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Abstract: Decreased salivary secretion and diminished taste sensation are common symptoms in female at meno-
pause or after surgical ovariectomy at any age. The aim of the study is to investigate the histological, immunohisto-
chemical and molecular changes of the submandibular gland in a rat model of menopause and the possible protec-
tive effect of combined coenzyme Q10 and estrogen compared to estrogen therapy alone. Fifty adult female rats 
were used. They were classified into 5 equal groups: negative control (I), positive control receiving coenzyme Q10 (II), 
ovariectomized (III), ovariectomized and received estrogen (IV) as well as ovariectomized and received both estrogen 
and coenzyme Q10 (V). After 8 weeks the submandibular glands were dissected out for histological and α SMA im-
munohistochemical assessment. SMP-30 gene expression was also carried out. Moreover, measurement of lipid 
peroxidation product and total antioxidant capacity were done. The study revealed that ovariectomy induces oxida-
tive stress of the submandibular gland in the form of increased oxidative stress markers, decreased SMP-30 mRNA 
gene expression, increased optical density of α SMA and ultrastructure degenerative changes. Slight improvement 
of these results is observed in estrogen treated group. In contrary, nearly complete recovery is noticed in combined 
estrogen and coenzyme Q10 treated group. We concluded that ovariectomy could induce submandibular gland cel-
lular senescence and oxidative stress dependent histological changes. Estrogen has a protective role but combined 
coenzyme Q10 and estrogen therapy could have a better effect in prevention and protection against ovariectomy 
induced submandibular gland damage.
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Introduction

Female menopause is the physiological pro-
cess that happens at ages 45~55 years. It is 
defined as stoppage of menstruation for at 
least 6 months or more. It may occur also at 
any age after surgical ovariectomy. Beside the 
common symptoms of menopause, some oral 
manifestations usually develop, such as decre- 
ased salivary secretion and diminished taste 
sensation [1, 2].

It was documented that menopause is accom-
panied by a reduction in the salivary secretion 
from the submandibular and sublingual salivary 
glands as well as lowered estrogen levels [3]. 

This problem is improved by estrogen therapy 
(ET) [4]. So, xerostomia with or without a de- 
crease in saliva volume is considered the major 
oral symptoms of menopause [5].

Cellular senescence is defined as a process lim-
iting somatic cell proliferation that acts by dis-
rupting cell division, loss of replication of nucle-
ar DNA and increased expression of many tu- 
mor suppressor genes [6]. Moreover, it is char-
acterized by alteration of cellular function [7, 8].

Senescence marker protein-30 (SMP30) is 
30-KDa protein. Its expression levels decrease 
with the advanced age. It was reported that this 
protein is expressed in many organs of human, 
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mice and rats such as kidney, pancreas, skele-
tal muscle, and brain. In experimental study, 
gene transfer into cultured cells revealed that 
SMP30 is incorporated in the intracellular Ca2+ 
homeostasis. It acts by increasing calmodulin-
dependent cell membrane-Ca2+-pump activity 
[9, 10]. Another studies established that SMP- 
30 has antioxidant effect [11, 12] and antiap- 
optotic effect [13]. SMP30 mediates a signal 
transduction pathway for selective membrane 
transport of electrolytes in the submandibular 
duct system [10].

It was postulated that cellular senescence 
could play a pathophysiologic role in meno-
pause related symptoms as it was documented 
that SMP30 mRNA levels were significantly 
lower in ovariectomized rat in an experimental 
study [12].

Coenzyme Q10 (CoQ10) is a lipid soluble elec-
tron transporter. It transports electrons from 
complexes I and II to complex III in the mito-
chondrial electron transfer chain [14]. It is one 
of the major cellular antioxidants [15]. It was 
documented that there is a gradual, age-relat-
ed decrease in the tissue levels and activity of 
CoQ10. Deficiency and/or mutations of genes 
involved in its synthesis are usually associated 
with disorders involving mitochondrial dysfunc-
tion in the nervous system, skeletal muscles, 
endocrine glands [16] and salivary glands [17]. 
Compromised status of coenzyme Q10 is a 
common finding in menopause [18].

The exact mechanism by which estrogen defi-
ciency can induce dysfunction of the salivary 
gland is under debate. Moreover, whether hor-
monal replacement therapy (HRT) alone or its 
combination with other protective agents may 
be beneficial to the salivary gland is still uncer-
tain. So, the current study aims to investigate 
the cell senescence and oxidative stress as a 
pathophysiologic mechanism mediating chang-
es of the submandibular gland in a rat model of 
menopause and how is this reflected on the 
histology of the gland? Moreover, it aims to 
study the possible protective effect of coen-
zyme Q10 administration in combination with 
HRT compared to HRT alone.

Materials and methods

Chemicals

Estrogen was used as 17 β-estradiol (E2) pro-
duced by sigma Aldrich. It was dissolved in ses-

ame oil and injected subcutaneously in a dose 
of (40 μg/kg/day) [19].

CoQ10 (C 9538, Sigma) was dissolved in sesa-
me oil and injected subcutaneously in a dose of 
(22 mg/kg) [20].

