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Summary. Somatostatin- and gastrin-like immunoreactivity has been found by 
immunofluorescence in cells of  the stomach and intestinal epithelia of  Ciona 

intestinalis  L. The cells containing the peptide immunoreactive to mammal ian  
anti-gastrin can be restained with the Grimelius' technique for argyrophilia. 
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Introduction 

Although somatostatin (Somatotropin-release-inhibiting factor) was originally 
extracted from the hypothalamus (Brazeau et al., 1973; Arimura et al., 1975; 
H6kfelt  et al., 1975), somatostatin-like immunoreactivity was demonstrated in the 
intestine and pancreas of  mammals  (Polak et al., 1975; Rufener et al., 1975; Dubois, 
1975), as well as in the gastro-intestinal tract (GIT)  of  lower vertebrates (Van 
Noorden et al., 1977). Somatostatin is thought to be a potent inhibitor of  gastrin 
release (Bloom et al., 1974) and seems to act directly on G-cells. As cross-reactions 
occur between antibodies to mammal ian  hormones and cells in the G I T  of  lower 
vertebrates (Van Noorden  and Pearse, 1974; t3stberg et al., 1975, 1976a, b) and 
invertebrates (Falkmer, 1972; Fritsch, 1976) and since endocrine-like cells could be 
demonstrated in tunicates by EM (Fritsch and Sprang, 1977), it seemed reasonable 
to test antisera to synthetic mammalian somatostatin and gastrin on the 
gastrointestinal tract of  a protochordate,  Ciona intest inalis  L.  

Materials and Methods 

Ciona intestinalis were dredged in the western Baltic sea. The animals (30-40 mm) were often attached to 
Laminaria saccharina (Phaeophyceae). They were kept in aerated sea water (16 %) in plastic basins at 
5~ 
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Fig. l a d .  Immunofluorescence photomicrographs showing the gastro-intestinal tract of  Ciona 
in testinalis L. Somatostatin-like immunoreactivity is seen in cells of  the epithelium of the s tomach ridges 
a and the intestine b (arrows). Gastrin-like immunoreactivity is seen in cells of  the s tomach c and the 
intestine d (arrows). L lumen of the gastro-intestinal tract. • 570 
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Histological Methods. The oesophagus, stomach and intestine were dissected out. A short period of 
fixation (3 h) in Bouin's fluid or methanol-free formaldehyde (MFF) (Polak, Bussolati and Pearse, 1971), 
was followed by standard dehydration, embedding in paraplast and sectioning. Further specimens were 
freeze-dried and fixed in formaldehyde vapour at 60~ embedding in paraffin wax. Antibodies to 
synthetic cyclic somatostatin and synthetic human gastrin (1-17) (ICI) were produced in rabbits and 
tested by radioimmunoassay and by immunostaining in mammalian tissue (Polak et al., 1975). The 
indirect immunofluorescence technique (Coons et al., 1955) was applied to sections using rabbit anti- 
somatostatin or rabbit anti-gastrin as the first layer and fluorescein-conjugated goat anti-rabbit globulin 
as the second layer. Control staining was carried out with anti-somatostatin, which had been pre- 
absorbed with either somatostatin or gastrin and with anti-gastrin which had been pre-absorbed with 
either gastrin or somatostatin. Sections were mounted in buffered glycerine and examined in a Zeiss 
fluorescence microcope, Staining for argyrophilia was carried out by the Grimelius technique 
(Grimelius, 1968). 

