PUBLISHED BY
Universitas Muhammadiyah Palu,

Journal of Public Health a n d P h a rm acy Indonesia

and Pharmacy

jjlp Journal of Public Health

ORIGINAL RESEARCH

Effects of Moringa oleifera Leaf Extract on Serum 8-OHdG Levels in
Alloxan-Induced Diabetic Rats

Yuhendri Putra’3"", Arni Amir?", Eti Yerizel?", Hasmiwati?

'Doctoral Biomedical Program, Faculty of Medicine, Universitas Andalas, Padang, Sumatera Barat, Indonesia
2Faculty of Medicine, Universitas Andalas, Padang, Sumatera Barat, Indonesia

SFaculty of Nursing and Public Health, Universitas Prima Nusantara Bukittinggi, Sumatra Barat, Indonesia
Correspondence: Arni Amir. Email: hamir4967 @gmail.com

ARTICLE HISTORY
Received: 24 May 2026
Revised: 05 October 2026
Accepted: 07 October 2026
Published: 12 October 2026

ARTICLE IDENTIFIERS
Volume 6 - Issue 3 - 2026
Pages 483-489

DOI: 10.56338/jphp.v6i3.11226

ABSTRACT

Introduction: Oxidative stress contributes to the pathogenesis and complications of diabetes mellitus through excessive
production of reactive oxygen species, which can lead to oxidative DNA damage. Serum 8-Hydroxy-2"-Deoxyguanosine
(8-OHdG) is widely used as a biomarker of oxidative DNA damage. Moringa oleifera leaves contain various antioxidant
compounds that may help modulate oxidative stress under diabetic conditions. This study aimed to evaluate the effects
of Moringa oleifera leaf extract on serum 8-OHdG levels in alloxan-induced diabetic rats.

Methods: This exploratory, randomized, post-test-only experiment included 25 male Wistar rats allocated to five groups
(n = 5/group): non-diabetic control, alloxan-exposed diabetic control, and alloxan-exposed groups receiving Moringa
oleifera leaf extract at 250, 500, or 1000 mg/kg body weight orally once daily for 14 days. Alloxan monohydrate was
administered intraperitoneally at 150 mg/kg body weight. A fasting glucose level 2200 mg/dL at 72 hours defined
eligibility for the diabetic groups. Serum 8-OHdG was measured by enzyme-linked immunosorbent assay (ELISA), and
group means were compared using one-way ANOVA with p < 0.05 as the significance threshold.

Results: Serum 8-OHdG did not differ significantly among groups (F(4,20) = 1.55; p = 0.227). The 500 mg/kg group had
the numerically lowest mean (0.367 + 0.036 ng/mL), but this observation did not establish a treatment effect or an optimal
dose. The diabetic control mean (0.416 + 0.073 ng/mL) was not higher than the non-diabetic control mean (0.468 +
0.108 ng/mL).

Conclusion: This exploratory study did not demonstrate a statistically significant effect of Moringa oleifera leaf extract
on serum 8-OHdG under the tested conditions. The observed numerical variation should be interpreted cautiously and
does not establish antioxidant efficacy or an optimal dose. Larger, adequately powered studies with standardized extract
characterization, longitudinal glycemic assessment, and additional oxidative stress markers are warranted.
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INTRODUCTION

Diabetes mellitus (DM) remains a major global public health problem and is associated with substantial morbidity and mortality
because of its chronic metabolic and vascular complications. According to the International Diabetes Federation,
approximately 537 million adults were living with diabetes worldwide in 2021, and the prevalence is expected to continue
increasing in the coming decades (1). Persistent hyperglycemia contributes to the development of diabetic complications
through several interconnected biochemical pathways, particularly oxidative stress and chronic inflammation (2,3).
Oxidative stress occurs when the generation of reactive oxygen species (ROS) exceeds the capacity of endogenous
antioxidant defense systems. Under diabetic conditions, excessive ROS production may promote cellular injury through lipid
peroxidation, protein oxidation, mitochondrial dysfunction, and nucleic acid damage (3,4). Hyperglycemia-induced oxidative
stress has also been implicated in endothelial dysfunction and progression of both microvascular and macrovascular
complications in diabetes mellitus (5).

