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Abstract

Phytomedicine is increasingly incorporated into modern healthcare; however, safety concerns surrounding herbal remedies necessitate
comprehensive toxicological evaluation. Acacia polyacantha is widely used in Nigerian ethnomedicine for diabetes management, yet data
on its safety remain limited. This study evaluated the antioxidant capacity, hepatotoxicity, and histopathological effects of methanolic
stem bark extract of 4. polyacantha in alloxan-induced diabetic rats. Thirty rats were randomly assigned into six groups (n = 5): non-
diabetic control, untreated diabetic control, metformin-treated diabetic rats (150 mg/kg), and diabetic rats treated with the extract at 100,
200, and 400 mg/kg body weight for 21 days. Untreated diabetic rats exhibited marked oxidative stress, characterized by reduced
superoxide dismutase (46.08 + 1.86 U/mL) and glutathione (612.40 + 2.15 pg/mL), with elevated malondialdehyde levels (0.68 + 0.04
pmol/L), compared with non-diabetic controls (p < 0.05). Diabetes induction also resulted in significant hepatic dysfunction, evidenced
by elevated serum aspartate aminotransferase (AST; 60.60 = 0.69 U/L) and alanine aminotransferase (ALT; 70.11 + 1.08 U/L), reduced
albumin (7.48 + 1.78 g/dL) and total protein (9.63 + 2.20 g/dL), increased total bilirubin (1.41 + 0.21 mg/dL), and vascular congestion.
Treatment with A. polyacantha extract improved liver function parameters, with the most pronounced effect observed at 200 mg/kg. The
medium dose (200 mg/kg) significantly normalized AST (41.26 + 0.89 U/L) and ALT (46.13 + 1.02 U/L), restored albumin (6.02 + 0.25
g/dL) and total protein (12.21 + 0.96 g/dL), and reduced bilirubin levels (1.36 £ 0.08 mg/dL), comparable to metformin-treated and non-
diabetic rats (p > 0.05). Histopathological findings corroborated the biochemical results, revealing near-normal hepatic architecture in
extract-treated groups. These findings demonstrate that A. polyacantha stem bark extract exerts significant antioxidant and
hepatoprotective effects, supporting its relative safety and therapeutic potential in diabetes management.
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INTRODUCTION Furthermore, over 50% of clinically approved

pharmaceutical drugs in use globally are derived from

Phytomedicine is increasingly becoming an integral
component of modern healthcare, bridging ancient
traditional knowledge with contemporary scientific
research and pharmaceutical innovation. This resurgence
is driven by growing demand for natural therapies
perceived to be safer, the urgent need for novel drugs to
combat global health challenges such as antimicrobial
resistance, and scientific advancements that enable the
isolation, characterization, and optimization of plant-
derived bioactive compounds. Additionally, the high cost
and limited accessibility of synthetic drugs have
encouraged many individuals, particularly in developing
countries, to return to natural cures. Currently, more than
80% of the global population relies on medicinal plants
for disease treatment and management (WHO, 2023).

medicinal plants (Bareetseng, 2022).

The phytomedicine industry has experienced
remarkable growth, with the global market valued at
approximately USD 71 billion in 2023 and projected to
exceed USD 328 billion by 2030 (Grand View Research,
2026). In Nigeria, phytomedicine is rapidly being
integrated into mainstream healthcare, providing
employment opportunities for thousands of people,
including herbal practitioners, vendors, and researchers.
In 2024, the Nigerian herbal medicine market was
estimated at about USD 0.5 billion, with forecasts
indicating growth to nearly USD 0.96 billion by 2033
(Reed Intelligence, 2026). Herbal medicines are widely
used in Nigeria for managing various ailments, most
notably malaria and typhoid fever. Other commonly
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treated conditions include infections, gastrointestinal
disorders, hypertension, diabetes, infertility, respiratory
diseases, arthritis, theumatism, and general body pain.

Despite their widespread use, concerns regarding the
safety of herbal medicines persist. Several toxicological
studies, including those by Anywar et al. (2021) and
Yahaya et al. (2022), have demonstrated that medicinal
plants are not invariably safe as traditionally believed.
Hospitalizations following herbal medicine consumption
have been documented in multiple studies and case
reports (Amadi and Orisakwe, 2018; Tangnitipong et al.,
2021). Fatalities associated with herbal medicine use
often arise from inadequate regulation, intrinsic toxicity
of certain plants, and contamination or adulteration with
harmful substances (Ballotin et al., 2021). These factors
may result in severe organ damage, cardiac
complications, and adverse interactions  with
conventional medications. In Nigeria, several reports
have highlighted fatalities linked to herbal medicine
consumption due to plant misidentification, overdose,
and adulteration, with children being especially
vulnerable. Such incidents have contributed to hospital
admissions and mortality, although exact figures vary
across studies (Awodele ef al., 2014; Akpan and Ekrikpo,
2015; Aina et al., 2024). Consequently, government
efforts have intensified toward the standardization and
regulation of herbal products to minimize unintended
health consequences. This underscores the necessity for
comprehensive toxicological evaluation of commonly
consumed medicinal plants to provide scientific evidence
that can inform herbal medicine policy and regulation in
Nigeria.

