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Abstract

Diabetes mellitus is linked with persistent hyperglycaemia, oxidative stress and tissue damage,
especially in the pancreas, liver and kidney. This study examined the possible synergistic effects
of aqueous ginger extract and glibenclamide on fasting blood sugar and antioxidant status in
alloxan induced diabetic Wistar rats. Thirty five rats were used. Diabetes was induced with alloxan,
and rats with fasting blood sugar above 7.0 mmol/L were selected for treatment. The animals were
divided into five groups: normal control, diabetic untreated, ginger treated, ginger + glibenclamide
treated and glibenclamide treated. Treatment lasted for 28 days. Fasting blood sugar was measured
on days 0, 14 and 28, while the pancreas, liver and kidneys were analyzed for reduced glutathione,
glutathione S transferase, superoxide dismutase and lipid peroxidation.

The diabetic untreated group showed increased fasting blood sugar, reduced antioxidant defence
and elevated lipid peroxidation. Ginger and glibenclamide improved glycaemic control and
antioxidant markers when administered separately. However, the combined treatment produced
the strongest effect, reducing fasting blood sugar from 7.36 + 0.9 mmol/L to 2.3 £ 0.9 mmol/L by
day 28 and improving antioxidant enzyme activities in the pancreas, liver and kidney. The findings
suggest that ginger may enhance the antidiabetic and antioxidant effects of glibenclamide,
although the very low glucose level indicates possible hypoglycaemic risk.

Keywords: Alloxan, diabetes mellitus, ginger, glibenclamide, oxidative stress, lipid peroxidation,
Wistar rats

Introduction

Diabetes mellitus is a chronic metabolic disorder characterized by persistent elevation of blood
glucose due to impaired insulin secretion, impaired insulin action, or both (Jadon et al., 2024).
Chronic hyperglycaemia is not only a marker of poor glucose regulation but also a major driver of
oxidative stress, inflammation, and tissue damage (Gonzalez et al., 2023). Oxidative stress
contributes to diabetic complications by impairing pancreatic beta cell function, disrupting
antioxidant defence systems, and damaging cellular lipids, proteins, and nucleic acids. Recent
reviews continue to identify oxidative stress as a central mechanism in the development and
progression of diabetes and its complications (Dinic et al., 2022).

Alloxan is widely used to induce experimental diabetes in rodents because of its selective toxic
effect on pancreatic beta cells. Its diabetic action is strongly linked with reactive oxygen species
generation and pancreatic beta cell damage, making it useful for studying hyperglycaemia,
oxidative stress, and potential antidiabetic interventions (Longkumer et al., 2021). In diabetic
experimental models, the resulting imbalance between free radical production and endogenous
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antioxidant defence can be assessed through markers such as reduced glutathione, glutathione S
transferase, superoxide dismutase, and lipid peroxidation (Engwa et al., 2022).

Glibenclamide is a sulfonylurea antidiabetic drug that lowers blood glucose mainly by stimulating
insulin release from pancreatic beta cells. This mechanism depends on the functional capacity of
surviving beta cells, which makes it relevant in experimental diabetes models where partial beta
cell damage may still permit drug response. Sulfonylureas stimulate insulin secretion by acting on
pancreatic beta cell potassium channels, leading to membrane depolarization and insulin release
(Tomlinson et al., 2022).

Ginger, scientifically known as Zingiber officinale, is a medicinal plant with reported antioxidant,
anti-inflammatory, and glucose lowering properties. Its bioactive constituents, including 6-
shogaol, gingerols and other related phenolic compounds, have been associated with improved
antioxidant enzyme activity and modulation of glucose metabolism (Ayustaningwarno et al.,
2024). Clinical and experimental studies have reported that ginger may reduce fasting blood
glucose and improve antioxidant status, making it a useful candidate for combination studies in
diabetes research (Rostamkhani et al., 2023).