Surgical ovariectomy 

After one week of acclimatization the animals 
were anesthetized with 25 mg/kg thiopental 
sodium, injected intraperitoneally. A longitudi-
nal incision (0.5-1 cm) was made in the midline 
area of the lower abdomen and the ovaries 
were removed. Aqueous penicillin (Cairo Com- 
pany, Egypt) in a powder form was dissolved in 
distilled water and poured intraperitoneal be- 
fore closing the incision. Then garamycin cream 
was applied locally as wound dressing for 7 
days post-operative.

Sham operation

The abdominal cavities of control rats were 
opened but their ovaries were left intact, to be 
exposed to the same stress of the operation. 
The same antiseptic precautions and the same 
way of wound closure were followed as in ovari-
ectomy group.

Experimental protocol

The protocol of this study was done in accor-
dance with the Medical Research Ethics 
Committee of Mansoura University. A total of 
50 adult female albino Sprague-Dawley rats 
(200-250 gm) were used in this study and they 
were kept in a quite environment for one week 
before study. The animals were housed in a 
room with optimal temperature and light-dark 
cycle. They were fed ad libitum and allowed free 
access to water during the experimental peri-
od. The rats were left for one week for acclima-
tization; then they were randomly divided into 
five equal groups (10 rats each): Group І (nega-
tive control group): rats were sham-operated 
and received the vehicle only for 8 weeks. 
Group ІІ (positive control group): rats were 
sham-operated and received coenzyme Q10 
(22 mg/kg/day S.C.) for 8 weeks. Group ІIІ 
(OVX): rats were bilaterally ovariectomized. 
Group ІV (OVX+E2): rats were bilaterally ovariec-
tomized and received E2 (40 μg/kg/day, s.c.) 
for 8 weeks. Group V (OVX+E2+ coenzyme 
Q10): rats were bilaterally ovariectomized and 
received both E2 and coenzyme Q10 for 8 
weeks.
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At the end of each experiment, all animals were 
sacrificed by ether anesthesia. The subman-
dibular glands of one side were removed for 
histological and immunohistochemical study 
and the other side were used for molecular 
study.

Immunohistochemical (IHC) study

Paraffin-embedded sections were immunohis-
tochemically stained using the avidin-biotin 
peroxidase system for the detection of actin 
fibers in the myoepithelial cells around the 
acini. The deparaffinized sections were rehy-
drated in ascending grades of ethanol then 
treated with 0.2% hydrogen peroxide in phos-
phate buffered saline for 30 min to block 
endogenous peroxidase activity. The sections 
were then incubated overnight in a humid 
chamber with the primary mouse monoclonal 
anti-αSMA antibody (clone 1A4; 1/50 dilution; 
Dako, Glostrup, Denmark). Sections were sub-
sequently incubated with a second-stage bioti-
nylated antibody (biotin-conjugated goat anti-
rabbit IgG, 1:200, 1 h, at room temperature). 3, 
3’-diaminobenzidine hydrogen peroxide was 
used as a chromogen. Finally, the sections were 
counterstained with haematoxylin dehydrated, 
and mounted. The immunoreactivity was visual-
ized in the cytoplasm of myoepithelial cells. 
Positive and negative controls were included in 
each slide run and gave appropriate results 
[21, 22]. 

Electron microscopic study

The submandibular glands were obtained, cut 
into small fragments (about 1 mm3), fixed in 
2.5% buffered gluteraldehyde and then pro-
cessed according to the standard procedures 
[23]. Toluidine blue stained semithin sections 
(1 μm thick) were used for fields’ selection for 
examination by TEM. Uranyl acetate and lead 
citrate stained ultrathin sections were used for 
examination by JEOL 100 CX, Japan transmis-
sion electron microscope, Faculty of Science, 
Alexandria University, Egypt.

Assay of thiobarbituric acid reactive substanc-
es (TBARS) and total antioxidant capacity (TAC)

Submandibular glands of the other sides were 
dissected carefully from the 10 rats from each 
group. 40 mg of each gland was shock frozen 
for RNA extraction and the remaining part was 
carried to Petri dish. Then, they were trans-
ferred and washed with ice-cold isotonic saline.

Homogenization of each gland was carried out 
in 0.1 mol/L Tris-HCl buffer, pH 7.4, at 4°C with 
a diluting factor of 4 using a Potter-Elvejhem 
homogenizer. Centrifugation of the homoge-
nate was carried out at a 10000 g for 15 min in 
a cold centrifuge. Then, the supernatant was 
collected and stored at -20°C until measuring 
malondialdehyde levels and total antioxidant 
capacity (TAC).

Malondialdehyde level (the lipid peroxidation 
product) was estimated using thiobarbituric 
acid reactive substance (TBARS) method [24]. 
The results were measured as nanomoles per 
gram of tissue. TAC was assayed in tissue 
homogenizate [25]. The results were expressed 
as Trolox equivalents per gram wet tissue mass.

Quantitative real-time PCR (qRT-PCR) for deter-
mining the levels of gene expression

Immediately, after dissection of submandibular 
gland from each rat (10 rats per group), 40 mg 
gland’s tissue was shock freeze with liquid 
nitrogen. Total RNA was extracted using Tri-Fast 
reagent (PeqLab. Biotechnologie GmbH, Carl-
Thiersch St. 2B 91052 Erlongen, Germany, Cat. 
No. 30-2010), triazol, and chloroform.