Among the medicinal plants widely used in Nigeria,
Acacia polyacantha (family Mimosaceae) is noteworthy
(Hammad et al., 2024). A. polyacantha is a large, fast-
growing, thorny tree widely distributed across tropical
Africa and commonly referred to as white thorn or
hookthorn due to its pale, often peeling bark and
characteristic dark, hooked thorns (Ashu et al., 2020). In
Nigerian traditional medicine, 4. polyacantha is used in
the management of diabetes, a property attributed to its
rich phytochemical composition, including flavonoids,
tannins, alkaloids, saponins, and triterpenoids (Tedi,
2023). However, scientific data on its toxicity and safe
dosage remain limited, necessitating toxicological
evaluation to support its potential integration into
mainstream diabetes care.

Toxicological assessment of medicinal plants
commonly involves the evaluation of antioxidant
activity, hepatotoxicity, and histopathological effects
using animal models. Antioxidant activity is frequently
assessed using spectrophotometric methods due to their
simplicity, cost-effectiveness, rapidity, and high
sensitivity (Christodoulou ef al., 2022). Hepatotoxicity is
typically evaluated through liver function tests using
automated biochemical analyzers, while
histopathological examinations provide insight into
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tissue-level alterations. The liver is particularly targeted
in toxicological studies because of its central roles in
detoxification and excretion of xenobiotics. Therefore,
this study evaluated the antioxidant capacity, hepatotoxic
potential, and histological effects of methanolic stem
bark extract of Acacia polyacantha in experimental rats.

MATERIALS AND METHODS

Plant sample collection and identification

Fresh stem bark of Acacia polyacantha was collected in
May 2025 from Zuru, Kebbi State, Nigeria. The plant
was identified and authenticated by a taxonomist in the
Department of Biological Sciences, Federal University
Birnin Kebbi (FUBK), and assigned a voucher number
(FUBK48). An authenticated specimen was subsequently
deposited in the departmental herbarium.

Extract preparation

The stem bark was thoroughly washed to remove
adhering debris, shade-dried at room temperature (25-30
°C) for 7 days, and pulverized using a mortar and pestle.
Exactly 320 g of the powdered material was macerated in
70% ethanol for 72 h with intermittent shaking. The
resulting mixture was filtered through a muslin cloth, and
the filtrate was concentrated using a ZD 41K30RA-C
rotary evaporator at 45 °C. The concentrated extract was
transferred into Petri dishes and air-dried at room
temperature, yielding approximately 6 g of crude
ethanolic extract, which was subsequently stored in a
desiccator until further use.

Source and management of animal samples

Thirty (30) healthy albino rats (Rattus norvegicus) of
both sexes, aged 6-8 weeks and weighing 150-200 g,
were obtained from the animal house of the Department
of Biological Sciences, Federal University Birnin Kebbi
(FUBK). The animals were acclimatized for one week in
metal cages under standard laboratory conditions (28 + 2
°C; 12-h light/dark cycle) and fed commercial rat pellets
(Vital Feed Limited, Lagos, Nigeria) with clean water
provided ad libitum.

Induction of diabetes in rats

Diabetes mellitus was induced wusing alloxan
monohydrate following the method described by Kim
(2024). Alloxan monohydrate was dissolved in 40 mL of
0.9% (w/v) normal saline and adjusted to pH 4.5. The
solution was administered intraperitoneally at a dose of
150 mg/kg body weight. Seventy-two hours after alloxan
administration, fasting blood glucose levels were
measured using a glucometer (Fantastik-Accu Glucose
Meter, IVD version 180705-1). Rats with blood glucose
levels ranging from 200 to 450 mg/dL, accompanied by
glucosuria, were considered to have developed moderate
diabetes.
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Experimental design

The thirty rats were randomly assigned into six (6)

groups (n = 5 per group) as follows:

= Group 1: Non-diabetic rats (negative control)

= Group 2: Untreated diabetic rats (positive control)

= Group 3: Diabetic rats treated with metformin (150
mg/kg body weight; standard drug)

= Group 4: Diabetic rats treated with extract (100
mg/kg body weight; low dose)

= Group 5: Diabetic rats treated with extract (200
mg/kg body weight; medium dose)

= Group 6: Diabetic rats treated with extract (400
mg/kg body weight; high dose)

The extract and metformin were administered orally
via gavage once daily for 21 days. Twenty-four hours
after the last treatment, the rats were sacrificed by
cervical dislocation. Blood samples were collected using
heparinized capillary tubes and transferred into EDTA-
containing tubes for liver function analysis. The livers
were immediately excised, processed, and prepared for
antioxidant, oxidative stress, and histopathological
analyses.

