
368 Br~ves communications - Brevi comunicazioni IEXPERIENTIA VOL. XVI/8] 

vo lumes  of t h e  i n c u b a t i o n  mix tu res .  The  resu l t s  of a n  
e x p e r i m e n t ,  r e fe r r ing  to d i f f e ren t  L-lysine c o n c e n t r a t i o n  
used,  a re  s h o w n  in T a b l e  I I .  

Table II .  Uptake of L-lysine from the rat small intestine tissue. 
Fresh intestinal tissue: g 1; Substrate: L-lysine as shown in the 
1 st line, in Ringer-bicarbonate buffer, pH 7; 10 ml; Gas: 95% O, + 
5% COi; duration of an experiment: 60 rain; temperature: 38°C. 

/~M L-lysine 
Before uptake  90 135 450 810 900 
After uptake  (60 th rain) 86 125 337 791 873 
Uptake,  i.e. theoretical  

amounts  of L-lysine assumed 
during the exper iment  4 10 13 19 27 

L-lysine found in intest inal  tis- 
sue slices af ter  10% TCA 
precipi tat ion 2 9.5 11.5 17.5 25 

3. L-lysine absorption tests in intact animals. T he  r a t s  
were  a n e s t h e t i s e d  w i t h  e ther ,  a n d  t h e  a b d o m e n  opened  
in  i t s  mid l ine .  The  smal l  i n t e s t ine  was  t h e n  t i ed  off a t  
a b o u t  5 c m  f rom t h e  s t omach ,  a n d  in a s imi la r  m a n n e r  a t  
a lower  level  close to  t h e  i leo-cecal  va lve ,  w i t h  a silk 
t h r e a d .  J u s t  nea r  b o t h  l iga tures  a l i t t le  s t o m a  on t he  in- 
t e s t i n a l  wal l  was  made ,  in  o rder  to  place  two  smal l  glass 
funne l s  a t  e ach  open  end  of t h e  in tes t ine .  A so lu t ion  con-  
t a i n i n g  RINGER-bicarbona te  buf fe r  p lus  L-lysine was t h e n  
de l ive red  a t  t he  u p p e r  e nd  of t h e  in te s t ine .  Sam p l e s  of 
tys ine  so lu t ion  for  ana lys i s  were t a k e n  f rom t h e  lower  
glass  funne l  a t  f ixed t imes .  T he  re su l t s  of t h r ee  exper i -  
m e n t s  a re  g iven  in T a b l e  I I I .  

Table t l i .  Absorption of L-lysine from the rat smaU intestine in vivo 
L-lysine: 520 ~M, in Ringer-bicarbonate buffer pH 7, 5 ml; duration 

of an experiment: 60 rain. 
Exper iments  1 2 3 

L-lysine found in the intest inal  lumen / ,M L-lysine/h 
after  the  exper iment  73 82 86 

Theoretical amounts  of absorbed L-lysine 447 438 434 

Conclusions. E x p e r i m e n t s  ca r r i ed  ou t  on  t he  r a t  sma l l  
in tes t ine ,  us ing  d i f f e ren t  m e t h o d s ,  show t h a t  L-lysine is 
t a k e n  u p  ac t ive ly  b y  t h e  ep i the l i a l  cells of t he  mucosa .  

The  u p t a k e  a n d  a b s o r p t i o n  r a t e s  d e p e n d  on  t he  L- 
lysine p r e s e n t  a t  va r ious  c o n c e n t r a t i o n s  in t he  e x p e r i m e n -  
t a l  sys tems .  

A r e l a t i onsh ip  h a s  also been  found  b e t w e e n  L-lysine 
c o n c e n t r a t i o n  in t he  i n t e s t i n a l  l u m e n  a n d  t he  r a t e  of i t s  
a p p e a r a n c e  in t h e  ou t e r  solut ion,  i . e .  t h e  d i a m i n o  acid 
t r a n s p o r t  t h r o u g h  t he  i n t e s t i n a l  wall.  I t  is a p p a r e n t ,  
the re fore ,  t h a t  a n  i m p o r t a n t  l imi t ing  fac to r  of t he  t r a n s -  
p o r t  r e ac t i ons  in i n t e s t i n a l  vil l i  is t h e  lysine c o n c e n t r a t i o n .  
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for the experiments. 
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Zusammen/assung 

L-Lysin wi rd  d u r c h  die R a t t e n d a r m s c h l e i m h a u t  m i t  
e iner  je n a c h  den  A n f a n g s k o n z e n t r a t i o n e n  v e r s c h i e d e n e n  
G e s c h w i n d i g k e i t  absorb ie r t .  Die an f ~ng l i chen  Lys in -  
k o n z e n t r a t i o n e n  s te l len  be im  T r a n s p o r t  de r  Diaminos / iu re  
d u r c h  die D a r m v i l l i  e in  die R e a k t i o n e n  abschw~ichendes  
M o m e n t  dar .  

