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ABSTRACT

Lead toxicity has been categorized among the top ten major public health concern by the
World Health Organization. Lead is a multi-organ toxicant that has been implicated in various
organs damage including liver and kidney. In search of cheap and readily available drug for
lead-induced liver and kidney damage, methanol extract of 7aminalia catappa leaf (METCL)
was assessed in lead acetate induced hepato-renal damage in Wistar rats. The phytochemicals
and in vitro antioxidant activities of the extract were also determined using standard methods.
Fifteen Wistar male rats comprised of five groups of three rats per group were used for the
study while five rats were used for the acute toxicity study. Exact 0.5 ml/kg body weight
(bw.), 1000 mg/Kg bw. of lead acetate solution and 100 mg/kg bw. of Silymarin, 1000 mg/Kg
bw. of lead acetate solution and 0.5 ml/kgbw., 100 and 200 mg/kg bw. of METCL were
administering orally to naive, positive, negative control groups and extract treated groups
respectively daily for 10 days. The extract shows appreciable 2, 2-diphenyl picryl hydrazyl
radical scavenging activities (DPPH), ferric reducing antioxidant power (FRAP) and
inhibition of lipid peroxidation at high concentration of 500 pg/mL. Phytochemical analysis
of the extract reveal the presence of flavonoids (30.29 mg/g), total phenols (65.97 mg/g) with
trace quantities of alkaloids (65.79 pg/g) and saponins (101.45 pg/g). Significant increase (P
< 0.05) in alanine transaminase (ALT), aspartate transaminase (AST), alanine phosphatases
(ALP), urea, sodium, chlorine, potassium and creatinine were observed in negative control
rats when compared with the treated groups. The liver and kidney histology of the treated
animals also show severed less damage when compared to that of negative control groups.
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Therefore, METCL possesses ameliorative effects which is more pronounced at 200 mg/kgbw
on lead acetate-induced liver and kidney damage in Wistar rats.
Keywords: Lead toxicity, Taminalia catappa, Liver, Kidney, Histology

Introduction

Liver and kidney diseases are gradually increasing in developing and developed countries
currently as a result of contamination of the environment by the pollutants such as lead
(Busari et al., 2021a). Both organs are mutually linked physiologically and pathologically in a
reciprocal fashion as Kidney disease occurs in 20%—25% of patients with liver disease
(Morelli et al., 2021).

Lead caused various range of physiological and biochemical abnormality to many cells,
tissues, organs and systems in all mammals (Busari et al., 2021a). Myriads of evidences have
implicated lead in activating excessive production of reactive oxygen species (ROS) which
lead to breakdown of tissues and substantial health challenge (Hamzah et al., 2018). Liver and
kidney are very important and delicate organs due to their metabolic and excretory roles
towards several poisonous substances (Busari et al., 2015). Most chelating agents used for
lead toxicity therapy show various side effects. Some of these side effects include residual
toxicity, poor activities, high cost and pro-oxidative activities. For these reasons, it is
necessary to search for alternative drugs from natural sources.

Terminalia catappa Linn. (Combretaceae) commonly refer to as Tropical almond is a large
tree that grow in tropical countries. It is a native to Australia, Cambodia, India, Japan, Laos,
Malaysia, Thailand and Vietnam (Orwa et al., 2009). T. catappa is now widely distributed
across the globe with a maximum height of 35 m, being upright, with horizontal branches and
symmetrical crown (Owolabi et al., 2013). Different parts of this plant have long been used as
folk medicine in India, Philippines, Malaysia, Indonesia, Benin for antidiarrhoetic,
antipyretic, anti-inflammatory, anti-carcinogenic and haemostatic purposes (Ladele ef al.,
2006; Biego et al., 2012). Many researchers have also reported various part of the plants to
possessed the following activities; Anticancer (Pandya et al. 2013, Yeh et al. 2012),
Antimutagen (Chen et al. 2000), Immunomodulatory (Aimola et al. 2014), Antibacterial
(Taganna et al. 2011), Wound healing (Khan et al. 2013), antidiabetic (Divya et al., 2014;
Ahmed, 2005) and hepatoprotective (Kinoshita et al. 2007). Hence, the effects of methanol
extract of Taminalia catappa leaf on lead acetate-induced liver and kidney toxicity in Wistar
rats

Plant Materials and Authentication

The Taminalia catappa fruit were obtained in Minna, Niger State and were authenticated at
the plant Biology Department of Federal University of Technology, Minna by Dr. Daud
O.AY.

