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ABSTRACT

Food preservatives can break food safety worldwide; herein, we studied the mitigating effect of Ficus carica (FC) on hepato-renal
injury resulting from monosodium glutamate (MSG) or metanil yellow (MY) as a common food preservative. Rats were assigned
into five groups; Control, MSG (400 mg/kg), MY (200 mg/kg), FC+MSG (received FC plus MSG), and FC+MY group (received
FC plus MY). The antioxidant properties of FC were evaluated. The results revealed the antioxidant potency of FC leave extract.
MSG/MY evoked a hepato-renal injury indicated by marked elevations in their biochemical functions. Besides, oxidative damage
was also initiated represented by significant increases in MDA levels and decreases in GSH content and SOD activity accompanied
by apoptotic cascade (increases in Bax/Bcl2 ratio and caspase3 expression). The molecular docking ascertained the interaction
between MSG/MY and cellular antioxidants. However, FC was able to reduce the MSG/MY-induced oxidative stress, apoptosis,
and histopathological alterations as well as improve the liver and kidney functions. In the molecular docking model, the natural
bioactive compounds of FC explored high affinities for binding with Bax and caspase-3 abrogating the induced apoptosis. The
antioxidant potential of FC mitigated the hepato-renal damage in rats caused by MSG or MY.
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1 | Introduction

Monosodium glutamate (MSG) is the salt of sodium and glu-
tamate. In 1908, seaweed was first utilized in Japan to create
MSG, a flavor enhancer [1]. It is used worldwide as a flavor
enhancer in contemporary nutrition. Families in Sudan fre-
quently use MSG, and due to its accessibility and affordability
especially in light of the nation’s dire economic situation, it
has recently gained popularity in rural areas [2]. MSG is used
as a food ingredient in various meals, whether in hydrolyzed
protein or pure monosodium salt. In addition, it is seen as a
contentious material. The antioxidant system is implicated in its
disruption [3].

Chronic use of MSG leads to renal fibrosis. Renal damage is
mostly caused by oxidative stress, which can be caused by either
an excess of oxygen radicals and other reactive oxygen species
(ROS) or an inadequate removal of free radicals from cells [4,
5]. More focus should be placed on the harmful consequences
of color additives because of the unrestricted use of artificial
food coloring ingredients which increased significantly in
developing countries such as Egypt, particularly in foods
intended for children’s nutrition [6]. MSG induces hepatotoxicity
as well as its oxidant effect so, it must prevented during hepatic
diseases [7].

Dyes are used in various ways as food additives and col-
orants. The yellow azo dye, metanil yellow (MY) is frequently
used in the food industry. It is a sodium salt of m-[(p-
anilinophenyl)azo]benzenesulphonic acid made from a reaction
between diphenylamine and diazotized metanilic acid [8, 9]. Azo
dyes act as biological indicators, pH indicators, and research
colors in laboratories. Paper, wool, nylon, silk, aluminum, deter-
gent, ink, and other materials can all be colored with MY.
The color is prohibited from being used in food because it is
dangerous and cannot be consumed. The harmful chemical azo
dye is used in different foods due to its inexpensive food coloring
agent [9]. MY, an azo dye, is produced by mixing dipheny-
lamine with metanilic acid [7]. MY is not toxic in and of itself,
but diphenylamine, one of its metabolites, has a hepatotoxic,
nephrotoxic, neurotoxic, carcinogenic, and mutagenic effect. MY
is prohibited due to its carcinogenic and genotoxic characteristics
[9-11].

Within the Moraceae family, Ficus carica (FC) is a rubber tree
that grows in tropical and subtropical conditions. FC has been
reported to have multiple beneficial pharmacological actions
antioxidant, anti-inflammatory, cardioprotective, hepatoprotec-
tive, neuroprotective, hypoglycemic, anticancer, antipyretic, and
antibacterial activities [12-14]. These activities are attributed to
its content of various bioactive components from flavonoids
and phenolics including phytosterols, organic acids, phenolic
compounds, anthocyanin composition, coumarins, triterpenoids,
and volatile molecules, such as hydrocarbons, aliphatic alcohols,
and other types of secondary metabolites [12, 15].

This study’s goal was to investigate the protective properties of
FC leaf extract against hepato-renal injury caused by MSG and
MY through the computational modeling platform as well as in
vivo investigations including monitoring biochemical markers,
oxidative stress, and apoptotic indices.

2 | Experimental Section

2.1 | Molecular Docking Assessment

2.1.1 | Ligand Preparation

The three-dimensional structures of MSG and MY were acquired
from the PubChem database [16]. Meanwhile, the bioactive
compounds of FC were obtained in SDF format from the LOTUS
database [17, 18] and subsequently opened in MOE (Molecular
Operating Environment) software [19] for energy minimization
and docking with target proteins.

