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Summary—Crystalloid-containing bodies that may be lysosomes were observed by electron
microscopy in acinar and striated duct cells of normal fasted rat parotid glands. The crystal-
loids varied in number from animal to animal and from lobule to lobule. They consisted
of either parallel linear densities with a 5.5nm periodicity, or of alternating major dense
and minor light lines, with a 15 nm distance between successive major lines. 1t was concluded
that the presence of a few such crystalloids in parotid glands of treated rats is not a cytopathic
effect and they are significant only when present in large numbers.

INTRODUCTION

Cytoplasmic crystalloids, with and without limiting
membranes, occur normally in a variety of glands,
such as thyroid (Nunez, Gould and Holt, 1970; Elvin,
1971; Neve and Wollman, 1973) and exocrine pan-
creas (Forsmann and Metz, 1976), in many different
organisms. Moreover, crystalloids can be induced to
form in these and other organs when animals are sub-
jected experimentally to the appropriate physiologi-
cal, pharmacological or nutritional stress.

In the course of an ultrastructural study of rat par-
otid gland, we have found crystalloids in the glands
in normal fasted animals.

MATERIALS AND METHODS

Ten male Sprague-Dawley rats (Spartan Research
Animals, Inc., Haslett, Michigan) weighing 175-200 g
were used. The rats were acclimatized to their labora-
tory cages for at least one week and fasted for
24 hours before being killed; water was freely avail-
able. The rats were anaesthetized with either chloral
hydrate or sodium barbital and the parotid glands
perfused via the left ventricle with room-temperature,
half-strength Karnovsky (1965) fixative buffered with
phosphate; after death the glands were extirpated and
immersed in the same fixative for two hours. Postfixa-
tion in 1 per cent osmium tetroxide in the same buffer
was carried out for two hours. Pieces of the glands
were dehydrated in graded ethanols and embedded
in Epon:Araldite (Mollenhauer, 1964). Thin sections
were sequentially stained with uranyl acetate and lead
citrate (Reynolds, 1963), and examined in a Philips
300 electron microscope.

RESULTS

Crystalloid-containing bodies were present in the
glands of nearly all rats examined. Abundance varied
from animal to animal; the bodies were abundant in
some rats, but sparse in others. Moreover, their
number varied from lobule to lobule in the same
gland.
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Cytoplasmic crystalloids were observed in two
major structures: acinar cells and columnar cells of
the striated duct. The morphology of both types of
cell was unaffected by the presence of the crystals,
and has been described elsewhere (Tandler, 1978).

In acinar cells, crystalloid-containing bodies were
always between cisternae of the basally-located rough
endoplasmic reticulum (RER). The crystalloids were
elongated, rod-like structures bounded by a single
smooth-surfaced membrane and tended to occur in
pairs (Figs 1-3). They measured up to 5 um in length
(Fig. 1) and about 0.2 um in width. Individual mem-
braneous envelopes usually held a single crystalloid,
but occasionally encompassed two closely-apposed
crystalloids separated by a narrow electron-lucent
space.

The periodic structure of the crystalloids became
apparent at high magnification (Fig. 4). Regardless of
crystal tilt with respect to the plane of section, there
was only one axis of symmetry. Crystalloids with the
simplest structure consisted of longitudinally-oriented
linear densities with a 5.5-nm periodicity (Fig. 4).
Other crystalloids had major dense lines separated
by 15-nm intervals alternating with thinner lines of
lower density. A few crystalloids appeared to consist
of a composite of these two basic substructural con-
figurations (Fig. 5). One showed a defect in its lattice
in the form of a small, lucent rectangle (Fig. 6).

Most crystalloids were snugly encased by their
limiting membrane with no matrix material. Some
had a few small lipid-like inclusions between their
outer surface and the surrounding membrane (Fig. 7).
Other crystalloids were embedded in a moderately-
dense matrix; in a few such crystalloids, the mem-
brane bulged outward to accommodate accumu-
lations of matrix material closely resembling the
contents of nearby lysosomes (Fig. 8).

Crystalloids in the striated duct cells showed
no preferential location and were observed in both
apical and basal cytoplasm (Fig. 9). They resembled
those in the acinar cells, but appeared to be more
loosely enclosed by their covering membrane. Small
lipid-like inclusions were present in some of these
crystalloids.
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DISCUSSION

Scott and Pease (1964) described acinar cell crystal-
loids in parotid glands of post-prandial rats and in
pilocarpine-stimulated rats during the period when
zymogen granules were re-accumulating. Because
Scott and Pease used methacrylate embedding and
low-resolution electron microscopy, it is not possible
to see the membrane status of the crystalloids in their
illustrations. They said that some of these inclusions
were within RER cisternae and that others may have
had a smooth membrane or no membrane at all. Lee-
son (1967) states that the crystalloids are most abun-
dant and at their largest 4-6 h after stimulation. Hand
(1973) found that crystalloids become noticeable
about 8 h after re-feeding, increased in number for
the next 48 h and had a 7-nm periodicity. Crystalloids
also occur in parotid acinar celis of rats treated with
actinomycin D (Adkins, 1972) but the membrane
status of these inclusions is uncertain. According to
Adkins and Moule (1973), crystalloids forming in par-
otid acinar cells as a result of injection with azathio-
prine are delimited by a single membrane, but
whether this membrane is smooth or rough-surfaced
they do not say. In rats fed with ethionine, the ethyl
analogue of methionine, Leeb (1975) found crystal-
loids in parotid acinar cells in smooth-surfaced mem-
branes in the region of the Golgi apparatus and lying
free in the cytosol between RER cisternae. At 48 h
after ligation of Stenson’s duct of the rat, crystalloids
appear in acinar serous cells (Donath, Hirsch-Hoff-
mann and Seifert, 1973).

