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Effect of Theophyl l ine  on Acid Secret ion  of S t imulated  H u m a n  Gastr ic  Mucosa  

F r o m  studies  on sodium t r a n s p o r t  in t he  toad  b ladder  
the  r01e of cyclic 3 ' ,5 ' -AMP(adenos ine-3 ' ,  5 ' - p h o s p h a t e )  
as a na tura l ly  occurr ing intracel lular  med ia to r  of the  
act ion of a va r i e ty  of ho rmones  in respons ive  organs was 
first  suggested by  ORLOFF and HANDLER t. This cons t i tuen t  
is capable  of enhanc ing  var ious  physiological  func t ions  
in a n u m b e r  of tissues, including liver, muscle, thyroid ,  
adrena l  gland, and  adipose t issue 2 4 ACTH 5, glucagon ~, 
ADH(vasopress in)  1,~-s and  pa ra thy ro id  ho rmone  9 have  
in c o m m o n  the  p rope r ty  of s t imula t ing  the  p roduc t ion  
of cyclic 3 ' ,5 ' -AMP by increasing the  ac t iv i ty  of the  
enzyme adenyl  cyclase, which  is p robab ly  located  in the  
cell membrane~~ Cyclic 3", 5 ' -AMP al ters  the  ac t iv i ty  of 
enzymes  wi th in  the  receptor  tissues, f inal ly yielding the  
physiological ly  recognizable effect of the  hormone~. On 
the  o ther  hand,  a crit ical increase in the  concen t ra t ion  
of cyclic 3', 5 ' -AMP m a y  be effected b y  inhib i t ion  of its 
degrada t ion  to  inact ive  adenos ine-5 ' -phospha te (5 ' -AMP) .  
This react ion is ca ta lyzed  by  cyclic nucleot ide  phospho-  
diesterase 2, enhanced  by  imidazole and inhib i ted  by  
m e t h y l  xan th ines ,  like theophyl l ine  and  ca f fe ine~ ,~ .  

I t  has  been shown t h a t  theophyl l ine  and cyclic 3', 5'- 
A M P  mimic  the  effects of A D H  on shor t -c i rcu i t  cu r ren t  
and osmotic  wa te r  flow across toad  b ladder  t. A D H  and  
theophyl l ine  have  a synergis t ic  effect  on the  concen-  
t ra t ion  of cyclic 3', 5 ' -AMP ~a. Cyclic 3', 5 ' -AMP is involved,  
too, in insulin secretion,  which can be s t imula ted  by  
theophyl l ine  ~. We became  in te res ted  in theophyl l ine  
af ter  observing t h a t  m e t h y l  xan th ines  s t imula te  acid 
secret ion and respi ra t ion  in the  frog (Rana pipiens) 
gastr ic  mucosa  in vi t ro  ~s. Fur the rmore ,  an increase in 
shor t -c i rcui t  cur ren t  was observed when  e i ther  ADH,  
theophyl l ine  or cyclic 3", 5 ' -AMP was added  to  the  serosal 
surface of isolated rabb i t  ileal mucosa  ~. In th is  paper ,  
the  effect  of theophyl l ine  on acid secret ion of h u m a n  
gastric mucosa dur ing subinaximal  and max ima l  s t imula-  
t ion wi th  his ta log was examined .  

Methods and materials. E x p e r i m e n t s  were carried out  
on 8 men  and 3 women  ranging in age f rom 20-41 years.  
8 persons  had  a normal,  3 a subnormal  secre tory  abi l i ty  
of gastric acid. Af ter  fas t ing overnight ,  a double-bal loon-  
tube  - proof ing bo th  cardia  and pylorus  - was passed 
th rough  the  m o u t h  and  placed into the  s tomach,  under  
X- ray  control .  For  an accura te  collection of gastric juice 
the  subjects  were placed in the  left  la teral  decubi tus  
posit ion.  The residual  gastr ic  con ten t  was aspired and 
discarded.  Basal  secret ion was collected for 20min .  
Thereaf te r  the  s t imulan t  drug  was i.v. infused at  a con- 
s t a n t  ra te  for 100 min and  collections were con t inued  at  
20 rain intervals .  Gastr ic  con ten t s  were aspired manua l ly  
cont inuous ly  wi th  a syr inge dur ing the  t ime  of the  test .  
I n  addi t ion,  r epea ted  air  insuff la t ions  were per formed 
by  syringe. In  5 persons  the  p r imary  s t imulus  was sub- 
max ima l  by  cons t an t  i.v. infusion of 50 mg his ta log 
(betazole hydrochlor ide  Lilly | per  hour. In  the  remain ing  
6 subjects  max ima l  acid secret ion was evoked by  i.v. 
infusion of 2 mg his ta log/kg body  weight/h~L 60 rain 
af ter  the  s t a r t  of the  infusion we in jec ted  2 arnpoules of 
Cordalin Homburg |  (= 340 mg 7-(f l -hydroxyethyl) - theo-  
phyl l ine  plus 100 mg theophyl l ine)  i.v. in each case and 
con t inued  the  tes t  for add i t iona l  40 rain. 

