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Summary. The neural circuit that controls the hearts in the leech comprises an 
ensemble of  synaptically interconnected cardiac motor  neurons (HE cells) and 
cardiac interneurons (HN cells). Both the HE cells and the H N  cells constitute 
segmentally homologous sets. We have investigated the structure of  these 
neurons by iontophoretic injection of  Lucifer Yellow dye. 

Bilateral pairs of  HE cells have been identified in segmental ganglia 3-19 of  
the nerve cord. Their structure was found to be nearly identical from ganglion to 
ganglion and from animal to animal. 

Bilateral pairs of  HN cells have been identified in segmental ganglia 1-7 of  
the nerve cord. Their dendritic structure was found to vary from ganglion to 
ganglion. These segmental differences among H N  cells were observed 
consistently from animal to animal. Some of  the segmental differences in H N  
cell structure correlate with previously described physiological differences. 

Key words: Neuronal structure - Segmental homologues - Cardiac motor  
neurons - Cardiac interneurons. 

The nervous systems of certain invertebrates contain serially repeated neurons with 
remarkably constant properties (Bullock and Horridge 1965). Such neurons are 
said to be serially homologous or, in the special case where the neurons are 
associated with serially repeated body segments, segmentally homologous. There 
are several recent reports, however, which indicate that the constancy among serial 
homologues does not extend to all morphological and physiological properties 
(Mittenthal and Wine 1973; Thompson and Stent 1976b, c; Wilson 1979; Spitzer et 
al. 1979). We demonstrate here that a set of  segmentally homologous interneurons 
in the leech shows consistent segmental differences in dendritic structure, some of  
which are correlated with known physiological differences, while their associated 
set of  motor  neurons does not. 
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Fig. 1. A Ventral surface of a typical gang- 
lion 3 in the medicinal leech. The approxi- 
mate positions of the cell bodies of 
HE and HN in the ganglion are indicated. 
B A hemilateral circuit diagram showing 
synaptic connections of the identified HN 
cells with the anterior HE cells. C A bilat- 
eral circuit diagram showing the inhibitory 
synaptic interactions among the identified 
HN cells. Broken lines represent con- 
nections thought to exist from indirect 
evidence 

The leech Hirudo medicinal& is a segmented worm. Its nervous system is 
composed  of  a chain o f  21 segmental ganglia. All except two, which are associated 
with the genitalia, are essentially identical and contain approximately 400 cells 
(Macagno  1980). The segmental ganglia are interconnected by bilaterally paired 
connectives and an unpaired medial connective. At  either end of  this nerve cord are 
two enlarged ganglionic masses, the head brain and the tail brain. The two brains 
are made  up of  fused segmental ganglia. M a n y  identified neurons have been shown 
to exist in each segmental ganglion and are thus thought  to be segmentally 
homologous .  The structure and physiology of  some of  these neurons have been 
extensively studied. Those studied include the mechanosensory cells T, P, and N 
(Nicholls and Purves 1970; Yau  1976b; Muller 1979), mo to r  neurons such as the 
Retzius cell (Lent 1973), the A E  cell (Stuart  1970) and the L cell (Stuart  1970; 
Nicholls and Purves 1970), and interneurons such as the S cell (Muller 1979) and cell 
204 (Weeks and Kris tan 1978). These studies indicate that  both  the structure and 
physiological properties o f  segmental homologues  are remarkably constant.  
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The neuronal circuit that controls the hearts in the leech comprises an ensemble 
of synaptically interconnected cardiac motor neurons (HE cells) and cardiac 
interneurons (HN cells) (Thompson and Stent 1976a, b, c; Calabrese 1977). A 
bilateral pair of HE cells has been identified on the ventral surface of the segmental 
ganglia 3-19 (Thompson and Stent 1976 a). Figure 1A is a schematic diagram of the 
ventral surface of a typical ganglion 3 showing the approximate positions of the HE 
cell bodies. The electrical activity recorded in the cell body of the HE cells and the 
physiological functions of the HE cells do not vary significantly from ganglion to 
ganglion (Thompson and Stent 1976a). 

