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v a l i d i t y  of these  conclusions  is s u p p o r t e d  b y  t he  fac t  t h a t  
t he  p r e p a r a t i o n s  of h o r m o n e s  used in these  e x p e r i m e n t s  
were shown to  be  phys io logica l ly  ac t ive  a t  t he  dosages 
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Fig. 3. Proposed explanation through A to C. for the formation of the 
tract of axons seen to lie along the edges of the wound in animals 
sacrificed 50 and 100 days after operation. 

used. This finding substantiates the work of CAVANAGH 
a n d  J O S E P H  17 a n d  chal lenges  t he  accep ted  ideas a b o u t  
t he  mode  of ac t ion  of A C T H  in p r o m o t i n g  r e g r o w t h  of 
axons18,l~; s t rong ly  sugges t ing  t h a t  a n  a l t e r n a t i v e  
e x p l a n a t i o n  for t h e  ab i l i ty  of these  subs t ances  to  induce  
r egene ra t i on  m u s t  b e  sought .  

FERTIG e t  al 1 showed  t h a t  b o t h  T3 a n d  A C T H  can  
p r o m o t e  r egene ra t i on  in t h e  m a m m a l i a n  CNS. Hov~ever 
i t  was  no t  possible  to  d e m o n s t r a t e  r egene ra t i on  in the  
p r e sen t  e x p e r i m e n t s  s imp ly  because  t h e  leakage  of CSF  
f rom the  ven t r i c Ie  in to  t he  i n c i s i o n  p roduced  a c a v i t y  
w h i c h  could no t  be  b r idged  b y  axons.  

Rdsumd. U n e  6rude q u a n t i t a t i v e  des effets  de A C T H  et  
T3 sur  la r4ac t ion  des cellules gliales dans  le corpus  
cal losum, apr~s incision,  a m o n t r 6  que  ces 2 h o r m o n e s  
n ' o n t  a u c u n  effet  sur  ce t te  r6act ion.  Ainsi ,  on  ne  p e u t  
p lus  sou ten i r  l ' id6e g6n6ra t emen t  accept6e  que  ces 
h o r m o n e s  p r o v o q u e n t  une  r6g6n6ra t ion  par t ie l le  de 
l ' axone  cen t r a l  du  sys tgme ne rveux ,  en  m o d i f i a n t  la 
c icatr ice  gliale. 
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Iproniazid Interaction with the H3Norepinephrine Uptake and Retention, on Isolated Left Atrium of 
Guinea-Pig 

I n  a ear ly  p a p e r  f rom our  l abora to ry ,  ip ron iaz id  ( IPN)  
was found  to be a b lock ing  a g e n t  of t he  t - Ianorepinephr ine  
(H3NE) u p t a k e  b y  i so la ted  ven t r i c l e  of frog 1. However ,  
i t  was des i rab le  to  e luc ida te  if t h i s  b lockade  was p roduced  
a t  t he  n e u r o n a l  m e m b r a n e  (uptake1) or i n t r aneu r ona l l y ,  
namely ,  b y  d imin i sh ing  t he  Te-ent ry  of H~NE in to  t he  
s torage  vesicles p r e sen t  in  s y m p a t h e t i c  ne rve  endings.  

I n  o the r  s tudies  on  i so la ted  a t r i a  of guinea-p ig  (unpub-  
l i shed results) ,  we obse rved  t h a t  t he  increase  of H3NE 
u p t a k e  be tween  reserp in ized  atr ia ,  t r e a t e d  w i t h  I P N ,  
w i t h  respec t  to  t h e i r  cont ro ls  w i t h o u t  t he  MAO inh ib i to r ,  
was v e r y  m u c h  h ighe r  t h a n  t he  increase  of t he  H a N E  
u p t a k e  obse rved  in no- reserp in ized  a t r ia ,  t r e a t e d  w i t h  
I P N  and  t h e i r  u n t r e a t e d  controls .  These  obse rva t ions  are 
in  a g r e e m e n t  w i t h  those  r epo r t ed  b y  o the r  i nves t iga to r s  2. 
The  facts  p r o m p t e d  us to  t h i n k  t h a t  I P N  b locked  t he  
r e - en t ry  of H3NE in to  s torage  vesicles, so t h a t  t h i s  
b lockade  was on ly  p r e s en t  in  unrese rp in ized  a t r ia ,  
d imin i sh ing  t h e  dif ference in t he  i nco rpo ra t i on  of HSNE 
be tween  t he  a t r i a  t r e a t e d  w i t h  I P N  and  t h e i r  u n t r e a t e d  
controls .  

