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Abstract
Background: Diabetic nephropathy (DN) is a major cause of end-stage renal disease characterized by persistent albuminuria, de-
clining glomerular filtration rate, and increased cardiovascular mortality. This study investigates the protective effects of Aegeline 
and Quercetin against streptozotocin (STZ)-induced diabetic nephropathy.

Methods: STZ was used to induce diabetes in Wistar rats. Treated groups received Aegeline, Quercetin, or their combination. 
Physical parameters (body weight, food, and water intake), biochemical markers (blood glucose, serum insulin, %HbA1c), renal 
parameters (albumin, creatinine, uric acid, cholesterol, total protein, triglycerides), oxidative stress markers (SOD, GSH, CAT, 
MDA), and histopathological evaluations were assessed.

Results: Treatment with Aegeline and Quercetin significantly ameliorated hyperglycemia, improved insulin sensitivity, restored 
renal parameters, reduced oxidative stress, and mitigated histopathological alterations in kidneys compared to diabetic control.

Conclusion: Aegeline and Quercetin exhibit substantial nephroprotective effects against diabetic nephropathy, indicating poten-
tial therapeutic roles.
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1. Introduction
Diabetic nephropathy (DN) is a significant complication of both 
type 1 and type 2 diabetes mellitus, affecting approximately 20-
40% of diabetic individuals and contributing to about 40% of new 
ESRD cases globally [1]. Characterized by persistent albuminuria, 
glomerulosclerosis, and decreased glomerular filtration rate, DN 
results from a complex interplay of metabolic and hemodynamic 
disturbances, oxidative stress, and inflammation [2,3].

Hyperglycaemia activates multiple damaging pathways including 
advanced glycation end products (AGEs), protein kinase C 
(PKC), polyol and hexosamine pathways, leading to increased 
reactive oxygen species (ROS) and inflammatory cytokines such 
as TGF-β1 and IL-6 [4,5,5a]. These mechanisms culminate in 
glomerular hypertrophy, basement membrane thickening, and 
interstitial fibrosis [6].

Natural plant-based compounds have gained attention for their 
pleiotropic pharmacological activities. Aegeline, an alkaloid from 
Aegle marmelos, has shown hypoglycemic, antioxidant, and anti-
inflammatory properties [7,7a]. Quercetin, a flavonoid present in 
fruits and vegetables, exhibits strong antioxidant, anti-fibrotic, 
and anti-diabetic activities [8,9]. This study investigates the 
nephroprotective effects of Aegeline and Quercetin, alone and in 
combination, against STZ-induced diabetic nephropathy in rats.

2. Materials and Method
2.1 Chemicals and Reagents
Streptozotocin (STZ), Aegeline, Quercetin, and biochemical kits 
were procured from certified suppliers. Diagnostic kits for blood 
glucose, lipid profile, creatinine, uric acid, albumin, total protein, 
and oxidative stress markers were from Erba Mannheim.

2.2 Experimental Animals
Male Wistar rats (150-200g) were acclimatized under standard 
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conditions and provided with a standard diet and water ad libitum. 
Experiments were approved by the Institutional Animal Ethics 
Committee (IAEC).

2.3 Experimental Design
The rats were randomly divided into five groups (n=6 each):
• Group I: Normal control
• Group II: Diabetic control (STZ 55 mg/kg, i.p.)
• Group III: Diabetic + Aegeline (10 mg/kg, orally)
• Group IV: Diabetic + Quercetin (50 mg/kg, orally)
• Group V: Diabetic + Aegeline + Quercetin

2.4 Induction of Diabetes
Diabetes was induced via a single intraperitoneal injection of STZ 
(55 mg/kg) in citrate buffer (pH 4.5). Fasting blood glucose >250 
mg/dL after 72 hours was considered diabetic.

2.5 Biochemical Parameters
Fasting blood glucose (oxidase-peroxidase method), serum insulin 
(ELISA), HbA1c (%), serum creatinine, uric acid, albumin, 
cholesterol, triglycerides, and total proteins were evaluated.

2.6 Antioxidant Assays
Renal tissues were homogenized and tested for:
•	 Superoxide dismutase (SOD)
•	 Catalase (CAT)
•	 Glutathione (GSH)
•	 Malondialdehyde (MDA)

2.7 Inflammatory Marker
C-reactive protein (CRP) was measured using a latex-enhanced 
immunoassay.

2.8 Histopathology
Kidneys, pancreas, and liver were fixed in 10% formalin, sectioned, 
and stained with hematoxylin and eosin (H&E) for microscopic 
evaluation.

