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Abstract

Background: Sublingual salivary gland (SLGs) is one of the major salivary glands that is predominantly
mucous in nature. The glucose transporter 1 (GLUTL) is responsible for the transport of monosaccharides
and is localized in the parotid and submandibular major salivary glands, however GLUT1 localization in
the SLGs is hitherto unknown. Objective: To investigate the distribution patterns of GLUT1 in adult female
SLG’s lobular structures of the control female rats. Material and method: The SLGs were assessed by
hematoxylin and eosin (H&E) and Masson trichrome. The GLUT1 immunohistochemistry was utilized to
localize the protein in the SLG tissue, followed by histomorphometric analysis of the GLUT1
immunoreaction’s optical intensity. Results: The SLG tissue revealed GLUT1 localization in the mucous
acini and in the striated ducts (SDs). Histomorphometric analysis revealed a lesser intensity of GLUT1
immunoreaction in the acini in comparison to the SDs (P= 0.000) Conclusion: GLUT1+ immunolabelling
was depicted in the acini and the SDs of the SLGs, however the optical intensity of the GLUT1
immunolabelling was significantly higher in the SDs than the acini, which may reflect a higher energy
requirement in the SDs. Based on the localization of GLUTL1 in the SLG, new treatment options targeting
metabolic pathways including GLUT1 inhibitors may offer a promising therapeutic modality in glandular
diseases and cancers.
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1. Introduction

Salivary glands are exocrine, merocrine, compound, tubulo-alveolar glands that are specialized for
formation and secretion of saliva. According to size, salivary glands are classified into major and minor
glands (Nanci, 2018).

The sublingual salivary glands (SLGs) are major salivary glands that produces mixed fluid rich in
mucins and accounts for 5% of the daily salivary secretion. It is formed of stromal and parenchymal
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components. The parenchymal part includes the acini, duct system and the myoepithelial cells. The acini
forming cells are the cells producing the primary saliva and drain their secretion into the duct system. The
duct system started with smaller intercalated ducts which are not well developed in SLGs (Nanci, 2018).
These smaller ducts drain into longer and larger striated ducts (SDs), and thereafter to the excretory ducts.
The SDs are lined by columnar cells with central, spherical nuclei and acidophilic cytoplasm. The SD
possessed polarized cells with short microvilli at their luminal surface. Abasement membrane separates the
basal surface from the surrounding connective tissue. The basal part reveals basal folding of the basal
plasma membrane. In between these folds, mitochondria are loaded giving the duct a striated appearance.
These folds provide large surface area for active transport and the energy requirements are provided by the
mitochondria. The electrolyte reabsorption takes place in the SD with reabsorption of chloride and sodium
and secretion of bicarbonate and potassium against the concentration gradient and without loss of water.
Therefore, the salivary secretion changed from isotonic to hypotonic fluid. The mucous secretion of the
acini is modified in the SDs as they play significant role in ions” active transport, which leads to the change
of saliva from isotonic to hypotonic in nature (Berkovitz et al., 2018; Nanci, 2018).

Glucose transporters (GLUTS) are a large family of proteins that allow glucose transport. Fourteen
members pf GLUTs have been identified (Ismail and Tanasova, 2022; Peng and Zeng, 2024). These
transporters have specific distribution in the body tissues. There is a different affinity of GLUTS to glucose
and the GLUTSs family is subdivided into 3 classes. The class | of GLUTs are (GLUT1, 2, 3, 4 and 14) and
are responsible for the membrane pass of glucose and other hexoses excluding fructose. The class Il of
GLUTs includes (GLUT 5, 7, 9 and 11) and this class is responsible for the transport of fructose. The class
111 of GLUTs involves (GLUTS, 8, 10, 12, and 13) and these members possess an atypical structure (Ismail
and Tanasova, 2022)

One of the most widely studied GLUTSs and is ubiquitously distributed in the body tissues is GLUT1
(Ismail and Tanasova, 2022; Pragallapati and Manyam, 2019; Peng and Zeng, 2024). GLUT1 is highly
upregulated during embryonic period of development thereafter is progressively decreased in gestation. It
is expressed in the brain, erythrocyte membrane, eyes, kidney, peripheral nerves, colon and placenta. In
addition, GLUT1 has a pivotal role in maintaining angiogenesis and endothelial functions (Peng and Zeng,
2024).