The Antagonism of Adrenergic Blockade 
b y  D i c h l o r o i s o p r o t e r e n o l  ( D C I )  1 

T h e  c o m p o u n d  d i ch lo ro i sop ro t e r eno l  (DCI) ~ h a s  been  
desc r ibed  as  a b lock ing  a g e n t  of i n h i b i t o r y  ad rene rg ic  re- 
cep to r s  a as  well  as  of t h e  i n o t r o p i c  a n d  c h r o n o t r o p i c  re- 
cep to r s  of t he  h e a r t  a. These  r e su l t s  sugges t  t h a t  t h i s  d r u g  
is a specific a n t a g o n i s t  of t h e  h y p o t h e t i c a l  b e t a  r ecep to r s  
(as desc r ibed  b y  Ai~LQVIST 5) w i t h o u t  exe r t i ng  apprec i ab le  
effects  on  t h e  e x c i t a t o r y  (a lpha)  ad rene rg ic  receptors .  
Thus ,  t he  va sodep re s so r  a n d  ca rd i ac  s t i m u l a n t  a c t i ons  of 
i sopro te reno l  or  e p i n e p h r i n e  are  e f fec t ive ly  a n t a g o n i z e d  
b y  DCI,  b u t  no  effect  is seen a g a i n s t  t he  pressor  a c t i v i t y  
of e p i n e p h r i n e  or  no rep ineph r ine .  

I n  t h i s  r e p o r t  we wish  to  descr ibe  t he  effect  of DCI  in 
a n t a g o n i z i n g  t he  b lockade  of t he  ep ineph r ine  a n d  norep-  
i neph r ine  pressor  responses  b y  severa l  of t he  adrenerg ic  
b lock ing  agents .  All of these  e x p e r i m e n t s  were ca r r i ed  ou t  
in  p e n t o b a r b i t a l  a n e s t h e t i z e d  dogs, a n d  b lood  pressures  
were m e a s u r e d  f rom t h e  ca ro t i d  a r t e r y  w i t h  a m e r c u r y  
m a n o m e t e r .  As can  be  seen  in t h e  Figure ,  t h e  p ressor  
responses  to  e p i n e p h r i n e  a n d  n o r e p i n e p h r i n e  a re  reversed  
b y  a 10 m g / k g  dose of d ibenzyl ine .  The  va sodep re s so r  
effect  of i sopro te reno l  is n o t  a l t e r ed  b y  t h e  ad rene rg ic  
b lock ing  agen t .  W h e n  a d m i n i s t e r e d  a f t e r  d ibenzy l i ne  DCI  
in  doses of 5 to  15 m g / k g  was  found  to  p roduce  a dep res so r  
response.  S u b s e q u e n t  in jec t ions  of ep ineph r ine  a n d  norep-  
i n e p h r i n e  no  longer  e x h i b i t e d  depresso r  responses ,  b u t  
were  r e c o n v e r t e d  to  pressor  effects,  i n d i c a t i n g  t h a t  t he  
b lockade  of e x c i t a t o r y  r ecep to r s  b y  d ibenzy t i ne  h a d  b e e n  
r emoved .  Th i s  ef fec t  was  seen w h e t h e r  t h e  DCI  was  
g iven  1, 3, or  5 h a f t e r  t h e  d ibenzy l ine .  I n  a l l  i n s t a n c e s  
t h e  depresso r  response  of i sop ro te reno l  was  r e d u c e d  or  
abol i shed  a f t e r  t h e  DCI  t r e a t m e n t .  T h e  m a g n i t u d e  of t h e  
e p i n e p h r i n e  a n d  n o r e p i n e p h r i n e  p resso r  r e sponses  a f t e r  
t h e  d ibenzy t i ne -DCI  p r e t r e a t m e n t  v a r i e d  w i t h  t h e  dif-  
f e ren t  e x p e r i m e n t s ,  b u t  in gene ra l  t h e y  were  a t  l eas t  50 to  
75% of cont ro l ,  a n d  occas iona l ly  e q u a l  to  con t ro l  re- 
sponses.  I f  f u r t h e r  doses of t h e  ad rene rg ic  b lock ing  a g e n t  
were  a d m i n i s t e r e d  t he  r e c o n v e r t e d  pressor  effects  aga in  
decreased,  b u t  depressor  responses  to  t h e  c a t e c h o l a m i n e s  
d id  no t  r eappear .  S imi la r  resu l t s  were o b t a i n e d  w h e n  di- 
h y d r o e r g o t a m i n e  or b e n z o d i o x a n e  were e m p l o y e d  as t h e  
ad rene rg ic  b lock ing  agen t .  

