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 Abstract 

Methods: Fifty male Wistar albino rats were randomized into five equal groups: Control 

(C), Diabetic parkinsonian non-treated (D+P), L-DOPA/carbidopa treated diabetic 

parkinsonian (L/C D+P), vildagliptin/metformin-treated diabetic parkinsonian (V/M 

D+P), and vildagliptin/metformin & L-DOPA/carbidopa treated diabetic parkinsonian 

(V/M+L/C D+P). Diabetes was induced by a high-fat diet and streptozotocin, followed 

by rotenone to induce parkinsonism. Treatments were given orally for 3 weeks. 

Behavioral tests, glycemic indices, oxidative stress markers, dopamine levels, and 

histopathological/immunohistochemical analyses were assessed. Results: The D+P 

group showed hyperglycemia, insulin resistance, oxidative stress (↑MDA, ↑TNF-α, 

↓GPX), reduced dopamine, impaired cognition and motor activity, and basal ganglia 

degeneration with ↑Bax/↓Bcl-2 expression. L/C D+P showed improved motor activity 

and dopamine, but did not correct glycemic or oxidative changes. V/M D+P showed 

improved glucostasis and oxidative markers, with partial restoration of dopamine and 

histology. The V/M+L/C D+P group showed the most comprehensive recovery, with 

normalization of glycemic indices, oxidative balance, dopamine, behavioral 

performance, and preservation of basal ganglia structure. Conclusion: Three weeks of 

combined vildagliptin, metformin, and L-DOPA produced synergistic neuroprotection in 

diabetic PD rats, suggesting that restoring glucostasis enhances  

L-DOPA efficacy and may represent a promising adjunctive therapeutic strategy. 
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 Introduction 

Parkinson’s disease (PD) is a progressive 

neurodegenerative disorder primarily characterized 

by motor symptoms such as bradykinesia, rigidity, 

resting tremors, and postural instability.  These 

characteristics result from the disruption of the 

basal ganglia's circuitry due to the loss of 

dopaminergic neurons in the substantia nigra pars 

compacta [1]. Although the etiology of Parkinson's 

disease (PD) is still multifactorial, metabolic 

dysfunctions, particularly type 2 diabetes mellitus 

(T2DM), have drawn more attention as a possible 

component in the pathophysiology and progression 

of PD [2]. The central nervous system is 

significantly impacted by type 2 diabetes [3]. 

Accumulating clinical and experimental evidence 

suggests that individuals with T2DM have an 

increased risk of developing PD and may 

experience more rapid progression of both motor 

and cognitive deficits [4]. The connection between 

the two illnesses may be due to shared 

pathophysiological pathways, such as oxidative 

stress, persistent low-grade inflammation, 

mitochondrial dysfunction, and altered insulin 

signaling [2]. Specifically, the substantia nigra and 

striatum, two important brain areas involved in 

motor control, have high levels of insulin receptor 

expression [5]. Insulin resistance in the brain 

during diabetes may impede synaptic plasticity, 

interfere with dopaminergic neurotransmission, 

and encourage neuronal death. In diabetics, these 

changes may increase extrapyramidal dysfunction 

and resemble or worsen parkinsonian motor 

symptoms [6]. The gold standard for treating 

Parkinson's disease symptoms is levodopa (L-

DOPA), which raises central dopamine levels but 

has no effect on metabolic dysfunction and may 

exacerbate oxidative stress. Additionally, L-DOPA 

may function as an anti-incretin, inhibiting the 

neuroprotective effects of glucagon-like peptide-1 

(GLP-1) and increasing therapeutic resistance in 

certain Parkinson's disease patients  [7]. 

Neuroprotection may result from 

pharmacologically restoring metabolic 

homeostasis [8]. As a first-line antidiabetic, 

metformin decreases oxidative stress, stimulates 

AMP-activated protein kinase (AMPK), and 

improves insulin sensitivity [5]. In diabetic and 

neurodegenerative models, vildagliptin, an 

inhibitor of dipeptidyl peptidase-4 (DPP-4), 

augments endogenous incretin activity, such as 

GLP-1, which has neurotrophic, anti-

inflammatory, and anti-apoptotic properties [9].  

Recent research has shown that the combination of 

metformin and vildagliptin not only enhances 

glycemic management but also reduces brain 

apoptosis and neuroinflammatory processes [10]. 