The concentration and purity of the total RNA 
samples was examined by formaldehyde aga-
rose gel electrophoresis as well as spectropho-
tometer measurement of its absorbance at 
230, 260, and 280 nm (Genova Model; Jenway, 
UK). Ratios of (A260/A280 and A260/A230) 
equal or more than 1.8 indicate pure RNA 
samples.

Synthesis of cDNA from one mg of pure RNA 
was carried out using QIAGEN Long Range 2 
Step RT-PCR Kit (100 reactions); (Germany, 
Cat. No. 205922): 20 µL reaction mix was pre-
pared [2 µL of template extracted RNA, 9.8 µL 
DEPC treated water to Reverse-Transcription 
Master Mix that contains 4 µL Long Range RT 
Buffer (5×), 2 µL dNTP mix (10 mmol/L each), 1 
µL Oligo-dT (20 µmol/L), 0.2 µL Long Range 
RNase inhibitor (4 U/µL), and 1 µL Long Range 
Reverse Transcriptase]. 

For synthesis of cDNA was carried out as follow; 
the master mix was vortexed for 5 s, incubated 
for 50 min at 42°C. Then, the enzyme was inac-
tivated by heating at 85°C for 15 min. The syn-
thesized cDNA was utilized for qRT-PCR of 
SMP30 against β-actin as an internal control 
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gene. The gene expression was performed us- 
ing real-time polymerase chain reaction (qPCR) 
(7500 Fast Real-Time PCR System, Applied 
Biosystems, Foster City, CA, USA) and Sybr-Gre- 
en reagent (SYBR Green PCR Master Mix-App- 
lied Biosystems, USA, Cat. No. 4344463).

The sequences of the primers used: SMP30, 
forward: 5’-AGGCATCAAAGTGTCTGCTGTTT-3’; 
reverse: 5’-GACTGTCGAAGTGCCACTGAACT-3’ 
(Huang et al. 2001). β-actin (97 bp; Gene acces-
sion numbers NM_031144.2), forward: 5’-AT- 
GGTGGGTATGGGTCAG-3’; reverse: 5’-ATGCCG- 
TGTTCAATGG-3’ [26].

25 µL reaction mix for SMP30 was prepared; 1 
µL of forward and reverse primers (10 pmol 
each), 12.5 µL Sybr-Green PCR Master Mix 

reaction buffer (Applied Biosystems), 2 µL 
cDNA and 8.5 DEPC treated water. qPCR was 
performed using a 7500 Fast Real-Time PCR 
System. 40 cycles at 95°C for 20 s, 60°C for 3 
s and 60°C for 20 s were carried out according 
to the protocol previously described [27] for 
qRT-PCR of SMP30. The SMP30 expression 
gene was normalized to the expression of the 
housekeeping gene β-actin and the reactions 
were run in duplicate. 

Melting curve analysis and 2% agarose gel 
electrophoresis were carried out to verify the 
specificity of the products generated for each 
primer pair. The quantification of the SMP 30 
gene in each submandibular gland tissue sam-
ple was performed using a comparative meth-
od. β actin is used as endogenous housekeep-

Figure 1. Photomicrographs of toluidine blue stained semithin sections of submandibular glands. A. (Control group) 
showing serous acini (A) with basal vesicular nuclei (N) and full of secretion. A granular convoluted tubule (G) with 
few apical granules (arrow) is seen connected to an intralobuolar duct (D). B. (Group III) showing pale serous acini 
(A) with small darkly stained nuclei (n) and cytoplasmic vacuolation (crossed arrow). The granular convoluted tubule 
(G) showing marked increased in the apical granules (arrow). An intralobular duct (D) with some pyknotic nuclei (n) 
and dilated congested blood vessel (BV) are also seen. C. (Group IV) showing acini with slightly vacuolated cyto-
plasm (crossed arrow). Both the acini (A) and the intralobular duct (D) showing few pyknotic nuclei (n). The granular 
convoluted tubule revealing increased amount of granules (arrow). D. (group V) showing normal histological picture 
of acini (A) with vesicular nuclei (N), GCT (G) with few apical granules (arrow) and duct (D). The connective tissue 
containing dilated congested blood vessel (BV). (Toluidine blue × 1000).
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ing control gene. Each analysis was done using 
4 reactions (2 for analysis of the target SMP 30 
gene and 2 for analysis of the internal house-
keeping control gene, β actin). The ΔCT per ea- 
ch sample was calculated and linearized using 
2-ΔCT. Finally, ΔΔCT between studied groups in 
relation to the control samples were calculated 
and linearized using 2-ΔΔCT for overall change. 
Thus, the amount of target SMP 30 gene in the 
studied groups normalized to an endogenous 
reference (β actin) and relative to control group 
is given by anarithmetic formula. Estimation of 
ΔΔCT indicated the fold change in SMP 30 gene 
expression in the studied groups relative to the 
control group.

Morphometric study

Quantitative morphometric measurements of 
the optical density of α-SMA immunoreactivity 

were carried out blindly using ten non-overlap-
ping fields from each animal at magnification × 
400. The chosen fields were free from blood 
vessels.

