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Many recent  investigations [1, 5, 6, 10] have shown that local hormones of the gastrointestinal t rac t  
play an important role in the system of neurohumoral regulation of digestive functions. Accordingly informa- 
tion on disturbance of the state of the entering system in various pathological processes such as duodenal and 
gastric ulcer,  the dumping syndrome, the Zol l inger-El l i son syndrome, the malabsorption syndrome, and so 
on, is of great  interest  [4, 7, 12]. However, despite many investigations, some of them morphological, on this 
subject no information could be found in the l i terature on morphological methods for quantitative analysis of 
the functional state of the endocrine cell population. Yet such an assessment  is essential if the mechanisms 
of disturbance of their  secre tory  activity under experimental and pathological conditions are  to be elucidated. 

An attempt was accordingly made to make a quantitative study of the functional state of the enterochro-  
maffin cell population of the duodenum by photometric estimation of the result  of the Masson-Hamper l  r e -  
action, which reliably detects serotonin in cells of EC type [8, 11]. 

EXPERIMENTAL METHOD 

Two groups of noninbred male albino rats, six animals inagroup, weighing 150-180 g were used; the rats 
were killed in pairs (experiment-control)  after  starvation for 24 h and 3 h after  being fed once with a standard 
quantity of mixed grain. Pieces of duodenum 1 em long from the region of the pyloric sphincter were fixed 
for 24 h in 10% formalin solution buffered by Lil ly 's  method to pH 7.0. The material  was embedded in com- 
bined blocks to obtain control and experimental sections of equal thickness. 

Measurements were made on a Microvideomat television image analyzer (from Opton, West Gez~many) 
using the Ph-nZ program [9]. C ytophotometric analysis enabled two phases of the histochemically detected 
secretion product to be distinguished in a single cell: an optically dense phase, located in the basal part, and 
a light phase, distributed mainly in the apical part  of the cell. The following parameters  were recorded: area, 
mean and total absorption of the secret ion product for  the whole cell, and also for each phase isolated sepa- 
rately.  Altogether 365 cells in the control and 335 cells in the experiment were measured.  

The results were processed by the Waag-720C computer and presented as histograms. To make the 
results  of measurements more comparable, control histograms were normalized on their  own mean, and the 
experimental histograms on the mean of the corresponding" control. 

E X P E R I M E N T A L  R E S U L T S  

Analysis of the parameters  of distribution of values characterizing the state of the ceU as a whole shows 
that under starvation the normal state of the population of EC cells is character ized by unimodal histograms 
of distribution of the various parameters  with a coefficient of variation of 0.35 • 0.09 and with marked asym- 
metry  (0.45 =~ 0.12; Table 1). Comparison of the experimental and control histograms by the L 2 test  shows 
significant changes (P < 0.001) in the state of the EC -cel l  population toward 3 h after feeding. The distribution 
of the area of the secretion product was distinctly bhnodal (Fig. 1), the excess of distribution of the mean ab- 
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TABLE 1. P a r a m e t e r s  of Distr ibution of A r e a  
(A), Mean (ME), and Total (TE) Absorpt ion 
of Hi~tochamical ly  Detected Sec re to ry  Produc t  
of EC Cells  a f te r  24-h Starvat ion (1) and 3 h 
a f t e r  Feeding (2) 

A .- M E  T E  

1 2 1 2 1 2 

Sk 0,34  0,44 0,49 0,24 0,57 0,26 
All celts E x  0,04 --0,51 0,10--0,66 0,07--0,96 

P > 9 9 , 9 9  >99,99 ] >99,99 
Sk 0,41 0,43--0,441--0,62 ] 0,50 0,12 

Light phase Ex --0,12--0,64 0,331--0,56]--0,031--1,14 
p [ >99 ,99  >99,999 i >99,999 
Sk I0,59 0,75--0,15]--i,021 0,71] 0,54 

Dark phase Ex i 0,05 0,18 2,561 2,71 0,08i--0,66 
P ] <95 >99,999 >99,95 

Legend.  Sk) Coefficient  of a s y m m e t r y ;  Ex) 
excess  of  distribution; P) level  of s ignif icance 
of d i f ference .  
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Fig.  1. Dis t r ibut ion of a r e a  (A), mean {ME), and total (TE) absorpt ion of h i s tochemi-  
cal ly  detected sec re t ion  product  of r a t  duodenal EC ce l l s .  Continuous line - s ta rva t ion  for  
24 h; broken line - 3 h a f t e r  feeding. 

Fig.  2. Dis t r ibut ion of a r e a  (A) and mean  (ME) absorpt ion of opt ical ly  dense (I) and light 
0I) phases  of h i s tochemica l ly  detected sec re t ion  product  of EC cel ls .  Legend as in Fig .  1. 

sorpt ion  was reduced f rom 0.10 to - 0 . 6 6 ,  and the total  absorpt ion  was reduced f rom 0.07 to - 0 . 9 6  (Table 1). 
The  propor t ion  of ce l l s  with twice the ave rage  total  absorpt ion inc reased  f rom 3 to 15% (Fig. 1). 