This combination increases the effectiveness of L-

DOPA by improving central insulin signaling and 

regulating blood glucose (glucostasis). This 

alleviates extrapyramidal dysfunction in diabetic 

animals and presents a viable treatment approach 

that links metabolic management and 

neurodegeneration [11]. 

2. MATERIALS AND METHODS 

The current study was conducted in the Medical 

Physiology Department of the Faculty of Medicine 

at Menoufia University in Egypt with approval 

from the ethical committee (N:3/2022PHYS43). 

The US National Institutes of Health's standard for 

the care and use of laboratory animals [12] was 

followed for the housing, handling, sampling, and 

experimental procedures of the animals. 

2.1. Animals and experimental groups. 
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Figure (1) illustrates the experimental design's 

flow chart. A local animal supply facility provided 

fifty male Wistar albino rats, each weighing 

between 160 and 200 grams and aged two to three 

months. Three animals per cage were housed in 

fully ventilated cages (80 x 40 x 30 cm) with free 

access to water and a semi-synthetic balanced diet. 

The cages were kept at room temperature with an 

artificial 12-hour light/dark cycle. Rats were 

randomly assigned to five equal groups of ten rats 

each following two weeks of acclimatization. 

Group 1: Control (C) group: rats with fasting 

blood glucose levels less than 110 mg/dl were 

selected in this group [13]. Rats were injected 

intraperitoneally (I.P) by single dose of citrate 

buffer (Adwic, Egypt).; vehicle of streptozotocin 

(STZ), then injected subcutaneously with nine 

doses of sunflower oil; vehicle of rotenone (ROT) 

every 48 h (18 days), then continued with distilled 

water given by esophageal gavage once daily for 3 

weeks (duration of treatment). 

Group 2: Diabetic parkinsonian non-treated 

(D+P) group: Rats were given a high-fat diet 

(HFD) for four weeks, followed by a single 

intraperitoneal (I.P.) injection of 35 mg/kg of STZ 

(Sigma Chemical Company, USA). Three days 

following the STZ injection, diabetes was 

established. Rats with fasting blood glucose levels 

greater than 110-115 mg/dL using rat tail samples 

were classified as diabetics [14]. Following the 

creation of the diabetes model, a parkinsonian 

animal model was created by administering nine 

subcutaneous (s.c.) doses of rotenone (Sigma 

Aldrich, Egypt) at a dose of 1 mg/kg every 48 

hours (18 days). Reducing the lethality of rotenone 

was the advantage of this regimen [15]. 

Group 3: L-DOPA/carbidopa-treated diabetic 

parkinsonian (L/C D+P) group: Rats were given 

Sinemet pills 100/25 levodopa/carbidopa in a dose 

of 12 mg/kg (Merck, Sharp and Dohme, S.p.A., 

Italy) crushed in water and administered by 

esophageal gavage [16] once daily for three weeks 

after the diabetes parkinsonian model was 

established. 

Group 4: Vildagliptin/Metformin-treated diabetic 

parkinsonian (V/M D+P) group: Rats were given 

oral vildagliptin 3 mg/kg/day (Galvus, Novartis, 

Bangkok, Thailand) and metformin 30 mg/kg/day 

(Glucophage, Merkserono, Bangkok, Thailand) 

crushed in water via esophageal gavage for three 

weeks after the diabetes parkinsonian model was 

established [17]. 

Group 5: Vildagliptin/metformin and L-

DOPA/carbidopa treated diabetic parkinsonian 

(V/M+L/C D+P) group: Rats were given the 

above-mentioned doses of metformin, vildagliptin, 

and L-DOPA/carbidopa for three weeks after the 

diabetes parkinsonian model was established. All 

of the groups' animals survived until the end of the 

experiment. 

2.2. Study design:   

All rats underwent neurobehavioral evaluation 

utilizing open field and Y-maze tests at the end of 

the ten-week experiment. Following measurements 

of insulin, HbA1c, and serum glucose, HOMA-IR 

was computed using the following formula: 

HOMA-IR = [fasting serum insulin (µIU/ml)]/405 

[18]. Rats were sacrificed by cervical elongation 

and dislocation. After carefully removing the 

brains, ice-cold saline was used to wash them. The 

brains of the left hemisphere's basal ganglia were 

separated and homogenized. The homogenate 

underwent centrifugation. Tumor necrosis factor-α 
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(TNF-α), glutathione peroxidase (GPX), dopamine 

(DA), and malondialdehyde (MDA) were 

measured in the supernatants. The basal ganglia of 

the right hemisphere were prepared for 

histopathological and immunohistochemical 

studies. Animal remains were disposed of in a bio-

secure and hygienic way. 

