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Abstract: Electron microscopy of the photoreceptors in the marine nematode, Deontostoma 
californicum, revealed numerous lamellated inclusions in the Schwann cells ensheathing the 
lateral cephalic nerves. Immediately after the axons from the modified bipolar neurons of the 
photoreceptors enter the lateral nerves, these spherical-to-oval lamellated bodies are observed 
in the surrounding Schwann cell cytoplasm. These previously undescribed Schwann cell in- 
clusions, approximately 500 nm long and 320 nm in diameter, are lamellated and character- 
ized by the presence of an electron-dense stalk-like process, 80-280 nm long. The lamellated 
inclusions are bound by a single limiting membrane, 6-7 nm thick, which shows occasional 
interruptions. The internal structure of the inclusions is characterized by the presence of 
electron-dense lamellae or bands, 11-16 nm thick, which assume various complex patterns 
ranging from arrays of parallel linear densities to a reticulate appearance. In addition, the 
nematode Schwann cell cytoplasm contains the usual organelles, gliosome- and lysosome-like 
inclusions. Their relationship with lipofuscin pigments is briefly discussed. Key Word: 
Neuroglia. 

Microbodies, cytosomes, or other electron- 
dense bodies have been observed by a num- 
ber of investigators in the cytoplasm of vari- 
ous cell types (11) .  Palay and Palade (13)  
noted dense bodies in the nerve cells of rats. 
Subsequently, inclusion bodies with varying 
internal structure and shape were noted both 
in the axoplasm and glial (Schwann cell) 
cytoplasm of several animals (9, 15, 19). 
Schlote and Hanneforth (19)  recorded sev- 
eral types of inclusion bodies in the neurons 
and glial cells of the gastropod, Helix 
pomatia, many of which possessed internal 
lamellae, spaced approximately 6 nm apart. 

The fine structure of the cockroach glio- 
somes, measuring 0.5 to 4.0 rt in diameter 
and possessing whorls of membranes inside, 
was first described by Pipa et al. (15) .  Glio- 
somes are reported to be distinct from mito- 
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chondria in their cytochemical stainability 
(14) .  In contrast, Srebro (22)  concluded 
that gliosomes were abnormal mitochondria. 
In a recent study on the development of 
gliosomes in cat neuroglia, Hashimoto (10)  
observed that during the first 4 to 10 days 
after birth many astrocytic mitochondria en- 
larged, their cristae dispersed peripherally in 
a finely homogeneous matrix, and finally 
transformed into gliosomes. The possibility 
of gliosomes being related to lipofuscin or 
"old-age" pigments has also been suggested 
(15) .  

The occurrence of inclusion bodies with 
membranous arrays or lamellated whorls has 
been observed in a wide variety of cell types. 
L a m e l l a t e d  inc lus ions  with " f inge rp r in t -  
like" patterns were reported from the sixth 
abdominal ganglion of crayfish (23) .  De- 
generative changes in the peripheral nervous 
system in several animals are known to be 
accompanied by varying degrees of myelin 
fragmentation, resulting in the formation of 
lamellated inclusions (1 ) ,  or myelin drop- 
lets (8 ) .  In particular, the occurrence of 
lipofuscin or "old-age" pigments accumulat- 
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ing in complex bands, hexagonal arrays, or 
membranous whorls in animal and human 
neuroglia and axons has been noted in sev- 
eral studies (2, 4, 7, 18). The terms "neu- 
roglia" and "Schwann cells" are used inter- 
changeably in the literature, just as astrocytes 
and oligodendrocytes of the central nervous 
system are homologous to the Schwann cells 
of the peripheral nervous system. With this 
consideration in view, the name "satellite 
cell" for both cell types has been suggested 
by Causey (3) .  

To date, studies on nematode neuroglia 
have dealt primarily with their gross mor- 
phology. Recently, Wright (24)  described 
the neuron-glial relationship in Trichurus 
myocastoris. However, the occurrence of 
lamellated bodies in nematode neuroglia or 
Schwann cells has not yet been reported. 
During our studies on the fine structure of 
photoreceptors in the marine nematode, 
Deontostoma calijornicurn, numerous lamel- 
lated inclusions were observed in the Sch- 
wann cell cytoplasm ensheathing the lateral 
nerve axons (20) .  Examination revealed 
that these inclusions differ from the normal 
cytoplasmic inclusions of the Schwann cells. 
A brief report concerning the occurrence of 
these inclusions in D. californicum was re- 
ported elsewhere (21) .  This paper describes 
the fine structure of the lamellated bodies and 
discusses their possible relationship to other 
Schwann cell inclusions. 