Liver function tests

The biochemical parameters, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP), were determined using ultraviolet,
colorimetric, and  spectrophotometric ~ methods,
respectively. Serum albumin and total protein
concentrations were quantified using the Biuret method.
All analyses were conducted as outlined by Yahaya et al.
(2019).

Antioxidant status and lipid peroxidation evaluation
The antioxidant status of the rats was assessed by
measuring the activities of superoxide dismutase (SOD)
and reduced glutathione (GSH), while lipid peroxidation
was evaluated by determining the level of
malondialdehyde (MDA), a well-known biomarker of
oxidative stress. All measurements were carried out in
tissue homogenates using standard spectrophotometric
methods, following the procedures described by Anyebe
etal. (2021).

The excised tissues were rinsed in ice-cold normal
saline, blotted dry, and homogenized in an appropriate
phosphate buffer (pH 7.4). The homogenates were
centrifuged at 3,000 rpm for 10 minutes at 4 °C, and the
resulting supernatants were used for biochemical
analyses. SOD activity was determined based on its
ability to inhibit the auto-oxidation of epinephrine, while
GSH levels were quantified using the 5,5'-dithiobis-(2-
nitrobenzoic acid) (DTNB) method. Lipid peroxidation
was assessed by measuring MDA levels using the
thiobarbituric acid reactive substances (TBARS) assay.
All assays were conducted according to established
protocols, and results were expressed per milligram of
protein.
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Histopathological examination

The liver tissues of the rats were prepared for
histopathological examination following the method
described by Yahaya er al. (2025). After sacrifice, the
tissues were carefully excised and immediately fixed in
10% neutral buffered formalin for adequate preservation.
The fixed tissues were dehydrated through ascending
grades of ethanol (65, 80, and 100%), cleared in xylene,
and embedded in paraffin wax. Sections of
approximately 4-5 um thickness were cut using a rotary
microtome (model YR421), mounted on glass slides, and
stained with hematoxylin and eosin (H&E) using
standard protocols. Histopathological evaluation was
carried out qualitatively under a light microscope, with
emphasis on tissue morphology, architectural integrity,
and cytological features.

Data analysis

Values were presented as mean + standard deviation
(SD). Statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS) version 22
for Windows. Data were analyzed using one-way
analysis of variance (ANOVA) followed by Tukey’s post
hoc test. Differences were considered statistically
significant at p < 0.05.

RESULTS

Antioxidant and lipid peroxidation status in rats fed
Acacia polyacantha

Table 1 shows the antioxidant and lipid peroxidation
values in control and diabetic rats administered the stem
bark extract of Acacia polyacantha. Untreated diabetic
rats (Group 2) exhibited a marked decrease in superoxide
dismutase (SOD) and reduced glutathione (GSH) levels,
followed by a substantial elevation of malondialdehyde
(MDA) concentration, compared with the non-diabetic
control (Group 1), indicating enhanced oxidative stress
due to diabetes. Treatment with metformin (Group 3)
significantly improved antioxidant status, as evidenced
by increased SOD and GSH levels and reduced MDA
concentration relative to the untreated diabetic group.
Similarly, rats treated with A. polyacantha extract
(Groups 4-6) showed dose-dependent restoration of
antioxidant defenses. The medium-dose extract (200
mg/kg; Group 5) produced the most pronounced effect
among the extract-treated groups, with SOD and GSH
values approaching those of the non-diabetic control and
a marked reduction in MDA levels. Overall,
administration of A. polyacantha stem bark extract
ameliorated diabetes-induced oxidative stress by
boosting  endogenous antioxidant enzymes and
suppressing lipid peroxidation, with efficacy comparable
to the standard antidiabetic drug as expressed by the
antioxidant values obtained.
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Table 1. Antioxidant and lipid peroxidation values in control and diabetic rats administered stem bark extract of Acacia polyacantha.

Concentration of antioxidants

Groups SOD (U/mL) Mean+ SEM GSH (mg/ml) Mean+ SEM MDA (nmol/L) Mean+ SEM
1 66.15+0.30 825.25 +0.67 0.22+£0.10
2 46.08 £ 1.86% 612.33 £1.67* 0.99 +0.032
3 59.86 £4.67° 931.31 £0.96° 0.29 +0.06°
4 5491 +£1.79° 698.42 £ 0.96° 0.68 +0.09°
5 63.54+£1.16° 812.21 £0.55° 0.28 £0.14°
6 4722 £1.29° 681.31 + 1.60° 0.69 £ 0.06°

Note: values were expressed as mean £ SEM (n = 5 per group). Group 1: non-diabetic rats (negative control), Group 2: untreated
diabetic rats (positive control), Group 3: diabetic rats treated with standard drug (150mg of metformin), Group 4: diabetic rats treated
with low dose extract (100mg), Group 5: diabetic rats treated with medium dose extract (200mg), Group 6: diabetic rats treated with
high dose extract (400mg). SOD: superoxide dismutase, GSH: reduced glutathione, MDA: malondialdehyde. Values within the same
column bearing the same superscript letters (a, b, c, or d) are not significantly different at p > 0.05 (ANOVA), and values marked with an

asterisk (*) are significantly different from the positive control at p < 0.05 (ANOVA).

