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INTRODUCTION
The follicle gland of the cerebral ganglion of pulmon-
ate gastropods was first described by de Nabias (1898)
and by Pelseneer (1901 ) . It has recently been reinvesti-
gated by Lever and his colleagues in Amsterdam (Lever,
1958;  Lever  et  al.,  1959;  Lever  and  Joosse,  1961)  in
several basommatophoran and stylommatophoran species.
On the basis of light-microscope observations. Lever has
raised the possibility that the follicle gland is a neuro-
endocrine organ with neurosecretory activities. Wautier
et al. ( 1961 ) consider the gland in Gundlachia as devoted
exclusively  to  secretion.  In  Arion,  Van  Mol  (1960)
describes an equivalent structure as a non-neural endo-
crine organ (the "cephalic gland"), and this opinion is
apparently shared by Nolte (1963), who terms a similar
organ "cerebral gland" in the Helicidae. However, an
embryonic vesicle giving rise to neurons but disappearing
in later development is also described by Sanchez &
Bord (1958) in Helix aspersa. Whether all these cerebral
vesicles represent the same entity is difficult to decide.

The present study of the ultrastructure of the follicle
gland was undertaken initially in the hope of finding a
simple neurosecretory system, spatially restricted in scope,
in which the formation, transport, and release of neuro-
secretion could be studied in neurons with short axonal
processes. In addition, the gross structural similarity of
this gland to the epistellar body of the octopus and to the
parolfactory vesicles of squids has raised the possibility
that mollusks generally might possess a family of related
vesicular organs associated with the nervous system (c/.
Nishioka et al., 1962; Bern & Hagadorn, 1964).

MATERIALS  and  METHODS
The adult freshwater snails, Lymnaea auricularia (identi-
fied by Dr. R. Stohler), used in this study were collected

from Grayson Creek near Concord, California. The speci-
mens used for light microscopy were fixed in Stieve's and
Helly's fixatives, embedded in paraffin, sectioned at 5f.L
and stained with paraldehyde fuchsin. The animals used
for electron-microscope observations were fixed in 1%
osmium tetroxide buffered with veronal-acetate (pH 7.5)
and embedded in Maraglas-Cardolite (Freeman & Spur-
lock, 1962). Thin sections were cut on a Porter-Blum
microtome, picked up on formvar-coated copper grids
backed with carbon, stained with uranium acetate (Wat-
son,  1958)  and  lead  citrate  (Reynolds,  1963),  and
examined in a RCA EMU 3G electron microscope.

OBSERVATIONS
The follicle gland is located laterally in the lateral lobes
of the cerebral ganglion, adjacent to the epineurial cap-
sule. The follicle itself consists of a single layer of low
columnar epithelioid cells surrounding an ovoid lumen
(Figure 1 ) . In adult specimens, the follicle has an average
diameter of about 30^, and its epithelial wall is about
lOjU, thick.

Paraldehyde fuchsin-positive colloidal material is pres-
ent within the lumen. Most of this material is generally
found just apical to the follicle cells. The presence of a
low, irregular brush-border is discernible on the folhcle
cells in areas where only a small amount of colloid sub-
stance is present.

There were no neurons filled with paraldehyde fuchsin-
positive droplets in the lateral lobe of Lymnaea auricula-
ria, as have been described by Lever (1958), Lever et
al. (1959), and Lever & Joosse (1961 ) in several species
of Basommatophora, including L. stagnalis. Only a haze
of fuchsinophilic material was observed in a few neuron
perikarya and axons. As a result neuronal processes were
difficult to trace with certainty in our preparations. Most
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of the nerve processes of the lateral lobe neurons appear
to enter the neuropil of the adjacent cerebral lobe. Other
processes were directed toward the follicle, but it could
not be determined whether they terminated in associ-
ation with the follicle.

Ultrastructural observations failed to establish the pres-
ence of neurosecretory material in the lumen of the follicle
gland. Instead, the lumen is occupied by randomly-ori-
ented microvilli and cilia, except for a small, clear central
area (Figures 2 and 3). The branching microvilli extend
from the apices of the epithelioid cells to form a dense
network. Intermingled with the microvilli are cilia, which
extend into the lumen from the processes of less common
neiuon-like cells that also contribute to the follicle wall.

The cytoplasm of the epithelioid cells is dense, except
at the apical margin, and contains many ribosomes, some
of which aie associated with cisternae of the endoplasmic
reticulum (Figures 4 and 5) . The mitochondria and Golgi
apparatus appear typical in form. Some multivesicular
bodies and lysosome-like bodies are also present. The nuc-
lei are generally ovoid, oriented perpendicular to the
capsule.

The proces.ses of the neuron-like cells can be distin-
uuished from the cytoplasm of epithelioid cells owing to
their lack of density (Figures 2 to 5). A few ribosomes
are found in the cytoplasm, in addition to some small
vesicles of variable size. The mitochondria arc large and
irregulai- in shape. The cristae are distantly spaced, there-
by giving the mitochondria an empty appearance (Figures
4 and 5). The nuclei of the neuron-like cells are larger
lliau those of the epithelioid cells. Some of the foiiner cells
aie present within the capsule surrounding the follicle;
the perikarya of others are presumably located outside
the capsule (Figure 3).

The neurons present in the small area of the lateral
lobe adjacent to the follicle were cursorily examined in
the electron microscope. These neurons possessed the usual
organelles, and some also contained numerous vesicles
of assorted sizes. Certain of these neurons contained mito-
chondria resembling those found in the processes of the
follicle gland. No typical elementary neurosecretory gran-
ules (electron-dense, in the 1000 to 3000 A range) were
found in any of the neurons examined in the lateral lobe.
Ho\vever, many neurons with typical neurosecretory
granules have been encountered in the cerebral ganglion
proper.

