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ABSTRACT
Background: Patients with diabetes mellitus (DM) frequently have xerostomia (dry mouth) and hyposalivation. Whether

xerostomia and hyposalivation are more common in DM patients than non-DM individuals is unclear.

Aim of the study: We aimed to detect the diabetic effects on the sublingual salivary gland and investigate the therapeutic
potential of Vildagliptin (a dipeptidyl peptidase-4 (DPP-4) inhibitor) and omega-3 polyunsaturated fatty acids (PUFAs),

alone and in combination, in protecting sublingual salivary glands in streptozotocin (STZ)-induced diabetic rats.

Methods: Forty male albino rats were randomly allocated into control, diabetic untreated, diabetic + Vildagliptin,
diabetic + omega-3, and diabetic + combination groups. After 8 weeks, biochemical markers of oxidative stress including:
Glutathione (GSH); Malondialdehyde (MDA); Nitric Oxide (NO); Superoxide Dismutase (SOD); Total Antioxidant Capacity
(TAC), and inflammation markers as Interleukins ((IL-1B, IL-6) and Tumor Necrosis Factor (TNF) and histological outcomes

(acinar integrity, mucin content, apoptosis) were analyzed.

Results: Induction of diabetes in rats caused structural changes in the sublingual gland associated with fibrotic, apoptotic
and inflammatory changes, treatment of diabetes with vildagliptin enhanced the previous changes, but the combination
therapy (vildagliptin plus omega 3) significantly reduced oxidative stress, suppressed inflammation, and preserved gland

structure compared to monotherapies.

Conclusion: The synergistic efficacy of Vildagliptin-omega-3 in mitigating diabetic salivary gland damage, proposing a

novel therapeutic strategy.

Novelty of the Study: Although Omega-3 and vildagliptin, a DPP-4 inhibitor, are both well-known for their metabolic and
antioxidant advantages, this study is the first to show how they integrate to protect salivary gland architecture from
diabetes-related damage via dual mechanisms (antioxidative and antiapoptotic). This provides a novel therapeutic

approach for treating diabetic xerostomia (dry mouth) with glycemic control.

Keywords: Diabetes mellitus; salivary glands; Vildagliptin; Omega-3; xerostomia



https://www.ffhdj.com/
https://doi.org/10.31989/ffhd.v16i4.1937

Functional Foods in Health and Disease 2026; 16(4): 346 — 359

FFHD Page 348 of 359

DIABETES-INDUCED XEROSTOMIA
& SALIVARY GLAND DYSFUNCTION

Diabetes =
Xerostomia &
Hyposalivation

[ Impact of Vildagliptin and Omega-3 on Diabetic Xerostomia: A Preclinical Study ]

Study Design

A=)

£ — L 4
Chronic Inflammation 3 N . . Y
& Oxidative Damage Control Diabetic Diabetic + Diabetic
8 weeks Diabetic Diabetic + Diabetic + Combination
STZ-induced Untreated Vildagliptin (Vildagliptin + Omega-3)
diabetes ~
Oxidative Stress Inflammatory Cytokines & Apoptosis Structural Integrity & Function
o . ome SO / S
©J MDA = o
/v~~~ MDA Malondialdehyde f 1 %: TNF-a Tumor Necrosis f 1
0% NO  Nitric Oxide f‘ %2 IL-1B Interleukin-1 beta fi The combination therapy
= (vildagliptin plus omega3)
4. GSH Glutathione I %xg IL6 interleukin6 4} significantly  preserved
e gland structure compared
@ SOD  Superoxide Dismutase 1 Caspase-3 Apoptosis marker & { to monotherapies
C J \ Iy
\ J

glands

(http://creativecommons.org/licenses/by/4.0)

Graphical Abstract: Vildagliptin-Omega-3 combination therapy mitigates the diabetic effects on rats sublingual salivary
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INTRODUCTION

Diabetes mellitus (DM) is a major global health burden,
as a chronic metabolic disease that affects millions of
people worldwide [1, 2].

Prolonged hyperglycemia and related metabolic
disorders cause major oral diseases as well as other
systemic problems [3, 4].