Experimental Animals

Wistar rats (125.00 + 3.16g) were obtained from the animal facility of Federal University of
Technology, Minna. The animals were housed in polypropylene cages under a controlled
environment with 12 hours light/dark cycles, temperature of 28 + 3°C and relative humidity of
45-50%. The animals were maintained on pelleted diet (Vital Feeds, Jos Nigeria) with supply
of water ad libitum.
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Chemicals, Kits and Reagents

The biochemical kits used were obtained from AGAPE Laboratories, Hombrechtikon,
Switzerland. The chemicals and reagents used were obtained from Sigma- Aldrich Chemical
Company St. Louis, USA. The reagents include methanol, acetone, ethylacetate, Ferric
chloride, DPPH, lead acetate, hematoxylin and eosin among others.

Methods

Extraction Procedures

The fruits of the 7. catappa plant were washed with clean water to remove dust and sand, air-
dried at room temperature. The dried fruits were pulverized using a blender, kept in an air
tight container at room temperature (28 + 2°C) until further use. Fifty grams (50 g) of the
powdered samples were placed in a round bottom flask and extract with absolute methanol at
room temperature for 72 hours. The extract were filtered with muslin cloth after which the
methanol was evaporated under reduced pressure in a rotary vacuum evaporator. The filtrate
of T catappa leaf were lyophilized to obtain a crude extract that was stored at -4°C until
further use.

Acute toxicity study (OECD)

The median lethal dose (LDso) of the plant extract and fractions was conducted using the
method described by organization for economic and cooperation for development (OECD,
2010). Five (5) rats were given 2000 mg/kg body weight of the extract from 7. catappa leaf
orally. They were observed for 24hrs for signs of toxicity and death. The observation was
extended to 14 days for any delay toxicity.

Quantitative Determination of secondary metabolites

The following methods were used for the determination of various phytochemicals; total
phenol (McDonald et al., 2001), Flavonoids (Chang et al., 2012), Alkaloids and Saponins
(Oloyede, 2005), Tannins (A.O.A.C, 1984).

Antioxidants Screening

Scavenging Activity against 1, 1-Diphenyl-2-Picryl Hydrazyl Radical (DPPH)

The scavenging activity against DPPH was done as reported by Oyaizu, (1998) with little
modification. A known weight of 0.05g of dry extract as well as vitamin C (standard) was
weighed in a separate beaker follow by 50mL of methanol, 2mL of 0.004% DPPH solution in
methanol and ImL of plant extracts, gallic acid and vitamin C in methanol at various
concentrations (125, 250, 500, 1000pg/mL). The mixture were mixed and incubated at 25°C
for 30 minutes. The absorbance of the test mixture was read against the reagent blank at 517
nm using a spectrophotometer. All experiments was performed in triplicate. Percent inhibition
was calculated using the following expression:

% Inhibition = (Aplank — Asample /Ablank) X 100

Ferric Reducing Antioxidant Power Assay

The reducing antioxidant power of the extracts was determined by preparing different
concentrations of plant extracts and vitamin C (125, 250, 500, 1000png/mL) in ImL of distilled
water. The prepared extracts was mixed with phosphate buffer (3.0mL, 0.2M, pH 6.6) and
potassium ferricyanide [K3Fe(CN)s] (2.5mL, 1%). The mixtures was incubated at 50°C for 20
minutes. Then, 2.5mL of trichloroacetic acid (10%) was added to the mixture, centrifuge for
10 minutes at 3000 rpm.
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The upper layer of solution (2.5mL) was mixed with distilled water (2.5mL) and FeCl3
(0.5mL, 0.1%). The absorbance was read at 700 nm against a blank (Aiyegboro and Okoh,
2010)

Inhibition of Lipid Peroxidation

A modified thiobarbituric acid reactive substances (TBARS) of Ruberto and Baratta, (2000)
assay was used to measure the lipid peroxide formed using egg yolk homogenate as lipid-rich
media (Ruberto and Baratta, 2000). Egg homogenate (0.5 mL, 10 % v/v) was added to 0.1 mL
of extract or vitamin C (10 mg/mL) and the volume made up to 1 mL with distilled water.
Thereafter, 0.05 mL of FeSOs4 was 4 added and the mixture was incubated for 30 minutes.
Acetic acid of 1.5 mL of was then added followed by 1.5 ml of thiobarbituric acid in sodium
dodecyl sulphate. The resulting mixture was vortexed and heated at 95°C for 60 minutes.
After cooling, 5 mL of butan-1-ol was added and the mixture was centrifuged at 3000 rpm for
10 minutes. The absorbance of the organic upper layer was read at 532 nm and converted to
percentage inhibition using the formula: (1 - E/C) x 100

Where: C = Absorbance of fully oxidized control and E = Absorbance in the presence of
extract.

