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ABSTRACT

Gentamicin (GEN) is an extensively used aminoglycoside. Contrary to its antibacterial potential, it can
induce oxidative stress in several organs, including kidney. Amentoflavone (AMN) is a biflavonoid with
conspicuous pharmacological activities. The current study was held to estimate the curative efficacy of
AMN to antagonize the nephrotoxic effects instigated by GEN. 48 albino rats were separated into four
groups: control group, GEN administrated group (80 mgkg™! intraperitoneally), GEN + AMN treated
group (80 mgkg™' + 40 mgkg~!) and only AMN administrated group (40 mgkg~'). Following 30 days
of administration, results showed that GEN disturbed antioxidant enzymes i.e., glutathione (GSH), glu-
tathione reductase (GSR), glutathione peroxidase (GPx), glutathione S-transferase (GST), superoxide dis-
mutase (SOD), catalase (CAT) activity, besides elevated malondialdehyde (MDA) along with reactive
oxygen species (ROS) level. Besides this, level of inflammatory cytokines involving interleukin-6 (IL-6),
nuclear factor-kappa B (NF-xB), interleukin-1 beta (IL-1B), tumor necrosis factor alpha (TNF-a) &
cyclo-oxygenase-2 (COX-2) were escalated. Furthermore, treatment with GEN enhanced the level of
apoptotic proteins comprising of Bax, caspase-9 along with caspase-3 besides lessened the level of Bcl-
2. In addition to this, GEN reduced the level of albumin, creatinine clearance & augmented the level of
creatinine, urea, urobilinogen, urinary protein, kidney injury molecules-1 (KIM-1), neutrophil
gelatinase-associated lipocalin (NGAL) as well as instigated various histopathological damages.
However, co-treated group (AMN + GEN) revoked abovementioned renal dysregulations instigated by
GEN. Taken together, AMN could significantly counteract GEN-instigated nephrotoxic effects due to its
antioxidant capabilities.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

bacterial ailments, especially from gram-negative bacteria (Virani
et al., 2016). Nephrotoxicity can be induced by various sorts of

Aminoglycosides are potential semisynthetic or natural antibi-
otics obtained from actinomycetes. They placed among the first-
line medicines used clinically to treat infectious disturbance
(Krause et al., 2016). Gentamicin (GEN) is an amino-glycosidic
medicine which are employed to treat multiple life-threatening
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agents through several mechanisms, causing cellular apoptosis
and necrosis either by radiation or chemicals. About 20% of renal
toxicity is provoked by drugs while this proportion is much higher
in aged people following long-term exposure to these causative
drugs. GEN-induced nephrotoxicity results due to the intensive
production of ROS that eventually leads to renal dysfunction.
About 90% of gentamicin is excreted unaltered from proximal con-
voluted tubules in the kidney, resulting structural variations in
renal tissues. Chronic and higher doses of GEN causes in-vitro
and in-vivo free radical generation triggering multiple life-
threatening mechanisms (Bhatia et al., 2017).

Bioaccumulation of GEN in the proximal convoluted tubules
(PCT) causes inflammation, damages in the mesangial cells, renal
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tubular damages, enhance iron mediated lipid peroxidation and
ultimately renal disruption due to receptor-mediated endocytosis
(Nagai and Takano, 2004). In the kidneys, aggregation of GEN
results in structural alterations such as removal of the brush bor-
ders and tubular deterioration (Sardana et al., 2015). The underly-
ing mechanism of GEN-instigated renal toxicity is poorly known.
Previous literature linked the GEN-caused renal toxicity with
oxidative stress and brought down the defense system of nephron
as well as elevated the risk of kidney dysfunction (Balakumar et al.,
2010).

Flavonoids are characterized by their polyphenolic structural
composition and are known to possess various pharmacological
and biological properties (Maleki et al., 2019). Among these flavo-
noids, amentoflavone (AMN) stands out as a widely distributed
biflavonoid. It consists of two apigenin molecules that are con-
nected in a dimeric form and it contains six hydroxyl (OH) groups.
AMN is primarily obtained from species of Selaginella, a genus of
plants. It is eminent for its pharmacological abilities involving
anti-senescence, anti-diabetes, anti-tumor and anti-inflammation
(Yu et al., 2017). The objective of this study was to assess the ther-
apeutic potential of AMN in mitigating the renal damage caused by
GEN.