Among various forms of oxidative damage, oxidative DNA injury has received increasing attention because of its association
with cellular dysfunction and disease progression. One of the most widely used biomarkers of oxidative DNA damage is 8-
OHdG, which is generated through oxidative modification of guanine bases within DNA molecules (6). Elevated levels of 8-
OHdG have been reported in patients with diabetes mellitus and are considered indicative of increased oxidative stress and
impaired antioxidant defense mechanisms (7). Increased circulating or urinary 8-OHdG concentrations have also been
associated with vascular complications, chronic inflammation, and poor glycemic control in diabetic individuals (8).

Because oxidative stress is implicated in diabetic complications, plant-derived antioxidants have been investigated as
potential experimental interventions. Their biological effects depend on exposure, composition, and cellular context;
antioxidant activity cannot be inferred solely from natural origin (9,10).

Among medicinal plants with potential antioxidant properties, Moringa oleifera has been widely studied because of its rich
nutritional composition and broad pharmacological activities. Moringa oleifera leaves contain several antioxidant constituents,
including quercetin, chlorogenic acid, kaempferol, vitamin C, carotenoids, and polyphenolic compounds (11,12). Previous
experimental studies have demonstrated that administration of Moringa oleifera extract may improve glycemic status and
reduce oxidative stress in diabetic animal models (13,14). In addition, Moringa oleifera has been reported to modulate
endogenous antioxidant enzymes such as superoxide dismutase, catalase, and glutathione peroxidase (15).

Existing Moringa oleifera research has emphasized glycemic outcomes, lipid peroxidation, and antioxidant defenses (14,15).
Serum 8-OHdG assesses a different outcome: oxidative DNA injury; however, evaluating this marker is informative only when
its response in the experimental model and the performance of the assay are adequately characterized (6,8). This study
therefore examines a specific biomarker outcome rather than assuming that previously reported antioxidant effects extend to
serum 8-OHdG.

Alloxan-induced models provide an experimental approach to pancreatic 3-cell injury and hyperglycemia through ROS-related
mechanisms (16,17). However, the induction procedure alone does not establish that hyperglycemia persists throughout
treatment or that oxidative DNA damage is increased at the sampling endpoint. These features require direct verification when
interpreting an antioxidant intervention.

This study aimed to compare endpoint serum 8-OHdG concentrations between control groups and rats receiving Moringa
oleifera leaf extract after alloxan exposure. Medicinal plant standardization and phytopharmaceutical development provide a
rationale for future research, but this small, single-biomarker experiment was not designed to establish clinical benefit, a
therapeutic dose, or a public health intervention.

METHODS

Research Design

This exploratory laboratory study used a randomized, post-test-only control-group design to compare endpoint serum 8-OHdG
concentrations across five groups. Twenty-five rats were assigned to the groups by simple randomization (n = 5/group).
Experimental procedures and reporting were organized with reference to ARRIVE 2.0 recommendations (18).

Study Animals

A total of 25 healthy male Wistar rats (Rattus norvegicus), aged 8—10 weeks and weighing 180-220 g, were used in this
study. Male rats were selected to minimize hormonal variations that could influence oxidative stress parameters. The animals
were obtained from a certified laboratory animal facility and acclimatized for seven days before intervention under controlled
environmental conditions, including room temperature of 22—-25 °C, relative humidity of 50-60%, and a 12-hour light/dark
cycle. Standard pellet feed and water were provided ad libitum throughout the study period (17,18).

Induction of Diabetes Mellitus

Experimental diabetes mellitus was induced using alloxan monohydrate (Sigma-Aldrich®, USA) administered as a single
intraperitoneal injection at 150 mg/kg body weight and dissolved in sterile normal saline. Alloxan selectively damages
pancreatic B-cells through reactive oxygen species-mediated mechanisms, leading to insulin deficiency and hyperglycemia
(16). To prevent severe hypoglycemia after induction, the animals received 5% glucose solution for 24 hours. Fasting blood
glucose was measured 72 hours after induction using tail-vein sampling and a glucometer. Rats with fasting glucose =200
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mg/dL were considered diabetic and included in the experimental groups (17). This 72-hour measurement served as the post-
induction eligibility assessment; endpoint glucose monitoring was outside the 14-day intervention protocol.

Preparation of Moringa oleifera Leaf Extract

Fresh Moringa oleifera leaves were collected from local cultivation areas and identified by a botanist from the Faculty of
Pharmacy, Universitas Andalas. The leaves were washed, air-dried at room temperature, and ground into fine powder.
Extraction was performed by maceration with 70% ethanol for 72 hours with intermittent stirring. The extract was filtered and
concentrated using a rotary evaporator under reduced pressure to obtain a viscous crude extract. The extract was stored at
4 °C and reconstituted in distilled water before administration (12,14). The administered doses refer to crude extract mass.
Quality control comprised botanical identification and standardized extraction and storage conditions; quantitative
phytochemical standardization, extract-yield determination, and active-compound quantification were outside the study
protocol.