2.3. Assessment of behavior and spatial 

memory.  

2.3.1. Open field test: Every rat was positioned in 

the middle of an open field box measuring 1 m by 

1 m by 50 cm, with a floor that was divided into 

squares measuring 20 cm by 20 cm. A silent room 

with regulated lighting was used to watch the rat's 

locomotor activity for five minutes after it was 

placed in the middle of the field. Between rats, 

70% ethanol was used to wipe the box's floor. 

Latent duration, number of crossed squares, center 

crossing, rearing, and grooming were all measured 

with a digital video camera [19]. The rats were not 

given any prior instruction to encourage them to 

investigate the box. 

2.3.2. Y-maze: The Y-maze's three arms, each 

measuring 60 cm in length, 11.5 cm in width, and 

25 cm in height, were all composed of wood. For 

five minutes, each rat was positioned in the middle 

of the Y-maze to investigate it. When all four of 

the animal's paws were fully inside the Y-maze's 

arm, the entry was scored. Any three successive 

entries of the three separate arms were considered 

an alternation and were counted as correct choices. 

Rodents' innate propensity to choose different 

arms in a Y-maze on their own is known as 

spontaneous alternation, and it's regarded as a 

quick and easy test of spatial working memory 

[20]. By dividing the total number of alternations 

by the total number of choices less two, the 

percentage of spontaneous alternation (the ratio of 

right choices) was computed [21]. Between rats, 

70% ethanol was used to wipe the box's floor. 

2.4. Biochemical assays 

Using tiny heparinized capillary tubes inserted into 

the medial epicanthus of the rats' eyelids, 3 

milliliters of fasting blood samples were taken 

from the retro-orbital venous plexus of the rats at 

the conclusion of the experiment and following a 

neurological evaluation. For the purpose of 

estimating glycosylated hemoglobin (HbA1c), one 

milliliter was taken in an EDTA-containing tube. 

The remaining two milliliters were collected in a 

graduated centrifuge tube, allowed to clot for 

fifteen minutes at room temperature, and then 

centrifuged for fifteen minutes at 3000 r.p.m. [22]. 

The supernatant serum was collected in a dry, 

clean tube and kept at -20˚C until it was needed to 

measure insulin, glucose, Rats were then sacrificed 

by lengthening and then dislocating their necks. 

After carefully removing the brains, ice-cold saline 

was used to wash them. On an ice-cold glass plate, 

each brain was dissected. Glass rods were used to 

separate, weigh, and homogenize each brain's left 

hemisphere basal ganglia. In phosphate-buffered 

solution (PH=7), homogenization was performed 

at 10% (w/v). The homogenate underwent ten 

minutes of centrifugation at 2000×g. The 

supernatants were stored at -80°C until the levels 

of glutathione peroxidase (GPX), dopamine (DA), 

malondialdehyde (MDA), and tumor necrosis 

factor-α (TNF-α) were measured. 

 

2.5. Histopathological assessment of the brain 

tissue. 

2.5.1. Histopathological examination: After 

being stored in 10% buffered formalin and 
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dehydrated with varying alcohol concentrations, 

the brain was cleaned using xylol. Lastly, each of 

them was embedded separately in blocks of 

paraffin. After dewaxing, the 5-µm-thick tissue 

slices were stained with H&E. It was then 

examined under a light microscope to find any 

pathological changes [23]. A light microscope with 

10, 20, 40, and 100× objectives was used to view 

the sections, and the following criteria were used 

to qualitatively classify pathological lesions in 

brain tissue: The following system was used to 

grade the pathological lesion severity: 0, no lesion; 

1, mild lesion; 2, moderate lesion; and 3, severe 

lesion. This included inflammatory cell infiltration, 

necrosis, bleeding, oedema, degeneration, Lewis 

bodies, and gliosis. Pathological scores ranging 

from 0 to 3 were determined for all parameters, 

according to [24]. 

