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ABSTRACT
Introduction: The primary trigger of End-Stage Renal Disease (ESRD) in several affluent nations, 
including the US, is diabetic nephropathy. Objectives: Diabetic nephropathy is a microvascular 
consequence that can occur in patients with Type 1 Diabetes (T1D) or Type 2 Diabetes (T2D). 
Because of its anti-inflammatory and antioxidant effects, Dichrostachys cinerea (L.) Wight and 
Arn. (DC) treats many inflammatory diseases, especially rheumatoid arthritis. Materials and 
Methods: The experimental rats were given an intraperitoneal dose of 60 mg/kg of STZ to cause 
diabetes. Following diabetic induction, fasting blood glucose samples were taken on the 0thand 
30th day. Following the study, we evaluated the activity of pro-inflammatory indicators, renal 
biochemical markers, and levels of oxidative and antioxidant stress following DCBE treatment. 
Results: Glibenclamide is an anti-diabetic medication that was utilized in the study to compare 
treatment with DCBE. When DCBE was administered to STZ-induced diabetic rats, the levels of 
ROS, plasma AGEs, BUN, Serum Creatinine, uric acid, NAG, and U-mAIb were found to decrease. 
TNF-α, IL-1β, and IL-6 activities were all markedly downregulated. Following DCBE treatment, 
SOD, GSH, and GPx levels increased. Conclusion: According to the current investigation, DCBE 
treatment alleviated STZ-induced diabetes in a manner comparable to that of glibenclamide 
treatment. It might therefore be utilized as a possible treatment for diabetic nephropathy in the 
future.

Keywords: Dichrostachys Cinerea Bark Extract (DCBE), Glibenclamide, Streptozotocin (STZ), 
Diabetic Nephropathy (DN), Oxidative stress, Pro-inflammatory biomarkers, Renal biochemical 
markers.

INTRODUCTION

The diagnosis of Diabetic Nephropathy (DN), often referred to as 
Diabetic Kidney Disease (DKD), has historically been made based 
on the presence of Microalbuminuria (MA). DN is a debilitating 

consequence that can occur in patients with both Type 1 and 
Type 2 Diabetes mellitus (T1D and T2D).1 Both genetic and 
environmental variables contribute to the genesis of diabetic 
nephropathy, making genetics a key element in its development. 
Diabetic nephropathy is more likely to develop in people with a 
family history of diabetes or kidney disease.2

The most commonly administered oral hypoglycemic medication 
is glibenclamide. Chemically speaking, 5-chloro-N- [2- 
[4-cyclohexyl carbamoyl sulfamoyl) phenyl] ethyl]-2-methoxy 
benzamide is a sulfonylurea molecule that increases insulin 
release from beta cells by acting either as an extra-pancreatic 
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or pancreatic mechanism. In hyperglycemic circumstances, 
glibenclamide works by promoting the generation of insulin 
from the pancreatic beta cells already present. It exhibits other 
pancreatic effects in addition to this direct action. Therefore, in 
clinical diabetes, the single medication glibenclamide decreases 
hepatic glucose synthesis and increases insulin secretion.3

Dichrostachys cinerea is also referred to as the Kalahari Christmas 
tree, Chinese lantern tree, sickle bush, and bell mimosa. Different 
ethnic groups in Nigeria have different names for it. For 
centuries, it has been used as a diuretic and laxative, and to cure 
worms, syphilis, boils, headaches, gonorrhea, elephantiasis, and 
dysentery. Postpartum discomfort and diarrhoea are treated with 
dried bark. Dichrostachys cinerea leaf, root, and bark extracts have 
been shown to have antibacterial and anticandidal properties; they 
are effective towards Candida albicans, Pseudomonas aeruginosa, 
Bacillus subtilis, Escherichia coli, and Staphylococcus aureus.4-7 
Dichrostachys cinerea extract was shown to have a dose-dependent 
relaxing effect on guinea pig trachea preparations. Research has 
demonstrated that extracts from Dichrostachys cinerea have strong 
antimalarial, antidiarrheal, analgesic, and anti-inflammatory 
properties, and anticancer properties on liver carcinoma and 
brain tumour cell lines.8

