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Fig. 2. Electrical uncoupling of myocardial cells produced by intra- 
cellular sodium injection, a) control values of electrotonic potentials 
recorded from a myocardial cell adjacent to the site of sodium injec- 
tion immediately after the beginning of sodium release; b) and e) 
after 15 and 30 sec of injection respectively. Resting potential in a) 
--80 mV and in c) --83 mV. Vertical calibration, 5 mV; horizontal 
calibration, 200 msee. Lower trace: outward current pulses (2.5 • 10 -7 
A). Temperature 36 ~ 

known  t h a t  a rise in in te rna l  sodium concen t ra t ion  
releases calcium f rom ra i tochondria ,  and th is  can also 
cont r ibu te  to the  deve lopmen t  of the  electrical uncoupling.  

The presen t  results  rise the  possibi l i ty  t h a t  the  N a - K  
p u m p  in hea r t  and in o ther  cells has  an indi rec t  role on 
the  control  of cellular communica t ion .  I t  is reasonable  to  
t h ink  t h a t  the  failure of the  sod ium in a cell or group of 
cells can interfere  marked ly  wi th  intercel lular  communica-  
t ion t h ro u g h  a marked  change  on the  int racel lular  calc ium 
concent ra t ion .  I t  is conceivable,  indeed,  t h a t  the  block of 
impulse  conduc t ion  p roduced  by  cardiac glycosides in 
hea r t  t issues can be related,  in par t ,  to changes  on 
junc t iona l  conductance ,  secondary  to  its blocking effect  
on sodium extrusion.  E x p e r i m e n t s  are in progress  in our 
l abora to ry  in order  to inves t iga te  th is  hypo thes i s  13. 

Rdsumd. L' inf luence  de l ' a u g m e n t a t i o n  de la t eneur  en 
Na+ intracel lulaire  sur le processus de communica t ion  
ent re  les cellules card iaques  du lapin est  6tudi6e. Une  
suppression de la communica t i on  6Iectrique est  provoqu6e 
par  l ' in jec t ion  de Na+ dans  la cellule. Ce r6sul tat  est  
p r o b a b l e m e n t  expliqu6 par  une a u g m e n t a t i o n  de la 
concen t ra t ion  en Ca ~+ intracellulaire,  subs6quente  
l ' in ject ion de Na+ et pa r  une d iminu t ion  de la perm6abil i t6 
des jonct ions  intercellulaires.  
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Quantification of Secretin Release by Acid, Using Immunocytochemistry  and Radio immunoassay  

W h e n  secret in was successfully pur i f ied by  JoRP~S and  
MUTT 1, sequenced by  MU~T and J ORPES 2, and its synthes is  
unde r t aken  by  BODANSZKY, ONDETTI, LEVINE, !~ARAYA- 
NAN, VON SALTZA, SH~E~EHAN, WILLIAMS and  SABO 3, and  
by  BODANSZ~V and  WILLIAMS ~, avai labi l i ty  of the  hor- 
mone in pure  form gave rise to numerous  s tudies  des igned 
to elucidate  its physiological  role in digestion.  The produc-  
t ion of sui table ant isera  p e r m i t t e d  ident i f ica t ion  of 
sca t te red  secre t in-producing  endocr ine  cells in the  upper  
in tes t ina l  mucosa  5-7, and  the  deve lopmen t  of a radio- 
i m m u n o a s s a y  for the  hormone  in blood and t issue 
ex t rac t s  s. Doub t s  remained ,  however,  as to  the  precise 
response  of t he  endocr ine  cells of the  upper  in tes t ine  to 
inst i l la t ion of acid into the  duodenum,  and therefore  the  
p r imacy  and degree of the  secret in  response  to  acid 
remained  unknown.  

For  th is  reason we proposed  to  inves t iga te  the  effect  of 
such acid ins t i l la t ion on the  secret in  and  other  endocr ine  
cells by  1. M e a s u r e m e n t  of secret in  release into the  blood 
s t ream,  2. Assay of the  secret in  con ten t  of the  mucosa,  
3. Assessment  of immunocy tochemica l  changes  in the  
endocr ine  cells and,  4, Quant i f ica t ion  of intracel lular  
secre t in  levels. 

