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ARTICLE INFO ABSTRACT

Keywords: Psychotria microphylla is a plant found in Africa and many parts of the world where the leaves are locally used in
Psychotria microphylla folk medicine for the treatment of toxicity related liver diseases. We investigated the antioxidant potentials of
HP.LC . ethanol leaf extract of Psychotria microphylla (ELE-PM) in restoring hepatic redox dysregulations in rats exposed to
xi?j;x:;:ress heavy metals. HPLC was used in quantifying the bioactive compounds in ELE-PM. DPPH (1,1-diphenyl-2 pic-

rylhydrazyl), FRAP (Ferric reducing antioxidant power) and NO (Nitric Oxide) assays were used for in vitro

Heavy metals ’ o o o . i
studies. The in vivo studies involved 30 rats randomly divided into 5 groups (n = 6). Group 1 received normal

Pharmaceutical science

Biochemistry saline (2 mg/kg), group 2, 3, 4 and 5 received a combined solution of Pb(NO3), (11.25 mg/kg) and HgCl, (0.4
Pathophysiology mg/kg) respectively. After 7 days of heavy metal exposure, groups 3, 4 and 5 received a daily bolus administration
Pharmacology of 200, 400 and 600 mg/kg body weight of EE-PM respectively through oral intubation for 28 days. HPLC
Toxicology quantification revealed a high amount of quercetin (27.43 + 0.04 mg/100g), lower amounts of gallic acid (7.60 +

Alternative medicine 0.06 mg/100g) and rutin (0.38 + 0.009 mg/100g). Additionally, ELE-PM demonstrated strong inhibitory po-

tentials against free radical scavenging activity generated in vitro. More interestingly, administration of ELE-PM
significantly ameliorated hepatic redox dysregulations elicited by the exposure of the rats to heavy metals in a
dose dependent pattern. ELE-PM is highly rich in flavonoid compound quercetin and perhaps this may be
responsible for the strong antioxidant potentials exhibited in this investigation.

1. Introduction

Global environmental pollution and contamination with heavy metals
have been on the increase since the 18™ century industrial revolution.
This has continued to be a major health problem across the globe (Sid-
diga and Faisal, 2020). More so, with recent enormous advancement in
technological development and industrialization, heavy metals are now
ubiquitously present in the environment with consequent negative
impact on all biological systems both plants and animals (Hussain et al.,
2020; Wallace and Djordjevic, 2020; Shen et al., 2020; Hareram et al.,
2020). Of particular economic importance amongst these heavy metals
are Mercury and Lead. Mercury when bio-accumulated in the body sys-
tem through various environmental sources produces several disease
conditions in the body (Guzzi et al., 2020). It has toxic effects on the
reproductive, digestive, neurological and immune systems of the body
(Boujbiha et al., 2012; Oliveira et al., 2020a, b; Lu and Khera, 2020;
Mergler et al., 2007). Lead causes morphological, physiological and
biochemical alterations in various organ systems of the human body
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(Cassleman et al., 2020; AL-Megrin et al., 2020; Abdelhamid et al., 2020;
Abdel Moneim, 2016). Both of these heavy metals are commonly used in
various industrial processes and are mostly deposited in the environment
leading to contamination and subsequent toxicity to biological life (Levin
et al., 2020).

Psychotria microphylla Elmer is an evergreen shrub with a slender stem
found in many parts of the world. It belongs to the tribe of Psychotrieae
(Rubiaceae), which consist of about 2000 species. It grows in swampy
forest and is commonly used for fishing in local communities of Afikpo,
South Eastern Nigeria. Species of the genus Psychotria L. are used in folk
medicine as tea and extracts of other Psychotria species have shown anti-
inflammatory, antioxidant and analgesic activities respectively (Eli-
sabetsky et al., 1995; Dunstan et al., 1997). Furthermore, crude extract of
Psychotria microphylla was reported to have nontoxic effect on rats as
demonstrated by Orji et al. (2018). It also has strong antibacterial activity
(Udu-Ibiam et al., 2015).

Studies have shown that one major mechanism of heavy metal
toxicity in biological systems is through induction of redox imbalance in
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the physiological milieu and particularly in various organ systems of the
body (Elblehi et al., 2019; Cariccio et al., 2019). Additionally, the use of
plant extracts in treatment of oxidative stress due to heavy metal toxicity
is an emerging area of research in pharmacology and toxicology (Ivana
et al., 2020). However, further empirical investigations aimed at gener-
ating sufficient scientific evidence, which would enhance the pharma-
ceutical/therapeutic potentials of these plant extracts have been
advocated (Stagos, 2020; Diederich, 2020). We therefore investigated in
this present study if ethanol extract of Psychotria microphylla could have
the antioxidant potentials to be able to normalize the hepatic redox
imbalance elicited due to exposure of rats to heavy metals.

2. Materials and methods
2.1. Collection of sample, identification and preparation of extract

Fresh leaves of Psychotria microphylla (“Oye” in Igbo, South Eastern
Nigeria) were collected from Afikpo, South Eastern Nigeria at the
beginning of spring. It was taxonomically identified by Prof Onyekwelu
of the Department of Applied Biology Ebonyi State University, Nigeria. A
sample of the plant was deposited at the herbarium of the Department
with the voucher number of EBSU/APB/HB/0282. The leaves were
thoroughly washed under clean running water and dried under a shade
for 24 h. It was further pulverized into powder with laboratory blender
and 300 g of the ground leaves was soaked in 1 L of ethanol for two days
with intermittent shaking using water bath shaker. The mixture was
further sieved using a clean muslin cloth and the ethanol was recovered
under mild temperature of 30 °C to get the extract that was used for the
study.

2.2. Chemicals and reagents

Pure flavonoid compounds (quercetin and rutin hydrate) and
phenolic acid compounds (gallic, ferrulic and caffeic acids) used as
standards in HPLC studies were purchased from sigma-Aldrich (UK).
Methanol, acetonitrile, Phosphoric acid, Lead Nitrate, Mercury Chloride,
Ethanol and Water (HPLC grade) were purchased from Thermo Fisher
Scientific (UK). Other reagents used for various assays were all of stan-
dard analytical grade.

2.3. HPLC apparatus and quantification of bioactive compounds
(flavonoids and phenols) in ELE-PM

The leaf extract was quantitatively evaluated to determine the
amount of flavonoids and phenolic acid compounds present in the extract
using Agilent 1100 Series LC HPLC equipped with column thermostat,
UV detector and a 20 pL injection loop (Agilent Technologies, CA, USA).
Furthermore, the chromatographic separation process was achieved
using a ZORBAX SB-C18 analytical column (250 mm x 4.6 mm, 5 pm) at
wavelength of 257 nm. The mobile phase was made up of 0.01 mol.L-1
phosphoric acid-methanol-acetonitrile (72:14:14, v/v/v). The protocol
followed was as described by Akomolafe et al. (2015) and Agilent cata-
logue 2017.

