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Abstract 
If the function of salivary glands that secrete saliva is degraded, saliva secre-
tion will decrease and symptoms of xerostomia will appear. Although symp-
toms of xerostomia are often felt by patients with diabetes, the relationship 
between diabetes and xerostomia is currently unclear. In relation to DM, 
there are studies on salivation flow and saliva composition, but there are not 
studies of apoptosis of salivary gland cells. The objective of this study was to 
investigate whether apoptosis in salivary glands of mice with hyperglycemic, a 
symptom of diabetes, might be altered based on immunohistochemical analy-
sis. This study used mice with hyperglycemia. Immunohistochemistry and 
Western blot analyses were performed using Fas, Bax, and cleaved caspase-3 
antibodies. These antibodies are used not only as death receptors, but also are 
antibodies that activate upstream and downstream signals of apoptosis. 
TUNEL assay was performed to detect apoptosis by immunofluorescence us-
ing TdT enzyme. It was observed that the expression level of apoptosis sig-
naling molecules and TUNEL positive cells were increased in hyperglycemia 
group (HG). As a result, there are many apoptosis cells in the HG groups of 
the salivary gland. The results of this study, the function of salivary gland 
could occur deteriorated due to apoptosis on salivary gland cells by hypergly-
cemic, a characteristic of diabetes. 
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1. Introduction 

Diabetes is divided into type 1 diabetes due to insulin deficiency and type 2 di-
abetes due to the inability to maintain blood glucose homeostasis. The disease is 
mainly characterized by hyperglycemia [1] [2]. Among the oral complication of 
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diabetes, characterized by hyperglycemia, is xerostomia. Xerostomia can reduce 
saliva secretion and cause unhealthy effects in the oral cavity [3] [4]. 

Saliva has a variety of functions in the oral cavity. The most important func-
tion of saliva is its ability to protect the oral cavity by inhibiting the growth of 
bacterial plaque. It also provides a buffer function to protect the teeth by pre-
venting demineralization. Saliva also contains antibacterial proteins in the oral 
cavity. In addition, amylase, a digestive enzyme in saliva, can dissolve food and 
help the digestion process. It can transfer the dissolved substance to the taste 
bud so that the taste of dissolved food can be sensed [5]. 

On the other hand, diabetic people often feel symptom of xerostomia [6]. It 
was suggested that salivary glands are degeneration, resulting in decreased saliva 
flow, resulting in xerostomia in diabetics [7]. However, a clear mechanism of 
this has not been determined. The intracellular mechanism of xerostomia, which 
is a symptom of DM, has not been clearly determined. Experiments on the re-
duction of salivation associated with DM have been reported [8]. After compar-
ing saliva compositions between type 2 diabetic patients and normal people, 
glucose and potassium levels in diabetic patients were found to be significantly 
higher in DM patients than those in normal people while salivary flow rate in 
DM patients was significantly lower than that in normal people [8]. Sandberg 
GE et al. (1970) have reported that oral dryness symptom of type 2 diabetic pa-
tients is significantly higher than that in normal people [6]. In addition, it is re-
ported that a study showing morphological changes in the intralobular duct of 
the salivary gland due to hyperglycemia has been reported [9]. 

It was reported that function of salivary glands and salivation decreased due to 
apoptosis of salivary glands cells caused by head and neck radiation therapy [10] 
[11]. In this study, it was considered whether hyposalivation due to diabetes was 
due to apoptosis of salivary gland cells. There are studies comparing the flow, sa-
liva composition and morphology in relation to DM [8] [12] [13] [14]. However, 
there are no studies comparing the apoptosis of the salivary gland cell. There-
fore, this study tried to performed whether apoptosis in salivary gland cells 
caused by hyperglycemia, a characteristic of diabetes. 

2. Materials and Method 
2.1. Experimental Animal 

C57BL/6 mice (5-week-old, 17 - 18 g body weight) and Male db/db mice 
(5-week-old, 30 - 32 g body weight), purchased from Orient Bio (Seongnam, 
Korea), were used for this study. The animals were maintained at 22˚C of tem-
perature and 50% of humidity and were feeded freely 12 hours of day/night 
cycle. All the procedures of this study were carried out according to the standard 
work guidelines, with approval (Approval No. GWNU-2016-18) of the Institu-
tional Animal Care and Use Committee of Gangneung-Wonju National Univer-
sity. 

