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Diabetic nephropathy, one of the most prevalent complications of diabetes mellitus, 
is driven by hyperglycemia-induced overproduction of reactive oxygen species (ROS) 
and pro-inflammatory cytokines, ultimately resulting in structural and functional renal 
impairment. This study evaluated the renoprotective effects of a flavonoid-rich extract 
derived from Ocimum gratissimum leaves in a streptozotocin (STZ)-induced diabetic rat 
model. Type 2 diabetes mellitus was induced by intraperitoneal administration of STZ 
(45 mg/kg body weight) following one week of 20% (w/v) fructose supplementation. 
Rats were randomly assigned to five groups (n  =  8): negative control (NC), diabetic 
control (DC), diabetic rats treated with low-dose (150 mg/kg) and high dose (300 mg/kg)  
O. gratissimum flavonoid-rich extract (LDOGFL and HDOGFL, respectively), and 
metformintreated diabetic rats (200 mg/kg; MET). On day 22, blood and kidney tissue 
was collected for assessment of redox status, inflammatory biomarkers, kidney function 
indices (creatinine, urea, and uric acid), electrolyte concentrations, kidney-specific 
acid phosphatase (ACP) and alkaline phosphatase (ALP) activities, mRNA expression  
of KIM-1 and TGF-β1, and histopathological changes. Treatment with LDOGFL, 
HDOGFL, or MET significantly (p < 0.05) improved redox balance, reduced inflammatory 
cytokines, and lowered creatinine, urea, and uric acid levels compared with untreated 
diabetic controls. Electrolyte profiles and ACP/ALP activities increased significantly  
(p < 0.05), whereas mRNA expression of KIM-1 and TGF-β1 was markedly downregulated. 
Histopathological examination revealed enhanced epithelial cell integrity within renal 
convoluted tubules and glomeruli in treated groups. Collectively, these findings indicate 
that the flavonoid-rich extract of O. gratissimum leaves confers renoprotective benefits 
in diabetic nephropathy by attenuating oxidative stress, suppressing inflammation, and 
improving renal function.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder characterized 
by persistent hyperglycemia resulting from impaired insulin 
secretion, defective insulin action, or both. Insulin, a peptide 
hormone, plays a central role in regulating blood glucose 
homeostasis [1]. Chronic hyperglycemia is fundamental 
to the pathophysiology of diabetes and its complications, 
including diabetic nephropathy (DN), as it triggers the acti-
vation of multiple biochemical pathways that promote the 
generation of reactive oxygen species (ROS), pro-inflamma-
tory cytokines, and progressive renal injury [2-4].

The kidney is among the organs most affected by chronic 
hyperglycemia-associated complications. DN develops as 
sustained elevations in blood glucose alter renal structure 
and impair glomerular and tubular function, ultimately 
leading to abnormalities in kidney function indices [3,6-8]. 
The kidneys are essential for maintaining internal homeosta-
sis by filtering metabolic waste products, excess electrolytes, 
and fluids from the bloodstream, thereby regulating volume 
status and acid-base balance. Structural and functional com-
promise of these nephrons results in measurable biochemical 
derangements in individuals with diabetes.

Amid the global burden of metabolic diseases, medicinal 
plants continue to serve as an accessible, affordable, and 
culturally accepted source of therapeutic agents. Numerous 
plant-derived compounds have demonstrated glucoselow-
ering and organ-protective properties [9]. Ocimum gratis-
simum (commonly known as “Scent Leaf”) is rich in phy-
tochemicals, particularly flavonoids, which contribute to its 
documented anti-inflammatory, antimicrobial, and antioxi-
dant activities and support its traditional use in metabolic 
and inflammatory disorders [10-11].

Flavonoids are phenolic compounds known to exhibit 
diverse biological activities, including antidiabetic effects 
[12]. Their hypoglycemic mechanisms involve modulation 
of carbohydrate-digesting enzymes, such as inhibition of 
αglucosidase and reduced intestinal glucose transport [13], 
as well as enhancement of insulin signaling pathways [14]. 
Given the destructive impact of diabetes on renal structure 
and function, there is a compelling need to investigate the 
potential renoprotective effects of flavonoid-rich extracts 
of O. gratissimum. Therefore, this study employed a strep-
tozotocin (STZ)-induced diabetic rat model to evaluate the 
ameliorative effects of a flavonoid-rich leaf extract of O. 
gratissimum on kidney function. Specifically, we assessed 
redox stress biomarkers, inflammatory indicators, serum 
creatinine, urea, uric acid, electrolyte levels, activities of 
alkaline phosphatase (ALP) and acid phosphatase (ACP), 
mRNA expression of KIM-1 and TGF��������������������-�������������������β1, and histopatho-
logical alterations in renal tissue.

