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SUMMARY:  Amiodarone (AMD) is categorized as an antiarrhythmic. Serious side effects of the treatment included a significant
reduction in renal function. Extract from Ginkgo biloba leaves (GBL) has been shown to be an effective free radical scavenger and
antioxidant. The purpose of this study was to evaluate the effect of GBL extract on nephrotoxicity brought on by AMD. Forty male rats
were divided into four groups. Control in Group I. Group II got GBL extract. On the 21st day, AMD group received an intraperitoneal
(i.p.) injection of AMD. In GBL plus AMD group, rats received GBL for 21 days before receiving AMD. After four weeks, the rats were
sacrificed, and their kidneys were removed for histological, ultrastructural, N-acetyl-beta-D glycosaminidase (NAG) levels, renal function
markers like serum urea, creatinine, protein excretion rate, inflammatory cytokines and oxidative stress markers were determined. AMD-
induced kidney damage in rats may be brought on by oxidative stress producing significant renal cytotoxicity, as evidenced by biochemical,
histopathological, and electron microscopy investigations. After administering GBL extract to AMD group, every parameter that was
looked at through this study was significantly improved. According to the current study's findings, GBL extract reduced AMD-induced
nephrotoxicity by acting as an antioxidant.
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INTRODUCTION

Because of its ease, efficacy, and minimal inotropic
effects, amiodarone (AMD), was an appropriate
antiarrhythmic medicine utilized for cardiac dysfunctions
and heart arrhythmias treatment (Ono et al., 2022; Deng et
al., 2022). Despite its therapeutic action, however, may be
toxic to different organ systems (Ebeid et al., 2023). Multiple
organs and tissues experienced toxicities because of the long-
term use of AMD at an accumulative dosage (Istratoaie et

al., 2021). A reasonably frequent and treatable cause of acute
kidney injury, drug-induced nephrotoxicity, can be identified
and treated early. Drug-drug interactions' pharmacokinetics
or pharmacodynamics might result in additive or synergistic
toxicity. Additional nephrotoxicities, which are frequently
difficult to foresee or detect, can result from the introduction
of new drugs or from the usage of drugs outside of the
recommended dosage in a critical care situation  (Zhu et al.,
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2023). Additionally, there are an exponentially growing
number of novel pharmaceuticals being developed, including
chemotherapeutics and biological agents that may have
nephrotoxic effects (Gray et al., 2022).

The formation and accumulation of free radicals and
reactive oxygen species (ROS) increased by AMD therapy
led to damage to the DNA and cellular structure, which led
to diseases in stress-prone organs like the kidney, liver,
adrenal, and testis(Mihoubi et al., 2022; Liu et al., 2022).
Antioxidants that mitigate these cellular damages may reduce
oxidative stress and phospholipidosis in AMD-induced
toxicity (Tummino et al., 2021).

The kidney is essential to human physiology. Its
problems are thought to be a key contributor to disability
and, in the worst cases, to death (Das et al., 2017). A major
contributing factor to acute and chronic renal failure illnesses
is drug-induced renal impairment (Worth et al., 2022).

Many disorders are treated using natural supplements,
either to increase the effectiveness of the medication or to
reduce its hazardous side effects (Shalen et al., 2021). Ginkgo
biloba leaves (GBL) extract has been used extensively in
traditional Chinese medicine for decades as one of the most
popular herbal supplements (Vamos et al., 2022). G. biloba
polysaccharides, according to several researchers, exhibit a
variety of biological effects, including those that are
antioxidative, anti-inflammatory, immunomodulatory, and
anti-tumor (Razna et al., 2020).

One of the most popular phytotherapeutic
medications in the world, GBL is a traditional Chinese herbal
remedy with a long history of clinical use (Biernacka et al.,
2023). It contains antioxidant and anti-inflammatory
properties, according to recent pharmacological
investigations (Razna et al., 2020), and anti-platelet
aggregation properties (Cui et al., 2019). The primary
ingredients that perform its biological actions are terpene
Tri lactones and flavanol glycosides (Wang et al., 2023) and
offer defense against oxidative cell injury (Wang et al.,
2021). GBL extract is a nutraceutical herbal ingredient
(Tousson et al., 2019). It has large concentrations of
glycosides, flavonoids, terpenoids, diterpenes,
sesquiterpenes, flavanols, and polyphenols, which have
antioxidant properties, scavenge ROS, and protect against
oxidative cell injury (Behl et al., 2022; Noor et al., 2022) .

GBL has been shown to have nephroprotective
properties against methotrexate (Marin et al., 2022),
gentamicin, and cisplatin- triggered kidney impairment and
nephrotoxicity (Fang et al., 2021; Wei et al., 2022). In
addition to increasing blood flow, the GBL extract also

reduced platelet aggregation and pro-inflammatory activities
(Li et al., 2022; Tao et al., 2022).