The combined use of plant derived antioxidants with conventional antidiabetic drugs is of scientific
interest because such combinations may produce complementary or synergistic effects (Ebadi,
2025). Ginger may support antioxidant defence and reduce oxidative injury, while glibenclamide
directly promotes insulin secretion. A previous study comparing ginger and glibenclamide on
oxidative stress markers also supports the relevance of examining both agents in diabetic models
(Siregaret al., 2022). Therefore, this study investigated the synergistic effects of co administration
of aqueous ginger extract and glibenclamide on fasting blood sugar and selected antioxidant and
peroxidative markers in the pancreas, liver, and kidney of alloxan induced diabetic Wistar rats.

Materials and Methods

Study animals

Thirty five healthy wistar rats were used for the study. The animals were kept in clean laboratory
cages under standard environmental conditions, with access to feed and water. They were allowed
to acclimatize before the commencement of the experiment. Rats were maintained in accordance
with the Animal Ethics Committee’s guide for the care and use of animals in research and
education and the National Institutes of Health’s guide for the care and use of laboratory animals
(NIH Publications No. 8023, revised 1978). The experimental protocol was approved in
accordance with ethical standards

Identification and Preparation of aqueous ginger extract

Fresh leaf of ginger was collected and identified in the herbarium and a voucher number was
assigned. Fresh ginger rhizomes were obtained, washed thoroughly with clean water to remove
soil and debris, and the back peeled off. The cleaned rhizomes were cut into smaller pieces, air
dried at room temperature, and then pulverized into powder using a clean grinder. Agueous root
extract of ginger was made by macerating 2000 g of the ginger root in 12 litters of water for 72 h.
It was then filtering using Whatman No. 1 filter paper to obtain a clear aqueous filtrate. The filtrate
was concentrated using a water bath at low temperature to avoid heat destruction of active
compounds. The yield was 8.6%. The concentrated extract was stored in a clean airtight container
at refrigerated temperature until use. Before administration, the extract was reconstituted in
distilled water to obtain the required dose of 600 mg/kg body weight (EI-Bahr et al., 2022).
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Induction of diabetes

Diabetes was induced in the experimental rats using alloxan according to the method of Edo et al.,
(2024). After administration of alloxan (150 mg/kg bw), fasting blood sugar levels were checked
24 to 48 hours later. Rats with fasting blood sugar levels above 7.0 mmol/L were considered
diabetic and selected for the treatment phase of the study. Fasting blood sugar was measured using
the glucose oxidase method.

Experimental design
The animals were divided into five groups containing five rats each.
Group 1:  Normal control rats with normal fasting blood sugar levels.

Group 2:  Diabetic untreated rats.
Group 3: Diabetic rats treated with aqueous ginger extract at 600 mg/kg body weight.

Group 4: Diabetic rats treated with aqueous ginger extract at 600 mg/kg body weight plus
glibenclamide at 0.14 mg/kg body weight per day.

Group 5:  Diabetic rats treated with glibenclamide only.

The treatment lasted for 28 days after diabetes induction. Fasting blood sugar was measured on
day 0, day 14, and day 28. At the end of the treatment period, the rats were sacrificed, and the
pancreas, liver, and kidneys were collected and processed for biochemical analysis.

Biochemical assays

Reduced glutathione was determined using the method of Jollow et al., (1974), glutathione S
transferase activity was determined according to Habig et al., (1974), superoxide dismutase
activity was determined using the method of Misra and Fridovich, (1972) while lipid peroxidation
was assessed according to the method of Farombi et al., (2000).

Statistical analysis

Data were expressed as mean + standard deviation. Statistical analysis was performed using one
way analysis of variance for comparison among groups, followed by Tukey’s post hoc test for
multiple comparisons. Differences was considered statistically significant at p < 0.05.