I f  we accep t  th i s  hypo thes i s  t he  t r e a t m e n t  w i t h  I P N  
could p roduce  a d i s t u r b a n c e  in t he  t u r n o v e r  of N E  a t  t h e  
s y m p a t h e t i c  ne rve  endings,  b y  d imin i sh ing  t he  inf low 
a n d  b y  m a i n t a i n i n g  u n c h a n g e d  t he  outf low. Consequent ly ,  
t h e  n o r m a l  r a t e  of N E  f rom t he  s torage  vesicles will  
decrease.  I n  t he  p r e s en t  paper ,  i t  has  been  s tud ied  
w h e t h e r  I P N  blocks  t he  i nco rpo ra t i on  of H3NE in to  

s torage  vesicles p re sen t  in t he  ne rve  end ings  of the  
i so la ted  a t r i u m  of t he  guinea-pig.  

Methods. The e x p e r i m e n t s  were car r ied  ou t  w i t h  
guinea-pigs  of e i the r  sex weighing  f rom 500 to 800 g. The  
lef t  a t r i u m  was isola ted and  m o u n t e d  as p rev ious ly  
descr ibed  b y  FURCHGOTT et  a l .3  I n  each  e x p e r i m e n t  one 
ha l f  of t he  a t r i u m  served  as a con t ro l  a n d  t he  o the r  ha l f  
as t he  e x p e r i m e n t a l  p r epa ra t i on .  The  K r e b s - b i c a r b o n a t e  
so lu t ion  used c o n t a i n e d  10 .5 g /ml  of e thy lene  d i amine  
t e t r a a c e t i c  acid (EDTA) a n d  10 m M  of glucose t h r o u g h  
wh ich  95% 02 a n d  5% CO 2 or 95% N 2 and  5% CO 2 was 
c o n t i n u o u s l y  bubb led .  E a c h  ha l f  was  sub jec ted  to a 
r e s t ing  t ens ion  of 1 g a n d  was e lect r ica l ly  d r iven  a t  a r a t e  
of 30 b e a t s / m i n .  A t r i a  were a t t a c h e d  to  force displace-  
m e n t  t r a n s d u c e r  (Grass, mode l  FT03) and  mechan ica l  
a c t i v i t y  was recorded  b y  a Grass  p o l y g r a p h .  

U n d e r  t he i r  r espec t ive  condi t ions ,  ha lves  were t h e n  
i n c u b a t e d  w i t h  5 n g / m l  of d, 12HaNE (specific ac t iv i ty ,  
16,  7Ci /mmol ,  New E n g l a n d  Nuc lea r  Corp.) for 5 m i n  and  
t h e n  t h o r o u g h l y  washed:  4 a d d i t i o n a l  washes  were g iven  
over  t he  s u b s e q u e n t  40 m i n  per iod  a t  t h e  end  of which  

1 R. MARTINEz-SI~RRA, Thesis,  Madr id  1970. 
o R . F .  FURCHGOTT a n d  P. SANCHEZ GARCIA, J .  P h a r m a c .  exp. Ther .  

763, 98 (1968). 
3 R . F .  ]2URCHGOTT, S. ~I. KIRPEKAR, N. RIEKER a n d  A. SCHWAB, J .  