In both human and experimental models, damage
to the main salivary glands is generally recognized
because of diabetes mellitus. Salivary gland dysfunction
was manifested in patients with type 1 and type 2
diabetes, as hyposalivation and xerostomia (dry
mouth)[5, 6].

This decrease in salivary flow raises the risk of

dental caries, oral infections, and periodontal disease by

compromising lubrication, digestion, and antibacterial

action. The quality of life of a patient can be
considerably reduced by these oral problems [7].

Diabetes  mellitus and  primary  salivary

gland dysfunction have a  complicated and

ambiguous association. Chronic inflammation, oxidative
stress, and apoptosis could be the main suggested
mechanisms of diabetic-induced damage to the salivary
glands [8].

A popular and well-established
experimental system for simulating important features
of both and the

type 1 diabetes,

(STZ)-induced diabetic

type 2

streptozotocin rat  model

offers a wuseful platform for researching possible

treatment approaches [9, 10].

Significant  oxidative damage as well as
structural and functional alterations in the salivary
glands of diabetic mice have been verified by studies

using this paradigm [11].
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Vildagliptin is a well-known oral antidiabetic drug
that works by increasing the activity of the incretin
hormone. It is an inhibitor of DPP-4 [12].

Vildagliptin has shown protective effects on
multiple organs in diabetic models due to its strong
antioxidant and anti-inflammatory qualities, which are
separate from its glycemic effects [4, 13].

Similarly, through their bioactive components,
functional foods were known to reduce the risk of chronic
illnesses, promote metabolic health, and increase
general well-being [14].

Omega-3 is one of the bioactive components, which
are found in large quantities in fish oils, are well known
for their potent antioxidant and anti-inflammatory
properties [15]. Omega-3 supplementation has been
proven to have a direct preventive impact by reducing
age-related and other degenerative alterations in
numerous organs as liver, kidney and the salivary glands
[16-18].

The combined therapeutic potential of vildagliptin
and omega-3 fatty acids for addressing salivary gland
pathology in a diabetic setting is still largely unknown,
despite their well-established preventive benefits on a
number of diabetes problems.

To the best of our knowledge, this is the first
investigation to assess D.M.'s effects on the sublingual
salivary gland, and to detect the effect of combination
therapy vildagliptin and omega-3. This could provide a
synergistic protective strategy for the mucous salivary
glands based on the different but complementary
mechanisms of action of omega-3 and vildagliptin, which

have anti-inflammatory and anti-diabetic effects.

MATERIAL AND METHODS
Ethical Considerations: The proposal for this research
was approved by the institutional review board in our

faculty of medicine (DFM-IRB 00012367-25-06-026).
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Animal Model: 40 male albino rats (8-10 weeks
old) weighting 130 g to 140 g were used because of
their well-documented sensitivity to STZ and
because they are frequently utilized in studies
involving diabetes. Rats were kept in a temperature-
controlled space (22+ 2 °C) with a 12-hour light/dark
cycle, and they were given unlimited access to food
and water. Rats were randomly assigned to four
groups (each consisting of ten rats) following

acclimatization.

Drugs: Streptozotocin was provided from "Sigma Aldrich
Chemical Company co., St. Louis, MO,
USA." Streptozotocin was diluted in "0.01 M sodium
citrate buffer, pH 4.5" before to being administered.
Vildagliptin (Galvus® 50 mg tablet) was
purchased from Novartis Pharma Company in Cairo
Omega-3: A soft gelatin capsule was
purchased from (SEDICO Pharmaceutical Co., Egypt).
The 1000 mg of fish oil in each capsule includes 13%

eicosapentaenoic acid (EPA) and 9% docosahexaenoic

acid (DHA).

Diabetes induction: After 1 week of acclimatizations
in animal house, a single intraperitoneal injection of STZ
(55 mg/kg), freshly dissolved in cold 0.1 M citrate buffer
(pH 4.5), were administered to all groups except the
control group to rats that had fasted for 12 hours. To
stop the hypoglycemia that would have allowed STZ to
enter the cells, a 5% sucrose solution was administered
overnight [19]. The experimental period lasted for
a specific duration (8 weeks) to observe both short-
and long-term effects of diabetes and the treatment.
Fasting blood glucose levels were measured from
tail vein samples three to five days after the STZ
injection using a glucometer. The study included rats
with blood glucose levels greater than 250 mg/dL,

which were categorized as diabetic [20].

