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The Distribution of Arl~entaffin Cells in the 
Gastrointestinal Tract of the Sulfamerazine 

Treated Rat 

Argen t a f f i n  (AG) cells are  p r e s e n t  t h r o u g h o u t  t h e  
ga s t ro in t e s t i na l  t r a c t X - a  a n d  are  k n o w n  to  p r o d u c e  
se ro ton in  4,5. T h e  c o n c e n t r a t i o n  of s e r o t o n i n  ha s  been  
r e p o r t e d  to  para l le l  t h e  A G  cell d i s t r i b u t i o n  in guinea-  
pig d u o d e n u m  4, in h u m a n  i l eum a n d  colon  6, a n d  in t he  
i m m u n o s y m p a t h e c t o m i z e d  m o u s e L  Howeve r ,  MURRAY 
a n d  WYLLIE8 f o u n d  no  co r r e l a t i on  b e t w e e n  s e r o t o n i n  
levels a n d  t h e  AG cell d i s t r i b u t i o n  r e p o r t e d  for  h u m a n  
s tomachs .  

i n  a p r ev ious  p u b l i c a t i o n  we r e p o r t e d  inc reased  sero- 
t o n i n  levels in  some a reas  of r a t  g a s t r o i n t e s t i n a l  m u c o s a  
fol lowing t r e a t m e n t  w i t h  s u l f a m e r a z i n e  9. These  inc reased  
se ro ton in  levels  m i g h t  be  due  to e i t h e r  a n  inc reased  A G  
cell popu l a t i on ,  or, m o r e  sero tonin /ce l l .  R e p o r t e d  he re  is 
the  d i s t r i b u t i o n  of A G  cells in  t h e  g a s t r o i n t e s t i n a l  m u c o s a  
of t h e  n o r m a l  a n d  s u l f a m e r a z i n e  t r e a t e d  ra t ,  a n d  i t s  close 
cor re la t ion  w i t h  t h e  t i ssue  s e r o t o n i n  levels.  

Male Char les  R i v e r  r a t s  we igh ing  b e t w e e n  200-250 g 
were m a i n t a i n e d  in  co lony  cages a n d  fed c o m m e r c i a l  
powdered  P u r i n a  r a t  chow w i t h  a t r y p t o p h a n  c o n t e n t  of 
0 .22%. T h e  r a t s  were  r a n d o m l y  d iv ided  i n to  2 groups ,  1 
of w h i c h  rece ived  5 m g  of su l f ameraz ine ]20  g chow for  
2~3 weeks. To a v o i d  t h e  p r o b l e m  of a n y  c i r cad i an  differ-  
ences in  bowel  s e r o t o n i n  levels  or  A G  cell g r a n u l a t i o n ,  
r a t s  were a lways  ki l led b e t w e e n  08.00 a n d  09.00 on  t h e  
day  of s tudy .  T h e  r a t s  were  d e c a p i t a t e d  b y  a smal l  
a n i m a l  d e c a p i t a t o r  a n d  t he  fol lowing t i ssues  were r a p i d l y  
e x c i s e d :  s t o m a c h  fundus ,  body ,  a n d  pylor ic  a n t r u m ,  
Upper a n d  lower  d u o d e n u m ,  m i d - j e j u n u m ,  t e r m i n a l  i leum, 
append ix ,  cecum,  ascending ,  t r a n s v e r s e  a n d  d e s c e n d i n g  
Colon, a n d  r e c t u m .  Af t e r  r e m o v a l  f rom t h e  r a t ,  t h e  bowel  
segments  were  e i t h e r  o p e n e d  long i tud ina l ly ,  c leaned,  
b lo t t ed  dry,  a n d  t he  m u c o s a  s e p a r a t e d  b y  sc rap ing  x°, or  
a smal l  c i rcu la r  sec t ion  of full  t h i cknes s  t i ssue  was  p laced  
in 10% fo rma l in  for  A G  cell h i s to logy.  

All t h e  r a t s  were  used  for t h e  ana lys i s  of se ro ton in ,  
which  was  m e a s u r e d  s p e c t r o p h o t o f l u o r o m e t r i c a l l y  n 
Whereas o n l y  t i s sues  f rom 4 r a t s / g r o u p  were  t a k e n  for  
AG celt counts .  Af t e r  36 h in 10% fo rma l in  t h e  t i s sue  
s egmen t s  were  b locked  in  pa ra f f in ,  a n d  sec t ions  c u t  a t  5 #. 
All sec t ions  were  s t a i ned  b y  t he  GOMORI m e t h e n a m i n e  
si lver  t e c h n i q u e  ~. xs. 