Material and methods. H e a l t h y  Engl i sh  W h i t e  pigs were 
ob ta ined  f rom the  same breeder .  Thei r  weight  was be tween  
24 and  30 kg. For  1 week before each e x p e r i m e n t  t h e y  
were kep t  in an animal  house, washed,  dewormed  and t h e n  
s ta rved  for 18 h before exper imen ta t ion .  The pigs were 
anaes the t i zed  wi th  ha lo thane  induct ion,  and received no 
barb i tu ra tes .  They  were t h e n  i n t u b a t e d  w i t h  an endo-  
t rachea l  tube  and  given cont inuous  n i t rous  oxide and 
oxygen.  The mean  ar ter ial  blood pressure  was cont inua l ly  
moni to red  and ma in t a ined  a t  no rmal  levels by  J.v. saline 

infusion. The bile duct ,  pancrea t ic  duc t  and  s t o mach  
were canu la ted  and  ca the te rs  p laced in the  por ta l  vein  
and  femoral  ar tery .  All blood and  juice samples  were 
collected at  5 rain intervals~ 

The d u o d e n u m  and  p rox imal  20 cm of j e j u n u m were 
isolated and canula ted  for acid perfusion.  Af ter  a 15 rain 
basal  period, biopsies (approx imate ly  4 • 2 era) of the  
duodenal  mucosa,  5 cm dis ta l  to  t he  pylorus,  were t aken  
for histology,  i m m u n o c y t o c h e m i s t r y  and t issue ex t rac t  
assays. 0.1 N HC1 was t h e n  perfused  a t  a cons t an t  ra te  of 
11 ml /min  for 30 rain, and a second mucosal  b iopsy  taken.  

Secret in levels in blood and  t issue ex t rac t s  were carr ied 
out  by  r ad io immunoassay  9. The b iopsy  samples,  t a k e n  
before and af ter  acid inst i l lat ion,  were sub jec ted  to  the  
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fol lowing p rocedures :  1. I m m e d i a t e l y  a f te r  removal ,  t h e  
m u c o s a  was s t r i pped  off, f l a t t ened ,  and  t h e n  q u e n c h e d  in 
A r c t o n  (Freon) 22 a t  - -158~ I t  was f reeze-dr ied  
o v e r n i g h t  in  a t he rmoe l ec t r i c  f reeze-dryer .  F r o m  each  
large piece of the  dr ied t i ssue  8 iden t ica l  samples  were 
t aken ,  us ing  a selector  p u n c h  des igned  for t he  pu rpose  
(Figure 1). W i t h  th i s  e q u i p m e n t  i t  is possible  to  p u n c h  
ou t  m a n u a l l y  a set of 8 n u m b e r e d  samples ,  each  3 m m  2 
and  s e p a r a t e d  f rom each  o the r  b y  1 m m  (Figure  2). The  
c u t t i n g  b lades  are m o u n t e d  in a free swinging  b lock  

Fig. 1. General view of tissue sampling punch. 

I .r 

Fig. 2. Diagram to show cutting side of the free-swivelling cutter 
block. 

Fig. 3. Indirect immunofluorescenee preparation shows secretin cell 
content of a single representative bIock from duodenal mucosa prior 
to instillation of acid. 16 S cells can be seen and the majority are 
brightly fluorescent. • 220. 

suspended  b y  a p i v o t  f rom a lever.  All  c u t t i n g  b lades  are 
t h u s  pos i t ioned  p e r p e n d i c u l a r  to  t h e  m u c o s a  whi le  
p ressure  is exer ted .  

2. E a c h  of the  smal l  blocks,  careful ly  labelled,  was t h e n  
f ixed in d i e t h y l p y r o c a r b o n a t e  v a p o u r  TM, for 3 h a t  45~ 
a n d  s u b s e q u e n t l y  e m b e d d e d  in  pa ra f f i n  w ax  a t  56 ~ 

3. Biopsies  f rom a consecu t ive  series of 5 pigs, all  of 
w h i c h  showed  sa t i s f ac to ry  cyto logica l  p re se rva t ion ,  
c o n s t i t u t e d  t h e  m a t e r i a l  oil w h i c h  our  r e p o r t  is based.  
I m m u n o h i s t o c h e m i c a l  t e chn iques  for 4 u p p e r  i n t e s t i n a l  
po lypep t ides  (gastr in,  gas t r ic  i n h i b i t o r y  pept ide ,  mo t i l i n  
a n d  secret in)  were t h e n  car r ied  o u t  as follows : 

4. 150 5 [~m serial  sect ions  were cu t  f rom each  b lock  
selected a n d  f rom these  2 (serial) sect ions  f rom each  r u n  
of 30 were m o u n t e d  on  s epa ra t e  a l b u m i n i z e d  slides. 
I n d i r e c t  (sandwich)  t e c h n i q u e s  were t h e n  appl ied ,  us ing  
an t i s e r a  to  pure  porc ine  secre t in  for the  f i rs t  l ayer  and  
e i the r  F ITC-  (Hyland)  or peroxidase-  (Dakopa ts )  labe l led  
a n t i - r a b b i t  g lobul in  sera  for t h e  second layer.  

