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Abstract
One of the main microvascular consequences of diabetes mellitus and a major global cause of end-stage renal disease is 
diabetic nephropathy. The goal of the current investigation was to assess the nephroprotective effect of Flueggea virosa extract 
in experimental rats with diabetic nephropathy caused by streptozotocin (STZ). Animals were split into normal control, disease 
control, standard (metformin), and treatment groups that received low, mid, and high dosages of Flueggea virosa extract after a 
single intraperitoneal injection of STZ caused diabetes. To examine glycaemic state and renal function, biochemical markers such 
as blood glucose, HbA1c, serum creatinine, urea, and uric acid were measured. Antioxidant activity was assessed using oxidative 
stress markers as superoxide dismutase (SOD), catalase (CAT), lipid peroxidation (LPO), and nitric oxide (NO). 

 To evaluate structural changes, kidney samples were examined histopathologically. Significant hyperglycemia, higher HbA1c, 
elevated renal function indicators, increased oxidative stress, and severe histopathological alterations were observed in STZ-
induced diabetic rats. In order to ensure safety within allowable limits, heavy metal analysis of the extract was also performed 
using ICP-OES to ascertain the quantities of hazardous elements like lead (Pb), cadmium (Cd), arsenic (As), and mercury (Hg). 
In a dose-dependent way, Flueggea virosa extract treatment dramatically lowered blood glucose and HbA1c levels, enhanced 
renal function indicators, restored antioxidant enzyme activities, and reduced LPO and NO levels. Histological results, which 
demonstrated the restoration of normal renal architecture and decreased tissue damage, further supported the protective effect. 
In conclusion, Flueggea virosa extract exhibits significant nephroprotective activity, likely mediated through its antioxidant and 
anti-inflammatory properties. These findings suggest its potential as a natural therapeutic agent for the management of diabetic 
nephropathy.
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1. Introduction
Persistent hyperglycemia brought on by deficiencies in insulin 
secretion, action, or both is a hallmark of diabetes mellitus (DM), 
a chronic metabolic disease. Diabetes is now a serious global 
public health concern due to the sharp rise in its prevalence in 
recent decades. One of the most serious and potentially fatal 
microvascular consequences of diabetes is diabetic nephropathy 

(DN), which eventually results in end-stage renal disease (ESRD) 
and chronic kidney disease (CKD) [1,2]. Diabetes is a major cause 
of renal failure worldwide, with an estimated 30–40% of patients 
developing nephropathy during the course of the illness [3]. 
Clinical features of diabetic nephropathy include increased blood 
creatinine, hypertension, gradual reduction in glomerular filtration 
rate (GFR), and persistent albuminuria. 
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It is characterised histopathologically by tubulointerstitial fibrosis, 
podocyte damage, basement membrane thickening, glomerular 
hypertrophy, and mesangial enlargement [4-6]. Hyperfiltration and 
microalbuminuria are the first phases of DN development, which 
ultimately results in irreparable renal damage and fibrosis [7]. 
Alternative therapeutic techniques must be investigated because 
existing medicines, such as angiotensin-converting enzyme 
inhibitors and antidiabetic medications, are unable to totally stop 
the course of the disease despite advancements in therapeutic 
strategies.

Metabolic, haemodynamic, and inflammatory mechanisms interact 
intricately in the multifactorial aetiology of diabetic nephropathy. 
A number of metabolic changes, including the activation of 
the polyol pathway, the production of advanced glycation end 
products (AGEs), and the activation of protein kinase C (PKC), 
are thought to be caused by chronic hyperglycemia [8]. Together, 
these mechanisms raise the generation of reactive oxygen species 
(ROS), which causes oxidative stress, a major factor in the onset 
and advancement of DN. 

An imbalance between the production of reactive oxygen species 
and the antioxidant defence system leads to oxidative stress. 
Overproduction of ROS damages cellular macromolecules, such 
as proteins, lipids, and DNA, which eventually affects renal cell 
function [9]. ROS are produced in diabetes circumstances by a 
number of processes, including glucose autoxidation, NADPH 
oxidase activation, and mitochondrial dysfunction. In addition 
to directly harming renal tissues, this oxidative stress serves as a 
crucial mediator that connects hyperglycemia to inflammation and 
fibrosis in the diabetic kidney [10].

Another important element in the pathophysiology of diabetic 
nephropathy is inflammation. Increased production of pro-
inflammatory cytokines like interleukin-1β (IL-1β), interleukin-6 
(IL-6), and tumour necrosis factor-alpha (TNF-α) results from 
hyperglycemia-induced oxidative stress, which activates multiple 
inflammatory signalling pathways, including nuclear factor-
kappa B (NF-κB). These cytokines encourage mesangial growth, 
extracellular matrix formation, and inflammatory cell infiltration, 
all of which lead to glomerulosclerosis and renal fibrosis [11,12]. 
Moreover, oxidative stress and inflammation are mutually 
reinforcing processes that create a vicious cycle that speeds up 
kidney damage in diabetic nephropathy [13]. Haemodynamic 
changes have a major role in the development of DN in addition to 
oxidative damage and inflammation. 

Changes in renal haemodynamics brought on by hyperglycemia 
worsen kidney injury by causing glomerular hyperfiltration and 
elevated intraglomerular pressure [14,15]. Fibrosis and structural 
damage in renal tissues are largely caused by the activation of 
signalling pathways like MAP kinases, TGF-β, and the renin-
angiotensin system [16]. In the end, these pathological alterations 
cause renal function to decline and end-stage renal disease to 
develop. The use of natural products and herbal medications as 

alternative treatment agents is becoming more popular due to the 
complicated pathophysiology of diabetic nephropathy. Due to their 
anti-inflammatory, antihyperglycemic, and antioxidant qualities, 
which target many pathways involved in the development of 
disease, medicinal plants have been extensively studied [17,18]. 
By lowering oxidative stress, preventing inflammatory reactions, 
and enhancing renal function, phytochemicals such flavonoids, 
alkaloids, and phenolic compounds have shown notable 
nephroprotective benefits [19,20].

