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ABSTRACT

The submandibular glands of rats raised at room temperature show daily and seasonal variations. To quantify these variations,

the submandibular glands of male Wistar rats were collected at 4 h intervals over a 24h period in the summer and winter and
processed for histological analysis. Gland weight decreased 37% (P<0.01) in the winter and 13% in the summer. The volume
of the acinar compartment decreased 73% (P<0.01) between midnight and 4 a.m. in the winter and 38% (P<0.01) between 8
p.m. and midnight in the summer. In contrast, the volume of the stroma increased about 164% (P<0.01) between midnight and

4 a.m. in the winter and by 10% (P<0.01) between 8 p.m. and midnight in the summer. The volume of the duct system generally
remained constant, although in the winter the convoluted granular tubules diminished 44% (P<0.01) between midnight and
4 a.m. Although the volume of the intercalated ducts remained constant over 24 h in both seasons, there was a 49% decrease

in winter compared to summer (P<0.01). These results indicate that the large changes in gland weight were caused mainly by

variation in the volume of the acini, convoluted granular tubules and stroma. The morphological variations were much more

pronounced in winter than in summer and this affected the daily saliva production.
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INTRODUCTION

Animals and isolated cells and tissues show regular os-
cillations or biological rhythms in their behaviour and
physiology over time. Biological rhythms are classified ac-
cording to their duration as being ultradian (<24 h), circa-
dian (~24 h), infradian (>24 h) and seasonal or circannual
(~1 year) [34].

Many circadian rhythms act in synchrony with the ex-
ternal day/night cycle through the cyclical release of mela-
tonin, a hormone produced by the pineal gland. The blood
melatonin level is controlled by the amount of exposure to
light which, in higher animals, acts indirectly through a ner-
vous circuit that involves retinal connections to the
suprachiasmatic nucleus in the hypothalamus. The latter is in
turn connected to the pineal through the sympathetic system
[21,23,24]. Blood melatonin levels are high during the night
and low during the day [10,11,23], but can be influenced by
variations in the photoperiod during the summer and winter.

The circadian rthythm in humans may be affected by the
photoperiod [8,12,17,33] and the responses to variations in
the photoperiod are similar to those in other mammals [16].
Individuals who experience changes in their “biological
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rhythm” as a result of night jobs or trips depend on melato-
nin to adjust to the altered cycle. Melatonin is usually mea-
sured in blood samples but may also be quantified in saliva,
although the levels are 30% lower than in blood [31].

The morphophysiological variations in the large salivary
glands of rats accompany the daily melatonin cycle which
peaks at night and reaches a minimum during the day. These
variations are also related to the ingestion of solid food and
to chewing activity [14,15]. Over a 24-h period, the con-
tent of secretory material increases and decreases, in paral-
lel with the mass of the glands [15,27]. Many studies
[1-5,13-15,27,28,30] have shown circadian variations in
the biochemistry, physiology and ultrastructural morphol-
ogy of salivary glands, particularly the parotid gland. Field
et al. [9] have shown that such variations also occur in
minor salivary glands.

In this paper, we examined the 24-h variations in sub-
mandibular gland mass and morphology in adult male Wistar
rats during the winter and summer.

MATERIAL AND METHODS

One hundred 80-day-old male Wistar rats (Rattus norvegicus)
from the Central Animal House of the Faculty of Dentistry, Bauru
were used in this study. The rats were divided into four groups (two
groups with 30 rats each and two with 20 rats each).

From the time of birth, the rats were kept in groups of 6 per litter
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and weaned at 21 days old. Water and food (Purina® rat and mouse
chow) were furnished ad libitum. The rats were housed in a well-
ventilated room, in which temperature and humidity were not con-
trolled and there was no artificial lighting. During the study, the high-
est temperature recorded was 32°C in the summer and 26°C in the
winter, and the lowest temperatures were 23°C and 17°C, respec-
tively. The relative humidity was approximately 73%rF in the sum-
mer and 61%rF in the winter. The photoperiod in winter was 11 h,
and 13 h in the summer.

The two largest groups of rats were subdivided into 6 groups of
5 animals each. The glands were collected at 4 h intervals (noon, 4
p-m., 8 p.m., midnight, 4 a.m. and 8 a.m.) in the winter and summer.
Each sample collection lasted 30 min.

Histological procedure

The rats were sacrificed by ether inhalation in a closed glass
chamber and immediately weighed. The submandibular glands were
then carefully removed and weighed before fixation in Bouin solu-
tion (75 ml of saturated picric acid, 25 ml of formaldehyde and 5 ml
of glacial acetic acid) for 4 h at room temperature. The glands were
subsequently dehydrated in ethanol, diaphanized in xylol and em-
bedded in Paraplast (paraffin + resin). Semi-serial sections
(5 um) were obtained with a Leitz-Jung microtome at 50 um inter-
vals. The sections were stained using Masson’s trichromic method.

