f o r  ACC. t h a n  f o r  ACC, ( i . e .  ACC w as i n d u c e d  by 

a w e a k e r  c u r r e n t  t h a n  was ACC), I  h a v e  o b t a i n e d  s i m i l a r  

r e s u l t s  b o t h  w i t h  a n im a l s  a n d  w i t h  c h i l d r e n ,  ( T a b le  B , )

TABLE B ,

KCC, ACC, AOC. KOC,

Cat 2 A 0 , 5 0 , 6 0 , 6 0 , 8
n 4 1 ,6 3 , 5 3 , 1 1 1 ,0
tr 5 1 .2 2 . 7 2 .1 1 0 ,0
n 7 0 . 5 1 ,9 2 . 2 4 , 8

Dog 2 1 , 8 3 , 8 3 , 8 7 ,0

C h i ld A. A. age
8 m th s . 0 ,9 2 . 9 2 . 4 5*
f e m a le .

H W .L .age X
l ÿ i  m th s . 1 , 1 1 . 5 4 , 0 5
m a le .

It M .C .ag e ac
16 m th s . 0 , 7 1 , 5 1 . 5 5
f e m a le .

i n d i c a t e s  t h a t  t h e  K ,0 ,C .  was n o t  g o t  w i t h  a c u r r e n t  

o f  5 m i l l i a m p s .  B eyond t h i s  s t r e n g t h  t o o  much p a i n  was 

c a u s e d  t o  a l lo w  o f  any d e t e r m i n a t i o n s  b e in g  m ade .

Thus t h e  c a t h o d a l  c o n t r a c t i o n s  g i v e  c l e a r e r  

i n d i c a t i o n s /
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i n d i c a t i o n s  o f  any change  in  e x c i t a b i l i t y  t h a n  do t h e  a n o d a l

ones*  F a l t a  Von P i r q u e t ^ ^ ^ ^ ,  a n d  P i n e l e s ^ ^ ^ ^  i n  t h e i r

p a p e r s  on i d i o p a t h i c  t e t a n y ,  l a y  g r e a t  s t r e s s  on t h e

q u a l i t a t i v e  change  i n  t h e  e l e c t r i c a l  r e a c t i o n s ,  b u t  t h e  

r e c o r d s  o f  H o c lw a r t^ ^ ^ ^ a n d  N oel P a to n  a n d  T a b le  B* a b o v e ,  

a l l  t e n d  t o  s u p p o r t  t h e  vievr t h a t  q u a l i t a t i v e  c h a n g e s  a r e  

n o t  c o n s t a n t  a n d  c a n n o t  m e a n w h ile  be c o n s i d e r e d  o f  much 

im p o r ta n c e  i n  t h e  d i a g n o s i s  o f  t h e  s t a t e  on w h ic h  t h e  e l e c t r i -  

: c a l  e x c i t a b i l i t y  d e p e n d s .

D. V a r i a t i o n s  in  th e  E .E .  o f  n o rm a l  a n i m a l s .

B e f o r e  p r o c e e d i n g  t o  a c o n s i d e r a t i o n  o f  t h e  f a c t o r s

m o d ify in g  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  n e u ro -m y o n e ,  

t h e r e  i s  t o  be n o t e d  t h e  d a i l y  v a r i a t i o n  in  t h i s  e x c i t a b i l i t y  

fo u n d  in  p a t i e n t s  an d  a n im a ls  a n n a r e n t l y  q u i t e  h e a l t h y  a n d   ̂

n o r m a l .  H ochv/art was t h e  f i r s t  t o  p o i n t  t h i s  o u t  a n d

h i s  r e s u l t s  h a v e  b e e n  c o n f i r m e d  by N oel P a t o n ,  F i n d l a y  a n d  

W atso n ^ an d  a c h a r t  ( F i g .  1) o f  t h e  e l e c t r i c a l  r e a c t i o n s  i n  a  

n o im a l  c h i l d  o v e r  s e v e r a l  days  shows t h e  v a r i a t i o n s  t h a t  may 

be g o t .

The r e a s o n  f o r  t h e s e  v a r i a t i i S n s  h a s  n o t  b e e n  d e te r* -

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

w o u ld  be  u s e l e s s  to  a t t e m p t  t o  t h e o r i s e .  As a l l  t h e  e x p e r im e n t s  

on a n im a ls  t o  be  r e c o r d e d  w e re  c o m p le te d  on t h e  one day t h i s  

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

I n  t h e  c a s e  o f  c h i l d r e n ,  h o w e v e r ,  a l t h o u g h  t h e r e  may be a 

m a r k e d /
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m a rk e d  v a r i a t i o n  b o t h  In  t h e  c a t h o d a l  a n d  a n o d a l  

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

t o  below  6 .0  u n l e s s  t h e r e  i s  some c o n d i t i o n  p r e s e n t  

c a u s in g  p y p e r - e x c i t a b i l i t y  o f  t h e  n e u ro -m y o n e ,

S ,  O p e r a t i v e  T e c h n iq u e .

A, C a ts  an d  dogs w e re  t h e  a n im a ls  u s e d  i n  a l l  

t h e  e x p e r im e n t s  h e r e  r e c o r d e d .  Each  a n im a l 'w a s  

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

h a d  b een  p r o d u c e d  e l l i e r  was u s e d .  I n  o r d e r  to  r e n d e r  

t h e  i n t a k e  o f  a n a e s t h e t i c  a s  c o n s t a n t  a s  p o s s i b l e  

t h r o u g h o u t  t h e  e x p e r i m e n t , t r a c h e o to m y  was p e r f o r m e d  

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

a n im a l  c o u ld  t h u s  be k e p t  u n d e r  t h e  same d e p th  o f  

a n a e s t h e s i a  t h 'o u g h o u t  t h e  e x p e r i m e n t .  The common c a r o t i d  

a r t e r i e s  an d  j u g u l a r  v e i n s  w e re  t h e n  e x p o s e d  a n d  a c a n n u la  

i n s e r t e d  i n t o  t h e  l e f t  v a i n .  The v e n o u s  c a n n u la  w h ic h  

p r e v i o u s  to  i n s e r t i o n  was f i l l e d  w i t h  s a l i n e  f r e e  from  

a l l  a i r  b u b b l e s ,  was c o n n e c t e d  by t h i n  r u h b e r  t u b i n g  t o  a  #  

b u r e t t e .  I n t o  t h e  b u e e t t e  was p u t  t h e  f l u i d  w h ic h  h a d  t o  

be  i n j e c t e d .  I n  t h i s  way t h e  r a t e  o f  a d m i n i s t r a t i o n  was 

c o n s t a n t ,  b e in g  r e g u l a t e d  by a sc rew  clam p on t h e  t u b % g #

The e l e c t r i c a l  r e a c t i o n s  w e re  t a k e n  s e v e r a l  t im e s  

b e f o r e  t h e  I n j e c t i o n  was conm enced and  i t  was fo u n d  t h a t  i n  

t h e  m a j o r i t y  o f  c a s e s  t h e  e x c i t a b i l i t y  v a r i e d  l i t t l e ,  i f  a t  

a l l /
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a l l ,  d e s p i t e  t h e  f a c t  t h a t  i n  some o f  my e a r l i e r  e x p e r im e n t s  

t h e  a n im a l  w as u n d e r  t h e  e f f e c t s  o f  t h e  a n a e s t h e t i c  f o r  o v e r  

an h o u r  b e f o r e  any f l u i d  was i n j e c t e d .  N o r  h a d  t h e  o p e r a t -  

: i o n  any e f f e c t  on t h e  v a l u e s  f o r  t h e  e l e d t r i c a l  r e a c t i o n s *  

N oel P a t o n ,  F i n d l a y  a n d  W atson  h a v e  shown t h a t

a n a e s t h e t i c s  h a v e  v e ry  l i t t l e  a c t i o n s  on t h e  e l e c t r i c a l  

e x c i t a b i l i t y  an d  t h e  r e s u l t s  r e c o r d e d  h e r e  c o n f i m  t h e i r  

f i n d i n g s .

As v a r i o u s  e s t i m a t i o n s  h a d  t o  be made on t h e  b l o o d  

b e f o r e  a n d  a f t e r  i n j e c t i o n ,  t h e  a r t e r i a l  b l o o d  was wi&drawn 

i n t o  a  5 c . c .  a l l - g l a s s  s y r i n g e  r e n d e r e d  a i r - t i g h t  by a  

t h i n  f i l m  o f  o i l .  When oxygen  d e t e r r : l i n a t i o n s  w e re  b e in g  

made b l o o d  w as a l s o  t a k e n  from  t h e  r i g h t  e x t e r n a l  j u g u l a r  

v e i n .  The l o s s  o f  b lo o d  c a u s e d  by t h e s e  p r o c e d u r e s  w as 

n e v e r  fo u n d  t o  p r o d u c e  any a l t e r a t i o n  i n  t h e  v a l u e s  f o r  

e l e c t r i c a l  r e a c t i o n s ,

B , B lo o d  P r e s s u r e .  I n  a  few c a s e s  t r a c i n g s  o f  t h e  

b lo o d  p r e s s u r e  w e re  o b t a i n e d  by m eans o f  a  t h r e e - w a y  c a n n u la  

i n s e r t e d  i n t o  t h e  r i g h t  c a r o t i d  a n d  c o n n e c t e d  w i t h  t h e  

e l e c t r i c  m an o m ete r  d e s c r i b e d  by M c C a l l .^

C, R e s p i r a t i o n s ,  T r a c i n g s  w e re  o b t a i n e d  by  a

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

to w e l  t o  t h e  c h e s t  w a l l  an d  c o n n e c te d  t o  a  ta m b o u r  w i t h  g  

w r i t i n g  l e v e r  by a c l o s e d  sy s te m  o f  r u b b e r - t u b  i n g ,  E v e iy  

e x p a n s io n  o f  t h e  c h e s t  w a l l  c a u s e d  an u p - s t r o k e  o f  t h e  l e v e r ,

D, Movements o f  A u r i c l e  a n d  V e n t r i c l e ,  o h e s t  was

o p e n e d /
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o p e n e d  a n d  t h e  a n im a l  k e p t  a l i v e  w i t h  a r t i f i c i a l  r e s p i r a t i o n

from  a  m o to r  pump. The p e r i c a r d i u m  w as o p e n e d  a n d  by m eans

o f  a c l i p ,  i t  was a t t a c h e d  to  t h e  c h e s t  m u s c le s  so fo rm in g  a

b e d  f o r  t h e  h e a r t .  C l i p s  w e re  a t t a c h e d  t o  one o f  t h e  a u r i c l e s

a n d  t o  t h e  l e f t  v e n t r i c l e .  From t h e  c l i p s *  t h r e a d s  r a n  t o  a

s t r a i g h t  w r i t i n g  d o u b le  r e c o r d e r  o f  t h e  same k i n d  a s  t h a t  u s e d
(16^

by C a t h c a r t  a n d  C la r k  in  t h e i r  w ork on t h e  e f f e c t  o f  c a r b o n  

d i o x i d e  on t h e  h e a r t  mo^'^ements,

8 ,  M ethods o f  E s t i m a t i n g  v a r i o u s  c h a n g e s  i n  t h e  B lo o d ,

A, A l k a l i n e  R e s e r v e ,  The a l k a l i n e  r e s e r v e  was
(1 7 )

d e te r m in e d  by t h e  Van S ly k e  m e th o d  a n d  by a m e th o d  co m m u n ic a t-  

: ed by C. J . M a r t i n ,  a s  y e t  u n p u b l i s h e d .

The p r i n c i p l e  o f  M a r t in * s  m e th o d  i s  t h a t  d i l u t i o n  o f  

a  w e l l  b u f f e r e d  s o l u t i o n  s u c h  a s  p la sm a  d oes  n o t  a l t e r  i t s  pH 

a n d j i f  an  i n d i c a t o r  i s  u s e d  w h ic h  h a s  a low p r o t e i n  v a l u e , t h e  

p la sm a  may be t i t r a t e d  w i t h  a c i d .  The t i t r a t i n g  v a l u e  i n d i c a t e s

t h e  a c id - c o m b in in g  pow er o f  t h e  p l a s m a .  The a p p a r a t u s  u s e d  

c o n s i s t s  o f  a s m a l l  wooden s t a n d  t o  h o l d  t h r e e  n o n - s o l  g l a s s  

t e s t  t u b e s  (8  x 0 , 8  cm ,) v e r t i c a l l y  i n  a  row a n d  c l o s e  t o g e t h e r .  

The c e n t r a l  tu b e  a t  i t s  u p p e r  end  ru n s  t h r o u g h  t h e  r u b b e r  

s t o p p e r  o f  an i n v e r t e d  n o n - s o l  f l a s k  (1 0 0 -1 5 0  c c , )  The 

f l a s k  i s  rem oved from t h e  c e n t r a l  t u b e  a n d  0 , 5  c c ,  o f  p la sm a  

o r  serum  an d  2 cc. o f  n e u t r a l  O .sX  sod ium  c h l o r i d e  a d d e d .  The 

s i d e  t u b e s  a r e  a lm o s t  f i l l e d  w i t h  p h o s p h a te  b u if^ b r  m i x t u r e  o f  

p H 7 ,4 .  T hese  s t a n d a r d  t u b e s  a r e  c o l o u r e d  by t h e  a d d i t i o n  o f  

a /
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a  drop  o r  two o f  a q u e o u s  s o l u t i o n s  o f  b u r n t  s u g a r  an d  f l a v i n e  

(l/lOOjOOO) t i l l  t h e y  m a tc h  t h e  f l u i d  i n  t h e  c e n t r a l  t u b e .

To a l l  o f  t h e  t u b e s  a r e , t h e n  a d d e d  2 d ro p s  o f  0 .05/»  a l c o h o l i c  

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

o f  t h e  p la sm a  may be  c o u n t e r a c t e d  by p l a c i n g  a s h e e t  o f  w h i t e  

t i s s u e  p a p e r  b e h in d  t h e  t u b e s .  The p la s m a  m i x t u r e  i s  t i t r a t e d  

w i t h  N/50 HC3L from  a 2 c c .  b u r e t t e  w i t h  f i n e  n o s e ,  t i l l  i t s  

c o l o u r  m a tc h e s  t h e  s t a n d a r d s .  T h is  i s  done by ru n n in g  t h e  

p la sm a  i n t o  t h e  f l a s k ,  ad d in g  a  few d ro p s  o f  a c i d  a n d  r o t a t i n g  

g e n t l y  b u t  s t e a d i l y  f o r  1 m i n u t e ,  t h e  f l a s k  m e a n w h ile  b e in g  i n  

co m m u n ica t io n  w i t h  t h e  a i r .  T h is  r e a d i l y  a l l o w s  t h e  t h i n  f i l m

o f  p la sm a  to  g i v e  up  t h e  l i b e r a t e d  CO^. The f l u i d  i s  ru n  b a c k

i n t o  t h e  tu b e  a n d  com pared  w i t h  t h e  s t a n d a r d s .  The p r o c e s s  i s

r e p e a t e d  a s  o f t  eh a s  n e c e s s a r y .  R o t a t i o n  f o r  a t  l e a s t  one 

m in u te  i s  n e c e s s a r y  a f t e r  e a c h  a d d i t i o n  o f  a c i d .

Example o f  a d e t e r m i n a t i o n  o f  00% c o n t e n t  o f  a p la s m a  

by M a r t i n ’ s m e th o d .

T i t r a t i o n  v a lu e  f o r  0 . 5  c c .  o la s m a  = 0 . 4  c c .  N /50  H C l,

i . e .  A l k a l i n e  r e s e r v e  o f  0 . 5 c c .  ” -  0 . 4 c c ,  N /50  NaHCO
3

\  « l o o  c c .  ” = 80 c c ,  " " ”

= 1 , 6 c . c .  N/L * ”

= 1 , 6  X 2 2 . 4  c c .  CO

i . e .  4 1 ,8 4  vo lu m es  p e r  c e n t  o f  CO  ̂ a r e  b o u n d  a s  b i c a r b o n a t e

i n  t h e  p la s m a ,

B. Hy drog e n - I  on c o n e e n t r a t  i o n . T h is  was e s t i m a t e d  by th e

m e th o d /
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m e th o d  d e s c r i b e d  by B a y l i s s ^ ^ ^ \  The b l o o d  was ru n  d i r e c t  

from  t h e  c a r o t i d  a r t e i y  t h r o u g h  an a r t e r i a l  c a n n u la  i n t o  a

c o n i c a l  c e n t r i f u g e  tu b e  (15  c c . )  c o n t a i n i n g  a  few  g r a i n s  o f

c h e m ic a l ly  p u r e  n e u t r a l  p o t a s s i u m  o x a l a t e  an d  a b o u t  4 , c c .  o f

i n t e r n o l  b r a n d  o f  l i q u i d  p a r a f f i n  so t h a t  t h e  b lo o d  d i d  n o t

come i n t o  c o n t a c t  w i t h  t h e  e x t e r n a l  a i r .  About 10 c . c .  o f

a r t e r i a l  b lo o d  was t h u s  c o l l e c t e d j t h e  c e n t r i f u g e  tu b e  was th e n

f i l l e d  w i t h  i n t e r n o l .  The tu b e  was i n v e r t e d  s e v e r a l  t i m e s  so

a s  to  d if :f \ ise  t h e  o x a l a t e  t h r o u g h  t h e  b l o o d  a n d  t h e n  p l a c e d  i n

a c e n t r i f u g e  t o  s e p a r a t e  o f f  t h e  p la s m a .  I f  one o la s m a  was

s t a i n e d  r e d  owing to  h a e m o l y s i s > a s  v e ry  o f t e n  h a p p e n e d  a f t e r

i n j e c t i o n  o f  a c i d , a  t r a c e  o f  h a e m o g lo b in  w as a d d e d  to  t h e  tu b e

c o n t a i n i n g  t h e  c l e a r  p la sm a  so t h a t  i t  s h o u l d  r e s e m b le  t h e  o t h e r .

T h re e  d ro p s  o f  0 .1 ? '  n e u t r a l  r e d  w ere  th e n  a d d e d  to  t h e  u p p e r  p a r t

o f  e a c h  p la sm a  by means o f  a f i n e  p i p e t t e  i n s e r t e d  t h r o u g h  t h e

i n t e r n o l .  T h i s  i n d i c a t o r  was m ix e d  w i t h ,  t h e  u p p e r  p a r t  o f  t h e

p la sm a  l a y e r  by g e n t l e  s t i r r i n g  w i t h  t h e  p 4 p e t t e .  The c o l o u r

p r o d u c e d  was n o t e d  a n d  com pared  w i t h  t h a t  o f  a  s i m i l a r l y  p r e p a r e d

sam ple  t a k e n  a f t e r  t h e  s p e c i f i c  t r e a t m e n t  o f  t h e  a n i m a l .  The pH

was e s t i m a t e d  i n  a c c o r d a n c e  w i t h  t h e  t a b l e  g i v e n  by B a y l i s s ,
I

I n  a  few c a ses^  t h e  d i a l y s i s  i n d i c a t o r  m e th o d  d e s c r i b e d
(19 \

by L e v y ,  R ow ntree  a n d  M a r r i o t t  b u t  fo u n d  i t  much m ore

cumbersome a n d  g o t  no b e t t e r  r e s u l t s .

C. O x y g e n - c o n te n t  o f  t h e  B lo o d ,

The oxygen  c o n t e n t  o f  b o th  a r t e r i a l  a n d  v e n o u s  b lo o d s

w a s / d s t e m l n e d  by B a r o r o f t ' s  D i f f e r e n t i a l  M e t l i o d h ^ ° '  R e s u l t s  
a r e  g iv e n  in  p e r e  en t a g  e - s a t u r a t i o n .
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Numerous t h e o r i e s  have  b e e n  a d v a n c e d  t o  e x p l a i n  t h e  

i n c r e a s e  i n  t h e  e x c i t a b i l i t y  o f  t h e  neurom yone i n  t h e  v a r i o u s  

c l i n i c a l  and  e x p e r i m e n t a l  c o n d i t i o n s  i n  w h ic h  s u c h  a n  i n c r e a s e  

h a s  b e e n  d e m o n s t r a t e d .  Of t h e s e  t h e  p r i n c i p a l  a r e  t h e  

f o l l o w i n g : -

A. The p r e s e n c e  i n  t h e  b lo o d  o f  e x c e s s  o f  so d iu m .

B. D e c re a s e  i n  t h e  c a l c iu m  c o n t e n t  o f  t h e  o r g a n i s m .

C. A c o n d i t i o n  o f  a c i d o s i s .

D. A c o n d i t i o n  o f  a l k a l o s i s .

E . The p r e s e n c e  o f  a  t o x i c  s u b s t a n c e .

Of t h e  t o x i c  s u b s t a n c e s  s u g g e s t e d  one may m e n t io n

ammonia, x a n t l i i n ,  B - i m i n o a z o l y l e  t h y  l a m i n e ,  g u a n i d i n ,  and

x a n t h i n .  T h is  l a s t  s u b s t a n c e  s u g g e s t e d  i t s e l f  a s  a  p o s s i b l e
(21)

c a u s e  t o  B e r k e l e y  and  Beebe b e c a u s e  o f  i t s  s i m i l a r i t y  t o

c o n v u l s a n t  d ru g s  l i k e  c a f f e i n ,  and o f  t h e  p o s s i b i l i t y  o f  i t s

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

o f  t e t a n y .  T h e se  i n v e s t i g a t o r s  r e c o r d  one e x p e r im e n t

w here  t h e  i n t r a v e n o u s  i n j e c t i o n  o f  x a n t h i n  c a u s e d  g e n e r a l i s e d
(2 2 )

c o n v u l s i o n s .  M acCallum  and V o e g t l i n  r e p e a t e d  t h i s  w ork  

b u t  c o u ld  n o t  c o n f i r m  ’t>he p r e v i o u s  f i n d i n g s  a s  t h e y  f a i l e d  t o  

g e t  any  t r e m o r s  o r  i n c r e a s e  i n  e l e c t r i c a l  e x c i t a b i l i t y .  One 

may, t h e r e f o r e ,  d i s m i s s  t h e  p o s s i b i l i t y  o f  x a n t h i n  b e i n g  t h e  caiB a l  

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

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

more f u l l y .

---------------- oOo-----------------
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(88)
R in g e r  w hen e x p e r i m e n t i n g  w i t h  i s o l a t e d  n e r v e - m u s c l e

i p r e p a r a t i o n s ,  o b s e r v e d  a n  i n c l i n a t i o n  t o  c o n t r a c t u r e  i n  m u sc le

i t h a t  h ad  b e e n  k e p t  i n  p u re  n o rm a l  s a l i n e  s o l u t i o n .  L a t e r  
(84)

; Cars  law fo u n d  t h a t  on c i r c u l a t i n g  p u re  so d iu m  c h l o r i d e

s o l u t i o n  t h r o u g h  t h e  v e s s e l s  o f  t h e  p o s t e r i o r  end  o f  a  f r o g ,

s p o n ta n e o u s  e x c i t a t i o n  phenom ena ( t e t a n i c  c o n t r a c t i o n s )

i a p p e a r e d  v e r y  q u i c k l y ,  and  l a s t e d  f o r  s e v e r a l  m i n u t e s .  The

e f f e c t  was m in im a l  when i s o t o n i c  s o l u t i o n  was u s e d ,  s u g g e s t i n g

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

u s e d  m ig h t have  h ad  s o m e th in g  t o  do w i t h  t h e  c a u s a t i o n  o f
(25)

t h e  i n c r e a s e d  e x c i t a b i l i t y .  B ied e rm an n  p r e v i o u s l y  h ad

shown t h a t  t h e  e x c i t a b i l i t y  p r o d u c e d  b y  p u r e  so d iu m  c h l o r i d e

i s o l u t i o n  was v e r y  e v a n e s c e n t ,  b u t  when s m a l l  q u a n t i t i e s  o f

i so d iu m  c a r b o n a t e  w ere  added  t o  t h e  n e u t r a l  s o l u t i o n ,  t h e

I im m ersed m u sc le  s e t s  up  r h y t h m i c a l  c o n t r a c t i o n s ,  
i (26)
j As r e g a r d s  t h e  e f f e c t  o f  s o d iu m  on mammals M unzer i n

11898 s t a t e d  t h a t  he  c o u ld  p r o d u c e  t e t a n y  b y  i n j e c t i o n  o f  
! (8 7 )
I v a r i o u s  so d iu m  s a l t s .  R o s e n s t e r n  m a i n t a i n s  t h a t  b y  t h e

j a d m i n i s t r a t i o n  o f  common s a l t  ( 6 -8  g r m s . d a i l y )  t o  " s p a s m o p h i l i c "

1 c h i l d r e n  r e c e n t l y  c u r e d  o f  t e t a n y ,  a  r e c u r r e n c e  o f  a l l  t h e

symptoms was p r o d u c e d .  I n  one e x p e r im e n t  w h ic h  he  c i t e s ,

, he gave 100 c . c .  o f  3 /  NaCl b y  t h e  m o u th .  The A .O .C . ch a n g e d

f ro m  4 , 6  t o  1 . 8  b u t  t h e  K .O .C . show ed l i t t l e  d i f f e r e n c e

( r e m a in in g  p r a c t i c a l l y  a t  4 . 4 ) :  t h e r e  was a  r i s e  i n  t e m p e r a t u r e
(8 8 )

f ro m  3 7 .0  t o  3 8 .4 ° C .  N othm ann , f o l l o w i n g  up  R o s e n s t e r n * s  

w o r k /
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w ork  fo u n d  t h a t  i n  c h i l d r e n  d i s p o s e d  t o  t e t a n y ^  f e e d i n g  w i t h

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

a s  w e l l  a s  t h e  f e v e r - r e a c t i o n  p r e v i o u s l y  n o t e d .  P a rh o n  and 
(29)

U reche  had  p r e v i o u s l y  shown t h a t  i n j e c t i o n  o f  one p e r

c e n t .  s o d . c h l o r i d e  i n t o  a n im a l s  s u f f e r i n g  f ro m  t o t a l  t h y r e o -

p a r a t h y e o i d e c t o m y ,  c a u s e d  a  m arked  i n c r e a s e  o f  sym ptom s. I n

a l l  t h e s e  c a s e s  i t  i s  s e e n  t h a t  a d m i n i s t r a t i o n  o f  so d iu m

m e r e ly  p r e c i p i t a t e d  an  a t t a c k  o f  n e r v o u s  h y p e r - e x c i t a b i l i t y
(80)

i n  an  o r g a n is m  w i t h  a  s p a s m o p h i l i c  d i a t h e s i s .  C h y o s te k

d e s c r i b e s  a  c a s e  o f  a  t e t a n y  a t t a c k  f o l l o w i n g  t u b e r c u l i n  i n j e c t i o n :

he  c o n c lu d e s  t h a t  t u b e r c u l i n  l i k e  t o x a e m i a ,  p r e g n a n c y  and  o t h e r

c a u s e s ,  i s  s im p ly  an  e x c i t i n g  f a c t o r  i n  an  o r g a n i s m  p r e d i s p o s e d

t o  t e t a n y .  I t  i s  q u i t e  p o s s i b l e  t h a t  t h e  c a s e s  o f  t e t a n y

a t t a c k s  d e s c r i b e d  b y  B o s e n s t e r n  and Nothmann f o l l o w i n g

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

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

e v id e n c e d  b y th e  f e v e r  r e a c t i o n .

More r e c e n t l y  t e t a n o i d  s e i z u r e s  h av e  b e e n  r e p o r t e d  by
(81)

C am p b e ll   ̂ f o l l o w i n g  a  r e c t a l  i n j e c t i o n  o f  s a l i n e .  T h is

l a s t  c a s e  seem s r a t h e r  a n o m a lo u s  a s  r e c t a l  a d m i n i s t r a t i o n  o f

s a l i n e  i s  f r e q u e n t l y  u s e d  w i t h  a d v a n ta g e  i n  t h e  p r e v e n t i o n

and i n h i b i t i o n  o f  c o n v u l s i v e  a t t a c k s .  The f o l l o w i n g  a r e

n o t e s  o f  a  c a s e  o c c u r r i n g  i n  my own p r a c t i c e ; -

Baby N .C . F e m a le .  Aet 9 w e e k s .  N orm al b i r t h .  B r e a s t  f e d .
Y m a ïly  h i s t o r y  on m o t h e r ’ s  s i d e  showed m arked  t e n d e n c y  t o  
f u n c t i o n a l  n e r v o u s  t r o u b l e s .

