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ABSTRACT
Introduction: Obesity is an epidemic health problem that has many adverse effects on 

submandibular glands. Anthocyanins are potent antioxidants; therefore, they might ameliorate the 
obesity-induced oxidative stress.

Aim: This study aimed at evaluating the therapeutic effect of anthocyanins on the high-fat diet 
induced oxidative stress on submandibular salivary glands in rats. 

Materials and Methods: Thirty adult albino rats were distributed into three groups. Control 
group (I): received normal diet, High-fat diet group (II) and High-fat diet + Anthocyanin group 
(III): received high-fat diet for eight weeks. Then, group (III) received an intra-peritoneal injection 
of Anthocyanins (100 mg/kg) for 7 days. After euthanasia, blood samples were collected for 
serological analysis. The glands were dissected and prepared for histological immunohistochemical 
and ultra-structural examination. 

Results: Group II showed significant increase in insulin resistance, blood glucose, cholesterol, 
triglycerides, LDL and insulin serum level and significant decrease in HDL and calcium serum 
level compared to group III. Histologically, group II showed alteration in acinar structure, 
cytoplasmic vacuoles, and lipid infiltration. Significant α-SMA and AnnexinV immunoreaction 
was seen at acinar borders and interlobular ducts compared to group III (p <0.001*) which revealed 
moderate restoration of normal gland architecture, reduction in lipid infiltration and apoptotic 
immunofluorescence. 

Conclusions: High-fat diet resulted in alterations in the glandular architecture with 
marked lipid infiltration. It showed the highest αSMA immunopositivity and Annexin V 
immunofluorescence denoting severe apoptosis. However, anthocyanins had a counteracting 
lipolytic effect, as it moderately restored the normal glandular architecture, expressed the lowest 
αSMA immunoreactivity, and apoptosis immunofluorescence.
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INTRODUCTION 

Chronic obesity, which is regarded as one of the 
civilization illnesses, is characterized by large and 
unnatural adipose tissue aggregation. The World 
Health Organization (WHO) reported that between 
1975 and 2016, the number of obese individuals 
nearly tripled. It is a worrying fact that overweight, 
and obesity are correlated to a wide range of 
illnesses, including cancer, insulin resistance (IR), 
diabetes type II, and hypertension [1, 2].  Indeed, a 
critical factor leading to the emergence of neuro-
degenerative disorders, such as Alzheimer’s disease, 
is having an excessive body weight [3]. 

For the objective of studying the causes and 
effects of human obesity, the highly pleasant and 
energetic diet-induced obesity paradigm is a valid 
and useful one. Research revealed the importance 
of hypercaloric diets in the development of obesity 
in animal models as it caused changes in the 
composition of the body, such as increased body 
weight (BW), fat deposits and altered glycaemic 
and lipid profiles which lead to oxidative stress [4, 5]. 

Reactive Oxygen Species (ROS) are chemically 
reactive molecules that, when out of equilibrium, 
cause oxidative changes of proteins, fats, carbohy-
drates, and nucleic acids. These modifications dis-
rupts the equilibrium of the entire biological system 
and can lead to obesity-related problems [6]. 

Saliva performs a variety of necessary func-
tions for maintaining general and dental health. It 
has several important roles, including lubricating 
and cleaning the teeth and oral mucosa, preserving 
a neutral pH through buffering action, preventing 
tooth demineralization, acting as an antimicrobial, 
promoting taste and bolus formation, starting the en-
zymatic digestion of starch, and being necessary for 
mastication, swallowing, and speech articulation [7]. 

The oral cavity homeostasis is regulated through 
salivary glands. As a result of their malfunction, the 
content and volume of saliva given to the oral cavity 

alter. The effect of ROS in the development and 
pathogenesis of salivary gland illness associated with 
diabetes, IR and obesity due to oxidative changes in 
proteins, lipids, and DNA, has been demonstrated. 
It is widely established that the capability of the 
salivary glands to produce antioxidants is impacted 
by IR, obesity, and diabetes mellitus [6, 8]. 

Scheduled physical activity, dietary therapy, and 
surgical treatment, are all effective treatments of 
obesity. The research showed that supplementing 
probiotics and, more broadly, phenolic substances 
like flavonoids and anthocyanins enhanced the 
health condition of obese patients  [9]. 

Anthocyanins, which are naturally occurring 
flavonoids are extensively present in the cytoplasm 
of plant organs such as flowers, fruits, berries, leaves, 
and roots [10]. Studies have supported the biological 
advantages of dietary anthocyanins, which have 
been shown to have anticancer, anti-inflammatory, 
neuroprotective, anti-obesity, anti-diabetic, and 
cardiovascular disease preventive effects [11]. 

According to a literature review, anthocyanins’ 
anti-obesity properties are due to their capacity to 
regulate food intake and energy metabolism, as well 
as their modulation of the inflammatory response, 
IR, glucose metabolism, and other related processes 
[12]. 

Several studies have been performed to assess the 
impact of high fat diet (HFD) on the mitochondrial 
respiratory system, the activity of prooxidant 
enzymes, ROS production, as well as antioxidant 
systems and oxidative modifications of proteins and 
lipids [6, 13], whereas no research have been conducted 
too assess the histological effect of HFD and the 
estimated antioxidant effect of anthocyanins on 
either light, ultrastructural or immunohistochemical 
microscopic levels.  