5. Q u a n t i t a t i v e  s tud ies  were car r ied  ou t  us ing  2 m e t h -  
ods:  a) Us ing  immunof luo re scence  p repa ra t ions ,  t h e  
n u m b e r  of secre t in  cells pe r  low power  field was counted .  
The  resul t s  were t h e n  t r e a t e d  s ta t i s t i ca l ly ,  b) I m m u n o -  
pe rox idase  p r e p a r a t i o n s  were ana lyzed  w i t h  a Televis ion  
I m a g e  Convers ion  Ana lyse r  (M.R.C. Cyc lo t ron  Uni t ,  
H a m m e r s m i t h  Hospi ta l ) .  The  m e a s u r i n g  a rea  was 
selected so as to  f i t  each  cell or g roup  of cells, a su i t ab le  
colour  h a v i n g  been  chosen  to  r ep resen t  t h e i r  p a r t i c u l a r  
dens i ty  range.  16 read ings  per  cell were m a d e  an d  al l  
areas of t h e  sec t ion  which  c o n t a i n e d  cells were measured .  
D a t a  f rom t h e  average  of each  r ead ing  was t r a n s f e r r e d  to  
p a p e r  t a p e  on  a t e l e type  m a c h i n e  a n d  ca lcu la t ion  of t he  
r a t io  b e t w een  cell c o n t e n t  a n d  b a c k g r o u n d  was m a d e  w i t h  
a n  E l l i o t t  4100 compute r .  The  f ina l  f igures gave  all 
i nd ica t ion  of cel lular  h o r m o n e  con ten t .  

Resulls. W h e n  acid was i n t r o d u c e d  in to  t h e  d u o d e n u m  
a d r a m a t i c  p a n c r e a t i c  response  was seen. This  c o m m e n c e d  
a few ra in  a f t e r  t h e  s t a r t  of t h e  e x p e r i m e n t  a n d  r eached  a 
p e a k  a f t e r  a b o u t  15 rain.  Secre t in  levels in  t h e  b lood also 
began  to  rise a few ra in  a f te r  t h e  a d m i n i s t r a t i o n  of acid 
an d  t h e  cu rve  of secre t in  release was obse rved  closely to  
para l le l  t h e  cu rve  of panc rea t i c  response  9. 

There  was no  change  in immunof luo re scence  (ho rmone  
con ten t )  in  t i le GIP ,  mo t i l i n  or i m m u n o r e a c t i v e  gas t r i n  
cells a f te r  t h e  30-rain acid s t imu la t i on .  On t h e  con t r a ry ,  
however ,  t h e  n u m b e r  of f luorescent  secre t in  cells was  
cons ide rab ly  reduced,  as was  t h e i r  i n t e n s i t y  of f luorescence 
(Figures 3 an d  4). 

Q u a n t i t a t i v e  s tud ies  car r ied  ou t  b y  cell c o u n t i n g  showed 
t h a t ,  a l t h o u g h  the  n u m b e r  of sec re t in  cells obse rved  in t h e  
p o s t - s t i m u l a t i o n  samples  was smal le r  t h a n  in pre-  
s t i m u l a t i o n  samples ,  t h e  resul t s  were n o t  s t a t i s t i ca l ly  
s ignif icant .  Ana lys i s  of t i le h o r m o n e  c o n t e n t  of t h e  cells 
showed  a n  ave rage  decrease  of 52% pos t - s t imu la t i on .  
This  resu l t  is h igh ly  s ign i f ican t  (p 0.001). 

The  resul t s  o b t a i n e d  b y  Televis ion  I m a g e  Convers ion  
Ana lys i s  were c o m p a r e d  w i t h  those  o b t a i n e d  b y  para l le l  
r a d i o i m m u n o a s s a y s  on duodena l  mucosa l  ex t rac t s .  
The  c o m p a r i s o n  is shown  in F igure  5, where  d o t t e d  l ines 
r ep resen t  t h e  resu l t s  o b t a i n e d  in b iopsies  f rom each  of the  
5 pigs an d  t h e  solid l ine  t h e  ave rage  resu l t  f rom all t he  
animals .  T h e  co r re la t ion  b e t w een  t h e  resul t s  of t h e  2 assay  
p rocedures  (52% a n d  72%) is as close as could r e a s o n a b l y  
be expected .  