Animal grouping was as follows:
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1. Control (non-diabetic): rats receiving a vehicle
(e.g., distilled water)

2. Diabetic (STZ-induced, untreated): a single
intraperitoneal injection of STZ (55 mg/kg) then left for
the remaining 8 weeks on normal diet.

3. Diabetic + Vildagliptin: after induction of

diabetes, rats received Vildagliptin orally (via
oral gavage) at a clinically relevant dose (10
mg/kg/day) for the remaining of 8 weeks [21].

4. Diabetic + combination therapy: after induction
of diabetes, rats received both Vildagliptin (10
mg/kg/day) and Omega-3 (100 mg/kg b.w.) administered

orally for the remaining 8 weeks [17].

Sample collection: At the end of the treatment period,
animals were euthanized following the approved
protocol. Blood was collected via tail vein. Serum was
separated for biochemical analyses and stored at -80°C.
fresh.

Salivary gland tissue: both sublingual salivary glands
of every rat were excised. One gland was immediately
frozen in liquid nitrogen and stored at -80°C for molecular
and biochemical analysis. The other gland was fixed in

10% buffered formalin for histopathological evaluation.

Biochemical Assays

e Serum glucose and insulin levels: According to
the manufacturer's instructions, serum insulin levels
were assessed using a rat insulin ELISA kit (Bio Vendor
Laboratory Medicine, Brno, Czech Republic) and glucose
levels were determined using the glucose oxidase
method (Spinreact, Girona, Spain).

e Oxidative Stress: Superoxide dismutase (SOD)
activity, glutathione (GSH) concentration, Nitric Oxide
(NO), and malondialdehyde (MDA), a lipid peroxidation

indicator, were all assessed by homogenizing frozen
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salivary gland tissue using bio-diagnostic colorimetric kits
(Giza, Egypt) according to the manufacturer’s protocol.

e Inflammation: salivary gland homogenates
were subjected to an enzyme-linked immunosorbent
test (ELISA) to evaluate the amounts of pro-
inflammatory cytokines, including tumor necrosis factor
(TNF), and Interleukins -1B (IL-1B) and 6 (IL-6) using
commercially available kits (Spinreact, Spain) according

to the manufacturer’s protocol.

Histological Analysis: The formalin-fixed
sublingual salivary glands were paraffin-embedded,
and sectioned to be 5 um thick. Sections were stained
with hematoxylin and eosin (H&E) to evaluate tissue
architecture, acinar and ductal changes; Masson
trichrome Staining to detect fibrotic effects; and
anticaspase-3 to detect apoptotic cells. Then a
histologist, blinded to the experimental groups,

performed the histological analysis.

Statistical  Analysis:  The  statistical analysis
was conducted with the use of SPSS V.24. The mean
plus standard deviation (SD) was used to express the
results. The study employed a one-way analysis of
variance (ANOVA) and a suitable post-hoc test
(Duncan's) to examine group differences. P-values less

than 0.05 were regarded as statistically significant.

RESULTS

Glycemic control & Total Antioxidant Capacity: Both
the Vildagliptin-only group and the Combination
group showed significant reductions in the fasting
blood glucose levels and significant elevations in the
Serum Insulin levels compared to the diabetic (STZ)
group indicating improvement in the glycemic control.
Also, the treated groups (the Vildagliptin-only group
and the Combination group) showed significant
elevations in the serum levels of total antioxidant
capacity (TAC) compared to the diabetic (STZ) group,
with the combined therapy showing the most

enhancement.
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Table 1. Effects of Vildagliptin-Omega-3 Combination therapy on the Glycemic control and Total Antioxidant Capacity.

