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Summary. Substance P-, neurotensin- and bombesin-like immunoreactivities 

were localised in some gill epithelial cells in the pharynx of  Ciona intestinalis L. 

No immunoreactivity was obtained with antisera to gastrin, glucagon, insulin, 

pancreatic polypeptide or calcitonin. Some of  the epithelial cells of  the gills were 

shown to be argyrophilic with the Grimelius technique. 
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The occurrence of polypeptide hormone-producing cells in the gastrointestinal 

tract and nervous system of  lower vertebrates and invertebrates is well established 

(Wilson and Falkmer 1965; Mehrotra  and Falkmer 1969; Falkmer 1972; Davidson 

et al. 1972; Falkmer et al. 1973; Van Noorden and Pearse 1974; Fritsch et al. 1976, 

1978, 1979; Fritsch and Sprang 1977; Falkmer et al. 1977; Sundler et al. 1977; Van 

Noorden et al. 1977, 1979; Van Noorden and Falkmer 1980; Van Noorden  and 

Patent 1978; Thorndyke and Bevis 1978; Bevis and Thorndyke 1978, 1979; 

Thorndyke and Probert  1979). Of  special interest are the many peptides which have 

been found both in endocrine cells of  the gastroenteropancreatic system and in 

neurones of  the central and peripheral nervous systems (Pearse 1976, 1977, 1978). 

In vertebrates neurotensin, substance P and bombesin all belong to this category, 

and for substance P and neurotensin the dual localisation seems to occur also in 

invertebrates (Fritsch et al. 1979, 1980b). Since in some protochordates the 

endostyle region of  the pharynx has already been shown to resemble a vertebrate 

endocrine gland, the thyroid, by virtue of  its iodine-concentrating ability 

(Branchiostoma laneeolatum; Barrington 1958) and the groups of  granulated 
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ca lc i tonin- l ike  cells (Styela clara; T h o r n d y k e  and Prober t  1979), it  seemed 

reasonab le  to invest igate the poss ibi l i ty  o f  the p roduc t ion  o f  pept ide  hormone- l ike  

substances  in the p r o m i n e n t  pha rynx  or  gill baske t  o f  Ciona intestinalis. 

A n  immunocy tochemica l  s tudy was therefore  unde r t aken  using a var ie ty  o f  

an t i sera  to  ver tebra te  pept ides  in the expec ta t ion  tha t  posi t ive results would  provide  

insight  in to  the r egu la to ry  mechanisms  o f  the gill region o f  Ciona and  the evolu t ion  

o f  pep t ide  h o r m o n a l  funct ion in higher  vertebrates .  

Materials and Methods 

Animal Materials. Ciona intestinalis were collected by a diver in the western Baltic sea. The animals (30- 
50 mm long) were aggregated in colonies which were either attached to brown algae or to secondary 
sediment. They were kept in aerated sea water (16%0) in glass aquaria at 5~ 

HistologicalMethods. The gill basket was dissected out and fixed for a short period (3 h) in either Bouin's 
fluid, methanol-free formaldehyde (Polak et al. 1971) or 6% glutaraldehyde, followed by standard 
dehydration through graded alcohols, embedding in Paraplast and serial sectioning. 

Antibodies. Antibodies to gastrin, glucagon, pancreatic polypeptide, substance P, bombesin, calcitonin 
and neurotensin were produced in rabbits and to insulin in the guinea pig. They were tested by 
radioimmunoassay and by immunostaining in mammalian tissues (Polak et al. 1976). 

Immunostaining. The indirect immunofluorescence technique (Coons et al. 1955) and the peroxidase- 
anti-peroxidase (PAP) technique (Sternberger 1974) were used. The primary antibodies were applied for 
48h at 4~ in a range of dilutions from 1/200 to 1/2,000, depending on the titre of the antibody. 
Fluorescein-conjugated goat anti-rabbit globulin or rabbit anti-guinea pig globulin was used as the 
second layer for immunofluorescence or, for the PAP method, unlabelled goat anti-rabbit globulin 
followed by rabbit PAP complex. The attached peroxidase was revealed by the diaminobenzidine 
reaction. Sections were mounted in buffered glycerine for immunofluorescence or in DEPEX for the PAP 
stain. 