A significant medicinal plant in the Phyllanthaceae family, Flueggea 
virosa has long been utilised in many medical systems to treat 
renal problems, diabetes, and inflammation. Alkaloids, flavonoids, 
tannins, and saponins are among the bioactive components that are 
said to contribute to its pharmacological actions [21,22]. Flueggea 
virosa's strong antioxidant, anti-inflammatory, hepatoprotective, 
and anticancer qualities have been shown in earlier research, 
indicating a possible therapeutic function in the treatment of 
diabetes problems [23-25]. Because plant extracts can scavenge 
free radicals, increase endogenous antioxidant enzymes like 
superoxide dismutase (SOD) and catalase (CAT), and lower lipid 
peroxidation, their antioxidant activity is especially important 
in the context of diabetic nephropathy. Its anti-inflammatory 
properties may also aid in reducing renal tissue damage and 
inhibiting pro-inflammatory cytokines [26,27]. Nevertheless, there 
is little scientific data expressly assessing its nephroprotective 
effects in diabetic nephropathy models, despite these encouraging 
pharmacological characteristics. An established technique for 
researching diabetic consequences, such as nephropathy, is the 
experimental production of diabetes using streptozotocin (STZ). 
STZ mimics the pathophysiological circumstances of diabetes 
in humans by selectively destroying pancreatic β-cells, resulting 
in insulin insufficiency and chronic hyperglycemia [28,29]. The 
effectiveness of possible treatment medicines in avoiding or 
lessening diabetic nephropathy is frequently assessed using this 
model.

Due to the possibility of contamination with heavy metals like 
lead (Pb), cadmium (Cd), arsenic (As), and mercury (Hg), which 
can result from environmental pollution, soil composition, and 
processing conditions, the safety assessment of medicinal plants 
has become more significant in recent years. When these harmful 
substances build up in herbal medicines, there might be major 
health hazards. Long-term exposure can especially harm important 
organs like the liver and kidney [30]. As a result, determining the 
heavy metal concentration of plant-based medicines has become 
essential to their standardisation and quality assurance. For the 
sensitive and precise identification of trace elements, analytical 
methods like Inductively Coupled Plasma–Optical Emission 
Spectrometry (ICP-OES) are frequently used. Therefore, assessing 
Flueggea virosa's heavy metal profile is crucial to guaranteeing its 
safety and appropriateness for medicinal uses.

Thus, the goal of this investigation was to assess the nephroprotective 
potential of Flueggea virosa extract in experimental rats with 
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diabetic nephropathy caused by streptozotocin. Its effects on 
biochemical measures, oxidative stress indicators, inflammatory 
mediators, and histological changes in renal tissues are to be 
examined. Flueggea virosa may be a promising natural medicinal 
agent for the treatment of diabetic nephropathy because it targets 
several pathways involved in the disease's progression.

2. Materials and Methods
2.1 Chemicals and Kits
Streptozutasin (purity ≥ 96.0%) from Bio Corporals Chennai 
Tamil Naidu India, Metformin (purity 98.0–101.5%) from Apollo 
pharmacy Chennai and other chemicals, assay kits and reagents 
from Sigma - Aldrich, USA. All of the other compounds were 
of analytical grade. The following rat ELISA assay kits, such as 
glutathione (GSH), Lipid peroxidation (LPO), superoxide dis 
mutase (SOD), nitric oxide (NO) assay kits, and TNF-α, IL-6, IL-
1β, were bought from Synergy scientific services Pvt Ltd, Chennai, 
India. 

2.2 Procurement and Preparation of Flueggea Virosa Leaves 
Extract
Leaves of Flueggea virosa were collected from Aralvaymozhi, 
Kanyakumari district (August 2021), and authenticated (Voucher 
No. F16092101V). The leaves were washed, shade-dried, and 
powdered. About 100 g of the powder was subjected to Soxhlet 
extraction using 500 mL methanol at ~65 °C for 24 h. The extract 
was filtered and concentrated under reduced pressure using a rotary 
evaporator, followed by drying to obtain a semisolid mass (yield: 
73 g). The extract was stored safely and suspended in normal saline 
at required concentrations for pharmacological studies. 

2.3 Heavy Metal Analysis by Inductively Coupled Plasma 
Optical Emission Spectroscopy (ICP-OES) Instrument
Take about 20 to 50 mg of sample into the Teflon microwave 
digestion vessel and add 1 mL of ultrapure nitric acid to digest 
about 45 minutes using Anton Paar microwave digestion unit. 
After that the sample is made up to a 50 mL standard measuring 
flask. The calibration standard solution is prepared for 2 µg/mL 
to 10 µg/mL by using ultrapure nitric acid and blank also. Agilent 
ICP-OES 5100 VDV instrument used with the following operation 
conditions: a RF power 1.2 kW, a plasma gas flow rate 12 L min-
1, and a nebulizer gas flow rate 0.70 L/min. The samples are 
introduced into the plasma using nebulizer and spray chamber for 
the analysis [31].

2.4 Experimental Animals
All animal experiments were performed using healthy male Wistar 
albino rats weighing 150–200 g. The animals were procured from 
TANUVAS, Madhavaram, Chennai, India (Registration No: 190/
GO/Re/SL/2000/CPCSEA). Prior to the initiation of the study, the 
animals were acclimatized to laboratory conditions for a period of 
7 days. The study was conducted in the animal house facility of the 
Siddha Central Research Institute, Arumbakkam, Chennai, India 
(Registration No: 512/GO/R/S/01/CPCSEA). The animals were 
housed under standard laboratory conditions with a 12 h light/dark 

cycle, controlled temperature (22 ± 2 °C), and relative humidity of 
40–70%. Rats were provided with standard pellet diet and water 
ad libitum throughout the experimental period. The experimental 
protocol was reviewed and approved by the Institutional Animal 
Ethics Committee (IAEC No: 198/PHARMA/SCRI,2018), and 
all procedures were carried out in accordance with the guidelines 
of the Committee for the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA), Government of India.

2.5 Development of Streptozotocin-Induced Diabetic 
Nephropathy Model and Treatment Regimen in Rats
Streptozotocin (STZ)-induced diabetic nephropathy model was 
developed in Wistar albino rats. Healthy rats (150–200 g) were 
fasted overnight (18 h) with free access to water prior to induction 
of diabetes. Diabetes was induced by a single intraperitoneal 
injection of STZ (45 mg/kg body weight), freshly dissolved in 
0.05 M citrate buffer (pH 4.5). To prevent initial drug-induced 
hypoglycemia, rats were provided with 10% glucose solution 
overnight after STZ administration [32,33]. After 72 h of STZ 
injection, fasting blood glucose (FBG) levels were measured using 
a glucometer. 