Volume of the processed gland

The volume of the processed gland (Vpg), i.e., the gland volume
after all histological procedures, was calculated using the relationship
Vpg = (m/gd)x Sf, where m is the mass of the fresh gland, gd is the
gland density and sf is a factor to correct for shrinkage caused by
histological processing.

The density of the submandibular gland (gd) was determined in
the third group of rats using Scherle’s method [26], based on the
recommendations of Pardini and Taga [22]. The shrinkage factor (Sf)
was determined in the fourth group of rats, as described by Taga and
Sesso [29]. The intervals used were midnight and 4 a.m. in the winter
and 8 p.m. and midnight in the summer.

Stereological evaluation of the volume density and total volume of
the gland compartments

The initial data for these parameters were obtained using a 100 x
immersion objective, a Kpl 8 x ocular and a Zeiss® Il integration grid
composed of 10 parallel lines and 100 points per quadrangular area.
The grid image was successively superimposed on 50 histological
fields selected by systematic sampling [32], and the number of points
(Pi) that fell over each submandibular gland structure (i) and over the
entire gland (Pt) was recorded. The reliability of systematic sam-
pling was confirmed using the chi-square test included in the
SigmaStat software package (V. 1.0, Jandel Corporation). The vol-
ume density (Vvi) of each glandular compartment was calculated as
Vvi=Pi/Pt [32].

The volume density (Vvi), and the volume of the processed

gland (Vpg) were used to calculate the total volume (TVi) of each
compartment as TVi=Vvi x Vpg.

Statistical analysis

Where appropriate, the results were expressed as the mean *
S.E.M. of the number of rats indicated. The data were compared
by analysis of variance (ANOVA) using SigmaStat software (V 1.0,
Jandel Corporation). Volume densities were compared after arcsin
transformation of the original data. A value of P <0.05 was consid-
ered to indicate significance.
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RESULTS

Morphological results

Winter period: Figure 1A-C shows histological sections
of adult rat submandibular glands sacrificed at midnight, 4
a.m. and 8 a.m., respectively, in the winter.

At midnight (Figure 1A), the epithelial structures were
more developed than at other times. The acini were
generally formed by cells with an ample cytoplasm and a
large quantity of secretory material in the mid and apical
regions. The small round nucleus was located in the basal
portion of the cell. The convoluted granular tubules were
very coiled and had a small lumen. The cells of these
tubules were upright and had a round nucleus in the basal
portion, as well as a large amount of secretory material in
the mid and apical regions. The striated ducts were formed
by upright cubic cells with spherical nuclei in the
central portion and characteristic striations in the basal
plasmalemma. The intercalated duct consisted of a simple
squamous epithelium. The excretory ducts had an ample
lumen, surrounded by low cubic cells, with the nucleus
occupying around 2/3 of the cell. The capsular and
septal stroma were still well-organized.

At 4 a.m. (Figure 1B), the gland showed the greatest
morphological modifications: the lobules were shrunken
because of a reduction in the parenchyma, and there was an
increase in the stroma. All the parenchymal structures,
including the acini, were small and had a reduced lumen
surrounded by a cluster of nuclei. The cytoplasm was
almost unobservable and this made it difficult to identify
intracellular structures by light microscopy. The excretory
ducts also showed very little cytoplasm and the nuclei were
very close to one another. This arrangement gave the
appearance of a stratified epithelium.

At 8 a.m. (Figure 1C), there was still a large amount of
stroma, but it was now possible to differentiate the acini
more easily since there was an increase in the volume of
cytoplasm. A similar response was seen in some convo-
luted granular tubules. The striated and intercalated ducts were
more difficult to identify. The excretory ducts had cells with
more cytoplasm and a larger lumen than at 4 a.m.

The parenchymal structures increased in size during
the rest of the day, whereas the stroma decreased until the
maximum gland size was reached at midnight.

Summer period.: In the summer, the submandibular glands
showed no drastic alterations in their morphology. Figure
1D and 1E shows histological sections of adult rat sub-
mandibular glands sacrificed at 8 p.m. and midnight,
respectively, in the period of greatest variation.

At 8 p.m. (Figure 1D), the characteristics of the glandu-
lar structures were similar to those observed at midnight in
the winter, except for the acinar cells which had ample
cytoplasm and a small, round, densely colored nucleus



which occupied the basal portion
of the cell.

At midnight (Figure 1E), de-
creased the cytoplasm and the
acini shrank, with the result that
the round nucleus now occupied
a more central region in the cell.
The remaining parenchymal struc-
tures showed practically no mor-
phological alterations. The stroma
was more noticeable than at 8 p.m.

