392 Egypt. J. Chem. Vol. 67, No. 8 pp. 547 - 567 (2024)

Egyptian Journal of Chemistry

http://eichem.journals.ekb.ea/

o [

Melodorum fruticosum Lour. Leaves Methanolic Extract Ameliorates Gentamicin-Induced

Renal Toxicity in Rats via Antioxidant, Anti-Inflammatory, and Anti-Apoptotic

Pathways vk

Shaza A. Mohamed *, Fatma Abo-Elghiet !, Samah Fathy Ahmed 2, Ekram Nemr Abd Al Haleem ®,
Walid Hamdy El-Tantawy 2and Noha A. E. Yasin *

!Pharmacognosy and Medicinal Plants Department, Faculty of Pharmacy (Girls), Al-Azhar University, Cairo,
Egypt
2National Organization for Drug Control and Research, Cairo, Egypt
3Pharmacology and Toxicology Department, Faculty of Pharmacy (Girls), Al-Azhar University, Cairo, Egypt
“Cytology and Histology Department, Faculty of Veterinary Medicine, Cairo University, Giza, Egypt

Abstract

Gentamicin, a common remedy for Gram-negative bacterial infections, is clinically hindered by its kidney-related drawbacks.
Melodorum fruticosum Lour. (M. fruticosum), is a plant of Annonaceae family, extensively dispersed in Southeast Asia. This
study investigated the renal protective effects of M. fruticosum leaves methanolic extract against gentamicin-induced kidney
damage in rats. The experiment involved 40 rats divided into control, gentamicin-treated, extract-treated (200 mg/kg and 400
mg/kg) in addition to gentamicin, and reference drug (N-acetyl cysteine, 150 mg/kg) in addition to gentamicin groups. The
extract and reference drug were administered for 15 days, while gentamicin was intraperitoneally injected at 100 mg/kg over six
days. Gentamicin administration elevated kidney function markers, oxidative stress, inflammation, and cell death indicators.
Antioxidant enzyme activities decreased, alongside histopathological changes. Both extract doses and the reference drug
mitigated these effects, with the higher extract dose (400 mg/kg) showing better results. The extract's phenolic content (74.35 £
3.43 mg gallic acid equivalent/g) was quantified following Folin-Ciocalteu procedure while flavonoid content (39.03 + 2.15 mg
catechin equivalent/g) was determined using aluminium chloride colorimetric method. Utilizing advanced, highly sensitive
ultraperformance liquid chromatography/electrospray ionization-quadrupole time-of-flight tandem mass spectrometry
(UPLC/ESI-QTOF-MS/MS) analysis, 39 phenolic compounds were identified in M. fruticosum extract, primarily including
flavonoids and phenolic acids.

These findings position M. fruticosum extract as a potential therapeutic option for managing kidney disorders and toxicities.
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clinically effective with low resistance rates, and
being affordable, its use is limited by the risk of
adverse  effects, such as ototoxicity and

1. Introduction

Gentamicin (GM) is a widely used aminoglycoside
antibiotic that has been proven to be effective against
Gram-negative bacteria for over 50 vyears. It is
recommended as the first-line antibiotic for different
serious and life-threatening disorders. Although it is

nephrotoxicity [1, 2]. Many reports suggest that GM
treatment for more than seven days can cause acute
tubular injury and Kidney dysfunction and induce
nephrotoxicity in 10-20 % of treated patients,
thereby restricting its prolonged clinical application
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[3]. Drug-induced nephrotoxicity remains a major
problem, as nephrotoxic drugs are unavoidable in
clinical settings. Although antibiotics are crucial for
both preventing and treating many diseases and
infections, they can also have some unfavorable side
effects. GM can break the respiratory chain, cause the
overproduction of free radicals, promote cellular
necrosis, and activate the apoptotic pathway [4]. It
accumulates in the proximal convoluted tubules
(PCT) [5] and may result in renal damage [6]. GM
also increases leukocyte infiltration, cytokine release,
and activating pro-inflammatory factors [7] that may
lead to remote organ injury, such as liver injury with
a substantial increase in the levels of hepatic enzymes

(81

In recent decades, herbal medicines have increased
exponentially and gained popularity in both
developed and developing countries. Medicinal
plants have curative properties with minimal side
effects due to the presence of various complex
chemical substances [9]. M. fruticosum is a plant
species in the Annonaceae family, commonly known
as White Cheesewood, and widely distributed in
Southeast Asia, particularly in Vietnam, Cambodia,
Laos, and Thailand. The essential oil composition of
M. fruticosum flowers was investigated by GC-MS
with eighty-eight identified wvolatile constituents.
Phenyl butanone, linalool, benzyl alcohol, a-cadinol,
globulol and viridiflorol were found to be the major
components, respectively [10]. M. fruticosum is a
versatile plant with several uses. Its edible fruits can
be utilized to make drinks and wines, while its
fragrant flowers are used in perfumes. Vietnamese
traditional medicine has long employed the plant's
dried flowers as a blood tonic and its leaves as a
digestive aid [11]. Previous phytochemical studies on
this plant have led to the isolation of terpenoids,
aromatic compounds, butenolides, heptenoids,
aporphine alkaloids, and flavonoids. Three new
flavonoid derivatives, Melodorones A-C, together
with four known compounds, tectochrysin, chrysin,
onysilin, and pinocembrin were isolated from the
stem bark of M. fruticosum. The plant exhibits
antifungal, anti-inflammatory, and antioxidant
properties [12].

To date, the potential protective effect of M.
fruticosum against GM-induced nephrotoxicity has
not been explored. Therefore, the current study aimed
to determine whether M. fruticosum leaves
methanolic extract has an ameliorative effect against
GM-induced nephrotoxicity in rats and to explore the
possible underlying mechanism of its action. This
study also characterized the chemical profile of the
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mentioned extract using UPLC/ESI-QTOF-MS/MS
analysis, determined its total phenolic and flavonoid
contents, and studied its in vitro and in vivo
antioxidant activity.

2. Materials and Methods

2.1. Chemicals

GM sulphate is commercially available as Epigent
(80 mg/2 ml ampoules) from the Egyptian
International ~ Pharmaceutical Industries  Co.
(EIPICo.), 10" of Ramadan City, Egypt. 2,2-
Diphenyl-1-picrylyhydrazyl (DPPH),  N-acetyl
cysteine, Folin-Ciocalteu reagent, gallic acid, and
catechin were obtained from Sigma Aldrich (St.
Louis, MO). All chemicals used in the current study
were of the highest analytical grade.

2.2. Plant material

The leaves of Melodorum fruticosum Lour.
(Annonaceae) were obtained from a private botanical
garden in Cairo, Egypt in April 2020 with due
permission obtained from the garden as per
institutional, national, and international guidelines.
The plant's identification was confirmed by Dr.
Trease Labeb, senior specialist of plant taxonomy,
El-Orman Botanical Garden, Giza, Egypt. A voucher
specimen (Mf-2020) was deposited at the herbarium
of the Department of Pharmacognosy and Medicinal
Plants, Faculty of Pharmacy (Girls), Al-Azhar
University, Cairo, Egypt.