A set of cardiac interneurons, the I-IN cells, controls the HE cells via inhibitory 
synapses. A bilateral pair of HN cells has been identified on the ventral surface of 
each segmental ganglion 1-7 (Thompson and Stent 1976 b; Calabrese 1977). Figure 
1A shows the approximate position of the t-IN cell bodies in a typical ganglion 3. 
HN cells make inhibitory monosynaptic contact with ipsilateral HE cells 
(Thompson and Stent 1976 b; Nicholls and Wallace 1978). Figure 1 B is a schematic 
diagram of HN cell to HE cell synaptic interactions. 

The I-IN cells also interact among themselves by inhibitory synapses (Fig. I c) and 
electrical junctions (Thompson and Stent 1976c; Calabrese 1977). The HN cells 
show segmental differences in their physiology: in the type of electrical activity 
recorded in their cell bodies, in their synaptic connections with other neurons of the 
network, and in their ability to produce rhythmic impulse bursts endogenously 
(Thompson and Stent 1976b, c; Calabrese 1977; Calabrese 1979). 

For example, while the majority of HN cells receive synaptic input and initiate 
rhythmic impulse bursts in their ganglion of origin, cells HN(1) and HN(2) do not 
(Thompson and Stent 1976b, c; Calabrese 1977). 

The segmental differences in the known input and output connections and in the 
electrical properties of the HN cells suggest that there should be correlated 
structural differences. 

Materials and Methods 

Specimens of Hirudo medicinalis were purchased from commercial suppliers and maintained before use 
in aquaria at 15 ~ C. All experiments were carried out on isolated nerve cord preparations. Dissection and 
maintenance of the preparation and the method of electrical recording and stimulation have been 
described elsewhere (Thompson and Stent 1976a). Within a given segmental ganglion, HE and HN cells 
were identified by the position of their cell bodies, by their characteristic impulse burst pattern and by 
their synaptic output (Thompson and Stent 1976a, b, c; Calabrese 1977). 

Microelectrodes were pulled from thin walled omega dot electrode glass (Fredric Haer Inc., 
Brunswick, Maine) on a modified Livingston puller. The tips were filled by dipping the back end of the 
micropipette in a 5 ~ solution of Lucifer Yellow (Stewart 1978). The remainder of the micropipette was 
filled by an injection ofa 2M LiCI solution. Electrode resistances were in the range of 80-120 Mohm as 
measured in physiological saline. 

The cell to be stained was impaled with a Lucifer Yellow microelectrode and identified. The dye was 
then iontophoresed into the cell by passing a steady hyperpolarizing current of greater than 3nA. 
Injection of the dye normally lasted 15 min, but many injections of shorter duration still produced good 
staining. Crushing the nerves enhanced the staining of the fine dendrites of the heart motor neurons, 
presumably because it restricted the dye to the ganglion. 

After dye injection the ganglia were stretched out in saline on a flat glass slide to make a whole 
mount preparation. No fixitive was used. A coverslip was placed over the preparation for better viewing. 
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The preparation was then viewed and photographed through a Zeiss Universal Microscope with UV 
transillumination. Excitation was accomplished with light from a mercury arc UV lamp passed through 
the excitation filters BG3 and BG12. The light passed through the preparation and then through barrier 
filters numbered 50 and 44 before viewing or photographing. 

Photographs were taken with Kodak Tri-X Pan film developed with Microdol-X in the 
recommended manner and printed on Kodak Polycontrast RC paper. Since normal printing would 
produce a white image on a black background, we usually printed an inverted image and then made a 
contact print of it on another sheet of paper. Thus the image appears black on a white background but 
with the same register as appeared in the microscope. The drawings were made by projecting the 
negatives through an enlarger onto a piece of paper and tracing the processes and cell body of the 
neuron. 