The control group used the C57BL/6 mice. And the experimental group used 
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the db/db mice because it is hyperglycemic mice. The experimental group was 
divided into 8, 10 and 12 weeks based on 4 - 5 weeks when blood glucose started 
to rise [15]. In this study, 7 animals (n = 7) were used for each experimental 
group. The groups are as follows. 

1) Control groups: CTL 8W, 10W and 12W group. 
2) Hyperglycemia groups (HG): HG 8W, 10W and 12W group. 

2.2. Western Blot 

For western blot analysis, the parotid and submandibular glands were excised 
under anesthesia. Excised tissues were stored in the deep freezer (−70˚C) until 
using. 

The prepared tissues were homogenized with 180 μl lysis buffer (pH 7.5, con-
taining 137 mM NaCl, 20 mM Tris-HCl, 1% Tween 20, 10% Glycerol, 1 mM 
Phenylmethylsulfonyl fluoride and protease inhibitor cocktail) at 0˚C for 30 
minutes. Each sample was centrifuged by destroying the cells using an ultraso-
nicator at 15,000 rpm and 4˚C for 30 minutes, and the supernatant was centri-
fuged again. The proteins of the isolated tissue samples were mixed with the 
same amount of 2× loading buffer 20 μl of protein mixtures were electropho-
resed in 12% polyacrylamide gel. The electrophoresed protein was put into a 
cassette and transferred to the nitrocellulose membranes (Pall Crop, EastHills, 
NY) at 250 mA for 1 hour. After transfer, the membrane was blocked with 5% 
skim milk and then washed with 10× Tris buffer saline with Tween 20 (TBST) 
buffer (pH 7.6). The primary antibodies, rabbit anti-Fas (diluted 1:1000, Abcam. 
Cambridge, UK), rabbit anti-Bax (diluted 1:1000, SantacrusBip. Dallas, USA) 
and rabbit anti-Cleaved Caspase-3 (diluted 1:1000, SantacruzBip. Dallas, USA) 
were added to the washed membrane and incubated at room temperature for 1 
hour. Then, the membrane was washed three times for 10 minutes with TBST 
buffer (pH 7.6). The biotinylated secondary antibody, goat anti-rabbit IgG 
(VECTOR, California, USA), was added to the washed membrane according to 
the primary antibodies and shaken for 1 hour. After wash the membrane three 
times for 10 minutes with TBST buffer (pH 7.6), the washed membrane was de-
tected using X-ray film. 

2.3. Immunohistochemistry 

For immunohistochemical analysis, the animals were anesthetized. Then, the 
animals were perfused intracardially with 0.9% saline and 4% paraformaldehyde 
in phosphate buffered saline (pH 7.5). The parotid and submandibular glands 
were excised and postfixed with same fixative for 8 hours. 

Then, paraffin blocks were prepared by dehydration, transparency and paraf-
fin infiltration in an automatic processor (Leica, Nussloch, Germany) to produce 
paraffin blocks and paraffin sections (Leica RM2255, Nussloch, Germany) of 5 
μm were prepared and attached to saline-coated slides (MYTO, Tokyo, Japan) 
for tissue staining. 

https://doi.org/10.4236/jbm.2021.93013


B. H. Jung 
 

 