These  f ind ings  i nd i ca t e  t h a t  DCI  a l t e r s  no t  on ly  t h e  
i n h i b i t o r y  (beta)  ad rene rg ic  responses  b u t  also t h e  exci-  
t a t o r y  effects  of ep ineph r ine  a n d  n o r e p i n e p h r i n e  a f t e r  
ad rene rg ic  b lockade .  Th i s  is especia l ly  i n t e r e s t i n g  w i t h  
d ibenzy l ine  since b lockade  p r o d u c e d  b y  d rugs  of th i s  
series is genera l ly  cons idered  to  be  of t he  n o n e q u i l i b r i u m  
t y p e  s w i t h  e x t r e m e l y  p ro longed  d u r a t i o n s  of actionT,8;  
ye t  t h e  a d m i n i s t r a t i o n  of DCI  i m m e d i a t e l y  r e s to res  t h e  
vasopres so r  ac t ions  of e p i n e p h r i n e  a n d  n o r e p i n e p h r i n e .  
The  t r ue  n a t u r e  of t h e  obse rved  a n t a g o n i s m  of ad rene rg i c  
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Recording of the carotid arterial blood pressure of a 8.4 kg male dog 
anesthetized with 30 mg]kg sodium pentobarbital (Nembutal) intra- 
venously. E. 1-epinephrine bitartrate, 5 ~.g/kg. 1. l-isoproterenol 
hydroehloride, 5 [/.g/kg. N. 1-arterenol bitartrate hydrate, 5 pLg/kg. 
Between C and D the animal received 2 intravenous injections of 
5 mg]kg of dibenzyline hydrochloride. Between F and G the animal 
received 3 slow intravenous injections (over a 5 rain period) of 5 mg/kg 
of dicbloroisoproterenol hydrochloride (DCI). All drugs were washed 
in with 3 mI of normal saline. Time markings represent I min inter- 
vals. 90 min had elapsed between C and D and 110 min between F 

and G. 

b lockade  by  DCI is a t  p r e sen t  u n k n o w n ;  t he re  is the  pos- 
s ib i l i ty  t h a t  t he  b lock ing  a g e n t s  are d isplaced f rom the  
e x c i t a t o r y  r ecep to r s  b y  DCI,  p e r m i t t i n g  the i r  access ib i l i ty  
to  t he  pressor  amines .  On  t he  o t h e r  h a n d ,  DCI  may ,  b y  
b lock ing  on ly  i n h i b i t o r y  receptors ,  p e r m i t  a g rea t e r  con-  
c e n t r a t i o n  of t h e  i n j ec t ed  c a t e c h o l a m i n e s  to  ove rcome  an  
i ncomple t e  b lock  of t he  e x c i t a t o r y  receptors .  S tud ies  are  
in  progress  to  d e t e r m i n e  t h e  m e c h a n i s m  of these  in te r -  
e s t ing  obse rva t i ons .  

L. D. HULL, L. G. ELTHERINGTON, 
a n d  A. HORITA 

Department of Pharmacology, School of Medicine, Uni- 
versity of Washington, Seattle (Washington), October 28, 
1959. 

Zusammen/assung 

Mit  Dibenzy l in  v o r b e h a n d e l t e  a n g s t h e t i s i e r t e  H u n d e  
r eag ie r t en  nach  I ) i ch loro i sopro te reno l (DC[) -Verabre ichung  
sofor t  m i t  ~,Pressor r e s p o n s e ,  au f  E p i n e p h r i n  u n d  Nor-  
ep inephr in .  )khnliche B e f u n d e  e r g a b e n  sich a u c h  bei  a d r e n -  
e rg i scher  Blockade  mi t t e l s  D i h y d r o e r g o t a m i n  oder  Benzo-  
d ioxan .  

T h e  D i f f e r e n c e s  i n  t h e  A c c u m u l a t i o n  
a n d  M e t a b o l i s m  o f  C a t e c h o l  A m i n e s  i n  H e a r t  

a n d  L i v e r  I 

I t  is k n o w n  t h a t  m o n o a m i n e  oxidase  a n d  O - m e t h y l  
t r an s f e r a s e  are  respons ib le  for the  i n a c t i v a t i o n  of c a t e c h o l  
a m i n e s  in vivo. H o w e v e r  t h e  i m p o r t a n c e  of m o n o a m i n e  
ox idase  r e l a t ive  to  O - m e t h y l  t r ans fe r a se  in the  i n a c t i v a t i o n  
of t h e  ca techo l  a m i n e s  in va r ious  t i ssues  is u n k n o w n .  I t  is 
poss ible  t h a t  in each  o rgan  the  ac t ion  of one or t h e  o t h e r  
e n z y m e  p r e d o m i n a t e s .  The  p r e s en t  s t u d y  shows t h a t  
t h e r e  a re  d i f ferences  in t h e  e x t e n t  to  which  the  ca techo l  
a m i n e s  are  i n a c t i v a t e d  b y  m o n o a m i n e  oxidase  an d  O- 
m e t h y l  t r ans fe r a se  in  h e a r t  a n d  liver.  