MATERIALS AND METHODS 

Adult D. californicum were obtained from 
holdfasts of the brown alga, Laminaria dig- 
itata, off Dillon Beach, California. The nem- 
atodes were fixed in 5% glutaraldehyde buf- 
fered with 0.1 M phosphate at pH 7.1 and 
postfixed in 1% osmium tetroxide. A de- 
tailed description of the tissue preparation 
for electron microscopy has appeared else- 
where (20) .  An Epon 812-Araldite 6005 

mixture was used for tissue embedding. Sec- 
tions were cut on a Porter-Blum MT-2 ultra- 
microtome, stained with uranyl acetate and 
lead citrate (16) ,  and examined with the 
RCA EMU-3E or G electron microscope. 

OBSERVATIONS 

In D. californicum, the neural elements in 
the peripheral nervous system consist of 
bundles of unmyelinated axons ensheathed 
by one or more Schwann cells which are in 
turn surrounded by a layer of fibrous connec- 
tive tissue or neural lamella (Fig. 1, 3).  The 
lateral cephalic nerve at the level of the 
ocelli measures 0.6 ~ in diameter. Axons 
and nerve fibers are ensheathed individually 
or in groups of two to five by the Schwann 
cells. The axoplasm consists of neurofila- 
ments, microtubules, bundles of dense fibrils, 
a few mitochondria and several irregularly 
distributed vesicles (Fig. 5) .  Each micro- 
tubule measures 16 nm in diameter. The 
axon-Schwann membranes, each 7 nm thick, 
are separated by a less-dense zone 18 nm 
wide. Occasionally, the axons are completely 
ensheathed by a fibrous layer, 30-160 nm 
thick, which resembles the neural lamella 
(Fig. 3, 5) .  

The cytoplasmic inclusions, here called 
"lamellated bodies" for descriptive purposes, 
occur in the Schwann cells ensheathing the 
axons and nerve fibers of the lateral cephalic 
nerve that innervates the photoreceptors and 
lateral cephalic papillae in D. californicum 
(Fig. 1). The Schwann cells surrounding 
the other four cephalic nerves and the pair 
of amphidial nerves lack these inclusions. 
The number of the lamellated bodies is great- 
est in the Schwann cells in the ocellar region; 
the axoplasm does not contain these inclu- 
sions. In both longitudinal and transverse 
sections, the lamellate bodies display spher- 
ical to oval profiles measuring from 200 to 
640 nm along the major axis and from 200 
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to 420 nm along the minor axis. They did 
not display any specific orientation in the 
cytoplasm. Approximately 16-33% of the 
lamellated bodies sectioned sagittally showed 
an electron-dense, stalk-like process, 80-280 
nm long (Fig. 2-4) .  

The lamellated inclusions are bounded by 
a single limiting membrane, 6-7 nm thick. 
Occasionally, the limiting membrane presents 
a scalloped appearance and is interrupted, 
thus enabling its internal interlamellar ma- 
trix to be continuous with the Schwann cell 
cytoplasm (Fig. 2, 5). In a lamellated body 
sectioned obliquely in the region of the stalk- 
like process, there is an uneven accumula- 
tion of electron-dense material along the 
limiting membrane (Fig. 2, 8). 

The internal structure of the sectioned 
lamellated body is variable, ranging from 
parallel bands to a reticulate or honeycomb 
pattern (Fig. 2-4) .  The lamellae or bands, 
11-16 nm thick, run parallel across the 
width and are separated by low electron den- 
sity interstices, 20 nm wide. Occasionally, 
the lamellae appear to run along two or more 
planes, thus resulting in profiles that display 
both parallel bands and a reticulate pattern 
(Fig. 2, 3). The term "lamella" is used 
here in a less restrictive sense to designate 
an electron-dense band which does not nec- 
essarily represent a unit membrane. Here 
the lamellae are often suggestive of bands 
resulting from the accumulation of a finely 
granular material (Fig. 5, 8). Many inclu- 
sion bodies, however, show profiles of a dif- 
fused reticulate pattern, either because their 
internal structure is not caught fully in the 
plane of sectioning, or because it has not yet 
fully developed (Fig. 3, 8). In some inclu- 
sion bodies the parallel lamellae extend par- 
tially into the body while the rest is filled 
with a finely granular matrix (Fig. 5). Such 
bodies are usually observed in close apposi- 
tion to the lysosome-like inclusions and may 

