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Free A m i n o  Acid Pat terns  and other  
C h e m i c a l  Const i tuents  of Rabbits '  B lood  

and B l o o d  V e s s e l s  1 

T o  d a t e ,  t h e  c h e m i c a l  s t r u c t u r e  o f  n o r m a l  a n d  d i s e a s e d  
b l o o d  v e s s e l s o f  a n i m a l s  a n d  m a n  h a s  b e e n  s t u d i e d  b u t  i n -  
c o m p l e t e l y .  S o m e  d a t a  o n  t ip ids ,  e s p e c i a l l y  o n  c h o l e s t e r o l ,  
a n d  s p o r a d i c  d a t a  o n  m u c o p o l y s a c c h a r i d e s ,  a r e  a v a i l a b l e .  
T h e  s t u d y  o f  a m i n o  a c i d s  h a s  b e e n  g r e a t l y  n e g l e c t e d .  

A s t u d y  o f  M o o d  v e s s e l s  o f  n o r m o -  a n d  o f  h y p e r -  
c h o l e s t e r e m i c  N e w  Z e a l a n d  w h i t e  r a b b i t s  w a s  u n d e r t a k e n .  
T h e  q u e s t i o n  p o s e d  w a s  t h e  p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  
b l o o d  s e r u m  a n d  v a r i o u s  i n t a c t  a n d  a l t e r e d  s e c t o r s  o f  
b l o o d  v e s s e l s  w i t h  r e g a r d  t o  a m i n o  a c i d  p a t t e r n s  a n d  o t h e r  
c h e m i c a l  s u b s t a n c e s .  

T i s s u e  e x t r a c t  f r o m  a s c e n d i n g  a o r t a  a n d  a r c h ,  t h o r a c i c  
a o r t a ,  a b d o m i n a l  a o r t a  a n d  t h e  v e n a  c a v a  w e r e  p r e p a r e d .  
Of  t h e  25 p r i n c i p a l  a m i n o  a c i d s  21 w e r e  f o u n d  in  e x t r a c t s  
o f  r a b b i t s '  b l o o d  v e s s e l s  b u t  o n l y  16 in  b l o o d  s e r u m  of  t h e  
s a m e  a n i m a l s  b y  c i r c u l a r  p a p e r  c h r o m a t o g r a p h y .  T h i s  
m e t h o d ,  a l t h o u g h  n o t  s u i t a b l e  fo r  q u a n t i t a t i v e  a s s a y s ,  
p r o v e d  u s e f u l  fo r  p u r p o s e s  o f  o r i e n t a t i o n .  

T h e  p a t t e r n  o f  f r ee  a m i n o  a c i d s  f o r  t h e  s a m e  v a s c u l a r  
s e c t o r  d i f f e r e d  f r o m  o n e  r a b b i t  t o  a n o t h e r .  D i s t r i b u t i o n  o f  
a m i n o  a c i d s  in  t h e  t h r e e  a o r t i c  s e c t o r s  f r o m  o n e  a n d  t h e  
s a m e  r a b b i t  w a s  n o t  t h e  s a m e .  I t  w a s  i m p o s s i b l e  t o  
c o r r e l a t e  t h e  a m i n o  a c i d  s p e c t r a  o f  d i f f e r e n t  a n i m a l s  n o r  
f o r  a s i n g l e  a n i m a l ,  r e g a r d l e s s  w h e t h e r  o n e  a t t e m p t e d  t o  
g r o u p  t h e  a m i n o  a c i d s  b y  t h e i r  c h e m i c a l  c h a r a c t e r i s t i c s  o r  
t r i e d  t o  f o l l o w  t h e  d i s t r i b u t i o n  o f  e s s e n t i a l  a m i n o  a c i d s .  
T h e  o n l y  a m i n o  a c i d  d e r i v a t i v e  d e t e c t e d  o c c a s i o n a l l y  i n  
o n e  o r  a n o t h e r  v a s c u l a r  s e g m e n t  3vas e - a m i n o b u t y r i c  ac id .  

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

s e a s e d  i n  a d d i t i o n  t o  t h e  a s c e n d i n g  p a r t ,  t h e  f r e q u e n c y  of  
a m i n o  a c i d s  w a s  l o w e r e d  i n  b o t h  a f f e c t e d  s e c t o r s .  T h e  
s h i f t  p a r a l l e l e d  t h e  d e g r e e  of  d i s e a s e .  A s  t h e  f r e q u e n c y  of  
f ree  a m i n o  a c i d s  d e c r e a s e d  i n  t h e  a l t e r e d  s e c t o r s  i t  i n -  
c r e a s e d  i n  t h e  i n t a c t  a b d o m i n a l  a o r t a .  