Creatinine and urea are undesirable byproducts of
protein metabolism that must be expelled by the kidney; thus,
a significant rise in these parameters, as seen in this study,
shows functional kidney impairment (Nayok et al., 2022).
Urea level can be raised by a variety of different factors,
including dehydration, antidiuretic medication, and food,
whereas creatinine is more relevant to the kidney since renal
injury is the only important factor that raises the serum
creatinine level (Miano et al., 2022).

A sensitive biomarker of renal parenchymal sickness
is urinary N-acetyl-beta-D glycosaminidase (NAG) (Mishra
et al., 2012; Popa et al., 2022). A lysosomal enzyme called
NAG, which primarily comes from proximal tubular cells,
passes into urine. This enzyme is characterized as being more
sensitive to renal tubular damage and more selective. Due
to NAG's stability in urine and its minimal individual
variation, which allows excellent reproducibility when using
colorimetric and spectrophotometric methods, a spot urine
sample may usually be used for the assay (Çuhadar &
Semerci, 2016; Wei et al., 2022).

To determine if GBL protects adult male rats from
developing kidney damage caused by AMD, the current
investigation was conducted which is accomplished through
the histological, ultrastructural, NAG levels, renal function
markers like serum urea, creatinine, protein excretion rate,
inflammatory cytokines, and oxidative stress markers.

MATERIAL AND METHOD

Material.  AMD were purchased from nearby pharmacies
in Jeddah, Saudi Arabia. All chemicals and kits with high
analytical grade were purchased from Biosystems
(Barcelona, Spain). The urine NAG level was assessed by a
colorimetric method utilizing a Nittobo Medial Co., Ltd.
(Tokyo, Japan) reagent and a JCA-BM 6010/c automated
chemistry analyzer (JEOL Ltd., Tokyo, Japan).
Malondialdehyde (MDA) (cat. MBS268427), glutathione
peroxidase (GPX) (cat MBS046356) and catalase (CAT) (cat
MBS9712526) were analyzed using special ELISA kits for
rats, My BioSource, CA, s).

Experimental rats and Diet. We acquired 40 mature male
Wister rats from the King Khalid Medical College Animal
House, each weighing 170±10 grams. They were housed in
the identical settings as laboratory rats and provided a diet
similar to that of AIN-93 (Reeves et al., 1993). They were
maintained in accordance with the policies of the King
Khalid Research Center.
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Induction of nephrotoxicity. Rats were given a single 50 mg/
kg injection of AMD to generate nephrotoxicity (Morales et
al., 2003).

Collecting GBL. The leaves of GBL were collected from
Sulaymaniyah north of Baghdad, Iraq, in September 2021,
then washed with deionized water, dried in shade for several
days at room temperature, and ground to powder.

Preparation of GBL extract. GBL was crushed to a fine
powder (500 g) and preserved in one liter of ethanol (80 %) at
room temperature. They were then combined for 48 hours with
a magnetic stirrer at a speed of 100 rpm. Using a rotary
evaporator, the extract was concentrated under vacuum at 40
°C. The condensed residue was then freeze-dried, and it was
stored at 4 °C in non-permeable glass containers until it was
needed (Shahidi et al., 2021).

Experimental design. For this investigation, King Khalid
University College of Medicine contributed twenty-four
mature male Wistar albino rats. Each rat weighed 200 ± 50 g
and was given free access to tap water and a pure diet, AIN-
93M (Research Diets, NJ, USA). Four groups of rats were
created, with each group receiving adequate care to reduce
pain or suffering. In addition, the welfare of experimental rats
was carefully monitored, and appropriate measures were taken
to ensure maximum welfare. The research ethics committee
at King Khalid University approved the experimental
approach, which was associated with the implementation to
be used and managed by laboratory animals from the National
Institutes of Health (NIH Publication No. 85-23, updated
1985). Following acclimation to the laboratory environment
for two weeks, the rats were split into four groups of six rats
each. The groups formed can be described as follows: There
were four groups of rats, each with ten rats. Group I (Control):
supplied with distilled water and under the same laboratory
conditions. Group II (Sham operated): got 100 mg/kg b.wt. of
GBL extract (Newman et al., 1998). Group III (AMD): were
i.p. administered on day 21 with a single dose of AMD at a
dose of 50 mg/kg after receiving distilled water for 3 weeks
(Morales et al., 2003). Group IV (GBL + AMD): obtained i.p.
injections of AMD on day 21 after receiving 100 mg/kg b.wt.
of GBL extract for 21 days.

After 24-h urine sampling, ketamine (75 mg/kg
intraperitoneally) and xylazine (13 mg/kg intraperitoneally)
were used to anesthetize the animals. Under anesthesia, renal
blood samples were collected from the rats and kidney samples
were obtained. Before being employed for biochemical
analysis, the obtained serum samples were separated and kept
at -80 °C.