DOI: 10.4236/jbm.2021.93013 146 Journal of Biosciences and Medicines 
 

The salivary gland tissues were washed twice with xylene for 10 minutes to 
remove paraffin and then dehydrated through ordinary dehydration processes. 
After dehydration, the tissues were washed three times for 10 minutes with 0.01 
M PBS (pH 7.3) and antigen retrieval was performed for 10 minutes using mi-
crowave in citrate buffer (pH 6.0). After the antigen retrieval, the citrate buffer 
(pH 6.0) was completely cooled and then washed three times with 0.01 M PBS 
(pH 7.3) for 10 minutes. The tissues were treated with 0.01 M PBS (pH 7.3) solu-
tion containing 3% hydrogen peroxide (H2O2) for 30 minutes and then washed 
three times with 0.01 M PBS (pH 7.3) for 10 minutes. After washing, 0.01 M PBS 
(pH 7.3) containing 5% normal goat serum sprayed on the tissues and treated 
for 10 minutes. Do not wash the treated tissues. After shaking out the reaction 
solution, spray 0.01 M PBS (pH 7.3) solution containing rabbit anti-Fas (diluted 
1:50, Abcam. USA), rabbit anti-Bax (diluted 1:250, SantacrusBip., Dallas, USA) 
and rabbit anti-Cleaved Caspase-3 (diluted 1:200, SantacrusBip., Dallas, USA). 
Cover the sealing film on the slides so that the solution and tissue do not dry out 
and treat them at 4˚C for one day. After treatment, the slides were washed three 
times with 0.01 M PBS (pH 7.3) for 10 minutes. Biotinylated rabbit anti-goat was 
diluted 1:250 in 0.01 M PBS (pH 7.3) and applied to slides for 120 minutes. After 
the reaction, the tissues were washed three times for 10 minutes with 0.01 M PBS 
(pH 7.3) and then reacted with Avidin-biotin complex (ABC) kit (VECTOR, Cali-
fornia, USA) for 90 minutes. After the reaction, the tissues are washed three 
times for 10 minutes in 0.01 M PBS (pH 7.3). After washed tissues were color 
reaction using a solution of 250 μl of 1% 3,3-diaminobenzidine (DAB) (Sigma, 
St. Louis, USA) and 0.3% H2O2 in 5 ml of 0.01 M PBS (pH 7.3) and then wash 
with distilled water three times for 10 minutes. After that, dehydration and clari-
fication process were carried out and sealed with Canada balsam (Kanto, Tokyo, 
Japan). Completed slides were observed under a microscope (Axio Imager A2, 
Carl Zeiss, Göttingen, Germany). 

2.4. Terminal Deoxynucleotidyl Transferase dUTP Nick End  
Labeling (TUNEL) 

In this study, TUNEL staining was performed to confirm the cell death of the sa-
livary gland cells by DM. It was performed using TUNEL Kit (Promega, Madi-
son, USA). The salivary gland tissues were washed twice with xylene for 10 mi-
nutes to remove paraffin. After the paraffin was removed, the tissues were 
treated with 100% ethanol for 5 minutes twice, followed by a normal hydration 
procedure. The tissues were washed in 0.01 M PBS (pH 7.3) for 5 minutes. The 
tissues were fixed in 4% formaldehyde in PBS for 4 minutes and then washed 
twice with 0.01 M PBS (pH 7.3) for 5 minutes. To increase the permeability of 
the tissues, 20 μg/ml proteinase K dissolved in proteinase K buffer was applied to 
the slide to cover the tissues completely and treated at room temperature for 10 
minutes. After the reaction, the tissues were washed with 0.01 M PBS (pH 7.3) 
for 5 minutes. Afterwards, the reaction was terminated by treatment with 4% 
formaldehyde for 5 minutes. The fixed tissues were again washed with 0.01 M 
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PBS (pH 7.3) for 5 minutes. The pretreated tissues were mixed with Equilibrate 
buffer: nucleotide mix: rTdT at a ratio of 90:10:2 and the mixture was sprayed 
with 50 μl per slide and reacted at 37˚C for 1 hour. After the reaction was com-
pleted, the reaction solution was shaken off and 2× saline sodium citrate (SSC) 
diluted in distilled water was treated for 15 minutes to complete the reaction. 
The treated tissues were washed with 0.01 M PBS (pH 7.3) for 5 minutes three 
times, finally washed with distilled water for 5 minutes, completely dried in an 
oven at 50˚C, dipped in xylene for 2 minutes and sealed with dibutyl phthalate 
xylene (DPX) (Sigma, St. Louis, USA). The completed slides were observed un-
der a fluorescence microscope (Axio Imager A2, Zeiss, Germany) at a wave-
length of Ex: 385 nm and Em: 425 nm. 

2.5. Data Analysis and Statistical Processing 

The most common sites of stained tissues were photographed using a micro-
scope (Axio Imager A2, Zeiss, Germany) equipped with a CCD camera. The 
number of TUNEL positive cells was counted in similar part of 5 sections per 
experimental animal, and the average value was calculated. 