2.4. In vitro antioxidant studies

2.4.1. DPPH assay for evaluation of free radical scavenging activity

The free radical scavenging activity of ELE-PM was assayed using
DPPH (1,1-diphenyl-2 picrylhydrazyl) reagent (Sigma Aldrich USA) as
described by Gyamfi et al. (1999). The concentrations of the extract used
in this assay were 25, 50, 75 and 100 pg/ml respectively.

2.4.2. Nitric oxide radical scavenging activity assay
The nitric oxide radical scavenging potentials of ELE-PM was deter-
mined using the method described by Igbinosa et al. (2011). The
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concentrations of the extract used were 25, 50, 75 and 100 pg/ml
respectively.

2.4.3. Ferric reducing antioxidant power (FRAP) assay

The reducing power of ELE-PM was evaluated according to the
method described by Pulido et al. (2000). The concentrations of the
extract used in this assay were 25, 50, 75 and 100 pg/ml respectively.

2.5. In vivo antioxidant studies

2.5.1. Experimental design and animal handling

The International Standard Procedure for use and care of Experi-
mental Animals as found in the US guidelines of National Institute of
Health (NIH publication #85-23, revised in 1985) which has been
adopted by Department of Biochemistry, Ebonyi State University Ethical
Committee Board was followed throughout the experiment. The study
was approved by the Departmental Institutional Ethical Committee of
Biochemistry Department, Ebonyi State University Abakaliki, Nigeria.
The Ethical approval number is EBSU/BCH/ET/18/011. Thirty albino
rats with body weight ranging from 180-200 g were purchased from
University of Nigeria Nsukka Enugu, Nigeria. There were kept and
acclimatized within the standard animal house of Biochemistry Depart-
ment with free access to feeds (commercial rat chow) and clean water.
They were randomly distributed into 5 groups (n = 6). Group 1 received
normal saline (2 mg/kg), group 2, 3, 4 and 5 received a combined so-
lution of Pb(NO3)2 (11.25 mg/kg) and HgCl, (0.4 mg/kg) respectively.
After 7 days of heavy metal exposure, groups 3, 4 and 5 received a daily
bolus administration of 200, 400 and 600 mg/kg body weight of EE-PM
respectively through oral intubation for 28 days. The choice of the doses
were based on the toxicological studies of Orji et al. (2018). The choice of
heavy metal doses exposed to the rats was according to studies of Gou-
darzi et al. (2017). At the end of the investigations, the animals were
allowed a one-day rest and then euthanized. The liver was excised, rinsed
with normal saline and homogenized in ice-cold buffer and used for
various oxidative stress analyses.

2.5.2. Determination of MDA level

Malondialdehyde (MDA) levels in the liver homogenates of the rats
was determined through spectrophotometry by using the method of
Buege and Aust (1978).

2.5.3. Determination of the activities of antioxidant enzymes (SOD and
CAT)

Superoxide Dismutase (SOD) activity in the liver homogenates of the
rats was determined according to the method described by Sun and
Zigma (1978) while catalase (CAT) activity was determined according to
the method of Oyedemi et al. (2010).

2.5.4. Determination of reduced glutathione (GSH) level
Reduced glutathione (GSH) level in the liver homogenates of the rats
was evaluated according to method described by Aguirre et al. (2011).

2.5.5. Determination of liver function markers

Alkaline phosphatase was assayed according to the method of Wright
et al. (1972). Bilirubin was determined using the method of Jendrassik
and Grof (1938) while the method described by Reitman and Frankel
(1957) was used to assay for the activities of alanine aminotransferase
and aspartate aminotransferase respectively.

2.6. Statistical analysis

The statistical analysis were done using Graph Pad Prism 5.04
(GraphPad, La Jolla, CA, USA). Data was expressed as Mean + SEM. One-
way ANOVA with Dunnett posthoc test was further used for the statistical
tests. Generally, p < 0.05 was considered as the statistical level of
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Figure 1. Figure 1 shows the HPLC Chromatogram of Ethanol Leaf Extract of Psychotria microphylla (A) Chromatogram graph showing the peak (B) Chromatogram data values. The result revealed the presence of
flavonoid compounds (quercetin and rutin) and phenolic compounds (gallic acid and ferulic acid). Caffeic acid was not detected in the extract. The area under the peak for quercetin, gallic acid and ferulic acids
respectively were high, which is an indication of high concentration of these compounds in the leaf extract. The concentrations in mg/100g are shown in Table 1.
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Table 1. HPLC Quantitative Analysis of Bioactive compounds present in ELE-PM.

Compound Amount (mg/100g)
Gallic acid & Ferulic acid 7.60 £ 0.06
Quercetin 27.43 + 0.04
Rutin 0.38 + 0.009
Caffeic acid “ND

* Not Detected. Data are presented as Mean + SD of triplicates.
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Figure 2. Free Radical Scavenging Potential of ELE-PM using DPPH Assay.
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Figure 3. Nitric Oxide Free Radical Scavenging Activity of ELE-PM using
NO Assay.
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Figure 4. Total Reducing Power of ELE-PM using FRAP Assay.

Heliyon 6 (2020) e04999

significance. The ICsy for DPPH and NO assays respectively were calcu-
lated using Linear Regression.

3. Results
Table 1.
3.1. In vivo antioxidant studies

3.1.1. DPPH Free radical scavenging activity of ELE-PM

Figure 2 shows the free radical scavenging potential of ELE-PM
through DPPH assay. The result revealed a concentration dependent in-
crease in the free radical scavenging activity of ELE-PM, which strongly
compares with the pure compounds used as standards particularly
ascorbic acid. The ICso of ELE-PM is 46.50 + 0.8300 pg/ml while
ascorbic acid is 41.13 + 0.6280 pg/ml and gallic acid is 16.88 + 0.1474
pg/ml .

3.1.2. Nitric oxide free radical scavenging activity of ELE-PM

Figure 3 shows the Nitric oxide free radical scavenging activity of
ELE-PM. The result revealed a near parallel pattern of scavenging activity
for ELE-PM and the compounds. The scavenging activity increased in
direct concentration dependent pattern and highly comparable to each
other. The ICs for ELE-PM is 52.22 + 0.4092 pg/ml while ascorbic acid
is 43.43 £ 0.03759 and gallic acid is 33.85 + 0.03734.