Paraffin section preparation. After the eighth week

of therapy, the animals underwent light diethyl ether anesthesia
before being dissected to eliminate the kidney. A 24-hour
fixation in 10 % neutral buffered formalin was performed after
cutting the kidney into small sections, each measuring about
three mm3. The samples were washed to remove excess
fixative, dehydrated in ascending ethyl alcohol grades, then
cleaned twice with xylene. After that, the specimens were
impregnated with paraffin. According to (Mitsa et al., 2022),
pieces of (4-5 µm) thick were cut with a microtome, stained
with hematoxylin and eosin, and inspected under a light
microscope for histological evaluation. Using an Olympus
BX50 light microscope (Tokyo, Japan), histopathological
analysis was performed. The King Khalid University, College
of Medicine's Department of Pathology examined the samples.

Electron microscopy preparation. All animal groups' kidney
specimens were dissected into small pieces, each measuring
about one mm3, and then immediately fixed at 4 OC for 18–
24 h in freshly 3 % glutaraldehyde–formaldehyde. After
cleaning the samples in phosphate buffer (pH 7.4), postfix
them for an hour at 4 °C in isotonic 1 % osmium tetroxide.
Sections were prepared for electron microscopic analysis using
the technique of. To discover the area of interest, semithin
sections were stained with toluidine blue. Next, ultrathin
sections were created using glass knives and an ultra-
microtome. JEOL JEM-1011 transmission electron microscope
used for examination after being stained with uranyl acetate
and lead citrate (Lan et al., 2022).

Determination of renal functional markers. Creatinine and
urea levels in the blood were measured using an auto-analyzer
(Olympus AU-600, Tokyo, Japan) in accordance with
commercial kit protocols. Protein excretion rate was
determined by turbidimetric determination of total protein in
24-h urine samples (Santos et al., 2020).

Urinary N-acetyl-beta-D glycosaminidase (NAG). Rats
were individually housed in metabolic cages which allowed
for urine collection. Urine was collected for NAG an
assessment level. Using spectrophotometry, urinary NAG was
measured. NAG hydrolyzes 2-Methoxy-4-(2-nitrovinyl)-
phenyl 2-acetamido-2-deoxy-b-D-glucopyranoside (MNP-Lc
NAc) to produce 2-Methoxy-4-(2-nitrovinyl)-phenol. Using
a Shimadzu UV- Visible spectrophotometer model 2550, a
reddish color is created upon addition of an alkaline buffer
(pH 9.5), which can be detected at 505 nm (Çuhadar &
Semerci, 2016).

Measurement of oxidative stress biomarkers. The kidney
levels of MDA, as the marker of lipid peroxidation, were
assessed according to Thio barbituric acid (TBA) test
(Ohkawa et al., 1979). The absorbance was
spectrophotometrically determined at 532 nm.
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The kidney activities of glutathione peroxidase (GPX)
were established according to the method of Rotruck and
colleagues (Rotruck et al., 1973). The absorbance was
determined at 420 nm using an ELISA reader and GPX
activity is shown as U/mg protein.

The assay of CAT activities in kidney was carried
out based on the Sinha method (Sinha, 1972). For initiation
of the reaction, a sample (20 µL of supernatant) was added
in 2 ml of 30 mM hydrogen peroxide (H

2
O

2
) in a 50 mM

potassium phosphate buffer with pH 7.0. Enzyme units were
considered as mM of used H

2
O

2
 per min g or mL.

Statistical Analysis. Mean ± SD error (SE) was used to
represent all values. Multiple group comparisons were
conducted using a one-way ANOVA test, followed by LSD

test for biochemical parameters and the Dunnett T3 test for
real-time RT-PCR findings. The SPSS statistics program
(version 20) was used for statistical analysis. P-value < 0.05
was established as the statistically significant difference
between groups.

RESULTS

Histopathological findings (Figs. 1A-D). The histological
structure of the renal parenchyma (glomeruli and tubules)
in the control and GBL-operated groups of rats was normal.
The kidneys of the AMD-intoxicated rats had obvious signs
of renal tubular necrosis in their lumens. Examination of rat
kidneys that had been orally administered GBL extracts
revealed that the renal parenchyma appeared intact.