Previous to this study both the HE cells and the HN cells were judged to constitute segmentally 
homologous sets because of similarities in cell body position within the segmental ganglia and in certain 
physiological properties (Thompson and Stent 1976a, b, c; Calabrese 1977; Calabrese 1979). In the final 
analysis, however, all judgements of serial homology should be made on developmental criteria. In 
certain invertebrates with defined cell lineage throughout most of development, serially homologous 
neurons have been shown to arise from serially repeated neuroblasts by parallel lineage pathways 
(Sulston and Horwitz 1977; Spitzer et al. 1979). Such observations may eventually be possible for the 
neurons of the leech (Weisblat et al. 1980) and would seem to constitute definitive proof of homology. 
Short of a developmental demonstration, homology is best attributed on the basis of as large a number of 
morphological and physiological criteria as possible. Mittenthal and Wine (1978) have described three 
morphological criteria which seem particularly useful: relative position and size of the cell body in the 
segmental ganglion, axon course, and branching pattern of the neuropillar arborizations. In view of the 
extreme regularity of the leech's segmental ganglia (Macagno 1980), relative position and size of the cell 
body appears to be a particularly useful criterion for segmental homology in the leech. To the extent that 
the HE cells and HN cells are shown in this study to conform to these three criteria, the argument for 
serial homology will be strengthened. Although it will be shown that the HN cells differ from one another 
on the third criterion, it is argued in the Discussion that they are still segmental homologues. 

Results 

Cardiac Motor Neurons 

We investigated the structure of the HE cells by intracellular injection of Lucifer 
Yellow dye. The HE cells observed were found to be remarkably similar in structure 
from segment to segment (Table 1). Fig. 2 shows the structure of HE cells in an 
anterior ganglion, a midbody ganglion, and a posterior ganglion, the lower right 
photograph showing the fine dendritic branches of cell HE (R, 16). 

The HE cell body lies on the anterior ventral surface of the ganglion and is 
relatively large, about 30M0 gm. A single large neurite protrudes from the posterior 
pole of the cell body and proceeds in a lateral anterior direction. Very shortly after 
leaving the cell body, this process bends medially to form a complete semicircle. The 

Table 1. Number of cardiac motor neurons stained in each ganglion 

Ganglion Number 3 4 5 6 7 8 14 15 16 18 

Number of cells stained 12 12 3 4 6 5 3 5 1 3 
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same major process then continues straight to the ipsilateral anterior nerve in which 
it leaves the ganglion. Most of  the dendritic processes of  the neuron branch off the 
main neurite on its medial side and proceed toward the midline of the ganglion. 
These processes ramify into many fine branches that end either at or near the 
ganglionic midline and form a uniplanar sheet near the dorsal surface of  the 
ganglion. Some cross the midline but rarely protrude very far into the contralateral 
side of  the ganglion. On only two occasions was a process observed to cross deeply 
into the contralateral side of  the ganglion. One of  these HE cells is shown in the 
upper left photograph of Fig. 2. The presynaptic fibers from H N  cells onto HE cells 
run in the ipsilateral interganglionic connectives from anterior ganglia (Thompson 
and Stent 1976b). These connectives traverse the ganglion on the dorsal side. The 
HE cell dendrites extend into this region of  fibers, where they presumably receive 
synaptic input. Some dendrites branch off  the lateral surface of  the main neurite but 
quickly bend toward the ganglionic midline. 

The H E  Cells are Consistent in Structure f rom Animal to Animal 

Drawings (Fig. 3) of nine HE cells, each from a different animal, stained with 
Lucifer Yellow, three from an anterior ganglion, three from a midbody ganglion, 
and three from a posterior ganglion, ganglia 3, 8, and 15, respectively, show that the 
HE cells are consistent in structure from animal to animal. Rarely (in 2 out of  54 
stains of  HE cells) was an HE cell found to have an additional axon exiting in the 
posterior ipsilateral nerve. One of  these cells is illustrated in Fig. 4. In both cells the 
most posterior dendrite not  only bent toward the midline but also sent a branch out 
the posterior ipsilateral nerve. These supernumerary axons were in both cases 
smaller in diameter than the main axon. 

