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T h e  I n h i b i t i o n  of  G a s t r i c  A c i d  S e c r e t i o n  b y  E p i d e r m a l  G r o w t h  F a c t o r  

E p i d e r m a l  g rowth  fac tor  (EGF) is a po lypep t ide  isolated 
f rom the  submaxi l l a ry  glands o f  male mice which  has  
the  s t r ik ing  p r o p e r t y  of causing p r e m a t u r e  eye opening  
and  incisor e rup t ion  when  in jec ted  into new born  mice 1. 
This has  been shown to be the  result  of increased kerat in i -  
zat ion of the  epidermis2.  The p r i m a r y  s t ruc tu re  of E G F  
has been  de t e rmined  recen t ly ;  it  is composed  of 53 amino-  
acid residues w i th  3 d isu lphide  bonds  a l though  a fully 
act ive pep t ide  of 51 residues has also been isolated 3. 

E G F  will s t imula te  cell prol i fera t ion in a va r i e ty  of 
organ cul tures  4. I t  has  s imilar  effects to insulin in mouse  
m a m m a r y  epi thel ia l  cells 5, and it will cause rapid  regener-  
a t ion of r abb i t  corneal  ep i the l ium n. The full range  of 
act ions  has  been  reviewed recent ly  7. I t  is no t  ye t  a p p a r e n t  
whe the r  this  par t i cu la r  pep t ide  fulfils any  physiological  
role b u t  i t  m a y  poss ib ly  be involved in the  contro l  of 
g rowth  of cer ta in  t issues.  Rela t ive ly  small  a m o u n t s  will 
s t imula te  D N A  and  R N A  synthes is  in cul tured  h u m a n  
f ibroblas ts  s and a va r i e ty  of m a m m a l i a n  t issues will b ind  
ep ide rma l  g rowth  fac tor  a t  si tes d i s t inc t  f rom those  
occupied by  o the r  anabol ic  pep t ides  such as insulin 9. 
However ,  in add i t i on  to  the i r  effects on t issue growth,  
pep t ides  such as insul in or gast r in  also have  a well def ined 
' shor t  t e r m '  ac t ion  and  th is  r epor t  describes a d i rec t  
effect  of E G F  upon  gast r ic  acid secret ion which  is unl ikely 
to be the  resul t  of cell prol iferat ion.  

Materials and methods. E p i d e r m a l  g rowth  factor  was 
isolated f rom the  submax i l l a ry  glands of male  and female 
mice according  to  the  m e t h o d  of SAVAGE and COHEN a~ 
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Fig. 1. Inhibition of histamine induced acid secretion in a perfused 
rat stomach preparation by epidermal growth factor. 

w i th  minor  modif icat ions .  The proper t ies  of t he  p ro duc t  
were fully in accord wi th  those  publ i shed  and  in par t icu lar  
amino-ac id  analysis  showed a comple te  lack of alanine,  
pheny la lan ine  or lysine residues.  The po tency  was con- 
f i rmed by  the  act ion on new born  mice (Alderley Pa rk  
Strain).  Subcu taneous  inject ions  of 5 txg pep t ide  in 25 ~1 
saline solut ion per  day  induced  eye opening on day  10 
compared  to  day  13 in controls.  

The act ion of th is  p ro d u c t  on gastr ic  secret ion was 
examined  in bo th  ra ts  and  dogs ~. R a t  tes t ing  was carried 
out  in anaes the t i zed  animals  (Alderley Pa rk  Strain) w i th  
the  s tomach  perfused  and  the  acid co n t en t  of the  per fusa te  
was de te rmined  by  t i t ra t ion .  Acid secret ion was induced  
by  s.c. in jec t ion  of h i s t amine  (300 ~.g) a t  1 h in tervals  and  
af ter  2 control  responses,  E G F  was given by  i.v. in ject ion 
at  the  t ime  of the  nex t  h i s t amine  in ject ion (Figure 1). 
Al terna t ive ly ,  the  act ion of E G F  was examined  in ra t s  
agains t  a p la teau  of secret ion evoked by  repea ted  his t -  
amine  (20 vg) in ject ions  a t  5 min  in tervals  12. In  b o t h  cases 
near  max i ma l  inhib i t ion  was ob ta ined  wi th  doses of 10- 
50 Fg per  kg. 