Fig. 1. Photomicrographs of all groups of rat kidneys of the experiment stained with H& E: Bar = 50 µm. A.
(Groups Control & GBL): a normal architecture of the renal cortex, a renal corpuscle surrounded by proximal
(P) and distal (D) convoluted tubules. The renal corpuscle contains the glomerulus (G) and is surrounded by
Bowman’s capsule. The parietal layer of glomerular capsule (Bowman’s capsule) is formed of simple squamous
epithelium (black arrow), while the visceral layer is formed of podocytes (blue arrow) with capsular space
(Bowman’s space) in between (s). B. (AMD group): A distorted architecture of the renal cortex; shrunken
glomerulus (G), wide Bowman’s space (s), discontinuity of glomerular capsule (black arrow). Some renal
corpuscles have capsular adhesions with the glomerulus (asterisks). There is also loss of tubular epithelium
(curved arrow), sloughing into the lumen, vacuolation (V), and extravasation (e). C. (AMD group): A distorted
architecture of the renal cortex; shrunken glomerulus (G), wide capsular space (s), discontinuity of glomerular
capsule (black arrow). Some renal corpuscles have capsular adhesions with the glomerulus (asterisks) and
congested capillaries (BC). There is also loss of tubular epithelium (curved arrow), sloughing into the lumen,
vacuolation (V), extravasation (e) and inflammatory cells infiltration (F). D. (GBL plus AMD group): A
nearly normal glomerulus (G) and capsular space (s), and few adhesions (asterisk) compared to control group.
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Normal renal corpuscles, proximal (PT) and distal
(DT) convoluted tubules, and a small proportion of the
interstitial tissue typical of normal renal architecture were
visible in sections from the control and sham-operated
animals. The glomerulus corpuscle was encased in a
glomerular capsule (Bowman's capsule), which had a visceral
layer lined by podocytes and an exterior layer of simple
squamous epithelium. Capsular space (Bowman's space)
stood between the two strata. The PT had an acidophilic,
high cubical cell lining and a restricted lumen, whereas the
DT had a large lumen and a pale cubical epithelial lining.

The AMD group showed a marked distortion of renal
cortical architecture. Most of the glomeruli were significantly
shrunken and destroyed, and the glomerular capsule appeared

to widen. Interstitial blood vessels and glomerular capillaries
were congested and dilated. Some of the renal corpuscles
had ruptured the glomerular capsule, while others showed
capsular adhesions. Most of the PT and DT were destroyed
and disorganized with the loss of cellular architecture. In
some tubules, the epithelial lining had been lost, while in
others, the cells exhibited vacuolated cytoplasm and pyknotic
nuclei. Cell sloughing was visible in several tubules' lumina.

GBL plus AMD group showed fewer
histopathological changes compared to the AMD group. The
PT and DT had some areas of loss of cellular architecture.

Ultrastructural observations. The kidneys of control and
sham-operated groups displayed a glomerulus with its

Fig. 2.  Electron photomicrographs of group I and II kidney: Bar = 2 & 5 µm. A.  A glomerulus
showing its capillary Lumen (Lu), a basement membrane (BM), endothelial cell (En) and a visceral
epithelial cell (Ep) with foot processes (F). B.  A higher magnification of figure A showing the three
layers of the glomerular basement membrane (Bm); its inner (Lamina rara interna, i), its outer (Lamina
rara externa, e), and a dense central one (the lamina densa, d). Thin diaphragms (arrows), multiple
fenestrate (Arrowhead), foot processes (F) and capillary lumen (Lu) are also seen.  C.  A proximal
convoluted tubule showing epithelial cells (Ep) resting on a basement membrane (Bm) withnumerous
mitochondria (m) and a round nucleus (N). Its apical surface shows long microvilli of a brush border
(B). D.  A distal convoluted tubule showing some epithelial cells (Ep) resting on the basement
membrane (Bm), short microvilli (arrows), a round nucleus (N), mitochondria (m) and lumen (Lu).

capillary lumen, a basement
membrane, endothelial cells,
and visceral epithelial cells
with foot processes. The
glomerular basement
membrane has three layers:
an inner one (Lamina rara
interna), an exterior one
(Lamina rara externa), and a
dense center one (Lamina
densa). Thin diaphragms,
several fenestrates, foot
processes, and capillary
lumen were observed. The
PT images showed epithelial
cells lying on a basement
membrane, multiple
mitochondria, a round
nucleus, and long microvilli
with brush-like edges on
their apical surfaces. Short
microvilli, a circular nucleus,
a lumen, some epithelial cells
sitting on the basement
membrane, and some
epithelial cells were seen on
DT (Figs. 2A-D).
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Rats treated with AMD were observed in electron
photomicrographs to have glomerular capillary basement
membranes with two hump-like deposits, a few membrane
branches extending to the glomerular lumen, and endothelial
cells with pyknotic nuclei. A glomerular capillary showed a
focal thickening of its basement membrane with few
intramembranous immune deposits. An endothelial cell

showed a damaged membrane and mitochondria and its
nucleus with a heterochromatin and a vacuole with myelin
figure in its lumen were seen. Subendothelial immune
deposits in a glomerular capillary with obstructed lumen were
demonstrated. In the cytoplasm of epithelial cells, electron
dense deposits, foot processes fusion, and a thicker basement
membrane were seen (Figs. 3A-E).

