
CHANGES IN THE NUMBER OF Ec CELLS IN THE SMALL INTESTINE 

AND PLASMA SEROTONIN LEVEL IN FOOD DEPRIVED RATS 

T. M. Solomatina, M. N. Volgarev, 
L. S. Bassalyk, and N. V. Gromova 

KEY WORDS: Ec cells; serotonin; blood; food deprivation~ 

UDC 612.391-08 :[612.33. 
018 �9 577.175.823 

An important  role in the maintenance of homeos tas i s  and also in the development of cer ta in  pathological 
p r o c e s s e s  is played by biogenic amines,  one of which is serotonin~ This biologically active substance has 
many different functions [2], among which may be distinguished its effect on regulation of carbohydrate  metab-  
olism, its ability to stimulate insulin secret ion and to affect the blood sugar  level, and its proper ty  of inhibit- 
i ng food consumption, and to exer t  other  influences [6]~ 

According to one repor t  [11], 95% of all the serotonin in the body is synthesized by Ec (enterochromaf-  
fin) cel ls  in the mucosa  of the gastrointes t inal  t r ac t  (GIT) [11], belonging to the APUD system [12]. There is 
evidence that under cer tain dietary conditions the number  of Ec cells  may vary  considerably [7], although the 
functional state of these apudocytes during total food deprivation for  a long t ime has vir tually not yet been 
studied, so that it is impossible to a s se s s  the role of Ec cells  tn dis turbances  ar is ing in the GIT during food 
deprivation. 

Food deprivation is a state of long- te rm s t r e s s  during which the body may go over  go endogenous nutri-  
tion, utilizing substances which are components of organs  and t i ssues  in metabol ism [4, 101. 

The aim of this investigation was to study corre la t ion  between changes in the number of Ec cei ls  in the 
mucosa  of the small intestine and the blood serotonin level in r a t s  deprived of food for  different periods.  

E X P E R I M E N T A L  M E T H O D  

The mucosa  of the small intestine of ra t s  kept on an ord tnaryd ie t  composed of natural products  (control) 
and of ra t s  deprived of food, but allowed water  (experiment), served as the tes t  mater ia l  for  the study of 
Ec cells~ 

Animals of the experimental  group were decapitated on the 1st, 3rd, and 7th days af ter  total food depriv-  
ation, and animals  of the control group were decapitated at the same t imes,  1 h after  the last  meal. The con- 
t rol  and experimental  groups consisted al together  of 30 animals.  Blood was taken f rom these same ra t s  at 
decapitation in o rde r  to determine its serotonin level. P ieces  of the proximal  par t  of the small intestine were 
fixed in 10% neutral formalin solution and embedded in paraffin wax. To detect Ec cel ls  the argentaffin method 
of Masson was used, in Fontana ' s  modification [3]. The total number of argentafftn cei ls  in 100 villi and in 
100 c ryp ts  of the mucosa  of the small intestine was counted in sections. Blood was mixed with concentated 
perch lor ic  acid to obtain a perchlor ic  extract .  The serotonin level was determined by extrsct ion of the com- 
pound f rom the sample with butanol,  followed by analysis  of the ext rac t  on a f luorescent  spec t romete r  by the 
method in [13] in the modification in [8]. The resul t s  were subjected to stat is t ical  analysis  by Student 's  
method (Table 1). 

EXPERIMENTAL RESULTS 

Analysis  of the argentafftn react ion showed that the number of Ec cei ls  in ~he mucosa of the small intes- 
tine of intact animals (control)was 28.8~ 1.3 per  100 villi and 100 crypts  (Fig. 1). The intensity of the argentaffin 
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TABLE 1. Number  of Ec c e i l s  in Musoca of 
Small  Intes t ine  and Blood Serotonin Level  in 
Rats  Depr ived of Food for  Var ious  T imes  
(M~m) 

Period of food deprivation 
Parameters 1 I 
studied (control) I 

Ec cells 
(per 100 villi I 
and i 00  crypts) I 28,8• 
Serotonin level, oA4+_O,O~ 
~g/ml 

24 h 72"h 

74,5~3,1.4 26,9--+1,0" 

0,26• 0,24--+0,03 ** 

7 days 

44,8_+I,4"~ 

0,12--+0,0l* 

Legend. *:P < 0.05, **P < 0.05, ***P < 0.01, 
****P < 0.001 compared  with control .  

r eac t ion  in the ce l l s  was  modera t e .  In an ima l s  depr ived  of food for  24 h the number  of Ec ce l l s  rose  to 74.5=~ 
3.1 p e r  100 vi l l i  and 100 c ryp t s ,  and the in tens i ty  of the argentaff in  reac t ion  was usual ly  high in both vi l l i  
and c rypts .  

On the 3rd day of food depr iva t ion  the re  were  26.9=~ 1.0 Ec c e l l s  p e r  100 vil l i  and 100 c ryp t s .  An a r -  
gentaffia r eac t ion  of ave rage  in tens i ty  was main ly  found in the ce l l s .  By the 7th day of food depr iva t ion  the 
number  of Ec c e l l s  p e r  100 vil l i  and 100 c r y p t s  in the mucosa  of the smal l  intes t ine had fa l len  to 44.8~1.4. 
The in tens i ty  of the r eac t ion  was  high in c e i l s  of the vi l l i ,  and ave rage  in the c ryp t  ce l l s .  