The morphometric measurements were carried 
out on photographed slides using software sys-
tem. Olympus digital camera (E24-10 mega 
pixel-China) installed on Olympus® microscope 
with 0.5× photo adaptor was used in photogra-
phy. The result images were analyzed on Intel® 
Core® 13based computer using Video Test 
Morphology® software (Russian Federation, 
Saint-Petersburg, Russia).

Statistical analysis

All quantitative data were expressed as means 
± standard deviation. In the statistical compari-
son between the different groups, the signifi-

Figure 2. Photomicrographs of anti-alpha smooth muscle actin immunostained sections of submandibular glands. 
A. (Control group) showing moderate positive immune reaction in the myoepithelial cells (arrow) surrounding the 
acini (arrow) and in the wall of blood vessel (BV). Note absence of reaction around ducts (D). B. (Group II) showing 
a strong positive immune reaction around the acini (arrow) and blood vessel (BV). Notice the appearance positive 
immune reaction around the intralobular duct (crossed arrow). C. (Group III) showing slight decrease in the positive 
immune reaction around the acini (arrow) and in the wall of blood vessel (BV). Notice the absence of reaction around 
the duct (D). D. (Group IV) showing return of the reaction toward normal (Anti-alpha smooth muscle actin × 400).



Coenzyme Q 10 has anti-senescence effect on submandibular gland of ovariectomized rats

10858 Int J Clin Exp Pathol 2016;9(11):10853-10870

cance of difference was tested using ANOVA 
(analysis of variance) to compare between 
more than two groups of numerical (paramet-
ric) data followed by post hoc Tukey for multiple 
comparisons using SPSS for Windows (15.0 
Version). P value of less than 0.05 was consid-
ered statistically significant.

Results

Toluidine blue stained sections

Control groups (groups I & II): Examination of 
semithin sections stained with toluidine blue of 
all specimens in these groups was similar and 
revealed the normal histological structure spe-

some acinar cells appeared with vesicular 
nuclei, while others had pyknotic nuclei and 
vacuolated cytoplasm but less than the ovari-
ectomized group. The granular contents of the 
granular convoluted tubules were less than 
that of the ovariectomized group but more than 
the control one. Few pyknotic nuclei appeared 
in the intralobular duct (Figure 1C).

Ovarectomiezed group with both estrogen 
replacement therapy and Co enzyme Q (Group 
V): The SMG of the ovariectomized rats treated 
with estrogen and Co enzyme Q10 showed 
improvement of the degenerative changes re- 
ported in ovariectomized group. The acini, the 

Histogram 1. mRNA real time RT-PCR gene expression of SMP-30 in the sub-
mandibular gland of the studied groups. Data expressed as mean ± SD. P: 
Probabilty. Test used: One way ANOVA followed by post-hoc tukey. a: Signifi-
cant relative to group (I). b: Significant relative to group (II). c: Significant rela-
tive group (III). d: Significant relative to (IV).

Histogram 2. Optical density of alpha smooth muscle actin immunohisto-
chemistry in the submandibular gland of the studied groups. Data expressed 
as mean ± SD. P: Probabilty. Test used: One way ANOVA followed by post-hoc 
tukey. a: Significant relative to group (I). b: Significant relative to group (II). c: 
Significant relative group (III). d: significant relative to (IV).

cific for the submandibular 
gland including the secretory 
acini and the duct system. 
The secretory acini appeared 
with basal vesicular nuclei 
and full of secretion. The Gr- 
anular convoluted tubules 
(GCT) were found close to the 
intralobuolar ducts. The gran-
ular cells lining the tubules 
were characterized by basal 
vesicular nuclei and apical de- 
eply stained secretory gran-
ules (Figure 1A).

Ovarectomized group (group 
III): Examination of specimens 
from the ovarectomized ani-
mals revealed marked struc-
tural changes. The serous aci-
nar cells appeared with small 
darkly stained nuclei and 
faintly stained cytoplasm con-
taining variable sized vacu-
oles. An apparent increase in 
the apical granules of the 
granular convoluted tubules 
was observed. The acini were 
separated by connective tis-
sue containing congested di- 
lated blood vessels. Some 
pyknotic nuclei appeared in 
the intralobular duct (Figure 
1B).

Ovarectomized group with 
estrogen replacement thera-
py (group IV): Examination of 
semithin sections of estrogen 
treated group showed that 
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Figure 3. Photomicrographs of ultra-thin sections of 
submandibular glands of the control group. (A, B) 
Showing part of the acinus with central lumen (L). 
The cell has an open face basal vesicular nucleus, la-
mellae of the rough endoplasmic reticulum (rER), mi-
tochondria (M) and secretory vesiclescontaining se-
cretory granules of different electron density (G). (C)
Showing part of the intralobular duct lined by a single 
layer of cubical cells with central rounded vesicular 
nuclei (N). The basement membrane (BM) shows 
basal infolding (arrow) with tubular mitochondria (M) 
in between the folds. (D, E) Showing part of granular 
convoluted tubule with rounded central vesicular nu-
clei. The basement membrane (BM) shows regular 
basal infolding (arrow) with regular arrangement of 
mitochondria (M) in between the folds. The apical 
parts reveal moderate electron dense granules (G). 
(TEM A & D × 1500) (B, C & E × 3000).
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duct system and the GCT were more or less 
similar to the control group (Figure 1D).