Study variables Serum Fasting blood glucose (mg/dl) Serum Insulin (pIU/ml) Serum total antioxidant capacity (mM/dl)

Cont. 80.28 £ 3.57 5.51+0.47 267.39+8.43
D.M 324.18 +31.95" 3.19+0.38" 161.71 + 14.33"
D.M+ Vildag. 183.49 + 14.14* 4,71 +0.68" 241.81 + 13.58*
D.M+ (Vildag.+ Omeg.) 169.41  11.17%@ 5.24 £ 0.42%@ 254.29 + 11.74%@

Cont.: control; D.M: Diabetes mellitus; Vildag.: Vildagliptin; Omeg.: Omega-3); Data are shown as mean * SD and showed; ’Significantly changed in
comparison to control group at p <0.05; *Significantly changed in comparison to diabetic group at p <0.05; @ Significantly changed in comparison to

vildagliptin only group at p <0.05.

Assay of tissue levels of the oxidative status: The
diabetic group showed significant elevations in the tissue
levels of oxidative markers (MDA and NO) and significant
decrease in the tissue levels of the antioxidant markers
(GSH and SOD) compared to the control group, indicating

a significant decrease in oxidative stability. The treated

groups (the Vildagliptin-only group and the Combination
group) revealed enhancements of the

previous parameters, indicating significant
improvement in antioxidative properties, with the
combined therapy showing the most enhancement

(Table 2).

Table 2. Effects of Vildagliptin-Omega-3 Combination therapy on the tissue levels of oxidative stress parameters

Study variables MDA (nmol/mg) NO (mg/g.tissue) GSH (mg/g.tissue) SOD (u/g. tissue)
Cont. 3.14£0.22 13.81£1.39 4.30%0.24 259.48+ 4.39
D.M 9.72+ 1.87 34.29+ 4.62° 2.15+0.97° 139.29+ 8.23°
D.M+ Vildag. 5.09+ 0.61" 19.01+ 2.54" 3.61£0.51" 197.74+ 5.34*
D.M+ (Vildag.+ Omeg.) 4.18+0.41"@ 15.62+ 1.80"@ 4.1+ 0.74"@ 235.48+ 7.24%@

Assay of inflammatory markers: The diabetic group
showed significant elevations in the serum levels of pro-
inflammatory cytokines (TNF-a, IL-18, and IL-6)
compared to the control group, indicating significant

increase in inflammatory properties. The treated groups

(the Vildagliptin-only group and the Combination group)
revealed enhancements of the previous parameters,
indicating significant improvement in the inflammatory
properties, with the combined therapy showing the most

enhancement (Table 3).

Table 3. Effects of Vildagliptin-Omega-3 Combination therapy on the tissue levels of oxidative stress parameters

Study variables TNF-a (pg/ml) IL-1B (pg/ml) IL-6 (pg/ml)
Cont. 14.37 +2.08 39.19+4.29 61.17+3.46
D.M 181.26+ 14.61° 142.18+ 11.67° 129.39+9.11°
D.M+ Vildag. 58.28+ 7.39" 61.55+ 6.08" 95.15+ 3.22"

D.M+ (Vildag.+ Omeg.) 20.91+ 3.67"@ 48.31+ 5.49@ 71.05t 4.81%@

Assay of Collagen & Caspase-3 expression: Increased
markers of fibrosis (percentage of Collagen deposition)
and apoptosis (Caspase-3 expression) were found in the
sublingual salivary gland tissue of diabetic animals. The

treated groups (the Vildagliptin-only group and the

Combination group) have shown decreased markers of
fibrosis (percentage of Collagen deposition) and
apoptosis (Caspase-3 expression), indicating antifibrotic
and anti-apoptotic effects with the combined therapy

showing the most enhancement (Table 4).
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Table 4. Effects of Vildagliptin-Omega-3 Combination therapy on the area percentage of Collagen & Caspase-3 expression:

Study variables

Cont. 0.74
D.M 436"
D.M+ Vildag. 1.91%
D.M+ (Vildag.+ Omeg.) 1.09%@

Structural changes: Histopathological analysis of the
sublingual salivary gland tissue of diabetic rats revealed
significant morphological abnormalities in the salivary
glands, including acinar cell shrinkage in size and
impaired epithelial structure. Vildagliptin treatment

showed a preservation of the tissue of sublingual salivary

Percentage area of Collagen density (%)

Anti-Caspase-3 immunexpression (area %)
0.18

3.12°

0.71*

0.44%@

gland compared to the diabetic group manifested by
enhanced acinar shrinkage in size, and improved duct
morphology. Combination group (Vildagliptin-Omega-3):
The combined therapy showed the most substantial
histological preservation, with glands more closely

resembling those of the healthy control group.

