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HKPARIN AND TH E REL EA SE O F  HISTAMINE 

C H A P T E R  I 

INTRODUCTION

Although h i s t a m in e  and h e p a r in  have been  known fo r  m a n y  y e a r s  

to üe n o r m a l  c o n s t i tu e n t s  of the  hum.an o r g a n i s m ,  t h e i r  phys io log ica l  

func t ion  is  not fully e s t a b l i s h e d .  In sp i te  of m a n y  e f fo r t s  to  show them  

a s  e s s e n t i a l  to the  n o r m a l  e co n o m y  of the body, th e y  s t i l l  r e m a i n  in the  

c a t e g o r y  of d r u g s .  Th is  is e s p e c i a l l y  t r u e  o f  h i s t a m i n e .

The  p r i m a r y  e f fec t s  of a d m i n i s t e r e d  h i s t a m i n e  w e r e  e lu c id a te d  

by Dale  (19 10), At th is  e a r l y  da te ,  the  s i m i l a r i t y  of the  r e a c t i o n s  f rom  

in je c te d  h i s t a m i n e  to the  s y m p t o m s  of a naphy lax is  was  no ted .  But not 

unt i l  the  w ork  of L ew is  ( 1927) was  it s u g g es ted  t h a t  a " h i s t a m i n e - l i k e "  

s u b s ta n c e  cou ld  be c o n c e r n e d  in body r e a c t io n s .  A lso ,  B es t  and Dale 

(1927) d e m o n s t r a t e d  tha t  h i s t a m i n e  was  a n o r m a l  body com ponen t .  Dale  

(1929) s t a t e d  a t h e o r y  of a n a p h y la x i s  tha t  r e m a i n s  l i t t l e  ch anged  even 

today ;  viz ,  by th e  union of a n t ig e n  and  antibody,  d u r in g  a n ap h y lax is ,  

h i s t a m i n e  i s  r e l e a s e d  and  is  r e s p o n s ib l e  fo r  m u c h  of the  sy m p to m o lo g y  

of a n ap h y la c t i c  shock.
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I m p o r t a n t  w ork  a t t e m p t in g  to s u b s t a n t i a t e  a  r e l a t i o n s h i p  b e tw een  

h i s t a m i n e  and  a n a p h y la x i s  a p p e a r e d  in th e  1930 's .

D r a g s t e d t  and  F e u ln e g g  (1932) p r e s e n t e d  th e  f i r s t  good e v id en c e  

th a t  h i s t a m i n e  a c t i v i t y  a p p e a r e d  in c o n s i d e r a b l e  a m o u n ts  in  the  b lood of 

dogs  d u r ing  a n a p h y la c t i c  shock .  Code (1939) m e a s u r e d  the  blood 

h i s t a m i n e  of a n a p h y la c t i c  a l ly  shocked  dogs  and  g u in e a  pigs and  found it 

to be  i n c r e a s e d  80 t i m e s  o v e r  n o r m a l  in the  dog and  18 t i m e s  o v e r  n o r m a l  

in the  gu in ea  pig.  R i ley  and  West ( 1952) added  a  s ign i f ic an t  c h a p t e r  to 

the  h i s t a m i n e  s t o r y  when they  showed a s t r i k in g  c o r r e l a t i o n  b e tw ee n  the  

a m o u n t  of r e l e a s a b l e  h i s t a m i n e  in m a n y  t i s s u e s  an d  the  n u m b e r  of m a s t  

c e l l s  p r e s e n t .

S u b s t a n c e s  c ap a b le  of f r e e in g  h i s t a m i n e  f r o m  it s  b inding s i t e s  

in a n i m a l  t i s s u e  had  b e e n  known fo r  m a n y  y e a r s .  H o w ev e r ,  they  w e r e  

m a t e r i a l s  which,  g iven  in d o s e s  su f f ic ien t  to r e l e a s e  any  s u b s t a n t i a l  

quan t i ty  of h i s t a m i n e ,  w e re  l ike ly  to  do g r o s s  t i s s u e  d a m a g e .  P r o t e o l y t i c  

e n z y m e s  (R ocha  e Silva,  1940) o r  snake  v e n o m s  (F e ld b e r g  and  Kel laway ,  

1937) a r e  good  e x a m p l e s  of s u ch  a g e n t s .  With th e  d e m o n s t r a t i o n  th a t  

s u b s t a n t i a l  a m o u n t s  of h i s t a m i n e  can  be  r e l e a s e d  by  the a c t io n  of m a n y  

o r g a n ic  b a s e s ,  it  b e c a m e  p o s s ib le  to  m a k e  a new a p p r o a c h  to the  s tudy  

of h i s t a m i n e  b inding  and  m e c h a n i s m s  of r e l e a s e .  The  m o n u m e n ta l  w o r k  

c o n c e r n in g  the  b a s i c  o r g a n ic  h i s t a m i n e  l i b e r a t o r s  w as  done by  M ac in to sh  

and  P a t o n  (1949).  H o w ev e r ,  A lam  and  c o - w o r k e r s ,  w ork ing  with  c u r a r e  

(1939), and  Schi ld  (1947), work ing  w i th  s t r y c h n i n e ,  had  shown t h e s e



3

s u b s t a n c e s  to  be  p o t e n t  l i b e r a t o r s  of h i s t a m i n e  in  the p e r f u s e d  dog 

g a s t r o c n e m i u s  m u s c l e .  The ad v an ta g e  of su c h  d r u g s  in h i s t a m i n e  

s tu d ie s  is  thr.t v e r y  l i t t l e  d a m a g e  s e e m s  to  o c c u r  to  the  t i s s u e  f r o m  

which  h i s t a m i n e  i s  r e l e a s e d .

H e p a r i n  w as  d i s c o v e r e d  in  H o w e l l ' s  l a b o r a t o r y  (1916) b e c a u s e  

of i t s  a n t i c o a g u la n t  ab i l i ty .  I ts  m e t a c h r o m a t i c  s ta in in g  p r o p e r t i e s  w e re  

d e s c r i b e d  by J o r p e s  (1937).  With the  d e m o n s t r a t i o n  of i t s  p r e s e n c e  in 

m a s t  c e l l s  by  H o l m g r e n  and  W i la n d e r  (1937),  th e  i m p l i c a t i o n  was  s t ro n g  

th a t  h e p a r i n  was  the  i n d i s p e n s a b l e ,  n a t u r a l l y  o c c u r r i n g  a n t ic o ag u la n t .

T h i s  q u e s t io n  h a s  not b e e n  f ina l ly  se t t l ed ;  but,  s in ce  n o r m a l  blood s e e m s  

to c o n ta in  su ch  a  m i n i m a l  am o u n t ,  i t  would be h a r d  to  view h e p a r i n  a s  

p lay ing  so v i ta l  a  ro le  in  m a in t a in in g  b lood f lu id i ty .

With H a h n ' s  c h a n c e  o b s e r v a t i o n  (1943) of th e  effec t  of i n j e c te d  

h e p a r i n  on th e  t u r b i d i t y  of l i p e m ic  dog p l a s m a ,  a  new a s p e c t  of i n v e s t i ­

ga t ion  w as  opened  r e g a r d i n g  the  p o s s ib l e  n o r m a l  phys io logy  of h e p a r in .

As Hahn f i r s t  showed,  th e  t u r b i d i t y  of  fa t ty  p l a s m a  i s  d i s p e l l e d  by 

p a r e n t e r a l  a d m i n i s t r a t i o n  of h e p a r i n .  Weld (1944) c o n f i r m e d  H a h n 's  

o b s e r v a t i o n s  and  e x te n d e d  th e m  to  inc lude  th e  ca t ,  th e  r a b b i t ,  and  m an .  

Indeed ,  a l l  a n i m a l  s p e c i e s  thus  f a r  t e s t e d  show the  p l a s m a - c l e a r i n g  

e f fec t  of h e p a r in .  Both  Hahn and  Weld d e m o n s t r a t e d  th a t  th i s  c l e a r in g  

of t u r b i d i t y  was  p r o d u c e d  only when  h e p a r i n  w as  g iv en  pa r e n t e  r a l l y .  It 

cou ld  not be p r o d u c e d  by th e  s i m p l e  a d d i t io n  of h e p a r i n  t o  d r a w n  blood. 

F r o m  t h i s  fac t ,  i t  s e e m e d  r e a s o n a b l e  th a t  o t h e r  b o d y  t i s s u e s  w e r e  m ak in g
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a c o n t r i b u t i o n  to t h e  c h e a r i n g  f a c t o r .  It v^as shov^n by B r o w n  a n d  A n f i n s e n  

(1952) t h a t  t h i s  c l e a r i n g  f a c t o r  had  th e  p r o p e r t i e s  of an  e n z y m e  to  w h ich  

h e p a r i n  w a s  a n  a c t i v a t o r  and  c o f a c t o r .  B r o w n  a n d  A n f i n s e n  w e r e  a l s o  

a b l e  to  show th a t ,  o n c e  f o r m e d  by the  l iv ing  a n i m a l ,  t h e  c l e a r i n g  f a c t o r  

c o u l d  o p e r a t e  in v i t r o .  An e n z y m e  with  p r o p e r t i e s  d u p l i c a t i n g  t h o s e  of 

t h e  p l a s m a - c l e a r i n g  f a c t o r  w as  i s o l a t e d  f r o m  h e a r t  m u s c l e  by K o r n  (1955) 

a n d  n a m e d  l i p o p r o t e i n  l i p a s e .

The tu r b i d i ty  of l ip em ic  p l a s m a  is  due to  the  p r e s e n c e  of g lobules  

of n e u t r a l  fat ,  a p p r o x im a te ly  1 m i c r o n  in d i a m e t e r ,  c o a te d  with  a th in  

l a y e r  of p ro te in .  C l e a r i n g  f a c to r  was shown to c a u s e  a d i s so lu t io n  of 

t h e s e  c h y l o m i c r a  and  a c tu a l  c o n v e r s io n  of n e u t r a l  fat  into fa t ty  a c id s  and 

g l y c e r o l  by  Swank (1951).  The a m o u n t  of h e p a r i n  n e e d e d  to c a u s e  c l e a r ­

ing f a c to r  p ro d u c t io n ,  a l s o  r e p o r t e d  by Swank, is v e r y  s m a l l  - -  only 1/5 

to  1/25 of th e  a m o u n t s  n eed e d  to c a u s e  any s ig n i f i c a n t  i n c r e a s e  in 

c o ag u la t io n  t im e .  In s p ec u la t in g  upon a p h y s io lo g ic a l  ro le  f o r  h e p a r in ,  

it i s  i n t e r e s t i n g  to  no te  tha t  the s m a l l  a m o u n t  n e c e s s a r y  to  p ro d u c e  

c l e a r i n g  f a c t o r  is w i th in  the  ran g e  of the  c o n c e n t r a t i o n  of h e p a r i n  a c tu a l ly  

e n c o u n t e r e d  in n o r m a l  blood. R ob inson  and  F r e n c h  (1953) have  shown 

th a t ,  whi le  the  r a t e  of c l e a r i n g  w as  p r o p o r t i o n a l  to  the  a m o u n t  of h e p a r in  

in je c te d ,  th e  c o m p l e t e n e s s  of c l e a r i n g  was d e p en d e n t  upon the  p r e s e n c e  

in  th e  p l a s m a  of a lb u m i n  which  s e e m e d  to  be a c t in g  a s  a  t e m p o r a r y  

r e c e i v e r  of  the  fa t ty  a c id s  com ing  f r o m  the  n e u t r a l  f a t  of the  c h y l o m i c r a .

H i s t a m in e  and  h e p a r i n  a r e  r e l a t e d  to  e a c h  o t h e r  a t  l e a s t  in the
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fac t  tha t  th e y  coex is t  in m a s t  c e l l s .  It is  b e l ie v ed  by m o s t  a u t h o r s  tha t  

the  m e t a c h r o m a t i c  g r a n u l e s  of the  m a s t  c e l l s  (and blood basoph i l s )  

r e p r e s e n t  the  bulk of i n t r a c e l l u l a r  h e p a r in .  The loca t ion  of h i s t a m i n e  

s e e m s  a l s o  to  be in s m a l l  i n t r a c e l l u l a r  g r a n u le s ,  s o m e  of which  m ay  be 

the s a m e  g r a n u l e s  w h e r e i n  h e p a r in  is  found. The m a n n e r  of  binding of 

h i s t a m in e  in the m a s t  c e l l s  is not known with c e r t a i n t y .  One idea  i s  tha t  

h i s t a m i n e  is  l inked to  h e p a r in  in a loose  a t t r a c t i o n  th a t  depends  upon the 

b a s i c i t y  of h i s t a m in e  and  the ac id  p r o p e r t y  of h e p a r i n .  Suppor t  fo r  th is  

co n cep t  c o m e s  f r o m  the  a b i l i ty  of o r g a n ic  com pounds  to  ac t  a s  h i s t a m in e  

l i b e r a t o r s  b e c a u s e ,  being s t r o n g e r  b a s e s  than  h i s t a m i n e ,  they  p r e s u m ­

ab ly  cou ld  d i s p la c e  h i s t a m i n e  f r o m  a com b in a t io n  with  h e p a r in .  T h i s  

h a s  b e e n  c a l l e d  the  " ion e x ch a n g e "  t h e o r y  and  has  r e c e n t ly  b e e n  s t a t e d  

fu lly  by  P a t o n  (1957).