The GLUT1 displays distinct expression and distribution patterns in the rodent submandibular tissues.
The duct system of the submandibular glands revealed strong immunohistochemical staining in the
basolateral membrane, however weak staining was detected in the secretory units in rat and mouse
submandibular glands (Cetik et al., 2014). GLUT1 has been detected in the parotid gland acini, in both the
basolateral and apical membranes. It has been suggested that GLUT1 in the parotid glands plays a role in
transporting glucose to the acinar lumen (Jurysta et al., 2012). Interestingly, GLUTL1 is expressed at a high
level in the pleomorphic adenoma and the carcinoma ex pleomorphic adenoma (Scarini et al., 2020).

Although the localization of GLUTL1 in the parotid (Jurysta et al., 2012) and submandibular (Cetik et
al., 2014) glands has been reported, the distribution patterns of GLUT1 in the SLGs is hitherto unknown.
Therefore, this study was designed to assess GLUTL localization in the SLG’s acini and SDs and the
comparative optical intensity of the GLUT1 immunoreaction in the SLG’s acini and SDs in female control
rats.

2. Materials and Methods

2.1. Ethical Statement

This study experimental procedures were granted the ethical approval from the Scientific Research Ethics
Committee at the Faculty of Dentistry, Minia University in Egypt (committee No: 108, Decision No: 938).
The study procedures were performed in agreement with the national ethical and ARRIVE guidelines and
with the National research council’s guide for care and use of experimental animals (Percie du Sert et al.,
2020; Council, 2011).
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2.2. The Experimental Design

The sample size was established on the basis of a published study (El-Badawy et al., 2024). The sample
size and Post-hoc power were determined utilizing power analysis and sample size software (PASS 2020,
NCSS, LLC, Kaysville, Utah, USA). The minimal sample size was estimated to be seven rats per group
with an effect size of 10%, power 80% and level of significance 5% utilizing Chi square test (Grimes and
Schulz, 1996; Kim et al., 2022). Eight adult healthy female albino rats were utilized and weighed (200-250
g). The animals were maintained in the animal housing, at Assiut University-Faculty of Veterinary
Medicine, in wire mesh cages with a temperature of 25 + 1°C, humidity of 30 + 35% and a light-controlled
room. Diet and water were given ad libitum.

All rats were euthanized by an overdosage of sodium pentobarbital 40 mg/kg, IP and thereafter by cervical
dislocation. The SLGs were carefully dissected bilaterally, and the glandular tissues were fixed in 10%
formalin for 48 h (EI-Badawy et al., 2024).

2.3. Sample preparation and sectioning

The SLG samples were rinsed in Phosphate buffered saline (PBS) and kept in 70% ethanol overnight at 4
°C. Thereafter, the tissue samples were dehydrated in (70%,95%, 99.5%) ethanol (3 baths, 30 minutes per
bath) and cleared in xylene (5 baths, 5 minutes per bath). Then the samples were infiltrated by several
changes of wax (5-6 baths, 20 minutes per bath), followed by embedding in paraffin and fixing the bases.
After sectioning the wax blocks into 6 um thick sections, the tissue ribbons were mounted on the glass
slides (StarFrost, Kitteglass, Germany) (El-Badawy et al., 2024).

2.4. The H&E staining

The H&E staining was performed to show the general histological structure of the SLGs. The tissue sections
were deparaffinized in xylene, rehydrated in alcohol (99.5%, 95% and 70%) and washed in distilled H20.
Thereafter, the sections were stained in hematoxylin for 3 minutes and washed under tap H20 up to 20
minutes. The sections were stained for 2 minutes in eosin Y (Cardiff et al., 2014) and thereafter, dehydrated
in alcohol. Thereafter, the sections were exposed to 2 bathes of xylene followed by mounting and cover-
slipping (El-Badawy et al., 2024).

2.5. Masson trichrome staining
Masson trichrome staining was performed to show the collagen fiber distribution in the SLGs. The SLG
tissue sections were dewaxed in xylene, followed by rehydration in ethanol. The sections were rinsed in
deionized water and were stained with Erlich’s hematoxylin followed by incubation with fuschien in glacial
acetic acid. After incubation with molybdenum phosphoric acid, the tissue sections were processed for
mounting (Pringle et al., 2016).