3.Results
3.1 Physical Parameters
•	 Body Weight: Diabetic rats (Group II) showed a significant 

reduction in body weight compared to normal controls (Group 
I). Aegeline and Quercetin treatments improved body weight, 
with combination therapy showing maximum improvement 
(Table 41, Figure 45).

Day's Normal Control Diabetic Control
0 250 252 260 255 258 255 255 265 250 250 252 260
2 270 260 269 265 270 265 198 190 192 195 196 192
7 272 265 262 267 265 267 200 195 197 199 200 196
14 270 268 271 268 266 268 202 198 202 201 202 200
21 270 265 270 268 266 268 205 200 206 202 204 205
28 272 270 270 270 264 270 208 202 210 205 207 208
Day's STZ + Standard Treatment Metformin STZ + Standard Treatment Aegelin + Quercetin
0 195 200 198 195 190 192 192 195 191 190 195 190
2 200 210 205 205 200 203 201 200 202 203 205 206
7 215 130 220 215 220 222 230 226 230 230 225 232
14 225 240 235 220 228 230 245 247 245 251 228 249
21 250 260 255 245 245 243 250 255 246 240 244
28 260 268 265 255 258 253 271 275 275 272 275

Table 1: Body Weight

Figure 1: Graphical Representation of Body Weight
Water Intake: Diabetic rats (Group II) exhibited a significant 
increase in water intake due to polydipsia, reaching 75 ml by day 

28 compared to stable levels around 30 ml in normal controls 
(Group I). Treatment with Metformine and Aegeline + Quercetin 
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Day's Normal Control Diabetic Control
0 25 28 25 25 28 25 28 28 25 30 29 30
2 30 28 30 29 28 30 35 38 32 38 37 37
7 28 30 25 26 30 28 45 48 42 49 48 47
14 30 26 28 28 25 26 53 59 52 61 60 58
21 27 28 30 30 24 28 65 70 63 77 68 68
28 30 30 28 28 29 30 75 77 72 79 70 75
Day's STZ + Standard Treatment Metformin STZ + Standard Treatment Aegelin + Quercetin
0 69 70 70 77 75 74 65 67 60 61 70 69
2 65 70 68 77 75 72 62 64 57 67 67 66
7 62 67 66 74 72 69 56 58 50 61 61 60
14 48 50 46 49 48 59 48 50 43 53 53 52
21 38 42 36 39 40 49 38 40 33 43 43
28 26 32 28 30 32 30 28 30 23 33 33

Day's Normal Control Diabetic Control
0 52 44 51 46 50 44 30 35 32 35 30 38
2 50 49 45 50 48 47 29 32 31 32 29 37
7 45 50 48 48 49 49 24 27 27 27 24 34
14 48 52 50 48 51 50 20 22 22 22 20 30
21 48 45 52 50 50 52 25 24 24 24 25 26
28 50 48 52 51 52 52 21 20 20 20 21 22
Day's STZ + Standard Treatment Metformin STZ + Standard Treatment Aegelin + Quercetin
0 30 35 32 35 30 38 26 25 20 23 26 24
2 29 32 31 32 29 37 31 25 25 28 27 28
7 24 27 27 27 24 34 35 29 29 32 32 33
14 20 22 22 22 20 30 40 34 34 37 36 28
21 25 24 24 24 25 26 48 39 42 45 41
28 21 20 20 20 21 22 51 46 47 48 49

Table 2: Water Intake

Figure 2: Graphical Representation of Water Intake

•	 Food Intake: Diabetic rats (Group II) demonstrated a 
significant reduction in food intake compared to normal 
controls (Group I), with consumption dropping to 20-22 g/day 
by day 28. Treatment with Metformine and the combination 
of Aegeline + Quercetine significantly improved food intake, 

reaching 47 g/day and 51 g/day respectively by day 28 (p < 
0.05). The combination therapy was particularly effective, 
restoring food intake to near-normal levels and indicating 
its potential benefits in improving metabolic health and 
mitigating diabetes-related disturbances.

notably reduced water intake to 32 ml and 30 ml respectively, 
nearing normal levels. Combination therapy showed the greatest 

improvement, highlighting its potential to alleviate diabetes 
symptoms effectively.