The  i n c r e a s e  in coag u la t io n  t im e  s ee n  in t h e  dog a f t e r  a n a p h y ­

la c t i c  shock  i s  a n o t h e r  o b s e r v a t i o n  tha t  s u g g e s t s  a  r e l a t i o n s h i p  b e tw een  

h e p a r i n  and  h i s t a m i n e .  T he  l i v e r  of  the  dog is the  shock  o r g a n  of 

a n a p h y la x i s  in  th is  s p e c i e s  and  the  r e l e a s e  of h i s t a m i n e  f r o m  the  l i v e r  is  

c o n s i d e r e d  a c a r d in a l  even t  of the shocking  p r o c e s s .  T he  l i v e r  of the  dog 

h a s  a  h igh  con ten t  of h e p a r i n  and c o n ta in s  m a n y  m a s t  c e l l s .  It has  been  

a s s u m e d ,  t h e r e f o r e ,  t h a t  the  a p p e a r a n c e  of h e p a r i n  in the  b lood  was  only 

in c id e n ta l ,  be ing  l i b e r a t e d  when m a s t  c e l l s  a r e  b r o k e n .  But,  with th e  

o c c u r r e n c e  of  m a s t  c e l l s  in the  c o n n ec t iv e  t i s s u e  o f  m a n y  s p e c i e s ,  a 

p o s s i b i l i t y  e x i s t s  th a t  the  l i b e r a t i o n  of h e p a r in  o c c u r s  c o n c o m i ta n t ly  with
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the  l i b e r a t i o n  of h i s t a m i n e  u n d e r  m a n y  c i r c u m s t a n c e s  o t h e r  th a n  

a n a p h y la c t i c  sh o c k  in  th e  dog.

If it i s  t r u e  th a t  at l e a s t  one of the  m e t h o d s  of b inding  of 

h i s t a m i n e  in t i s s u e s  dep en d s  upon a n  a t t r a c t i o n  to h e p a r i n ,  th e n  the  fa te  

of h e p a r i n  dur ing  the  r e l e a s e  of h i s t a m i n e  i s  i m p o r t a n t .  T h i s  is e s p e ­

c i a l l y  t r u e  s in ce  so m a n y  of the  d ru g s  in h u m a n  t h e r a p e u t i c  u s e  a r e  

h i s t a m i n e  l i b e r a t o r s .  In add i t ion  to c u r a r e  and  s t r y c h n i n e ,  a l r e a d y  

m e n t io n e d ,  m o r p h i n e  ( N a sm y th  and S te w a r t ,  1949), qu in ine ( B u r s t e i n  

a n d  P a r r o t ,  1949),  an d  a t r o p i n e  (S ch a c h te r ,  1952) have  been  shown to 

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

The  t e s t i n g  of the  p o s s ib i l i t y  tha t  r e l e a s e  o f  h e p a r i n  o c c u r s  with  

h i s t a m i n e  r e l e a s e  w as  the  s t a r t i n g  point  f o r  the  w o r k  d e s c r i b e d  in  th is  

d i s s e r t a t i o n .  It w as  a s s u m e d  tha t ,  s in ce  such  a  s m a l l  a m o u n t  of 

h e p a r i n  cou ld  a c t i v a t e  th e  c l e a r i n g - f a c t o r  e n z y m e ,  the  p r e s e n c e  of 

c l e a r i n g  f a c t o r  a f t e r  in j e c t io n  of known h i s t a m i n e  l i b e r a t o r s  w ould  be  a  

s e n s i t i v e  i n d i c a to r  of h e p a r i n  r e l e a s e .

It will  be s e e n  tha t  t h i s  m e th o d  of t e s t i n g  f o r  h e p a r i n  r e l e a s e  

qu ick ly  l e d  in to  the  l a r g e r  q ues t ion  of an a f f in i ty  b e tw e e n  h e p a r i n  and 

d r u g s  in t h e r a p e u t i c  u s e .  M os t  of th e  d r u g s  t e s t e d  f o r  h e p a r i n  aff in ity  

in th i s  p r e s e n t  s tudy  w e r e  t a k e n  f r o m  a l i s t  c o m p i l e d  by  P a to n  (1955).

In ad d i t io n  to  d e m o n s t r a t i n g  and  quan t i ta t ing  th e  a f f in i ty  b e tw ee n  t h e s e  

d r u g s  an d  h e p a r in ,  i t  w as  hoped  tha t  s o m e  f u r t h e r  knowledge  m ig h t  be 

g a in e d  r e g a r d i n g  th e  l a r g e r  q ues t ion  of th e  m e c h a n i s m  of h i s t a m i n e  

r e l e a s e .



C H A P T E R  II

M A T ER IA L S AND METHODS

In th e  w ork ,  m a n y  d e t e r m i n a t i o n s  w e r e  m a d e  of th e  d e c r e a s e  in 

o p t ic a l  d e n s i t y  of l i p e m ic  r a t  b lood  p l a s m a .  T he  p l a s m a  w a s  ob ta ined  

f r o m  adul t  whi te  r a t s  of the  H o l t z m a n  s t r a i n  which,  a f t e r  be ing  s t a r v e d  

f o r  24-30  h o u r s ,  w e r e  p l a c e d  on a  d ie t  c o n s i s t i n g  of p o w d e r e d  P u r i n a  

chow and  c o t t o n s e e d  oil in a p r o p o r t i o n  of 3 to  1. In one ty p e  of e x p e r i ­

m e n t ,  i n j e c t i o n s  of d r u g s  w e r e  m a d e  in to  t h e s e  r a t s ,  b lood  w as  d raw n  

and  c h a n g e s  in o p t i c a l  d e n s i t y  of  th e  p l a s m a  w e r e  m e a s u r e d .  In a l l  

o t h e r  e x p e r i m e n t s ,  the  r a t s  on the  h igh  fat  d ie t  s e r v e d  only a s  d o n o r s  of 

l i p e m ic  p l a s m a .  In t h e s e  l a t t e r  e x p e r i m e n t s ,  o t h e r  g r o u p s  of  r a t s  w e re  

g iv en  i n t r a p e r i t o n e a l  i n j e c t io n s  of v a r i o u s  d r u g s ,  the  b lood  w as  d raw n  

an d  the  p l a s m a  w a s  s e p a r a t e d .  The  two p l a s m a s  w e r e  t h e n  m ix e d ,  

in c u b a te d  a t  37° C, and , a t  i n t e r v a l s ,  the  o p t i c a l  d e n s i t y  w a s  d e t e r m in e d .

All  o p t i c a l  d e n s i ty  m e a s u r e m e n t s  w e r e  m a d e  by  m e a n s  of a  K le t t -  

S u m m e r s o n  P h o t o e l e c t r i c  C o l o r i m e t e r ,  Model  900. 3, u s ing  a  n u m b e r  42 

b lue  f i l t e r  o r  n u m b e r  66 r e d  f i l t e r .  O p t i c a l  d e n s i t y  r e a d i n g s  a r e  r e p o r t e d  

a s  "K le t t  o p t i c a l  d e n s i t y  un i t s .  "

B lood  w a s  o b ta in ed  f r o m  a l l  r a t s  u n d e r  l igh t  e t h e r  a n e s t h e s i a ,  by

7
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c a r d i a c  punc tu re ,  v^ith a d ry  s y r i n g e  and  n u m b e r  20 gauge h y p o d e rm ic  

n e e d l e .  The  b lood  \ivas p laced  in 15-ml c e n t r i f u g e  tu b es  conta in ing  e i t h e r  

2 .0 %  o r  6 .0%  so d iu m  c i t r a t e  a s  an  a n t i c o a g u la n t .  T h e  tu b es  w e re  kept 

in  a  c r u s h e d  ice  ba th  unt i l  c e n t r i fu g a t io n .  In m o s t  c a s e s ,  c e n t r i fu g a t io n  

was  done in an o r d i n a r y  I n t e r n a t io n a l  c e n t r i f u g e .  In a  few e x p e r i m e n t s ,  

a  r e f r i g e r a t e d  I n t e r n a t io n a l  c e n t r i f u g e  was u s e d ,  with the  t e m p e r a t u r e  

m a in t a in e d  a t  5°  C .  In a l l  c a s e s ,  c e r t r i f u g a t i o n  was done at  a r e l a t i v e  

c e n t r i f u g a l  f o r c e  o f  859 t i m e s  g r a v i ty  fo r  20 m i n u t e s .

All d ru g s  u sed  in th is  w ork  w e r e  d i s s o lv e d  in 0. 9% sod ium  

c h lo r id e  s o lu t io n .  T hey  w e re  a s  follows:

M ed ic in a l  P o w d e r e d  P e p to n e  ( F r e d e r i c k  S t e a r n s  Co.)  

P a r a - m e t h o x y p h e n y l e t h y l m e t h y l a m i n e ,  h e r e a f t e r  r e f e r r e d  to 

a s  com pound  4 8 /8 0  (W e l lcom e  R e s e a r c h  L a b o r a t o r i e s )  

D ex t ran ,  6% in s a l i n e ,  (Abbott  and Co. )

A t ro p in e  Sulfa te  (M e rck  and  Co. )

S t r y c h n in e  Su lfa te  ( E l m e r  a n d  Amend)

S t i lb am id iu e  D i - i s e t h i o n a t e  (M e rc k  and  C o . )

T r i m e t h a p h a n  C a m p h o r  su l fona te  (H o f fm an-L aR oche)  

T u b o c u r a r i n e  C h lo r id e  (Squibb and  C o . )

Quin ine  H y d r o c h l o r i d e  ( M e r c k  and  C o . )

A m p h e ta m in e  Sulfa te  r a c e m i c  ( M e r c k  and  C o . )

P r o t a m i n e  Sulfa te  (Wyeth)

H e p a r i n  S od ium  (Abbott  and  Co. )

P o lyv iny l  P y r r o l i d o n e  (Schenley)
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M u r p h m r  a n d  cod«*jnr a l a u  u s e d ,  but th e  m a n u f a c t u r e r ' s

n a m e  v^as nut  a v a i l a b l e .

T h e  h i s t o l o g i c a l  s t a i n .  T o l u i d i n e  B l u e - O  (N a t io n a l  A n i l i n e ) ;  

r e a g e n t  g r a d e  a c e t o n e  (M a l l i n c k r o d t ) ; b e n z e n e  ( B a k e r ) ;  a n d  c o m m e r c i a l  

g r a d e  m i n e r a l  oi l  w e r e  u s e d  in one  e x p e r i m e n t .

W henever  a buffe r  was  used ,  it was  a lw ay s  .0 5  M. phospha te  

(the a p p r o p r i a t e  c o m b in a t io n  of d ib a s ic  sod ium  phosphate  and  m o n o b a s i c  

p o t a s s i u m  phosphate )  p r e p a r e d  to give the  d e s i r e d  pH.

All g l a s s w a r e  w as  w a sh e d  in hot w a t e r  with d e t e r g e n t ,  r i n s e d  

r e p e a t e d ly  in t a p  w a te r ,  g iven  a final  r i n s e  in d i s t i l l e d  w a t e r ,  and  d r i e d  

in r n  oven  a t  100° C.

In one type  of e x p e r i m e n t ,  a cu te  to x ic i ty  s tu d ie s  w e r e  done in 

adu l t  white  m a l e  and  fe m a le  m ic e  of the  C 57BL s t r a i n .  The  d ru g s  t e s t e d  

w e r e  g iven  i n t r a p e r i t o n e a l l y  us ing  a t u b e r c u l i n  sy r in g e  and  a  2 4 -g au g e  

h y p o d e r m ic  n e ed le .

D e ta i l s  of the  p r o c e d u r e s  followed when t e s t s  w e r e  m a d e  of  the  

a f f in i ty  of d r u g s  f o r  h e p a r i n  in the  p r e s e n c e  of to lu id ine  b lue  wil l  be  

g iven  when th a t  e x p e r i m e n t  is  p r e s e n t e d .



C H A P T E R  III 

E X P E R IM E N T S  AND R E S U L T S

Five  g ro u p s  of e x p e r i m e n t s  w e r e  p e r f o r m e d  in th is  w o rk .  T h e y  

w e re  a s  follows:

1. A t t e m p t s  to show a r e l e a s e  o f  h e p a r i n  o c c u r r i n g  c o n c o m i ­

ta n t ly  with the  r e l e a s e  of h i s t a m i n e ,  by th e  p ro d u c t io n  of a  l i p e m i a -  

c l e a r i n g  f a c to r .

2. T h e  d e m o n s t r a t i o n  an d  q u a n t i t a t io n  of t h e  d e g r e e  of a f f in i ty  

b e tw ee n  h e p a r i n  and  c e r t a i n  o r g a n ic  s u b s t a n c e s  w h ich  p o s s e s s  the  

a b i l i ty  to  l i b e r a t e  h i s t a m i n e .

3. T h e  t e s t i n g  of the  a b i l i ty  of h i s t a m i n e - l i b e r a t i n g  s u b s t a n c e s  

to inh ib i t  a h e p a r i n - a c t i v a t e d  l i p e m i a  c l e a r i n g  f a c t o r .