Liver function parameters of rats fed Acacia
polyacantha

Table 2 presents the effects of A. polyacantha stem bark
extract on liver function indices in control and diabetic
rats. Induction of diabetes caused marked hepatic
dysfunction, as evidenced by significantly elevated
serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities in untreated diabetic
rats (Group 2) compared with the non-diabetic control
(Group 1) (p < 0.05). Treatment with metformin (Group
3) and A. polyacantha extract (Groups 4 and 6)
significantly reduced AST and ALT levels relative to the
positive control, suggesting partial amelioration of
diabetes-induced hepatocellular injury. However, the
medium-dose extract (200 mg/kg, Group 5) markedly

reduce AST and ALT activities compared with the

diabetic control and showed the greatest hepatoprotective
effect among the extract-treated groups.

Total protein and serum albumin levels were
significantly altered in untreated diabetic rats, reflecting
impaired hepatic synthetic function. Administration of A4.
polyacantha extract restored these parameters toward
normal values, with the medium- and high-dose group
showing no significant difference from the non-diabetic
control (p > 0.05). Total bilirubin was significantly
elevated in untreated diabetic rats compared with the
negative control group, but was reduced following
treatment with A. polyacantha extract, indicating a
beneficial effect of the extract on bilirubin levels.
Overall, administration of 4. polyacantha stem bark
extract improved liver function parameters in diabetic
rats, with the 200 mg/kg dose producing the most
pronounced hepatoprotective effect.

Table 2. Liver function parameters of control and rats fed Acacia polyacantha.

Groups AST (U/L) ALT (U/L) Albumin (g/dl) Total protein (g/dl) Total bilirubin (mg/dl)
Mean+ SEM Mean+ SEM Mean+ SEM Mean+ SEM Mean+ SEM

1 13.88 £0.70 15.07 £0.25 4.03 £0.20 12.66 £ 0.16 1.06 +0.04

2 60.60 = 0.69" 70.11 £1.08" 7.48 +£1.782 9.63+2.20% 1.41+0.212

3 18.71 £ 0.30° 59.88 £0.24" 6.27+£0.43" 12.0£0.13" 1.23£0.05"

4 48.15+1.23" 56.81 £1.03° 5.66+0.20° 9.80£1.90" 0.78 £0.12°¢

5 23.96 + 0.20* 29.77 £ 0.27* 4.95+0.53 * 11.04 +1.48* 1.18 £0.09*

6 39.80+0.28" 44.52 £0.89" 6.19£0.27° 12.66 £ 1.63° 1.32+0.03"

Note: values are expressed as mean £ SEM (n = 5 per group). Group 1: non-diabetic rats (negative control), Group 2: untreated diabetic
rats (positive control), Group 3: diabetic rats treated with standard drug (150mg of metformin), Group 4: diabetic rats treated with low
dose extract (100mg), Group 5: diabetic rats treated with medium dose extract (200mg), Group 6: diabetic rats treated with high dose
extract (400mg). AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase. Values within the same column bearing the same
superscript letters (a, b, ¢, or d) are not significantly different at p > 0.05 (ANOVA), and values marked with an asterisk (*) are
significantly different from the positive control at p < 0.05 (ANOVA).

Histopathological effects of Acacia polyacantha

Figure 1(a—f) illustrates the hepatic histoarchitecture of
control and diabetic rats treated with A. polyacantha stem
bark extract. The non-diabetic control group (Figure 1a)
showed normal liver architecture with well-preserved
hepatocytes and intact vascular structures. In contrast,
induction of diabetes resulted in marked vascular

congestion and distortion of hepatic architecture in
untreated diabetic rats (Figure 1b). Treatment with the
standard antidiabetic drug markedly attenuated these
pathological alterations, with near-normal hepatic
morphology  observed  (Figure 1c).  Similarly,
administration of A. polyacantha extract produced a
dose-dependent improvement in liver histology. Rats
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treated with the low dose (100 mg/kg; Figure 1d)
exhibited mild hepatocellular ballooning degeneration,
indicating partial protection. However, rats administered
the medium (200 mg/kg; Figure le) and high (400
mg/kg; Figure 1f) doses showed well-preserved
hepatocytes and normal vascular architecture,
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comparable to those observed in the standard drug-
treated and non-diabetic control groups. These findings
suggest that A. polyacantha stem bark extract confers
significant hepatoprotective effects against diabetes-
induced hepatic damage.

