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ABSTRACT 

A q u a n t i t a t i v e  s tudy  was made o f  t h e  en te roch romaf f i n  (EC) c e l l s ,  v i s u a l i z e d  
w i t h  t h e  Masson ( s l i g h t l y  m o d i f i e d )  and F a l c k - H i l l a r p  techniques,  i n  the  r a t  

g a s t r o i n t e s t i n a l  t r a c t .  D i f f e r e n t  f a c t o r s  i n f l u e n c i n g  t h e  q u a n t i f i c a t i o n  were 

analysed and t h e  magnitude o f  me thodo log ica l  e r r o r s  was est imated.  The two 

h i s tochemica l  techniques v i s u a l i z e d  the  EC c e l l s  i n  d i f f e r e n t  ways, i n f l u e n c i n g  

t h e  q u a n t i f i c a t i o n  r e s u l t s .  Th i s  means t h a t  a comparison o f  t h e  q u a n t i t a t i v e  

r e s u l t s  ob ta ined  by these techniques can o n l y  be made a f t e r  c o r r e c t i o n  by some 

f a c t o r s .  

The f requency o f  EC c e l l s  i s  g i v e n  as t h e  number o f  c e l l s  b o t h  p e r  mm’ mucosa 
2 ( c e l l u l a r  d e n s i t y )  and pe r  segment o f  mucosa w i t h  a base o f  1 mm . The l a t t e r  

i n f o r m a t i o n  takes i n t o  account b o t h  c e l l u l a r  d e n s i t y  and mucosal t h i ckness .  The 

h i g h e s t  f requency o f  EC c e l l s  was found i n  t h e  p y l o r i c  g land area o f  t h e  s t o -  

mach. On t h e  bo rde r  w i t h  t h e  duodenum t h e r e  was a marked decrease i n  t h i s  f r e -  

quency and i n  t h e  whole i n t e s t i n e  t h e  f requency was low, w i t h  o n l y  minor  f l u c t -  

u a t i o n s  o f  t h e  mean values. The f requency was inc reased  i n  the  caecum, f o l l o w e d  

by a gradual  decrease i n  t h e  l a r g e  i n t e s t i n e .  The q u a n t i t a t i v e  v a r i a t i o n  o f  t h e  

EC c e l l s  a t  t h e  same g a s t r o i n t e s t i n a l  l e v e l  was cons ide rab le ,  and was g r e a t e r  

between animals  than  between s e r i a l  s e c t i o n s  w i t h i n  t h e  same animal. The d i f f e -  

rence i n  EC c e l l  f requency t h a t  was r e q u i r e d  t o  g i v e  s i g n i f i c a n c e  was c a l c u l a -  

ted.  For  q u a n t i t a t i v e  s t u d i e s  t h e  Masson method has some minor  advantages over  

t h e  F a l c k - H i l l a r p  technique,  as r o u t i n e  f o r m a l i n - f i x e d  d e p a r a f f i n i z e d  s e c t i o n s  

can be used and no c o u n t e r s t a i n i n g  i s  needed f o r  t he  a r e a l  e s t i m a t i o n .  

INTRODUCTION 

The c h r o m a f f i n  r e a c t i o n  i n  c e l l s  o f  t h e  g a s t r i c  mucosa was f i r s t  desc r ibed  

by Heidenhain i n  1870 ( 2 3 ) ,  and C i a c c i o  (1907) ( 5 )  suggested t h a t  these e n t e r o -  

c h r o m a f f i n  (EC) c e l l s  m i g h t  have an endocr ine f u n c t i o n .  Masson (1914) ( 3 0 )  

developed t h e  a r g e n t a f f i n  r e a c t i o n  and suggested t h a t  t h e  s i l v e r - p o s i t i v e  c e l l s  

corresponded t o  the  EC c e l l s .  The i n t e r e s t  i n  these c e l l s  i nc reased  i n  1952, 
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when Erspamer and Asero ( 9 )  found t h a t  they contained 5-hydroxytryptamine (sero- 
t on in ) .  Some E C  c e l l s  have been reported t o  contain substance P (24), motilin 
(33) or leu-enkephalin ( 1 ) .  

The two histochemical methods most frequently employed fo r  v i sua l iza t ion  of 
the  E C  c e l l s  a re  the  Masson ( a rgen ta f f in )  and Falck-Hillarp (formaldehyde-induc- 
ed fluorescence) (FIF) techniques. The l a t t e r  i s  considered t o  be more spec i f i c  
f o r  biogenic amines than the  former (cf 7 ) .  Since the  completion of t h i s  study, 
serotonin antibodies have become ava i lab le  f o r  immunocytochemical s t a in ing .  The 
d i s t r ibu t ion  of E C  c e l l s  has been described in  many spec ies ,  including man (c f  
34 ) .  I t  i s  d i f f i c u l t  t o  evaluate these f ind ings ,  however, as not only d i f f e r e n t  
s t a in ing  techniques b u t  
used. Moreover, the  degree of accordance between the s ta in ing  r e s u l t s  with the  
d i f f e r e n t  methods i s  not c l ea r .  The aims of the present study were ( 1 )  t o  exa- 
mine the influence of d i f f e r e n t  s ta in ing  cha rac t e r i s t i c s  and other f ac to r s  in 
the  Masson and i n  the Falck-Hillarp technique on the quant i f ica t ion  of E C  c e l l s  
and ( 2 )  t o  examine the d i s t r ibu t ion  and frequency of the E C  c e l l s  i n  d i f f e r e n t  
pa r t s  of the gas t ro in t e s t ina l  (GI) t r a c t  as visualized with the two methods. 

a l so  d i f f e ren t  methods of quant i f ica t ion  have been 

MATERIAL AND METHODS 
Six male r a t s  of the  Sprague-Dawley s t r a i n ,  weighing 250 t o  300 g ,  were used. 

The animals were kept in a room with a r t i f i c i a l  l i g h t s  switched on i n  the day- 
time ( 1 2  h ) .  They were fed on  a standard laboratory d i e t  (Astra-Ewos laboratory 
animal feeds 9. 