The values shown in this study were expressed as mean ± SEM. The difference 
between the two groups was statistically analyzed using the Mann-Whitney U 
test and One-sample T test. Statistical significance was considered significant if 
the p-value was less than 0.05. 

3. Results 
3.1. Blood Glucose Level 

Blood glucose was measured from 5 to 12 weeks. After 5 weeks, blood glucose 
was steadily rising (Figure 1). 
 

 
Figure 1. Evaluation of blood glucose level in mice. In the CTL group, 
blood glucose levels of mice were about 200 mg/dL. However, in the 
HG group, it exceeded 260 mg/dL after postnatal 6 weeks. Generally, 
diabetes mellitus means that the blood glucose maintained more than 
260 mg/dL. The bars indicate the means ± SEM. 
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3.2. Submandibular Gland 

1) Immunohistochemistry 
To confirm apoptosis in salivary gland cells, immunohistochemical staining 

was performed using Fas, Bax, and Cleaved Caspase-3 antibodies. Fas antibody, 
which is mainly used as death receptor according to apoptosis activity stage. Bax 
and Cleaved Caspase-3 antibodies that activates up-stream and down-stream of 
apoptosis signal in mitochondria. 

Results of immunohistochemistry by using Fas, Bax and cleaved caspase-3 an-
tibody, it was observed that more immunoreactive cells in the HG groups than 
those in the CTL groups. In the HG groups, immunoreactive cells were mainly 
observed in the acinar cell (Figures 2(A)-(I), Figures 2(a)-(i)). 

Especially, immunoreactive cells were more observed in the HG 10 weeks 
group (Figure 2(b), Figure 2(e) and Figure 2(h)).  

2) Western blot 
To confirm apoptosis, western blot analysis was performed to determine pro-

tein expression level. Western blot analysis was performed using antibody 
against Fas, as apoptotic activating receptor protein and antibodies against Bax 
and cleaved caspase-3 as, pro-apoptotic protein. The amount of expression of 
these apoptotic signal molecules in each CTL groups were determined as the 
absolute value 1 by using the amount of β-actin expression. These values were 
compared with their expression level in the HG groups.  

All the HG groups showed higher increase in expression of these apoptotic 
signal molecules than the CTL groups. The difference in the amount of expres-
sion of apoptotic signal molecules between the CTL groups and the HG groups 
were statistically significant (Figure 3).  

The amount of expression of Fas was the highest at about 9.75 level in the HG 
10 weeks group, and the lowest at about 3.93 level in the HG 8 weeks group. In 
the HG 12 weeks group was observed about 4.88 level. The amount of expression 
of Bax was the highest at about 8.96 level in the HG 10 weeks group, and it ob-
served as low as at about 4.79 level in the HG 8 weeks group and HG 12 weeks  

 

 
Figure 2. Immunohistochemistry of Fas, Bax and Cleaved caspase-3 in the submandibu-
lar gland of the CTL and HG groups. 200×. Scale Bar = 100 μm. (a)-(i) In the HG group, 
many Fas, Bax and Cleaved caspase-3 positive cells are mainly observed in acinar cells of 
the submandibular gland than (A)-(I) in the CTL groups. 
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Figure 3. Western blot analysis of Fas, Bax and Cleaved caspase-3 in the submandibular 
gland of the control and HG groups. It was observed that protein expression increased in 
the HG groups. Apoptosis protein expression level comparative graph in the submandi-
bular gland. (n = 7 per group; *P < 0.05, significantly different from the CTL group, #P < 
0.05, significantly different from the pre-adjacent HG group). The bars indicate the 
means ± SEM. 
 
group. The amount of expression of Fas and Bax were statistically significantly 
increased in the HG 10 weeks group and the HG 12 weeks group compared to 
the pre-adjacent HG groups. The amount of expression of cleaved caspase-3 was 
the highest at about 7.88 level in the HG 10 weeks group, and the lowest at about 
3.83 level in the HG 8 weeks group. In the HG 12 weeks group was observed 
about 7.54 level. The amount of expression of cleaved caspase-3 was statistically 
significantly increased in the HG 10 weeks group compared to the pre-adjacent 
HG group, but not the HG 12 weeks group (Figure 3). 

3) Terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) 

To confirm fragmentation of DNA during apoptosis due to diabetes, TUNEL 
assay was carried out by binding nucleotides through TdT enzyme and detecting 
immunofluorescence. 