Table 3: Food Intake
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Figure 3: Graphical representation of Food Intake
•	 Urine Output: Diabetic rats (Group II) exhibited a 

significant decrease in food intake, dropping to 20-22 g/day 
by day 28 compared to normal controls (Group I), which 
maintained stable levels of around 50-52 g/day. Treatments 
with Metformine and Aegeline + Quercetine significantly 

improved food consumption, reaching 47 g/day and 51 g/
day respectively by day 28 (p < 0.05). Combination therapy 
showed maximum improvement, restoring food intake to 
near-normal levels and demonstrating its potential to enhance 
metabolic health and alleviate diabetes-related disturbances.

Day's Normal Control Diabetic Control
0 12 13 15 14 16 15 14 15 12 12 17 16
2 17 16 16 16 17 15 23 20 21 22 22 21
7 17 16 15 15 16 17 26 22 23 24 26 22
14 17 15 17 15 15 15 21 23 28 26 26 26
21 16 15 16 16 15 16 23 26 24 27 26 25
28 16 17 16 16 15 17 30 28 35 25 24 25
Day's STZ + Standard Treatment Metformin STZ + Standard Treatment Aegelin + Quercetin
0 30 28 26 24 22 20 28 20 22 22 25 20
2 29 27 25 24 22 20 23 20 21 19 22 18
7 26 23 21 20 18 17 22 17 20 18 20 16
14 22 20 18 17 15 14 21 14 18 15 17 15
21 18 17 15 14 12 11 17 11 15 12 16 13
28 16 14 12 11 9 8 15 8 12 9 11 12

Table 4: Urine Output

Figure 4: Graphical Representation of Urine Out
3.2 Biochemical Parameters
•	 Blood Glucose: This study compares blood glucose levels 

across four groups over 28 days: Normal Control, Diabetic 
Control, STZ + Metformin, and STZ + Aegelin + Quercetin. 
The Normal Control group maintains stable glucose levels, 
while the Diabetic Control group experiences severe 
hyperglycemia. The STZ + Metformin group shows improved 

glucose management over time. However, the STZ + 
Aegelin + Quercetin group demonstrates the most significant 
improvement, achieving near-normal glucose levels by day 14 
and maintaining them through day 28, indicating a potentially 
highly effective diabetes treatment. Further research is 
required to evaluate its long-term efficacy and safety.
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Day's Normal Control Diabetic Control
0 108 110 112 105 109 106 200 202 210 216 220 222
2 134 135 109 111 109 111 203 198 201 233 246 241
7 111 115 110 112 110 108 208 200 209 234 248 247
14 109 108 112 111 110 108 213 204 208 234 248 247
21 110 110 107 105 101 105 243 239 240 277 276 270
28 103 107 106 105 101 103 259 263 267 290 299 287
Day's STZ + Standard Treatment Metformin STZ + Standard Treatment Aegelin + Quercetin
0 240 245 248 242 241 243 370 391 408 351 394 536
2 240 244 247 242 240 243 362 290 322 323 283 520
7 220 224 227 222 220 223 322 260 284 315 245 496
14 190 194 197 192 190 193 252 160 237 238 200 416
21 150 154 157 152 150 159 172 140 177 177 147

28 95 99 102 97 95 103 111 121 121 111

Table 5: Blood Glucose

Figure 5: Graphical Representation of Blood Glucose

•	 % HbA1c: This study examines HbA1c levels in 
five groups over 28 days: Normal Control, Diabetic 
Control, STZ+Metformin, STZ+Pre-treatment, and 
STZ+Aegeline+Quercetin. The Normal Control group 
maintains stable HbA1c levels (4-6%), while the Diabetic 
Control group experiences a significant increase (9% to over 
12%), indicating poor glucose control. The STZ+Metformin 
group shows gradual improvement, reaching about 6% by day 

28. The STZ+Pre-treatment group follows a trend similar to 
the Diabetic Control. The Aegeline+Quercetin group exhibits 
the most remarkable improvement, reducing elevated HbA1c 
levels to near-normal by day 14 and maintaining this through 
day 28. These findings suggest that Aegeline+Quercetin 
may offer superior long-term glycemic control, potentially 
exceeding Metformin's effectiveness. Further research is 
needed to confirm its safety and mechanisms.