< 40pm —»

Figure 1. Photomicrographs of liver sections from rats treated with Acacia polyacantha stem bark extract (x100). (a) Liver of non-diabetic rats (Group 1)
showing normal histoarchitecture; (b) liver of untreated diabetic rats (Group 2) showing marked vascular congestion; (c) liver of diabetic rats treated with
metformin (Group 3) showing near-normal histoarchitecture; (d) liver of diabetic rats treated with 100 mg/kg extract (Group 4) showing hepatocellular
ballooning degeneration; (e) liver of diabetic rats treated with 200 mg/kg extract (Group 5) showing normal histoarchitecture; and (f) liver of diabetic rats

treated with 400 mg/kg extract (Group 6) showing normal histoarchitecture.

DISCUSSION

The present study demonstrates that the diabetes
induction in rats is associated with marked oxidative
stress, hepatic dysfunction, and structural liver damage,
whereas treatment with Acacia polyacantha stem bark
extract effectively attenuated these pathological
alterations. The significant reductions in superoxide
dismutase (SOD) and reduced glutathione (GSH) levels,
coupled with elevated malondialdehyde (MDA)
concentrations observed in untreated diabetic rats,
confirm elevated production of reactive oxygen species
and enhanced lipid peroxidation. These processes are
well-established contributors to diabetes-related tissue
injury and are consistent with the reports of Angie et al.
(2024) and Qnais et al. (2025). The restoration of
antioxidant enzyme activities and the suppression of
MDA levels following metformin treatment validate the
reliability of the experimental model and provide a
benchmark for comparison, as previously demonstrated
by Ahmed Mobasher et al. (2020) and Buczynska et al.
(2024). Notably, 4. polyacantha improved antioxidant
status, in line with the findings of Zaman et al. (2022)
and Basira et al. (2025). The medium dose (200 mg/kg)
exerted the most pronounced effect, suggesting an
optimal concentration at which bioactive phytochemicals
in the extract efficiently scavenge free radicals and
enhance endogenous antioxidant defenses, as reported by
Okpanachi et al. (2012). Although phytochemical
analysis was not conducted in the present study, A.
polyacantha has been widely reported to contain
flavonoids, terpenoids, oleanolic acid derivatives, sterols,

phenolic acids, and complex saponins, in addition to
alkaloids, tannins, and steroids. These constituents are
believed to underlie its traditional medicinal applications,
particularly its notable antioxidant properties (Ashu et
al., 2020; Batiha et al., 2022).

The increased serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) activities observed
in untreated diabetic rats indicate compromised
hepatocellular membrane integrity and leakage of
intracellular enzymes into the circulation (Ouyang et al.,
2024). The reduction of these enzymes following extract
treatment reflects stabilization of hepatocyte membranes
and improvement in liver function, consistent with earlier
findings by Yahaya et al. (2022b). Similarly, the
normalization of albumin and total protein levels
suggests restoration of hepatic synthetic capacity, while
decreased bilirubin concentrations indicate improved
bilirubin metabolism and excretory function (Martinez
Herreros et al., 2022).

Histopathological findings further corroborated the
biochemical results. Severe vascular congestion and
architectural distortion observed in untreated diabetic rats
were markedly ameliorated by 4. polyacantha extract,
with medium- and high-dose treatments restoring near-
normal hepatic morphology. These findings indicate that
A. polyacantha stem bark extract possesses significant
antioxidant and hepatoprotective effects in diabetic rats,
with efficacy comparable to metformin, thereby
highlighting its efficacy in the management of diabetes-
associated oxidative stress and hepatic complications.
Although reports on the hepatoprotective
histoarchitectural effects of A. polyacantha are limited,
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related species within the genus, such as Acacia nilotica
(Omara et al., 2012) and Acacia pennata (Shao et al.,
2022), have demonstrated comparable protective effects.

CONCLUSION

In conclusion, this study demonstrates that experimental
diabetes  induces  significant  oxidative  stress,
hepatocellular dysfunction, and structural liver damage in
rats. Treatment with Acacia polyacantha stem bark
extract effectively mitigated these alterations by restoring
antioxidant defenses, reducing lipid peroxidation, and
improving biochemical and histopathological indices of
liver function. The medium dose (200 mg/kg) exhibited
the most pronounced protective effect, suggesting an
optimal therapeutic window for its bioactive constituents.
The normalization of antioxidant enzymes, liver
transaminases, serum proteins, and bilirubin levels,
together with the marked improvement in hepatic
architecture, underscores the potent antioxidant and
hepatoprotective properties of the extract. Overall, the
findings indicate that 4. polyacantha stem bark extract is
comparable to metformin in attenuating diabetes-
associated oxidative stress and liver injury, highlighting
its potential as a natural remedy for managing diabetic
hepatic complications. Further studies, particularly
phytochemical  characterization and  mechanistic
investigations, are recommended to fully elucidate the
active compounds and pathways responsible for these
beneficial effects.