Cardiac lnterneurons 

We also determined the intraganglionic structure of  the H N  cells by injection of  
Lucifer Yellow dye. Unlike the HE cells, the dendritic structure of  the H N  cells was 
found to vary from ganglion to ganglion. The photographs of  figures 5 and 6 show 
the intraganglionic structure of  the identified HN cells. The structure of  the H N  cell 
body and of  its major neurite is very similar from ganglion to ganglion. The H N  cell 
body is small, 10 to 20 Ixm in diameter, and is located on the posterior edge of  the 
ventral surface of  the ganglion. The major neurite of the H N  cell progresses 
anteriorly and medially from the cell body, traveling about one quarter of the length 
of  the ganglion before it bends dorsally. As it proceeds dorsally, the neurite curves 
around, forming an open loop, and then moves straight toward the ipsilateral 
posterior connective where it exits the ganglion as the intersegmental axon. The 
segmental differences in the structure of  HN cells occur in the organization of  their 
dendritic arborizations. 

Cell HN(1) has a dendritic tree that consists of only one main branch. This 
branch leaves the main neurite at its most anterior extent and progresses anteriorly 
toward the brain. The main branch traverses about half the length of  the ganglion 
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Fig. 2. HE cells from three different ganglia. Upper left panel, cell HE(R,3) dorsal view. Upper right 
panel, cell HE(R,8) dorsal view. Lower left panel, cell HE(R,16) ventral view. Lower right panel, an 
enlargement of the lower left panel showing the medial dendritic region of cell HE(R,16). Anterior is 
upward in each case 

before  b i furca t ing  into  two smal ler  branches  which run medial ly ,  giving off  finer 
b ranches  before  ending  at  the midline.  

Cell  HN(2)  has the character is t ic  ma in  neuri te  o f  H N  cells bu t  possesses no 
dendr i t ic  tree in its own gangl ion.  In  only one o f  nine p repa ra t ions  did  cell HN(2)  
have a dendr i t ic  b ranch  (Fig.  7). In  this case the b ranch  progressed  a b o u t  3/4 o f  the 
length o f  the gangl ion and  t e rmina ted  wi thou t  fur ther  a rbor iza t ion .  
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Fig. 3. Drawings of HE cells from three different ganglia. Upper row, cell HE(3) from three different 
animals. Middle row, cell HE(8) from three different animals. Bottom row cell HE(15) from three 
different animals. The individual neurons depicted here do not include those of Fig. 2. All drawings are 
dorsal views with anterior upward 

Cell  HN(3)  has  a vas t  and  highly  ramif ied  dendr i t ic  tree which can be d iv ided  
into  three m a j o r  regions.  These divisions a id  in the c o m p a r i s o n  o f  its s t ruc ture  wi th  
that  o f  o ther  H N  cells. 1) The anterior branch: This m a j o r  b ranch  leaves the ma in  
neuri te  a t  its mos t  an te r io r  extent,  as does the dendr i te  o f  cell HN(1) ,  and  proceeds  
a lmos t  to the an te r ior  end  o f  the gangl ion,  curving sl ightly la tera l ly  at  the tip. Al l  o f  
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Fig. 5. HN cells from the first three anterior ganglia. Upper left panel, cell HN(L,1) dorsal view. Upper 
right panel, cells HN(L,2) and HN(R,2) dorsal view. Lower left panel, cell HN(R,3) dorsal view. Lower 
right panel, enlargement of the lower left panel showing the anterior and lateral anterior branches of cell 
HN(R,3). Anterior is upward in each case 
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Fig. 6. HN cells in ganglia 4 through 7. Upper left panel, cell HN(L,4) dorsal view. Upper right panel, 
cell HN(L,5) dorsal view. Lower left panel, cell HN~,6) ventral view. Lower right panel, cell HN~,7) 
dorsal view. Anterior is upward in each ease 

the processes of  this branch except one extend anteriorly or medially but do not  
cross the midtine. 2) The lateralanterior branch: This branch comes of f the  anterior 
branch about  halfway along its extent and proceeds laterally. The lower right 
photograph of Fig. 5 is an enlargement showing both the anterior branch and the 
lateral anterior branch of  cell HN(3). This photograph clearly shows the 



146 M.R. Shafer and R.L. Calabrese 

7 
"1- 

I 

Fig. 7. Drawings of  H N cells in ganglia 2 and 3. Upper  row, cell HN(2) from four different animals. 
Lower row, cell HN(3) from four different animals. The individual neurons depicted here do not  include 
those in Fig. 5. All drawings are dorsal views with anterior upward 
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varicosities in these processes, which are probably presynaptic terminals or 
"synaptic boutons" (Muller 1979). 3) The medial dendritic arbor: This is a mass of 
dendrites that branch off the main neurite along most of  its intraganglionic extent. 
These branches progress to the midline region of the ganglion, where they ramify 
profusely. Like the dendrites of  HE cells, those of the H N  cell medial dendritic 
arbor form a uniplanar sheet. Some of these dendrites were seen to cross the 
ganglionic midline marked off by the connective fibers passing through the middle 
of  the ganglion. 