In-Vivo Antioxidants Study
Animal Grouping

. Group 1: Non-toxic rats (Normal 0.5mL/kgbw of 0.5% Normal saline)

. Group 2: Lead acetate induced (1000mg/kgbw) and silymarin (100mg/kgBW)

. Group 3: Negative Control, were induced with lead acetate with Normal 0.5mL/kgbw
. Group 4: Lead acetate induced (1000mg/kgbw) and 100MEF (100mg/kgBW)

. Group 5: Lead acetate induced (1000mg/kgbw) and 200MEF (100mg/kgBW)

All the animals were euthanized by cardiac puncture at the end of 10 days for the collection
of various specimen.

Serum and Tissue Preparations

Serum Preparation

Serum were prepared using the procedure described by Yakubu et al. (2009) and Ajiboye et al.
(2014). Briefly, the rats were euthanized by cervical dislocation at the end of the experiment
and blood samples were collected by cardiac puncture from the inferior vena cava of the heart
into serum sample bottles. The blood samples were allowed to clot at room temperature and
serum were obtained by centrifuging at 3000 rpm for 10 minutes.

Biochemical Assay
Marker enzymes and metabolites of liver and kidney damage were carried out using
appropriate manual in the biochemical kits.

RESULTS

Quantitative phytochemical constituent

Table 1 show the quantitative phytochemicals constituents of methanol extract of Taminalia
catappa leaf extract. Total phenol is the highest among the remaining set of phytochemicals
followed by flavonoids, tannins, saponins and alkaloids.
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Table 1: Quantitative phytochemical Constituents of Methanol Extract of 7. catappa

Tannins Flavanoid T. Phenols Alkaloids  Saponins
(mg/g) (mg/g) (mg/g) (ng/g) (ng/g)
10.72+0.21 30.29+0.10 65.97+£0.48 85.79+0.40 101.43%1.65

Values of mean + standard error of mean (SEM) of triplicate

Percentage Scavenging Activity against 1, 1-Diphenyl-2-Picryl Hydrazyl Radical (DPPH)
Table 2 showed the radical scavenging activity of methanol extract of 7. catappa leaf extract
against 1, 1-Diphenyl-2-Picryl Hydrazyl Radical (DPPH). The DPPH radical scavenging
activity of methanol extract of 7. catappa leaf extract are in dose dependent manners. Highest
DPPH radical scavenging is observed in the highest concentration (500 pg/mL) of the extract
and decrease as concentration reduced. The activities of the extract follow same trends with
that of standard (Vitamin C) and relatively close in values at all concentrations.

Table 2: Percentage Scavenging Activity against 1, 1-Diphenyl-2-Picryl Hydrazyl
Radical (DPPH) of Methanol Extract of 7. catappa

Concentrations (ng/mL) Vitamin C Methanol Extract
500 92.50+0.04 89.14+1.04
250 91.35+0.00 88.08 £ 0.44
125 61.35+0.19 61.83+1.08
62.5 30.24 £0.19 25.63+1.12

Values of mean + standard error of mean (SEM) of triplicate

Ferric reducing antioxidant power (FRAP)

Table 3 showed the ferric reducing antioxidant power of methanol fraction of 7. catappa leaf
extract as compared with ascorbic acid. FRAP of methanol extract of 7. catappa leaf extract
are also in dose dependent manners like that of DPPH radical scavenging activities. Highest
FRAP activities was also observed in the highest concentration (500 pg/mL) of the extract
and decrease as concentration reduced. The activities of the extract follow same trends closely
with Vitamin C.

Table 3: Ferric reducing antioxidant power (FRAP) of Methanol Extract of 7. catappa
Extract

Concentrations (ng/mL) Vitamin C Methanol Fraction
500 2.50+0.00 1.52+0.31
250 2.05+£0.04 1.04+0.20
125 1.00+0.15 0.78+0.12
62.5 0.56 +0.05 0.78+0.12

Values of mean + standard error of mean (SEM) of triplicate experiment.

Percentage inhibition of lipid peroxidation

Table 4 showed the percentage Inhibition of lipid peroxidation by methanol extract of 7.
catappa leaf as compared with ascorbic acid. The trends through which methanol extract of 7.
catappa leaf inhibit lipid peroxidation is quite different from that of DPPH and FRAP.
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There are little differences between the activities observed in the high concentration (500
pg/mL) of the extract when compared respectively with the low concentration which follow
the same trends with Vitamin C.

