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Abstract  
 

Aim of current study is to perform and investigate the renoprotective effect of nintedanib on diabetic nephropathy in albino 

wistar rat. Diabetic nephropathy was induced in overnight fasted rats by a single intraperitoneal injection of Streptozotocin 
(STZ) (45 mg/kg) prepared freshly in ice chilled 0.1 M citrate buffer (Ph-4.5) and after 15 minutes Nicotinamide (110 

mg/kg)in in 0.9% normal saline was administered. The rat were divided into five grouping six animal in each group Each 

group underwent a different treatment protocol Treatment with nintedanib at 30 mg/kg and 50 mg/kg was evaluated using 

invivo studies such as physiological evaluation, serum and urine biochemical parameters like creatinine, albumin, BUN, 
uric acid and urine albumin level and histological studies of diabetic nephropathy induced rat's kidney. The present study 

demonstrated that the treatment of nintedanib exerts its renoprotective potential against the progression of diabetic 

nephropathy. The results showed significant improvements in renal function parameters and reduced histological changes 

when compared to the disease control group. Thereby, nintedanib at 50 mg/kg has demonstrated better effectiveness than 
nintedanib at 30 mg/kg. Our finding suggests that nintedanib holds potential as a novel therapeutic agent in the management 

of diabetic nephropathy by inhibiting TGF-L. vascular endothelial growth factors, and their signaling pathways in the 

progression of diabetic nephropathy. Further research is needed to elucidate its long-term safety and efficacy in clinical 

treatments.  
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1. INTRODUCTION 
High blood glucose levels caused by absolute or 

relative insulin insufficiency along with beta-cell 

malfunction and insulin resistance are the hallmarks of 

diabetes mellitus (DM), a chronic metabolic disease [1, 

2]. It also causes aberrant insulin production, insulin 
receptor, or post-receptor processes that alter metabolism 

and involve the liver, kidney, and pancreatic β cells [3, 

4]. 
 

Diabetic nephropathy (DN) is a microvascular 
complication that is one of the main causes of mortality 

linked with diabetes mellitus [5]. Both type I and type II 

diabetes can result in diabetic nephropathy, and DN is a 

major cause of renal dysfunction in affluent nations [6, 
7]. 

 

With the onset of glomerular hypertension, DN 

results in several alterations to the renal structures 

(arteries, arterioles, kidney glomeruli, and tubules), 

which frequently leads to the development of 

glomerulosclerosis and chronic renal failure (CRF) [8]. 

Microalbuminuria screening should generally be done 
every year, beginning five years following the diagnosis 

of type I and type II diabetes [9, 10]. 
 

Molecular mechanisms that involved in diabetic 

nephropathy, includes increase in production of 
advanced glycation end products (AGE) activates the 

growth factor-I, transforming growth factor beta (TGF 

β), vascular endothelial growth factor (VEGF) in 

mesangial cells which in turn produce collagen type IV 
[11]. 

 

Nintedanib, a tyrosine kinase inhibitor 

approved for the treatment of idiopathic pulmonary 

fibrosis, has anti-fibrotic, anti- inflammatory, and anti-

angiogenic activity [12]. 
 

Nintedanib is a well-known broad-spectrum 

tyrosine kinase inhibitor that targets multiple receptor 
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kinases, such as platelet derived growth factor (PDGF), 
vascular endothelial growth factor (VEGF), fibroblast 

derived growth factor (FDGF) and also blocks 

transforming growth factor beta (TGF β) induced 

fibroblast [13, 14]. 

 

Future research is mostly focusing on disease 

modification and prevention; hence, this work focuses on 

the protective therapy of nintedanib on diabetic 
nephropathy as it suppresses signaling pathways such as 

TGF-β/Smad2/3, P38MAPK (mitogen activated protein 

kinase), that are involved in the development of diabetic 

nephropathy. It may show a therapy for renal 
complications associated with diabetes [15]. 

 

2. MATERIALS AND METHODS 
Healthy adult albino wistar rats of weighing 

150-250 g were obtained from central animal house of 

Swamy Vivekananda College of Pharmacy, 

Elayampalayam, and Namakkal-637 205. Throughout 
the acclimatization and experimental period, the animals 

were housed in polypropylene cages (six rat per cage) in 
standard environmental lighting condition of (12-hr 

light/ 12-hr dark cycle), maintained under controlled 

room temperature (23 ± 2°C), and a relative humidity of 

60% ± 10%. Rats were provided with standard pellet diet 
and water ad libitum freely throughout the study. The 

cages were cleaned daily by changing the husk bedding. 

