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Abstract

This study evaluated the protective role of banana peel extract (BP) on heavy metal
mixture (HMM) mediated hepatorenal toxicity using a rat model. Twenty-five female
Wistar albino rats were weight-matched and divided into five groups of five female rats
each. Group 1(control) received deionized water only. Group 2 received HMM only (20
mg-kg! of Pb, 0.40 mg-kg! of Hg, 0.56 mg-kg! of Mn and 35 mg-kg-! of Al). Groups 3, 4
and 5 were co-administered with the same metal mixture with BP at 200, 400 and 800
mg-kgl, respectively. Treatments were through oral gavage for 60 days; animals were
sacrificed pentobarbital anesthesia and liver and kidney harvested for test. Thereafter,
metal levels, malondialdehyde (MDA) and nitric oxide (NO), catalase (CAT), glutathione
content (GSH), superoxide dismutase (SOD), and glutathione peroxidase (GPx),
interlukin-6 (IL-6) and tumor necrosis alpha (Tnf-a), caspase-3 (Cas-3), Nuclear factor
kappa B (Nfkb), Nuclear factor erythroid 2-related factor 2 (Nrf2) and heme oxygenase-
1 (Hmox-1) were assayed. HMM group presented higher levels of metal, IL-6 and Tnf-
a, MDA, NO, Nfkb and Hmox-1 in HMM group which were significantly reduced by BP.
BP was protective against metal mixture induced histopathological distortions. HMM
exposure significantly distorted hepatorenal functions and BP treatment reduced metal
bioavailability and abrogated most of these alterations.

Key Words: Banana, metal mixture toxicity, hepatorenal functions, oxidative stress,

inflammation, Programmed cell death.



1. INTRODUCTION

Civilization has come at a great cost with indiscriminate extraction, use and application of
metals in diverse sectors of the economy like, mining, production industries, agriculture,
healthcare, cosmetics, and domestic-sectors with accompanying environmental (soil, water,
air, food) pollution and the inevitable health adverse effects. Oxidative stress is a principal
cellular response characterized an imbalance in the redox system that has been linked to the
macromolecular damages and activation of several cell survival and cell death pathways.
There is overwhelming evidence (epidemiological and experimental) that have implicated
oxidative stress-induced cellular response accompanying and heightened risk of cancer,
neurodegeneration, metabolic disorders, male and female infertility, developmental
disorders, renal failure, and cardiovascular disease, among others (Hallauer et al., 2016; Zhao
etal., 2017; Yang et al., 2020).

Reactive oxygen species (ROS) generation is a common feature modulated by the cellular
antioxidant system in normal body physiology. Enzymatic antioxidants such as, superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and non-enzymatic
antioxidants such as, glutathione (GHS), maintain redox homeostasis by repressing the
generation of ROS. The enzymatic antioxidants SOD (SOD a metalloenzyme containing
Cu/Zn or Mn/Fe., catalyzes the dismutation of superoxide radicals (‘O2) into oxygen (O2)
and hydrogen peroxide (H202)). CAT and GPx cause the decomposition of H.0O. to water
and O.. However, when ROS generation overwhelms the antioxidant system, there is
heightened oxidative stress which lead to destruction and dysregulation of cellular
macromolecules and cellular events, namely cell division, cell cycle, immune response, and
an increase in cell death (Hrycay and Bandiera, 2015; Canli et al., 2017; Habtemariam, 2019;
Elzagallaai et al., 2020). Exaggerated oxidative stress is a principal underlying phenomenon
of the pathogenesis of many chronic diseases, such as cancer, diabetes, neurodegeneration,
asthma, inflammation, development, reproductive and hepatorenal disorders (Wang et al.,
2017c; Choudri and Charabi, 2019; Habtemariam, 2019). The disproportion in cellular redox
homeostasis is one of the primary aftermaths of metal exposure and its associated toxicity
(Tchounwou et al., 2012; Karri et al., 2016). There is an indication that ROS generated by
metal exposure may be an upstream activator or a downstream effector of different cellular

signaling (Paithankar et al. 2021). Understanding how metal-induced cellular response due



to the interaction of ROS and signal transduction have become the mainstay of research
lately. Some previous studies in Nigeria have confirmed the presence of these metals lead
(Pb), mercury (Hg), manganese (Mn) and aluminum (Al), among others in foods and
beverages (Maduabuchi et al. 2008, Roberts and Orisakwe 2011). Furthermore, the metals of
interest in this study have been predominant in electronic waste (e-waste), which has
negatively impact on environment in Nigeria (Orisakwe et al. 2019, Frazzoli et al. 2022).
There is revived interest towards the identification and utilization of natural products for the
prevention of diverse health problems. Banana (Musa acuminata) is a low-cost agricultural
produce and an edible fruit usually consumed fresh when it is ripe or boiled as unripe in
tropical countries where it grown as a common food and cash crop (Mohapatra et al., 2010).
Around 35-40% of total weight is banana peel and usually is discarded as waste. Banana peel
is rich dietary fiber and used in treating various diseases (Azarudeen and Nithya 2021). Low
levels of toxic substances include hydrogen cyanide (1.3 mg/g) and oxalates (0.5 mg/g) are
found in banana peels within the safety limits (Anhwange et al., 2009) suggest that banana
peels are safe for human consumption and contain valuable functional ingredients.

The phenolic rich constituents of banana peel extract possess antioxidant capacity by
scavenging of ROS due to the presence of an electron-rich aromatic ring system (Fl6res et
al., 2010; Mahieu et al., 2009b, Zhuang et al 2017). In addition, decrease oxidative stress in
traumatic brain injury of mice through activation of Nrf2 to stimulate antioxidant enzymes
(Ke et al., 2014; Onk et al., 2018).

