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I n d u c t i o n  o f  T r a n s c r i p t i o n  in the  S t i m u l a t i n ~  A c t i o n  of  a G a s t r i n  P e n t a p e p t i d e  o n  G a s t r i c  Ac id  
S e c r e t i o n  

T h e  h o r m o n e  g a s t r i n  ha s  b e e n  i so la ted  f rom the  gas t r i c  
a n t r a l  m u c o s a  of seve ra l  species, i n c l u d i n g  m a n ,  in  t h e  
fo rm of h e p t a d e c a p e p t i d e  a m i d e s  of a l m o s t  iden t i ca l  
c o n s t i t u t i o n L  I t  ha s  b e e n  s h o w n  t h a t  t h e  C - t e r m i n a l  
t e t r a p e p t i d e  a m i d e  possesses al l  of t he  biological  ac t iv i t i e s  
d i sp l ayed  b y  t h e  t o t a l  molecule ,  t h o u g h  i ts  p o t e n c y  is 
cons ide rab ly  lower  ~. M a n y  ana logues  of t h e  t e t r a p e p t i d e  
a m i d e  h a v e  b e e n  syn thes i zed  a n d  t h e i r  a c t i v i t y  c o m p a r e d  
w i t h  t h a t  of t h e  p a r e n t  s t ruc tu re~ ,  ~. T h e  C - t e r m i n a l  
p e n t a p e p t i d e  sequence  of t he  g a s t r i n  is in  al l  species so 
far  s t ud i ed  G l y . T r p . M e t . A s p . P h e . N H ~ ;  a s y n t h e t i c  ana -  
logue of t h i s  s t r u c t u r e  ~ ( t - bu t oxyca r bony l - f l - a l an ine -  
T r p . M e t . A s p . P h e . N H z )  is c o m m e r c i a l l y  a v a i l a b l e  ( 'Pep-  
t a v l o n ' ,  I ,C.I .  50, 123; I m p e r i a l  Chemica l  I n d u s t r i e s  
Ltd . )  for  c l inical  t r i a l  as  a power fu l  s t i m u l a n t  of gas t r i c  
ac id  sec re t ion  a n d  was  used  in  t h i s  s tudy .  I t  wi l l  b e  
re fe r red  to  as ' p e n t a p e p t i d e ' .  W e  are  i n d e b t e d  to  Dr.  
J. S. MORLgY of I .C.I .  L td .  for  generous  suppl ies  of t h i s  
ma te r i a l .  

I t  h a s  b e c o m e  e v i d e n t  in  r e c e n t  yea r s  t h a t  m a n y  hor -  
m o n e s  exe r t  t h e i r  effects  b y  s w i t c h i n g  on  or  e n h a n c i n g  
t h e  t r a n s c r i p t i o n  of de f in i t e  D N A  regions,  p r o g r a m m i n g  
t h e  s y n t h e s i s  of R N A  molecules  a n d  c o r r e s p o n d i n g  en-  
zymes,  w h i c h  fulfi l  t h e  f u n c t i o n s  of t he  h o r m o n e  in t h e  
t a r g e t  cells. Such  a m e c h a n i s m  has  been  e s t a b l i s h e d  for  
some  s t e ro id  ho rmones ,  as well  as for  those  of pep t i de  
n a t u r e S - L  T h e  a i m  of t he  e x p e r i m e n t s  to  b e  desc r ibed  
was to  e x a m i n e  such  a poss ib i l i ty  in  r ega rd  to  t he  s t imu la -  
t i on  of gas t r i c  acid secre t ion  b y  t h e  g a s t r i n  p e n t a p e p t i d e .  

F a s t e d  ma le  ~Nistar r a t s  (200-250 g b o d y  weigh t )  were  
a n a e s t h e t i z e d  w i t h  u r e t h a n e  a n d  gas t r i c  ac id  sec re t ion  
fol lowed b y  BARRETT'S ~° m o d i f i c a t i o n  of t h e  m e t h o d  of 
G l t o s ~  a n d  SCHILD n ,  t he  s t o m a c h  b e i n g  per fused  w i t h  
sa l ine  (31 oC) a t  1 m l  p e r  m i n  a n d  10-ra in  col lec t ions  of 

p e r f u s a t e  t i t r a t e d  for HCI c o n t e n t  w i t h  0 . 0 0 5 N  N a O H .  
I n  t he se  c i r c u m s t a n c e s  t h e r e  was  a c o n s t a n t  basa l  secre- 
t i on  of ac id  w h i c h  was  a u g m e n t e d  2-3-fold  b y  g iv ing  4 
s.c. i n j ec t ions  a t  20-min  i n t e r v a l s  of p e n t a p e p t i d e  in a 
dose of 0.4 tzg p e r  100 g b o d y  w e i g h t  (F igure  l a ) .  

