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Abstract: Heavy metals intoxication causes several health problems that necessitate finding new protec-
tive and therapeutic approaches. This study aimed to evaluate the impact of Musa sp. leaves extract
(MLE) on hepato-renal toxicities induced by cadmium (Cd) in male mice. The phytochemical screening,
metal chelating activity (MCA), and the median lethal dose (LD50) of MLE were determined. Fifty
CD-1 male mice were used and intraperitoneally (i.p.) injected with MLE (1000 to 5000 mg/kg b.wt) for
MLE LD50 determination. Another 50 mice were used for evaluating the effect of MLE on Cd toxicity.
Blood samples were collected for hematological, liver, and kidney functions assessments. Liver tissue
homogenates were used for determination of oxidant/antioxidant parameters. Liver and kidney tissues
were harvested for histopathological and molecular investigations. MLE showed potent in vitro antioxi-
dant activities. The MCA and LD50 of the MLE were 75 µg/mL and 3000 mg/kg b.wt, respectively. MLE
showed beneficial therapeutic activity against hepato-renal toxicities in Cd-intoxicated mice, evidenced
by improving the hematological, biochemical, histopathological, and molecular alterations.

Keywords: Musa sp.; phytochemicals; antioxidants; cadmium; toxicity

1. Introduction

Industrial, agricultural, transportation, and other daily activities all over the world
increased the levels of pollution, particularly heavy metals in soil, water, and air envi-
ronments [1,2]. The presence of heavy metals due to pollution led to harmful impacts on
human health and the eco-system [3]. Acute and chronic toxicities due to heavy metals ex-
posure led to irreversible damage in human and animal tissues and could induce cancer [4].
Furthermore, the accumulated heavy metals in the most vital tissues and organs—for
instance, in the kidneys, liver, and bones—produce several health problems such as renal
and hepatic dysfunction and bone diseases. A previous study reported that Cd toxicity
promotes pathological changes through free radical initiation mechanisms [5].

The Food and Drug Administration (FDA) approved chelation therapy for removing
the heavy metals from the body. In this regard, ethylene diamine tetra-acetic acid (EDTA)
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was used as a synthetic chelating agent to remove heavy metals from the body; thus, it
reduces inflammation and tissue damage [6]. A previous study showed that medicinal
herbs can be potentially used in the treatment of the heavy metals poisoning. For instance,
different tomato extracts have been shown to clear the bioaccumulation of heavy metals in
rats [7].

Phytochemical constitutes were reported to protect against heavy metals toxicity in
rats, and treatment with some medicinal plants ameliorated the heavy metal toxicity in
experimental animals [8–10]. Banana (Musa sp.) is an herbaceous flowering plant that grows
worldwide. In a sub-chronic toxicity study of banana extracts, no mortality or biochemical
alterations in adult male albino mice were noticed [11]. The biological and biomedical
applications of Musa sp. have been investigated, and M. paradisiaca showed antiulcer activity in
rats [12]. Gel from unripe banana peel caused better epithelization of wounds healed in Wistar
rats in addition to its anti-inflammatory and antioxidant potential [13]. Ethanolic extracts of
unripe bananas M. sapientum showed a high antimicrobial activity against micro-organisms
and showed anti-ulcerogenic activity. M. sapientum flowers extract showed hypoglycemic
activity, improvement in glucose tolerance, and antioxidant activity in diabetics [14]. M.
sapientum stem aqueous extract showed hepatoprotective activity against carbon tetrachloride-
induced hepatotoxicity in rats [15]. M. paradisiaca stems extracts showed hematopoietic and
immunomodulatory properties due to the stimulation and formation of erythropoietin by its
phytochemicals [16]. Previous studies evaluated the biomedical activities of different parts of
Musa sp.; Musa leaves showed the most potent antioxidant and biomedical activities [12–17].
Therefore, the present study aimed to investigate the impact of Musa leaves extract (MLE)
against cadmium toxicity in albino mice.