14/ 9/S O . C o n v u ls io n  i n v o l v i n g  t r u n k  and a l l  t h e  e x t r e m i t i e s :  
s l i g h t  t r a c e s  o f  c a r p o p e d a l  sp a sm : f a c i a l  s i g n  n o t
p r e s e n t /
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p r e s e n t .  E x am in â t i o n  r e v e a l e d  no  a b n o r m a l i t y  i n  a n y  o f  t h e
o r g a n s •

1 1 5 /9 /8 0 .  F r e q u e n t  s l i g h t  c o n v u l s i o n s .
K .C .C . 1 . 4 .  Â .C. C.  2 . 1 .  A . 0 . 0 .  5 . 0 .  K .O .C . 5 . 0

i 1 8 / 9 / 8 0 .  F r e q u e n t  c o n v u l s i o n s  c o n t i n u i n g  b u t  a l l  v e r y  m i l d .
Now on tw o  f e e d s  o f  b a r l e y  w a t e r  and m i lk  i n  a d d i t i o n  
t o  b r e a s t  f e e d s .

29/ 9/ 20 .  F r e q u e n t  c o n v u l s i o n s  c o n t i n u e d  s e v e r e r  i n  t y p e .  S to p  
b r e a s t  f e e d s .  S t a r t  A l l e n b u r y  N o . l .  tw o  f e e d s  i n  
a d d i t i o n  t o  b a r l e y  w a t e r  a n d  m i l k .  I n j e c t i o n  o f  
n o rm a l  s a l i n e  ( 6 .  o z . )  p e r  r e c t u m  t w i c e  a  d a y .  A lso  
on H y d r a rg .  -e C r e t . g r . t  and S o d .B i c .  g r . S .  
k .C .C .  — 1 . 6 .  A .C .C . — 2 . 0 .  A .O .C . — 4 . 5 .  El.O.C. —
+ 5 . 0 .

f l / l o / 2 0 .  C o n v u ls io n s  a l t h o u g h  s t i l l  f r e q u e n t  become v e r y  s l i g h t .
12/ 10/ 20 .  No c o n v u l s i o n s .
16/ 10/ 80 .  A few  v e r y  s l i g h t  c o n v u l s i o n s .

K .C .C . -  1 . 6 .  A .C .C . -  2 . 5 .  A .O .C . -  5 . 0 .  K .O .C . + 5 , 0 .
(4 / 10/ 80 .  No f u r t h e r  c o n v u l s i o n s .
Î From now onw ards p r o g r e s s  f a v o u r a b l e .

F u r t h e r  Midd H e n d e r so n  i n  t h e  c o u r s e  o f  some w o rk  ( u n p u b l i s h e d )  

^ o n  t h e  e f f e c t  of a d m i n i s t r a t i o n  o f  common s a l t  t o  c h i l d r e n  fo u n d  

 ̂ t h a t  t h e  e l e c t r i c a l  r e a c t i o n s  w e re  u n i n f l u e n c e d .  I n  & rd e r  f i n a l l y

t o  d i s p r o v e  t h e  t h e o r y  t l i a t  a d m i n i s t r a t i o n  o f  s o d iu m  s a l t s
1 :

1 ( i n c r e a s e d  t h e  e l e c t r i c a l  e x c i t a b i l i t y ,  t h e  f o l l o w i n g  e x p e r i m e n t s  

e r e  p e r f o r m e d : -  0.9% NaCl w as i n j e c t e d .  t

Wd. H a t w r : i n '
Kg.

Amx. o i
s o l n .
i n j e c t e d

e .G .

'ETF.'m
K .C .C .
•

1

^ r o r e  ez
~ x r o T c ;

: p t .  Ü. 
a f t  
exp 

K .C .C .

K. ; 1 
e r  p 
t .  <

K .o.:c\
___ ,  Î

^ 4
i n  V 
100 
B ef J

a p a o .  
l a s  ma 
o l . p e i
O . C .
A f t e r ,

Tempei

•Bef.

' a t u r e

A f t .

6 .

1 1 .

1 2 .

Fem.^

Pern.

Male

3 .1

2 .5

. 2 .7  

. ____

250

220

250

0 . 4   ̂

0 . 9  

1 . 1

9 .0

4 . 5

1 1 .0

0 . 6

0 . 9

1 . 1

9 . t j

M  ‘ 

1 0 .0

3 4 .6

4 8 . 1

3 0 .2

3 1 .3

4 7 .5

2 8 .9

9 9 .0

1 0 0 .0

9 9 .5

0
103

1 0 1 .6

1 0 1 .4

I t  w i l l  b e  s e e n  f ro m  t h e  above  t a b l e  t h a t  t h e  e l e c t r i c a l  

r e a c t i o n s /
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r e a o t i o n s  w e re  u n c h a n g e d  b y  i n j e c t i o n  o f  n o rm a l  s a l i n e .  The 

a l k a l i n e  r e s e r v e  i s  a l s o  u n a l t e r e d .  T h e re  i s  t o  b e  n o t e d ,

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

t h e  so d iu m  c h l o r i d e  s o l u t i o n .  I n  one c a s e  t h e  t e m p e r a t u r e  

I  r o s e  f ro m  9 9 .0 ^F #  t o  lO S .O ^F . t h u s  c o n f i r m i n g  t h e  b i n d i n g s  o f  

Nothmann w i t h  r e g a r d  t o  t h e  r i s e  i n  t e m p e r a t u r e .

As r e g a r d s  t h e  o n s e t  o f  t e t a n y  a f t e r  a d m i n i s t r a t i o n  o f  

so d iu m  c h l o r i d e  t o  c h i l d r e n  w i t h  a  s p a s m o p h i l i c  d i a t h e s i s ,  .

C ushny’ s  o b s e r v a t i o n s  on t h e  p r e s e n c e  o f  e x c e s s  o f  c h l o r i d e s

i\oi a r e  o f  i n t e r e s t .  He p o i n t s  o u t  t n a t  an  e x c e s s  o f  c h l o r i d e s  i n

t h e  body  f l u i d s  t e n d s  t o  a n  i n c r e a s e d  e l i m i n a t i o n  o f  c a l c i u m .
(82)

:,0i The w ork  o f  Loeb i n d i c a t e s  t h a t  t n e  i r r i t a b i l i t y  o f  a  

t i s s u e  h a s  some r e l a t i o n s h i p  t o  t h e  r e l a t i v e  p r o p o r t i o n s  o f  

sod ium  and c a l c i u m  i n  t h e  b o d y .  The d i s t u r b a n c e  i n  t h e  

s o d iu m - c a lc iu m  r a t i o  i n  s p a s m o p h i l i c  c h i l d r e n  may b e  s u f f i c i e n t
; J:

t o  p r e c i p i t a t e  t h e  o h s e t  o f  a c o n v u l s i o n .  The e v i d e n c e  ad d u ced

i s  a g a i n s t  t h e  v ie w  t h a t  e x c e s s o f  so d iu m  s a l t  i s  o f  i t s e l f  t h e

j c a u se  o f  i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y .  T h i s  c o n c l u s i o n  i s

I f u r t h e r  s t r e n g t h e n e d - b y  t h e  f i n d i n g s  o f  H a s t i n g s ,  M u rra y  and  
I (33)

M urray . T hese  i n v e s t i g a t o r s  fo u n d  t h a t  i n  d o g s  w i t h  

e x p e r i m e n t a l  p y l o r i c  o b s t r u c t i o n  t h e r e  w ere  m ark ed  s i g n s  o f  

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

c o n c e n t r a t i o n  o f  so d iu m  i n  two o u t  o f  t h r e e  c a s e s .

I t  m ust t h e r e f o r e  b e  c o n c lu d e d  t h a t  a l t h o u g h  e x c e s s  o f  

sod ium  may be a  p r e d i s p o s i n g  f a c t o r  i n  t h e  p r o d u c t i o n  o f  a n  

i n c r e a s e  i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y ,  i t  c a n n o t  be  

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

------------------ ._oOo----- ------- -------
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I n  h i s  e x p e r im e n t s  on t h e  e f f e c t s  o f  v a r i o u s  s a l t  s o l u t i o n s
(34)

on t h e  e x c i t a b i l i t y  o f  f r o g ’ s  m u sc le  Locke showed t h a t  t h e

h i g h  t e t a n i c  c o n t r a c t i o n s  c a u s e d  b y  im m e rs io n  i n  a  so d iu m  c h l o r i d e

s o l u t i o n  s o o n  d i s a p p e a r e d  i f  a  10 p e r  c e n t ,  s a t u r a t e d  s o l u t i o n  ;
(35)

o f  c a lc iu m  s u l p h a t e  w ere  a d d e d .  Loeb when w o r k in g  on t h e

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

t h e  a n im a l  body o f  any  s a l t  l i a b l e  t o  p r e i p i t a t e  c a l c i u m
(256)

p ro d u c e s  t w i t c h i n g  o f  t h e  m u s c l e s .  B a n c r o f t  f r o m  w ork

done on t h e  i s o l a t e d  s a r t o r i u s  o f  t h e  f r o g  s t a t e d  t h a t  e l e c t r i c a l

s t i m u l a t i o n  o f  m u sc le  i s  d e p e n d e n t  u p o n  t h e  r e l a t i v e  c o n c e n t r a t i o  n

o f  t h e  c a l c iu m  i o n s .  He m a i n t a i n e d  t h a t  t h e  e f f e c t i v e  g a l v a n i c

s t i m u l a t i o n  o f  m u sc le  must e i t h e r  c o n s i s t  i n  o r  be a s s o c i a t e d  w j t h

a d i m i n u t i o n  i n  t h e  r a t i o  o f  t h e  c o n c e n t r a t i o n  o f  t h e  c a l c i u m  t o
. (87)

t h a t  o f  so d iu m . P r e v i o u s  t o  t h i s  S a b b a t  a n t  ( q u o te d  by

M acCallum & V o e g t l i n )  had  shown t h a t  t h e  e l e c t r i c a l  e x c i t a b i l i t y

of t h e  c o r t e x  c e r e b r i  was d i m i n i s h e d  b y  t h e  a p p l i c a t i o n  o f

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

s o l u t i o n  s u c h  a s  so d iu m  o x a l a t e  w h ic h  p r e c i p i t a t e d  c a l c i u m .
(88)

R o n co ro n i  c o n f i rm e d  S a b b a t a n i ’ s  w ork  and f u r t h e r  show ed

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

c a lc iu m  s u c h  a s  t h e  i o d i d e ,  n i t r a t e  and  a c e t a t e .
(89)

Q u e s t ,  , on t h e  h y p o t h e s i s  t h a t  a  c a l c i u m - d e f i c i e n c y  

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

t h e  b r a i n s  o f  c h i l d r e n  who had  d i e d  o f  t h i s  d i s e a s e  and fo u n d  

a  m arked r e d u c t i o n  i n  t h e  c a l c i u m  c o n t e n t .  I n  t h e  f o l l o w i n g  

y e a r /
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(40)
y e a r  W e ig e r t  a n a l y s e d  t h e  b r a i n s  o f  tw o  p u p p i e s  f ro m  t h e

same l i t t e r ,  one o f  w h ic h  h ad  s u f f e r e d  f ro m  t e t a n y  when on

oow*s m i l k .  I n  t h e  n o rm a l  t h e r e  was 0 .1 5 9 8  p e r  c e n t .

o f  c a l c i u m ,  i n  t h e  o t h e r  0 .1 5 2  p e r  c e n t .  L e o p o ld  and 
(41)

Reuse e s t i m a t e d  t h e  t o t S l  c a l c i u m  o f  r a t s  who w e r e  s u f f e r i n g

f ro m  e x p e r i m e n t a l  t e t a n y  b u t  c o u ld  f i n d  no  d i m i n u t i o n .  They

u rg e  t h a t  t h i s  c a n n o t  be  t a k e n  a s  e v id e n c e  a g a i n s t  t h e

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

m igh t h ave  b e e n  r e n d e r e d  i n a c t i v e .  They c i t e  t h e  o b s e r v a t i o n s  
(42 )

of B rd h e im  on t h e  r e m a r k a b l e  c h a n g e s  i n  t h e  t e e t h  o f  r a t s

s u f f e r i n g  f ro m  t e t a n y ,  a s  e v i d e n c e  o f  t h e  d i s t u r b a n c e  i n  t h e
(43)

c a lc iu m  m e ta b o l i s m .  P a r h o n ,  D u m it re s k o  and N i s s i p e s k o

p ro d u c e d  t e t a n y  i n  c a t s  by  t o t a l  t h y r e o - p a r a t h y r e o i d e c t o m y

and a c t u a l l y  fo u n d  an  i n c r e a s e  i n  t h e  c a l c i u m  c o n t e n t  o f  t h e
(27)

b r a i n .  B o s e n s t e r n  c r i t i c i s e d  t h e i r  w ork on t h e  g ro u n d

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

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

o f  t e t a n y  s h o u ld  h av e  b e e n  p ro d u c e d  i n  t h e i r  e x p e r i m e n t s

i f  a  d i m i n u t i o n  o f  c a l c iu m  i n  t h e  b r a i n  was t h e  c a u s a l
(44)

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

c o n te n t  o f  t h e  b r a i n  i n  tw o  o u t  o f  t h r e e  i n f a n t s  who h ad

d ie d  o f  t e t a n y .  I n  d o g s  d y in g  i n  a  c o n d i t i o n  o f  e x p e r i -
(45)

: m e n ta l  t e t a n y  Cooke f o u n d  a c t u a l l y  a  g r e a t e r  c a l c i u m  

c o n t e n t  t h a n  n o r m a l .
(SS)

M acCallum  and  V o e g tp fn  ex a m in e d  t h e  b lo o d  i n  o a s e s

o f /
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o f  p a r a t h y r e o l d e c t o m y  a n d  f o u n d  t h e  o a l o i u m —c o n c e n t r a t i o n
(46)

o f  t h e  s e ru m  m a r k e d ly  l o w e r e d .  H a s t i n g s  and M u rra y

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

t h e  s e ru m  d e c r e a s e d  a f t e r  a  p a r a t h y r e o i d e c t o m y  f ro m  a  n o rm a l

v a lu e  o f  a b o u t  11 mg. p e r  100 o . c ,  t o  a b o u t  5 mg. p e r  100 o . o .
(47)

H o w l a n d  & H a r r i o t t  m a d e  a n a l y s e s  o f  t h e  b l o o d  i n  c a s e s  o f

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

i n  t h e  c a l c i u m  c o n t e n t .

I n  c a s e s  o f  t e t a n y  p r o d u c e d  b y  m e th o d s  o t h e r  t h a n  t h a t

o f  e x t i r p a t i o n  o f  t h e  p a r a t h y r e o i d s ,  t h e r e  i s  much d i v e r g e n c e

t a  t h e  r e s u T t f  * ? ^M acCallum , L i n t z ,  V e r m l ly e ,  L e g g i t t  and 
(48)

Boas d e s c r i b e  a  c a s e  o f  p y l o r i c  o b s t r u c t i o n  a c c o m p a n ie d

b y  t e t a n y  i n  v /h ich  t h e r e  w as a  d e c r e a s e  i n  t h e  s e ru m  c a l c i u m
(33)

c o n t e n t .  H a s t i n g s ,  M u rra y ,  an d  M u rra y  p ro d u c e d  a  

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

b e t t e r  m ethod  o f  c a l c iu m  a n a l y s i s  t h a n  M acC allum  and  h i s  

c o l l e a g u e s  t h e y  f o u n d  a  s l i g h t  i n c r e a s e  r a t h e r  t h a n  a
(49)

d e c r e a s e  i n  t h e  c a l c i u m  c o n t e n t  o f  t h e  s e ru m .  H a r r  op

d e s c r i b e s  a  c a s e  o f  a d u l t  t e t a n y  c a u s e d  b y  I n j e c t i o n  o f

sod ium  b i c a r b o n a t e ,  b u t  w i t h  no d e c r e a s e  i n  t h e  c a l c i u m
(5 0 )

c o n te n t  o f  t h e  b l o o d .  Goldman & G ra n t  p r o d u c e d  a t t a c k s  

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

a c t u a l l y  i n c r e a s e d  f ro m  1 2 .8 4  t o  1 3 .4 4  mg. p e r  100 o . c .  We 

may c o n c lu d e ,  t h e r e f o r e ,  t h a t  a l t h o u g h  a  c a l c i u m  d e f i c i e n c y  

i n  t h e  s e ru m  may b e  p ro d u c e d  b y  p a r a t h y r e o i d e c t o m y ,  i t  i s  

n o t /
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n o t  n e c e s s a r i l y  an  acco m p an im en t o f  t e t a n y  p ro d u c e d  i n  

o t l i e r  w a y s .

C a lc iu m  m e ta b o l i s m  i n  c o n d i t i o n s  o f  t e t a n y  h a s  r e c e i v e d
(51)

much a t t e n t i o n .  C y b u ls k i  made a  s t u d y  o f  t h e  c a l c iu m

m e ta b o l i s m  o f  a s e v e n -m o n th s *  i n f a n t  who s u f f e r e d  w i t h

t e t a n y  and who h ad  no o b v io u s  s i g n s  o f  r i c k e t t s .  The

a n a l y s e s  w ere  done a t  t h r e e  d i f f e r e n t  p e r i o d s  (1 )  a t  t h e

h e i g h t  o f  t h e  i l l n e s s  when t h e  i n f a n t  was b e i n g  f e d  on two

p a r t s  o f  m i lk  and  t h r e e  p a r t s  o f  b a r l e y  w a t e r  a lo n g  w i t h  some

s u g a r ,  (2) s h o r t l y  a f t e r  t h e  commencement o f  b r e a s t - f e e d i n g

when t h e  symptoms o f  t e t a n y  ( c o n v u l s i o n s ,  l a r y n g e a l  sp a sm s ,

and i n c r e a s e d  S . S . )  w ere  d i m i n i s h i n g  i n  i n t e n s i t y  and (3) a

m on th  a f t e r  b r e a s t - f e e d i n g  had  b e e n  s t a r t e d .  H is  r e s u l t s

shov/ t h a t  i n  t h e  f i r s t  p e r i o d  t h e r e  was a  r e t e n t i o n  o f  2 0 .8 ^

o f  c a l c i u m ,  i n  t h e  s e c o n d  p e r i o d  5 3 .7 % , and i n  t h e  t h i r d

87#2%. An o b v io u s  c r i t i c i s m  t o  be l e v e l l e d  a t  any  c o n c l u s i o n

b e in g  draw n f ro m  t h i s  e x p e r i m e n t ,  i s  t h a t  t h e  r i s e  i n

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

may be b o t h  due t o  t h e  ch an g e  i n  t h e  n a t u r e  o f  t h e  f e e d i n g  and

t h a t  t h e  r e l i e f  f ro m  t e t a n y  may be a  r e s u l t  o f  t h i s  change

and n o t  o f  t h e  i n c r e a s e d  r e t e n t i o n  o f  c a l c i u m .  C a t t a n e o
(52)

and C o t t a  Ram usino  made n um erous  d e t e r m i n a t i o n s  o f  t h e

c a l c iu m  m e ta b o l i s m  o f  h e a l t h y ,  s i c k l y  and  s p a s m o p h i l i c

c h i l d r e n  b u t  d i d  n o t  f i n d  an y  n o t e w o r t h y  d i f f e r e n c e s .  Most

o f  h i s  t e t a n y  c a s e s ,  h o w e v e r ,  w e re  r a c h i t i ©  and t h i s  d i m i n i s h e s
(45 )  '•

t h e  v a l u e  o f  h i s  e x p e r i m e n t s .  Cooke f a i l e d  t o  f i n d  an y  

d i s t u r b a n c e /
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d i s t u r b a n c e  i n  t h e  c a l c i u m - m e ta b o l i s m  a f t e r  p a r a t h y r e o i d e c t o m y .

Q u es t  t r i e d  t h e  e f f e c t  o f  c a l c i u m - p o o r  d i e t .  He f e d  fo u r  

p u p p ie s  f ro m  t h e  same l i t t e r ,  tw o on n o rm a l  d i e t ,  tw o  on c a l c i u m -  

poor fo o d  and  a f t e r  e i g h t  w eeks g o t  t h e  f o l l o w i n g  r e s u l t s  on 

t e s t i n g  t h e  e l e c t r i c a l  e x c i t a b i l i t y .

N orm al D i e t . C a l - p o o r  d i e t . 
1 .  2 .  3 .  4 .

K .O .C . 1 0 .  1 4 .  3 .4  4 . 2

But no  c o n f i r m a t i o n  o f  t h i s  e x p e r im e n t  h a s  b e e n  f o r th c o m in g
(54)

e x c e p t  f o r  an o b s e r v a t i o n  o f  A rons t h a t  c o n V i I s i o n s  d e v e lo p e d
(55)

i n  a  dog f e d  on c a l c i u m - p o o r  f o o d .  S t o l t z n e r  r e p e a t e d

Q u e s t ' s  e x p e r im e n t  b u t  fo u n d  no d i f f e r e n c e ,  i n  t h e  E .E .  a f t e r  s i x

and tw e lv e  w eeks  r e s p e c t i v e l y .  He a l s o  s t a t e d  t h a t ,  d e s p i t e

c a lc iu m  p o o r  f e e d i n g .  V o i t  ' s  e x p e r i m e n t a l  a n im a l s  showed no

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

a marked d i m i n u t i o n  o f  c a lc iu m ..  S tb l tz n e r  a s  a m a t t e r  o f  f a c t

p u t  f o rw a r d  t h e  v iew  t h a t  t e t a n y  i s  c a u s e d  b y  an e x c e s s  o f

c a lc iu m  on t h e  g ro u n d  t h a t  c h i l d r e n  f e d  w i t h  c o w 's  m i l k  d e v e l c p e d

te ta n y - s y m p to m s  w h ic h  d i s a p p e a r e d  when b r e a s t - f e e d i n g  w as r e s o r t e d

t o .  (The c o w 's  m i l k ,  he s t a t e d ,  c o n t a i n e d  5 t i m e s  as  much c a l c i u m
' (56 )  (57)

a s  d id  t h e  o t h e r . )  Bo^gen and v o n  P i r q u e t  c o u ld  n o t

c o n f i r m  t h i s  a l t h o u g h  t h e  l a t t e r  gave 339 gms. o f  c a l c i u m  t o  a
(27)

c h i l d  i n  t h e  c o u r s e  o f  s i x  m o n th s .  R o se n o te tfn  q u o t e s  R i s e l  

a s  h a v in g  p ro d u c e d  a  f a l l  i n  E .E .  i n  e l e v e n  o u t  o f  t w e n t y —f o u r  

c a s e s  by t r e a t m e n t  w i t h  c a l c i u m  a c e t a t e .

V a r io u s  a t t e m p t s  have  b e e n  made t o  l e s s e n  t h e  c a l c i u m
(58 )

c o n te n t  o f  t h e  b lo o d  e x p e r i m e n t a l l y .  S a r v o n a t  and R o u b ie r  

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

h y p e r e x c i t a b i l i t y  t h a t  i t  c o u l d  be m e a su re d  e l e c t r i c a l l y .
(59)

M acCallum and V ogel p e r fo r m e d  p e r f u s i o n  e x p e r i m e n t s  w i t h

b lo o d  fro m  w h ic h  t h e  c a l c i u m  h ad  b e e n  d i a l y s e d  and  f o u n d  t h a t

an i n c r e a s e  i n  e l e c t r i c a l  e x c i t a b i l i t y  was p r o d u c e d .  T h e re

i s  a lw ay s  t h e  d a n g e r  t h a t  i n  s u c h  e x p e r i m e n t s  a n a e m ia  p l a y s
(60)

an im p o r t a n t  p a r t .  C a r l s o n  fo u n d  t h a t  t e t a n y  d e v e lo p s

v e r y  q u i c k l y  s i x  t o  tw e lv e  h o u r s  a f t e r  r e m o v in g  t h e  p a r a t h y r e o i d s

i n  l a c t a t i n g  a n im a l s  and c o n c lu d e d  t h a t  t h e  e a r l y  o n s e t  w as due
(61)

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

c i t e s  an  o ld  o b s e r v a t i o n  by  H a l s t e d  t h a t  p r e g n a n c y  and  

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

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

l a t e  i n  p r e g n a n c y .  I t  i s  q u e s t i o n a b l e  how f a r  t h e  c a l c iu m  

m e ta b o l i s m  c a n  be b lam ed  f o r  t h e  t e t a n y  sy m p to m s. I t  seem s 

j u s t  a s  p r o b a b l e  t h a t  t h e  i n c r e a s e d  demands made on p r e g n a n t  

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

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

The t h e r a p e u t i c  e f f e c t s  o f  c a l c i u m  a d m i n i s t r a t i o n  i n
(27)

t e t a n y - l i k e  c a s e s  h a s  a l s o  b e e n  c l o s e l y  d t u d i e d .  R o s e n s t e l h  

q u o te s  t h e  e x p e r im e n t s  o f  F l a m i n i  who fo u n d  t h a t  a n i m a l s  w h ic h  

had  r e c e i v e d  i n j e c t i o n s  o f  c a l c iu m  had  a  g r e a t e r  r e s i s t a n c e

t o  c o n v u l s i o n - p r o d u c i n g  p o i s o n s  t h a n  u n t r e a t e d  c o n t r o l l e d
(62 )

a n i m a l s .  L a n g le y  and K ato  q u o te  L o e w i 's  e x p e r im e n t  

show ing  t h a t  t h e  t o n i c  c o n t r a c t i o n s  c a u s e d  b y  p h y s o s t i g m i n e  

w ere  s to p p e d  b y  i n j e c t i o n  o f  c a l c i u m  c h l o r i d e .  P a rh o n  and 

U r e c h e /
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(29)
U reche  o b t a i n e d  a  d i m i n u t i o n  i n  t h e  symptom s o f  t e t a n y

f o l l o v / i n g  t h y r e o - p a r a t h y r e o i d e c t o m y  b y  t h e  i n j e c t i o n  o f

c a lc iu m  c h l o r i d e .  R o s e n s t e r n  g av e  100 c . c .  o f

c a lc iu m  c h l o r i d e  by  t h e  m outh  and  f o u n d  a  r e d u c t i o n  i n

t h e  E .E .  o f  t h e  K .O .C . f ro m  1 . 8  t o  o v e r  6 i n  one c a s e ,  and

2 .0  t o  8 . 0  i n  a n o t h e r :  t h e  A .O .C . h e  a l s o  fo u n d  r e d u c e d ,
(63 )

A r th u s  and S c h a f fe rm a n n  p e r f o r m e d  t o t a l  t h y r e o - p a r a t h y r e o j d -

lec to m y  i n  p u p p i e s  and f o u n d  t h a t  t h o s e  t r e a t e d  w i t h  c a l c i u m

l i v e d  l o n g e r  t h a n  t h o s e  k e p t  on o r d i n a r y  d i e t ,  a l s o ,  t h a t  i f

t h o s e  on i n t e n s i v e  c a l c i u m  t h e r a p y  s u r v i v e d  a  m o n th  t h e y

re m a in e d  f r e e  o f  t e t a n y  symptoms e v e n  when on  o r d i n a r y  d i e t .

One w ould  l i k e  t o  be  s u r e ,  h o w e v e r ,  i n  t h i s  l a s t  s e r i e s  t h a t

no a c d e s s o r y  p a r a t h y r e o i d s  had  b e e n  l e f t .
(61)

M a rin e  k e p t  p r e g n a n t  p a r a t h y r e o i d e c t o m i s e d  d o g s  

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

u n t i l  t h e  end o f  p r e g n a n c y  when an u n c o n t r o l l a b l e  p a r a t h y r e o i d  

i n s u f f i c i e n c y  d e v e l o p e d ,  e n d in g  f a t a l l y .  Howland and

M a r r i o t t  O b t a i n e d  b e n e f i c i a l  r e s u l t s  i n  ^ i  op a t  h i e  f
/ /

t e t a n y  i n  c h i l d r e n  b y  c a l c i u m  t h e r a p y .  As c a s e s  o f  t e t a n y  

v e r y  o f t e n  c l e a r  up w i t h o u t  any  s p e c i f i c  t r e a t m e n t  i t  i s

d i f f i c u l t  t o  know how much t h e  a d m i n i s t r a t i o n  o f  c a l c i u m
(64)

r e a l l y  i n f l u e n c e d  t h e  r e c o v e r y .  B a ra c h  and M u rray  ,

h o w ev er ,  r e p o r t  a  c a s e  o f  sp r& r  c o m p l i c a t e d  b y  t y p i c a l  

t e t a n y :  t h e r e  was a  r e d u c t i o n  o f  t h e  c a l c iu m  s e r u m - c o n t e n t

t o  6 .5  mg. (n o rm a l  9 -1 1  m g . ) . No r e l i e f  was o b t a i n e d  b y  /  

i n j e c t i o n  o f  c a l c i u m  l a c t a t e ,  n o t  e v e n  am i n c r e a s e  o f  t h e  

b l o o d /
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b lo o d - c a lc iu m *  They s u g g e s t  t h a t  t h e  c o n d i t i o n  o f  t h e

b lo o d  c o l l o i d s  was s u c h  t h a t  t k e  c a l c i u m  p r e s e n t  e x i s t e d  i n

s a t u r a t e d  s o l u t i o n  and t h a t  a n y  a d d i t i o n a l  c a l c i u m  was

im m e d ia te ly  p r e c i p i t a t e d  o r  c l a im e d  b y  t h e  l i m e - s t a r v e d

c e l l s .  They s u p p o r t  t h i s  v ie w  b y  sh o w in g  t h a t  t h e  c a l c i u m

c o n t e n t  r o s e  a f t e r  i n j e c t i o n  o f  n o rm a l  b l o o d .

