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ABSTRACT

Background: Drug-induced nephrotoxicity is a leading cause of acute kidney injury, with gentamicin, a
commonly prescribed aminoglycoside, known to cause dose-dependent renal impairment. Canavalia
ensiformis (jack bean) is a leguminous plant rich in phytochemicals with reported antioxidant and
cytoprotective properties. Objective: This study evaluated the nephroprotective effect of the methanolic
leaf extract of C. ensiformis against gentamicin-induced renal damage in mice. Materials and Methods:
Twenty-five male albino mice (25-30 g) were randomised into five groups (n = 5). Group 1 received
feed and water (standard control); Group 2 received gentamicin (100 mg/kg/day, i.p.); Groups 3-5
received gentamicin (100 mg/kg/day, i.p.) plus C. ensiformis extract (50, 100, or 200 mg/kg/day, p.o.)
for 12 days. Serum creatinine, urea, albumin, and total protein were measured, and the kidneys were
subjected to histopathological analysis. Results: Gentamicin significantly increased serum creatinine
(45.80 + 4.00 pmol/L) and urea (6.62 £+ 0.18 mmol/L) compared with the standard control (28.10 + 2.70
pmol/L; 4.60 = 0.60 mmol/L, P < 0.05). Co-administration of the extract dose-dependently restored
renal function, with the 200 mg/kg group showing the most significant improvement (creatinine: 30.20 +
0.42 pmol/L; urea: 3.45 + 0.11 mmol/L). Histological findings corroborated biochemical results:
gentamicin caused glomerular hypertrophy and tubular degeneration, while extract-treated groups
showed progressive restoration of renal cytoarchitecture, with near-normal morphology at 200 mg/kg.
Conclusion: Methanol leaf extract of C. ensiformis protected against gentamicin-induced nephrotoxicity
in mice, preserving renal function and architecture in a dose-dependent manner. These findings highlight
its potential as a nephroprotective agent and warrant further investigation into its phytochemical and
mechanistic properties.

Keywords: C. ensiformis, Gentamicin, Acute Kidney Injury, Nephrotoxicity, Renal Histopathology,
Albino Mice.

INTRODUCTION

Acute kidney injury (AKI) is a significant global health burden, contributing substantially to morbidity
and mortality, particularly in hospitalised patients ['l. Its multifactorial actiology includes sepsis,
ischemia, and drug-induced nephrotoxicity, with the latter accounting for up to one-quarter of all cases
[2], Nephrotoxic drugs often impair renal tubular and glomerular function, leading to disturbances in fluid
balance, electrolyte homeostasis, and nitrogenous waste excretion 31,

Gentamicin, a widely used aminoglycoside antibiotic, is effective against a broad spectrum of Gram-
negative bacteria but is well recognised for its nephrotoxic potential [ Gentamicin accumulates in the
renal proximal tubules, where it triggers oxidative stress, mitochondrial dysfunction, lipid peroxidation,
and inflammatory responses, culminating in tubular necrosis and impaired glomerular filtration [,
Despite advances in supportive therapy, there is currently no established pharmacological intervention to
prevent gentamicin-induced nephrotoxicity, making the search for novel protective agents’ imperative.

Medicinal plants have long been explored as sources of nephroprotective compounds [°! due to their rich
phytochemical profiles, including flavonoids, phenolics, saponins, and alkaloids, which exhibit
antioxidant and anti-inflammatory properties Ul C. ensiformis (Fabaceae), commonly called
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jack bean, a leguminous plant traditionally used in African
ethnomedicine, has been reported to contain bioactive constituents
such as flavonoids, tannins, and saponins [#1. While the plant has been
studied for nutritional and antimicrobial activities, its
nephroprotective potential has not been systematically evaluated.

Given the central role of oxidative stress in gentamicin-induced
kidney injury and the phytochemical richness of C. ensiformis, its
extract may possess renoprotective properties. Therefore, the present
study investigated the protective effects of the methanol leaf extract of
C. ensiformis on gentamicin-induced nephrotoxicity in mice, using
biochemical and histopathological endpoints to assess renal function
and architecture.