Experimental Grouping and Treatment Protocol

Twenty-five rats were allocated to five groups (n = 5/group) using simple randomization. The groups were as follows:
Non-diabetic control: rats receiving distilled water without alloxan induction.

Diabetic control: alloxan-exposed rats meeting the post-induction glucose entry criterion and receiving distilled water.
Treatment group P1 (diabetic rats receiving Moringa oleifera extract 250 mg/kg body weight)

Treatment group P2 (diabetic rats receiving Moringa oleifera extract 500 mg/kg body weight)

Treatment group P3 (diabetic rats receiving Moringa oleifera extract 1000 mg/kg body weight)

The extract was administered orally once daily by gastric gavage for 14 consecutive days. Body weight and general clinical
condition were monitored throughout the intervention period.

The dose range was used as an exploratory escalation within the preclinical design. A prior alloxan-rat experiment used an
aqueous Moringa oleifera leaf extract at 250 mg/kg (19), providing pharmacological context for the low-dose group. Because
the present study used a 70% ethanolic crude extract, the 500 and 1000 mg/kg groups were interpreted as exploratory doses
rather than established equivalent, optimal, or therapeutic dose levels. Body weight, general clinical condition, and mortality
were monitored throughout the 14-day intervention.

Blood Collection and Serum Preparation

At the end of the treatment period, animals were fasted overnight and anesthetized using ketamine-xylazine combination
anesthesia. Blood samples were collected through cardiac puncture under sterile conditions. Samples were centrifuged at
3000 rpm for 10 min to separate serum, which was then stored at =20 °C until biochemical analysis was performed.

Measurement of Serum 8-OHdG

Serum 8-OHJG levels were measured using a commercially available rat enzyme-linked immunosorbent assay (ELISA) kit
(BT LAB Bioassay Technology Laboratory, Shanghai, China; Cat. No. E0031Ra; 96-test format) according to the
manufacturer’s instructions. Serum samples and standards were prepared following the standardized assay procedures
provided by the manufacturer. Absorbance was measured using a microplate reader at a wavelength of 450 nm, and
concentrations were calculated from the standard calibration curve. The assay kits were stored at 2—8 °C before use to
maintain reagent stability. Results were expressed in ng/mL (6).

Data Collection Procedures

The primary outcome was endpoint serum 8-OHdG concentration. Fasting glucose measured 72 hours after alloxan exposure
was used to determine eligibility for the diabetic groups. The protocol focused on this endpoint and did not include baseline
serum 8-OHdG, endpoint glucose, insulin, or additional metabolic or oxidative stress biomarkers. Laboratory procedures and
biochemical analyses were conducted by trained personnel using standardized operating procedures.

Statistical Analysis

Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 25.0. Values are presented as mean +
standard deviation (SD), with each rat serving as the experimental unit (n = 5/group). The Shapiro—Wilk test and Levene’s
test were used to assess normality and homogeneity of variance, respectively. The primary between-group comparison was
performed using one-way ANOVA with p < 0.05 as the significance threshold. Eta squared (n?) was interpreted descriptively
as the proportion of observed variability attributable to between-group differences rather than as evidence of treatment efficacy
(20). A prospective sample-size calculation was not part of this exploratory experiment. Given the small group sizes, the non-
significant result was interpreted as insufficient evidence of a treatment effect rather than evidence of equivalence, and no
pairwise significance claims were made because the omnibus ANOVA was non-significant.

Blinding

Intervention administration was unblinded. Serum assays were performed by trained laboratory personnel using standardized
operating procedures and manufacturer-specified ELISA conditions. The absence of intervention blinding was treated as a
methodological limitation when interpreting the findings.
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Ethical Approval

Ethical approval was obtained from the Research Ethics Committee of the Faculty of Medicine, Universitas Andalas, Indonesia
(Approval No: 173/UN.16.2/KEP-FK/2025). The study followed institutional animal-care standards and the Guide for the Care
and Use of Laboratory Animals, with ARRIVE 2.0 used as reporting guidance (18). All 25 allocated animals completed the
experiment and were included in the analysis; no mortality or exclusions occurred. Animals were monitored throughout the
experiment for severe behavioral changes, inability to access food or water, and significant physical deterioration as humane-
endpoint indicators requiring early intervention.