After being starved overnight,  b u t  with water ava i lab le  ad l ibitum, the an i -  
mals were k i l l ed  between 9 a.m. and 1 p.m. by a blow on the neck. 

i l l u s t r a t e d  in  Fig. 1 .  Three consecutive specimens, each approximately 1 cm 
long, were removed from the  proximal and d i s t a l  par t s  of the  small i n t e s t i n e .  
These specimens were marked with a s i l k  su ture  in t h e i r  proximal margin (see 
fu r the r  below). From the remaining p a r t  of the  small i n t e s t i n e  f i v e  specimens, 
a l so  about 1 cm long, were taken from the proximal half  and three  from the 
d i s t a l .  The in t e rva l s  between the  former f i v e  specimens were equal, as were 
those between the l a t t e r  th ree .  

Specimens were taken from d i f f e ren t  pa r t s  of the  oesophagus a n d  GI t r a c t  as 

All the  specimens were divided longi tudina l ly  in to  two pieces. B o t h  pieces 
were then s t re tched  f l a t ,  one on f i l t e r  paper fo r  f ixa t ion  in  10% neutral-  
buffered formalin f o r  20-24 h ,  and the other on a n  aluminium f o i l  with the mu-  
cosal surface upwards f o r  freezing in  a propane-propylene mixture cooled with 
l i qu id  nitrogen. The formalin-fixed t i s s u e  was dehydrated, cleared in  xylene 
and embedded in paraf f in .  
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F ig .  1. Ra t  d i g e s t i v e  t r a c t -  t h e  
shaded areas rep resen t  t h e  d i f f e r e n t  
p a r t s  f r o m  which specimens were 
taken. E - oesophagus, N - non-glan- 
d u l a r  p o r t i o n ,  0 - o x y n t i c  g land 
area, P - p y l o r i c  g land area, SI - 
smal l  i n t e s t i n e ,  C - caecum, L I  - 
l a r g e  i n t e s t i n e .  
I n s e t  - opened stomach. The d o t t e d  
l i n e s  r e p r e s e n t  t h e  d e l i m i n a t i o n  o f  
t h e  c o l l e c t e d  specimens. 

The f r o z e n  specimens were f r e e z e - d r i e d  i n  a t h e r m o e l e c t r i c  f r e e z e  d r i e r  

(Edwards-Pearse t y p e )  f o r  48 h, exposed t o  formaldehyde gas ( r e l a t i v e l y  humi- 

d i t y  50-60%) f o r  1 h a t  80°C (3,  10, 11) and embedded i n  Ralwax under vaccuum. 

Dur ing  t h e  p a r a f f i n  embedding t h e  specimens were o r i e n t e d  w i t h  t h e  mucosal 

s u r f a c e  p e r p e n d i c u l a r  t o  t h e  c u t t i n g  su r face ,  and t h e  suture-marked specimens 

were p laced  w i t h  t h e i r  p rox ima l  end towards t h e  f r o s t e d  p a r t  o f  t h e  g lass  

s l i d e s .  

From each f o r m a l i n - f i x e d  specimen f o u r  s e c t i o n s  approx ima te l y  5 p m  t h i c k  

were c u t ,  w i t h  an i n t e r v a l  o f  50  LL!II between each. These s e c t i o n s  were s t r e t c h e d  

f l a t  on a w a t e r  s u r f a c e  b e f o r e  b e i n g  a t tached  t o  s l i d e s  covered w i t h  g l y c e r i n -  

albumin. The formaldehyde-vapour-fixed specimens were c u t  i n  t h e  same way, b u t  

on each l e v e l  two consecu t i ve  s e c t i o n s  were c o l l e c t e d  i n s t e a d  of one. One o f  

these consecu t i ve  s e c t i o n s  was a t tached  d r y  t o  t h e  g lass  s l i d e  and then  t r a n s -  

f e r r e d  t o  a h o t  p l a t e  ( + 4 5 O C )  f o r  a s h o r t  t i m e  t o  a l l o w  i t  t o  spread o u t  and 

s t i c k  t o  t h e  g l a s s  s u r f a c e  and t h e  o t h e r  consecu t i ve  s e c t i o n  was s t r e t c h e d  f l a t  

on a wa te r  s u r f a c e  b e f o r e  i t  was a t tached  t o  the  s l i d e s .  The f o r m a l i n - f i x e d  

s e c t i o n s  were c u t  w i t h  a s ledge microtome and t h e  v a p o u r - f i x e d  s e c t i o n s  w i t h  

191 



a ro ta ry  microtome. S l ides  with formaldehyde-vapour- f ixed non-deparaffinized 
sec t ions  were s tored  in  darkness a t  + 4 O C  un t i l  examined within one week. 

Histochemical techniques 

modified Masson technique (Fontana solution ( 2 2 )  preheated in the  oven a t  6OoC 
f o r  1 h and the sec t ions  were placed in t h i s  solution f o r  1 h a t  the same tempe- 
r a t u r e ) .  A few s i lve r - s t a ined  sections were counterstained with Mayer's haema- 
lum. 

Formalin- and formaldehyde-vapour-fixed sec t ions  were stained with a s l i g h t l y  

Formaldehyde-vapour-fixed sections were deparaffinized in  xylene, mounted in 
Entel lan (Merck) and examined in a Leitz Orthoplan fluorescence microscope 
equipped with a Ploem i l lumina tor ,  with f i l t e r s  selected t o  give a peak exc i ta -  
t i on  a t  390-490 nm. 

From each of the pa r t s  of the GI t r a c t  some deparaffinized formaldehyde- 
vapour-fixed sec t ions  were examined in  the  fluorescence microscope before and 
a f t e r  treatment with 0 . 1 %  sodium borohydride; the  sections were then again 
t r ea t ed  in  formaldehyde vapour and re-examined in  the microscope ( 6 ) .  