Fig. 3. Electron photomicrographs of AMD–treated rats: Bar = 2 & 3 &5 µm. A. A glomerular capillary basement membrane (Bm)
showing two hump-like deposits (Stars). A few branches of membranes (arrows) extend from basement membrane to the glomerular
lumen (Lu). A pyknotic nucleus (N) of the endothelial cell is also seen. B. A glomerular capillary showing a focal thickening of its
basement membrane (Bm) with few intramembranous immune deposits (arrows). An endothelial cell (En) showing a damaged
membrane (double arrows) and mitochondria (m) and its nucleus (N) with a heterochromatin (Stars) and a vacuole (V) with
myelin figure (mf) in its lumen (Lu) are also seen. C&D.  Subendothelial immune deposits (arrows) in a glomerular capillary with
obstructed its lumen (Lu) are demonstrated. Foot processes fusion (F) and a basement membrane (Bm) are also seen. E. Electron
dense deposits (stars) are seen inside epithelial cell (Ep) cytoplasm. A thickened basement membrane (Bm) of a glomerular
capillary is also seen.
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PT showed a loss of epithelial cell boundaries and
basal infoldings, its cytoplasm showed a scattered damaged
mitochondria and vacuoles. A basement membrane and a
nucleus were seen. PT showed a degenerated epithelial cell
cytoplasm, large lipid droplets and a degenerated nucleus.
Damaged microvilli and loss of basal Infoldings were also

seen. The PT image revealed a degraded epithelial cell with
a damaged nucleus, mitochondria, and cytoplasm, as well
as focal microvilli destruction. Blebs were seen in its lumen.
DT illustrated swollen epithelial cells with bleb formation
and loss of its microvilli (Figs. 4A-D).

Fig. 4. Electron photomicrographs of AMD–treated rats: Bar = 5 µm. A. A proximal convoluted tubule showing a loss of epithelial
cell (Ep) boundaries and basal infoldings, its cytoplasm showing a scattered damaged mitochondria and vacuoles (V). A basement
membrane (Bm) and a nucleus (N) are also seen. B. A proximal convoluted tubule showing a degenerated epithelial cell (Ep)
cytoplasm, large lipid droplets (L) and a degenerated nucleus (N). Damaged microvilli (mv) and disappearance of basal Infoldings
are also seen. C. A proximal convoluted tubule showing a degenerated epithelial cell (Ep) with damaged nucleus (N), mitochondria
(M) and cytoplasm (star) as well as focal destruction of microvilli (arrows). Blebs (B) are seen in its lumen. D.  A distal convoluted
tubule illustrating swollen epithelial cells (Ep) with bleb (B) formation and disappearance of its microvilli (arrows).

DAWOOD, S. A.; EID, R. A.; ABADI, A. M.; SHATI, A. A.; JAMIL, S.; EL-KOTT, A. F.; MOHAMED, G.; AL-SHRAIM, M.; HAMAD, Y. A.; SAL IH, A. G. A.; ALARABI, T. G. M.; AL-
HAIDER, S. M.; ALYAMI , E. M. & ZAKI, M. S. A.  Renal protective Ginkgo biloba extract against amiodarone-induced toxicity, oxidative stress and injury. Int. J. Morphol., 43(6):1843-1856, 2025.



1850

Rats given the AMD and GBL treatments exhibited
intact basement membranes in the glomeruli and visceral
epithelial cells with fusedfocal foot processes. A few
glomerular basement membrane wrinkles with intact
epithelial cells and irregular-shaped nucleus were seen.

PT showed healthy mitochondria, many lysosomes,
nucleus, and brush border microvilli. Loss of basal
Infoldings was also seen. DT demonstrated minimal
changes in microvilli, epithelial cell nucleus and basal
infoldings (Figs. 5A-D).

Fig. 5. Electron photomicrographs of GBL plus AMD treated rats: Bar = 2 & 5 µm. A.  A glomerulus showing intact basement membrane
(Bm) and visceral epithelial cells (Ep) with focal footprocesses fusion (arrow). B.  A few wrinkling of glomerular basement membrane
(Bm) and intact epithelial cell (Ep) with irregular-shaped nucleus (N) are seen. Focal foot processes fusion (F) is also seen. C. A proximal
convoluted tubule showing intact mitochondria (M), multiple lysosomes (Ly), nucleus (N) and brush border microvilli (mv). Disappearance
of basal Infoldings is also seen. D. A distal convoluted tubule demonstrating minimal changes in microvilli (arrows), epithelial cells (Ep)
nucleus (N) and basal infoldings (star).
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Biochemical findings.