3.1.3. FRAP total reducing power of ELE-PM

Figure 4 shows the total reducing power of ELE-PM using FRAP assay.
The result revealed a concentration dependent increase in the reducing
power of ELE-PM, which also compares strongly with the pure com-
pounds used as standards. At 100 pg/ml concentration, the reducing
power measured in absorbance for the compounds were not far apart.
The absorbance for ELE-PM was 74.12, while ascorbic acid was 81.055
and gallic acid was 89.785.

3.2. In vivo studies

3.2.1. Effect of ELE-PM on oxidative stress markers in rats exposed to heavy
metals (Pb and Hg) toxicity

Figure 5 (a-b) shows the levels of reduced glutathione (GSH) and
Malondialdehyde (MDA) respectively in the liver homogenate of the rats.
The result revealed that exposure of the rats to the combined solution of
the heavy metals ( Pb and Hg) led to a significant decrease in the level of
GSH in the liver whereas MDA level was significantly elevated in the rats
due to exposure to the heavy metals. Interestingly, daily bolus adminis-
tration of ELE-PM normalized this reduced level of GSH and elevated
level of MDA in a dose dependent pattern respectively with 600 mg/kg
dose completely normalizing their levels to same levels with the normal
rats.

3.2.2. Effect of ELE-PM on antioxidant enzymes in rats exposed to Heavy
Metals (Pb and Hg) Toxicity

Figure 6 (a-b) shows the Catalase (CAT) and Superoxide Dismutase
(SOD) activities in the liver homogenates of the rats exposed to heavy
metals toxicity respectively. The result revealed a significant decrease in
the activities of the enzymes on exposure of the rats to the heavy metals.
Moreover, administration of ELE-PM reversed this reduction in activity in
a dose dependent pattern. As with other antioxidant assays in this
investigation, 600 mg/kg concentration of the extract completely
normalized the activities of CAT and SOD to levels comparable to the
normal rats.

3.2.3. Effect of ELE-PM on liver function markers in rats exposed to Heavy
Metals (Pb and Hg) Toxicity

Figure 7 (a-f) shows the activities of liver enzymes (ALT, AST and
ALP) and the levels of other liver function makers (albumin, total



O.U. Orji et al.
150- (a)

)
'E _— '§
2 :
2100+ *k 2
=2 o o)
o0 *kk £
£ = 3
2 50- g
o) Fkk b
7 <
<] a

=

0' T T T T
Groups

»n
S

—_
(3]
r1

—_
o
r

o
1

Heliyon 6 (2020) e04999

=3 Normal
3 Pb+Hg
3 200 mg/kg
3 400 mg/kg
3 600 mg/kg

*kk

kkk

Kk

o
T

=

Gr(;ups

Figure 5. (a-b). Effect of ELE-PM on Markers of Oxidative Stress in Rats Exposed to Heavy Metals (Pb and Hg) Toxicity. (a) GSH and (b) MDA levels in the liver
homogenate of the rats. All the groups were compared to the normal control using Dunnett posthoc test and ranked according to their levels of significance using
asterisk. Group without asterisk shows no significant difference when compared to the normal control.
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Figure 6. (a-b). Effect of ELE-PM on Antioxidant Enzymes in Rats Exposed to Heavy Metals (Pb and Hg) Toxicity. (a) Catalase (CAT) and (b) Superoxide dismutase
(SOD) Activities in the Liver Homogenates of the Rats. All the groups were compared to the normal control using Dunnett posthoc test, and ranked according to their
levels of significance using asterisk. Group without asterisk shows no significant difference when compared to the normal control.

bilirubin and total protein) in the serum of rats exposed to heavy metals.
The result revealed that exposure to heavy metals caused significant
elevation in the serum activities of the liver enzymes investigated. Heavy
metals exposure also caused a significant increase in the levels of total
bilirubin but decreased the serum levels of albumin and total proteins
respectively. Interestingly, a daily bolus administration of ELE-PM
especially 600 mg/kg ameliorated the deleterious effects of the heavy
metals on the liver by reversing the dysregulations of these important
liver function biomarkers.

4. Discussion

Based on the ethnopharmacological relevance and folk medicinal uses
of Psychotria microphylla in the treatment of liver diseases amongst the
locals in Eastern Nigeria, we investigated the antioxidant potentials of its
ethanol leaf extract in ameliorating hepatic redox imbalance induced by
exposure of rats to heavy metal compounds. Firstly, we used HPLC to
screen and quantify the bioactive compounds present in the leaf extract.
Interestingly, our result revealed the presence of flavonoids and phenolic
acid compounds in the extract at varied concentrations. Quercetin, a
well-known flavonoid (Batiha et al., 2020; Huang et al., 2020) was
highest followed by gallic acid and ferulic acid, which are phenolic acid
compounds respectively. Rutin, a flavonoid compound was in trace
amount while caffeic acid was not detected. Quercetin is a much studied
flavonoid compound with various bioactive properties. Studies have
shown that it possesses antioxidant, anticarcinogenic, antiviral, antith-
rombotic and anti-inflammatory potentials respectively (Moosavi et al.,
2016; Kanimozhi et al., 2017). Gallic acid also possesses strong antioxi-
dant potential (Khan et al., 2020; Ezzati et al., 2020; Abarikwu et al.,
2017), while the antioxidant potential of rutin has also been investigated