2. Material and methods
2.1. Chemicals

GEN was procured from Alexandria Pharmaceuticals, Egypt.
AMN was bought from Chengdu Must Biotechnology, China.

2.2. Animals

Experiment was held on 60-70 days old 48 albino rats weighing
190-220 g. Rats were housed at the University of Agriculture
Faisalabad (UAF). Constant temperature (25 + 2 °C) and twelve
hours of dark and light period were maintained. The selection of
12-hour dark/light photoperiod in experimental trial was predi-
cated on its ability to maintain the circadian rhythm of organisms
as it offered a balanced alteration between light and dark periods.
It is a standard procedure that ensures comparability across stud-
ies while minimizing stress and disruption and closely emulates
natural day length. Its implementation in experimental setups is
also highly practical. Moreover, accessibility to food and water
was ensured. Experiment was conducted in accordance with Euro-
pean Union of Animal Care and Experimentation (CEE Council
86/609) protocol.

2.3. Layout of experiment

4 groups of animals were made (6 rats in each). Control group
received an administration of normal saline. The GEN-treated group
received (80 mgkg™!) of GEN intraperitoneally. Co-treated rats
were exposed with AMN (40 mgkg~!) orally & GEN (80 mgkg™')
intraperitoneally. Only AMN supplemented animals were adminis-
tered with (40 mgkg~!) on daily basis during the entire period. The
dosage of GEN, 80 mgkg~! was administered in accordance with the
previous research of Kopple et al. (2002), while the usage of AMN at
a dosage of 40 mgkg ! was employed, it was based on the experi-
ment conducted by Alherz et al. (2022). On the 30th day of exami-
nation, rats were anesthetized with the help of ketamine
(60 mgkg ') as well as xylazine (6 mgkg '), then decapitated &
blood sample were taken for further analysis. After dissection, kid-
neys were separated, one of them was preserved in 10% formalin for
histology and the other was collected in plastic bag and kept at
—80 °C for the analysis of biochemical profile.
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2.4. Biological analysis of antioxidants

The activity of CAT was analyzed using Aebi (1984) protocol
while SOD’s activity was analyzed with the techniques of Sun
et al. (1988). The assessment of GPx activity was conducted by
using the methodology developed by Lawrence and Burk.
Ellman’s, 1959 method was used for the assessment of activity of
the GSH. GST activity was analyzed by Habig et al. (1974). The
Carlberg and Mannervik (1975) approach was employed to assess
GSR activity.

2.5. Analysis of ROS, MDA and H,0,

The concentration of ROS in the kidneys was evaluated using
methodology by the Hayashi et al. (2007). Analysis of MDA level
was carried out in-line with the process given by Ohkawa et al.
(1979). The Pick & Keisari (1981) method was used to detect the
concentration of H,O,.

2.6. Analysis of urine, serum profile

Employing standard diagnostic kits (MediScreen kit France),
urea, urinary proteins, albumin, urobilinogen, creatinine and crea-
tinine clearance levels were evaluated.

2.7. Analysis of KIM-1 & NGAL

NGAL & KIM-1 concentration was detected via KIM-1 Quan-
tikine ELISA kits and NGAL Quantikin ELISA Kkits, respectively in
compliance with the manufacturer’s advice (R & D System China
Co. Ltd., Changning, China).

2.8. Analysis of inflammatory markers

ELISA kits from Shanghai-YL-Biotech. Co. Ltd., China was
applied for estimating the concentration of IL-1B (CSB-E08055r),
NF-kB (CSB-E13148r) IL-6 (CSB-E04640r), TNF-ot (CSB-E07379r)
as well as COX-2 (CSB-E04640r).