2.3. Preparation of M. fruticosum methanolic
extract

The air-dried and pulverized leaves of M.
fruticosum (0.5 kg) were soaked and extracted with
methanol (2 L x 3 times). The resulting extract was
filtered and evaporated to dryness under a vacuum at
50°C.

2.4. Phytochemical screening

Standard chemical tests were used to screen the
leaves of M. fruticosum for the presence or absence
of various phytoconstituents, such as carbohydrates,
glycosides, saponins, tannins, flavonoids, sterols,
triterpenes, anthraquinones, and alkaloids [13].


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/phenyls
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2.5. In vitro antioxidant activity (DPPH’
scavenging assay)

To evaluate the radical scavenging activity of the
M. fruticosum leaves methanolic extract, the stable
DPPH radical was used, with rutin as the reference
standard [14]. The antioxidant activity of the extract
was expressed as the percentage inhibition of the
DPPH radical, and the ICs, value was calculated
using probit analysis [15].

2.6. Estimation of total phenolic and flavonoid
contents

To determine the total phenolic content of the M.
fruticosum leaves methanolic extract, the Folin-
Ciocalteu procedure was employed [16]. Gallic acid
was used as the standard for the calibration curve,
and the results were expressed as mg of gallic acid
equivalent per gram of extract (mg GAE/Q).
Meanwhile, the total flavonoid content was
determined  using the aluminium chloride
colorimetric method [17]. Catechin was used to
perform the calibration curve, and the results were
expressed as mg of catechin equivalent per gram of
extract (mg CE/g).

2.7. UPLC/ESI-QTOF-MS/MS analysis

To identify secondary metabolites in the M.
fruticosum leaves methanolic extract,
ultraperformance liquid chromatography-electrospray
ionization-quadrupole time-of-flight tandem mass
spectrometry (UPLC/ESI-QTOF-MS/MS) was used
in  negative ionization mode. The various
phytoconstituents in the extract were tentatively
identified by comparing their tandem mass spectral
data to databases, ReSpect negative (which contains
1573 records), as well as by comparing their
fragmentation patterns to those of previously reported
phytoconstituents [18].

2.8. Animals

Male albino Wistar rats, aged 12 weeks and
weighing approximately 165-185 g, were housed in
plastic cages with a relative humidity of 50-55%,
temperature of 25°C, and a 12-hour light-12-hour
dark cycle. They were provided with ad libitum
access to a standard rodent pellet and drinking water.
All in vivo treatments and experiments were
approved by the Institutional Animal Care and Use
Committee of the Veterinary Medicine at Cairo
University (Vet Cu 2009 2022485) and adhered to
National Institutes of Health regulations. All methods
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were performed in accordance with Animal
Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines.

2.9. Acute toxicity study

An acute toxicity study was conducted [19] to
assess the potential toxicity of the methanolic extract
of M. fruticosum leaves and determine a safe dosage
range for consequent experiments. In a preliminary
experiment, three groups of 10 rats each received
doses of 5, 50, and 500 mg/kg of the tested extract
suspended in a 2% v/v Tween 80 wehicle. Animals
were monitored for 24 h for signs of toxicity
(diarrhoea, nausea, vomiting, gueasiness,
restlessness, fever, sleepiness, confusion, collapsing,
and conwulsions) and mortality. Based on the
findings of the preliminary experiment, other groups
of 10 rats each were subjected to higher doses of the
examined extract (600, 1000, 2000, and 4000 mg/kg).
Control animals received only the vehicle and were
remained under identical conditions. Signs of toxicity
and mortality rates were recorded within 24 hours for
each dose.

2.10. Experimental design

In this study, forty male albino Wistar rats were
randomly distributed into five groups of eight rats
each. The groups were categorized as follows:

I. Control group (C): Rats received only an
oral treatment of distilled water.

Il. GM-treated group (GM): Rats were
administered intraperitoneal (i.p)
injections of GM (100 mg/Kg body
weight) for six consecutive days [8].

I1l.  Low dose extract in addition to GM group
(LDE + GM): Rats were orally
administered 200 mg/Kg body weight of
M. fruticosum leaves methanolic extract
once a day for 15 days using a gastric
tube. GM was given at a dose of 100
mg/kg from the third day for six
consecutive days [20].

IV. High dose extract in addition to GM group
(HDE + GM): Rats were orally
administered 400 mg/Kg body weight of
M. fruticosum leaves methanolic extract
once a day for 15 days using a gastric
tube. GM was given at a dose of 100
mg/kg from the third day for six
consecutive days [20].

V. N-acetyl cysteine in addition to GM group
(NAC + GM): Rats were orally
administered 150 mg/Kg body weight of
N-acetyl cysteine (NAC) as a reference
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drug once a day for 15 days using a
gastric tube [21]. GM was given at a dose
of 100 mg/kg from the third day for six
consecutive days.

2.11. Blood collection and biochemical assays

On day 16 of the experimental period, blood
samples were collected from the retro-orbital veins of
each animal and allowed to clot for 1 hour before
being centrifuged for 20 minutes at 3,000 rpm. Rats
were anesthetized by i.p. injection of pentobarbitone
sodium (60 mg/kg) and sacrificed by cervical
dislocation. Kidneys were dissected immediately and
weighed using an electronic balance. Subsequently,
kidney tissue samples were used for further
biochemical and histopathological examination.
Commercial kits purchased from Diamond, Cairo,
Egypt, were used to determine the levels of urea,
blood urea nitrogen (BUN), creatinine, alanine
aminotransferase (ALT), and aspartate
aminotransferase (AST) in the obtained serum
samples.

2.12. Biochemical analysis

The kidney tissue samples were homogenized in
ice-saline to prepare a concentration of 10% (w/v).
The obtained homogenates were then centrifuged for
20 minutes at 4°C and 6,000 xg. The renal protein
content was assessed using Lowry's method [22],
with bovine serum albumin as a standard.

The tissue homogenate was utilized to measure the
level of reduced glutathione (GSH) [23],
malondialdehyde (MDA) [24], superoxide dismutase
activity (SOD) [25], catalase (CAT) activity [26],
glutathione-S-transferase (GST) activity [27], nitric
oxide levels (NO) [28] and myeloperoxidase (MPO)
activity [29, 30]. ELISA kits purchased from
Cusabio, Germany were used to determine NF-xB,
TNF-a, IL-6, and caspase-3 levels.

2.13. Histopathological studies

The collected kidney specimens were preserved in
10% neutral buffered formalin for a period of 24 - 48
hours. Then, they were processed using different
grades of alcohol (70-100%) and xylene, embedded
in paraffin wax, and sliced into 4 pm sections.
Subsequently, these sections were stained with
hematoxylin and eosin (H&E) [31]. Finally, the
stained  sections were examined, and the
photomicrographs were captured using a camera
(LEICA ICC50 HD) attached to a light microscope
(LEICA DM500) at Cytology & Histology
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Department Faculty of Veterinary Medicine Cairo
University.