Immunohistochemically stained sections

A Positive immune reaction was seen in the 
myoepithelial cells surrounding the acini and in 
the wall of blood vessel of the control groups 
(Figure 2A). The OVX group (group III) showed 

significant increase in the optical density of the 
immune reaction around the acini and blood 
vessel with appearance of positive immune 
reaction around the intralobular duct (Figure 
2B). Group IV showed significant decrease in 
the optical density of the immune reaction of 
myoepithelial cells around the acini compared 
with OVX group. In addition, absence of immune 
reaction around the duct was observed (Figure 

Figure 4. Photomicrographs of ultra-thin sections of submandibular glands of the OVX (group III). (A) Showing degen-
eration of acinar cells, shrunken hyperchromatic nucleus (n) with irregular nuclear membrane (arrow) and rupture of 
membrane organells, including the mitochondria (m) and the secretory granules (g) with degeneration of the rough 
endoplasmic reticulum. (B) Showing part of the intralobular duct lined by cells with vesicular nuclei (N) and other 
with small hyperchromatic irregular nucleus (n). The basement membrane (BM) shows area with lost basal infold-
ing (crossed arrow) and other with irregular infolding (tailed arrow). The mitochondria are irregulary arranged and 
some showing mitochondrial vacuoles (m). (C, D) Shows part of GCT with small pyknotic nuclei (n), the basement 
membrane shows loss of basal infolding (arrow) and few small vacuolated mitochondria (m). The apical part reveals 
increased amount and density of the granules (G). (TEM A, B & D × 3000) (C × 1500).
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2C). Group V showed return of the optical den-
sity of the immune reaction of myoepithelial 
cells to normal (Figure 2D). A significant statis-
tical decrease was observed between group V 
and IV (Histogram 2).

Electron microscopic results

Control groups (group I & II)

Electron microscopic examination of the sub-
mandibular glands of the control groups reve- 

aled the normal ultrastructure picture of SMG 
including the acinar cells with basal rounded 
vesicular nuclei, numerous cisternae of rER 
and mitochondria were seen in the basal part 
of the cells. Apical secretory vesicles contain-
ing secretory granules of different electron 
density were seen (Figure 3A, 3B). 

The striated duct cells were seen to have 
rounded vesicular nuclei. The basement mem-
brane revealed basal infolding with numerous 

Figure 5. Photomicrographs of ultra-thin sections of submandibular glands of the estrogen treated OVX (group IV). 
(A) Showing the acini having normal sized hyperchromatic nucleus, appearance of few cisternae of rER, some vacu-
olated mitochondria and secretory vesicles containing few secretory granules. (B) A part of the intralobular duct 
showing a cell with vesicular nucleus (N) and other with small hyperchromatic nucleus (n). The basal membrane 
(BM) revealing regular basal infolding (arrow) and regular mitochondrial arrangement (M). (C, D) Showing part of 
GCT, the cells have vesicular nuclei (N), lost basal infolding (arrow) and irregular mitochondrial arrangement (M). 
The apical granules (G) revealing an increase in number and electron density. (TEM A, B & D × 3000) (C × 1500).
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Figure 6. Photomicrographs of ultra-thin sections 
of submandibular glands of the estrogen and Co 
enzyme Q treated OVX (group V). (A, B) Showing 
part of the acinus with basal vesicular nucleus, la-
mellae of the rough endoplasmic reticulum (rER), 
mitochondria (M) and apical secretory vesicles (G). 
(C) Showing part of intralobular duct with central 
vesicular nucleus (N), basement membrane (BM) 
with regular basal infolding (arrow) and normal 
morphology and arrangement of mitochondria (M). 
(D, E) Showing part of GCT with vesicular nucleus 
(N), basement membrane (BM) with regular basal 
infolding (arrow), normal morphology and arrange-
ment of mitochondria (M) and increased granular 
density (G). (TEM A & D × 150) (B, C & E × 3000).
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elongated mitochondria in between. The apical 
parts revealed apical microvilli (Figure 3C). 

The granular convoluted tubular cells of the 
submandibular glands of the control groups re- 
vealed regular basal infolding with basal mito-
chondria and the apical parts showed moder-
ate electron dense granules. The nuclei were 
rounded and vesicular (Figure 3D, 3E).

Ovarectomiezed group (group III)

Ultrastructure examination of the acinar cells of 
this group revealed marked degenerative ch- 
anges in the form of hyperchromatic nuclei and 
irregular nuclear membrane. The cytoplasm 
showed destruction of membrane organelles, 
including the mitochondria, the secretory gran-
ules and the rough endoplasmic reticulum 
(Figure 4A). 

The striated duct revealed some cells with 
vesicular nuclei and others with small hyper-
chromatic ones. The basal membrane showed 
areas with regular basal infolding, others with 
irregular infolding and third ones with lost basal 
infolding. The mitochondria were irregularly 
arranged and some showed mitochondrial vac-
uoles (Figure 4B). 