RESULTS

All 25 male Wistar rats completed the experimental protocol and were included in the final analysis (n = 5/group), with no
mortality or exclusions. Rats in the alloxan-exposed groups met the fasting glucose eligibility criterion of 2200 mg/dL at 72
hours after induction. The 72-hour glucose assessment confirmed eligibility for the diabetic groups; endpoint glucose was not
part of the 14-day intervention protocol.

Serum 8-OHdG levels were measured to evaluate oxidative DNA damage after administration of Moringa oleifera leaf extract
in alloxan-induced diabetic rats. The mean serum 8-OHdG levels in each experimental group are presented in Table 1.

Table 1. Serum 8-OHdG Levels in Experimental Groups

Negative Control Non-diabetic 5 0.468 £ 0.108
Positive Control Diabetic 5 0.416 £ 0.073
P1 Moringa oleifera 250 mg/kg BW O 0.439 + 0.032
P2 Moringa oleifera 500 mg/kg BW 5 0.367 £ 0.036
RS Moringa oleifera 1000 mg/kg BW 5 0.415 £ 0.056

The negative control group had a mean serum 8-OHdG level of 0.468 + 0.108 ng/mL, whereas the diabetic control group
showed a mean level of 0.416 £ 0.073 ng/mL. Among the treatment groups, the 250 mg/kg body weight group had a mean
serum 8-OHdG concentration of 0.439 + 0.032 ng/mL. The lowest mean value was observed in the 500 mg/kg body weight
group (0.367 £ 0.036 ng/mL), whereas the 1000 mg/kg body weight group had a mean concentration of 0.415 + 0.056 ng/mL.
Shapiro-Wilk and Levene’s tests were nonsignificant (p > 0.05), and one-way ANOVA was used for the between-group
comparison.

One-way ANOVA showed no statistically significant difference in serum 8-OHdG among the five groups (F(4,20) = 1.55; p =
0.227). The effect-size estimate (n? = 0.24) described between-group variability but, given the nonsignificant omnibus test
and small group size, was not interpreted as evidence of treatment efficacy. The 500 mg/kg group had the numerically lowest
mean, but no statistically supported pairwise superiority, dose-response relationship, or optimal dose was established.

Serum 8-OHdG (ng/mL)

Non-diabetic Diabetic 250 myg/kg 500 mag/kg 1000 mag/kg
control control

Moringa oleifera doses are expressed per kg body weight
Mean = SD; n = 5 per group

Figure 1. displays the reported group means and SDs. This descriptive visualization contains no pairwise significance
annotations.

Figure 1. Endpoint serum 8-OHdG concentrations. Bars show the means and error bars show SDs from Table 1 (n = 5/group);
individual animal values are not displayed. Treatment labels follow the Methods and Table 1: 250, 500, and 1000 mg/kg body
weight. The reported omnibus ANOVA was nonsignificant (F(4,20) = 1.55; p = 0.227). No statistically supported pairwise
differences or optimal dose were established.
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DISCUSSION

This study did not demonstrate a statistically significant difference in endpoint serum 8-OHdG among the control and Moringa
oleifera treatment groups. This result represents an exploratory null finding under the tested conditions. The diabetic control
mean was lower than the non-diabetic control mean, so the model did not show the expected direction of change in endpoint
8-OHdG against which a protective treatment effect could be evaluated.

Oxidative stress is a plausible target in diabetes research: hyperglycemia-related mitochondrial and biochemical pathways
background does not demonstrate that the pathway was increased in the present animals or modified by the administered
extract.

The diabetic control mean was numerically lower than the non-diabetic control mean. Although 8-OHdG is widely used as an
oxidative DNA damage marker (6-8), this control pattern limits the inference that oxidative DNA injury increased at the study
endpoint. Possible contributors include sampling time, variability in model severity, and assay-related variability. A single
serum measurement also cannot identify the affected tissue or distinguish DNA damage from repair and clearance processes.
These factors restrict interpretation of treatment-control differences.

Interpretation of Key Findings

The mean serum 8-OHdG concentration of 0.367 ng/mL in the 500 mg/kg group represents a numerical observation within a
nonsignificant omnibus comparison. It does not establish an extract-attributable antioxidant effect, superiority over either
control, or an optimal dose. The n? value is therefore interpreted as a descriptive measure of between-group variability rather
than as evidence of efficacy (20).