by others (Manzoni et al., 2020; Liu et al., 2020; Sharma et al., 2020;
Halvorsen et al., 2006). Thus, the presence of these bioactive compounds
in ELE-PM suggests that leaves of Psychotria microphylla could be useful as
raw materials in pharmaceutical preparations of antioxidants.
Furthermore, to verify if these bioactive compounds present in ELE-
PM could exert real-time antioxidant potentials, we further conducted
in vitro antioxidant studies using well-known antioxidant assays (NO,
FRAP and DPPH). Nitric oxide is one of the major oxygen free radicals
that has been implicated in the distortion of normal redox system of the
body. Additionally, it has been associated to the pathology of various
disease conditions in the body such as cancer, cardiovascular diseases
and the natural body aging process (Radi, 2018; Amirtharaj et al., 2017).
Our NO in vitro assay result revealed that ELE-PM strongly inhibited the
free radical scavenging activity of NO in a dose dependent pattern
comparable to standards used. Interestingly, the ELE-PM has a low ICsg of
52.22 + 0.4092 pg/ml, which implies that at this concentration, 50% of
the NO free radicals were inhibited by ELE-PM. This is comparable to the
ICso of ascorbic acid (43.43 + 0.03759) and gallic acid (33.85 +
0.03734), which were used as standards in the study. This inhibitory
activity is slightly comparable to that of the plant extracts reported by
Adebayo et al. (2019) and lower than the value reported by Suluvoy and
Berlin Grace (2017) for Averrhoa bilimbi L. fruit extract. FRAP assay
measures the ability of any compound to convert Fe>* to its reduced state
Fe3*, which is an indicator of total antioxidant capacity of such com-
pound (Haida and Hakiman, 2019). We reported a concentration
dependent rapid increase in the total reducing power of ELE-PM, which
strongly correlated with that of the standards used. Studies have shown
that phenolic and flavonoid compounds have strong ferric reducing
power (Eraslan et al., 2007; Sethi et al., 2020). This is consistent with our
HPLC findings in this present study. More so, DPPH assay is a key in vitro
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assay in ascertaining the antioxidant potentials of compounds. Our result
revealed a consistent concentration dependent increase in the percentage
inhibition of the free radicals produced in the assay, which suggests that
ELE-PM has strong antioxidant potential. The ICso of ELE-PM is 46.50 +
0.8300 pg/ml; this is lower than the values obtained by Samardzi¢ et al.
(2018) and do Nascimento et al. (2018) for some of the samples tested.
This also compares strongly with that of ascorbic acid, 41.13 + 0.6280
pg/ml, which was one of the standards used in the assay.

Moreover, to ascertain whether the observed in vitro antioxidant ef-
fect of ELE-PM could be obtainable in vivo, we exposed rats to heavy
metals and investigated several well-known in vivo oxidative stress bio-
markers (GSH, MDA, SOD and CAT) on the liver homogenates of the rats
respectively. We also investigated liver function biomarkers (ALT, ASP,
ALP, Albumin, Total bilirubin and Total protein) to biochemically
ascertain the level of damage in the liver due to the accumulation of the
heavy metals. Studies have shown that one key mechanism of toxicity of
heavy metals in the physiological and organ systems of the body is
through distortion in the redox system of the body (Durak et al., 2010;
Goudarzi et al., 2018). This usually begins with abnormal increase in
generation of ROS in the body due to detoxification process of heavy
metals in the kupffers cells of the liver leading to redox imbalance and
oxidative stress. Subsequently, the increased oxidative stress aggravates
remarkably and forms the basic pathophysiology of several diseases such
as cancer, cardiovascular diseases, diabetes and neurodegenerative

disorders in the body (Luo et al., 2020; Ren et al., 2020; Prasad and
Srivastava, 2020; Nabavi et al., 2013). We confirmed this established
knowledge across all the oxidative stress and liver function biomarkers
investigated in this present study. Reduced glutathione (GSH) is a major
molecular non-enzymatic antioxidant found in various cells and tissues of
the body where they perform important functions in the overall redox
system of the body. Dysregulation of GSH level is critical in the devel-
opment of various diseases in the body (Adeoye et al., 2018; Kart et al.,
2016). Our result revealed that exposure of the rats to heavy metals
caused a significant reduction in the level of GSH in the liver of the rats,
which perhaps may have altered the redox system of the hepatocytes. The
heavy metals may have bound to the sulfhydryl group of GSH, which
further inhibited its antioxidant functions. However, administration of
various doses of ELE-PM caused a dose dependent significant increase in
GSH level, which is a positive trend consistent with the in vitro studies.
Bioactive components in ELE-PM may have increased the synthesis of
GSH and/or enhanced the detoxification actions of the kupffer cells of the
liver through scavenging of free radicals produced during the detoxifi-
cation process of the heavy metals by kupffer cells of the liver.
Additionally, lipid peroxidation is a well-known mechanism of
cellular damage in the biological system. MDA is an extremely reactive 3-
carbon dialdehyde and the main oxidative product of unsaturated fatty
acids in the membranes with toxic property. It is a common biomarker of
membrane lipid peroxidation, resulting from the interaction between
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ROS and cellular membrane. It is also implicated in various human dis-
eases (Joshi et al., 2017; Leena et al., 2011). Markedly, we reported a
significant elevation in the level of MDA in the liver homogenate of rats
exposed to the heavy metals. This indicates an increase in ROS genera-
tion due to exposure to heavy metals. Heavy metals are known to induce
ROS production in the body (Fu and Xi, 2020). Perhaps, the elevation in
lipid peroxidation due to ROS induction by the heavy metals may have
negatively affected the structural integrity of the liver membrane leading
to the leakage of the liver enzymes predominantly localized in the he-
patocytes. Additionally, other functions of the liver such as synthesis of
albumin and total protein may have been affected as well due to heavy
metal accumulation. Our liver function test revealed a significant
elevation in the activities of the liver enzymes (ALT, ASP and ALP) in the
serum indicating excessive leakage due to possible damage to the cellular
membrane of the hepatocytes. Serum levels of total protein and albumin
were reduced while total bilirubin was elevated. Serum levels of these
biomarkers are markedly used as indicators of severe liver damage
(Mishima et al., 2019; Chen et al.,, 2017). Conversely, daily bolus
administration of ELE-PM significantly reversed this abnormal MDA in-
crease especially at 600 mg/kg dosage. Dysregulated liver function bio-
markers were also normalized by the administration of ELE-PM
especially the most effective dose of 600 mg/kg. Studies have shown that
quercetin and gallic acid have the potentials to normalize dysregulated
liver function markers and reduce MDA level in vivo in various experi-
mental disease conditions (Moosavi et al., 2016; Goudarzi et al., 2017;
Kanimozhi et al., 2017). Perhaps, these bioactive compounds earlier
identified in ELE-PM through the HPLC studies may be responsible for
this striking antioxidant potential in addition to the healing effect on the
cellular membrane of the hepatocytes. We further investigated whether
there are corresponding effects of both exposure to heavy metals and
administration of ELE-PM on the enzymatic antioxidants (catalase and
superoxide dismutase). Catalase and superoxide dismutase are important
antioxidant enzymes whose activities are interrelated and strongly
correlated to the overall regulation of the redox system of the body
(Ighodaro and Akinloye, 2018; Leena et al., 2011). Catalase is responsible
for breaking down of hydrogen peroxides produced endogenously
through normal body metabolism in addition to invasion of foreign
substances (Tehrani and Moosavi-Movahedi, 2018). Superoxide dis-
mutase acts on superoxide anion free radical (03) and converts it into
molecular oxygen and hydrogen peroxide (Younus, 2018). Our result
revealed that hepatic catalase and superoxide dismutase activities were
decreased on exposure of the rats to the combined solution of the heavy
metals. This is consistent with the findings of others (Zhao et al., 2020;
Oliveira et al., 2020a, b). Lead and mercury may have decreased the
activity of SOD by directly interacting with the -SH group of the enzyme
leading to denaturation of the enzyme and subsequent decrease in ac-
tivity observed in our study Al-Attar (2020); Zhao et al. (2020); Kalantari
et al. (2007). Lead is highly deleterious and induces oxidative stress
through dysregulation of SOD and catalase (Kumar et al., 2020; Fu and
Xi, 2020; Farmand et al., 2005). Additionally, accumulation of these
heavy metals in the hepatocyte may have led to their interaction with the
amino-acids residue of these enzymatic antioxidants thereby inhibiting
their activities. More interestingly, ELE-PM followed the same trend with
other oxidative biomarkers investigated in this study and significantly
increased the hepatic activities of these important antioxidant enzymes
in a dose dependent pattern.

