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Our  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  t he  use of casein as a 
subs t r a t e ,  as opposed  to  s e rum a l b u m i n  a n d  haemoglob in ,  
resu l t s  in  sha rpe r  borde r s  b e t w e e n  t h e  zone of r eac t i on  
a n d  t h e  area  c o n t a i n i n g  t he  und iges t ed  subs t r a t e .  A n  
a d v a n t a g e  of t h e  m e t h o d  of r ad ia l  d i f fus ion descr ibed  
a b o v e  is t h a t  c a s e i n  can  be  u t i l ized  as a s u b s t r a t e  in 
s tudies  on  enzymes  w i t h  a n y  p H - o p t i m a .  To i l l u s t r a t e  
this ,  if t h e  agarose  casein m i x t u r e  is p r e p a r e d  a t  n e u t r a l  
or bas ic  p H  va lues  a n d  t h e n  t h e  slides are  i m m e r s e d  in 
buffer  of low p H  (e.g. i or 2 for p e p s i n  studies) ,  t h e  casein 
p rec ip i t a t e s  in  sma l l  aggrega tes  wh ich  are  h o m o g e n o u s l y  
d i s t r i b u t e d  w i t h i n  t h e  gel. I t  is no t  poss ible  to  get  a 
h o m o g e n o u s  d i spers ion  of case in  in  t h e  gel if i~c is m i x e d  
d i rec t ly  w i t h  agarose  a n d  buf fe r  be low p H  4.5, s ince t h e  
case in  is p r e c i p i t a t e d  and  aggregated .  

Electrophoresis followed by diffusion. This  m e t h o d  ha s  
been  deve loped  in order  to  p r ov i de  a r ap id  e lectro-  
phore t i ca l  loca l iza t ion  of p ro tease  i nh ib i t o r s  or a c t i v a t o r s  
in  samples  f rom b o d y  f luids a n d  o rgan  ex t rac t s .  

Agarose  e lec t rophores i s  (Veronal-HC1 buffer ,  p H  8.6) is 
f i rs t  pe r fo rmed  on t h e  so lu t ion  a l r eady  p r o v e d  to con t a in  
i nh ib i t o r s  b y  e.g. r ad ia l  diffusion.  Af te r  e lec t rophore t i c  
separa t ion ,  l o n g i t u d i n a l  slides are cu t  ou t  f rom t he  gel 
in to  wh ich  t he  p ro t e in s  h a v e  m i g r a t e d  (Figure  2A), and  
p laced  u p o n  a n o t h e r  agarose  gel (Figure  2B).  This  gel 
con t a in s  2 .25% agarose  a n d  0.1% s u b s t r a t e  (casein). I n  
t he  l a t t e r  gel, a t r o u g h  is p u n c h e d  a n d  t he  e n z y m e  so lu t ion  
is p o u r e d  in. The  i n c u b a t i o n  is pe r fo rmed  a t  37~ for 
4-5  h. Molecules diffuse f rom t he  slices in to  t h e  under -  
ly ing  gel. The  e n z y m e  in t h e  l o n g i t u d i n a l  well  diffuses in to  
t he  gel a n d  digests  t h e  subs t r a t e ,  However ,  in those  
pos i t ions  where  i n h i b i t i n g  s u b s t a n c e s  h a v e  dif fused f rom 
the  app l ied  slice t h e r e  is no, or a reduced,  digest ion.  These  
resul t s  are d e a r l y  obse rved  a f t e r  t h e  und iges t ed  casein 
ha s  b e e n  p r e c i p i t a t e d  w i t h  ace t ic  acid a n d  s t a i ned  w i t h  
amido  b l ack  (Figure 3). 

F igure  3 A shows one t e s t  where  a t r y p s i n  i n h i b i t o r  of 
porc ine  co los t rum is local ized to t he  v-globul in  region,  a n d  
a n o t h e r  t e s t  where  t he  t r y s p i n - i n h i b i t i n g  a c t i v i t y  o f  t he  
e -g lobul in  region in porc ine  s e rum is shown.  F igu re  3 B is 
a t e s t  of s e rum f rom a n e w - b o r n  p ig le t  wh ich  inges ted  i ts  
f i r s t  mea l  of co lo s t rum 3 h earlier.  No te  t he  t r yps in -  
i n h i b i t i n g  ac t ion  of b o t h  s e rum and  co los t rum.  F igure  3 B 
also d e m o n s t r a t e s  t h a t  u r ine  f rom a 14-hour-old  suckl ing  
p ig le t  exh ib i t s  t r y p s i n - i n h i b i t i n g  a c t i v i t y  in  t he  ~-globul in  
zone. Th i s  m a y  d e p e n d  on  t h e  fac t  t h a t  a t r y p s i n  i n h i b i t o r  
a c t u a l l y  ha s  b e e n  a b s o r b e d  f rom co los t rum via  t h e  gu t  
e p i t h e l i u m  to  t he  b lood  and  t h e n  v ia  t h e  k idneys  to  t he  
u r ine  5. 