2.5.2.  Immunohistochemical staining and 

assessment: 

The streptavidin-biotin amplification technique 

was used for immunostaining, and 

diaminobenzidine (DAB) was the appropriate 

substrate/chromogen reagent. After that, the slides 

were rehydrated and dewaxed. Citrate buffer saline 

(pH 6) was boiled and then cooled to an average 

temperature in order to retrieve the antigen. The 

secondary antibody (Envision, FLEX, code 8002, 

Dako) was added after the primary antibody had 

been incubated at room temperature for the entire 

night. Mayer's hematoxylin was utilized as a 

counterstain and DAB was utilized as a 

chromogenic substrate. Positive controls were 

sections of normal rat pancreas and human tonsil, 

respectively. The two main antibodies used were 

against Bax (rabbit polyclonal antibody (Cat. no. 

bs-3010R; dilution 1:200), Bioss antibodies, 

USA), and Bcl2 (mouse monoclonal antibody 

(Cat. no. A20777; dilution 1:500), ABclonal, Life 

Science, USA). In every run, a slide devoid of the 

primary antibody served as a negative control. In 

positive cells, brownish cytoplasmic staining 

demonstrated Bcl-2 expression [25]. If any cells 

exhibited distinct staining, the case was deemed 

affirmative. The H-score was used to score the 

expression semi-quantitatively. The "H-score" was 

used to measure the degree of positive staining, 

with 0 representing no staining, 1 representing 

faintly brown, 2 representing substantially brown, 

and 3 representing dark brown. The proportion of 

cells that were favorably stained was calculated. 

Both figures were multiplied to determine the H-

score [26]. 

2.6. Statistical analysis. 

Version 22 of the SPSS software program 

(Statistical Package for the Social Science, SPSS 

Inc., Chicago, Illinois, USA) was used to analyze 

the data. The data were displayed as mean ± SD. A 

one-way analysis of variance (ANOVA) test with 

Tukey's post hoc test was used to compare 

quantitative variables between the groups under 

study. A difference was deemed statistically 

significant if p was less than 0.05. Fisher's exact 

tests are used in histological comparisons to 

illustrate the importance of the groups under study. 
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3. RESULTS  

3.1. Cognitive and behavioral changes.  

3.1.1. Performance of open field test: 

Figure (2[A, B, C, D, E]) demonstrates the 

performance in the open field test by all the 

studied groups. Latent period, number of squares 

crossed, center crossings, and frequency of rearing 

and grooming were significantly impaired (P < 

0.001) in the D+P group compared to the C group. 

These parameters were significantly improved (P < 

0.001) in both the L/C D+P and V/M D+P groups 

compared to the D+P group, with greater 

improvement (P < 0.001) observed in the L/C D+P 

group than in the V/M D+P group. In the 

V/M+L/C D+P group, all parameters showed no 

significant difference (P > 0.05), when compared 

to the C group.  

3.1.2. Performance of Y-Maze test: 

Figure (2[F]) illustrates the performance in the Y-

maze test by all the studied groups. The percentage 

of spontaneous alternations was significantly 

decreased (P <0.001) in the D+P and L/C D+P 

groups compared to the C group, with no 

significant difference (P > 0.05) observed between 

the D+P and L/C D+P groups. In contrast, the V/M 

D+P and V/M+L/C D+P groups showed 

significantly higher percentages of spontaneous 

alternations (P < 0.001) than both the D+P and L/C 

D+P groups, with no significant difference (P > 

0.05) compared to the C group.  
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3.2. Changes of dopamine level  

Figure (3[A]) demonstrates the difference in mean 

± SD of dopamine (DA)level in the brain tissue 

homogenates of the different studied groups. 

Dopamine (DA) level in the D+P group showed a 

significant decrease (P <0.001) when compared to 

that of the C group. In L/C D+P, V/M D+P, and 

V/M+L/C D+P groups, DA levels were 

significantly increased (P < 0.001) when compared 

with those of the D+P group. In the L/C D+P 

group, DA level was significantly higher (P < 

0.001) than that of V/M D+P, and there was an 

insignificant change (P > 0.05) between V/M+L/C 

D+P and C groups.  

3.3. Changes of oxidative stress and 

inflammatory markers 

Figure (3[B, C, D]) demonstrates the difference in 

mean ± SD of enzymatic activity of GPX, MDA 

level, and TNF-α in the brain tissue homogenates 

of the different studied groups. 

