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Summary. Two types of nerve cells, namely, neurosensory and neurosecretory cells have 
been identified and described in the gastrodermis of Hydra pseudoligactis. The morphological 
criteria used for the identification of gastrodermal nerves are based on those presented pre- 
viously for epidermal nerves. The third type of nerve cell in the epidermis, ganglionic cells, 
was not observed in these studies. The distribution, function and origin of gastrodermal nerve 
cells are discussed briefly. 
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Introduction 

Most of the morphological studies concerning the nervous system of Hydra 
have been limited to epidermal nerve cells. This is probably due to the fact that  
the epidermal nerve plexus is larger, contains many nerve cells and the nerve 
cells composing the plexus are larger in size. I t  has been shown that  the epidermis 
contains three types of nerve cells: ganglionic, neurosensory and neurosecretory 
cells (Burnett and Diehl, 1964a; Burnett, Diehl and Diehl, 1964; Lentz and 
Barrnett, 1965; Davis, Burnett and Haynes, 1968). The ultrastructure of mature 
cells is fairly-well known and criteria for their identification have been presented 
(Davis, Burnett and Haynes, 1968). 

The origin of epidermal nerves has been the subject of several investigations. 
Ultrastructural studies confirm earlier histological findings that  at least two 
types of nerve cells (ganglionic and neurosensory) originate from interstitial cells 
(Lentz, 1965; Davis, 1969; Davis 1971). I t  has been assumed that the third type 
of nerve cell the neurosecretory cell--also arises solely and independently from 
interstitial cells. 

Little is known about gastrodermal nerve cells, except that  brief references 
have been made as to their existence (Hyman, 1940; Lentz, 1966; Burnett and 
DieM, 1964a). Virtually nothing is known about the types of nerve cells, their 
origin, location, distribution, possible concentration in specific areas, and especially 
their function. This paper presents a preliminary report on the definite existence 
of certain types of gastrodermal nerves, their ultrastructure and possible origin. 

Materials and Methods 
The animals used in these studies were normal non-budding Hydra pseudoligactis. They 

were cultured by a modified method of Loomis and Lenhoff (1956). All animals were starved 
for 24 hours prior to fixation. They were fixed for periods up to 1 hour in cold 3-6 % glutar- 
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aldehyde buffered with 0.1M sodium cacodylate at pH 7.3 (Sabatini, Bensch and Barrnett, 
1963). During fixation, short segments were excised from the hypostome, mid-gastric regions 
and basal disk. Tissues were washed in buffered sucrose solution (in 0.1 M sodium cacodylate) 
and then post-fixed for 3045 minutes in cold 1% osmium tetroxide containing sucrose (Caul- 
field, 1957). The fixed tissues were dehydrated rapidly in alcohol and embedded in Maraglas 
(Spurlock, Kattine and Freeman, 1963). 

Sections were cut with glass or diamond knives on a Cambridge ultramicrotome and 
mounted on carbon-coated Formvar-filmed grids. The sections were stained with uranyl 
acetate (Watson, 1958) followed by lead citrate (Reynolds, 1963). Sections were photographed 
with a RCA-4 electron microscope. 

Observations and Results 

The identification of gastrodermal nerves is based primarily on the structural  
criteria used for the identification of epidermal nerves. I t  is recognized, however, 
t ha t  it is entirely possible t ha t  some gastrodermal nerve cells m a y  exhibit certain 
peculiar characteristics and therefore are not  readily identified as nerves. This 
is only a slight possibility because uncertainties of cell identification are minimal 
due to the presence of only a few cell types  in this layer. The gastrodermis is 
composed mainly of digestive, gland and mucous cells. A fourth cell type,  namely,  
basal reserve cells, is also found in this species. These cells are similar in some 
respects to interstitial cells of the epidermis. They  contain numerous free ribo- 
somes, a few mitochondria  and sparse segments of rough endoplasmic reticulum. 