As previously mentioned, nowadays there is a 
great concern about the use of complementary herbal 
medicine, and due to the antioxidant activity and 
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possible lipolytic effect of anthocyanins, the current 
study was performed to assess the therapeutic effect 
of anthocyanins on high fat-diet induced oxidative 
stress in rats’ submandibular salivary glands. 

MATERIAL AND METHODS

This research received the approval of the 
Scientific Research Ethics Committee at the Faculty 
of Dentistry, Alexandria University (IRB No. 
00010556-IORG 0008839). This study conforms 
to the ARRIVE guidelines for animal pre-clinical 
studies and followed the institutional guidelines and 
the National Research Council’s Guide for the Care 
and Use of Laboratory Animals [14, 15]

The sample size was calculated assuming 80% 
study power and 5% alpha error. The mean (±SD) 
area of submandibular serous acini was calculated 
to be 2765 µm (±493.6) between untreated rats, 
3950 µm (±816.4) between high-fat diet rats and 
2819 µm (±553.6) between high-fat diet rats and 
a comparable therapy (vitamin D) [16]. According 
to the variation between independent means using 
the highest SD=816.4, a sample of 9 rats per group 
was required, yielding an effect size of 0.67. this 
was increased to 10 rats. Total sample= Number per 
group × Number of groups = 10*3= 30 rats. Sample 
size was based on Rosner’s method, calculated 
by G*Power 3.1.9.7 [17]. Any animal that was 
withdrawn from the study was replaced to maintain 
the sample size. This animal number has been 
estimated according to specific calculation done 
in the Department of Medical Statistics Medical 
Research Institute, Alexandria University.

Thirty healthy male adult Wistar albino rats (age 
±12 weeks, weight 200-250 g) were included in 
this study. Rats were housed at Institute of Medical 
Research, Alexandria University and housed in 
cages with wire mesh bottoms. Animal groups 
were kept in separate cages, maintained in the same 
controlled laboratory conditions of temperature 
(22–25◦C), good ventilation, 12:12 h day/night 
cycles, and with free access to standard diet and 

water. Rats showing any signs of illness or wounds, 
genetically modified or included in previous studies 
were excluded. After 2 weeks of acclimatization, rats 
were randomly distributed equally with a computer-
assisted software into three groups (10 rats each). 

•	 Group I (control group) (n = 10): Rats fed on 
normal rat chow with normal amount of fat (up 
to 20%) for 8 weeks [18, 19].

•	 Group II (high-fat diet group) (n = 10): animals 
fed on diet containing 59.8% fat, 20.1% protein, 
and 20.1% carbohydrates for 8 weeks [19]. 

•	 Group III (high-fat diet group + Anthocyanins 
group) (n = 10): animals fed on the same diet as 
group II for 8 weeks [19], then they were injected 
intraperitoneally with anthocyanins (Nature’s 
Way, USA), 100mg/kg body weight, dissolved 
in distilled water once daily for 7 days [20].

Clinical observations

Any abnormal sign or behavioural changes were 
recorded. Rats weight was measured every week for 
9 weeks to determine the changes throughout the 
experiment. [20]

Biochemical analysis: 

Intracardiac blood samples were collected under 
anaesthesia from the animals. The serum was 
separated by centrifugation (3000 rpm, 15 min) 
and frozen at -80 °C. Lipid profile including serum 
cholesterol, triglycerides, high-density lipid level 
(HDL) and low-density lipid levels (LDL) were 
quantified using routine laboratory procedures. [2] 
Fasting blood insulin level was measured using 
rat specific insulin ELISA kits (enzyme linked 
immunoassay). Serum glucose and calcium level 
were measured using an auto analyser. 

Animal Euthanasia: 

Euthanization was done after 9 weeks from the 
beginning of the experiment by intravenous injec-
tion of an overdose of sodium pentobarbital 100 
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mg/kg (Nembutal, Akorn, Illinois, USA). Rats were 
monitored with caution to confirm death. The sub-
mandibular salivary glands were dissected and pro-
cessed for histological, immunohistochemical and 
transmission electron microscopic examination. [21] 

Immunohistochemical Examination:[22] 

α SMA (Smooth Muscle Actin) marker was used 
to detect the functional activity of myoepithelial 
cells. 

The sections were mounted on positively 
charged glass slides, de-paraffinized, rehydrated, 
and treated with primary antibodies before being 
stained, as per the manufacturer’s instructions. The 
amount of fibrogenesis in the various study and 
control groups was compared using the α SMA 
immunohistochemical marker. The Leica Qwin 
500 software was utilized by the image analyser 
computer system to scrutinize the sections. A light 
microscope that is connected to a microcomputer for 
high-speed digital image processing is part of the 
apparatus. At a magnification of ×400, the amount of 
fibrosis was counted in ten fields within each group 
in the hot spot—the area with the highest level of 
fibrogenesis—and the average count was noted for 
every research group. 