Quantitative s tud ies  
For quant i f ica t ion  of the E C  c e l l s  both the Masson and the Falck-Hillarp 

s t a in ing  technique were used. The former was applied t o  formalin-fixed sections 
and the l a t t e r  t o  sec t ions  fixed in formaldehyde vapour (attached dry t o  g lass  
s l i d e s ) .  In each par t  of the  GI t r a c t  and with each s t a i n ,  four sec t ions  a t  
i n t e rva l s  of 50 pm were examined. In a l l  sections the E C  c e l l s  were counted a t  
a t o t a l  magnification of x 400 on two d i f f e r e n t  occasions by the same observer, 
and the mean values of these counts were used. In the three  proximal a n d  i n  the 
three  d i s t a l  specimens of the  small i n t e s t i n e  each Masson-stained sec t ion  was 
counted separately in three  d i f f e ren t  par t s  i n  the proximal-distal d i rec t ion .  
The E C  c e l l s  were counted in  b o t h  _ _ - -  i dea l ly  and - s a t i s f a c t o r i l y  - - - - - - oriented par t s  of 
t he  sec t ions  ( 1 9 ) .  - -  Idea l ly  oriented sections meant t h a t  the mucosal surface lay 
perpendicular t o  the  cu t t i ng  sur face ,  
mucosa t o  the t o p  of the v i l l i .  By - s a t i s f a c t o r i l y  - - - - - - oriented par t s  of the  sec- 
t ions  i s  meant t ha t  the whole mucosa was included b u t  with the v i l l i  and glan- 
dular lumen in te r rupted .  

estimated (dupl ica te  measurements) with an image analyser system (Videovolu- 
meter, Ph i l ip s ) .  With the Falck-Hillarp technique the sections were stained 
with haematoxylin-eosin before the areal estimations.  Some of the sec t ions ,  
however, became detached during t h i s  s ta in ing  procedure and areal estimations 
had t o  be performed on the  consecutive sec t ions .  

with i n t a c t  stroma from the base of the  

The s i z e  of each of the mucosal areas in which the E C  c e l l s  were counted was 
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3 The number o f  E C  c e l l s  p e r  u n i t  volume (1  mm ) o f  mucosa was c a l c u l a t e d .  The 

l e n g t h  o f  t h e  i d s a l l y  o r i e n t e d  mucosal p a r t s  o f  t h e  s e c t i o n s  was measured a t  t he  

base of t h e  glands on the  m o n i t o r  screen i n  t h e  ana lyse r  system and the  f requen-  

cy of E C  c e l l s  i n  a volume o f  a mucosal segment w i t h  a base o f  1 mm was a l s o  

c a l c u l a t e d .  Only EC c e l l s  w i t h  n u c l e i  were counted. The F loderus formula (13)  

was used t o  c a l c u l a t e  t h e  f requency o f  EC c e l l s  whose n u c l e a r  c e n t r e  l a y  i n s i d e  

t h e  sec t i on .  T h i s  formula takes i n t o  c o n s i d e r a t i o n  t h e  s i z e  o f  t h e  n u c l e i ,  t h e  

s m a l l e s t  v i s i b l e  n u c l e a r  fragment, and the  th i ckness  o f  t h e  sec t i on .  The d i a -  

meters o f  about  60 E C  n u c l e a r  p r o f i l e s  (about  10 f rom each an ima l )  f rom each 

l e v e l  o f  t he  G I  t r a c t  and w i t h  each s t a i n i n g  method were determined by means o f  

a micrometer  s c a l e  i n  one o f  t h e  ocu la rs .  I n  n u c l e i  w i t h  an o v o i d  shape t h e  

geomet r i ca l  mean (m, - -  where - a i s  the  l o n g e s t  and - b the  s h o r t e s t  a x i s ) ,  was 

used as t h e  d iameter  va lue  (40 ) .  To c a l c u l a t e  the  e r r o r  o f  n u c l e a r  s i z e  est ima-  

t i o n ,  d u p l i c a t e  measurements were made. The observed p r o f i l e  d i s t r i b u t i o n  was 

completed f o r  m i s s i n g  s m a l l e r  obse rva t i ons  by the  method desc r ibed  by Weibel 

(38) .  To c o n v e r t  t h e  d i s t r i b u t i o n  o f  t h e  observed n u c l e a r  p r o f i l e  d iameter  t o  

t h a t  o f  t h e  t r u e  n u c l e a r  d iameter  t h e  method desc r ibed  by W i c k s e l l  (39), ex ten -  

ded t o  t h i c k  s e c t i o n s  by Goldsmi th (17) ,  was used. The mean va lue  o f  t h e  d i a -  

meters ob ta ined  a f t e r  t he  Wickse l l -Go ldsmi th  t r a n s f o r m a t i o n  was used i n  t h e  

F loderus formula.  The t h i c k n e s s  o f  f o r m a l i n - f i x e d  Masson-stained s e c t i o n s  and 

o f  formaldehyde-vapour-fixed haematoxy l i n -s ta ined  s e c t i o n s  f rom each p a r t  o f  t h e  

G I  t r a c t  was es t ima ted  w i t h  t h e  a i d  o f  a L e i t z  Or thoplan l i g h t  microscope a t  a 

m a g n i f i c a t i o n  o f  x l000  and t h e  numer ica l  a p e r t u r e  o f  t h e  condenser o p t i m a l l y  ad- 

j u s t e d .  By r e a d i n g  the  micrometer  screw sca le  when f o c u s i n g  t h e  upper and lower  

s e c t i o n  su r faces ,  t he  th i ckness  c o u l d  be r o u g h l y  measured (1  s c a l e  u n i t  = 1 

- i n f o r m a t i o n  f rom L e i t z ) .  I n  each s e c t i o n  t h e  th i ckness  was measured a t  t h r e e  

randomly s e l e c t e d  p o i n t s  and t h e  mean va lue  o f  these de te rm ina t ions  was used i n  

the  F loderus formula.  To determine the  e r r o r  o f  t h e  measurements o f  s e c t i o n  

th i ckness ,  10 measurements were made a t  each o f  f o u r  w e l l - d e f i n e d  p o i n t s .  

t i s s u e  sh r inkage  between t h e  f o r m a l i n - f i x e d  Masson-stained s e c t i o n s  and t h e  

formaldehyde-vapour haernatoxy l in-s ta ined sec t i ons .  T h i s  d i f f e r e n c e  i n  sh r inkage  

was c a l c u l a t e d  by measuring t h e  l e n g t h  o f  t h e  muscu la r i s  mucosae occupied by 100 

g lands w i t h  a micrometer  s c a l e  i n  one o f  t he  ocu la rs .  These measurements were 

per formed a t  t h e  base o f  t h e  g lands on t h e  d i f f e r e n t  l e v e l s  o f  t h e  G I  t r a c t  of 

t h e  s i x  animals. 