4. A t t e m p t s  to show a  r e d u c t io n  in t h e  t o x i c i t y  of c e r t a i n  

hi s t a m i n é - l i b e r a t i n g  d r u g s  in  th e  p r e s e n c e  of h e p a r i n .

5. The  t e s t i n g  of a  s u s p e c t e d  a f f in i ty  f o r  h e p a r i n  in  c om pounds  

hav ing  c h e m i c a l  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  of co m p o u n d s  known to 

have  an a f f in i ty  f o r  h e p a r i n .

10
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E x p e r i m e n t  I

To  t e s t  for  the  r e l e a s e  of e n d o g en o u s  h e p a r i n ,  h i s t a m i n e -  

l i b e r a t i n g  d r u g s  w e re  in j e c te d  in to  r a t s  w i th  an  a l i m e n t a r y  l i p e m i a  and  

b lood  was  t h e n  d ra w n  to  m e a s u r e  th e  r a t e  of c l e a r i n g .

F o u r  g ro u p s  of r a t s  w i th  a  l i p e m i a  w e r e  i n j e c t e d  with one of the  

fo l lowing  s u b s ta n c e s ;  d e x t r a n ,  com pound  4 8 /8 0 ,  pep tone ,  o r  h e p a r in .

T h e  d o s a g e  of e a c h  d ru g  w as  1 m g / k g ,  g iv e n  in t r a p e  r i t o n e a l l y .  One g ro u p  

of r a t s ,  w i th  a  s i m i l a r  l i p e m ia ,  w as  kept u n t r e a t e d  to  give  a  m e a s u r e  of 

s p o n ta n e o u s  c l e a r i n g .  The  p l a s m a  f r o m  th e  h e p a r i n - t r e a t e d  a n i m a l s  

gave  a n  in d ic a t io n  of the  m a x i m u m  d e g r e e  of c l e a r i n g  to  be e x p ec ted .

F r o m  e a c h  r a t ,  2. 0 m l  of b lood  w e r e  d r a w n  and  m i x e d  with 1. 0 

m l  of 2 .0%  sod ium  c i t r a t e .  A f t e r  c e n t r i f u g a t io n ,  the  p l a s m a  w as  

r e m o v e d ,  in cu b a ted ,  and  the  o p t i c a l  d e n s i t y  was  m e a s u r e d  p e r io d i c a l ly .

T a b le  I shows no  d i f f e r e n c e  in the  r a t e  of c l e a r i n g  of p l a s m a  

f r o m  d e x t r a n  o r  p e p t o n e - t r e a t e d  a n i m a l s  when  c o m p a r e d  w i th  th a t  f r o m  

th e  c o n t r o l  g ro u p .  T h i s  w as  i n t e r p r e t e d  a s  m e a n i n g  th a t  no endogenous  

h e p a r i n  w a s  r e l e a s e d  in to  the  b lood  by  the  a c t i o n  of the  h i s t a m i n e  

l i b e r a t o r s .  The  to ta l  l a c k  of  c l e a r i n g  in t h e  r a t s  w h ich  w e r e  g iven  c o m ­

pound 4 8 /8 0  s e e m e d  u n i m p o r t a n t  a t  the  t i m e .  A p o s s ib l e  exp lan a t io n  of 

t h i s  wil l  be  s u g g e s te d  l a t e r .  T h e  r a t e  of c l e a r i n g  in the  h e p a r i n - t r e a t e d  

a n i m a l s  i n d i c a t e d  th a t  a  h igh  l e v e l  of  c l e a r i n g  f a c t o r  cou ld  be f o r m e d  at  

t h i s  d o s a g e .
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T a b l e  I

D e c r e a s e  in O p t ica l  D e n s i ty  of P l a s m a  f r o m  R a t s  \kith an  A l i m e n t a r y  

L i p e m ia  T r e a t e d  u i t h  V a r io u s  H i s t a m in e  L i b e r a t o r s

A v e r a g e  D e c r e a s e  in  Kle tt  Units  
_________F r o m  T im e  Z e r o _______

15 -M in .  30 -M in .  60 -M in .

D e x t r a n - t r e a t e d  6 . 0  10 .0  17.6
(6 r a t s )

Com pound  4 8 / 8 0 -  0.  0 0 , 0  0 .0
t r e a t e d
(6 r a t s )

P e p t o n e - t r e a t e d  9 . 0  9 . 4  15.2
(6 r a t s )

C o n t r o l  G ro u p  8 . 4  10 .4  18.0
(6 r a t s )

H e p a r i n - t r e a t e d  3 0 . 4  6 8 .6  8 4 .4
(6 r a t s )
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p f  r i M i c n *  11

Cuna idr t a b l r  d t i l r t r t t i r  :h the  aitiount ül lu rb id j ty  \*aa accn  lit 

the  p l a s m a  I rom  indiv idual r a t a  in pr  r im r n t  1. T h i s  c o m p l ic a te d  the 

i n t e r p r e t a t i o n  ol the  r e su l t» .  The re to re .  it was  dec ided  to util ize one 

({roup of r a t s ,  on .i hi(jh tat d ie t .  .« » d o n o rs  ol l ip em ic  p la sm a .  T h i s  

p l a s m a  could s e r v e  a » the  subst  r a te  lo r  any c l e a r i n g  f a c to r  poss ib ly  

p ro d u c e d  by the in jec t ion  of d r u g s  into the r a t s  of o t h e r  g ro u p s .  To 

give an equa l  t u r b i d i ty  for al l  re . ic t ion  tu b e s ,  the  p l a s m a  f r o m  th is  

d o n o r  g r o u p  was  pooled.  F r o m  T ab le  II, it can  be s een  tha t  the  r e s u l t s  

of th i s  p r o c e d u r e  show no a p p r e c i a b l e  d i f f e r e n c e  f r o m  those  of E x p e r i ­

m en t  I. T r e a t m e n t  of r a t s  with h e p a r i n  p r o d u c e d  p l a s m a s  with a h igh  

am o u n t  o f  c l e a r in g  f a c to r ,  whi le  t r e a t m e n t  with 4 8 /8 0  p ro d u ced  p l a s m a s  

with v e r y  l i t t l e  o r  no c l e a r i n g  ab i l i ty .  P e p to n e  o r  d e x t r a n - t r e a t e d  r a t s  

showed  l i t t l e  d i f f e r e n c e  in c l e a r i n g  r a t e  f ro m  th e  u n t r e a t e d  c o n t ro l  g ro u p .

B e c a u se  of t h e  o b s e r v a t io n  of sp o n tan e o u s  c l e a r i n g  in the  u n t r e a t e d  

g r o u p  of both E x p e r i m e n t s  I and  II, it s e e m e d  p ro f i t ab l e  to  d e t e r m i n e  

w h e th e r  c l e a r i n g  could  be s t i m u l a t e d  by  the  p r e s e n c e  of high a lb u m in  

c o n ce n t r a t i o n .  A lbum in  is  known to  be a t e m p o r a r y  c a r r i e r  of the  fa t ty  

a c id s  com ing  f r o m  d i s so lu t io n  of the  c h y l o m i c r a .  S t im u la t ion  of c l e a r i n g  

was  o b s e r v e d  in  the  p r e s e n c e  of an i n c r e a s e d  a lb u m in  c o n ce n t r a t i o n .

T h i s  s tudy  was  not p u r s u e d  f u r t h e r ,  h o w e v e r ,  and  the  d e ta i l s  will  no t be 

r e p o r t e d  h e r e .
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T a b l e  II

D e c r e a s e  in O p t ic a l  D e n s i ty  of L ip em ic  Rat  P l a s m a  a f t e r  Addit ion 

of P l a s m a  f r o m  R a t s  T r e a t e d  with V a r ious  H i s t a m i n e  L i b e r a t o r s

A v e ra g e  D e c r e a s e  in K le t t  Units 
________ F r o m  T im e  Z e r o _______

iG-Min . 30-M in .  6 0 -M in .

D e x t r a n - t r e a t e d  4 . 3  8 .8  15 .0
(4 r a t s )

C om pound  4 8 / 8 0 - t r e a t e d  0 .0  1.2 3 .1
(5 r a t s )

P e p t o n e - t r e a t e d  7 .2  8 .4  14 .4
(6 r a t s )

C o n t ro l  G r o u p  7 .6  8 .9  15 .8
(6 r a t s )

H e p a r i n - t r e a t e d  4 2 .3  51 .0  6 8 .3
(5 r a t s )
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E x p e r im e n t  III

In view of the  a b s e n c e  o f  a n  i n c r e a s e  in the  r a t e  of l i p e m i a  c l e a r ­

ing a s  a  r e s u l t  of th e  in jec t ion  of h i s t a m i n e  l i b e r a t o r s  in  E x p e r i m e n t s  I 

and  II, it w as  c o n s id e r e d  p o s s ib l e  th a t  h e p a r i n  m ig h t  have  b e en  r e l e a s e d  

but f a i l e d  to  e n t e r  the  c i r c u l a t i o n  in an y  s u b s t a n t i a l  am o u n t .  H e p a r i n  is  

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

g lu c u ro n ic  a c i d  (W olf rom ,  1950). I t s  m o l e c u l a r  weight i s  f r o m  12 ,0 0 0  

to  15 ,000 and  i t  is  a r a t h e r  h y d r o p h i l i c  s u b s t a n c e .  With t h e s e  p r o p e r t i e s ,  

it  s e e m s  h igh ly  p robab le  t h a t  it m ig h t  be r e t a i n e d  in the  i n s t e r s t i t i a l  

s p a c e s  a f t e r  i t s  r e l e a s e .  T h e r e f o r e ,  it  w as  p r o p o s e d  to  m a k e  t i s s u e  

h o m o g e n a t e s ,  add  the  h i s t a m i n e  l i b e r a t o r ,  a n d  t e s t  the  s u p e r n a t a n t  f o r  

the  p r e s e n c e  of h e p a r in .  To t e s t  f o r  h e p a r i n  in t h e  s u p e r n a t a n t ,  it  w as  

d e c id e d  to  u s e  the  dye,  t o lu id in e  b lu e ,  and  m e a s u r e  the  am o u n t  of m e t a -  

c h r o m a s i a  p ro d u ced  when it c o m b in e d  wi th  h e p a r i n .  In a  p r e l i m i n a r y  

e x p e r i m e n t ,  i t  w as  found th a t  one h i s t a m i n e  l i b e r a t o r ,  c o m p o u n d  4 8 / 8 0 ,  

had  a  s t ro n g  a f f in i ty  for h e p a r i n .  It w as  a l s o  found tha t  th is  a f f in i ty  

would  i n t e r f e r e  w i th  the m e t a c h r o m a t i c  s t a i n in g  of to lu id ine  b lu e .  A 

s e a r c h  of t h e  l i t e r a t u r e  d i s c l o s e d  th a t  t h i s  w a s  r e p o r t e d  by M a c in to s h  

(1955) .  It s e e m e d  obv ious  th e n  th a t  su ch  a  m e t h o d  of t e s t i n g  f o r  h e p a r i n  

r e l e a s e  would  be u n fe a s ib le  if  th e  h i s t a m i n e  l i b e r a t o r  i t s e l f  h a d  a n  

a f f in i ty  f o r  h e p a r i n .  But t h i s  a l s o  p o s e d  th e  ques t ion ;  which,  if  any, 

of o t h e r  known h i s t a m in e  l i b e r a t o r s  m ig h t  have  h e p a r i n  a f f in i ty ?
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T h i s  i n f o r m a t i o n  would be e x t r e m e l y  i m p o r t a n t  in d e te r m in in g  which of  

t h e s e  d r u g s  co u ld  be o p e r a t in g  a s  h i s t a m i n e  l i b e r a t o r s  by v i r t u e  of an  

a f f in i ty  f o r  endogenous  h e p a r in .

To  t e s t  t h i s  p o s s ib le  a f f in i ty  f o r  h e p a r in ,  the  m ethod  of M ac in tosh  

(1941) f o r  the c o l o r i m e t r i c  a s s a y  of h e p a r i n  was  m od if ied  s l igh t ly .  T h e  

m a in t e n a n c e  of a  pH n e a r  th a t  of b lood  p l a s m a  w as  the  m o s t  i m p o r t a n t  

m od i f ica t io n .