There were significant (↑MDA, ↑TNF-α) and 

(↓GPX) levels (P < 0.001) in D+P and L/C D+P 

groups when compared to those of the C group, 

and insignificant change (P > 0.05) between D+P 

and L/C D+P groups. In V/M D+P and V/M+L/C 

D+P groups, there was a significant (↓MDA, 

↓TNF-α) and (↑GPX) levels (P < 0.001) when 

compared with those of the D+P group and L/C 

D+P. Also, in the V/M+L/C D+P group, MDA, 

TNF-α, and GPX levels were insignificantly 

changed (P > 0.05) when compared with those of 

the C group.  
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3.4. Glycemic state  

Table (1) shows the difference in mean ± SD of 

fasting serum glucose, HbA1c, insulin and 

HOMA-IR index of the different studied groups. 

There was a significant increase (P < 0.001) in 

these parameters in the D+P and L/C D+P groups 

when compared to the C group, and there was a 

non-significant change (P > 0.05) between D+P 

and L/C D+P groups. In V/M D+P and V/M+L/C 

D+P groups, these parameters were significantly 

decreased (P < 0.001) when compared to those of 

D+P and L/C D+P groups. Also, in the V/M+L/C 

D+P group, these parameters were insignificantly 

changed (P > 0.05) when compared to those of the 

C group. 
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3.5. Histopathological examination.  

3.5.1. Hematoxylin and eosin-stained sections.  

In the C group, normal appearance was found 

(vesicular nuclei, prominent nucleoli, and scant 

rim of basophilic cytoplasm) without any 

histopathological changes. 

The D+P group revealed marked histological 

changes in the form of strong inflammatory 

infiltrates, degenerative changes, perivascular 

oedema, severe gliosis, and acidophilic 

Lewis bodies. 

In the L/C D+P group, there was mild 

improvement of the histological picture, where 

moderate inflammatory cells, moderate 

neurodegenerative changes, moderate degree of 

gliosis, and edema. In the V/M D+P group, there 

was a moderate improvement of the histological 

picture; mild inflammatory infiltrates, mild 

neurodegenerative changes, and mild oedema. 

 V/M+L/C D+P group showed a marked 

regression of inflammation with restoration of the 

normal histological picture. 

Table (2) shows a comparison of the percentages 

of the histopathological changes in the basal 

ganglia (lymphocytic infiltration, gliosis, 

degenerative changes, edema, necrosis and Lewis 

bodies) in all the studied groups. 

There was a statistically significant difference (P < 

0.001) in lymphocytic infiltration, gliosis, 

degenerative changes, edema, necrosis, and Lewis 

bodies among the C, D+P, L/C D+P, V/M D+P, 

and V/M+L/C D+P groups. All rats (100%) in the 

C group exhibited no signs of lymphocytic 

infiltration, gliosis, degenerative changes, edema, 

necrosis, or Lewis bodies. In contrast, all rats 

(100%) in the D+P group showed severe 

lymphocytic infiltration, pronounced gliosis, 

marked degenerative changes, edema, necrosis, 

and the presence of Lewis bodies. Among the 

treated groups, the V/M+L/C D+P group 

demonstrated the most notable histopathological 

improvement, with the complete absence of all 

pathological features. Figure (4[A, B]) illustrates 

the histopathological changes (H&E) observed in 

the D+P and V/M+L/C D+P groups. 

3.5.2. Immunohistochemistry studies.  

Table (2) shows the difference in mean ± SD of 

Bax and Bcl2 expression of the different studied 

groups. 

In the D+P group, there was a significant (↑Bax 

and ↓ Bcl2) expression (P < 0.001) when 

compared to those of the C group. In L/C D+P and 

V/M D+P groups, there was a significant (↓Bax 

and ↑Bcl2) expression(P < 0.001)  when 

compared to D+P group, but there was a 

significant (↓Bax and ↑Bcl2) expressions(P < 

0.001) in V/M D+P when compared to L/C D+P 

group, In V/M+ L/C D+P group there was a 

significant (↓Bax ) expression(P < 0.001) when 

compared to all groups, and significant (↑Bcl2) (P 

< 0.001) when compared to D+P and L/C D+P 

groups but insignificantly changed (P > 0.05)  

when compared to C and V/M D+P groups. Figure 

(4[C, D, E, F]) demonstrate Bax & (3[E, F]) 

demonstrates Bcl2 expressions in D+P and V/M+ 

L/C D+P groups. 
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4. DISCUSSION 