Antibody and Kit for Immunofluorescence analysis:[23] 

Annexin V conjugated to fluorescein 
isothiocyanate (FITC) fluorochrome: This is an 
apoptosis detection kit (BD Pharmingen™, USA, 
Catalogue number 556547) Containing 3 bottles; 
10x Annexin V Binding Buffer, FITC Annexin V 
and Propidium Iodide Staining Solution.

Alexa fluor®555 goat anti-mouse (Life 
Technologies, Catalogue number A21422). The kit 
was supplied by CERRMA to be used as secondary 
antibody for immunostaining applied for confocal 
laser scanning microscopy. 

Utilizing Annexin V immunofluorescence, the 
amount of apoptosis in the study and control groups 

was compared. The universal immunostaining 
protocol was followed when carrying out the 
staining steps. Following deparaffinization, washes 
were carried out with a Coplins jar: Xylene for one 
hour and three minutes; 1:1 Xylene:100%, then in 
descending grades of Ethanol (100%, 95%, 70% 
and 50%) for three minutes each. The ethanol was 
rinsed off the slides by running tap water, then the 
samples were permeabilized by incubation in PBS 
containing 0.1% Triton X for 10 minutes. Following 
three separate five-minute washes in Tris buffer 
solution (TBS) (PBS + 0.1% Tween 20), the slides 
were blocked for one hour at room temperature 
using 1% BSA in TBS. After briefly draining the 
slides, tissue paper was used to wipe the various 
sections. 

The 3rd step involves blocking and 
immunostaining, wherein 10 μg/ml of PCNA 
antibody was diluted in TBS with 1% BSA and 
incubated overnight at 4°C. Then, the solution 
was rinsed three times for five minutes in TBS 
with mild agitation. The slides were coated with a 
diluted (1:400) solution of fluorophore-conjugated 
secondary antibody (Alex Fluor 555) in TBS 
containing 1% BSA. (Goat anti-mouse secondary 
antibody Alex Fluor 555; excitation and emission 
wave lengths of 555 and 580 nm; Invitrogen, Cat 
# A-21422). Following a one-hour dark incubation 
at room temperature to prevent photobleaching, the 
slides were rinsed 3 times in 5 minutes using TBS. 
Lastly, cells were incubated for five minutes with 
0.1 μg/ml Hoechst nuclear stain. Thermo Fisher 
Scientific’s Hoechst 33342 fluorescent nuclear stain 
(Cat. # 62249; excitation and emission wavelengths 
of 361 and 497 nm) was utilized. It was rinsed three 
times in five minutes with TBS, mounted using a 
suitable mounting medium, and finally covered with 
a coverslip.  Confocal laser scanning (CLS) was 
used for the examination; the Leica TSC SPE II/
DMI  8 units of Advanced Microscopy at Centre of 
Excellence for Research in Regenerative Medicine 
and Applications (CERRMA), Faculty of Medicine, 
Alexandria University. 
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Histological examination:

For light microscopic examination, 
submandibular salivary glands were embedded 
in paraffin wax blocks after being fixed in 
10% formalin, neutrally buffered, cleaned, and 
dehydrated using increasing ethanol concentrations. 
Tissue sections were cut to a thickness of 4 μm, and 
stained with haematoxylin and eosin for routine 
examination under a light microscope. [2]

Oil red O staining for fat examination:  

Oil red O staining was used for intracellular fat 
examination. The gland specimens were frozen and 
unfixed cryostat sections were cut at 10 μm. The 
sections were mounted on clean slides and fixed in 
10% neutrally buffered formalin. Frozen sections 
were floated in water and attached to slides with 
albumin. Then, they were thoroughly dried (1-2 
hours) to assure paper adherence, rinsed briefly with 
distilled water, a few dips in 60% isopropyl alcohol, 
application of Oil red O working solution for 20 
minutes, a few dips in 60% isopropyl alcohol, rinsed 
with four changes of distilled water, counterstain 
with acidified Lillie-Mayer haematoxylin for 1 
minute, rinsed in three changes of distilled water, 
immersed in blue haematoxylin in 0.3% sodium 
borate for 15 seconds, rinsed with four changes of 
distilled water and finally mounted with glycerine 
jelly. [24]

Transmission electron micrograph procedure: 

Salivary glands were fixed in 2.5%glutaraldehyde, 
post fixed in 1% OsO4, then dehydrated in an 
ascending series of ethanol. After that, they were 
processed and embedded in Embed-812 resin. Semi-
Thin sections (1μm) were cut and collected on a glass 
slide and stained with Toluidine blue 1%. Ultra-
thin sections were stained with a saturated uranyl 
acetate. Grids were analysed and photographed 
in a Joel JEM-1200 EX II transmission electron 
microscope (Electron Microscope unit, Faculty of 
Science, Alexandria University) to detect cellular 
alterations on the ultrastructural level. [20]

 Statistical analysis

Body weight as well as serological data were 
calculated and computer-analysed with IBM SPSS 
software package version 20.0. (Armonk, NY: IBM 
Corp). Normality was tested by the Shapiro-Wilk 
test. Quantitative results were demonstrated in the 
form of minimum and maximum range, standard 
deviation and mean. One-way ANOVA test was 
utilized for comparing the 3 studied groups and 
followed by Post Hoc test (Tukey) for pairwise 
comparisons. Significance of the obtained results 
was judged at the 5% level.

