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A B S T R A C T 

Oxidative stress and inflammation drive diabetes. Conventional 
treatments inadequately target these. Neocarya macrophylla shows 
preliminary antioxidant promise. This study aims to investigate its 
antioxidant and anti-inflammatory effects in a diabetic rat model to 
address this research gap. Thirty-six male Wistar rats were 
randomised into four groups (n=6 per group): Normal Control, 
Diabetic Control, N. macrophylla Ethyl Acetate Fraction (120 
mg/kg), and Metformin (200 mg/kg). Type 2 diabetes was induced 
using a 60% HFD for four weeks, followed by a single 
intraperitoneal injection of STZ (40 mg/kg). Treatment was 
administered orally for four weeks. Post-treatment, oxidative stress 
biomarkers—Superoxide Dismutase (SOD), Catalase (CAT), 
Glutathione Peroxidase (GPx), and Malondialdehyde (MDA)—were 
quantified using spectrophotometric assays. Pro-inflammatory 
cytokines—Interleukin-6 (IL-6) and Tumour Necrosis Factor-alpha 
(TNF-α)—were evaluated using ELISA, while Catalase mRNA 
expression was assessed via RT-qPCR. Statistical analysis was 
performed using GraphPad Prism 9, applying One-way ANOVA 
followed by Tukey’s post hoc test, with p<0.05 considered 
significant.Treatment with the ethyl acetate fraction significantly 
increased SOD activity by 19% (p=0.007), GPx by 54% (p=0.04), and 
CAT by 136% (p<0.001) compared to diabetic controls, while 
reducing MDA levels by 41% (p<0.001), indicative of reduced lipid 
peroxidation. Pro-inflammatory cytokines IL-6 and TNF-α levels 
were reduced by 58% and 62%, respectively, in the treatment group 
compared to diabetic controls. Catalase mRNA expression showed a 
1.4-fold increase (p < 0.001). Notably, the ethyl acetate fraction’s 
effects were comparable to Metformin in modulating oxidative 
stress and inflammatory markers.This study demonstrates that the 
ethyl acetate fraction of N. macrophylla leaves exerts significant 
antioxidant and anti-inflammatory effects in HFD/STZ-induced 
diabetic rats, supporting its therapeutic potential as an adjunctive 
natural remedy in managing oxidative stress and inflammation 
associated with diabetes. 
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1. Introduction 

Diabetes mellitus is a chronic metabolic 
disorder characterised by persistent 

hyperglycemia, which triggers a cascade of 
metabolic disturbances leading to severe 
microvascular and macrovascular 
complications, including diabetic 
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nephropathy, neuropathy, retinopathy, and 
cardiovascular diseases [1, 2]. Prolonged 
hyperglycemia induces oxidative stress by 
enhancing the production of reactive oxygen 
species (ROS) through multiple biochemical 
pathways such as glucose auto-oxidation, 
polyol pathway flux, advanced glycation end-
products (AGEs) formation, and activation of 
protein kinase C (PKC) [2]. The excessive 
generation of ROS overwhelms the body's 
endogenous antioxidant defenses, resulting in 
oxidative stress that activates pro-
inflammatory pathways, notably the nuclear 
factor-kappa B (NF-κB) and NLRP3 
inflammasome, contributing significantly to 
the progression of diabetic complications [3]. 

Among the various forms of diabetes, type 
2 diabetes mellitus (T2DM) is predominantly 
associated with oxidative stress and chronic 
low-grade inflammation, which together 
mediate cellular and tissue damage, impairing 
organ function [4]. This pathophysiological 
interplay underpins the progression of 
diabetic complications and highlights 
oxidative stress as a pivotal therapeutic target 
in diabetes management [5]. 

Current pharmacological interventions, 
such as metformin, are effective in glycemic 
control and exhibit ancillary antioxidant and 
anti-inflammatory effects [6]. However, their 
use is often limited by adverse effects, 
including gastrointestinal discomfort and 
potential nephrotoxicity, especially in long-
term therapy [7]. Additionally, newer 
antidiabetic agents like SGLT2 inhibitors and 
GLP-1 receptor agonists offer cardio-renal 
protective benefits but are often cost-
prohibitive and associated with side effects 
such as genitourinary infections and 
gastrointestinal intolerance [8]. These 
challenges necessitate the exploration of 
alternative therapeutic strategies that target 
oxidative stress and inflammation with fewer 
adverse effects and lower costs, thus making 
plant-based therapies a promising adjunct or 
potential standalone treatment option [9]. 