In the present study, the D+P group showed 

significantly elevated fasting glucose, HbA1c, 

insulin, and HOMA-IR compared to controls after 

10 weeks, confirming the development of insulin 

resistance and hyperglycemia. This is explained 

by partial β-cell damage induced by low-dose STZ 

and high-fat diet, causing progressive β-cell 

dysfunction and inflammation, resembling T2DM 

pathogenesis [17]. The increased insulin and 

HOMA-IR reflect early β-cell compensation for 

systemic insulin resistance [13], but chronic 

oxidative stress and mitochondrial dysfunction 

eventually impair insulin secretion [27]. 
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Consistent with our findings, Rolo et al. [28] 

reported that rotenone aggravates hyperglycemia 

through mitochondrial dysfunction and impaired 

insulin signaling.  

Three weeks of L-DOPA/carbidopa therapy in the 

L/C D+P group did not improve glycemic indices 

compared to D+P, indicating persistence of insulin 

resistance. Muthuraman et al. [29] similarly 

reported that L-DOPA improves motor symptoms 

but not metabolic dysfunction. By contrast, three 

weeks of vildagliptin/metformin therapy (V/M 

D+P) significantly improved glycemic parameters, 

reflecting metformin’s suppression of hepatic 

gluconeogenesis and enhancement of glucose 

uptake [30] and vildagliptin’s prevention of 

incretin degradation, enhancing GLP-1 and GIP 

activity [31].Dutta et al. [32] supported our 

findings and explained that metformin improves 

insulin sensitivity. 

Oxidative stress was significantly aggravated in 

the D+P group, as evidenced by elevated MDA 

and reduced GPX, findings consistent with 

hyperglycemia-induced ROS generation through 

pathways such as aldose reductase, advanced 

glycation, and mitochondrial overproduction of 

superoxide [33,32].L-DOPA/carbidopa treatment 

failed to correct these alterations, likely due to 

persistent hyperglycemia and ROS generated 

during dopamine metabolism, a phenomenon 

reported to exacerbate oxidative imbalance and 

dopaminergic toxicity [11,35]. In contrast, three 

weeks of vildagliptin/metformin treatment 

significantly reduced MDA and increased GPX 

activity. This agrees with previous studies showing 

that metformin preserves mitochondrial function, 

reduces ROS production, and improves antioxidant 

defenses [29], while vildagliptin enhances GLP-1 

signaling, which exerts antioxidant and 

neuroprotective effects [9,10,46]. The combination 

therapy (V/M+L/C D+P) produced the most 

pronounced antioxidant effect, consistent with 

evidence that metabolic correction improves L-

DOPA utilization and minimizes its oxidative side 

effects [11,25]. 

Inflammation paralleled these changes: TNF-α 

was elevated in D+P rats, explained by rotenone-

induced microglial activation and insulin 

resistance via PI3K/Akt and NF-κB pathways 

[34], compounded by HFD-induced upregulation 

of inflammatory genes [35]. L-DOPA/carbidopa 

did not reduce TNF-α, consistent with Del-Bel et 

al. [7], who showed that L-DOPA activates 

neuron–microglia-astrocyte interactions. Ward et 

al. [36] also noted that dopamine metabolism 

generates ROS, further driving inflammation. 

Conversely, three weeks of vildagliptin/metformin 

reduced TNF-α significantly, consistent with Al-

Kuraishy et al. [10], who demonstrated that 

metformin modulates astrocyte activity via AMPK 

and vildagliptin enhances GLP-1 signaling, which 

exerts anti-inflammatory effects [37]. 

Dopamine levels in the basal ganglia were 

markedly reduced in D+P rats, consistent with 

rotenone-induced mitochondrial complex I 

inhibition and neurodegeneration [38,39]. This 

effect was aggravated by diabetes-related insulin 

resistance and mitochondrial dysfunction [6], 

consistent with Bittencourt et al. [40], who found 

reduced dopamine in HFD+STZ rats. L-

DOPA/carbidopa restored dopamine [29], while 

vildagliptin/metformin also improved dopamine 

via mitochondrial protection and reduced 

apoptosis [9,18]. The three-week combination 
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therapy normalized dopamine to near-control 

levels, showing synergistic benefit. 