2 

T issue  shr inkage.  The f requency o f  EC c e l l s  was c o r r e c t e d  f o r  d i f f e r e n c e s  i n  

S t a t i s t i c a l  a n a l y s i s .  C o e f f i c i e n t s  o f  v a r i a t i o n  were used as a measure o f  

e r r o r s  o f  q u a n t i f i c a t i o n  techniques.  I n  t h e  comparison o f  t h e  Masson and Fa lck -  

H i l l a r p  techniques t h e  most common used s t a t i s t i c a l  t e s t  was t h e  matched p a i r s  

t - t e s t .  
On t h e  b a s i s  o f  t h e  s i x  animals and t h e  f o u r  s e c t i o n s  p e r  animal i n v e s t i g a -  
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2 2 t ed ,  the  variance between animals (d ) and the variance between sec t ions  ( d  s )  I A 
could be estimated by a standard hierarchical ana lys i s  of variance. Using t h i s  
information i t  i s  possible t o  compute the accuracy of an estimated mean value 
based on k animals and no sec t ions  per animal f o r  a given level of the  GI t r a c t .  
The variance f o r  the estimate of the mean value l ~ ,  which we denote c, i s  

(1  1 d2 = ( n  (I + u s )  2 / n o k  A O A  
P 

2 2 2 2 I f  we assume t h a t  d A = f l d S  ( f l  i s  the r a t i o  between d A and d s)  and fu r the r  
denote the coe f f i c i en t  of var ia t ion  f o r  s ec t ions ,  i . e .  dS/ul’ by c l ,  we can 
wr i t e  t h i s  expression 

d2 = c,‘ p2 (f ,no i 1) / n o k  (2) 
A 
lJ 

I f  we compare two groups of animals and assume t h a t  the t rue  mean value of the  
two groups a re  p ana rp ,  the d i f fe rence  d between the estimated mean values c, 
and G2 required f o r  s ign i f icance  i s  

.. __ . ___ 
d > z1-a/2 c1v \[l+r2) (fino + 1 )  / n o k  (3) 

i s  the  standardized normal deviate.and a i s  the s ign i f icance  level 1 -a/2 where z 

(with a = 0.05 we obtain z1-a/2 = 1.96). I t  should be pointed out t h a t  for- 
mula ( 3 )  i s  based on the normal d i s t r i b u t i o n ,  which requires tha t  the  variance 
i s  considered as known. I f  the variance i s  estimated from the  da t a ,  a t - d i s t r i -  
bution must be used, which wi l l  s l i g h t l y  increase the  d i f fe rence  required f o r  
s ign i f icance .  

RESULTS 

The sec t ions  from the d i f f e ren t  GI t r a c t  l eve ls  showed a normal histology. 
Argentaffin and yellow f luorescent  c e l l s  were seen in  a l l  pa r t s  of the GI 
t r a c t  except i n  the  oesophagus and the non-glandular pa r t  of the stomach. 
Stretching of the  formaldehyde vapour-fixed sec t ions  on a water surface before 
a t tach ing  them t o  the  g lass  s l i d e s  somewhat decreased the fluorescence inten- 
s i t y  compared with t h a t  in sec t ions  attached d ry ,  b u t  the frequency of EC c e l l s  
in the sec t ions  s t re tched  in  these two ways did not d i f f e r  s ign i f i can t ly .  
Treatment of the sec t ions  with borohydride abol shed the fluorescence of the  
EC c e l l s  i n  a l l  pa r t s  of the  GI t r a c t  except i n  the pyloric gland a rea ,  where 
the  in t ens i ty  only decreased and changed t o  ye1 owish green. After re-exposure 
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of the sec t ions  t o  formaldehyde vapour, the  fluorescence in  the E C  c e l l s  was 
restored. 

Ouantitative s tud ies  
Factors influencing the  quant i f ica t ion  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Nuclear s i z e  d i s t r ibu t ion .  Counterstaining of the  Masson-stained sec t ions  
with Mayer's haemalum did not improve the v isua l iza t ion  of the nuclear membrane 
in  the EC c e l l s .  

In the respective s ta in ing  technique no s ign i f i can t  differences in nuclear 
p ro f i l e  s i z e  were observed a t  d i f f e r e n t  leve ls  of the  GI t r a c t .  The d i s t r ibu -  
t ions  of measured (observed) nuclear p ro f i l e  s i z e s  of EC c e l l s  i n  sec t ions  s t a i -  
ned with the Masson and with the Falck-Hillarp method a re  i l l u s t r a t e d  in  Fig. 2 .  
Also presented in the f igure  a re  histograms o f  the converted ( t r u e )  nuclear s i ze .  
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Fig. 2 .  a )  The d i s t r ibu t ion  of the observed diameters of the nuclear p ro f i l e s  of 
a rgentaf f in  c e l l s  in the Masson s t a i n .  The curve represents the smoothing f o r  
small undetectable nuclear p ro f i l e s .  b )  The d i s t r ibu t ion  of nuclear diameters 
a f t e r  Wicksell-Goldsmith transformation. c )  and d )  Corresponding d i s t r ibu t ion  of 
diameters of nuclear p ro f i l e s  and  nuc le i ,  respec t ive ly ,  i n  the Falck-Hillarp 
technique. 
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The means 2 standard deviations f o r  the  observed p ro f i l e  s i zes  were 5.3 0 . 7  

urn and 4.6 2 0 . 9  um f o r  the  Masson and Falck-Hillarp methods, respec t ive ly .  The 
smoothing of the histograms f o r  unobserved small p ro f i l e s  led t o  smaller means 
and l a rge r  standard deviations (4.2 z 1.3 urn and 4.0 : 1.3 urn). The Wicksell- 
Goldsmith transformation, f i n a l l y ,  again increased the means to  4.6 : 1.1 
a n d  4.4 z 1.1 urn (see Fig. 2 a -d) .  A l t h o u g h  the  d i f fe rence  between the s ta in ing  
methods was reduced, i t  was s t i l l  s ign i f i can t  (p<O.Ol). 