Renal impairment is indicated by elevated blood levels of 
creatinine, a metabolic byproduct. One blood test that provides 
information on kidney function is BUN. An elevated BUN 
concentration may indicate renal injury and malfunction when 
the kidneys are unable to properly eliminate this product, which 
builds up in the blood. According to Campion et al.9 The BUN-to-
creatinine proportion is typically a more accurate indicator 
of kidney activity and its potential underlying cause than the 
creatinine level alone. The renal tubules are the primary location 
for the lysosomal enzyme N-Acetyl-β-d-Glucosaminidase 
(NAG). For many tubulointerstitial disorders, urinary NAG 
activity is elevated. It is higher in diabetic populations than in 
controls, even in patients with normoalbuminuria.10

Antioxidants are a defense system in the human body that 
balances the effects of oxidants. Antioxidants can be classified as 
either enzymatic or nonenzymatic. Superoxide Dismutase (SOD), 
catalase, Glutathione Peroxidase (GPx), Hemo Oxygenase-1 
(HO-1), and thioredoxin are the main enzymatic antioxidants.11 
Glutathione (GSH), Vitamins C and E, and β-carotene are the 
main nonenzymatic antioxidants.

Oxidative stress plays an important role in the occurrence of 
diabetic issues, including diabetic nephropathy, in addition to 
being a key contributor to the progression of type 1 and type 2 
diabetes.12 The actual source of oxidative stress is uncontrolled 
hyperglycemia, which damages different tissues by generating free 
radicals, particularly Reactive Oxygen Species (ROS).3 Advanced 
Glycation End Products (AGEs) are produced in tissue and 
plasma by hyperglycemia. There are two known ways that AGEs 

might cause kidney problems. One is by staying permanently 
attached to tissue proteins, like matrix proteins (like type IV 
collagen and laminin), and preventing matrix metalloproteinases 
from breaking them down. This leads to fibrosis by causing 
an excessive buildup of extracellular matrix proteins. Second, 
by engaging with the kidney's endothelium, mesangial, and 
podocyte-expressed Receptor for AGE (RAGE).13

TNF-α has been found to cause proliferation and ECM 
accumulation in capillary and cylindrical areas, which alters 
glomerular filtering, tubular permeability, and reabsorption, in 
addition to playing a significant role in generating inflammation.14 
When glucose levels are high, macrophages, tubular cells of the 
kidney, and glomerular mesangial cells all generate the crucial 
cytokine TNF-α.15 Fibronectin is a high molecular weight (~440 
kDa) plasma glycoprotein primarily synthesized by fibroblasts 
and endothelial cells, and its production is elevated in diabetic 
patients, where increased plasma levels have been correlated with 
Microalbuminuria (MA) and Diabetic Retinopathy.6 As TGF-β1 
stimulates the buildup of Extracellular Matrix (ECM) and 
promotes renal cell hypertrophy, two characteristics of diabetic 
renal disease, it plays a significant role in the development of 
DN.17,18

MATERIALS AND METHODS
Materials

Streptozotocin (STZ), DCBE and glibenclamide have been 
bought from Sigma-Aldrich in the US. Every additional chemical 
and reagent that was required and obtained was of a higher 
diagnostic group.

Housing and feeding practices for animals

The Institutional Animal Ethical Committee approved the 
purchase of mature and competent Wistar rats weighing 180-200 
g by the Animal Facility. For one week, the ambient temperature 
was held at 25ºC, the relative humidity was maintained at 55ºC, 
and a cycle of light and dark for 12 hr in a completely hygienic 
laboratory. After adapting, rats were given a normal rat diet and 
were always given access to fresh water. Only every three days 
was the rat cage updated, but the bedding was changed every day. 
The rats were treated with the highest care, and all experimental 
methods used in this work were authorized by the ethics 
committee. The experimental protocol entitled “Investigating 
the potential of D. cinerea bark extract and its derived fractions 
on diabetes and diabetes-related complications in a chemically 
induced diabetic animal model” was reviewed and approved by the 
Institutional Animal Ethics Committee (IAEC) of Muthayammal 
Centre for Advanced Research, Muthayammal College of Arts 
and Science, Rasipuram, Namakkal, Tamil Nadu, India (Approval 
No: MCAS/IAEC/03/05, dated 04.04.2024). All procedures were 
conducted in accordance with the guidelines of the Committee 
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for the Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA), Government of India.