A conventional semi-quantitative scoring system
was used to score the notable histological changes and
the severity of lesions among different experimental
groups (n=8 rats/group). The scoring system was as
follows: (0) represents no histological changes
(normal), whereas (1), (2), (3), and (4) denoted
varying degrees of mild tissue damage (< 25%),
moderate tissue damage (25% - 50%), severe tissue
damage (50% - 75%), and extremely severe tissue
damage (> 75%) [32]. The criteria utilized to assess
renal damage were renal tubular degeneration and
necrosis, inflammatory cell infiltration, and hyaline
casts.

2.14. Immunohistochemical detection of
caspase 3 and NF-xB

Kidney paraffin-embedded sections were affixed
onto adhesive slides and  subjected to
immunohistochemistry staining (IHC). The sections
were rehydrated and subjected to antigen retrieval by
heating for 15 minutes. Primary antibodies, including
Anti caspase 3/CPP32, active form (Diagnostic
BioSystems), and Anti NFxB-p65 (Elabscience
Biotechnology), were incubated at a dilution of 1:100
overnight. The sections were then washed and
incubated with horse radish peroxidase (Goat Anti-
Rat 1gG, abcam company) (secondary antibody) for 2
hours. The immunostaining was developed using a
diaminobenzidine Kit, and positive immunoreactivity
was indicated by a brown colour.

For image analysis, seven IHC-stained kidney
sections (x400) from each group were examined. The
ImageJ program was used to quantify the area
percentage (area %) of positive immunoreactivity.

2.15. Statistical analysis

The statistical analysis was conducted using SPSS
version 21.0, involving a one-way analysis of
variance (ANOVA) followed by Tukey's multiple
comparison test. The results were expressed as mean
+ standard error of the mean (SEM). The non-
parametric data of histopathological lesion scores
were presented as the median + the interquartile
range. The Kruskal-Wallis test and the Mann-
Whitney U test were used to statistically analyse the
data [33]. Statistical significance was determined for
P values less than 0.05. The correlation coefficient
was calculated using linear regression [34].
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3. Results
3.1. Phytochemical screening

Carbohydrates  and/or  glycosides,  tannins,
flavonoids, saponins, triterpenes, and alkaloids were
detected in the preliminary phytochemical screening
of M. fruticosum leaves.

3.2. Invitro antioxidant activity

The in vitro antioxidant activity of the M.
fruticosum leaves methanolic extract was assessed
using the DPPH' scavenging assay with rutin as a
reference standard. Results showed that the extract's
free radical scavenging ability was concentration-
dependent, with an ICsy value of 75.79 pg/ml. In

comparison, the reference standard rutin had an ICs
value of 3.79 pg/ml (Fig.1).

200
=
A=)
=
£ 150
2
£
— 100
o
€
< 50
2
@
a 0

19 38 77 155 310 620
Concentration (pg/mil) Extract Rutin

Fig. 1. DPPH" scavenging activity of M. fruticosum leaves methanolic extract

3.3. Total phenolic and total flavonoid contents

The total phenolic and flavonoid contents of the M.
fruticosum leaves  methanolic  extract  were
determined and presented in (Table 1). The phenolic
content was measured to be 74.35 + 3.43 mg GAE/qg,

while the total flavonoid content was found to be
39.03 + 2.15 mg CE/g after using the gallic acid (R?
= 0.9976), and catechin (R? = 0.9994) calibration
curves, respectively.

Table 1. Total phenolic and total flavonoid contents of M. fruticosum leaves methanolic extract:

Total phenolic content

74.35 + 3.43 mg GAE/g

Total flavonoid content

39.03 £ 2.15mg CE/g

Values are expressed as mean + SEM of three replicates. GAE: Gallic acid equivalent, CE: Catechin equivalent.

3.4. UPLC-ESI-QTOF-MS/MS analysis

The chemical profile of the M. fruticosum
methanolic extract was analysed using the negative
ionization mode of the UPLC/ESI-QTOF-MS/MS
technique. A total of 39 compounds were tentatively
identified, with the majority being phenolic
compounds. Of the identified compounds, 36 were
phenolics, while the remaining three were organic
acids and sugar alcohol. The phenolic compounds
were categorized into flavonoids, coumarin,
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furanochromones, phenolic acids, and phenolic
amides. Compounds were identified by comparing
their molecular weight and fragmentation pattern
with those of previously reported constituents
through tandem mass spectral databases and
published data. The chromatogram of the M.
fruticosum methanolic extract, and a comprehensive
list of the identified compounds arranged in order of
their retention time were illustrated (Fig. 2 and
Table 2) respectively.
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Flavonoids were the chief constituents of the M.
fruticosum leaves methanolic extract, with flavonols,
flavones, flavanones, and chalcones being the most
prominent subclasses. Among the identified
flavonols, kaempferol was detected at R; = 10.81 min
with a parent ion [M-H] at m/z 285.0417, which
corresponds to the molecular formula Ci5H100s. Its
MS? fragmentation generated two daughter ions at
m/z 255 for [M-H-30] and at m/z 227 for CO
elimination from the fragment ion at m/z 255 (Fig.
3a) [35]. Quercetin, on the other hand, was eluted at
Rt = 9.55 min with [M-H] at m/z 301.0359, matching
the molecular formula CisHypO7. Its  MS?
fragmentation yielded two daughter ions at m/z 179
for [?A] and at m/z 151 for [*2A] - (Fig. 3b) [36].
Furthermore, Rutin, a glucosyl-rhamnosyl quercetin,
was detected at Ry = 6.05 min with [M-H] at m/z
609.1447, representing the molecular formula
C27H30016. It also showed a characteristic fragment
ion at m/z 300 representing the radical quercetin
anion resulting from the loss of both glucosyl and
rhamnosyl moieties (Fig. 3c) [36].

Of the identified flavones, luteolin (R;= 9.32 min)
exhibited a molecular ion peak [M-H] at m/z
285.0408 consistent with the molecular formula
CisH1006 and a fragment ion peak at m/z 133 for
[**B] - (Fig. 3d) [37]. Furthermore, apigenin (R; =
10.53 min) showed [M-H] at m/z 269.0456 for the
molecular formula CisH100s, along with daughter
ions at m/z 149 for [**B+2H] and at m/z 117 for
[**B]- (Fig. 3e) [37]. Another prevalent flavone in M.
fruticosum is chrysin, which was detected at R; 13.12
min with molecular ion peak [M-H] at m/z 253.0506
representing the molecular formula CisHipOa. It
further suffered a neutral loss of 44 Da (CO,)
yielding the fragment ion at m/z 209 for [M-H-CO-] "
The fragment ion at m/z 181 resulted from the

BPC from IDA-NEG-211129-SM0151.wiff (sample 1) - IDA-NEG-211129-SM0151, Experiment 1, -TOF MS (50 - 1000)
1.6e6
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consecutive loss of CO from the ion at m/z 209 (Fig.
3f) [12, 37].

