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Abstract

This study investigates the Protective potentials of Moringa olifera-mediated iron nanoparticles against
mercury-induced oxidative stress and BAX gene mRNA expression in rats. Moringa oleifera leaves (MOL)
were obtained from Ado-Ekiti and authenticated by a Botanist. Dried and powder leave was extracted in
ratio 1:1 absolute ethanol/deionized. The green synthesis of moringa olifera iron oxide nanoparticles
(MOLE-FeONPs) was done using a bottom-up process approach. The UV-visible spectra was used to
monitor the synthesis, while characterization was done using SEM, EDX, XRD and FTIR, respectively.
Forty male rats of comparable weight and age were used for the experiments. The animals were randomly
allocated into eight groups of five rats each and administered orally in the following ways: Group I: control
rats received normal saline. Group II: Rats received MOLE. Group lll: Rats received FeNPs. Group IV:
Rats received MOLE-FeNPs. Group V: Rats received mercury. Group VI: Rats received Hg + MOLE.
Group VII: Rats received Hg + FeNPs. Group VIII: Rats received Hg + MOLE-FeNP. The animals were
sacrificed after 21 days, blood, Kidney, Liver, and Testis tissues were collected for further analyses.
Result showed that increase in MDA (6.86 + 0-49 -2.61 + 0.28) and LDH (189.32 + 10.86 -57.49 + 6.56)
in rat’s kidney were ameliorated by green synthesized MOLE-FeNPs. The activities SOD(0.76 + 0.08 —
2.05+ 0.3), CAT(3.81 +,0.2 — 6.42 + 0.4), GSH(0.05 + 0.02 — 0.24 + 0.01), GPx(64.10 + 2.96 — 78.82 +
5.60, and TAC(0.64+ 0.02 — 0.77 + 0.05) significantly increased with the administration of MOLE-FeNP
respectively. The transcriptional levels of apoptosis-related gene (Bax), was ameliorated when treated
with MOLE-FeNP from 4.3 -1.8um. Therefore MOLE- FeNPs has protective prospect against mercury
induced oxidative stress and expression of apoptosis related genes in rats.

1.0 INTRODUCTION
Nanoparticles are extremely small particles,

soil, water, plants, and animals. Methyl mercury,
an organic form of mercury, is created when

ranging in size from 1 to 100 nm. Based on their
characteristics, forms, or sizes, they can be
divided into many classifications. Fullerenes,
metal NPs, ceramic NPs, and polymeric NPs are
some of the many groupings. Due to their large
surface area and nanoscale size, NPs have
distinct physical and chemical characteristics.
According to reports, the size influences their
optical characteristics and imparts various hues
through visible-range absorption. They make
good candidates for a variety of industrial and
household uses, including as catalysis, imaging,
medicinal applications, energy-based research,
and environmental applications. Mercury (HQ), is
a heavy metal with an atomic weight of 200.6 g
moll, a density of 13.6 and special properties. At
room temperature, it is the only metal that is
liquid. Additionally, it may be found in nature in
three different forms: organic, inorganic, and
elemental. Elemental mercury vapor makes up
the majority of mercury in the atmosphere,
whereas organic and inorganic species prevail in