be interpreted as a transitional form. The 
lamellated bodies of varying sizes and a mito- 
chondrion in the same vicinity shown in Fig. 
4 illustrate the differences in gross morphol- 
ogy and substructure. The lamellated bodies 
differ from mitochondria in possessing: (i) 
a single limiting membrane; (ii) an electron- 
dense, stalk-like process at one end; (iii) 
several configurations of lamellae traversing 
the matrix either in arrays of parallel bands 
or a reticulate pattern. 

The Schwann cell cytoplasm, in addition 
to the lamellated bodies described above, 
contains bundles of gliofilaments, micro- 
tubules, a few mitoehondria, smooth endo- 
plasmic reticulum, the Golgi apparatus, ves- 
icles of varying sizes, and two additional 
types of inclusion bodies with a granular ma- 
trix (Fig. 5-7) .  These inclusion bodies dif- 
fer from the lamellated bodies discussed 
earlier, lacking internal lameUae. Both of 
these inclusion bodies are spherical to oval 
and possess a single limiting membrane, 6-7 
nm thick. They can be distinguished from 
each other on the basis of size and degree of 
matrix granulation. 

The first of these bodies measures 0.2-0.4 
t~ in diameter and is filled with an amorphous 
matrix (Fig. 5). Morphologically, it re. 
sembles the lysosomes described by de Duve 
(5).  It is usually observed in close associa- 
tion with the lamellated bodies and the ma- 
trix is similar to the amorphous areas of those 
lamellated bodies with a partially developed 
lamellation. 

The second inclusion body is larger in size, 
measuring 0.7-1.0 ~ in diameter, and pos- 
sesses a highly granular matrix. Occasion- 
ally an accumulation of dense, coarsely gran- 
ular material is observed along the limiting 
membrane (Fig. 6, 7). The membrane is 
often interrupted or has arm-like extensions 
which allow its granular substance to merge 
with the cytoplasm (Fig. 6, 7). These bodies 
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resemble the inclusions described as glio- 
somes from cockroach neuroglia (15). 

Many vesicles, 18 nm in diameter and 
bounded by a single membrane, are present 
in the vicinity of gliosome-like inclusions. 
The Schwann cell cytoplasm is rich in glio- 
filaments, occurring in bundles instead of 
readily distinguishable filaments, and run- 
ning parallel to the long axis of the cell (Fig. 
2 ,5) .  

DISCUSSION 

The fine structure of the lamellated bodies 
of the Schwann cell cytoplasm described here 
indicates they differ from mitochondria and 
gliosomes. The larnellated bodies are char- 
acterized by a single limiting membrane, lack 
of crista-like invaginations in any plane of 
sectioning, presence of an electron-dense 
stalk-like process, and the arrangement of 
electron-dense material in parallel bands or 
a reticulate pattern. None of these charac- 
teristics are known in mitochondria of either 
vertebrate or invertebrate animals (12). 
Furthermore, the lamellated bodies here are 
too numerous to be considered an abnormal 
or obliquely sectioned mitochondrion. Thus, 
the possibility of the lamellated bodies being 
precursors of, or derived from mitochondria, 
appears remote. 

There are conflicting reports in the litera- 
ture on the fine structure and origin of glio- 
somes. Pipa et al. (15) observed gliosomes 
in cockroach neuroglia with a single limiting 
membrane, which at places appeared to be 
interrupted. On the contrary, several other 
studies report that gliosomes are bounded by 
paired limiting membranes with invagina- 
tions of the inner membrane resembling mito- 
chondrial cristae (9, 10, 22). They con- 
cluded that gliosomes are either "abnormal" 
mitochondfia or derived from mitochondria. 
Although the gliosomes in cockroach neu- 
roglia are bounded by a single membrane and 

occasionally show whorls of concentric lamel- 
lae (15), the presence of stalk-like processes 
and characteristic configurations of lamellae 
in the nematode inclusion bodies distinguish 
them from those gliosomes. 