In view of the foregoing, we hypothesized that banana peel could attenuate metal-induced
hepatorenal toxicity through regulating oxidative stress and apoptosis, which is involved in
activation of Nuclear factor erythroid 2-related factor 2 (Nrf2). In this study, the hepato-renal
functions, oxidative stress markers, apoptosis key factor and signaling pathway crucial
factors were evaluated to ascertain the protective effect of banana peel extract on metal-

induced hepatic-nephrotoxicity.

2. MATERIALS AND METHODS
2.1 Chemicals, reagents and banana peel extracts
Metals (Lead acetate, aluminum chloride, mercury chloride, and manganese dichloride) were

purchased from Sigma Chemical Co. (St. Louis, MO, USA). Tumor necrosis factor alpha



(Tnf-a), interleukin 6 (IL-6), Caspase-3 (Cas-3), nuclear factor erythriod 2- related factor 2
(Nfr2), Nuclear factor kappa B (NfkB) and Heme oxygynase-1 (Hmox-1) Rat ELISA Kit
were purchased from Elab science Biotechnology Company, (Beijing, China). All other
reagents were of analytical grade and were obtained from the British Drug Houses (Poole,
Dorset, UK).

Ripped banana fruits (Musa Cavendish) were purchased from International Institute of
Tropical Agriculture (IITA) (Ibadan, Oyo State, Nigeria) and identified by IITA. Freshly ripe
banana fruit peels were thoroughly washed and dried in room temperature, pulverized using
laboratory blender and sieved. One hundred grams (100g) of this banana powder was
weighed and 500mL of deionized water was added, mixed, and filtered with Whatman No.1
filter paper (GE GmbH, Freiburg, Germany) and stored frozen (Wohlt, et al., 2021).

2.2 Animals and treatments

A total number of 25 white female albino Wistar rats aged between 6-8 weeks were purchased
from the Department of Pharmacology, Animal House, University of Port Harcourt, Rivers
State. Animals were housed in standard polypropylene cages under room temperature 25+2
°C with a 12-h light/dark cycles throughout the duration of the experiment. Prior to the
beginning of the study, the animals were acclimatized for two weeks. The experimental
animals were weight matched and divided into five groups of five animals each. Treatments
were through oral gavage for 60 days. First two groups were Group 1 (Control), with
deionized water only and Group 2 (HMM) with a metal mixture (HMM) (20 mg-kg™* body
weight of Pb (Institoris et al., 2006); 0.40 mg-kg™ of Hg (Institoris et al., 2006); 0.56 mg-kg"
L of Mn (Yuan et al., 2012); and 35 mg-kg™; of Al (Su et al., 2017)). Group 3, 4 and 5 (HMM
+ low BP, HMM + medium BP; HMM + high BP, respectively) were the same than Group
2 (HMM) with 200, 400 and 800 mg-kg* body weight of banana peel extract (BP) (Akamine
etal., 2009). Rats were weighed weekly and daily feed and fluid intakes were recorded. After
60 days of treatment, animals in each group were euthanized under pentobarbital (50mg/kg),
IP anesthesia. The liver and kidney of each rat were harvested, rinsed in cold saline water,
weighed, and used for both biochemical parameters and heavy metal analyses.

The ethical approval was obtained from the University of Port Harcourt institutional Centre
for Research Management and Development Animal Care and Use Research Ethics
Committee (UPH/PUTOR/REC/12). The experiment was conducted in accordance with the



“Guide for the Care of Laboratory Animals” approved by the National Academy of Science
(NAS). The animals received standard feed and deionized water ad libitum.

2.3 Metal analysis

Twenty milligrams of liver and kidney samples were digested separately using 2 ml of
perchloric acid and 6 ml of nitric acid. Afterwards, the samples were shaken for 30 min at
room temperature before heating at 105°C until digestion was completed. The solution was
made up to 15 ml with deionized water. Solar thermo elemental flame Atomic Absorption
Spectrometer (Model SG 71906) was used to determine lead (Pb), aluminum (Al), mercury
(Hg) and manganese (Mn) concentrations (Okoye et al 2021). The analytical procedure was
checked using spike recovery method (SRM). For this reason, a known standard of elements
was spiked into already analyzed samples and reanalyzed. High purity multi-cathode lamp
(1000 mg/kg) from Cambridge CB5 8BZ (UK) was used to obtain the calibration curves for
each metal. The multi element calibration curves were verified with a multi-element certified
material of 1000 mg/kg (Cambridge CB5 8BZ, UK). The percentages of recovery varied
between 96.5 and 100%. The relative standard deviation between replicate analyses was less
than 4%. The limits of detection (LoD) were 0.001 for Al, Hg and manganese Mn, and 0.01
mg/kg for Pb, while the limits of quantification (LoQ) were 0.0033 for Al, Hg and Mn
concentrations and 0.033 mg/kg for Pb.

2.4 Biochemical, inflammatory and antioxidant analyses

Twenty milligrams of liver or kidney samples were homogenized separately in phosphate

buffer saline (pH=7.4). The supernatants were collected after centrifugation (3000 rpm

for 15mins at 4°C) for biochemical, inflammatory and antioxidant analyses. All experiments
were conducted in triplicate.

For renal function test, kidney integrity markers sodium (Na), creatinine (Cr), chloride (Cl)
and bicarbonate levels as well as potassium (K) and urea (Ur) levels were performed
according to manufacturer’s manual using Randox Kits from Randox Laboratories Limited
(UK). To measure liver function, analysis of tissue activities of alkaline phosphatase (ALP),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TB),
albumin level (ALB) and total protein (TP) were performed using Randox Kits from Randox
Laboratories Limited (UK) according to manufacturer’s specifications. To assess the

oxidative stress (lipid peroxidation) in liver and kidney, the malondialdehyde (MDA) level



(lipid peroxidation marker) was assayed using the procedure of Ohkawa and Ohishi (1979).
In this technique, MDA reacts with the chromogenic reagent, 2-thiobarbituric acid (TBA)
under acidic medium to produce a pink colored complex at 532 nm absorbance. Nitric oxide
(NO) level was assayed according to the method described by Green et al., (1982).