5. Conclusion

The result of our investigation has revealed the enormous unexploited
antioxidant potentials of ELE-PM. We have reported for the first time that
ELE-PM has bioactive compounds, which may be responsible for the
strong antioxidant potentials it demonstrated both in the in vitro and in
vivo studies. This further provides scientific evidence of its local use in
folk medicine in South Eastern Nigeria and many other parts of the world
in the treatment of liver diseases associated to oxidative stress. Further
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studies would utilize this baseline data in exploring the potentials of this
plant extract.

Declarations
Author contribution statement

J.N. Awoke: Analyzed and interpreted the data; Wrote the paper.

O.U. Orji: Conceived and designed the experiments.

C. Harbor and O. Obasi: Performed the experiments.

1. Igwneyi, N. Ezeani and C. Aloke: Contributed reagents, materials,
analysis tools or data.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Competing interest statement

The authors declare no conflict of interest.

Additional information
No additional information is available for this paper.

References

Abarikwu, S.O., Benjamin, S., Ebah, S.G., Obilor, G., Agbam, G., 2017. Oral
administration of moringa oleifera oil but not coconut oil prevents mercury-induced
testicular toxicity in rats. Andrologia 49.

Abdel Moneim, A.E., 2016. Indigofera oblongifolia prevents lead acetate-induced
hepatotoxicity, oxidative stress, fibrosis and apoptosis in rats. PloS One 11,
e0158965.

Abdelhamid, F.M., Mahgoub, H.A., Ateya, A.I., 2020. Ameliorative effect of curcumin
against lead acetate-induced hemato-biochemical alterations, hepatotoxicity, and
testicular oxidative damage in rats. Environ. Sci. Pollut. Control Ser. 27,
10950-10965.

Adebayo, S.A., Ondua, M., Shai, L.J., Lebelo, S.L., 2019. Inhibition of nitric oxide
production and free radical scavenging activities of four South African medicinal
plants. J. Inflamm. Res. 12, 195-203.

Adeoye, O., Olawumi, J., Opeyemi, A., Christiania, O., 2018. Review on the role of
glutathione on oxidative stress and infertility. JBRA assisted reproduction 22, 61-66.

Aguirre, L., Arias, N., Macarulla, M.T., Gracia, A., Portillo, M.P., 2011. Beneficial effects of
quercetin on obesity and diabetes. Open Nutraceuticals J. 4, 189-198.

Akomolafe, F.S., Ganiyu, O., Afolabi, A.A., Anthony, J.A., 2015. Tetracarpidium
conphorum inhibits FeSO4-induced lipid peroxidation in rats genitals.
Complementary and alternative medicine 15, 57-64.

Al-Attar, A.M., 2020. Therapeutic influences of almond oil on male rats exposed to a
sublethal concentration of lead. Saudi J. Biol. Sci. 27, 581-587.

AL-Megrin, W.A., Alkhuriji, A.F., Yousef, A.O.S., Metwally, D.M., Habotta, O.A.,

Kassab, R.B., Abdel Moneim, A.E., El-Khadragy, M.F., 2020. Antagonistic efficacy of
luteolin against lead acetate exposure-associated with hepatotoxicity is mediated via
antioxidant, anti-inflammatory, and anti-apoptotic activities. Antioxidants 9, 10.

Amirtharaj, G.J., Natarajan, S.K., Pulimood, A., et al., 2017. Role of oxygen free radicals,
nitric oxide and mitochondria in mediating cardiac alterations during liver cirrhosis
induced by thioacetamide. Cardiovasc. Toxicol. 17, 175-184.

Batiha, G.-S., Beshbishy, A.M., Ikram, M., Mulla, Z.S., El-Hack, M.E.A., Taha, A.E.,
Algammal, A.M., Elewa, Y.H.A., 2020. The pharmacological activity, biochemical
properties, and pharmacokinetics of the major natural polyphenolic flavonoid:
quercetin. Foods 9, 374.

Boujbiha, M.A., Ben Salah, G., Ben Feleh, A., et al., 2012. Hematotoxicity and
genotoxicity of mercuric chloride following subchronic exposure through drinking
water in male rats. Biol. Trace Elem. Res. 148, 76-82.

Buege, J.A., Aust, S.D., 1978. Microsomal lipid peroxidation. Methods Enzymol. 52,
302-310.

Cariccio, V.L., Sama, A., Bramanti, P., et al., 2019. Mercury involvement in neuronal
damage and in neurodegenerative diseases. Biol. Trace Elem. Res. 187, 341-356.

Cassleman, K.L., Dorrance, K.A., Todd, A.C., 2020. Neuropsychiatric implications of
chronic lead exposure. Mil. Med. 185, e914-€918.

Chen, R.-C., Cai, Y.-J., Wu, J.-M., Wang, X.-D., Song, M., Wang, Y.-Q., Zheng, M.-H.,
Chen, Y.-P., Lin, Z., Shi, K.Q., 2017. Usefulness of albumin-bilirubin grade for
evaluation of long-term prognosis for hepatitis B-related cirrhosis. J. Viral Hepat. 24,
238-245.

Diederich, M., 2020. Natural products target the hallmarks of chronic diseases. Biochem.
Pharmacol. 173, 113828.


http://refhub.elsevier.com/S2405-8440(20)31842-9/sref1
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref1
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref1
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref2
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref2
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref2
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref3
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref3
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref3
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref3
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref3
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref3
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref4
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref4
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref4
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref4
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref5
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref5
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref5
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref6
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref6
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref6
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref7
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref7
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref7
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref7
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref7
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref8
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref8
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref8
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref9
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref9
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref9
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref9
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref10
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref10
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref10
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref10
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref11
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref11
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref11
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref11
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref12
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref12
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref12
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref12
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref13
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref13
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref13
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref14
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref14
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref14
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref14
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref15
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref15
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref15
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref16
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref16
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref16
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref16
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref16
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref17
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref17

0.U. Orji et dl.

do Nascimento, K.F., Moreira, F.M.F., Santos, J.A., Kassuya, C.A.L., Croda, J.H.R., et al.,
2018. Antioxidant, anti-inflammatory, antiproliferative and antimycobacterial
activities of the essential oil of Psidium guineense Sw. and spathulenol.