Cytoplasmic crystalloids in parotid glands may
have several different sources. Those that occur
within RER cisternae probably represent proteina-
ceous secretory products that have precipitated as a
result of pharmacological interference with the nor-
mal secretory pathway. This is certainly the case in
acinar cells of the exocrine pancreas in rats adminis-
tered the amino acid analogue, parachlorophenyl-
alanine (Forsmann and Metz, 1976; Metz and Fors-
mann, 1976). This agent may produce irreversible
physico-chemical alterations in the secretory proteins,
leading to the widespread appearance of intracisternal
crystalloids.

Leeb (1975) suggested that parotid crystalloids,
resulting from ethionine intoxication, are formed in
the Golgi complex but produced no direct evidence
that this is their place of origin. Oliver and Hand
(1976) noted that, in rats fed with ethionine, auto-
phagic vacuoles containing recognizable secretory
granules were prominent by the third day of the ex-
perimental diet. By the fifth day, crystalloids began
to appear within these vacuoles, and by day 7 showed
typical crystal (7nm) structure. The vacuoles were
positive for both acid phosphatase and peroxidase,
demonstrating their lysosomal nature.

Because of the appearance of their encompassing
matrix and membranes, we conclude that the ctystal-
loids we observed were also formed in lysosomes.
Lysosomes with a crystal component and closely re-
sembling those in the normal rat parotid gland have
been described in a number of cell types, including
those in rat terminal bronchioles (Stephens et al.,
1971) and in mouse coagulating gland (Rowlatt, 1968).
If the crystalloid-containing bodies in the parotid

gland are indeed lysosomes, then the source of the
crystal material is of some interest. Hand (1972)
showed that, when rats are starved for as little as
16 h, some parotid secretory granules show signs of
degeneration. Several such granules were noted in
our animals which were starved for 24 h. As star-
vation is continued, Hand found that the altered
granules became reactive for the lysosomal enzymes
acid phosphatase and non-specific esterase, having
acquired these enzymes by fusion with pre-existing
lysosomes. Although the degraded secretory proteins
in such fused lysosomes could conceivably assume a
crystal conformation, lysosomal crystalloids were not
observed within salivary parenchymal cells in Hand’s
large-scale study of starvation effects.

The problem of the origin of the crystalloids in
normal parotid glands is complicated further by the
presence of these structures in striated duct cells. Tt
is possible that serous cell secretory protein that has
been liberated into the acinar lumen, thence into the
duct system, could be taken up by the striated duct
cells and transferred into lysosomes. Such a process
may occur in rat kidney proximal tubule cells,
which have the ability to remove protein from the
urine, and which have lysosomes with a crystal sub-
structure (Maunsbach, 1966). Alternatively, as striated
duct cells are capable of elaborating glycoprotein
stored in small apical granules (Hand, 1978), this
endogenous secretory material could serve as the
source of the crystalloids if occasionally it is degraded
in duct-cell lysosomes. The origin of crystalloids in
salivary glands is thus still an open question.

The parotid duct crystalloids bear a superficial
resemblance to the phi bodies described in mouse
duct cells by Hanker and co-workers (1977a, b, c).
The phi bodies, so-called because of their resemblance
in thin sections to the Greek letter ¢, contain an axial
rod composed of parallel ~13-nm tubules that in
longitudinal section have a crystalline appearance.
The matrix of the phi bodies is homogeneous and
lacks lipid or other inclusions. They are catalase-
positive, marking them as a species of peroxisome.
They are not nearly as prominent in rat salivary
glands as in those of the mouse. Because of their
shape and their partially tubular composition, it is
clear that the phi bodies are unrelated to the crystal-
loids we observed.

The occurrence of occasional crystalloids in sali-
vary glands of rats stressed in various ways should
not be regarded as a cytopathic effect. Only if crystal-
loids appear in large numbers is their occurrence sig-
nificant.
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Plate 1.
Fig. 1. Survey micrograph of parotid acinar cells showing a cell containing two crystalloids (arrows),
one rather elongated, amid the RER. x 13,000
Fig. 2. A pair of membrane-delimited crystalloids at the base of a serous cell. x 20,500

Plate 2.

Fig. 3. A pair of acinar crystalloids with periodic substructure. x 85,000

Fig. 4. A portion of the preceding micrograph at higher magnification, showing bounding unit mem-
brane and the crystalloid substructure. x 204,000

Fig. 5. An acinar crystalloid displaying a variety of interdensity spacings. Several small lipid droplets
lie between the crystalloid and its membrane. x 65,000

Fig. 6. An acinar crystalloid separated into two moieties by a light stratum. A small, light, rectangular
defect is present in the upper portion. . x 36,700

Plate 3.

Fig. 7. An acinar crystalloid in a lysosome-like body. x 38,000

Fig. 8. Several acinar crystalloids in lysosome-like bodies. Compare the non-crystalloid contents of
these bodies with those of the autophagic vacuole at the lower right x 31,500

Fig. 9. A crystalloid-containing body in the apical cytoplasm of a striated duct cell. Note the small
lipid droplet at the lower end of this body. LU, lumen. x 14,600
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Plate 1.
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