Diabetes Induction

The present study was conducted during the year 2024-2025. 
Experimental diabetes was induced in rats using Streptozotocin 
(STZ). A single intraperitoneal injection of STZ (60 mg/kg body 
weight), dissolved in 0.1 M citrate buffer (pH 4.4), was administered 
to the animals. After seven days of STZ administration, fasting 
blood glucose levels were measured to confirm the induction of 
diabetes. Rats with blood glucose levels greater than 11 mmol/L 
were considered diabetic and included in the study.19,20

Design and Sampling of Experiments

The study employed five groups, each consisting of six rats. The 
groups had been divided at random. Initially, the rats in the control 
group were given an intraperitoneal injection of approximately 
0.5% DMSO. With rats given an intraperitoneal injection of the 
drug STZ at a dosage of 60 mg/kg, the diabetic-triggered group 
came in second. The third group was administered STZ followed 
by DCBE (25 mg/kg bwt). The fourth group was administered 
STZ followed by DCBE (50 mg/kg bwt). After receiving a 
diabetic induction treatment, the fifth group was administered 
the anti-diabetic medicine Glibenclamide (600 μg/kg bwt). 
DCBE and Glibenclamide were consumed orally once a day in 
the morning for 30 days after being dissolved in 0.5% DMSO. The 
rats were euthanized at the end of the treatment, and their kidney, 
liver, and pancreatic tissues were taken for histopathological 
examination, as well as their blood for biochemical analysis.21

Calculating the animals' body weight and fasting 
blood glucose levels

The body weight (BW) of the experimental animals was measured 
on the first and last days of the procedure and analysed for each 
group in the experiment. Blood samples were collected during 
fasting on the 0th and 30th days after the drug was administered. 
The rats were fasted for the whole night before the Fasting Blood 
Glucose (FBG) was measured. Glucose levels were estimated 
using the glucose testing kit on carefully obtained orbital sinus 
blood samples.22

Evaluation of STZ-induced animals' food intake, 
HOMA-IR, kidney weight, insulin levels, and water 
intake

Throughout the experiment, frequent food and water intake 
measurements were made for every group of rats. After 30 days 
of fasting, all of the rats in the experiment were put to death by 
anesthesia (24 mg/kg bwt. of ketamine intramuscularly). Both 
anticoagulants and non-anticoagulants were used for extracting 
blood into collection tubes. The kidney and liver were weighed 
as soon as they were separated, and any blood was removed by 

thoroughly cleaning them in ice-cold saline. The 10% homogenate 
was then produced using 0.1 M Tris-HCl buffer and centrifuged 
for 10 min at 1000 g. Biochemical parameter tests were performed 
with the separated supernatants. The insulin levels in the test 
animals were measured using a commercially available ELISA kit. 
The ultimate absorbance of the standard and sample at 450 nm 
was measured using a microplate ELISA reader shortly after the 
stop solution was introduced. The experimental animals' plasma 
insulin resistance level was ascertained using the Homeostasis 
Model Assessment of Insulin Resistance (HOMA-IR). Using the 
fasting insulin and glucose readings, HOMA-IR was calculated 
using the following formula.

HOMA-IR=Fasting Glucose (mmol/L) * Fasting Insulin (uIU/
mL) / 22.5.

Evaluation of STZ-induced animals' Blood Urea 
Nitrogen (BUN), Serum Creatinine (SCr), uric acid, 
NAG, and U-mAlb levels

Serum was centrifuged for 10 min at 3600 g to assess renal 
function. BUN and Scr levels were tested on a  programmed 
biochemical scanner. Using any appropriate commercially 
available assays, the levels of NAG, uric acid, and U-mAlb have 
been determined through the urine samples that were obtained.23

Evaluation of oxidative stress and antioxidant 
biomarker values in animals exposed to STZ

The calorimetric estimation of the amounts of the antioxidant 
biomarkers, such as SOD, GSH, and GPx, was done using 
commercially available kits and by following the manufacturer's 
instructions. To measure the amounts of plasma AGEs, 
ELISA kits were used in accordance with the manufacturer's 
instructions. Oxidation of the nonfluorescent label 2,7-Dichloro 
fluorescein Diacetate (DCFDA) to the fluorescent compounds 
Dichlorofluorescein (DCF) allowed for the fluorometric 
measurement of intracellular ROS generation in rat kidney 
homogenate. A summary is that 30 µL of kidney homogenate 
in PBS was mixed with 5 µM DCF-DA and allowed to sit at 
room temperature for 30 min. Then, at the emission wavelength 
of 535 nm and the excitation wavelength of 485 nm, the mean 
fluorescence intensity was measured directly.24