J. Ethnopharmacol. 210, 351-358.

Dunstan, C.A., Noreen, Y., Serrano, G., Cox, P.A., Perera, P., Bohlin, L., 1997. Evaluation
of some Samoan and Peruvian medicinal plants by prostaglandin biosynthesis and rat
ear oedema assays. J. Ethnopharmacol. 57, 35-56.

Durak, D., Kalender, S., Uzun, F.G., Demir, F., Kalende, Y., 2010. Mercury chloride-
induced oxidative stress and the protective effect of vitamins C and E in human
erythrocytes in vitro. Afr. J. Biotechnol. 9, 488-495.

Elblehi, S.S., Hafez, M.H., El-Sayed, Y.S., 2019. L-a-Phosphatidylcholine attenuates
mercury-induced hepato-renal damage through suppressing oxidative stress and
inflammation. Environ. Sci. Pollut. Control Ser. 26, 9333-9342.

Elisabetsky, E., Amador, T.A., Albuquerque, R.R., Nunes, D.S., Carvalho, A.C.T., 1995.
Analgesic activity of Psychotria colorata (Willd. ex R. & S.) Muell. Arg. alkaloids.

J. Ethnopharmacol. 48, 77-83.

Eraslan, G., Saygi, S., Essiz, D., Aksoy, A., Gul, H., 2007. Evaluation of aspect of some
oxidative stress parameters using vitamin E, proanthocyanidin and N-acetylcysteine
against exposure to cyfluthrin in mice. Pestic. Biochem. Physiol. 88, 43-49.

Ezzati, M., Yousefi, B., Velaei, K., Safa, A., 2020. A review on anti-cancer properties of
Quercetin in breast cancer. Life Sci. 248, 117463.

Farmand, F., Ehdaie, A., Roberts, C.K., Sindhu, R.K., 2005. Lead induced dysregulation of
superoxide dismutases, catalase, glutathione peroxidase, and guanylate cyclase.
Environ. Res. 98, 33-39.

Fu, Z., Xi, S., 2020. The effects of heavy metals on human metabolism. Toxicol. Mech.
Methods 30, 167-176.

Goudarzi, M., Kalantar, M., Kalantar, H., 2017. The hepatoprotective effect of gallic acid
on mercuric chloride-induced liver damage in rats. Jundishapur J. Nat. Pharm. Prod.
12, e12345.

Goudarzi, M., Esmaeilizadeh, M., Dolatshahi, M., Kalantar, H., Frouzandeh, H., et al.,
2018. Protective effect of elaeagnus angustifolia L. Fruit hydroalcoholic extract on
cyclophosphamide-induced nephrotoxicity in mice. Shiraz E-Medical Journal 19,
55075.

Guzzi, G., Ronchi, A., Pigatto, P., 2020. Toxic effects of mercury in humans and mammals.
Chemosphere 127990.

Gyamfi, M.A., Yonamine, M., Aniya, Y., 1999. Free radical scavenging action of medicinal
herbs from Ghana Thonningia sanguinea on experimentally induced liver injuries.
Genetic Pharmacy 32, 661-667.

Haida, Z., Hakiman, M.A., 2019. Comprehensive review on the determination of
enzymatic assay and nonenzymatic antioxidant activities. Food Sci. Nutr. 7,
1555-1563.

Halvorsen, B.L., Carlsen, M.H., Phillips, K.M., Bohn, S.K., Holte, K., Jacobs Jr., D.R., et al.,
2006. Content of redox-active compounds (ie. antioxidants) in foods consumed in the
United States. Am. J. Clin. Nutr. 84, 95-135.

Hareram, B., Tarun, M., Gaurav, K., Anamika, M., Singh, S.K., 2020. Role of oxidative
stress and metal toxicity in the progression of alzheimer’s disease. Curr.
Neuropharmacol. 18, 552-562.

Huang, H., Liao, D., Dong, Y., Pu, R., 2020. Effect of quercetin supplementation on plasma
lipid profiles, blood pressure, and glucose levels: a systematic review and meta-
analysis. Nutr. Rev. 78, 615-626.

Hussain, S., KhaligMehmood, A., NoorMohsin, A., Athar, T., HussainTariq, H.,
Mehmood, S., 2020. Metal toxicity and nitrogen metabolism in plants: an overview.
In: Datta, R., Meena, R., Pathan, S., Ceccherini, M. (Eds.), Carbon and Nitrogen
Cycling in Soil. Springer, Singapore.

Igbinosa, 0.0., Igbinosa, I.H., Chigor, V.N., Uzunuigbe, O.E., Oyedemi, S.O.,

Odjadjare, E.E., et al., 2011. Polyphenolic contents and antioxidant potential of stem
bark extracts from Jatropha curcas (Linn). Int. J. Mol. Sci. 12, 2958-2971.

Ighodaro, O.M., Akinloye, O.A., 2018. First line defence antioxidants-superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): their
fundamental role in the entire antioxidant defence grid. Alexandria Journal of
Medicine 54, 287-293.

Ivana, M., Dejan, S., Aleksandrov, Aleksandra, P., Marija, I., Marina, K., Jasmina, G.,
Marina, S., 2020. Plant extracts and isolated compounds reduce parameters of
oxidative stress induced by heavy metals: an up-to-Date review on animal studies.
Curr. Pharmaceut. Des. 26, 1799-1815.

Jendrassik, L., Grof, P., 1938. Colorimetric method of determination of bilirubin. Search
results. Biochem. Z. 297, 81-82.

Joshi, D., Srivastav, S.K., Belemkar, S., Dixit, V.A., 2017. Zingiber officinale and 6-ginger
alleviate liver and kidney dysfunctions and oxidative stress induced by mercuric
chloride in male rats: a protective approach. Biomed. Pharmacother. 91, 645-655.

Kalantari, H., Larki, A., Latifi, S.M., 2007. The genotoxicity study of garlic and pasipay
herbal drops by peripheral blood micronucleus test. Acta Physiol. Hung. 94,
261-266.