Rats with FBG levels ≥250 mg/dL were considered diabetic and 
included in the study (Day 0). The total duration of the experimental 
study was 21 days. Flueggea virosa was administered orally 
suspended in 0.5% CMC at three different dosages as 200, 400 and 
600 mg/kg BW per animal, whereas standard drug Metformin was 
administered at a dose of 500 mg/kg BW. All dosages were given 
to the animals from Day 0 to day 21 by oral route administration 
except STZ. Six groups of six rats each (n=6) were randomly 
selected from the grouping of rats.
Group I: Normal control (received normal diet and distilled water) 
Group II: Diabetic control (received vehicle only, STZ alone 
without Flueggea virosa) 
Group III: STZ+ 0.5% CMC standard drug (Metformin 500 mg/
kg, oral) 
Group IV: STZ + Low dose of 0.5% CMC Flueggea virosa extract 
(200 mg/kg, oral) 
Group V: STZ + Mid dose of 0.5% CMC Flueggea virosa extract 
(400 mg/kg, oral) 
Group VI: STZ +High dose of 0.5% CMC Flueggea virosa extract 
(600 mg/kg, oral)
All the groups except normal control were challenged with STZ 
from Day 1 to Day 21

On the 21st day, which was the termination day, blood was drawn 
aseptically and stored in a freezer at -800C for further biochemical 
and ELISA analysis. Diabetic and non-diabetic animals were 
subjected to death by co2 asphyxiation, kidney and pancreas organ 
weights were measured. A distal portion or segments of kidney 
and pancreas tissues were preserved at room temperature in 10% 
buffered formalin for histopathological study.
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2.6 Assessment of Histopathological Findings in Kidney and 
Pancreas
The organ tissues were removed for histological examination, 
fixed in 10% formalin right away, dehydrated in ethanol (50–
100%), cleaned in xylene, and Sections (4-5 mm) were produced 
and stained with hematoxylin-eosin dye for photomicroscopic 
studies after being embedded in paraffin25. The sections were 

assessed by a skilled pathologist, and the Modified Histological 
Classification of Suzuki's score27 was used to determine the 
histological degree of kidney injury. Tubular degeneration, tubular 
necrosis, glomerular alterations, and mononuclear cell infiltration 
were the four components assessed, and each was scored on a scale 
of 0 to 4 (Table 1) [34,35].

Score Pancreas (Islet Damage Score) Kidney (Renal Damage Score)
0 Normal architecture; intact islets with no cellular damage Normal glomeruli and tubules; no structural 

abnormalities
1 Mild changes; slight islet shrinkage or minimal β-cell 

degeneration
Mild damage; slight glomerular congestion or tubular 
dilation

2 Moderate damage; reduced islet size with noticeable β-cell 
loss and mild vacuolation

Moderate damage; mesangial expansion, mild tubular 
degeneration, and slight inflammatory infiltration

3 Severe damage; marked islet degeneration, extensive β-cell 
destruction, and inflammatory infiltration

Severe damage; glomerular shrinkage, tubular necrosis, 
and moderate inflammatory infiltration

4 Very severe damage; complete islet destruction with 
necrosis and loss of cellular integrity

Very severe damage; extensive glomerular destruction, 
tubular necrosis, interstitial fibrosis, and heavy 
inflammatory infiltration

Table 1: Histopathological Scoring System (0–4 Scale)

2.7 Determination of body and organ weights
The weights of animals were recorded until the study’s termination. 
At the end of the experimental period, all animals were fasted 
overnight and sacrificed under appropriate anesthesia. Following 
sacrifice, vital organs including the pancreas and kidneys were 
carefully excised, blotted dry to remove excess blood, and weighed 
immediately using a calibrated digital weighing balance. The 
absolute organ weight of each organ was recorded individually and 
expressed in grams (g). 

2.8 Estimation of Glycated Hemoglobin (HbA1c) and Glucose
Using blood samples taken from experimental rats at the end of 
the trial, blood glucose levels were determined using a standard 
glucose estimation kit based on the glucose oxidase–peroxidase 
(GOD-POD) method. Following the manufacturer's instructions, 
glycated haemoglobin (HbA1c) levels were measured using a 
commercially available diagnostic kit based on the ion-exchange 
resin or immunoturbidimetric method. A spectrophotometer was 
used to measure the absorbance, and the results were reported as 
percentage (%) for HbA1c and mg/dL for glucose. Both short-term 
and long-term glycaemic management were evaluated using these 
metrics [36].

2.9 Estimation of Oxidative Stress Biomarkers
At the end of the experimental period, blood samples were 
collected from all animals under mild anesthesia via retro-orbital 
plexus (or cardiac puncture). The collected blood was allowed 
to clot at room temperature and centrifuged at 3000 rpm for 10 
minutes to obtain serum. The separated serum was stored at −20°C 
until further biochemical analysis. The serum samples were used 
for the estimation of various oxidative stress markers, including 
superoxide dismutase (SOD), catalase (CAT) and reduced 
glutathione (GSH) using standard assay kits according to the 

manufacturer’s instructions [37,38].

2.10 Estimation of Nitrites and Lipid Peroxidation
Production of nitric oxide (NO) was evaluated by measuring 
serum nitrite levels using Griess reagent, as described by Green 
et al. (1982). Briefly, 100 µL of serum sample was mixed with an 
equal volume of Griess reagent containing 0.1% N-(1-naphthyl) 
ethylenediamine dihydrochloride, 1% sulphanilamide, and 2.5% 
phosphoric acid. The reaction mixture was incubated at room 
temperature for 10 minutes, and the absorbance was measured 
at 540 nm using a microplate ELISA reader. The concentration 
of nitrite, an indicator of NO production, was determined using a 
sodium nitrite (NaNO₂) standard calibration curve and expressed 
as µM/mL of serum.

Lipid peroxidation in serum was assessed by measuring 
thiobarbituric acid reactive substances (TBARS), following the 
method of Wright et al. (1981) with slight modifications. Briefly, 
the reaction mixture (total volume 3 mL) consisted of 1 mL of 
serum sample, 1 mL of 10% trichloroacetic acid (TCA), and 1 mL 
of 0.67% thiobarbituric acid (TBA). The mixture was incubated in a 
boiling water bath for 45 minutes, cooled, and centrifuged at 2500 × 
g for 10 minutes. The absorbance of the supernatant was measured 
at 532 nm using a UV–Visible spectrophotometer. The level of 
lipid peroxidation was expressed as nmol of malondialdehyde 
(MDA)/mL of serum, using an extinction coefficient of 1.56 × 10⁵ 
M⁻¹ cm⁻¹ [39].

2.11 Estimation of Inflammatory Cytokines in Serum
Inflammatory factors TNF-α, IL-1β, and IL-6 were measured in the 
serum using a sandwich ELISA kit. Serum samples were incubated 
with a biotin conjugate solution, followed by streptavidin-HRP. 
After incubation, the absorbance was read spectrophotometrically 
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at a wavelength of 450 nm using a microplate ELISA reader. 
All cytokines’ concentrations were expressed as ng/ml in serum 
[40,41].

2.12 Statistical analysis
Using GraphPad Prism, version 11.00 (85) software, one-way 
ANOVA was used for all statistical analyses. Using the STZ control 
group as a reference, post hoc Dunnett's multiple comparison 
procedures were used to compare the groups. The mean ± standard 
error of the mean (SEM) was used to express the results. When the 
p-value was less than 0.05, statistical significance was taken into 
consideration.