The granular convoluted tubular cells revealed 
some cells with small hyperchromatic nuclei 
and irregular nuclear membrane. The basilar 
membrane showed areas of complete loss of 
basal infolding. Few small vacuolated mito-
chondria were also seen. The apical parts of 
the cells revealed numerous electron dense 
secretory granules (Figure 4C, 4D).

Ovarectomiezed group with estrogen replace-
ment therapy (group IV)

Electron microscopic examination of the sub-
mandibular glands of this group revealed par-
tial recovery of the acinar cells. The cells had 
basal vesicular nuclei with irregular nuclear 
membrane, few cisternae of rER and mitochon-
dria. The secretory granules were more elec-

tron lucent than those of the control (Figure 
5A).

The striated duct revealed normal ultrastruc-
tural appearance apart from few pyknotic 
nuclei (Figure 5B).

The Granular convoluted tubules showed an 
apparent increase in their granular contents 
compared to the control group (Figure 5C, 5D).

Ovarectomiezed group with both estrogen re-
placement therapy and Co enzyme Q (Group V)

The SMG of the ovariectomized group treated 
with estrogen and Co enzyme Q10 showed 
improvement of the degenerative changes 
reported in the ovariectomized group. The acini 
(Figure 6A, 6B), duct system (Figure 6C) and 
the GCT (Figure 6D, 6E) were more or less simi-
lar to the control group.

Statistical and morphometric results

Table 1 represents the oxidative stress mark-
ers of the submandibular glands in the studied 
groups. It shows increase in the markers of 
submandibular oxidative stress in the ovariec-
tomized animals group (model group-III) in the 
form of increased lipid peroxiation product 
(TBRS) level with decreased total antioxidant 
capacity. These markers show reversed results 
in the treated groups (IV & V) which indicates 
lowered submandibular oxidative stress in the 
treated groups in comparison to the model 
group (III). Moreover, the group of combined 
treatment by E2 and Co Q10 (group V) present-
ed decreased level of TBRS and increased total 
antioxidant capacity when it is compared to the 
E2 treated group (group IV).

Regarding SMP-30 mRNA real time gene 
expression, it is presented in Histogram 1. In 
ovariectomized animal group (III), there is a sig-
nificant decrease in submandibular SMP-30 
gene expression than the control groups (I & II). 
While, there is statistically significant increase 
in the treated groups (IV & V) than the model 

Table 1. Oxidative stress markers of the submandibular gland in the studied groups
Group I Group II Group III Group IV Group V P

TBARS (nmol/mg) 2.45±0.42 2.31±0.37 5.6±1.01a,b 3.93±0.85a,b,c 2.97±0.73c,d <0.001
TAC (Trolox equivalents per gram wet tissue weight) 3.79±0.87 3.84±0.99 1.61±0.48a,b 2.71±0.53a,b,c 3.76±0.84c,d <0.001
Data expressed as mean ± SD. P: Probabilty. Test used: One way ANOVA followed by post-hoc tukey. a: significant relative to group (I). b: significant 
relative to group (II). c: significant relative group (III). d: significant relative to (IV).
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group (III). Interestingly, there is statistically sig-
nificant increase in the group of combined 
treatment by E2 and Co Q10 (group V) than E2 
treated group (IV).

Regarding α SMA immunostaining, it is present-
ed in Histogram 2. In the ovariectomized ani-
mal group (III), there is a significant increase in 
optical density of α SMA compared to the con-
trol groups (I & II). While, there is a statistically 
significant decrease in the treated groups (IV & 
V) than the model group (III). Interestingly, there 
is statistically significant decrease in the group 
of combined treatment by E2 and Co Q10 
(group V) than E2 treated group (IV).

Discussion

As current treatment strategies of menopausal 
symptoms especially those resulted from cellu-
lar senescence are mainly limited to symptom-
atic and supportive care, more effective thera-
peutic options should be developed for better 
management of these disorders. Therefore, in 
this study, we aimed to discuss the effect of 
experimental ovariectomy on the submandibu-
lar gland and also to evaluate the effects of 
estrogen alone and together with Co enzyme10, 
a radical-scavenging antioxidant present in 
most eukaryotic cells, on the submandibular 
gland of OVX rat models at the molecular and 
histological aspects. 

Our data signified that ovariectomy induced oxi-
dative stress (increased MDA and lowered TAC). 
Moreover, SMP-30 gene expression (the senes-
cence marker) showed marked decrease in 
those animals when compared to the control 
groups.

OVX is associated with oxidative stress with 
impaired redox balance [28]. Oxidative stress in 
OVX could be explained by sequestration of 
hydrogen polyunsaturated fatty acids [29] with 
activation of lipid peroxidation in cellular and 
subcellular membranes [30]. Peroxides of the 
polyunsaturated fatty acids generate MDA, the 
indicator of lipid peroxidation [31]. Moreover, 
oxidative stress that is associated with OVX 
may be caused also, by reduction of energy 
consumption [32], development of insulin resis-
tance state as evidenced by decreased adipo-
nectin level [33], increased triacylglycerol level 
[34] with decreased LDL receptors expression 
and activity [28]. Subclinical inflammation and 

consequently tissue injury associated with 
increased cytokines release is an associated 
condition of OVX [35].