It was observed that the number of TUNEL positive cells was higher in the 
HG groups than that in the CTL groups. There was no difference in the number 
of TUNEL positive cells among the CTL groups. In the HG groups, the number 
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of TUNEL positive cells was increased since the HG 10 weeks group (Figures 
4(A)-(C), Figures 4(a)-(c)). 

The results of the number of TUNEL positive cells were shown in Table 1. 
Results of cell count in parotid gland, the difference in the number of apop-

totic cells between the CTL 8 weeks group and the HG 8weeks group was not 
statistically significant. In the HG 10 weeks group, the number of apoptotic cells 
were increased of 75.65% compared with the CTL 10 weeks group. In the HG 12 
weeks group, the number of apoptotic cells were increased of 58.26% compared 
with the CTL 12 weeks group. The number of TUNEL positive cells in the HG 
10 weeks group was also significantly higher than that in the HG 8 weeks group 
and pre-adjacent group (Figure 4(D)). 

3.3. Parotid Gland 

1) Immunohistochemistry 
To confirm apoptosis in salivary gland cells, immunohistochemical staining 

was performed using Fas, Bax, and Cleaved Caspase-3 antibodies. Fas antibody, 
which is mainly used as death receptor according to apoptosis activity stage. Bax 
and Cleaved Caspase-3 antibodies that activates up-stream and down-stream of 
apoptosis signal in mitochondria. 
 

 
Figure 4. TUNEL stain in the submandibular gland of the CTL and HG groups. 200×. 
Scale Bar = 100 μm. (a)-(c) In the HG group, TUNEL positive apoptotic cells are mainly 
observed in acinar cells of the submandibular gland than (A)-(I) in the CTL groups. (D) 
The number of TUNEL positive cells in the submandibular gland of the CTL and HG 
group. (n = 7 per group; *P < 0.05, significantly different from the CTL group, #P < 0.05, 
significantly different from the pre-adjacent HG group). The bars indicate the means ± 
SEM. 
 
Table 1. The number of positive cells (cells/mm2) in submandibular gland. 

CTL 8 weeks 105 ± 32.596 HG 8 weeks 160 ± 74.161 

CTL 10 weeks 140 ± 13.693 HG 10 weeks 575 ± 163.936 

CTL 12 weeks 165 ± 37.914 HG 12 weeks 395 ± 73.739 
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Results of immunohistochemistry by using Fas, Bax and cleaved caspase-3 an-
tibody, it was observed that more immunoreactive cells in the HG groups than 
those in the CTL groups. In the HG groups, immunoreactive cells were mainly 
observed in the acinar cell (Figures 5(A)-(I), Figures 5(a)-(i)). 

Especially, immunoreactive cells were more observed in the HG 12 weeks 
group (Figure 5(b), Figure 5(e) and Figure 5(h)). 

2) Western blots 
To confirm apoptosis, western blot analysis was performed to determine pro-

tein expression level. Western blot analysis was performed using antibody 
against Fas, as apoptotic activating receptor protein and antibodies against Bax 
and cleaved caspase-3 as, pro-apoptotic protein. The amount of expression of 
these apoptotic signal molecules in each CTL groups were determined as the 
absolute value 1 by using the amount of β-actin expression. These values were 
compared with their expression level in the HG groups.  

All the HG groups showed higher increase in expression of these apoptotic 
signal molecules than the CTL groups. The difference in the amount of expres-
sion of apoptotic signal molecules between the CTL groups and the HG groups 
were statistically significant (Figure 6). 

The amount of expression of Fas was the highest at about 5.77 level in the HG 
12 weeks group, and the lowest at about 4.30 level in the HG 8 weeks group. In 
the HG 10 weeks group was observed about 4.96 level. The amount of expression 
of Fas was not statistically significantly increased in all HG groups compared to 
the pre-adjacent HG groups. The amount of expression of Bax was the highest at 
about 7.02 level in the HG 12 weeks group, and the lowest at about 3.59 level in 
the HG 8 weeks group. In the HG 10 weeks group was observed about 5.18 level. 
The amount of expression of cleaved caspase-3 was the highest at about 14.24 
level in the HG 12 weeks group, and the lowest at about 3.75 level in the HG 8 
weeks group. In the HG 10 weeks group was observed about 5.66 level. The 
amount of expression of Bax and cleaved caspase-3 were statistically significantly 
increased in the HG 10 weeks group and the HG 12 weeks group compared to the  
 