O f  i n t e r e s t  w a s  t h e  s h i f t  o f  m e t h i o n i n e  i n ' t h e  a o r t a  f r o m  
d i s e a s e  o f  p r o x i m a l  s e c t o r s  t o  i n t a c t  d i s t a l  p a r t s .  G l u t a m i c  
a c i d  a n d  l e u c i n e  i n c r e a s e d  p a r a l l e l  t o  t i s s u e  d a m a g e .  
A l a n i n e  a n d  i s o l e u c i n e  w e r e  o f t e n  p r e s e n t  i n  d i s e a s e d  
a o r t a  b u t  l ess  f r e q u e n t  i n  n o r m a l  s e c t o r s  ( T a b l e  I ) .  

T o t a l  p r o t e i n  o f  t h e  v e n a  c a v a  a n d  t h e  a b d o m i n a l  a o r t a  
o f  n o r m a l  r a b b i t s  w a s  a b o u t  30~o l o w e r  t h a n  t h a t  o f  t i l e  
o t h e r  a o r t i c  s e c t o r s .  T h e  t h o r a c i c  a o r t a  h a d ,  a s  a r u l e ,  t h e  
h i g h e s t  p r o t e i n  c o n t e n t .  T h e  t o t a l  p r o t e i n  i n  t h e  a s c e n d i n g  
a n d  t h o r a c i c  s e c t o r s  o f  h y p e r e h o l e s t e r e m i c  r a b b i t s  w a s  
30~/o h i g h e r  t h a n  in  t h e  a b d o m i n a l  a o r t a  a n d  5 4 %  h i g h e r  
t h a n  i n  t h e  v e n a  c a v a .  T h e  a s c e n d i n g  a n d  a b d o m i n a l  a o r t a  
h a d  in  t h e s e  a n i m a l s ,  o n  t h e  a v e r a g e ,  a 2 5 %  h i g h e r  l i p i d  

c o n t e n t  t h a n  t h e  t h o r a c i c  a o r t a  o r  t h e  v e n a  c a r s .  T h o r a c i c  
a o r t a  cho le s t e ro l  of  n o r m a l  r a b b i t s  w a s  u s u a l l y  9~o l o w e r  
t h a n  t h a t  o f  o t h e r  a o r t i c  s e g m e n t s  o r  v e n a  c a r s .  C h o l e s t e r o l  
ill t h e  a s c e n d i n g  a o r t a  o f  h y p e r c h o l e s t e r e m i c  r a b b i t s  w a s  
2x/2 t i m e s  h i g h e r  t h a n  i n  t h e  t h o r a c i c  a o r t a  a n d  4 t i m e s  t h e  
a m o u n t  d e t e c t e d  in  t h e  a b d o m i n a l  s e c t o r s  ( T a b l e  II). 

Al l  r a b b i t s  o f  t h e  e x p e r i m e n t a l  s e r i e s  h a d  e l e v a t e d  
b l o o d  l ip id ,  c h o l e s t e r o l  a n d  p r o t e i n .  Al l  t h e s e  s u b s t a n c e s  
w e r e  a l so  i n c r e a s e d  in  t h e  a o r t i c  e x t r a c t .  H o w e v e r ,  s o m e  
r a b b i t s  w i t h  e x t r e m e  h y p e r l i p e m i a - h y p e r c h o l e s t e r e m i a  
h a d  less  l ip id  a n d  (or) c h o l e s t e r o l  i n  t h e i r  a o r t a  t h a n  o t h e r  
r a b b i t s  w i t h  a l e s s e r  d e g r e e  o f  b l o o d  l ip id  a n d  c h o l e s t e r o l  
e l e v a t i o n .  T h e s e  s u b s t a n c e s  w e r e  l o w e s t  i n  t h e  a b d o m i n a l  
a o r t a  o f  a n i m a l s  i n  w h o m  p l a q u e s  w e r e  p r e s e n t  in  t h e  

x Suppor tedby grant  H-2534 (C-3) from the National Heart  Institute~ 
N.I.H.,  and by  a grant  from the Eli Lilly Co. 