The p r o c e d u r e  c o n s i s t e d  of p lac ing  50 m i c r o g r a m s  of to lu id ine  

b lue  in a 15 .0 -m l  tube  with 5 u n i t s  of h e p a r in .  V a r io u s  a m o u n t s  of the  

s u b s ta n c e  u n d e r  t e s t ,  d i s s o l v e d  in  1.0 m l  0,97o so d iu m  c h lo r id e  so lu tion ,  

w e r e  a d d e d  and  the  vo lu m e  b ro u g h t  to  5.0 m l  w i th  phosphate  buffer  

(Na2H P 0 4 "KH2 P 0 ^ ) a t  a pH of 7.3 to  7.35.  C o n t ro l  tu b e s  conta in ing  

only  to lu id ine  b lue  and  h e p a r i n  w e r e  b ro u g h t  to  a  s i m i l a r  v o lu m e  with 

b u f f e r .  On top  of th i s  aqueous  p h a se  w as  p la ce d  5 m l  of 70-30 m i x t u r e  

of m i n e r a l  oil an d  benzene .  T he  t u b e s  w e r e  s h ak e n  v ig o ro u s ly  fo r  60-70  

s e c o n d s .  By t h i s  shaking , the  h e p a r i n - t o l u i d i n e  blue com bina t ion  was  

e x t r a c t e d  into th e  o i l - b e n z e n e  l a y e r  a n d  the  uncom bined  to lu id ine  blue 

w as  le f t  in  the  a q u eo u s  l a y e r .  A f t e r  a m i l d  c en t r i fu g a t io n  f o r  two m i n ­

u te s  to  r e - e s t a b l i s h  th e  two l a y e r s ,  th e  o i ly  l a y e r  was  c a r e f u l ly  d raw n  

off. A 2.0 m l  s a m p l e  of the  a q u eo u s  p hase  w as  then  p ipe t ted  out and 

m ix e d  w i th  2.0 m l  of r e a g e n t  g r a d e  a c e to n e .  T h e  c o lo r  o f  th i s  m i x t u r e  

was  t h e n  m e a s u r e d  in th e  K le t t - S u m m e  r s o n  c o l o r i m e t e r ,  us ing  a n u m b e r  

66 r e d  f i l t e r .  If  the  s u b s t a n c e  u n d e r  t e s t  had  an  aff in ity fo r  h e p a r in ,  it
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d i s p l a c e d  so m e  to lu id in e  blue f r o m  it s  co m b in a t io n  with h e p a r in .  Th is  

r e s u l t e d  in a r e d u c t io n  of the  m e t a c h r o m a s i a  of to lu id ine  blue and  was  

d i s c e r n i b l e  b e fo re  th e  e x t r a c t i o n  with the o i l - b e n z e n e  m ix tu r e .  (See 

P l a t e s  I and  II. ) To quan t i t a te  th is  aff in ity ,  the r e a d in g s  of to lu id ine  

b lue  in the  c o n t r o l  tube  and in the tube con ta in ing  the  su b s tan ce  u n d e r  

t e s t  w e r e  c o m p a r e d  on a  s t a n d a r d  c u r v e .  The n u m e r i c a l  d i f f e r en c e  of 

t h e s e  two r e a d in g s  was  a  m e a s u r e ,  in m i c r o g r a m s  of  to lu id ine  blue 

d i s p l a c e d ,  of the  a f f in i ty  b e tw ee n  h e p a r i n  and  the  h i s t a m i n e  l i b e r a t o r  

u n d e r  t e s t .  To p r e p a r e  the  s t a n d a r d  c u r v e ,  a p r o c e d u r e  was  followed 

s i m i l a r  to  tha t  of a c tu a l  t e s t s .  G r a d e d  a m o u n t s  of to lu id ine  blue w e re  

d i lu ted  to  5 .0  m l  with  bu f f e r .  A 2. 0 m l  a l iquo t  was  w i thdraw n ,  d i lu ted  

w i th  2. 0 m l  a ce to n e  and  the  c o l o r  m e a s u r e d  in the  Kle tt  c o l o r i m e t e r .  

F r o m  th e  data  of s e v e r a l  s e t s  of su ch  d e t e r m i n a t i o n s ,  a s t r a i g h t  l ine 

c u r v e  w as  c o n s t r u c t e d .  On th e  f ina l  c u r v e ,  Klett  r e a d in g s  w e re  p lo t ted  

a g a in s t  m i c r o g r a m s  of to lu id in e  blue  in  th e  o r i g i n a l  5 .0  m l  dilu tion.  

To lu id ine  blue and  h e p a r i n  do not c o m b in e  s t o i c h i o m e t r i c a l l y .  Some 

to lu id in e  blue r e m a i n s  u n c o m b in e d  e x ce p t  in the  p r e s e n c e  of a  l a r g e  

e x c e s s  of h e p a r i n .  T h e  a m o u n t  of to lu id in e  b lue  in the  c o n t ro l  tube  m u s t ,  

t h e r e f o r e ,  a lw a y s  be s u b t r a c t e d  f r o m  the  am o u n t  in  the  e x p e r i m e n t a l  

tube .  E a c h  va lue  r e c o r d e d  in T a b le s  III, IV, an d  V r e p r e s e n t s  the  

a v e r a g e  of s e v e r a l  d e t e r m i n a t i o n s  f o r  th e  d ru g  involved.

It can  be s e e n  f r o m  T a b le  III tha t ,  in r e s p e c t  to  a b i l i ty  to  d i sp e l l  

the  m e t a c h r o m a s i a  of  to lu id in e  b l u e - h e p a r i n  com plex ,  com pound  48 /80
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P la t e  I

D i s p l a c e m e n t  of T o lu id in e  Blue  f r o m  H e p a r i n  by a  H i s t a m i n e  L i b e r a t o r

In t h i s  e x a m p l e ,  co m p o u n d  4 8 /8 0  was  a d d e d  to  T u b e s  1 t h r o u g h  4.  

T u b e s  5 a n d  6 w e r e  kept a s  c o n t r o l s .

T u b e  1 co n ta in ed  100 m i c r o g r a m s  of co m p o u n d  4 8 /8 0 ;  T u b e  4 

c o n ta in ed  10 m i c r o g r a m s .  Note th e  g r a d u a l  l o s s  of c o lo r ,  i n d ic a t in g  l e s s  

d i s p l a c e m e n t  of to lu id in e  b lue  w i th  d e c r e a s i n g  a m o u n t s  of th e  h i s t a m i n e  

l i b e r a t o r .
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P l a t e  II

E x t r a c t i o n  of H e p a r i n - T o l u i d i n e  Blue C o m p le x  Into O i l - B e n z e n e  L a y e r

A f t e r  e x t r a c t i o n ,  t h e  m e t a c h r o m a t i c  he p a r i n - t o l u i d i n e  b lue  

c o m p le x  a p p e a r s  in  th e  o i l - b e n z e n e  l a y e r .  O bvious  d i f f e r e n c e s  of 

c o lo r  a r e  now a p p a r e n t  in  t h e  o i ly  l a y e r  a s  well  a s  in  t h e  a q u e o u s  p h a s e .  

No h e p a r i n - t o l u i d i n e  blue c o m p l e x  is  s e e n  in T u b e s  I o r  2. I t  b e c o m e s  

b a r e l y  v i s i b l e  in T u b e  3, wh i le  T ube  4 is  only  a  l i t t l e  d i f f e r e n t  f r o m  th e  

c o n t r o l  t u b e s .
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i s  m u c h  the  s t r o n g e s t  of any  s u b s t a n c e  t e s t e d .  T u b o c u r a r i n e ,  s t i l b a m -  

id ine ,  and  t r i m e t h a p h a n  c a m p h o r  s u l fo n a te  a p p e a r  to  have  about equal  

a f f in i t i e s  fo r  h e p a r i n ,  by th i s  t e s t .

T ab le  IV show s  the  r e s u l t s  w ith  s e v e r a l  hi s t a m i n é  - l ibe  ra ting 

s u b s t a n c e s  which  have  l i t t l e  o r  no a f f i n i t y  f o r  h e p a r i n  u n d e r  the 

c i r c u m s t a n c e s  of th i s  t e s t .

T a b le s  III a n d  IV  show the  a f f in i t y  fo r  h e p a r i n  of s e v e r a l  

h i s t a m i n e - l i b e r a t i n g  co m p o u n d s  t a k e n  f r o m  a l i s t  by P a t  on (1955).

Tab le  V show s  the  d e g r e e  of h e p a r i n  a f f in i ty  of so m e  o ther  

known h i s t a m i n e  l i b e r a t o r s ;  v iz ,  d e x t r a n ,  polyvinyl p y r r o l id o n e ,  and  

pep tone .  D e x t r a n  and  polyvinyl p y r r o l i d o n e  have  a  u se  in human t h e r ­

a p e u t i c s  a s  p l a s m a  e x p a n d e r s ,  but n e i t h e r  i s  known to  be  a h i s t a m in e  

l i b e r a t o r  in m a n  upon a  f i r s t  in j e c t io n .  T h e s e  s u b s t a n c e s  do, how ever ,  

p ro d u c e  a n  a n a p h y la c to id  r e a c t i o n  in o t h e r  s p e c i e s .  D e x t r a n  is  

e f fec t iv e  in and  sp e c i f i c  to  the  r a t  ( V o r h e e s  and  c o - w o r k e r s ,  1951), 

whi le  polyvinyl  p y r r o l i d o n e  p r o d u c e s  i t s  h i s t a m i n e - l i b e r a t i n g  effects  

on ly  in the  dog (H a lp e rn  a n d  B r io t ,  1953). P e p to n e  is  known to  c a u s e  

d a m a g e  to  m a s t  c e l l s  (W i lan d e r ,  1939),  an d  is  g e n e r a l l y  acc e p ted  as 

3 r e l e a s e r  of h i s t a m i n e .  F r o m  T a b le  V, i t  can  be s e e n  tha t  d ex t ran  

shows no a ff in i ty  f o r  h e p a r in ,  while po lyv iny l  p y r r o l i d o n e  h a s  an 

a f f in i ty  about tw ic e  t h a t  of s t i l b a m id in e .  P e p t o n e ' s  a f f in i ty  fo r  h e p a r in  

i s  about  equa l  to  t h a t  of s t i l b a m id in e .

The r e a s o n  f o r  the  t e s t i n g  of m e s c a l i n e  wil l  be exp la ined  in  

th e  d i s c u s s i o n .
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T a b le  III

M i c r o g r a m s  of T o lu id ine  Blue D i s p la c e d  by V a r io u s

H is t a m in e  L i b e r a t o r s  

(G ro u p  I)

D ru g  U se d

T u b o c u r a r i n e  C h lo r id e

M i c r o g r a m s  M i c r o g r a m s  of 
of To lu id ine  Blue

D rug  U s e d  D isp lac e d

1 , 000 
500 
250 
100

17. 5 
2 2 . 0 
1 1 . 0  

9 .0

T r i m e t h a p h a n  C a m p h o r  su l fona te 1 , 0 0 0  
500 
250 
100

18. 0
14 .0
1 2 . 0  

9 .0

S t i lb am id in e  D i - i s e th io n a t e 1, 000 
500 
250 
100

16 . 0
1 1 . 0

8 . 0
6 . 0

Quinine  H y d r o c h lo r id e 1, 000 
500 
250 
100

13 .0
9 .0
5 .0
3 .0

C om p o u n d  4 8 /8 0 100
50
25
10

3 4 .0
2 6 .0

9 .0
4 . 0



T a b le  IV

M i c r o g r a m s  of T o lu id inc  Blue  D i s p l a c e d  by V a r io u s  

H i s t a m i n e  L i b e r a t o r s  

(G roup  II)

M i c r o g r a m s  M i c r o g r a m s  of 
of T o lu id ine  Blue

D ru g s  T e s t e d   D ru g  U sed  D i s p l a c e d

S trychn ine  Sulfate 1 ,000  0 . 5
500 0 . 0
250 1 .0
100 0 . 0

A tro p in e  Sulfate  1 ,000 2 . 0
500 1 .0
250 1 .0
100 2 . 0

A m p h e ta m in e  Sulfate  1, 000 0 . 0
500 0 . 5
250 0 . 5
100 0 . 5

M orph ine  Sulfa te  1 ,000  0 . 0
500 0 . 5
250 0 . 5
100 0 . 5

Codeine  Sulfate  1 ,000  1 .0
500 0 . 0
250 0 . 5
100 0 . 0
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T a b le  V

M i c r o g r a m s  of To lu id ine  Blue  D i s p l a c e d  by  V a r io u s  

H i s t a m i n e  L i b e r a t o r s  

(G ro u p  II I)

M i c r o g r a m s  M i c r o g r a m s  of
of T o lu id in e  B lue

D rug  T e s t e d _________________________ D ru g  U se d  D i s p l a c e d

D e x t r a n  1 ,000  0 . 0
500 0 . 5
250 0 . 0
100 0 . 0

P o l y v i n y l p y r r o l i d o n e  1 ,000  3 1 .0
500 2 4 .0
250 15 .5
100  1 1 . 6

P e p to n e  1 ,000  16. 5
500 7 .0
250 4 . 0
100 2 . 5

M e s c a l i n e  1 ,000  6 . 6
500 3. 6
250 0 . 5
100 0 . 0
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E x p e r im e n t  IV

The  ab i l i ty  of h i s t a m i n e  l i b e r a t o r s  to a f fec t  the  c l e a r i n g  ac t ion  

of h e p a r i n - a c t i v a t e d  l i p o p r o t e i n  l i p a s e  was  t e s t e d  by a  so m ew h a t  

s i m i l a r  p r o c e d u r e  to tha t  fo l low ed  in E x p e r i m e n t s  1 and  11.