 
Figure 5. Immunohistochemistry of Fas, Bax and Cleaved caspase-3 in the parotid gland 
of the CTL and HG groups. 200×. Scale Bar = 100 μm. (a)-(i) In the HG group, many Fas, 
Bax and Cleaved caspase-3 positive cells are mainly observed in acinar cells of the parotid 
gland than (A)-(I) in the CTL groups. 
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Figure 6. Western blot analysis of Fas, Bax and Cleaved caspase-3 in the parotid gland of 
the control and HG groups. It was observed that protein expression bands were thick in 
the HG groups. Apoptosis protein expression level comparative graph in the Parotid gland. 
(n = 7 per group; *P < 0.05, significantly different from the CTL group, #P < 0.05, signifi-
cantly different from the pre-adjacent HG group. The bars indicate the means ± SEM. 
 
pre-adjacent HG groups (Figure 6). 

3) Terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) 

To confirm fragmentation of DNA during apoptosis due to diabetes, TUNEL 
assay was carried out by binding nucleotides through TdT enzyme and detecting 
immunofluorescence. 

The number of TUNEL positive cells in the HG group was higher than that in 
the CTL group. Numbers of TUNEL positive cells in the CTL 10 weeks group 
and the CTL 12 group were higher than those in the pre-adjacent group (Figures 
7(A)-(C), Figures 7(a)-(c)).  

The results of the number of TUNEL positive cells were shown in Table 2. 
Results of cell count in parotid gland, in the HG 8 weeks group, the number of 

apoptotic cells were increased of 73.94% compared with the CTL 8 weeks group. 
In the HG 10 weeks group, the number of apoptotic cells were increased of 
20.192% compared with the CTL 10 weeks group. In the HG 12 weeks group, the 
number of apoptotic cells were increased by 44.29% compared with the CTL 12 
weeks group.The number of TUNEL positive cells in the HG 12 weeks group  
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Figure 7. TUNEL stain in the parotid gland of the control and HG groups. 200×. Scale 
Bar = 100 μm. (a)-(c) In the HG group, TUNEL positive apoptotic cells are mainly ob-
served in acinar cells of the parotid gland than (A)-(I) in the CTL groups. (D) The num-
ber of TUNEL positive cells in the parotid gland of the CTL and HG group. (n = 7 per 
group; *P < 0.05, significantly different from the CTL group, #P < 0.05, significantly dif-
ferent from the pre-adjacent HG group). The bars indicate the means ± SEM. 
 
Table 2. The number of positive cells (cells/mm2) in parotid gland. 

CTL 8 weeks 245 ± 48.088 HG 8 weeks 940 ± 190.066 

CTL 10 weeks 830 ± 124.248 HG 10 weeks 1040 ± 132.994 

CTL 12 weeks 1560 ± 229.538 HG 12 weeks 2800 ± 170.477 

 
was also significantly higher than that in the HG 10 weeks group and 
pre-adjacent group (Figure 7(D)). 

4. Discussion 

There are several causes of xerostomia, due to abnormal decrease in salivation. 
One of such causes is diabetes [16]. The saliva flow rate in type 2 diabetic pa-
tients has been reported to be decreased. Changes in glucose, amylase and im-
munoglobulin A components in saliva also occur in diabetic patients [17] [18]. 
In this study, we observed changes in salivary glands by hyperglycemia and em-
phasis on apoptosis of salivary glands. 

In this study, western blot and immunohistochemistry were performed to in-
vestigate the effect of hyperglycemia, for a symptom of diabetes, on apoptosis in 
salivary gland cells by using Fas (cell death receptor), Bax (pro-apoptotic protein 
activating down-stream of apoptosis signal), and caspase-3 (activating up-stream 
of apoptosis signal) antibodies [19]. 