Behavioral results reflected these biochemical 

changes. In the open field, D+P rats had longer 

latency, reduced locomotion, and less rearing and 

grooming, consistent with dopamine depletion and 

oxidative stress [41,42]. L-DOPA improved motor 

function by replenishing dopamine [25], while 

vildagliptin/metformin improved exploratory 

behavior via reduced oxidative stress and TNF-α, 

and enhanced GLP-1 neuroprotection [8,9].Rout 

et al. [8] reported that GLP-1 signaling protects 

dopaminergic neurons from degeneration and 

increases tyrosine hydroxylase expression, while 

metformin activates AMPK, promoting 

mitochondrial function and neuronal survival. The 

combination (V/M+L/C D+P) produced the 

greatest improvements, suggesting synergistic 

effects targeting both metabolic and dopaminergic 

deficits. 

Cognitive function (Y-maze) declined in D+P rats 

due to dopaminergic loss and hippocampal insulin 

resistance, disrupting plasticity [3,43]. L-DOPA 

did not improve alternation percentage, reflecting 

its limited effect on memory [1,2]. Booth [1] 

explained that L-DOPA primarily increases 

dopamine in the striatum (motor control), but has 

a limited effect in the prefrontal cortex or 

hippocampus, which are essential for working 

memory, cognition, and decision making.  

Vildagliptin/metformin improved cognitive 

performance, consistent with studies showing 

GLP-1 analogs improve cognition [9,44]. Addition 

of L-DOPA did not enhance cognition beyond 

V/M alone, suggesting cognitive improvement 

depends more on metabolic and anti-inflammatory 

actions. 

Histopathology confirmed severe degeneration, 

inflammation, and Lewis body formation in D+P 

rats [38]. L-DOPA treatment provided only partial 

improvement, consistent with reports that 

dopaminergic replacement does not address 

neuroinflammation [45]. Vildagliptin/metformin 

markedly reduced gliosis, edema, necrosis, and 

Lewis bodies, consistent with anti-inflammatory 

and mitochondrial protective effects [46]. 

Combination therapy preserved basal ganglia 

architecture, suggesting complementary 

mechanisms. 

Immunohistochemistry revealed upregulated Bax 

and downregulated Bcl-2 in D+P rats, consistent 

with oxidative stress and mitochondrial apoptosis 

[23]. L-DOPA modestly reduced Bax without 

restoring Bcl-2, reflecting limited anti-apoptotic 

effects [47]. Vildagliptin/metformin reduced Bax 

and increased Bcl-2, consistent with previous 

findings on mitochondrial protection and 

improved insulin signaling [48]. The combination 

produced the strongest anti-apoptotic effect, 

confirming synergistic neuroprotection. 

The present findings imply that correcting 

glucostasis with vildagliptin and metformin not 

only improves diabetic status but also enhances 

the therapeutic efficacy of L-DOPA in 

parkinsonism by targeting oxidative stress, 

inflammation, and apoptosis, these agents extend 

neuroprotection beyond dopaminergic 

replacement, which may translate into better 

control of motor and non-motor symptoms, 

improved quality of life, and slower disease 

progression in patients with diabetes-associated 

Parkinson’s disease. 
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5. LIMITATIONS OF THE STUDY: 

A limitation of the present study is that genetic 

aspects were not investigated due to financial 

constraints, which may provide deeper insights 

into the molecular mechanisms linking diabetes 

and Parkinson’s disease. In addition, different 

doses and treatment durations of L-DOPA, 

metformin and vildagliptin were not explored, 

which could influence their efficacy and safety. 

6. CONCLUSION: 

Three weeks of vildagliptin and metformin 

administration, particularly in combination with L-

DOPA, effectively restored glucostasis, alleviated 

oxidative stress and apoptosis, and improved 

behavioral and histological outcomes in diabetic 

Parkinsonian rats. These results highlight the 

importance of addressing metabolic dysfunction in 

Parkinson’s disease and suggest that adjunctive use 

of antidiabetic agents may enhance L-DOPA 

efficacy and provide a novel therapeutic strategy 

for managing patients with comorbid diabetes and 

Parkinsonism. 
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