RESULTS

Upon observation, all three groups showed a 
normal behaviour throughout the experimental 
period. The mean body weight among HFD, HFA 
and control groups throughout the experimental 
period was calculated (Table 1). The mean body 
weight of HFD group increased significantly 297.3 
± 9.5 compared to both the HFA and control groups 
283.5 ± 8.5 and 251.6 ± 7.4 respectively (p = 
0.003*). 

The following serum analysis tests were 
performed for the three groups at the end of the 
experimental. (Table 2). The calcium serum level 
values demonstrated that there was a statistically 
significant difference in the calcium level of HFD 
group = 6.9 ± 0.2 mg/dl, compared to control group 
= 8 ± 0.2 mg/dl, and HFA group = 7.7 ± 0.2 mg/dl (p 
<0.001*). Lipid profile:  HFD group exhibited the 
highest cholesterol= 91.5 ± 3.2, triglycerides= 91.0 
± 5.3 and LDL= 59.3 ± 6.1 levels and decreased 
HDL= 21.9 ± 2.6 level, followed by the HFA group 
cholesterol= 73 ± 7.1, triglycerides= 81.7 ± 8, 
LDL= 27.7 ± 7.9 and HDL= 24.9 ± 2.3, and control 
group= cholesterol 62.7 ± 7.9, triglycerides= 51.9 ± 
7.8, LDL= 5.8 ± 1.1 and HDL= 28.2 ± 1.7. 

HFD group had a significant increase in 
cholesterol, triglycerides and LDL levels and 
significant decrease HDL serum level when 
compared with control group (P1<0.001*). Indeed, 
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TABLE (1) Comparison between the three studied groups according to average Body Weight

 Average Body
weight (/gm)

Control 
(n =10)

HFD 
(n =10)

HFA 
(n =10)

F p Sig. bet. groups.

Min. – Max. 235.1 – 257.3 274.4 – 307.4 262.4 – 293.8 75.597*

<0.001*

p1,2<0.001*p3=0.003*

Mean ± SD. 251.6c ± 7.4 297.3a ± 9.5 283.5b ± 8.5

SD: Standard deviation, F: F for One way ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc 
Test (Tukey), p: p value for comparing between the three studied groups, p1: p value for comparing between Control and 
HFD, p2: p value for comparing between Control and HFD & Anthocyanin, p3: p value for comparing between HFD and 
HFD & Anthocyanin. *: Statistically significant at p ≤ 0.05.

TABLE (2) Comparison between the three studied groups according to Biochemical Blood Analysis

Control 
(n =10)

HFD 
(n =10)

HFA 
(n =10) F p Sig. bet. groups.

Insulin / IU
Min. – Max. 4.1 – 6.1 11.3 – 14.5 7.7 – 10.1 167.763* <0.001* p1,2,3 <0.001*

Mean ± SD. 5c ± 0.7 12.9a ± 1.2 8.8b ± 1

Glucose
Min.- Max. 131 - 165 411 - 465 240 - 311 493.387* <0.001* p1,2,3 <0.001*

Mean ± SD. 149.9c ± 12.4 444.9a ± 20.5 266.2b ± 27.7

Ca
Min.- Max. 7.7 – 8.3 6.5 – 7.1 7.5 – 8 79.619* <0.001* p1,3 <0.001*

p2=0.031*

Mean ± SD. 8a ± 0.2 6.9c ± 0.2 7.7b ± 0.2

Cholesterol
Min.- Max. 50 – 74 87 – 96 64 – 84 52.313* <0.001*

p1,3 <0.001*

p2=0.003*,
Mean ± SD. 62.7c ± 7.9 91.5a ± 3.2 73b ± 7.1

Triglycerides
Min.- Max. 40 – 63 78 – 98 63 – 90 81.454* <0.001* p1,2 <0.001*

p3=0.019*

Mean ± SD. 51.9c ± 7.8 91.0a ± 5.3 81.7b ± 8

HDL
Min.- Max. 26 – 30.5 18 – 25 22 – 28 19.423* <0.001*

p1<0.001*

p2=0.009*

p3=0.016*Mean ± SD. 28.2a ± 1.7 21.9c ± 2.6 24.9b ± 2.3

LDL
Min.- Max. 4.4 – 7.4 50.9 – 68.2 18.2 – 42 216.137* <0.001*

p1,2,3  <0.001*

Mean ± SD. 5.8c ± 1.1 59.3a ± 6.1 27.7b ± 7.9

HOMA-IR
Min.- Max. 1.7 – 2 12.9 – 14.7 5.5 – 6 2530.355* <0.001* p1,2,3  <0.001*

Mean ± SD. 1.8c ± 0.1 14a ± 0.6 5.7b ± 0.2

SD: Standard deviation, F: F for One way ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc 
Test (Tukey), p: p value for comparing between the three studied groups, p1: p value for comparing between Control and 
HFD, p2: p value for comparing between Control and HFD & Anthocyanin, p3: p value for comparing between HFD and 
HFD & Anthocyanin. *: Statistically significant at p ≤ 0.05.
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there was a statistically significant difference in 
cholesterol (p=0.003*), triglycerides (p<0.001*), 
LDL (p<0.001*) and HDL (p=0.009*) serum 
levels between HFA and control groups. Moreover, 
there was a statistically significant difference in 
cholesterol (p<0.003*), triglycerides (p3=0.019*), 
LDL (p<0.003*) and HDL (p3=0.016*) levels 
between HFD and HFA groups.