Several observations have been made dur- 
ing this study which may suggest how these 
inclusion bodies are formed. Perhaps the 
most plausible mechanism involves the lyso- 
some-like bodies, observed in close associa- 
tion with the lamellated inclusions. It is 
suggested that the amorphous matrix of 
lysosome-like bodies undergoes a series of 
alterations such that the lipid residues or the 
particles rich in such residues form arrays of 
parallel or reticulate lamellae. As the nem- 
atode ages, the matrix of these bodies trans- 
forms into structures which upon fixation 
show lamellate or reticulate substructures 
and localized areas of high electron densities. 
The presence of profiles with only diffused 
reticulations suggests that such a method of 
formation of the lamellated bodies is pos- 
sible. Similar observations were made by de 
Duve and Wattiaux (6), who suggested that 
the appearance of membranous whorls was 
indicative of the late stages of lysosomes; 
they further hypothesized that lipofuscin pig- 
ments are the result of a progressive altera- 
tion in the lipid residues in lysosomes that 
eventually assume the form of membranous 
arrays or whorls of lamellae. 

The occurrence of lipofuscin pigments has 
been reported in axons, capillary endothe- 
lium, neuroglia and Schwann cells of both 
invertebrate and vertebrate animals, espe- 
cially in aged individuals (2, 4, 7, 17, 18). 
Two contradictory hypotheses have been ad- 
vanced on the origin and functional signifi- 
cance of lipofuscin granules (18): accord- 
ing to the first, the pigment is considered an 
insoluble terminal product of nerve or glial 
celt metabolism, which accumulates with age; 
according to the second, it is considered a 
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storage substance involved in normal cellular 
physiology. The lysosomal origin of lipo- 
fuscin pigments has been implied by results 
of several studies (6, 7, 17, 18). Cytochem- 
ical and structural similarities between lipo- 
fuscin pigments and lysosomes were noted 
by Samorajski et al. (17, 18). They con- 
cluded that the formation of electron-dense 
lamellae in lipofuscin pigments represented 
a specific stage in the transformation of 
phospholipids. In a similar study, Few and 
Getty (7) observed an increase in lipofuscin 
granules with a corresponding decrease in 
lysosome numbers. The possibilities of the 
lipofuscin pigment originating from the Golgi 
apparatus (2) and mitochondria (4) have 
also been raised. 

The sequence of transformations suggested 
here in leading to the formation of lamellated 
bodies in D. californicum Schwann cells is 
consistent with the observations of Samoraj- 
ski et al. (18) and de Duve and Wattiaux 
(6).  Functional implications of the associa- 
tion of these inclusion bodies only with Sch- 
wann cells ensheathing the lateral nerve 
axons and their maximum occurrence imme- 
diately outside the sensory cell of the nema- 
tode ocelli (20) are not yet clear. When 
information on the ultrastructure of the in- 
nervations of photoreceptors in other nema- 
tode species is available, the significance of 
this association can be resolved. It would be 
of interest to ascertain whether these lamel- 
lated bodies are also present in the larval 
stages of D. californicum. In our opinion, 
cytochemieal analysis is another requisite to 
the understanding of the functional signifi- 
cance of the lamellated bodies. 
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FIGURE LEGENDS 

FIG 1. Lateral cephalic nerve (LN) ,  a longitudinal view, slightly posterior to the ocellar region 
showing the distribution of the lamellated bodies (Lb)  in the Schwann cell cytoplasm (Sch).  The nerve 
runs parallel to the esophagus (E) ,  which possesses many elongated mitochondria  (Mi)  and myofila- 
ments (My) .  On the outside, the noncontracti le region (NR)  of the body wall musculature with nu- 
merous mitochondria  projects into the body cavity, the pseudocoelom (P) .  × 7,800. 

Fro. 2. A portion of a Schwann cell from the lateral cephalic nerve. The spherical to oval profiles of 
the lamellated bodies (Lb) ,  some with an electron-dense stalk-like process (S),  are present. The lamel- 
lated inclusions show three main patterns of internal lamellation; ( I )  parallel arrays of electron- 
dense bands, 11-16 nm wide, (2) reticulate or honeycomb pattern of the same lamellar thickness, and 
(3)  a combinat ion of the two patterns. Note the occasional discontinuities in the limiting membrane  of 
the lamellated body (arrows).  The cytoplasm contains numerous  bundles of gliofilaments ( G F )  and 
microtubules (Mr) .  X 25,000. 