microorganisms in soil and water methylate
inorganic forms of mercury (Castoldi et al., 2003).
Because mercury and the majority of its
compounds are so dangerous, they must be
handled carefully. Among the harmful effects are
damage to the brain, kidneys, and lungs.
Acrodynia (also known as "pink disease"),
Hunter-Russell syndrome, and Minamata
disease are only a few of the illnesses that can
be brought on by mercury exposure (Hammond,
2008). About 40% of the population reported
using medicinal plants for therapeutic purposes,
and the usage of herbal medicines is increasing
(Ekor, 2014). The Moringa oleifera (MO), a
member of the Moringaceae family, is known as
"The Miracle Tree" and is grown in many nations
throughout the world (Bhattacharya et al., 2018).
It has been utilized for millennia due to its
beneficial nutritional and health-promoting
features around the world (Vergara-Jimenez et
al., 2017). The medicinal properties of MO
include hepato-protective, neuro-protective,
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antioxidant, anti-inflammatory, anti-carcinogenic,
antimicrobial, and immune-improving activities
(Abd-Elhakim et al.,, 2018; El-Hadary and
Ramadan, 2019; ElI Shanawany et al.,, 2019;
Obembe and Raji,(20). MO also produce
significant amounts of saponins, tannins,
flavonoids, glycosides, In Mansour et al.'s (2014)
study, renal effects of MO against heavy metal
protection by controlling renal functions,
preventing oxidative damage, and reducing
inflammatory responses, Mansour et al. (2014)
showed that MO has renal protective effects
against heavy metal poisoning. A number of
chronic ilinesses are also prevented or treated
with MOLE. According to studies by Abou-Zeid et
al., (2020), Khalil et al., (2020), and Mansour et
al.,, (2020), MOLE is effective in protecting
against tilmicosin-induced nephrotoxicity, cardiac
toxicity in rats, and reproductive toxicity. The
antibacterial, anti-inflammatory, anti-cancer, and
anti-diabetic properties of moringa oliefera leaves
(MOL) have been briefly investigated (Anwar et
al., 2007). Minerals, vitamins, carotenoids,
phenolic acids, and flavonoids were classified in
MOLE and are associated with MOLE-enhanced
antioxidant effects (Karthivashan et al., 2015).
The polyphenol concentration of MOLE has high
anti-oxidant properties that mitigate the effects of
free radicals and oxidative stress (OS) (Sreelatha
and Padma, 2009). Aja et al. (2014) concluded
that methanolic MOLE contains chemical
constituents not found in MO seeds. The
evolvement of green and sustainable methods for
nanoparticles synthesis has been a recent
research focus (Adil et. al.,, 2015). Frequently,
plant extracts are effective precursors for the
production of metallic nanoparticles (Khan et. al.,
2018). Iron nanoparticles (FeNPs) are sub-
micrometer particles of iron metal. They are
highly reactive because of their large surface
area. In the presence of oxygen and water, they
rapidly oxidize to form free iron ions and they are
non — toxic. FeNPs, are frequently synthesized
using various plants, such as green tea
(Shahwan et. al., 2011), Sorghun sp (hybrid
sorghum) (Njagi et. al.,2011), Eucalyptus
globulus (Madhavi et. al., 2013), plantain peel
(Venkates warlu et. al.,, 2013), Grape seed
proanthrocynidin  (Narayanan et. al.,2012)
However, to the best of our knowledge, there
have been no prior studies of MOLE-FeO-NPs or
MOLE on Mercury-induced oxidative stress and
Bax mRNA gene expression. Numerous studies
have shown how effective natural products are in
reducing the toxic effects of Mercury. The primary
goal of the current study was to create and

characterize green FeO-NPs using an ethanolic
M. oleifera leaf extract (MOLE-FeO-NPs).
Second, the study compared, for the first time,
the in vivo protective effects of MOLE-FeO-NPs
conjugate or MOLE as treatments for Mercury-
induced oxidative stress and Bax mRNA gene
expression in male rats.

2.0 MATERIALS AND METHODS

2.1 Chemicals

Assays were done using standard ELISA kits. All
other reagents used, unless otherwise indicated,
were of analytical grade. Iron (lll) chloride
hexahydrate (FeCls.6H20) and sodium hydroxide
(NaOH) pellets were purchased from a chemical
shop in Nigeria. The chemicals were further used
without any purification.