Cells identified as immature  and mature  neurosecretory cells are shown in 
Figs. 1-4. The nucleus of the immature  cell (Fig. 1) is finely granular and homo- 
geneous in appearance. The cytoplasm contains numerous ribosomes, few small 
droplets (900-1300 A in diameter), Golgi complexes in various stages of devel- 
opment,  few mitochondria  and sparse segments of rough endoplasmic ret iculum 
(Figs. 1-3). Larger dense droplets (0.5-1.0fz in diameter) typical  of epidermal nerve 
cells are also present. A mature  neurosecretory cell is shown in Fig. 4. The nucleus 
reveals dense chromat in  material  dispersed throughout  the nucleoplasm. The 
cytoplasm contains several active Golgi complexes, secretory droplets (1 100 to 
1600 ~ in diameter), microtubules and the same organelles described in the less 
mature  cell (Fig. 1). The location of these cells is similar to t ha t  of their epidermal 
counterparts ,  in that ,  they  lie immediately adjacent  to the myonemes.  I n  this 
case, however, the myonemes are the circular myonemes of the digestive cells 
(Fig. 1). I n  all instances which have been observed, the neurosecretory cells are 
surrounded most ly  by digestive cells and occasionally are observed in close 
association with other nerves. 

The second type  of nerve cell observed in the gastrodermis is the neurosensory 
cell. Figs. 5 and 6 show two young cells located at  the base of digestive cells. I n  

Figs. 1-3. Portions of immature neurosecretory cells located immediately adjacent to the circu- 
lar myonemes (my) of digestive cells (de). Fig. 1. The nucleus is finely granular and a prominent 
nucleolus is usually present (nu). The cytoplasm contains ribosomes, few mitochondria (m), 
small dense droplets (900-1300 A in diameter). Mesoglea me. 15000 • Fig. 2. Developing Golgi 
complex (g) and rough endoplasmic reticulum (er), microtubules (mr), mitochondria (m) and 
ribosomes (r) in neurite. 28600• Fig. 3. Active Golgi complex (g) during the formation of 
secretory droplets, rough endoplasmic reticulum (er) and dense bodies. Digestive cell-de; 

Mesoglea me. 21000 • 
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Fig. 4. Mature neurosecretory cell. The nucleus, displaced toward the periphery of the cell, 
contains dense clumps of scattered chromatin material. Active Golgi complexes (g), short 
segments of rough endoplasmie reticulum (er), microtubules (mr), mitoehondria (m), small 
dense droplets (1100-1600/~ in diameter), larger dense droplets (arrows) and ribosomes in the 

cytoplasm. 22 200 • 

one ins tance  (Fig. 6) the  nerve cell pene t ra tes  th rough  the  bases of digest ive cells 
and  lies immed ia t e ly  ad j acen t  to  the  mcsoglea.  This represents  an  unusual  
observa t ion  since ep idermal  nerve cells have  no t  been seen border ing  the  mesoglea.  
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Fig. 5. Young neurosensory cell located immediately adjacent to the myonemes (my) of 
digestive cells (dc). The cytoplasm contains few mitochondria (m), Golgi complexes (g), 
ribosomes and a cilium (c) which has been sectioned near its base. Large irregularly-shaped 

droplets are also present. Mesoglea-me. 29800 • 

The  nucleus of these cells is st i l l  r e l a t ive ly  homogeneous.  As the  cells mature ,  the  
nucleus assumes a more  condensed appea rance  as a resul t  of sca t t e red  clumps of 
dense ch roma t in  mater ia l .  The cy top la sm conta ins  free r ibosomes,  few mito-  
chondria ,  small  Golgi complexes  and  shor t  segments  of rough endoplasmic  ret i-  
culum. A cilium, typ ica l  of ep ide rmal  neurosensory  cells is also presen t  (Fig. 6). 
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Fig. 6. Young neurosensory cell similar to that  described in Fig. 5. The cilium (c) and a cen- 
triole (arrow) are more clearly observed. Note that  a cytoplasmic extension of the neurosensory 
cell lies between the bases of digestive cells (dc) and is therefore immediately adjacent to the 

mesoglea (me). Golgi complex~g; rough endoplasmic reticulum-er. 22 200 • 
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Fig. 7. Three neurosecretory cells (ns) located immediately adjacent  to the myonemes (my) 
of epithelio-muscular cells (ep). The bases of digestive cells (dc) are seen on the other side of 
the mesoglea (me). Note especially the  neurite of a gastrodermal nerve cell (arrows). I t  contains 
several dense membrane-bounded droplets (1000 A in diameter), microtubulcs and a mito- 