Evaluation of pro-inflammatory biomarkers in 
animals induced by STZ

Utilizing a commercial ELISA kit purchased from the market, 
the pro-inflammatory marker levels such as Interleukin-6 (IL-6), 
Tumor Necrosis Factor-α (TNF-α), and Interleukin-1 (IL-1β) were 
assessed in each group. Following the manufacturer's directions, 
the experiment was conducted. To find the absorbance at 450 
nm, the experiment was conducted in triplicate. Calculating the 
final results was done using the standard curve with set standard 
concentrations.15
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Estimation of fibronectin and TGF-β1 levels in 
STZ-provoked animals
Fibronectin and TGF-β1 levels in the renal homogenate were 
measured using ELISA kits. The renal cortex was immediately 
homogenized in ice-cold phosphate buffer saline with 0.05% 
Tween 20 and then centrifuged for 20 min at 4ºC at a speed of 
9000 g rpm. Then, using commercially available ELISA kits, the 
quantities of TGF-β1 and fibronectin were estimated from the 
supernatants.25,26

Histopathological studies

Histopathological analysis was performed on the renal tissues 
of all five study groups: control, STZ-induced diabetic rats, 
STZ-induced diabetic rats treated with DCBE (25 mg/kg 
and 50 mg/kg), and STZ-induced diabetic rats treated with 
glibenclamide. The tissues were first treated for 24 hr with 10% 
formalin. After that, the tissue was cut using a rotary microtome 
into segments that were 3-5 µm thick, embedded in paraffin wax, 
and treated with Hematoxylin and Eosin (H&E). An Olympus 
light microscope was then used for photomicroscopy inspection 
of the stained slides.27

Statistical analysis
The statistical analysis was carried out using GraphPad Prism 
version 6.01. The Mean±SD is used to report the results. The 
Tukey post hoc test and ANOVA have been utilized to evaluate 
how much the groups differed in any way. We considered mean 
differences to be statistically significant if p<0.05.28

RESULTS

Impact of DCBE on the Fasting blood glucose levels 
in the experimental Rats
The impact of DCBE on the experimental animals' fasting 
blood glucose levels on days 7 and 30 is shown in Figure 1. All 
experimental groups, except for the control group, had nearly 
identical blood glucose levels on the seventh day. On the 30th 

day, all groups' blood glucose levels were lower than those of the 
STZ-treated control rats (group II). However, animals treated 
with DCBE in a dose-based manner (groups III and IV) showed 
a considerable drop in blood glucose levels on the 30th day. The 
fasting blood glucose levels of the animals treated with DCBE and 
those treated with glibenclamide did not significantly differ at the 
end of the research.

Impact of DCBE on the body weight of experimental 
Rats

The impact of DCBE on the body weight of rats treated with STZ is 
seen in Figure 2. The experimental animals in each group had the 
same body weight on the 0th day. Rats in group II (STZ-treated) 
had a dose-dependent decrease in body weight when compared 
to STZ-induced rats treated with DCBE extract (group III and 
group IV). In Groups III and IV, the animal body weight was 
nearly maintained with DCBE extract.

Impact of DCBE on food intake, HOMA-IR, 
Kidney weight, Water intake, and Insulin level in 
experimental Rats

The impact of DCBE medicine on a variety of indicators, such as 
insulin levels, food intake, kidney weight, HOMA-IR, and water 
intake, was examined in the DN animals. In comparison to the 
control animals, the STZ-induced DN animals exhibited higher 
levels of water consumption, kidney weight, HOMA-IR, and 
average meal intake. Treatment with DCBE significantly reduced 
food intake, HOMA-IR, kidney weight, and water intake in rats 
induced by STZ. Furthermore, the material increased the insulin 
level in animals treated with DCBE as opposed to rats exposed 
to STZ (Figure 3). Glibenclamide therapy had results that were 
similar to DCBE.