The decreased expression of SMP-30 gene 
observed in the current study was reported pre-
viously in 2011 by Fukui et al. [12]. They report-
ed a similar finding in their study of the effect of 
OVX on liver injury [12]. The association 
between ovariectomy and cellular senescence 
is also documented [36]. Cellular senescence 
in OVX is explained by loss of ovarian estrogen 
that may induce senescence through induction 
of generalized low grade chronic inflammation 
[36] and oxidative stress [37, 38]. 

The link between oxidative stress and cell 
senescence which is marked by down-regula-
tion of SMP-30 expression was documented. 
Oxidative stress that occurred in OVX can stim-
ulate Ca++ influx into the mitochondria and the 
nuclei of cells from the extracellular environ-
ment through cytoplasm or from the intracellu-
lar environment through the endoplasmic and 
sarcoplasmic reticulum membranes and chan-
nels [39, 40]. The dysregulation of the intracel-
lular Ca++ homeostasis is also, a result of down 
regulation of SMP-30 gene expression and loss 
of its role in protecting the cell from cellular 
senescence and apoptosis [12, 41]. 

As a consequence of down regulation of SMP-
30 gene expression, there is impairment of 
Ca++ signaling pathway leading to a decline in 
the salivary gland secretory activity and func-
tions at the cellular level [42, 43]. This was 
reflected histologically in our study in the form 
of small darkly stained nuclei with faintly 
stained cytoplasm containing variable sized 
vacuoles in the acinar cell which are morpho-
logical biomarkers of cellular senescence as 
reported by [8, 43]. Moreover, previous authors 
reported that the percentage number of sub-
mandibular gland acini and ducts was 
decreased in ovariectomized rats [1]. They 
explained this by reduced activity of transcrip-
tion of cell cycle mediators in ovariectomy with 
reduction of estrogen receptors expression.

The apical granules of GCT were apparently 
increased in ovariectomized animals in addi-
tion to dilated congested blood vessels and 
pyknotic nuclei in the interlobular ducts. Nearly 
similar findings were reported in the subman-
dibular gland of ovariectomized rats [2, 44]. 
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These findings were explained by decreased 
estrogen level after OVX and loss of its protec-
tive effect on salivary glands as they reported 
that OVX can induce cell atrophic changes, sub-
cellular organelle lesions and upregulation of 
apoptotic gene expression at the level of acinar 
and ductal epithelium of the submandibular 
glands [2, 45]. Ovariectomy induced hypovacu-
larization with consequent hypoxia and hypo-
cellullarity of the glands resulting from estro-
gen deficiency may be a possible explanation 
[46-48].

For more study of the mechanism by which OVX 
could affect the submandibular glands, the 
expression of alpha smooth muscle actin (α 
SMA) protein was carried out in the current 
study by α SMA immunohistochemistry. The 
present study revealed increased α SMA immu-
noreactivity at the periphery of the acini and 
blood vessels. This reaction was localized in 
the myoepithelial cells surrounding the intra-
lobular ducts. 

The importance of α SMA as a myoepithelial 
cell marker in salivary gland physiology was 
well documented. It is a marker of myofibro-
blasts, immature progenitor and/or stem cells 
[49] and its expression is increased in response 
to stress and degeneration [50]. Disorder in its 
expression is associated with cytoskeletal dis-
organization and damage which is caused 
mainly by oxidative stress [51]. Alpha SMA 
expression and polymerization are increased in 
response to oxidative stress and there is a posi-
tive correlation between its expression at the 
cellular and circulatory levels and the oxidative 
stress markers; 8-oxo-7, 8-dihydro-2’-deoxy-
guanosine [52, 53]. Moreover, α SMA expres-
sion is more in senescent cell [54, 55], this 
result is confirmed in the current study.

So, ovariectomy through stimulating subman-
dibular salivary gland oxidative stress could 
induce submandibular senescence which in 
turn recruit and retain myofibroblast and pro-
genitor stem cell which is evidenced by incre- 
ased expression of α SMA as a defense mecha-
nism against marked cellular damage.

Ultrastructure examination of the submandibu-
lar gland of OVX group (II) showed multiple 
degenerative changes; the acini revealed irreg-
ular and hyperchromatic nuclei in addition to 
destruction of membranous organelles, includ-

ing the mitochondria, the secretory granules 
and the rough endoplasmic reticulum. A similar 
ultrastructure changes were previously report-
ed in both submandibular and lacrimal glands 
of OVX rats [2] and in the parotid acini of OVX 
rats [48]. They referred this degenerative 
changes to the oxidative stress resulted from 
estrogen deficiency. Estrogen which is one of 
the sex hormones is well known as a natural 
antioxidant. As it was reported that its serum 
level is directly proportional to the level of anti-
oxidase and anti-oxidative activity, yet it has an 
inverse correlation with oxidative stress pro-
duction [56, 57]. These findings indicate that 
estrogen deficiency may be responsible for the 
reduction in antioxidants and an increase in 
ROS. Therefore a close relationship may be 
present between the structural and functional 
menopausal changes and the oxidative stress 
caused by estrogen withdrawal.