chondrion. This section was taken from the hypostome. 15400 • 

:Fig. 8. Young gastrodermal nerve cell and nerve cell and neurite of another  nerve cell (arrow) 
containing membrane-bounded droplets 1300 A in diameter). They are surrounded by  digestive 

cells (dc). Digestive cavity~/ .  This section was taken from the basal disk. 7 300 • 
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Figs. 9 and 10. Neurites of gastrodermal neurosensory and/or neurosecretory cells. Fig. 9. 
Long neurite extending for a distance of approximately 9.0 ~. It  contains dense membrane- 
bounded droplets (700-1100/~ in diameter), mitochondria (m) and ribosomes. Myonemes of 
digestive cell-my; Mesoglea-me. 21400 • Fig. 10. Neurite containing dense droplets (1000- 
1400/~ in diameter), ribosomes and mitochondria lying between the bases of two digestive 

cells (dc). Note that it borders directly the mesoglea (me). 28600 • 

The th i rd  type  of nerve cell found in the epidermis is the ganglionic cell. I t  
is no t  known whether these nerve cells are also present  in the gastrodermis, 
since our pre l iminary  observat ions fail to ident i fy  them. 

Although nerve cells are found throughout  the epidermis, there are certain 
areas in  which they  are concentrated,  tha t  is, a t  the bases of tentacles, hypostome 
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Fig. 11. Neurite closely resembling epidermal neurites lying between two digestive cells (dc). 
The membranes surrounding the dense droplets (1100-i 700/~ in diameter) are seen clearly. 
Microtubules (mr) oriented parallel to the long axis of the neurite, rough endoplasmic reticulum 
(er) which appears to be more prevalent than in epidermal neurites, ribosomes and mitochondria 

are present. 34000 • 
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Figs. 12-15. Different profiles of basal reserve cells some of which may have begun differenti- 
ation into other cell types. Fig. 12. Basal reserve cell containing a centrally located nucleus 
with a prominent  nucleolus. Ribosomes are the most predominant  cytoplasmic structure. 
Few mitochondria (m), occasional segments of rough endoplasmie reticulum (er), droplets 
(about 0.4 ~ in diameter) of moderate density and larger, dense droplets (0,7 ~ in diameter) 
similar to those seen in neurosecretory and neurosensory cells are in the cytoplasm. Long, 
narrow cytoplasmic extensions (arrow) are also observed. 22200 •  Fig. 13. Basal reserve cell 
located adjacent  to the myonemes (my) of a digestive cell. Note t ha t  the cell has two pro- 
cesses (arrows). Mitochondria and ribosomes represent the most conspicuous structures. 

Mesoglea-me; epithelio-muscular cell-ep. 15400• 
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Fig. 13 

and basal regions. I t  is not known whether there is definitely a similar distribution 
and concentration of nerves in the gastrodermis. I t  has been observed, however, 
that  in the epidermis of the hypostome where neurosecretory cells accumulate, 
gastrodermal neurosecretory cells are also seen in the identical region (Fig. 7). 
Also, neurosecretory cells occur in the basal disk, but these cells contain fewer 
secretory droplets than those in the hypostome. Neurosecretory cells are also 
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Figs. 14 and 15. Fig. 14. Slightly elongated basal reserve cell completely surrounded by 
digestive cells (dc). The oval-shaped nucleus contains a prominent nucleolus. Numerous 
ribosomes, few mitochondria and large dense droplets (up to 0.8 ~z in diameter) are present 
in the cytoplasm. 15400• Fig. 15. Basal reserve cell with three cytoplasmic extensions 
(only one of which is shown; see arrow). The cell is surrounded partly by digestive cells (dc) 
and also by neurites of neurosecretory and/or neurosensory cells (ns). The cytoplasm is 

typical of epidermal interstitial cells. 15400• 
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Fig. 15 

found in the gastrodermis of the basal disk, and as in the case of their epidermal 
counterparts, they contain few secretory droplets (Fig. 8). 