This  is a good example  of t he  app l i cab i l i t y  of th i s  
q u a l i t a t i v e  t e s t  in  a s i t u a t i o n  w h e n  t he  m e a s u r e m e n t  of 
t h e  t o t M  t r y p s i n - i n h i b i t i n g  a c t i v i t y  wou ld  h a v e  g iven  
incomple t e  phys io logica l  i n fo rma t ion .  

Zusammenfassung. Es  w e r d e n  zwei M e t h o d e n  (Diffusion 
u n d  E l e k t r o p h o r e s e  in Agarose-Kase in)  fiir q u a n t i t a t i v e  
und  q u a l i t a t i v e  B e s t i m m u n g  y o n  I n h i b i t o r e n  u n d  Akt i -  
v a t o r e n  ve r sch iedene r  P r o t e a s e n  be sch r i eben  n n d  die 
T r y p s i n i n h i b i t o r e n  in Ko los t rum,  S e r u m  n n d  U r i n  yon  
n e u g e b o r e n e n  Schweinen  besonde r s  u n t e r s u c h t .  
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A D o u b l e - L a b e l e d  F r o z e n  S ec t ion  T e c h n i q u e  for S t u d y i n ~  D i s t r i b u t i o n  of H a - N o r e p i n e p h r i n e  t 

The  a r t e r i a l  wal l  is s t r a t i f i ed  in to  t un i cae  in t ima ,  med ia  
a n d  a d v e n f i t i a  w i t h  d i f fer ing di f fus ion cha rac te r i s t i c s  a n d  
c a t e c h o l a m i n e  u p t a k e  capaci t ies .  Ca techo lamines ,  e i the r  
re leased f rom the  s y m p a t h e t i c  ne rve  t e r m i n a l s  or app l ied  
exogenously ,  do no t  d i s t r i b u t e  u n i f o r m l y  t h r o u g h o u t  t he  
a r t e r i a l  wall. The i r  d i s t r i b u t i o n  profi les  are of phys io-  
logical  a n d  pha rmaco log ica l  consequence  2. 

A frozen sec t ion  t e c h n i q u e  has  been  dev ised  to  s t u d y  t he  
t r a n s m u r a l  d i s t r i b u t i o n  of n o r e p i n e p h r i n e  in t h e  r a b b i t  
aor t ic  s t r ip  s. B y  th i s  t echn ique ,  t he  k ine t ics  of e n t r y  of 
t r i t i a t e d  n o r e p i n e p h r i n e  (HS-NE)  in to  t h e  a r t e r i a l  wal l  
ha s  been  cha rac te r i zed .  Br ief ly ,  t h e  a r t e r i a l  s t r ip  was  
exposed  to  H S-NE before  i t  was f rozen and  sec t ioned  in to  
t h i n  slices para l le l  to  t he  i n t i m a l  surface.  T he  t r i t i u m  con- 
t e n t  of e ach  slice was  a s sayed  a n d  p l o t t e d  aga i n s t  t h e  d e p t h  
of t he  slice w i t h i n  t h e  a r t e r i a l  wal l  to  o b t a i n  a d i s t r i b u t i o n  
profi le  ~. As t h e  c a t e c h o l a m i n e s  are s ub j ec t  to  cel lular  up-  
take ,  d i f f e r en t i a t i on  b e t w e n  t he  cel lular  a n d  ex t r ace l lu l a r  
c o m p o n e n t s  in t he  profi le  is o f ten  necessary.  R i n s i n g  t h e  
t i ssue  w i t h  sal ine so lu t ion  can  largely  r e m o v e  t he  s u b s t a n c e  
f rom the  ex t r ace l lu l a r  spaces,  b u t  t h i s  will  m o s t  l ike ly  
mobi l ize  some of t he  cel lular  c o m p o n e n t  as well. F u r t h e r ,  
r ins ing  is p rec luded  in k ine t ic  s tud ies  in  wh ich  t h e  t i ssue  
m u s t  be  i n s t a n t a n e o u s l y  f rozen a t  t he  end  of exposure  to  
H s -NE.  Th i s  p r o b l e m  has  been  m e t  b y  s u b t r a c t i n g  t h e  
Ha m a t e r i a l  expec ted  in t he  ex t race l lu la r  space f rom t h e  
t o t a l  H s c o n t e n t  to  der ive  cel lular  c o m p o n e n t  in  each  
slice. The  aor t ic  ex t race l lu la r  space ha s  b e e n  i n d e p e n d e n t l y  