2. Results
2.1. Phytochemical’s Analysis and Metal Chelating Activity of MLE

The total phenolic, flavonoids, saponin, and anthocyanin content in the MLE were
2.92, 1.89, 0.297, and 0.469 mg/mL, respectively. In MLE, the total antioxidant capacity
(TAC) was 0.162 mg/mL, while the DPPH radical scavenging was 71%, and the IC50
value was 0.685 mg/mL (Table 1). The metal chelating activity against ferrous ion showed
that the IC50 of the extract for chelating activity was 75 µg/mL and was higher than the
standard EDTA (IC50 = 20 µg/mL) (Table 1). Gas chromatography-mass spectroscopy
(GC-MS) analysis showed that the most abundant phytochemical constitutes in MLE were
benzyl chloride (PA: 6.46%), nizatidine (PA: 43.23%), 1-tetradecanamine N,N-dimethyl- (PA:
19.32%), 2-methylenebrexane (PA: 15.38%), and finally N-methyl-N benzyltetradecanamine
(PA: 2.7%) (Table 2 and Figure 1).

Table 1. Phytochemical analysis of Musa sp. leaves extract (MLE).

Phytochemical Parameters MLE

Phenolics (mg/mL) 2.92
Flavonoids (mg/mL) 1.89
TAC (PMA) (mg/mL) 0.162

DPPH % 71
IC50 (mg/mL) 0.685

Saponin (mg/mL) 0.297
Anthocyanin (mg/mL) 0.469

Metal chelating activity (µg/mL) 75
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Table 2. GC-MS analysis of Musa sp. leaves extract (MLE).

RT (min.) Name M. F. M. Wt Peak Area %

3.97 Benzyl chloride C7H7Cl 126 6.46
9.89 1-Chlorooctadecane C18H37Cl 288 0.78
10.11 4-Hydroxy-4-methyl-hex-5-enoic acid tert-butyl ester C11H20O3 200 1.10
11.31 Decane, 1-chloro- C10H21Cl 176 0.40
11.41 1-Dodecanol C12H26O 186 1.37
11.98 Nizatidine C12H21N5O2S2 331 43.23
13.75 Diethyl phthalate C12H14O4 222 1.09
14.05 9-Octadecen-1-ol, (Z)- C18H36O 268 0.45
15.20 Cholestan-3-ol, 2-methylene-,(3a,5a)- C28H48O 400 0.56
15.27 1-Hexadecanol C16H34O 242 0.73
15.76 1-Tetradecanamine, N,N-dimethyl- C16H35N 241 19.32
18.13 Neophytadiene C20H38 278 0.65
18.86 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 296 0.48
19.61 Hexadecanoic acid, methyl ester C17H34O2 270 0.70
20.29 N-Hexadecanoic acid C16H32O2 256 1.40
22.38 9-Octadecenoic acid (Z)-, methyl ester C19H36O2 296 0.71
22.57 2-Methylenebrexane C10H14 134 15.38
23.03 Oleic Acid C18H34O2 282 1.51
25.60 N-Methyl-N-benzyltetradecanamine C22H39N 317 2.70
28.65 Di-n-octyl phthalate C24H38O4 390 0.96

RT: Retention time; M. F.: Molecular formula; M. Wt: Molecular weight.

Figure 1. The most abundant phytochemical constituents of MLE.

2.2. The Median Lethal Dose (LD50) of MLE

After 24 h of MLE injection (i.p.), the LD50 was 3000 mg/kg b.wt; this result was
obtained from two separate experiments (Table 3).
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Table 3. Shows the calculations for LD50 determination of MLE after 24 h of intraperitoneal injection
in mice.

Doses 1st exp. 2nd exp. Md Dd Md × Dd

1 g/kg 0 0 0 0 0
2 g/kg 0 0 0 0 0
3 g/kg 2 2 2 1 2
4 g/kg 3 4 3.5 1 3.5
5 g/kg 5 4 4.5 1 4.5

Sum. 10
Md: mean death; Dd: dose difference.

2.3. Treatment with MLE Decreased Cd Toxicity on Hematological Parameters

Cd injection led to significant decrease (p < 0.05) in both the total RBCs counts and
Hb levels, while treatment with MLE returned these levels close to the normal values. In
Cd-intoxicated mice, (Gp3), the total of WBCs and platelets counts were increased; however,
the treatment with MLE restored these levels close to normal. Cd injection (Gp3) led to
an increase in the percentages of neutrophils (%) and monocytes (%), while decreasing
the percentage of lymphocytes (%). Treatment with MLE along with Cd-injection led to
modulation of the percentage of the different types of WBCs (Table 4).