Completing Interest: The authors of the article stated
that there is no competing interest.

REFERENCES

Ahmed Mobasher, M., Galal El-Tantawi, H., Samy El-Said, K.
(2020). Metformin Ameliorates Oxidative Stress Induced by
Diabetes Mellitus and Hepatocellular Carcinoma in Rats.
Reports of biochemistry & molecular biology, 9(1), 115-128.
https://doi.org/10.29252/tbmb.9.1.115.

Aina, O., Gautam, L., Simkhada, P., Hall, S. (2024). Herbal
Medicine Associated Casualty and Fatality in South West
Nigeria: A Retrospective Analysis. Annapurna Journal of
Health Science, 1(7), 28-33. Retrieved from
https://www.nepjol.info/index.php/ajhs/article/view/64988.

Akpan, E. E., Ekrikpo, U. E. (2015). Acute Renal Failure Induced
by Chinese Herbal Medication in Nigeria. Case reports in
medicine, 2015, 150204. https://doi.org/10.1155/2015/150204.

Amadi, C. N., Orisakwe, O. E. (2018). Herb-Induced Liver
Injuries in Developing Nations: An Update. Toxics, 6(2), 24.
https://doi.org/10.3390/toxics6020024.

Angie, E., Girsang, E., Ikhtiari, R. (2024). Linking MDA Levels
and Blood Glucose in Streptozotocin-Induced Rat Diabetes:
Implications for Diabetic Complications and Therapeutic
Strategies. Jurnal Penelitian Pendidikan IPA, 10(6), 2898—
2905. https://doi.org/10.29303/jppipa.v10i6.7220.

BIOLOGY, MEDICINE, & NATURAL PRODUCT CHEMISTRY 15 (1), 2026: 1071-1077

Anyebe, D. A., Yahaya, T., Shemishere, U. B., Yaro, C. A,
Oladele, E. O., Maiyama, M. L. (2021). Methanol leaf extract
of Cassia tora ameliorates dextran sulfate sodium-induced
ulcerative colitis in BALB/c mice. Scientific African, 13,
¢00865. https://doi.org/10.1016/j.sciaf.2021.00865.

Anywar, G., Kakudidi, E., Byamukama, R., Mukonzo, I,
Schubert, A., Oryem-Origa, H., Jassoy, C. (2021). A Review
of the Toxicity and Phytochemistry of Medicinal Plant Species
Used by Herbalists in Treating People Living With HIV/AIDS
in Uganda. Frontiers in pharmacology, 12, 615147.
https://doi.org/10.3389/fphar.2021.615147.

Ashu, F. A., Na-lya, J., Wamba, B. E. N., Kamga, J., Nayim, P.,
Ngameni, B., Beng, V. P., Ngadjui, B. T., Kuete, V. (2020).
Antistaphylococcal Activity of Extracts, Fractions, and
Compounds of Acacia polyacantha Wild (Fabaceae).
Evidence-based complementary and alternative medicine:
eCAM, Aricle ID 2654247.
https://doi.org/10.1155/2020/265424.

Awodele, O., Amagon, K. 1., Usman, S. O., Obasi, P. C. (2014).
Safety of herbal medicines use: case study of ikorodu residents
in Lagos, Nigeria. Current drug safety, 9(2), 138-144.
https://doi.org/10.2174/1574886308666131229104104.

Ballotin, V. R., Bigarella, L. G., Branddo, A. B. M., Balbinot, R.
A., Balbinot, S. S., Soldera, J. (2021). Herb-induced liver
injury: Systematic review and meta-analysis. World journal of
clinical cases, 9(20), 5490-5513.
https://doi.org/10.12998/wjcc.v9.120.5490.

Bareetseng S. The Worldwide Herbal Market: Trends and
Opportunities. Journal of Biomedical Research and
Environmental Science, 3(5), 575-584.
https://doi.org/10.37871/jbres1482.

Basira, B. R. L., Aliyu, A. T., Ufuoma, B. S., Shamsudeen, A.,
Jamilu, D. B. (2025). Exploring the Free Radical Scavenging
Potential of Methanol Stem Bark Extract of Acacia
polyacantha (Farar Kaya). Bulletins of Natural and Applied
Sciences, 3(1), 65-70.
https://doi.org/10.5281/zenodo.17833778.

Batiha, G. E., Akhtar, N., Alsayegh, A. A., Abusudah, W. F.,
Almohmadi, N. H., Shaheen, H. M., Singh, T. G., De Waard,
M. (2022). Bioactive Compounds, Pharmacological Actions,
and Pharmacokinetics of Genus Acacia. Molecules (Basel,
Switzerland), 27(21), 7340.
https://doi.org/10.3390/molecules27217340.