DISCUSSION
riic follicle gland of Lymnaea auricularia superficially
lias a neuroendocrine appearance at the light-microscope
level.  Lkver  (1958),  Lever  ct  al.  (1959),  and  Lever  &
Joo.ssE  (1961)  have  studied  this  structure  in  several
species of Basommatophora and Stvlnmmatophora and

have reported that an occasional bipolar neuron sends
a process into the lumen; the lumen is often filled with
densely-staining material, which they assume is neuro-
secretion.

On the electron-microscope level no electron-dense
neurosecretory granules could be found in the follicle
gland or in the lateral lobe of the cerebral ganglion in
which  it  is  located.  Ihe  fuchsinophilia  of  the  follicle
cojitciUs is ascribed to accumulations of microvilli. The
fuchsinophilic "secretion" of the octopus epistellar body
also prfwed to be stacks of microvilli (Nishioka et al.,
1962),

It is of interest that de Nabias (1898) described the
presence of cilia in the lumen of the follicle gland, which
were attached to processes of the surrounding bipolar
cells. To this pioneer investigator, the neuron-epithelium
relation in the follicle gland was reminiscent of that seen
in the vertebrate olfactory receptor.

It is conceivable that the masses of randomly arranged
microvilli of the follicle gland located within the "brain"
could reflect a former photoreceptive function of this
structure, in an ontogenetic or a phylogenetic sense.
Studies of the eye of two land ga.stropods. Helix aspersa
(EakiNj  1963)  and  Helix  pomatia  (Rohlich  &  Torok^
1963), have shown that their photoreceptors are rhabdo-
meric in type, composed of microvilli radially arranged
on the sensory cell process. Although the molluscan photo-
receptor  is  typically  rhabdomeric,  Clark  (1963)  has
reported that the eye of Viviparus maleatus is of the
ciliary  type.  Accordingly,  the presence of  cilia  on the
presumably neuronal processes extending into the lumen
could also be in accord with a possible photoreceptive
structure. However, it would be too facile to suggest that
all closed vesicles, such as the follicle gland, associated
with the protostome nervous system, are vestigial photo-
receptors. In fact, the persistent follicles in gastropods are
remnants of the embryonic cerebral tubes, at one time
connected to the exterior. Some special sensory function
of these structures (c/. de Nabias, 1898) is certainly con-
ceivable, but there is no good basis for emphasizing photo-
reception.

A combined light- and electron-microscope study of
neurosecretory phenomena in another basommatophoran
snail, Helisoma tenue, now in progress, has demonstrated
that the structural characteristics of the follicle gland in
this animal are in accord with those described herein
for Lymnaea.

In sum, the ultrastructural attributes of the follicle
gland fail to support a neurosecretory role for this organ,
and the data in favor of a photoreceptive function are
meager at best. The true nature of the follicle "gland"
remains unknown, but a sensory function of some sort, at
least in embryonic life, remains a po.ssibility.
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SUMMARY

The  follicle  gland  of  Lymnaea  auricularia  has  been
investigated with the light and the electron microscopes
for evidence of neurosecretory function. Paraldehyde
fuchsin-staining material is present in the follicle gland.
At the electron-microscope level numerous microvilli and
some cilia are found projecting into the lumen from the
cells forming the vesicle wall. Two cell types, one epi-
thelioid and the other neuron-like, contribute to the
make-up of the follicle. The microvilli project from the
apical  ends of  the epithelioid cells,  and the cilia  are
attached to processes of the neuron-like cells. No elemen-
tary neurosecretory granules were encountered in the
follicle gland, and the role of the organ is enigmatic,
although  a  sensory  function  in  early  life  remains  a
possibility.
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Explanation  of  Plate  1
Figure 1 : Lateral lobe attached to portion of cerebral ganglion. Follicle gland (fg) containing small amount of

fuchsinophilic material is outlined by broken line,
ca: capsule; eg: cerebral ganglion; 11: lateral lobe. Paraldehyde fuchsin with counterstaLns. x870.

Figure 2 : Portion of follicle gland sectioned centrally to show dense concentration of microvilli and cilia projecting
into lumen. Two epithelioid cells (ec) with nuclei and three processes of neuron-like cells (nc) are shown.

Explanation  of  Plate  2
Figure 3 : Montage of an elongate follicle gland sectioned at the periphery of the lumen (lu) . Microvilli and cUia

fill the lumen which is divided into two parts in this plane of section. Neuron-like cells and processes (nc) are less
dense and contain irregular mitochondria. Some neuron- like cells are located external to the follicle wall and send
processes through the capsule into the lumen. Epithelioid cells (ec) have small nuclei and dense cytoplasm. Connec-

tive tissue capsule (ca) separates the follicle gland from the lateral lobe.

Explanation  of  Plate  3
Figure 4: Section through wall of follicle gland. Neuron -like cell' pfoeesses (nc) contain irregular mitochondria
(mn) and less cytoplasmic structure. The epithelioid cell processes (ec)' contain many ribosomes and typical mito-
chondria (me) . Soma of a neuron-like cell, with its nucleus (un), as indicated by the nature of its mitochondria, is
located at the bottom of the figure. Small double-walled cavities (mv) in cell processes presumably represent sec-

tions through bases of microvilli. c: cilium.

Explanation  of  Plate  4
Figure 5: Apical part of neuron-like cell processes (nc) with three cilia (c) and basal bodies (bb) are shown. Irre-
gular mitochondria (m..) are present in the process. Parts of two epithelioid cells (ec) containing many ribosomes

are also shown. me : mitochondrion of epithelioid cell ; mv : microvilli ; ps : polystyrene particles.
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