The determination of the antioxidant capacity is described briefly below. Glutathione
peroxidase (GPx) activity was assayed according to the method of Rotruck et al. (1973).
Reduced glutathione (GSH) levels were assessed using the technique illustrated by Jollow et
al. (1974). Catalase (CAT) activity was evaluated using the technique of Clairborne (1995)
with slight modification. This technique is buttressed with the principle that catalase in the
sample will split hydrogen peroxide which can be estimated at 240 nm using a
spectrophotometer (Clairborne, 1995). Superoxide dismutase (SOD) activity was estimated
with the technique previously illustrated by Misra and Fridovich (1972). This technique is
based on the principle that at pH=10.2, SOD has the capacity to inhibit the autoxidation of
epinephrine. Finally, the content of the inflammatory cytokines including Tnf-a, IL-6, and
Hmox-1, apoptotic marker (Cas-3), and transcription factors Nf-kB and Nfr2 in the
homogenized renal cell supernatant was detected using commercially available ELISA kits
following the manufacturer’s instructions.

2.5 Histopathological examination of liver and kidney.

The liver and kidney tissues for histological studies were fixed in paraformaldehyde (4%)
and embedded in paraffin. The tissues were sliced into 4-um sections and subjected to
hematoxylin and eosin (H&E) staining using standard procedures. The histology of the
stained tissues was evaluated under a light microscope and the histopathological features
recorded by pathologists who were blinded to the experimental groups.

2.6 Statistical analysis

Data were expressed as mean * standard deviation (SD). Microsoft Xlstat 2014 was used in
performing Analysis of Variance and Tukey multiple comparison pairwise tests to check if
the concentration of the biomarkers was significantly different between groups. Pandas was
used in obtaining the descriptive statistical parameters (biomarkers and metals mean
concentrations) for the various rat organs. Seaborn and Matplotlib were used in plotting all
graphs. The data analysis involved performing descriptive statistics on the metals and

biomarkers concentration before ANOVA was used to establish if there was significant



difference in the concentration of the heavy metals and biomarkers among groups. All
significant differences were at a p<0.05. Pearson R correlation was used to understand the

relationship among biomarkers.

3. RESULTS

3.1 Effect of banana peel extract on the body weight, absolute and relative weight of
liver and kidney, feed and fluid intake

Table 1 shows the effect of banana peel extract on the body weight, absolute and relative
weight of liver and kidney, feed and fluid intake in female albino rats exposed to heavy metal
mixture. There were no significant changes in the absolute and relative weights of kidney,
feed and fluid intakes between the control and the heavy metal mixture HMM only treated
group. There were also no significant changes in these parameters when the HMM only
treated group was compared with the banana peel treated groups. There were however
significant differences (p< 0.05) in the absolute and relative weights of the liver between the
control and HMM only treated group. HMM + high dose BPE showed significant difference
in the absolute and relative weights of the kidney and liver when compared both the control
and the HMM only treated groups. All groups showed increase in percent weight gain.

3.2 Metal accumulation in the liver and kidney.

There were no significant changes in the body weight gain, feed and fluid consumption, and
relative weights of liver and kidney between the control and the HMM group plus banana
peel treated groups at the end of sixty days of the study. There were significant changes in
the body weight gain, feed and fluid consumption, and relative weights of liver and kidney
between the control and the MM only group treated groups.

The concentrations of metals (Pb, Hg, Mn, and Al) in the liver and kidney (Figure 1) were
markedly increased in metal mixture treated rats compared to the control, which presented
metal levels below detection limit in liver and kidney. However, the co-administration with
banana peel extracts significantly reduced the levels of these heavy metals in a dose
dependent fashion with a more significant reduction of 79%, 74%, 52% and 65% observed
in high dose (800 mg-kg™) of banana peel extract for Hg, Mn, Pb and Al, respectively.

3.3 Liver and kidney function markers.



The hepatic AST and ALT levels were non-significantly (p>0.05) higher in heavy metal
mixture HMM group in comparison to the control group. However, for all of three banana
peel treatments, AST and ALT hepatic levels showed levels similar to the control group. The
800 mg-kg* body weight of banana peel extract (BP) group significantly (p<0.05) reduced
the hepatic ALP level. Albumin and T-protein concentrations were not significantly (p>0.05)
different between the groups. There were significant differences in AST and ALT (Fig 2a)
between the HMM only group and control, HMM only and low banana peel, HMM only and
medium banana peel, HMM only and high banana peel treated groups. Banana peel extract

caused significant reduction in the HMM mediated increases in ALT, AST.

There were significant differences in Na and Cr (Fig 2b) between the HMM only group and
control, HMM only and low banana peel, HMM only and medium banana peel, HMM only
and high banana peel treated groups. Banana peel extract caused significant reduction in the

HMM mediated increases in Na and Cr.

There were significant differences in conjugated bilirubin (CB) and Ur (Fig 2c) between the
HMM only group and control, HMM only and low banana peel, HMM only and medium
banana peel, HMM only and high banana peel. Banana peel extract caused significant
reduction in the HMM mediated increases in CB and Ur. There was significant difference in
K (Fig 2c¢) between the HMM only and medium banana peel, HMM only and high banana
peel treated groups. Banana peel extract caused significant reduction in the HMM mediated

increases in K.