Buczynska, A., Sidorkiewicz, 1., Kretowski, A. J., Adamska, A.
(2024). Examining the clinical relevance of metformin as an
antioxidant intervention. Frontiers in Pharmacology, 15,
1330797. https://doi.org/10.3389/fphar.2024.1330797.

Christodoulou, M. C., Orellana Palacios, J. C., Hesami, G.,
Jafarzadeh, S., Lorenzo, J. M., Dominguez, R., Moreno, A.,
Hadidi, M. (2022). Spectrophotometric Methods for
Measurement of Antioxidant Activity in Food and
Pharmaceuticals. Antioxidants, 11(11), 2213.
https://doi.org/10.3390/antiox11112213.

Grand View Research (2026). Herbal Medicine Market (2024 -
2030). Available at
https://www.grandviewresearch.com/industry-analysis/herbal-
medicine-market-report (Accessed January 5, 2026).

Hammad, A. A., Abdelgadir, A. A., Yassin, S., Alzain, A. A,
Ahmed, E. M. (2024). GC-MS, Antibacterial and in silico
Studies of Sudanese Acacia polyacantha Stem Bark Alcoholic
Extract. Journal of Experimental Pharmacology, 16, 365-376.
https://doi.org/10.2147/JEP.S480839.


https://doi.org/10.29252/rbmb.9.1.115
https://www.nepjol.info/index.php/ajhs/article/view/64988
https://doi.org/10.1155/2015/150204
https://doi.org/10.3390/toxics6020024
https://doi.org/10.29303/jppipa.v10i6.7220
https://doi.org/10.1016/j.sciaf.2021.e00865
https://doi.org/10.3389/fphar.2021.615147
https://doi.org/10.1155/2020/265424
https://doi.org/10.2174/1574886308666131229104104
https://doi.org/10.12998/wjcc.v9.i20.5490
https://doi.org/10.37871/jbres1482
https://doi.org/10.5281/zenodo.17833778
https://doi.org/10.3390/molecules27217340
https://doi.org/10.3389/fphar.2024.1330797
https://doi.org/10.3390/antiox11112213
https://www.grandviewresearch.com/industry-analysis/herbal-medicine-market-report
https://www.grandviewresearch.com/industry-analysis/herbal-medicine-market-report
https://doi.org/10.2147/JEP.S480839

Yahaya et al. — Assessment of Antioxidant Status, Hepatic Toxicity, ...

Kim, J. M. (2024). Induction of Diabetes Mellitus Using Alloxan
in Sprague Dawley Rats. Cureus, 16(6), e63359.
https://doi.org/10.7759/cureus.63359.

Martinez Herreros, A., Sangro, B., Garcia Rodriguez, A., Pérez
Grijalba, V. (2022). Analysis of the albumin-bilirubin score as
an indicator of improved liver function among hepatitis C virus
patients with sustained viral response after direct-acting

antiviral therapy. JGH open: an open access journal of

gastroenterology  and  hepatology, 496-502.

https://doi.org/10.1002/jgh3.12779.

Okpanachi, A. O., Goji, A. D. T., Ezekiel, I., Musa, K. Y., Tanko,
Y., Mohammed, A., Adelaiye, A. B. (2012). Effect of
Aqueous-Methanolic  Stem Bark Extract of Acacia
polyacantha on Blood Glucose Levels on Normoglycemic
Wistar Rats. International Journal of Animal and Veterinary
Advances, 4 3), 163-166.
https://maxwellsci.com/jp/abstract.php?jid=IJAVA&no=208&
abs=01.

Enayat A. Omara, E. A., Nada, S. A., Farrag, A. R. H., Sharaf, W.
M., El-Toumy, S. A. (2012). Therapeutic effect of Acacia
nilotica pods extract on streptozotocin induced diabetic
nephropathy in rat. Phytomedicine, 19 (12), 1059-1067.
https://doi.org/10.1016/j.phymed.2012.07.006.

Ouyang, G., Wang, N., Tong, J., Sun, W., Yang, J., Wu, G. (2024).
Alleviation of taurine on liver injury of type 2 diabetic rats by
improving antioxidant and anti-inflammatory capacity.
Heliyon, 10(7), ¢28400.
https://doi.org/10.1016/j.heliyon.2024.e28400.

Qnais, E., Alqudah, A., Gammoh, O., Bseiso, Y., Wedyan, M.,
Alotaibi, B. S., Aljabali, A. A. A., Hatahet, T. (2025).
Isorhamnetin as a promising agent for reducing diabetes-
induced cardiac damage: insights into antioxidant and enzyme
regulatory mechanisms. Molecular biology reports, 52(1),
1033. https://doi.org/10.1007/s11033-025-10941-1.

Reed Intelligence (2026). Nigeria Herbal Medicinal Products
Market Size & Outlook, 2025-2033. Available at
https://reedintelligence.com/insights/herbal-medicinal-
products-market/nigeria (Accessed January 5, 2026).