Table 4: Percentage Inhibition of lipid peroxidation of Methanol Extract of 7. catappa

Extract
Concentrations (ng/mL) Vitamin C Methanol Fraction
500 41.73£0.16 48.33+0.11
250 40.01 = 0.08 35.92+1.44
125 37.46 £ 0.11 36.32+1.05
62.5 37.16 £0.10 38.95+1.11

Values of mean + standard error of mean (SEM) of triplicate experiment.

Acute Toxicity study

Weakness, inactivity, insensitivity, shivering were observed at first 20 minutes of
administration of the extracts but all these activities became normal after 20 minutes of
administration of the extract. However, no mortality is recorded after 7 days of daily
monitoring.

Liver function biomarker enzymes

Table 4 showed the result of the liver function enzymes of the rats treated with 100 mg/kg bw
and 200 mg/kg bw of T. catappa extract after lead-acetate induced toxicity. Lead-acetate
significantly (p < 0.05) increase the level of ALT, AST and ALP when compare with normal
control (non-toxic). Treatment with 100 mg/kg bw and 200 mg/kg bw of methanol extract of
T. catappa leaf significantly (p < 0.05) reduced the enzymes and well comparable with the
standard drug silymarin.

Table 4: Effect of methanol extract of 7. catappa leaf on serum liver enzymes of the
experimental rats.

Groups ALP(p/L) AST(u/L) ALT(wWL)
Non-Toxic 1432 +1.38% 9.63+0.28% 11.60+0.232
100 mg/kg bw Silymarin 2770£7.03%  975:029°  20.33+2.15°
Negative Control 4750 £4.33°¢ 20.93+£0.26° 25.72+£0.20°
100 mg/kg bw METCL 36.133+23°  10.70+043° 1527+ 0.00°
100 mg/kg bw METCL 30.33+4.86° 10.21+0.81°% 12.056 + 0.62%

Values of mean + standard error of mean (SEM) of 3 experiment rats.

Values with different superscripts and on the same column are significantly different
(p<0.05).

Effects of methanol extract of 7. catappa leaf on serum liver damage biomarkers of the
experimental rats

Table 5 showed the effects of 7. catappa extract on serum liver damage biomarkers of the
experimental rats treated with 100 mg/kg bw and 200 mg/kg bw after lead-acetate induced
toxicity. Lead-acetate significantly (p < 0.05) increase the level of conjugated bilirubin and
albumin while the level of protein is significantly (p < 0.05) reduced when compare with
normal control (non-toxic).
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Treatment with 100 mg/kg bw and 200 mg/kg bw of methanol extract of 7. catappa leaf
significantly (p < 0.05) reversed the changes but not comparable with the standard drug
silymarin.

Table 5: Effects of methanol extract of 7. catappa leaf on serum liver damage biomarkers
of the experimental rats.

Groups Conj. Bilirubin Protein (mg/dL) Albumin (mg/dL)
(mg/dL)
Non-Toxic 1.19410.26" 425+0.32°% 2.40+0.00 ©
100 mg/kg bw Silymarin 2.75+0.03% 3.25+0.90° 2.05+0.00°
Negative Control 5.40+0.38° 245+£0.20° L350.32*
100 mg/kg bw METCL 3.75+1.43° 305029 1.25+0.09°
100 mg/kg bw METCL 2.45+0.32° 4.65+£1.29° 2.9240.10°

Values of mean + standard error of mean (SEM) of 3 experiment rats.

Values with different superscripts and on the same column are significantly different
(p<0.05).

Effects of methanol extract of 7. catappa leaf on serum kidney damage biomarkers of the
experimental rats.

Table 5 showed effect of methanol fraction of 7. catappa leaf on serum kidney damage
indicators of lead acetate induced toxicity in rats treated with 100 mg/kg bw and 200 mg/kg
bw after lead-acetate induced toxicity. Lead-acetate significantly (p < 0.05) increase the level
of urea, creatinine, sodium, potassium and chloride when compared with normal control (non-
toxic). Treatment with 100 mg/kg bw and 200 mg/kg bw of methanol extract of 7. catappa
leaf significantly (p < 0.05) reversed the changes but not comparable with the standard drug
silymarin.

Table 5: Effect of methanol fraction of 7. catappa leaf on serum kidney damage
indicators of lead acetate induced in rats.