3. Results
3.1 Heavy Metal Analysis by ICP-OES Characterization
Using multi-element standards in the concentration range of 2–10 
µg/mL, the linearity of the ICP-OES technique was assessed, 
showing good correlation (R² > 0.995) for all metals examined 
(Table 2). At their respective wavelengths, arsenic, cadmium, 
mercury, and lead demonstrated robust linear correlations between 
concentration and emission intensity. Cadmium and lead had 
increased sensitivity, and the calibration curves (figure 1A) verified 
a direct proportional rise in signal with concentration. The method's 
excellent precision was demonstrated by the superimposed spectra 
of standards (figure 1B), which showed distinct peaks free of 
spectral interference. Additionally, the presence of trace heavy 
metals in the sample was confirmed by ICP-OES spectral analysis 
of Flueggea virosa extract (figure 1C), which showed different 
emission peaks corresponding to each element.
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S.No Element Wavelength R2 Value
1 Arsenic [As] (µg/ml) 188.980  0.9991
2 Cadmium [Cd] (µg/ml) 226.502 0.9994
3 Mercury [Hg] (µg/ml) 184.887 0.9950
4 Lead [Pb] (µg/ml) 220.353 0.9997

Table 2: Standard Linearity Data for Heavy Metals (As, Cd, Hg, and Pb) Analyzed by ICP-OES.

3.2 Effect of Flueggea Virosa on Body and Organ Weights 
Changes
Rats with diabetic nephropathy caused by streptozotocin were 
used to assess the impact of Flueggea virosa extract on body and 
organ weights. Severe metabolic and tissue damage was shown by 
the diabetic control group's considerable decrease in body weight 
(figure 2A), pancreas, and kidney weights (p < 0.001 versus normal 
control) (figure 2B). Body and organ weights were considerably 

improved by metformin treatment (p < 0.01 vs diabetic control). 
Comparing Flueggea virosa extract to the diabetes control group, 
the low dose demonstrated a slight improvement (p < 0.05), the 
mid dose demonstrated a moderate restoration (p < 0.01), and 
the high dose demonstrated a large recovery of body and organ 
weights (p < 0.001). These results imply that Flueggea virosa, 
especially at larger doses, significantly reduces organ damage and 
weight loss brought on by diabetes.
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Weight Changes Observed During the Experimental Period. (B) Pancreas and Kidney Weights 

Showing Restoration in Treated Groups. Results Were Expressed as Mean ± SEM (n = 6). ###p < 

0.001; ##p < 0.01; #p < 0.05 Compared with The Normal Control Group; *p < 0.05, **p < 0.01 and 

***p < 0.001 Compared with The Diabetic Control Group; Ns, Non-Significant. 
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3.3 Effect of Flueggea virosa on Glucose & HbA1c levels
The effect of Flueggea virosa extract on blood glucose and 
HbA1c levels in streptozotocin-induced diabetic nephropathy rats 
is presented in (figure 3 (A–B)). The STZ control group showed 
a significant elevation in blood glucose and HbA1c levels (p < 
0.001) compared to the normal control group, indicating severe 
hyperglycemia and poor glycemic control. Treatment with 
metformin significantly reduced both blood glucose (p < 0.01) 
and HbA1c (p < 0.01) levels compared to the STZ control group. 
Similarly, Flueggea virosa extract exhibited dose-dependent 

effects. The low-dose group showed non-significant (ns) changes 
in both parameters, whereas the mid-dose group demonstrated 
a moderate reduction in HbA1c (p < 0.05) with non-significant 
changes in blood glucose. Notably, the high-dose group showed 
a significant reduction in both blood glucose and HbA1c levels (p 
< 0.001) compared to the STZ control group. Overall, Flueggea 
virosa extract, particularly at the high dose, effectively improved 
glycemic control in diabetic nephropathy rats, as evidenced by 
reduced blood glucose and HbA1c levels.

significant elevation in blood glucose and HbA1c levels (p < 0.001) compared to the normal control 

group, indicating severe hyperglycemia and poor glycemic control. Treatment with metformin 

significantly reduced both blood glucose (p < 0.01) and HbA1c (p < 0.01) levels compared to the STZ 

control group. Similarly, Flueggea virosa extract exhibited dose-dependent effects. The low-dose 

group showed non-significant (ns) changes in both parameters, whereas the mid-dose group 

demonstrated a moderate reduction in HbA1c (p < 0.05) with non-significant changes in blood 

glucose. Notably, the high-dose group showed a significant reduction in both blood glucose and 

HbA1c levels (p < 0.001) compared to the STZ control group. Overall, Flueggea virosa extract, 

particularly at the high dose, effectively improved glycemic control in diabetic nephropathy rats, as 

evidenced by reduced blood glucose and HbA1c levels. 
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Figure 3: Effect of Flueggea Virosa On Blood Glucose and HbA1c levels in Streptozotocin-Induced 

Diabetic Nephropathy Rats. (A) Blood Glucose Levels (mg/dL) and (B) HbA1c (%) were Measured 

to Evaluate Glycemic Control. The STZ Control Group Showed A Significant Increase in Blood 

Glucose and HbA1c Levels Compared to The Normal Control Group (####p < 0.001). Treatment 

with Metformin Significantly Reduced Both Parameters (**p < 0.01), whereas Flueggea Virosa 

Treatment Exhibited Dose-Dependent Effects. The Low-Dose Group Showed Non-Significant (ns) 

Changes in Glucose and HbA1c levels, While the Mid-Dose Group Showed Moderate Reduction (*p 

< 0.05). Notably, the High-Dose Group Showed A Significant Decrease in Blood Glucose and HbA1c 

levels (***p < 0.001) Compared to the STZ Control Group. Results are Expressed as Mean ± SEM (n 

= 6). Statistical Significance: ####p < 0.001 vs Normal Control; *p < 0.05, **p < 0.01, ***p < 0.001 

vs STZ Control; Ns: Non-Significant. 