Among the flavanones detected in M. fruticosum,
naringenin  and  pinocembrin  were  present.
Naringenin was eluted at 10.25 min and exhibited a
precursor ion [M-H] at m/z 271.0619 matching the
molecular formula CisHi20s. It also generated a
fragment ion [M-H-ring B] at m/z 177
corresponding to the loss of B ring. The ions at m/z
151 and m/z 119 are typically due to the retro-Diels—
Alder (RDA) cleavage between the chemical bonds 1
and 3 of the C ring (Fig. 3g) [37]. Pinocembrin is
another abundant flavanone detected in M.
fruticosum, which was previously isolated from it
[38], had a retention time of 13.00 min and displayed
a parent ion [M-H] at m/z 255.0661, indicating the
molecular formula CisH;204. Upon further MS-MS
fragmentation, the parent ion produced fragment ions
[M-H-C;H,O] at m/z 213, resulting from the loss of
42 Da (CzH20 group), and a fragment ion at m/z 151
for [>2A] (Fig. 3h) [39].

Ferulic acid, which is among the most abundant
phenolic acids found in the M. fruticosum leaves
methanolic extract, exhibited a precursor ion [M-H]
at m/z 193.0496, confirming its molecular formula as
CioH1004. Upon MS? fragmentation, characteristic
product ions such as [M-H-CH;]" at m/z 178, [M-H-
CH,-H,QO] at m/z 161, and [M-H-CH;-CO_] at m/z
134 (Fig. 3i) [40]. Additionally, melodamide A, a
phenolic amide previously isolated from M.
fruticosum, was detected at 10.61 min with a
molecular ion [M-H]" at m/z 282.1132 consistent with
the molecular formula Ci17Hi17NO; [41]. Its tandem
mass spectrum showed production at m/z 178 for
[CoHsNOs]~, which subsequentially lost the amide
group to yield a fragment ion at m/z 135 (Fig. 3j).
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Fig 2. Base peak chromatogram (BPC) of M. fruticosum leaves methanolic extract using UPLC/ESI-QTOF-

MS/MS technique in negative ionization mode
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Table 2. Tentatively identified secondary metabolites from M. fruticosum leaves:

No. | Tentatively identified Rt Precursor | Elemental Fragmentation Chemical Class

compounds (min) m/z composition
[M-H]

1 Malic acid 0.98 133.0140 C4HsOs 115,73, 71 Organic acid

2 Quinic acid 1.11 191.0561 C7H1206 173,127, 85 Organic acid

3 Protocatechuic acid 1.19 153.0181 C7HsO4 112,109, 108 Phenolic acid

4 Mannitol 1.24 181.0713 CeH140s 163,119,101, 71, 59 Sugar alcohol

5 Chlorogenic acid 1.35 353.0879 C16H1809 191,179,173 Phenolic acid

6 4-Hydroxycinnamic acid 1.36 163.0387 CoHsOs3 119 Phenolic acid

7 Benzoic acid 151 121.0285 C7HsO2 93, 77 Phenolic acid

8 P-hydroxy benzoic acid 291 137.0235 C7HeOs3 93 Phenolic acid

9 Esculin 3.78 339.0723 Ci5H1609 177,133 Coumarin

10 Aesculetin 5.03 177.0190 CoHeO4 133 Coumarin

11 Flavokawin A 5.13 315.1078 Ci18H200s 269, 161,71 Chalcone

12 Epicatechin 5.45 289.0715 Ci15H1406 245, 221, 203, 179, 153, 123, Flavanol

113

13 Rutin 6.05 609.1447 C27H30016 300 Flavonol

14 Quercetin-3-O-pentosylhexoside | 6.12 595.1292 Ca2sH28016 300, 271, 179 Flavonol

15 Norvisnagin 6.45 215.0348 C12HsOs 187 Furanochromones

16 Kaempferol-7-neohesperidoside 6.47 593.1511 C27H30015 285, 255 Flavonol

17 Spiraeoside (quercetin-4'- 6.64 463.0888 C21H20012 301, 300, 271 Flavonol
hexoside)

18 Guaijaverin (quercetin-3-D- 7.12 433.0784 C20H18011 301, 300, 271, 255, 179 Flavonol
pentoside)

19 Astragalin (kaempferol-3- 7.22 447.0927 C21H20011 285, 284, 255, 227 Flavonol
hexoside)

20 Quercitrin 7.27 447.0922 C21H20011 301, 300, 271 Flavonol

21 Phlorizin 7.87 435.1280 C21H24010 273, 167 Chalcone

22 Afzelin 8.06 431.0984 C21H20010 285, 255, 227 Flavonol

23 2',4'-Dihydroxy-4,6'- 8.16 301.1201 C17H180s 255, 195, 167 Chalcone
dimethoxydihydrochalcone

24 Ferulic acid 8.65 193.0496 C10H1004 178,161, 134,133 Phenolic acid

25 p-coumaroyltyramine 8.93 282.1137 C17H17NGs 162, 136, 119 Phenolic amide

26 Luteolin 9.32 285.0408 Ci5H1006 133 Flavone

27 Quercetin 9.55 301.0359 C15H1007 179,151, 121 Flavonol

28 Naringenin 10.25 271.0619 C15H120s 177,151, 119 Flavanone

29 Tectochrysin 10.3 267.0659 C16H1204 252 Flavone

30 Phloretin 10.37 | 273.0670 Ci15H140s 167 Chalcone

31 Hesperetin 10.38 | 301.0697 C16H1406 286, 257, 164, 151 Flavanone

32 Apigenin 10.53 | 269.0456 Ci15H100s 149, 117 Flavone

33 Melodamide A 10.61 282.1132 C17H17NOs 178,135 Phenolic amide

34 Kaempferol 10.81 | 285.0417 Ci5H1006 255, 227 Flavonol

35 Diosmetin (luteolin 4'-methyl 12.48 | 299.0564 C16H1206 284, 256 Flavone
ether)

36 Pinocembrin 13.00 | 255.0661 Ci15H1204 213,211, 187,171, 151, 145 Flavanone

37 Baicalein 13.08 | 269.0438 C15H1005 241,225,197, 183, 169 Flavone

38 Chrysin 13.12 | 253.0506 C15H1004 209, 181, 145, 143 Flavone

39 7,4"-dihydroxy-5- 13.87 | 285.0754 C16H1405 165, 119, 93 Flavanone
methoxyflavanone
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a. Kaempferol

Spectrum from IDA-NEG-211123-SMO151.wiff (sample 1) - IDA-NE..-SM0151, Experiment 2. -TOF MS"2 (50 - 1000) from 10.814 min
Precursor: 285.0 Da

b. Quercetin
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Fig. 3. Mass spectra of the most bioactive components identified in the methanolic leaves extract of M. fruticosum
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3.5. Acute toxicity study

Throughout the experimental period, neither
behavioural changes nor mortality rates were
recorded in rats that were administered doses up to
4000 mg/kg body weight of the M. fruticosum leaves
methanolic extract. Consequently, further studies
were conducted using doses of 200 and 400 mg/kg
body weight (the recommended therapeutic doses
were chosen as 1/20 and 1/10 of the calculated LD

50) .