Groups Urea (mg/dL)  Creatinine Sodium Potassium Chloride
(mg/dL) (mmol/1) (mmol/1) (mmol/1)
Non-Toxic 32.73£1.44°  1.54+0.23* 106.00£0.58* 3.10+£0.08* 59.33+3.09°2
100 mg/kg bw 38.73£5.19°  2.74+0.11° 118.47+0.86° 3.44+0.08* 68.80+1.13°
Silymarin
Negative 98.16+£5.70¢  4.17+0.11¢ 136.51£5.70¢ 13.21+0.23°  99.60+0.29°
Control
100 mg/kg bw 40.59+£2.59°  3.16+0.13° 121.73£0.57° 4.65+1.15° 77.10+0.13¢
METCL
200 mg/kg bw 42.30+0.32°  2.66+0.14° 121.43+9.25° 4.30+1.15° 74.55+1.15¢
METCL

Values of mean + standard error of mean (SEM) of 3 experiment rats.
Values with different superscripts and on the same column are significantly different

(p<0.05).

Histology of the liver and kidney of the experimental rats

The histology of the liver of the METCL treated rats showed mild cell necrosis and
hepatocytes regeneration when compared with untreated group that showed marked
hepatocytes necrosis (Plate 1).
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The histology of the kidney of the untreated rats showed nephrons degeneration when
compare to non-toxic and other treated groups which showed normal histological features
(Plate 2).

Black arrow: Hepatocytes regeneration; Yellow arrow: Mild hepatocytes necrosis and
vacuolar degeneration; Red arrow: Marked hepatocytes necrosis and vacuolar degeneration;
Green arrow: Cytoplasmic degeneration engorged with haemolysed blood

Plate 2: Cross section of the kidney after oral administration of METCL (H & E; X 400).

Black arrow: Normal histological features; Red arrow: Capsular and tubular degeneration
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DISCUSSION

Various environmental toxicant and clinically useful drugs, can cause severe organ toxicities
through the metabolic activation to highly reactive free radical (Bharti, 2012). Liver and
kidney are one of the most important organs in our body. The DPPH assay is one of the most
acceptable methods of determining antioxidant activity of any medicinal materials that can act
as hydrogen donors or free radical scavengers. In addition other methods such as Ferric
reducing antioxidant power and Inhibition of lipid peroxidation are also part of available
methods used in conjunction with DPPH to derive accurate conclusion on antioxidant
activities of a particular material. The high; DPPH radical scavenging activity, Ferric reducing
antioxidant power as well as high inhibition of lipid peroxidation exhibited by METCL
actually supports its secondary metabolites constituents which is rich in phenols, tannins and
flavonoids which is tandem with report of Ko et al.(2002). According to OECD, if oral dosage
of a particular substance is greater than 2000 mg/kg bw (LDso >2000 mg/kg bw) as shown in
the case of METCL, such a substances is said to be relatively safe for consumption (OECD,
2010).

The significant higher activities of serum AST, ALT, ALP, bilirubin, urea and albumin with
corresponding decrease in total proteins similar to the report of Azoz and Raafat (2012).
Increasing in the levels of these enzymes of liver damage in the lead acetate-treated rats
signify damage to the structural integrity of the liver (Busari et al., 2021b). It is mainly due
to the leakage of these enzymes from the liver cytosol into the blood stream (Concepcion et
al., 1993). Releasing of AST and ALT from the cell cytosol can occur as secondary changes
to cellular necrosis (Gaskill et al., 2005). The high AST and ALT activities are accompanied
by high liver microsomal membrane fluidity, free radical generation and alteration in the liver
tissue (Ibrahim et al., 2012). Elevated level of ALP suggests biliary damage or an obstruction
of the biliary tree, which disrupts the flow of blood to the liver. Some of this enzymes also
present in the kidney and other organs including kidney. The decrease of these enzymes in the
serum may be due to the prevention of their leakage due to antioxidant and chelating activities
of phenols, tannins and flavonoids in the extract. The increase of bilirubin values in rats
treated with lead acetate in this study may be due to excessive heme destruction and
blockage of biliary tract resulting in inhibition of the conjugation reaction and release of
unconjugated bilirubin from damaged hepatocytes (Ali et al, 2010) as a result of lead
toxicity. Lead acetate administration in this study caused significant increase in serum urea
level as well as increase in serum creatinine level couple with increase in electrolytes. The
oxidative stress induced by lead couple with the disruption of calcium homeostasis might
have been resulted from lead induced kidney damage. The restoration of biochemical
paramtres after METCL treatment point to the fact that METCL exhibit ameliorative effects
via its phytochemical constituents and this in turn confer appreciable antioxidant activities on
the extract.

CONCLUSIONS

Conclusively from the research, it show that METCL is safe and possessed ameliorative
effects on Lead-induced liver and renal damage as evidenced from biochemical and
histological parameters. This might be as a result of its antioxidant activities due to the
phenolics compounds endowed in the extract..
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