Two g ro u p s  of white r a t s  of the  S p rague  - Daw le y H o l t z m a n  

s t r a i n  w e r e  u sed .  G ro u p  One,  on a h igh  fat  d ie t ,  s e r v e d  a s  the  sou rce  

of l ip e m ic  p l a s m a .  G r o u p  Tw o was  in je c te d  i n t r a p e r i t o n e a l l y  with 

1 m g / k g  of h e p a r i n ,  and th e  p l a s m a  f r o m  th i s  g ro u p  s e r v e d  a s  the  

s o u r c e  of c l e a r i n g  f a c t o r .  With the  r a t s  u n d e r  e t h e r  a n e s t h e s i a ,  6 .0  

to  7 ,0  m l  of b lood w e r e  d r a w n  by  c a r d i a c  p u n c tu re ,  m i x e d  with  2 . 0  m l  

of 6% sod ium  c i t r a t e ,  and  k e p t  in an ic e  ba th .  T he  b lood  w as  c e n t r i ­

fuged; th e  p l a s m a  w a s  d r a w n  off, pooled,  and  u s e d  i m m e d i a t e l y .

Into e ac h  of  a s e r i e s  of Kle t t  c o l o r i m e t e r  t u b e s  w as  p la ce d  1. 0 

m l  of t h e  l i p e m ic  p l a s m a ,  1 .0  m l  of th e  p l a s m a  co n ta in ing  h e p a r i n -  

a c t i v a t e d  c l e a r i n g  f a c to r ,  and  1 .0  m l  of 0 .9%  sod ium  c i t r a t e  so lu t ion  

con ta in ing  the  h i s t a m i n e - l i b e  r a t i n g  d ru g  u n d e r  t e s t .  The  v o lu m e  was  

b rough t  to 4 . 0  m l  in a l l  c a s e s  by the  add i t ion  of  p h o sp h a te  b u f f e r  at  a  

pH of 7. 3 to  7. 35. C o n t ro l  t u b e s  c o n ta in ed  l i p e m ic  p l a s m a ,  p l a s m a  

with c l e a r i n g  f a c t o r ,  b u f f e r ,  bu t no h i s t a m i n e  - l ibe  r a t in g  d ru g .  A f t e r  

the  add i t ion  of p l a s m a  con ta in ing  c l e a r i n g  f a c t o r ,  a l l  t u b e s  w e r e  r e a d  

i m m e d i a t e l y  f o r  o p t i c a l  d e n s i t y  in  the  K le t t  c o l o r i m e t e r  u s in g  a  n u m b e r  

66 r e d  f i l t e r .  T he  tu b es  w e r e  t h e n  p l a c e d  in a  37° c  w a t e r  b a th  f o r



incuba t ion .  The opt ica l  U r n  a i t  y \ca# re a d  at tm ie d  in t e r v a l#  and  a 

d e c r e a s e  in o p t ic a l  dens i ty  \aas ta k en  am ev iden t  e ol «. learing by the 

he pa r  i n - a c t i v a t e d  en zy m e .

P r o t a m i n e  mulfate, v thuh  is known to inhibit c l e a r i n g  f a c to r  

(B ro w n .  W. D. , 1952), was  t e s t e d  to give .1 base va lue  fo r  e s t i m â t  ing 

the  d e g r e e  of inhib it ion.

F r o m  T a b le  VI it can  be seen  that  p ro ta m in e  su l fa te  and 

co m p o u n d  4 8 /8 0  gave  p r a c t i c a l l y  c o m p le te  inhib it ion  of c l e a r in g  in 

c o n c e n t r a t i o n s  o n e - t e n th  th a t  ol m o s t  of the  o th e r  d r u g s  t e s t e d .  

C l e a r i n g  in the  p r e s e n c e  of s t i lb am id in e  was a p p r o x i m a t e l y  50% tha t  

of the  c o n t r o l  tu b e s .

T a b le  VII shows the  r e s u l t s  ob ta ined  by us ing th e  h i s t a m i n e -  

l i b e r a t i n g  d r u g s  which had  l i t t le  o r  no af fin ity  f o r  h e p a r i n  in the 

to lu id in e  blue  t e s t  of E x p e r im e n t  III. No inhib it ion  of c l e a r i n g  was  

shown.  M o s t  of the  d ru g s  t e s t e d  showed no inh ib i t ion  of c l e a r i n g  at  

th i s  c o n c e n t r a t i o n  (0 .25  m g / m l ) .  It s e e m e d  p o s s ib le  th a t  inh ib i t ion  

m ig h t  o c c u r  with i n c r e a s e d  c o n c e n t r a t i o n  of the  d ru g s  t e s t e d .

T a b l e  VIII shows the  e ffect  of r a i s in g  the  c o n c e n t r a t i o n  of the  

v a r i o u s  h i s t a m i n e  l i b e r a t o r s  tha t  gave  no inhib i t ion  of c l e a r i n g  

f a c t o r  a t  a  c o n c e n t r a t i o n  of 0 .2 5  m g / m l .  In t h i s  t e s t  s y s t e m ,  no 

inh ib i t io n  w a s  ob ta ined  f r o m  any o f  the  s u b s t a n c e s  t e s t e d ,  even  a t  

c o n c e n t r a t i o n s  a s  high a s  1 .0  m g / m l .
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T ab le  VI

D e c r e a s e  in O p t ica l  D e n s i ty  of L i p e m ic  P l a s m a  in P r e s e n c e  of

Hi s t a m i n é - L i b e  r a t i n g  D r u g s

A v e r a g e  D e c r e a s e  in K le t t  Uni ts  
_________f r o m  T i m e  Z e r o ________

1 5 - Min. 30- M in .  6 0 -M in .

T u b o c u r a r in e
0. 250 m g / m l  8 . 3  1 3 .2  17.6

Quinine
0. 250 r n g / m l  8 . 0  1 3 .8  17 .4

T r im e th a p h a n
Cam pho r  su l fona te

0. 250 m g / m l  9 . 2  14 .1  18.6

P r o t a m in e
0. 025 m g / m l  1 .2  1 .8  2 . 4

S t i lbam id ine
0. 250 m g / m l  3 . 9  6.  2 8 . 7

Compound 4 8 /8 0
0. 025 m g / m l  1 .0  1 .2  2 .1

Contro l  G r o u p  9 .1  1 4 .0  18 .2
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T a b le  VU

D e c r e a s e  in O p t i c a l  D en s i ty  of L i p e m ic  P l a s m a  in  P r e s e n c e  

of H i s t a m i n e - L i b e  r a t i n g  D rugs

A v e rag e  D e c r e a s e  in  Klett  Units  
________ f r o m  T i m e  Z e r o ________

15-Min. 3 0 -M in .  60-M in .

S t ry ch n in e  7 .5  15.0  2 3 .5
0 .2 5  m g / m l

M orph ine  9 .0  16 .5  2 5 .5
0 . 2 5  m g / m l

A t ro p in e  9 .5  14. 5 2 4 .0
0 . 2 5  m g / m l

A m p h e ta m in e  9 .0  14. 5 2 4 .0
0 .2 5  m g / m l

C o n t ro l  G r o u p  9 .0  15 .2  2 4 .0
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T a b le  VIII

D e c r e a s e  in O p t ica l  D e n s i t y  of L ip em ic  P l a s m a  in P r e s e n c e  

of Hi s t a m i n é - L i b e  ra t ing  Drugs

A v e r a g e  D e c r e a s e  in Kle tt  Units  
________ f r o m  T i m e  Z e r o _________

15-M in .  30-M in .  60 -M in .

Quinine
0. 5 m g / m l  8 . 6  13.1 16.1
1 .0  m g / m l  8 . 4  14.1 16 .2

S t r y c h n in e
0. 5 m g / m l  8 .1  12 .8  15 .6
1 .0  m g / m l  7. 9 13 .0  15 .8

T u b o c u r a r i n e
0. 5 m g / m l  7 . 8  12 .7  15 .0
0 .7 5  m g / m l  8 . 3  13 .2  15 .4

A t ro p in e
0 . 5  m g / m l  8 . 9  14 .3  16 .5
1 .0  m g / m l  8 .6  15.1 16.1

T r i m e t h a p h a n
C a m  pho r  su lfonate

0 . 5  m g / m l  8 . 8  15 .4  16 .6
1 .0  m g / m l  8 . 6  15 .2  1 6 .4

C o n t ro l  G r o u p  8 . 3  14 .2  16 .2



T h e  a u t l i t y  n! h r p a r j n l t *  r c U u t c D i c  ( o x u i t y  I ubu^ u r a  r»nc 

c h l o r i d e  a n d  » t r v c h n j n c  » u l ! a l r  \ » , » m  tc»tc-<l in \ » l u t r  n  i& r  ut t he  C • ' " i i i  

s t r a i n .  Whi t e  m a l e  a n d  I* n a l e  adu l t  m u e  oj JO- U» ^ r a  m  * in vkcijjht * e r e  

f a s t e d  f o r  24 h o u r » .  T h e y  * e r e  t h e n  g : \ e n  a n  int  r a j h - r i t o n e a l  i n j e c t i o n  

of  t h e  d r u g  at  a  d o » e  l e v e l  p r e \  l o u s l y  s hov .n  t o  be  l eth. i l  tu SOTc of  the  

a n i m a l s .  D i f f e r e n t  a m o u n t s  of h e p . i r i n  \ c r r e  g i \  e n ,  e i t h e r  in t h e  s a m e  

i n j e c t i o n  o r  by p r e v i o u s  i n j e c t i o n s ,  t o  t he  e x p e r i m e n t a l  g r o u p s .  T h e  

c o n t r o l  g r o u p  r e c e i v e d  o n l y  t h e  d r u g  u n d e r  t e  s t .  P r o t e c t i o n  f r o m  t he  

d r u g  e f f e c t  w a s  c o n s i d e r e d  p o s i t i v e  i f  t h e  a n i m a l  s u r v i v e d  24 h o u r s .

T ab le  VIII shows th a t ,  when the LD 50 of t u b o c u r a r i n e  (0. 55 "f 

.0 5  m g /k g )  is m i x e d  with h e p a r in  in a p r o p o r t i o n  of 1 to  5 by weight,  

the  m o r t a l i t y  i s  r e d u c e d  to 20%. T h i s  d e c r e a s e  in tox ic i ty  of t u b o c u r ­

a r i n e  was  seen  ev en  if th e  h e p a r in  was  a d m i n i s t e r e d  f ro m  45-75  

m i n u t e s  p r i o r  to  giving the  t u b o c u r a r i n e .  An am o u n t  of h e p a r in  equal  

to t h e  t u b o c u r a r i n e  g iven  was without e f fec t  on tox ic i ty .

The  int r a p e  r i t o n e a l  LD 50 of s t r y c h n in e  has  p roved  di ff icul t  to 

d e t e r m i n e .  It s e e m s  to be m o r e  of a ran g e  than  a p r e c i s e  v a lu e ,  as is  

the  c a s e  with t u b o c u r a r i n e .  P r e l i m i n a r y  s tu d ie s  have  e s t a b l i s h e d  th is  

r a n g e  to  be b e tw ee n  2 . 0  and  2. 7 m g /k g .  In an  e x p e r i m e n t  s i m i l a r  to 

th a t  done with t u b o c u r a r i n e ,  m i c e  w e re  in j e c t e d  w i th  s t ry c h n in e  a t  a 

d o sag e  of 2. 3 m g / k g .  In the  s a m e  in jec t ion ,  t h e s e  m ic e  a l so  r e c e i v e d



iÜ

hc-(Mrtn in a n  a tnuunl  a p p r o x i i n a l e l y  l ive t i m r s  tha t  of s t r y c h n i n e .  T h e  

m o r t a l i t y  ol t h i s  t j r oup  vwas 71% (4S d e a d  out  of  ü9) .  A c o n t r o l  g r o u p  

vkhuh  r e c e i v e d  on l y  s t r y c h n i n e  had  a m o r t a l i t y  of  67% (47 d e a d  out  of  

70).
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T a b le  IX

E f f e c t  of  H e p a r i n  on the  T o x ic i ty  of T u b o c u r a r i n e  in White Mice

E x p e r i m e n t  I 

G r o u p  1

G r o u p  2

55 i n g / k g  t u b o c u r a r i n e 9 dead  
20 to t a l

55 m g / k g  t u b o c u r a r i n e  dead
plus  20 to t a l

55 m g / k g  (a pp rox .  ) Na H e p a r i n

E x p e r i m e n t  II 

G r o u p  1

G r o u p  2

55 m g / k g  t u b o c u r a r i n e 18 dead  
32 t o t a l

.5 5  m g / k g  t u b o c u r a r i n e  8 dead
plus  31 to ta l

2 .7 5  m g / k g  ( a p p r o x . )  Na H e p a r i n

E x p e r i m e n t  III 

G r o u p  1

G r o u p  2

. 55 m g / k g  t u b o c u r a r i n e 8 dead  
21 to ta l

2 .7 5  m g / k g  (ap p ro x .  ) Na H e p a r in *  _3  ̂ dead
21 to ta l

* H e p a r i n  g iven  4 5 -75  m i n u t e s  
b e f o r e  t u b o c u r a r i n e