Thickness of the  sec t ions .  The thickness of the  sec t ions  deviated from the 5 
um fo r  which the microtomes were adjusted,  espec ia l ly  in the case of the  rotary 
microtomes with which formaldehyde-vapour-fixed sec t ions  were cu t .  The mean 
thickness of the formalin-fixed Masson-stained sec t ions  was 4.3 2 2 um ( M  2 S D )  

and t h a t  of the vapour-fixed haematoxylin-stained sec t ions  3.2 2 1 urn. 
Tissue shrinkage. For the  formalin-fixed Masson-stained specimens the length 

occupied by 1 0 0  glands was 4.26 2 0.4 mm ( M  : SD),  while the corresponding f i -  
gure f o r  the vapour-fixed haematoxylin-stained ones was 4.98 t 0.8 mm. The d i f f e -  
rence i s  s t a t i s t i c a l l y  s ign i f i can t  ( a  paired t - t e s t  gave t ( 5 )  = 2.57, p < 0 .05) .  

Errors of the  quant i f ica t ion  technique 
The coe f f i c i en t  of var ia t ion  of rep l ica ted  readings of the nuclear p ro f i l e  

s i z e  was approximately 5% f o r  the  Masson technique and approximately 2% f o r  the  
Falck-Hillarp method. The e r r o r  o f  estimation of the  section thickness was about 
10% f o r  b o t h  types of microtome used. When three  d i f f e ren t  points of the same 
sec t ion  were measured, the  coe f f i c i en t  of var ia t ion  was about 15%. The e r ro r  in 
the counting technique was about 5% fo r  the Masson and about 2% f o r  the Falck- 
Hi l la rp  technique. The e r r o r  of areal  estimation was about 3% f o r  both methods. 

. . . . . . . . . . . . . . . . . . . .  

The e f f e c t  of the cor rec t ion  of nuclear s i z e  and  section thickness upon the  
frequency of E C  c e l l s  

The frequency of a rgentaf f in  c e l l s  "increased" by 15% when the  Wicksell- 

_____________________ I_________________  

_ _ _ _ - _ _ _ _ _ _ _  

transformed values f o r  nuclear s i ze  were used instead of the observed values of 
nuclear p ro f i l e s .  The corresponding finding f o r  the  FIF c e l l s  was 3%. 

th ickness) ,  the frequency of a rgentaf f in  c e l l s  "increased" by 9%, while t h a t  of 
the  FIF c e l l s  "increased" by 21%. 

After cor rec t ion  of the thickness of the sections (observed contra expected 

Masson technique - - - - - - - _ 
3 The density of the  a rgentaf f in  c e l l s ,  i . e .  the number of c e l l s  per mm muco- 

2 s a l  volume, and the frequency of E C  c e l l s  in the mucosa w i t h  a base of 1 mm 
( a f t e r  correction with the  Floderus formula), can be seen in  Fig. 3. No E C  c e l l s  
were encountered in  the  oesophagus and in the  non-glandular portion of the s to -  
mach. A few E C  c e l l s  were observed in the oxyntic gland area ,  mainly in  the bor- 
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der aga ins t  the  non-glandular area and in the v i c i n i t y  of the  oesophagus. The 
E C  c e l l s  were most numerous in  the pyloric gland area and showed an even d i s t r i -  
bution in  i t s  d i f f e r e n t  p a r t s ,  b u t  decreased markedly a t  the border against  the  
duodenum. The decrease i n  E C  c e l l s  continued in  the f i r s t  3 cm of the  small in- 
t e s t i n e .  A more de ta i led  study of the  f i r s t  3 cm of the  small i n t e s t ine  in  the 
proximal-distal d i r ec t ion  showed a s t a t i s t i c a l l y  s i g n i f i c a n t  downward trend i n  
the  frequency of the  EC c e l l s .  No such trend was seen in s imi la r  s tud ies  of the 
l a s t  3 cm of the small i n t e s t ine .  In the  remaining par t s  of the  small i n t e s t i n e  
the frequency of these c e l l s  was low, with minor f luc tua t ions  of the mean values. 
In the  caecum and the proximal par t  of the large i n t e s t i n e  there  was a pronoun- 
ced increase in  EC c e l l s ,  followed by a gradual decrease more d i s t a l l y .  The four 
d i f f e r e n t  par t s  of the pyloric gland area did not d i f f e r  s ign i f i can t ly  with re- 
spec t  t o  the frequency of EC c e l l s .  

EC CELLS IN R A T  G.1 .TRACT 
HISSU H ~ l h o d  

/ I  

u I l l  
W m 
2 
3 
2 

5 

6 

! !  I I  
I I  i /  fi 

7 8 9 10 11 12 13 142;t-l 2 3 
Small Intestine Large Intestine 

Fig.3. The frequency ( M  2 SD)  of enterochromaffin ( a rgen ta f f in )  c e l l s  i n  d i f f e -  
r en t  par t s  of the gas t ro in t e s t ina l  t r a c t  from s i x  r a t s .  From each GI t r a c t  level 
i n  each animal four s e r i a l  sec t ions  were examined. The unf i l led  bars represent 
the number of EC c e l l s  per mm3 mucosa, and the s t ipp led  bars the number of EC 

c e l l s  per mucosal segment with a base of 1 rnm . 2 

~ _ _ _  

197 



Falck-Hillarp technique 

Hi l la rp  technique was lower t h a n  t h a t  found i n  the Masson method. After correc- 
t ion  of the  frequency values w i t h  the Floderus formula the  d i f fe rence  diminished 
and was s t a t i s t i c a l l y  non-significant when shrinkage f ac to r  was taken in to  con- 
s idera t ion .  