Neurites of epidermal neurosecretory cells and neurosensory cells are similar 
structurally and at the present time cannot be identified as belonging to a specific 
cell type unless the cell bodies are also included in the sections examined. The 
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Fig. 16. Portion of a degenerating neurite in the gastrodermis (arrows). It  contains dense 
secretory droplets (700-900 A in diameter), mitochondria and membranous debris. Digestive 

cell~dc; Mesoglea m. 28600• 

same difficulty is true for gastrodermal nerve cells. Figs. 9-11 show neurites 
which may be from neurosecretory and/or neurosensory cells. They are similar to 
epidermal neurites in that  they contain membrane-bounded neurosecretory 
droplets (ranging from 700-1700 A in diameter) of various densities, microtubules 
oriented parallel to the long axis of the neurite, few mitochondria and ribosomes. 
Some of the gastrodermal neurites contain more rough endoplasmic reticulum 
than is normally observed in epidermal neurites (Fig. 9). Another peculiarity 
is that  some neurites approach the limits of the mesoglea (Fig. 10) and therefore 
contribute to the mesogleal boundary. 

The origin of gastrodermal nerve cells appears to involve basal reserve (or 
basophilic) cells. These cells are located immediately adjacent to myonemes at  the 
bases of digestive cell (Figs. 12-13) or may lie deeper within the gastrodermis 
(Figs. 14-15). Accordingly, they are surrounded completely by digestive cells 
(Figs. 12-14) or part ly by digestive cells and other nerve cells (Fig. 15). The 
nucleus is usually centrally located and contains a prominent nucleolus (Figs. 12, 
14). The cytoplasmic contents resemble those of interstitial (epidermal) cells, in 
that  there are numerous free ribosomes, few mitochondria and short segments of 
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rough endoplasmic reticulum. In  addition, droplets of various densities (approxi- 
mately 0.7~ in diameter) are also present in the cytoplasm (Figs. 12, 14). Although 
these cells have been designated as basal reserve cells, they may represent actually 
early stages of differentiating cells. This may  be assumed from the appearance gf 
long, narrow, single cytoplasmic extensions and also cells which contain two or 
more such processes (Figs. 12-15). 

As in the cases of epidermal nerves, gastrodermal nerves die and are sloughed 
off apparently at  the extremities, that  is, at  the mouth, tips of the tentacles and 
basal disk. A portion of a degenerating neurite is shown in Fig. 16. I t  contains 
secretory droplets (700-800/~ in diameter) typical of neuroseeretory and neuro- 
sensory cells, mitoehondria and dense membranous debris. 

Discussion 

This preliminary report has presented ultrastructural evidence for the exist- 
ence of nerve cells in the gastrodermis of Hydra. The identification of these nerve 
cells is based on the ultrastructural criteria used for recognizing epidermal nerves. 
Using these criteria, two types of nerve cells are identified neuroseeretory and 
neurosensory cells which are structurally indistinguishable from their epidermal 
counterparts. These cells are also located in a similar position as most epidermal 
nerves, that  is, they are observed immediately adjacent to the myonemes. In 
this case, however, the myonemes are circularly arranged and constitute the 
basal portions of digestive cells. As a result of this location, they are surrounded 
mostly by digestive cells and part ly by other nerve cells. 

I t  is entirely possible tha t  the third type of nerve cell found in the epidermis-- the 
ganglionic cell--also exists in the gastrodermis. The present report, however, has 
not confirmed their existence. The question arises as to the presence of other 
nerve cells which may  be structurally dissimilar to epidermal nerves. The pos- 
sibility seem unlikely in view of the fact that  the gastrodermis contains only 
a few cell types, all of which have been identified histologically and ultrastruc- 
turally. 

The definite existence of gastrodermal nerve cells raises other important  
questions. For example, are gastrodermal nerve cells concentrated in the hypo- 
stoma and basal disk as are epidermal nerves ~. Are there connections between 
the epidermal and gastrodermal nerves ? What  are the functions of the gastro- 
dermal nerves ? What  is the origin of the gastrodermal nerves ~. Some of these 
questions cannot be answered with any degree of certainty at  the present time 
and others will be approached with only limited evidence. 