The use of medicinal plants rich in 
bioactive compounds with antioxidant and 
anti-inflammatory properties has garnered 
significant interest in diabetes research [8]. N. 
macrophylla (Gingerbread plum), a medicinal 

plant native to West Africa, particularly 
northern Nigeria, has been traditionally 
employed to manage various ailments, 
including diabetes [10]. Phytochemical 
analyses have revealed that N. macrophylla 
leaves contain bioactive constituents such as 
flavonoids, phenolic acids, saponins, and 
alkaloids, which are known for their 
hypoglycemic, antioxidant, and anti-
inflammatory effects [11]. Previous studies 
have demonstrated the hypoglycemic 
potential of N. macrophylla leaf extracts, with 
evidence of improved hematological profiles 
and modulation of oxidative stress 
biomarkers in diabetic animal models [3, 12]. 

Despite these promising findings, limited 
studies have elucidated the specific molecular 
mechanisms by which N. macrophylla exerts 
its protective effects, particularly regarding 
the modulation of oxidative stress and 
inflammatory pathways. Moreover, the ethyl 
acetate fraction, known for its enrichment of 
polyphenolic compounds, has been postulated 
to possess superior bioactivity compared to 
other fractions like n-hexane or chloroform, 
yet this remains underexplored [3]. 
Evaluating the antioxidant efficacy of this 
fraction through catalase mRNA expression 
profiling and other oxidative stress markers 
could provide mechanistic insights into its 
therapeutic potential. 

In this context, the high-fat diet (HFD) and 
streptozotocin (STZ)-induced diabetic rat 
model is a well-established experimental 
platform that closely mimics the metabolic 
and inflammatory milieu of human T2DM, 
thereby providing a relevant system to 
investigate the efficacy of antioxidant-based 
interventions [13, 14]. Therefore, this study 
aimed to evaluate the antioxidant and anti-
inflammatory effects of the ethyl acetate 
fraction of N. macrophylla leaf in HFD/STZ-
induced diabetic rats by assessing its impact 
on oxidative stress markers, inflammatory 
mediators, and catalase gene expression. This 
investigation seeks to provide a mechanistic 
basis for the therapeutic use of N. macrophylla 
as a potential standalone intervention in the 
management of type 2 diabetes and its 
complications.  
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2. Materials and methods 

2.1. Materials 

Materials used include male Wistar rats, 
oral gavage cannula, dissecting kits, sample 
bottles, conical flasks, office pins, standard rat 
feed, ethanol, formaldehyde, xylene, 
centrifuge machine, methanol, burettes, 
cotton wool, glucometer (Accu-Chek, Roche 
Diagnostics), measuring cylinders, distilled 
water, custom-formulated high-fat diet (HFD), 
stopwatch, anaesthetizing chamber, digital 
weighing scale, phosphate-buffered saline 
(PBS), Streptozotocin (STZ; Sigma-Aldrich, 
USA), metformin 500 mg (Actavis, Chennai, 
India), 1-mL syringes with 23G and 25G 
needles. 

2.2 Plant Collection and Preparation 

The leaves of N. macrophylla (Gingerbread 
plum) were collected on 18th June 2022 from 
Jega Local Government Area, Kebbi State, 
Nigeria (Latitude: 12.2184° N; Longitude: 
4.3795° E) during the wet season. The plant 
was taxonomically identified at the Herbarium 
Unit, Department of Pharmacognosy and 
Ethnopharmacy, Faculty of Pharmaceutical 
Sciences, Usmanu Danfodiyo University, 
Sokoto, by Mallam Musa Magaji, and a voucher 
specimen (PCG/UDUS/CHRY/0001) was 
deposited. 

Leaves were air-dried under shade for 14 
days, pulverised using a mechanical grinder, 
and stored in airtight containers. A total of 
1961 g of powdered leaves was macerated in 
90% methanol for 6 days with intermittent 
agitation, following protocols described by 
Forouzandeh et al. [15]. The extended 
maceration ensured exhaustive extraction of 
polyphenols and flavonoids, known to be 
abundant in Nm leaves. 

The resultant filtrate was concentrated 
under reduced pressure using a rotary 
evaporator, yielding 288 g of crude Methanol 
Extract (MEL). A portion (200 g) was re-
suspended in distilled water, filtered, and 
sequentially partitioned with n-hexane (1 L), 
chloroform (1 L), ethyl acetate (2.5 L), and n-
butanol (2.5 L) to obtain respective fractions. 
The ethyl acetate fraction (EAF) was selected 
for this study based on prior evidence of 
superior antioxidant activity [16]. 