The effect  of t he  g rowth  fac tor  was also s tudied  in 
Beagle dogs wi th  a dene rva t ed  gastr ic  pouch,  wi th  dener-  
va t ed  pouch  and  f is tula in t he  gastr ic  r emn an t ,  or wi th  an 
inne rva ted  gastr ic  pouch.  The dogs were fas ted  overn igh t  
and then  gastr ic  secret ion was s t imula ted  by  an i.v. 
infusion of e i ther  h i s tamine ,  p e n t a g a s t r i n  or me thacho l ine  
to  abou t  70% of the  m a x i m u m  outpu t .  W h e n  the  secret ion 
was s teady,  E G F  was given as i.v. or s.c. in ject ions  at  
doses as low as 0.1 ~tg/kg (Figure 2). The dura t ion  of the  
inhib i t ion  was abou t  90 rain b u t  wi th  the  larger doses it 
took  longer for the  secret ion to r e tu rn  to the  original  
p la teau  level. However ,  using a sensi t ive rad io - immunoas -  
say q u a n t i t a t i o n  process,  it  was  found  t h a t  the  half  t ime 
of d i sappearance  of the  pep t ide  f rom blood was abou t  
4 rain ~3. 

Discussion. The original effect  of E G F  upon eye opening 
in new-born  mice requires  doses of ap p ro x i ma t e l y  200 btg/ 
kg s.c. per  day  whereas  doses of 10 ~zg/kg in ra t s  and 
0.5 btg/kg in dogs produces  a p rofound  effect upon gastric 
acid secretion.  This effect  appears  to be specific for gastric 
secret ion and doses of pep t ide  up to 15 ~g/kg s.c. in dogs, 
p roduce  no un toward  effects  upon  respirat ion,  hea r t  ra te  
or t empera tu re .  

Al though  ep idermal  g rowth  fac tor  is found in larg,  
amo u n t s  in the  sa l ivary  gland i t  also appears  in o ther  
bodi ly  fluids of the  mouse  including the  saliva 14. In ter -  
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Fig. 2. The effect of a single i.v. injection of epidermal growth factor 
in a Heidenhain pouch dog upon volume and acid concentration - 
secretion induced by an infusion of histamine at 30 btg/kg/h. 
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es t ingly  t he re  is a n  assoc ia t ion  be t w een  h u m a n  sa l iva  
a n d  t he  i n h i b i t i o n  of acid secret ion.  Thus  in 1949 i t  was  
found  t h a t  t he  in jec t ion  of h u m a n  sa l iva  in to  a n i m a l s  
would  i n h i b i t  gas t r ic  acid secre t ion ~5 and  i t  was  found  
la te r  t h a t  t h e  sub l ingua l  g land  p rov ided  t he  g rea t e s t  
a m o u n t  of i n h i b i t o r y  m a t e r i a N  6. The  e x t r a c t  called 
s ia logas t rone  caused  t he  i n h i b i t i o n  of secre t ion  in py lo rus  
l iga ted  r a t s  b y  over  50% a t  doses of 30 mg/kg .  F u r t h e r  
pur i f i ca t ion  gave  m a t e r i a l  w i t h  an t i s ec re to ry  a c t i v i t y  a t  
50 t~g/kg in r a t s  b u t  the  p r o d u c t  b e h a v e d  as a c o m p o u n d  
w i t h  a molecu la r  we igh t  of a b o u t  150,000~L A t  t he  same  
t i m e  i n h i b i t o r y  m a t e r i a l  (MW 50,000) was also o b t a i n e d  
f rom mouse  s u b m a x i l l a r y  g lands  w i t h  an  a c t i v i t y  of 
25 ~g/kg b u t  these  workers  found  none  of t he  sexua l  
d i m o r p h i s m  assoc ia ted  w i t h  ep ide rma l  g r o w t h  fac to r  ~s. 
This  sex dif ference is qu i t e  s t r ik ing ;  t he  male  mouse  
con ta ins  ca. 1000 n g / m g  we t  t i ssue  a n d  t he  female  on ly  
ca. 70 n g / m U  9, b u t  t r e a t m e n t  of the  female  w i t h  tes tos-  
t e rone  causes  a d r a m a t i c  rise in t he  levels of E G F  ~4. 
Smal le r  a m o u n t s  were also obse rved  in r a t  s a l i va ry  
g lands  ~, b u t  i n h i b i t i o n  of acid secre t ion can  be  effected 
in rats ,  a lbe i t  a t  h ighe r  doses t h a n  are necessa ry  in t he  
dog. A r ecen t  p u b l i c a t i o n  descr ibed the  iden t i f i ca t ion  of 
i m m u n o r e a c t i v e  E G F  in t he  p l a s m a  of p r e g n a n t  h u m a n  
females  b u t  n o t  in  n o n - p r e g n a n t  females  or males  2~ and  
levels up  to  6 n g / m l  were r epo r t ed  du r ing  ear ly  p regnancy .  
However ,  if t h e  doses a d m i n i s t e r e d  to  dogs --- 0.5 ~g/kg  
i.v., were ca lcu la ted  as b lood  levels t h e n  t he  m a x i m u m  
br ief ly  a t t a i n a b l e  would  be  a b o u t  6 n g / m l  and  th i s  re- 
p resen t s  nea r  m a x i m a l  i n h i b i t i o n  of gas t r ic  acid secret ion.  
I f  s imi la r  doses app l ied  to  t h e  h u m a n  t h e n  a pe r s i s t en t  
b lood level  of 6 n g / m l  would  p r e s u m a b l y  be  assoc ia ted  
w i t h  g rea t ly  r educed  acid secre t ion unless,  of course,  
sens i t iv i ty  was r educed  d u r i n g  p regnancy .  This  m a y  re la te  
to  t he  k n o w n  low inc idence  of pep t i c  u lce ra t ion  d u r i n g  
p regnancy .  