The  n u m b e r  of cells in  each  t i ssue  was expressed  as 
Cells/100 i n t e s t i n a l  c r y p t s  (or in  t he  case of t h e  s t o m a c h ,  
as celts/100 gas t r i c  pi ts) .  I t  was  cons idered  more  a c c u r a t e  
to  express  cell c o u n t s  in  th i s  way,  r a t h e r  t h a n  as ce l l s /h igh  
POwer field, because  cell c o u n t i n g  was  fac i l i t a ted ,  a n d  in  
spi te  of t he  u n c o n t r o l a b l e  o b l i q u i t y  of some sect ions,  
r e m a r k a b l y  c o n s t a n t  resu l t s  were  o b t a i n e d  in p r e l i m i n a r y  

c o u n t s  in  b o t h  r a t  a n d  h u m a n  i n t e s t i n a l  mucosa .  A l t h o u g h  
no  c r y p t s  of L i e b e r k t i h n  a re  p r e s e n t  in  t h e  la rge  bowel ,  
t h e  colonic m u c o s a  is fo lded i n to  c ryp t s ,  a n d  in t h e  
a b s e n c e  of e d e m a  or  t i s sue  reac t ion ,  t h e s e  c r y p t s  h a v e  
b e e n  s h o w n  to  be  a d e q u a t e  m a r k e r s  8. I t  was  r a re  t h a t  less 
t h a n  80 c ryp t s / s l i de  were  p r e s e n t  for  coun t ing ,  u sua l ly  
300 c r y p t s  or more  be ing  ava i lab le .  The  t o t a l  sec t ion  was 
s c a n n e d  w i t h  a 43 m m  ob jec t i ve  us ing  a b i n o c u l a r  micro-  
scope a n d  o n l y  typ ica l  AG cells were  coun ted ,  e x t r e m e  
care  b e i n g  t a k e n  to  i d e n t i f y  a n d  exc lude  t h e  n u m e r o u s  
m a s t  ceils also p re sen t .  

T h e  s e r o t o n i n  levels  in  t h e  13 bowel  a reas  of n o r m a l  
u n t r e a t e d ,  a n d  su l f ameraz ine  p r e t r e a t e d  r a t s  are  i n d i c a t e d .  
in  F i g u r e  1 ; t he se  are  s imi la r  to  d a t a  a l r e ady  p u b l i s h e d  9 
T h e  AG cell c o u n t s / 1 0 0  c ryp ts ,  or gas t r i c  p i t s  in  t he  2 r a t  

Mean argentaffin cell counts/100 intestinal crypts or gastric pits (see 
text) in normal, and sulfameraziue treated rats 

Bowel tissue Rat groups 

No. treatment Sulfamerazine 
treatment 

Stomach fundus 4 (2-6) 4 (1-10) 
Stomach body 6 (5-8} 3 (2--4) 
Pyloric antrum 57 (50-62) 69 (55-80) 
Upper duodenum 62 (48-70) 68 (63-72) 
Lower duodenum 31 (29--40) 36 (34-39) 
Mid jejunum 28 (26-31) 35 (27-43) 
Terminal ileum 24 (17-29) 30 (24-41) 
Appendix 51 (40-67) 69 (59-81) 
Cecum 50 (46-52) 67 (60-74} 
Ascending colon 83 (62-99) 79 (43-88) 
Transverse colon 29 (22-41) 31 (29-36) 
Descending colon I1 (10-13) 5 (4-6) 
Rectum 18 (17-22) 10 (5-12) 

The range is indicated in brackets. 
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Fig. 1. Serotonin in the stomach Iundus (SF}, stomach body 
(SB), and pyloric antrum (PA), upper and lower duodenum 
(UD, LD,) mid-jejunum {M J), terminal ileum {TI), appendix 
(A}, cecum (C}, ascending, transverse, and descending colon 
(AC, TC, DC), and rectum (R), of untreated and sulfamerazine 
pretreated rats. Data are exprcssed as means =[= 1 S.E. Each 
group contains between 10-18 rats. ++, P<: 0.00I; +% 
P <  0.01; n.s., non-significant; e, normal male rats; o, 
sulfamerazine treated male rats. 
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Fig. 2. Regression line demonstrating the relationship between tlle 
mean serotonin concentration (/~gfg mueosa), and the number of 
argentaffin cells throughout the gastrointestinal tract of the normal 

rat. t, 4.446; P <  0.001; r, + 0.80. 
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Fig. 3. Regression line demonstrating the relationship between the 
mean serotonin concentration (/zg/g mueosa), and the number of 
argentaffin cells throughout the gastrointestinal tract of the sulfa- 

merazine pretreated rat. t, 5.335; P < 0.001 ; r, + 0.85. 

groups  are ind ica ted  in t he  Table.  Mean values  and  the  
range  are  p r e sen t ed  because  of the  small  n u m b e r  of ra t s  
in each group. 