Day's Normal Control Diabetic Control
0 4.1 3.4 3.6 3.7 3.6 3.8

2 4.7 4.1 4 4.4 4.2 4.7 9.1 10 9.7 9.4 8.3 8.9
7 5.1 4.3 4.2 4.5 4.7 4.9 9.9 10.7 10.2 9.9 9.7 9.8
14 5.9 4.7 4.6 5.1 5.3 5.8 10.7 11.4 11.2 10.8 10.1 10.8
21 6.2 5.5 5.4 5.7 5.9 6 11.6 12.9 12 12.1 11.4 12.4
28 103 107 106 105 101 103 259 263 267 290 299 287
Day's STZ + Met STZ + AQ
0

2 7.2 6.8 7.8 7.6 8.1 7.9 9.2 8.1 12.3 7.9 8.4 8.2
7 6.6 5.8 6.4 6.1 7.2 6.3 7.9 7 X 6.4 7.1 6.7
14 5 5.1 5.3 5.7 6.3 5.2 6.6 6 X 5.7 6.2 5.9
21 3.9 4.1 4.3 4.5 5.2 4 5.9 5.6 X 5 5.7 5.2
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28 95 99 102 97 95 103 111 121 121 111

Table 6: %HbA1c

Figure 6: Graphical representation of %HbA1c

•	 Serum Insulin: This study examines serum insulin levels 
across four groups over 28 days. While the Normal Control 
group maintains stable levels (3-6 ng/ml) and the Diabetic 
Control shows a steep decline (below 1 ng/ml), the STZ + 
Metformin group has minimal impact on insulin production. 
The STZ + Aegeline + Quercetin (AQ) group, however, 

demonstrates significant improvement, with insulin levels 
increasing to around 8 ng/ml by day 28, surpassing the Normal 
Control. This suggests that AQ treatment may effectively 
stimulate insulin production or preserve beta cell function, 
showing potential for managing diabetes. Further research is 
needed to confirm its safety and mechanisms.

Day's Normal Control Diabetic Control
0 3.1 3.4 3.6 3.7 3.4 3.8

2 4.7 4.1 4 4.4 4.2 4.7 2.5 2.7 2.3 2.2 2.8 2.6
7 5.1 4.3 4.2 4.5 4.7 4.9 1.9 1.6 1.8 1.5 1.7 1.3
14 5.7 4.7 4.6 5.1 5.3 5.4 0.98 0.88 0.78 0.76 0.94 0.67
21 6.2 5.5 5.4 5.6 5.9 6 0.45 0.37 0.27 0.2 0.41 0.15
28 103 107 106 105 101 103 259 263 267 290 299 287
Day's STZ + Standard Treatment Metformin STZ + Standard Treatment Aegelin + Quercetin
0

2 4.7 4.6 4.4 5.4 5.6 4.6 4.4 5.1 5.7 5.3 5.7 5.9
7 5.7 5.8 5.2 6.6 6.3 5.8 5.4 5.8 6.5 6.3 6.7 6.9
14 6.6 6.7 6.4 7.2 7.4 6.9 6.6 6.5 7.4 7.3 7.4 7.5
21 7.8 7.9 7.8 8 8.3 8 7.6 7.9 8 8 8.3 8.4
28 95 99 102 97 95 103 111 121 121 111

Table 7: Serum Insulin

Figure 7: Graphical Representation of Serum Insulin
3.3 Kidney Function Markers
•	 Albumin: This study evaluates albumin levels across four 

groups: Normal Control, Diabetic Control, DC + Metformin, 

and DC + Aegeline + Quercetin (AQ). The Diabetic Control 
group displays the highest albumin levels (4.94 ± 0.32 g/dl), 
significantly elevated compared to the Normal Control group 
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Table 8: Albumin

Figure 8: Graphical Representation for Albumin

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
3.59 4.44 3.86 3.8
3.7 4.6 3.59 3.87
3.59 5.07 3.7 3.22
3.57 5.19 3.73 3.28
3.73 5.04 3.97 3.55
3.65 5.12 3.6

•	 Uric Acid: This study evaluates uric acid levels across four 
groups: Normal Control, Diabetic Control, DC + Metformin, 
and DC + Aegeline + Quercetin (AQ). The Diabetic Control 
group exhibits the highest uric acid levels (8.55 ± 0.42 mg/
dl), significantly elevated compared to the Normal Control 
group (5.92 ± 0.06 mg/dl). Both treatment groups, DC + 

Metformin (5.96 ± 0.24 mg/dl) and DC + AQ (5.95 ± 0.05 
mg/dl), show reductions in uric acid levels, approaching those 
of the Normal Control group. Statistical analysis indicates that 
diabetes raises uric acid levels (p < 0.05), and AQ treatment 
significantly lowers them, potentially mitigating diabetic 
nephropathy.