A m o n g  t he  k n o w n  p roper t i e s  of E G F  in caus ing  cell 
p ro l i fe ra t ion  is t he  s t i m u l a t i o n  of o rn i t h ine  deca rboxy l -  
ase 2~. More r ecen t l y  i t  was  r epo r t ed  t h a t  h i s t id ine  decar-  
boxy lase  was also s t i m u l a t e d  b y  E G F  in skin  a n d  o t h e r  
t i ssues  a l t h o u g h  gas t r ic  m u c o s a  was no t  a m o n g s t  those  
studied~2. Neve r the l e s s  a n u m b e r  of Other i nh ib i t o r s  of 

gas t r ic  secre t ion  are also assoc ia ted  w i t h  increased  h i s t id ine  
deca rboxy la se  a c t i v i t y  in t h e  gas t r ic  m u c o s a  even  t h o u g h  
h i s t a m i n e  i tself  is a s t i m u l a n t  of acid secre t ion 23 ! Poss ib ly  
E G F  exer t s  a s imi la r  effect  upon  gas t r ic  mucosa.  

The  doses of E G F  requ i red  to  affect  gas t r ic  secre t ion  in 
dogs are in  the  same region as those  for t he  h o r m o n e  
gastrin24, and  are low c o m p a r e d  to those  requi red  for t he  
o t h e r  obse rvab le  effects, so t h a t  i t  is t e m p t i n g  to specu la te  
t h a t  i t  is a t r u l y  phys io log ica l  effect. I n d e e d  i t  m a y  well  
be  t h a t  c o m p a r a b l e  pep t ides  f rom d i f fe ren t  species are 
i nvo lved  in t he  con t ro l  of gas t r ic  acid secret ion.  

Rdsumd. Le fac teu r  de croissance 6p idermique  (EGF)  
a 6t6 isol6 A p a r t i r  des g landes  sous-maxi l la i res  des souris.  
On  a t r o u v 6  que ce f ac t eu r  es t  u n  i n h i b i t e u r  de la sCcrCtion 
gas t r ique .  Chez les chiens  des doses aussi  faibles que 0,1 ~g/  
kg fon t  ba isser  la sCcrCtion gas t r ique  provoquCe p a r  d ivers  
s t imu lan t s .  

J. M. BOWER, R. CAMBLE, H. GREGORY, 
E. L. GERRING a n d  I. R. WILLSHIRE 

Imperial Chemical Industries Ltd., 
Pharmaceutical Division, Mereside A lderley Park, 
Maccles/ield (Cheshire SKIO d TG, England) 4 March 1975. 