The insulin serum level values revealed that 
HFD group exhibited the highest insulin serum 
level=12.9±1.2 Ng/ml, followed by HFA group= 
8.8±1 Ng/ml, and then control group = 5±0.7Ng/
ml. The results showed that there was a significant 
increase in the insulin level in HFD and HFA groups 
in comparison with control group (p1<0.001*), 
(p2<0.001*) respectively. Moreover, there was a 
statistically significant difference in insulin level 
between HFA and HFD groups (p3<0.001*). The 
blood glucose level values were 149.9 ± 12.4 mg/dl, 
444.9 ± 20.5 mg/dl, 266.2 ± 27.7 mg/dl in control, 
HFD and HFA groups, respectively. It was noted that 
the HFD group exhibited the highest blood glucose 
level followed by groups HFA and control groups. 
These results revealed that there was a significant 
difference in the blood glucose level in groups HFA 
and HFD in comparison with the control group 
(p1<0.001*), (p2<0.001*) respectively. Moreover, 
there was a statistically significant difference in the 
blood glucose level between HFA and HFD groups 
(p3<0.001*). 

Insulin resistance (HOMA-IR) values for control 
group= 1.8 ± 0.1, HFD= 14 ± 0.6 and HFA= 5.7 ± 
0.2. The results revealed that there was a significant 
difference in the IR in HFA and HFD groups 
in comparison with control group (p1<0.001*), 
(p2<0.001*) respectively. Moreover, there was a 
statistically significant difference in the IR between 
HFA and HFD groups (p3<0.001*).

Light microscopic examination: In control 
group, the normal histological structure of the 
submandibular salivary gland was seen in H&E-
stained sections. The serous acini were spherical in 

shape with basophilic pyramidal shaped cells having 
rounded basally situated nuclei. Normal striated 
ducts (SDs) lined by columnar cells with centrally 
located nuclei and basal striations associated with 
normal blood capillaries were noted (Fig. 1a & b). 
HFD group revealed disturbed glandular architecture 
with multiple degenerative changes, in the form of 
congested blood capillaries engorged with RBCs. 
Besides, acinar cells revealed many cytoplasmic 
vacuoles and some darkly stained pyknotic nuclei 
(Fig. 1c & d), together with the presence of a lipid 
droplet trapped in between the acini. Considering the 
glandular ducts; the intercalated duct showed slight 
dilatation of the lumen (Fig. 1c) while the striated 
ducts showed severe dilatation in the lumen with 
degenerated epithelial lining, and darkly stained 
nuclei (Fig. 1d). On the other hand, HFA group 
revealed a moderate improvement in the serous acini 
and restoration of the normal architecture of the ID 
and SDs as well as moderate improvement in blood 
capillary congestion. However, few cytoplasmic 
vacuoles can be still seen (Fig. 1e & f). 

When specimens stained with Oil Red O stain 
were examined, the control group showed few 
intracellular lipid droplets in acinar cells (Fig. 
2a). HFD group showed apparent increase in 
the intracellular lipid in acinar cells more than 
control group (Fig. 2b). HFA group revealed fewer 
intracellular lipid droplets in acinar cells compared 
with HFD group (Fig. 2c).

The evaluation of αSMA immunohistochemistry 
in each group revealed decreased αSMA expres-
sion in HFA group (mean: 3.60±0.93) as compared 
to HFD group (mean: 9.38±1.03). Also, HFD group 
showed increased immunopositivity, while HFA 
group revealed the lowest immunoreactivity com-
pared with the control group (mean: 4.08±0.72) and 
HFD group (Fig. 3 a, b & c). 

Utilizing immunofluorescence analysis, the 
apoptosis rates in the treated and control groups 
were evaluated. Initially, the cells ‘outline in the 
treated and control groups was shown using the 
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Fig. (1) Light micrograph (L.M) H & E stain: Control group I (a, b): showing normal histological architecture of the submandibular 
salivary gland consisting of rounded serous acini, the acinar cells are pyramidal in shape surrounding a narrow lumen 
with spherical nuclei at the basal part of the cell. Normal striated ducts (SD) lined by columnar cells with centrally located 
rounded nuclei and basal striations associated with normal blood capillaries (*). High-fat diet group II (c, d): revealing 
many cytoplasmic vacuoles (v) and some darkly stained pyknotic nuclei (black arrows) in the acini associated with 
congested blood capillaries engorged with RBCs (*). Slight dilatation in the intercalated duct (yellow arrow). The SD 
exhibited degeneration of the epithelial lining with darkly stained nuclei, sever dilatation of the lumen with dilated blood 
capillary engorged with RBCs (*) in close proximity to it. Note an abnormal lipid droplet (LD) trapped in between the 
acini. HFD +Anthocyanins group III (e, f): illustrating a moderate improvement in the serous acini and restoration of the 
normal architecture of the ID (arrow) and SD as well as moderate improvement in blood capillary congestion (*). Note few 
cytoplasmic v can be seen. (All sections are at ×400 magnification)
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DIC (Differential Interference Contrast) mode. 
Secondly, apoptosis was shown in the fluorescent 
images labelled for the detection of Annexin V 
in cells. The DIC mode of the control group, 
HFD group and HFA group revealed the ductal 
element and the acini of the salivary gland tissue  
(Fig. 4 a,b&c). Additionally, the fluorescent image 
of group I revealed the cells’ DNA was blue in colour 
with very little green fluorescence, suggesting that 
the control group’s apoptosis rate was low (Fig. 4d). 
In contrast group II showed that the cytoplasm of the 
acinar and ductal cells had higher production of the 
green fluorescence, indicating that these cells were 