Kanimozhi, S., Bhavani, P., Subramanian, P., 2017. Influence of the flavonoid, quercetin
on antioxidant status, lipid peroxidation and histopathological changes in
hyperammonemic rats. Indian J. Clin. Biochem. 32, 275-284.

Kart, A., Koc, E., Dalginli, K.Y., et al., 2016. The therapeutic role of glutathione in
oxidative stress and oxidative DNA damage caused by hexavalent chromium. Biol.
Trace Elem. Res. 174, 387-391.

Khan, H., Ullah, H., Aschner, M., Cheang, W.S., Akkol, E.K., 2020. Neuroprotective effects
of quercetin in alzheimer’s disease. Biomolecules 10, 59.

Kumar, A., Khushboo, Pandey, R., Sharma, B., 2020. Modulation of superoxide dismutase
activity by mercury, lead, and arsenic. Biol. Trace Elem. Res. 196, 654-661.

Leena, K., Veena, S., Arti, S., Shweta, L.S.H., Sharma, S.H.M., 2011. Protective role of
coriandrum sativum (coriander) extracts against lead nitrate induced oxidative stress

Heliyon 6 (2020) e04999

and tissue damage in the liver and kidney in male mice. Int. J. Appl. Biol.
Pharmaceut. Technol. 2, 65-83.

Levin, R., Vieira, C.L.Z., Mordarski, D.C., Rosenbaum, M.H., 2020. Lead seasonality in
humans, animals, and the natural environment. Environ. Res. 180, 108797, 2020.

Liu, H., Jiang, Y., Guan, H., et al., 2020. Enhancing the antioxidative effects of foods
containing rutin and a-amino acids via the Maillard reaction: a model study focusing
on rutin-lysine system. J. Food Biochem. 44, e13086.

Lu, M., Khera, S., 2020. Autoimmune manifestations of acute mercury toxicity. Clin.
Pediatr. 59, 816-818.

Luo, J., Mills, K., le Cessie, S., Noordam, R., van Heemst, D., 2020. Ageing, age-related
diseases and oxidative stress: what to do next? Ageing Res. Rev. 57, 100982.

Manzoni, A.G., Passos, D.F., Leitemperger, J.W., Storck, T.R., Doleski, P.H., Jantsch, M.H.,
Loro, V.L., Leal, D.B.R., 2020. Hyperlipidemia-induced lipotoxicity and immune
activation in rats are prevented by curcumin and rutin. Int. Inmunopharm. 81,
106217.

Mergler, D., Anderson, H.A., Chan, L.H.M., Mahaffey, K.R., Murray, M., Sakamoto, M.,
Stern, A.H., 2007. Methylmercury exposure and health effects in humans. Worldwide
concern. AMBIO A J. Hum. Environ. 36, 3-11.

Mishima, M., Koda, M., Tsui, W.M.S., 2019. Granulomatous liver diseases. In:
Hashimoto, E., Kwo, P., Suriawinata, A., Tsui, W., Iwai, M. (Eds.), Diagnosis of Liver
Disease. Springer, Singapore.

Moosavi, M., Rezaei, M., Kalantari, H., Behfar, A., Varnaseri, G., 2016. Lcarnitine protects
rat hepatocytes from oxidative stress induced by T-2 toxin. Drug Chem. Toxicol. 39,
445-450.

Nabavi, S.F., Nabavi, S.M., Habtemariam, S., Moghaddam, A.H., Sureda, A., Ja ari, M.,
et al., 2013. Hepatoprotective effect of gallic acid isolated from Peltiphyllum
peltatum against sodium fluoride induced oxidative stress. Ind. Crop. Prod. 44,
50-55.

Oliveira, L.F., Rodrigues, L.D., Cardillo, G.M., et al., 2020a. Deleterious effects of chronic
mercury exposure on in vitro LTP, memory process, and oxidative stress. Environ. Sci.
Pollut. Res. 27, 7559-7569.

Oliveira, V.A., de Souza da Costa, N., Mesquita, M., et al., 2020b. Mercury toxicity in
pregnant and lactating rats: zinc and N-acetylcysteine as alternative of prevention.
Environ. Sci. Pollut. Res. 2020.

Orji, 0.U., Chukwu, C.J., Ibiam, U.A., Okorie, U.C., 2018. Toxicological evaluation of
Psychotria microphylla crude extract on rats. Res. J. Phytochem. 12, 43-51.

Oyedemi, S.0., Yakubu, M.T., Afolayan, A.J., 2010. Effect of aqueous extract of Leonotis
(L) leaves in male Wistar rats. Hum. Exp. Toxicol. 29, 377-384.

Prasad, S., Srivastava, S.K., 2020. Oxidative stress and cancer: chemopreventive and
therapeutic role of triphala. Antioxidants 9, 72.

Pulido, R., Bravo, L., Sauro-Calixto, F., 2000. Antioxidant activity of dietary polyphenols
as determined by a modified ferric reducing/antioxidant power assay. Journal of
Agriculture and. Food Chemistry 48, 3396-3402.

Radi, R., 2018. Oxygen radicals, nitric oxide, and peroxynitrite: redox pathways in
molecular medicine. Proc. Natl. Acad. Sci. Unit. States Am. 115, 5839-5848.

Reitman, S., Frankel, R., 1957. Colorimetric methods for the determination of serum
transaminases. Am. J. Clin. Pathol. 28, 56-61.

Ren, H., Shao, Y., Wy, C., Ma, X., Lv, C., Wang, Q., 2020. Metformin alleviates oxidative
stress and enhances autophagy in diabetic kidney disease via AMPK/SIRT1-FoxO1
pathway. Mol. Cell. Endocrinol. 500, 110628.

Samardzi¢, S., Arsenijevié, J., Bozi¢, D., Milenkovi¢, M., Tesevi¢, V., Maksimovi¢, Z.,
2018. Antioxidant, anti-inflammatory and gastroprotective activity of Filipendula
ulmaria (L.) Maxim. and Filipendula vulgaris Moench. J. Ethnopharmacol. 213,
132-137.

Sethi, S., Joshi, A., Arora, B., et al., 2020. Significance of FRAP, DPPH, and CUPRAC
assays for antioxidant activity determination in apple fruit extracts. Eur. Food Res.
Technol. 246, 591-598.

Sharma, S., Rabbani, S.A., Narang, J.K., Pottoo, F.H., Ali, J., Kumar, S., Baboota, S., 2020.
Role of rutin nanoemulsion in ameliorating oxidative stress: pharmacokinetic and
pharmacodynamics studies. Chem. Phys. Lipids 228, 104890.