2.6. The GLUTEL Immunohistochemistry

To evaluate the localization of GLUT1 in the SLG tissue, the GLUTL1 protein was assessed by
immunohistochemistry. After deparaffinization and rehydration, the tissue sections were washed in PBS
and antigen retrieved in citrate buffer (10 mM) (pH 6) in the microwave (10 minutes) at high power to
unmask the target antigens. The SLG tissues were allowed to cool down followed by rinsing in distilled
H20 at room temperature. Thereafter, the tissue sections were exposed to 3% H-O: for 20 minutes to block
the endogenous peroxidases. After incubation with anti-GLUT1 (1:50, MA5-31960, Thermo Fisher), the
sections were washed in PBS followed by incubation with secondary antibody (EnVision FLEX/HRP,
DAKO, Denmark). This was followed by rinsing in baths of PBS. After developing for 10 minutes in
diaminobenzidine (DAB+chromogen, EnVision FLEX, DAKO, Denmark), the tissue sections underwent
counterstaining in Mayer’s hematoxylin and mounting (El Badawy et al., 2024; Junior et al., 2016).

2.7. Histomorphometry
The GLUT1 immunoreaction optical intensity was analyzed utilizing Image J (NIH, USA, version 1.48 v)
software. The measurements were done utilizing a standard measuring frame, using five non-overlapping
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fields were utilized for each sample (n=8) at x400 magnification, and the mean value of each specimen was
calculated (EI Badawy et al., 2024).

2.8. Statistics

The data were analyzed utilizing Paired t-test, in order to compare the GLUT1 immunoreaction optical
intensity between the mucous acini and the SDs of the SLGs. The data were shown as mean * standard
deviation and p-value below 0.05 designates significant difference. The analysis was performed utilizing
IBM SPSS software v. 20.0 (ARMONK, NY: IBM Corp).

3. Results

3.1. Histology of the SLG acini and striated ducts

The SLG structure in the control rats, depicts mucus acini which are tubular in form. The acini consist of
pyramidal shaped mucous cells with broad base, narrow apex and surrounding central lumen. The nuclei
are flattened and basal in position. The apical portion of the cells is loaded with poorly stained secretory
granules of mucous type (Fig. 1, 2). The SDs are the principal duct in the gland lobules and consist of
columnar cells with a nucleus which is central in position. In addition, the SDs reveal basal striation. In
addition, small secretory granules are situated in the apical part of the duct. The ductal lumen is wider than
that of the acini (Fig. 1, 2). Fine collagen fibers partition the glands into lobules (Fig. 2A, B).
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Figure 1. Histology of adult sublingual salivary gland (SLG) of control female rats. A and B are SLG images stained
with hematoxylin and eosin of control rats. (A) The SLG of controls displays mucous acini with flattened basal nuclei
(red arrow). (B) The striated ducts reveal central nuclei and basal striations (red arrow). Scale bar: 50 um
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Figure 2. Adult sublingual salivary gland (SLG) of control female rats stained with Masson trichrome. (A and B) the
SLG of controls displays mucous acini with fine connective tissue fiber separating between the SLG’s lobules (red
arrow). The striated ducts reveal central nuclei and basal striations (green arrow). Scale bar: (A,) 100 um; (B) 50 um
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3.2. Immunolocalization of GLUTI in the SLG acini and the SD

In the control rats, GLUT1 was detected in the SLG acini and in the SD. The SLG acini depicted an
apparently moderate GLUT1 immunolabelling occupying the thin basal rim of the mucous acini cytoplasm
(Fig. 3A). The SD of the SLGs revealed an apparently strong GLUT1 immunoreaction in the cytoplasm of
the SD masking the SD nuclei (Fig. 3B).

Histomorphometric analysis of GLUT1 immunoreaction optical intensity revealed statistically significant
increase of GLUTL1 immunolabelling intensity in SDs in comparison to the mucous acini in the SLGs
(P=0.000) (Table 1) (Fig. 3C).
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Figure 3. GLUTL1 localization in the adult sublingual salivary gland (SLG) of female control rats. (A, B) are
representative GLUT1 immunostained section images of SLGs of control rats. (A) The SLG controls display moderate
GLUT1 immunolabelling in the mucous acini (red arrows). (B) The striated ducts (SDs) reveal strong GLUT1
immunoreaction (red arrows). Scale bar: (A, B) 50 um. (C) bar graph representing higher optical intensity of GLUT1
immunoreaction of the SDs in comparison to the acini in the SLGs, data are presented and analyzed by Paird t-test,
n=8, and p< 0.001.

Table 1: Comparison between the GLUT1 optical intensity in the SLG acini and SDs

The GLUT1
immunoreaction
Optical intensity

Striated duct
(SD)

0.20 £0.02

Mean + SD. 0.27 +0.02
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SD: Standard deviation t: Paired t-test
p: p value for comparing between the studied periods
*: Statistically significant at p < 0.05

4. Discussion

The SLG was chosen as it is one of the crucial major salivary glands that is mainly responsible for mixed
salivary secretion of predominately mucous type (Nanci, 2018). In addition, there is a lack of data about
the SLGs in comparison to the other two major glands; the parotid and submandibular glands (Maruo et al.,
2024; Cetik et al., 2014; Jurysta et al., 2013; Jurysta et al., 2012).