The LD₅₀ (565 mg/kg) was adopted from 
Yusuf et al. [17], derived from the leaf extract 
using oral administration in rats. For dosing, a 
stock solution of 24 mg/mL was prepared by 
dissolving the EAF in 0.1% dimethyl sulfoxide 
(DMSO) diluted with distilled water. This 
concentration was optimised based on 
solubility, preliminary tolerability tests, and 
dosing convenience for oral administration. 

2.3. Experimental Animals 

Thirty-six male Wistar rats (4 weeks old, 
80–120 g) were procured from the Animal 
Breeding Unit, Department of Human 
Physiology, Faculty of Basic Medical Sciences, 
Ahmadu Bello University, Zaria. Rats were 
housed in standard plastic cages, maintained 
at 25°C ± 2°C with a 12-hour light-dark cycle, 
and had free access to feed and water. After a 
14-day acclimatisation period, all 
experimental protocols were approved by the 
Research Ethics Committee of Usmanu 
Danfodiyo University, Sokoto (Ref: 
NHREC/UDUTH-HREC/30/03/202). 

2.4, Preparation of High-Fat Diet 

The 60% high-fat diet (HFD) was 
formulated by modifying the standard pellet 
diet (10 kg) by adding 3.6 kg (2.5 L) pig oil 
and 2.4 kg groundnut in a 3:2 ratio. This 
formulation was adapted from Gheibi et al. 
[18] and chosen for its proven efficacy in 
inducing insulin resistance mimicking human 
Type 2 diabetes.  

2.5. Induction of HFD/STZ Diabetes 

After acclimatization, rats were fed the 
HFD for 4 weeks. On day 29, rats were fasted 
for 8 hours and then administered a single 
intraperitoneal injection of STZ (40 mg/kg 
BW) dissolved in 0.1 M citrate buffer (pH 4.5). 
This dose induces partial beta-cell 
cytotoxicity, effectively simulating Type 2 
diabetes pathophysiology. 

To prevent acute hypoglycemia, rats were 
provided with 5% glucose solution for 24 
hours post-STZ injection. Fasting blood 
glucose levels were measured using an Accu-
Chek glucometer at 72 hours post-STZ and 
again after 10 days of induction. Rats with 
fasting blood glucose ≥ 180 mg/dL were 
considered diabetic.  
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Body weights and naso-anal lengths were 
recorded at baseline, pre-STZ, and weekly 
thereafter using a sensitive digital beam 
balance to calculate BMI. 

2.6. Experimental Design 

Diabetic rats were randomized into four 

groups (n = 6 per group): 

 Group 1 (Normal Control): Non-diabetic 
rats receiving distilled water. 

 Group 2 (Diabetic Control): HFD/STZ 
rats receiving distilled water. 

 Group 3 (Nm-Treated): HFD/STZ rats 
treated with Ethyl acetate fraction (120 
mg/kg BW) orally for 4 weeks. 

 Group 4 (Standard Drug Control): 
HFD/STZ rats treated with Metformin (200 
mg/kg BW) orally for 4 weeks. 

The sample size (n=6) per group was 
determined based on effect size estimates 
from prior Nm studies, aiming for a statistical 
power of 80% (β = 0.2) at a 95% confidence 
interval (α = 0.05). 

2.7. Sample Collection and Preparation 

At the study's conclusion, deep anesthesia 
was induced in rats via an intraperitoneal 
injection of ketamine (80 mg/kg) and xylazine 
(10 mg/kg). Following this, euthanasia was 
performed by cardiac puncture. Blood was 
collected into plain tubes, left to clot, and 
subsequently centrifuged at 3000 rpm for 10 
minutes at 4°C. The resulting serum was 
isolated and stored for subsequent 
biochemical analysis.  

Skeletal muscle was rinsed in ice-cold PBS, 
minced, and homogenized with protease 
inhibitors. The homogenate was centrifuged 
at 5000 × g for 15 minutes at 4°C. The 
resulting supernatant was collected for the 
subsequent analysis of oxidative stress 
markers and gene expression, preserving 
sample integrity for accurate assessment. 

2.8. Biochemical Assays 

Oxidative stress markers (SOD, CAT, MDA, 
GPx) were quantified using commercial assay 

kits (Beijing Solarbio Science and Technology 
Co., Ltd., China) following the manufacturer’s 
protocols, with absorbance readings recorded 
using a microplate reader (450 nm for SOD & 
MDA; 540 nm for CAT; 412 nm for GPx). 