3.4 Antioxidants profile in liver and kidney

Figure 3 shows the antioxidant activities SOD, CAT, GSH and GPx in the liver and kidney
of control and rats exposed to HMM alone or in combination with Banana peel extract. In
Fig 3a banana peel extract caused significant increase in liver and kidney SOD following
HMM only mediated decrease. There was significant difference in the liver and kidney
catalase CAT (Fig 3b) between the HMM only group and control, HMM only and low banana
peel, HMM only and medium banana peel, HMM only and high banana peel treated groups.
Banana peel extract caused significant increase in the HMM mediated decrease in CAT.

Banana peel extract caused significant reduction in the HMM mediated increases in



glutathione peroxidase GPx. There was significant difference in kidney GSH (Fig 3c)
between the HMM only group and control, HMM only and medium banana peel, HMM only
and high banana peel treated groups. Banana peel extract caused significant increase in the
HMM mediated decrease in kidney GSH. There was significant difference in liver and kidney
GPx (Fig 3d) between the HMM only group and control, HMM only and medium banana
peel, HMM only and high banana peel treated groups. Banana peel extract caused significant
increase in the HMM mediated decrease in kidney GSH. Medium dose (400mg/kg) and high
dose (800mg/kg) Banana peel extract significantly (p<0.05) increased the liver GPx (Fig 3d).

3.5 Lipid peroxidation and oxidative stress profile in liver and kidney

To assess the oxidative state of the liver, MDA and NO levels were evaluated. After the metal
mixture exposure for sixty days, significant (p<0.05) increase in MDA levels in kidney and
NO level in kidney and liver were observed of metal mixture-treated rats compared to the
control (Figure 4). There was significant (p<0.05)difference in liver MDA (Fig 4 a) between
the HMM only group and control, HMM only and low banana peel, HMM only and medium
banana peel, HMM only and high banana peel. Banana peel extract caused significant
(p<0.05) reduction in the HMM mediated increases in liver MDA. Conversely, rats co-treated
with Banana peel extract at different doses revealed a significant (p<0.05) decrease in NO
levels in liver and kidney when compared to the metal mixture exposed rats. MDA levels
shown similar profile being however differences were only significant (p<0.05) in kidney
between the HMM only group and control, HMM only and low banana peel, HMM only and

medium banana peel, HMM only and high banana peel.

3.6 Apoptosis (Caspase 3 activation) in liver and kidney

The effect of Banana Peel extract on Cas-3, a biomarker of apoptosis, activity in the liver and
kidney of rats exposed to metal mixture is shown in Figure 5. Compared with control group,
exposure to metal mixtures resulted in an increase of Cas-3 activity in liver and kidney being
only significant (p<0.05) in this last one. However, co-treatment with banana peel extract
significantly (p<0.05) suppressed the activation of Cas-3 in both liver and kidney in a dose
dependent manner.

3.7 Pro-Inflammatory markers (IL-6 and TNF-a) in liver and kidney

10



Figure 6 shows the effect of metal mixtures and the co-exposure with Banana peel extract on
IL-6 and Tnf-a in the liver and kidney. HMM exposure resulted in significant (p<0.05)
increase in Tnf —a and IL - 6 levels when compared to the control. Banana peel extract
significantly (p<0.05) reduced IL-6 and Tnf-a..

3.8 Transcription factors (NfkB, and Nfr2) and Hmox-1 in Kidney treated with BP
extract following MM exposure.

Metal mixture without banana peel extract treatment shown significant (p<0.05) higher levels
of transcription factors (NfkB, and Nfr2) and Hmox-1 in the liver and kidney compared with
the control. These increases were significantly (p<0.05) reduced by banana peel extract co-
exposure even at low (200 mg-kg™?) for Nfr2 in kidney, NfkB in kidney and liver and Hmox-
1 in kidney or at mid (400 mg-kg™) for Nfr2 and Hmox-1 in liver.

3.9 Relationship between biomarkers using Pearson R Correlation in the liver and
kidney

Pearson’s correlation was applied to determine the association between liver biomarkers of
oxidative stress, pro-inflammatory indicators, apoptotic markers, and transcription factor
(Table 1). In the same way, Pearson’s correlation between the biomarkers of oxidative stress,
pro-inflammatory markers, apoptotic marker and transcription factors in kidney (Table 2). In
general way, as the oxidative stress markers (MDA, NO) increases there was significant
reduction in the antioxidants (SOD, CAT, GSH, and GPx), ie the Pearson R correlation
showed a significant negative relationship between oxidative stress and antioxidants. The
oxidative stress also had a significant positive relationship with the pro-inflammatory
markers (IL6 and TNF), increase in the oxidative stress markers led to an increase in the
pro-inflammatory markers. Similarly, the oxidative stress and Hmox, and Nfkb showed a
positive relationship i.e. increase in oxidative stress will result in an increase in Hmox, and
Nfkb. Similarly, the result showed positive relationship between oxidative stress and

apoptotic marker (Cas-3).

3.9 Histology of the liver and kidney
The photomicrographs of the rat liver from each group are shown in Figure 8. The
Photomicrograph of the control rats showed normal liver hepatocytes (HP), sinusoids (SO)

and central vein (CV) (Figure 8a), while the HMM only treated group had extensive damage
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to the liver namely vacoulations (VO), damage central vein (CCV) with connective tissues
fragmentation (CF) and lymphocytes infiltration and sinusoid expansions (Figure 8b). The
groups co-treated with low, medium, and high dose of BP showed vacoulations (VO),
necrosis (NC), damage Portal vessels connective tissues with lymphocytes infiltrations
(Figure c), vacoulations (VO), nuclear pyknosis and some connective recovery (Figure 8d)
and expansion and congestion of central vein (Figure 8e) respectively. Exposure to HMM
caused extensive damage to the hepatocytes of the experimental rats and co-treatment with
BP, considerably reversed the damaged histoarchitecture seen in the HMM only treated group
showed vacoulations (VO), damage central vein (CCV) with connective tissues
fragmentation (CF) and lymphocytes infiltration and sinusoid expansions.