Shen, X., Min, X., Zhang, S., et al., 2020. Effect of heavy metal contamination in the
environment on antioxidant function in wumeng semi-fine wool sheep in southwest
China. Biol. Trace Elem. Res. 2020.

Siddiqa, A., Faisal, M., 2020. Heavy metals: source, toxicity mechanisms, health effects,
nanotoxicology and their bioremediation. In: Naeem, M., Ansari, A., Gill, S. (Eds.),
Contaminants in Agriculture. Springer, Cham.

Stagos, D., 2020. Antioxidant activity of polyphenolic plant extracts. Antioxidants 9, 19.

Suluvoy, J.K., Berlin Grace, V.M., 2017. Phytochemical profile and free radical nitric
oxide (NO) scavenging activity of Averrhoa bilimbi L. fruit extract. Biotechnology 7,
85, 3.

Sun, M., Zigma, S., 1978. An improved spectrophotometric assay of superoxide dismutase
based on epinephrine autoxidation. Anal. Biochem. 90, 81-89.

Tehrani, H.S., Moosavi-Movahedi, A.L., 2018. Catalase and its mysteries. Prog. Biophys.
Mol. Biol. 140, 5-12.

Udu-ibiam, O.E., Ogbu, O., Ibiam, U.A., Nnachi, A.U., 2015. Synergistic antibacterial
activity of pleurotus species (mushroom) and Psychotria microphylla (herb) against
some clinical isolates. Br. J. Pharmaceut. Res. 7, 1-8.

Wallace, D.R., Djordjevic, A.B., 2020. Heavy metal and pesticide exposure: a mixture of
potential toxicity and carcinogenicity. Current Opinion in Toxicology 19, 72-79.

Wright, P.J., Leathwood, A.A., Plummer, D.T., 1972. Enzymes in rat urine: alkaline
phosphatase. Enzymologia 42, 317-327.

Younus, H., 2018. Therapeutic potentials of superoxide dismutase. Int. J. Health Sci. 12,
88-93.

Zhao, Y., Zhou, C., Guo, X., et al., 2020. Exposed to mercury-induced oxidative stress,
changes of intestinal microflora, and association between them in mice. Biol. Trace
Elem. Res. 2020.


http://refhub.elsevier.com/S2405-8440(20)31842-9/sref18
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref18
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref18
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref18
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref18
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref19
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref19
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref19
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref19
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref20
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref20
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref20
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref20
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref21
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref21
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref21
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref21
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref21
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref22
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref22
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref22
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref22
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref22
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref23
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref23
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref23
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref23
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref24
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref24
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref25
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref25
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref25
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref25
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref26
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref26
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref26
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref27
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref27
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref27
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref28
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref28
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref28
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref28
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref29
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref29
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref30
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref30
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref30
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref30
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref31
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref31
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref31
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref31
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref32
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref32
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref32
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref32
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref33
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref33
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref33
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref33
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref34
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref34
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref34
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref34
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref35
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref35
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref35
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref35
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref36
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref36
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref36
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref36
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref37
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref37
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref37
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref37
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref37
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref38
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref38
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref38
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref38
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref38
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref39
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref39
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref39
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref40
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref40
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref40
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref40
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref41
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref41
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref41
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref41
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref42
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref42
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref42
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref42
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref43
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref43
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref43
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref43
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref44
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref44
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref45
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref45
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref45
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref46
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref46
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref46
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref46
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref46
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref47
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref47
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref48
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref48
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref48
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref48
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref49
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref49
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref49
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref50
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref50
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref51
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref51
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref51
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref51
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref52
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref52
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref52
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref52
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref53
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref53
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref53
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref54
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref54
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref54
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref54
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref55
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref55
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref55
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref55
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref55
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref56
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref56
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref56
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref56
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref57
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref57
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref57
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref58
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref58
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref58
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref59
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref59
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref59
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref60
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref60
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref61
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref61
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref61
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref61
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref62
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref62
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref62
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref63
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref63
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref63
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref64
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref64
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref64
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref65
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref66
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref66
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref66
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref66
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref67
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref67
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref67
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref68
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref68
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref68
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref69
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref69
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref69
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref70
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref71
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref71
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref71
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref72
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref72
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref72
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref73
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref73
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref73
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref74
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref74
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref74
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref74
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref75
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref75
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref75
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref76
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref76
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref76
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref77
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref77
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref77
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref78
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref78
http://refhub.elsevier.com/S2405-8440(20)31842-9/sref78

	Ethanol leaf extract of Psychotria microphylla rich in quercetin restores heavy metal induced redox imbalance in rats
	1. Introduction
	2. Materials and methods
	2.1. Collection of sample, identification and preparation of extract
	2.2. Chemicals and reagents
	2.3. HPLC apparatus and quantification of bioactive compounds (flavonoids and phenols) in ELE-PM
	2.4. In vitro antioxidant studies
	2.4.1. DPPH assay for evaluation of free radical scavenging activity
	2.4.2. Nitric oxide radical scavenging activity assay
	2.4.3. Ferric reducing antioxidant power (FRAP) assay

	2.5. In vivo antioxidant studies
	2.5.1. Experimental design and animal handling
	2.5.2. Determination of MDA level
	2.5.3. Determination of the activities of antioxidant enzymes (SOD and CAT)
	2.5.4. Determination of reduced glutathione (GSH) level
	2.5.5. Determination of liver function markers

	2.6. Statistical analysis

	3. Results
	3.1. In vivo antioxidant studies
	3.1.1. DPPH Free radical scavenging activity of ELE-PM
	3.1.2. Nitric oxide free radical scavenging activity of ELE-PM
	3.1.3. FRAP total reducing power of ELE-PM

	3.2. In vivo studies
	3.2.1. Effect of ELE-PM on oxidative stress markers in rats exposed to heavy metals (Pb and Hg) toxicity
	3.2.2. Effect of ELE-PM on antioxidant enzymes in rats exposed to Heavy Metals (Pb and Hg) Toxicity
	3.2.3. Effect of ELE-PM on liver function markers in rats exposed to Heavy Metals (Pb and Hg) Toxicity


	4. Discussion
	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