extremely apoptotic (Fig. 4e). In the cytoplasm of 
the acinar and ductal cells, the fluorescent picture 
of group III showed reduced production of green 
fluorescence, suggesting a reduction in apoptosis 
(Fig. 4f).

TEM examination of the control group showed 
open-faced nuclei with prominent nucleoli and 
regularly delineated nuclear membrane. The rough 
Endoplasmic Reticulum (rER) appeared as parallel 
arrays of regular cisternae arranged at the basal and 
lateral parts of the cell. Normal mitochondria were 
dispersed within the cytoplasm. The membrane 
bound secretory granules appeared with variable 

Fig. (2) Light micrograph (L.M) Oil Red O stain: Control group I (a): showing rarely intracellular lipid droplets (arrows) in acinar 
cells. High-fat diet group II (b): revealing an apparent increase in the intracellular lipid (arrows) in acinar cells more than 
controls. HFD +Anthocyanins group III (c):  exhibiting few intracellular lipid droplets (arrows) in acinar cells compared 
with the HFD group. (All images are at ×400 magnification)

Fig. (3) Light micrograph (L.M) αSMA immune-expression: Immunohistochemical image demonstrated the immunopositivity 
among different study groups (a, b& c) (arrows indicating areas of immunopositivity). The HFA group (c) showed the 
lowest immunopositivity compared with control group and HFD group (αSMA X400)
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sizes and electron densities and regular intercellular 
spaces were seen in between the acinar cells (Fig.5a). 
Examination of the striated duct cells revealed 
euchromatic nuclei, prominent basal infoldings with 
numerous uniform mitochondria radially arranged 
between the basal striations (Fig. 5b).

Examination of HFD group by TEM demonstrated 
pyknotic nuclei with irregularly demarcated 

nuclear membrane, rER was slightly dilated and 
fragmented while the mitochondria were shrunken 
with internally degenerated cristae. Large fat 
droplets were obviously seen in the form of isolated 
islands of different sizes. Abnormal widening of the 
intercellular spaces was also noticed (Fig. 5c & d). 
The striated duct cells revealed pyknotic shrunken 
nuclei, disrupted blurred basal infoldings with 
disorganized, pleomorphic mitochondria (Fig. 5e).

Fig. (4) Confocal Laser Scanning Photomicrograph of normal control group, HFD group and HFA group showing the ductal element 
and the acini of the salivary gland tissue by The Phase Contrast Mode (DIC) (a, b, c). The fluorescent image of the control 
group(d): showing the DNA of the cells by blue fluorescence with minimal green fluorescence indicating low apoptosis. 
The fluorescent image of HFD group (e): showing increased expression of the green fluorescence in the cytoplasm of 
the acinar and ductal cells indicating highly apoptotic cells. The fluorescent image of HFA group (f): showing decreased 
expression of the green fluorescence in the cytoplasm of the acinar and ductal cells indicating decreased apoptosis
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However, examination of HFA group by TEM 
revealed euchromatic nuclei with prominent 
nucleoli, rER cisternae were more regularly 
arranged, however, they appear fragmented in 
some regions. Some secretory granules were 
variable in size and electron density while others 

showed coalescence in large masses (Fig. 5f & g). 
Examination of the striated duct cells showed open-
faced nuclei with regularly demarcated nuclear 
membrane. The basal infoldings were evident with 
numerous normal mitochondria arranged parallel to 
each other in a palisaded appearance (Fig. 5h).

Fig. (5) A Transmission electron micrograph of rat’s submandibular salivary gland. Control Group I a. revealing secretory cells with 
open-faced nucleus (N), normal mitochondria (asterisk) uniform parallel arrays of rER (white arrow), secretory granules of 
different sizes and electron densities (black arrows). Note the narrow intercellular spaces (dotted arrow) (mag.x2500). b. 
showing part of the secretory duct lined by columnar cells around a wide lumen (L), open-faced nuclei (N), multiple radially 
arranged mitochondria (white arrows). Note the prominent blood capillaries adjacent to the ductal basement membrane 
(BV) (mag. x 1000). High-fat diet group II c.  showing shrunken acinar cell, abnormally widened intercellular spaces (dotted 
arrows), accumulation of fat droplets (white arrows) (mag.x4000). d. revealing pyknotic nucleus with irregular nuclear 
membrane (N), degenerated mitochondria (asterisk), dilated fragmented rER (white arrows), widened intercellular spaces 
(dotted arrow). Note the fat droplets at the basal part of the cell (black arrow) (mag.x4000). e. showing part of the secretory 
duct with pyknotic nucleus (N), pleomorphic mitochondria (asterisk), degenerated basal infoldings (white arrows). Note 
the wide space around the basement membrane of duct cells (dotted arrow) (mag.x2500). HFD +Anthocyanins group III 
f. illustrating the acinar cell with euchromatic nucleus (N), fragmented rER (black arrows), secretory granules of different 
sizes and electron densities (white arrows). (mag. x 2500). g. showing the secretory cell nucleus with prominent nucleolus 
(N), regular cisternae of rER (white arrows), coalescent secretory granules (black arrows). Note the narrow intercellular 
spaces (dotted arrow) (mag. x 2500). h. revealing a secretory striated duct with open-faced nuclei (N), numerous regularly 
arranged mitochondria (asterisk), uniform basal infoldings (black arrows) (mag. x 2500)
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DISCUSSION