3.6. Effect of treatment on the serum levels of
urea, BUN, creatinine, BUN/creatinine ratio,
ALT, and AST

Intraperitoneal injection of the GM significantly (P
< 0.05) increased the serum urea, BUN, creatinine,
and BUN(/creatinine ratio, ALT, and AST compared
to their corresponding controls. Whereas the pre-
treatment with both doses of the M. fruticosum
methanolic extract, as well as NAC, caused a
significant (P < 0.05) decline in their serum levels
compared to the GM-treated rats. Interestingly, there
were no significant differences in the serum levels of
these parameters compared to the control group,
except for the ALT and AST levels in the LDE and
NAC groups, which showed a significant difference
from the control group at (P < 0.05), (Table 3).

Table 3. Serum urea, BUN, creatinine level, BUN/creatinine ratio, ALT, and AST activities in different

experimental groups:

Parameters C GM LDE+GM HDE+GM NAC+GM

(100 mg/Kg) (200 mg/Kg + (400 mg/Kg + (150 mg/Kg +

100 mg/Kg) 100 mg/Kg) 100 mg/Kg)

Urea (mg/dl) 3417+ 0.94 40.05 + 0.712 36.03+1.12° 34.92+0.67° 35.61+0.93b
BUN (mg/dl) 15.95+0.48 18.7+£0.362 16.82 + 0.57" 16.3+0.34" 16.62 + 0.47°

Creatinine (mg/dl) 0.62+0.02 1.02+0.052 0.72+0.04° 0.65+0.04° 0.70+0.02°b
BUN/Creatinine ratio 25.66 + 1.14 18.5+0.952 23.46+0.79° 25.73+ 1.6 23.74 + 1,22

ALT (U/L) 23.60 £ 0.75 59.64 + 1.55% 31.19 + 0.79 8¢ 25.40 % 0.42bd 30.80+ 0.82b
AST (U/L) 34.60 + 0.59 86.00+1.792 43.93 + 0.58 ac 36.47 + 0.84° 40.13+1.39%

Results are presented as Mean + S.E.M, (n = 8 rats/group). 2 Significantly different from control, ® Significantly different
from GM-treated group, ¢ Significantly different from HDE + GM-treated group, ¢ Significantly different from NAC +

GM-treated group, the same superscript letters

the same row are considered insignificant.

The statistical analysis was conducted using (ANOVA) followed by Tukey's multiple comparison test.

3.7. Effect of treatment on GSH, SOD, GST, and
CAT in renal homogenate

The GM intoxication markedly (P < 0.05)
decreased the GSH, SOD, GST, and CAT activities
compared to the control group. Conversely, the
administration of the M. fruticosum extract and NAC
significantly (P < 0.05) increased the level of these
parameters compared to the GM-treated animals.
Concerning the SOD activity, rats receiving the
highest dose of the extract showed a significant (P <
0.05) increase in its activity compared to those
administered with the low dose, (Table 4).

Egypt. J. Chem. 67, No. 8 (2024)

3.8. Effect of treatment on renal MDA, NO,
MPO, TNF-a, IL-6, caspase-3, and NF-kB

Compared to the control group, the GM-
treated group revealed a significant (P < 0.05)
increase in the renal levels of MDA, NO,
myeloperoxidase, TNF-a, IL-6, caspase-3, and NFyB.
However, pre-administration with both doses of the
extract and NAC exhibited a marked (P < 0.05)
decline in their levels compared to the GM-treated
rats. Furthermore, rats receiving the highest dose of
the extract (400 mg/kg) showed a significant
decrease in the MDA, NO, MPO, TNF-a, IL-6,
caspase-3, and NFB  than those receiving the
lowest dose (200 mg/kg) (Table 4 & Fig. 4).
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Table 4. Renal GSH level, SOD, GST, catalase activities, MDA, and NO levels in different studied groups:

Parameters C GM LDE+GM HDE+GM NAC+GM
(100 mg/Kg) (200 mg/Kg + (400 mg/Kg + (150 mg/Kg +
100 mg/Kg) 100 mg/Kg) 100 mg/Kg)
GSH
(nmol/mg protein) 31.05+ 0.67 26.62 + 0.182 28.91+0.29® 30.39 + 0.39° 30.49 + 0.37°
SOD 4269+ 1.29 31.96 £ 0.562 39.46 + .42 abcd 44,18+ 0.55° 43.92+0.71°
(U/mg protein)
GST
(nmol/ mg protein) 71.35+0.95 58.97+ 1.4% 65.5+ 1.98bd 69.33+ 1.79° 72.03+0.8°
CAT
(U/mg protein) 19.85+0.2 17.81+£0.162 19.49+0.28° 19.83+0.14" 19.99+0.18"
MDA
(nmol/g tissue) 82.3+1.65 124.73 £ 1.56° 102.38 + 1.922bcd 83.19+ 2.5°P 82.48 + 2.32°
NO
(uM/qg tissue) 156.27 + 2.09 179.72+1.6° 167.86 + 2.062© 159.42 + 2.49° 162.64 + 1.44°

Results are expressed as Mean + S.E.M, (n = 8 rats/group). ? Significantly different from control, ® Significantly different

from GM-treated group,

¢ Significantly different from HDE + GM-treated group,

4 Significantly different from NAC +

GM-treated group, the same superscript letters in the same row are considered insignificant.
The statistical analysis was conducted using (ANOVA) followed by Tukey's multiple comparison test.
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Fig. 4. Myeloperoxidase activity (a), TNF-a level (b), IL-6 level(c), caspase-3 activity (d), and NF-kB level (e)
of renal homogenate in different experimental groups:
Results are expressed as Mean + S.E.M, (n = 8 rats/group). # Significantly different from control, ° Significantly
different from GM-treated group, ¢ Significantly different from HDE + GM-treated group, ¢ Significantly different
from NAC + GM-treated group.
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3.9. Correlation studies

The Renal MDA level was found to be strongly
correlated with the renal GSH level, SOD activity,
GST activity, and catalase activity (r = -0.79**, -
0.894**, -0.771** and -0.814**, respectively (**P <
0.01). Renal NO level significantly correlated with
the renal GSH, SOD, GST, and CAT activities (r = -
0.68**, -0.775**, -0.617**, and -0.639**,
respectively (**P < 0.01).