_ _ _ _ _ _ _ _ _ _ _ _  
Except in a few pa r t s ,  the observed frequency of E C  c e l l s  i n  the Falck- 

S t a t i s t i c a l  r e s u l t s  _ _ _ _ - _ _ _ _ _  
On the  bas i s  of the  ava i lab le  da ta ,  the variance between animals was estima- 

ted a s  twice t h a t  between sec t ions ,  while the coe f f i c i en t  of var ia t ion  f o r  sec- 
t ions  was estimated a s  0.25. Using our e a r l i e r  notations t h i s  means t h a t  f l =  2 
and c l =  0.25. These values a re  representa t ive  of a l l  the l eve l s  of the GI t r a c t ,  
a s  the estimated values d i d  not d i f f e r  grea t ly  between these.  From these values 
the d i f fe rence  required f o r  s ign i f icance  a t  the 5% leve l ,  in the  case r = l ,  f o r  
d i f f e r e n t  combinations of no  and  k ,  was ca lcu la ted  (Table).  Obviously, i t  i s  
more e f f i c i e n t  t o  increase the  number of animals instead of the number of sec- 
t i ons  per animal. This conclusion holds i r r e spec t ive  of the value of r ,  while 
the required d i f fe rence  depend on r ,  a s  i s  c l e a r  from formula ( 3 ) .  

Table The d i f fe rence  ( i n  per cent )  in the frequency of E C  c e l l s  required f o r  
s ign i f icance  when two groups of animals a re  compared a t  the 5% level a s  a func- 
t ion  o f  the number of animals per group and number of sec t ions  per animal. Each 
f igure  represents a mean value f o r  a l l  GI t r a c t  l eve ls .  

. 

No. of No. of animals 
sec t ions  2 4 6 8 10  20 

1 85 60 49 42 38 27 

2 77 55 45 39 35 25 

4 73 52 42 37 33 23 

6 72 51 42 36 32 23 

10 71 51 41 36 32 23 

Dis t r ibu t ion  of E C  c e l l s  a t  d i f f e r e n t  levels-of _ _  the  mugo5a- 

f a i r l y  evenly d i s t r ibu ted  between the middle and lower t h i r d s  of the mucosa. In 
the small i n t e s t ine  most of the E C  c e l l s  were located i n  the c rypts ,  while 20 

t o  30% were found i n  t he  v i l l i .  

. . . . . . . . . . . . . . . . . . . . . .  
In the  pylor ic  gland area the majority of E C  c e l l s  (approximately 95%) were 

Brunner's glands were found only in the f i r s t  centimetre of the  small i n -  
t e s t ine .  In three  of the  s i x  animals a small number of E C  c e l l s  (3-8% of those 
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found i n  t h e  o v e r l y i n g  mucosa) were l o c a t e d  ad jacen t  t o  B runner ' s  glands. No EC 
c e l l s  were seen i n  t h i s  g l a n d u l a r  area i n  t h e  rema in ing  r a t s .  

t h e  mucosa, whereas i n  the  p rox ima l ,  m idd le  and d i s t a l  p a r t s  o f  t h e  l a r g e  in -  

t e s t i n e  t h e  corresponding va lues  were about  45, 25 and 20%, r e s p e c t i v e l y .  I n  t h e  

I n  t h e  caecum about  15% o f  t h e  EC c e l l s  were observed i n  t h e  upper t h i r d  o f  

m idd le  and lower  t h i r d s  o f  t h e  mucosa t h e  EC 
ted. 

I n  a r e c e n t  s tudy  P o r t e  

DISCUSSION 

a-Gomes and Grime 

c e l l  s were 

i u s  (unpubl 

a i r l y  even ly  d i s t r i b u -  

shed obse rva t i ons )  

found t h a t  t h e  Masson-posi t ive c e l l s  i n  t h e  G I  t r a c t  showed F I F  and t h a t  F I F  

c e l l s  d i s p l a y e d  an a r g e n t a f f i n  r e a c t i o n .  Furthermore, t h e  i n t e n s i t i e s  o f  t h e  

r e s p e c t i v e  h i s tochemica l  r e a c t i o n s  corresponded i n  t h e  i n d i v i d u a l  c e l l s .  I n  t h e  

i n t e s t i n a l  t r a c t ,  w i t h  few excep t ions  the  F I F - a r g e n t a f f i n  c e l l s  e x h i b i t e d  sero-  

t o n i n  immunoreac t i v i t y .  I n  t h e  p y l o r i c  g land  area, however, t h e r e  were d i s c r e p -  

anc ies;  t h u s  n o t  a l l  F I F - a r g e n t a f f i n  c e l l s  showed s e r o t o n i n  immunoreac t i v i t y ,  

and v i c e  versa. __- 
The observed f requency o f  c e l l s  i s  i n f l u e n c e d  n o t  o n l y  by  t h e  cho ice  o f  s t a i -  

n i n g  method b u t  a l s o  by t h e  c e l l u l a r  shape and s i ze .  Other f a c t o r s  hav ing  an i m -  

p a c t  on t h e  q u a n t i f i c a t i o n  r e s u l t s  a r e  t h e  th i ckness  o f  t h e  s e c t i o n s  and t i s s u e  

shrinkage. It i s  a l s o  i m p o r t a n t  t o  know t o  what e x t e n t  t h e  e r r o r s  o f  t h e  q u a n t i -  

f i c a t i o n  methods a f f e c t  t h e  r e s u l t s .  