P h a r m a e .  exp.  Ther .  1d2, 39 (1963). 
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N ~ Reserpine b Oxygenated Pretreatment (min) o Nitrogenated HaNE present 
medium (min) medium incubation (5 rain) 

(min) a 

H3NE in tissue 45 min 
after washout (@m/g) ~ 

6 Treated 30 

Treated 30 

7 - -  30 

- -  30 

Iproniazid 40 5 ng/ml 433.600•  
20 
-- 40 5 ng/ml 233.383• 

Iproniazid 40 5 ng/ml 738.667-4-91.807 
2O 
- -  40 5 ng/ml 1033.070~295.851 

Number  of experiments (paired); b 5 mg/k (18-24 h before); o 5.10 -4 g/ml a This medium was present until  the end of the experiment; 
Mean -1- S.E.M. 

t h e  h a l v e s  we re  r e m o v e d  for  a n a l y s i s  of  r a d i o a c t i v i t y .  Al l  
p r e p a r a t i o n s  we re  p e r f o r m e d  a t  37~ T h e  H a N E  e x t r a c -  
t i o n  w a s  p e r f o r m e d  a c c o r d i n g  to  t h e  m e t h o d  of  ANTON 
a n d  SAYRE ~ a n d  r a d i o a c t i v i t y  w a s  c o u n t e d  in  a N u c l e a r  
C h i c a g o  L i q u i d  S c i n t i l l a t i o n  S p e c t r o m e t e r ,  m o d e l  725. 
Al l  s a m p l e s  w e r e  c o r r e c t e d  for  q u e n c h i n g  w i t h  a n  a u t o -  
m a t i c  e x t e r n a l  r e f e r e n c e  s t a n d a r d .  U n d e r  o u r  w o r k i n g  
c o n d i t i o n s ,  t h e  r a d i o a c t i v i t y  p r e s e n t  in  t h e  a l u m i n a  
e l u a t e s  c a n n o t  be  a s c r i b e d  to  m e t a b o l i t e s  of  H ~ N E  b u t  to  
H ~ N E  i t se l f  5. H ~ N E  is e x p r e s s e d  in  t e r m s  of  d i s i n t e g r a -  
t i o n s  p e r  m i n / g  of  t i s s u e  ( d p m / g ) .  W h e n  we  r e fe r  t o  
H 3 N E  u p t a k e ,  we  m e a n  H S N E  u p t a k e  a n d  r e t e n t i o n  b y  
i s o l a t e d  a t r i u m  of  t h e  g u i n e a - p i g .  T h e  d o s e  of  t h e  ip ro-  
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I A) , 
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This figure is proposed in order to explain the results obtained in 
the present work.O, site of action of the reserpine; II, site of action 
of the N2; A, site of action of the iproniazid. Stores, NE storage 
vesicles (depleted alld blocked by reserpine) ; C, neuronal cytoplasm. 

A) Reserpinized preparations treated with N~. Control: The exo- 
genous HaNE incorporated and retaiued into C (since MAO are in- 
hibited by N 2 and the stores are blocked by reserpine) Experimental:  
Pretreated with IPN. Exogenous H3NE incorporated and retained 
into C but  in a higher a m o u n t  than  the control, since MAO are 
strongly inhibited (by IPN + N2). Stores are blocked by reserpine 
and probably by  IPN. B) Unreserpinized preparatiofis, treated with 
N v Control: Exogenous HSNE incorporated into C and into the 
stores. Experimental:  Exogenous H3NE incorporated and retained 
into C and possibly small amounts  into the stores (dependent upon 
the intensity of the blockade, according to the concentration of the 
administered iprolliazid). I t  should be noted that  there is an increased 
incorporation in the experimental preparations with iproniazid A) 
in the reserpinized atria; however in no-reserpinized atria (B), the 
incorporation is higher in control preparations (no-IPNI, as ex- 
plained by the results shown in the Table. 

n i a z i d  p h o s p h a t e  (Roche )  is e x p r e s s e d  in  t e r m s  of g of  
s a l t  p e r  m l  of  b a t h  s o l u t i o n .  S t a t i s t i c a l  s i g n i f i c a n c e  of  t h e  
d i f f e r e n c e  b e t w e e n  m e a n s  w a s  d e t e r m i n e d  b y  t h e  t - t e s t  
for  p a i r e d  d a t a .  