Table 9: Uric Acid

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
5.58 7.77 5.61 5.74
6.2 8.13 6.18 5.69
5.82 8.07 5.55 6.00
6.04 8.15 6.00 5.96
6.17 10.64 6.42 5.98
5.99 9.01 5.89

 Figure 9: Graphical Representation for Uric Acid

(3.59 ± 0.06 g/dl). Treatment groups, DC + Metformin (3.73 
± 0.08 g/dl) and DC + AQ (3.55 ± 0.10 g/dl), show reductions 
in albumin levels, approaching those of the Normal Control 
group. Statistical analysis confirms that diabetes increases 

albumin levels (p < 0.05) while AQ treatment significantly 
reduces them (p < 0.05), highlighting its potential in mitigating 
albumin elevation caused by diabetes.
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Table 10: Creatinine

Figure 10: Graphical Representation for Creatinine

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
0.8 2.46 1.5 1.59
0.45 3.6 1.4 1.84
0.75 3.3 0.98 1.17
1.3 4.89 1.22 2
1.2 3.7 1.35 1.82
1.1 4.96 2

•	 Creatinine: This study examines creatinine levels across four 
groups: Normal Control, Diabetic Control, DC + Metformin, 
and DC + Aegeline + Quercetin (AQ). The Diabetic Control 
group shows significantly elevated creatinine levels (3.84 
± 0.58 mg/dl) compared to the Normal Control group (0.96 
± 0.16 mg/dl), indicating diabetic nephropathy. Treatment 

groups, DC + Metformin (1.51 ± 0.14 mg/dl) and DC + AQ 
(1.43 ± 0.19 mg/dl), exhibit reduced creatinine levels closer 
to the Normal Control, suggesting that Metformin and AQ 
may help mitigate nephropathy effects. Statistical analysis 
supports these findings, showing diabetes-induced creatinine 
increases and a potential therapeutic role for AQ.

•	 Cholestrol: This study examines cholesterol levels across four 
groups: Normal Control, Diabetic Control, DC + Metformin, 
and DC + Aegeline + Quercetin (AQ). The Diabetic Control 
group shows significantly elevated cholesterol levels (445.26 
± 72.59 mg/dl) compared to the Normal Control group 
(240.39 ± 13.46 mg/dl). Treatment groups, DC + Metformin 

(248.34 ± 16.57 mg/dl) and DC + AQ (187.82 ± 9.98 mg/
dl), exhibit reduced cholesterol levels, nearing those of the 
Normal Control group. Statistical analysis confirms diabetes-
induced cholesterol increases (p < 0.05) and highlights AQ's 
significant reduction of cholesterol, showcasing its potential 
therapeutic benefits.

 Table 11: Cholesterol

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
200.07 425.6 208.6 150.9
245 629.1 213.9 159.4
255.09 666.4 277.5 207.9
207.7 244 263.8 200.2
210.04 227.3 200.6 178.4
256.9 455.3 278.6

Figure 11: Graphical Representation for Cholesterol
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•	 Total Protein: This study evaluates total protein levels in four 
groups: Normal Control, Diabetic Control, DC + Metformin, 
and DC + Aegeline + Quercetin (AQ). The Diabetic Control 
group displays significantly elevated total protein levels 
(15.58 ± 0.62 g/dl) compared to the Normal Control group 
(6.37 ± 0.41 g/dl), indicative of diabetic impact. Treatment 

groups, DC + Metformin (13.47 ± 0.17 g/dl) and DC + AQ 
(6.97 ± 0.42 g/dl), show reduced protein levels, with AQ-
treated groups closely approaching normal levels. Statistical 
analysis highlights diabetes-induced total protein increases 
(p < 0.05) and AQ's significant ability to normalize levels, 
showcasing its potential therapeutic benefits.