The i n f l u e n c e  o f  t h e  c e l l u l a r  shape and s i z e  can be reduced i f  o n l y  those  

c e l l s  c o n t a i n i n g  n u c l e i  a re  counted, and can be a b o l i s h e d  i f  o n l y  c e l l s  w i t h  

t h e i r  n u c l e a r  c e n t r e  w i t h i n  t h e  s e c t i o n  a r e  c a l c u l a t e d  ( c f  .25). T h i s  c a l c u l a t i o n  

can be done w i t h  t h e  h e l p  o f  t h e  fo rmu la  proposed by F lode rus  (13 ) ,  which a l s o  

takes i n t o  c o n s i d e r a t i o n  t h e  s i z e  o f  t h e  s m a l l e s t  v i s i b l e  n u c l e a r  fragment, as  

w e l l  as t h e  t h i c k n e s s  o f  t h e  s e c t i o n .  The s i z e  o f  a n u c l e a r  p r o f i l e  i s  i n f l u e n -  

ced by t h e  s t a i n i n g  method used. The s t a i n i n g  r e a c t i o n  i n  t h e  p e r i n u c l e a r  zone 

can more o r  l e s s  cove r  t h e  n u c l e a r  membrane and t h e  n u c l e a r  p r o f i l e  w i l l  t hen  be 

the  non-s ta ined  cen t re .  T h i s  a l s o  means t h a t  t h e  i n t e n s i t y  o f  t h e  s t a i n i n g  r e -  

a c t i o n  i n  t h e  i n d i v i d u a l  c e l l s ,  e s p e c i a l l y  i n  t h e  p e r i n u c l e a r  zone, w i l l  a f f e c t  

the s i z e  o f  t h e  n u c l e a r  p r o f i l e ,  and may a l s o  e x p l a i n  why n u c l e a r  s t a i n i n g  

a p p a r e n t l y  d i d  n o t  improve t h e  appearance o f  t h e  c e l l u l a r  membrane i n  most o f  t h e  

a r g e n t a f f i n  c e l l s .  The n u c l e a r  p r o f i l e s  were l a r g e r  w i t h  t h e  Masson than  w i t h  

t h e  F a l c k - H i l l a r p  technique,  a l s o  a f t e r  t h e  Wickse l l -Go ldsmi th  t rans fo rma t ion .  

However, o u r  e s t i m a t i o n  a l s o  showed t h a t  s m a l l e r  n u c l e a r  f ragments were d e t e c t -  

a b l e  w i t h  t h e  l a t t e r  s t a i n i n g  techn ique  than w i t h  t h e  former. Both these f a c t o r s  

i n f l u e n c e d  t h e  observed f requency of EC c e l l s .  Th i s  means t h a t  t h e  q u a n t i t a t i v e  

r e s u l t s  w i l l  d i f f e r  even i f  t h e  f requenc ies  o f  EC c e l l s  i n  the  two s t a i n i n g  
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methods a r e  in r e a l i t y  the  same. The same problem must a r i s e  w h e n ,  f o r  instance,  
the frequencies of endocrine c e l l s  demonstrated w i t h  the immunoperoxidase and 
immunofluorescence techniques a r e  t o  be compared. 

study we used two d i f f e r e n t  types of microtomes - the sledge microtome f o r  par- 
affin-embedded specimens, and the ro ta ry  microtome f o r  those embedded in Ralwax. 
The section thickness measured microscopically was smaller than t h a t  shown by 
the  two microtome sca les .  There was a l so  a d i f fe rence  in sec t ion  thickness bet- 
ween the  microtomes - Ralwax-embedded sec t ions  being thinner than the paraf f in  
ones. The coe f f i c i en t  of var ia t ion  in repeated measurements a t  the same point 
was about lo%,  a var ia t ion  which i s  in agreement with e a r l i e r  repor t s  (29).When 
the thickness was measured a t  three d i f f e ren t  points per sec t ion ,  the  coef f i -  
c i e n t  of var ia t ion  was about 50% higher t h a n  t h a t  f o r  repeated measurements a t  
the  same point. This implies t ha t  the thickness var ies  in d i f f e r e n t  pa r t s  of the 
sec t ion ,  a finding reported by Glimstedt and Hdkanson (16) .  As the  section thick- 
ness influences the ca lcu la t ion  of the ce l l  frequency, an objec t ive ,  exact and 
rapid method of thickness measurement i s  needed. The method used here i s  n o t  
s a t i s f ac to ry ,  the  coe f f i c i en t  of var ia t ion  being too h i g h .  C o n t r i b u t i n g  t o  t h i s  
var ia t ion  i s  the  accommodation power of the  eye. As f a r  a s  we know, however, no 
be t t e r  method i s  ava i lab le  f o r  routine estimations.  

When using d i f f e ren t  f i x a t i v e s ,  the shrinkage f ac to r  must a l so  be taken in to  

, 

An important f a c t o r  i n  quant i f ica t ion  i s  the thickness of the  section. In our 

consideration. This shrinkage mainly influences the area l  estimation and thereby 
the  ce l l  ul a r  density.  

g rea te r  f o r  the Masson than f o r  the Falck-Hillarp technique. The frequency of EC 
c e l l s  was studied in r e l a t ion  t o  both mucosal volume ( m m  ) a n d  mucosal segment 
(with a base of 1 mm 1. The former value gives information about the density of 
the E C  c e l l s ,  while the l a t t e r  a l so  takes in to  account d i f fe rences  i n  mucosal 
thickness.  The mucosal volume was ca lcu la ted  with the a id  of an image analyser 
system ( c f .  32).  This i s  a rapid method, b u t  i t  has the disadvantage t h a t  the 
c e l l u l a r  dens i ty  can be influenced by f ac to r s  t h a t  a l t e r  the mucosal volume,for 
instance oedema and inflammatory reactions.  Other authors have r e l a t ed  the num- 
ber of endocrine c e l l s  t o  the number of v i l l i  a n d  c rypts  ( a l t .  1 )  (8, 371, t o  
the number of enterocytes ( a l t .  2 )  (15, 361, t o  a u n i t  segment ( a l t .  3) (19, 27 ,  
351, t o  a un i t  area ( a l t .  4 )  ( 4 )  o r  t o  a v i s ib l e  f i e l d  of the microscope ( a l t . 5 )  
(18, 21). All these a l t e rna t ives  except a l t .  2 require optimally oriented sec- 
t i ons .  This exception i s  very time-consuming. Al te rna t ives  4 and 5 a re  l e s s  use- 
ful  f o r  i n t e s t ina l  mucosa w i t h  i t s  i r r egu la r  v i l l i .  For a l l  these a l t e rna t ives  
except a l t .  2 the thickness of the sec t ions  must be taken in to  account, a s  i t  
influences the quant i f ica t ion .  