I t  w ou ld  t h e r e f o r e  seem  f ro m  a  c o n s i d e r a t i o n  o f  t h e

e v id e n c e  t h a t  no d e f i n i t e  c o n c l u s i o n s  c a n  be d ra w n .  As N o ë l
(65)

P a to n  and F i n a l  ay  r e m a r k ,  " t h e r e  i s  no  c o n c l u s i v e  e v i d e n c e  

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

t e t a n y . "

The f o l l o w i n g  e x p e r im e n t s  w e re  done t o  th ro w  some l i g h t  

on t h e  i n f l u e n c e  o f  c a l c i u m  on  t h e  e l e c t r i c a l  e x c i t a b i l i t y .  

They a r e  d i v i d e d  i n t o  tw o  g r o u p s l -

(1 )  To show t h e  e f f e c t  o f  c a l c i u m  a d m i n i s t r a t i o n .

(2) To d e t e r m in e  i f  t h e r e  w e re  any  c h a n g e s  i n  t h e

c a l c i u m  c o n t e n t  o f  t h e  s e ru m  when t h e  e l e c t r i c a l  

e x c i t a b i l i t y  had  b e e n  a l t e r e d  b y  some o t h e r  m e th o d .

1 .  E f f e c t  o f  C a lc iu m  A d m i n i s t r a t i o n .

1.9% c a l c i u m  c h l o r i d e  w a s  i n j e c t e d  i n t o  t h e  j u g u l a r  v e i n  

W i t h  t h e  f o l l o w i n g  r e s u l t s : -

] a t . Wt. 
i n  Kg.

Amt o f E .R , b e f o r e E .R .  a f t e r . A ik .R e s .
S o l n . K .C .C . K.O.C, K.C.C. K .O .C . B e f i A f t .

LS.Male . 3 .6 5 20 c . c . 1 . 5 1 .7 3 . 8 6 .0 .6 6 .3 4

56 .Fern. 2 .4 0 6 c .c  . .3 5 2 . 2 .7 4 . 5
2 0 .5  * tt R .7 5 . 0
2 4 .0  • R R . 8 5 . 0
4 3 .0  » R R . 8 9 .0

8 0 .Fern. 2 .7 0 1 5 .0  ," .  60 1 .1 1 . 1 4 . 0
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I n  o a t  5 3 ,  m e th y l  a l c o h o l  h a d  b e e n  i n j e c t e d  i n  o r d e r  t o

r a i s e  t h e  E .E .  P r e v io u s  t o  J n j e c t i o n  o f  t h e  a l c o h o l

t h e  r e a c t i o n s  w ere  a s  f o l l o w s K . C . C .  «  0 . 8 .  K .O .C . = 1 0 * 0 .

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

a  s e d a t i v e  e f f e c t  on t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  

n e u ro -m y o n e ,  e v e n  when a s  i n  c a t  53 t h e  E .E .  h a s  b e e n  , 

p r e v i o u s l y  r a i s e d  b y  some o t h e r  m e th o d .  T h i s  p r o b a b l y  

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

o f  c a l c iu m  s a l t s  i n  c a s e s  o f  t e t a n y .  I n  e s t i m a t i n g  t h e  

c u r a t i v e  v a l u e  o f  c a l c iu m  i n  t e t a n y  Oxie m ust b e a r  i n  m ind 

t h e  f a c t  t h a t  t e t a n y  a t t a c k s  v e r y  o f t e n  t e r m i n a t e  q u i t e  

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

d i f f i c u l t  t o  know how much c r e d i t  t o  a p p o r t i o n  t o  t h e  

c a l c i u m  i n  t h e  i n h i b i t i o n  o f  t h e  a t t a c k .

2 .  C hanges i n  t h e  c a l c i u m  c o n t e n t  o f  t h e  s e rum  a f t e r  i n c r e a s e  

o f  E l e c t r i a a l  E x c i t a b i l i t y .

1 0 . c . c .  o f  a r t e r i a l  b lo o d  w e re  w i th d ra w n  f ro m  t h e  

c a r o t i d  a r t e r y  b o t h  b e f o r e  and  a f t e r  t h e  i n c r e a s e  i n  

e x c i t a b i l i t y .  The c a l c i u m  was e s t i m a t e d  b y  a  m ethod  

u sed  b y  Nofel P a t o n ,  F i n d l a y  & S h a rp e  i n  a  l a r g e  s e r i e s  cf  

e x p e r im e n ts  s h o r t l y  t o  b e  p u b l i s h e d ;  and  I  am i n d e b t e d  t o  

M r .J .S h a r p e  f o r  t h e  a n a l y s e s .

No. o f W t. 
i n  Kg

So in '. 'u sed .""
A nim al. •

Cat . 4 9 . Fern. 
Dog. 4 . Fern. 
C a t .  7 3 . Male

2 . 9
7 . 4

. 2 . 8 .

A lc o h o l  1 8 c c .  
N a^C 0 g -2 0 0 cc . 

HB1-2500.N/SO

'E .P . S 'e f o r e . 
K . d . d l K . O . C

•<6 6 . 0
8 . 0
2 . 8

. R . a f t e r . 
. KddLKod.

. 5
1.0.6

"~daO
B c F ÏA f t .
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I t  w i l l  b e  s e e n  t h a t  t h e  c a l c i u m  c o n t e n t  r e m a in s

p r a c t i c a l l y  u n c h a n g e d ,  b o t h  when t h e  E .E .  i a  r a i s e d  and when

i t  i s  l o w e r e d .  T h e se  r e s u l t s  h a r m o n is e  w i t h  t h o s e  o f  G iv e n s  
( 6 6 )

and M endel who f i n d  t h a t  a d m i n i s t r a t i o n  o f  b a s e  o r  a c i d  

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

t h e  d o g .

Conel u s i o n s : -  We c a n  t h e r e f o r e  c o n c lu d e  f ro m  t h e  above

e x p e r im e n t s  t h a t  c a l c iu m  d e f i c i e n c y  d o e s  n o t  e n t e r  a s  a  c a u s a l

f a c t o r  i n  t h e  ch an g e  o f  e l e c t r i c a l  e x c i t a b i l i t y .  Any ch an g e

i n  t h e  c a l c iu m  c o n c e n t r a t i o n  o f  t h e  s e ru m  w o u ld  p r o b a b l y

a l t e r  t h e  e x c i t a b i l i t y  o f  an  a n im a l  w i t h  t h e  " d i a t h e s i s

s p a s m o p h i l e " , a  d i m i n u t i o n  s u c h  a s  may be  p ro d u c e d  b y  t h e

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

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

T h e re  i s ,  o f  c o u r s e ,  t h e  p o s s i b i l i t y  m e n t io n e d  b y  G ra n t  and 
(6())

Goldman among o t h e r s  t h a t  t h e  c a l c iu m  may be p r e s e n t  i n  

n o rm a l  am ounts  b u t  i n  g r e a t  p a r t  i n a c t i v e ,  f o r  e x a m p le ,  p r e ­

c i p i t a t e d  a s  v e r y  m in u te  p a r t i c l e s  h e l d  i n  s o l u t i o n  b y  t h e  

c o l l o i d s  of t h e  s e ru m .

•—oOo*



'/• . . ■ ' -.y
%: 1

(r p:'M

û " hqyr V-O'û  % ' , ; ' :
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I f o l l o w i n g  a d m i n i s t r a t i o n  o f  a c i d s ,  t h i s  i s  n o t  i n  a c c o r d  w i t h
I (72)
I t h e  e x p e r im e n t s  o f  W ils o n  S t e a r n s  and J a n n e y  'w ho  h a v e  shown

I t h a t  some o f  t h e  symptoms o f  t e t a n y  c a n  be  r e l i e v e d  by  a c i d
!
i i n j e c t i o n .

The f o l l o w i n g  e x p e r i m e n t s  w e re  c a r r i e d  o u t  t o  d e t e r m i n e  

; t h e  e f f e c t  o f  a c i d  on t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  n e u r o -  

I my one ̂  HCl (M/7 ) ,  L a c t i c  A cid  (I^/lOO) and P h o s p h o r i c  A cid  ( N / lO ) ,

w ere u s e d .

TABLE 2 .----------- 7
{ N o .o f
1 A nim al.
r

Wt . i n
Kg.

S o l n .
i n j .

A m t.o f  
S o l . i n  

c . c .

E .R .B e f o r e E . R . A f t e r . ,CO c a p .  C 
(V tS ly k e )
i n  c . c .  
p e r  lOOcc 
o f  p la sm a

0 c a p .  
( M a r t in )
B e f . A f t .

KOC* KOC. KCC. KOC.

B e f . A f t

2 . m a le . 2 . 8 SCI 170 0 . 8 2 .5 1 .0 8 . 0 3 2 .5 1 8 .9 3 5 .8 28 .4
.'"'1

1 8 . m a le . 2 . 4 N 250 0 . 4 2 .0 0 .7 9 .0 3 5 .1 3 5 .8
/ •V-'-S

1 9 .  Fern. 3 .1 # 220 0 . 5 1 .7 0 . 6 1 1 .0 2 8 .7 8 . 9 3 2 .3 8 .9

1 3 3 .  male . 2 .7 « 210 0 . 9 7 .0 1 .0 7 . 0 3 1 .9 1 8 .8 - -
f1 3 4 ,m a le . 2 . 8 It 125 0 . 5 2 . 8 0 . 6 6 .0 3 4 .7 2 6 .0 - —

i; 3 5 .m a le . 2 . 4 tl 150 0 . 5 2 .7 0 . 7 4 . 5 3 2 .4 2 0 .6 - —

K 1 3 . fern . 2 . 3 Phos • / 10 0 . 6 1 .1 2 . 5 4 . 0 - - —

1 4 . m a le . 3 .0 L a c t i c .AülOO 6 .7 3 .5 0 . 9 6 .5 3 2 .9 2 1 .1 3 6 .7 2 6 .6
1 5 . fern. 2 .6 n 250 0 . 6 2 .7 1 .0 7 . 0 3 0 .1 1 3 .1 3 4 .8 1 3 .5
5 6 . fern . 2 .9 t*

- r ..

150
------------

0 . 3 1 .1 0 . 5 3 .2 - - -
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TABLB 3 .  (Show ing e f f e c t  o f  M/7HC1 on pH .)

';c|

i— V alu e  f o r  Ph.

•i.|NO.Of 
1C a t .

W t . i n
Kg.

P r e v io u s  t o  
an y  i n j e c t i c

5 0 c c . i n j .
in.

l O O c c . i n j . I S O c c . i n j .

2 .7 7 . 4 7 . 4 7 . 4 — 7.24-

Î 34 2 . 8 7 . 4 7 . 4 7 . 4

1 35
ij--------------

2 . 4 7 . 4 7 . 4 7 . 4 - 7 . 2

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

It » « « b e lo w  " »

TABLE 4 . E f f e c t  o f  H C l.

Cat 2 .  W t. 2 . 8  Kg.

T e m p e ra tu re  100® t h r o u g h o u t  t h e  e x p e r im e n t

# 1 . 3 4
1 1 .5 0

I m i .  53
2 .2 5
2 .5 5
1 .2 5

1 .5 0

a .m .  A n a e s t h e t i c  commenced.
E .E .  t a k e n .  K .C .C .  = 0 . 8  K .O .C . .  2 . 5

V e s s e l s  c u t  ana  c a n n u l s e  i n s e r t e d .  K .C .C .*  0 .8  K .O .C * 2 . 5  
B lood  d raw n  f ro m  c a r o t i d .  K .C .C .»  0 . 8  K .O .C .#  2 . 5
K .C .C . — 0 . 8  K .O .C . M 2 . 5  
I n j e c t i o n  o f  m/ 7 H C l. commenced. . '

p .m .  5 0 c . c .  o f  M/7 HCl i n j e c t e d .  K .C .C .*  0 . 9  K .O .C .*  3 . 3
1 0 0 c . c .  o f  HCl I n j e c t e d .  K .C .C .*  1 .0  K .O .C .*  8 . 0
1 5 0 c . c .  o f  HCl i n j e c t e d .  K .C .C .*  1 . 0  K .O .C .*  8*0
1 7 0 c . c .  o f  HCl i n j e c t e d .  A nim al d i e d .
(3 m in u te s  a f t e r  d e a t h )  K .C .C .*  1 .0  K .O .C .*  3 .7

11#10 a.m . 
' 1 1 . 2 5  

j l l * 4 0

m < f . l5  p.m, 
12. &8 
1 2 .5 0  

? 1 .5 0  
1 2 .4 0

TABLE 5 .  E f f e c t  o f  NapCO% f o l l o w e d  b y  HC3.

Cat 1 .  W t. 3 . 2  Kg.

A n a e s t h e t i c  commenced.
E .H . t a k e n .  K .C .C .*  1 . 0  K .O .C .*  7 . 0
V e s s e l s  c u t .  C a n n u la e  i n s e r t e d .  K .C .C .*  1 . 0  K .O .C .* 7 . 0  
B lood  w i th d r a w n .  K .C .C .* 1 .0  K .O .C .*  7 . 0
K .C .C .a l .O  K .O .C .r  7 . 0
I n j e c t i o n  o f  1.9% NagCO commenced.
4 0 c . c .  i n j e c t e d .  K .C .C .*  1 . 0  K .O .C .— 6 .0
1 2 0 c .c .N a g C 0 g  i n j e c t e d .  K .C .C . -  l . Q  K .O .C .*  3 . 3
T w i tc h in g s  o f  r i g h t  h i n d  l e g .
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TABLE 5 .  C o n td .

2 ,5 0  200 0 . 0 . NAgCO i n j e c t e d .  K .C .C .  -  1 . 1  K .O .C .« 1 . 9
3 .2  R hy thm ic  c o n t r a c t i o n s  o f  b o t h  h i n d  l e g s .
3 .2 0  240 c . c .  NaoCOg i n j e c t e d .  B lood  w i th d r a w n .K .C .C . - 1 . 1
3 .4 5  I n j e c t i o n  o r  m/ 7 HCl commenced. K .O .C .= 1 .0
4 . 1 5  100 c . c .  HCl i n j e c t e d . K . C . C . z  1 .2  K .O .C .*
4 .4 5  200 c . c .  HCl i n j e c t e d . K . C . C . =  1 . 4  K .O .C . -  8 . 5
4 .4 7  A nim al k i l l e d .
4 .5 2  K .C .C .c  1 .0  K .O .C . = 5 .5

E l e c t r i c a l  E x c i t a b i l i t y .  The e l e c t r i c a l  e x c i t a b i l i t y  i s  

a lw a y s  lo w e re d  by t h e  a d d i t i o n  o f  a c i d  u n l e s s  t h e  e x c i t a b -  

t i l i t y  i s  p r e v i o u s l y  low as  i n  Cat 3 5 .  E x c i t a b i l i t y  t h a t  

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

lo w e re d  b y  i n j e c t i o n  o f  a c i d .  (T ab le  5 . )

U s u a l ly  t h e r e  i s  a ch an g e  i n  t h e  v a l u e s  f o r  t h e  

e l e c t r i c a l  r e a c t i o n s  a f t e r  50 c . cv  o f  a c i d  h av e  b e e n  admin­

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

I n  no c a s e  was t h e r e  any  s u g g e s t i o n  o f  t r e m o r s  o r  

c o n v u l s i v e  m ovements a s  a r e  commonly s e e n  i n  p a r a t h y r e o i d e c t o ­

m ise d  a n im a l s  o r  i n  i d i o p a t h i c  t e t a n y .  Even t h e  a d m i n i s t r a ­

t i o n  o f  p h o s p h o r i c  a c i d  w h ic h  a c c o r d i n g  t o  E l i a s  i s  e s p e c i a l l y  

p o t e n t  i n  p r o d u c i n g  h y p e r i r r i t a b i l i t y  d i d  n o t  l e a d  t o  any  

i n c r e a s e  i n  e x c i t a b i l i t y .  W h ile  e n g a g e d  on some w ork  i n  

t e s t i n g  t h e  e f f i c i e n c y  o f  t h e  k i d n e y  t o  a c i d s ,  I  i n j e c t e d  

i n t r a v e n o u s l y  i n  r a b b i t s  on s e v e r a l  o c c a s i o n s ,  a c i d  

so d iu m  p h o s p h a te  b u t  fo u n d  no s i g n s  o f  i n c r e a s e d  

i r r i t a b i l i t y  o f  t h e  neurom yone  s y s t e m .

( I  have no  f i g u r e s  f o r  t h e  e l e c t r i c a l  r e a c t i o n s  as  

t h e s e /
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i h e s e  w ere  n o t  t a k e n . )
I
à l k a l i n e  R e s e r v e .  T h e re  i s  a r a p i d  d e c r e a s e  i n  t h e  a l k a l i n e  

R e s e r v e  im m e d ia te ly  f o l l o w i n g  t h e  i n j e c t i o n  o f  a c i d ,  b u t  a s  

fw ith  t h e  a l k a l i  t h e r e  i s  no c l e a r  r a t i o  b e tw e e n  t h e  ch an g e  

lo f  t h e  CO^ c o m b in in g  pow er o f  t h e  p la s m a  and  t h e  amount o f  

l a c id  i n j e c t e d .  The c h a n g e s  d ep en d  on t h e  s e n s i t i v e i t y  o f  

i t  he r e s p i r a t o r y  c e n t r e .  B a y l i s s h a s  p o i n t e d  o u t  t h a t  

I t h e  r e a c t i o n  o f  t h e  k i d n e y  t o  a c i d  i s  n o t  a s  good a s  t o  a l k a H .  

The e x p e r im e n t s  o f  D r .  J .H .  P a u l  and  m y s e l f  on t h e  e f f i c i e n c y  

; o f  t h e  k id n e y s  a f t e r  a d m i n i s t r a t i o n  o f  a c i d  i n d i c a t e  t h a t  th e r  e 

I i s  c o m p a r a t i v e l y  l i t t l e  e x c r e t i o n  b y  t h e  k i d n e y  when a c i d  i s  

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

I H y d ro g e n - io n  C o n c e n t r â t  i o n  i n  t h e  B lo o d .  A d m i n i s t r a t i o n  o f

1 a c i d  i s  much s lo w e r  i n  p r o d u c i n g  any  ch an g e  o f  t h e  P t h a n  i sH
I t h e  a l k a l i .  I n  a  c a t  o f  t h r e e  k i l o s  w e ig h t  100 c . c .  o f  M/V HCl 

must be i n j e c t e d  b e f o r e  t h e r e  i s  t h e  s l i g h t e s t  ch an g e  i n  t h e  

v a l u e s  o f  t h e  Pg ( i . e .  0 .1 7  grm . p u r e  HCl p e r  k i l o  b o d y - w e ig h t  ) .  

T h is  c o r r e s p o n d s  t o  t h e  f i g u r e  g iv e n  by  B a y l i s s  who h a s

8 how en t h a t  t h i s  s t a b i l i t y  o f  t h e  i s  due t o  t h e  kX M  im m e d ia te  

r e s p o n s e  o f  t h e  r e s p i r a t o r y  c e n t r e .

Head o f  Oxygen. As t o  t h e  e f f e c t  o f  a c i d  on t h e  h e a d  o f  

o x y g en , t h i s  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  b y  B a n c r o f t  vho

h a s  shown t h a t  b lo o d  becom es " m e i o n e c t i c "  i n  p r e s e n c e  o f  a c i d .  

O xyhaem oglobin  i s  more e a s i l y  d i s s o c i a t e d  so  t h a t  t h e  h e a d  o f  

o x y g e n /  ,
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The e f f e c t  o f  a l k a l i o  I n  r a i s i n g  t h e  e x c i t a b i l i t y  o f  

t h e  n eu ro -m y o n e  h a s  b e e n  n o t e d  f o r  q u i t e  a  c o n s i d e r a b l e  

t i m e .  B ie d & ia n n ^ ^ ^ )  i n  a  d e s c r i p t i o n  o f  t h e  e f f e c t s  o f  

v a r i o u s  so d iu m  s a l t s  on t h e  e x c i t a b i l i t y  o f  t h e  f r o g ' s  

s a r t o r i u s  n o t e s  t h a t  weak s o l u t i o n s  o f  so d iu m  c a r b o n a t e  

and so d iu m  h y d r a t e  p ro d u c e  a  more s t r i k i n g  i n c r e a s e  o f  

r e s p o n s e  t o  a r t i f i c i a l  s t i m u l i  t h a n  do s o l u t i o n s  o f  so d iu m  

s u lp h a t  e .

L .  Blum^*^^^ i n  1913 r e p o r t e d  i n  a  p a t i e n t  s u f f e r i n g  w i t h  

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

I a d m i n i s t r a t i o n s  o f  s o d .  b i c a r b ,  and  c e a s i n g  when t h e  s o d .  

b i c a r b ,  was s t o p p e d .  P a lm e r  and  Van S ly k e  q u o te  a

co m m u n ic a t io n  by  T i l e s t o n  o f  t h e  o c c u r r e n c e  o f  s e v e r e  

c o n v u l s i o n s  i n  a c a s e  o f  W e i l ' s  d t s e a s e  f o l l o w i n g  t h e  i n t r a -
$

:v e n o u s  i n j e c t i o n  o f  s o d .  b i c a r b ,  s o l u t i o n  w h ic h  p r o d u c e d  a  

I p la sm a  CO - c o m b in in g  c a p a c i t y  o f  e i g h t y  v o lu m es  p e r  c e n t .

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

be g u id e d  by  an e s t i m a t i o n  o f  t h e  a l k a l i n e  r e s e r v e .  H a rro p ^ ^ ^ ^
i

r e p o r t s  a  c a s e  o f  t e t a n y  f o l l o w i n g  t h e  i n t r a v e n o u s  i n j e c t i o n  
$ -
" o f  s o d .  b i c a r b ,  w i t h o u t  any  d i m i n u t i o n  i n  t h e  c a l c i u m
% (47 )

c o n c e n t r a t i o n  o f  t h e  s e ru m .  Hovrland and M a r r i o t t

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

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

symptoms o f  t e t a n y  d e v e lo p  i n  c a s e s  o f  a c i d o s i s  t r e a t e d  w i t h  

s o d .  b i c a r b .  P .S .H e n d e r s o n  ( ^ ^ ïh o w e v e r ,  who i n v e s t i g a t e d  

t h e /
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t h e  e f f e c t  o f  s o d . B i c a r b ,  on c h i l d r e n ,  c o u ld  n o t  c o n f i r m  

I t h e i r  r e s u l t s ,  f i n d i n g  t h a t  d o s e s  a s  h i g h  a s  0 .9 2  grm . p e r

,j k i l o  b o d y -w e ig h t  p e r  t w e n t y - f o u r  h o u r s  h ad  no  i n f l u e n c e  on

4 t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  neurom yone e v e n  when t h e

I b i c a r b o n a t e  was c o n t i n u e d  f o r  a s  l o n g  a s  t w e n t y - t h r e e  d a y s ,

I n o r  w ere  any  t e t a n y  symptoms p r o d u c e d .  On t h e  e x p e r i m e n t a l  

I s i d e ,  C o l l i p  and Backus i n j e c t e d  l a r g e  d o s e s  o f  ^  s o d .

I G arb , i n  d i s t i l l e d  w a t e r  i n t r a v e n o u s l y  i n t o  d o g s ,  b u t  i n  two c a s e s
iiii"

I o n ly  fo u n d  t h e  l e a s t  s i g n  o f  t e t a n y .  They d id  n o t  h o w e v e r
4
V t e s t  t h e  e l e c t r i c a l  e x c i t a b i l i t y .

[. I n  t e t a n i a  p a r a t h y r e o p r i v a ,  t h e  work o f  W ilso n ,  S t e a r n s

and Janney^'^'^^ p o i n t e d  t o  t h e  p r e s e n c e  o f  an  e a r l y
If

I a l k a l o s i s  a s  d e m o n s t r a t e d  b y  t h e  su d d e n  d i m i n u t i o n  i n  t h e
i 0 5 : '

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

f io n  c o n c e n t r a t i o n  o f  t h e  u r i n e .  T hese  same i n v e s t i g a t o r s
1I fou n d  t h a t  i n j e c t i o n  o f  a c id  r e l i e v e d  t h e  symptom o f  p a r a t h y -

I : r e o id e c to m y .  W ilso n  S t e a r n s  and T hurlow  f o l l o w e d  up

f  t h i s  work by  show ing  f ro m  a  s t u d y  o f  t h e  d i s s o c i a t i o n  c o n s t  a r t

I o f  o x y h aem o g lo b in  and  t h e  a l v e o l a r  CO p r e s s u r e  t h a t  t h e r e  was
%

I  ân  i n c r e a s e  i n  t h e  a l k a l i n i t y  o f  t h e  b l o o d .  They fo u n d  t h a t  

;■ t h i s  a l k a l o s i s  may be n e u t r a l i s e d  d u r i n g  t e t a n y  p e r i o d s .  The 

a c t u a l  i n c r e a s e  i n  t h e  a l k a l i n e  r e s e r v e  o f  t h e  b lo o d  a s
5:

; d e m o n s t r a t e d  by  t h e  CO c o m b in in g  c a p a c i t y  o f  t h e  p la s m a  was

I soon  a f t e r w a r d s  d e m o n s t r a t e d  by  M c C a n n . L a t e r  w o rk ,

I how ever, by  H a s t i n g s  and M urray  who w o rk ed  on d o g s  f a i l e d

; t o /
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t o  c o n f i r m  t h e  work* o f  McCann. I n  c o n n e c t i o n  w i t h  t h i s  

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

t o  t a k e  t h e  b lo o d  f o r  e x a m i n a t i o n  d u r i n g  t h e  p e r i o d  o f  

a l k a l o s i s  v /h ich  so m e tim e s  l a s t s  f o r  a  v e r y  s h o r t  t i m e .

T h is  p r o b a b ly  e x p l a i n s  t h e  g r e a t  v a r i a t i o n  i n  t h e  r e s u l t s  

p u b l i s h e d .
(48)

M cCallum and o t h e r s  h av e  shown t h a t  when t h e  

p y l o r e s  i s  o b s t r u c t e d  and  t h e  g a s t r i c  j v i c e  w i t h  i t s  h y d r o o h -  

I r l o r i o  a c i d  c o n s t a n t l y  rem oved  t h e r e  i s  p ro d u c e d  an  i n c r e a s e
Î
 i n  t h e  E .E ,  o f  n e r v e s  v f i th  s p o n ta n e o u s  t w i t c h i n g s  e n d in g  i n  

I most c a s e s  i n  v i o l e n t  c o n v u l s i o n s .  H a s t i n g s ,  M u rray  and

r. I

14

.

I:' f 

j/ll 

jiD!

■ I

I

M urray p e r fo rm e d  t h e  o p e r a t i o n  o f  p y l o r i c  o b s t r u c t i o n

i n  dogs  and fo u n d  e v id e n c e  o f  n e r v o u s  h y p e r i r r i t a b i l i t y  b u t  

d id  n o t  t e s t  t h e  e l e c t r i c a l  r e a c t i o n s .  They fo u n d  a m arked 

i n c r e a s e  i n  t h e  CO^ c o m b in in g  pow er o f  t h e  p la sm a  and  an  

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

The e v id e n c e  i n  f a v o u r  o f  t h e  v ie w  t h a t  an  a l k a l o s i s  

i s  t h e  c a u s e  o f  an i n c r e a s e d  n e u r o m y a l  e x c i t a b i l i t y  i s  t h e r e l t r e  

n o t  c o n c l u s i v e .  I tn w a s  n e c e s s a r y  t o  i n v e s t i g a t e  t h e  f u l l  

e f f e c t s  o f  a l k a l i s  on t h e  E .E .  o f  t h e  n e u ro m y o n e .  I n  t h e  

f i r s t  s e r i e s  o f  e x p e r im e n t s  1.9% s o d .  c a r b .  was u s e d  w i t h  t h e  

r e s u l t s  g iv e n  i n  t h e  f o l l o w i n g  t a b l e s .
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k o .  o f  
% A nim al.
1

W t . i n
Kg.