 

3.4 Effect of Flueggea Virosa on Pancreas, Kidney Histology of STZ Induced Rats 

Histopathological examination of pancreas and kidney tissues (figure 4) revealed normal architecture 

in the control group, with well-defined pancreatic islets and intact renal glomeruli and tubules. In 

contrast, the STZ control group showed marked pathological alterations, including pancreatic islet 

Figure 3: Effect of Flueggea Virosa On Blood Glucose and HbA1c levels in Streptozotocin-Induced Diabetic Nephropathy Rats. (A) 
Blood Glucose Levels (mg/dL) and (B) HbA1c (%) were Measured to Evaluate Glycemic Control. The STZ Control Group Showed 
A Significant Increase in Blood Glucose and HbA1c Levels Compared to The Normal Control Group (####p < 0.001). Treatment 
with Metformin Significantly Reduced Both Parameters (**p < 0.01), whereas Flueggea Virosa Treatment Exhibited Dose-Dependent 
Effects. The Low-Dose Group Showed Non-Significant (ns) Changes in Glucose and HbA1c levels, While the Mid-Dose Group Showed 
Moderate Reduction (*p < 0.05). Notably, the High-Dose Group Showed A Significant Decrease in Blood Glucose and HbA1c levels 
(***p < 0.001) Compared to the STZ Control Group. Results are Expressed as Mean ± SEM (n = 6). Statistical Significance: ####p < 
0.001 vs Normal Control; *p < 0.05, **p < 0.01, ***p < 0.001 vs STZ Control; Ns: Non-Significant.

3.4 Effect of Flueggea Virosa on Pancreas, Kidney Histology of 
STZ Induced Rats
Histopathological examination of pancreas and kidney tissues 
(figure 4) revealed normal architecture in the control group, 
with well-defined pancreatic islets and intact renal glomeruli 
and tubules. In contrast, the STZ control group showed marked 
pathological alterations, including pancreatic islet degeneration, 
β-cell damage, glomerular degeneration, tubular necrosis, and 
inflammatory infiltration, indicating severe tissue injury. Treatment 

with metformin and Flueggea virosa extract demonstrated 
improvement in tissue architecture. The low-dose group showed 
mild restoration, whereas the mid-dose group exhibited moderate 
recovery with reduced cellular damage. Notably, the high-dose 
Flueggea virosa group showed near-normal histological features 
with preserved pancreatic islets and improved renal structure, 
indicating significant protective effects against diabetic-induced 
tissue damage.
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degeneration, β-cell damage, glomerular degeneration, tubular necrosis, and inflammatory infiltration, 

indicating severe tissue injury. Treatment with metformin and Flueggea virosa extract demonstrated 

improvement in tissue architecture. The low-dose group showed mild restoration, whereas the mid-

dose group exhibited moderate recovery with reduced cellular damage. Notably, the high-dose 

Flueggea virosa group showed near-normal histological features with preserved pancreatic islets and 

improved renal structure, indicating significant protective effects against diabetic-induced tissue 

damage. 

 
Figure 4: Effect of Flueggea Virosa on Histopathological Changes in Pancreas and Kidney of 

Streptozotocin-Induced Diabetic Nephropathy Rats (H&E staining, 10×). (A) Pancreas Sections and 

(B) Kidney Sections Showing Morphological Alterations Across Experimental Groups. (1) Normal 

Control Showing Intact Pancreatic Islets and Normal Renal Architecture. (2) STZ Control Showing 

Severe Pathological Changes Including Islet Degeneration, β-cell Damage, Glomerular Distortion, 

Tubular Necrosis, and Inflammatory Infiltration. (3) Standard (Metformin) Group Showing Moderate 

Restoration of Pancreatic and Renal Structures. (4) Flueggea Virosa Low-Dose Group Showing Mild 

Improvement with Partial Restoration of Tissue Architecture. (5) Flueggea Virosa Mid-Dose Group 

Showing Moderate Recovery with Reduced Cellular Damage and Improved Organization. (6) 

Flueggea Virosa High-Dose Group Showing Near-Normal Architecture with Well-Preserved 

Pancreatic Islets and Renal Structures, Indicating Significant Protective Effect. 

 

3.5 Effect of Flueggea Virosa on Renal Function Tests 

The effect of Flueggea virosa extract on renal function parameters in streptozotocin-induced diabetic 

nephropathy rats is presented in (figure 5(A–F)). The STZ control group showed a significant increase 

in urea, serum creatinine, uric acid, LDH, and total bilirubin levels along with a decrease in calcium 

Figure 4: Effect of Flueggea Virosa on Histopathological Changes in Pancreas and Kidney of Streptozotocin-Induced Diabetic 
Nephropathy Rats (H&E staining, 10×). (A) Pancreas Sections and (B) Kidney Sections Showing Morphological Alterations Across 
Experimental Groups. (1) Normal Control Showing Intact Pancreatic Islets and Normal Renal Architecture. (2) STZ Control Showing 
Severe Pathological Changes Including Islet Degeneration, β-cell Damage, Glomerular Distortion, Tubular Necrosis, and Inflammatory 
Infiltration. (3) Standard (Metformin) Group Showing Moderate Restoration of Pancreatic and Renal Structures. (4) Flueggea Virosa 
Low-Dose Group Showing Mild Improvement with Partial Restoration of Tissue Architecture. (5) Flueggea Virosa  Mid-Dose Group 
Showing Moderate Recovery with Reduced Cellular Damage and Improved Organization. (6) Flueggea Virosa  High-Dose Group 
Showing Near-Normal Architecture with Well-Preserved Pancreatic Islets and Renal Structures, Indicating Significant Protective Effect.

3.5 Effect of Flueggea Virosa on Renal Function Tests
The effect of Flueggea virosa extract on renal function parameters 
in streptozotocin-induced diabetic nephropathy rats is presented 
in (figure 5(A–F)). The STZ control group showed a significant 
increase in urea, serum creatinine, uric acid, LDH, and total 
bilirubin levels along with a decrease in calcium levels (p < 0.01 / 
p < 0.001) compared to the normal control group, indicating renal 
dysfunction and metabolic imbalance. Treatment with metformin 
significantly reduced urea (p < 0.01), creatinine (p < 0.05), uric 

acid (p < 0.001), LDH (p < 0.01), and total bilirubin (p < 0.001) 
levels, while improving calcium levels. Similarly, Flueggea virosa 
extract showed dose-dependent improvement in renal markers. 
The low-dose group showed non-significant (ns) changes in some 
parameters, whereas the mid-dose group demonstrated moderate 
improvement (p < 0.05). Notably, the high-dose group showed 
significant reduction in urea, creatinine, uric acid, LDH, and total 
bilirubin levels (p < 0.001 / p < 0.01) along with restoration of 
calcium levels compared to the STZ control group.
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levels (p < 0.01 / p < 0.001) compared to the normal control group, indicating renal dysfunction and 

metabolic imbalance. Treatment with metformin significantly reduced urea (p < 0.01), creatinine (p < 