C o n t r o l s  g iven  s a l i n e  i. p. b e f o r e  t u b o c u r a r i n e



C H A P T E R  IV

DISCUSSION

The  q u e s t io n  of th e  fate of  h e p a r i n  when h i s t a m in e  is r e l e a s e d  

f r o m  c e l l s  which  con ta in  t h e m  both b e a r s  upon th e  fu n d a m e n ta l  point 

of the  p h y s io lo g ic a l  " u s e "  of h e p a r in .  R e l e a s e  of  h i s t a m i n e ,  without 

r e l e a s e  of h e p a r i n ,  was  a c h i e v e d  by th e  u se  of com pound  4 8 /8 0  in r a t s  

(Mota,  1953) and in  dogs (Quivy, 1955). T h e s e  s tu d ie s  u t i l i z e d  the  

an t i c o ag u la n t  p r o p e r t i e s  of  h e p a r i n  in judg ing  i t s  r e l e a s e .  In th i s  

p r e s e n t  w ork ,  the  m o r e  s e n s i t i v e  m e th o d  of m e a s u r i n g  c l e a r i n g  f a c t o r  

p roduc t ion  was  u s e d ,  but w i th  the s a m e  r e s u l t .  Tha t  the  r e l e a s e  of 

endogenous  h e p a r i n  can  c a u s e  c l e a r i n g  f a c t o r  p ro d u c t io n  w a s  shown by 

Havel and  Boyle  (1954) .  T h e s e  w o r k e r s  d e m o n s t r a t e d  tha t  c l e a r i n g  

f a c t o r  was  r e g u l a r l y  p r e s e n t  d u r in g  a n ap h y la x i s  in the  dog. H e p a r i n  

w as  shown to  be the  a n t i c o ag u la n t  r e l e a s e d  d u r in g  th i s  type of shock  in 

the  dog by J a c q u e s  an d  W a te r s  (1940). It shou ld  be e m p h a s i z e d ,  h o w e v e r ,  

th a t  t h e  dog i s  qui te  unique  in  t h i s  r e g a r d .  No o t h e r  s p e c i e s  shows a  

m e a s u r a b l e  i n c r e a s e  in  t h e  h e p a r i n  of the  b lood  d u r in g  a n a p h y la x i s .  If 

h e p a r i n  is  r e l e a s e d  by  s i tu a t io n s  t h a t  r e l e a s e  h i s t a m i n e ,  a n d  does  not 

r e a c h  the  b lo o d  s t r e a m ,  t h e n  i t s  d i s p o s i t i o n  is  a n o t h e r  q u e s t io n .  R i le y
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S h e p h e r d  a n d  We#( ( I S S S ) ,  l a a t n g  iun)(>uund 4 H / K t  to d r p l r t r  the f a l  akin 

of h i a t a n t m e .  n o l e d  a g r e a t  r e d u i l i o n  ul m e l a c h r o r n a l J t  a l a m t n ^  »t ;aler»al  

in t he  m a  at c e l l » .  H o v i e \ r r ,  t he  t o t a l  t i a a u e  l u n l e n l  o! h r ( * a n n  \*aa not 

g r e a t l y  r e d u c e d .  I hey  a u g g e a t ,  a m o n g  o t h e r  p o a a i h l r  r  ap l ana t  it>na, 

t h a t  h e p a r i n  c o m p l e x e d  vnth  *. o m p o u n d  4 8 / 8 0  and a a t a k e n  op by lot al  

f i b r o b l a s t s .  Such c o m p l e x i n g  o! com|>ound 4H/8C a :th h e p a r i n  a n d  it a 

s u b s e q u e n t  up t a ke  by f i b r o b l a s t s  ha s  b e e n  d c m o n s t  rat  eti by H i g g i n bo t h a m  

a n d  D o u g h e r t y  ( l ‘̂ ‘>t>). T h e s e  w o r k e r s  h a v e  p o s t u l a t e d  tha t  one Junct ion 

of  h e p a r i n  is t o  s e r v e  a s  a de t ox i f y i ng  a g e n t  of m a n y  nox i ous  s u b s t a n c e s .  

T h e y  f u r t h e r  s u g g e s t  t ha t  s o m e  m a s t  c e l l s  m a y  be  t he  r e s u l t  of f i b r o ­

b l a s t  i n j e s t i o n  of c o m p l e x e s  b e t w e e n  n o x i o u s  s u b s t a n c e s  and  h e p a r i n .

In E x p e r i m e n t s  I and  II, it was  no ted  tha t  r a t s  with an a l im e n c a ry  

l i p e m i a  show ed  v i r t u a l l y  no c l e a r i n g  when given com pound  4 8 /8 0 .  With 

th i s  know ledge  of the  c o m p le x in g  of h e p a r i n  and com pound  48 /80  in v i t r o ,  

i t  b e c o m e s  p o s s ib le  to  e x p la in  th i s  inh ib i t ion  of c l e a r i n g  by the  p o s tu l a ­

t ion  of an  in vivo n e u t r a l i z a t i o n  of the h e p a r in  which  is ac t ing  a s  c o fa c to r  

to  the  c l e a r i n g  en zy m e .

If h e p a r i n  can  a c t  a s  a  de tox ican t ,  then  co n ce iv ab ly ,  endogenous  

h i s t a m i n e  is  he ld  by h e p a r i n ,  a t  l e a s t  t e m p o r a r i l y ,  unti l it can be e x ­

c r e t e d .  T h i s  b inding of h i s t a m i n e  to  h e p a r i n  is  a  n e c e s s a r y  a s s u m p t i o n  

f o r  th e  o p e r a t io n  of B a t o n ' s  " ion e x c h a n g e "  t h e o r y  of h i s t a m in e  r e l e a s e  

by  o r g a n ic  b a s e s .  B a ton  (1955),  in d i s c u s s i n g  th e  p o s s ib le  binding of 

h i s t a m i n e  by t i s s u e  a c id s  a n d  t h e i r  r e l e a s e  by o r g a n ic  b a s e s ,  im p l ie d



«hat m«j#t b a a u  hiaian-.mr liL>crati»ra ha \ r  at leant enough aff in i ty  fo r  

he pa r in  to ( i t a p l a t r  h i a l a n u n r .  Hr p reaen t  a e v id e n c e  to  the  e f fec t  that  

f)bunu«. I r )(. a o d  p o a a r a a r a  an a t tm t ty  lo r  m a n y  of the  s u b s t a n c e s  t e s t e d  

t o r  h r jaar in  aSlmttv  :n Ih»» p r r a e n t  * o r k .  T h e  c r i t e r i o n  P a t  on u s e s  to 

judge the a f f in i ty  ol K NA lor the  h i a t a m i n r  l i b e r a t o r s  is  the  p ro d u c t io n  

of a v i s ib le  p r e c i p i t a t e .  I'he c o n c e n t r a t i o n  n e e d e d  to  p ro d u ce  th i s  p r e ­

c ip i t a t e  a r e  so g r e a t  (at leas t  in the  c a s e  of m o r p h i n e  and  a m p h e t a m in e )  

tha t  a conccpit of th e se  s u b s t a n c e s  d i s p la c in g  h i s t a m i n e  th ro u g h  a  c o m ­

pe t i t ive  aff in ity  s e e m s  highly q u e s t io n ab le .  T h i s  m a y  be the  m e c h a n i s m  

in th e  c a s e  of com pound 48/hO o r  s t i l b a m i d i n e .  Indeed ,  th e  up take  of 

s t i lb a m id in e  in to  m a s t  c e l l s  has  been  b e au t i fu l ly  d e m o n s t r a t e d  by R i le y  

(1953).  One im p e tu s  to  th is  p r e s e n t  w ork  w as  the  d e s i r e  to  g a t h e r  

ev id en ce  a s  t o  which of the  b a s ic  h i s t a m in e  l i b e r a t o r s  cou ld  p o s s ib ly  be 

o p e r a t in g  a s  s u c h  by c o m p lex in g  with h e p a r in .  B a s e d  on th e  w o r k  p r e ­

sen ted  h e r e ,  it a p p e a r s  p: obab le  t h a t  (of the  s u b s t a n c e s  t e s t e d )  only  

com pound  4 8 /8 0 ,  t u b o c u r a r i n e ,  qu in ine ,  s t i l b a m i d i n e ,  t r i m e t h a p h a n  

c a m p h o r  su l fo n a te ,  polyvinyl p y r r o l id o n e ,  an d  pep tone  h ave  su f f ic ien t  

a t t r a c t i o n  fo r  h e p a r in  to  allow the  p o s tu la te  t h a t  th e y  r e l e a s e  h i s t a m i n e  

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

During  t h e s e  e x p e r i m e n t s ,  th e  q u e s t io n  a r o s e  a s  to  what 

c h e m i c a l  c o n f ig u ra t io n s  of the  d r u g s  u n d e r  t e s t  co u ld  a c c o u n t  f o r  t h e i r  

a f f in i ty  fo r  h e p a r in .  In in sp e c t in g  the  s t r u c t u r a l  f o r m u l a ,  i t  was  n o te d  

th a t ,  with the  e x cep t io n  of t r i m e t h a p h a n  c a m p h o r  s u l fo n a te ,  a l l  s u b s t a n c e s
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with a  d e f in i te  aff in i ty  f o r  h e p a r i n  had  n i t r o g e n  a to m s  in su ch  s t a t e s  a s  

to  f a v o r  a h igh  d e g r e e  of r e a c t i v i t y .  (See P l a t e s  III an d  IV. ) To e v a l u ­

a te  th i s  idea  o f  n i t r o g e n  r e a c t i v i t y  be in g  r e s p o n s ib le  f o r  c o m b in a t io n  

with h e p a r i n ,  s u b s t a n c e s  with q u a t e r n a r y  n i t r o g e n s  w e r e  t e s t e d .  By the  

to lu id in e  b lue  t e s t ,  n e i t h e r  n e o s t i g m i n e ,  a ce ty lc h o l in e ,  n o r  s u c c in y l -  

choline  show ed  any  a f f in i ty  f o r  h e p a r i n .  M ethoxy g ro u p s  w e r e  n o t i c e d  

o c c u r r i n g  w i th  r e g u l a r i t y  in  t h e  c o m p o u n d s  with an a f f in i ty  fo r  h e p a r i n .  

B e c a u s e  of th i s  an d  a l s o  b e c a u s e  of a m a r k e d  s i m i l a r i t y  to  the  u n i t s  of 

com pound  4 8 / 8 0 ,  m e s c a l i n e  w as  t e s t e d  f o r  a  poss ib le  h e p a r in  a ff in i ty .  

(See P l a t e  V, ) A s m a l l  but c o n s t a n t  d i s p l a c e m e n t  of to lu id in e  blue w as  

s ee n  a s  is r e c o r d e d  in T a b le  V. It s e e m s  w o r th  noting h e r e  tha t ,  of 

the  s u b s t a n c e s  t e s t e d  f o r  h e p a r i n  a f f in i ty ,  t h o s e  with g r e a t e s t  a f f in i ty  

a r e  p o l y m e r s .  C om p o u n d  4 8 / 8 0  is  s a i d  to  be  a  m i x t u r e  of d i m e r s ,  

t r i m e r s  an d  t e t r a m e r s  c o m p l e x e d  w i th  f o r m a ld e h y d e  (B a l tz ly ,  et a l .  , 

1949). P o ly v in y l  p y r r o l i d o n e  i s  a  r a t h e r  l a r g e  p o ly m e r  r e s u l t i n g  f r o m  

the c o m b in a t io n  of a c e ty l e n e  w i th  N -v in y l  p y r r o l id o n e .  P r o t a m i n e ,  a  

su b s ta n c e  w i th  a  s t r o n g  a t t r a c t i o n  f o r  h e p a r i n ,  is  a long ,  c h a in - ty p e  

m o le c u le  a p p r o a c h in g  p r o t e i n  s i z e .  P e p to n e ,  of c o u r s e ,  i s  a m i x t u r e  

of p o ly p e p t id e s .  D e x t r a n ,  h o w e v e r ,  i s  a l s o  a  p o ly m e r ,  but shows no  

aff in i ty  f o r  h e p a r i n  by th e  to lu id in e  b lue  t e s t .  It m igh t  be  i m p o r t a n t  

in exp la in in g  t h i s  n o n - a t t r a c t i o n  f o r  h e p a r i n  t h a t  d e x t r a n  i s  a  p o l y m e r  

of g lu c o se  and  con ta in s  no n i t r o g e n .

To t e s t  the  a f f in i ty  of t h e s e  h i s t a m i n e  - l ibe  r a t ing  s u b s t a n c e s  f o r
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h e p a r i n  in a m o r e  p h y s io lo g ic a l  s i tu a t io n ,  the  s tudy  of the p o s s i b l e  

inh ib i t ion  of he  p a r  i n - a c t i v a t e d  c l e a r i n g  f a c t o r  was u n d e r ta k e n .  The  

r e s u l t s  show c l e a r l y  tha t  the  s u b s t a n c e  with the  h ig h e s t  a f f in i ty  f o r  

h e p a r i n  by the  to lu id in e  b lue  t e s t ,  com p o u n d  48/80,  a l s o  g iv e s  the  

g r e a t e s t  a m o u n t  of c l e a r i n g  f a c t o r  inh ib i t ion .  A ls o  of note i s  t h a t ,  in 

c o n s i d e r a t i o n  of t h e i r  n e a r l y  equa l  a ff in i ty  f o r  h e p a r i n  by th e  to lu id in e  

blue t e s t ,  the  p r e s e n c e  of 1 m g  of s t i l b a m id in e  g iv e s  c o n s i d e r a b l e  

inhib it ion,  while 1 m g  of t u b o c u r a r i n e  shows l i t t l e  in h ib i to ry  p o w e r .