Tab. I. Frequency of free amino acids in blood vessels and in serum of normo- and of hypercholesteremic rabbits 

No. Free aminoacids Ascend- Tho- Abdom- All V e n a  Blood Ascend- The- Abdom- All Vena  Blood 
ing racic inal Aorta cava serum ing racie inal Aorta cava serum 

1 Alanine 9.0 25.0 16.0 17.0 25.0 50.0 30 20 20 23.0 10 10 
2 Arginine 18.2 0.0 25.0 14.3 37.4 50.0 30 40 40 36.7 0 60 
3 Aspartic acid 0.0 0.0 16.6 5.7 12.5 10.0 30 30 20 26.8 0 10 
4 Cysteine 36.4 ,25.0 33.3 31.4 62.5 50.0 30 40 60 43.0 30 50 
5 Cystine 82.0 100.0 100.0 94.0 100.0 100.0 80 80 80 80.0 70 100 
6 Ethionine 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0 9.0 0 0 
7 Glutamie acid 18.2 25.0 33.3 25.6 12.5 20.0 70 70 70 70.0 80 90 
8 Glutathione, red. 0.0 0.0 0.0 0.0 0.0 O.O 0 0 0 0.0 0 0 
9 Glycille 45.5 16.6 42.0 34.4 12.5 20.0 50 30 50 43.0 80 80 

10 Histidine 9.0 25.0 8.4 14.3 12.5 30.0 60 30 50 47.0 40 20 
11 Homocysteine 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0 0.0 0 0 
12 Hydroxyproline 0.0 0.0 8.4 2.9 0.0 10.0 0 0 0 0.0 0 0 
13 Isoleucine 18.2 16.6 25.0 20.0 37.4 0.0 50 50 50 50.0 20 I0 
14 Leucine 27.2 33.3 16.6 25.8 50.0 10.0 70 60 40 56.5 50 I0 
15 Lysine 36.4 33.3 42.0 37.2 50.0 50.0 50 50 40 47.0 40 20 
16 Methionine 36,4 58.0 25.0 40.0 75.0 20.0 20 30 50 33.0 60 20 
i7 Norleucine 36,4 16.6 33.3 28.6 37.4 0.0 70 80 60 70.0 40 0 
18 Phenylalanine 36.4 25.0 25.0 28.6 50.0 0.0 50 40 30 40.0 40 20 
19 Proline 18.2 25.0 42.0 28.6 50.0 20.0 20 40 50 36.6 60 50 
20 Serine 0.0 16.6 0.0 5.7 12.5 30.0 10 30 20 20.0 20 0 
2t Thiolhistidine 0.0 0.0 0,0 0.0 0.0 0.0 0 0 0 0.0 0 0 
22 Threonine 36.4 33.3 42.0 37.2 37.4 50.0 60 90 90 80.0 50 80 
23 Tryptophane 18.2 0.0 16.6 11.4 0.0 0.0 0 10 10 6.6 0 0 
24 Tyrosine 45.5 16.6 25.0 28.6 25.0 0.0 20 70 60 50,0 40 40 
25 Valine 9.0 8.4 33.3 17.1 0.0 10.0 40 0 30 23.0 0 0 

~-Aminobutyrie acid 9.0 0.0 16.6 8.6 25.0 0.0 10 10 0 6.6 0 0 

Amino acids listed alphabetically; frequency expressed in %; first six columns refer to normal rabbits, second set of six columns refer to 
experimental animals. 
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Tab. ~. Amounts of total 
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protein, lipid and cholesterol and number of free amino acids in blood vessels and in serum of normo- and of 
hypercholesteremic rabbits 

Per 100 ml of tissue Ascending Thoracic Abdominal All Aorta Vena cava Blood serum 
extract orbloodserum rain. avg, max, rain. avg. max. rain. avg. max. min. avg. max. rain. avg. max. rain. avg. max. 

total protein (g) 1,11 ~.09 3.40 1.84 2.83 3.80 1.35 1.92 ~2.94 1.84 2.28 3.23 0.63 1,51 2.20 4.25 5.75 7.85 
totallipid (mg) 1t0 212 555 29 145 485 70 178 545 88 178 528 60 148 470 215 566 1000 
total cholesterol (rag) 1.70 3.30 5.90 1.00 3.05 6.60 1.10 3,40 11.0 1.63 3.25 6.60 1.00 3.29 5.30 33.0 62.3 84.0 
No. of freeaminoacids 4 5.45 7 3 5.00 8 3 6.35 8 4 5.60 8 5 6.44 8 4 5.30 6 - 