Amt . o f  
S o l . i n

E .R . i :>e f o r e . E . R . A f t e r . COgCap. 
o f  p la s m .

3 0 ^ c a p .  
(Martin)____

c . c . KCC. KOC. KCC. KOC. ( V .S lv k e ) 3e f .  \ A f t .
% Bef . A f t .

4 ■

fCat 1 . 2 .2 240 1 .0 7 . 0 1.1  1 1 .0 8 1 .0 6 7 .1 - -

! «  4 . 2 . 1 100 1 .6 1 1 .0 ml.O 1 . 4 2 8 .9 6 1 .6 8 1 .0 7 1 .6

1 » 5 . 2 .7 200 1 .2 l a . e 1 .0 l . « 81#9 6 8 .8 8 5 .8 7 5 .7

1 » 6 2 .7 150 0 . 8 6.0 0 .7 1 . 1 8 8 .5 6 9 .9 8 8 .8 7 5 .7

1 " 7 2 . 9 250 0 . 5 4.8 0 . 8 0 . 8 8 0 .8 7 2 .5 3 1 .9 8 0 .6

1 •  12A.
1

2 . 8 220 0 .5 0 .8 mO.5 0 . 8 3 1 .0 6 9 .4 8 0 .8 74.8

‘1 " SO 2 . 8 150 1 .1 9.0 1 .0 2 . 5 - - - -  .

%lop51 X .9 200 0 . 6 4 .5 0 . 4 0 .9 - - - -

1 " 82
1

2 . 4 200 1 .0 6.5 0 . 6 1 . 2 - - - -

1 Dog 1 6 .8 220 2 . 1 5 .0 1 .1 1 . 0 4 0 . 8 7 6 .8 4 4 . 8 7 2 .1

î .  8 7 . 0 250 1 .8 7.0 1 .5 1 . 5 4 2 .7 7 8 .7 4 4 . 8 7 6 .3

TABL

lÎNo.Of w t . i n V a lu e  f o r  PH
" ■■ '

Animal. B e fo re  i n j . a f t e r  @6@.o. A f t e r  lOOc.c. AfU150-f " '
2 . 8 7 . 4 7 .4 + 7 . 7 8 . 0

j  81 1 .9 7 . 4 7 .7 8 . 0 9 . 0 -

.# 82 2 . 4 7 . 4 7 . 7 - 8 . 0 - 8 . Of

-  i n d i c a t e s  a  v a l u e  s l i g h t l y  b e lo w  f i g u r e  i n d i c a t e d ,  

■f * " * " above  " **
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T A B L E  8 .  E f f e c t  o f  NagCÔ^.

2 .5  A
Ü 1 2 .1 5

Î 2 .2 0
2 . SO

i 2 .4 0

i
2 .4 2
3 .2 0
3 .41

1 3 .5 0
r ? , ) ; , 4 .1 5

■ 4 .2 5
4 .3 0

Cat IV . W t. 2 ml Kg. T e m p e ra tu re  99.0®  t i i r o u ^
: o u t  t h e  e x p e r i m e n t .

E .R .  t a k e n .  K . C . C . r  K .O .C .bs 1 1 .0
s s e l s  c u t  ana c a n n u la e  i n s e r t e d .  K . C .C . r  1 . 0  K . O . C . r  8 . 0  

B lood draw n f ro m  c a r o t i d .  K . C . C . -  1 .0  K . O . C . -  9 . 0
K . C .C . r  I 'O K . O . C . r  9 . 0  
I n j e c t i o n  o f  Na^CO commenced.
50 c . c .  o f  Nao^ug ^ i n j e c t e d .  K . C . C . r  1 . 0  K . O . C . r  7 .0  
C lo n ic  m ovem ents o f  b o t h  h i n d  l i m b s .
100 c . c .  o f  Na^CO i n j e c t e d  K . C . C . s  1 . 0  K .O . C. r  2 . 2  
K . C .C . r  1 . 0  2  ̂ K . O . C . r  1 . 4
B lood  w i th d r a w n .
A nim al k i l l e d .
K . C .C . r  1 . 0  K.O.C.  -  1 . 4

E l e c t r i c a l  E x c i t a b i l i t y .  A f t e r  a l l  i n j e c t i o n s  o f  c a r b o n a t e  t h e i e  

was an  i n c r e a s e  i n  E .E .  u n l e s s  t h e  e x c i t a b i l i t y  was p r e v i o u s l y

h i g h .  I n  t h e  l a t t e r  c a s e  a s  i n  c a t  12 A, t h e r e  was n o  c h a n g e .  

The i n c r e a s e d  e x c i t a b i l i t y  was a lw a y s  v e r y  mafeked, b u t  t h e r e  i s  

n o t  a p p a r e n t  a n y  d e f i n i t e  r e l a t i o n s h i p  b e tw e e n  t h e  amount o f  

a l k a l i  i n j e c t e d  and t h i s  i n c r e a s e  o f  e x c i t a b i l i t y .  O c c a s i o n a l l y  

t h e r e  o c c u r r e d  t w i t c h i n g s  r e s e m b l i n g  t h o s e  g o t  i n  p a r a t h y r e o i d -  

:e o to m is e d  a n i m a l s ,  b u t  t h e y  w e re  n o t  c o n s t a n t  p h en o m en a .

Thus many c a s e s  i n  w h ic h  t h e r e  was p ro d u c e d  a  m a r k e d ly  i n c r e a s e d  

E .E .  b y  a l k a l i  a d m i n i s t r a t i o n  m ig h t  h a v e  b e e n  p u t  dov/n a s  b e i n g  

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

b e e n  t a k e n .
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1

A l k a l i n e  R e s e r v e .  The CO ^-com bining  p o w er  o f  t h e  p l a s m a

a s  i n d i c a t e d  by th e  a l k a l i n e  r e s e r v e  i s  i n c r e a s e d  by t h e  

i n j e c t i o n  og t h e  c a r b o n a t e .  So f a r  a s  can  be  s e e n  from  t h e  

r e s u l t s  r e c o r d e d  i n  T a b le  S, t h e r ë  i s  no c l e a r  r e l a t i o n s h i p  

b e tw een  th e  change o f  t h e  CO -c o m b in in g  p o w e r  o f  t h e  p la s m a  

and th e  amount o f  a l k a l i  i n j e c t e d .  The c h a n g e s  d ep en d  

p o s s i b l y  on two f a c t o r s .  (1 )  t h e  s e n s i t i v i t y  o f  t h e  

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

a n im a ls  a n d  (2 )  in  l a r g e  p a r t  on t h e  f u n c t i o n a l  e f f i c i e n c y  

o f  t h e  k i d n e y .

I n  c o n n e c t i o n  w i t h  t h e  s e n s i t i v i t y  o f  t h e  r e s p i r a t o i y  

c e n t r e  t h e  e f f e c t  o f  t h e  a n a e s t h e t i c  i s  o f  g r e a t  i m p o r t a n c e .  

S c o t t  g i v e s  d e t a i l s  o f  two e x p e r im e n t s  on c a t s  i n  b o t h

o f  w h ic h  t h e  a n im a l  was made t o  b r e a t h e  an a tm o s p h e r e  c o n t a i n -  

: ing  5À CO^. I n  o n e ,  a n a e s t h e t i s e d  w i t h  u r e t h a n e ,  t h e  t i d a l  

a i r  p e r  m in u te  was i n c r e a s e d  214/<> o v e r  t h a t  when b r e a t h i n g  •

a tm o s p h e r i c  a i r ,  i n  t h e  o t h e r  w h ic h  was d e c e r e b r a t e d  414/^.

But th e  s e n s i t i v i t y  v a r i e s  even  when t h e  same m e th o d  i s  u s e d  

as  shown i n  t h e  f o l l o ' " i n g  T a b le  9 ,  a d a p t e d  from  S c o t t

TABLE 9 .

Cat No. Wt. E x -o er im en ta l P e r c e n t i l e  I n c r e a s e i n  M in u te  volum e
1 1 Ü Number. a s

1/éf
th e  i n s n i r e d  COo 
bo 6 / '

i n c r e a s e d  from

pd 1/'^ 2/^ 3/» 4/0 5/» 6/»

20 1 . 8 1 25 65 140 255 450 600
4

, ; o i' 21 1 .3 6 10 30 76 135 210 300

22 2 .1 10 52 80 150 240 330 400

1
26 2 .5 15 20 50 95 150 220 .300  ̂. _
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I t  may b e  t h a t  t h e  d i f f e r e n c e  i n  s e n s i t i v i t y  o f  

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

d i f f e r e n c e s  i n  t h e  r e a c t i o n  o f  t h e  n e u ro -m y o n e  t o  a l k a l i  

a d m i n i s t r a t i o n ,  a n d  e x p l a i n  i n  p a r t  a t  any r a t e ,  t h e  v a i y i n g  

r e s u l t s  g o t  by p r e v i o u s  w o r k e r s .  I n  c o n n e c t i o n  w i t h  t h e  

e l e c t r i c a l  e x c i t a b i l i t y  h o w e v e r ,  i t  h a s  a l s o  t o  be  n o t e d  

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

v e ry  e x c i t a b l e ,  i n j e c t i o n  o f  a l k a l i  w i l l  n o t  r e n d e r  them  

more e x c i t a b l e .  What t h e  c a u s e  o f  t h i s  i n i t i a l  h i g h  

e x c i t a b i l i t y  i s ,  I  h a v e  h o t  been  a b l e  to  d e t e r m in e .

T h a t  t h e  r e n a l  e f f i c i n n c y  v a r i e s  i n  d i f f e r e n t  

a n im a ls  i s  shown by a  s e r i e s  o f  e x p e r im e n t s  done by D r.  J .H .

P a u l  a n d  m y s e l f  ( u n p u b l i s h e d ) .  They show t h a t  t h e r e  i s  an  

i n c r e a s e d  e x c r e t i o n  o f  a l k a l i n e ^  u r i n e  commencing s h o r t l y  a f t e r  

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

a n i m a l s .  ( êWB^ËE#. )

E y d ro g e n - io n  C o n c e n t r a t i o n  o f  t h e  B lo o d .

I n j e c t i o n  o f  a l k a l i  r a i s e d  t h e  v a lu e  o f  t h e  t h e  

r i s e  d ep en d in g  on t h e  amount o f  c a r b o n a t e  i n j e c t e d  ( T a b le  7 ) .

I n  no. c a s e  h o w e v e r  d i d  t h e  v a lu e  o f  t h e  P r i s e  b e y o n d  9 w h ic h  

I  i s  w e l l  w i t h i n  t h e  l i m i t s  p o s s i b l e  i n  a l i v i n g  a n i m a l .

H aem o g lo b in .  T h e re  was a  r e d u c t i o n  i n  t h e  p e r c e n t a g e  o f  

j h a e m o g lo b in  ( a s  d e t e r m in e d  by t h e  S a l i l i  m e th o d ) ,  c o r r e s p o n d i n g

.-4  t o  t h e  amount o f  f l u i d  i n j e c t e d ,  a n d  p r o b a b l y  due to  d i l u t i o n  o f

" I t h e  b lo o d .  S i i n i l a r  r e s u l t s  f o r  t h e  h a e m o g lo b in  c o n t e n t  w e re

g o t /
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g o t  Whatever f l u i d  was i n j e c t e d  th u s showing th a t  th e  t o t a l  

am ount o f  H aem o g lo b in  was n o t  markedly in f lu e n c e d  by th e  

n a t u r e  o f  t h e  s o l u t i o n  u se d .

Head o f  O xygen. By t h i s  te rm  I  mean t h e  d i f f e r e n c e  b e tw e e n  

t h e  p e r c e n t a g e  am ounts  o f  a r t e r i a l  a n d  v enous  o x y g e n ,  a n d  i t  

i n d i c a t e s  t h e  amount o f  oxygen  u s e d  by t h e  t i s s u e s .  B a n c r o f t  

h a s  shown t h a t  t h e  d i s s o c i a t i o n  c u rv e  o f  o x y h a e m o g lo b in  demands 

upon t h e  b a l a n c e  w h ich  i s  m a i n t a i n e d  b e tw e e n  t h e  a c i d  a n d  

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

t h e  r e d u c t i o n  o f  t h e  b l o o d ,  w h e re a s  a l k a l i s  r e t a r d  i t .
(77  \

W ilso n  S t e a m s  a n d  T hurlow  '  ' h a v e  shown t h a t  t h e

v a lu e  o f  K ( t h e  d i s s o c i a t i o n  c o n s t a n t  o f  o x y h a e m o g lo b in )  a lw a y s  

r i s e s  in  t e t a n y  p a r a t h y r e o n r i v a .  The f o l l o w i n g  t a b l e  (1 0 )  

g i v e s  t h e  f i g u r e s  o b t a i n e d  from  t h e  o x y g e n - a n a l y s i s  o f  t h e  b l o o d .

N o .o f  
A nim al.

Wt. A m t.o f  
S o l . i n  

c . c .

-------------------- ^-------------- :--- V--

A S a t u r .  ofOg B e f o r e ,  Vi^featur. 0 f  0 A f t e r

a r t  e r . V enous . D i f f . a r t e r . Venou^Y TJ-

50. fern. 2 . 8 150 ' 9 4 .0 5 8 .6 3 5 . 4 8 8 .1 6 9 . 8 1 8 .3

31 . fern. 1 .9 200 9 4 .8 5 2 .0 4 2 . 8 80.1 7 2 .6 7 .5  1

3 2 .m a le . 2 . 4 200 9 2 .4 4 7 . 8 4 4 .6 8 4 .5 7 0 .9 1 3 .6

I t  w i l l  be s e e n  t h a t  t h e r e  i s  a lw a y s  a  r e d u c t i o n  i n  

t h e  h e a d  o f  oxygen a f t e r  i n j e c t i o n  o f  a l k a l i ,  t h u s  i n d i c a t i n g  

a d im in i s h e d  s u p p ly  o f  oxygen  to  t h e  t i s s u e s .  T h is  i s  i n  l i n e  

w i t h /
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(7 9 )  . (8 0 )  ,
w i t h  t h e  c o n c l u s io n s  o f  T a n i g u t i  a n d  J a w e in  who

m a i n t a i n e d  t h a t  o x i d a t i o n  i n  t h e  t i s s u e s  o f  man w as d e c r e a s e d  

by a d m i n i s t r a t i o n  o f  a l k a l i s .

E f f e c t  o f  o t h e r  A l k a l i s .  H aving d e m o n s t r a t e d  t h e  e f f e c t  o f  

Sodium c a r b o n a t e  in  r a i s i n g  t h e  e l e c t r i c a l  e x c i t a b i l i t y ,  one 

h a d  to  d e te rm in e  w h e t h e r  i t s  a c t i o n  was a  s p e c i f i c  o n e ,  o r  

w h e th e r  i t  was common t o  a l l  a l k a l i s .  A c c o r d in g ly  i n  t h r e e ,  

e x n e r im e n t s  sodium  h y d r a t e  was u s e d  a n d  i n  o r d e r  t o  o b v i a t e  any 

e f f e c t  o f  t h e  so idum  i o n ,  in  t h r e e  o t h e r s  ammonium h y d r a t e  w as 

i n j e c t e d .

1 .  So dium Hy d r  a t e .  sX  sodium  h y d r a t e  was i n j e c t e d  w i t h  t h e

r e s u l t s  d e t a i l e d  i n  t a b l e  (1 1 )*

TABLE 1 1 . Showing e f f e c t  o f  NaOH. 2/».

N o .o f  W 
C a t .

t .  in
Kg.

A n t . 0 f  
S o l . i n  

c . c .

E .R . B e f . E .R . A f t . GO “ Comb, c a p a c i t y  i n  c . c  
ne% 1 0 0 c . c .  p l a s m a .

KCC. KOC. KCC. KOC. B e f o r e . A f t e r .

1 3 .  fern* 2 .9 100 . 6 3 .0 . 5 1 .7 5 4 .9 6 6 .9

3 6 .  If a i e . 1 . 6 25 .6 6 .0 . 4 1 .5 2 9 .1 60*3

3 7 .m ale . 2 . 7 150 1 . 4 9 . 0 1 .0 2 . 6 3 1 .1 67*9

These  r e s u l t s  show t h a t  sodium  h y d r a t e  h a s  an a c t i o n  s i m i l a r  t o  

t h e  c a r b o n a t e  b o th  on t h e  e l e c t r i c a l ( .  e x c i t a b i l i t y  a n d  t h e  

a l k a l i n e  r e s e r v e .

An e x a m in a t io n  o f  t r a c i n g  (3 )  show ing t h e  e f f e c t  o f  

NaOH on b lo o d  p r e s s u r e  a n d  r e s p i r a t i o n s  r e v e a l s  t h e  f o l l o w i n g  

f a c t s .
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1 .  C i r c u l a t i o n .  T h £ «  i s  a f a l l  i n  t l ie  g e n e r a l  l e v e l  o f  

t h e  b lo o d  p r e s s u r e  im m e d ia te ly  f o l l o w in g  I n j e c t i o n  o f  t h e  sod ium  

h y d r a t e .  The d i a s t o l i c  p r e s s u r e  shows a m ore m a rk e d  d rop  t h a n  

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

p r e s s u r e .  T h i s r i s  a l s o  a s lo w in g  o f  t h e  h e a r t  r a t e  o f  l l X  

Thesp phenom ena o f  i n c r e a s e d  p u l s e  p r e s s u r e  a n d  d i m i n i s h e d  p u l s e  

r a t e  I  h a v e  fo u n d  a s  c o n s t a n t  ac c o m p a n im e n ts  o f  a l l  c o n d i t i o n s  

i n  w h ic h  t h e  h e a d  o f  oxygen  i s  r e d u c e d .  T h e re  i s  a v e ry  s l i g h t  

r i s e  a f t e r  t h e  i n i t i a l  f a l l ,  t h e  p u l s e  p r e s s u r e , h o w e v e r ,  s t i l l  

r e m a in in g  g r e a t e r  t h a n  n o r m a l .  T h e r e a f t e r  t h e  p r e s s u r e  r e m a in s  

more o r  l e s s  s t e a d y  u n t i l  t h e  a d m i n i s t r a t i o n  o f  sod ium  h y d r a t e  

i s  s to p p e d  when t h e  p r e s s u r e  s lo w ly  r i s e s  w i t h  c o n c o m i t a n t  

d e c r e a s e  o f  p u l s e  p r e s s u r e .

2 .  R e s p i r a t i o n .  Thlire i s  a d e c r e a s e  o f  25/^ in  t h e  f r e q u e n c y  

o f  t h e  r e s p i r a t i o n s  f o l lo w in g  a d m i n i s t r a t i o n  o f  Sodium H y d r a t e  

a n d  a l s o  a s l i g h t  d e c r e a s e  in  t h e  a m p l i t u d e .  The r e s p i r a t o r y  

t r a c e  i s  n o t  s u f f i c i e n t l y  w e l l  m a rk e d  to  i n d i c a t e  p r o p e r l y  any 

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

f r e q u e n c y .
(21 )

E f f e c t  o f  Ammonia. B e r k e ly  a n d  B eebe fo u n d  t h a t

m u s c u la r  t w i t c h i n g s  w ere  p r o d u c e d  by i n t r a v e n o u s  a d m i n i s t r a t i o n
( 8 l )

o f  ammonia. Bo s to c k  a l s o  g o t  t r e m o r s  a n d  c o n v u l i i o n s

f o l lo w in g  on i n t r a v e n o u s  i n j e c t i o n s  o f  ammonium c a r b o n a t e ,  a n d

p e r s i s t i n g  even  when t h e  a n im a l  i s  u n d e r  f u l l  a n a e s t h e s i a .  N o e l  

P a t  o n ,  & P ine  

p o s s i b i l i t y /

Pa t o n ,  & F i n d l a y   ̂ i n  a  d i s c u s s i o n  o f  t h e  e v i d e n c e  a s  t o  t h e
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p o s s i b i l i t y  o f  ammonia b e in g  t h e  c a u s a l  f a c t o r ^  i n  t e t a n y ,  

a n d  q u o t in g  t h e  r e s u l t s  o f  J a c o b s o n ,  G-reenwald a n d  A l b e r ^ o n i  

a n d  o t h e r s  come to  t h e  c o n c l u s i o n  t h a t  t h e  e v id e n c e  i s  q u i t e  

d e f i n i t e  t h a t  t h e  symptoms o f  t e t a n y  a r e  n o t  due t o  an  

i n c r e a s e d  p r o d u c t i o n  o f  ammonia. As N oel P a t  o n , F i n d l a y  

a n d  W atson ^ ^ ^ ^ h a v e ,  h o w e v e r ,  p o i n t e d  o u t ,  t h e r e  i s  no  d i r e c t  

r e l a t i o n s h i p  b e tw e e n  t h e  s e v e r i t y  o f  t h e  n e r v o u s  symptoms a n d  

t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  n e u ro m y o n e ,  a n d  t h e  l a t t e r  

c a n n o t  be  t a k e n  a s  a m e a su re  o f  t h e  s e v e r i t y  o f  t h e s e  sym ptom s. 

Thus a l t h o u g h  some i n c r e a s e  i n  t h e  E .E .  i s  a c o n s t a n t  

accom panim ent o f  t e t a n y  t h e  c o n v e r s e  i s  n o t  n e c e s s a r i l y  t r u e .  

Ammonia i s  an  a l k a l i  an d  u n l e s s  t h e  i n c r e a s e d  e x c i t a b i l i t y  g o t  

by a d m i n i s t r a t i o n  o f  sodium  c a r b o n a t e  o r  âod ium  h y d r a t e  w e re  

due t o  a s p e c i f i c  a c t i o n  o f  t h e s e  s u b s t a n c e s ,  t h e  i n t r a v e n o u s  

i n j e c t i o n  o f  ammonia o u g h t  t o  p ro d u c e  an  i n c r e a s e d  e l e c t r i c a l  

e x c i t a b i l i t y .

The f o l lo w in g  e x p e r im e n t s  w ere  d o n e ,  t o  d e t e r m in e  w h e t h e r  i n j e c t -  

; i o n s  o f  arm o n i a  h a d  any e f f e c t  on t h e  E .E .  o f  t h e  n e u ro m y o n e .  

N /lO  NH^oH was i n j e c t e d .

No. o f  
C a t .

W t . in
Kg.

A m t.o f
S o l.Ô B ed .

^  ̂a. W L,

E .R .B e f o r e . E .R . A f t  e r . CO pC ap.of p l a s m a .  
""(V. S l y k e . )

KCC. KOC. KCC. KOC. ■ B e f , A f t e r .

58 5 .1 200 1 .3 9 ,0 .9 3 . 5 5 2 .5 4 3 . 9

59 2 .9 190 1 . 8 1 .2 1 .7 1 .0 — -

67 2 .9 200 1 .2 7 .5 . 4 1 . 5 5 1 .9 5 1 ,1
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T h ese  r e s u l t s  i n d i c a t e  t h a t  anTionia c a u s e s  an i n c r e a s e  i n  t h e
( 8 l \

E .E . o f  th e  n e u ro m y o n e .  The f i n d i n g s  o f  B o s to c k  ' a s  t o  t h e  

o c c u r r e n c e  o f  c o n v u l s io n s  w ere  c o n f i r m e d .

A lk a l in e  R e s e r v e .  An i n c r e a s e  i n  t h e  a l k a l i n e  r e s e r v e  a s  

d e te r m in e d  by t h e  Van S ly k e  c i r c u l a t i o n  a n d  r e s p i r a t i o n  i s  p r o d u c e d  

T r a c in g  4  shows t h e  e f f e c t  o f  i n j e c t i o n  o f  ammonia on 

t h e  b lo o d -p  r e s  s u r e  a n d  r e s p i r a t i o n s .  I t  w i l l  b e  s e e n  t h a t  t h e  

r e s u l t s  a r e  s i m i l a r  to  t h o s e  g o t  v / i th  sod ium  h y d r a t e  v i x . ,

(1) C i r c u l a t i o n .
(1 )  B l o o d - p r e s s u r e .  I n i t i a l  s l i g h t  f a l l  

f o l lo v /e d  by in c o m p le t e  r i s e  a n d  s u b -  
: s e q u e n t  g r a d u a l  f a l l *

(2 )  P u l s e  p r e s s u r e  m a rk e d ly  i n c r e a s e d .

(3 )  P u l s e  r a t e  d i m i n i s h e d  i S / ,

(2 )  R e s p i r a t i o n ^

(1 )  F re q u e n c y  o f  r e s p i r a t i o n s  d e c r e a s e d
37 .5 /6 .

(2 )  A m p li tu d e  o f  R e s p i r a t i o n s  m a rk e d ly  
d i m in i s h e d .

C o n c lu s io n s  t h e  R e s u l t s  o f  A l k a l i  A d m i n i s t r a t i o n .

(1 )  A l k a l i s  p ro d u c e  an i n c r e a s e  i n  t h e  e l e c t r i c a l  

e x c i t a b i l i t y  o f  t h e  neurom yone u n l e s s  t h a t  e x c i t a b i l i t y  

ft-o u romyoÿio w-n l o fre t -h a t  e.x o l t « b .i,a.4.t y  i s  p r e v i o u s l y  h ig h *

(2 )  The a l k a l i n e - r e s e r v e  i s  i n c r e a s e d .

(3 )  The h y d r o g e n - io n  c o n c e n t r a t i o n  i s  d i m i n i s h e d .

(4 ) The ”î ie a d  o f  oxygen" t o  t h e  t i s s u e s  i s  d e c r e a s e d  a n d  

th e  t r a c i n g s  o f  th e  b l o o d - p r e s s u r e  a f t e r  t r e a t m e n t  o f  t h e  a n im a l  

w i t h /



a l k a l i s  show phenom ena w h ic h  h a v e  b een  d e s c r i b e d  a s  o c c u r r -  

l i n g  i n  c a s e s  o f  anoxaenfia  p r o d u c e d  by a low p r e s s u r e  o f

o xygen .

From a p e r u s a l  o f  t h e  e f f e c t s  o f  a l k a l i s  an.d a c i d s  i t  

w o u ld  seeom on s u p e r f i c i a l  o b s e r v a t i o n  a s  th o u g h  t h e  a l k a l i n e  

r e s e r v e  a n d  t h e  h y d r o g e n - i o n  c o n c e n t r a t i o n  w e re  t h e  c o n t r o l l -  

: 3ng f a c t o r s  o f  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  neurom yone^  

v a r y in g  d i r e c t l y  w i t h  t h e  f o rm e r  a n d  i n v e r s e l y  w i t h  t h e  l a t t e r *  

M.H, G-rant w o rk in g  on th e  i s o l a t e d  n e r v e - m u s c l e

p r e p a r a t i o n  o f  t h e  f ro g  showed t h a t  t h e  o n ly  C gC apab le  o f  

in d u c in g  i n c r e a s e d  e x c i t a b i l i t y  i s  10 -9  a n d  t h i s  i s  Jin e x c e s s  

o f  w hat i s  fo u n d  i n  t h e  m am m alian o rg a n is m  s u f f e r i n g  w i t h

t e t a n y .  She c o n c l u d e s ,  t h e r e f o r e ,  t h a t  t h e  H—i o n  c o n c e n t r a t i o n ,  

i s  n o t  t h e  c h i e f  f a c t o r  i n  th e  p r o d u c t i o n  o f  i n c r e a s e d  e l e c t r i c a l  

e x c i t a b i l i t y .  I t  i s  d i f f i c u l t  to  know how f a r  e x p e r i m e n t s  on

i s o l a t e d  o rg a n s  s u c h  a s  t h e  f ro g  * 8 g a s t r o c n e m i u s  a r e  a p p l i e a b l e  

t o  th e  o rg a n ism  a s  a w h o le .  S t i l l ,  t h e  r e s u l t s  o f  o t h e r
7/e x p e r im e n ts  on th e  neurom yone i n  s i t u  t e n t  t o  s u p p o r t  t h i s

v iew . I t  w i l l  be shown l a t e r  t h a t  a l c o h o l ,  p o t  y  c y a n i d e  am  

o t h e r  s u b s t a n c e s  h a v e  a  d i s t i n c t  a c t i o n  in  i n c r e a s i n g  e l e c t r i c a l  

e x c i t a b i l i t y  w i t h o u t  any a c t i o n  on t h e  C^. F u r t h e r  i t  i s  t o  

be n o t e d  t h a t  i n j e c t i o n s  o f  a c i d  p ro d u c e  a m a rk e d  d e c r e a s e  i n  

e l e c t r i c a l  e x c i t a b i l i t y  b e f o r e  any n o t i c e a b l e  c h a r g e  i n  t h e  

C ^ is  p r o d u c e d .