3.10. Histopathological investigations

The H&E-stained kidney tissue sections from the
control rats displayed normal histological architecture
of the renal corpuscle and proximal and distal
convoluted tubules (Fig. 5a). However, the GM-
treated group exhibited severe renal damage,
including glomerular degeneration and atrophy with

dilated Bowman’s space, tubular necrosis, widening
of the renal tubules with squamous epithelial cells
lining, vacuolar degeneration of renal tubules with
desquamation of epithelial lining, edema, severe
interstitial inflammatory cells infiltration (interstitial
nephritis) and hyalinization (Fig. 5b-e). Conversely,
rats co-treated with the low dose of M. fruticosum
extract (LDE; 200 mg/kg) (Fig. 5f), high dose of M.
fruticosum extract (HDE; 400 mg/kg) (Fig. 5g), and
NAC (Fig. 5h) demonstrated remarkable
improvement in the histological architecture. Only
LDE and NAC groups showed mild to moderate
tubular degeneration, mild tubular necrosis, and mild
interstitial inflammatory cell infiltration (Fig. 5f & h,
respectively). Furthermore, the LDE group displayed
mild glomerular atrophy and degeneration (Fig. 5f),
while the HDE group exhibited a normal architecture
of the renal cortex (Fig. 5g).

Fig. 5. Representative photomicrographs of renal cortex sections of different experimental groups (H & E):
(a) Control group displays normal histological architecture of renal corpuscle (yellow arrow) and tubules; proximal
(black arrow) and distal (white arrow) convoluted tubules. (b-e) GM-treated group exhibits severe renal damage,
including glomerular degeneration and atrophy with dilated Bowman’s space (yellow arrow), widening of renal tubules
with squamous epithelial cells lining (white arrowhead), vacuolar degeneration of renal tubules with desquamation of
epithelial lining (red arrow), severe interstitial inflammatory cells infiltration (star), edema (wave arrow) and
hyalinization (yellow arrowhead). (f) LDE+ GM-treated group demonstrates remarkable improvement in the
histological architecture with mild tubular degeneration (yellow arrow) and mild interstitial inflammatory cells
infiltration (white arrow). Moreover, some glomerular corpuscles (G) appear nearly normal while others appear
atrophied with dilated urinary space (black arrow). (g) HDE+GM-treated group shows a notable improvement in the
histological architecture with apparently normal renal corpuscle (yellow arrow), proximal (black arrow) and distal
(white arrow) convoluted tubules. (h) NAC + GM-treated group reveals marked improvement in the cytoarchitecture.
Mild tubular degeneration (yellow arrow) and mild inflammatory cells (white arrow) are also observed.
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Furthermore, sections of the renal medulla from
the control group showed normal architecture of
collecting tubules (Fig. 6a). In contrast, the GM-
treated group revealed severe vacuolar degeneration
of collecting tubules, edema, interstitial inflammatory
infiltrates, congestion, and hyaline casts (Fig. 6b).
Conversely, the co-treated groups (LDE, HDE, and

NAC) displayed the nearly normal architecture of
collecting tubules. However, some collected tubules
of the LDE group showed mild to moderate vacuolar
degeneration (Fig. 6¢). Moreover, congestion was
observed, but to a lesser extent, in all co-treated
groups (Fig. 6¢-e).

Fig. 6. Representative photomicrographs of sections of renal medulla from different experimental groups (H

& E):

(a) Control group displays normal architecture of collecting tubules. (b) GM-treated group reveals severe vacuolar
degeneration of collecting tubules (white arrow), interstitial inflammatory infiltrates (yellow arrow), congestion (black
arrow), edema (wave arrow) and hyaline casts (star). (¢) LDE+ GM-treated group shows mild vacuolar degeneration in
collecting tubules (yellow arrow), edema (wave arrow) and congestion (white arrow). (d) HDE+ GM-treated group as
well as () NAC+ GM-treated group exhibit apparently normal cytoarchitecture of collecting tubules. However,

congestion (white arrow) is also observed but with less extent.

As illustrated in (Table 5), the GM-treated group
showed the substantially highest lesion score at p
value less than 0.05 compared to the control group.
On the other hand, the severity of lesions
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significantly (p < 0.05) reduced in the groups co-
treated with the low dose of M. fruticosum extract,
high dose of M. fruticosum extract, and NAC.
Interestingly, there was no significant difference
between the control and high dose of M. fruticosum
extract.
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Table 5. Histopathological lesion score in different experimental groups:

Parameters C GM LDE+GM HDE+GM NAC+GM

Tubular degeneration 0+1 4+ 12 2 + qabc 1+ 1b 1.5 + 18k
Tubular necrosis 0+1 3+12 1+ qabe 0+1P 1+1°
Inflammation 0+0 3+12 1+ 180c 0+1b 1+ Qe
Hyalinization 0+0 2+12 01 0x1b 0+1b

Values are presented as median * interquartile range (n=8 rats/group). 2 Significantly different from control,
b Significantly different from GM-treated group, ¢ Significantly different from HDE + GM-treated group, the same
superscript letters in the same row are considered insignificant. The statistical analysis was conducted by using

Kruskal-Wallis test and the Mann-Whitney U test.

3.11. Immunohistochemistry
3.11.1. Caspase 3

As depicted in Fig 7a., the control group showed
negative caspase-3 immune expression. However, the
GM-treated group demonstrated strong positive
caspase-3 immunoreactivity (Fig. 7b). Conversely,
LDE + GM group displayed moderate immune
expression (Fig. 7c) whereas both HDE + GM and
NAC + GM groups revealed mild caspase 3
immunoreactivity (Fig. 7d and e, respectively).

The immune expression of caspase 3 was
significantly (P < 0.05) higher in the GM-treated

group with a mean area % of 27.39 + 0.71 compared
to the control group. In contrast, the co-treated
groups (LDE, HDE, and NAC) exhibited a
substantial (P < 0.05) reduction in caspase 3
immunoreactivity with mean area % values of 15.68
+ 0.42, 11.99 £ 0.38, and 11.09 = 0.30, respectively.
Notably, the LDE + GM group showed significantly
(P < 0.05) higher immune expression compared to
the HDE + GM and NAC + GM groups. However,
the HDE + GM group did not exhibit significant
immune reactivity compared to the NAC + GM
group (P> 0.05) (Fig. 7).

Caspase 3 area %
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Fig. 7. Photomicrograph of renal tissue sections representing caspase 3 immune expression in different

treated groups:

(a) Control group showing negative immune expression. (b) GM-treated group demonstrating strong positive caspase 3
immunoreactivity. (¢) LDE+ GM-treated group displaying moderate immune expression. (d) HDE+ GM-treated group
revealing mild caspase 3 immunoreactivity. (¢) NAC + GM-treated group exhibiting mild caspase 3 immune expression.
Chart presenting quantification of positive immune expression as area percent. Values are expressed as mean + SEM
(n=8rats/group). ® Significantly different from control group, ° Significantly different from GM-treated group, ©
Significantly different from HDE + GM-treated group, ¢ Significantly different from NAC+ GM-treated group at P <

0.05.
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3.11.2. NF-xB

As presented in Fig 8a., the control group showed
negative NF-xB immune expression. However, the
GM-treated group demonstrated strong positive NF-
kB immunoreactivity (Fig. 8b). Conversely, LDE +
GM group displayed moderate immune expression
(Fig. 8c) whereas both HDE + GM and NAC + GM
groups revealed mild NF-xB immunoreactivity (Fig.
8d and e, respectively).