Per 100 ml of tissue Ascending Thoracic Abdominal All Aorta Vena cava Blood serum 
extract or bloodserum rain. avg. max. min, avg. max. rain. avg. max. min, avg. max. min. avg. max. min. avg. max. 

total protein (g) 2.96 5.60 8.70 3.11 5.12 7,90 2.20 3.70 5.55 2.91 4.86 6.80 1.06 2.34 5.65 7.55 8.89 10.4 
total lipid (mg) 242 621 985 305 457 690 222 492 800 274 523 778 90 154 200 1710 2199 3490 
total cholesterol (mg) 12.0 32.0 50.0 6,30 13,1 22.0 2.90 8.07 19.7 7.90 17.5 30.6 4.90 9.65 15.0 440 2869 5800 
No. of free aminoacids 7 8,5 10 7 9 10 7 9.2 10 7 8.7 10 6 7.3 8 6 6.7 8 

Minimum, average and maximum amounts of total protein (expressed in g]100 ml of tissue extract or serum), of total lipid (as mg]100 ml) 
and of total cholesterol (as mg]100 ml); minimum~ average and maximum number of free amino acids detected in this material. 

t ho r ac i c  s e g m e n t  as well  as  in t he  a s c e n d i n g  aor ta ,  T h e  
reve r se  was  f o u n d  for p ro t e in  a n d  for t he  f r e q u e n c y  of free 
a m i n o  acids.  T h e  a m o u n t  of l ipid a n d  choles te ro l  could  n o t  
be co r re l a t ed  w i t h  t h e  t y p e  of a m i n o  ac ids  r ecovered  f rom 
blood vesse ls  w h e t h e r  one  c o m p a r e d  t he  s a m e  sec to r  f r om 
d i f f e ren t  r a b b i t s  or v a r i o u s  sec tors  f r om t h e  s a m e  an ima l .  

T h e  i n v e r t e d  r e l a t ion  b e t w e e n  t o t a l  p ro t e in  a n d  t h e  
n u m b e r  of free a m i n o  ac ids  in n o r m a l  v a s c u l a r  t i s sue  shou ld  
b e  n o t e d  a n d  also a s imi l a r  r e l a t i o n s h i p  b e t w e e n  t o t a l  
p r o t e i n  a n d  t o t a l  l ip id-choles terol ,  S e g m e n t a l  d i f fe rences  
could  s ign i fy  local d i f fe rences  in p ro t e in  h y d r o l y s i s  or  in 
p ro t e in  s y n t h e s i s .  

T h e  lack  of d i rec t  p r o p o r t i o n  b e t w e e n  lipid a n d  choles-  
te ro l  of  t h e  d i seased  a o r t a  a n d  t h e  degree  of h y p e r l i p e m i a  
a n d  h y p e r c h o l e s t e r e m i a  h a d  n o t  been  a n t i c i p a t e d  s ince  
t h e  c h a i n  of ' cho les te ro l  d ie t  -- h y p e r c h o l e s t e r e m i a - -  choles-  
te ro l  a the rosc l e ro s i s '  h a s  b e e n  well  e s t a b l i s h e d  for t h e  
r abb i t .  T h e  v a l i d i t y  of t h e  f i l t r a t ion  t h e o r y  for  h u m a n  
a the rosc l e ros i s  m a y  be  d e b a t a b l e  a l t h o u g h  i t  h a s  f o u n d  
w i d e s p r e a d  a c c e p t a n c e .  ~\re a re  r e m i n d e d  of a n a t o m i c  

s t r u c t u r a l  d i f fe rences  of  v a r i o u s  p a r t s  of  t h e  ao r t a .  W i t h  
r e g i o n a l v a r i a t i o n s  in t he  a m o u n t  of endo the l i a l ,  m u s c u l a r ,  
c o n n e c t i v e  t i s sue  a n d  o t h e r  e l e m e n t s  one  m a y  e x p e c t  
d i f fe rences  in chemica l  c o m p o s i t i o n  as  well. 

T h e  fac t  t h a t  c he mic a l  c h a n g e s  were  p r e s e n t  in g ro s s ly  
i n t a c t  aor t ic  sec tors  of h y p e r c h o l e s t e r e m i c  r a b b i t s  in-  
d i ca t e s  t h a t  c he mic a l  c h a n g e s  p recede  a n a t o m i c a l  a l t e r -  
a t ions .  