F r o m  each specimen of gastric juice, t he  volume ra te  
was measured  in ml /min  and the  concen t ra t ion  of hydrogen  
ions de t e rmined  by  t i t r a t i ng  a sample  of juice wi th  n/10 
N a O H  to a p H  of 7.0 using a micro-glass e lectrode and 
the  p o t e n t i o m e t e r  E 353 Met rohm AG, Herisau,  Switzer-  
land. For  chloride analyses  we used the  m e t h o d  of SCnA- 
LES and  SCHALES 18. Osmot ic  pressure  in p l a sma  and  

gastr ic  juice was measured  by  a s emiau toma t i c  osmo- 
mete r  (Dr. H. Knauer ,  Berl in 33). 

Results and conclusions. During  submax ima l  and  even 
dur ing  max imal  s t imula t ion  of gastr ic  acid o u t p u t  wi th  
histalog, theophyl l ine  was capable of enhanc ing  the  
secre tory  ra tes  of b o t h  hydrogen  ions and  chloride 
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Per cent changes of the rates of gastric secretion by i.v. injection 
both of 340 mg 7-(/J-hydroxyethyl)-theophylline and 50 ing tbeophyl- 
line during submaximal and Inaximal acid secretory response to 
histolog in 11 subjects. (A) During submaximal stimulation of 
gastric acid secretion with 50 mg histolog/h i.v. infused. (B) During 
maximal stilnnlation of gastric acid secretion with 2 mg histolog/kg 
body weight/h, i.v. infused. 
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s igni f icant ly ,  as s h o w n  in t h e  Figure.  The  r ise in acid 
o u t p u t  was  due to  a s ign i f ican t  increase  of t he  v o l u m e  
r a t e  of gas t r ic  secret ion.  The re  was no  s ign i f ican t  change  
of t h e  c o n c e n t r a t i o n s  of h y d r o g e n  ions a n d  chlor ide  in 
gas t r ic  juice a f te r  i n j ec t ion  of theophy l l ine .  U n d e r  such  
cond i t ions  osmot ic  c o n c e n t r a t i o n  ra t io  b e t w e e n  gas t r ic  
secre t ion  a n d  p l a s m a  was s imi la r  to  t he  con t ro l  va lues  
a n d  did  n o t  exceed t he  l i m i t i n g  level  o f  1.019 . U p o n  
s t i m u l a t i o n  the  osmola l i t y  of gas t r ic  ju ice  increases  a n d  
in t he  n o r m a l  s t o m a c h  a t  m a x i m u m  equals  t h a t  of t h e  
p lasma .  I n  c o m p a r i s o n  w i t h  th i s  f inding,  t he  effect  of his-  
t a log  o n  the  c o n c e n t r a t i o n s  b o t h  of h y d r o g e n  ions and  chlo- 
r ide  in  gas t r ic  ju ice  c an  be  a u g m e n t e d  b y  c o m b i n i n g  i t  
w i t h  a t r o p i n e  ~7. As a result ,  p rev ious ly  o b t a i n e d  isotonic  
secre t ion  will b e c o m e  h y p e r t o n i c  to  p la sma .  Th i s  is, 
however ,  t he  on ly  cond i t i on  a t  p re sen t  known,  u n d e r  
wh ich  h y p e r t o n i c  gas t r ic  juice can  be  ob ta ined .  A com- 
p le te  desc r ip t ion  of these  f ind ings  t o g e t h e r  w i t h  a d d i t i o n a l  
i nves t iga t ions  to  e luc ida te  t he  m e c h a n i s m  of ac t ion  of 
t h e o p h y l l i n e  on  gas t r ic  acid p r o d u c t i o n  will  be  p r e sen t ed  
elsewhere *~ The  poss ib i l i ty  t h a t  cyclic 3', 5 ' -AMP pa r t i -  
c ipa tes  on  a molecu la r  bas is  in t h e  secre tory  m e c h a n i s m  
of gas t r ic  acid m e r i t s  f u r t h e r  inves t iga t ion .  The  t r ue  

n a t u r e  of s t r u c t u r a l  a l t e r a t ions  a n d  t h e  b iochemica l  
p a t h w a y  invo lved  in th i s  process  are sti l l  unknown~L 