2.9. Analysis of apoptotic markers

Utilizing ELISA kits from Cusabio Technology Llc, Houston, TX,
USA. Caspse-3 (CSB-E08857r), Bax (CSB-EL002573RA), Bcl-2 (CSB-
E08854r) and caspase-9 (CSB-E08863r) concentrations were
analyzed.

2.10. Histological study of renal tissues

The right kidneys from each rat were divided longitudinally and
placed in a solution (10% formalin) for about 24 h. Kidneys were
encased in paraffin wax and sliced into small pieces by using
microtome machine. These slices were stained with eosin follow-
ing hematoxylin & analyzed using light microscope, Olympus
BX51 (Imagetec Pvt. Ltd., Chennai, India), for histo-pathological
examination.

2.11. Statistical evaluation

Results were demonstrated as MEAN + SEM. One-way ANOVA
following Tukey’s test was employed for comparison between trea-
ted animals. P < 0.05 was set as a level of significance. Minitab
(software) Version 21.1.0 was utilized for the accomplishment of
analysis of data.
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3. Results
3.1. Effect of AMN on the activity of antioxidant enzymes

GEN-exposed rats manifested a notable (p < 0.05) decline in
anti-oxidant enzyme (GPx, GST, SOD, GSH, GSR) activity contrary
to control condition animals. In the co-administered rats,
GEN + AMN, resulted in a notable (p < 0.05) improvement in the
aforementioned enzyme’s activity when matched with GEN-
administered rats. Whereas, AMN (alone) administered animals
displayed the normal level of enzymes (Table 1).

3.2. Effect of AMN on the concentration of MDA, H,0, & ROS

GEN exposure exhibited a remarkable (p < 0.05) escalation in
levels of H,0,, MDA, ROS when matched with control rats. The ani-
mals with combine treatment of (GEN + AMN) expressed a notable
(p < 0.05) decrease in MDA, H,0,, & ROS concentration in contrast
to rats intoxicated with GEN. AMN administration (alone) showed
similar level of abovementioned markers as in the untreated ani-
mals (Table 2).

3.3. Effect of AMN on urine and serum profile

Treatment with GEN instigate a substantial (p < 0.05) elevation
in concentration of urinary protein, urobilinogen, urea, serum cre-
atinine as well a notable (p < 0.05) reduction was noticed in crea-
tinine clearance & albumin when matched with the control.
However, co-administration of GEN + AMN represented a remark-
able (p < 0.05) decrease in the concentration of urobilinogen, uri-
nary proteins, creatinine along with urea but a notable increase
in the albumin and creatinine clearance was found in contrast to
GEN administration. The treatment of AMN alone doesn’t express
any considerable difference when matched with the control ani-
mals (Fig. 1).

3.4. Effect of AMN on the concentration of KIM-1 and NGAL

Treatment with GEN prompted a profound (p < 0.05) rise in the
KIM-1 & NGAL'’s level as compared to control condition animals.
GEN + AMN significantly regulated the aforesaid dysregulation
contrary to GEN group. AMN administration alone showed similar
as in normal rats. (Table 3).

3.5. Effect of AMN on the concentration of inflammatory markers

GEN supplemented rats represented remarkable (p < 0.05) ele-
vation in concentrations of pro-inflammatory markers (IL-6, TNF-a,
COX-2, IL-1B, NF-kB) compared to the control, demonstrating
GEN’s role in potentially triggering inflammatory damage. The
co-treated animals expressed a notable (p < 0.05) reduction in
pro-inflammatory markers when matched to the GEN adminis-
tered rats. AMN when given (alone) displayed same results as in
untreated group (Table 4).
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Table 2
Effect of AMN on the concentration of MDA, TBARS and H,0,.

Groups MDA (micro mole/ ROS (umol/  H,0, (uM/min/mg
Liter) g) protein)

Control 0.80 + 0.08° 0.74 £ 0.10°  1.19 £ 0.09¢

GEN 492 +0.18° 8.19 £ 035 4.9+0.19°

GEN + AMN 1.74 £ 0.10° 340 +0.18" 1.86+0.11°

AMN 0.79 + 0.06° 0.72 +0.11° 1.17 £ 0.08¢

Values exhibiting dissimilar letters varies notably from other groups.