The e r r o r s  of c e l l  counting and areal estimation were small, b u t  somewhat 

3 
2 

In ca lcu la t ing  the  frequency of E C  c e l l s  per mucosal segment, optimally 
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o r i e n t e d  s e c t i o n s  a r e  needed, which means t h a t  t h e  mucosal su r face  must be p e r -  

p e n d i c u l a r  t o  t h e  c u t t i n g  su r face .  I n  t h i s  s tudy problems arose i n  at tempts t o  

o r i e n t a t e  t h e  i n t e s t i n a l  specimens o p t i m a l l y .  Even when the  specimens were f i x e d  

f l a t ,  t h e y  o f t e n  c u r l e d  somewhat d u r i n g  t h e  f i x a t i o n  and dehydra t i on  and o n l y  

p a r t ( s )  o f  t h e  mucosal segment c o u l d  be used f o r  t h i s  e s t i m a t i o n .  However, f o r  

e s t i m a t i o n s  o f  c e l l u l a r  d e n s i t y ,  non -op t ima l l y  o r i e n t e d  mucosal areas c o u l d  be 

used, on c o n d i t i o n  t h a t  t h e  s e c t i o n s  i n c l u d e d  t h e  whole mucosa. 

ceeded t h a t  o f  F I F  c e l l s ,  b u t  a f t e r  t a k i n g  t h e  d i f f e r e n t  f a c t o r s  analysed i n t o  

c o n s i d e r a t i o n ,  t h e  d i f f e r e n c e  was n o n - s i g n i f i c a n t .  

The c o e f f i c i e n t  o f  v a r i a t i o n  o f  EC c e l l s  w i t h i n  t h e  same animal and a t  t h e  

same G I  l e v e l  was about  25%. T h i s  v a r i a t i o n  can o n l y  be exp la ined  t o  some e x t e n t  

by e r r o r s  o f  t h e  q u a n t i f i c a t i o n  methods. The va r iance  between animals  was t w i c e  

t h a t  w i t h i n  animals. T h i s  l a r g e  i n t e r i n d i v i d u a l  va r iance  means t h a t  i t  i s  d i f f i -  

c u l t  t o  d e t e c t  smal l  i nc reases  o r  decreases i n  the  f requency o f  EC c e l l s .  As 

seen i n  Table, i n c r e a s i n g  t h e  number o f  animals c o n t r i b u t e s  more t o  the  e f f i c i -  

ency o f  t he  i n v e s t i g a t i o n  than i n c r e a s i n g  t h e  number o f  s e r i a l  sec t i ons .  

Both techniques g i v e  t h e  samB r e s u l t s  when t h e  d i f f e r e n t  f a c t o r s  mentioned i n  

t h i s  s tudy a r e  taken i n t o  cons ide ra t i on .  The advantage o f  t h e  Masson techn ique  

i s  t h a t  f o r m a l i n - f i x e d  s e c t i o n s  can be used and no e x t r a  c o u n t e r s t a i n  i s  necess- 

a r y  f o r  the a r e a l  e s t i m a t i o n .  On t h e  o t h e r  hand, t h e  F a l c k - H i l l a r p  method showed 

sma l le r  e r r o r s  o f  q u a n t i f i c a t i o n  than  t h e  Masson technique.  

Con t ra ry  t o  r e p o r t s  by some au tho rs  (12, 28),  no EC c e l l s  were seen i n  t h e  

oesophagus. The h i g h e s t  f requency o f  these c e l l s  was observed i n  t h e  p y l o r i c  

g l a n d  area. I n  t h e  smal l  i n t e s t i n e ,  excep t  i n  i t s  most p rox ima l  p a r t ,  t h e  f r e -  

quency was low,  w i t h  m ino r  f l u c t u a t i o n s  o f  t he  mean va lues.  T h i s  d i s t r i b u t i o n  o f  

E C  c e l l s  d i f f e r s  somewhat f rom e a r l i e r  f i n d i n g s  i n  t h e  r a t .  Some au tho rs  (20,26, 

31) have r e p o r t e d  a cont inuous decrease i n  E C  c e l l s  i n  t h e  d i s t a l  d i r e c t i o n ,  

whereas Josephson and Altmann (27 )  and Thompson and Campbell (37)  found a U- 

shaped d i s t r i b u t i o n  i n  t h e  r a t  smal l  i n t e s t i n e .  T h i s  d iscrepancy may be e x p l a i n -  

a b l e  by t h e  d i f f e r e n t  s t a i n i n g  methods used, as w e l l  as by d i f f e r e n t  ways o f  

quan ti f i ca t ion. 

I n  t h e  p r e s e n t  q u a n t i f i c a t i o n  t h e  observed number o f  s i l v e r - p o s i t i v e  c e l l s  ex- 

The m a j o r i t y  o f  EC c e l l s  were l o c a t e d  i n  t h e  m idd le  o r  deeper p a r t s  o f  t h e  

g a s t r i c  mucosa and ad jacen t  t o  t h e  c r y p t s  i n  t h e  smal l  i n t e s t i n e .  These l o c a -  

t i o n s  a r e  i n  good agreeement w i t h  those found f o r  t h e  m a j o r i t y  o f  t h e  GI endo- 

c r i n e  c e l l s  ( c f .  14) .  

D i f f e r e n t  f a c t o r s  i n f l u e n c e  t h e  q u a n t i f i c a t i o n  r e s u l t s  i n  d i f f e r e n t  degrees, 

b u t  i t  i s  necessary t o  take  them i n t o  c o n s i d e r a t i o n  t o  a v o i d  an over- o r  under- 

es t ima t ion .  Regarding t h e  EC c e l l s  t h e r e  i s  an apparent  v a r i a t i o n  o f  t h e  f r e -  

quency on t h e  same G I  t r a c t  l e v e l  as w e l l  as a g r e a t  v a r i a t i o n  between t h e  a n i -  

mals. These v a r i a t i o n s  i n  t h e  EC c e l l  f requency make i t  d i f f i c u l t  t o  d e t e c t  

20 1 



small var ia t ions .  Perhaps other f ac to r s  such a s  sex, age, season and food com- 
posit ion may a l so  influence the EC ce l l  d i s t r ibu t ion  and frequency. 
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