Table 4. Complete blood count in the different groups of mice under the study.

Groups RBCs
(×106/uL)

Hb
(g/dL)

Platelets
(×103/uL)

WBCs
(×103/uL)

Differential Count

Neut. (%) Lym. (%) Mon. (%)

Naïve control 9.3 ± 0.9 11.7 ± 2.8 1.168 ± 49 8.3 ± 2.0 18 ± 1.5 80 ± 5.1 2.1 ± 0.9
MLE-treated 9.9 ± 0.8 12.8 ± 1.7 1.139 ± 42 8.1 ± 1.8 23 ± 1.8 72 ± 4.2 3.2 ± 1.0
Cd-treated 7.4 ± 1.3 ab 13.9 ± 1.9 ab 1.774 ± 51 ab 12.5 ± 1.5 ab 30 ± 2.8 ab 40 ± 3.2 ab 4.4 ± 1.5 ab

Cd/MLE-treated 8.6 ± 1.2 c 15.0 ± 2.4 c 1.312 ± 45 c 8.8 ± 2.3 c 25 ± 3.8 c 51 ± 2.7 abc 3.5 ± 1.9 c

Cd/EDTA-treated 7.9 ± 1.9 13.2 ± 2.6 1.014 ± 39 c 9.1 ± 2.7 22 ± 3.1 c 73 ± 2.5 c 3.9 ± 1.9 c

RBCs: red blood corpuscles; Hb: hemoglobin; WBCs: white blood cells. Neut: neutrophils; Lym: lymphocytes;
Mon: monocytes. Means that do not share a letter are significantly different at p < 0.05.

2.4. MLE Treatment Restores the Liver and Kidney Functions and Returns the Antioxidant
Enzymes Close to Their Normal Levels

As compared with the control group (Gp1), Cd injection led to a significant increase
(p < 0.05) in the levels of AST, ALT, urea, creatinine, and MDA (Figures 2 and 3A). Con-
comitant treatment with MLE decreased the levels of the above parameters significantly
(p ≤ 0.05). The levels of GSH, SOD, and CAT were decreased after the Cd-injection and
were restored to their normal level after the co-treatment with MLE when compared with
Cd/EDTA-treated mice (Figure 3B–D).
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Figure 2. Serum AST, ALT, urea, and creatinine parameters in the different groups under study.
(A) AST activity, (B) ALT activity, (C,D) urea, and creatinine levels. Tukey pairwise comparison;
means that do not share a letter are significantly different.

Figure 3. Hepatic oxidative stress parameters in the different groups under study. (A) Malondialde-
hyde (MDA), (B) reduced glutathione (GSH), (C,D) superoxide dismutase (SOD), and catalase (CAT)
activities. Tukey pairwise comparison; means that do not share a letter are significantly different.

2.5. MLE Ameliorated Cd-Induced Liver and Kidney Tissue Damage

Microscopic examination of the normal liver sections in the control group showed
defined hepatic lobules. Each lobule was formed of cords of hepatocytes radiating from
the central veins (CV). The cells were separated by narrow blood sinusoids (BS) that
were lined by Kupffer cells and endothelial cells. The hepatocytes were polyhedral with
acidophilic cytoplasm and rounded darkly stained nuclei (Figure 4A). In the group of
mice that was treated with MLE alone, typical lobular hepatic architecture with dilated
and slight congested central vein was shown (Figure 4B). Necrotic areas infiltrated with
clumps of polymorphonuclear neutrophils (PMN) mixed with lymphocytes and pyknotic
hepatocytes were noticed in Cd-intoxicated group (Figure 4C). A few clumps of the PMN
cells and lymphocytes infiltrated the hepatic parenchyma. Some necrotic hepatocytes in
the degenerated areas of the tissue and less congested CV were exhibited in the tissues of
mice treated with Cd and MLE (Figure 4D). The hepatic tissue lost, extensive congestion of
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the CV, inflammatory cells, and masses of leukocytes and lymphocytic cells was observed
in the liver tissues of mice that were treated with Cd and EDTA (Figure 4E).