The photomicrographs of kidney tissue of rats from each group are shown in Figure 9. The
photomicrograph of the control rats showed normal glomerulus (NG), proximal tubules (PT)
and distal tubules (DT) (Figure 9a), while the HMM only treated group showed
glomerunephritis, with cellular and tissue damage, hazy swollen proximal and distal tubules
(HST) (Figure 9b). The groups co-treated with low, medium and high dose of bannana peel
extract showed damaged glomerular cells (DGC) with expanded urinary space in the
glomerulus and damage tubular tissues (Figure 9c). In medium banana peel dose treatment
shown recovered glomerular cells (NG) with less expanded urinary space and improved
proximal and distal tubules cellular properties (DT) (Figure 9d). Finally, in high dose
bannana peel extract group treatment, expansion of the urinary space in the glomerulus,
myxoid proximal tubules (DPT), and damaged distal tubules (DT) with mesangial expansion
were detected (Figure 9e). Exposure to HMM caused extensive damage to the kidney tissues
of the experimental rats and co-treatment with banana peel, considerably repaired the lesions

in the kidney, particularly at medium dose concentration of banana peel.

4. DISCUSSION

The present study has evaluated a possible beneficial role of banana peel extract BP in the
management of metal mixture induced hepatorenal toxicity in a rat animal model.
Understanding the toxicity of metals as mixtures is a true mimicry of real-life situation given
the emergence of public health maladies associated with exposure to cocktail of metals.
Chronic Kidney Disease (CKD) and Chronic Interstitial Nephritis in Agricultural
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Communities (CINAC) (previously referred to as Chronic Kidney Disease of Unknown
Etiology (CKDu)) seen in young adults in many agricultural communities (Gifford et al.,
2017, Weaver et al., 2015), have been linked to a cocktail metals from cooking utensils and
contaminated food among others.

The ubiquity of metals in the environment is a public health concern. Human exposure
through food or drinking water led to an extensive organ internalization especially in liver
and kidney. Metals such as Al, Pb, Hg or Mn have been implicated in both the potentiation
and induction of oxidative stress and inflammatory responses, in tissue injury (Willhite et al.,
2014). A relevant hepatorenal toxicity is reported after exposure to excessive doses of
aluminum (Barceloux 1999, Krewski et al., 2007, ATSDR 2008, Lim et al., 2022). High
aluminum concentrations have also been linked to immunologic alterations, genotoxicity,
proinflammatory effect, protein denaturation and enzyme malfunction, metabolic
derangement, membrane perturbation, iron dyshomeostasis, apoptosis, necrosis, and
dysplasia (Wei et al., 2018, Ighokwe et al., 2019). Hepatic sequestration of divalent metals
(eg., Pb) increase the breakdown of membrane bound molecules, distorted membrane
permeability and integrity which culminate to tissue damage. Although Pb is a redox inactive
metal since it does not participate in direct production of free oxygen radicals, however it is
indirectly involved in lipid peroxidation (Hasanein et al., 2017). The covalent bonding of Pb
with the sulfhydryl moieties of amino acid residues which is quite high predisposes the
hepatocytes to diverse deleterious consequences. In the same vein, the binding of Pb with
calmodulin by molecular mimicry of Ca leads to induction of plumbotoxicity (Singh et al.,
2018). Furthermore, the hepatotoxicity of Pb is exacerbated by its biochemical cascade on
the arachidonic acid pathway namely: upregulation the transcription process of the
cyclooxygenase-2 gene, increased the production of prostaglandin E2 etc. These events tend
to exaggerate the twin processes of hepatorenal oxidative stress and inflammation (Badary,
2017, (Dong et al., 2019).

In present study, exposure to HMM increased significantly hepatic and renal levels of metals
from below detection limits to around 2 mg/kg in liver and kidney for Hg and Mn and around
4 mg/kg in liver and kidney for Pb and Al (Figurel). These tissue levels decreased across BP
treatment groups but still higher than control treatment. Banana and other fruits peels are

well known bio-adsorbents for metals and nanoparticle such Ag nanoparticles (Abdel-Khalek
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et al., 2022; Tejada-Tovar et al. 2019). The metals levels in liver and kidney decrease in BP
treated groups, strongly suggest a decrease of metal bioavailability effect due to BP.
Metabolic byproducts including urea and creatinine as well as electrolytes are primary
indicators of renal injuries and renal integrity because they are often elevated and released in
the blood following renal compromise (Nakhaee et al., 2019). In this study, significant
elevation of the hepatorenal injury biomarkers were observed in the HMM exposed rats in
comparison to the control (Figure 2bc). The elevation of hepatic injury biomarkers (AST,
ALT, ALP, ALB and TP) and renal injury biomarker (creatinine and urea), even not
significant, in MM treated group suggests possible hepatorenal damage. The observed
increase in creatinine levels in this study is a clear manifestation of alteration in the
glomerular filtration rate while the high urea level signifies diminished reabsorption at the
renal epithelium in HMM-treated rats. Nakhaee et al., (2019) and Anyanwu et al., (2020)
reported similar observations following exposure to metals. Numerous reports suggest that
elevation of liver biomarkers (AST, ALT, ALP, ALB and TP) usually occur in hepatotoxicity
(Saha et al., 2016, Lim, 2020). In the cell membrane, ALP assists in ionic movement across
the membrane, and it linked to absorption and secretory processes of the cell (Grant et al.,
2015). ALT is predominantly domiciled in the liver, the increase of these liver marker
enzymes in the tissues has been employed as an indicator for cellular damage, distorted
permeability of the membrane and distorted metabolism in hepatotoxicity (Dhir and Dhand,
2010). Co-treatment with banana peel extract caused a significant decrease in these liver
function marker enzymes. The reversal towards normalcy of these liver marker enzymes by
banana peel extract may be attributed to the decrease in of metal bioavailability and the
presence of phytochemicals in this extract (Anjum et al., 2014). This finding agrees with the
universally accepted perspective that concentration of liver function markers revert to
normalcy when the hepatic parenchyma is repaired and the hepatocytes are regenerated
(Grant et al., 2015). Remarkably, the apparent reduction in creatinine, urea and electrolytes
levels observed in this study in rats co-treated with BP indicate the protective potential of BP
in MM mediated renal damage in the experimental rats.