MATERIALS AND METHODS

Plant Materials
Fresh leaves of Ocimum gratissimum were purchased 

from Oja-Oba Market, Ado-Ekiti, Ekiti State, Nigeria, and 
authenticated at the Forestry Research Institute of Nigeria 
(FRIN), Ibadan, Nigeria.

Chemicals, reagents, and enzyme kits

Methanol, H₂SO₄, streptozotocin (STZ), NaH₂PO₄, 
Na₂HPO₄, HCl, NaOH, and halothane were obtained from 
Sigma-Aldrich (Sigma-Aldrich Chemie GmbH, Eschenstr., 
82024 Taufkirchen, Germany). All biochemical assay kits 
were products of Randox Laboratories (Crumlin, United 
Kingdom).

Preparation of the flavonoid rich extract

Leaves of O. gratissimum were air-dried at room tem-
perature for two weeks and ground into fine powder using 
an electric blender. The powder was macerated in 80% 
methanol for 72 hours, followed by filtration through muslin 
cloth. The filtrate was concentrated using a rotary evapora-
tor. A portion of the residue (20 g) was dissolved in 200 mL 
of 10% H₂SO₄ and heated at 100°C for 30 minutes in a water 
bath. The mixture was subsequently cooled on ice for 15 
minutes to precipitate the flavonoid aglycones [15].

Animals and induction of diabetes mellitus

Male Wistar rats (150-180 g) were obtained from 
ShowGold Animal House, Idofin, Oye-Ekiti, Ekiti State, 
Nigeria. Animals were housed under standard laboratory 
conditions (22 ± 2°C; 12-hour light/dark cycle) with ad 
libitum access to commercial chow and water. After a 7 day 
acclimation period, 40 rats designated for diabetes induc-
tion received a 20% (w/v) fructose solution ad libitum for 
7 days [16]. Although exact fluid intake per rat was not 
quantified, water bottle levels were inspected twice daily 
to ensure adequate access.

Following an overnight fast, diabetes was induced via  
a single intraperitoneal injection of freshly prepared strep-
tozotocin (STZ; 40 mg/kg body weight) dissolved in 0.1 M 
citrate buffer (pH 4.5). Fasting blood glucose (FBG) was 
measured 3 days post-STZ injection using a glucometer 
(Accu-Chek Active, Roche Diagnostics). Rats with FBG 
≥ 250 mg/dL were considered diabetic. All 40 STZ-treated 
rats met this criterion (mean FBG: 312 ± 23 mg/dL) and 
were included in the study.

All animal procedures adhered to the ARRIVE 2.0 guide-
lines and were approved by the FUOYE Faculty of Science 
Research Ethics Committee (FUOYEFSC 201122 – REC 
2023/008).

Experimental grouping and treatment

Rats were randomly assigned into five groups:
•	 Group I: Negative Control (NC)
•	 Group II: Diabetic Control (DC)
•	 Group III: LDOGFL – Diabetic rats treated with 

low-dose O. gratissimum flavonoid-rich leaf extract 
(150 mg/kg body weight)

•	 Group IV: HDOGFL – Diabetic rats treated with high 
dose extract (300 mg/kg body weight)

•	 Group V: MET – Diabetic rats treated with metformin 
(200 mg/kg body weight)
Treatments were administered once daily for 21 days. 

On day 22, rats were euthanized under halothane anesthe-
sia. Blood samples were collected via cardiac puncture and 
centrifuged at 1500 rpm for 5 minutes; serum was stored for 
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biochemical analyses. Kidneys were excised, homogenized 
in 1.0 M phosphate buffer (pH 7.4) at a 1:5 (w/v) ratio, and 
centrifuged at 4000 rpm for 15 minutes to obtain a clear 
supernatant.

Biomarker analyses

Oxidative stress biomarkers, malondialdehyde (MDA), 
catalase, superoxide dismutase (SOD), glutathione S-trans-
ferase (GST), glutathione peroxidase (GPx), and reduced 
glutathione (GSH) were quantified using commercial assay 
kits.

Serum electrolytes (HCO₃⁻, K⁺, Na⁺, Cl⁻, Ca²⁺, Mg²⁺) 
were analyzed using corresponding Randox kits. Renal 
inflammatory biomarkers, including interleukin-1β (IL-1β), 
interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α), 
were measured via ELISA.