2.1.2 | Preparation of Protein

From the UniProt database [20], the three-dimensional structures
of the rat glutathione synthetase, superoxide dismutase-1 (SOD1),
superoxide dismutase-2 (SOD2), superoxide dismutase-3 (SOD3),
Bax, and caspase-3 were obtained. Target protein energy mini-
mization and MOE 2015.10 [21] tools were used to prepare the
target proteins for docking.

2.2 | Chemicals

MSG (Cat. No. G5889; > 99.0% purity) and MY (Cat. No.
(Cat. No. G5889; > 70% purity) were obtained from Sigma-
Aldrich Co., MO, USA. DPPH (2,2-diphenyl-1-picryl-hydrazyl-
hydrate; Cat. No. D9132; > 99.0% purity), ABTS (2,2-azino-bis
3-ethylbenzothiazoline-6-sulfonic acid; Cat. No. A1888; > 98.0%
purity), AAPH (2, 2’-azobis (2-methylpropionamidine) dihy-
drochloride; Cat. No. 440914; > 97.0% purity) were obtained
from Sigma-Aldrich, USA. AST (Cat. No. AS1061), ALT (Cat. No.
AL1031), urea (Cat. No. UR2110), creatinine (Cat. No. CR1250),
and ALP (Cat. No. AP1021) were procured from Laboratory
Biodiagnostics, Cairo, Egypt.

2.3 | Preparation of Plant FC Materials

Fresh FC leaves were collected on July 15, 2022, from Al-Minia
University’s Agricultural Farm, Al-Minia, Egypt. The leaves were
cleaned, dried, and finely pulverized, then stored in a closed metal
container. Next, they extracted according to Ao et al. [22], with
minor modifications. Briefly, 20 g of dried leaves were added
to 100 mL methanol (100%) and kept under shaking at 25°C
for 3 days and then filtered by Whatman paper No. 1 (Thomas
Scientific, USA). Next, methanol was evaporated using a rotating
evaporator (at 45°C/100 mbar), and the extract was stored in an
amber glass container at 4°C for the following analysis.

2.4 | Assessment of the Antioxidant Capacity of
FC Extract

241 |
Phenols

Estimating the Total Amount of Flavonoids and

Total flavonoid content (TFC) was determined by a colorimetric
assay, while total phenolic content (TPC) was determined by a
Folin-Ciocalteu photometric assay [23].
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2.4.2 | DPPH Assay

Using the procedure outlined by Boly et al. [24], the capacity of
the FC extract to scavenge DPPH (2,2-diphenyl-1-picryl-hydrazyl-
hydrate) was ascertained.

2.4.3 | ABTS Assay

The capacity of FC extract to scavenge the free radical ABTS
(2,2-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid) was deter-
mined by using the methodology described by Arnao et al.
[25].

2.4.4 | Ferric Reducing Ability of Plasma (FRAP) Assay
Benzie and Strain [26] evaluated the FC extract’s reduction power
using the ferric-reducing antioxidant power (FRAP) assay to
evaluate the antioxidant capacity of the FC extract.

2.4.5 |
Assay

Oxygen Radical Absorbance Capacity (ORAC)

In ORAC assay, 2,2-azobis (2-methylpropionamidine) dihy-
drochloride (AAPH) functioned as the ROS generator. A peroxyl
free radical was produced when AAPH was heated. This inter-
action has biological relevance since the body contains many
such free radicals. The fact that AAPH reacts with lipid-soluble
and water-soluble substances makes it possible to test overall
antioxidant capability. The ORAC assay was used according to
Liang et al. [27].

2.4.6 | Assessment of the Chelating Activity of Iron (II)
Fe?* chelation capacity of FC extract was investigated using the
minor modified protocol as described by Santos et al. [28].

2.5 | Animal Study

Male Sprague-Dawley rats (180-200 g) were kept for 2 weeks for
acclimatization in the Biological Lab, Department of Chemistry,
Faculty of Agriculture, Minia University, Egypt. Rats were housed
in well-ventilated cages with a standard temperature of 22.5 + 2°C,
a relative humidity of 60 + 10%, and 12 h of light/dark cycles
for 2 weeks before the experiment. Next, all rats were assigned
into five groups (four rats each) as follows: Control group, rats
received normal saline; MSG group, rats were orally administered
daily 400 mg/kg b.wt. of MSG [29]; MY group, rats were orally
received 200 mg/kg b.wt. of MY daily [10]; FC+MSG group, rats
were received oral doses of 200 mg/kg b.wt. [30] and 400 mg/kg
b.wt. of FC extract and MSG, respectively; and FC+MY group,
animals were administered 200 mg/kg b.wt. of FC and MY extract
orally every day.