The experimental protocol was approved by the 

Institutional Animal Ethical Committee (IAEC) of 
Swamy Vivekananda College of Pharmacy, 

Elayampalayam, Namakkal-637205. The animals were 

acclimatized for 2 weeks in the laboratory conditions 

before experiment. According to the Indian National 
Science Academy's criteria for the use and care of 

experimental animals in research, all of the study's 

animals were treated humanely, and all animal studies 

will be conducted in accordance with CCSEA 
regulations. 

 

2.1. IAEC Reference No: SVCP/IAEC/PG/4/07/2024 

2.2 Animal Grouping  

 

S. No Groups Treatment 

1. Group-I 

(Normal control) 

Normal saline 

2. Group-II 

(Disease control) 

Streptozotocin (45mg/kg i.p) + Nicotinamide (100 mg/kg .i.p.) 

3. Group-III 
(Standard treatment) 

Streptozotocin + Nicotinamide + Metformin (100 mg/kg,p.o.) 

4. Group-IV 

(Test treatment at low dose) 

Streptozotocin + Nicotinamide + Nintedanib (30 mg/kg, p.o.) 

5. Group-V 

(Test treatment at high dose) 

Streptozotocin + Nicotinamide + Nintedanib (50 mg/kg, p.o.) 

 

2.3 Induction of Diabetic Nephropathy  

Streptozotocin (STZ) (45 mg/kg) produced 

freshly in ice-chilled 0.1 M citrate buffer (PH-4.5) was 

injected intraperitoneally once to induce diabetic 

nephropathy in overnight-fasted rats. After 15 minutes, 
nicotinamide (100 mg/kg) in 0.9% normal saline was 

given. Overnight, the animals were given a 2% glucose 

solution to counteract the hypoglycemic impact of the 

medication. Hyperglycemia in rats was confirmed 
through the elevated glucose levels (> 250 mg/dL) in the 

blood, determined at 72 hours of injection. Blood 

glucose level was measured using glucometer [16, 17]. 

 
The rats were divided into five groups 

comprising six animals in each group. Each group 

underwent a different treatment protocol. Group I serves 

as a normal control, received normal saline. Group II 
serves as a disease control, received streptozotocin (45 

mg/kg) and nicotinamide (100 mg/kg) intraperitonealy. 

Group III serves as a standard group is treated with 

metformin (100 mg/kg, p.o.). Group IV were treated with 
nintedanib (30 mg/kg, p.o) in 0.9% normal saline. Group 

V were treated with nintedanib (50 mg/kg, p.o) in 0.9% 

normal saline. All animals had free access to regular rat 

chow and drinking water during experimental period. 
 

2.4 Physical Evaluation 

2.4.1 Measurement of Body Weight 

Body weight of each rat in all groups was 

measured weekly once till the end of treatment using 

weighing balance and the changes were recorded [18]. 
 

2.4.2 Measurement of Feed Intake 

Feed consumption of each rat in all groups was 

measured daily till the end of treatment using weighing 
balance and the changes were recorded [19]. 

 

2.4.3 Measurement of Water Intake 

Water consumption of each rat in all groups was 
measured daily till the end of treatment using measuring 

cylinder and the changes were recorded. 

 

2.5 Estimation of Blood Glucose Level 

Blood glucose level (BGL) was measured using 

an Accu-Check blood glucometer on the 0th, 3rd, 7th, 14th, 

21st, and 28th days and recorded, and an average value 

was taken. Blood from rats was withdrawn aseptically 
from the tail veins of each animal. 

 

2.6 Hematological Estimation 

On the end of study the blood was collected 
through retro orbital puncture for examination of 
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glycated haemoglobin (HbA1C) level. And the 
percentage of total glycated hemoglobin was recorded. 

 

2.7 Biochemical Estimation 

2.7.1 Serum Analysis 

Blood samples from the animals were collected 

by retro orbital puncture from anaesthetized rat into clean 

heparinized bottles. The serum was separated from the 

blood and centrifuged according to groups into clean 
bottles for biochemical analysis. BUN (Blood urea 

nitrogen), creatinine, uric acid and albumin were 

analyzed according to the reported methods. 