d e t e r m i n e d  us ing  t he  same  frozen sec t ion  t e c h n i q u e  b u t  
s u b s t i t u t i n g  C14-inulin for H a - N E  ~. The  d i rec t  appl ica-  
t i on  of t he  ave rage  ex t race l ln la r  space ( inul in  space) t h u s  
o b t a i n e d  to  s tud ies  of d i s t r i b u t i o n  of H 3 - N E  m a d e  on  
s epa ra t e  aor tas ,  suffers f rom t h e  cons iderab le  v a r i a t i o n s  
be tween  aor t a s  and  b e t w e e n  slices f rom t h e  same  aor ta .  

The  p r e s e n t  work  is a n  a t t e m p t  to  c i r c u m v e n t  t h i s  
d rawback .  The  aor t i c  s t r i p  was d o u b l y  labe led  w i t h  
H S - N E  a n d  C14-inulin. S t r ips  of t he  r a b b i t  t ho rac ic  a o r t a  
were soaked in 0.32 v.g/ml of C14-inulin ( inu l in -carbox-  
yl-C1% 3.0 mc/g, New E n g l a n d  Nuclear ,  Bos ton ,  Mass.) 
singly, or in  c o m b i n a t i o n  w i t h  0.5 ~ M  H ~ - N E  (1-nor- 
ep ineph r ine -7 -H  3, A m e r s h a m / S e a r l e ,  A r l i n g t o n  Heights ,  
Ill.). Af te r  55 m i n  of soak ing  in a 10 ml  t i ssue  b a t h ,  for an  
a d d i t i o n a l  5 ra in  t h e  s t r ips  were  supe r fused  w i t h  t he  same  
m e d i u m  a t  a r a t e  of 3 ml /min .  A t  t he  end  of superfus ion,  
t h e  t i ssues  were i m m e d i a t e l y  frozen,  sec t ioned  a t  24 ~m a n d  
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processed as earl ier  4. T he  H e and  C 1~ ac t iv i t i e s  in  each  
slice were s i m u l t a n e o u s l y  coun t ed  b y  a U n i l u x  I I  L iqu id  
Sc in t i l l a t ion  Sys t em (Nuclear-Chicago Corp.) us ing  win- 
dow se t t ings  a p p r o p r i a t e  for d o u b l y  labeled  count ing .  

I n  5 e x p e r i m e n t s  in  which  C ~ - i n u l i n  a lone was applied,  
t he  inu l in  space profi le  obse rved  ear l ier  5 was conf i rmed.  
Namely ,  t h e  space  was s ign i f i can t ly  lower  in  t h e  m e d i a  
t h a n  in adven t i t i a .  The  resu l t s  were essent ia l ly  t h e  same 
as those  shown  in cu rve  b in t he  Figure.  D i s r ega rd ing  t he  
t r a n s i t i o n a l  zone ( the slice c o n t a i n i n g  t h e  a d v e n t i t i o -  
med ia l  j u n c t i o n  a n d  2 slices on e i the r  side), t he  med ia  and  
a d v e n t i t i a  gave  inu l in  spaces  of 0.37 ~=0.02 a n d  0.78 ~=0.04 
ml]g  (mean  •  respect ively ,  in  t e r m s  of t he  t i ssue/  
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Distribution profiles of H a (curve a), C 1~ (curve b) and the difference 
between H a and C 1~ (curve c) in the wall of rabbit aorta. Aortic strips 
were exposed to a mixture of H3-NE and O~-insulin for I h (see text). 
Each point represents the mean value of 5 determinations and each 
vertical bar the standard error of the mean. The slices of all strips 
corresponding to the advenfitio-medial junction were grouped and 
other slices accordingly aligned for calculations. 

m e d i u m  ra t io  (i.e. d p m  per  g r a m  t issue  to  d p m  per  m l  
med ium) .  The  space in these  aor t ic  s t r ips  as a whole  was 
0.57 =L0.02 ml/g.  