Figure 1: sections of sublingual salivary gland: A: control group specimen showed normal gland tissue in the form of large
mucous acini (M) with pale basophilic spongy cytoplasm, flattened basal nuclei, and an interlobular duct (D) lined with cuboidal cells with
central rounded nuclei and acidophilic cytoplasm. B: More degenerative alterations were seen in the diabetic group's specimens, particularly in the striated
ducts (D). Congestion and dilatation of the capillaries surrounding the ducts (C); densely packed mucous acinar cells with deeply stained nuclei; and
shrinkage in the ducts' cells with displacement of their nuclei (black arrow) and variable degree of vacuolation in their cytoplasm (curved double-sided
arrow).C: After exposure to Vildagliptin, many mucous acini (M) appeared smaller, and ducts (D) appeared smaller with disorganized architecture and

vacuolated cells (curved double-sided arrow). D: in Vildagliptin-Omega-3 treated group most of acini and ducts appeared intact (X400, Hx.&E.).

Fibrotic changes: There was an increase in collagen fiber
deposition in the sublingual salivary gland tissue of
diabetic animals compared to the control group,

denoting fibrosis. Vildagliptin treatment has shown anti-

fibrotic effects in the sublingual salivary gland tissue. The
combination therapy demonstrated superior anti-fibrotic

effects compared to the individual treatments.
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Figure 2: sections of sublingual salivary gland showing: Increased collagen fibers deposition in the sublingual salivary gland

tissue of diabetic animals (B) compared to control group (A). Vildagliptin treatment has shown decreased collagen fibers deposition in

the sublingual salivary gland tissue (C). The combination therapy demonstrated decreased collagen fibers deposition in the sublingual salivary gland tissue

(D) compared to the individual treatments (X400, Masson trichrome).

Apoptotic changes: Increased markers of apoptosis
(anticaspase-3 expression) were found in the sublingual
salivary gland tissue of diabetic animals compared to
control group. Vildagliptin treatment have shown anti-

apoptotic effects in other tissues and are expected to

reduce cell death in the salivary glands. The combination
therapy demonstrated superior anti-apoptotic effects
compared to the individual treatments in the form of

decreased immunohistochemical expression of Caspase-

Figure 3: sections of sublingual salivary gland showing: Increased immunexpression of anticaspase-3 deposition in the

sublingual salivary gland tissue of diabetic animals (B) compared to control group (A). Vildagliptin treatment has shown decreased

immunexpression of anticaspase-3 deposition in the sublingual salivary gland tissue (C). The combination therapy demonstrated decreased

immunexpression of anticaspase-3 deposition in the sublingual salivary gland tissue (D) compared to the individual treatments (X400, anticaspase-3

immune stain).
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DISCUSSION

The present study aimed to investigate the therapeutic
potential of a novel combination therapy, involving
vildagliptin and omega-3 fatty acids, for protecting

mucous salivary glands from diabetes-induced damage.

The glycemic data: The metabolic and glycemic data in
this study indicated that the STZ-induced diabetic model
was successfully established in the form of a significant
increase in the serum blood glucose level and a fall in
insulin levels compared to the control group, this was in

agreements to previous studies [19, 22].

Structural changes: The induction of hyperglycaemia in
the present study was accompanied by structural
changes in the salivary glands as shown by
histopathological analysis of the sublingual gland of
diabetic rats revealed significant morphological
abnormalities in the sublingual gland, including acinar
cell atrophy, inflammation, fibrosis, and impaired
epithelial structure. In agreements to our results, several
studies demonstrated that the diabetic group's salivary
gland parenchyma experiences gland atrophy, which is
typified by degraded acini, a dilated duct system, and a
duct-like structure with a preponderance of distinct fat
cells and fibrous tissue compartments [6, 23].