Hyperlipidemic diets are closely correlated 
with the onset of obesity. HFD increases adipocyte 
growth, hypertrophy, accumulation and activates 
the macrophages and adipocytes inflammatory 
signalling, thus it can result in inflammation. Pro-
inflammatory cytokines such TNFα, IL-1β, and 
IL-6 are secreted in greater amounts, which leads to 
further adipocyte hyperplasia [4, 25]. 

Since obesity is a long-term, low-grade inflam-
matory disease it elicits oxidative stress. Over-
production of ROS alters gene expression, signal 
transduction, cell development, and apoptosis, as 
well as destroys essential cellular constituents, thus 
interferes with cellular metabolism. Indeed, one of 
the pathogenic elements contributing to the devel-
opment of IR is obesity, which may change oxy-
gen metabolism and cause considerable oxidative  
stress [26, 27].

Upon clinical observation, the current study 
revealed that the body weights of HFD group were 
significantly greater than the control group. This is 
in agreement with Hariri N. et al who stated that 
rats receiving HFD showed a significant increase 
in their body weights. The failure to regulate fat 
oxidation with the excess fat in the diet, elevated 
lipoprotein lipase activity, and larger meal sizes are 
all contributing factors to the increase in adiposity[25]. 
Furthermore, they found that fat cells bind to the 
hypothalamic microglia’s Toll-like receptors 
(TLR2 and TLR4), which triggers the release of 
pro-inflammatory cytokines, that in turn destroys 
the neurons in charge of controlling appetite and 
thermogenesis. 

On the other hand, the present study revealed a 
decrease in the mean body weight of HFA group, 
which is in agreement with Azzini et al  who reported 
that the weight loss and the reduction of adipose 
tissue are two mechanisms by which anthocyanins 
may help to mitigate obesity [28]. 

Several studies highlighted the correlation 
between calcium level and obesity; that’s’ why 
serum calcium level was measured in this study. 
Our findings revealed that HFD group showed 
a significant difference in the serum calcium 
level compared to control and HFA groups. It 
was demonstrated that calcium has anti-obesity 
properties through modulation of fat metabolism 
by decreasing lipogenesis and increasing lipolysis, 
promotion of adipocyte (precursor) proliferation 
and/or apoptosis and enhancing brown adipocyte 
tissue (BAT) thermogenesis which improves energy 
expenditure and helps in the loss of body fat [29, 30]. 

In this study, lipid profile parameters demon-
strated mild to moderate intracellular lipid accumu-
lation in submandibular salivary glands.  This find-
ing could be explained by the fact that HFD is char-
acterized by increased levels of serum triglycerides, 
cholesterol and LDL [31, 32]. It causes aggregation of 
lipid in various tissues such as pancreas, kidney, 
liver, muscle and arterial walls [33, 34]. 

Indeed, biochemical analysis in the present study 
also found that rats fed with HFD showed a marked 
increase in blood insulin level. Animal studies 
mentioned that rats receiving HFD for a period of 
8-weeks developed IR, obesity and impairment of 
insulin receptor function in several sites, such as 
salivary glands [4]. Zalewska et al. demonstrated 
that the stimulation of stress signalling mitogen-
activated protein kinases (MAPKs) by oxidative 
stress induced by HFD can result in the blockage 
of insulin signalling, which causes IR [35]. Indeed, 
Kołodziej et al. stated that oxidative stress can 
induce inflammatory response by upregulating 
the expression and activity of pro-inflammatory 
cytokines such as TNFα and IL-6. These cytokines 
lead to phosphorylation of insulin receptor 
substrate-1 (IRS-1) at inhibitory sites and induce a 
considerable reduction in insulin sensitivity [4].  

On the other hand, HFA group revealed 
improvement in IR compared to HFD group. 
According to rodent research, AMP-activated 
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protein kinase (AMPK) is activated by anthocyanins, 
which stimulates pancreatic β cells’ production of 
insulin and glucose absorption. This accounts for 
the improvement in insulin sensitivity [36]. This 
is in agreement with the findings of Jennings A. 
et al. who found that diet rich in anthocyanins and 
flavones can reduce IR [37]. 

Besides the blood serum analysis included in 
the current study, light microscopic results of HFD 
group showed intra-cytoplasmic vacuolations which 
may be related to fatty degeneration in the glandular 
acini. It was reported that glandular secretory cells 
temporarily store excess lipid as droplets in their 
cytoplasm, which modifies the lipid fractions of the 
salivary glands and results in hypofunction [38]. 