Renal functional markers. Acute renal impairment caused
by AMD injection was demonstrated by an increase in urea
(Fig. 6A), creatinine (Fig. 6A), and protein excretion rate
(Fig. 7B) as compared to the control group. However, urea,
creatinine, and protein excretion levels significantly
decreased after GBL therapy compared to the AMD group.
Measurements of Urinary NAG. Rats' urine N-acetyl-b-D-
glycosaminidase (NAG) levels significantly increased with
AMD compared to control group rats was observed.
Additionally, the urine NAG level has significantly decreased
in the GBL + AMD group (Fig. 7).

Oxidative stress biomarkers. In the kidney homogenates
of AMD-treated animals, MDA concentrations (Fig. 8A)
significantly increased when compared to controls.

Treatment with GBL could reduce renal MDA concentrations
in the treated group in comparison with the AMD group. In
the GBL plus AMD group, MDA level regenerated close to
normal concentration in the control group.

GPx activities in the kidney are indicated in Figure
8B. The induction of AMD nephrotoxicity was accompanied
by a significant decrease in renal GPX activity in comparison
with the control group. GBL treatment returned renal GPX
activity close to control levels.

AMD nephrotoxicity considerably reduced the renal
activities of CAT in comparison to the control group (Fig.
8C). GBL treatment considerably recovered renal CAT
activity to normal levels observed in controls.

Fig. 6. The effects of GBL extract administration on renal functional parameters including urea (A) and creatinine (B) in AMD
nephrotoxicity. Data are represented as Mean ± SD (n=6). One-way ANOVA followed by a post hoc LSD test was used for comparison
between different groups. *Significant change in comparison with the control group at P < 0.05; Significant change in comparison with
the AMD group at P < 0.05

Fig. 7. The effects of GBL extract administration on renal functional parameters including Urinary N-acetyl-b-D-glucosaminidase (NAG)
activity (A) and protein excretion rate (B) in AMD nephrotoxicity. Data are represented as Mean ± SD (n=6). One-way ANOVA followed
by a post hoc LSD test was used for comparison between different groups. *Significant change in comparison with the control group at
P < 0.05; Significant change in comparison with the AMD group at P < 0.05
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DISCUSSION

AMD is a frequently used, effective treatment for
atrial fibrillation, atrial flutter, ventricular arrhythmias, and
supraventricular tachycardia (Istratoaie et al., 2021).
However, AMD medication resulted in severe adverse effects
that were time and dose dependent. Several plants, plant
extracts, or plant derivatives are now frequently utilized for
disease prevention and treatment. GBL extract exhibited
remarkable antioxidant effects (Pandita et al., 2021). To
determine whether GBL could protect the kidneys against
AMD in rats, this study set out to examine that possibility.

The histological alterations in the kidneys showed
tissue injury upon AMD treatment along with degenerative
impairments to its structure. In addition, kidney tissue
showed morphological abnormalities in AMD-treated rats
as opposed to controls. Bowman's space enlargement,
glomerulus hypercellularity, and PT's epithelial cell
degenerative changes were all brought on by AMD. The renal
damage triggered by AMD in rats was validated by these
data, which coincide with studies that showed a tubular
change in renal tissue linked with AMD therapy in
comparison with controls (Sakr & El-Gamal, 2016; Torimitsu
et al., 2022). It has been demonstrated that AMD alters the
kidney's histoarchiterural structure and increases cytokine
production (Chakraborty et al., 2014; Ashkar et al., 2022).

It is interesting that we observed capsular adhesions,
also known as glomerular tip adhesions or the glomerular
capsule adhesions, in the AMD group. These are
characterized as a continuity of the extracellular matrix of
the glomerulus and capsular outer layer (Bowman's parietal
layer) (Selamet et al., 2020). Capillaries and the associated
podocytes move peripherally, adhere to the parietal

epithelium, and create a tight junction, which is how
capsular adhesions are explained (Jennings et al., 2023).

The majority of AMD group's PT and DT were
damaged, disordered, and lost their cellular architecture.
While some tubules possessed vacuolated cytoplasm and
pyknotic nuclei, others displayed cellular sloughing with
focal loss of its microvilli. PT cells had electron-dense
broken mitochondria, rarefied vacuolated cytoplasm,
fragmented microvilli, and lysosome remnants. The nuclei
exhibited discontinuous nuclear membranes were smaller
than usual, and apically displaced (Lin et al., 2020; Jennings
et al., 2023).

The findings were explained by a decline in renal
tubule reabsorption caused by AMD, atrophy of the
glomeruli, which reduces glomerular filtration, and
degradation of tubular epithelial cells  (Meng et al., 2021).
Oxidative damage is prompted by AMD-induced toxicity,
which is triggered by the creation of ROS. Our findings are
consistent with previous observations that AMD causes
antioxidant enzyme depletion, which leads to oxidative stress
and cytotoxicity (Hadrava Vanova et al., 2020).