Along similarity to our results, the development of
diabetes was linked to changes in the morphology of the
submandibular gland (one of the main salivary glands); as
Fouani [24], which revealed that early-onset
hyperglycemia led to structural abnormalities in the
intralobular duct, shrinkage in the diabetic SMG, and
vacuolization that verified their damage. This

demonstrates that xerostomia is associated with D.M.

Mechanism of diabetic induced changes: Long-term
hyperglycaemia, which causes metabolic problems that
hinder glandular activity. Higher glucose levels result in
the production of advanced glycation end products,
which disrupt regular cellular processes and harm tissue

[25].
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Moreover, chronic hyperglycaemia, which triggers
several processes that result in an excessive formation of
reactive oxygen species (ROS), is the primary cause of
diabetes complications. Diabetes is also linked to a
decrease in total antioxidant capacity, which is caused by
both increased ROS production and alteration of
endogenous antioxidant enzyme activity. In aerobic
organisms, events result in the development of chronic

oxidative stress [26].

Inflammatory changes: In our study, the alterations in
serum inflammatory markers were found in the diabetic
group in comparison to the control group. The diabetes
group had significantly higher blood levels of pro-
inflammatory cytokines (TNF-a, IL-18, and IL-6),
suggesting a marked increase in inflammatory
properties.

According to earlier research on the parotid and
submandibular glands of diabetic rats, the levels of these
markers were considerably higher (p=0.0001) in the
diabetic group than in the control group, which is
consistent with our findings [25].

Proinflammatory chemicals are released and
intracellular signaling occurs as a result of advanced
glycation end products (AGEs) interacting with their
receptors. As a result, itis believed that DM patients have
a higher inflammatory response and generate more

cytokines linked to inflammation [27].

Oxidative stress: In this study, the diabetic group showed
significant elevations in the tissue levels of oxidative
markers (MDA and NO) and a significant decrease in the
tissue levels of the antioxidant markers (GSH and SOD).
Additionally, the diabetic group showed a significant
decrease in the serum levels of total antioxidant capacity
(TAC) compared to the control group, indicating a
significant decrease in oxidative stability and showing
how oxidative stress contributes to the development of
diabetic-induced effects, (suggesting oxidative damage in

this gland).
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Our findings are consistent with other research on
the parotid and submandibular glands of diabetic rats,
which showed decreased reduced glutathione (GSH)
concentration and glutathione peroxidase (GPx) activity,
along with increased lipid peroxidation, protein
oxidation, and SOD. [28-30].

The oxidation of polyunsaturated fatty acids by
malondialdehyde, a consequence of lipid peroxidation,
causes oxidative stress and the generation of very ROS,
which are directly in charge of oxidative damage to
cellular macromolecules [31]. The initial indication of
oxidative damage via OS is thought to be lipid
peroxidation since the cell membrane is exposed to free
radicals before the other cellular components undergo
oxidative modification [26].

A previous study indicated that increased
production of ROS and a decrease in total antioxidant
capacity are two mechanisms by which hyperglycemia
induces oxidative stress. These alterations cause amino
acid residues to oxidize, which in turn alters their
structure and activity before ultimately causing the cells

to lose their biological functions [32].

Apoptosis: Our research revealed that STZ-induced
diabetes mellitus was linked to elevated salivary gland
caspase-3, indicating that diabetes mellitus enhanced
salivary gland apoptotic signaling.

This was consistent with earlier findings showing
that hyperglycemia triggered apoptotic pathways. They
linked this increase of caspase-3 to oxidative stress
brought on by hyperglycaemia, which damages

macromolecules and sets off apoptosis [33, 34].

Fibrosis: Our study revealed that there was increased
collagen fiber deposition in the sublingual salivary gland
tissue of diabetic animals compared to control group
denoting fibrosis.

In agreement to our results, in a previous study
showed a considerable increase in the area percentage of

collagen fibers in the salivary glands of a diabetic group
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relative to the control group, confirming the presence of
fibrotic alterations indicated by strong collagen
deposition in diabetic group [35].

Chronic inflammation and tissue damage are
frequently associated with fibrosis, and its rise in the
untreated diabetic group highlights the severity of
salivary gland changes [36].

From the above findings, D.M was found to have
deterious effects on the sublingual salivary gland through
various mechanisms; thus, treatment of D.M could

ameliorate those pathological effects.