However ,  if  a u r a n t i n e ,  a n  a c t i n o m y c i n  ana logue  w h i c h  
i nh ib i t s  D N A - d e p e n d e n t  R N A  syn thes i s  x~, x~, was  in j ec t ed  
in a dose of  100 tzg/100 g b o d y  w e i g h t  30 ra in  before  t h e  
f i rs t  of t h e  p e n t a p e p t i d e  in j ec t ions  a n d  fol lowed b y  a 
f u r t h e r  dose of 50 ~zg pe r  100 g b o d y  w e i g h t  1 h la ter ,  
t h e n  t h e  p e n t a p e p t i d e  h a d  no  s ign i f i can t  effect,  a l t h o u g h  
t h e  basa l  sec re t ion  of ac id  was  u n a f f e c t e d  (F igure  l b). 
T h e  basa l  secre t ion was  also u n a f f e c t e d  in  con t ro l  exper i -  
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Fig. 1. The secretion of HCI by the anaesthetized 
rat stomach after injection of: a) Gastrin pentapeptide 
(0.4 ~tg/100 g at each arrow), b) Gastfin pentapeptide 
(0.4 Ezg/100 g) with aurantine (100 ptgJl00 g and 50 
11g/100 g). c) Histamine (200 pig/100 g). d) Histamine 
(200 ~gJl00 g) with aurantine (100~g/100 g and 
50 ~tg/100 g). Each graph represents the mean re- 
sponse of 4 animals. 
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m e n t s  in which  au ran t i ne  was g iven w i thou t  pen t a -  
pep t ide .  

In  s imilar  e x p e r i m e n t s  in wh ich  h i s t a m i n e  was  used 
in s t ead  of p e n t a p e p t i d e ,  a single i .m. in jec t ion  of 200 i~g/ 
1 0 0 g  b o d y  w e i g h t  s t i m u l a t e d  gas t r ic  ac id  secre t ion  
(Figure  l c ) ,  b u t  in jec t ion  of a n r a n t i n e  as before  failed 
to  inh ib i t  t h e  effect  (Figure 1 d). 

F r o m  these  resul ts  i t  is conc luded  t h a t  au ran t i ne  does  
no t  suppress  t he  ab i l i ty  of the  gas t r ic  mucosa  to  secre te  
acid in response  to  h i s tamine ,  b u t  specif ical ly  inh ib i t s  
t h e  s t i m u l a n t  ac t ion  of pen t apep t i de .  Th is  suggests  t h a t  
t h e  physiological  effect  of t he  l a t t e r  involves  DNA-  
d e p e n d e n t  R N A  and  p ro te in  synthes is ,  while  h i s t a m i n e  
s t imu la t e s  acid secre t ion  in some o the r  way.  

The following e x p e r i m e n t s  show t h a t  R N A  syn thes i s  
in gast r ic  mucosa  is increased by  p e n t a p e p t i d e ,  b u t  n o t  
by  h i s tamine .  ~C-label led aden ine  (specific ac t iv i ty  
48 mC/g) was  admin i s t e r ed  i.p. to  r a t s  anaes the t i z ed  
wi th  u r e t h a n e  in a dose of 25 ~zC/100 g b o d y  we igh t  

Table I. Effect of gastfin pentapeptide and histamine on RNA- 
synthesis in rat gastric mucosa 

I'C-adenine incorporation in cpm/mg RNA 
Experi- 
ment Control Pentapeptide Pentapeptide Histamine 
No. + aurantine 

1 89 146 - - 

2 151 212 72 - 
3 195 228 122 - 
4 117 175 102 
5 128 - - 127 
6 128 - - 119 
7 71 - - 72 

Each value is the result of measurements obtained from a group 
of 2-3 animals. 

Table II. Effect of gastrin pentapcptide injection on histidine de- 
carboxylase activity of rat gastric mucosa 

Histidine decarboxylase activity in nmoles COz/mg tissue/h 
Ex- 
peri- Control Penta- Penta- Penta- 
ment peptide peptide peptide 
No. (1 day (1 day {30-50 days 

treatment) trcatment+ treatment) 
aurantine) 

1 3.38 -t- 0.12 8.00 ± 0.60 - 3.12 ~= 0.10 
2 2.95 4- 1.02 9.48 ::~ 1.11 - 3.25 4- 0.02 
3 2.50 ± 1.02 8.15 ~ 0.50 - 0.78 -4- 0.02 
4 3.28 -t- 0.15 6.10 4- 0.10 3.27 -}- 0.17 - 
5 2.57 + 0.34 8.16 :k 0.50 2.88 4- 0.40 - 
6 1.64 ± 0.58 11.65 4- 1.10 2.71 4- 0.27 - 

Each value shown represents the mean of 3M parallel determina- 
tions of enzyme activity in pooled mucosa homogenates from 3 
animals. 
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Fig. 2. Effect of prolonged (30-50 days) injections of gastrin penta- 
peptide on HC1 secretion by the anaesthetised rat stomach. 

30 rain before t he  in jec t ion  of p e n t a p e p t i d e  or h i s t amine .  
The  an imals  were  sacrif iced 60 rain af ter  t he  admin i s -  
t r a t i o n  of adenine ,  and  the  specific ac t iv i ty  of R N A  
e x t r a c t e d  f rom t h e  gas t r ic  mucosa  b y  the  m e t h o d  of 
SCHMIDT a n d  TANNHAUSER 14 WaS de t e rmined .  The  resul ts  
are  shown  in Table  I .  I t  is ev iden t  t h a t  t h e  inc reased  
R N A  syn thes i s  induced  b y  p e n t a p e p t i d e  ( though no t  
b y  h is tamine)  is inh ib i t ed  b y  auran t ine .  