Figure 4. Photomicrographs of liver sections of rats stained with hematoxylin and eosin (H&E) (100×,
200×). (A) Control group showing central vein (v), cords of polyhedral hepatocytes, and blood
sinusoids (arrows). (B) MLE-treated group showing the normal lobular hepatic architecture with
slight dilation and congestion of some central veins (arrows) and blood sinusoids. (C) Cd-treated
group showing clumps of polymorphonuclear neutrophils mixed with lymphocytes infiltrates (arrow)
and necrotic hepatocytes. (D) Cd/MLE group showing a few clumps of polymorphonuclear cells
and lymphocytes infiltrates in the hepatic parenchyma (double arrows), some necrotic hepatocytes
in degenerated areas (asterisks), and congestion of dilated central veins (arrow). (E) Cd/EDTA
group showing no lobular hepatic architecture, extensive congestion of the central veins with cellular
infiltration (asterisks), and small clumps of leukocytes and lymphocytic cells (arrows).

Histological alterations were recorded in the renal tissues of groups treated with Cd.
Glomeruli shrinkage, tubular necrosis, and inflammatory cell infiltration were recorded.
Highly eosinophilic cells and vacuolated cytoplasm were observed in the epithelial lining
cells of the renal tubules (Figure 5C) compared with the normal kidney histological archi-
tecture (Figure 5A). The kidney histological architecture was almost typical in the groups
that were treated with MLE (Figure 5B). The histological alterations induced by Cd were
markedly reduced by the treatment with MLE, in which slight shrinkage of the glomeruli,
no tubular necrosis, and no cellular infiltration were observed (Figure 5D). The severe
congestion and the bleeding in the blood capillaries were the most noticeable features of the
histological lesions in the tissues of groups treated with Cd/EDTA. Malformed glomeruli
and hyperplasia of the tubular lining cells were revealed (Figure 5E).

Figure 5. Photomicrographs of kidney sections of rats stained with hematoxylin and eosin (H&E)
(200×, 400×). (A) Control group showing the renal cortex with the glomeruli (G) that was surrounded
by Bowman’s capsule of simple squamous epithelial cells (thin arrow). The renal convoluted tubules
are lined with simple cuboidal and simple squamous epithelial cells (thick arrows). (B) MLE-treated
group showing normal tissue architecture with glomeruli (G) and renal tubules (arrows). (C) Cd-
treated group showing shrinkage of the glomeruli (G). Renal tubular necrosis, highly eosinophilic
epithelial cells (thick arrow), cytoplasmic vacuolated cells that lined the renal tubules (thin arrows),
and cellular infiltration in the intertubular sites (circles). (D) Cd/MLE group showing slight shrinkage
of glomeruli (arrows), well-developed simple cuboidal cells that lined the renal tubules (arrowheads),
and no cellular infiltration in the tissue. (E) Cd/EDTA group showing severe congestion of the blood
capillaries (thick arrows), bleeding in the main blood vessels (star), the malformed glomeruli (thin
arrows), and the renal tubules lined with altered eosinophilic and hyperplasia of epithelial cells
(arrowheads).
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2.6. Molecular Analysis of the Pro-Inflammatory Genes

The results show that in the Cd-intoxicated group, there was upregulation in the
mRNA expression levels of the pro-inflammatory genes (TGF-β1, NFκ-β, and COX-1) in
the liver and kidney tissues when compared with their controls. Meanwhile, the expression
levels of these genes were downregulated in the liver and kidney tissues of mice treated
with MLE post Cd intoxication when compared with the naïve control group and group
treated with Cd/EDTA (Table 5).

Table 5. Fold changes of the mRNA expression of TGFβ-1, NFκ-β, and COX-1 genes in liver and
kidney tissues of the different groups.