FIG. 3. Transverse section of the lateral cephalic nerve showing a Schwann cell (Sch) and several 
axons (Ax) .  The Schwarm cell cytoplasm contains numerous lamellated bodies (Lb) ,  a few mitochon- 
dria (Mi) ,  bundles of gliofilaments ( G F ) ,  and the Golgi apparatus (Go) .  Note the variation in the 
internal structure of the lamellated bodies and their transitory forms. The Schwann cell sheaths enclose 
the axons (Ax)  and a layer of fibrous connective tissue or neural  lamella (NL)  envelopes the Schwann 
cell. Basement membrane  (BM)  of the esophagus (E)  is visible at lower right. × 22,000. 

Fro. 4. Lateral cephalic nerve showing several peripherally located axons (Ax)  ensheathed by the 
Schwann cell processes, which are in turn enveloped by neural  lamellae (NL) .  Several lamellated bodies 
(Lb)  with varying internal lamellations are present in the Schwann cell cytoplasm (Sch).  Arrows point 
to a lamellated body with electron-dense lamellae arranged concentrically (1)  and a partially lamel- 
lated internal structure (2) .  Note the differences in gross morphology and substructure between a mito- 
chondrion (Mi)  and a lamellated body (Lb) .  The mitochondrial  features of a paired limiting mem- 
brane and internal cristae are visible; these distinguish them from the lamellated bodies which possess 
a single limiting membrane  and no crista-like invaginations. Bundles of gliofilaments ( G F )  and lipid 
inclusions (L)  and microtubules (Mt )  are present. At lower right is a portion of the esophagus (E) .  
X 25,000. 

Fro. 5. A portion of a Schwann cell from the lateral cephalic nerve ensheathing an axon (Ax) .  
Lamellated body (Lbl)  with arrays of parallel bands traversing its width and a transitional form (Lb:)  
with bands extending only partially are present. Note the discontinuity in the limiting membrane  of the 
lamellated body (arrow).  In close apposition to the lamellated bodies are the inclusions which appear 
to be lysosomes (Ly).  The Schwann cell cytoplasm contains bundles of gliofilaments ( G F )  and micro- 
tubules (Mt) .  Mitochondria (Mi) ,  microtubules (Mt) ,  bundles of dense filaments (DF)  and vesicles 
(V)  are also present in the axoplasm. × 64,000. 

FIG. 6. A portion of a Schwann cell from the lateral cephalic nerve surrounded by neural lamella 
(NL) .  Profiles of lamellated bodies (Lb)  with a reticulate but diffused pattern of an electron-dense 
material  are present. The inclusions with a uniformly granular matrix and larger in size (0.7 to 1.0 
in diameter)  than the lamellated bodies appear to be the gliosomes (G) .  Note the single limiting mem- 
brane of a gliosome sending out a pseudopodium-like extension (arrows) to contain an unidentified in- 
clusion (X) .  Many  small vesicles (V) ,  18 nm in diameter, and bounded by a single membrane,  and 
gliofilaments ( G F )  are present in the vicinity of gliosome-like inclusions. X 64,000. 

Fro. 7. A gliosome-like inclusion ( G )  bounded by a single, triple-layered membrane  with occasional 
discontinuities is present in the Schwann cell cytoplasm (Sch).  Arrow points to the extension of the glio- 
some limiting membrane.  Inclusion at upper  left appears to be a degenerate mitochondrion (X) .  
X 64,000. 

Fro. 8. A portion of a Schwann cell f rom the lateral cephalic nerve showing the differences be- 
tween the limiting membranes  and substructure of a mitochondrion (Mi)  and the lamellated bodies 
(Lb) .  Profiles of lamellae in the latter appear to be formed by the accumulation of a finely granular  
material and do not represent a unit membrane  organization as in mitochondria.  Electron-dense zones 
(X)  are the stalk-like processes of the lamellated bodies sectioned in different planes. The structure at 
upper left is identified as a large vesicle (V) .  X 88,000. 
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FIG. I-2 
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Fro. 3 
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FIG. 5 
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FIG. 6-8 
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