2.9. Pro-Inflammatory Cytokine Assays 

Serum levels of IL-6 and TNF-α were 
measured using sandwich ELISA kits 
(MyBioSource, USA), adhering to the 
manufacturer’s instructions. Absorbance was 
measured at 450 nm, with a correction at 550 
nm. 

2.10. Gene Expression Analysis 

Total RNA was extracted from muscle 
tissues using the Daan Gene Nucleic Acid 
Extraction Kit (Lifeover, China). RNA integrity 
was confirmed via agarose gel 
electrophoresis, and purity (A260/A280 
ratio) was assessed using a NanoDrop 
spectrophotometer.  

cDNA synthesis and qRT-PCR were 
performed using the TransScript® Green one-
step qRT-PCR Supermix (TransGen Biotech, 
China). Primers (Table 1) were validated via 
BLAST (NCBI) to ensure specificity, and 
amplicon sizes were verified via melt curve 
analysis. 

β-actin was used as a reference gene after 
stability verification via geNorm analysis, 
confirming minimal variability across 
experimental groups. Relative gene 
expression was calculated using the 2^−ΔΔCt 
method [19], and experiments were 
conducted in triplicate. 

2.11. Statistical Analysis 

Data distribution normality and variance 
homogeneity were evaluated using the 
Shapiro-Wilk and Levene’s tests, respectively. 
All experimental values are reported as mean 
± standard error of the mean (SEM). Group 
comparisons were conducted via one-way 
analysis of variance (ANOVA) with Tukey’s 
honestly significant difference (HSD) post hoc 
test for multiple comparisons. A p-value less 
than 0.05 was deemed statistically significant. 
GraphPad Prism version 9.01 (GraphPad 
Software, Inc., USA) was used for all statistical 
analyses. 
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Table 1. The name and motif of the used primers 
Gene name Strand Motif (5`-3`) Reference 

Il-6 Forward AGGCAGAGTCATTCAGAGC 
[20] 

 Reverse CATTGGTAGTTGGGGTAGGA 

CAT 
Forward CCTCAGAAACCCGATGTCCTG 

[21] 
Reverse GTCAAAGTGTGCCATCTCGTCG 

β-actin 
Forward AGAGGGAAATCGTGCGTGAC 

[21] 
Reverse CGATAGTGATGACCTGACCGT 

 

3. Results 

3.1 Effect of Ethyl Acetate Fraction of 
Gingerbread Plum (N. macrophylla) Leaf on 
Oxidative Stress Markers in Type 2 
Diabetic Wistar Rats 

Table 2 shows the effects of the ethyl 
acetate fraction on oxidative stress 
parameters. Diabetic control rats exhibited a 
39.6% decrease in SOD activity and a 1.85-
fold increase in MDA levels compared to 
normal controls (p < 0.001). Treatment with 
the ethyl acetate fraction significantly 

improved SOD activity (+91.9% vs. diabetic 
control, p = 0.007) and GPx activity (+54.5%, 
p = 0.04), while reducing MDA levels by 40.6% 
(p < 0.001) relative to diabetic controls. 
Catalase activity was elevated in the ethyl 
acetate group (+135.5% vs. diabetic control, p 
< 0.001) and surpassed normal control levels 
by 15.7% (p = 0.02). The metformin group 
also demonstrated significant improvements 
across all oxidative stress markers, with SOD 
and catalase levels exceeding normal controls 
(+35.9% and +12.6%, respectively). 

 

Table 2. Effect of ethyl acetate fraction of nm leaf on oxidative stress markers in type 2 diabetic wistar 
rats (n = 6, Mean ± SEM) 

Variable 

Normal 
Control 

Diabetic 
Control 

Metformin 
(200 mg/kg) 

Ethyl acetate 
(120 mg/kg) 

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM 

SOD (u/ml) 15.62 ± 2.78 9.43 ± 0.26 21.22 ± 1.16 18.10 ± 0.22b** 
MDA (ng/ml) 88.15± 2.86 163.52 ± 2.27 99.51 ± 0.71 97.12 ± 1.34b*** 
GPx (Miu/ml) 11.21 ± 2.86 7.52 ± 0.49 10.01 ± 1.47 11.62 ± 1.07b* 

Catalase (ng/ml) 17.72 ± 0.04 8.71 ± 0.49 19.95 ± 0.23 20.51 ± 0.26a*,b*** 

SOD = Superoxide Dismutase, GPx = Glutathione Peroxidase, MDA = Malondialdehyde. Data were 
presented as the mean ± SEM, rats per group (n=6). SEM: Standard Error of Mean. ‘a’: p< 0.05 vs Normal 
Control. ‘b’: p< 0.05 vs Diabetic Control. ‘c’: p <0.05 vs Metformin. *: p<0.05, **: p < 0.01, ***: p< 0.001.  
 