Tissue/Genes
Groups

Naïve Control Cd-Treated Cd/MLE-Treated Cd/EDTA-Treated

Liver
TGFβ-1 1.04 ± 0.14 3.41 ± 0.29 ab 2.11 ± 0.13 2.91 ± 0.15 ab

NFκ-β 1.09 ± 0.15 6.32 ± 0.54 ab 2.65 ± 0.46 ab 4.79 ± 0.26 ab

COX-1 1.05 ± 0.15 3.94 ± 0.25 ab 1.82 ± 0.19 2.88 ± 0.24

Kidney
TGFβ-1 1.06 ± 0.16 2.67 ± 0.38 1.42 ± 0.16 2.08 ± 0.22
NFκ-β 1.08 ± 0.14 4.47 ± 0.29 ab 2.15 ± 0.34 3.19 ± 0.16 ab

COX-1 1.03 ± 0.16 3.75 ± 0.24 ab 1.65 ± 0.15 2.68 ± 0.13

TGFβ-1: tumor growth factor beta-1; NFκ-β: nuclear factor kappa beta; COX-1: cyclooxygenase-1. Means that do
not share a letter are significantly different at p < 0.05.

3. Discussion

Musa sp. has been reported to have several therapeutic benefits, including antioxidant,
anti-diabetic, anti-cancer, and anti-inflammatory activities [18]. The current study evaluated
the effect of MLE as a natural chelating agent against heavy metal-intoxicated mice. A phy-
tochemical analysis showed that MLE contains adequate levels of phenolics and flavonoids.
The presence of these secondary metabolites in MLE may provide pharmacological and
biochemical actions upon its administration to animals [16,17]. These findings agreed with
a report that indicated the presence of phytochemicals in M. paradisiaca plant [16]. GC-MS
analysis of MLE showed several bioactive compounds. The most abundant phytochemi-
cal constitutes in MLE were benzyl chloride, nizatidine, tetradecanamine N,N-dimethyl,
2-methylenebrexane, and N-methyl-N benzyltetradecanamine. Benzyl chloride is used
as a chemical intermediate in the manufacture of several industrial and pharmaceutical
products [19]. Nizatidine is a histamine receptor antagonist that can be used in the treat-
ment of allergic disease [20]. Nizatidine, tetradecanamine N,N-dimethyl, and N-methyl-N
benzyltetradecanamine are bioactive compounds that are found in several medicinal plants,
such as Citrullus colocynthis and Commiphora myrrh [21,22].

The results report that the IC50 of metal chelating activity of MLE was 75 µg/mL; this
postulates that MLE has a potent chelating capacity in vitro and that this could explain the
role of MLE in heavy metals detoxification in vivo. Our data were consistent with a previous
study that reported the IC50 of chelating effect on heavy metals [23]. Upon injection with
MLE, up to 3000 mg/kg did not show acute toxicity or mortality, and this finding showed
that MLE was safe for administration in animals. This finding was consistent with a study
reported that there was no acute toxicity of MLE up to 2000 mg/kg [13].

The data show that Cd injection in mice caused significant alterations in hematological
parameters, including RBCs, WBCs, platelets, and Hb. Cd injection, furthermore, increased
the percentages of neutrophils (%) and monocytes (%), while decreasing the percentage
of lymphocytes (%). These results agreed with a previous study that demonstrated that
Cd injection caused anemia, thrombocytosis, and decrease in lymphocytes in experimental
animals [24,25]. It has been reported that Cd injection into mice increased myeloid and
monocytic cells in bone marrow [26]. The neutrophilia with leukocytosis observed in this
study after-Cd injection could be due to the release and mobilization of neutrophils [27].
Treatment with MLE, along with Cd-injection, improved the alterations in the hemato-
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logical parameters, evidenced by a return of RBCs count close to their normal level and
restoration of the count of WBCs and platelets. Our results are in alignment with a previous
study reporting that M. paradisiaca stem extract improved the hematological indices in rats
by increasing erythropoietin, which in turn stimulated RBCs regeneration [28]. Ramu et al.
(2017) investigated the protective effect of M. paradisiaca against free radical-induced dam-
age in erythrocytes by phytosterols [29]. This was correlated with hepatic tissue damage
and increased liver enzymes due to accumulation of Cd in hepatic tissues, which resulted
in accumulation of lipid peroxides. The present study reported a significant increase in the
activities of liver transaminases (AST and ALT), urea, and creatinine levels. In alignment
with our results, it was reported that Cd injection increased urea and creatinine levels
in rats [23]. Administration of MLE with Cd injection decreased the levels of the above
parameters significantly. A previous study showed that M. paradisiaca improved kidney
function in mice due to its phytochemical constituents [30].