15 C. F. CODE, H. V. RATKE, G. R. LIVERMORE and W. LUNDBERG, 
Fedn. Prec. 8, 26 (1949). 

le R. MENGUY and M. BERLINSKI, Amer. J. dig. Dis. 12, 1 (1967). 
17 1V[. KOBAYASHI and M. YAMAMOTO, J. pharm. Soc. Japan 89, 222 

(1969), 
18 M. KOBAYASHI and M. YAMAMOTO, J. pharm. Soc. Japan 92, 226 

(1972). 
19 R. L. BYVNY, D. N. ORTH and S. COHEN, Endocrinology 90, 1261 

(1972). 
20 I. G. ANCES, Am. J. Obstet. Gynec. 115, 357 (1973). 
21 M. STASTRY and S. COHEN, Biochim. biophys. Aeta. 204, 578 

(1970). 
22 p. T. BLOSSE, E. L. FENTON, S. HENNINGSSON, G. KAHLSON and 

E. ROSENGREN, Experientia 30, 23 (1974). 
23 D. V. MAUDSLEY, Y. KOBAYASHI, E. WILLIAMSON and L. BOVAIRD, 

Nature New Biol. 245, 148 (1973). 
24 R. A. GREGORY and H. J. TRACu Gut 5, 103 (1964). 

Modif icat ion by  Ca lc ium Dobes i la te  of H i s t a m i n e  Effects on Capil lary Ul trastructure  

As is well  known,  t he  ex is tence  of close con t ac t s  b e t w e e n  
cells is t he  m o s t  pecu l ia r  f ea tu re  of ep i the l ia l  s t ruc tu res .  
I n  t he  vascu la r  e n d o t h e l i u m ,  and  p a r t i c u l a r l y  a t  t he  
b lood cap i l l a ry  level,  in te rce l lu la r  bonds  t h r o u g h  in te r -  
d ig i t a t ion  c rea te  a se lect ive  ba r r i e r  be t w een  t he  vascu la r  
c o m p a r t m e n t  a n d  t h e  i n t e r s t i t i a l  f luid ~. The  s t ab i l i t y  of 
these  in te rce l lu la r  con t ac t s  depends  on t he  chemica l  
compos i t ion  of t he  cell m e m b r a n e ,  a n d  more  precise ly  of 
t he  cell coat ,  as ha s  been  shown  in severa l  e x p e r i m e n t a l  
s tudies  2. On t he  o t h e r  h a n d ,  endo the l i a l  cells, a n d  b o n d s  
be tween  t h e m ,  cons t i t ue  t he  m a j o r  s t r u c t u r a l  base  of 
cap i l l a ry  p e r m e a b i l i t y  and  cap i l la ry  resistence.  Severa l  
endogenous  chemicals ,  a n d  a m o n g  t h e m  p a r t i c u l a r l y  
h i s t amine ,  are capab le  of d i s t u r b i n g  cap i l la ry  func t ion ,  
l ead ing  to  an  increase  in cap i l l a ry  p e r m e a b i l i t y  and  a fall  
in  cap i l la ry  resis tence.  H i s t a m i n e  p roduced  and  s to red  in 
m a s t  cells is re leased in response  to  a local i n j u r y  3, follow- 
ing a n  a n t i g e n - a n t i b o d y  reac t ion ,  or even  t h r o u g h  t he  
effects of phys io logica l  or pha rmaco log ica l  substances~ 
I n  fact ,  a role for h i s t a m i n e  ha s  been  p o s t u l a t e d  in con- 
nec t ion  w i t h  t he  e s t rogen - induced  increase  in cap i l l a ry  
p e r m e a b i l i t y  a t  t he  e n d o m e t r i M  leveD. 

Since t he  classical  s tud ies  of MAINe a n d  PALADE s, i t  
is genera l ly  accep ted  t h a t  h i s t a m i n e  effects on cap i l la ry  
p e r m e a b i l i t y  m a i n l y  resu l t  f rom an  ac t ion  of h i s t a m i n e  
on  pos t cap i l l a ry  venules .  The  increase  in capi l la ry  pe rme-  
ab i l i ty  would be t he  resu l t  of s e p a r a t i o n  on endo the l i a l  
cells a t  t h e i r  boundar ies ,  due  to  t he  c o n t r a c t i o n  and  sh r ink-  
age of these  cells w i t h  f o r m a t i o n  of s toma tae .  I t  m u s t  be  
s tressed,  however ,  t h a t  t he  ev idence  in f avour  of a t r ue  
c o n t r a c t i o n  of t he  endo the l i a l  cell u n d e r  the  effects of 
h i s t a m i n e  is on ly  weak,  a n d  consis ts  m a i n l y  in t he  simili-  
t u d e  w i t h  t he  effects of h i s t a m i n e  on  s m o o t h  muscle.  
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