Kidney histology was assessed after hematoxylin and 
eosin (H&E) staining. Serum levels of creatinine, urea, and 
uric acid were determined using standard kits. Activities of 
alkaline phosphatase (ALP) and acid phosphatase (ACP) 
were quantified with Randox assay kits.

Relative gene expression of KIM-1 and TGF-β1

Total RNA was extracted from renal tissue using the 
QuickRNA MiniPrep™ Kit (Zymo Research). Contami-
nant DNA was removed using DNase I. The purified RNA 
was reverse‑transcribed to cDNA, which was used for PCR 
amplification of the target genes. The primer sequences are 
presented in Table 1.
Table 1. Primer sequences

Gene Forward Primer Reverse Primer

KIM-1 5′-TGGCAGATTCTGTAGCTGGTT-3′5′-AGAGAACATGAGCCTCTATTCCA-3′

TGF-β1 5′-CTTCTCCACCAACTACTGCTTC-3′ 5′-GGGTCCCAGGCAGAAGTT-3′

GAPDH 5′-CATCTTCTTTTGCGTCGCCA-3′5′-TTAAAAGCAGCCCTGGTGACC-3′

Statistical Analysis

All data were expressed as mean ± standard deviation 
(SD). One-way ANOVA followed by Tukey’s multiple com-
parison test was performed using GraphPad Prism. Statistical 
significance was set at p < 0.05.

RESULTS

Kidney redox stress biomarkers in STZ-induced diabetic 
rats treated with Ocimum gratissimum flavonoid-rich 
extracts

As shown in Figure 1, the diabetic control (DC) group 
exhibited a significant (p < 0.05) reduction in reduced glu-
tathione (GSH) concentration and in the activities of gluta-
thione S-transferase (GST), glutathione peroxidase (GPx), 
superoxide dismutase (SOD), and catalase (CAT) compared 
with the negative control (NC) group. Treatment of diabetic 
rats with either the low-dose (LDOGFL; 150 mg/kg) or high 
dose (HDOGFL; 300 mg/kg) O. gratissimum flavonoid-rich 
extract, as well as metformin (MET; 200 mg/kg), resulted in 
significant (p < 0.05) increases in GSH levels and antioxi-
dant enzyme activities relative to the DC group.

Although GST, GPx, SOD, and CAT activities in the 
treated groups did not differ significantly (p > 0.05) from 
the NC group, GSH levels were significantly elevated at the 
high extract dose (300 mg/kg). Conversely, malondialdehyde 
(MDA) concentration was significantly higher (p < 0.05) in 
the DC group compared with NC. All treatment regimens 
significantly reduced MDA levels relative to DC; however, 
MDA concentrations in treated groups were not significantly 
different (p > 0.05) from NC.

 
 Values represent mean ± SD (n = 8). # p < 0.05 vs. NC; * p < 0.05 vs. DC 
Legend: NC = Negative Control; DC = Diabetic Control; LDOGFL = 150 mg/
kg extract; HDOGFL = 300 mg/kg extract; MET = 200 mg/kg metformin; 
MDA = Malondialdehyde; GSH = Reduced glutathione; GST = Glutathione 
S-Transferase; CAT = Catalase; GPx = Glutathione Peroxidase; SOD = 
Superoxide Dismutase

Figure 1. Kidney redox stress biomarkers in STZ-induced diabetic 
rats treated with Ocimum gratissimum flavonoid-rich extracts

Electrolyte levels in STZ-induced diabetic rats treated 
with Ocimum gratissimum leaf extracts

Diabetic rats in the DC group exhibited significantly 
decreased (p < 0.05) serum electrolyte concentrations 
(Na⁺, K⁺, Mg²⁺, Ca²⁺, Cl⁻, and HCO₃⁻) relative to the NC 
group (Figure 2). Treatment with LDOGFL, HDOGFL,  
or MET restored electrolyte balance, resulting in significant 
(p < 0.05) increases across all measured ions compared with 
DC. No significant differences (p > 0.05) were observed 
between treated groups and NC, except for Ca²⁺, which 
was significantly higher (p < 0.05) in the HDOGFL group 
(300 mg/kg).