In heavy metal-intoxicated mice, lipid peroxidation was increased, as indicated by the
increase in MDA level, and oxidative stress was also increased, as indicated by decreased
GSH, SOD, and CAT in liver tissues, which was in accordance with a previous report
of Alhazzi (2008) [31]. Treatment with MLE reduced lipid peroxidation and oxidative
stress, as indicated in this study by significantly decreased MDA levels and increased
GSH, SOD, and CAT activity. MLE ameliorated the deleterious effects of Cd on liver
tissues more than EDTA. In accordance with our results, previous experimental studies
have confirmed the therapeutic potential and antioxidant activity of the Musa sp. extract.
Lipid peroxidation decreased, and SOD increased upon treatment with M. sapientum root
extracts in the experimental models [32]. MLE extract increased the GSH and SOD level,
accompanied by a decrease in MDA, and demonstrated a hepatoprotective effect due to its
antioxidant activity [15]. Furthermore, the efficacy of MLE extract and possible mechanism
of anti-urolithiasis and antioxidant efficacy were evaluated in rat [33].

Histologically, the results indicate that Cd injection resulted in severe oxidative damage
in the liver tissues, which was evidenced by the appearance of necrotic alterations, along
with inflammatory cell infiltration. This result agreed with the previous study that reported
the hazards of Cd on the liver [34]. Previous studies have suggested that Cd generates
reactive oxygen species (ROS), causes oxidative damage to membrane lipids, disturbs
membranes integrity, and involves cytotoxic and inflammatory mediators in the liver [4,35].
Production of ROS could be attributed to the direct actions of Cd on peroxidation [36].
Primary injury of cells resulting from binding of Cd to sulfhydryl groups in mitochondria
and secondary damage initiated by the activation of Kupffer cells have been mentioned as
possible mechanisms of the toxic effect of Cd on the liver. Moreover, Cd forms covalent and
ionic bonds with atoms of sulfur, oxygen, and hydrogen present in the cellular components,
causing significant homeostasis disruption [37].

The current work demonstrated histopathological changes in tubular cell necrosis in
the kidney after Cd injection. This finding was confirmed by a previous report demonstrat-
ing that Cd induced nephrotoxicity in mice [38]. Cellular damage caused by Cd can be
limited by free radical scavengers, which further supports the hypothesis that free radicals
play an essential role in Cd toxicity. Treatment with EDTA has not resulted in improvement
in the hepatic and renal architecture. Extensive congestion and severe bleeding were shown
in the liver and kidney tissues. MLE showed a potential therapeutic effect on the hepatic
and renal tissues against the toxicity of the Cd. The degeneration and the necrotic signs
were less recorded, and the degenerative features were reduced after treatment with MLE.
A similar finding was reported post paracetamol administration in mice and treated with M.
sapientum [39]. It was reported that M. sapientum has effective antimutagenic activities be-
cause of its content of flavonoids and coumarins that could result in the antitoxic effect [40].
This study showed that Cd intoxication in mice led to overexpression in proinflammatory
genes expression (TGF-β1, NFκ-β, and COX-1) in the liver and kidney tissues. Treatment
with MLE after Cd injection in mice improved the inflammatory condition caused by Cd in
the liver and kidney tissues more than EDTA, which was evidenced by downregulation of
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the previous proinflammatory genes. These findings agreed with a previous report that
demonstrated the anti-inflammatory activity of MLE [18].

4. Materials and Methods
4.1. Materials

Cadmium chloride (CdCl2) and Na2EDTA were purchased from Merck Company
(Darmstadt, Germany). Aspartate aminotransferase (AST), alanine aminotransferase (ALT),
urea, creatinine, superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA)
kits were purchased from Bio-Diagnostic Company (Cairo, Egypt). The other chemicals
were purchased from the local chemical trade companies.

4.2. Preparation of MLE

Musa sp. leaves (MLE) were collected from a banana farm in El-Gharbiah governorate,
Egypt, then transferred into the laboratory. The plant materials were identified and au-
thenticated by taxonomist in the Botany Department, Faculty of Science, Tanta University.
Leaves were washed twice to eliminate any chemicals and dust materials, then were cut
into very fine pieces and left to dry in shade. Then grinding in a mechanical mortar and 50 g
of the powder were mixed vigorously with 500 mL 70% (v/v) ethanol. The hydro-alcoholic
extracts were filtered, the solvent was air-dried and concentrated in a vacuum evaporator,
then the extracts were weighed, suspended in 0.9% sterile saline, and stored at −20 ◦C for
further use.