Results 

In the s tomach and the intestine o f  Ciona intestinalis large and apparent ly  granular  
cells immunoreact ive  with antisera to somatosta t in  and gastrin could be seen. The 
strongest fluorescence was obtained in tissues fixed in Bouin's  fluid. The cells are 
unevenly scattered, as single elements or  in small groups within the epithelium. 
They were numerous  in the s tomach,  but  occurred more  rarely in the upper  and 
lower intestine. There were fewer somatosta t in- immunoreact ive  than gastrin- 
immunoreact ive  cells. Al though  both  immunoreact ive  cell types varied con- 
siderably in number  f rom animal to animal, the gut epithelium contained at least a 
few in all cases examined. The cells normal ly  rest upon  the basal lamina o f  the 
simple co lumnar  epithelium. In a correctly orientated longitudinal section they 
extend to the gut lumen and end with a fi lamentous projection. Ant i -somatos ta t in  
serum which had been absorbed with gastrin gave positive immunofluorescence 
whereas no staining could be observed using ant i -somatosta t in  which had been 
absorbed with somatostat in.  Argyrophil ic  staining carried out  on sections which 
had been previously immunosta ined  for somatosta t in  showed that  in no case were 
somatos ta t in- immunoreact ive  cells and argyrophil  cells identical. In  the same way 
anti-gastrin which had been absorbed with somatostat in  gave positive immuno-  
fluorescence but no reaction was seen alter pre-absorpt ion with gastrin. Restaining 
for argyrophil ia  after immunofluorescence gave positive results for gastrin-like 
cells. 

I f  the procedure  was carried out  in reverse order,  staining first for argyrophil ia  
and then removing the silver deposit  with K C N  and restaining for gastrin or  
somatostat in,  it was found that  the argyrophil  cells were positively immunosta ined  
by anti-gastrin but not  by anti-somatostat in.  There were always several argyrophil  
cells, in addit ion to those which cross-reacted with anti-gastrin, present in every 
section. 

Discussion 

In gut endocrinology one o f  the mos t  significant current developments is that  which 
links gut and brain by the discovery o f  peptides c o m m o n  to both  regions (Pearse, 
1976; Pearse et al., 1977). This supports  the theory that, with few exceptions, the 
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p robab le  origin o f  pept ide  h o r m o n e  p roduc ing  cells is f rom neu ra l l y -p rog rammed  
cells in the ectoblast .  The f inding o f  somatos ta t in - l ike  immunoreac t iv i ty  in the 
ep i the l ium of  the s tomach  and  intest ine o f  Ciona intestinalis agrees well with the 
f indings in m a m m a l s  as well as with ear l ier  results showing the presence o f  pept ide-  
p roduc ing  cells in lower ver tebra tes  and  inver tebra tes  (Wilson  and Fa lkmer ,  1965; 
M e h r o t r a  and  Fa lkmer ,  1969; Fa lkmer ,  1972; Dav idson  et al., 1972; F a l k m e r  et al., 
1973; Van  N o o r d e n  and  Pearse,  1974; Fr i t sch  et al., 1976; Fr i tsch and  Sprang,  
1977; Van  N o o r d e n  et al., 1977; F a l k m e r  et al., 1977). 

A l t h o u g h  soma tos t a t i n  has been detected by r a d i o i m m u n o a s s a y  (RIA) in 
extracts  o f  the G I T  o f  Ciona intestinalis this is the first demons t r a t i on  by 
h is tochemical  techniques o f  the loca t ion  o f  the SRIF- l ike  cells in this species. As  
these cells canno t  be res ta ined with the silver technique o f  Gr imel ius  (1968) it is 
l ikely tha t  the G I T  o f  Ciona intestinalis produces  more  than  one po lypep t ide  
h o r m o n e  in different  cells (Fr i tsch,  1976). This is suppor t ed  by the f inding o f  a 
second cel l- type with a gastr in- l ike immunoreac t iv i ty  in the s tomach  and the 
intestine.  These cells are a rgyroph i l  and  p r o b a b l y  co r re spond  to some at  least  o f  the 
a rgyroph i l  cells descr ibed earl ier  (Fr i tsch,  1976) and which are quite different  f rom 
those found  by F a l k m e r  et al. (1977). Fu r the r  invest igat ion with a combina t i on  o f  
e lec t ron mic roscopy  and  immunocy tochemis t ry  is necessary to clarify the s i tuat ion.  
In  add i t i on  the embryo log ica l  source o f  the somatos ta t in - l ike  and  gastr in- l ike cells 
requires  fur ther  a t t en t ion  as does the physiologica l  role o f  the hormone- l ike  
substances  in inver tebrates .  There  is nevertheless no d o u b t  tha t  the pept ides  
p r o d u c e d  in inver tebra tes  mus t  share ant igenic  sites with their  m a m m a l i a n  
equivalents .  
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