Table 12: Total Protein

Table 13: Triglycerides

Figure 13: Graphical Representation for Triglycerides

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
6.86 15.59 15.59 6.43
6.74 15.88 15.88 6.45
5.68 18.58 18.58 7.05
5.48 18.51 18.51 7.08
6.01 13.16 13.16 6.35
6.12 12.45 12.45

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
206.32 419.42 248.41 223.39
200.29 450.33 217.95 228.55
193.52 406.76 195.58 191.61
202.45 349.52 191.75 201.61
204.34 304.34 198.55 207.29
219.422 410.12 230.16

Figure 12: Graphical Representation for Total Protein
•	 Triglycerides: This study examines triglyceride levels 

across four groups: Normal Control, Diabetic Control, DC 
+ Metformin, and DC + Aegeline + Quercetin (AQ). The 
Diabetic Control group exhibits the highest triglyceride levels 
(393.63 ± 23.95 mg/dl), significantly elevated compared to 
the Normal Control group (207.14 ± 13.84 mg/dl). Treatment 

groups, DC + Metformin (212.32 ± 12.41 mg/dl) and DC + 
AQ (215.28 ± 12.89 mg/dl), show substantial reductions in 
triglyceride levels, bringing them closer to normal values. 
Statistical analysis confirms diabetes-induced triglyceride 
elevation (p < 0.05) and highlights both Metformin and AQ's 
efficacy in managing triglyceride levels effectively.
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3.4 Inflammatory and Oxidative Stress Markers
•	 CRP Levels: This study evaluates C-Reactive Protein (CRP) 

levels across four groups: Normal Control, Diabetic Control, 
DC + Metformin, and DC + Aegeline + Quercetin (AQ). The 
Diabetic Control group exhibits the highest CRP levels (3.18 
± 0.39 mg/L), significantly elevated compared to the Normal 
Control group (1.00 ± 0.18 mg/L). Treatment groups, DC + 

Metformin (1.56 ± 0.27 mg/L) and DC + AQ (1.42 ± 0.17 
mg/L), show reduced CRP levels, with AQ treatment being 
slightly more effective in reducing inflammation to near-
normal levels. Statistical analysis confirms diabetes-induced 
inflammation (p < 0.05) and highlights both treatments' 
potential in mitigating this effect.

Table 14: CRP

Table 15: SOD

Figure 14: Graphical representation of CRP

Normal Control Group Diabetic Control Group STZ + Standard Treatment Metformin STZ + AQ Group
1.42 1.52 0.5 1.05
0.98 2.62 0.96 2.2
0.56 4.78 1.30 1.78
1.32 3.00 2.50 1.73
1.20 2.63 1.56 0.91
0.79 3.98 2.03

Normal Control Group Diabetic Control Group STZ + Standard Treatment Metformin STZ + AQ Group
45.8 25.6 48.9 47.5
42.5 23.6 45.6 45.6
43.5 25.9 43.5 48.5
44.5 24.5 44.5 43.8
41.5 27.2 47.5 42
48.5 24.3 49.6 43.1

•	 Superoxide Dismutase (SOD): This study evaluates 
superoxide dismutase (SOD) levels across four groups: 
Normal Control, Diabetic Control, STZ + Metformin, and 
STZ + Aegeline + Quercetin (AQ). The Normal Control group 
exhibits the highest SOD levels (around 45 U/mg protein), 
while the Diabetic Control group shows the lowest levels 
(around 25 U/mg protein). Both treatment groups demonstrate 

improved SOD levels compared to the Diabetic Control, with 
STZ + Metformin showing slightly higher SOD levels (47 
U/mg protein) than AQ (45 U/mg protein), close to normal 
values. Statistical significance confirms the effectiveness of 
both treatments, with Metformin showing a slightly stronger 
impact.
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Figure 15: Graphical representation of SOD

•	 Catalase (CAT): This study evaluates catalase (CAT) activity 
across four groups: Normal Control, Diabetic Control, STZ 
+ Metformin, and STZ + Aegeline + Quercetin (AQ). The 
Diabetic Control group exhibits significantly reduced CAT 
levels (~3.3 U/mg protein) compared to the Normal Control 
group (~9.5 U/mg protein). Both treatment groups show 

notable improvement, with Metformin (~8.6 U/mg protein) 
demonstrating slightly higher CAT levels than AQ (~7.7 U/
mg protein). Statistical analysis confirms diabetes-induced 
reduction in CAT activity and the efficacy of both treatments 
in restoring this antioxidant enzyme, though not fully to 
normal levels.