MATERIAL AND METHODS
Chemicals, Reagents and Equipment

All chemicals and reagents used were of analytical grade and obtained
from reputable suppliers in India. Methanol (Lobachem, India; 99.5%,
AR grade), 10% buffered formalin prepared from formaldehyde
solution (37-40%), gentian violet (96%), hematoxylin (95%), and
eosin (90%) were used for the study. The equipment used included a
light microscope (Primostar 415550-1501-000, Zeiss, USA),
microtome (AM-2268 ARI), analytical balance (Ohaus PR423/E-
420GX), automated tissue processor (Leica ASP300/ASP300 S), and
pH meter (Hellog PH-3C).

Plant collection and identification

Fresh leaves of C. ensiformis (1 kg) were collected in February 2023
from Uyo Local Government Area, Akwa Ibom State, Nigeria.
Botanical identification was performed by Prof. Henry Akinibosun,
Department of Plant Biology and Biotechnology, Faculty of Life
Sciences, University of Benin, Benin City, Edo State. A voucher
specimen (UBH-C448.3.2) was deposited at the departmental
herbarium. The leaves were shade-dried for 12 days, foreign matter
removed, and pulverised using a mortar and pestle.

Extraction

A 500 g portion of the powdered plant was extracted with absolute
methanol in a Soxhlet extractor at 67 °C. The methanolic extract of C.
ensiformis leaves (CEME) was concentrated under reduced pressure
using a rotary evaporator, weighed, stored in a labelled bottle, and
refrigerated at 4 °C until use P,

Ethical approval

Ethical approval was obtained from the Akwa Ibom State Ministry of
Health Ethics Committee (Approval no. AKHREC/11/07/25/350). All
experimental procedures adhered to the National Institutes of Health
Guide for the Care and Use of Laboratory Animals (NIH Publication
No. 85-23, revised 1996).

Experimental design

The animal experiment was conducted in the Animal House, Faculty
of Basic Medical Sciences, University of Uyo, Nigeria. The
experimental protocol was carried out according to the method
described by Rizwana et al. ', with slight modifications to suit the
conditions of the present study. Twenty-five inbred male albino mice
(25-30 g) were procured from the Animal House, Faculty of Basic
Medical Sciences, University of Uyo, Nigeria. Animals were housed
under standard conditions (12 h light/dark cycle, 25 + 2 °C) with free
access to feed and water.

Mice were randomly assigned to five groups (n = 5):

e Group 1 (Normal control): Received feed and water only.

e Group 2 (Sham control): Received gentamicin (100
mg/kg/day, i.p.).

e  Group 3: Received gentamicin (100 mg/kg/day, i.p.) +
extract (50 mg/kg/day, p.o.).

e  Group 4: Received gentamicin (100 mg/kg/day, i.p.) +
extract (100 mg/kg/day, p.o.).

e  Group 5: Received gentamicin (100 mg/kg/day, ip.) +
extract (200 mg/kg/day, p.o.).

All treatments were administered daily for 12 days. Body weights
were recorded at baseline and before sacrifice. On day 13, animals
were anaesthetised, sacrificed, and blood samples collected via
cardiac puncture. Kidneys were excised and processed for histological
analysis 1191,

Blood collection and serum separation

Blood samples were allowed to clot and centrifuged at 3000 rpm for 5
min. The serum was collected with Pasteur pipettes and stored at 4 °C
for biochemical analysis [11],

Biochemical analysis

Commercial diagnostic kits were used to assess renal function
biomarkers. Standard reagent kits were used to measure the amounts
of potassium and sodium in the serum. The alkaline picrate method
was used to quantify creatinine, and the diacetyl monoxime method
was used to determine urea concentration in accordance with the
Randox Laboratories assay procedure [!2. The concentrations of total
protein and albumin in the serum were quantified following the
standard procedures outlined by Tietz. ['3],

Statistical analysis

Data were expressed as mean + SEM. Statistical significance was
determined using one-way ANOVA followed by Student’s t-test for
pairwise comparisons at a 95% confidence interval (GraphPad Prism
version 6.01). A value of P < 0.05 was considered statistically
significant.