Vildagliptin, as a monotherapy: In this study, vildagliptin,
as a monotherapy, effectively mitigated hyperglycemia
and associated structural effects. The enhancement of
the structural effects by vildagliptin could be explained by
its antioxidative effects as shown in our results.

In agreement to our results, studies on vildagliptin
and other DPP-4 inhibitors have consistently shown their
ability to reduce oxidative stress and inflammation in
different tissues of diabetic animal models [37-39].

Similarly, a previous study revealed that
wvildagliptin may function as a radical scavenger in
salivary glands, as evidenced by the significant decrease
in mitochondrial ROS generation that resulted from
vildagliptin medication [37].

In the present study, Vildagliptin treatment has
shown to decrease immune expression of anticaspase-3
deposition which supports the antiapoptotic effects of
vildagliptin on the sublingual salivary gland tissue
compared to the diabetic group. The anti-inflammatory
and antifibrotic effects of vildagliptin on the sublingual
salivary gland tissue have also been demonstrated by the
reduction of inflammatory markers and collagen
deposition in the salivary gland tissues of treated diabetic
rats when compared to the diabetes group.

Similar to our results, in other animal models of
diabetes, DPP-4 inhibitors lower oxidative stress

production, avoid mitochondrial dysfunction, enhance
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endothelial function, and lessen oxidative stress and

vascular inflammation [37, 40].

Vildagliptin in combination with omega 3: The most
critical aspect of the current study is the comparison of
monotherapy versus combination therapy. The
combined therapy showed the most substantial
histological preservation, with glands more closely
resembling those of the healthy control group. The
histopathological results further reinforce these findings.
The severe acinar atrophy and inflammation seen in the
untreated diabetic rats were significantly ameliorated in
the combination therapy group, indicating that the
biochemical protection translated into preserved tissue
structure and function. This is a critical finding, as
maintaining the morphological integrity of salivary glands
is essential for preserving salivary secretion and overall
oral health.

The improvement in the structural changes in the
combination group could be related to reduced apoptosis
due to mitochondrial protection via omega-3’s, anti-
apoptotic caspase-3 modulation.

The significant enhancement of the pathological
diabetic changes in the sublingual salivary gland could be
explained by the additive synergistic role of Omega-3,
which aids in the body's detoxification and effectively
combats free radicals. The tissues and cells are therefore
shielded from oxidative stress and are able to perform at
their best [41].

The beneficiary use of Omega-3 in this experimental
study was in agreement with a previous clinical study on
84 healthy participants, where they found that giving an
Omega-3 supplement for 14 weeks in a randomized,
active-controlled interventional research study was
found to improve their inflammatory biomarkers and
sleep quality [42].

From the above findings, the results suggested that
while both monotherapies offer some protective

benefits, combination therapy provides a superior and
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synergistic effect. These findings hold significant
implications for managing diabetic complications and
represent a novel therapeutic strategy for treating
salivary gland dysfunction. By elucidating the anti-
oxidative and anti-apoptotic pathways through which the
Vildagliptin-Omega-3 combination protects sublingual
salivary glands, we provide the essential in vivo evidence

required to transition toward clinical trials.

CONCLUSION

In conclusion, this study indicated that combination of
vildagliptin and omega-3 provides a new and efficient
treatment approach for shielding mucous salivary glands
from hazardous effects induced by diabetes. The
advantages of a multi-targeted strategy are
demonstrated by the synergistic effects on inflammation,
oxidative stress, and tissue morphology that have been

reported.

Abbreviations: Analysis of variance (ANOVA); Diabetes
mellitus  (DM); Dipeptidyl peptidase-4 (DPP-4);
docosahexaenoic acid (DHA); Eicosapentaenoic Acid
(EPA); Glutathione (GSH); Interleukins (1L);
Malondialdehyde  (MDA); Nitric  Oxide  (NO);
polyunsaturated fatty acids (PUFAs); Streptozotocin
(STZ); Superoxide Dismutase (SOD); Total Antioxidant
Capacity (TAC); Tumor Necrosis Factor (TNF); Standard

Deviation (SD).
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