3.2. Effect of Ethyl Acetate Fraction of N. 
macrophylla Leaf on Pro-inflammatory 
Cytokines (TNF-α and IL-6) 

As depicted in Figures 1 (left and right), a 
highly significant difference in the 
concentrations of the pro-inflammatory 
cytokines IL-6 and TNF-α was observed 
among the experimental groups (p < 0.001). 
Rats in the diabetic control group displayed a 
substantial inflammatory response, marked 
by a 2.8-fold elevation in IL-6 and a 2.5-fold 
rise in TNF-α relative to the normal controls. 
Therapeutic intervention with the ethyl 
acetate fraction produced a robust anti-
inflammatory effect, significantly lowering IL-

6 by 51.4% and TNF-α by 47.3% compared to 
the diabetic cohort (p < 0.001). Nonetheless, 
the suppression was not entirely complete, as 
IL-6 levels, while greatly improved, stayed 
slightly but significantly above those in the 
normal baseline group (p = 0.043). The 
response in the metformin-treated group 
mirrored this pattern of cytokine attenuation. 
Importantly, a direct statistical comparison 
between the ethyl acetate fraction and 
metformin revealed no significant difference 
in their efficacy for reducing either IL-6 (p = 
0.378) or TNF-α (p = 0.289), suggesting the 
novel treatment performs comparably to the 
standard drug in mitigating inflammation.
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Fig. 1. Left) Effect of ethyl acetate fraction of nm leaf on interleukin-6 in type 2 diabetic wistar rats. *: 
p<0.05, **: p < 0.01, ***: p< 0.001. Right) Effect of ethyl acetate fraction of nm leaf on tumour necrosis 
factor-alpha in type 2 diabetic wistar rat. *: p<0.05, **: p < 0.01, ***: p< 0.001. 
 

3.3 Effect of Ethyl Acetate Fraction on 
Relative Expression of Catalase mRNA 

As shown in Figure 2 (left), catalase mRNA 
expression was severely reduced by 68.4% in 
diabetic controls versus normal animals. This 
deficit was powerfully counteracted by 
treatment with the ethyl acetate fraction, 
which induced a robust 2.2-fold upregulation 
in expression compared to the diabetic group 
(p < 0.001). This result demonstrates a potent 
restorative effect of the treatment on the 
compromised antioxidant gene expression 
characteristic of the diabetic state in the 
model, significantly reversing the pathological 
downregulation. 

The standard drug metformin also showed 
efficacy, inducing a 1.9-fold increase. 
However, the restorative effects of both 
treatments were partial, as catalase mRNA 
levels, despite significant improvement, did 
not fully normalize and remained below the 
baseline of the healthy control group (p = 
0.034). This indicates a substantial, yet 
incomplete, recovery of antioxidant gene 
expression. All data include error bars 
denoting the standard error of the mean 
(SEM). 

3.4 Effect of Ethyl Acetate Fraction on 
Relative Expression of Interleukin-6 (IL-6) 
mRNA 

As illustrated in Figure 2 (right), IL-6 mRNA 
expression was significantly upregulated, 
showing a 3.2-fold increase in diabetic control 
rats relative to normal controls. 
Administration of the ethyl acetate fraction 
effectively mitigated this elevation, reducing 
expression by 46.9% compared to the diabetic 
group (p = 0.004).Despite this strong anti-
inflammatory effect, IL-6 mRNA levels in the 
treated animals remained elevated at 1.5-fold 
over the normal baseline. 

The group treated with metformin 
exhibited a similar pattern of reduction, with 
no statistically significant difference in 
efficacy compared to the ethyl acetate 
treatment (p = 0.061). A notable divergence 
was observed between the mRNA expression 
data and the previously measured serum IL-6 
protein levels. This discrepancy suggests that 
the regulation of IL-6 may involve substantial 
post-transcriptional mechanisms, a 
compelling area that merits deeper 
investigation to fully elucidate the pathway of 
inflammatory expression in this model. 
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Fig. 2. Left) Relative Expression of Catalase mRNA (Fold-Change) in Type 2 Diabetic Wistar Rats. 
*: p<0.05, **: p < 0.01, ***: p< 0.001. Right) Relative expression of il-6 mrna in type 2 diabetic wistar 
rats. *: p<0.05, **: p < 0.01, ***: p< 0.001.  
 