Quantitative results: The gland
weight, density volume and abso-
lute volume of each glandular com-
partment are shown in Figures 2 - 4.

In the winter, gland weights at
4 a.m. and 8 a.m. were signifi-
cantly lower than at midnight
(P<0.01), with the greatest de-
crease occurring at 4 a.m. (Fig.
2). In the summer, gland weight
was greatest at 8 p.m. and lowest
at midnight. There were no
significant variations in body
weight or in the gland weight/
body weight ratios in the winter
or summer.

The volume density of each
glandular compartment over time
in winter and summer is shown in
Figure 3. The greatest changes
occurred in the acinar and stro-
mal compartments between mid-
night and 4 a.m. in the winter, and
between 4 p.m. and midnight in
the summer. At midnight in the

Figure 1. Circadian alterations in the
histology of rat submandibular glands in
the winter and summer:

A -Midnight, winter: note the acinar cells
with their cytoplasm full of secretory
material. The convoluted granular tubule
cells are high and there is little stroma.

B - 4 a.m., winter: the acini and convoluted
granular tubules occur as small cells with
the nuclei very close to one another; the
stroma occupies a large part of the gland.

C - 8a.m., winter: the acini and convoluted
granular tubules are still small but more
easily recognized and the stroma is less
marked than at 4 a.m.

Assis et al.
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winter, the acini represented 67.7 £ 3.75% of the glandular
volume, and the stroma only 11.8% + 3.01%. At 4 a.m.,
the acini decreased to 29.5 £ 2.5% of the volume, whereas
the stroma occupied 49.2 + 3.18% of the gland. During the
summer, the acini and the stroma accounted for 68.0 = 0.7%
and 10.1 = 0.9% of the gland, respectively, at 4 p.m. and
58.0 £ 1.6% and 18.0 £ 0.6% at midnight. The duct system
showed no significant variations.

Figure 4 shows the absolute volume of each glandular
compartment at different times of the day in winter and sum-
mer. For all of the components there were significant differ-
ences at some time point in the winter and summer. The
greatest acinar size occurred at midnight in the winter and
at 8 p.m. in the summer. The changes in the stroma were
generally the opposite of these in acini.

The absolute volume of the duct compartment differed
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D - 8 p.m., summer: the acinar cells have
ample cytoplasm with a small nucleus in
the basal region of the cell. The cells of the
granular convoluted tubules are similar to
those seen at midnight in the winter
(reduced stroma).

E - 4 am., summer: the acini are smaller
than at 8 p.m. (summer) and their nuclei
are located more centrally.

In all cases, note the acini (arrows),
convoluted granular tubules (asterisks) and
stroma (arrowheads). Masson’s trichrome.

significantly from that of the con-
voluted granular tubules at various
intervals (midnight - 4 a.m., 4 a.m.
-4 p.m. and 4 p.m. - 8 p.m) in the
winter. The absolute volume of the
intercalated ducts in the summer was
always significantly greater than in the
winter. The striated and excretory
ducts showed no significant daily
differences.

DISCUSSION

Most mammals show seasonal
variations in many aspects of their
physiology and behaviour. The
causes of these oscillations include
changes in temperature, humidity
and water availability, but alterations
in the photoperiod are the most
important [10]. Seasonal variations
also interfere with the circadian
rhythm and act in conjunction with
the normal day-night cycle.

Some studies [15,27] have reported that the weight of
the large salivary glands varies according to the time of the
day. As shown here, rat submandibular glands underwent
daily and seasonal changes in size. These alterations were
more accentuated in the winter, probably because of an
increase in the consumption of solid food to maintain tem-
perature and metabolism. This increase in food consump-
tion would lead to a greater release of secretory products
by the glands. In the winter, the submandibular glands
showed a 38% decrease in weight from midnight to 4 a.m.,
while in the summer, the decrease was 15% from 8 p.m.
to midnight and coincided with the period of glandular se-
cretion when the rats were feeding. The subsequent syn-
thesis and accumulation of secretory material eventually
restored gland weight. Sreebny and Johnson [27], Sreebny
et al. [28] and Vermouth et al. [30] observed that these



daily cycles were related to the regulatory mechanisms that
exist between the synthesis, storage and release of secre-
tions. Similar responses were observed in von Ebner’s
salivary gland [9]. These mechanisms depend on mastica-
tion and the quantity of solid food ingested.

At midnight in winter, the acinar compartment repre-
sented 67.7% of the gland volume (absolute volume of
119.3 mm?), while the stromal compartment occupied
11.8% of the gland (absolute volume of 20.5 mm?). Mor-
phologically, all of the parenchymal structures were well-
defined, and the acinar and convoluted granular tubule cells
were full of secretion. The interlobular stroma was almost
invisible because of the increase in the size of the lobules.