All  o t h e r  s u b s t a n c e s  t e s t e d ,  e v e n  in v e r y  h igh  c o n c e n t r a t i o n s ,  g a v e  no 

inhib i t ion .  Not one  of the  s u b s t a n c e s  with  n e g l ig ib le  aff in ity f o r  h e p a r i n  

by  the  t o lu id in e  b lu e  t e s t  sh o w e d  the  s l i g h t e s t  t e n d e n c y  to inh ib i t  c l e a r ­

ing f a c t o r .

In  the  c o u r s e  of t h e s e  e x p e r i m e n t s ,  i t  w as  no t iced  t h a t  the  s a m e  

dosage  of h e p a r i n  d id  not a lw a y s  p r o d u c e  c l e a r i n g  a t  the s a m e  r a t e .

T h i s  b e c a m e  qu i te  p e r p l e x i n g .  It was  l a t e r  d i s c o v e r e d  tha t  th e  r a t e  

of c l e a r i n g  w as  h ig h  when th e  a m o u n t  of l i p e m i a  w as  high. T h i s  co^ Id 

ind ica te  tha t  th e  a c t i o n  of t h e  c l e a r i n g  e n zy m e  was  being a f f e c t e d  by 

the  a v a i l a b i l i t y  o f  s u b s t r a t e .  T h i s  would  c h a r a c t e r i z e  the e n z y m e  as  

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

H ig g in b o th a m  and  D o u g h e r ty  (1956) have  r e p o r t e d  th e  r e d u c t i o n  

of to x ic i ty  of 4 8 /8 0  in whi te  m i c e ,  w i th  h e p a r in .  In th is  p r e s e n t  w o rk ,  

the  to x i c i t y  of t u b o c u r a r i n e  w a s  s t r i k i n g l y  r e d u c e d  by  the i n j e c t io n  of a 

l a r g e  d o s e  of h e p a r i n  e i t h e r  b e f o r e  o r  with  the  in jec t io n  of  t u b o c u r a r i n e .
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Since  t u b o c u r a r i n e  ha s  been  shown to  have a  def in ite  a ff in i ty  fo r  

h e p a r i n  in th e  p r e s e n c e  of to lu id ine  b lue ,  t h e s e  r e s u l t s  w e re  not s u r p r i s ­

ing.  It d o es  s e e m  r e m a r k a b l e ,  h o w e v e r ,  t h a t  an  a m o u n t  of h e p a r in  j u s t  

e q u a l  to th e  c u r a r i n e  a d m i n i s t e r e d  had  no a p p a r e n t  e f fec t  on i t s  to x ic i ty .  

If l a r g e r  n u m b e r s  of a n i m a l s  w e re  t e s t e d ,  a n  e f fec t  m igh t  be s e e n .  

H e p a r i n  g iv e s  no r e d u c t io n  in the  t o x ic i ty  of s t r y c h n in e  in e x p e r i m e n t s  

s i m i l a r  to t h o s e  done with  t u b o c u r a r i n e .  T h e  q u e s t io n  behind  t h e s e  

e x p e r i m e n t s ,  h o w e v e r ,  w as  not how m u c h  the  to x ic i ty  of a d rug  cou ld  

be r e d u c e d ,  but w h e t h e r  o r  not h e p a r i n  c o m p le x e d  with  it. This  is  

c e r t a i n l y  t r u e  of t u b o c u r a r i n e .



C H A P T E R  V

SUMMARY AND CONCLUSIONS

1. A s  ju d g e d  by  the  r a t e  of c l e a r i n g  of l ip e m ic  p l a s m a ,  d e x t r a n ,  

peptone ,  and  com p o u n d  48 /80  do not c a u s e  the  l ib e ra t io n  of h e p a r i n  into 

the  b lood s t r e a m  of the  r a t .  Com pound  4 8 /8 0  inhib it s  n a t u r a l l y  

o c c u r r i n g  c l e a r i n g  f a c t o r .

2. Of  the  h i s t a m i n e  l i b e r a t o r s  t e s t e d ,  compound 4 8 /8 0 ,  s t i l ­

b a m id in e  d i - i s e t h i o n a t e ,  quin ine  h y d r o c h lo r id e ,  t r i m e t h a p h a n  

c a m p h o r s u l f o n a t e ,  t u b o c u r a r i n e  c h lo r id e ,  polyvinyl p y r r o l id o n e ,  and  

peptone show a n  a f f in i ty  fo r  h e p a r i n  by the  in v i t r o  d i s p l a c e m e n t  of 

to lu id ine  b lu e .  A quan t i t a t ion  of t h i s  a f f in i ty  is  given.

3. S t r y c h n i n e  s u l f a te ,  a t r o p in e  su l fa te ,  m o r p h i n e  su l fa te ,  

a m p h e t a m i n e  s u l f a t e ,  an d  d e x t r a n  show l i t t l e  o r  no a b i l i ty  to  d i s p l a c e  

to lu id ine  b lue  f r o m  i t s  co m b in a t io n  with  h e p a r i n  up to  the  r a t i o  of 20 to 

1 of the  d ru g  to  to lu id in e  b lue .

4. B e c a u s e  of th e  p r e s e n c e  of h igh ly  r e a c t iv e  n i t r o g e n s  o r  

m e th o x y  g r o u p s ,  s u e c i n y l c h o l i n e , a c e ty lc h o l in e ,  n e o s t i g m in e ,  and  

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

to lu id ine  b lue  t e s t .  Of th i s  g ro u p ,  only  m e s c a l i n e  showed an y
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a t t r a c t i o n  f o r  h e p a r in .

5. Comp>ound 4 8 /8 0  shows a b i l i ty  to inhib it  a  h e p a r i n - a c t i v a t e d  

c l e a r i n g  f a c t o r  a p p ro x im a te ly  equa l  to  th a t  of p r o t a m in e  su l fa te .

6.  S t i lb am id in e  d i - i s e th io n a t e  had  a d ec id ed  a b i l i ty  to  inhibi t  

h e p a r i n - a c t i v a t e d  c l e a r i n g  fac to r .  At the  s a m e  c o n c e n t r a t i o n s ,  t u b o ­

c u r a r i n e ,  quin ine  h y d r o c h lo r id e  and  t r i m e t h a p h a n  c a m p h o r s u l f o n a t e  

show l i t t l e  o r  no a b i l i ty  to inhibit c l e a r i n g  f a c t o r .  E v e n  a t  h igh  c o n c e n ­

t r a t i o n s ,  no o th e r  d rug  t e s t e d  gave  a n  in h ib i t ion  of c l e a r i n g  f a c to r .

7. The  to x ic i ty  of tu b o c u r a r in e  in white  m i c e  is  r e d u c e d  by  

p r e v i o u s  o r  c o n c o m i ta n t  in jec t ion  of h e p a r i n  in an  a m o u n t  f ive t i m e s  

the  d o se  of t u b o c u r a r i n e .

8. The  to x ic i ty  of s t ry c h n in e  su l fa te  in white  m i c e  is  u n a f fe c ted  

by in je c t io n s  of h e p a r i n  five t i m e s  the  d o s a g e  of s t r y c h n in e .
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A P P E N D IX  A

Data  R e l a t i v e  to  T a b le  I

G r o u p s  of R a t s
Kle t t  R e a d in g s

Z e r o  15-M in .  30 - Min. 6 0 -M in .

D e x t r a n - t  r e a t e d
Rat 1 395 391 384 378
Rat 2 240 232 230 226
R at  3 330 325 320 218
Rat  4 285 278 276 266
R at  5 400 396 392 384
Rat 6 175 169 163 158

C om pound  4 8 / 8 0 - t r e a t e d
R at  1 258 258 258 260
Rat 2 279 279 277 278
Rat 3 240 239 240 241
Rat  4 298 298 296 297
Rat  5 170 170 170 170
Rat 6 335 335 333 334

P e p t o n e - t r e a t e d
Rat 1 385 387 387 372
Rat 2 260 252 250 243
Rat  3 295 288 288 280
Rat  4 340 326 325 322
Rat 5 210 202 202 196
Rat 6 190 182 182 174

He pa r i n - t  r e a t e d
Rat  1 132 108 66 52
R at  2 325 302 255 238
Rat  3 153 115 88 78
R at  4 380 338 306 298
R at  5 265 236 198 181
R at  6 208 174 144 129
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A P P E N D IX  A (Continued)

G r o u p s  of Rats Z e r o 15-M in . 3 0 -M in . 6 0 -M in .

C o n t r o l  
R a t  1 262 251 249 246
R a t  2 187 180 178 169
R a t  3 192 182 181 174
R a t  4 98 91 89 82
R a t  5 310 300 294 290
R a t  6 238 234 226 211



A PP E N D IX  n

Data

G ro u p s  of R a t s

R e la t iv e  to  T a b ic 11

K le t t R ead ings
Z e r o  15- Min. 30-Min . 60 -M in .

D e x t r a n - t r e a t e d
Rat 1 178 173 169 164
Rat 2 182 178 172 166
Rat 3 170 165 162 154
Rat 4 176 171 175 168

C om pound  48 /80 - t r e a t e d
Rat 1 180 180 179 177
Rat  2 182 182 180 180
Rat 3 179 178 179 179
Rat 4 184 185 184 180
Rat 5 181 181 179 178

P e p t o n e - t r e a t e d
Rat  1 176 168 168 162
R at  2 174 168 175 160
Rat  3 180 176 170 165
Rat 4 181 174 170 165
Rat 5 178 170 168 165
Rat 6 178 171 170 164

C o n t r o l  G r o u p
Rat 1 128 120 118 114
Rat  2 130 120 119 114
Rat  3 129 121 120 113
Rat 4 130 124 121 115
Rat 5 130 124 122 112
Rat  6 128 120 119 113

He p a r i n - t  r e a t e d
Rat  1 178 136 129 109
Rat  2 176 132 124 105
Rat  3 170 126 121 101
Rat 4 176 134 120 105
R at  5 176 133 121 107
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A l 'PEN D IX  C

Da t a  R e l a t i v e  t o  T a b l e »  III, IV a n d  V

Drug T e s t e d  for
H e p a r i n  Affinity

T u b o c u r a r i n c

M u  r o g r a m s  K le t t
of D rug  R e a d i n g

1 , 000

500

250

100

46
48 
42 
52 
44

55
52
58
49
59

38 
40
39 
36

27
29
26
27

Mic r o g r a m s  of
To lu id ine  Blue  D isp lac e d

37. 0
33. 0
29. 0 
36. 0
30. 0

38. 0 
35. 5 
40.  0
34. 0 
40.  5

26. 0 
27. 5 
27. 0 
24. 5

18. 5 
2 0 . 0  
18. 0 
18. 5

T r i m e t h a p h a n  
C a m p h o r  s u l fo n a te 1 , 0 0 0

ft 
11

47 
54
48 
46
49

32. 0 
37. 0
33. 0 
31 .0
34. 0
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A P P E N D IX  C (Cont inued)

Drug  T e s t e d
H e p a r i n  Aff in ity

T r i  m e t h a p h a n
C a m p h o r  s u l f o n a t e  

(C on t inued )

M i c r o g r a m s  
of  D ru g

500

250

100

Kle tt  M i c r o g r a m s  of
Read ing  T o lu id in e  Blue  D is p la c e d

41 2 8 .0
40 2 7 . 5
39 2 7 .0
42 2 9 . 0
38 2 6 .0

39 2 7 .0
38 2 6 .0
40 2 7 . 5

27 1 8 .5
26 18 .0
26 18 .0
29 2 0 . 0

S t i l b a m i d i n e
D i - i s e t h i o n a t e 1 , 000

500

250

1 0 0

51
46
41 
40 
43
42

38
36
35
36

34
32
30
30
31

27
29
29

3 5 .0
3 1 .0
2 8 .0  
27.  5 
2 9 . 5
2 9 .0

26. 0 
24.  5 
24.  0 
24.  5

2 3 . 0
2 2 . 0  
20. 5 
20.  5 
2 1 . 0

19 .0
2 0 . 0  
2 0 . 0
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A P P E N D IX  C (Continued)

D r u g  T e s t e d  f o r
H e p a r i n  A ff in i ty

Q uin ine
H y d r o c h l o r i d e

M i c r o g r a m s  
of  D r u g s

1 , 000

500

250

100

Kle t t  M i c r o g r a m s  of
R ead ing  To lu id ine  Blue D isp lac e d

40 2 7 .5
42 29 .0
40 2 7 .5
38 26 .0
39 27 .0

36 2 4 .5
34 23 .0
32 22 .0
34 2 3 .0
35 2 4 .0

26 18.0
28 19.0
27 18.5

25 17.0
23 16.0
25 17.0
22 15.0

C o m p o u n d  4 8 /8 0 100

50

70 
74 
68 
72 
74
71 
70

61
56
54 
59 
51 
50
55

4 8 .0
50.0
4 7 .0
4 9 .0
50 .0  
48.  5
4 8 .0

42. 0 
38. 5 
37. 0 
40. 5
35 .0
34 .0
36 .0
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A PP EN D IX  C (ConlJimrd)