4. Discussion 

This study investigated the antioxidant and 
anti-inflammatory properties of the ethyl 
acetate fraction of Gingerbread plum (N. 
macrophylla) leaves in high-fat diet and low-
dose streptozotocin (HFD/STZ)-induced 
diabetic Wistar rats to elucidate its 
therapeutic potential in mitigating diabetes-
associated oxidative stress and inflammation. 

The results demonstrated a significant 
increase in antioxidant enzyme activities—
superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and catalase (CAT)—and a 
marked reduction in malondialdehyde (MDA) 
levels in both ethyl acetate-treated and 
metformin-treated groups compared to 
diabetic controls. The observed increase in 
SOD and GPx activity (~1.8-fold and ~1.5-fold, 
respectively) along with a decrease in MDA 
levels (a ~40.6% reduction compared to 
diabetic controls) underscores the antioxidant 
potential of the ethyl acetate fraction in 
ameliorating lipid peroxidation and oxidative 
stress-induced damage. Similar trends were 

reported in studies on Solanum indicum, 
which demonstrated a reduction in oxidative 
stress markers and enhanced enzymatic 
antioxidant defences in diabetic models [3, 12, 
22]. 

The anti-inflammatory effects observed in 
this study, evidenced by significant reductions 
in interleukin-6 (IL-6) and tumour necrosis 
factor-alpha (TNF-α) levels, are consistent 
with prior research indicating that plant-
derived bioactive compounds such as 
flavonoids, phenolics, and alkaloids possess 
anti-inflammatory and immunomodulatory 
activities [23, 24]. While the current study 
attributes these effects to phytochemicals 
present in N. macrophylla, the absence of 
HPLC/MS profiling data for the specific ethyl 
acetate fraction represents a limitation. 
Therefore, future studies should perform 
detailed phytochemical characterisation to 
identify active constituents responsible for 
these bioactivities. 

Gene expression analysis revealed a 
significant upregulation of catalase (CAT) 
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mRNA in the ethyl acetate-treated group 
compared to diabetic controls, aligning with 
the increased catalase enzyme activity 
measured. However, the expression did not 
fully reach normal control levels, suggesting a 
partial restoration of antioxidant gene 
expression. This could reflect a compensatory 
response to chronic hyperglycemia-induced 
oxidative stress, a phenomenon similarly 
noted in metformin-treated groups. The 
crucial role of catalase in detoxifying 
hydrogen peroxide and mitigating oxidative 
stress-induced apoptosis has been 
emphasized in previous studies focusing on 
diabetic nephropathy and cellular protection 
mechanisms [25-27]. 

Regarding IL-6 mRNA expression, a 1.6-
fold increase was observed in the ethyl 
acetate-treated group compared to normal 
controls, which is notably lower than the 
~3.2-fold increase in the diabetic control 
group. Although this suggests partial 
modulation of IL-6 expression, the modest 
upregulation compared to normal rats 
indicates that post-transcriptional regulation 
mechanisms may influence protein-level 
outcomes, as evidenced by the significant 
reduction in serum IL-6 protein levels. This 
discrepancy between mRNA expression and 
cytokine protein levels may be attributed to 
translational control pathways or feedback 
mechanisms involved in inflammatory 
signaling cascades [28-30]. 

5. Conclusion 

In conclusion, the ethyl acetate fraction of 
Gingerbread plum (N. macrophylla) leaves 
demonstrated significant antioxidant and anti-
inflammatory activities in HFD/STZ-induced 
diabetic Wistar rats by enhancing key 
antioxidant enzymes (SOD, GPx, and catalase) 
and attenuating lipid peroxidation (MDA 
levels). Additionally, the fraction effectively 
reduced pro-inflammatory cytokines (IL-6 
and TNF-α), indicating its potential in 
modulating oxidative stress and inflammatory 
responses associated with diabetes mellitus. 
Despite these promising findings, further 
investigations involving dose-response 
studies, phytochemical profiling (HPLC/MS), 
toxicity assessments, and functional metabolic 
evaluations are warranted to substantiate the 
therapeutic potential and safety of N. 

macrophylla leaf extracts. This study adds to 
the growing body of evidence supporting the 
development of plant-based therapies as 
adjuncts or alternatives to conventional 
antidiabetic medications in managing diabetic 
complications. 
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