 
 
Values represent mean ± SD (n = 8). # p < 0.05 vs. NC; * p < 0.05 vs. DC. 
Legend: NC = Negative Control; DC = Diabetic Control; LDOGFL = 150 mg/kg 
extract; HDOGFL = 300 mg/kg extract; MET = 200 mg/kg metformin

Figure 2. Electrolyte levels in STZ-induced diabetic rats treated 
with Ocimum gratissimum flavonoid-rich extracts
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Kidney inflammatory biomarkers in STZ-induced 
diabetic rats treated with Ocimum gratissimum leaf 
extracts

As presented in Figure 3, pro-inflammatory cyto-
kines IL-1β, IL-6, and TNF-α were significantly elevated 
(p < 0.05) in the DC group compared with NC. Treatment 
with LDOGFL, HDOGFL, or MET significantly (p < 0.05) 
reduced the levels of all three cytokines relative to the DC 
group. While TNF-α levels in treated groups did not differ 
significantly (p > 0.05) from NC, a significant reduction in 
IL-1β was observed in the MET group, and IL-6 was sig-
nificantly reduced in both the LDOGFL and MET groups.

 
 Values represent mean ± SD (n = 8). # p < 0.05 vs. NC; * p < 0.05 vs. DC
Legend: NC = Negative Control; DC = Diabetic Control; LDOGFL = 150 mg/kg  
extract; HDOGFL = 300 mg/kg extract; MET = 200 mg/kg metformin

Figure 3. Kidney inflammatory biomarkers in STZ-induced 
diabetic rats treated with Ocimum gratissimum flavonoid-rich 
extracts

Kidney histopathology following treatment with Ocimum 
gratissimum leaf extracts

Histological evaluation (Figure 4) revealed intact renal 
morphology in the NC group, with normal glomeruli and 
well-preserved epithelial cells lining the proximal (PCT) and 
distal convoluted tubules (DCT). In contrast, the DC group 
displayed pronounced renal lesions, including widened 
glomerular urinary space and marked degeneration of PCT 
epithelial cells.

Rats treated with LDOGFL or HDOGFL showed restored 
glomerular architecture and improved epithelial cell integ-
rity, indicating reversal of the pathological changes observed 
in diabetic controls. The MET-treated group exhibited mild 
degeneration within glomerular, PCT, and DCT epithelial 
cells, showing partial but less pronounced improvement 
compared with extract-treated groups.

Serum creatinine, urea, and uric acid concentrations 
in STZ-induced diabetic rats treated with Ocimum 
gratissimum extracts

As shown in Figure 5, serum creatinine, urea, and uric 
acid levels were significantly elevated (p < 0.05) in the DC 
group relative to NC. Treatment with LDOGFL, HDOGFL, 
or MET significantly (p < 0.05) reduced these renal function 
markers compared with the DC group. No significant dif-
ferences (p > 0.05) were observed between treated groups 
and NC, indicating near-complete normalization of these 
indices following treatment.

 
 Values represent mean ± SD (n = 8), # p < 0.05 vs. NC; * p < 0.05 vs. DC
Legend: NC, DC, LDOGFL (150 mg/kg), HDOGFL (300 mg/kg), MET (200 mg/kg)

Figure 5. Serum creatinine, urea, and uric acid concentrations 
in STZ-induced diabetic rats treated with Ocimum gratissimum 
flavonoid-rich extracts

RESULTS

Kidney phosphatase activities in STZ-induced diabetic 
rats treated with Ocimum gratissimum flavonoid-rich 
extracts

The specific activities of kidney 
alkaline phosphatase (ALP) and 
acid phosphatase (ACP) are pre-
sented in Figure 6. STZ-induced 
diabetic rats (DC) showed a 
marked and significant reduction 
(p < 0.05) in ALP and ACP activi-
ties compared with the NC group. 
Treatment with O. gratissimum 
flavonoid-rich extract at both low 
(LDOGFL; 150 mg/kg) and high 
doses (HDOGFL; 300 mg/kg),  
as well as with metformin (MET; 
200 mg/kg), restored the activities 
of both enzymes toward normal 
values.

 
 
Legend: NC, DC, LDOGFL (150 mg/kg), HDOGFL (300 mg/kg), MET (200 mg/kg); H&E staining; magnification ×800

Figure 4. Photomicrographs of kidney sections from STZ-induced diabetic rats treated with 
Ocimum gratissimum flavonoid-rich extracts
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However, ALP activity in the LDOGFL group remained 
significantly lower (p < 0.05) than that of NC, although  
it was still significantly higher (p < 0.05) than in DC, indi-
cating partial but meaningful recovery. ACP activity in all 
treated groups returned to levels comparable with NC.