The immune expression of NF-B was significantly
(P < 0.05) higher in the GM-treated group with a

mean area % of 15.46 + 0.52 compared to the control
group. In contrast, the co-treated groups (LDE, HDE,
and NAC) exhibited a substantial (P < 0.05)
reduction in NF-B immunoreactivity with mean area
% values of 9.37 £0.23, 7.51 £ 0.12, and 7.46 £ 0.19,
respectively. Notably, the LDE + GM group showed
significantly (P < 0.05) higher immune expression
compared to the HDE + GM and NAC + GM groups.
However, the HDE + GM group did not exhibit
significant immune reactivity compared to the NAC
+ GM group (P > 0.05) (Fig. 8).

Fig. 8. Photomicrograph of renal tissue sections representing NF-kB immune expression in different treated

groups:

(@) Control group showing negative immune expression. (b) GM-treated group demonstrating strong positive NF-kB
immunoreactivity. (c) LDE+ GM-treated group displaying moderate immune expression. (d) HDE+ GM-treated group
revealing mild NF-kB immunoreactivity. (¢) NAC + GM -treated group exhibiting mild NF-kB immune expression.
Chart presenting quantification of positive immune expression as area percent. Values are expressed as mean + SEM
(n=8rats/group). ? Significantly different from control group, ® Significantly different from GM-treated group,
¢ Significantly different from HDE+ GM-treated group, ¢ Significantly different from NAC+ GM-treated group at P <

0.05.
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4. Discussion

The results of the present work demonstrated the
protective effects of the M. fruticosum leaves
methanolic extract against GM-induced
nephrotoxicity. GM injection produced marked renal
injury, as evidenced by elevated markers of kidney
function, along with the marked decrease in the
antioxidant enzyme activities and the concomitant
increase in the renal lipid peroxidation, and NO
levels, these data are consistent with previous studies
[2, 42]. The marked increase in levels of serum urea,
BUN, creatinine, and BUN/Creatinine ratio compared
to normal control indicated impaired kidney function
due to decreased glomerular filtration rate (GFR).
Previous research has shown that GM reduces GFR
by inducing tubular apoptosis, necrosis, and
inflammation, leading to decreased blood flow to the
kidneys.  Additionally, GM  affects  renal
hemodynamics by causing vasoconstriction of the
afferent arteriole, resulting in reduced blood flow and
pressure in the glomerulus, leading to a decreased
GFR [8, 43]. High serum levels of creatinine and urea
indicate glomerular impairment while high
proteinuria implies renal tubular damage [44].

However, co-administration of M. fruticosum
methanolic extract with GM significantly ameliorated
the abnormalities in kidney function parameters,
particularly with the use of a 400 mg/kg dose of the
extract, which exhibited amelioration effects
comparable to or greater than the reference drug. By
investigating the chemical profile of the methanolic
extract, it was found to be rich in flavonoids and
phenolics. These phytochemical constituents have
been shown in several studies to inhibit increased
serum creatinine and BUN levels, as well as urinary
excretion of total protein, due to their antioxidant
properties [45-47].

Additionally, our findings indicated that GM
administration  significantly increased markers
indicative of oxidative stress in the kidneys,
including MPO and MDA, while decreasing the
activity of antioxidant enzymes SOD, CAT, and
GST, as well as GSH levels, these results are
consistent with previous studies [1, 48]. GM-induced
renal toxicity primarily occurs due to oxidative stress
caused by the increased production of reactive
nitrogen and oxygen species (ROS), redox imbalance,
as well as reduced antioxidant capacity in the kidneys

8.

In the current study, GM significantly raised renal
MPQO activity which generates more ROS and
reactive nitrogen species that can suppress the renal
activities of SOD, CAT, GST, and GSH, increase
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renal MDA level; a biomarker of oxidative stress and
a bioactive trigger of inflammation and ultimately
contributing to renal damage by damaging cellular
components such as proteins, DNA, and lipids.

Our study further demonstrated a noteworthy

inverse correlation between renal MDA and the
activities of renal antioxidant enzymes. The
correlation coefficients between MDA and SOD,
GST, CAT, and GSH were -0.894**
0.771**, -0.814**, and -0.79**, respectively (**P <
0.01). These findings underscore the significance of
antioxidant therapies in the management of renal
diseases characterized by oxidative damage, such as
those induced by GM exposure.

Interestingly, the co-treatment with methanolic
extract, particularly at a dose of 400 mg/kg,
significantly attenuated the GM-induced oxidative
stress in the renal tissues. This was evidenced by
improved renal activities of antioxidant enzymes, as
well as levels of MDA, and MPO, and favourable
histopathological results compared to the GM-treated
group. In vitro tests revealed that the extract has
potent scavenging activity against free radicals,
suggesting its potential as an antioxidant (Fig. 1). The
extract's abundant profile of phenolics and flavonoids
is likely responsible for its antioxidant activity.
Flavonoids and phenolics are widely known for their
antioxidant properties and can work through various
mechanisms such as reducing the production of ROS,
scavenging free radicals, modulating antioxidant
enzyme activity, chelating metal ions, and regulating
signal transduction pathways and gene expression
related to antioxidant defence [49, 50]. These
findings support the possibility of using M.
fruticosum leaves methanolic extract as a potential
therapy against renal diseases induced by oxidative
damage.

Moreover, administration of GM significantly
increased renal levels of NO, NF-kB, TNF-a, IL-6,
and caspase 3, indicating the inflammatory and cell
apoptotic effects of GM. These findings were
supported by histopathological changes and
immunohistochemical results. Our results are in line
with previous research [2], [51-53] demonstrating
that GM-induced oxidative damage can further lead
to inflammation and apoptosis through various
cellular signaling pathways, including NF-kB,
inducible nitric oxide synthase (iNOS), and caspase-
3. Specifically, GM-induced oxidative stress can
activate iNOS, leading to the overproduction of NO,
which can react with superoxide radicals to form
peroxy-nitrite, a highly reactive molecule known to
cause tissue damage and inflammation and aggravate
renal failure [54]. Furthermore, NO can activate the
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NF-kB pathway, resulting in the production of pro-
inflammatory cytokines TNF-o and IL-6 [55].

Our results demonstrated a noteworthy inverse
correlation between renal NO and the activities of
renal antioxidant enzymes. The correlation
coefficients between NO and SOD, GST, CAT, and
GSH were -0.775**, -0.617**, -0.639**,
and -0.68** respectively (**P < 0.01).