Sometimes HN(3) cells were observed to have a major process originating from 
very close to the cell body. The HN(3) cell shown in the lower left photograph of  
Fig. 5 had such a process, which contributed to the medial dendritic arbor. In other 
HN(3) cells, this process was also observed to proceed anteriorly and end near the 
lateral anterior branch. 

Cell HN(4) is similar in structure to cell HN(3). The main neurite is nearly 
identical therewith as is the medial dendritic arbor. The major difference between 
the two HN cells lies in the anterior branch. That  of  cell HN(4) is only about half the 
length of the one associated with cell (HN(3), and at its most anterior extent it bends 
medially to contribute to the medial dendritic arbor. Cell HN(4) has no lateral 
anterior branch, but it usually has a second, smaller anterior branch that ramifies in 
the area corresponding to the terminal area of the lateral anterior branch of cell 
HN(3). 

Cell HN(5) has all the major dendritic regions described for cell HN(3), but 
these regions differ in their fine structure. The major differences lie in the anterior 
branch, which ramifies heavily both medially and laterally in cell HN(5). The 
anterior lateral branch also ramifies more extensively and the medial dendritic 
arbor is more diffuse. 

Cell HN(6) has all of  the major dendritic branches described for cell HN(3). 
However the anterior branch does not extend as far forward. In addition, branches 
originating from either close to the cell body or near the anterior branch ramify in 
the region of  the anterior lateral branch. 

Cell HN(7) is very similar to cell HN(4). Its most characteristic feature is a small 
anterior branch that contributes to the medial dendritic arbor. 

Consistency of Structure of HN Cells Among Specimens 

The segmental differences in HN cell dendritic structure were consistently observed 
from animal to animal. The drawings of Figs. 7 and 8 illustrate the variability in the 
HN cell dendritic structure from animal to animal for four different H N  cells. These 
drawings were chosen to demonstrate the maximal variability observed. Similar 
variability in dendritic structure, but on a smaller scale, was observed for the other 
HN cells. In total, 50 HN cells were stained with Lucifer Yellow, including at least 
three from each segmental ganglion (Table 2). While it is apparent from the 
drawings in Figs. 7 and 8 that there is some variability in the dendritic structure of a 
given HN cell from animal to animal, this variability does not obscure the 
differences seen in HN cell structure from segment to segment. 
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32 
Fig. g. Drawings of  HN cells in ganglia 4 and 7. Upper row, cell HN(4) from four different animals. 
Lower row, cell HN(7) from four different animals. The individual neurons depicted here do not include 
those in Fig. 6. All drawings are dorsal views with anterior upward 
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Table 2. Number of cardiac interneurons stained in each ganglion 
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Ganglion Number 1 2 3 4 5 6 7 

Number of cells stained 3 9 14 10 3 5 6 

The variability in structure of the HN cell from animal to animal is most 
apparent in the fine branches, but some differences in major branches do occur. As 
might be expected from the simplicity of  its structure, cell HN(2) shows little 
variability from animal to animal. However, as mentioned above, one out of  nine 
HN(2) cells stained possessed a small anterior going branch. Cell HN(3) shows the 
greatest variability from animal to animal. For  example, all the HN(3) cells stained 
have at least one anterior branch, but in 3 out of 14 cells there is a second anterior 
branch. In these cells the anterior branches always extend to the same point and 
ramify in the same area. The first drawing in the lower row of  Fig. 7 illustrates an 
example of an HN(3) cell with more than one anterior branch. The anterior branch 
of some HN(3) cells does not send processes to the midline, and others have more 
than one anterior lateral branch. In some HN(3) cells branches from the main 
neurite ramify in the area of  the lateral anterior branch. Therefore, the HN(3) cell 
always ramifies in the same regions but with varying numbers and types of  branches. 
Cells HN(4) and HN(7) (Fig. 8) display some variability in their anterior branch. 
Some end by sending all their processes medially to contribute to the medial 
dendritic arbor, while others ended by sending a few short processes in all 
directions. The rest of the main dendritic branches show little variability. 