4.3. Phytochemical’s Analysis of MLE

Total phenolic content of the extracts was determined using Folin–Ciocalteau reagent;
the absorbance was determined at 730 nm using a spectrophotometer. The total phenolic
content was expressed as milligrams (mg) gallic acid equivalents per gram of extracts using
a calibration curve [41]. Total flavonoids were determined using the aluminum chloride
colorimetric method, expressed as (mg) quercetin equivalent per gram of extract from a
calibration curve of quercetin [42]. The phosphomolybednum method was used to deter-
mine the total antioxidant capacities that were expressed as ascorbic acid equivalent [43].
Free radical scavenging capacity was evaluated spectrophotometrically; the absorbance of
sample (As) and control (Ac) was measured at 517 nm, the scavenging activity on the DPPH
radical was expressed as inhibition percentage that equaled [(AC − AS)/(AC)] × 100 [44].
Saponin and anthocyanin contents were determined according to Ebrahimzadeh (1998) [45].

4.4. Gas Chromatography-Mass Spectrometry (GS-MS) Analysis of MLE

Phytochemical’s profile was determined in MLE by GC-MS analysis. The chemi-
cal composition of each sample was performed using a Trace GC 1310-ISQ mass spec-
trometer (Thermo Scientific, Austin, TX, USA) with a direct capillary column TG-5MS
(30 m × 0.25 mm × 0.25 µm film thickness). The column oven temperature was initially
held at 50 ◦C and then increased by 7 ◦C/min to 230 ◦C, held for 2 min, increased to the
final temperature of 300 ◦C by 30 ◦C/min, held for 2 min. The injector and MS transfer line
temperatures were kept at 270 and 260 ◦C, respectively. Helium was used as a carrier gas at
a constant flow rate of 1 m/min. The solvent delay was 3 min, and diluted samples of 1 µL
were injected automatically using an Auto Sampler AS1300 coupled with GC in split mode.
EL mass spectra were collected at 70 eV ionization voltages over the range of m/z 45–600
in full scan mode. The ion source temperature was set at 200 ◦C. The components were
identified by comparison of their retention times and mass spectra with those of WILEY 09
and NIST 11 mass spectral database.

4.5. Metal Chelating Activity (MCA) of MLE

The chelation power of ferrous ions by MLE was estimated, and the absorbance of the
solution was measured at 562 nm. The percentage inhibition of ferrozine–Fe2+ complex
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formation was calculated as [(A0 − As)/Ast] × 100, where A0 was the control absorbance,
and As/Ast was the extract/standard absorbance [46].

4.6. Mice

One hundred male Swiss albino mice (20 ± 2 g) were obtained from the National
Research Center (NRC, Cairo, Egypt) to determine LD50 of MLE and assess its chelation
activity. Animals were housed (5/cage) in 12 h/12 h dark/light cycle under laboratory
conditions of temperature and humidity. Mice were kept for a week for adaptation before
starting the experiment. The experimentation, transportation, and care of the animals were
performed and handled in compliance with the ethical guidelines approved by the animal
care and use committee, Faculty of Science, Tanta University (ACUC-SCI-TU-88), Egypt,
and according to the National Institutes of Health Guide for the Care and Use of Laboratory
Animals (NIH Publications No. 8023, revised 1996).

4.7. The Median Lethal Dose (LD50) of MLE

To determine the LD50 after intraperitoneal (i.p.) injection of MLE, 50 mice were
divided into two main groups (n = 25), with each group further subdivided into 5 subgroups
(5 mice of each). Then, the first and second subgroups were administered i.p. with different
doses of MLE (1000–5000 mg/kg). Mice were then monitored for 24 h to determine the
acute toxicity. The LD50 value was calculated according to the following equation:

LD50 = LDy − Σ (Dd × md)/N

where LDy = highest dose (LD100), N = number of animals per group, Dd = dose difference,
Md = mean dead, LD50 = dose that killed 50% of test animals.