As f o r  t h e  a l k a l i n e - r e s e r v e , t h e  f o l l o w i n g  e x p e r i m e n t s  

( T a b l e /
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( T a b l e i l l  show t h a t  t h e r e  may be an  i n c r e a s e  i n  t h e  E.E, 

d e s p i t e  a f a l l  i n  t h e  à k a l i n e - r e s e r v e .  

îJvô, -  GrafH; Oe-W man#'

T/iBLE 1 3 .

N o .o f  
C a t .

n . i n
Kg.

S u b S t . i n j . E .R . B e f o r e . E .R .  A f t e r . COg comb i n g . c a p .  i n  
0 . 0 .  p e r  l O c . o .  p l a s

KCC. KOC. KCC. K o c r 'B e f  0 r e  . A f t e r .

49 • fern . 2 .9 E t h y l  A le . . 6 6 .0 . 5 1 . 5 3 4 ,0 2 5 . 8

l50. fern » 5 .1 n n .5 2 . 7 .3 1 . 6 3 4 .9 2 4 . 5

5 3 ,m al 3 .5 ,0 M e th y l  A le . . 8 1 0 .0 . 3 5 2 . 2 3 8 .7 2 7 . 8

6 2 ,  fern . 2 .7 P o t .C y a n . . 6 5 .5 .6 2 . 2 3 3 .9 1 8 . 4

C o l l i p  a n d  B a c k u s s h o w e d  t h a t  one o f  t h e  e f f e c t s  o f  

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

t h i s w a s  a c c o m p a n ie d  by a f a l l  i n  t h e  CO^ co m b in in g  p o w e r  o f  t h e  

p la s m a ,  a d e c r e a s e d  a c i d i t y  o f  t h e  u r i n e  a n d  a  d i u r e s i s .  . They 

s u g g e s t e d  t h a t  t h i s  t e t a n y - l i k e  m u s c le  c o n t r a c t i o n  was due t o  

t h e  a l k a l o s i s  p r o d u c e d  by t h e  h y p e r p n o e a .  G-rant a n d  G-oldman^^^^ 

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

a c t u a l l y  p r o d u c e d  some o f  t h e  symptoms o f  t e t a n y  i n c l u d i n g  â n  

i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  n e u ro -m y o n e .  The P
X -  ' H

b o t h  o f  t h e  b lo o d  a n d  u r i n e  d u r in g  t h e  h y p e r p n o e a  i n d i c a t e d  a  

b lo o d —a l k a l o s i s , i . h i l  e t h e  p la s m a  CO^ f e l l  from  an  a v e r a g e  f i g u r e

o f  5 9 .5  v o l s ,  p ÿ r  c e n t ,  t o  one o f  4 4 .9  p e r  c e n t .  They p e r f o r m e d  

o n e /



one c o n t r o l  e x p e r im e n t  w h ere  w a sh in g  o u t  o f  t h e  CO was
3

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

to  a 15 l i t r e  b o t t l e  w h i l e  t h e  o b s e r v e r  a t  t h e  same t im e

b r e a t h e d  th r o u g h  a s e c o n d  tu b e  c o n n e c te d  t o  t h e  b o t to m  o f

t h e  b o t t l e .  No symntoms o f  t e t a n y  r e s u l t e d  n o r  w e re  t h e r e

any s ig n s  o f  an a l k a l o s i s .  They s u g g e s t  t h a t  a l k a l o s i s  i s

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

w h e th e r  i d i o p a t h i c ,  t o x i c ,  o r  e x p e r i m e n t a l ,  V e r n o n w a s

one o f  t h e  f i r s t  t o  s t a t e  t h a t  a  c o n d i t i o n  o f  c r a m p - l i k e  spasm
(83 A)

was o f t e n  p r e s e n t  v /h i le  h y p e r p n o e a  e x i s t e d .  H i l l  a n d  F l a c k  

w h i l e  en g ag ed  i n  o b s e r v a t i o n s  on t h e  e f f e c t s  o f  h y p e r p n o e a  

on t h e  c i r c u l a t i o n  a n d  m u s c u l a r  e f f i c i e n c y ,  made n o t e s  o f  t h e  

s p a s t i c  c o n d i t i o n s  o f  t h e  m u s c le s  a n d  i n  one  c a s e  t w i t c h i n g s  

o f  t h e  f a c i a l  m u s c le s  SHdxinxHXSxsaxx d u r in g  t h e  h y p e r p n o e i o  

s t a t e .  T h e i r  p o ly g r a p h  t r a c i n g s  show t h a t  t h e  r a d i a l  p u l s e  

becomes weak an d  may even d i s a p p e a r  w i t h  e a c h  i n s p i r a t i o n ,  a n d  

th e y  c o n c lu d e  t h a t  t h e  f o r c e d  v e n t i l a t i o n  by i t s  m e c h a n i c a l  

i n t e r f e r e n c e  w i t h  t h e  c i r c u l a t i o n  l e s s e n s  t h e  o x y g e n a t i o n .

But t h e  m ost i n t e r e s t i n g  p o i n t  a b o u t  H i l l  a n d  F l a c k  * s w o rk  i s  

t h a t  when f o r c i b l e  b r e a t h i n g  o f  oxygen  w as t r i e d ,  t h e  p u l s e  

re m a in e d  s t r o n g  a n d  n one  o f  t h e  t w i t c h i n g s  o r  o t h e r  u n c o m f o r t a b l e  

s ig n s  o f  h y p e rp n o e a  w ere  m a n i f e s t .

Prom a c o n s i d e r a t i o n  o f  t h e  e v id e n c e  i t  m ust b e  c o n c lu d e d  

t h a t  n e i t h e r  t h e  n o r  t h e  a l k a l i n e  r e s e r v e  i s  t h e  p r im a r y  

c o n t r o l l i n g /
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c o n t r o l l i n g  f a c t o r  o f  t h e  e l e c t r i c a l  e x c i t a b i l i t y .

H i l l  a n d  F l a c k ’ s v/ork i s  s t r o n g / r e s u m p t i v e  e v id e n c e  , /
A V

t h a t  t h e  oxygen  s u p p ly  to  t h e  t i s s u e s  i s  o f  g r e a t  

im p o r ta n c e  i n  t h i s  c o n n e c t i o n .  F u r t h e r  e v id e n c e  i n  

f a v o u r  o f  t h i s  view v / i l l  be  l e d  in  t h e  f o l l o w in g  s e c t i o n s ,
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The e f f e c t s  o f  a c i d s  an d  a l k a l i s  o n  t h e  e l e c t r i c a l  

e x c i t a b i l i t y  and  uhe s u p p ly  o f  o x y g en  t o  t h e  t i s s u e s  

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

o f  an  i n c r e a s e  i n  t h e  E .E .  o f  t h e  n e u ro m y o n e .  I t  h a s  

l o n g  b e e n  known t h a t  a s p h y x ia  r a i s e s  t h e  e x c i t a b i l i t y  o f  

t h e  c e n t r a l  n e r v o u s  sy s te m  and  i t  seem s p r o b a b l g  t h a t  

l a c k  o f  o x ygen  m ig l i t  p ro d u c e  a  s i m i l a r  r e s u l t  i n  t h e  

p e r i p h e r a l  p a r t s  o f  t h e  n e u r o - m u s c u l a r  s y s te m .

H a ld a n e  (5 4 )  h a s  d i v i d e d  t h e  c a u s e s  o f  a n o x a e m ia  

i n t o  : -

(1 )  D e f e c t i v e  s a t u r a t i o n  o f  a r t e r i a l  b l o o d  w i t h  o x y g e n .

(2 )  S lo w in g  o f  t h e  c i r c u l a t i o n  so t h a t  an  e x c e s s i v e

p r o p o r t i o n  o f  t h e  o x y g en  i s  u s e d  u p  i n  t h e  s y s t e m ic  

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

(3 )  D e f e c t i v e  p r o p o r t i o n  o f  a v a i l a b l e  h a e m o g lo b in .

(4 )  A l t e r a t i o n  i n  t h e  d i  s so c i  a t i o n - c u r v e  o f  o x y h a e m o g lo b in .  

[ i n  t h e  f o l l o w i n g  w o rk ,  e x p e r im e n t s  w i l l  b e  d e t a i l e d  t o

show t h e  e f f e c t  on  t h e  E .E .  o f  t h e  n eu ro -m y o n e  o f  e a c h  

o f  t h e  ab ove  c a u s e s  o f  an  a n o x a e m ia .  D e f e c t i v e  s a t u r a ­

t i o n  o f  t h e  a r t e r i a l  b l o o d  w i t h  o x y g en  was p r o d u c e d  b y  

t h e  i n d u c t i o n  o f  a s p h y x ia ,  s lo w in g  o f  t h e  c i r c u l a t i o n  b y  

a  d i m i n u t i o n  i n  t h e  t e m p e r a t u r e ,  a  d e f e c t i v e  p r o p o r t i o n  

• o f  a v a i l a b l e  h a e m o g lo b in  b y  t h e  p r o d u c t i o n  o f  an  a n a e m ia ,  

and  an  a l t e r a t i o n  i n  t h e  d i  s so c i  a t i o n - c u r v e  o f  oxyhaem o- 

g l p b i n  b y  a d m i n i s t r a t i o n  o f  p o t .W y a n id e . T h e r e a f t e r  tl:

’ e f f e c t s  o f  some o t h e r  s u b s t a n c e s  on  t h e  E .E .  and 

o x y g e n / s u p p ly  t o  t h e  t i s s u e s  w i l l  b e  c o n s i d e r e d .

l e  I
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The e f f e c t s  o f  a8pliy:d .a  I n  r a i s i n g  t h e  e x c l t a h l l l t y  o f  th (
( 85 ) ^

c e n t r a l  n e r v o u s  sy s te m  h a s  l o n g  b e e n  know n. B e th e  i n

1906 c u t  t l e  s p i n a l  c o rd  o f  a  dog and fo u n d  t h a t  m ovem ents

of  i t s  h i n d  l im b s  c o u ld  b e  much m ore  e a s i l y  e l i c i t e d

and w ere  m ore  e x c i t a b l e  when t h e  dog r e s p i r e d  an a tm o s -
( 8 6 )

p h e re  o f  h y d r o g e n .  L a t e r  S h e r r i n g t o n  showed

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

t h e  e l i c i t a t i o n  o f  t h e  s c r a t c h  and o t h e r  s p i n a l  r e f l e x e s .
(8 7 )

Kaya & S t a r l i n g  p ro d u c e d  an  anoxa,em ia i n  t h e  s p i n a l

dog w i t h  m i x t u r e s  o f  n i t r o g e n  p l u s  a  v e r y  l i t t l e  o x y g en

and fo u n d  t h a t  a l l  t h e  s p i n a l  c e n t r e s  w ere  s u d d e n ly

e x c i t e d  i n c l u d i n g ^ o f  c o u r s e ^ t h e  m o to r  c e n t r e s  f o r  t h e

s k e l e t a l  m u s c l e s . Spasm o f  t h e  w h o le  body  and c o n s t r i c -

: t i o n . o f  t h e  v e s s e l s  I m m e d ia te ly  o c c u r r e d ,  f o l l o w e d

q u i c k l y  b y  a  m ark ed  d e p r e s s i o n .  T h is  c l o s e l y  r e s e m b le d

■what i s  g o t  d u r i n g  a  c o n v u l s i o n  i n  a p a r a t h y r e o i d e c t o m i s e d

a n i m a l ^ f o r  im m e d ia te ly  a f t e r  t h e  c o n v u l s i o n  t h e r e  i s  a

m arked  l o w e r in g  o f  t h e  p r e v i o u s l y  i n c r e a s e d  E.E#
(f)7)

M a th is o n  f o l l o w i n g  u p  t h e  w ork  o f  Kaya & S t a r l i n g  

showed t h a t  t h e  s t i m u l a t i o n  o f  t h e  s k e l e t a l  m u s c le  c e n t r e s  

was due t o  t h e  l a c k  o f  o x y s e n  and  n o t  t o  t h e  i n c r e a s e  o f  

c a rb o n  d i o x i d e  o r d i n a r i l y  p ro d u c e d  b y  a s p h y x i a .  P u i r th e r  

p r o o f  o f  t h e  i n f l u e n c e  o f  an ano^caemia i n  e x c i t i n g  n e r v e  

c e n t r e s  i s  g o t  i n  t h e  n o t e  o f  an  e x p e r im e n t  b y  H o o k e r ,

W ilson  à  C o n n e t t^ ^ ^ ^

. . . u .
J o>ijLv_



t h e r e  r e s u l t e d  i n n e d l a t e l y  ^aii i n c r e a s e  i n  t h e  r e s p i r a t o r y

a c t i v i t y  b e f o r e  t h e r e  was t i n e  f o r  an y  a c i d  m e t a b o l i c  

p r o d u c t s  t o  b e  fo rm e d .
( 10 )

N oel P a t o n ,  F i n d l a y  & W atson  i n v e s t i g a t e d  t h e

e f f e c t s  o f  a s p h y x ia  i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f

t h e  n e u ro -m y o n e ,  and  f o u n d  t h a t  no m ark ed  c h a n g e  was

p r o d u c e J .  An e x a m in a t io n  o f  t h e i r  p r o t o c o l s  s b W s

t h a t  f ro m  t h e  commencement o f  t h e  i n d u c t i o n  o f  a s p h y x ia

t o  t h e  c o m p le te  r e - e s t a b l i s h m e n t  o f  b r e a t h i n g  t h e r e

was a t  m o s t  an  i n t e r v a l  o f  f i v e  m i n u t e s .  A c c o r d i n g l y

o n l y  a  v e r y  m i l d  d e g r e e  o f  a s p h y x ia  c o u ld  h a v e  b e e n

p r o d u c e d .  I n  a  s e r i e s  o f  e x p e r im e n t s  t o  d e t e r m i n e

t h e  c h a n g e s  i n  t h e  o x y g e n - c o n t e n t  o f  t h e  b l o o d  d u r i n g
(8 9 )

t h e  o n s e t  o f  an  a n o x a e m ia ,  Adams & M o r r i s  h a v e

shoTrn t h a t  t h e r e  i s  p r a c t i c a l l y  no d e c r e a s e  i n  t h e

h e a d  o f  oxygen  u n t i l  t h e r e  i s  a  m ark ed  d e g r e e  o f

a s p h y x i a .  T h i s  m ig h t  e x p l a i n  t h e  a b s e n c e  o f  an y  c h a n g e

i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y  i n  t h e  a s p h y x i a  e x p e r i m e n t s
(9 0 )

m e n t io n e d ,  f o r  a s  H a ld a n e  & P r i e s t l e y  h a v e  p o i n t e d  

o u t ,  t h e r e  i s  a  c o n s i d e r a b l e  m a rg in ,  a s  r e g a r d s  o x y g e n -  

s u p p ly  and  t h e  p e r c e n t a g e  o f  oxygen  i n  t h e  a i r  b r e a t h e d  

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

am ount b e f o r e  an y  o x y g en  l a c k  i s  e v i d e n t .

The f o l l o w i n g  e x p e r i m e n t s  w e re  u n d e r t a k e n  t o  

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

e ^ v c i t a o i l i t y  an d  d e t e r m in e  t h e  c o n c u r r e n t  c h a n g e s  i n  t h e

o x y g e n - c o n t e n t  o f  a r t e r i a l  and  v e n o u s  b l o o d .
M e th o d s . /
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M e th o d s ♦ A s p h y x ia  was i n d u c e d  a t  f i r s t  b y  c l o n p i n g  t h e  

t u b e  l e a d i n g  from  t h e  t r a c h e a .  T h i s  m e th o d  c a u s e s  a n  

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

an  a n o x a e m ia .  I n  o r d e r  t o  o b v i a t e  t h i s  c o m p l i c a t i o n  o f  

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

was i n d u c e d  b y  m a k in g  t h e  a n im a l  b r e a t h e  i n  a  c l o s e d  

c i r c u i t  i n  w h ic h  t h e r e  w as p l a c e d  a  j a r  o f  s o d a - l i m e  

t h r o u g h  w h ic h  t h e  a i r  i n s p i r e d  h a d  t o  p a s s .  I n  t h i s  way 

t h e  a v a i l a b l e  o x y g en  I s  s lo w ly  u s e d  u p  and  t h e r e  i s  a  

g r a d u a l  o n s e t  o f  a n o x a e m ia .

R e s u l t s ; - TABLE 14.
.of
a t .

Pen. 
l’en, 

m.
Pen.
tîale
Fern.

Wt.
i n

2.6
2.4
2.4 

L2.8
2.4

D e g re e  
o f  

A sphyxi,

f t
ff-f
f
f  + 4 
f  4 1

E .i t .b e fo r e ’ c o n te n t  0^  c o n te n t

K .C .C . K . 0 . 0 .  hCC.

1 0 .0

b e f o r e . a f t e r .
:C0CLArt W ë n X Ï ë a d . ÎA r?ÿ^nS< H eâd .

7.5 95.4 
0 . 0  9 1 . 0

96.0
91 .0

f|5i.774.2up.& 40.4 
7.5 53.5b4.2p0.b:53.6 
63.7 31.7133.121.1‘: 10.0 
58.31 37.^29.9h7.2:i 12.7

6 3 .^

51.01 43.143.120.1| 23.2 
57.5 33.528.^22.0l 6.0

:

E l e c t r i c a l  E x c i t a b i l i t y . I n  t h e  m o s t  m a rk e d  s t a g e s  o f  

a s p h y x i a ,  t h e r e  i s  a  d i s t i n c t  i n c r e a s e  i n  t h e  e l e c t r i c a l  

e x c i t a b i l i t y  o f  t h e  n e u ro -m y o n e  a s s o c i a t e d  w i t h  an  

e q u a l l y  m a rk e d  d i m i n u t i o n  i n  t h e  h e a d  o f  o x y g e n .  Tflien 

t h e  a s p h y x i a  i s  n o t  so c o m p l e t e ,  t h e  h e a d  o f  o x y g e n  i s  

s t i l l /
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th a n  I n  t h e  s y s t o l i c ,  t h u s  l e a d i n g  to  an  i n c r e a s e  i n  t h e  

p u l s e - p r e s s u r e #  T h e se  two f e a t u r e s ,  t h e  f a l l  i n  b lo o d  

p r e s s u r e  and t h e  r i s e  i n  p u l s e - p r e s s u r e  a r e  so c h a r a c t e r i s t i c  

t h a t  i t  was a d n o s t  p o s s i b l e  t o  e s t i m a t e  t h e  e x t e n t  o f  t h e  

an o x aem ia  b y  t h e  a p p e a r a n c e  o f  t h e  r e c o r d  o f  t h e  a r t e r i a l  

p r e s s u r e .
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(10)
î 'îoel P a t o n ,  F i n d l a y  & Wat don  i n v e s t i g a t i n g  t h e

e f f e c t  o f  v a r i a t i o n s  o f  t e m p e r a t u r e  on e l e c t r i c a l  

e x c i t a b i l i t y  c a n e  t o  t h e  c o n c l u s i o n  t h a t  t h e  E#E. o f  t h e  

n e r v e  v a r i e s  i n v e r s e l y  w i t h  t h e  t e m p e r a tu r e #  I  r e p e a t e d  

t h e s e  e x p e r im e n t s  w i t h  t h e  r e s u l t s  a s  g iv e n  b e l o w : -  

M e th o d s . The e l e c t r i c a l  r e a c t i o n s  on b o t h  h in d  l e g s  w ere  

t a k e n  and  i n  a l l  t h r e e  c a s e s  t h e r e  was b u t  l i t t l e  

d i f f e r e n c e  i n  t h e  v a l u e s  f o r  t h e  two l e g s .  One l e g  was 

t h e n  w rap p ed  ro u n d  w i t h  c l o t h s  so a k e d  i n  h o t  w a t e r  w h i l e  

t h e  o t h e r  was c o v e r e d  w i t h  s m a l l  p i e c e s  o f  i c e .  A f t e r  

t e n  m i n u t e s  t h e  e l e c t r i c a l  r e a c t i o n s  w ere  a g a i n  ta lc e n .

The t e m p e r a t u r e  o f  t h e  l e g s  was t h e n  b r o u g h t  b a c k  

t o  n o rm a l  and  t h e  fem ora ,!  v e i n s  e x p o s e d .  B lo o d  was 

t a k e n  from  e a c h .  The warm and c o l d  a p p l i c a t i o n s

w e re  a g a i n  r e p l a c e d  and  a f t e r  t e n  m i n u t e s  b lo o d  was 

a g a i n  w i th d ra w n  from  e a c h  v e i n .  The a J j d e r i a l  oxygen  

c o n t e n t  was e s t i m a t e d  from  b lo o d  d raw n  from  t h e  c a r o t i d  

a r t e r y .

TABLE 15.

Mo.of W t . i r B l e c t r . R e a c t i o n s . O2 C o n t e n t .

C at. ,  N o rm al. \H o t . C o ld .
R t, ,le& )L .LegÎ. 1 R t . l e a J J j .L e g .  Ai t e r i a l . Venous •

KCG . KOC. KCG ,KOC .KCG .KOC: KCG, KOC. Normal . H o t . C o ld .
# .P e m . 2 . 4 .  . 4 7 . 0 .5 7 .5 . 5 7 . 0 .2 2 .6 ,  9 8 .6 6 1 .0 6 9 .9 5 2 .8

66. Pern. 2 . 9 .5 6 .0 .4 6 .0 . 5 5 . 5 . 4 1 .5 9 5 .0 6 5 .4 7 3 .7 5 2 .1

68.Male . 2 . 8 .5 2 .2 .5 2 . 8 . 5 2 . 4 . 5 1 .1 9 4 .4 5 7 .9 6 6 .5 4 9 .2
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The e l e c t r i c a l  e x c i t a b i l i t y  I s  i n c r e a s e d  b y  d e c r e a s e

i n  t e m p e r a t u r e .  The h e a d  o r  o x y g en  i s  h o w ev er  a p p a r e n t l y

i n c r e a s e d  a s  t h e  b lo o d  t a k e n  from  t h e  v e i n  on  t h e  c o ld  s i d e

i s  m ore u n s a t u r a t e d  t h a n  i s  t h e  b l o o d  from  t h e  h o t  s i d e .
(91 )

The w ork  o f  B u r to n  O p i t z  h a s  c o n c l u s i v e l y  p ro v e d

t h a t  t h e  v i s c o s i t y  o f  t h e  b l o o d  r e a c t s  v e r y  s h a r p l y  t o

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

w arm th  d e c r e a s i n g  t h e  c o - e f f i c i e n t  o f  v i s c o s i t y .  The

v e l o c i t y  o f  t h e  b l o o d  w o u ld  t h u s  b e  m a rk e d ly  d e c r e a s e d

by  t h i s  i n c r e a s e  i n  v i s c o s i t y  a s  w e l l  a s  b y  t h e  i n c r e a s e d

p e r i p h e r a l  r e s i s t a n c e  ow ing  to  t h e  c o n t r a c t i o n  o f  t h e  s m a l l e r

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

c o u r s e  o f  t h e s e  g s p e r i m e n t s  t h a t  i t  was much m ore  d i f f i c u l t

t o  o b t a i n  v e n o u s  b lo o d  on t h e  c o ld  t h a n  on uhe warm s i d e  b u t

a c t u a l  m e a s u re m e n ts  o f  t h e  r a t e  o f  f lo w  w e re  n o t  m ade .

T h e re  i s  h o w ev er  some m ore  d i r e c t  w ork t o  show t h a t

d e c r e a s e  o f  t e m p e r a t u r e  l e a d s  t o  a, d e c r e a s e d  u s e  o f  o x y g e n .  
(9 2 )

V ernon  when s t u d y i n g  t h e  m e ta b o l i s m  o f  t h e  p e r f u s e d  k id n e y

showed t h a t  d e c r e a s e  o f  t e m p e r a t u r e  t o  f r e e z i n g  p o in o  lo w e r s
(%3)

t h e  m e ta b o l i s m  t o  one  n a i f  o r  even  one t h i r d .  S c o t t

fo u n d  l a t e r  t h a t  o x y g e n - u t i l i s a t i o n  b y  f i s h e s  c o u ld  b e

lo w e re d  b y  r e d u c i n g  t h e  t e m p e r a t u r e  o f  t h e  w a t e r  i n  w h ich
(9 4 )

t h e y  w ere  k e p t .  H u fn e r  h o w e v e r ,  i n  c a l c u l a t i n g  t h e

r a t e  o f  d i f f u s i o n  th r o u g h  lu n g s  o f  warm b lo o d e d  a n im a l

assum ed t h a t  t h e  i n f l u e n c e  o f  an  i n c r e a s e d  t e m p e r a t u r e  i s

t o  d i m i n i s h  t h e  r a t e  o f  d i f f u s i o n  s i n c e  d i f f u s i o n  i s  
p ro p œ  t i o n a l /
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■̂w p rop ortion a l to  th e  c o e f f i c i e n t  o f  aosorpu ion  whjLcn u ^ creases  
" (95)

r a p iv k y  w i t n  r i s e  o f  t e m p e r a t u r e .  K rogn c r i t i c i s e d  t n i s

; a s su m p tio n  on one g ro u n d  t n a t  t n e  i n t e r n a l  f r i c t i o n  i n  w a t e r

i s  g r e a t l y  d i m i n i s h e d  b y  i n c r e a s i n g  t n e  t e m p e r a t u r e  and. u r g e d

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

i n t e r n a l  f r i c t i o n  m ig h t  c a u s e  an  i n c r e a s e  i n  t . i e  r a t e  o f

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

h ro g h  made a  s e r i e s  o f  d e t e r m i n a t i o n s  on t n e  p e r i t o n e a l

m enD rsnes g o t  grom s m a l l  d o g s  and h i s  r e s u l t s  l e d  him t o

th e  c o n c l u s i o n  t h a t  t h e  d i f f u s i o n  c o n s t a n t  o f  o x ygen  th r o u g h

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

one p e r  c e n t ,  p e r  d e g r e e  c e n t i g r a d e ^   ̂ " ta lc ing  2 0 ^ 0 .  a s

u n i t y .  I t  v v o u i u  u u e r e f o r e  seem t h a t  d e c r e a s e  o f  t e m p e r a t u r e

l e a d s  t o  a  lo w e re d  u t i l i s a t i o n  o f  oxygen  b y  t h e  t i s s u e s

b o th  t h r o u g h  s lo w in g  o f  t h e  c i r c u l a t i o n  and th r o u g h

d im in i s h e d  r a t e  o f  d i f f u s i o n  o f  t h e  g a s  from  t h e  b lo o d  t o

t h e  t i s s u e s .  T h is  v iew  i s  u p h e ld  b y  an  o b s e r v a t i o n  o f  
(9 6 )

L o v a t t  Evans on t h e  r e d u c e d  s e n s i t i v i t y  o f  t h e  h e a r t  

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

r e d u c e d  s e n s i t i v i t y  b e a r s  a  s t r o n g  r e s e m b la n c e  t o  t h a t  shown 

u n d e r  t h e  i n f l u e n c e  o f  o x y g e n - l a c k  and  seem s t o  h i n t  a t  t h e  

p o s s i b i l i t y  o f  a  k i n d r e d  m echanism  i n  b o t h  c a s e s .

C o n c l u s i o n ; -  D e c r e a s e  o f  t e m p e r a t u r e  p r o d u c e s  a n  i n c r e a s e  

i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  n e u ro -m y o n e .  T h i s  

Can p B b a b ly  b e  s x p l a i n e d  b y  t h e  d i m i n i s h e d  s u p p ly  o f  o x y g en  

to  t h e  t i s s u e s .
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E f f e c t  o f  A naem ia . M acCalluni (2) showed t h a t  l i g a t u r e  o f

an a r t e i y  b r i n g i n g  a b o u t  c o m p le te  an aem ia  o f  t h e  p a r t  in d u c e s  

f o r  a t im e  a m ark e d  I n c r e a s e  in  t h e  E .E .  o f  t h e  n e u ro -m y o n e ,  

but t h a t  l a t e r  t h e  E .E .  s u d d e n ly  d i s a p p e a r s  p r o b a b ly  due t o  

d e a th  o f  t h e  t i s s u e s ,  N oël P a t o n ,  F i n d l a y  a n d  W atson 

r e p e a t i n g  t h i s  work c o n f i rm e d  M acCallum *s r e s u l t s .  The fo l lo w in g  

c h a r t  c o p i e d  from N oel P a t o n ’ s p a p e r  g i v e s  one an i d e a  o f  t h e  

e x t e n t  t o  w h ic h  t h e  E .E .  may b e  i n c r e a s e d  by a c o m p le te  a n a e m ia .  