The GLUTSs family are responsible for the extracellular and intracellular transport of monosaccharide
including glucose, mannose and fructose (Ismail and Tanasova, 2022). In addition, they also catalyze the
bidirectional transfer of other substrates across the membranes (Peng and Zeng, 2024). GLUT1 plays
crucial role in the supply of glucose to central nervous system cells (Peng and Zeng, 2024) and also to the
cardiomyocytes (Chen et al., 2021). GLUTL1 expression is upregulated in variety of cancers including
kidney, brain ((Peng and Zeng, 2024), ovaries (Vrhovac Maduni¢ et al., 2021), lung (Xu et al., 2022),
thyroid (Heydarzadeh et al., 2020), skin (Cibrian et al., 2020), and prostate (Heydarzadeh et al., 2020).

In the present work, the SLG tissue revealed apparently moderate GLUT1 immunolabelling in the SLG
mucous acini. Our data are in line with the previous studies which localize GLUTL1 in the submandibular
glands (Cetik et al., 2014; Jurysta et al., 2013) and in the parotid glands (Jurysta et al., 2013; Jurysta et al.,
2012). GLUT1 was localized in the apical and the basolateral parts of the acini of the parotid (Maruo et al.,
2024; Jurysta et al., 2012). It has been suggested that glucose enters the acinar cells utilizing SGLT1
transporter and thereafter reaches the luminal part of the acini utilizing GLUT1 transporter (Jurysta et al.,
2012). Interestingly, GLUT1 immunostaining was increased in the acini of the parotid gland of the diabetic
rats (Maruo et al., 2024), due to the increased glucose uptake by the diabetic rats than the controls and
suggesting role for GLUT1 in packing of the saccharides into mucous granules (Maruo et al., 2024).

The SDs have crucial role in the reabsorption of ions including sodium and this is regulated by Na*/ K*
activated ATPase pump (Berkovitz et al., 2018). These ducts are not water permeable. Therefore, the SDs
are important in the modification of the ionic composition of the initially secreted saliva into the final
hypotonic saliva (Nanci, 2018). In the present work, an apparently strong GLUT1 immunoreaction was
detected in the SDs of the SLGs. Our result is in line with the findings of Cetik et al. in the submandibular
glands, who reported high intensity of GLUT1 immunoreaction in the duct system (Cetik et al., 2014).
Localization of GLUT1 in the ductal cells of the salivary glands suggests a role in D-glucose uptake by the
ductal cells. The primary secreted saliva is isotonic in nature in comparison to the final hypotonic saliva in
the oral cavity. The reabsorption of ions for the conversion of the saliva from isotonic to hypotonic required
energy that can be provided via catabolism of the D-glucose in the ductal cells (Cetik et al., 2014). In our
previous work, we demonstrated that GLUT1 intensity was decreased in the SDs of the submandibular
gland of hypothyroid rats suggesting a decrease in the glucose uptake (EI Badawy et al., 2024).

In this study, the intensity of GLUT1 immunoreaction in the SDs was significantly higher than in the acini.
This result is in line with the findings of (Cetik et al., 2014), who showed a lesser extent of GLUT1
immunoreaction in the submandibular gland acini than in the SDs. The authors explained that this finding
may be due to the lesser D-glucose catabolism in the acinar cells than in the ductal cells (Cetik et al., 2014)

Limitation of the current study was the localization of the GLUT1 transporter in the SLG"s acini and SDs
of female rats with possible role of hormonal influence on GLUT1 distribution patterns. Therefore, future
studies are required to evaluate GLUT1 localization in SLGs of adult male rats. Another limitation is the
small sample size, therefore future studies with larger sample size are required to confirm the expression of
GLUTL in the SLGs. Further studies are required to elucidate the molecular regulation of GLUT1
expression in the gland.
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5. Conclusion

The present study revealed moderate GLUT1 immunoreaction in the SLG acini and strong immunolabelling
in the SDs. Localization of GLUTL in the acini of the SLGs suggests role of GLUTEL in glucose delivering
for the energy needs of the acini for protein synthesis and for the process of exocytosis. In addition, the
localization of GLUT1 in the SDs suggests role in securing the high energy demands by the SDs for ions
reabsorption. Identification of the GLUT1 in normal tissues of the SLG is of clinical importance, as it
provides insights in the diagnosis and treatment of the SLG disorders
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