At 4 a.m. in the winter, the acinar compartment occu-
pied only 29.5% of the glands, and the stroma 49.2% (ab-
solute volumes of 32.4 mm?® and 54.0 mm?, respectively).
By this time, the acini had already released their secretions
and had decreased drastically in size, which made it diffi-
cult to identify them. A similar response was seen in the
convoluted granular tubules, which decreased in volume
by 44% from 21.6 mm?® to 12.1 mm?. The absolute volumes
of the other interlobular ducts showed no significant varia-
tions. As the lobules decreased, the stroma became more
evident because of an increase in absolute volume caused by
hydration from plasma transudation. The increase in stroma
volume did not involve cells, fibers or other tissue elements.

Beginning at 8§ a.m. in the winter, the acini and duct
system were more defined. The acini recuperated their
volume from 4 a.m. to midnight. Recuperation in the convo-
luted granular tubules was similar but slower. Although the
gland at midnight was well-developed in winter, it still had
not reached 70% of the volume observed at 8 p.m. in the
summer. In the rat parotid, a-amylase only begins to appear
in glandular tissue at midnight [30], its highest levels
occurring at 10 p.m. Thus, in this gland, the secretory
material still increases in this period (10 p.m.), and conse-
quently raises the secretory cell volume and gland weight.

The gland weight was higher in the summer, probably
because of the lower consumption of solid food in this
period. At 8 p.m., the acinar compartment occupied 67.2%
(128.2 mm?) of the gland and the stroma 11.2% (20.5 mm?).
Morphologically the acini were larger and their cells were
full of secretory products. The nuclei, which were small and
heterochromatic, occupied the basal region of the cell, and
the stroma was smaller. At midnight, after rat had eaten, the
gland weight reached its minimum (386.3 mg), and the
acinar cells had less cytoplasm, because of the release of
some of their granules. These cells occupied only 58% of
gland volume (absolute volume of 94.3 mm?®). Albergger et
al. [2,3] reported that the secretory granules in rat parotid
glands showed changes in their number, shape and size in
the daily cycle. With the release of some of their granules,
the acinar cell nuclei became euchromatic and spherical

Assis et al.

$
,.1_,

:

Cilandular weight (my)
[}
=1

3

Wlidmighit dam §am Mlidday 4 pum A pm.

Figure 2. Rat submandibular gland weight in the winter (empty
columns) and summer (filled columns). The results are the mean *
S.E.M. of 6 rats per group. P<0.05.

but still occupied the basal region. However, by 8 p.m. the
acini had recovered their characteristic form following a
period of synthesis and accumulation of secretory mate-
rial. None of the structures in the duct system showed
significant morphological or volumetric alterations.

Comparison of the behaviour of rat submandibular glands
in the summer and winter revealed significant alterations
in the acini and convoluted granular tubules in the winter,
indicating that these structures are involved in releasing se-
cretion in this period. In the summer, only the acinar compo-
nent was affected. The cyclical behavior of the intercalated
duct system was similar in the summer and winter. However,
the absolute volume was about 40% less in the winter.

At 4 a.m. in the winter, mitosis was observed in the aci-
nar cells. The replacement of these cells probably occurred
during this period of the day. Since acinar cells contained
little secretory material at 4 a.m., they were smaller and
had fewer cytoplasmic structures, which facilitated mi-
totic division. By 8 a.m., the cells had recuperated their
organelles and began their synthesis of secretory material.

Several studies have shown the synchronisation and regu-
lation of cell proliferation by circadian rhythms in mamma-
lian tissues. Such rhythms have important implications for
the circadian control of the cell cycle in the treatment of
cancer and other pathologies [6,7,25]. The circadian rhythm
can directly influence the proliferation of the bone marrow
and gut cells, and this is related to a circadian expression
of cell cycle proteins in oral mucosa [6].

Litynska [18-20] reported seasonal effects on the daily
acid phosphatase and B-acetyl-glucosaminidase activities
in adult mouse submandibular glands at ambient temperature,
humidity and photoperiod, and suggested that this phenom-
enon represented a genetic memory controlling hormonal
background in these animals.

In conclusion, the results of this study show that the
circadian rhythm in the rat submandibular gland is sensi-
tive to seasonal changes that can affect the daily saliva
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Figure 3. The volume density of rat submandibular gland compartments in winter and summer. ID - intercalated duct, SD - striated duct,
CGT - convoluted granular tubule, ED - excretory duct, S - stroma.
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Figure 4. The total volume of rat submandibular gland compartments in winter (empty columns) and summer (filled columns). MN - midnight, MD
- midday. The results are the mean + S.E.M. of 6 rats per group. P<0.05.
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