Resulls  and discussion. I n  6 e x p e r i m e n t s  c a r r i e d  o u t  
w i t h  r e s e r p i n i z e d  g u i n e a - p i g s ,  b o t h  h a l v e s  of  t h e  a t r i u m  
were  b u b b l e d  t h r o u g h  w i t h  a m i x t u r e  o f  9 5 %  O 3 a n d  
5 %  CO 2 (30 m i n ) .  O n e  h a l f  w a s  p r e t r e a t e d  w i t h  I P N  
(5.10-4 g / m l ,  20 ra in) .  T h e  o t h e r  h a l f  r e m a i n e d  as  a c o n t r o l .  
A t  t h e  e n d  of  t h i s  t r e a t m e n t  a n d  a f t e r  w a s h o u t ,  t h e  M A O  
i n h i b i t i o n  w a s  p r o d u c e d  b y  d i s p l a c i n g  t h e  o x y g e n a t e d  
K r e b s  s o l u t i o n  w i t h  a K r e b s  s o l u t i o n  b u b b l e d  t h r o u g h  
w i t h  a g a s  m i x t u r e  of  9 5 %  N 2 a n d  5 %  CO s, in  b o t h  p r e -  
p a r a t i o n s  5. 4 w a s h e s  we re  g i v e n  a f t e r  a p e r i o d  of  40 m i n  
a n d  h a l v e s  w e r e  t h e n  i n c u b a t e d  w i t h  H a N E .  T h e  i n c u b a -  
t i o n  a n d  t h e  w a s h o u t  w a s  c a r r i e d  o u t  u n d e r  a a t m o s p h e r e  
of N 2. 

The Table shows an increased incorporation of H3NE 
(P < 0.02) with respect to their controls in atria treated 
with IPN. These results could be explained as follows 
(Figure, A): In controls, MAO inhibition produced by 
N 2 would be responsible for the HSNE retention in the 
neuronal cytoplasm since the stores would be blocked 
by reserpine. On the contrary, in experimental halves, 
the MAO inhibition would be more potent because of the 
association of both MAO inhibitors (IPN plus N2), which 
would produce a enhanced capacity of the cytoplasm to 
incorporate and retain H3NE. The stores would also be 
blocked by reserpine and probably by IPN. 

In order to explain the possibility that IPN blocks the 
incorporation of HSNE into stores, 7 experiments were 
carried out under circumstances similar to those of the 
preceding experiments but with unreserpinized atria. 
The Table shows a marked decrease in the H3NE uptake 
in preparations treated with IPN compared with their 
corresponding untreated controls (P < 0.01). 

The paradoxical fact that IPN appears to be a blocking 
agent of the incorporation of H3NE in no-reserpinized 
preparations, can be explained in this way (Figure, ]3) : In 
controls, HaNE was incorporated not only in the neuronal 
cytoplasm by the MAO inhibition (produced by N2) but 
also in the storage vesicles, since atria proceded from 
no-reserpinized animals and the energy necessary for the 
uptake, retention and re-entry into storage vesicles was 
not affected by the anoxia 5. However, in experimental 

~x. H. ANTON and D. F. S A Y R E ,  J .  Pharmac. exp. Ther. 138, 360 
(1962). 

5 A. R. WAKAD~ and R. F. FURCHOOT% J. Pharmae. exp. Ther. 153, 
123 (1968). 
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p r e p a r a t i o n s  (Figure,  B), I P N  would  b lock  t he  incorpo-  
r a t i o n  of t he  label led  a m i n e  in t he  s torage  vesicles a n d  t h e  
t o t a l  a m o u n t  of H 3 N E  in  t h e  t i ssue  would  c o n s e q u e n t l y  
be  decreased  in c o m p a r i s o n  w i t h  t h e i r  controls .  