Shao, H., Xiao, M., Zha, Z., Olatunji, O. J. (2022). UHPLC-ESI-
QTOF-MS? analysis of Acacia pennata extract and its effects
on glycemic indices, lipid profile, pancreatic and hepatorenal
alterations in nicotinamide/streptozotocin-induced diabetic
rats. Food science & nutrition, 10(4), 1058-1069.
https://doi.org/10.1002/fsn3.2732.

Tajudeen, O. Y., Salisu, T. F., Oladele, E. O., Yaro, C., Iliyazu, N.,
Tukur, A., Izuafa, A., Yari, A. (2025). Toxicological

6(7),

1077

Evaluation of the Leaves of Mangifera indica L. (Mango) on
Albino Rats (Rattus norvegicus). Sultan Qaboos University
Journal for Science, 28 (1), 1-9.
https://doi.org/10.53539/squjs.vol28iss1pp1-9.

Tangnitpong, S., Jiranusornkul, S., Wongratanakamon, P. (2021).
Adverse events related to herbal products used by patents
presentng at emergency departments. European Journal of
Translational and Clinical Medicine, 4(2), 101-106.
https://doi.org/10.31373/ejtcm/142816.

Tedi, T. (2023). Study Literature: Acacia Plants Lower Blood
Sugar. International Journal Scientific and Professional, 2(1),
166-171. https://doi.org/10.56988/chiprof.v2il.32.

World Health Organization (WHO) (2023). Integrating Traditional
Medicine in Health Care. Available at
https://www.who.int/southeastasia/news/feature-
stories/detail/integrating-traditional-medicine
January 5, 2026).

Yahaya, T., Shehu, K., Isah, H. (2019). Toxicological evaluation
of the leaves of Guiera senegalensis (J.F. Gme), Cassia
occidentalis (Linn), and Ziziphus mauritiana (Lam). Beni-Suef
University Journal of Basic and Applied Sciences, 8, 14.
https://doi.org/10.1186/s43088-019-0015-y

Yahaya, T. O., Salisu, T. F., Obaroh, 1. O., Adelabu, M., Izuafa,
A., Danjuma, J. B., Sheu, H., Abdulgafar, 1. B. (2022a).
Toxicological Evaluation of Phytochemicals and Heavy metals
in Ficus exasperata Vahl (Sandpaper) Leaves obtained in
Birnin Kebbi, Nigeria. Plant Biotechnology Persa, 4(2), 1-7.
https://doi.org/10.48550/arXiv.2501.11037.

Yahaya, O. T., Oladele, E. O., Bunza, M. D. A, Yusuf, A. B,
Izuafa, A., Danjuma, J. B. (2022b). Hematotoxicity and
nephrotoxicity of long-term administration of Guiera
senegalensis (J.F. Gme), Cassia occidentalis (Linn), and
Ziziphus mauritiana (Lam) leaves obtained in Birnin Kebbi,
Nigeria. Journal of Herbmed Pharmacology, 11(3), 367-374.
https://doi.org/10.34172/jhp.2022.42.

Zaman, G. S., Alshahrani, M. Y., Barua, P., Aladel, A., Zaman, F.
A., Ahmad, 1., Khan, M. 1., Snoussi, M., Saced, M. (2022).
Screening of the antioxidant and antibacterial effects of
extracted essential oils from Thunbergia coccinea, Acacia
polyacantha, Polygonum micrpcephallum, Abies spectabilis
and Clerodendrum colebrookianum. Cellular and Molecular
Biology, 67(4), 56-67.
https://doi.org/10.14715/cmb/2021.67.4.7.

(Accessed


https://doi.org/10.7759/cureus.63359
https://doi.org/10.1002/jgh3.12779
https://maxwellsci.com/jp/abstract.php?jid=IJAVA&no=208&abs=01
https://maxwellsci.com/jp/abstract.php?jid=IJAVA&no=208&abs=01
https://doi.org/10.1016/j.phymed.2012.07.006
https://doi.org/10.1016/j.heliyon.2024.e28400
https://doi.org/10.1007/s11033-025-10941-1
https://reedintelligence.com/insights/herbal-medicinal-products-market/nigeria
https://reedintelligence.com/insights/herbal-medicinal-products-market/nigeria
https://doi.org/10.1002/fsn3.2732
https://doi.org/10.53539/squjs.vol28iss1pp1-9
https://doi.org/10.31373/ejtcm/142816
https://doi.org/10.56988/chiprof.v2i1.32
https://www.who.int/southeastasia/news/feature-stories/detail/integrating-traditional-medicine
https://www.who.int/southeastasia/news/feature-stories/detail/integrating-traditional-medicine
https://doi.org/10.48550/arXiv.2501.11037
https://doi.org/10.34172/jhp.2022.42
https://doi.org/10.14715/cmb/2021.67.4.7

THIS PAGE INTENTIONALLY LEFT BLANK