Results and Discussion
Effect of co-administration of agueous ginger extract and Glibenclamide on fasting blood
sugar levels in alloxan induced diabetes in rats

Table 1 shows that the normal control group maintained stable glucose levels throughout the study
period. In comparism, the diabetic untreated group showed progressive hyperglycaemia,
increasing from day O to day 14 and day 28. This confirms persistence of diabetes in the untreated
rats and suggests that alloxan induction caused a sustained impairment of glucose regulation. The
co-administered group on the other hand caused a sustained reduction in fasting blood sugar levels
from day 0 to 14 and 28 when compared to control and either of the two intervention groups alone.
Though the administration of ginger and glibenclamide reduced fasting blood sugar levels
significantly compared to the untreated, the co-administered group was significantly more reduced.
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Table 1: Effect of co-administration of aqueous ginger extract and glibenclamide on fasting
blood sugar levels in alloxan induced diabetic rats

GROUP FBS Day 0 (mmol/L) FBS Day 14 (mmol/L) FBS Day 28 (mmol/L)
Control 4.1+1.2 4.0+0.9 4.1+1.0
Untreated 7.3+x1.1° 7.9+£0.3? 8.2£1.3?
Ginger 7.29+1.22 6.4+0.4%¢ 5.8+0.5 2
Ginger + Glibenclamide 7.36+£0.92 3.7+0.4° 2.3+0.9%
Glibenclamide 7.5£0.52 6.8+£1.1% 5.4%0.3%¢

Values are presented as mean+SD. 2 values differ significantly compared to control. ® values differ
significantly compared to untreated group. © values differ significantly compared to Ginger +
Glibenclamide group.
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Figure 1: Effect of co-administration of aqueous ginger extract and glibenclamide on fasting blood
sugar levels in alloxan induced diabetic rats

Effect of co-administration of aqueous ginger extract and Glibenclamide on pancreatic
antioxidant and peroxidative markers in alloxan induced diabetes in rats

Table 2 shows marked oxidative stress in the pancreas of the untreated diabetic group. Pancreatic
reduced glutathione, glutathione s transferase and super oxide dismutase decreased significantly
in the untreated diabetic group compared to control. Though the administration of aqueous ginger
extract and Glibenclamide individually improved the antioxidant status in rats significantly
compared to control, the co-administration of the two had more significant effect on the GSH
levels, GST and SOD activities. Lipid peroxidation increased significantly in the untreated group
compared to control. Administration of aqueous extract of ginger and glibenclamide both reduced
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the levels of peroxidation significantly compared to the untreated group. It was however observed
that the highest effect was achieved in the co-administered group.

Table 2: Effect of co-administration of aqueous ginger extract and Glibenclamide on
pancreatic antioxidant and peroxidative markers in alloxan induced diabetes in rats

GROUP GSH (ug/ml)  GST (U/mg protein) SOD (U/mg protein) LPO (U/mg protein)
Control 7.64+0.21 8.51+0.02 2.41+0.32 3.65+0.23
Untreated 3.73+0.02%* 4.61+0.03% 1.34+0.12 % 6.21+0.03%*
Ginger 6.68+0.02°° 7.21+0.02°° 2.21+0.32%¢ 3.91+0.34%
Ginger + Glibenclamide 8.69+0.12% 9.99+0.32% 3.52+0.22% 2.18+0.06%°
Glibenclamide 6.70+0.04820¢ 7.42+0.4130¢ 2.22+0.2" 3.960.22"

Values are presented as mean+SD. @ values differ significantly compared to control. ® values differ
significantly compared to untreated group. ¢ values differ significantly compared to Ginger +
Glibenclamide group.