I t  has  been  shown x5 t h a t  gas t r in  increases  h i s t id ine  
deca rboxy lase  a c t i v i t y  (h i s t amine- fo rming  capaci ty)  in 
gast r ic  mucosa .  W e  have  found  t h a t  a s imilar  effect  
p r o d u c e d  b y  p e n t a p e p t i d e  is also inh ib i ted  by  au ran t i ne  
(Table II). In  these  e x p e r i m e n t s  h is t id ine  deca rboxy lase  
ac t iv i ty  was  e s t ima ted  by  a c o m b i n a t i o n  of t he  tech-  
n iques  of KOBAYASH118 and  BUHLER 17, in which  the  
a m o u n t  of rad ioac t ive  CO z re leased by  d e c a r b o x y l a t i o n  
of x4C-histidine is measured .  I t  is concluded t h a t  t h e  
p e n t a p e p t i d e ,  and  mos t  p r o b a b l y  t h e  t o t a l  gas t r in  mole-  
cute also, causes  t r ansc r ip t ion  of t he  D N A  regions  (genes) 
wh ich  are  responsib le  for the  syn thes i s  of  h i s t id ine  de- 
ca rboxylase .  I t  seems poss ible  t h a t  t he  newly - fo rmed  
e n z y m e  m a y  p rov ide  a supp ly  of h i s t a m i n e  w h i c h  
increases  t he  f o r m a t i o n  of cyclic 3", 5 ' -AMP, and  th is  in 
t u r n  s t imu la t e s  t he  secre t ion  of HCI ~s. 

O the r  e x p e r i m e n t s  in th is  l abo ra to ry  have  shown t h a t  
pro longed t r e a t m e n t  of an imals  w i th  ce r ta in  ho rmones  
of induc t ive  t y p e  (e.g., hydrocor t i sone ,  insulin) leads to  
a decrease in t h e  ab i l i ty  of t he  t a r g e t  cells to  r e spond  to  
such h o r mo n e s  by  an  increase in D N A - d e p e n d e n t  syn-  
thes is  of R N A  and  cor respond ing  protein1% Such an  
effect  was sough t  using p e n t a p e p t i d e  in t he  following 
manne r .  R a t s  were  in jec ted  dai ly  w i t h  p e n t a p e p t i d e  
(0.4-0.8 v g / 1 0 0 g  b o d y  we igh t  4 h  before  feeding) for  
30-50 days.  The  acid secre t ion  and  changes  in h i s t id ine  
deca rboxy lase  in response  to  p e n t a g a s t r i n  in jec t ions  were  
t h e n  s tud ied  in acu te  e x p e r i m e n t s  as descr ibed  earl ier  
in  th i s  paper .  I t  was  found  tha t ,  a f te r  such  p r e t r e a t m e n t ,  
in jec t ions  of p e n t a p e p t i d e  in t h e  acu te  e x p e r i m e n t s  d id  
no t  increase h i s t id ine  deca rboxy la se  ac t iv i ty  (Table II)  
and  did  no t  s t imu la t e  the  secre t ion  of  gast r ic  HC1 
(Figure 2). 

BblB0~Ibt. BBe/leHHe KphlcaM CHHTeT~qecKoF0 aHaJIoFa neH- 
TanenTu~Ia racTpHHa (~, rlenTaBnOH,>, I. C. I. 50, 123) ycHnnBaeT 
CHHTe3 P H K  n aKTHBH0CTb FHCTH/IIIH/Ieltap60KCHYla3bl B CJIII3- 
14CT0~ ~eJ]y/IKa, CTHMyJIHpyeT ceKpettn~0 C0~H0fi KHC)'IOTbl. 
BBe/IeHHe )NHBOTblM aHanora  aKTIIHOMHUHHa ~ -- aypaHTHHa, 
T0pM03HT Bce 3TH O~}qbeKTbl nenTanenTH/la racTpnHa. BBe~ie- 
Hue FHCTaMHHa )tKHBOTHb[M CTHMyJ]HpyeT ceKpeIlHlo C0JI~IHO~ 
KHCJ/0Tbl B x<enyaKe; 3TOT Hpot~ecc He cor/poBowdlaeTc~ ycrf- 
JIeHHeM CttHTe3a PHI (  n He TOpMO3HTCll aypaHTllltOM, Hpeft- 
rloJtaraeTc~, qTO FacTpHH H ere aKTnBHble ~lepHBaThl, nHAy- 
uHpy~ rncTmlHH~ler~ap6oKcnnaay, CTHMynHpymT ~aKonneHne 
FrICTaMHHa B KneTKax CJIH3HCTO~ ~enyAKa H FHCTaMHH IIBYl- 
fteTCfI l]ocpeJInHt<oM B /te~CTBHH racTprlHa. 
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