 
 
Values represent mean ± SD (n = 8). # p < 0.05 vs. NC; * p < 0.05 vs. DC; 
#* p < 0.05 vs. both NC and DC 
Legend: NC, DC, LDOGFL (150 mg/kg), HDOGFL (300 mg/kg), MET (200 mg/kg)

Figure 6. Kidney ALP and ACP activities in STZ-induced diabetic 
rats treated with Ocimum gratissimum flavonoid-rich extracts

Relative gene expression of KIM-1 and TGF-β1 in STZ-
induced diabetic rats treated with Ocimum gratissimum 
flavonoid-rich extracts

Figure 7 presents the mRNA expression patterns of 
KIM-1 and TGF-β1 across the experimental groups. KIM-1 
expression was significantly elevated (p < 0.05) in the DC 
group compared with NC, confirming STZ-induced renal 
injury. Treatment with LDOGFL, HDOGFL, or MET 
resulted in a pronounced reduction (p < 0.05) in KIM-1 
expression relative to DC. Although KIM-1 expression in 
treated groups remained significantly different from NC 
(p < 0.05), all treatments effectively suppressed the patho-
logical overexpression observed in diabetic rats.

Similarly, TGF-β1 expression was significantly higher in 
DC compared with NC. Administration of either extract dose 
or metformin led to significant (p < 0.05) downregulation 
of TGF-β1 expression relative to DC, demonstrating the 
ability of O. gratissimum flavonoid-rich extract to reduce 
pro-fibrotic signaling in diabetic kidneys.

 
 Values represent mean ± SD (n = 8). # p < 0.05 vs. NC; * p < 0.05 vs. DC 
Legend: NC, DC, LDOGFL (150 mg/kg), HDOGFL (300 mg/kg), MET (200 mg/kg)

Figure 7. Relative mRNA expression of KIM-1 and TGF-β1 in 
STZ-induced diabetic rats treated with Ocimum gratissimum 
flavonoid-rich extracts

DISCUSSION

Diabetic nephropathy (DN) is strongly driven by oxida-
tive imbalance, and structural damage in diabetic kidneys 
has been directly linked to redox stress [17]. Given this 
mechanistic basis, evaluating whether plant-derived thera-
peutics can restore redox homeostasis by enhancing anti-
oxidant defenses is essential for determining their potential 
renoprotective effects [18]. Hyperglycemia promotes the 

overproduction of reactive oxygen species (ROS) through 
multiple biochemical pathways [2]. Under physiologic con-
ditions, antioxidant enzymes such as catalase (CAT), super-
oxide dismutase (SOD), glutathione peroxidase (GPx), and 
glutathione S-transferase (GST), along with nonenzymatic 
antioxidants like reduced glutathione (GSH), help neutralize 
ROS to prevent oxidative injury [19].

In this study, diabetic rats exhibited significant reduc-
tions in antioxidant enzyme activities and GSH concentra-
tion, consistent with earlier findings showing diminished 
antioxidant reserves in DN [20]. Treatment with Ocimum 
gratissimum flavonoid-rich leaf extracts markedly improved 
antioxidant profiles, indicating enhanced redox buffering 
capacity. When oxidants outweigh antioxidants, redox sig-
naling becomes dysregulated, leading to extensive molecular 
injury [21]. One major target of ROS is membrane lipids, 
and the resulting lipid peroxidation is typically measured 
through malondialdehyde (MDA) levels [22]. The extract 
significantly lowered renal MDA levels, demonstrating its 
ability to mitigate oxidative membrane damage.

Electrolyte imbalance, or dyselectrolytemia, is another 
hallmark of diabetic renal dysfunction. Electrolytes, includ-
ing sodium, potassium, magnesium, calcium, bicarbonate, 
and chloride are essential for maintaining cellular and 
systemic metabolic functions [23]. Their homeostasis is 
controlled by renal reabsorption and secretion along nephron 
tubules [24-25]. Hyperglycemia induces osmotic diuresis, 
volume depletion, and electrolyte wasting, contributing 
to dyselectrolytemia in individuals with type 2 diabetes 
mellitus (T2DM) [28-30]. In the present study, the diabetic 
group showed marked reductions in serum electrolyte levels, 
whereas treatment with O. gratissimum extracts normalized 
most electrolytes. Exceptions included potassium, which 
remained reduced, and calcium, which increased at higher 
extract doses, suggesting dose-dependent mineral effects.