The  resu l t s  o b t a i n e d  in t h e  p r e s e n t  p a p e r  conf i rm t h e  
hypo thes i s  t h a t  I P N  blocks  t he  i nco rpo ra t i on  of H3NE 
in to  s torage vesicles p re sen t  in  t h e  ne rve  endings.  

Resumen. La  incorporac i6n  de H a N E  a la aur icu la  
a i s lada  de cobayo  reserp in izado,  t r a t a d o  COil I p r o n i a z i d a  
( IPN)  y a t m o s f e r a  de Ni t rogeno,  es super ior  a la de sus 
controles  s in IPN.  E n  aur icu las  no  reserpin izadas ,  la I P N  

aparece  como agen te  b l o q u e a n t e  de la  incorporac idn .  Se 
sugiere que este bloqueo ocurre  a n i v e l  de las vesiculas  
especif icas de a l m a c e n a m i e n t o  p resen tes  en  las t e r m i n a -  
ciones ne rv iosas  adrenergicas .  

R. 1VIARTINEZ-SIERRA, A. VELASCO-~ARTIN a nd  
P . D .  GARCIA DE JALON 

Departamento de Farmacologia, Facultad de Medicina, 
Ciudad Universitaria, ]V[adrid 3 (Spain), 
24 November 7972. 

Effect of Deglycyrrhizinized Liquorice on Gastric Acid Secretionl Histidine Decarboxylase Activity 
and Serum Gastrin Level in the Rat 

Liquor ice  ha s  been  c la imed t o , p r o m o t e  t he  hea l ing  of 
gas t r ic  ulcers in  man .  However ,  serious side effects  such  as 
w a t e r  r e t en t ion ,  e lec t ro ly te  i m b a l a n c e  and  h y p e r t e n s i o n  
prec lude  l iquor ice  f rom wider  cl inical  use. T he  c o m p o n e n t  
in liquorice responsible for its mineral corticos~eroidlike 
activity has been identified as glycyrrhizinic acid. A de- 
glycyrrhizinized liquorice preparation (DGL) has been 
reported to retain the ability to accelerate the rate of heal- 
ing of gastric ulcers in man i and to protect pylorus-ligated 
rats from ulcer formation ~. The mechanism by which 
DGL prevents ulcer formation in Shay rats is unknown. 
ANDERSSON et al. 2 reported a decrease of the acid output 
in DGL-treated rats after a dose slightly higher than the 
one which reduced the number of ulcers formed. Since 
24 h pylorus ligation seemed to be poorly suited for studies 
on the inhibitory effect of a single dose of DGL on acid 
ou tpu t ,  we decided to r e p e a t  t he  e x p e r i m e n t s  w i t h  r a t s  
ca r ry ing  chronic  gas t r ic  f is tulas .  I n  a n o t h e r  g roup  of rats ,  
t h e  effects on h i s t id ine  deca rboxy lase  ( the h i s t a m i n e  
fo rming  enzyme)  in t he  gas t r ic  m u c o s a  a n d  on  t he  con- 
c e n t r a t i o n  of i m m u n o r e a c t i v e  gas t r i n  in  se rum were 
s tudied .  

