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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 
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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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o u t p u t  in gastr ic  f is tula ra ts  (Figure). The inh ib i t ion  was 
a p p a r e n t  a l ready  dur ing  the  f irs t  h af ter  the  in jec t ion  and  
las ted for a t  least  4 h. Af te r  2 in ject ions  of DGL the  his t i -  
dine decarboxylase  ac t iv i ty  and  serum gastr in  level were 
s ignif icant ly  increased in normal  b u t  no t  in an t rec to-  
mized  ra ts  (Table). Our results  conf i rm those  of ANDERS- 
SON et al. 2, in t h a t  DGL inhib i t s  gastr ic  acid secret ion 
in the  rat .  However ,  inh ib i t ion  was observed wi th  a lower 
dose t h a n  repor ted  by  A~DERSSON et al. 2 (300-350 mg/kg) 
in the i r  s tudies  on 24-h pylorus- l iga ted  rats.  I t  t hus  seems 
probab le  t h a t  inh ib i t ion  of acid secret ion con t r ibu tes  to  
the  u lcerpro tec t ive  act ion of DGL. The mechanism,  by  
which  D G L  inhib i t s  acid secretion,  is unknown.  The 
p resen t  resul ts  clearly indica te  t h a t  the  inhib i t ion  is no t  
due to  suppressed  gas t r in  release or to  inac t iva t ion  of 
h is t id ine  decarboxylase .  I t  seems more  p robab le  t h a t  
D G L  exer ts  a d i rect  inh ib i to ry  effect  on the  par ie ta l  cell. 
T r e a t m e n t s  - surgical  (vagotomy) or pharmacologica l  
(atropine,  ' an t igas t r in ' )  - inh ib i t ing  gastr ic  acid secret ion 

have  previous ly  been shown to  increase h is t id ine  de- 
carboxylase  ac t iv i ty  in normal  b u t  no t  in an t rec tomized  
ra ts  ~1. Since endogenous  gast r in  p lays  an i m p o r t a n t  role 
in the  regulat ion of h is t id ine  decarboxylase  ac t iv i tyL  
the  increased enzyme ac t iv i ty  ' m a y  be expla ined  by  
increased release of endogenous  gastr in,  due to t he  ele- 
v a t e d  an t ra l  pH.  The p re sen t  f ind ing  of an increased 
serum gas t r in  level af ter  DGL s t rongly  suppor t s  th is  
hypo thes i s  t2. 

Zusammen/assung. Nachweis ,  dass  die Behand lung  m i t  
e inem deglycyrrh iz in ie r ten  Lakr izp r~para t  die basale 
S~urereakt ion bei R a t t e n  h e m m t .  E rh 6 h t e s  ant ra les  p H  
ff ihrt  zu ve rmehr t e r  Fre i se tzung  yon an t ra l em Gast r in  n i t  
bedeu t ende r  Akt iv ie rung  der  His t id indeca rboxy lase  in 
der Magenschle imhaut .  
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Histidine decarboxylase activity (HDA) and serum gastrin level in 
normal rats treated with saline or deglyeyrrhizinized liquorice (DGL) 
and in antrectomized rats treated with DGL 

Treatment HDA Gastrin 
(pmoles CO~]mg/h) (pg eqv SHG/ml) 

Normal, saline 5.2 ~= 2.3 (7) 37 ~= 3 (5) 

Normal, DGL 18.4 4- 3.8 (12) b 122 -t- 30 (5) �9 

Antrectomy, DGL 4.6 ~ 1.2 (8) 27 ~: 6 (5) 

Means :~ SEN(n). ~ 0.05 > P > 0.01 and b 0.01 > P > 0.001; 
Student's t-test. 
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Effect of Chronic  T r e a t m e n t  w i t h  Mesca l ine  upon T i s s u e  Leve l s  of the Drug  

D e v e l o p m e n t  of to lerance to bo th  the  au tonomic  and  
subjec t ive  effects of mescal ine  in m a n  was f irs t  r epor ted  
by  BALESTRIERI and  FONTANARI 1 and  la ter  conf i rmed 
by  WOLBACr~ et  al. 2. In  the  rat ,  to lerance  to mescal ine has  
been  observed  by  a n u m b e r  of workers  using a va r i e ty  of 
schedules  of r e in fo rcemen t  3-~. Al though  the  fact  of toler-  
ance to  mescal ine  is well es tabl ished,  t he  mechan i sms  by  
which  th is  to le rance  develops are unknown.  

The obse rva t ion  in a behaviora l  tes t  t h a t  pr ior  exposure  
to  a drug  produces  decreased respons iveness  to  t h a t  drug  
m a y  be expla ined  in several  ways.  In  general,  the  possible 
mechan i sms  include 1. metabol ic  tolerance,  an a l te ra t ion  
in absorpt ion ,  me tabo l i sm  or excre t ion  which reduces the  
concen t ra t ion  of drug  at  t he  t a rge t  tissues, 2. cellular 
tolerance,  a d imin ished  sens i t iv i ty  of the  t a rge t  t issue, 
and 3. behaviora l  tolerance,  changes  which  arise via com- 
pensa to ry  behaviora l  mechanisms .  The p resen t  invest iga-  
t ion  examined  the  effects  of rep iea ted  a d m i n s t r a t i o n  of 
mescal ine  upon  the  levels of t he  drug  in bra in  and  l iver  
and  in th is  way  sought  to  de t e rmine  the  role, if any, of 
a l te red  t issue concen t ra t ions  in the  deve lopmen t  of 
ro lerance to  mescaline.  

JVIaterials and methods. Female  ra t s  of CFN s t ra in  
(Carworth Farms)  weighing 120-130 g were  used to 
de t e rmine  the  effect  of p r e t r e a t m e n t  wi th  mescal ine 
(40 mg/kg;  i.p.) on t issue levels of mescaline.  Mescaline 
hydroch lor ide  was dissolved in 0.9% sodium chloride 
solution.  The dose of mescal ine is in t e rms  of the  free base. 

The t es t  group (chronic) was in jec ted  wi th  drug  and  the  
control  group (acute) received saline for 2 days.  On the  
th i rd  day  b o t h  groups received mescal ine.  R a t s  were 
killed a t  var ious t ime  in tervals  af ter  the  last  inj ect ion and  
the  concen t ra t ion  of mescal ine  in l iver and  bra in  was 
de te rmined .  In  an expe r imen t  des igned to  assess t h e  effect  
of the  b lockade  of monoamineox idase  (MAO) on the  
deve lopmen t  of to lerance  to  mescaline,  3 groups of ra t s  
were used. Groups I I  and I I I  were t r ea t ed  wi th  pargyl ine  
HC1 on days  1 t h rough  4 (day 1 : 7 5  mg/kg:  days  2-4:  
25 mg/kg).  In  addi t ion,  group I I I  received mescal ine  
(40 mg/kg) on days  3 and  4. Final ly,  all groups were  
in jec ted  wi th  mescal ine (40 mg/kg) on day  5 and the  level 
of mescal ine in t he  l iver was de t e rmined  30 min  later.  
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