Figure 16: Graphical Representation of CAT

Table 16: Catalase

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
8.6 2.9 8.9 7.5
9.2 3.3 6.2 8.3
9.7 2.9 7.2 6.9
8.4 3.5 10.2 8.7
10.2 4.1 8.6 7.6
9.5 3.3 9 9.11

•	 Glutathione perioxidase (GSH): This study demonstrates 
that diabetes significantly depletes glutathione (GSH) levels, 
a crucial antioxidant, as observed in the Diabetic Control 
group (~4.7 U/mg protein) compared to the Normal Control 
group (~9.7 U/mg protein). Both STZ + Metformin and STZ 

+ Aegeline + Quercetin (AQ) treatments effectively restore 
and even slightly exceed normal GSH levels (10.2 and 10.1 
U/mg protein, respectively). These results highlight the 
potent antioxidant effects of both treatments, with comparable 
efficacy, in managing oxidative stress induced by diabetes.

Normal Control Group Diabetic Control Group STZ + Standard Treatment Metformin STZ + AQ Group
9.7 4.8 11.6 10.12
9.5 5.9 12.5 10.5
8.7 6 8.9 9.5
9.5 3.9 9.5 8.9
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10.1 4.3 10.12 11.2
10.8 3.9 8.8 10

 Table 17: GSH

Figure 17: Graphical representation of GSH

•	 Malondialdehyde (MDA): This study evaluates malondi-
aldehyde (MDA) levels, a marker of lipid peroxidation and 
oxidative stress, across four groups: Normal Control, Diabetic 
Control, STZ + Metformin, and STZ + Aegeline + Querce-
tin (AQ). The Diabetic Control group exhibits significantly 
elevated MDA levels (~49.5 U/mg protein) compared to the 
Normal Control (~28.3 U/mg protein), reflecting heightened 

oxidative stress due to diabetes. Both treatment groups, STZ 
+ Metformin (~30.1 U/mg protein) and STZ + AQ (~30.6 U/
mg protein), significantly reduce MDA levels, bringing them 
close to normal. These findings highlight diabetes-induced 
oxidative stress and the efficacy of both treatments, with com-
parable antioxidant effects, in mitigating this condition.

Table 18: MDA

 Figure 18: Graphical Representation of MDA

Normal Control Group Diabetic Control Group DC+ Metformin Group DC+ AQ Group
27.5 49.8 29.3 30.2
28.2 51.1 31.2 29.6
24.2 47.8 27.8 27.4
24.9 52.9 32.5 29.4
30.5 50.8 28.9 32.1
30 46.9 30.5 30.4

3.5 Histopathology
•	 Kidney: 
A. Section of kidney from normal control group showing normal 
architecture of kidney. (H & E x 100). G-Glomeruli, T-Tubules. 
While the second figure shows the magnification (H & E x 400).

B. Section of kidney from Diabetic group showing increase in 
glomerulus diameter and Bowman’s space (Yellow arrow) as well 
as increased number of proximal tubules with necrosis nuclei as 
compared to control group. (H & E x 100) While the second figure 
shows the magnification (H & E x 400).
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C. Section of kidney from Diabetic + Std Control group showing 
increase in glomerulus diameter and Bowman’s space (Yellow 
arrow) as well as increased number of proximal tubules with 
necrosis nuclei as compared to control group. (H & E x 100) While 
the second figure shows the magnification (H & E x 400).

D.  Microscopic section of Kidney of Aegeline & Quercetin group 
showing congestion and increase the bowman’s space in the 
glomeruli compared to Diabetic group. (H & E Stain X 100) While 
the second figure shows the magnification (H & E x 400).

Figure 19: Histopathology of Kidney

•	 Pancreas: 
A.Microscopic section of Pancreas of Control group showing 
normal architecture. Note: Normal Population of Exocrine Cell- α 
cell and Endocrine part - β cell. (H & E Stain X 400).

B.Microscopic section of Pancreas of Diabetic group showing 
severe decrease the Population and degeneration and necrosis of 
- β cell compared to control group. (H & E Stain X 40) While the 
second figure shows the magnification (H & E x 400).