10 mt  of 4.5 × 10 -e so lu t ion  of n o r e p i n e p h r i n e - 7 - H  ~ 
a n d  e p i n e p h r i n e - l - C  14 w i t h  a n  H a : C  14 ra t io  of 5: I was  in- 
fused  for 30 m i n  in to  t h e  f emora l  ve in  of u n t r e a t e d  an d  
i p r o n i a z i d - t r e a t e d  cats .  I m m e d i a t e l y  a f t e r  killing, va r ious  
o rgans  were r e m o v e d ,  homogen ized  in sal ine,  a n d  t h e n  
depro te in i zed  w i t h  perch lor ic  acid. The  e x t r a c t s  of each  
o rgan  were s e p a r a t e d  in to  ca techo l  amine ,  m e t h o x y  
ca techo l  amine ,  a n d  ac id i c -neu t r a l  f r ac t ions  L T h e  ca techo l  
amine  f r ac t ion  a f t e r  ace ty l a t ion ,  was s u b m i t t e d  to  p a p e r  
c h r o m a t o g r a p h y  ~ a n d  t h e  r a d i o a c t i v i t y  was  found  to  be 
assoc ia ted  w i t h  u n c h a n g e d  n o r e p i n e p h r i n e  a n d  epi- 
nephr ine .  T h e  m e t h o x y  ca techo l  a m i n e  f r ac t i on  was also 
a c e t y l a t e d  in t h e  s ame  m a n n e r  a n d  it  was  s h o w n  b y  p a p e r  
c h r o m a t o g r a p h y  t h a t  the  r a d i o a c t i v i t y  is assoc ia ted  wi th  
3 - m e t h o x y  n o r e p i n e p h r i n e  a n d  3 - m e t h o x y  ep inephr ine .  
T h e  ac id i c -neu t r a l  f rac t ion  was  c h r o m a t o g r a p h e d  in t w o  
d i f f e ren t  s o l v en t  sys tems* a n d  t h e  mobi l i t i e s  of t h e  
r a d i o a c t i v e  zones were iden t i ca l  w i t h  3,4 d i h y d r o x y  
mande l i c  acid, 3 - m e t h o x y  4 - h y d r o x y  mande l i c  acid, an d  
3 - m e t h o x y  4 - h y d r o x y  p h e n y l  glycol.  

T h e  H 3 a n d  C 14 ac t iv i t i e s  of a c e t y l a t e d  no rep inephr ine ,  
ep inephr ine ,  3 - m e t h o x y  n o rep i n ep h r i n e ,  a n d  3 - m e t h o x y  
ep inephr ine  o b t a i n e d  a f t e r  p a p e r  c h r o m a t o g r a p h y  are  
p r e sen t ed  in T a b l e  I. T h e  p resence  of t r i t i u m  in t h e  epi- 
n e p h r i n e  a n d  3 - m e t h o x y  e p i n e p h r i n e  zones ind ica tes  t h a t  
n o r e p i n e p h r i n e  is c o n v e r t e d  in to  e p i n e p h r i n e  in these  
organs .  T h e  ab s en ce  of C l* in  t h e  n o r e p i n e p h r i n e  zone in 
these  o rgans  shows t h a t  e p i n e p h r i n e  is n o t  d e m e t h y l a t e d  
to  n o r e p i n e p h r i n e  a n d  t h a t  N - m e t h y l a t i o n  of norepi -  
n e p h r i n e  to e p i n e p h r i n e  is a n  i r revers ib le  process.  

A c o m p a r i s o n  of t h e  ac t iv i t i e s  of t h e  ca techo l  amine ,  
m e t h o x y  ca techo l  amine ,  a n d  ac id i c -neu t r a l  f r ac t ions  is 
p re sen ted  in Tab le  II .  T h e  h igh  a c t i v i t y  of t h e  acidic-  
n e u t r a l  f rac t ion  of t h e  h e a r t  shows t h a t  t h e  ca techo l  
a m i n e s  are,  to  a large ex t en t ,  m e t a b o l i z e d  b y  m o n o a m i n e  
oxidase  in t h e  hea r t .  In  c o n t r a s t  to  such  o rgans  as l iver,  
spleen,  k idney ,  a n d  a d r e n a l  g lands ,  wh ich  a c c u m u l a t e d  
infused n o r e p i n e p h r i n e  a n d  e p i n e p h r i n e  in b o t h  un-  

1 This investigation supl~Jrted by grants from Nat. Inst. Health, 
and presented in part to Fed. Amer. Soe. for exp. Biol., Chicago, 
April 1960. 
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