�9 Zusammen/assung.  W/ih rend  s u b m a x i m a l e r  u n d  max i -  
ma le r  S ~ u r e s t i m u l a t i o n  m i t  Hi s t a log  s te iger t  i.v. In jek -  
t i on  y o n  3 4 0 m g  7- ( f l -HydroxyAthyl ) - theophyl l in  und  
100 m g  T h e o p h y l l i n  ( =  , O T  Homburgs>) be im  Menschen  
die Magensa lzsAureb i ldung  s ign i f ikan t  d u r c h  Z u n a h m e  
der  V o l u m e n r a t e .  Die Be fu n d e  werden  im H i n b l i c k  au f  
die m6gl iche  B e d e u t u n g  y o n  zyk l i schem 3', 5 ' -AMP als 
in t razel lu l i t re  M i t t l e r s u b s t a n z  be i  der  B i l d u n g  u n d  Sekre-  
t i on  y o n  Magensa lzs~ure  d i sku t i e r t .  
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N o t e  s u r  l ' i n n e r v a t i o n  d e s  b r a n c h i e s  c h e z  A n g u i l l a  

De n o m b r e u x  t r a v a u x  morpho log iques  o n t  d6cr i t  la  
s t r u c t u r e  des o rganes  de  la r e sp i r a t ion  a q u a t i q u e  chez 
les poissons  T616ost6ens. Ces c o n t r i b u t i o n s  o n t  p e r m i s  
d ' exp l i que r  p lus ieurs  ph6nom~nes  phys io log iques  observ6s  
au  n i v e a u  des aires vascu la i res  e t  des t i ssus  c o n s t i t u a n t  
les b ranch ies .  P lus  pa r t i cu l i~ remen t ,  les r e n s e i g n e m e n t s  
rassembl4s  p a r  VIALLI1, HUGHES et  GRIMSTONE2 e t  puis  
p a r  NEWSTEAD 3 c o n f i r m e n t  les plus  anc i ennes  observa-  
t ions  de BIs 4 r e l a t a n t  l ' ex i s tence  d ' u n  sys t~me con-  
t rac t i l e  associ6 a u x  cellules du  pi las t re .  

R 6 c e m m e n t ,  GILLOTEAUX 5'6 a m o n t r 6  l ' i n t6 r~ t  de la 
t e chn ique  de f ixa t ion -co lo ra t ion  de MAILLET appl iqu4e  
aux  Inver t6br6s .  Celle-ci fur  uti l is6e avec  succ~s sur  les 
b r anch i e s  de l 'Angui l le .  R a p p r o c h a n t  ces r6su l t a t s  de 
ceux  recueil l is  p a r  LAURENT et  DUNEL 7 ~ p ropos  de 
l ' i n n e r v a t i o n  de la p s e u d o b r a n c h i e  chez d ivers  T616- 
ost6ens,  nous  a v o n s  r e m a r q u 6  des f ibres  ne rveuses  e t  des 
corps  neu ron iques  p a r m i  les t i ssus  f o r m a n t  les feui l lets  
b r a n c h i a u x  (Figure 1). Des p r o l o n g e m e n t s  n e r v e u x  abou-  

anguiUa L .  

t i s sen t  ~ la pa ro i  des ar t6r ioles  af f6rentes  et  eff6rentes.  
A la h a u t e u r  des f ibres  muscu la i r e s  adduct r ices ,  nous  
avons  relev6 de n o m b r e u s e s  jonc t ions  neuro -muscu la i r e s  
en a n n e a u  (Figure  2). Les cellules pi l iers  s i tu6es A la 
base  des lamel les  son t  f r 6 q u e m m e n t  en tour6es  p a r  des 
fa i sceaux de p r o l o n g e m e n t s  issus de neu rones  bi- e t  
mu l t ipo la i r e s  (Figures  3 et  4). 

C o m p t e  t e n u  de ces obse rva t ions ,  il nous  semble  pos-  
sible de pense r  q u ' u n e  r6gu la t ion  ne rveuse  p r o d u i r a i t  
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Fig. 1. Neurones et prolongements situds dans l'ar~te branchiale Fig. 2. Jonctions neuro-musculaires en anneau; M, fibre musculaire 
(IV[AILLET), de l'adducteur des filaments branehiaux (MAILLET), 