The Correlation of Structural Difference Between Cells HN(3) and HN(4) with 
Physiological Differences 

Cell HN(3) connects monosynaptically to ipsitateral cell HE(3) (Thompson and 
Stent 1976b; Nicholls and Wallace 1978) while cell HN(4) does not connect to 
ipsilateral cell HE(4) (Thompson and Stent 1976b) (Fig. 1 B). Fig. 9 shows drawings 
of  double stains of an H N  cell and the ipsilateral HE cell in both ganglia 3 and 4. 
Two such double stains were made for each ganglion. These show that the longer 
anterior branch of  cell HN(3) has medially directed processes that clearly 
interdigitate with and appear to contact the medially directed processes of  the 
ipsilateral cell HE(3). The medially directed processes of  the anterior branch of  cell 
HN(4) have a smaller area of  overlap with the medially directed processes of  its 
ipsilateral HE cell. On close examination the dendrites of  the ipsilateral cells HN(4) 
and HE(4) were seen to be in two different horizontal planes with no apparent 
contact between their processes. Clearly, if there is no physical contact between the 
processes of  cell HN(4) and those of ipsilateral cell HE(4), there cannot be any 
monosynaptic connections between them. On the other hand, the close appositions 
between the processes of cell HN(3) and the ipsilateral cell HE(3) are likely to be the 
sites of  their monosynaptic connection. 
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/" HN(R,3) 

Fig. 9. Drawings of an HN cell and the ipsilateral HE cell in the same ganglion. Left panel, cells HN(R,3) 
and HEOR,3). Right panel, cells HN(R,4) and HE(R,4). The a r r o w s  point to the anterior branches of the 
HN cells. Drawings are dorsal view with anterior upward 

Discussion 

Cardiac Motor Neurons 

In each segment in which they occur, the HE cells are remarkably similar in 
structure. The constant structure of the HE cells is consistently observed from 
animal to animal and is reflected in their constancy of  function and in the similarity 
of  the electrical activity recorded in their cell bodies. These motor neurons do show 
segmental differences in the number and origin of their synaptic inputs (Fig. 1), but 
no structural correlate was apparent in our stains. However, possible minor 
segmental differences in the density of  their arborizations, which might correlate 
with the synaptic differences, have not been eliminated. Only rarely did we observe 
any dramatic alterations in structure of  the type illustrated in Fig. 4. 

Cardiac Interneurons 

While the HN cells vary in structure from segment to segment, these segmental 
differences are consistently observed from animal to animal. Some of the segmental 
differences in structure reflect differences in the function, synaptic connections, 
and/or electrical properties of  the HN cells. The absence of  synaptic input and of a 
rhythmically active site of impulse initiation in the ganglion of  origin of  cells HN(1), 
and HN(2) (Thompson and Stent 1976b, c; Calabrese 1977) is reflected in the 
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sparseness of their dendritic tree in that ganglion. The lone dendritic branch of cell 
HN(1) may be vestigial or may be the site of hitherto undiscovered synaptic output. 

Cells HN(3) and HN(4) show similar electrical activity and have similar input 
and output connections. However, cell HN(3) connects monosynaptically with the 
ipsilateral cardiac motor neuron in its own ganglion (Thompson and Stent 
1976b, c; Calabrese 1977; Nicholls and Wallace 1978), while cell HN(4) does not. 
This difference is reflected in the former by the presence of a well-developed 
anterior branch that projects into the dendritic arbor of the ipsilateral cell HE(3). 
Such a branch is not present in cell HN(4). 