RESULTS
The effects of CEME on Kkidney function

The effects of C. ensiformis extract on renal biochemical indices in
mice are shown in Table 1. Serum creatinine levels in the treated
groups (50-200 mg/kg) displayed non-significant dose reduction
levels, Urea levels were notably lower at 100 and 200 mg/kg
compared to the standard control, with the sham control having the
highest value. Albumin levels remained relatively consistent across all
groups with no significant changes. Total protein levels were
significantly reduced at 200 mg/kg, whereas the sham control had the
highest level. Overall, the administration of CEME reduced the
changes observed in the sham group, particularly regarding urea,
suggesting a possible nephroprotective effect.

Effects of CEME on the renal histo-architecture

Histological evaluation of the kidney sections demonstrated distinct
differences across treatment groups (Figures 1-5). The control group
exhibited normal renal cytoarchitecture with well-defined glomeruli,
Bowman’s capsule, and renal tubules (Figure 1). Administration of
gentamicin alone (100 mg/kg) produced marked renal injury
characterized by hypertrophied glomeruli, obliteration of Bowman’s
space, and widespread glomerular degeneration (Figure 2). Co-
treatment with gentamicin and the plant extract showed dose-
dependent nephroprotective effects. At 50 mg/kg of extract (Figure 3),
partial improvements in the renal structure were observed, including
the presence of intact glomeruli and Bowman’s capsules, although
some glomeruli remained degenerated. Mice treated with 100 mg/kg
of extract (Figure 4) displayed further histological improvements,
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with most renal corpuscles appearing normal and only a few showings
evidence of atrophy. Notably, the highest extract dose (200 mg/kg)
exhibited the highest protection, restoring renal histo-architecture
close to normal with distinct glomeruli, Bowman’s capsule, and
Bowman’s space (Figure 5).

Table 1: Effects of CEME on the kidney biochemical parameters in mice

Treatment group Creatinine Urea Albumin Total protein
(umol/L) (mmol/L) (umol/L) (g/L)

Standard control 24.00 +2.30 4.60 = 0.60 12.70 £ 0.85 28.10 +2.70

50 mg/kg 25.60+2.11 4.88+£0.63 12.70 £ 0.59 25.20+5.33

100 mg/kg 23.00+1.19 3.85+0.26 13.40 +0.50 30.20 +0.54

200 mg/Kg 22.70 +0.96 3.45+0.11 12.50 £ 0.75 26.90 +0.28

Sham control 28.30 +2.30 6.62+0.18 13.70 £ 0.28 39.90+3.28

Data are expressed as mean + SEM, P < 0.05, n=5

Figure 1: Micrograph of the kidney of control mice given feed
and water showing well-structured and distinct renal histo-
structure, such as glomeruli (a), Bowman’s capsule (b), and
renal tubules (circle). H&E, x100 magnification.

Figure 2: Micrograph of the kidney of group 4 mice given 100
mg/kg of gentamicin alone, showing hypertrophied glomeruli
occluding the Bowman’s space (a) and degenerated glomeruli in
the majority of the renal corpuscles (b). H&E, x100 magnification
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Figure 3: Micrograph of the kidney of group 3 mice given 100
mg/kg of gentamicin plus 50 mg/kg of extract, showing some
improvements in the renal cytoarchitecture, such as glomerulus
(a), Bowman’s space and capsule (b), though with the presence
of a degenerated glomerulus (¢). H&E, x100 magnification