 
2.7.2 Urine Analysis 

At the end of study, all rats were kept in 

individual metabolic cages and urine samples of 24 hours 

were collected. Rats were allowed to drink water during 
the urine collection period. The urinary parameters like 

creatinine, uric acid, total protein were analyzed 

according to the reported methods [20]. 

 
2.8 Measurement of Kidney Weight 

At the end of the study, all rats were sacrificed 

with anaesthesia and kidneys were removed and 

compared with the control groups of rats. The weight was 

measured by using digital balance; the changes in the 
weight of kidneys were recorded. 

 

2.10 Statistical Analysis  

The data represented as Mean ± SEM of six 
replicated determinations. Results were analyzed 

statistically by one-way ANOVA followed by Tukey’s 

multiple comparison. The difference was considered 

significant when p<0.05. All statistical tests were carried 
out using Prism 9.0 (Graph Pad, San Diego CA, USA) 

statistical software. 

 

3. RESULTS 
3.1 Effect of Nintedanib on Body Weight against 

Diabetic Nephropathy in Rats 

Body weights of each rat in all groups were 
measured weekly till the end of the treatment using 

weighing balance and changes are recorded. In our study 

the body weight of the rats in disease control were 

decreased when compared to normal control. The body 
weight ofrats in the groups treated with Metformin (100 

mg/kg), Nintedanib (30 mg/kg) and Nintedanib (50 

mg/kg) were significantly increased when compared to 

the disease control group. 
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Figure 1: Graphical Representation of Effect of Nintedanib on Body Weight against Diabetic Nephropathy in Rats 
 

3.2 Effect of Nintedanib on Feed Intake against 

Diabetic Nephropathy in Rats 

Feed intake of rats in each groups were 
measured daily and the changes were recorded. In our 

study the feed intake of rats in disease control 

significantly increased when compared to the normal 

control and the feed intake of rats that are treated with 

Metformin (100 mg/kg), Nintedanib (30 mg/kg) and 
Nintedanib (50 mg/kg) were significantly decreased 

when compared to disease control. 
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Figure 2: Graphical Representation of Effect of Nintedanib on Feed Intake against Diabetic Nephropathy in Rats 

 
3.3 Effect of Nintedanib on Water Intake against 

Diabetic Nephropathy in Rats 

Water intake of rats in each groups were 

measured daily and the changes were recorded. In our 
study the water intake of rats in disease control 

significantly increased when compared to the normal 

control and the water intake of rats that are treated with 

Metformin (100 mg/kg), Nintedanib (30 mg/kg) and 

Nintedanib (50 mg/kg) were significantly decreased 
when compared to disease control. 
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Figure 3: Graphical Representation of Effect of Nintedanib on Water Intake against Diabetic Nephropathy in 

Rats 

 

3.4 Effect of Nintedanib an Blood Glucose Level 

Against Diabetic Nephropathy Rats 

The blood glucose levels of rats in disease 

control group were significantly increased on day 28 

when compared to the normal control and the blood 

glucose levels of rats that are treated with Metformin 
(100 mg/kg), were significantly decreased and treatment 

with Nintedanib (30 mg/kg) and Nintedanib (50 mg/kg) 

were slightly decreased when compared to disease 

control group.  
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Figure 4: Graphical Representation of Effect of Nintedanib on Blood Glucose against Diabetic Nephropathy in 

Rats 

 

3.5 Effect of Nintedanib on Glycated Hemoglobin 

(HbA1c) Level against Diabetic Nephropathy in Rats 

The HbA1c level of rats in disease control 

group were significantly increased when compared to the 

normal control and the HbA1c levels of rats that are 

treated with Metformin (100 mg/kg) were significantly 

decreased and treatment with Nintedanib (30 mg/kg) and 
Nintedanib (50 mg/kg) were slightly decreased when 

compared to disease control group. 
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Figure 5: Graphical Representation of Effect of Nintedanib on Hba1c Level against Diabetic Nephropathy in Rats 

 

3.6 Effect of Nintedanib on Serum Creatinine against 

Diabetic Nephropahty in Rats 

The serum creatinine levels of rats in disease 

control group were significantly increased when 

compared to the normal control and the serum creatinine 

levels of rats that are treated with Metformin (100 

mg/kg), Nintedanib (30 mg/kg) and Nintedanib (50 
mg/kg) were significantly decreased when compared to 

disease control. 
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Figure 6: Graphical Representation of Effect of Nintedanib on Serum Creatinine against Diabetic Nephropathy in 