3.6. Effect of AMN on the level of apoptotic markers

Concentrations of caspase-9, caspase-3 & Bax’s level were esca-
lated in the GEN treated group while concentration of Bcl-2 was
reduced in comparison to the control, confirming that GEN has
the ability to cause apoptotic injuries. The co-treated
(GEN + AMN) group manifested a remarkable reduction in the
pro-apoptotic marker’s level relative to GEN exposed group.
Whereas AMN (alone) supplementation showed similar activity
of aforesaid markers with control rats (Table 5).

3.7. Effect of AMN on tissue histology

The histopathological observation of the control and AMN
group demonstrated the presence of a normal and intact structure
of glomerulus, Bowmen'’s capsule and convoluted tubules (Fig. 2A
and D). In contrast, the glomeruli of rats treated with GEN exhib-
ited significant congestion, accompanied by pronounced damage
to Bowman'’s capsule & alterations in the tubular system of the kid-
ney (Fig. 1B). However, the histopathological analysis of the co-
treated group (GEN + AMN) revealed an improved morphology of
the glomerular structure and restoration of the normal lining of
tubular renal epithelium (Fig. 2C).

4. Discussion

In the present experiment, GEN administration resulted in
reduction in the antioxidant enzyme’s activity involving GSH,
SOD, GPx, CAT, GST and GSR (Bansal et al., 2005). CAT performs a
pivotal function in the substantial conversion of H,0, into H,O
and molecular oxygen, consequently, it offers cellular defense
against oxidative injury caused by H,0, and hydroxide ions
(Aitken and Roman, 2008). SOD functions as a crucial catalyst in
the transformation of superoxide anion into H,O, & oxygen
(Liochev and Fridovich, 2010). GSR mediated the oxidation of glu-
tathione disulfide, thereby altering it into its reduced form (GSH)
(Kaneko et al., 2002). GSH exhibits its protective effects against
oxidative stress in mammalian cells via reducing the levels of not
only hydrogen peroxide but also other peroxides (Deponte,
2013). GST, being a versatile enzyme, participate in a wide range
of detoxification processes via catalytically conjugating elec-
trophilic toxins with the abundant glutathione molecules it con-
tains (Tirmenstein and Reed, 1989). GEN administration induced
a remarkable escalation in lipid peroxidation (MDA), H,O, & ROS
production. Lipid peroxidation along with oxidative stress (OS)

Table 1

Effect of AMN on the activity of antioxidant enzymes.
Groups CAT (U/mg protein ~ SOD (nanomole)  GSR (Nm NADPH oxidized/min/mg tissue)  GPX (U/L) GSH (Nm/min/mg protein)  GST (mg/dI)
Control 8.73 £ 0.49? 8.11 £ 0.15° 6.25 +0.12°¢ 27.25 + 1.55% 15.67 + 0.93° 21.97 + 1.69°
GEN 4.50 £ 0.18°¢ 3.25 £ 0.20° 2.75 £ 0.19°¢ 7.02 +0.23¢ 4.51 +0.72¢ 9.20 + 0.55°¢
GEN + AMN  7.29 + 0.22° 6.48 +0.27° 4.83 £ 0.09" 16.69 £ 2.10°  12.18 + 0.59° 15.42 + 2.18°
AMN 8.79 £ 0.48° 8.15 £ 0.18° 6.27 £ 0.13° 27.43 +1.74° 15.69 + 0.94° 22.03 + 1.67°

Values exhibiting dissimilar letters varies notably from other groups.
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Fig. 1. Effect of GEN and AMN on (A) Urea, (B) Creatinine, (C) Albumin, (D) Urobilinogen, (E) Urinary Protein, (F) Creatinine Clearance Levels. Bars Represent Mean + SEM

Values. Diffrent superscripts on bars indicate significant differences at p < 0.05.