Drug  T e s t e d  for
H e p a r i n  Affinity

C om p o u n d  48/80  
(Continued)

Mic r o g r a m »  
of D rug

2S

10

Klett  Mic r o g r a m s  of
Reading  Tolu id ine  Blue D isp laced

3i 23 .0
37 2 5 .0
34 23 .0
35 24 .0
30 2 0 .5
31 21 .0

25 17.0
20 14.0
19 13.0
22 15.0
20 14.0

S t r y c h n in e
Sulfa te 1 , 0 0 0

500

250

100

22
19 
18
20

19
19
17
18

20 
21 
23 
21

19
20 
18 
20

15.0
13.0 
12. 5 
14. 0

13.0
13.0
12 . 0  
12. 5

14. 0 
14. 5
16. 0 
14. 5

13.0
14.0 
12. 5
14.0



S4

A l ' J ^ K N D l X  t  ( C o n t i n u r d )

Drug 1 r # ' r d  J o r  

Hrp a  r>n AH»n»t y
M i l  r o g r a n i a  

I I I  D f i i g ^

Klett  Mic r o g r a m s
K eadm g Tolu id ine  Blue D is p lac e d

At r o p i n r  
S u l f a t e 1 . I ' UO

soo

250

100

19
2 ) 

> >

24
21

21
20
21
21

22
19 
21 
22

22
22
20 
22

13. 0 
16. 0 
15.0 
16. 5
14. 5

14. 5 
14. 0 
14. 5
14. 5

15. 0
13. 0
14. 5
15. 0

15. 0 
15. 0
14. 0
15. 0

A m p h e ta m in e
Sulfate 1 . 0 0 0 18

21
19
19

12. 5 
14. 5
13. 0 
13. 0

500

250
» t

100

21
20
20

19
21
21

18
22

14. 5 
14. 0 
14. 0

13 .0  
14. 5
14. 5
12. 5
15. 0
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A P P E N D IX  C (Continued)

Drug  T e s t e d  fo r  
H e p a r i n  Aff in i ty

M i c r o g r a m s  
of Drug

Kle tt
Read ing

Mic r o g r a m s  of 
T o lu id ine  Blue  D isp lac e d

M o rp h in e  Sulfa te 1 ,000 20 14. 0
11 19 13. 0
t t 19 13.0
1 1 20 14. 0

11 500 20 14. 0
t l 21 14. 5
t | 21 14. 5
( 1 21 14. 5

f f 250 22 15. 0
I t 20 14. 0
t l 11 20 14. 0
! t 1 1 22 15.0

1 1 100 19 13.0
I t 22 15.0
11 21 14. 5

Codeine  Sulfa te 1, 000 21 14. 5
11 11 22 15. 0
Tl 11 23 16 . 0
I I 20 14. 0

11 500 19 13. 0
1 1 11 19 13. 0
I I 11 21 14. 5
I I 11 20 14. 0

I I 250 22 15 .0
I I 11 20 14. 0

I I 100 19 13. 0
t l I f 20 14 .0
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A P P E N D IX  C (Continued)

D rug  T e s t e d  fo r
H e p a r i n  Aff in ity

D e x t r a n

M i c r o g r a m s  Klett  
of D ru g  R ead ing

1 , 000

500

250
t  I 

100

21
19 
18
20

22
20
21

20
19

19
19

M i c r o g r a m s  of
To lu id ine  Blue  D i s p la c e d

14. 5
13. 0
12. 5
14. 0

15. 0
14.0  
14. 5

14. 0
13. 0

13.0 
13. 0

P o lyv iny l
P y r r o l i d o n e 1, 000

500

250

100
t t

t l

ft

68
62
65
65
66

56
59
52
50
58

39
42 
46 
38
43

34
36
31
34

47. 0 
42. 5 
44.  5
44. 5
45. 0

38. 5 
40.  5 
35. 5 
34. 0
4 0 .0

27. 0
2 9 .0
31 .0
2 6 .0
2 9 .5

2 3 .0
2 4 .5  
2 1 . 0
2 3 .0
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A PP EN D IX  C (Continued)

D rug  T e s t e d  f o r
H e p a r i n  Affin ity

P e p to n e

M i c r o g r a m s  
of Drug

1. 0 0 0

500

250

100

Klett  M i c r o g r a m s  of
Read ing  To lu id ine  Blue D isp laced

37 2 5 .0
42 2 9 .0
40 2 7 .5
41 2 8 .0
39 2 7 .0
40 2 7 .5

35 2 4 .0
33 2 2 .5
36 2 4 .5
30 2 0 .5
34 2 3 .0

24 16 .5
25 17.0
23 16 .0
25 17 .0

25 17 .0
21 14 .5
23 16 .0

M e s c a l i n e 1, 000

500 
11

250 
11

100
M

26
27
29
27

24
23
23

21
19
19

19
19
20

18. 0 
18. 5 
2 0 . 0  
18. 5

16. 5 
16. 0 
1 6 . 0

14. 5 
13. 0
13 .0

1 3 .0
13. 0
14. 0
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A PP EN D IX  C (Continued)

Drug T e s t e d  lo r
H e p a r i n  Al lin ity

Cont rul C roup

Mic r o g r a m s

( No Drug  )

Klett
Reading

Mic r o g r a m  
Tolu id ine  Blue ■

18 12. 5
19 13. 0
19 13. 0
21 14. 5
20 14. 0
17 12. 0
17 12. 0
18 12. 5
20 14. 0
20 14. 0
19 13. 0
19 13. 0
18 12. 5
21 14. 5
20 14. 0
18 12. 5
17 12. 0
17 12. 0
17 12. 0
18 12. 5
19 13. 0
22 15. 0
21 14. 5
22 15. 0
18 12. 5
17 12. 0
16 11. 0
18 12. 5
18 12. 5
19 13. 0
20 14. 0
20 14. 0
20 14. 0
18 12. 5



A P P E N D I X  D

Data  R e l a t iv e  to  T a b le  VI

C o n c e n t r a t i o n  
of D rug  in

Drug U sed
M i l l i g r a m s  

p e r  M i l l i l i t e r Z e r o
K le t t  R e a d in g s  

15-M in .  3 0 -M in .  60 -M in .

T u b o c u r a r i n e 0. 250 64 55 50 37
I » I I 61 54 49 34
t  I 1 1 48 40 35 30
t  • I I 46 39 32 24
t  t I I 40 44 28 23
» f 1 f 41 34 27 24

Quinine 0 .2 5 62 53 49 45
I I I I 60 52 46 42
1 I 1 1 49 42 35 32
1 1 1 1 48 41 34 31
t  f 1 1 41 34 28 23
I T 11 41 35 29 23

T r im e t h a p h a n 0. 25 63 53 48 44
I I I I 65 56 51 47
1 1 » 1 50 42 37 32
I T I I 48 39 34 29
1 I I t 40 31 26 22
I I I I 42 32 27 24

P r o t a m i n e 0 .0 2 5 62 60 59 59
11 I t 60 60 60 59
1 1 I I 51 50 50 49
f  1 11 51 50 49 48

59
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A P P E N D IX  D (Con t inued)

C o n c e n t r a t i o n  
of D r u g  in

D rug  U se d
M i l l i g r a m s  

p e r  M i l l i l i t e r Z e r o
Klett

15-M in .
R e a d in g s  

3 0 -M in .  60 -M in.

S t i lb a m id in e 0. 25 62 58 56 53
t  1 M 61 57 54 53
1 t » 1 48 45 43 39
1 t 1 1 50 46 43 41
1 f 1 1 41 37 35 33
I I 1 1 40 37 34 32

C o m p o u n d  4 8 /8 0 0 .0 2 5 60 60 60 59
t l 1 1 60 60 59 58
r I 1 1 49 48 48 47
1 1 I t 50 49 49 47
1 T ! 1 42 40 40 40
1 1 1 1 41 39 39 39

C o n t r o l ( No D ru g ) 61 52 45 42
1 f 1 1 59 50 44 43
T T 1 I 59 49 44 41
I  t 1 J 60 50 46 40
» T 1 1 60 51 47 42
1 f I f 49 40 34 31
t  T I t 51 41 37 32
t  t M 49 41 36 33
t  f I I 49 42 37 31
!  1 I I 50 40 36 32
1 1 I I 50 42 37 32
I I I 1 42 40 28 24
1 1 1 1 44 35 31 26
1 1 1 1 40 31 26 23
I I 1 1 40 31 26 24
I I I I 41 33 26 23
I I I I 40 32 25 23



A P P E N D IX  E

Data  R e la t iv e  to  T a b le  VII

D rug  U sed

C o ncen t  r a t io n  
of Drug  in 

M i l l i g r a m s  
p e r  M i l l i l i t e r

Kle tt  R ead ings
Z e r o  15-M in .  3 0 -M in .  6 0 -M in

S t ry ch n in e 0 . 2 5 69 61 53 45
(  f I 67 60 51 44
1 • I T 64 57 50 41
» t TT 64 56 50 40

1 63 56 49 40
I T 65 57 51 41

M o rp h in e 0 . 2 5 68 60 51 42
Tl Tl 68 59 51 43
I  1 I T 65 55 49 40
t  1 1 64 54 47 38
I f I T 63 54 47 38
I f 1 62 54 46 36

A t r o p in e 0 . 2 5 67 57 52 44
T t I T 68 59 53 44
1 1 t 64 55 50 39
11 T 64 55 50 39
11 I 62 52 47 38

A m p h e ta m in e 0 . 2 5 68 60 53 44
t l I T 68 58 52 43
I f 11 63 52 49 40
I I I I 64 53 49 41
I I I I 63 55 48 41
I I I I 63 54 49 40

61
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A H P K N D I X  K (c 'uti l i nurd)

Drue U»cd

C o n t  ro l

C om  c-nt ra t  jon  
ol D rug  in 

M i l l i g r a m »  
{K- r M i l h l i t r  r

( No D rug  )

Klf t i H r a u n g »
r r o 1 8 . Min. 30- Min.  t>0 -Min .

07 t.o s t 45
66 6S so 41
bt) Se, s; 41
68 S'' 54 45
68 S'J S 3 43
63 s s Sh 40
64 S4 48 41
62 S4 4Q 40
62 S3 47 40
62 s 3 48 39
63 S3 48 38
61 54 45 37
62 53 46 38
61 53 4b 39
61 54 4b 37



A P P E N D IX  F

Data R e la t iv e  to  T a b le  VIll

Drug U sed

C o n c e n t r a t i o n  
of D rug  in 
M i l l i g r a m s  

p e r  M i l l i l i t e r
K le t t  R ea d in g s

Z e r o  15-M in .  3 0 -M in .  6 0 -M in .

Quin ine 0. 5 57
58 
60 
60

50 
49
51
52

45
44
47
47

40
42
44
44

1 . 0 64
60
50
51

55
52
42
43

50
46
37
36

48
43
34
35

S trychn ine 0. 5 59
59
60 
59

52
50 
52
51

46
46
48
43

43
43
45
43

1 . 0 62
61
51
51

53
53
45
44

48
46
40
39

46
43
37
36

T u b o c u r a r i n e 0. 5 58
58
61
60

50
51
52 
56

45
46
47 
49

41
44
46
47

63
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A P P E N D IX  F  (Continued)

C o n c e n t r a t i o n  
of D ru g  in 
M i l l i g r a m s Kle tt  R ea d in g s

D ru g  U se d p e r  M i l l i l i t e r Z e r o 15-M in . 30-M in . 60-M in .

T u b o c u r a r i n e
(Continued) 0. 75 60 51 46 43

t t 1 1 62 50 47 45
I I 11 52 45 43 39
1 1 53 44 40 39

A t ro p in e 0. 5 60 50 45 42
I f 61 51 46 44
11 52 44 37 36
11 51 42 39 37

11 1 .0 61 52 43 42
? t 1 1 60 52 46 45
f  1 1 1 52 45 37 36
1 1 1 1 53 44 38 37

T r i m e t h a p h a n 0 . 5 62 52 46 41
f r 11 61 53 47 44
1 1 M 53 42 39 38
f  I 11 50 41 34 33

1 1 1 .0 60 54 45 42
1 f I I 62 51 46 45
t  1 11 54 43 39 38
Î  f 11 52 43 37 36

C o n t r o l (No Drug) 59 50 46 44
I I I t 58 52 47 45
I I 1 1 60 52 44 43
I I I t 61 50 45 43
1 1 I I 58 51 44 44
1 1 11 58 51 43 43
I I I I 54 48 39 37
I I I I 50 41 35 34
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A P P E N D IX  F (Continued)

D ru g  U sed

C oncent  r a t ion  
of Drug in 

M i l l i g r a m s  
p e r  M i l l i l i t c r

C o n t r o l  (C on t 'd .  ) (No Drug)

K le t t  R ead in g s
Z e r o 15 -M in . 30-M in .  60 -Min.

50 42 36 34
49 41 37 37
49 41 35 34
54 45 39 39
53 43 36 38
54 46 38 38
50 40 34 33
51 42 37 35