Rats 
 

3.7 Effect of Nintedanib on Blood Urea Nitrogen 

(BUN) Against Diabetic Nephropahty in Rats 

The serum BUN levels of rats in disease control 
group were significantly increased when compared to the 

normal control and the serum BUN levels of rats that are 

treated with Metformin (100 mg/kg) Nintedanib (30 

mg/kg) and Nintedanib (50 mg/kg) were significantly 
decreased when compared to disease control group. 
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Figure 7: Graphical Representation of Effect of Nintedanib on BUN against Diabetic Nephropathy in Rats 

 

3.8 Effect of Nintedanib on Serum Albumin against 

Diabetic Nephropahty in Rats 

The serum albumin levels of rats in disease 

control group were significantly decreased when 

compared to the normal control and the serum albumin 

levels of rats that are treated with Metformin (100 
mg/kg), Nintedanib (30 mg/kg) and Nintedanib (50 

mg/kg) were significantly increased when compared to 

disease control group. 
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Figure 8: Graphical Representation of Effect of Nintedanib on Serum Albumin against Diabetic Nephropathy in 

Rats 

 
3.9 Effect of Nintedanib on Urine Creatinine against 

Diabetic Nephropathy in Rats 

The urine creatinine levels of rats in disease 

control group were significantly decreased when 
compared to the normal control and the urine creatinine 

levels of rats that are treated with Metformin (100 

mg/kg), Nintedanib (30 mg/kg) and Nintedanib (50 

mg/kg) were significantly increased when compared to 

disease control group. 
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Figure 9: Graphical Representation of Effect of Nintedanib on Urine Creatinine against Diabetic Nephropathy in 

Rats 

 
3.10 Effect of Nintedanib on Urine Total Protein and 

Microalbuminuria against Diabetic Nephropathy in Rats 

1) Total protein  

The urine total protein levels of rats in disease 

control group were significantly increased when 

compared to the normal control and the urine albumin 

levels of rats that are treated with Metformin (100 
mg/kg), Nintedanib (30 mg/kg) and Nintedanib (50 

mg/kg) were significantly decreased when compared to 

disease control group. 

2) Microalbuminuria 

The microalbuminuria levels of rats in disease 
control group were significantly increased when 

compared to the normal control and the 

microalbuminuria levels of rats that are treated with 

Metformin (100 mg/kg), Nintedanib (30 mg/kg) and 
Nintedanib (50 mg/kg) were significantly decreased 

when compared to disease control group. 
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Figure 11: Graphical Representation of Effect of Nintedanib on Urine total protein and Microalbuminuria against 

Diabetic Nephropathy in Rats 
 

3.11 Effect of Nintedanib on Uric Acid against 

Diabetic Nephropathy in Rats 

The uric acid levels in urine of rats in disease 
control group were significantly increased when 

compared to the normal control and the urine uric acid 

levels of rats that are treated with Metformin (100 

mg/kg), Nintedanib (30 mg/kg) and Nintedanib (50 

mg/kg) were significantly decreased when compared to 
disease control group. 
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Figure 12: Graphical Representation of Effect of Nintedanib on Uric Acid against Diabetic Nephropathy in Rats 

 

3.12 Effect of Nintedanib on Kidney Weight against 

Diabetic Nephropathy in Rats 

The weight of kidney on the rats in disease 

control group were significantly increased when 

compared to the normal control and the kidney weights 

of rats that are treated with Metformin (100 mg/kg), 

Nintedanib (30 mg/kg) and Nintedanib (50 mg/kg) were 
significantly decreased when compared to disease 

control group. 
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Figure 13: Graphical Representation of Effect of Nintedanib on Kidney Weight against Diabetic Nephropathy in 

Rats 
 

4. DISCUSSION 
Our findings has shown decrease in body 

weight and muscle mass as a result of losing protein 

through their urine in diabetic rats, as in compliance with 

previous studies. The administration of 30 and 50 mg/kg 

of nitedanib daily slowed the reduction of body weight 
in diabetic rats'. Furthermore, the feed and water intake 

in diabetic rats gradually increased due to polyphagia and 

polydipsia. Treatment with nintedanib (30 and 50 mg/kg 

per day) showed balanced feed and water intake as that 
of the normal control. 