The  re la t ionships  b e t w e e n  the  m e a n  AG cell counts ,  
and  the  f luorometr ica l ly  de t e rmined  se ro ton in  values  for 
each of the  t issues are ind ica ted  in Figures  2 and 3 for the  
un t rea ted ,  and  the  su l fameraz ine  p r e t r e a t e d  ra ts  respec- 
t ively.  Fo r  t he  u n t r e a t e d  contro l  r a t s  the  p lo t  has  a 
corre la t ion coeff icient  r = + 0.80, which  is s ta t i s t ica l ly  
s ignif icant  ( t - - 4 . 4 6 6 ,  d.f. II ,  P < 0.001), and  in the  
su l fameraz ine  t r e a t e d  ra t s  the  curve  has a corre la t ion 
coeff icient  r = +0 .85 ,  which  is s ta t i s t ica l ly  s ignif icant  
(t = 5.335, d.f. I I ,  P < 0.001). These da t a  are  in keeping 
wi th  t he  suggest ion t h a t  sero tonin  is the  mate r ia l  s tored  
wi th in  the  AG cell granules.  I n  compar ing  the  slopes of 
the  2 lines, the re  was no s ignif icant  difference be tween  
them.  

F r o m  this  r epo r t  the re  is some suggest ive  evidence  t h a t  
the  increased se ro ton in  concen t ra t ions  r epor ted  in some 
in tes t ina l  areas  following su l fameraz ine  9 could be due  to  

a h igher  level of serotonin/cel l ,  and  a larger  popu la t i on  
of visable  AG cells a,. 

Zusammen/assung. Eine  d i rekte  Kor re l a t i on  zwischen 
Serotoninspiegel  und  der  Zahl der  a rgen ta f f inen  Zellen 
im gas t ro - in tes t ina len  T r a k t  no rma le r  R a t t e n  und  solcher,  
die nach  Su l f ameraz inbehand lung  e inen h6heren  Sero- 
toninspiegel  aufweisen,  wird  festgestel l t .  

J .  H .  T H O M P S O N  a n d  L .  t3.  C A M P B E L L  

Department o/Pharmacology, University o/ Cali/ornia 
School o/Medicine, Center/or Health Sciences, Los 
Angeles (Cali/ornia 90024, USA), 24th April  1967. 
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T h e  Ef fec t  of  R e s e r p i n e  u p o n  G a s t r o i n t e s t i n a l  
S e r o t o n i n  in  the  S p r a g u e - D a w l e y  Ra t  

I t  is well k n o w n  t h a t  reserpine  causes  a release of 
se ro ton in  f rom the  gas t ro in tes t ina l  t r a c t  1-~, however ,  
there  are cer ta in  discrepancies  in t he  l i t e ra ture  concern ing  
its degree.  In  t he  p r e sen t  s tudy ,  the  effects  of reserpine  
were  observed  on 14 areas of t he  ra t  gas t ro in tes t ina l  t r a c t  
to  de t e rmine  the  degree of response  to reserpine  f rom one 
ana tomica l  area to  another .  

Male and  female  Sprague-Dawley  ra ts  f rom the  Charles 
R iver  Labora tor ies  (breeding shed 1), ranging  in we igh t  
f rom 200-300 g were  m a i n t a i n e d  on normal  Pur ina  r a t  
chow, wi th  a t r y p t o p h a n  c o n t e n t  of 0.22%. The  ra ts  were  
housed  in colony cages and  exposed  to  a regular  24 h 

l igh t /da rk  cycle (l ight:  05.00-19.00). In  order  t o  avoid 
any  possible  c i rcadian influences on bowel  serotonin ,  the  
ra t s  were a lways  killed be tween  08.00 and  09.00 on the  
day  of assay by  decap i ta t ion .  The  t issues s ampled  are 
ind ica ted  in F igure  3. In  the  e x p e r i m e n t s  on the  dose and 
t ime response  to  reserpine,  only  uppe r  je juna l  samples  
were  taken .  U p p e r  j e j u n u m  was  selected because  of the 
ease of removal ,  t he  avai labi l i ty  of dupl ica te  samples ,  

1 A. PLETSCHER, P. A. Suona and B. B. BRODIE, Science 722, 574 
(1955). 

2 V. ERSPAMER, Experientia 12, 63 {1956). 
8 R. K. SAN'eAL and G. B. WEST, J. Physiol. Lond. ldd, 525 (1958). 
4 K. S. K~M and P. A. SHORE, J. Pharmac. exp. Ther. 7d7, 321 

(1963). 