According to previous studies, GM can activate
caspase-3, a key enzyme involved in the renal
apoptotic  pathway, through  the intrinsic
mitochondrial pathway and activation of TNF-a, IL-
6, and NF-kg. TNF-o and IL-6 can activate NF-kg,
which can promote the expression of pro-apoptotic
genes and activate caspase-3 [52, 56, 57].

Furthermore, our study found that GM-induced
renal injury led to increased plasma levels of liver
enzymes indicating potential liver damage. This
observation aligns with previous research showing
that GM-induced nephrotoxicity can have remote
effects on other organs, including the liver [8, 58].

Additionally, the histopathological examination
confirmed the oxidative and inflammatory effects of
GM on renal tissues, showing severe renal damage
such as glomerular degeneration and atrophy,
widening of renal tubules with squamous epithelial
cells lining, vacuolar degeneration of renal tubules,
desquamation of epithelial lining, and hyalinization.
These findings are consistent with previous studies
[2, 59, 60]. Increased intracellular H,O and Na ions
from an imbalance in fluid equilibrium induce
leakage of lysosomal enzymes causing cytoplasmic
degradation, macromolecular crowding, and vacuolar
degeneration of lining epithelia [61,62]. The
desquamation of lining epithelia may be due to
oxidative stress induced by GM, resulting in cell-cell
separation [63]. GM predominantly induces
cytoplasmic  vacuolation, tubular necrosis, and
exfoliation of epithelial lining due to prominent
endocytic activity and abundant lysosomes and
mitochondria of the epithelia lining PCT [64]. The
presence of hyaline casts in the kidneys may indicate
protein metabolism disruption caused by renal
damage [65]. Furthermore, the GM-treated group
showed severe interstitial inflammatory infiltrates,
suggesting that the GM may interact with the
enzymes and proteins of interstitial tissues, triggering
the overproduction of ROS and inhibiting the
antioxidant defense, subsequently increasing the
migration of inflammatory cells, and stimulating
inflammation [66, 67].

Interestingly, all the above changes were reversed
using the M. fruticosum leaves methanolic extract
which significantly reduced renal lewvels of
inflammatory markers such as NO, NF-kB, TNF-a,
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and IL-6, as well as caspase 3. The extract also
improved the histopathological changes and
immunohistochemical analysis related to
inflammation and apoptosis induced by GM
administration. Both low and high doses of the
extract were effective, with the high dose of 400
mg/kg showing results like those of the reference
drug. Also, the results suggested that the
administration of M. fruticosum extract could
alleviate hepatic disturbances resulting from GM-
induced nephrotoxicity. This beneficial effect might
be attributed to the extract's antioxidative and anti-
inflammatory properties, which may act on the
kidney and/or directly on the liver.

The primary components of the extract were
identified using the UPLC/ESI-QTOF-MS/MS
technique and included melodamide A, kaempferol,
quercetin, rutin, luteolin, apigenin, and chrysin.
These components have been previously reported to
exhibit antioxidant, anti-inflammatory, and anti-
apoptotic effects, which may be responsible for the
extract's protective effects on the Kkidneys.
Melodamide A, a phenolic amide found in the
extract, has demonstrated potent anti-inflammatory
activity by inhibiting the pro-inflammatory function
of human neutrophils [41]. Kaempferol, a well-
known flavonol, has potent antioxidant, anti-
apoptotic, anti-inflammatory, and nephroprotective
activities, preventing nephropathy and restoring
normal kidney lipid levels [68, 69]. Additionally,
quercetin exhibited antioxidant, anti-inflammatory,
and anti-apoptotic capabilities, and microglial
activation-induced apoptosis [70, 71]. Rutin,
guercetin  3-rutinoside, a famous powerful anti-
inflammatory and anti-apoptotic can alter oxidative
stress biomarkers, downregulate iNOS, and enhance
the expression of Nrf2 [72, 73]. Luteolin, a common
flavone in many vegetables, fruits, and medicinal
plants, alleviates nephrotoxicity through antioxidant,
anti-inflammatory, and Nrf2/ ARE/HO-1
overexpression pathways [74], as well as
downregulating NF-B and TNF and modulating
tubular cells' apoptosis [45]. Chrysin, another
identified flavone in M. fruticosum, possesses
protective effects against renal damage induced by
paracetamol, and doxorubicin [75, 76]. Chrysin
lowers the levels of DNA damage markers and
modulators COX-2, 8-OHdG, and KIM-1 compared
to untreated subjects [77]. Chrysin also has been
reported to have a nephroprotective role in the
prevention of cyclosporine A -induced renal fibrosis
[78]. Moreover, apigenin exhibits antioxidant, anti-
inflammatory, and anti-apoptotic effects, mitigating
cisplatin-induced nephrotoxicity [79]. Naringenin can
trigger antioxidant reactions, inhibit the release of
pro-inflammatory cytokines [80], and attenuate lead-
induced kidney damage in rats [81]. Pinocembrin, the
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flavanone precursor of chrysin, mitigates GM-
induced nephrotoxicity in rats by improving kidney
function and inhibiting oxidative stress as well as
apoptotic conditions [82]. Pinocembrin treatment
ameliorates diabetic nephropathy, as it improves lipid
profile, glomerular filtration rate and urinary protein,
it also avoids increases in urinary biomarkers,
oxidative stress, and glomerular basement membrane
thickness [83]. Ferulic acid, the predominant
hydroxycinnamic acid in plants, has nephroprotective
effects in  GM-induced nephrotoxicity through
diminishing inflammation and oxidative stress [84].
Owerall, these components make the extract of M.
fruticosum a potential therapeutic agent for renal
diseases.

5. Conclusion

The present study demonstrated for the first time
the nephroprotective effect of M. fruticosum leaves
methanolic extract against GM-induced Kkidney
damage in rats via modulating several signaling
pathways in a dose-dependent manner. Certainly, M.
fruticosum leaves methanolic extract inhibits NO and
NF-kB levels and attenuates both inflammatory
cytokines (IL-6 and TNF-a) and apoptotic marker
(caspase  3) along  with inhibiting  the
immunohistochemical expression of NF-xkB and
caspase 3 via alleviating oxidative stress, augmenting
the activities of antioxidant enzymes (SOD, GST,
CAT, and GSH) concomitantly with diminishing
lipid peroxidation (MDA levels) induced by GM.
Furthermore, co-administration of the methanolic
extract with GM significantly ameliorated kidney
function parameters (urea, BUN, creatinine, and
BUN/Creatinine ratio) and alleviated all histological
changes. This beneficial effect may be attributed to
the phytochemical constituents identified by
UPLC/ESI-QTOF-MS/MS technique. Therefore, M.
fruticosum leaves methanolic extract may serve as a
potential therapy against renal diseases induced by
oxidative damage.
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