I n  5 o the r  expe r imen t s ,  H a - N E  a n d  Cl~-inulin were 
appl ied  s imul taneous ly .  The  H e d i s t r i b u t i o n  profi le  form-  
ed a wel l-def ined peak  (Figure,  cu rve  a) w i th  a m a x i m u m  
s i t u a t e d  s l ight ly  to  t he  a d v e n t i t i a l  side of t h e  adven t i t i o -  
med ia l  j u n c t i o n  where  t he  adrenerg ic  n e r v e  t e r m i n a l s  are  
k n o w n  to  be  concen t r a t ed .  The  t i s s u e / m e d i u m  ra t io  a t  
t h e  p e a k  r a n g e d  f rom 6 to  8. These  agreed  w i t h  p rev ious  
resu l t s  o b t a i n e d  b y  us ing  H e - N E  a lone  6. Therefore ,  t he re  
was no ev idence  t h a t  t he  p resence  of Cl~-inulin a l t e red  t he  
d i s t r i b u t i o n  or u p t a k e  of H e - N E  u n d e r  t he  e x p e r i m e n t a l  
condi t ions .  Similar ly ,  s ince t he  C 1~ profi le  in  t he  presence  
of H a - N E  (curve b) was  essent ia l ly  t he  same  as in  i ts  
absence,  H 3 - N E  did  no t  seem to  af fec t  t h e  d i s t r i b u t i o n  
of C14-inulin. W h e n  t he  inu l in  space  is s u b t r a c t e d  f rom 
the  H a t i s s u e / m e d i u m  ra t io  in  each  slice, t h i s  gives t he  
profi le  of H a - N E  p r e s u m a b l y  b o u n d  to cel luIar  a n d  in t r a -  
ce l lu lar  si tes (curve c). 

The  H e a n d  C 1~ t i s s u e / m e d i u m  ra t ios  in all  slices 
were s ign i f i can t ly  d i f fe rent  (p < 0.05) excep t  t he  4 slices 
in t h e  o u t e r m o s t  a d v e n t i t i a .  Th i s  suggests  no  u p t a k e  of 
H e - N E  in  t he  a d v e n t i t i a l  regions  w h i c h  lack t he  n e r v e  
t e rmina l s .  On the  o t h e r  hand ,  all  med ia l  slices, even  those  
r e m o t e  f rom the  a d v e n t i t i o - m e d i a l  j unc t ion ,  showed  signi- 
f i can t  up take .  E x c l u d i n g  t h e  2 i n n e r m o s t  slices wh ich  m a y  
c o n t a i n  t he  i n t i m a l  e n d o t h e l i u m  a n d  subendo the l i a l  
elast ic  lamella ,  and  t a k i n g  t he  n e x t  4 i n n e r m o s t  slices, t he  
ne t  H a t i s s u e / m e d i u m  ra t io  was 0.98 =c0.07. Th i s  p re sum-  
a b l y  r ep re sen t s  t h e  u p t a k e  of H a - N E  m a i n l y  b y  t he  
s m o o t h  muscle  cells. I t  i nd ica tes  t h a t  these  cells ' c lear '  
H e - N E  f rom a v o l u m e  of t he  m e d i u m  a p p r o x i m a t e l y  
e q u i v a l e n t  to  t h e i r  own  volume.  

Th i s  t e c h n i q u e  can  obv ious ly  be  e x t e n d e d  to o the r  pa i r s  
t h a n  Cl~-inulin and  H e - N E ,  so far  as t h e y  do no t  in te r fe re  
w i t h  t h e i r  r espec t ive  di f fus ion a n d  up take ,  a n d  to t i ssues  
o the r  t h a n  aor ta .  I t  seems to be  pa r t i cu l a r l y  useful  in 
k ine t ic  s tud ies  of m o v e m e n t  of subs t ances  w i t h i n  a t i ssue  
a n d  where  cel lular  u p t a k e  is expected .  

Zusammenfassung. B e s c h r e i b u n g  e iner  ve rbe s se r t en  Me- 
t h o d i k  zur  Di f fe renz ie rung  der  in t r a -  y o n  der  ex t raze l -  
lu l~ren Ver t e i lung  des exogenen  N o r a d r e n a l i n s  in  der  
A o r t e n w a n d  des Kan inchens .  
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