In the current work, ultrastructural examination 
of the acini, ducts and glandular convoluted 
tubules showed vacuolation and irregular 
arrangement of mitochondria. These results 
come in accordance with [2].

The role of E2 as a replacement therapy after 
ovariectomy is well studied. E2 alone or in com-
bination with other antioxidant supplements 
like vitamin E has a beneficial protective effect 
against OVX induced oxidative stress. It 
decreases MDA level, increases the total anti-
oxidant capacity and even reduces the OVX 
associated insulin resistance state [58]. This 
result is confirmed in the current study as there 
was improvement of the oxidative stress mark-
ers in group IV (E2 treated group) in comparison 
to group III (OVX model group). E2 exerts its 
antioxidant effects through different mecha-
nisms. It increases and restores the intracellu-
lar glutathione level, has a role in the mainte-
nance of normal cellular redox state and 
suppresses the production of superoxide anion 
[59, 60]. Moreover E2 has an activating effect 
on the intracellular soluble antioxidant defense 
system and it improves the electron transfer 
chain activity [60, 61].

There was improvement of the histological pic-
ture of the submandibular glands of animals 
representing group IV (E2 treated animals). 
Some acinar cells appeared with vesicular 
nuclei, while others had pyknotic nuclei and 
vacuolated cytoplasm. The granular contents 
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of the granular convoluted tubules were appar-
ently less than that of the ovariectomized group 
with evident decrease in α SMA immunoreactiv-
ity. These results support the result of) [2]. They 
reported that E2 therapy could improve the 
OVX induced morphological changes in the sub-
mandibular gland. This can be explained by the 
possible antioxidant effect of E2 that can 
relieve or minimize the cellular changes induced 
by oxidative stress) [56]. Moreover, E2 has anti-
apoptotic role through downregulation of gene 
expression of apoptotic genes [62] as well as 
its extra non-genomic effect through activation 
of signaling anti-apoptotic pathways [2].

The E2 treated animals showed a significant 
increase in SMP-30 mRNA gene expression in 
the current study, this result confirmed the anti-
senescence role of estradiol which is in agree-
ment with [63, 64]. It was reported that E2 in- 
duces gene expression at the level of transcrip-
tion of the genes that antagonize, protect or 
delay cellular senescence [64], augment telom-
erase activity [65]. Additionally, E2 protects 
against the mitochondrial damage induced by 
H2O2 and hence delay the cellular senescence 
[66]. But the prolonged use of E2as a replace-
ment therapy alone is not fully effective and 
non-preferable due to its previously known haz-
ards [67]. 

CoQ10 is a lipo-soluble free radical scavenger 
[68]. It is well known for its antioxidant and anti-
inflammatory effects and it is the most com-
mon type of Co Q in human tissue [69]. As it is 
a member of mitochondrial respiratory chain; it 
prevents and minimizes mitochondrial ROS pro-
duction [70], increases the mass of mitochon-
dria [71] and augments its function [67]. Its 
essential roles are energy conversion, antioxi-
dant activity and antioxidant regenerator, cell 
growth stimulation, and cell death inhibition 
[69, 72]. The selection ofCoQ10 to be a comple-
mentary treatment of OVX induced salivary 
gland damage is based on the fact that CoQ10 
level is lower in any condition of hypogonadism 
with lowered sex hormones levels including 
postmenopausal women [63, 64]. It is reported 
that Co Q10 decreases with the progress of 
age, its decline starts by the age of 30s in some 
tissues of human hence its role in prevention of 
aging process [73, 74]. The decrease in the 
availability in Co Q10 is correlated with the 
decrease in the fertility potentials in human 
[75].

The antioxidant activity of CoQ10 provides it a 
benefit of delaying cellular aging and senes-
cence [76, 77]. Moreover, the main mechanism 
of anti-senescence of CoQ10 is through inhibi-
tion of the signaling pathways that is involved in 
senescence especially, AKt/mTOR pathway 
which is considered the main mediator of mes-
enchymal stem cell aging process [78, 79].

The results of the current study proved these 
helpful effects of CoQ10 in prevention and 
treatment of OVX induced submandibular gland 
damage. The ultrastructure picture, the bio-
chemical and the molecular findings of group V 
(combined CoQ10 and E2 therapy group) dem-
onstrated an effective therapy in the form of 
marked improvement of molecular findings as 
well as return of the immunohistochemical and 
histological picture nearly to normal.

Conclusion

Based upon the results of the present study, 
ovariectomy can induce histological changes in 
the submandibular gland with development of 
oxidative stress and induction of cellular senes-
cence. Estrogen has a protective role but com-
bined CoQ10 and E2 therapy could have a bet-
ter effect in prevention and protection against 
OVX induced submandibular gland damage. 
Therefore, CoQ10 seems to be a promising 
antioxidant with significant therapeutic effects 
in the amelioration of the histological, immuno-
histochemical and molecular changes of the 
submandibular gland. Further studies are nec-
essary to know the detailed mechanisms un- 
derlying the beneficial properties of CoQ10 and 
its clinical efficacy in prevention and treatment 
of postmenopausal tissue damage.
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