C om press ion  o f  a v e in  on t h e  o t h e r  h a n d ,  MacC-allum showed, 

in d u c e d  a  f a l l  i n  t h e  E ,B , T h is  i s  p r o b a b ly  due t o  t h e  f a c t  

t h a t  m e r e ly  a c o n g e s t i o n  i s  p r o d u c e d  w i t h  c o n s e q u e n t ly  a  c o n s t a n t  

su p p ly  o f  oxygen a t  h a n d  a n d  â  m o d e r a te  b u t  s t e a d y  I n c r e a s e  o f
i

t h e  C , The phenomenon o f  anem ic c o n v u l s i o n s  i s  a l s o  w e l l  known 

i n d i c a t i n g  an i n c r e a s e  o f  E .E .  in d u c e d  ev en  by n a r t i a l  a n a e m ia ,  

M acCallum , L am bert  & V ogel d u r in g  t h e i r  p e r f u s i o n  e x p e r im e n t s

o b s e r v e d  t h e  m ost v i o l e n t  c o n t r a c t i o n s  a n d  e x trem e  r i g i d i t y  du r in g  

an aem ia  even when t e m p o r a r y .  The f o l lo w in g  e x p e r im e n ts  w ere  

p e r fo r m e d  in  o r d e r  to  show t h e  e f f e c t  o f  an aem ia  on t h e  e l e c t r i c a l  

e x c i t a b i l i t y .  The a n im a l  was b l e d  t h r o u g h  a c a n n u la  i n  t h e  

c a r o t i d  a r t e r y  a n d  t h e  e l e c t r i c a l  r e a c t i o n s  t a k e n  a n d  t h e  oxygen  

c o n te n t  o f  t h e  b lo o d  e s t i m a t e d  b e f o r e  a n d  h a l f  an  h o u r  a f t e r  

h a e m o r rh a g e .

•oOo-
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N o .o f  
C a t ,

___________ TABL]

W t . I n [ T o t a l  V o l . o f  
Kg, I b l o o d ,  s

I  1 6 .

C .C .o f  b lo o d  
w i t  li drawn.

E,R.BefQT»e. E .R . A f t e r .
KOC, KCG,

1 1 5 ,5 11,0

1 5 4 ,0

1 7 6 ,0

TABLE 1 6 ,  ( C o n td , )

N o ,o f  
C a t ,

S a t , o f  0 B e f o r e , X  S a t , o f  0 ^ A f t e r , mbX
A r t e r , Vefi, D l f f , A r t e r , Veîî, D ï f f  , - B e f . - I A f t e r ,

69 9 2 ,5 6 0 .1 5 2 ,4 5 1 ,7 5 7 ,9 1 3 ,8 100 65

70 9 6 ,0 6 4 ,6 3 1 ,4 6 9 ,9 6 0 ,6 9 ,5 100 71

71 9 4 . 4 6 1 ,4 5 8 ,0 7 4 ,1 5 9 ,1 1 5 .0 100 76

E s t i m a t e d  on t h e  a s s u m p t io n  t h a t  t h e  volume o f  t h e  c a t ' s  b lo o d  

i s  e q u i v a l e n t  t o  5 ,5 /»  o f  t h e  b o d y - w e ig h t .

The e l e c t r i c a l  e x c i t a b i l i t y  i s  i n c r e a s e d  by t h e  

p r d d u c t i o n  o f  an  a n a e m ia .  I n  ev e ry  c a s e  t h e r e  o c c u r r e d  m a rk e d  

g e n e r a l  t r e m o r s  o f  g r e a t e r  o r  l e s s  i n t e n s i t y .  O f o t h e r  c h a n g e s  

t h a t  t a k e  p l a c e  w i t h  t h e  o n s e t  o f  a n aem ia  t h e  f o l lo w in g  a r e  t o  

be n o t e d .

(1 )  D im in u t io n  o f  th e  amount o f  h a e m o g lo b in , t h e  c a r r i e r  

o f  o x ygen  to  t h e  t i s s u e s .

(2 )  I n c r e a s e  i n  t h e  v i s c o s i t y  o f  t h e  b lo o d ,

S a n e y o s h i  ^ ^ ^ ^ s t a t e s  t h a t  t h e  v i s c o s i t y  o f  t h e  b lo o d  i s  h i g h

i n  a n a e m ia .  T h is  p r o d u c e s  a d i m i n i s h e d  v e l o c i t y  o f  t h e  b lo o d ­

s t r e a m  t h u s  a l lo w in g  t h e  t i s s u e s  t o  e x t r a c t  a s  much oxygen  a s  

p o s s i b l e /
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p o s s i b l e  from t h e  d i m i n i s h e d  amount o f  o x y -h a e m o g lo b in .  

B u r t o n - O p i t z  h o w e v e r ,  h a s  shown t h a t  w i t h i n  h a l f  a n

h o u r  o f  a l o s s  o f  one q u a r t e r  o f  t h e  t o t a l  b lo o d  vo lum e, t h e r e  

i s  ïïsxxxKJÎHBKi a  d e c r e a s e  i n  v i s c o s i t y  owing to  in f lo w  o f  t l s s u e -  

lym ph, m aking  up t h e  b lo o d  volume t o  i t s  no m a l  am oun t.  The 

p e r c e n t a g e  o f  o x y -h a e m o g lo b in  i s  now r e d u c e d  so t h a t  a  q u i c k e r  

flow  i s  r e q u i r e d  t o  g i v e  t h e  t i s s u e s  t h e i r  p r o p e r  s u p p ly  o f  

o x y g en .

(3 )  R e d u c t io n  i n  t h e  a l k a l i n e  r e s e r v e  a n d  i n c r e a s e  

i n  t h e  T .H .M il ro y  u s in g  t h e  g a s - c h a i n  m e th o d ,

d e m o n s t r a t e d  a  d i n t i n c t  r i s e  i n  t h e  h y d r o g e n - i o n  c o n c e n t r a t i o n  

o f  t h e  b lo o d  a f t e r  h a rm o r rh a g e  o f  a t h i r d  o f  t h e  t o t a l  volume 

o f  th e  b lo o d .  B u e l l ^ " ^ ^ ^ ,  h o w e v e r ,  u s in g  t h e  Van S ly k e  m e th o d ,  

fo u n d  b u t  a v e ry  s l i g h t  drop in  t h e  a l k a l i n e  r e s e r v e  o f  s h o r t  

d u r a t i o n  a f t e r  a t o t a l  l o s s  o f  b lo o d  am ounting  to  1 . 3 /  o f  t h e  

b o d y -w e ig h t  ( i . e .  a b o u t  o n e - s e v e n t h  o f  t h e  b lo o d  v o lu m e ) .  The 

i n c r e a s e  i n  t h e  h y d r o g e n - io n  c o n c e n t r a t i o n  o f  t h e  b lo o d  

f a c i l i t a t e s  t h e  d i s s o c i a t i o n  o f  t h e  o x y -h a e m o g lo b in  a n d  t h i s  may 

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

h a e m o rrh a g e  when i t  i s  n e c e s s a r y  f o r  t h e  t i s s u e s  t o  e x t r a c t  t h e  

g r e a t e s t  p o s s i b l e  amount o f  oxygen  from  th e  t i s s u e s *

C o n c lu s io n s ,  M arked  a n aem ia  w h e th e r  l o c a l  o r  g e n e r a l  l e a d s  t o

an i n c r e a s e  i n  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  neurom yone,

The c o n c o m ita n t  ch a n g e s  i n  v i s c o s i t y  a n d  0^ may be  c o n s i d e r e d  a s

a t t e m p t s  t o  co m p en sa te  f o r  t h e  d im in u t io n  in  h a e m o g lo b in  by m aking 

t h e  d i s s o c i a t i o n  o f  o x y -h a e m o g lo b in  a s  th o ro u g h  a s  p o s s i b l e ,

------------------------oOo----- -------------------
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( 101 )
I n  1866  G-athgens showed t h a t  a d m i n i s t r a t i o n  o f

s u b l e t h a l  d o s e s  ofi h y d r o c y a n ic  a c i d  d e p r e s s e d  t h e  oxygen

u sag e  o f  t h e  body* ' G-eppert fo u n d  t h a t  oxygen  a b s o rb e d

by mammalian t i s s u e s  i s  much l e s s e n e d  b y  h y d r o c y a n ic  a c id *

I n  m ou lds  t h e  o x i d a t i o n  p r o c e s s e s  a r e  a r r e s t e d  by  c y a n i d e s ,

no oxygen  b e i n g  a b s o rb e d  and no c a r b o n  d i o x i d e  g iv e n  o f f .

(S h ro e d e r  More r e c e n t l y  Hyman h a s  shown t h a t

p o ta s s iu m  c y a n id e  h a s  t h e  same a c t i o n  on t h e  p l a n  a r i a .  Rhode

and Ugawa o b s e r v e d  t h a t  t h e  r e s p o n s e  t o  a d r e n a l i n  i s

g r e a t l y  l e s s e n e d  b o t h  i n  h e a r t s  d e p r i v e d  o f  oxygen  and t h o s e
(106)

p e r f u s e d  w i t h  c y a n i d e .  F u r t h e r ,  L o v a t t  Evans h a s

shown t h a t  s o a k in g  i n  cyein ide  h a s  a lm o s t  an  i d e n t i c a l  e f f e c t  

on t h e  f r o g ' s  s a r t o r i u s  a s  k e e p i n g  i t  i n  an a tm o sp h e re  o f  

n i t r o g e n .  He c o n c lu d e s  t h a t  d i l u t e  s o l u t i o n  o f  c y a n id e s  

e x e r t  t h e i r  e f f e c t s  e n t i r e l y  by  r e a s o n  o f  t h e  oxygen  l a c k  t h e y  

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

b u t  t h e  p r o c e s s  o f  r e c o v e r y .  The a d m i n i s t r a t i o n  o f  c y a n id e  

i s  t h e r e f o r e  a p p a r e n t l y  a n  e x c e l l e n t  means o f  i n d u c i n g  an 

a n o x a e m ia .  I t s  a c t i o n  i s  p r o b a b l y  i n  t h e  n a t u r e  o f  an  

i n h i b i t i o n  o f  p e r o x i d a s e .  Cushny m e n t io n s  t h e  f a c t

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

h y d ro g e n  p e r o x i d e  by  n o rm a l  b lo o d  a s  o c c u r s  when b lo o d  and 

p e r o x id e  a r e  m ix e d .

P o ta s s iu m  C y an id e  made up  t o  m/ 100 i n  n o rm a l  s a l i n e  was 

u s e d /
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was u s e d .  T h is  s o l u t i o n  was i n j e c t e d  i n t o  t h e  j u g u l a r  v e i n  

of c a t s  a n a e s t h e t i s e d  w i t h  e t h e r .  I f  we assume t h a t  t h e  b lo o d  

weighs a b o u t  5 . 5 /  o f  t h e  t o t a l  b o d y -w e ig h t  (Meek and G-asser) 

then  t h e  a d m i n i s t r a t i o n  o f  I c . o .  o f  t h e  above d i l u t i o n  p e r  k i l o  

bo dy-w eigh t means a  c o n c e n t r a t i o n  i n  t h e  b lo o d  o f  a  .0 0 0 1 2  m. 

s o l u t i o n  o f  p o t .  c y a n i d e .  Hyman h a s  fo u n d  t h a t  .0 0 0 0 1  m.

sodium c y a n id e  c a u s e s  a p p r e c i a b l e  r e d u c t i o n  i n  t h e  oxygen in ta k e  

of s e a - u r c h i n  e g g s  and o f  t h e  m a r in e  sponge  and p l a n a r i a .

W eizsack er  s t a t e s  t h a t  a  .0 0 0 5  m. s o l u t i o n  d e p r e s s e s  t h e

gaseous m e ta b o l i s m  o f  t h e  f r o g ' s  h e a r t  t o  l e s s  t h a n  1 0 /  o f  i t s  

norm al v a l u e ,  w h i l e  A l l e n  h a s  g o t s i m i l a r  r e s u l t s  w i t h  a

.0002 m. p o t .  c y a n id e  s o l u t i o n  on p l a n a r i a .  I t  w i l l  be s e e n  

t h e r e f o r e  t h a t  t h e  c o n c e n t r a t i o n  o f  c y a n id e  u s e d  i n  t h e  p r e s e n t  

work i s  s u c h  a s  w ou ld  be  e x p e c te d  t o  c a u s e  a  d e f i n i t e  and marked 

d e p r e s s io n  i n  t h e  amount o f  t i s s u e  o x i d a t i o n .

R e s u l t s .

TABLE 1 7 . Showing e f f e c t  o f  C y a n id e .

N o.of 
Cat.

w t . m
Kg.

Amt . o f  
S o l . i n j .

E .R .  B e fo re E . R . A f t e r . Comb.CO p e r  100 
c . c .  p l a s m a .

KOC. KOC. KCG. KOC. (V .S ly k e ,J
B e f o r e . A f t e r .

60 6 .1 7 c . c . 1 . 1 9 .0 1 .0 1 .9 — -

61 6 .4 4 c . c . .9 1 0 .0 .6 5 .0 6 0 .9 2 8 .4

62 2 . 9 9 c . c . . 6 5 .5 .6 2 . 2 6 3 .9 1 8 .4

(1) E l e c t r i c a l  E x c i t a b i l i t y .  T h ese  r e s u l t s  i n d i c a t e  t h a t , t h e  

e l e c t r i c a l  e x c i t a b i l i t y  i s  m a rk e d ly  i n c r e a s e d  by  t h e  a d m i n i s t r a t ­

i o n /
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a d m i n i s t r a t i o n  o f  c y a n i d e .  I n  a l l  t h r e e  e x p e r im e n t s  m arked 

g e n e r a l  c o n v u l s i o n s  w ere  p ro d u c e d  and i n  Cat 62 t r e m o r s  o f  t h e  

abdom ina l m u s c le s  w ere  p a r t i c u l a r l y  n o t i c e a b l e .  T h is  i s  i n  

a c c o rd  w i t h  t h e  w ork o f  D o a ta s^  ^^^^^who found  t h a t ,  a f t e r  

ex p o su re  t o  c y a n i d e ,  m u sc le  was s t i l l  e x c i t a b l e ,  r e s p o n d in g  

w i th  a  b i g g e r  c o n t r a c t i o n  t h a n  v/as g iv e n  by  t h e  c o n t r o l  i n  

p l a i n  s a l i n e , E . G . V ,  L eersu m  a l s o  n o t e s  t h a t  p o t ^  Cyanide |//

i n c r e a s e s  t h e  t o n u s  o f  t h e  p a r a y m p a t h e t i c  s y s t e m ,

(2) A lk a l i n e  R e s e r v e ,  T h e re  i s  a  f a l l  i n  t h e  C0_ c o n t e n t  o f ̂ —  T  — r ^

th e  p la s m a  j u s t  a s  i f  t h e r e  w ere  an  a c i d o s i s  a s  some (Evans and 

o t h e r s )  h av e  s u g g e s t e d  b u t  more p r o b a b l y  as  a  r e s u l t  o f  t h e  

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

(3) C i r c u l a t i o n ,  T r a c i n g s  7 and  8 g iv e  r e c o r d s  o f  t h e  b lo o d  

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

p o ta s s iu m  c y a n i d e .  The f a l l  i n  b l o o d - p r e s s u r e  i s  v e r y  m arked , 

th e  d i a s t o l i c  f a l l i n g  more t h a n  t h e  s t y s t o l i c  a s  shown by  t h e  

marked i n c r e a s e  o f  p u l s e - p r e s s u r e .  The r a t e  o f  t h e  p u l s e  i s  

g r e a t l y  d i iT iin ish ed ,  t o  become a g a i n  n o rm a l  a s  t h e  anoxaem ia  

d i s a p p e a r e s .  T r a c i n g  9 o f  t h e  a u r i c u l a r  and v e n t r i c u l a r  

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

The h e a r t  becom es more and  more d i l a t e d  a s  t h e  i n j e c t i o n  p r o c e e d s ;  

c o n t r a c t i o n  becom es s lo w e r  and l e s s  p o w e r f u l  and f i n a l l y  t h e  

c a r d ia c  m u sc le  g o es  i n t o  a  s t a t e  o f  weak f i b r i l l a t i o n  w h ic h  i s  

r a p i d l y  f o l lo w e d  by  c o m p le te  r e c o v e r y  a s  t h e  e f f e c t  o f  t h e  cyaztiLde 

wears o f f .  I n  t r a c i n g  9 i t  w i l l  be  s e e n  t h a t  t h e r e  i s  a  p e r l i m i n a r y  

r i s e /
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r i s e  o f  b lo o d  p r e s s u r e  i i im ie d la te ly  f o l l o w i n g  t h e  a d m i n i s t r a t -  

; i o n  o f  c y a n i d e .

(4) R e s p i r a t i o n s .  The r e s p i r a t i o n s  a r e  a t  f i r s t  a c c e l e r a t e d  

and d e e p e n e d  and  t h e r e a f t e r  t h e  r a t e  i s  v e r y  s lo w  p r o b a b l y  

due t o  t h e  o v e r - e l i m i n a t i o n  o f  t h e  CO from  t h e  b lo o d  b y  t h e  j 

p r e l i m i n a r y  a c c e l e r a t i o n .  G r a d u a l l y  t h e  r e s p i r a t i o n s  resum e 

t h e i r  n o rm a l  r a t e .  I n  f a c t  t r a c i n g  B r e s e m b le s  somewhat one 

o f  C h e y n e -S to k e s*  b r e a t h i n g .

C o n c l u s i o n s .  The a d m i n i s t r a t i o n *  o f  c y a n id e  in d u c e s  an

i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  neurom yone a s  w e l l  a s

o t h e r  symptoms i n d i c a t i v e  o f  a  p ro fo u n d  a n o x a e m ia .  T h is
to

l e n d s  s t i l l  f u r t h e r  s u p p o r t  4 *  t h e  v iew  t h a t  an oxaem ia  i s  

t h e  e s s e n t i a l  f a c t o r  i n  t h e  p r o d u c t i o n  o f  aiae^an i n c r e a s e  i n  

t h e  e l e c t r i c a l  e x c i t a b i l i t y .

I n  o r d e r  t o  r e n d e r  t h e  e v id e n c e  f o r  t h i s  t h e o r y  s t i l l  

more s e c u r e ^  t h e r e  w i l l  now be c o n s i d e r e d  some o t h e r  m ethods  

by  w h ic h  t h e  E .E .  h a s  b e e n  i n c r e a s e d .  T h e r e a f t e r  w i l l  f o l l o w  

a  s h o r t  d e s c r i p t i o n  o f  s e v e r a l  c l i n i c a l  c a s e s  w h ic h  showed a  

m arked i n c r e a s e  i n  t h e  E .B .  o f  t h e  n e u ro m y o n e .

oOO"
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A lc o h o l  i n j e c t e d  i n t r a v e n o u s l y  d e c r e a s e s  t h e  b lo o d  

o a t a l a s e  (Burge t h u s  p r e v e n t s  t h e  t i s s u e s  f ro m

o b t a i n i n g  t h e i r  n o rm a l  s u p p ly  o f  o x y g e n .  Thus i f  an anoxaem ia  

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

e x c i t a b i l i t y ,  we s h o u ld  f i n d  t h e  l a t t e r  s t a t e  a f t e r  a d m i n i s t r â t -  

: i o n  o f  t h e  a l c o h o l .

E t h y l  a l c o h o l  was u se d  d i l u t e d  w i t h  n i n e  t im e s  t h e  amount of 

\% so d iu m  c h l o r i d e  s o l u t i o n ,  m aking  a  s o l u t i o n  o f  . 9 ^  NaCl o f  

w hich  1 0 c . c .  c o n t a i n e d  I c . c ,  a b s o l u t e  a l c o h o l .  I t  was i n j e c t e d  

i n t o  t h e  j u g u l a r  v e i n .  I n  one e x p e r im e n t  m e th y l  a l c o h o l  was 

s u b s t i t u t e d  and i t  gave the* same r e s u l t s  e x c e p t  t h a t  c o n v u ls io n s  

and v e r y  m arked  s a l i v a t i o n  and s i c k n e s s  w ere  i n d u c e d .  Hunt 

s t a t e s  t h a t  w i t h  m e th y l  a l c o h o l  t h e  symptoms o f  g a s t r i c  i r r i t â t  i n n  

are  g e n e r a l l y  more m arked  t h a n  t h o s e  in d u c e d  by  e t h y l  a l c o h o l
(115)

and v e r y  o f t e n  some c o n v u l s i v e  m ovem ents a r e  o b s e r v e d .  P o h l
is

s u g g e s t s  t h a t  t h i s ^ p r o b a b l y  due t o  t h e  a c t i o n  o f  fo rm a ld e h y d e  

and f o r m ic  a c i d .

Sm all d o s e s .  S o h w e ish e im e r  fo u n d  i n  one c a s e  o f  d ru n k e n -

:n e s s  i n  man t h a t  t h e  b lo o d  c o n t a i n e d  . 1 5 ^  o f  a l c o h o l ,  and i n  

a n o th e r  i n s t a n c e ,  when t h e  i n t o x i c a t i o n  was more p ro n o u n c e d  . 2 8 7 / .  

M ellanby^^^*^^found t h a t  i n  a  dog when t h e  a l c o h o l  o f  t h e  b lo o d  

r e a c h e s  a b o u t  354 cm. p e r  100 grams o f  b lo o d  t h e r e  a p p e a re d  s i g n s  

of i n t o x i c a t i o n  and v/hen t h e  c o n c e n t r a t i o n  r e a c h e d  4*68 cm. p e r  

100 g ra m s ,  t h e  dog was p r o f o u n d l y  i n t o x i c a t e d .  I n  t h e  f i r s t  

f  o u r /
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fo u r  e x p e r im e n t s  an amoimt o f  a l c o h o l  was i n j e c t e d  t o  p ro d u c e  

a c o n c e n t r a t i o n  i n  t h e  b lo o d  o f  650 t o  450 cm. p e r  100 grammes 

of b lo o d ;  i . e .  a c o n c e n t r a t i o n  one w ould  e x p e c t  t o  f i n d  i n  a  

case o f  f a i r l y  m arked  a l c o h o l i c  i n t o x i c a t i o n .

R e s u l t s ; -

TABLE 1 8 .

No. o f W t. 1A m t.o f  A lc o . C o n c e n t r . o f  A lc . ’̂ E .B .B e f o r e , E .R . A f t e r .
Cat. s o l n .  1 0 / . c m .p e r  lO O grm s.b lood- ,KCC. KOC. EGG. tTDC.

44 3 .0 6 363 . 4 4 . 0 . 4 3 .8

45 2 .7 5 4 0 3  ]. .2 8 .0 1 .0 7 .5

46 2 . 3 8 395 . 6 5 .5 . 6 6 .5

47 2 . 8 7 454 .9 7 .0 .7 5 . 5

TABLE 1 8 .  ( C o n td . )

M o.of Cat

44

45

46

47

COg C omb i n  g . cap  ac i t  y  i n  c . c .  p e r  100 c . c .b l c & d

B e fo re

3 4 .6  

3 1 .8

3 3 .6  

3 5 .4

A f t e r .

2 1 .9

2 2 .7

2 2 .7

1 8 .8

XX
The f i g u r e s  i n  t h i s  colum n w e re  e s t i m a t e d  on t h e  a s s u m p t io n  

th a t  t h e  b lo o d  was 5 . 5 /  o f  t h e  t o t a l  b o d y ^ w e ig h t .

W ith  s u c h  d o s e s  t h e r e  i s  n o t  p ro d u c e d  any m arked cliange i n  

e l e c t r i c a l  e x c i t a b i l i t y .  T h e re  i s , h o w e v e r ,  a g r a d u a l  d e c r e a s e  

of t h e  a l k a l i n e  r e s e r v e  i n d i c a t i n g  an i n c r e a s e  i n  t h e  C^. T h is  

I n c r e a s e /
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i n c r e a s e  i n  t h e  C o f  t h e  b lo o d  r e n d e r s  i t  m e s o n e c t ic  and
H

00 n e u t r a l i s e s  t h e  d im in i s h e d  a c t i o n  o f  t h e  b lo o d  o a t a l a s e .

A c c o rd in g ly  t h e  t i s s u e s  i n  g e n e r a l  and t h e  n eu ro -m yone  i n

p a r t i c u l a r  w ou ld  r e c e i v e  t h e i r  n o rm a l  am ounts  o f  o x y g e n .
(118)

H ig g in s ,  h a s  shown t h a t  t h e  a l v e o l a r  t e n s i o n  o f  t h e  CO^

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

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

i n c r e a s e  i n  C .  T h is  s t i m u l a t i o n  o f  r e s p i r a t i o n  I  found  t o  be h
th e  c a s e  a s  wj&ll be  s e e n  i n  t r a c i n g ^  1 0 .  The h e a r t  r a t e  was 

u n c h a n g e d .

Large  d o s e s .  When l a r g e r  d o s e s  o f  a l c o h o l  a r e  i n j e c t e d  so  t h a t  

th e  c o n c e n t r a t i o n  i n  t h e  b lo o d  e x c e e d s  1 /  t h e r e  i s  p ro d u c e d  a  

marked i n c r e a s e  i n  e l e c t r i c a l  e x c i t a b i l i t y  a s  w i l l  be s e e n  from  

th e  acco m p an y in g  t a b l e .

TABLE 1 9 .  Showing e f f e c t  o f  l a r g e  d o s e s

N o.o f  
C a t .

W t . i n
_

A m t.o f  a l c o h o l  
s o l n . 1 0 /  i n  c . c .

C o n c e n t r . o f  A id ? * *
c m .p e r  100 g rm .b lo o d

. ,E .B .B e f . E .R . A f t

.KCC,► KOC. KuL

48 2 . 4 10 757 1 .4 8 .0 1 .3 3 .5

49 2 .9 18 1130 .6 8 . 0 . 5 1 .5

50 5 .1 12 706 .3 2 .7 . 3 1 .6

51 2 . 5 10 724 1 .0 9 .0 .8 2 . 6

55* 3 .0 12 727 , a | .0 .0 . 5 2 .2

M e th y l  a l c o h o l  was i n j e c t e d  i n  t h i s  c a s e .

XX The f i g u r e s  i n  t h i s  colum n w ere  e s t i m a t e d  on t h e  a s s u m p t io n  

t h a t  t h e  b lo o d  was 5 . 5 /  o f  t h e  t o t a l  b o d y - w e ig h t .
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TABLE 1 9 .  (C on td .V

N o .o f  Cat* COg comb, c a p a c i t y  i n  c . c  
p e r  lO O o .o .  p l a s m a .

B e f o r e . A f t e r .

48 3 7 .4 20*9

49 34*8 1 8 .2

50 35*3 2 3 .7

51 3 5 .9 2 6 .5

55 3 8 .3 2 8 .9

The a l k a l i n e  r e s e r v e  i s  r a t h e r  lo w e r  t h a n  w i t h  t h e  s m a l l e r  d o se s .  

The i n c r e a s e  o f  C^ i s  now no l o n g e r  a b le  t o  n e u t r a l i s e  t h e  

r e d u c e d  a c t i o n  o f  t h e  b lo o d  c a t a l a s e  a s  ca n  be s e e n  f ro m  a 

s tu d y  o f  t h e  f o l l o w i n g  t a b l e ,  w h ic h  shows t h e  f a l l  i n  t h e  

h ead  o f  oxygen a f t e r  l a r g e  d o s e s  o f  a l c o h o l .

TABLE 2 0 .

N o .o f W t. A m t.o f  a lc & . C o n c t r . o f /  S a t u r a t i o n  o f  oxygen
C a t . S o l n .  1 0 /  i n a l c o . c m . Be f o r e . N A f t e r .

c . c . p e r  100 grm . 
b l o o d . A r t e r . Yen. D i f f . A r t . Yen. D i f ,

51 2*5 10 724 8 9 .4 6 0 .7 2 8 .7 8 0 .4 6 9 .8 1 0 .6

76 1 .9 10 952 9 2 .1 6 1 .9 30*2 7 4 .3 6 0 .9 7 . 4

77 2 . 8 12 779 9 0 .8 5 0 .8 4 0 .0 7 2 .6 6 0 .9 1 1 .7

T h is  f a l l  i n  t h e  h e a d  o f  oxygen  i s  p r o b a b l y  i n  g r e a t  

p a r t  due t o  t h e  m arked s lo w in g  a n d , a t  t i m e s , c o m p l e t e  i n h i b i t i o n  

o f  r e s p i r a t i o n .  T h is  phenom enlj 'w as  o b s e rv e d  b y  H ooker ( ^ 9 ) ,  and 

i s /
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i s  w e l l  m arked  i n  t r a c i n g  1 1 .