Effect of co-administration of aqueous ginger extract and Glibenclamide on liver antioxidant
and peroxidative markers in alloxan induced diabetes in rats

Table 3 shows evidence of oxidative stress in untreated diabetic rats. Hepatic GSH, GST and SOD
reduced significantly in the untreated group compared to control. Administration of aqueous ginger
extract and Glibenclamide in their respective groups significantly increased the antioxidant
enzymes compared to the untreated. The co-administered group had more significant effect on the
antioxidant enzymes compared to the individual groups. Lipid peroxidation was significantly
higher in the untreated group compared to control. The administration of aqueous ginger extract
and Glibenclamide in their respective groups significantly reduced the levels of lipid peroxidation
compared to the untreated. The co-administered group had more significant effect on the
peroxidation levels compared to the individually administered groups.

Table 3: Effect of co-administration of aqueous ginger extract and Glibenclamide on liver
antioxidant and peroxidative markers in alloxan induced diabetes in rats

GROUP GSH GST (U/mg SOD (U/mg LPO (U/mg
(ng/ml) protein) protein) protein)
Control 8.68+0.23 8.72+0.32 2.21+0.11 3.21+0.33
Untreated 3.79+0.05*°  4.52+0.12% 1.21+0.33% 5.89+0.01%
Ginger 6.76+0.04%  7.33+0.45% 1.72+0.22% 3.74%0.22%
Ginger + Glibenclamide ~ 9.78+0.02®  9.62+0.16% 3.31+0.42% 4.12+0.42%
Glibenclamide 6.72+0.03%°  7.21+0.61%°  1.781+0.02%¢  3.592+0.21°¢

Values are presented as mean+SD. 2 values differ significantly compared to control.  values differ
significantly compared to untreated group. © values differ significantly compared to Ginger +
Glibenclamide group.
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Effect of co-administration of aqueous ginger extract and Glibenclamide on Kkidney
antioxidant and peroxidative markers in alloxan induced diabetes in rats

Table 4 shows that the untreated diabetic group showed reduced renal antioxidant defence and
elevated lipid peroxidation. Kidney GSH, GST and SOD reduced significantly in the untreated
group compared to control. Groups that received aqueous ginger extract and Glibenclamide
separately increased the levels of GSH and activity of GST and SOD significantly compared to
control. It was however observed that the group that was co-administered aqueous ginger extract
and Glibenclamide had the highest effect on the antioxidant parameters. Lipid peroxidation was
significantly higher in the untreated group, a trend that was reversed by administration of aqueous
ginger extract and Glibenclamide in their respective groups. But the co-administered group had
the most significant effect on the levels of lipid peroxidation.

Table 4: Effect of co-administration of aqueous ginger extract and Glibenclamide on kidney
antioxidant and peroxidative markers in alloxan induced diabetes in rats

GROUP GSH (ng/ml)  GST (U/mg protein) SOD (U/mg protein) LPO (U/mg protein)
Control 7.84+0.01 8.21+0.43 1.8520.22 3.89+0.45
Untreated 4.23+0.03% 3.93+0.53% 1.18+0.03% 6.49+0.23%
Ginger 7.2620.213¢ 7.44%0.34 3¢ 1.7240.03% 4.32+0.21"
Ginger + Glibenclamide 8.98+0.03% 9.53+0.21% 2.81+0.02% 2.81+0.41%
Glibenclamide 6.98+0.22%¢ 7.52+0.22%¢ 1.69+0.420¢ 4.41+0.44%¢

Values are presented as mean+SD. @ values differ significantly compared to control. ® values differ
significantly compared to untreated group. ¢ values differ significantly compared to Ginger +
Glibenclamide group.

Discussion

This study showed that alloxan induced diabetes produced sustained hyperglycaemia and oxidative
stress in the untreated diabetic rats. This was evident in the progressive increase in fasting blood
sugar from day 0 to day 28, together with reduced GSH, GST and SOD activities and increased
lipid peroxidation in the pancreas, liver and kidney. These findings confirm that alloxan caused
pancreatic beta cell injury and impaired glucose regulation, with associated oxidative damage in
metabolically active organs (Eguchi et al., 2021).