The cocktail of Pb, Al, Hg and Mn significantly reduced the activities of CAT and SOD. This
observation is in consonance with recent reports from other studies (Seif et al., 2019;

Goodarzi et al., 2020). These metals synergistically must have been involved in covalent
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binding to the amino acid residues of these enzymes thus interfering with the enzymatic
activities and functions (Matovic et al., 2015; Almenara et al., 2013). Similarly, the level
and activities of glutathione (GSH) had significant decrease following heavy metal mixture
exposure. Perhaps, accumulation of these heavy metals in the liver steered its binding to
sulfhydryl groups of GSH therefore inhibiting the extensive reductive activities of GSH
(Goodarzi et al., 2020). This would have also further destabilize the antioxidant defense
system leading to overexpression of reactive oxygen species (ROS) (Al Omairi et al., 2019),
which in turn provokes lipid peroxidation as witnessed with the elevation of MDA recorded
in this study (Figure 4). According to the study done by Al Omairi et al. (2019) and
Andjelkovic et al. (2019), MDA is usually expressed because of increase in ROS in tissues.
Heavy metals are proponent for the increase of MDA in cells and tissues (Al Omairi et al.,
2019; Andjelkovic et al., 2019). Interestingly, in this current study, banana peel extract
abrogated all the oxidative dysregulations provoked by the HMM exposure in a dose
dependent manner. Banana peel extract perhaps, by augmenting the activities and/or
provoking the synthesis of endogenous antioxidant enzymes, further annulled the oxidative
effects of the mixed metal toxicity in the Wistar rats. Similarly, the oxidized milieu
precipitated by HMM by the decrease in the levels of reduced GSH and the increase in
oxidized glutathione (GSSG) culminates to heightened programmed cell death or apoptosis
as shown by increase in Cas-3 (Saha et al., 2016). Banana peel extract protects the
hepatocytes from metal mixture induced activation of caspases (Figure 5).

Contemporary advances in oxidative stress and comprehension of its management entail a
twin function of the antioxidants — free radical scavenging and metal chelation (Jomova and
Valko, 2011; Sarpong-Kumankomah et al., 2018; Amadi et al., 2019). It is plausible to opine
that banana peel could have exerted its beneficial effect via metal ion chelation sequel to
lower hepatorenal metal (Pb, Al, Hg and Mn) levels and antioxidant mechanism. Oxidative
damage and oxyradical production are effectively inhibited during metal ion chelation
(Policegoudra et al., 2010). Further investigations will be required to appreciate the specific
mechanism of action and the concentration of these metals (Pb, Al, Hg and Mn) in fecal
matter and urine to determine their routes of elimination.

Chronic metal exposure is associated with inflammation of hepatic tissue (Algandaby et al.,

2016) secondary to oxidative stress and generation of free radicals which of course
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exacerbates release inflammatory cytokines like IL-1p and Tnf-o (Milnerowicz et al., 2015,
Angosto et al., 2018). These exposures upregulate the genes that encode the inflammatory
signals (Alexandrov et al., 2018). Cytokine release is thought to recruit leukocyte that
produce more inflammatory chemokines and cytokines that worsen the inflammation (Jangra
et al., 2015; Khameneh et al., 2017). In addition, chronic granuloma associated with chronic
metal exposure and systemic inflammation related to increasing the concentrations of IL-6
and Tnf-a, have in exposed animals (Haag et al., 2014, Pogue et al. 2017). There is a crosstalk
between inflammation and oxidative stress in numerous chronic diseases (Bartoli et al.,
2011). Inflammatory response is usually amplified by oxidative stress through the
modulation of associated genes that are involved in inflammation in vivo (Cao et al., 2017;
Tan et al., 2018). Interestingly, nuclear transcription factor Nfkb amplified by virtue of
oxidative stress was responsible for the acceleration of inflammatory response evidenced in
this study via the induction and upregulation of the inflammatory makers (Ramamoorthy et
al., 2017; Aliomrani et al., 2016). The present study has shown activation of Nfkb following
HMM exposure which was compensated by treatment with banana peel extract even in the
low levels. Undeniably, the activation of Nfkb pathway has been linked to liver fibrosis and
hepatocyte damage (de Souza Basso et al 2021). So, the regulation of this pathway by banana
peel extract is an indication of possible mechanism of action of the extract (Piazza et al.,
2019).