0.05), uric acid (p < 0.001), LDH (p < 0.01), and total bilirubin (p < 0.001) levels, while improving 

calcium levels. Similarly, Flueggea virosa extract showed dose-dependent improvement in renal 

markers. The low-dose group showed non-significant (ns) changes in some parameters, whereas the 

mid-dose group demonstrated moderate improvement (p < 0.05). Notably, the high-dose group 

showed significant reduction in urea, creatinine, uric acid, LDH, and total bilirubin levels (p < 0.001 / 

p < 0.01) along with restoration of calcium levels compared to the STZ control group. 
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Figure 5: Effect of Flueggea Virosa on Renal Function Markers in Streptozotocin-Induced Diabetic Nephropathy Rats. (A) Urea 
(mg/dL), (B) Serum Creatinine (mg/dL), (C) Uric Acid (mg/dL), (D) Serum Calcium (mg/dL), (E) Lactate Dehydrogenase (LDH, 
U/L), and (F) Total Serum Bilirubin (mg/dL) Were Evaluated to Assess Renal Function and Metabolic Status. The STZ Control Group 
Showed A Significant Increase in Urea, Creatinine, Uric Acid, LDH, and Total Bilirubin Levels Along with A Decrease in Calcium 
Levels Compared to The Normal Control Group (##p < 0.01, ###p < 0.001). Treatment with Metformin Significantly Improved These 
Parameters, Showing Reduced Levels of Urea, Creatinine, Uric Acid, LDH, and Bilirubin, Along with Restoration of Calcium Levels (*p 
< 0.05, **p < 0.01, ***p < 0.001). Similarly, Flueggea Virosa  Extract Exhibited Dose-Dependent Effects, Where the Low-Dose Group 
Showed Non-Significant (ns) Changes in Some Parameters, While the Mid- and High-Dose Groups Showed Significant Improvement 
in Renal Markers Compared to The STZ Control Group. The High-Dose Group Demonstrated Maximum Restoration of Renal Function 
Parameters. Results are Expressed as Mean ± SEM (n = 6) Statistical Significance: ##p < 0.01, ###p < 0.001 vs Normal Control; *p < 
0.05, **p < 0.01, ***p < 0.001 vs STZ Control; Ns: Non-Significant.
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3.6 Effect of Flueggea Virosa on Oxidative Stress Markers
The effect of Flueggea virosa extract on antioxidant enzyme levels 
in streptozotocin-induced diabetic nephropathy rats is presented 
in (figure 6 (A–C)). The STZ control group showed a significant 
decrease in superoxide dismutase (SOD), catalase (CAT), and 
reduced glutathione (GSH) levels (p < 0.001) compared to the 
normal control group, indicating enhanced oxidative stress. 
Treatment with metformin significantly increased SOD, CAT, 
and GSH levels (p < 0.01 / p < 0.001) compared to the STZ 

control group. Similarly, Flueggea virosa extract exhibited dose-
dependent improvement in antioxidant status. The low-dose group 
showed mild or non-significant (ns) changes, while the mid-dose 
group demonstrated moderate enhancement (p < 0.05 / p < 0.01). 
Notably, the high-dose group showed significant restoration of 
SOD, CAT, and GSH levels (p < 0.001), approaching normal 
values. These findings indicate that Flueggea virosa effectively 
enhances antioxidant defense mechanisms and reduces oxidative 
stress in diabetic nephropathy.
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Figure 6: Effect of Flueggea Virosa on Antioxidant Enzymes in Streptozotocin-Induced Diabetic 

Nephropathy Rats. (A) Superoxide Dismutase (SOD), (B) Catalase (CAT), and (C) Reduced 

Glutathione (GSH) Levels Were Measured to Assess Antioxidant Status. The STZ Control Group 

Showed A Significant Decrease In SOD, CAT, and GSH Levels Compared to The Normal Control 

Group (###p < 0.001), Indicating Increased Oxidative Stress. Treatment with Metformin Significantly 

Increased SOD, CAT, and GSH levels (**p < 0.01, *p < 0.001) Compared to the STZ Control Group. 

Similarly, Flueggea Virosa Extract Exhibited Dose-Dependent Effects, Where the Low-Dose Group 

Showed Non-Significant (ns) Changes, the Mid-Dose Group Showed Moderate Improvement (*p < 

0.05, **p < 0.01), and the High-Dose Group Showed Significant Restoration of Antioxidant Enzyme 

Levels (***p < 0.001) Compared to the STZ Control Group. Results are Expressed as Mean ± SEM (n 

= 6). Statistical Significance: ###p < 0.001 vs Normal Control; *p < 0.05, **p < 0.01, ***p < 0.001 

vs STZ Control; Ns: Non-Significant. 

 

 3.7 Effect of Lipid Peroxidation and Nitrites  

The effect of Flueggea virosa extract on oxidative stress markers, lipid peroxidation (LPO) and nitric 

oxide (NO), in streptozotocin-induced diabetic nephropathy rats is presented in (figure 7 (A–B)). The 

Figure 6: Effect of Flueggea Virosa on Antioxidant Enzymes in Streptozotocin-Induced Diabetic Nephropathy Rats. (A) Superoxide 
Dismutase (SOD), (B) Catalase (CAT), and (C) Reduced Glutathione (GSH) Levels Were Measured to Assess Antioxidant Status. The 
STZ Control Group Showed A Significant Decrease In SOD, CAT, and GSH Levels Compared to The Normal Control Group (###p < 
0.001), Indicating Increased Oxidative Stress. Treatment with Metformin Significantly Increased SOD, CAT, and GSH levels (**p < 
0.01, *p < 0.001) Compared to the STZ Control Group. Similarly, Flueggea Virosa  Extract Exhibited Dose-Dependent Effects, Where 
the Low-Dose Group Showed Non-Significant (ns) Changes, the Mid-Dose Group Showed Moderate Improvement (*p < 0.05, **p < 
0.01), and the High-Dose Group Showed Significant Restoration of Antioxidant Enzyme Levels (***p < 0.001) Compared to the STZ 
Control Group. Results are Expressed as Mean ± SEM (n = 6). Statistical Significance: ###p < 0.001 vs Normal Control; *p < 0.05, **p 
< 0.01, ***p < 0.001 vs STZ Control; Ns: Non-Significant.

 3.7 Effect of Lipid Peroxidation and Nitrites 
The effect of Flueggea virosa extract on oxidative stress markers, 
lipid peroxidation (LPO) and nitric oxide (NO), in streptozotocin-
induced diabetic nephropathy rats is presented in (figure 7 (A–B)). 

The STZ control group showed a significant increase in LPO and 
NO levels (p < 0.001) compared to the normal control group, 
indicating enhanced oxidative stress and nitrosative damage. 
Treatment with metformin significantly reduced LPO (p < 0.001) 
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and NO (p < 0.01) levels compared to the STZ control group. 
Similarly, Flueggea Virosa extract demonstrated dose-dependent 
effects. The low-dose group showed non-significant (ns) changes 
in both LPO and NO levels, whereas the mid-dose group showed 

a significant reduction (p < 0.01). Notably, the high-dose group 
exhibited a marked decrease in LPO and NO levels (p < 0.001) 
compared to the STZ control group.