The s p e c t r o f l u o r o m e t r i c  inves t igat ion showed (Fig. 2) that  the p l a s m a  se ro ton in l eve l  i n r a t s  of the control  
group was 0.140~0.01 #g /ml .  In r a t s  of the expe r imen ta l  group, a f te r  24 h of food depr iva t ion  the p l a s m a  s e r o -  
tonin level  was 0.260=~0.02 #g /ml ,  a f te r  3 days  of food depr iva t ion  it was 0.240:~0.03 #g /ml ,  and a f te r  7 days  

of food depr iva t ion  0.120 �9 0.01 pg /ml .  

The inves t igat ion thus showed that  a more  than twofold i n c r e a s e  in the number  of Ec c e l l s  in the mucosa  
of the smal l  in tes t ine  in an ima l s  a f te r  24 h of food depr iva t ion  compared  with the control ,  and the i n c r e a s e  in 
in tens i ty  of the argentaff in  r eac t ion  c o r r e s p o n d e d  to i n c r e a s e d  syn thes i s  of serotonin and i ts  r e l e a s e  into the 
blood s t r eam.  On the 3rd day of food depr iva t ion  the number  of ce l l s  and the in tens i ty  of the argentaff in  r e -  
action were  reduced,  but the p l a s m a  serotonin level  showed no s ignif icant  change a t t h e s e  t imes .  On the 7th 
day of food depr iva t ion  the number  of Ec ce i l s  and the in tens i ty  of the argentaff in  reac t ion  ro se  again, but the 
serotonin level  fe l l  below the co r re spond ing  va lues  in the cont ro l  an imals .  

The r e s u l t s  show that  the number  of Ec c e i l s  de tec tab le  in the mucosa  of the smal l  in tes t ine  changes in 
a f luctuating manne r  depending on the t ime  e laps ing  af te r  food depr iva t ion  of the animals .  The f i r s t  peak of 
the i n c r e a s e  in t he i r  number  was  obse rved  a f te r  24 h, the second, lower  peak, on the 7th day. The same pat -  
t e rn  a lso  was obse rved  with changes  in the in tens i ty  of the h i s tochemica l  reac t ion ,  which was s t rong in many 

c e i l s  dur ing these  pe r iods .  

Changes in the p l a s m a  serotonin  level  do not coincide with changes  in the number  of Ec ce i l s  at all  t i m e s  

of food depr ivat ion .  

It can be ten ta t ive ly  suggested that 24 h a f te r  the beginning of food depr iva t ion  one cause  of the r i s e  of 
the blood sero tonin  level  was the absence of the inhib i tory  effect  of food on the serotonin  concent ra t ion  [14]. 
An inc rea se  in the serotonin  concent ra t ion  dur ing food depr iva t ion  was obse rved  also in the g a s t r i c  and duo- 
denal wail  of r a t s ,  and the re  was a p a r a l l e l  fal l  in the concentra t ion  of t ryptophan (a p r e c u r s o r  of serotonin)  
in the number  of Ec c e l l s  on the 3rd day of food depr iva t ion  could be due not to a t rue  d e c r e a s e  in t he i r  num- 
ber ,  but to t h e i r  becoming  l e s s  de tec tab le  by h i s tochemica l  methods  in view of the def ic ient  serotonin  concen-  
t r a t ion  in the cy toplasm.  This  l as t  fact  could be due to a d e c r e a s e  in ac t iv i ty  of serotonin synthes is ,  but i ts  
m a s s i v e  r e l e a s e  into the blood s t r e a m  is more  l ikely.  This  could be the r eason  why there  was only a ve ry  
smal l  d e c r e a s e  in the blood sero tonin  level  at th is  per iod ,  in a s soc i a t i on  with a d e c r e a s e  in the number  of 
de tec tab le  Ec ce i l s  and in the in tens i ty  of the argentaff in  reac t ion .  On the 7th day of food depr iva t ion  d i s -  
p a r i t y  between the i n c r e a s e  in the number  of Ec ce i l s  and the in tens i ty  of t h e i r  argentaff in reac t ion ,  on the 
one hand, and the fal l  in the p l a s m a  sero tonin  level ,  on the o ther  hand, was seen p a r t i c u l a r l y  c l ea r ly .  This 
phenomenon can be explained as  follows. Ec ce i l s  a re  known [5] to synthes ize  s eve ra l  h o r m o n e s  b e s i d e s  
serotonin:  mela tonin ,  moti l in ,  subs tance  P and, poss ib ly ,  c a t eeho lamines  also.  The opposi te  t r e n d s  of the 
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Fig. 1. Number  of Ec ce l l s  in m u c o s a  of smal l  
intest ine of normal  (a) and food-depr ived  (b) ra ts .  
Abscissa ,  t ime of exper iment  (in days); ordinate,  
number  of Ec ceils .  

Fig. 2. P l a s m a  serotonin level of normal  (a) and 
food-depr ived  (b) ra t s .  Absc issa ,  t ime  of expe r i -  
ment  (in days); ordinate,  serotonin level  {in mg/ml) .  

changes  in the p a r a m e t e r s  studied on the 7th day of food depr ivat ion was evidently due e i ther  to a d is turbance  
of the m e c h a n i s m  of serotonin r e l e a s e  and of i ts  accumulat ion in the cei ls ,  o r  to a switch in the Ec ce i l s  f rom 
synthes is  of serotonin to synthes is  of another  hormone,  mos t  p robably  melatonin,  for  serotonin is a p r e c u r s o r  
of melatontn.  However,  fu r the r  invest igat ions  in this  d i rect ion are  requi red  to solve this p rob lem.  
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