Figure 4: Micrograph of the kidney of group 2 mice given 100
mg/kg of gentamicin plus 100 mg/kg of extract, showing some
improvements in most of the renal corpuscles, such as glomerulus
(a), Bowman’s capsule (b), though with the presence of a few
atrophied glomeruli (¢). H&E, x100 magnification
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Figure 5: Micrograph of the kidney of group 1 mice given 100 mg/kg of
gentamicin plus 200 mg/kg of extract showing improvement of the renal cyto-
structure, such as glomeruli (a), Bowman’s capsule (b), and Bowman’s space
(¢). H&E, x100 magnification

DISCUSSION

Acute kidney injury remains a significant clinical challenge, with
drug-induced nephrotoxicity accounting for approximately 10-25% of
cases [, Aminoglycosides, particularly gentamicin, are effective
antimicrobials but are limited by their nephrotoxic potential.
Gentamicin primarily targets renal tubular epithelial cells, leading to
oxidative stress, lipid peroxidation, mitochondrial dysfunction, and
disruption of glomerular filtration.

Administration of CEME attenuated gentamicin-induced renal
dysfunction in a dose-dependent manner. The sham control group
exhibited significantly elevated (p < 0.05) serum urea level,
confirming renal impairment. In contrast, co-administration of CEME
preserved renal biochemical indices, with the 200 mg/kg dose
producing the most pronounced effect, as reflected by reduced serum
urea and creatinine levels. Albumin and total protein concentrations
remained relatively stable across all groups, suggesting preserved
plasma protein homeostasis (Table 1).

These findings are consistent with earlier studies that demonstrated
the nephroprotective effects of phytochemicals in plant extracts
against gentamicin-induced renal injury. For instance, Abo-Elmaaty et
al. reported that Moringa oleifera extract ameliorated gentamicin
nephrotoxicity by lowering serum creatinine and urea levels (%], while
Agu et al. observed similar protective effects with Vernonia
amygdalina 9. The biochemical preservation observed in the present
study suggests that CEME may exert comparable cytoprotective
actions.

Histopathological analysis supported these biochemical findings.
Renal tissues from the control group (Figure 1) displayed intact and
well-organised cytoarchitecture, characterised by distinct glomeruli,
Bowman’s capsules, and renal tubules, indicative of normal renal
physiology. Conversely, kidneys from mice treated with gentamicin
alone (Figure 2) exhibited marked pathological alterations, including
glomerular hypertrophy, obliteration of Bowman’s space, and
widespread degeneration of glomerular structures, features consistent
with reports by Gamaan et al., who described glomerular atrophy and

tubular necrosis as hallmarks of gentamicin-induced nephrotoxicity
[17]

Co-treatment with CEME conferred a dose-dependent protective
effect. At 50 mg/kg (Figure 3), partial recovery was evident, with
reappearance of Bowman’s space and reduced glomerular
degeneration, although some pathological changes persisted. At 100

mg/kg (Figure 4), a more substantial restoration of renal architecture
was observed, with most renal corpuscles displaying normal glomeruli
and Bowman’s capsules, and only a few showing residual atrophy.
Notably, treatment with 200 mg/kg CEME (Figure 5) produced
marked histological improvement, characterised by well-formed
glomeruli, intact Bowman’s capsules, and preserved Bowman’s space,
closely resembling the control group architecture. Similar dose-
dependent histological recovery has been documented with other
plant-based nephroprotective agents, such as Curcuma longa
(curcumin) 81 further supporting the role of phytochemicals in renal
tissue repair. Together, the current findings support existing research
on plant-based nephroprotectants and offer new evidence for the
protective potential of C. ensiformis methanol extract against drug-
induced kidney damage.

CONCLUSION

The methanol extract of C. ensiformis leaves demonstrated
nephroprotective activity against gentamicin-induced kidney injury in
mice. The extract preserved renal biochemical parameters and
histological architecture, with 200 mg/kg showing higher activity.
These findings suggest that C. ensiformis may possesses
nephroprotective potential.
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