STZ control group showed a significant increase in LPO and NO levels (p < 0.001) compared to the 

normal control group, indicating enhanced oxidative stress and nitrosative damage. Treatment with 

metformin significantly reduced LPO (p < 0.001) and NO (p < 0.01) levels compared to the STZ 

control group. Similarly, Flueggea virosa extract demonstrated dose-dependent effects. The low-dose 

group showed non-significant (ns) changes in both LPO and NO levels, whereas the mid-dose group 

showed a significant reduction (p < 0.01). Notably, the high-dose group exhibited a marked decrease 

in LPO and NO levels (p < 0.001) compared to the STZ control group. 
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Figure 7: Effect of Flueggea virosa on Lipid Peroxidation (LPO) and Nitric Oxide (NO) Levels in 

Streptozotocin-Induced Diabetic Nephropathy Rats. (A) Lipid Peroxidation (LPO) Levels (nmol/mg 

protein) and (B) Nitric Oxide (NO) Levels (nmol/mg protein) Were Evaluated as Markers of 

Oxidative Stress. The STZ Control Group Showed A Significant Increase in LPO and NO Levels 

Compared to the Normal Control Group (####p < 0.001). Treatment with Metformin Significantly 

Reduced LPO (***p < 0.001) and NO (**p < 0.01) Levels. Similarly, Flueggea Virosa Extract 

Exhibited Dose-Dependent Effects, Where the Low-Dose Group Showed Non-Significant (ns) 

Changes, the Mid-Dose Group Showed Moderate Reduction (**p < 0.01), and the High-Dose Group 

Showed Significant Reduction in both LPO and NO Levels (***p < 0.001) Compared to the STZ 

control group. Results are Expressed as Mean ± SEM (n = 6). 

 

3.8 Effect of Treatments on Inflammatory Cytokines in Diabetic Rats 

The effect of Flueggea virosa extract on inflammatory cytokines in streptozotocin-induced diabetic 

rats is shown in (figure 8(A–C)). The STZ control group showed a significant increase in IL-1β, IL-6, 

and TNF-α levels (p < 0.001 / p < 0.01) compared to the normal control group, indicating enhanced 

inflammatory response. Treatment with metformin significantly reduced IL-1β (p < 0.001), IL-6 (p < 

0.05), and TNF-α (p < 0.01) levels. Similarly, Flueggea virosa extract exhibited dose-dependent 

effects, where the low-dose group showed non-significant (ns) changes in some parameters, while 

mid- and high-dose groups showed significant reduction in IL-1β (p < 0.05, p < 0.01), IL-6 (p < 0.05), 

Figure 7: Effect of Flueggea virosa on Lipid Peroxidation (LPO) and Nitric Oxide (NO) Levels in Streptozotocin-Induced Diabetic 
Nephropathy Rats. (A) Lipid Peroxidation (LPO) Levels (nmol/mg protein) and (B) Nitric Oxide (NO) Levels (nmol/mg protein) Were 
Evaluated as Markers of Oxidative Stress. The STZ Control Group Showed A Significant Increase in LPO and NO Levels Compared to 
the Normal Control Group (####p < 0.001). Treatment with Metformin Significantly Reduced LPO (***p < 0.001) and NO (**p < 0.01) 
Levels. Similarly, Flueggea virosa Extract Exhibited Dose-Dependent Effects, Where the Low-Dose Group Showed Non-Significant 
(ns) Changes, the Mid-Dose Group Showed Moderate Reduction (**p < 0.01), and the High-Dose Group Showed Significant Reduction 
in both LPO and NO Levels (***p < 0.001) Compared to the STZ control group. Results are Expressed as Mean ± SEM (n = 6).

3.8 Effect of Treatments on Inflammatory Cytokines in 
Diabetic Rats
The effect of Flueggea virosa extract on inflammatory cytokines in 
streptozotocin-induced diabetic rats is shown in (figure 8(A–C)). 
The STZ control group showed a significant increase in IL-1β, 
IL-6, and TNF-α levels (p < 0.001 / p < 0.01) compared to the 
normal control group, indicating enhanced inflammatory response. 
Treatment with metformin significantly reduced IL-1β (p < 

0.001), IL-6 (p < 0.05), and TNF-α (p < 0.01) levels. Similarly, 
Flueggea virosa extract exhibited dose-dependent effects, where 
the low-dose group showed non-significant (ns) changes in some 
parameters, while mid- and high-dose groups showed significant 
reduction in IL-1β (p < 0.05, p < 0.01), IL-6 (p < 0.05), and TNF-α 
(p < 0.01) compared to the STZ control group. Overall, Flueggea 
virosa demonstrated anti-inflammatory activity, with better effects 
observed at higher doses.

and TNF-α (p < 0.01) compared to the STZ control group. Overall, Flueggea virosa demonstrated 

anti-inflammatory activity, with better effects observed at higher doses. 
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Figure 8: Effect of Flueggea Virosa On Inflammatory Cytokines in Streptozotocin-Induced Diabetic 

Rats. (A) IL-1β (ng/mL of protein), (B) IL-6 (ng/mL of protein), and (C) TNF-α (ng/mL of protein) 

Levels Were Measured in Serum Samples to Evaluate Inflammatory Response. The STZ Control 
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and TNF-α (p < 0.01) compared to the STZ control group. Overall, Flueggea virosa demonstrated 

anti-inflammatory activity, with better effects observed at higher doses. 
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4. Discussion
The results of ICP-OES analysis for Flueggea virosa leaf 
extract revealed the presence of heavy metals such as arsenic 
(As), cadmium (Cd), mercury (Hg), and lead (Pb). All detected 
elements showed good linearity and reliable quantification within 
the tested range. The concentrations of these metals were found 
to be within permissible limits when compared with standard 
regulatory guidelines, indicating the safety of the plant material 
for further pharmacological use. The absence of abnormal peak 
interference and the consistency in calibration curves confirm the 
accuracy and precision of the analytical method [42]. Overall, the 
findings suggest that the plant sample does not pose significant 
toxicological risk with respect to heavy metal contamination.