reduces the ability of proximal convoluted tubules to function
properly which eventually results in renal failure (Ishtiaq et al.,
2022; Al-Kuraishy and Al-Gareeb, 2016). The aforementioned
antioxidant enzymes play a remarkable task in decreasing oxida-
tive stress prompted deformities (Zia-Ul-Haq, 2021). CAT predom-
inantly alters H,0, into H,O (Aitken and Roman, 2008). Toxic

superoxide is primarily converted by SOD into H,0, and '0, (EI-
Boshy et al., 2019). GPX acts as a quencher of H,0, (Ballatori
et al., 2009). In the present research, co-treatment GEN + AMN
enhanced the activity of the above-mentioned antioxidants and
diminish H,0,, ROS & MDA concentrations, indicating the curative
action of AMN against GEN. Thus, the ability of AMN in mitigating
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Table 3
Effect of AMN on the concentration of KIM-1 and NGAL.

Groups KIM-1 (ng/day) NGAL (mg/ml)
Control 0.27 + 0.03° 0.60 + 0.05°
GEN 0.86 * 0.05 1.82 +0.14°
GEN + AMN 0.52 + 0.05° 1.13 £+ 0.10°
AMN 0.25 + 0.04° 0.59 + 0.06°

Values exhibiting dissimilar letters varies notably from other groups.

the GEN instigated oxidative disturbance in kidneys is attributed to
its radicle scavenging ability as determined by invitro analysis
from Bajpai et al. (2019).

Administration of GEN enhanced the concentration of renal pro-
inflammatory proteins viz. IL-1B, TNF-o, IL-6 along with NF-xB
which are involved in acute inflammatory responses and other sev-
ere infections correlated with escalated level of ROS (Widowati
et al.,, 2022). Intensive upregulation of these cytokines specifically
NF-kB alters renal cellular configuration, causing damage to
glomerulus, proximal convoluted and distal convoluted tubules,
including collecting duct, affecting rate of filtration and reabsorp-
tion which disturbs normal activity of nephron (Irkin and Oztiirk,
2022; Akbaribazm et al., 2021). Our findings demonstrated that
the co-treatment with AMN and GEN significantly reduced the
concentration of pro-inflammatory markers. Whereas, AMN exerts
therapeutic action against elevated level of above-mentioned pro-
inflammatory cytokines due to its anti-inflammatory action (Kim
et al.,, 1998).

Administration of GEN elevated the concentration of apoptotic
proteins such as caspase-3, Bax & caspase-9 although down-
regulated the concentration of anti-apoptotic protein Bcl-2 in rats
which is related with acute apoptotic responses (Kandeil et al.,
2018). This imbalance in Bcl-2 & Bax stimulate the secretion of
cytochrome complex from the inner membrane of mitochondria
& enhances production of caspase-3 which is a major protein that
induces process of apoptosis in kidneys (Berens and Tyler, 2011).
Furthermore, our findings showed that co-treatment with
AMN + GEN maintained the level of pro-apoptotic markers while
upregulating the concentration of Bcl-2. AMN attenuated the
GEN instigated apoptotic impairments that may be attributed to
its anti-apoptotic nature (Zhang et al., 2015).

In the present experiment GEN treatment instigated a consider-
able escalation in the creatinine, urea, urinary proteins and uro-
bilinogen whereas we found a remarkable decrease in creatinine
clearance and albumin. Besides this, concentration of KIM-1 &

Table 4
Effect of AMN on the concentration of inflammatory markers.
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Fig. 2. Effect of GEN and amentoflavone on renal cortex of the rats. (A) Control
group presenting normal distal convoluted tubules, renal glomerulus and Bow-
man'’s space, (B) GEN treated group displaying epithelial flattening in tubules with
vacuolar degeneration, atrophied glomeruli and widening of Bowman’s spaces, (C)
Co-treated group of GEN + AMN representing recovering distal convoluted tubules,
renal glomerulus and Bowman'’s space almost near to normal architecture, (D) Only
AMN treated group with normal glomerulus.