Although some of the segmental differences in the dendritic structure of the HN 
cell seem explicable by the known differences in physiology, several of these structural 
differences have no apparent physiological basis. Both cell HN(5) and cell HN(6) 
have well-developed anterior branches, although neither makes direct synaptic 
contact to the ipsilateral cardiac motor neuron in its own ganglion (Thompson and 
Stent 1976b). Furthermore, some obvious physiological differences among the 
cardiac interneurons are not reflected in their gross dendritic structure. Cells HN(3) 
and HN(4) inhibit their contralateral homologues in their own ganglion 
(Thompson and Stent 1976c). Since the medial dendritic arbor of HN cells 
represents the only possible site of physical contact between bilateral homologues, 
it is likely to be the site of the synaptic interaction. However, the medial dendritic 
arbors of cells HN(6) and HN(7) appear as well-developed as those of cells HN(3) 
and HN(4), yet these interneurons do not synapse with their contralateral 
homologues (Thompson and Stent 1976c; Calabrese 1977). Presumably the medial 
dendritic arbor of an HN cell is the site where descending axons of other HN cells 
synapse, as well as the site of synaptic interaction between bilateral homologues. 

Other Neurons of the Leech 

Other identified neurons in the segmental ganglia of the leech, such as the sensory 
cells T, P, and N (Nicholls and Purves 1970; Yau 1976b; Muller 1979) and the 
motor neurons, the Retzius cell (Lent 1973), and the AE cell (Stuart 1970) all display 
little or no segmental variation in structure or in synaptic contacts with other cells. 
The HE cells fit into this general class of cells. However, unlike the other 
segmentally homologous neurons, HE cells do not occur in the first two or last two 
segmental ganglia (Thompson and Stent 1976). 

The HN cells are members of a different class of identified cells in the leech: they 
exist in relatively few ganglia and vary in both synaptic contacts and in dendritic 
structure from ganglion to ganglion. Another identified interneuron, the S cell 
(Muller 1979), shows segmental differences in its site of synaptic contact with other 
S cells. Other neurons also occur in relatively few ganglia. Certain monoamine- 
containing and enkephalin-containing neurons (Zipser 1980) seem to occur in a 
restricted number of ganglia, and an entire constellation of neurons associated with 
the genitalia is restricted to the fifth and sixth segmental ganglia (Zipser 1979; 
Macagno 1980). Both the Retzius cells (Wilson and Lent 1973) and the T, P and N 
sensory neurons (Yau 1976a) of the head brain show some differences in structure 
from the homologues in the segmental ganglia. 
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Other Invertebrate Neurons 

Variat ion in the structure o f  segmentally homologous  neurons has been uncovered 
in other  invertebrate nervous systems. In crayfish, the giant fast flexor m o t o r  
neuron shows segmental variat ion in its dendritic fine structure that  corresponds 
with the presence or  absence o f  synaptic input f rom the lateral giant interneuron 
(Mittenthal  and Wine 1973). 

In grasshoppers an identified interneuron, the H cell, varies considerably in 
structure f rom ganglion to ganglion. The H cells derive f rom segmentally 
homologous  neuroblasts  by parallel lineage pathways.  Their structural variat ion 
results f rom a segmental variat ion in the developmental  p rogram that  gives rise to 
them. Their segmental variat ion in structure correlates with segmental variat ion in 
the electrical excitability o f  their cell bodies (Spitzer et al. 1979). Some thoracic 
m o t o r  neurons o f  the grasshopper  also show segmental variat ion in their structure 
(Wilson 1979). 

Despite the examples cited above, uniformity in the structure o f  segmentally 
homologous  neurons appears to be the rule in other invertebrates (Wine et al. 1975; 
Mittenthal  and Wine 1978; Wilson 1979) as it is in the leech. 

Conclusion 

The H N  cells o f  the medicinal leech display considerable segmental variat ion in 
their structure and physiology. However,  they have certain similarities which 
indicate that  they are segmental homologues :  They are functionally related, and the 
posit ions o f  their cell bodies within the segmental ganglia and the form o f  their main 
neurites are similar. I f  the H N  cells are developmentally related as these similarities 
suggest, then there must  be a developmental  sculpting o f  segmentally homologous  
precursor  cells to fit different physiological needs. 
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