Impact of DCBE on the renal biochemical markers 
level in experimental Rats

The impact of DCBE on the serum levels of Blood Urea Nitrogen, 
Serum Creatinine, uric acid, NAG, and Reactive Oxygen 

Figure 1: Effect of DCBE on the Fasting blood glucose (FBG) level in the experimental rats. The data were provided as the Mean±SD of six distinct values. 
Tukey's post hoc test and one-way ANOVA were used to statistically evaluate all of the results. “*“ Significantly different compared with the control group (p < 

0.05); “#” significantly different compared with DN-induced rats (p < 0.01).
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Species in rats treated with STZ is shown in Figures 4a-4e, 
respectively. The results showed that the rats developed diabetic 
nephrotoxicity 24 hr after taking STZ, as shown by a significant 
increase in Blood Urea Nitrogen, Serum Creatinine, uric acid and 
NAG levels. Blood Urea Nitrogen, Serum Creatinine, NAG and 
uric acid levels were significantly lower in rats with STZ-induced 
nephrotoxicity treated with DCBE in a dose-dependent manner 
(group III and group IV) than in the animals treated with STZ 
(group II). Glibenclamide therapy had results that were similar 
to DCBE.

Impact of DCBE on the oxidative stress and 
antioxidant biomarkers in rats exposed to STZ

It was assessed how DCBE treatment affected the amounts of 
several antioxidants in both treated and untreated rats. When 
compared to control rats, STZ-stimulated animals' renal tissues 
exhibited significantly lower levels of antioxidants, such as 
SOD, GSH, and GPx (Figure 5). It is important to note that the 
STZ-induced rats' SOD, GSH, and GPx levels were significantly 
elevated after receiving DCBE treatment. The animals that were 
exposed to STZ had higher levels of ROS and plasma AGE than the 
control rats. Plasma AGEs and ROS levels decreased after DCBE 

Figure 2: Effect of DCBE on the initial and final body weight of experimental rats. The data were provided as the Mean±SD of Six distinct values. Tukey's post hoc 
test and one-way ANOVA were used to statistically evaluate all of the results. “*“Significantly different compared with the control group (p < 0.05); “#” significantly 

different compared with DN-induced rats (p < 0.01).

Figure 3: Effect of DCBE on hyperglycemia in diabetic rats. Food intake,  Water intake, HOMA-IR,  Insulin and Kidney weight. Tukey's post hoc test and one-way 
ANOVA were used to statistically evaluate all of the results. Data are expressed as Mean ± SD (n=6).”*“Significantly different compared with the control group (p 

< 0.05); “#” significantly different compared with DN-induced rats (p < 0.01)..
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therapy. When DCBE was administered to the STZ-induced DN 
rats, their antioxidant status improved.

Impact of DCBE on the pro-inflammatory biomarkers 
in rats induced by STZ

The renal tissues of both treated and untreated rats were examined 
for levels of IL-6, TNF-α, and IL-1β, which are displayed in Figure 
6. When compared to the control group, the STZ-stimulated rats 
exhibited significantly higher levels of IL-6, TNF-α, and IL-1β 
in their renal tissues. However, the STZ rats' IL-6, TNF-α, and 
IL-1β production dramatically dropped when DCBE was given 
as a supplement (Figure 6). Glibenclamide therapy also reduced 
the synthesis of these markers in the renal tissue of rats that were 
stimulated with STZ.

Effect of DCBE on Fibronectin (FN) and TGF-β1 Levels

The levels of fibronectin (FN) and transforming growth 
factor-beta 1 (TGF-β1), two key markers associated with renal 
fibrosis and extracellular matrix accumulation, were significantly 
elevated in the diabetic nephropathy (DN) group compared 
with the control group. Treatment with Dichrostachys cinerea 
bark extract (DCBE) markedly reduced the expression levels 
of both FN and TGF-β1 in a dose-dependent manner. The 
higher dose of DCBE exhibited a more pronounced effect, 
bringing these biomarkers closer to normal levels. Similarly, 
glibenclamide treatment significantly attenuated the elevated 

FN and TGF-β1 levels observed in STZ-induced diabetic rats. 
These findings suggest that DCBE may exert nephroprotective 
effects by suppressing renal fibrotic pathways and inhibiting the 
overproduction of extracellular matrix components associated 
with diabetic nephropathy (Figure 7).

DISCUSSION

In the present study, we analyzed pro-inflammatory biomarkers, 
antioxidant and oxidative stress markers, and renal biochemical 
markers in diabetic nephropathy.