A possible explanation for the renal oxidative stress
brought on by AMD is that the disease increased the
production of hydrogen peroxide in mitochondria, which led
to peroxidation (Betiu et al., 2021). Furthermore, AMD
medication caused an increase in urinary iodine,
hypertrophied brain, and cortisol levels. An increase in lipid
peroxidation created stress for the deiodination process and
the AMD metabolism, which led to renal damage (Torimitsu
et al., 2022). As part of the pathophysiology of its toxicity,

Fig. 8. The effects of GBL extract administration on
oxidative markers including MDA (A), GPx (B) and
CAT (C) activities. Data are represented as Mean ±
SD (n=6). One-way ANOVA followed by a post hoc
LSD test was used for comparison between different
groups. *Significant change in comparison with the
control group at P<0.05; Significant change in
comparison with the AMD group at P < 0.05
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AMD can produce free radicals, hinder phospholipases, and
destabilize membranes (Tsukimura et al., 2021; Sagini et
al., 2021). Additionally, AMD after metabolism releases
extra iodine into the blood when it is deionized, which causes
oxidative stress and free radicals to form in the kidney and
liver (Ashkar et al., 2022, Essrani et al., 2020). The kidneys
are vulnerable to injury due to the injection of AMD, which
leads to higher quantities of discharged chemicals and peri-
tubular cell perfusion (Sakr & El-Gamal, 2016; Miano et
al., 2020).

Serum creatinine and urea levels were measured as
part of this investigation to assess renal function. The serum
levels of creatinine and urea are reported to increase after
AMD treatment, indicating a decline in kidney function.
The AMD-induced nephrotoxicity, which manifests as an
impairment in glomerular filtration rate and direct tubular
injury, may also be responsible for these consequences
(Thind et al., 2022; Vamos et al., 2022).

Biochemical analysis showed that renal MDA
concentration significantly enhanced in AMD-treated
animals compared with controls. The current study
suggested that cell membrane lipids were exposed to ROS
attacks as a result of an increase in MDA in the kidney tissues
of the AMD group (Belhadj Slimen et al., 2014). The MDA
was one of the end products of lipid peroxidation and was
frequently used to determine whether or not oxidative stress
was experienced (Bedir et al., 2023).

The CAT activity was suppressed in the AMD group
according to experimental results. In this study, CAT was
evaluated as another indicator of antioxidant activity. The
CAT was a key enzyme in the detoxification of H2O2. As
CAT activity decreased, the amount of H2O2 in the body
increased, which caused both direct damage to cells and
the Fenton reaction to damage them as well (Wang et al.,
2018). Like current findings. AMD reduced CAT activity
in kidney tissues (Sndos & Al-Amri, 2019).

The GPx activity was reduced in the AMD group
according to our results. GPX enzyme system is essential
for normal intracellular homeostasis and gets disturbed
under pathophysiologic conditions including endothelial
dysfunction (Panday et al., 2020).

GBL is one of the most widely used phytotherapeutic
products in the world, and its extract has beneficial
properties for the treatment ofseveral pathologies. GBL can
be a low-cost alternative to the therapeutic approach of
several pathologies since it acts in the prevention, treatment,
and inhibition of several complications of common
comorbidities (de Souza et al., 2020).

On the other hand, several studies determined that
AMD decreased the activities of antioxidant enzymes which
are in accordance with our study. GBL administration could
reduce MDA concentration in the treated group. Moreover,
these extracts have been found to ameliorate renal ischemia-
reperfusion injury, chronic kidney disease, and
hypertension-induced renal injury. They achieve this by
reducing tissue damage, inhibiting vascular smooth muscle
cell calcification induced by b-glycerophosphate, and
enhancing the effects of losartan on reducing renal tissue
oxidative stress (Wang et al., 2019).

In addition, GBL clearly recovered the renal
activities of CAT and GPX in AMD treated animals of this
study. When GBL and AMD were given together in the
current investigation, the kidney tissues showed a notable
improvement when compared to the AMD group. Natural
antioxidant molecules have garnered more attention
recently as a means of lowering drug-induced
nephrotoxicity. In this study, rats given GBL showed
noticeably improved defenses against AMD toxicity. These
findings supported the GBL extract's nephroprotective
properties. With its antioxidant actions, the GBL repaired
the oxidative damage. The findings reported were consistent
with several studies that showed GBL extract improved
kidney function in a model of diabetic nephropathy (Lu et
al., 2015), as well as Adriamycin (Abd-Ellah & Mariee,
2007), methotrexate (Tousson et al., 2014), and cisplatin
(Song et al., 2013)-induced renal toxicity models. This
impact could be explained by the fact that GBL contains a
number of naturally occurring chemicals that control the
equilibrium between antioxidants and oxidants (Tousson
et al., 2014).