The b lo o d  p r e s s u r e  may show a f a l l  ( T r a c in g  IE )  

w h ic h  i s  u s u a l l y  a  v e r y  s lo w  o n e .  T h is  f a l l  i s  n o t  a  

c o n s t a n t  p h en o m en o n . The p u l s e - p r e s s u r e  i s  m a rk e d ly  

i n c r e a s e d  and  t h e  p u l s e  r a t e  d im in i s h e d ^  t h e s e  b e i n g  

c o n s t a n t  acco m p an im en ts  o f  an  e x c e s s i v e  d o s e  o f  a l c o h o l .

A l l  t h e s e  g r a d u a l l y  w e a r  o f f  when t h e  a d m i n i s t r a t i o n  o f  

a l c o h o l  i s  s t o p p e d .

I t  i s  p r o b a b l e  t h a t  a l c o h o l  i n  s u c h  e x c e s s i v e  

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

o f  t h e  r e s p i r a t o r y  c e n t r e  e s p e c i a l l y  and b y  t h i s  m eans a s  

w e l l  a s  by i t s  a c t i o n  on t h e  t i s s u e  c a t a l a s e ,  p r e v e n t i n g  

t h e  u t i l i s a t i o n  o f  oxygen  b y  t h e  t i s s u e s .  T h is  l e n d s  

s u p p o r t  t o  t h e  v iew  p r e v i o u s l y  p u t  f o rw a rd  t h a t  i n c r e a s e d  

e l e c t r i c a l  e x c i t a b i l i t y  i s  d e p e n d e n t  on a  d e f i c i e n t  s u p p ly  

o f  oxygen#

-oOd-
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(1 2 0 )

D ale  a f t e r  an e x h a u s t i v e  s t u d y  o f  t h e  p h afm o o o lo g y

o f  B - i m i n o a z o l y l e t h y l a m in e  show ed t h a t  i t s  m ain  a c t i o n  w a s  on

t h e  b r o n c h i a l  m u sc u la t^ ^ f#  an d  t h e  p u lm o n a ry  a r t e r i e s .  He fo u n d

t h a t  i t  had  b u t  l i t t l e  e f f e c t  on t h e ^ a r t  i t s e l f  b u t  t h a t  i t

m igh t p ro d u c e  a  f a l l  o f  t h e  s y s t e m ic  b l o o d - p r e s s u r e  ow ing t o

i t s  v a s o - d i l a t o r  e f f e c t  on t h e  s y s t e m ic  v e s s e l s .  I t s  a c t i o n

when a p p l i e d  d i r e c t l y  t o  s t r i p e d  m u sc le  w a s  p r a c t i c a l l y  n i l ,
(124

Thus t h e  s u g g e s t i o n  o f  B i e d l  t h a t  t e t a n y  i s  due t o  t h e

p r e s e n c e  o f  t h i s  s u b s t a n c e  i n  t h e  b lo o d  can  n o t  be  s u p p o r t e d .

N oel B a to n ,  F i n d l a y  & W atson  a d m i n i s t e r e d  B -I  t o  a  few  a n im a l s
i'kt of the ixtyftowyoni. ^

b u t  o b s e rv e d  n o n e  o f  t h e  symptoms o f  t e t a n y .  They d i d  n o t ^ .  J / c r f l  

h o w e v e r ,  s t a t e d  t h a t  i n  a c a t  he saw , a f t e r  r e p e a t e d  d a i l y  

a d m i n i s t r a t i o n  o f  1 t o  2 mg. an  i n c r e a s e  i n  t h e  e x c i t a b i l i t y  

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

m u s c le s .
(122)

A n d eres  and C l o e t t a  s t u d i e d  t h e  e f f e c t  o f  B - I  on c a t s .

T h e i r  t r a c i n g s  show a m arked  r i s e  i n  t h e  pu lm o n a iy  p r e s s u r e ,  and 

q u i t e  a m arked  f a l l  i n  t h e  l u n g  volum e a f t^er  a d m i n i s t r a t i o n  o f

0 .5  mg. w h i l e  t h e  s y s te m ic  b l o o d - p r e s s u r e  was a lm o s t  u n a f f e c t e d  

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

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

: ' The f o l l o w i n g  e x p e r im e n t s  w ere  done t o  d e t e r m in e  (1) w h e th e r  

a d m i n i s t r a t i o n  o f  B -I  c a u s e d  a d e c r e a s e  i n  t h e  h e a d  o f  oxygen and 

(2) i f  t h i s  was t h e  c a s e ,  w h e th e r  t h e  E .B .  o f  t h e  neurom yone was , 

a f f e c t e d ,  0 .5  mg. d i s s o l v e d  in  1 c . c .  o f  s a l i n e  was i n j e c t e d  

i n t o  t h e  j u g u l a r  v a i n .

I n /
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I n  c a t  4 9 ,  a s  t h e  f i r s t  d o se  p ro d u c e d  b u t  l i t t l e  e f f e c t  

a n o th e r  0 .5  mg. was g iv e n  20 m in u te s  l a t e r .

R e s u l t s : -  TABLE 2 1 .

No. o f w t . i n --- .bero rjà .__rJGhiuaftf ont en 0 ^.Content a f t e r .  !
A nim al, Kg. KCC.l KOC. KCC. KOCh  A rt .V e n ï ‘ v e r ^  W in

47 . Fern.
48 . Male
4 9 .Fern. 
49 . ( a f ­
t e r  2nd 
dose)

2 . 6
5 .0
2 . 9

n

1 .1
.9
.6

n

1 1 .0
7 . 5
7 .0

n

.  4

.3
.5

. 4

5 .5
2 . 8
5 .0

6 .0

9 4 .6  
8 6 .9  

1 9 3 .7

5 9 .5
5 1 .0
5 9 .9

5 5 .5
5 5 .9
3 5 .8 ,

7 7 .9
7 1 .8
8 1 .2

6 5 .4

6 2 .7  
4 9 .9
5 6 .7

5 0 .1

2 1 .9
246

1 5 .  S

B .I#  p r o d u c e s  an i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e

neuromyone as  w e l l  as  a  d i m i n u t i o n  i n  t h e  h ead  o f  o x y g e n .  T rem ors

were n o t  s e e n  i n  any  o f  t h e  t h r e e  e x p e r im e n t s  p e r f o r m e d ,  t h u s

c o n f i rm in g  t h e  o b s e r v a t i o n s  o f  NoWl B a to n ,  F i n d l a y  & W atson

m e n tio n e d  a b o v e .  The r e s u l t  o b t a i n e d  w i t h  c a t  49 b e a r s  o u t
(1 2 0 )

th e  s t a t e m e n t  o f  D ^le  t h a t  t h e  a c t i o n  o f  B -I  on t h e  r e s p i r a t o r y  

sy s te m  o f  c a t s  i s  v a r i a b l e .

C o n c lu s io n : -  The a c t i o n  cf B - i m i n # a z o l y l e t h y l a m i n e  on t h e  

e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  neurom yone and on t h e  h ead  o f  

oxygen l e n d s  s u p p o r t  t o  t h e  v ie w  t h a t  t h e  e x c i t a b i l i t y  i s  

d ep e n d e n t  on t h e  o x ygen  S u p p ly .

oOo-
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N o^l B aton  and  F i n d l a y  w e re  t h e  f i r s t  t o  p u t  f o rw a r d  t h e

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

o f  t e t a n i a  p a r a t h y r e o p r i v a .  They p ro d u c e d  syfiiptoms v e r y  l i k e

t h o s e  c a u s e d  by  r e m o v a l  o f  t h e  p a r a t h y r e o i d s ,  when t h e y  i n j e c t e d

g u a n i d i n .  The e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  n eu ro -m y o n e  was

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

Shov/ed was m a in ly  i f  n o t  e n t i r e l y  a r e s u l t  o f  i t s  a c t i o n  on t h e
(123)

n e r v e s  o r  t h e  n e r v e - e n a i n g s . B u rn s  and S harp e  fo u n d  a 

m arked i n c r e a s e  i n  t h e  amount o f  g u a n i d i n  and m ethy  1 - g u a n i d i n  

i n  t h e  b lo o d  and u r i n e  o f  dogs  a f t e r  r e m o v a l  o f  t h e  p a r a t h y r e o i d s

and i n  t h e  u r i n e  o f  c h i l d r e n  s u f f e r i n g  f ro m  i d i o p a t h i c  t e t a n y ,  and
(124)

B urns  d e m o n s t r a t e d  a  c l o s e  s i m i l a r i t y  b e tw e e n  t h e  d i s t u r b a n c e s  

o f  p r o t e i n  m e ta b o l i s m  p ro d u c e d  b y  p a r a t h y r e o i d e c t o m y  and t h o s e  

in d u c e d  by  a d m i n i s t r a t i o n  o f  s a l t s  o f  g u a n i d i n .  Uo*e*l B a to n  and 

F i n d l a y  a f t e r  a c o n s i d e r a t i o n  o f  t h e  e v id e n c e  b r o u g h t  f o r w a r d  

come t o  t h e  c o n c l u s i o n  t h a t  by r e m o v a l  o f  t h e  p a r a t h y r e o i d  g la n d s  

t h e  m e ta b o l i s m  o f  g u a n id in  i s  d i s t u r b e d .  They p o i n t  o u t ,  h o w ev e r ,  

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

i s  o f t e n  n o t  a t  once  a l t e r e d ,  and s u g g e s t  t h a t  t h e r e  i s  " a n  

optimum c o n c e n t r a t i o n  f o r  c a u s i n g  an i n c r e a s e  i n  t h e  r e a c t i o n  o f  

t h e  p e r i p h e r a l  m e c h a n ism ."  T h i s  p r o b a b l y  e x p l a i n s  t h e  f a i l u r e  

t o  a r r i v e  a t  any d e f i n i t e  r e s u l t s  i n  t h e  work h e r e  r e c o r d e d .

The f o l l o w i n g  e x p e r im e n t s  (T a b le  2 2 . )  w ere  done t o  d e te r m in e  

w h e th e r  t h e  a d m i n i s t r a t i o n  o f  g u a n i d i n  had  any  e f f e c t  on t h e  

s u p p ly  o f  oxygen t o  t h e  t i s s u e s .  G - u a n id in - h y d r o c h lo r id e  was 

t h e /



p.c
ïi.

f  W t . in  
Kg.

Dose p ,  
k i l o . i n

gm.

E.R,. b e f o r e s f t e r % S a t .
B e f o r e .

o f  Og
A f t e r .K.C.C, , K.O.C .KCC. KOC.

A rte ]V.Ven, D i f f . A rt  e ^ V e n / D i f f

Z .7 . 0 7 4 0 . 5 2 .7 0 .4 2 : 4 8 9 .5 5 5 .9 5 5 .6 8 5 .7 5 1 .1 5 2 .6
2 .2 .1 4 0 . 4 7 .0 0 .2 6 .0 95.11 6 4 .6 2 8 .5 8 7 .7 6 3 .1 2 4 .6
5 .1 .1 6 0 .9 8 . 0 0 . 5 7 .5 9 4 .5 6 9 .1 2 5 .4 8 9 .5 5 6 .1 3 3 .2
2 . 5 .2 1 0 . 4 5 .0 0 . 6 6 .0 9 0 .6 7 2 .2 1 8 .4 9 4 .1 7 1 .9 2 2 .2
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t h e  s a l t  u s e d  and t h e  amount u s e d  was d i s s o l v e d  i n  20 c . c .

s a l i n e  and i n j e c t e d  i n t o  t h e  j u g u l a r  v e i n .
TABLE 2 2 .

As w i l l  be  s e e n  f ro m  t h e  ab@ve t a b l e  g u a n i d i n  seems t o  have  

had  v e r y  l i t t l e  e f f e c t  on t h e  "h e a d  o f  o x y g e n " .  But i n  no 

e x p e r im e n t  was t h e r e  any  m arked  i n c r e a s e  i n  e l e c t r i c a l  e x c i t a b i l i t y ,  

n o r  w ere  any t r e m o r s  o b s e r v e d .  A c c o r d in g ly  one c a n n o t  come t o  

any c o n c l u s i o n s  a s  t o  w h e th e r  t h e  a c t i o n  o f  g u a n i d i n  i n  p r o d u c in g  

an i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y  i s  due t o  a d im in i s h e d  

s u p p ly  o f  oxygen t o  t h e  t i s s u e s  o r  t o  some s p e c i f i c  a c t i o n  o f  

i t s  own.

I n  c a s e s ' o f  p a r a t h y r e o i d e c t o r a y ,  i t  h a s  b e e n  n o t e d  b y  W i ls o n ,  
T A i/rW  (79)

S team s and Ammiey t h a t  t h e  d i s s o c i â t i o n - c u r v e  o f  t h e  b lo o d  

moved t o  t h e  l e f t ,  t h a t  i s ,  t h e  b lo o d  became p l e o n e c t i c  and 

t h e  o x y h aem o g lo b in  was s p l i t  up  w i t h  d i f f i c u l t y  so  t h a t  t h e  

t i s s u e s  o b t a i n e d  a p o o r e r  s u p p ly  o f  o x y g e n .  This  v/ould s u g g e s t  

t h a t ,  when g u a n id in  d o e s  c a u s e  symptom s s i m i l a r  to t h o s e  o f  

p a r a t h y r e o i d e c t  omy i n c l u d i n g  a lm o s t  i d e n t i c a l  d i s t u r b a n c e s  i n  

m e ta b o l i s m ,  i t  m ig h t  a l s o  r e n d e r  t h e  b lo o d  p l e o n e c t i c .  I f  

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

o n e /  ,
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one would, be j u s t i f i e d  i n  t h i n k i n g  t h a t  i t  was b e c a u s e  o f  t h e  

p o o r e r  s u p p ly  o f  oxygen t o  t h e  î i S S u e s  t h a t  t h e  e l e c t r i c a l  

e x c i t a b i l i t y  was i n c r e a s e d .

F u r t h e r ,  a c o n s i d e r a t i o n  o f  th e  a s p h y x ia  and c y a n id e  

e x p e r im e n t s  shows t h a t  t h e  i n c r e a s e  i n  e x c i t a b i l i t y  t o o k  p l a c e  

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

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

t a k e  p l a c e  as  h a s  b e e n  shown n e c e s s a r y  by  N oel P a to n  and F i n d l a y  

t o  r a i s e  t h e  e l e c t r i c a l  e x c i t a b i l i t y .  T h e re  i s  o f  c o u r s e  t h e  

p o s s i b i l i t y  t h a t  c o n d i t i o n s  s u c h  as  a s p h y x ia  l e a d  t o  a  l o c a l  

a c c u m u la t io n  o f  g u a n i d i n  i n  t h e  n e ig h b o u rh o o d  o f  t h e  n e u r o -  

myone, and so  m ig h t  p ro d u c e  a n  i n c r e a s e  i n  i t s  e l e c t r i c a l  "

e x c i t a b i l i t y .  T h i s  w ou ld  mean p r a c t i c a l l y  a s i m u l t a n e o u s  l o c a l  

e x c e s s o f  g u a n i d i n  w i t h  a  d i m i n u t i o n  i n  o x y g e n - s u p p ly .  I f  

t h i s  h y p o t h e s i s  i s  c o r r e c t ,  t h e n  t h e  q u e s t i o n  as  t o  w h ic h  i s  t h e  

p r e c u r s o r  o f  t h e  o t h e r  and w h ic h  t h e  c a u s a  c a u s an s  o f  t h e  i n c r e a s e d  

e l e c t r i c a l  e x c i t a b i l i t y  m ust be l e f t  open  a t  p r e s e n t .

C o n c l u s i o n s ; -  T h e re  i s  no c o n c l u s i v e  e v id e n c e  a s  t o  t h e  a c t i o n  

o f  g u a n i d i n  on t h e  "h e a d  o f  o x y g e n " ,  b u t  t h e r e  i s  r e a s o n  t o  

b e l i e v e  t h a t  when g u a n id in  d o e s  i n c r e a s e  t h e  e l e c t r i c a l  e x c i t a b ­

i l i t y  jbt d o es  so  b e c a u s e  o f  t h e  d i m i n i s h e d  s u p p ly  o f  oxygen t h a t  

i s  i n d u c e d .  The p o s s i b i l i t y  i s  a l s o  s u g g e s t e d  o f  an o x aem ia  

l e a d i n g  t o  a l o c a l  c o n c e n t r a t i o n  o f  g u a n i d i n  ro u n d  t h e  neu ro m y o n e .

W h a te v e r  t h e  v iew  a s  t o  t h e  c a u s e  o f  t h e  g u a n id in -s y m p to m s  

t h e r e  i s  n o th in g  i n  t h i s  e v id e n c e  t h a t  can  be p u t  fo rv /a rd  a s  

b e i n g / a g a i n s t  t h e  t h e s i s  t h a t  a n o x aem ia  i s  t h e  c a u s a l  f a c t o r  o f

i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y .
Ë ------------ -—-oQo>
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a t t e m p t  h a s  b e e n  made i n  t h i s  s e c t i o n  t o  d e a l  e x h a u s t i v e l y  

w i t h  t h e  c l i n i c a l  c o n d i t i o n s  i n  w h ic h  an i n c r e a s e d  e l e c t r i c a l  

e x c i t a b i l i t y  o f  t h e  n eu ro -m y o n e  h a s  b e e n  f o u n d .  T ha t i t  i s  

fo u n d  i n  c o n d i t i o n s  o t h e r  t h a n  c l i n i c a l  t e t a n y  seem s t o  be 

i n d i c a t e d  f ro m  a  p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  e l e c t r i c a l  0 

r e a c t i o n s  w h ic h  I  am c o n d u c t i n g  on c h i l d r e n  who a r e  n o t
t

s u f f e r i n g  w i t h  t e t a n y .  The f o l l o w i n g  a r e  t h e  n o t e s  o f  a  few  

c a s e s  w h ic h  have  come u n d e r  my o b s e r v a t i o n  d u r i n g  t h e  p a s t  

s i x  m o n th s .

CASE I .

C.O. F e m a le .  Aet 7 m os. N orm al b i r t h .
B r e a s t  f e e d i n g  f o r  f i r s t  f o u r  m o n th s .  Owing t o  " m o t h e r ' s  
m i lk  n o t  s a t i s f y i n g " ,  b a b y ,  G laxo  and S i s t e r  L a u r a ' s  fo o d  
t r i e d .  Now on N e s t l e ' s  C o n d en sed  M i lk .  H i s t o r y  o f  
t r e m o r s  and spasm s on a n d  o f f  d u r i n g  p a s t  t h r e e  m o n th s .

14/ 10/ 20 . When f i r s t  s e e n ,w a s  s u f f e r i n g  w i t h  c o n v u l s i o n s  and
t r e m o r s .  L a r y n g e a l  sp asm  + + + .  F a c i a l  phenomenon + + .  ,
C h i ld  v e r y  e m a c i a t e d .

E . R . : -  K .C .C .0 . 4  A .C .C . 0 . 4  A .O .C . 0 . 4  K .O .C . 1 .2  
P u t on o l i v e - o i l  a t e a s p o o n f u l  e v e r y  f o u r  h o u r s ,  and e g g -  
album ftn . P h e n a z o n ia n d  Hexamine g r . 2 .  o f  e a c h ,  e v e r y  f o u r  
h o u r s .

21/ 10/ 20 . I m p ro v in g .  Symptoms much d im in i s h e d  i n  I n t e n s i t y .
1 6/ 1/ 21 . Looks v e r y  much b e t t e r .

E .R : K .C .C .0 . 6  A .C .C .0 . 6 .  A .O .C .0 . 4  K .O .C . + 5 .
4/ 5/ 21 . M o ther  s a y s  sh e  n o t i c e d  a  lump i n  b a b y ' s  l e f t  u p p e r

arm t h r e e  d a y s  a g o .  No h i s t o r y  o f  i n j u r y .  E x a m in a t io n
r e v e a l e d  a  c o m p le te  f r a c t u r e  o f  t h e  h u m e ru s .

1 6/ 5/ 21 . C h i ld  d o in g  w e l l  on cod  l i v e r  o i l .

T h i s  c a s e  i s  u n d o u b te d ly  one o f  t e t a n y .  The p o i n t s  o f

i n t e r e s t  a r e  (1) t h e  d i s t u r b a n c e  i n  t h e  c a lo iu m - m e ta b o l i s m  a s

r e v e a l e d  by t h e  s p o n ta n e o u s  f r a c t u r e  and (2) t h e  m arked

im provem ent o b t a i n e d  by a d m i n i s t r a t i o n  o f  o i l .  P r o b a b ly  t h e

c o d /
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o o d - l i v e r  o i l  was t h e  more e f f i c i e n t  o f  t h e  tw o b u t  c e r t a i n l y  

t h e  c h i l d  showed a  m arked im p ro v em en t when o l i v e - o i l  f e e d i n g  

was b e g u n .

As r e g a r d s  t h e  d i s t u r b a n c e  i n  t h e  m e ta b o l i s m  o f  b o n e ,  a  r e c e n t
(125)

p a p e r  by  H u tc h i s o n  and P a t e l  on t h e  E t i o l o g y  o f  O s te o m a la c ia  

i n  t h e  C i t y  o f  Bombay, i s  o f  i n t e r e s t  i n  sho w in g  t h a t  t h e r e  i s  

a  l a r g e  p r e p o n d e r a n c e  o f  o s t e o m a l a c i a  among t h e  Mahomedan 

women v/ho u s e  t h e  p u r d a h  s y s t e m  w h ic h  r e s u l t s  i n  l a c k  of 

f r e s h  a i r  and e x e r c i s e .  T h i s  l a c k  o f  f r e s h  a i r ,  t h a t  i s ,  an  

i n a d e q u a t e  s u p p ly  o f  o x y g e n ,  t h e y  r e g a r d  as  t h e  m ost p o t e n t  

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

CASE I I .

Baby McM. M a le . a e t  19 m o n th s .  Norm al b i r t h .
M arked s i g n s  of r i c k e t s .  C o n s t p i a t i o n  4 4 .
D i e t ,  " p o r r i d g e ,  s a p s  add p o t a t o e s  and ’k i t c h e n * .

12/ 12/ 20 .' P a l e  p a s t y - l o o k i n g  c h i l d .  Has s u f f e r e d  w i t h  
w h o o p in g -c o u g h  d u r i n g  p a s t  t h r e e  w e e k s .  At p r e s a n t  
h a s  m arked  spasm s a f t e r  c o u g h .  No e v id e n c e  o f  t e t a n y  
b u t  e x a m in a t io n  o f  c h e s t  r e v e a l s  s i g n s  o f  commencement o f  
b r o n c h o -p n e u m o n ia .

E .R . K .C .C .  . 8 .  A .C .C .1 . 4 .  A .O .C .1 . 4  K .O .C . 6 . 0 .  
13/ 12/ 20 . D ie d .  Cause o f  d e a t h  -  B ro n c h o -p n e u m o n ia .

T h is  c a s e  i s  o f  i n t e r e s t  i n  t h a t  t h e r e  i s  p r e s e n t  

h y p e r e x c i t a b i l i t y  o f  t h e  neurom yone a s s o c i a t e d  w i t h  t h e  o n s e t  

o f  b ro n c h o -p n e u m o n ia  b u t  v / i t h  no s i g n s  o f  t e t a n y .

CASE I I I .
R.McG-. M a le .  Aet 15 m os.

2/ 1/ 21 .  S u f f e r i n g  w i t h  w h o o p in g -c o u g h  o f  t h r e e  w e e k s '  d u r a t i o n .
D i a r r h o e a  and v o m i t i n g .  M arked r i c k e t s .

8/ 1/ 21 .  Im p ro v in g  b u t  s t i l l  a  m arked l a r y n g e a l  " c ro w " .
E .R . K .C .C . . 4  A .C .C . . 4 .  A .O .C . . 6 .  K .O .C . 1 . 3 .

O n e /
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One n o t e s  h e r e  t h e  a s s o c i a t i o n  o f  i n c r e a s e d  e l e c t r i c a l

e x c i t a b i l i t y  w i t h  w h o p p in g -c o u g h ,  a n o t h e r  d i s e a s e  i n t e r f e r i n g

w i t h  p r o p e r  o x y g e n a t i o n .

CASE IV .

E .F .  F e m a le .  Aet 15 mos.
19/ 1/ 21 . H i s t o r y  o f  d i a r r h o e a  and  v o m i t i n g  o f  tw o d a y s '  d u r a t i o n .

One c o n v u l s i o n .  Tem p.1 0 4 .2
21/ 1/ 21 . S ig n s  o f  b ro n c h o -p n e u m o n ia .

E .R .  K .C .C . 1 .2  A .C .C . . 8 .  A .O .C . . 8 .  K .O .C . 3 . 0 .
20/ 1/ 21 .  Marked b ro n c h o p n e u m o n ia .
27/ 1/ 21 . D ie d .

CASE V.
B.H. F e m a le .  Aet 13 m os.

I 8/ 3/ 21 . H i s t o r y  o f  c o n v u l s i o n s  d u r i n g  p a s t  f o r t n i g h t .
At p r e s e n t  shows symptoms o f  m e n i n g i t i s  ( r e t r a c t i o n  o f  
h e a d ,  K e rn ig  + .  e t c . )
E .R .  K .C .C . 1 .2  A .C .C . 2 . 0 .  A .O .C . 1 . 8 .  K .O .C . 5 . 0  + .  

2 6 / s / 2 1 .  D ied o f  t u b e r c u l a r  m e n i n g i t i s .

CASE V I . The f o l l o w i n g  c a s e  i s  one o f  m arked  p a r a l y s i s  a g i t a n s  
and i s  o f  i n t e r e s t  b e c a u s e  o f  t h e  p r e s e n c e  o f  i n c r e a s e d  
e l e c t r i c a l  e x c i t a b i l i t y .

M rs .C .  Aet 54 y e a r s .
5/ 12/ 19 .  She h ad  e n jo y e d  good h e a l t h  up t i l l  t e n  y e a r s  ago

when she  b e g a n  t o  s u f f e r  f ro m  t r e m o r s  o f  t h e  h a n d .  Nov/ 
s h e  p r e s e n t s  a l l  t h e  c l a s s i c a l  symptoms o f  p a r a l y s i s  a g i t  a n s . 
A l l  t h e  b a c k  and n e c k  m u s c le s  a r e  r i g i d ,  so  much so  t h a t  sh e  
c a n n o t  h o ld  h e r  h e a d  e r e c t .  H er c h e s t  i s  c o n t r a c t e d  and 
she i s  v e r y  l i a b l e  t o  b r o n c h i a l  c a t a r r h .  D u r in g  an 
a t t a c k  o f  b r o n c h i t i s  t h e  t r e m o r s  become v e r y  much w o r s e ,

E .R .  K .C .C . 2 . 3 .  A .C .C . 6 . 0 .  A .O .C . 2 . 5 .  K .O .C . 3 . 5 .

The a c c o m p an y in g  t r a c e  shows t h e  p e r i o d i c i t y  o f  t h e  t r e m o r s  

o f  t h e  f o r e f i n g e r .  At p o i r t  C. sh e  was a s k e d  t o  t r y  h e r  h a r d e s t  

t o  k e e p  h e r  handwani#* Ag s t e a d y  b u t  i t  w i l l  be s e e n  t h a t  h e r  

a t t e m p t  was o f  no a v a i l .

B lood was t a k e n  f ro m  t h e  m ed ian  b a s i l i c  v e i n  and t h e  

a l k a l i n e /
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a lk a l in e  r e s e r v e  e s t i m a t e d  by  t h e  Van S ly k e  m e th o d .  The p la sm a  

ÿas fo u n d  t o  c o n t a i n  5 3 .7  v o l s ,  p e r  c e n t ,  o f CO. bound a s  b i c a r b o n a t e ,  

U n f o r tu n a te ly  i t  was n o t  p o s s i b l e  t o  d e t e r m in e  t h e  "h ead  o f  o x y g e n " .

The v iew  h a s  b e e n  p u t  f o rv /a r d  t h a t  p a r a l y s i s  a g i t  a n s  i s  due 

to some l e s i o n  i n  t h e  p a r a t h y r e o i d s .  The above p a t i e n t  was t r e a t e d  

for a  few  w eeks on P a r a t h y r e o i d  G land  l / l O  g r a i n  t h r e e  t i m e s  a  d ay  

and i t  seem ed t o  me t h a t  s h e  b e n e f i t e d  somewhat f ro m  t h e  t r e a t m e n t .  