One of the most serious side effects of diabetes mellitus is 
diabetic nephropathy (DN), which is characterised by structural 
abnormalities, increasing renal dysfunction, and ultimately 
renal failure [43]. With an emphasis on biochemical, oxidative 
stress, and histological characteristics, the current study assessed 
the nephroprotective efficacy of Flueggea virosa extract in 
streptozotocin-induced diabetic rats. The results showed that 
Flueggea virosa considerably reduced kidney damage in a dose-
dependent manner, indicating that it may be used as a treatment 
for diabetic nephropathy. The main cause of diabetic nephropathy 
is hyperglycemia. Multiple metabolic pathways, including as the 
polyol pathway, protein kinase C (PKC) activation, and advanced 
glycation end-product (AGE) production, are activated when 
blood glucose levels are persistently elevated. These processes all 
contribute to kidney damage [44]. Reactive oxygen species (ROS), 
which are crucial to the pathophysiology of DN, are ultimately 

produced in excess as a result of these metabolic disruptions. 
Diabetic rats in this study showed markedly higher glucose and 
HbA1c levels, indicating that diabetes and its related metabolic 
problems were successfully induced.

One of the main mechanisms underlying diabetic nephropathy has 
been identified as oxidative stress. Cellular damage is caused by 
an imbalance between ROS production and antioxidant defence 
mechanisms. According to earlier research, too much ROS 
destroys DNA, lipids, and proteins, which eventually impairs 
renal cell function and speeds up the course of the disease. In 
agreement with these findings, the present study showed increased 
lipid peroxidation (LPO) and nitric oxide (NO) levels in diabetic 
rats, indicating enhanced oxidative stress [45,46]. Simultaneously, 
antioxidant enzymes such as superoxide dismutase (SOD) and 
catalase (CAT) were significantly reduced, reflecting compromised 
antioxidant defense. Antioxidant enzyme levels were considerably 
recovered and oxidative stress markers were decreased when 
Flueggea virosa extract was administered. This implies that 
the extract's antioxidant qualities may be responsible for its 
nephroprotective action. 

Previous research has demonstrated that plant-derived polyphenols 
can lower oxidative stress by scavenging free radicals and boosting 
endogenous antioxidant systems [47]. These effects are probably 
caused by the phytochemical components of Flueggea virosa, 
such as flavonoids and phenolic compounds, which are known to 
protect cellular structures and neutralise ROS.

The development of diabetic nephropathy is significantly influenced 
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by inflammation in addition to oxidative stress. Oxidative stress 
brought on by hyperglycemia triggers inflammatory signalling 
pathways like nuclear factor-kappa B (NF-κB), which increases 
the production of pro-inflammatory cytokines like TNF-α, IL-
1β, and IL-6. These cytokines encourage mesangial growth, 
extracellular matrix formation, and inflammatory cell infiltration, 
which eventually lead to glomerulosclerosis and fibrosis. Renal 
injury is made worse by the interaction of oxidative stress and 
inflammation [48,49]. Since NO is frequently linked to inducible 
nitric oxide synthase (iNOS) activity during inflammation, 
elevated nitric oxide levels in diabetic rats in the current study may 
also indicate inflammatory activation. Flueggea virosa extract 
treatment dramatically decreased NO levels, suggesting that it may 
have anti-inflammatory properties. This observation is consistent 
with previous reports suggesting that antioxidant compounds can 
suppress inflammatory pathways by inhibiting NF-κB activation 
and reducing cytokine production.

Serum creatinine, urea, and uric acid are examples of renal 
function markers that are crucial indicators of kidney disease. Due 
to decreased glomerular filtration and renal dysfunction, these 
indicators are markedly increased in diabetes circumstances. The 
current investigation confirmed the development of nephropathy 
by showing a significant increase in these parameters in the disease 
control group. Nevertheless, Flueggea virosa extract treatment 
dramatically decreased these levels, suggesting improved renal 
function. Its capacity to lower oxidative stress and inflammation, so 
maintaining kidney structure and function, may be the cause of this 
protective action. The biochemical results were further corroborated 
by histopathological investigation. The hallmarks of diabetic 
nephropathy, such as tubular degradation, mesangial enlargement, 
glomerular hypertrophy, and inflammatory cell infiltration, were 
seen in diabetic rats. The main causes of these structural anomalies 
are inflammatory processes and cellular damage brought on by 
oxidative stress. According to earlier research, ROS-mediated 
damage causes extracellular matrix buildup, basement membrane 
thickening, and podocyte dysfunction, all of which contribute to 
renal fibrosis [50].

Renal histoarchitecture significantly improved after Flueggea 
virosa extract treatment, showing less tubular necrosis, glomerular 
damage, and inflammatory infiltration. The restoration of nearly 
normal kidney structure indicates that the extract successfully 
guards against hyperglycemia-induced structural damage. Its 
bioactive components' combination anti-inflammatory and 
antioxidant properties may be the cause of this protective effect.

The dose-dependent impact of Flueggea virosa is another 
significant finding of this investigation. When compared to low 
and mid doses, the high dose demonstrate the highest level of 
protective action, suggesting a positive relationship between dose 
and therapeutic efficacy. This result is in line with earlier research 
on herbal extracts, which showed stronger pharmacological effects 
at higher bioactive ingredient concentrations.

This work used a well-established STZ-induced diabetic model 

that closely resembles diabetic nephropathy in humans. Insulin 
insufficiency and hyperglycemia result from streptozotocin's 
selective destruction of pancreatic β-cells. This model is 
frequently used to assess possible treatment agents and investigate 
the mechanisms underlying diabetic complications. The current 
study's biochemical and histological alterations are in line with 
earlier findings in models of STZ-induced diabetic nephropathy 
[51]. Overall, this study's results demonstrate Flueggea virosa 
extract's strong nephroprotective properties. The extract reduces 
hyperglycemia, improves antioxidant defence, inhibits oxidative 
stress, and suppresses inflammatory reactions, among other 
methods. It is a potential option for the treatment of diabetic 
nephropathy because of these diverse activities.

5. Conclusion
The results of this study show that Flueggea virosa extract 
administration successfully reduces the oxidative, structural, and 
biochemical changes linked to diabetic nephropathy. The high 
dose demonstrated the strongest nephroprotective benefit among 
the studied doses, with the mid dose coming in second and the low 
dose showing a moderate improvement. In a dose-dependent way, 
the extract improved glycaemic management, boosted endogenous 
antioxidant defences, restored renal function indices, and decreased 
oxidative stress and inflammatory mediators. By maintaining 
normal kidney architecture and reducing glomerular and tubular 
damage, especially in the high-dose group, histopathological data 
further validated its protective role.

 These findings imply that Flueggea virosa nephroprotective 
action is mainly mediated by its anti-inflammatory and antioxidant 
qualities, with higher doses offering greater efficiency. Flueggea 
virosa may therefore be a viable natural therapeutic agent for 
the management of diabetic renal problems; however, additional 
molecular and clinical research is needed to determine its ideal 
dosage and translational application.
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