Nonlinear antioxidant responses and hormesis have been discussed in the broader literature (23,24), but the present
experiment did not test a formal dose-response model and included no additional tissue, inflammatory, or oxidative-stress
biomarkers to support that mechanism. Accordingly, the observed dose pattern is treated as descriptive rather than as
evidence of hormesis or an optimal intermediate dose.

The nonsignificant result does not establish equivalence or exclude every biologically relevant effect. With five animals per
group, limited precision and statistical power remain important considerations (20,25). The p = 0.227 result is therefore
interpreted as insufficient evidence of a between-group effect under the present design.

Comparison with Previous Studies

Previous experimental and review literature describes glycemic and antioxidant outcomes after Moringa oleifera
administration (13-15,26). In contrast, the present study did not demonstrate a significant between-group difference in serum
8-OHdG. Abd Eldaim et al. used an aqueous leaf extract at 250 mg/kg and evaluated hepatic antioxidant defenses and lipid
peroxidation in alloxan-exposed rats (19). Those endpoints and that preparation differ from the present serum 8-OHdG
measurement and 70% ethanolic crude extract; the study therefore provides biological context rather than direct confirmation
of the present result or validation of the higher doses.

Moringa oleifera composition and processing vary, and the plant contains multiple potentially bioactive constituents
(11,12,27,28). Reviews of antioxidant biology and extraction methods emphasize that chemical composition and experimental
context influence biological responses (9,10,29). Because the present extract was used as a crude 70% ethanolic preparation,
differences in extract composition, outcome selection, treatment duration, sample size, and metabolic status may contribute
to differences from earlier studies. General accounts of diabetes-related oxidative stress and inflammation (30-32) provide
mechanistic context but do not substitute for direct evidence from the present model.

Limitations and Cautions

The exploratory sample size and absence of a prospective sample-size calculation limit precision and the ability to detect
small differences. Only endpoint serum 8-OHdG was measured, so baseline variability and within-animal change could not
be evaluated. The effect-size estimate was interpreted descriptively, and the nonsignificant result was not treated as evidence
of equivalence.

The protocol assessed fasting glucose after alloxan induction but did not include endpoint glucose, insulin, or additional
metabolic measurements. The unexpected control-group pattern therefore limits inference about the relationship between
glycemic status, oxidative DNA injury, and treatment. The study also did not include a standard pharmacological or antioxidant
comparator, limiting assessment of assay responsiveness to a known intervention.

The extract was administered as a nonstandardized 70% ethanolic crude preparation, so dose interpretation is based on
crude extract mass rather than quantified active constituents. The 500 and 1000 mg/kg groups were exploratory doses. These
features limit reproducibility and prevent designation of a therapeutic, optimal, or safety-validated dose from the present data.
Intervention administration was unblinded, which may increase the risk of performance or observational bias. Group allocation
used simple randomization, and all allocated animals completed the experiment with no exclusions. Standardized assay
procedures reduced analytical variability, but they do not remove the interpretive limitation created by an unblinded
intervention.

Recommendations for Future Research

Future experiments should predefine the primary outcome and sample-size justification, document the randomization and
blinding procedures in detail, and use standardized, chemically characterized extracts. Dose selection should be supported
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by preparation-matched pharmacological and safety evidence. Repeated glucose assessment together with baseline and
endpoint oxidative-injury measurements would strengthen model verification. Additional endpoints may include superoxide
dismutase, catalase, glutathione peroxidase, lipid peroxidation, and inflammatory markers, ideally with a suitable
pharmacological or antioxidant comparator (29,33). These steps would provide a stronger basis for evaluating translational
relevance.

CONCLUSION

Moringa oleifera leaf extract did not demonstrate a statistically significant effect on endpoint serum 8-OHdG in this exploratory
experiment. The numerically lowest mean at 500 mg/kg represents descriptive variation and does not establish antioxidant
efficacy, a dose-response relationship, or an optimal dose.

Interpretation is limited by the small sample, use of a crude extract without quantitative standardization, lack of endpoint
glycemic monitoring, and the control pattern in which diabetic 8-OHdG was not higher than non-diabetic 8-OHdG. These
findings neither establish therapeutic benefit nor demonstrate equivalence. Further adequately powered, standardized, and
transparently reported studies are warranted before translational claims are considered.
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