U n f o r tu n a te ly  a s e v e r e  " i n f r m e n z a l  c o l d "  d e v e lo p e d ,  t e r m i n a t i n g  

f a t a l l y .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  l a r g e  d o s e s  o f  c a l c iu m  

(SO g r a i n s  o f  t h e  l a c t a t e  d a i l y )  w ere  o f  no a v a i l  i n  l e s s e n i n g  th e  

tre m o rs .

The above  c a s e s  a r e  t o o  few  i n  num ber t o  a l l o w  o f  an y  d e f i n i t e

o n c l u s i o n s  b e i n g  draw n t h e r e f r o m .  The a s s o c i a t i o n  of r e s p i r a t o r y

jiisease  and i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y  i s ,  h o w e v e r ,  v e r y
(126)

s u g g e s t iv e .  S t i l l  n o t e s  t h e  r e a d i n e s s  w i t h  w h ic h  p u lm o n ary

o l l a p s e  o c c u r s  a s  a  r e s u l t  o f  b ro n c h o p n e u m o n ia  and b r o n c h i t i s  i n

infancy and e a r l y  c h i l d h o o d .  Hè f u r t h e r  r e m a rk s  on t h e  l i a b i l i t y  t o

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

o ry z a ,  and e n la r g e m e n t  o f  t o n s i l s  and  a d e n o i d s .  T h a t p u lm o n a ry

o l l a p s e  l e a d s  t o  a m arked d e c r e a s e  i n  t h e  o x y g e n - s a t u r a t i o n  o f  th e
(89)

T t e r i a l  b lo o d  h a s  shown by t h e  w ork  o f  Adams and M o r r i s .

B ass e t t - S m i t h  r e c o r d s  a c a s e  o f  s p r u e  c o m p l i c a t e d  by

e f i n i t e  t e t a n y .  N o te s  o f  t h e  c a s e  show t h a t  t h e r e  was a  m arked 

naem ia, t h e  r e d - c e l l s  b e i n g  r e d u c e d  t o  l e s s  t h a n  one and a h a l f  

i l l i o n /
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m i l l i o n  p e r  c u b . c e n t i m e t r e .  (The h a e m o g l o b i n - e s t i m a t i o n  

i s  n o t  g i v e n . )  Oxygen was a d m i n i s t e r e d  b y  i n h a l a t i o n  and 

e t h e r  g iv e n  p e r  r e c tu m  w i t h  t h e  r e s u l t  t h a t  t h e  t e t a n y  

symptoms s u b s i d e d .  B a s s e t t - S m i t h  g i v e s  t h e  e t h e r  t h e  

c r e d i t  b u t  one w o n d e rs  w h e th e r  t h e  oxygen  was n o t  a l s o  o f  

u s e .  S t i l l  m e n t io n s  t h e  a d m i n i s t r a t i o n  o f  oxygen a s  one 

o f  t h e  m e th o d s  o f  t r e a t m e n t  recom m ended i n  t e t a n y  a t t a c k s  

b u t  m akes no comment on i t s  u s e f u l n e s s .  An e m e rg e n c y -  

t r e a t m e n t  i n  common u s e  by t h e  l a y - p u b l i c  i s  t h e  im m e rs io n  

o f  t h e  p a t i e n t  i n  a h o t  b a t h  up  t o  t h e  n e c k .  U n d o u b te d ly  

t h i s  h a s  i n  many c a s e s  a s e d a t i v e  e f f e c t ,  and i t  l e a d s  one 

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

c i r c u l a t i o n  and i n c r e a s e  of oxygen s u p p l y  t o  t h e  t i s s u e s  t h a t  

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

The c l i n i c a l  m a t e r i a l  p r e s e n t e d  i s  t o o  m eagre  t o  a l lo w  

o f  a n y  d e f i n i t e  c o n c l u s i o n s  b e i n g  b a s e d  on i t .  A c o n s i d e r a ­

t i o n  o f  t h e  e v id e n c e  b ro u g h t  fo rv /a rd  i n  t h i s  s e c t i o n  a f f o r d s ,  

h o w e v e r ,  f u r t h e r  s u p p o r t  t o  t h e  v ie w  t h a t  an o x a e m ia  i s  t h e  

e s s e n t i a l  c o n d i t i o n  i n  t h e  p r o d u c t i o n  o f  an  i n c r e a s e  i n  

e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  n e u ro -m y o n e .

A s t u d y  o f  t h e  h o m e - c o n d i t i o n s  i n  t e t a n y  d i s t r i c t s  i s

o f  g r e a t  i n t e r e s t  i n  c o n n e c t i o n  w i t h  t h e  v iew  t h a t  h a s  b e e n

a d v a n c e d  on t h e  c a u s a t i o n  o f  i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y ,
(128)

IVIiss F e rg u s o n  i n  a  r e c e n t  s t u d y  o f  s o c i a l  and econom ic 

f a c t o r s /
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f a c t o r s  i n  th e  c a u s a t i o n  o f  r i c k e t s  showed, q u i t e  c o n c l u s i v e l y

(1) t h a t  t e t a n y  i s  c l o s e l y  a s s o c i a t e d  w i t h  r i c k e t s ,  and

(2) t h a t  i n a d e q u a t e  a i r  and e x e r c i s e  seem  t o  be p o t e n t  f a c t o r s  

i n  d e t e r m i n i n g  t h e  o n s e t  o f  r i c k e t s .

I  had  t h e  o p p o r t u n i t y  o f  i n v e s t i g a t i n g ,  b y  means o f  L eonard

H i l l ' s  " k a î a th e r m o m e te r "  t h e  c o n d i t i o r s  o f  v e m t l& a t io n  i n  th e

h o u s e s  o f  t h e  e a s t - e n d  o f  G lasgow , i n  t h o s e  d i s t r i c t s  w here
(129)

t e t a n y  and r i c k e t s  a r e  m ost p r e v a l e n t .  H i l l ' s  work l e a d s

him  t o  c o n c lu d e  t h a t  f o r  s e d e n t a r y  w o r k e r s  t h e  d r y  k a t a  c o o l ip g  

pow er s h o u ld  n o t  be b e low  6 . 0 ,  and t h e  w et ka t&  c o o l i n g  power 

n o t  b e lo w  1 8 . 0 .  On d a y s  when i n  n o rm a l  h o u s e s  t h e  r e a d i n g s

w ere  w e l l  above t h e s e  f i g u r e s ,  I  o b t a i n e d  r é s u l t é s  o f  l e s  p. t h a n  

5 . 0  f o r  t h e  " d ry "  and  l e s s  t h a n  1 2 .0  f o r  t h e  "w e t"  r e a d i n g s .

I n  t h e  c a s e  o f  t h e  " s e m i - c o n c e a l e d  bed"  so  common i n  G lasgow , 

t h e  r e a d i n g s  w ere  e v e n  l e s s .  By t h e  k i n d n e s s  o f  t h e  c o r p o r a -  

: t i o n  s a n i t a r y - i n s p e c t o r s  I  was e n a b le d  t o  v i s i t  t h e s e  same h o a s e s ,  

a t  n i g h t ,  ( a b o u t  2 a . m . ) :  v e n t i l a t i o n  was p r a c t i c a l l y  n o n ­

e x i s t e n t  and one f e l t  a b s o l u t e l y  e x h a u s t e d  a f t e r  s t a n d i n g  

q u i t e  s t i l l  f o r  s e v e r a l  moments i n  s u c h  a  h o u s e .  The d r y  and 

w et k a î a  r e a d i n g s  w ere  u s u a l l y  a b o u t  3 .5  and 9 .5  r e s p e c t i v e l y .

When i n f a n t s  a r e  t a k e n  i n t o  t h e  o p e n - a i r  t h e y  a r e  u s u a l l y  w e l l  

m u f f l e d  up by  a  sh a w l so  a s  t o  l i m i t  t h e  amount o f  oxygen 

a v a i l a b l e .  The i n f a n t  i s  t h u s  b r o u g h t  up i n  a s t a t e  o f  

c h r o n i c  o c y g e n - l a c k ,  s u r r o u n d e d  by  an a e r i a l  j a c k e t , t h e  

o n e /
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one c h a r a c t e r i s t i c  o f  w h ic h  i s  i t s  low o x y g e n - c o n t e n t .  

And i t  i s  i n  t h e s e  d i s t r i c t s ,  w h ere  s u c h  a  c o n d i t i o n  o f  

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

so  p r e v a l e n t .

•oOo*
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The r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  r e c o r d e d  h e r e  l e a d

one t o  p u t  f o r w a r d  a s u g g e s t i o n  a s  t o  t h e  m echan ism  o f  t h e
^  (9)

r e a c t i o n  o f  d e g e n e r a t i o n .  K o f i  P a t  on and F i n d l a y  t h in k .

t h a t  t h e  d e v e lo p m e n t  o f  t h e  slov/ g e n e r a l i s e d  c o n t r a c t i o n  w i t h

t h e  i n c r e a s e d  r e s p o n s e  t o  g a l v a n i c  s t i m u l a t i o n ,  may be  a

r e s u l t  o f  th e  d e g e n e r a t i o n  o f  t h e  r e c e p t i v e  s u b s t a n c e ,
(130)

But L a n g le y  and I t a g a k i  have  fo u n d  t h a t  t h e  o x y g e n -u se  

o f  d e n e r v a t e d 'm u s c l e  i s  much g r e a t e r  t h a n  t h a t  o f  t h e  n o rm a l  

s t r u c t u r e .  The r e s u l t  i s  t h a t  t h e r e  i s  a r e l a t i v e  anoxammia 

p r e s e n t  ro u n d  t h e  d e n e r v a t e d  m u s c le .  T h i s  a n o x a e m ia  w ou ld  

i n c r e a s e  t h e  e x c i t a b i l i t y  o f  t h e  w ho le  neurom yone and ' so  l e a d  

t o  an i n c r e a s e d  r e s p o n s e  t o  g a l v a n i c  s t i m u l a t i o n .  W he th e r  

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

d e g e n e r a t i o n ,  i t  a p p e a r s  a p l a u s i b l e  h y p o t h e s i s .  I t  seems 

a l s o  t o  e x p l a i n  t h e  b e n e f i c i a l  e f f e c t s  o f  g e n t l e  m assage  t o  

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

The m assag e  w ould  in d u c e  a  g r e a t e r  f lo w  o f  b lo o d  t o  t h e  p a r t  

and  c o n s e q u e n t l y  a  b e t t e r  s u p p ly  o f  oxygen  t o  t h e  neu rom yone . 

Thus t h e  i r r i t a t i n g  e f f e c t  o f  an a n o x aem ia  and i t s  r e s u l t a n t  

i n c r e a s e d  e x c i t a b i l i t y  and g e n e r a l i s e d  c o n t r a c t i o n  w ould  be 

p r e v e n t e d ,  and  t h e  b re a k -d o w n  o f  t h e  m u sc le  t i s s u e  i f  n o t  

p r e v e n t e d ,  a t  l e a s t  i n h i b i t e d .

A g e n e r a l  s u r v e y  o f  t h e  e v id e n c e  b r o u g h t  f o r w a r d  i n  

t h i s /
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t h i s  t h e s i s  i s  g iv e n  i n  t h e  f o l l o w i n g  t a b l e

C o n d i t i o n . E .E .  S u p p ly  o f  Og G alo lum  o o n t e n t
t o  t i s s u e s .  o f  s e ru m .

A c i d o s i s .  -  + 0
A l k a l o s i s .  4 -  0
A sp h y x ia .  t
C o ld .  4" —
A naem ia . 4- -
C y an id e  p o i s o n i n g .  +
A lc o h o l  p o i s o n i n g ,  t  -  0
( e x c e s s i v e  d o s e )
B—In., + —
G u a n id in .  t  t  ?

* i n d i c a t e s  an  i n c r e a s e .
-  a  d e c r e a s e .
0 no  c h a n g e .

I t  w i l l  be s e e n  t h a t  i n  p r a c t i c a l l y  e v e r y  c a s e  i n

w h ic h  t h e r e  i s  an  i n c r e a s e d  e l e c t r i c a l  e x c i t a b i l i t y  t h e r e

i s  a l s o  p r e s e n t  a  d i m i n i s h e d  s u p p ly  o f  oxygen t o  t h e  t i s s u e s .

The e v id e n c e  as  r e g a r d i n g  g u a n i d i n  i s  c e r t a i n l y  n o t  c l e a r

and t h e  a c t i o n  o f  g u a n i d i n  on t h e  h e a d  o f  oxygen  w i l l

r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  A c o n s i d e r a t i o n  o f

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

a n im a l  body d o e s  n o t ,  h o w e v e r ,  oppose  t h e  v iew  t h a t

a n o x aem ia  i s  th e  c a u s a l  f a c t o r .  As r e g a r d s  t h e  i n f l u e n c e

o f  c a l c i u m ,  t i e  e v id e n c e  i s  s t i l l  f a r  f ro m  c o n c l u s i v e .  I t

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

lead%  t o  an  i n a c t i v a t i o n  o f  c a l c i u m .  T ha t t h e r e  i s  n o t

n e c e s s a r i l y  a  d i m i n u t i o n  i n  t h e  t o t a l  amount o f  c a lc iu m

p r e s e n t /
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p r e s e n t  i n  t h e  b lo o d  i s  shown b y  t h r e e  r e s u l t s  g i v e n  a b o v e .  

T hese  r e s u l t s ,  h o w e v e r ,  do n o t  p r o v e  t h a t  c a l c iu m  m e ta b o l i s m  

i s  o f  no im p o r ta n c e  i n  c o n d i t i o n s  w h ere  an i n c r e a s e d  

e l e c t r i c a l  e x c i t a b i l i t y  e x i s t s .  I t  i s  q u i t e  p o s s i b l e  

t h a t  a n o x aem ia  and d i m i n i s h e d  amount o f  " a c t i v e "  c a lc iu m  

a r e  b o t h  p ro d u c e d  by t h e  t o x i c  o r  o t h e r  f a c t o r s  i n d u c i n g  

t e t a n y  and c o g n a te  c o n d i t i o n s .  Even i f  t h i s  i s  t h e  c a s e ,  

t h e  v iew  t h a t  an o x aem ia  i s  t h e  b a s a l  c a u s e  o f  i n c r e a s e d  

e l e c t r i c a l  e x c i t a b i l i t y  s t i l l  h o l d s  good , u n l e s s  i t  i s  h e l d  

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

p r o d u c e s  t h e  i n c r e a s e  by  v i r t u e  o f  a s p e c i f i c  a c t i o n  o f  i t s  

own. T h i s  l a s t  h y p o t h e s i s  i s  so  u n l i k e l y  i n  v iew  o f  t h e  

e v id e n c e  b r o u g h t  f o rw a r d  t h a t  i t  m ig h t  a lm o s t  be  c o n s i d e r e d  

u n t e n a b l e .
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4 8 .  M acCallum  L i n t z . V e r m i ly e ,  L e g g i t t  & B o a s .  B u l l . J . H o p k .
H o s p .B a l t i m o r e ,  1 9 2 0 . 3 1 .  p . 3 4 7 .

4 9 .  H a r r o p .  B u l l  J .H o p k .H o s p .1 9 1 9 .3 0  . p . 6 2 .

5 0 .  G ra n t  & Goldm an. A r n e r . J o u r n .P h y s i o l . 1 9 2 0 . 5 2 . p . 2 0 9 .

5 1 .  C y b u l s k i .  M o n a t s c h r . f . K i n d e r h e i l k .  1 9 0 6 .  5 .  4 0 9 .
q u o te d  by R o s e n s t e r n  ( 2 7 ) .

5 2 .  C a t t a n e o  and C o t t a  R am u s in o .  c i t e d  f ro m  La P e d i a t r i a . 0 6 t .1 9 0 9 .
by  R o s e n s t e r n  ( 2 7 ) .

5 3 .  Q u e s t .  W ien e r  k l i n .W o c h e n s o h r .  1 9 0 6 .  1 9 . p . 8 3 0 .  q u o te d  b y
M acCallum  & V o e g t l i n .  (22)

5 4 .  A ro n s .  C i t e d  by R o s e n s t e r n  (27) f ro m  L .F .M e y e r .M e d i z .K l i n i k ,
1 9 0 6 .N o .1 6 .

5 5 .  S t 6 t te n e r .  J a î i r b . f . K i n d e r h e i l k ) ^ .  1 9 0 6 .6 3  p .  6 * 1 .

5 6 .  Bogen. M o n a t s c h r . f . K i n d e r h e i l k .  1 9 0 7 .  6 . p . 2 2 8 .  R o s e n s t e r n (27]

5 7 .  Von P i r q u e t . W ien er  k l i n .W o c h e n s o h r .  1 9 0 7 . 5 7 . p . 1 4 .

5 8 .  S a v r o n a t  & R o u b i e r .  A r c h .d e  m e d .e x p e r .  1 9 1 1 . 2 6 . p . 5 8 4 .

5 9 .  M acCallum  and V o g e l .  J o u r n .E x p .M e d .1 9 1 4 .  2 0 . p . 1 4 9 .

60 . C a r l s o n .  P r o . S o c . B i o l  and  Med. 1 9 1 6 .  1 0 . p . 1 8 6 .

6 1 .  M a rin e ,  J o u r n .E x p e r .M e d .  1 9 1 4 .  1 9 . p . 8 9 .

62 . E a n g le y  & K a to .  J o u r n . P h y s i o l . 1 9 1 5 .  4 9 .  p . 4 1 0 .

66 . A r th u s  and S c h a f f e r m a n n .  J . d e  P h y s i o l . e t  p a t h . g e n e r a l e .1 9 1 0 .
R o s e n s t e r n  ( 2 7 ) .

64 . B a ra c h  & M u rra y .  J . A m er.M e d .A s s o c .1 9 2 0 .7 4 .  p . 7 8 6 .

65 . N oel P a t  on and F i n d l a y .  Q u a r t . J o u r n . E x p . P h y s i o l . 1 9 1 6 . 1 0 . p . 615.

6 6 .  G iv en s  and M en d e l .  J o u r n .B io l .C h e m .1 9 1 7 .  6 1 . p . 4 2 1 .

6 7 .  M a th i s o n .  J o u r n . P h y s i o l . 1 9 1 0 - 1 1 .4 1 . p . 4 1 6 .

6 8 . E l i a s .  Z t s c h r .  Exp.M ed. 1 9 1 8 . 7 . 1 .

69 . Togawa. J .  L a b .  & C l in .M e d .  1 9 2 0 .5 .  p . 2 9 9 .
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7 0 .  McCann, J o u r n . B i o l .C h e m .1 9 1 8 . 2 5 . 6 .

7 1 .  S e g a l e .  Q uoted  by H a s t in g s  & M u r r a y , (46)

7 2 .  W i l s o n ,  S t e a r n s  and J a n n e y .  J o u r n .B io l .C i i e m .1 9 1 5 .  2 1 . p , 169 .

7 3 .  Blum. E r g e b . d e r  In n  M e d .u .K in d e r  he i l k .  1 9 1 3 .1 1 .p . 4 8 .
Q uo ted  by H a r ro p  (49)

7 4 . P a lm e r  and  Van S ly k e .  J o u r n .B i o l .C h e m .1 9 1 7 .5 2 . p . 4 9 9 .

7 5 .  P .S .H e n d e r s o n ,  Q u a r t . J .M e d .  1 9 2 0 .  1 3 . p . 4 2 7 .

7 6 .  C o l l i p  & B a c k u s .  A m . J o u r . P h y s i o l . 1 9 2 0 .5 1 .p . 5 6 8 .

7 7 .  W i l s o n , S t e a r n s  & T h u r lo w ,  J o u r n . B i o l . C h e m . l 9 1 6 . 2 3 . p . 8 9 .

7 8 . S c o t t .  A m er.J o u r n . P h y s i o l . 1 9 1 7 .4 4  p . 1 9 6 .

7 9 .  T a n i g u t i .  V irch o w * s  A r c h i v . f . d e  g e s . P h y s i o l .  1 1 7 .p . 5 8 1 .

8 0 .  J a w e in .  Q uoted  by Cushn%y i n  P h a rm a c o lo g y  & T h e r a p e u t i c s .
P i i i l .  and New Y o rk , 1 9 1 8 .

8 1 .  B o s t o c k f C a t h c a r t i  B io c h e m .J o u r n .  1 9 1 6 .  10).197.

8 2 .  G r a n t .  J o u r n . P h y s i o l . 1 9 2 0 .  5 4 . p . # 9 .

8 3 .  V ern o n .  P r o c . P h y s i o l . S o c .1 9 0 9 .  6 8 . p . 2 0 .

8 8 â . H i l l  and F l a c k .  J o u r n . P h y s i o l . 1 9 1 0 . 4 0 . p . 3 4 7 .

8 4 .  H a ld a n e .  B .M .J .  1 9 1 9 .  2 .  p . 65 .

8 5 .  B e th e .  E r g g b .d e r  P h y s i o l . 1 9 0 6 .p . 2 8 3 .

8 6 .  S h e r r i n g t o n .  Q u a r t . J . E x p . P h y s . 1 9 1 0 .  3 . p . 2 2 0 .

8 7 .  Kaya and S t a r l i n g .  J o u r n . P h y s i o l . 1 9 0 9 .  3 9 . p . 3 46 .

8 8 .  H o o k e r ,  W ilso n  and C o n n e t t ,  A m .J. P h y s .  1 9 1 7 .  p . 4 3 .

8 9 .  Adams and  M o r r i s .  P r o c . P h y s i o l . S o o . 1 9 2 1 .5 4 . p . l .

9 0 .  H a ld an e  and P r i e s t l e y .  J o u r n . P h y s i o l . 1 9 0 5 . 6 2 . p . 2 2 5 .

9 1 . B u r t o n - O p i t z ,  J o u rn .E x p .M e d .  1 9 0 6 .  8 .  p . 5 9 .

9 2 .  V ern o n .  J o u r n . P h y s i o l . 1 9 0 6 - 7 . 3 5 . p . 5 3 .

9 3 .  S c o t t .  P r o c . S o c .E x p .B io l  and  Med. 1 9 1 6 .1 3 .p . 1 4 6 .
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94 . H u fÜ n e r .  A n ? i .d .P l iy s ik .u .C l ie m .N .P .1 8 9 7 .6 0 .  q u o te d  b y  K rog li(95)

9 5 .  K ro g h . J o u m .P i i y g .  1 9 1 8 - 1 9 .5 2 . p . 3 9 1 .

9 6 . L o v a t t f e E v a n s . J o u r n . P h y s i o l . 1 9 1 7 .  5 1 .  p . 9 1 .

9 7 .  S a n e y o s h i .  I'ilitt a . d .  m e d .F a k .  d . k .U n i v . T o k y o . 1 9 1 7 .1 7 .p . 4 9 .
f ro m  P h y s i o l . A b s t r . V o l . 3 . N o . l 5 0 .

9 8 .  B u r to n  O p i t z .  J o u r n . A m er.M ed .A sso c .  1 9 1 1 .  5 7 .  p * 3 5 3 .

9 9 .  T .H .M i l r o y .  J o u r n . P h y s i o l .  1 9 1 7 .  5 1 .  p . 2 5 9 .

1 0 0 .  B u e l l .  J o u r n .B i o l .C h e m .  1 9 1 9 .  4 0 .  p . 2 9 .

101* G a th g e n s .  H o p p e . S e y l e r ' s . Med.Chem. U n s t e r s u c h .  B e r l i n .  1 8 6 6 .
q u o te d  by  C u sh n y .  l o c . c i t *

1 0 2 .  G e p p e r t .  Z t s c h r .  f .  k l i n .  Med. 1 8 8 9 .  1 5 .  p . 2 0 8 .

1 0 3 .  S c h r o e d e r .  J a h r t .  f .  w i s s .  B o t t . 1 9 0 8 .  4 4 .  p .  4 0 9 .
q u o te d  bynCus%oiy. l o c . c i t .

104* Hyrian. A m er.J o u r n . P h y s .  1 9 1 9 .  4 8 .  p . 3 4 0 .

1 0 5 .  Rohde & Ugawajf. A r c h . f . e x p . P a t h .  u .P h a rm .  1 8 9 6 .  3 8 . 1 2 7 .

1 0 6 .  L0v a t t - E v a n s .  J o u r n . P h y s i o l .  1 9 1 9 .  5 3 .  p .  1 7 .

1 0 7 .  C ush n y . P h a rm a c o lo g y  and T h e r a p e u t i c s .  P h i l a .  and New York
1 9 1 8 .

10%4#Meek & G a s s e r .  Amer. J o u r n . P h y s . 1 9 1 8 .  4 7 .  p . 3 0 2 .

1 0 8 .  Hyman. i \ m e r . J o u r n .P h y s .  1 9 1 6 ,  4 0 .  p . 2 3 8 .

1 0 9 .  W e iz s a c k e r .  P f i u g e r ' s  A rc h .  1 4 7 .  1 9 1 2 .  p . 1 3 5 .

1 1 0 .  A l l e n .  Amer. J o u r n . P h y s .  1 9 1 9 .  48  p . 1 3 5 .

1 1 1 .  D o n tg s .  A rc h ,  f . e x p . P a t h .  u .P h a rm .  1 9 0 8 .  5 9 .  p . 6 3 0 .

1 1 2 .  E * C .V .L e e rsu m . A rc h ,  n e e r l .  de p h y s i o l .  1 9 1 8 .  2 p . 6 8 9 .

1 1 3 .  ^ u r g l .  A m er.J o u r n . P h y s .  1 9 1 7 .  45 p . 5 7 .

1 1 4 .  H u n t .  H y g ie n ic  L a b .R e p o r t . N o . 3 3 .  W a sh in g to n  1 9 0 7 .
q u o te d  by C ush n y . (107)

1 1 5 .  P o h l .  q u o te d  by  Cushny ( 1 0 7 ) .

1 1 6 .  S c h w e y sh e im e r .  D e u t s c h . A r c h . f . k l i n . M e d i z .  1 9 1 3 .1 0 9 ,p . 274*
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117* M e l la n b y .  A lc o h o l :  i t s  a b s o r p t i o n  i n t o  and d i s a p p e a r a n c e
f ro m  t h e  b lo o d  u n d e r  d i f f e r e n t  c o n d i t i o n s *
M .R .C .P u b l i c .  No. 3 1 .  London 1 9 1 9 .

1 1 8 .  H i g g i n s .  A m er.J o u r n . P h y s .  41 p .  2 5 8 .

119* H o o k e r .  J o u r n .P h a r m .a n d  e x p . T h e r .  1 9 1 7 .  1 0 .  p .  1 2 1 ,

1 2 0 .  D a le .  J o u r n . P h y s i o l .  3 9 .  p .  2 5 ,

1 2 1 .  B i e d l .  I n n e r e  S e k r e t i o n  2 .  a u f l a g e .  1 9 1 6 .

1 2 2 .  A n d eres  & C l o e t t a .  A r c h . e x p . P a t h .  u .P h a r m .  1 9 1 6 .  7 9 .  p . 301 ,

1 2 3 .  B urns  & S h a r p e .  Q uart.Journ .K SX 3ES e x p . P h y s i o l . 1 9 1 6 .1 0 .p,30fiw

1 2 4 .  B u m s .  Q u a r t  . J o u r n . e x p . P h y s i o l . 1 9 1 6 .  1 0 .  p . 3 6 1 ,

1 2 5 .  H u tc h i s o n  & P a l e t .  G lasgow  Med. J o u r n . 1 9 3 1 ,9 5  p .  241*

1 2 6 .  S t i l l .  Common D i s o r d e r s  and D i s e a s e s  o f  C h i ld h o o d .
London 1 9 1 5 .

1 2 7 .  B a s s e t t  S m i th .  L a n c e t  1 9 1 9 .  I .  p .  1 7 8 .

1 2 8 .  M . I .E .F e r g u s o n .  A S tu d y  o f  S o c i a l  and Economic F a c t o r s  i n
C a u s a t i o n  o f  R i c k e t s .  M .R .C .L o n d o n ,N o .2 0 .

1 2 9 .  L e o n a rd  H i l l .  P r o c .R o y .S o c .L o n d o n .  1919 B , 9 0 . p .  4 3 8 .

1 3 0 .  L a n g le y  & I t a g a k i .  J o u r n . P h y s i o l .  1 9 1 7 .  5 1 ,  p ,  2 0 2 .

■oOo*

Reproduced with permission of copyright owner. Further reproduction prohibited without permission.