In addition, GBL extract showed cytoprotective
qualities against apoptosis and oxidative damage, according
to (Biernacka et al., 2023). The GBL extract contains
numerous antioxidant components, including flavonoids,
diterpene terpenoids, catechins, steroids, quercetin,
kaempferol, flavone glycosides, and others (Razná et al.,
2020; Su et al., 2022). Additionally, GBL extract includes
proanthocyanidins and flavonol glycosides, which have
antioxidant and free radical scavenging activities,
preventing and treating a number of disorders brought on
by oxidative damage (Samec et al., 2022).

The obtained results were in harmony with several
researches that revealed amelioration of kidney function
with GBL extract in diabetic nephropathy model (Lu et al.,
2015), as well as Adriamycin (Abd-Ellah & Mariee, 2007),
methotrexate (Tousson et al., 2014), and cisplatin (Song et
al., 2013)-induced renal toxicity models. This effect could
be explained through GBL containing several natural
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compounds that regulate the balance between the
antioxidants and oxidants (Tousson et al., 2014). Moreover,
Hsu et al. (Hsu et al., 2009) reported that GBL extract had
therapeutic mechanisms and cytoprotective effects against
apoptosis and oxidative damage. There are many
antioxidant constituents in GBL extract like flavonoids,
diterpene terpenoids, catechins, steroids, quercetin,
kaempferol, flavone glycosides, etc. (Vasseur et al., 1994,
Brown, 1996). Moreover, GBL extract contains
proanthocyanidins and flavonol glycosides, which have
antioxidant and free radical scavenging properties, thus
protecting and improving many diseases resulting from
oxidative damage (Joyeux et al., 1995).

However, the significant reduction in urea and
creatinine levels observed once GBL was administered
along with AMD suggested that GBL had protective
benefits. This can be explained by beneficial and antioxidant
effects of GBL (Du et al., 2019).

In the current study, rats given AMD experienced
large increases in urine NAG levels, which GBL extract
was able to lower. Abnormal urinary NAG excretion has
been linked to a variety of renal disorders, including
nephrotic syndrome, glomerulonephritis, urinary tract
infection, vesicoureteral reflux, acute kidney injury,
hypertension, drug nephrotoxicity, and renal allograft
rejection (Mohkam & Ghafari, 2015; Sagini et al., 2021).

CONCLUSION

AMD led to a decrease in antioxidants in the renal
tissues of rats as well as an increase in oxidants and kidney
function tests. Proinflammatory cytokines were increased,
suggesting that AMD harm was also mediated by
inflammatory mechanisms. The harmful effects of AMD
on kidney tissue were verified by histopathological studies.
GBL, However, demonstrated anti-inflammatory and
antioxidant activities that shielded kidney tissue from
AMD's effects. Molecular research should be conducted to
gain a deeper comprehension of the toxic effects of AMD
on kidney tissue as well as the mechanism underlying the
protective benefits of GBL.
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RESUMEN: La amiodarona (AMD) se clasifica como un
antiarrítmico. Los efectos secundarios graves del tratamiento incluyeron
una reducción significativa de la función renal. El extracto de hojas de
Ginkgo biloba (GBL) ha demostrado ser un eficaz eliminador de
radicales libres y antioxidante. El propósito de este estudio fue evaluar
el efecto del extracto de GBL sobre la nefrotoxicidad inducida por la
AMD. Cuarenta ratas macho se dividieron en cuatro grupos. Grupo I
Control. Grupo II recibió extracto de GBL. El día 21, el grupo AMD
recibió una inyección intraperitoneal (i.p.) de AMD. En el grupo GBL
más AMD, las ratas recibieron GBL durante 21 días antes de recibir
AMD. Después de cuatro semanas, las ratas fueron sacrificadas y se
les extirparon los riñones para determinar los niveles histológicos y
ultraes-tructurales de N-acetil-beta-D glicosaminidasa (NAG),
marcadores de función renal como urea sérica, creatinina, tasa de
excreción de proteínas, citocinas inflamatorias y marcadores de estrés
oxidativo. El daño renal inducido por la DMAE en ratas puede ser
provocado por estrés oxidativo, que produce una citotoxicidad renal
significativa, como lo demuestran las investigaciones bioquímicas,
histopatológicas y de microscopía electrónica. Tras la administración
de extracto de GBL al grupo con DMAE, todos los parámetros
analizados en este estudio mejoraron significativamente. Según los
hallazgos del presente estudio, el extracto de GBL redujo la
nefrotoxicidad inducida por la DMAE al actuar como antioxidante.

PALABRAS CLAVE: Amiodarona; Nefrotoxicidad;
Ginkgo biloba; Histopatología; Marcadores de función renal; NAG.
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