Inflammation plays a central role in the pathogenesis and 
progression of DN [31-32]. Multiple reports support anti-
inflammatory therapy as a promising adjunct for diabetic 
kidney disease [33-34]. Here, the diabetic rats demonstrated 
elevated serum concentrations of pro-inflammatory cyto-
kines IL-1β, IL-6, and TNF-α, which aligns with estab-
lished inflammatory patterns in experimental and clinical 
diabetes. Treatment with the flavonoid-rich extract sig-
nificantly reduced these cytokines at both doses, reflect-
ing the extract’s potent immunomodulatory effects. TNF-α 
is particularly important because it can directly damage 
renal cells and promote indirect toxicity by increasing 
endothelial permeability, stimulating ROS generation, and 
promoting leukocyte recruitment [36-37]. TNF-α is also 
known to enhance sodium retention and stimulate TGFβ-
mediated pathways contributing to renal hypertrophy [33]. 
Similarly, IL-1β and IL-6 disrupt glomerular hemodynamics 
and contribute to thickening of the glomerular basement 
membrane [4,33]. Although NFκB signaling, the primary 
driver of renal inflammatory responses was not examined 
here, the reductions in IL-1β, IL-6, and TNF-α strongly 
imply its involvement [3,34].

Histological evaluation supported these biochemical 
findings. Diabetic rats showed disrupted glomerular struc-
ture, widened urinary spaces, and severe epithelial loss in 
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proximal (PCT) and distal convoluted tubules (DCT), con-
sistent with hallmarks of diabetic kidney disease (DKD) such 
as mesangial expansion and tubulointerstitial fibrosis [38]. 
Treatment with O. gratissimum extracts restored glomeru-
lar architecture and tubular epithelial integrity, indicating 
reversal of structural injury. These improvements correlate 
with the observed enhancement of antioxidant status and 
attenuation of inflammation.

Renal function indices, including creatinine, urea, and 
uric acid, were markedly elevated in diabetic animals, 
reflecting impaired glomerular filtration and possibly extra-
renal metabolic derangements [8,39-40]. Treatment nor-
malized these parameters, demonstrating that the extract 
restored filtration efficiency and renal metabolic handling. 
Consistent with this, phosphatase enzymes (ACP and ALP), 
which decline in renal tissue during injury [42-43], were 
significantly restored following treatment. Reduced renal 
hydrolase activity indicates damage to renal tubular cells, 
whereas extract-mediated normalization suggests preserva-
tion of cellular integrity [44-47]. Antioxidant compounds are 
known to maintain phosphatase activity in oxidative disease 
states [49], supporting the likelihood that O. gratissimum 
exerts protective effects at the cellular level.

Finally, the study assessed mRNA expression of two 
critical renal biomarkers: KIM-1 and TGF-β1. KIM-1 is a 
highly sensitive marker of proximal tubular injury [3,51], 
while TGF-β1 is a key driver of renal fibrosis due to its role 
in stimulating extracellular matrix accumulation [52-53]. 
Hyperglycemia induces overexpression of both markers in 
diabetic kidneys [54]. Treatment significantly downregulated 
their expression, suggesting that the extract reduces tubular 
injury and fibrotic signaling. Other antidiabetic phytochemi-
cals have also demonstrated renoprotective effects through 
modulation of TGFβ pathways [55-56]. Because inflamma-
tion and oxidative stress are core drivers of fibrosis [4,57], 
the extract’s ability to suppress these processes likely under-
lies the observed improvements.

These findings suggest that the O. gratissimum flavonoid-
rich extract acts through multiple complementary mecha-
nisms, antioxidant, anti-inflammatory, and anti-fibrotic to 
counteract the pathophysiological processes underlying 
diabetic nephropathy.

CONCLUSION

This study demonstrates that flavonoid-rich extracts from 
Ocimum gratissimum leaves exert significant renoprotective 
effects in streptozotocin-induced diabetic rats. The extract 
enhanced antioxidant defenses by elevating GSH levels and 
increasing the activities of GST, GPx, CAT, and SOD, while 
reducing lipid peroxidation. Treatment also normalized renal 
function parameters, including creatinine, urea, uric acid, 
and electrolyte levels, and improved histological architecture 
of the kidney. Furthermore, downregulation of TGF-β1 and 
KIM-1 mRNA expression indicates inhibition of fibrotic and 
injury-related pathways. Collectively, these findings suggest 
that O. gratissimum may serve as a promising adjunctive 
therapy for preventing or mitigating diabetes-related kidney 
complications.
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