Zusammenfassung.  Die V e r t e i l u n g  der  f re ien A m i n o -  
s~turen, y o n  Pro te in ,  F e t t  u n d  Choles te r in  im  Blu r  u n d  in 
v e r s c h i e d e n e n  Gef~ssen  n o r m a l e r  u n d  h y p e r c h o l e s t e r e -  
m i s c h e r  K a n i n c h e n  w u r d e  u n t e r s u c h t .  Gesch~d ig t e  A o r t a -  
a b s c h n i t t e  e rh i e l t en  m e h r  P ro t e in ,  F e t t  u n d  Choles te r in ,  
a b e t  wen ige r  freie Aminos~iuren  a ls  no rma le .  

A. F.  ENG~L a n d  O. J .  POLLAK 

Dover Medical  Research Center, Dover (Delaware), January  
19, 1961. 

R e l e a s e  o f  H i s t a m i n e  b y  C o t t o n  D u s t  E x t r a c t s  

f r o m  H u m a n  L u n g  T i s s u e  i n  v i t r o  

I n  p r e v i o u s  c o m m u n i c a t i o n s  1, 2 t h e  h y p o t h e s i s  h a s  bee n  
a d v a n c e d  t h a t  a t  l ea s t  s o m e  of t i le s y m p t o m s  of bys s inos i s  
( co t ton  w o r k e r ' s  p n e u m o c o n i o s i s )  a re  c a u s e d  b y  a h i s t a -  
m i n e - r e l e a s i n g  s u b s t a n c e  p r e s e n t  in t h e  d u s t  i n h a l e d  b y  
c a r d r o o m  wo rk e r s  in  t h e  c o t t o n  i n d u s t r y .  

T h i s  h y p o t h e s i s  w a s  b a s e d  on t h e  r e s u l t s  of  d u s t  in -  
h a l a t i o n  e x p e r i m e n t s  in  m a n  a n d  on  s o m e  ev idenc e  
de r ived  f r o m  ap p l i c a t i on  of c o t t o n  d u s t  e x t r a c t s  in a n i m a l  
p r e p a r a t i o n s .  F u r t h e r  ev idence  f r o m  a n i m a l  e x p e r i m e n t s  
s u p p o r t i n g  s u c h  a t h e o r y  h a s  been  p u b l i s h e d  b y  ANI"- 
WEILER 3,¢. 

I t  is well  k n o w n ,  h o weve r ,  t h a t  h i s t a m i n e  re lease  va r i e s  
w i t h  t h e  t i s s u e  a n d  a n i m a l  species  u n d e r  s t u d y ,  a n d  t he se  
d i f fe rences  in  a c t i o n s  of h i s t a m i n e - r e l e a s i n g  s u b s t a n c e s  
are  on ly  p a r t l y  e x p l a i n e d  b y  t i s sue  a n d  species  d i f fe rences  
in h i s t a m i n e  c o n t e n t  s . 

O u r  o w n  p r e v i o u s  e x p e r i m e n t s ,  as  well  as  t hose  m a d e  
b y  A•TWEILER, p r o v i d e d  on ly  ind i r ec t  ev idence  in  f a v o u r  
of h i s t a m i n e  re lease  as  a c ausa l  f ac to r  in  byss inos i s .  I t  
r e m a i n e d  to  be  d e m o n s t r a t e d  t h a t  c o t t o n  d u s t  c o n t a i n s  a 

s u b s t a n c e  c a p a b l e  of  r e l eas ing  h i s t a m i n e  in  h u m a n  l u n g  
t i s sue .  T h i s  c o m m u n i c a t i o n  p r e s e n t s  ev idence  t h a t  t h i s  is 
i nde e d  t h e  case.  

A n  e x t r a c t  of c o t t o n  d u s t  w a s  p r e p a r e d  as  p r e v i o u s l y  
desc r ibed  ~, e x c e p t  for  t h e  use  of T y r o d e  so lu t i on  i n s t e a d  

Tab. I. Histamine release from human lung tissue in vitro 

Sample No. 1 2 3 4 5 6 

Amount of lung tissue (g) 1.2 1.2 -- -- 1.2 1.2 
Tyrode solution (ml) 2 2 4 4 3 3 
Cotton dust extract (ml) 1 I 1 1 -- -- 
Histamine in filtrate (tzg) 1.4 1.4 0.1 0.1 0.6 0.7 
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