Discussion. W e  h a v e  shown  here  t h a t  i n t r o d u c t i o n  of 
acid in to  t h e  d u o d e n u m  produces  i m m u n o c y t o c h e m i c a l l y  
de t ec t ab l e  release of secre t in  f rom t h e  cells c o n t a i n i n g  i t  

lOA. G. E. PEARSE, JULIA ),{. POLAK, CAROLINE ADAMS and P. A. 
KENDALL, Histochem. J. 6, 347 (1974). 
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Fig. 4. For comparison with Figure 3. Block from duodenal mucosa 
after 30 min perfusion with acid. 7 S cells are visible and some exhibit 
very little tluoreseenee. • 220. 
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Fig. 5. Comparison of results obtained in the test series. 

which correlates  well wi th  the  fall in t issue secret in as 
es t imated  by  rad io immunoassay .  There  was also a rise in 
blood secret in  levels with a peak  a t  15 rain and a panc rea t i c  
b ica rbona te  response which  correlated in t ime well w i th  
the  peak  p lasma  secret in  levels. 

Total  immunof luorescen t  cell count  is no t  a sensible 
way  of quan t i fy ing  hormone  secret ion because, of course, 
one can record the  same n u m b e r  of cells whe the r  full or 
par t ia l ly  discharged.  We propose,  therefore,  t h a t  quant i -  
f icat ion of var ia t ion  in endocr ine  cell ho rmone  conten t ,  
under  physiological  or pathological  condit ions,  should be 
carried out  by  procedures  of the  t ype  descr ibed here, t h a t  
is to say, by  q u a n t i t a t i v e  immunocy tochemis t ry .  

We conclude t h a t  secret in  can be released in response  
to acid in t he  d u o d e n u m  and t h a t  i t  p robab ly  is so released 
when  the  ac id i ty  falls below a th resho ld  level, shown by  
MAYER, WAY and  GROSSMAN 11 to be p H  4.5. Fur the rmore ,  
acid appears  no t  to  s t imula te  d ischarge in the  case of 
o ther  endocr ine  cells in the  upper  in tes t ine ,  in so far  as 
these were covered by  the  ant isera  we employed.  

Very  l i t t le  work has been  done on cellular aspects  of 
ho rmone  secret ion following an app ropr i a t e  s t imulus.  
Studies  of the  k ind  we repor t  here should provide  grea ter  
unde r s t and ing  of gut  ho rmone  phys io logy and also of the  
na tu re  of disorders  where  increased h o rmo n e  secret ion or 
abnorma l  s torage consequen t  on failure of release is 
suspected.  

Zusammen/assung. Die Reak t ion  auf das E in t rgufe ln  
einer  0,1 N HC1 (11 ml/min)  in das D u o d e n u m  des 
Schweines wurde  paral lel  mi t  dem R a d i o i m m u n t e s t  zur 
B e s t i m m u n g  des Sekret ingehal tes  der  Mucosa und  mi t  
q u an t i t a t i v e r  immunh i s tochemische r  Analyse  tier duode-  
na len  Sekret ionzel len un te rsucht .  Nach  ether 30miniit igen 
E inwi rkung  der  S~ure be t rug  der  durchschni t t l i che  
Abfall  des  zellul~tren Sekre t ingehal tes  in 5 Schweinen 
52%. Der  en t sp rechende  Wef t ,  der mi t  der  Radio-  
i m m u n t e s t m e t h o d e  e rmi t t e l t  wurde,  be t rug  72%. 
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A C o m p a r i s o n  of the C o m p o s i t i o n  of Ep id idymal  P l a s m a  f r o m  the Cauda Ep id idymid i s  of the Rat,  
H a m s t e r  and Guinea -P ig  

The compos i t ion  of ep id idymal  p lasma obta ined  f rom 
the  in tac t  cauda  ep id idymid i s  of the  anaes the t i zed  r ab b i t  
and  ra t  has  recent ly  been  descr ibed 1, 2 The p resen t  paper  
repor t s  on the  chemical  compos i t ion  of ep id idymal  p lasma  
f rom the  in tac t  cauda  ep id idymidis  of the  h a m s t e r  and 
the  guinea-pig and  a compar i son  is made  w i t h  previousZ 
and p resen t  f indings in t he  rat .  Ear l ier  observat ions  in t he  
h a m s t e r  s were on fluid collected by  punc tu r ing  the  
ep id idymal  tubules  in p o s t - m o r t e m  mater ia l .  

Methods. 7 adul t  male  golden h ams t e r s  (110 to  140 g) 
and  7 adul t  male  guinea-pigs (700 to  800 g) were anaes-  
the t i zed  wi th  sodium p en t o b a rb i t o n e  (Nembutal ,  A b b o t t  

1 R. JoN~s and T. D. GLOVI~R, J. Reprod. Fert. 34, 395 (1973). 
2 D. J. BACK, J. C. SHE~TON and T. D. GLOVER, J. Reprod. Fert. 

40, 211 (1974). 
a R. JONES, Ph. D. thesis, University of Liverpool (1973). 