Controls. Specific immunostaining was quenched by preabsorption of the diluted primary antibody with 
10 nmol/ml of its specific antigen. 

Argyrophilia. Argyrophilic cells were revealed by the silver impregnation technique of Grimelius 
(Grimelius 1968). 

Results 

The gill baske t  o f  Ciona intestinal&, which mus t  be regarded  as the pharynx ,  

occupies  the ma in  vo lume o f  the animal .  The te rminal  buds  o f  the gills, which 

pro jec t  in to  the lumen o f  the pharynx ,  are covered by  simple, cil iated, co lumnar  

epi thel ium.  

Wi th  ant isera  to subs tance  P, bombes in  and neurotensin ,  immunoreac t iv i ty  was 

found  in these te rmina l  buds  in p resumpt ive  endocr ine  cells o f  the epi thel ial  layer  

(Figs.  1, 2 a, b). N o  immunos t a in ing  was revealed by  the o ther  ant isera  used, and  no 

immunoreac t ive  cells were present  in the epi the l ium of  the f i lament  connect ing  the 

te rmina l  bud  with the pha ryngea l  wall.  

The immunoreac t ive  cells were o f  wide t r i angula r  shape,  resting on the basa l  

l amina  and  with an apical  p ro jec t ion  tha t  was occas ional ly  seen to reach the ci l iated 

surface o f  the ep i the l ium (Fig.  1 c, d). 
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Fig. la d. Immunostaining of the gill epithelium of Ciona intestinalis. (a, b) Substance P-like 
immunoreactivity in the terminal bud of the gills. The cells form either clusters (a) or appear as single 
elements (a, arrow). (a) PAP-method, • 800; (b) immunofluorescence, x 800. (e, d) Neurotensin-like 
immunoreactive cells distributed evenly within the epithelium. L lumen of the pharynx. PAP-method: (c) 
x 800; (d) x 1,900 

The cells immunoreact ive  with antiserum to substance P occurred either singly 

or  in clusters, but  wi thout  a recognisable distribution pattern. Sometimes only one 

or  two substance P-positive cells were present in a single cross section o f  the 

terminal bud;  nevertheless the total number  o f  substance P- immunoreact ive  cells in 

each terminal bud seemed to be rather constant .  

By comparison,  a larger number  o f  cells reacted positively with antisera to 

neurotensin and bombesin.  They  showed a regular distribution pat tern  with 

approximately  equal distances between reactive cells. N o  cluster format ion  was 

observed. The total number  o f  cells reacting positively with either bombesin  or  

neurotensin antiserum was decidedly larger than the number  o f  cells immunoreac-  

tive for substance P. 

N o  immunosta in ing was observed after preabsorpt ion o f  the antibodies with 

their specific antigens; preabsorpt ion  with albumin did not  affect the staining. 
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Fig. 2a-d. Immunostaining and silver impregnation of the gill epithelium of Ciona intestinalis. (a, b) 
Photomicrographs of the terminal buds of the gills. Immunofluorescence of cells after incubation with 
anti-bombesin serum, x 390. (e, d) Staining for argyrophilia according to Grimelius. Fine granular cells 
can be observed, x 750 

Some cells were argyrophilic with the Grimelius method (Fig. 2c, d). They were 

tr iangular single elements in the epithelium of  the terminal bud, and thus resembled 

the immunoreact ive  cells described above. N o  cluster formations o f  argyrophilic 

cells were found. N o  part icular  distribution pat tern could be discerned; however, 

the cells were present in all sections where immunosta ining was observed. 

Discussion 

Unlike the gills o f  hemichordates,  which are primarily respiratory in function, those 

o f  Ciona intestinalis seem to be involved in mechanisms other than respiration 

(Millar 1953). It  is therefore not  surprising to find presumptive endocrine cells in the 
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pharynx of this animal. Surprising, however, is the exposed localisation of these 

cells in the terminal buds of the gills and the precise identity of their peptide 

hormone-like products. 
Substance P-like immunoreactivity has been found in the cerebral ganglion of 

Ciona intestinalis (Fritsch et al. 1979), as well as in ganglion ceils and nerve fibres of 

this animal and of the mollusc Achatina fulica (Van Noorden et al. 1980). 