NGAL were also escalated substantially which are the major indica-
tors of renal failure (Lei et al., 2015). Variation in glomerular archi-
tecture, dysregulation of filtration rate and subsequent disruption
in the functions of nephron are all associated with elevated the
level of nitrogenous end products (urea & creatinine) (Alvi et al.,
2022; Laurent et al., 1990). Aforementioned dysregulations in the
concentrations of NGAL & KIM-1 resulted in lethal conditions such
as vascular damage along with proximal tubular dysfunctions
(Dobrek et al., 2016). It was found that co-administration of AMN
and GEN effectively downregulated the urobilinogen, urinary pro-
teins, creatinine NGAL & KIM-1 concentrations. Besides this, the
concentration of creatinine clearance & albumin was escalated.
This mitigative effect may be ascribed to Reno-protective role of
AMN.

In the present investigation, GEN instigated histopathological
alterations including apoptotis, degradation of the epithelium in
the renal tubules and contraction of glomerular mesangial cells
(Lopez-Novoa et al., 2011). According to Quiros et al. (2011), GEN
aggregates over a prolonged period of time in the collecting
tubule’s epithelial cells, resulting in intracellular alterations that
eventually cause necrosis of the brush border and tubular cells.
GEN instigated nephrotoxicity causes reduction in renal blood flow

Groups NF-xB (ng/g tissue) TNF-a (ng/g tissue) IL-1B (ng/g tissue) IL-6 (ng/g tissue) COX-2 (ng/g tissue)
Control 13.65 + 1.71¢ 7.26 £ 1.12¢ 23.21 + 1.42¢ 8.44 +1.23¢ 15.94 + 1.79¢
GEN 85.26 + 2.39% 26.12 +2.42? 88.06 + 3.19° 51.18 £+ 3.52°2 84.78 + 2.69°
GEN + AMN 35.44 £ 2.21° 14.09 + 1.25° 3463 £ 1.71° 17.57 £ 2.21° 29.63 £ 2.53°
AMN 13.50 + 1.73¢ 7.19 £ 1.13¢ 23.14 + 1.43¢ 7.06 + 0.67¢ 15.57 £ 1.51¢

Values exhibiting dissimilar letters varies notably from other groups.

Table 5
Effect of AMN on the level of apoptotic markers of experimental groups.

Groups Bax (pg/mL) Bcl-2 (ng/mL) caspase-3 (pg/mL) caspase-9 (pg/mL)
Control 1.97 £ 0.14¢ 16.98 + 1.36° 3.45 +0.27°¢ 2.69 +0.32¢

GEN 7.44 +0.22° 3.59 + 0.53¢ 15.94 + 0.34° 13.91 £ 1.32°
GEN + AMN 292 £0.17° 13.53 £ 1.19° 7.58 £ 0.29° 4,67 £ 0.41°

AMN 1.94 £ 0.11¢ 17.03 + 1.38° 3.43 £ 0.26° 2.66 + 0.32¢

Values with different superscripts varies notably from other groups.
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through vasoconstriction, blockage of vasodilators and promotion
of leukocyte marginalization (Samiee-Zafarghandy and van den
Anker, 2013). Our result manifested that when AMN was given
to rats in combination with GEN, overt therapeutic response was
observed in the aforesaid renal damages generated by GEN. There-
fore, histoprotective potential could be ascribed to its anti-
apoptotic, anti-oxidant & anti-inflammatory nature of AMN.

5. Conclusion

The evidences from the present investigation illustrate that
AMN possesses the ability to mitigate the detrimental nephrotoxic
effects induced by GEN via modulating the levels of antioxidant
enzymes. AMN supplementation was observed to significantly
reduce renal reactive oxygen species, lipid peroxidation, serum
urea and creatinine concentration. Furthermore, it demonstrated
the capacity of AMN to restore the elevated levels of pro-
inflammatory & pro-apoptotic markers as well as alleviate the dis-
ruption in renal tissues. These results provide evidence that AMN
exhibits defensive properties that can be assigned to its anti-
apoptotic, anti-oxidant, anti-inflammatory & nephroprotective
capabilities.
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