Gastrodermal nerves are present in the hypostome and basal disk (Figs. 7, 8). 
In  several instances, nerve cells from both cell layers of the hypostome are ob- 
served in the same mierograph (Fig. 7). Occasionally, single nerve cells were seen 
in the remaining body regions. According to Hyman  (1940), there are indications of a 
gastrodermal plexus, but tha t  this plexus contains fewer and smaller cells than the 
epidermal plexus. If  the latter par t  of the above statement is correct, then this may  
explain the difficulty in studying and identifying gastrodermal nerve cells and 
the present uncertainty as to whether there is a similar distribution and concen- 
tration of nerve cells in the gastrodermis as in the epidermis. 
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I t  has been suggested tha t ,  a t  least  in some types  of coelenterates ,  ep ide rmal  
and  gas t rode rmal  nerve cells ex tend  into the  mesoglea,  con tac t  each o ther  and  
therefore  es tabl ish some degree of communica t ion  among all nerve cells (Hyman ,  
1940). I t  is uncer ta in  whether  this  s i tua t ion  occurs in Hydra. Studies  on the  
ep idermal  nerve indicate  t h a t  nerve cells of this  layer  are a lways  sur rounded  by  the 
myonemes  of the  epi the l io-museular  cells (Lentz,  1966 ; Davis ,  Bu rne t t  and  Haynes ,  
1968). None of these inves t iga t ions  showed nerve ceils i m m e d i a t e l y  border ing or 
t ravers ing  the  mesoglea.  Unlike the  ep idermal  nerves,  gas t rode rmal  nerve cells 
ex tend  to the  l imits  of the  mesoglea (Figs. 6, 10). Al though  the  presen t  evidence 
does not  show a n y  cont inui t ies  th rough  the  mesoglea,  i t  would seem t h a t  if such 
s t ruc tu ra l  condi t ions do exist ,  the  gas t rodermal  nerve cells m a y  be p r imar i ly  
involved.  

I t  has been suggested t h a t  nerve ceils control  growth  and  cellular differen- 
t i a t ion  in Hydra (Burne t t  and  Diehl,  1964b; Davis ,  Burne t t  and  Haynes ,  1968; 
Lentz ,  1966). These functions,  however,  are ascr ibed  genera l ly  to ep idermal  
nerves.  The precise funct ion of gas t rodermal  nerves  is no t  known.  Since growth  
and  cellular d i f ferent ia t ion  also occur in the  gas t rodermis ,  i t  m a y  be t h a t  some 
of the  funct ions of the  nerves  are involved  in the  control  of these processes. 

F ina l ly ,  the  origin of gas t rode rmal  nerve cells should be considered.  I t  has 
been shown t h a t  two of the  three  t ypes  of ep idermal  nerves  (ganglionic and  neuro- 
sensory cells) arise exclusively f rom in te rs t i t i a l  cells, and  i t  has been assumed t h a t  
neurosecre tory  cells also have  a s imilar  origin (Lentz,  1966; Davis ,  1969; Davis,  
1971). Reference was made  earl ier  concerning the s t ruc tu ra l  s imi la r i ty  between 
in te rs t i t i a l  cells and  basa l  reserve (or basophil ic)  cells found in the  gas t rodermis .  
This  s imi lar i ty ,  toge ther  wi th  the  fact  t h a t  both  cell t ypes  are capable  of division 
and  di f ferent ia t ion  into  o ther  cell t ypes  (Rose and Burne t t ,  1968, 1970) allows 
one to consider  the  basal  reserve cells as embryonic  cells. Accordingly ,  the  basa l  
reserve cells seem to be the  most  l ikely cell t y p e  f rom which gas t rodc rmal  nerve 
cells originate.  

I t  is clear from the  foregoing discussion t ha t  a l though cer ta in  ga s t rode rma l  
nerve cells have  been ident i f ied  u l t r a s t ruc tu ra l ly ,  l i t t le  is known concerning o ther  
possible types  of nerve cells, the i r  d is t r ibut ion ,  funct ion,  origin and  associat ion 
with  ep idermal  nerves.  The evidences presented  in this  pape r  for the  defini te  
existence of gas t rodermal  nerves  will require  fu ture  studies in be t t e r  under s t and ing  
the  nervous  sys tem of Hydra. 
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