The same findings were recorded by some 
investigators who found a huge aggregation of 
lipid droplets in the cells of the salivary glands in 
diabetic rats [12]. Besides, it was stated that the excess 
fatty acid induced by HFD disrupts the SMGs anti-
oxidative systems, leading to DNA, protein and lipid 
oxidation, and increases the ROS production that 
results in oxidative stress with subsequent cellular 
damage [35]. Moreover, The total antioxidative status 
of sublingual and submandibular saliva have been 
demonstrated to be much lower than that of parotid 
saliva due to their lower amounts of enzymatic and 
nonenzymatic antioxidants [39]. 

In this study, HFD provoked inflammatory signs 
that were in the form of congested dilated blood 
vessels with inflammatory cellular infiltrations. It 
might be explained as an inflammatory response 
to deliver more blood to the areas of degeneration. 
Diffusion of oxygen and nutrients to parenchymal 
cells might be restricted by these inflammatory 
changes decreasing parenchymal cells survival and 
functions [40]. 

On the contrary, HFA group revealed a moder-
ate restoration of the normal architecture in the se-
rous acini and ductal elements as well as moderate 
improvement in blood vessel congestion. As anti-
oxidants, anthocyanins significantly lower leptin 

levels in obese rat models and reduce obesity-relat-
ed proinflammatory cytokines including CRP, IL-6, 
and TNF-α. Therefore, they can stop inflammation 
brought on by fat. In fact, research conducted in vitro 
on fruit extracts rich in anthocyanins demonstrated a 
considerable reduction of IL-6 gene expression in ad-
ipose stem cells generated by lipopolysaccharide [41]. 

The light microscopic findings of the current 
study were further supported by TEM results which 
illustrated that HFD group exhibited accumulation 
of lipid droplets in the cytoplasm of secretory cells. 
These findings were in agreement with Yan et al. [42] 
who mentioned that rats eating HFD for long time 
showed an increase in lipid aggregation in different 
organs such as pancreases, kidneys and liver. Eating 
habits is considered one of the main factors that 
affect accumulation of lipids in salivary glands. 
Ingestion of unlimited amount of lipids, results in 
temporary storage of unused lipids in the cytoplasm 
of secretory cells [12]. 

These findings were online with ultrastructural 
results of the present study. The present work 
revealed pyknotic heterochromatic nuclei with 
irregularly demarcated nuclear membranes, in the 
HFD group. Different studies demonstrated that the 
increased amount of heterochromatin denotes low 
metabolic activity of the cell. These results were in 
accordance with other experiments, mentioning that 
apoptosis is the main manifestation of renal injury 
induced by hyper-cholesterolemia [43]. 

Also, the internal degeneration of mitochondrial 
cristae demonstrated in this study could be attributed 
to changes in the structure of the inner membrane 
with subsequent disruption in its pump mechanism 
resulting in a decrease in Ca+ retention. This leads 
to alteration in cell respiration, de-granulation of the 
rER leading to disorders in the cell-specific proteins 
synthesis [44]. 

However, examination of HFA group by TEM 
revealed evident improvement in the acinar and 
ductal structure except for few rER fragmentation 
in some regions. These findings could be due to the 
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potent antioxidant properties of anthocyanins that 
alleviate the histopathological deterioration and 
localized oxidative stress in the salivary glands [45]. 

In our study, early in the smooth muscle cells’ dif-
ferentiation process, αSMA immunohistochemistry 
has been identified as a particular marker expressed 
by these cells. Quantitative analysis revealed that 
HFD rats had a highly significant increase in αSMA 
immunoreactivity, which was consistent with find-
ings from other earlier investigations [20, 46]. 

The prevention of vascular smooth muscle cell 
growth, scavenging of free radicals and antioxidant 
effect, and the anti-aggregatory platelet property 
may contribute to the health benefits of fruits 
and vegetables [47]. HFA group showed the lowest 
immunoreaction to αSMA compared to the other 
groups which go with El-Messiry et al [48]. Numerous 
research endeavours examine the impact of distinct 
substances on cellular parameters and apoptosis 
to ascertain their methods of action inside tissues. 
Nonetheless, limited research has examined the 
impact of combining phytochemicals with certain 
diets in this regard [49, 50]. 

Any alteration in the apoptosis process is harmful 
and causes tissue damage, that can be brought on 
by nutritional deficiencies. According to Chiang 
et al. [51], mice on a high-protein diet changed how 
apoptosis and fibrosis were expressed. Fatty acid 
oxidation and oxidative phosphorylation, which 
produce adenosine triphosphate (ATP), are boosted 
by excessive fat ingestion. Energy deficits and/or 
the generation of ROS, which cause cell damage, 
are caused by the pathway’s dysregulation [48, 52]. 
This was found in our study that the HFD group 
showed increase in the apoptotic cells. 

The current study concluded that high-fat diet has 
a significant effect on the disruption of structure and 
activity of the submandibular salivary glands which 
affects the oral health. Moreover, Anthocyanins 
have an effective therapeutic effect on antagonizing 
these hazardous effects of the high-fat diet. 
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