Furthermore, substance P has been identified in extracts of Ciona intestinalis 

(Dahlstedt et al. 1959), as well as in the brain and intestine of bony and cartilaginous 

fishes (von Euler and Ostlund, 1956) and the hagfish (Dahlstedt et al. 1959). Creagh 

et al. (1979) have recently shown that the immunoreactive substance P-like material 

of some lower vertebrates and invertebrates is similar to but not identical with 
synthetic mammalian substance P in radioimmunoassay of extracts. Nevertheless 

the substance P-like peptide of these animals, and possibly also that of Ciona 

intestinalis, may well resemble substance P in its actions. Substance P has been 
shown to stimulate intestinal motility in teleosts (von Euler and Ostlund 1956) and 

can be extracted not only from the brain and gut of vertebrates but also from a 

number of other tissues, including salivary glands, thyroid gland, trachea, 

pancreas, urinary bladder, prostate gland, smooth muscle and skin (Polak and 

Bloom 1978 a). It is thus possible that the role of substance P as a contractile agent in 

a wide variety of vertebrate organs is anticipated in the pharynx of Ciona 

intestinalis; this animal probably evolved from an ancestral stock that also gave rise 

to the vertebrates. 

Although neurotensin was originally extracted from the mammalian hy- 

pothalamus, larger quantities of the peptide were later found to be present in 
gastrointestinal tract (Carraway and Leeman 1976). In mammals neurotensin is 

present in intestinal endocrine cells. Its dual localisation probably reflects two 

different roles: (i) in the nervous system, that of a peptidergic neurotransmitter or 

releasing factor, and (ii) in epithelial endocrine cells, that of a circulating or locally 

acting (paracrine) hormone. The specific localisation of neurotensin-like immu- 

noreactivity in the pharynx of Ciona may indicate a physiological role of this 
peptide in digestion, as suggested for the other hormone-like peptides found in the 

alimentary tract (Fritsch et al. 1978). 

Bombesin was originally extracted from the skin (cutaneous glands) of the 

anuran amphibian, Bombina bombina (Anastasi et al. 1971). Bombesin-like 

immunoreactivity also occurs in the myenteric plexus of some teleost fishes, 
particularly in the stomach (Langer et al. 1979; Van Noorden and Falkmer 1980) 

and in both cells and nerve fibres in the gut of other vertebrates (Polak et al. 1976; 

Walsh and Holmquist 1976). It is found in very numerous cells in the chicken 
proventriculus (Timson et al. 1979) and in sparsely distributed endocrine cells of the 
mammalian lung (Wharton et al. 1978). Its role in mammals is not known but one of 
its actions is to promote contraction of the smooth musculature of the 

gastrointestinal tract, the bronchi and the urinary tract (Polak and Bloom 1978 b). 
Further, Erspamer and Melchiorri (1973) have shown that the effect of bombesin 
on intestinal contractility may be associated with changes in the myoelectrical 
activity. 

The secretion of the bombesin-like cells in the pharynx of Ciona intestinalis may 
exert a similar effect. As ciliary feeders, ascidians possess a highly contractile 
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p h a r y n x .  T h e  p resence  o f  i m m u n o r e a c t i v i t y  to  three  pep t ides  in its ep i the l ia l  cells 

t o g e t h e r  w i th  the  p r e v i o u s l y  d e m o n s t r a t e d  loca l i s a t i on  o f  one  o f  them,  subs t ance  P, 

in the  ce reb ra l  g a n g l i o n  (F r i t s ch  et  al. 1979), suppo r t s  the  a s s u m p t i o n  (i) t ha t  the re  

a re  dua l - ro l e  h o r m o n e s  in Ciona,  and  (ii) t ha t  subs tances  r e sembl ing  v e r t e b r a t e  

h o r m o n e s  m u s t  h a v e  been  p re sen t  at  m u c h  ear l ie r  s tages  in evo lu t ion .  
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