The distr ibution of a r e a  of  the l ight phase  of the s e c r e t o r y  product  also was cha rac t e r i zed  by a s ignif i -  
cant  reduct ion in excess  and an i nc rea se  toward 3 h a f t e r  feeding by 11% of the f rac t ion  of ce l l s  with an a r e a  
of subs tance  lying between 1.5 and 2.0 re la t ive  units .  The h i s togram of m e a n  absorpt ion of the light phase 
became  bimodal (Fig. 2a, b). 

The c h a r a c t e r  of the changes d i scovered  toward  3 h a f t e r  feeding in the basa l  pa r t  of the cel l  was s ignif i -  
cant ly  different .  No changes were  obse rved  he re  in the c h a r a c t e r  of  dis t r ibut ion of the a rea ,  but the f rac t ion  
of cel ls  containing s e c r e t o r y  product  in the i r  basa l  pa r t  with a mean  absorpt ion of between 1.25 and 1.45 r e l a -  
t ive units inc reased  significantly (by 40%) (Fig. 2c, d). 

Compar i son  of the r e su l t s  of  quanti tat ive analys is  of the s ta te  of  the EC celI  population of the r a t  du-  
odenum under normal  "hungry" conditions and 3 h a f t e r  feeding led to seve ra l  suggest ions regard ing  the m e c h -  
an i sms  of s e c r e t o r y  act ivi ty of the en te rochromaff in  cel ls .  The a s y m m e t r i c a l  c h a r a c t e r  of the dis t r ibut ions 
descr ib ing  the s ta te  of population a f t e r  s ta rva t ion  for  24 h can be explained, in our  opinion, by the fact  that  in 
the absence  of food intake the population is exposed to the constant  action of s t imul i  of weak intensi ty inducing 
a d ischarge ,  as a r e s u l t  of  which m o s t  of  the ce l l s  per iodica l ly  expel smal l  por t ions  of  s e c r e t o r y  product  but 
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do not lose  it comple te ly  (phenomena of this so r t  have been descr ibed  in re la t ion  to the exocr ine  pa r t  of  the 
panc reas  [3]). I t  can be tenta t ively  sugges ted  that  a reorganiza t ion  of the population takes  place,  as a r e su l t  
of which the f rac t ion  of cel ls  containing much  sec re t ion  product  is reduced,  and this  leads  to the appearance  
of  a s y m m e t r y  of the distr ibution h i s t o g r a m s .  

In r e sponse  to the food s t imulus some  cel ls  of the population perhaps  l ibe ra te  t he i r  s e c r e t o r y  product  
comple te ly  and thereupon enter  on a new s e c r e t o r y  cycle ,  so that  3 h a f te r  feeding a cons iderable  quantity of 
sec re t ion  has accumulated (1.5-2 t imes  m o r e  than during hunger).  This is man i fes ted  on the h i s tog rams  by 
the appearance  of a biomodal curve  o r  a dec rease  in the exces s .  

The different  c h a r a c t e r  of the changes in the h i s t og rams  descr ib ing  the s ta te  of the dense and light phases  
of the secondary  product,  in the w r i t e r s '  view, ref lec ts  the p r e sence  of apieobasal  differentiat ion of the e n t e r o -  
chromaff in  cel ls .  The apical  pa r t  of the en te rochromaff in  cell  is known to be a zone of synthes is  of the s e c r e -  
to ry  product,  whereas  the basal  zone p e r f o r m s  a s to rage  function [2, 8]. An inc rea se  in the a r e a  of the light 
phase  of the s e c r e t o r y  product  in the apical  par t  of the EC cel ls ,  responding to the load, m a y  be explained by 
the appearance  of new a reas  of cy top lasm occupied by s e c r e t o r y  products  in these  cel ls ,  i .e . ,  by the resumpt ion  
of synthetic p r o c e s s e s .  The inc rease  in the density of the basal  pole of the cel l  with no inc rease  in a r e a  of 
the dense phase  evidently re f lec t s  the concentrat ion of s e c r e t o r y  product  in the zone of deposit ion. 

By the method of te levis ion photomet ry  it is thus poss ib le  to detect  and a s s e s s  quanti tat ively functional 
changes in the s ta te  of the EC cell  population of the duodenum af te r  food intake and the t rend  of changes taking 
place  in them.  It  is also poss ib le  to demons t ra te  functional d i f fe rences  between the apical  and basa l  poles of 
the cel l .  It can be concluded f rom the facts  descr ibed  above that  the use  of this method opens up p rospec t s  
for  a m o r e  detailed investigation of the m e c h a n i s m s  of s e c r e t o r y  act ivi ty of the en te rochromaf f in  ce l l s .  
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