C.Microscopic section of Pancreas of Diabetic group + Metformin 
showing mild increase the Population and degeneration and 
necrosis of of - β cell compared to control group. (H & E Stain 
X 400)

D.Microscopic section of Pancreas of Aegeline & Quercetin 
group showing mild decrease the Population of - β cell compared 
to Diabetic group. (H & E Stain X 100) While the second figure 
shows the magnification (H & E x 400).
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Figure 20: Histopathology of Pancreas

•	 Liver 
A .Section of liver from Normal control group showing almost 
normal architecture of hepatic lobules (H & E x 100) while the 
second figure is section of liver from Normal control group 
showing almost normal architecture of hepatic lobules (H & E x 
400).

B. Section of liver from Diabetic group showing vacuolar 
degeneration and necrosis in hepatocytes (black arrow). The 
hepatic cords are also severely distorted. (H & E x 40) while 
section of liver from Diabetic group showing congestion in central 
vein (Black arrow) and vacuolar degeneration and necrosis in 
hepatocytes (red arrow). The hepatic cords are also severely 
distorted. (H & E x 400).

C. Section of liver from Diabetic + Std Control group showing 
moderately vacuolar degeneration and necrosis in hepatocytes 
(black arrow) as compared to diabetic group. The hepatic cords 
are also less distorted as compared to diabetic group. The hepatic 
cords are also less distorted as compared to diabetic group as well 
as congestion in central vein is also noted (red arrow). (H & E x 
100).

D.Section of liver from Aegeline + Quercetine group showing 
mild congestion of central vein (black arrow) and mild vacuolar 
degeneration of hepatocytes (Yellow arrow) (H & E, x40) while 
second image Same figure at higher magnification ((H & E, x 400).
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Figure 21: Histopathology of Liver
4. Discussion
The present study provides comprehensive evidence that both 
Aegeline and Quercetin exert protective effects against STZ-induced 
diabetic nephropathy through multiple mechanisms. Diabetic rats 
exhibited hallmark symptoms including hyperglycemia, weight 
loss, polyuria, elevated oxidative stress, and renal dysfunction, 
aligning with previous findings on DN pathology [10]. Treatment 
with Aegeline demonstrated significant antihyperglycemic and 
antioxidant effects, which may be attributed to its action on 
GLUT4 translocation and anti-inflammatory cytokine modulation, 
as suggested by Gautam et al. [11]. Quercetin, known for its 
multifaceted pharmacological actions, significantly reduced blood 
glucose, improved insulin secretion, and corrected dyslipidemia, 
consistent with findings by Peng-Bin Lai et al. and Rahmani 
et al. [12,13]. Combination therapy yielded superior results 
compared to monotherapies. This synergistic effect is likely due 
to the complementary mechanisms of action: Aegeline enhances 
insulin sensitivity while Quercetin reduces oxidative stress and 
fibrosis. The significant improvement in renal histoarchitecture, 
reduction in inflammatory biomarkers (CRP), and normalization 
of antioxidant enzymes (SOD, CAT, GSH) further support their 
nephroprotective roles.

The observed reduction in serum creatinine, uric acid, and 
albumin levels corroborates the kidney-protective action of both 
phytocompounds. These findings align with previous studies where 
herbal extracts ameliorated STZ-induced renal injury through 
suppression of ROS and pro-inflammatory cytokines [14, 14a–17]. 
Histological examination revealed that Aegeline and Quercetin 
could restore glomerular and tubular structures, minimizing 
necrosis and fibrosis. This complements findings by Ansari et al. 
and Bhatti et al., who observed structural kidney recovery with 
these phytocompounds [18,19]. In summary, the combination of 
Aegeline and Quercetin offers a promising adjunctive therapy in 
the management of diabetic nephropathy due to their collective 
antioxidant, anti-inflammatory, and hypoglycemic properties.

5.Conclusion
This study concludes that Aegeline and Quercetin, both individually 

and synergistically, exhibit potent nephroprotective effects in STZ-
induced diabetic rats. Their combined administration significantly 
restored renal function markers, improved glycemic control, 
enhanced antioxidant enzyme levels, and reduced inflammation. 
Histological evaluations further confirmed preservation of kidney, 
pancreas, and liver structures. These findings support the potential 
of Aegeline and Quercetin as effective natural therapeutics for 
managing diabetic nephropathy. Further clinical investigations 
are warranted to confirm their translational applicability in human 
subjects.
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