A l toge the r  35 male  W i s t a r  r a t s  we igh ing  150-250 g were 
used. Acid secre t ion  was s tud ied  in 8 r a t s  c a r ry ing  chron ic  
gas t r ic  f i s tu las  3. T h e  f i s tu la  r a t s  were fas ted  for 24 h and  
t h e n  r e s t r a ined  in B o l l m a n - t y p e  cages. T he  f i s tu las  were 
opened  and  t he  s t o m a c h s  r insed  w i t h  0.9 % sal ine un t i l  t h e  
r e t u r n  was clear.  10 ml  0 .9% sal ine  was g iven  s.c. to  replace  
f luid losses. Af te r  t i le f i s tu la  h a d  been  d ra in ing  freely for 

20 

T•" ~ NaC[ 
{: 10 

" ~ * * *  DGL 

1 2 3 4 5 6h 

tinjection 

Effect of deglycyrrhizinized liquorice (DGL), 200 mg/kg i.p., on 
gastric acid output in 8 chronic gastric fistula rats. DGL or 0.9% 
saline given as indicated by the arrow. Mean :t2 SEM. * 0.05 > P 
0.01; ** 0.01 > P > 0.001 and *** P < 0.001 according to Student's 
t-test. 

1 h, basa l  acid secre t ion  was col lected for two 1-h periods,  
a f t e r  wh ich  D G L  (kindly  suppl ied  b y  D r  S. ANDERSSON, 
Dept .  of Pha rmaco logy ,  K a r o l i n s k a  Inst . ,  S tockholm)  
200 mg/kg,  suspended  in 0 .9% sal ine 40 mg/ml ,  was  g iven  
i.p., a n d  4 f u r t h e r  1-h po r t i ons  ob ta ined .  Acid o u t p u t  
was d e t e r m i n e d  b y  t i t r a t i o n  w i t h  0 .02N N a O t t ,  us ing  
p h e n o l p h t a l e i n  as ind ica tor .  The  same an ima l s  received 
t he  same  v o l u m e  of 0.9% sal ine (i.p.) in  a cont ro l  experi-  
men t .  

Before  d e t e r m i n a t i o n  of h i s t i d ine  deca rboxy lase  act i -  
v i t y  a n d  gas t r in  in s e rum all r a t s  were fas ted  f o r  48 h. 
12 n o r m a l  a n d  8 a n t r e c t o m i z e d  r a t s  4, were g iven  200 
m g / k g  D G L  i.p. twice  w i t h  3 h in te rva l .  7 n o r m a l  con- 
t ro l  r a t s  received sal ine only. 3 h  a f t e r  the  las t  i n j ec t ion  
t he  an ima l s  were l igh t ly  a n a e s t h e t i z e d  w i t h  e ther ,  t he  
a b d o m e n  opened  and  b lood d r a w n  d i rec t ly  f rom the  cava l  
vein .  The  b lood was al lowed to  clot  a t  r oom t e m p e r a t u r e  
a n d  t he  se rum was  freeze-dried.  The  c o n c e n t r a t i o n  of 
i m m u n o r e a c t i v e  gas t r i n  was d e t e r m i n e d  r a d i o i m m u n o -  
chemica l ly  us ing  r a b b i t  an t ibod ie s  aga ins t  h u m a n  se rum 
gas t r in  5 a n d  a m o n o i o d i n a t e d  gas t r i n  p r e p a r a t i o n  6 
Gas t r i n  c o n c e n t r a t i o n s  were expressed  as pg  e q u i v a l e n t  
of s y n t h e t i c  h u m a n  gas t r in  I (SHG) pe r  ml  serum. Prev ious  
s tud ies  showed t h a t  ga s t r i n  in  r a t  s e r u m  was  m e a s u r e d  
with an accuracy similar to that in human serumL 
Immediately after exsanguination the stomach was 
removed, cut open along the greater curvature and rinsed 
in ice-cold saline. The mucosa of the oxyntic gland area 
was scraped off and homogenized in 0.I M phosphate 
buffer, pH 6.9, to a final concentration of i00 mg wet 
weight/nil. After centrifugation at i0,000 • g for 15 rain 
at 0 ~ the histidine decarboxylase activity in the super- 
natant was determined by incubation with 14C-carboxYl- 
labelled histidine s. The enzyme activity is expressed as 
pmoles CO s formed per mg mucosa and hour. 

The i.p. injection of DGL in a dose of 200 mg/kg caused 
a marked and highly significant reduction of the acid 
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