The results of this study, western blots and immunohistochemistry analyses 
using Fas antibody showed that expression of Fas was high in the HG groups 
(Figure 2) (Figure 5) (Table 1) (Table 2). These results tend to be consistent 
with the high expression of Fas in the salivary epithelium of Sjogren’s syndrome, 
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one of the causes of xerostomia syndrome found in previous studies [20] [21]. 
The results of this study, Bax antibody also showed high expression in the HG 
groups, consistent with previous studies reported that salivary glands in patients 
with Sjogren’s syndrome have higher staining intensity of Bax in acinar and duct 
[22]. The results of this study, western blot using cleaved caspase-3 antibody and 
immunohistochemistry analysis showed that protein expression and positive 
cells were increased in the HG groups. This result is consistent with previous 
study showing activated cleaved caspase-3 in acinar and ducts of Sjogren’s syn-
drome tissue [23].  

Results of experiments using Fas, Bax, and cleaved caspase-3 antibodies 
showed that most protein expression was observed in the HG 10 weeks group in 
the submandibular gland and their expression levels were the highest in the HG 
12 weeks group in the parotid gland. The mitotic rate of salivary parenchymal 
cells in rodents occurs once every 1-3 months while the rate of cell division in 
the parotid gland is two times faster than that in the submandibular gland [24] 
[25] [26]. 

TUNEL staining was performed to confirm apoptosis in this study. In the 
submandibular gland, the higher number of TUNEL positive cells was observed 
in the HG 10 weeks group. In the parotid gland, the higher number of TUNEL 
positive cells was observed in the HG 12 weeks group. In both salivary glands, 
numbers of TUNEL positive cells were increased in the HG group and TUNEL 
positive cells were more clearly in the parotid gland, consistent with previous 
findings [27] [28]. Immunohistochemistry and TUNEL staining revealed that 
apoptosis was mainly observed in acinar cells rather than duct cells, indicating 
that acinar cells might be more vulnerable to damage than duct cells. Previous 
study has suggested that acinar cells play an important role in the homeostasis of 
salivary glands [29], indicating that acinar cell damage has significant effect on 
salivary gland function.  

As a result of TUNEL staining, more TUNEL positive cells in the HG group of 
the parotid gland were observed than that in the HG group of the submandibu-
lar gland. In the HG 8 weeks group, about 82.78% more TUNEL positive cells 
were observed in the parotid gland than in the submandibular gland. In the HG 
10 weeks group, about 44.71% more TUNEL positive cells were observed in the 
parotid gland than in the submandibular gland. In the HG 12 weeks group, 
about 85.89% more TUNEL positive cells were observed in the parotid gland 
than in the submandibular gland. 

In the previous study, it was reported that in the presence of DM, the apop-
totic response of pancreatic acinar cells is increased [30]. This study suggested 
that more apoptotic signal molecules were observed in parotid gland than sub-
mandibular gland because of the acinar cells of the pancreas are composed of 
serous cells, similar to the histological structure of the parotid gland [30] [31]. 

It was confirmed in this study that hyperglycemia, a characteristic of diabetes, 
causes apoptosis of salivary gland cells. Especially, in the HG 10 weeks group of 
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submandibular gland, the amount of expression of Fas, Bax and caspase-3 were 
highest with each about 9.75 level, about 8.96 level and about 7.88 level. TUNEL 
positive cells were more increased with 575 ± 163.936 cells/mm2 compared with 
the CTL groups. In addition, in the HG 12 weeks group of parotid gland, the 
amount of expression of Fas, Bax and caspase-3 were highest with each about 
5.77 level, about 7.02 level and about 14.24 level. TUNEL positive cells were in-
creased more increased with 2800 ± 170.477 cells/mm2 compared with the CTL 
groups. 

The results of this study, apoptosis of salivary gland cells could occur due to 
hyperglycemic, a characteristic of diabetes. Therefore, it is likely that hyposaliva-
tion, complication of diabetes, may occur by the function salivary gland is dete-
riorated due to apoptosis. 

5. Conclusion 

In summary, hyperglycemia is closely related to apoptosis in parotid gland and 
submandibular gland. The normal function of salivary gland cells is not achieved 
due to apoptosis of salivary gland cells. Especially, acinar cells that play impor-
tant role in the homeostasis of salivary glands can cause many apoptosis reac-
tions by hyperglycemia. Thus, the hyperglycemia, a characteristic of diabetes, 
may be associated with hyposalivation because it reduces the function of salivary 
gland cells. 
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