 

High glucose uptake by renal cells under 

hyperglycemic conditions can stimulate multiple 
pathological pathways, including the PKC pathway, 

which in turn causes increased expression of TGF-β and 

VEGF, which consequently causes mesangial expansion 

and glomerular enlargement and leads to the progression 
of diabetic nephropathy. 

 

The results of the renal function parameters 

indicated that the disease control group had higher serum 
creatinine and BUN levels. This could be because of the 

extracellular matrix accumulation in tubules caused by 

TGF-β that damage kidney blood vessels, resulting in 

glomerulosclerosis and a decline in kidney function. This 
eventually decreases the kidneys' capacity to filter waste 

products like creatinine and reduces glomerular filtration 

rate and tubular secretion. It also causes the deposition of 

waste materials in the blood, notably nitrogenous 
compounds, resulting in higher serum creatinine and 

BUN levels and decreased creatinine levels in the urine. 

Treatment with nintedanib (30 and 50 mg/kg per day) 

resulted its ability to restore kidney function to normal 
by lowering serum creatinine and BUN levels and 

increasing urine creatinine levels. When compared to 

disease control group, the treatment with nintedanib (50 

mg/kg) has shown effective results than that of the 

treatment with nitedanib (30 mg/kg). 
 

The serum albumin level was lower in the 

disease control group when compared to normal control 

group due to increased glomerular permeability through 
the accumulation of extracellular matrix, which damages 

the blood vessels of the kidney and allows proteins to 

leak from the bloodstream into the urine, which also 

leads to increased protein excretion in the urine. 
Treatment with nintedanib (30 and 50 mg/kg per day) 

retains the decreased level of serum albumin and also 

decreases the excretion of protein and albumin in urine 

compared to disease control. In comparison between 
nintedanib (30 mg/kg) and nintedanib (50 mg/kg), 

treatment with nintedanib (50 mg/kg) has shown a better 

effect. 

 
Reduction in the amount of uric acid clearance 

by the kidneys is a possible outcome of diabetic 

nephropathy as it develops renal function impairment. 

The disease control group has resulted in elevated blood 
and urine uric acid levels could be the consequence of 

alterations in renal tubular reabsorption. On treatment 

with nintedanib (50 mg/kg) the level of uric acid 

excretion in urine has been significantly decreased. 
 

In this study, the weight of kidneys has 

increased in diabetic nephropathy-induced rats when 

compared with other groups of rats. This may be the 
result of structural modifications to the kidney due to 

hyperfiltration, which induces enlargement of the 

kidney, increases the workload on the kidneys, and 

causes hypertrophy and fluid retention that result in 
kidney swelling and edema in nephropathy. Increased 

extracellular matrix accumulation, including collagen 
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and fibronectin, also contributes in increased kidney 
weight. Since the treatment with nintedanib decreased 

weight of kidney significantly when compared to the 

disease control group, this suggests that the treatment 

prevents the structural changes of kidney due to 
nephropathy. On treatment with nintedanib (50 mg/kg) 

has a greater effect than nintedanib (30 mg/kg). 

 

5. CONCLUSION 
The present study's results offer strong support 

for nintedanib's renoprotective benefits on diabetic 

nephropathy. Compared to the disease control group, 
treatment with nintedanib leads to a substantial 

improvement in renal function parameters, such as 

decreased serum creatinine, BUN levels, and urine 

protein excretion, as well as tends to increase urine 
creatinine excretion and serum albumin levels. Thereby, 

nintedanib at 50 mg/kg has demonstrated better 

effectiveness than nintedanib at 30 mg/kg. These 

findings supports that nintedanib at exerts its 
renoprotective effects by inhibiting TGF-β, vascular 

endothelial growth factor, and possibly targeting 

multiple signaling pathways involved in the 

pathogenesis of diabetic nephropathy. Our finding 
suggests that nintedanib holds potential as a novel 

therapeutic agent for the management of diabetic 

nephropathy. While the results of our preclinical study 

are promising, to assess nintedanib's long-term safety 
and effectiveness in clinical therapies, as well as to 

clarify the precise processes underlying its impact on 

diabetic nephropathy, more research is required. 
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