In many industrialized nations, including the US, diabetic 
nephropathy is the leading trigger of End-Stage Renal Disease 
(ESRD). Diabetic nephropathy is a microvascular consequence 
that can occur in patients with both Type 1 Diabetes (T1D) and 
Type 2 Diabetes (T2D). Prolonged albuminuria and a steadily 
declining Glomerular Filtration Rate (GFR) are the condition's 
hallmarks.2

Type 2 diabetes is becoming more and more common at a 
startlingly rapid rate. End-stage renal disease, especially diabetic 
nephropathy (post-type 2 diabetes), is among the main causes 
of diabetes. Deregulation of the local metabolic environment 
brought on by inflammation and oxidative stress, followed by 
tissue remodelling, is the primary cause of renal failure, even 
though nephropathy in diabetic conditions is the best indicator 
of patient death.29 However, no one has fully recovered from 

Figure 4: Effect of DCBE on the renal biochemical markers level in the experimental rats. (a) BUN (mmoL/L), (b) SCr (µmoL/L), (c) Uric acid (µmoL/L), (d) NAG. 
Tukey's post hoc test and one-way ANOVA were used to statistically evaluate all of the results. Data are expressed as Mean ± SD (n=6).”*“Significantly different 

compared with the control group (p < 0.05); “#” significantly different compared with DN-induced rats (p < 0.01).
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this noncommunicable disease, and the majority of diabetics 
experience treatment-related problems.3

Cells that are involved in the synthesis and secretion of insulin 
can be specifically destroyed by Streptozotocin (STZ). According 
to Singh et al. (2015), STZ can directly kill pancreatic B cells 
in the peripheral system (such as intraperitoneal injection) 
and result in insulin resistance, which can lead to diabetes.30 
Furthermore, rats can exhibit altered emotional behaviour in 
response to intraventricular injections of varying dosages of 
STZ. As a result, different STZ injection routes may result in 
various behavioural and blood glucose modifications, including 
adjustments to emotions and spatial memory.31 Glibenclamide 
is a useful medication that helps the beta cells release insulin. 
Long-term use of this sulfonylurea molecule also increases the 
risk of hypoglycemia and has other pancreatic effects. This oral 
hypoglycemic medication is used to treat type 2 diabetes.

The levels of important indicators, including creatinine, urea, 
uric acid, and certain electrolytes, make it simple to evaluate the 
functioning of the kidneys. According to the authors, rats given 
STZ injections showed elevated plasma levels of urea, uric acid, 
and creatinine, which may be impairing renal function.32 The 
liver produces urea as a waste product during the metabolism 
of proteins. After being released into the bloodstream, urea gets 
processed by properly functioning kidneys and discharged as 
urine. Typically, the blood contains a modest but steady level of 

urea nitrogen. Urine microalbuminuria, particularly in diabetic 
patients, is a precursor to increased gross proteinuria or raised 
creatinine levels in the serum in patients vulnerable to kidney 
dysfunction.32

A 2019 study by Rani et al., found that oxidative stress is more 
prevalent in diabetes patients and that it is much greater in DN 
cases compared to controls.33 In the pathophysiology of DN, 
oxidative stress brought on by hyperglycemia is a significant factor. 
According to a number of studies, oxidative stress is linked to both 
the overproduction of free radicals in experimental diabetes and 
the depletion of free radical scavengers. In experimental rats, STZ, 
a medication administered intraperitoneally at a certain dosage, 
can successfully cause hyperglycemia.34 The observable symptoms 
of this medication, including excessive eating, excessive thirst, 
and frequent urination, along with decreased weight following 
administration, guarantee its diabetogenic potential. According 
to the study, STZ hinders the production of insulin through 
molecular mechanisms because it produces free radicals, which 
can damage DNA and induce beta cell degeneration in rats.35

If the treatment approaches are effectively focused, the outcome 
of diabetic kidney disease will undoubtedly be better. Even with 
diabetes medication, DN can still occur, even if optimal glycemic 
control may be the best way to prevent it. The understanding of 
potent antioxidants can be used to infer such tailored approaches. 
Inhibitors of inflammation and oxidative stress thought to be 

Figure 5: Effect of DCBE on the oxidative stress and antioxidant biomarkers in the experimental rats. Tukey's post hoc test and one-way ANOVA were used to 
statistically evaluate all of the results. Data are expressed as Mean ± SD (n=6). ”*“Significantly different compared with the control group (p < 0.05); “#” significantly 

different compared with DN-induced rats (p < 0.01)..
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promising therapeutic targets. Furthermore, diabetic nephropathy 
can be prevented or lessened by inhibiting the inflammatory 
mediators.