4.8. Experimental Design

Fifty mice were divided into five groups (10/each). The first group was used as a neg-
ative control. The second group was injected i.p. with MLE daily (300 mg/kg b.wt) which
equaled one tenth of LD50. The third group was injected i.p. with Cd daily (5 mg/kg b.wt).
The fourth group was injected with Cd and MLE in the same dose as in group 2 and 3,
respectively. The fifth group was injected with Cd in the same dose and EDTA as a stan-
dard chelating agent (25 mg/kg b.wt). All treatments were continued for 10 consecutive
days; at day 11, all mice were bled via the orbital plexus to collect blood for hematological
assessments, and sera were separated for liver and kidney functions assessment. Liver
tissues were prepared for oxidants and antioxidants parameters. Furthermore, liver and
kidney sections were collected for histopathological investigations.

4.9. Hematological and Biochemical Assessments

Platelets, hemoglobin content (Hb g/dL), red blood cells (RBCs), white blood cells
(WBCs), and differential counts were determined from fresh blood samples obtained from
the orbital plexus of all groups under study using an electronic blood counter. Biochemical
analyses were determined by using bio-diagnostic research kits as the follows: Serum
alanine transaminases (ALT) (CAT. NO. AL 10 31), aspartate transaminases (AST) (CAT.
NO. AS 10 61), urea (CAT. NO. UR 21 10), creatinine (CAT. No. CR 12 50), hepatic su-
peroxide dismutase (SOD) (CAT. No. SD 25 21), catalase (CAT) (CAT. No. CA 25 17),
malondialdehyde (MDA) (CAT. No. MD 25 29), and reduced glutathione (GSH) levels
(CAT. No. GR 25 11).

4.10. Histopathological Investigation

Tissue specimens of liver and kidney were harvested and fixed in 10% formalin.
Paraffin blocks were prepared after completing the tissue processing in different grades of
alcohol and xylene. Sections (5 µm) were prepared from paraffin blocks using a microtome,
stained with hematoxylin and eosin, which were observed under a light microscope (Optika,
B-350, Ponteranica, Bergamo, Italy) to examine gross cellular damage.
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4.11. Gene Expression Analysis

Real-time PCR with SYBR Green was used to measure mRNAs expression of tumor
growth factor beta-1 (TGF-β1), nuclear factor kappa-beta (NFκ-β), and cyclooxygenase-1
(COX-1) genes in the liver and kidney tissues of all groups under study, with β-actin as
an internal reference. The isolated cDNA was amplified using Maxima SYBR Green/ROX
qPCR Master Mix following the manufacturer protocol (Thermo Scientific, Waltham, MA,
USA, # K0221). The gene-specific primers for β-actin were ACCCACACTGTGCCCATCTA
(forward) and CGTCACACTTCATGATG (reverse). TGFb-1 gene-specific primers were
AAGAAGTCACCCGCGTGCTA and TGTGTGATGTCTTTGGTTTTGTCA for forward and
reverse directions, respectively. The specific primers for NFκ-β were CCTAGCTTTCTCT-
GAACTGCAAA (forward) and GGGTCAGAGGCCAATAGAGA (reverse). The COX-1
primers were CCCAGAGTCATGAGTCGAAGGAG for forward and CAGGCGCATGAG-
TACTTCTCGG for reverse. The web-based tool (http://www-genome.wi.mit.edu/cgi-
bin/primer/primer3_www.cgi, accessed on March 2021) was used to design these primers
based on published sequences. Primer sequence similarity to other known sequences was
checked with BLAST (www.ncbi.nlm.nih.gov/blast/Blast.cgi, accessed on March 2021).

4.12. Statistical Analysis

One-way analysis of variance (ANOVA) was used to assess the significant differences
among treatment groups. Dunnett’s test was used to compare all groups against the control
group to show the significant effect of treatment. The criterion for statistical significance
was set at p ≤ 0.05. All data are presented as mean ± SD.

5. Conclusions

This study highlighted evidence for the promising ameliorative effect of MLE against
hepato-renal toxicities induced by cadmium (Cd) in mice. The MLE showed potent antioxi-
dant and metal chelating activities in vitro and in Cd-intoxicated mice. Furthermore, MLE
improved hematological, biochemical, histopathological, and molecular changes induced
by Cd in the liver and kidney tissues of mice.
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