Treatment with aqueous ginger extract and glibenclamide separately improved fasting blood sugar
and antioxidant status when compared with the untreated diabetic group. Ginger may have
improved glycaemic control through its antioxidant phytochemicals, which help reduce oxidative
injury and support glucose metabolism (Li et al., 2022). Glibenclamide, on the other hand, most
likely reduced blood glucose by stimulating insulin release from surviving pancreatic beta cells
(Semwal et al., 2021). The improvement observed in both individual treatment groups suggests
that each agent had beneficial antidiabetic and antioxidant effects in the diabetic rats.

The combined administration of agueous ginger extract and glibenclamide produced the greatest
reduction in fasting blood sugar (Table 1). This indicates a possible synergistic effect between the
two treatments. The result suggests that ginger may have enhanced the glucose lowering action of
glibenclamide, possibly by reducing oxidative stress, preserving pancreatic function and
improving the metabolic environment for insulin action (Siregar et al., 2022). However, the very
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low fasting blood sugar recorded in the combined treatment group also suggests a possible risk of
excessive hypoglycaemia, which should be carefully considered in further studies.

The pancreatic antioxidant results further support the protective effect of the combined treatment.
The untreated diabetic rats showed marked reductions in GSH, GST and SOD, with increased lipid
peroxidation, indicating oxidative damage in pancreatic tissue. In contrast, the combined treatment
produced the highest antioxidant enzyme activities and the lowest lipid peroxidation level in the
pancreas. This suggests that the combination may have offered stronger protection against alloxan
induced pancreatic oxidative injury than either ginger or glibenclamide alone.

A similar pattern was observed in the kidney, where the diabetic untreated group showed reduced
antioxidant defence and elevated lipid peroxidation. The combined treatment produced the
strongest improvement in renal GSH, GST and SOD, with marked reduction in lipid peroxidation.
This finding is important because the kidney is highly vulnerable to diabetic oxidative stress, and
improved antioxidant defence may help reduce the risk of diabetes related renal damage (Wang &
Zhang, 2024).

In the liver, the untreated diabetic group also showed evidence of oxidative stress, as reflected by
reduced GSH, GST and SOD and increased lipid peroxidation. The combined treatment improved
hepatic antioxidant enzyme activities more than the individual treatments. However, the lipid
peroxidation value in the combined treatment group was lower than that of the untreated group but
not lower than the ginger only and glibenclamide only groups. This suggests that while the
combination improved hepatic antioxidant defence, its effect on hepatic lipid peroxidation was not
as strong as observed in the pancreas and kidney.

Generally, the findings from this research indicate that co administration of aqueous ginger extract
and glibenclamide produced better glycaemic control and stronger antioxidant defence than either
treatment alone in alloxan induced diabetic rats. This is in perfect agreement with the studies of
Nasir et al., (2022) where it was demonstrated that the co-administration of unripe plantain and
Glibenclamide led to better glycemic control. The results support the possible complementary role
of ginger as an adjunct to conventional antidiabetic therapy. However, the excessive reduction in
fasting blood sugar in the combined treatment group highlights the need for dose optimization,
variation of study duration, safety evaluation and further studies before such a combination can be
considered clinically relevant.

Conclusion

This study demonstrated that aqueous ginger extract and glibenclamide improved glycaemic
control and antioxidant defence in alloxan induced diabetic Wistar rats. While both treatments
showed beneficial effects when administered separately, their combined administration produced
a stronger reduction in fasting blood sugar and greater enhancement of antioxidant markers in the
pancreas, liver and kidney. The reduction in lipid peroxidation also suggests that the combination
may protect vital organs against diabetes induced oxidative damage. These findings indicate that
aqueous ginger extract may potentiate the antidiabetic and antioxidant effects of glibenclamide.
However, the very low fasting blood sugar observed in the combined treatment group suggests a
possible risk of hypoglycaemia. Therefore, further studies are recommended to determine the
safest effective dose, clarify the mechanism of interaction and assess the long term safety of
combining ginger extract with glibenclamide.
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