From a functional standpoint, Nrf2 negatively modulates oxidative-stress mediated Nfkb
activation through the Hmox-1 pathway (Bellezza et al., 2012). Nrf2 is bound to Keapl
protein in the cytosol under normal physiological situations but in oxidative stress, there is
oxidation of sulfhydryl groups on Keap1l leading to conformational changes, release of Nrf2
and nuclear translocation of Nrf2 which binds with ARE genes like Hmox-1 and
musculoaponeurotic fibrosarcoma (Maf) proteins (Bellezza et al., 2012). Hmox-1 is a vital
enzyme involved in Nrf2-mediated Nfkb inhibition. Usually upregulation of Hmox-1
suppresses IL-1p- degradation, which inhibits Nfkb activity. Likewise, Hmox-1 inhibits the
Tnf-a -dependent activation of Nfkb (Soares et al., 2004) whereas cellular upregulation of
Nfkb results in decrease Hmox-1 thus confirming that Nfkb activation can act as an Nrf2
repressor (Sivandzade et al., 2019). It is known that Hmox-1 brings to bear its anti-

inflammatory activities by the formation of carbon monoxide (CO), iron, and bilirubin. CO
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is a known Nfkb inhibitor, which elicits reduced formation of pro-inflammatory responses.
Taken together, the Nrf2/Hmox-1 pathway is directly involved in the inhibition of
proinflammatory cytokines and activation of anti-inflammatory cytokines (Sandberg et al.,
2014). Hence Nrf2 mediated increase in the expression of Hmox-1 is crucial for cross-talk
between Nrf2 and Nfkb. Banana peel extract hampers this cross-talk in the hepatocytes of
metal mixture treated rats.

The significant changes in various biochemical parameters following exposure to metals
mixture were good indicators of hepatorenal toxicity and the interpretations were supported
by corresponding changes: increase in liver and kidney weight and the observed
histopathological alterations. There is evidence that chronic heavy metal administration leads
to metal accumulation in the in liver and kidney and, in turn, lead to alterations in the liver
function (Newairy et al., 2009, Nikolov et al., 2010).

The histological analysis revealed that HMM triggered hydropic degeneration of the
hepatocytes over a sixty-day period in the toxicity control when compared to controls. These
distortions are consistent with numerous investigations regarding metal toxicity in diverse
animal models (Saha et al., 2016, Lim., 2020) and corroborate the pathogenic role of heavy
metals induced inflammation and oxidative stress in the hepatocyte. The liver is usually the
first organ that toxicants target because it is predominantly linked with biotransformation and
detoxification activities (Saha et al, 2016, Lim., 2020). Thus, the possible reason for the
observed lesions in the liver. The lymphocytes infiltration and sinusoid expansions as well
as increased vacuolations of the hepatocytes observed in HMM treated group are clear signs
of pathological responses following their exposure. Co-exposure of HMM with 200, 400 and
800 mg/kg BP showed lymphocytes infiltrations, nuclear pyknosis and expansion of the
sinusoidal space, respectively. Overall, the present study confirmed that BP protect from the
histopathological changes produced by HMM, which were consistent with the changes in
oxidative stress and pro-inflammatory indicators. These results indicated that banana peel
extract relieved metal mixture-induced hepatorenal cell apoptosis associated oxidative stress.
In spite of the immense nutritional benefit of banana peel, it contains also some antinutrients
like glucosides, tannins, oxalate and phytate, which have untoward effects in humans (Arslan
and Ozcan, 2010, Ozabor et al., 2020). High oxalate rich diets are feared to be risk factor in

hyperoxaluria (Hulton, 2016) which may result in renal inflammation and acute renal failure
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in cases of compromised kidney function (Getting et al., 2013). However, the oxalate content
in banana peel is below the threshold value that can be absorbed in humans (40-50 mg/day)
(Zaini et al., 2022). Dietary phytate induces lowering of blood glucose and lipids in addition

to averting renal calcium crystallization (Schlemmer et al., 2009).

5. Conclusion

Chronic HMM (Pb, Al, Hg and Mn) exposure exacerbated oxidative dysfunction in the liver
and kidney, which were demonstrated by hepatic and renal accumulation of Pb, Al, Hg and
Mn, decrease in antioxidant parameters (CAT, SOD, GSH, GPx) and elevation of marker of
lipid peroxidation — MDA. There was also upregulation of inflammatory markers and
transcription factor markers that corroborated with severe histopathogical changes in the liver
and kidney. However, in a dose dependent manner, banana peel extract annulled these effects.
Banana peels decrease bioavailability of the metals in the tested mixture. Banana peel might
have ameliorated hepatorenal injury and exerted anti-inflammatory and anti-apoptotic effects
in heavy metal mixture mediated hepatotoxicity and nephrotoxicity by activation of
Nrf2/Hmox-1 and inhibition of Nfkb pathway. These observations underscore the
nutraceutical potentials of banana peel extract and the suggested beneficial role in the

management of hepatorenal syndrome and other related metal-induced toxicity.
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Table 1: Effect of banana peel extract on the body weight, absolute and relative weight of
liver and kidney, feed and fluid intake in female albino rats exposed to heavy metal

mixture.
GROUPS Absolute Absolute wt BODY WEIGHT Relative wt (%) Relative(
wt liver () kidney(g) (9) liver %) wt
kidney
Control 5.5+0.00° 1.3+0.002 | =125.82+16.43 2.752 0.65
F =200.00+14.14
%wt gain=62.91
Heavy Metal Mixture 4.8+0.28° 1.4+0.28% 1 =116.86+8.05 2.662 0.78
(HMM) F =180.50+0.71
%wt gain=64.92
HMM+ Low Dose 4.44+ 0.62° 1.2+0.14° | =103.57+11.50 2.64° 0.71
Banana Peel Extract F=168.50+38.89
(BPE) %wt gain=61.47
HMM + Medium 4.68+0.11° 1.45+0.352 | =87.57+4.79 2.612 0.81
Dose Banana Peel F =179.50+28.99
Extract (BPE) %wt gain=48.79
HMM + High Dose 4,15+0.21° 1.03+0.18° | =94.86+6.67 2.81° 0.7
Banana Peel Extract F =147.50+£19.09
(BPE) %wt gain=64.31
Values are presented as Mean £SD values
with different superscripts are significantly different from each other at p< 0.05), while
values with the same superscripts are not significantly different.
Table 2: Person’s correlation between biomarkers of oxidative stress, pro-inflammatory
markers, apoptotic marker and transcription factors in the liver
Variables GSH GPX CAT SOD MDA Cas3  Hmox IL6 Nrf2 Nfkb Tnfa NO
GSH 1.00
GPX 0.88" 1.00
CAT 0.72* 0.76* 1.00
SOD 0.92% 0.82* 0.59 1.00
MDA -0.66* -0.51 -048 -0.77  1.00
Cas-3 -0.88*  -0.71* -057 -0.82* 0.76 1.00
Hmox -0.65* -044  -046 -0.73* 0.57 0.62 1.00
IL-6 -0.73*  -0.47 -0.50 -0.79* 0.74* 0.74* 0.96% 1.00
NFR2 -0.90*  -0.82* -0.64* -0.97* 0.74* 0.79" 0.82* 0.85* 1.00
NFKB -0.67*  -0.32 -0.51 -0.53 056 0.79" 0.69*  0.80* 0.55 1.00
TNF-a -0.76*  -0.47 -059 -0.72* 0.69* 0.81" 0.89* 0.95*  0.77* 0.93* 1.00
NO -0.55 -0.22 -0.37 -0.59  0.66* 0.65* 0.91% 0.95"  0.66* 0.85" 0.94*  1.00