After 30 days, all animals were starved overnight followed by a
collection of blood samples from the retro-orbital plexus under
the effect of isoflurane anesthesia. Serum was collected after

coagulation of blood for 15 min at room temperature, then
centrifuged for 15 min at 3000 rpm at 4°C. The serum was
preserved at —20°C for further biochemical analyses.

2.5.1 | Biochemical Assessment of Hepato-Renal
Function and Oxidative Stress Markers

Serum ALT, AST, ALP, creatinine, and urea were determined.
Moreover, specimens of liver and kidney tissues were homoge-
nized. Homogenates were employed to test the amounts of total
superoxide dismutase (SOD), glutathione (GSH), and malondi-
aldehyde (MDA). All procedures were carried out according to the
manufacturer’s instructions (Laboratory Biodiagnostics, Cairo,

Egypt).

2.5.2 | Histopathological Examination

The excised tissue samples from the liver and kidneys were
washed with saline and fixed in 10% buffered formalin, and then
dehydrated with different concentrations of ethyl alcohol and
clarified with xylene before being trapped in paraffin. Tissues
were sectioned into 4-5 um thickness and stained with hema-
toxylin and eosin stains. Next, lesions were scored based on the
following criteria: no lesions, + lesions in 3-6 sections, ++ lesions
in 7-19 sections, and +++ lesions in 20-30 sections.

2.5.3 | Immunohistochemical Examination

Sections were cut into 4-5 um lengths and rehydrated on poly-
I-lysine-coated slides. Microwave-induced epitope retrieval was
conducted for 15 min, followed by protein and endogenous
peroxidase blocking. Primary antibodies (caspase-3, Bax, and
Bcl2) were treated with tissue slices, as described in Table Sl.
After washing, a goat anti-rabbit secondary antibody (Cat. No.
K4003, EnVision+TM System Horseradish Peroxidase Labelled
Polymer; Dako) was applied to the slides and left for 30 min
at room temperature. After examining the slides with the 3,3’-
diaminobenzidine (DAB) kit, Mayer’s hematoxylin was used as
a counterstain. The staining index for the caspase-3 and Bax
antibodies was determined and displayed as the mean of positive
cells in eight high-power fields. In contrast, the Bcl2 antibody
was determined using Image J analysis software to assess positive
expression per area [31].

2.6 | Statistical Analyses

OriginPro (version 2019b, OriginLab Co., MA, USA) was used
for analyses and visualization of the obtained data which were
expressed as mean + S.E.M., and the comparison of treatment
means was done by one-way ANOVA and Tukey’s test as a post-
hoc. ANOVA techniques were used to perform variance analyses.
When the p value was less than 0.05 was considered significant.
Moreover, R version 4.0.2 of RStudio was employed to generate
the principal component analysis (PCA), debiased sparse partial
correlation (DSPC) network, correlation heatmap, and variable
importance in projection (VIP) scores.
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role of FC bioactive ingredients is confirmed by the immuno-
histochemistry in the current study. Similarly, by lowering the
expression levels of Bax, caspase-3, and other apoptotic markers,
the extract of FC leaves reduced pancreatic 5-cell apoptosis [66].
The proposed mechanisms located behind the protective activity
of FC toward the MSG or MY-induced hepato-renal damage are
summarized in Figure 11.

Interestingly, the multivariate analyses assert the above-
mentioned data; where the PCA and clustering heatmap confirm
the occurrence of liver and kidney injury in response to MSG
or MY insult which could be distinctively differentiated from
the other groups protected by FC supplementation. These
data strongly suggest the potential protective activity of FC
against the damaging action of MSG or MY in liver and kidney
tissues. Moreover, the DSPC network confirms the rationale
interrelationship between the studied parameters. Besides,
the VIP scores indicated that oxidative damage and apoptotic
indices were the top influencing variables in the current study.
Collectively, these data robustly corroborated the hepato-renal
protective potential of FC for MSG/MY-induced liver and kidney
injury. The multivariate analyses document the influencing
effect of oxidative stress and apoptosis in the current study which
encourages the idea of employing the antioxidant potential FC
on future clinical bases. However, more research is required
to investigate the pharmacological action of the individual FC
fraction rather than whole extracts.

5 | Conclusion

The obtained findings from the current study concluded that
MSG or MY could provoke a toxic injury in the liver and
kidney tissues; thereby, the hepatic and kidney functions along
with oxidative damage and apoptosis were initiated. However,
co-administration of FC leaf extract could arrogate the MSG/MY-
induced oxidative and apoptotic damaging actions. These pro-
tective activities might be attributed to the potential antioxidant
capacity of FC. Therefore, FC could be used as a potent food
supplement as a plant-derived antioxidant to counterpart the
harmful action of such kind of food additives.
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