The findings of research on SOD in CKD patients are inconsistent 
and challenging to understand. While some authors found 
no significant difference in SOD between CKD patients and 
controls, others found that plasma SOD activity increased in 
CKD patients as renal insufficiency progressed, or that SOD 
activity was lower in hemodialysis and peritoneal dialysis patients 

compared to controls.36 The author showed that prooxidant/
antioxidant mechanisms are out of balance in DN patients. 
Glutathione peroxidase's enzymatic activity is reduced by ROS, 
which significantly lowers GSH levels in DN.37 Serum AGEs and 
reduced kidney function in T2D were examined in a 2021 study 
by Nishad. In individuals with T2D, they discovered a favourable 
association between AGEs and reduced kidney function, and 
they proposed that AGEs could be used as prognostic indicators 
for DN.38

Figure 6: Effect of DCBE on the pro-inflammatory markers in the experimental rats. (a) TNF-α, (b) IL-6, (c) IL-1β. Tukey's post hoc test and one-way ANOVA were 
used to statistically evaluate all of the results. Data are expressed as Mean ± SD (n=6).”*“Significantly different compared with the control group (p < 0.05); “#” 

significantly different compared with DN-induced rats (p < 0.01)..

Figure 7: Effect of DCBE on the renal biochemical markers in experimental rats. (a) Fibronectin (FN) (b) TGF-β1. Tukey's post hoc test and one-way ANOVA were 
used to statistically evaluate all of the results. Data are expressed as Mean ± SD (n=6).”*“Significantly different compared with the control group (p < 0.05); “#” 

significantly different compared with DN-induced rats (p < 0.01)..
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The relevance of IL-6 in T2D and DN was further highlighted 
in this study. In contrast to those without nephropathy, they 
found that type 2 diabetics with nephropathy had higher serum 
IL-6 levels.39 Prior research indicates that the type 2 diabetes 
group had higher serum TNF-α levels, while the type 2 DN 
group had the highest levels.40 According to clinical research, 
diabetic individuals with renal impairment have higher serum 
and urine levels of TNF-α, which rise as the condition worsens.15 
Furthermore, oxidative stress markers, including TOS, TAR, OSI, 
NO, MDA, and total thiols, as well as inflammatory markers like 
IL-6, IL-1β, and TNF-α, were measured to assess the antioxidant 
and anti-inflammatory potential of DC fruit extract high in 
polyphenols. This was done because polyphenols can suppress 
pro-inflammatory signalling, interfere with oxidative stress 
signalling, and decrease inflammation through their antioxidant 
activities.11

A major contributing factor to diabetic nephropathy, 
hyperglycemia increases inflammation and encourages 
macrophage infiltration in the kidneys by producing glycation 
end products and glucose breakdown products. TGF-β1 (secreted 
by macrophages) and Intracellular Cell Adhesion Molecule-1 
(ICAM-1, generated by renal tubular cells) are two examples 
of immune complexes and cytokines that are essential to this 
process.18

DN is a progressive kidney disease brought on by changes in the 
structure and function of the tubules and glomerular capillaries, 
brought on by a disruption in glucose homeostasis. Despite 
substantial progress in detecting and treating DN patients over 
the past few decades, we have yet to dramatically lower the 
mortality rate among this population.41

CONCLUSION

The findings of this study demonstrated that DCBE exhibited 
nephroprotective effects comparable to glibenclamide in 
STZ-induced diabetic nephropathy. According to the results, 
DCBE treatment significantly reduced oxidative stress, 
inflammatory mediators, and renal injury biomarkers while 
restoring antioxidant defense systems. This could suggest that the 
danger of the disease progressing is lower. It might therefore be 
employed as a possible treatment for diabetic nephropathy in the 
future. There is still more research needed in the future to fully 
understand how DCBE treats diabetic nephropathy.
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SUMMARY

In the present research, the preventive properties of DCBE and 
Glibenclamide towards rats with diabetes caused by Streptozotocin 
(STZ) were investigated in detail. In the course of the study, the 
treatment with DCBE reduced the levels of oxidative stress, renal 
biochemical indicators, and the activity of pro-inflammatory 
markers was also lowered. The antioxidant levels were elevated 
upon the treatment with DCBE. The glibenclamide treatment 
also had comparable results with the DCBE. Therefore, it could 
be employed as a potential treatment for diabetic nephropathy 
in the future.
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