Values in bold are different from 0 with a significance level p<0.05 (*), ii) p<0.01 (+) and iii) p<0.001 (#).
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Table 3: Pearson R correlation between biomarkers of oxidative stress, pro-inflammatory
markers, apoptotic marker and transcription factors in the kidney

Variables GSH GPX CAT SOD MDA Cas3  Hmox IL6 Nrf2 Nfkb Tnfo NO
GSH 1.00

GPX 0.76* 1.00

CAT 0.44 0.51 1.00

SOD 043 0.75* 0.71* 1.00

MDA -0.46 -0.58 -0.84* -0.79" 1.00

Cas-3 -0.59 -0.69* -0.67* -0.80* 0.50 1.00

Hmox -0.78*  -0.85* -0.72* -0.80* 0.64* 0.94* 1.00

IL-6 -0.57 -0.68* -0.75* -0.87* 0.71* 0.90% 0.90% 1.00

Nrf2 -0.65*  -0.82* -0.60 -0.73* 047 0.86" 0.86* 0.67* 1.00

Nfkb -0.63 -0.73* -0.80* -0.87* 0.75* 0.90% 0.93* 0.99% 0.73* 1.00

Tnf-a -0.57 -0.68* -0.83" -0.84" 0.94* 0.61 0.75* 0.85+ 0.51 0.87% 1.00

NO -0.68*  -0.82*  -0.79*  -0.89 0.68* 0.95% 0.97%  0.92% 0.90* 0.95* 0.79* 1.0C

Values in bold are different from 0 with a significance level p<0.05 (*), ii) p<0.01 (+) and iii) p<0.001 (#).
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Mercury Concentration (mg/kg)

3.0

Manganese Concentration (mg/kg)
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Aluminium Concentration (mg/kg)

Organs

O3 Control

EZZ Heavy Metal Mixtures(HMM) 10 HMM + High BP
HMM + low Banana Peel (BP)

Treatment Groups
B HMM + Medium BP

Figure 1: Effect of banana peel extract on metal levels in liver and kidney of rats exposed to
heavy metal mixture (MM) and banana peel extract (BP). Different superscripts (a, b, c. d e)
indicated significant (p<0.05) differences between groups.
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Figure 2a-c. Effect of banana peel extract on liver function markers and electrolytes/renal
function markers of rats exposed to metal mixture. Different superscripts (a, b, ¢) indicated
significant (p<0.05) differences between groups.
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Figure 3: Antioxidants profile in liver and kidney of rats treated or not with Banana peel
extract and exposed to metal mixture. Different superscripts (a, b, ¢) indicated significant
(p<0.05) differences between groups.
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Figure 4: Lipid peroxidation and oxidative stress profile in liver and kidney of rats treated
with Banana peel extract after exposure to metal mix exposure. Different superscripts (a, b,
c) indicated significant (p<0.05) differences between groups.
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Figure 5: Effect of banana peel extract treatment on Caspase 3 activity in the Liver and kidney
of rats exposed to heavy metal mixture. Different superscripts (a, b, ¢) indicated significant
(p<0.05) differences between groups.
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Figure 6: Effect of banana peel extract on pro-Inflammatory markers (IL-6 and Tnf-a in the
liver and kidney of rats exposed to heavy metal mixture. Different superscripts (a, b, c)
indicated significant (p<0.05) differences between groups.
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Figure 7: Effect of banana peel extract on transcription factors (Nfkb and Nfr2) and Hmox-1
in the liver and kidney of rats exposed to heavy metal mixture. Different superscripts (a, b,
c) indicated significant (p<0.05) differences between groups.
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Figure 8: Photomicrograph section of liver tissue of rats: a) control group; b) metal mixture
c), d), and e) metal mixture with banana peel extract at 200, 400 and 800 mg-kg™. Portal Vein
(PV), Lymphatic Vessels (LV), Hepatocytes (H) , sinusoids(S), Central Vein (CV),
Hepatocyte Necrosis (HN), multifocal areas of Hepatocyte Karyorrhexis (HKR) and

Hepatocyte Karyolysis (HKL), Necrotic acidophil mass (NAM), portal area (PA), Sinusoid
dilation (SD).
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Figure 9: Photomicrograph section of kidney tissue of rats: a) control group; b) metal mixture
c), d), and €) metal mixture with banana peel extract at 200, 400 and 800 mg-kg™. Normal
Glomerulus (NG), Proximal Convoluted Tubule (PCT), Distal Convoluted Tubule (DCT),
Bowman Space Dilation (BSD), Diffuse Glomerular Sclerosis (DGS), Glomerula tuft
collapse (GTC), mesangial hypercellularity (MH)
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