2.2 Plant extract preparation
Moringaoleiferaleaves extract(MOLE)

Moringa oleifera leaves (MOL) were obtained
from Ado-Ekiti and authenticated by a Botanist.
Dried M. oleifera leaves were crushed into a
powder using a high-speed milling device. One
thousand grams of powder was extracted in ratio
1:1 absolute ethanol/ deionized water for 48
hours then filtered twice through filter paper with
2 Pgm pore size. The resultant extract was
concentrated and evaporated to dryness using a

rotary evaporator at 40-45 °C. The residual yield
of MOLE extract was 63.8 g/1000 g of dried
sample was obtained. The obtained extract was

kept at 4°C until use. Both M. oleifera leaves and
the extract were subjected to phytochemical
screening following the standard procedure to
identify the presence of active constituents such
as flavonoid, tannin, glycoside, alkaloids,
saponin, steroids, and phenol.

2.3 Synthesis of Iron Nanoparticle (FeNPs)
Iron Nanoparticles (FENPs) was synthesized by
adding 0.1M 1Iron (lll) chloride hexahydrate
(FeCl3.6H20) to 0.2M Iron (IV) sulphate
(FeS04.7H20) and stirred. Ammonium Hydroxide
solution was added dropwise until colour change
to dark brown solution to confirm the synthesis of
FeO-NPs. The synthesized FeO-NPs were
separated by centrifugation for 15 min and the
pellet containing FeO-NPs were washed (3
times) with deionized water followed by drying at
80 °C for 3 h and stored for further use.
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2. 4 Synthesis of MOLE based Iron
Nanoparticle (MOLE-FeO-NPs)

The green synthesis of iron oxide (Fe203)
nanoparticles using plant extract was performed
by a bottom-up process approach and reduction
technique by a single pot system revamping the
procedure by Chatterjee et al. (2021). 100 mL of
3 mM of FeCls.6H20 was added to a beaker.
Then 10ml of the plant extract was added to 90ml
of deionized water. The mixture was slowly
added into FeCls solution and was allowed to
react. The solution was adjusted to pH 11 by
adding 1 M NaOH, and the mixture stirred
continuously for 2 h. The formation of a dark
brown colour solution confirmed the synthesis of
MOLE-FeNPs. Nanoparticles formation was
further confirmed using UV-visible spectra of a
Mobi  Microplate  spectrophotometer. The
synthesized MOLE-FeO-NPs were separated by
centrifugation at 12,000xg for 15 min and the
pellet containing MOLE- FeO-NPs were washed
(3 times) with deionized water followed by drying
at 60 °C for 1 h and stored for further use.

2.5 Characterization of MOLE-FeNPs

The morphology, shape, size and purity of the
nanoparticles were analyzed by a scanning
electron microscope (SEM) [Tecnai G2 spirit
Biotwin (FP 5018/40), operating at around 80 kV
accelerating voltage] and a scanning electron
microscope (SEM) (Hitachi S 3400 N) outfitted
with an Energy Dispersive X-ray Spectroscopy
(EDX), respectively. The zeta potential (Charge
distribution) of the nanoparticles was studied
using a Beckman Coulter DelsaTM Nano Particle
Analyzer (USA) by illuminating the solution with a
He—Ne laser (658 nm) in a sample cell. The
crystallinity of the FeO-NPs was analysed by
XRD. The diffracto gram was documented by
PANalytical, XPERTPRO diffractometer using
Cuk (Cu Ka radiation, A 1.54443) as X-ray source
running at 45 kV and 30 mA. Fourier transform
infrared spectroscopy (FTIR, Shimadzu 8400 S)
was employed to functional groups, present in
synthesized FeO-NPs.

2.6 Experimental animals

Forty male rats of comparable weight and age
(10£2 weeks, 200+209) housed in standard well-
ventilated cages (maximum of 5 animals/cage),
in the Animal Holdings of the Department of
Science Technology, The Federal Polytechnic
Ado-Ekiti, Nigeria. The rats were provided with
standard chow and water ad libitum and
subjected to the natural photoperiod of 12 h

and humidity 60 + 5%. All animals were cared for
humanely according to the conditions stated in
the Guide for the Care and Use of Laboratory
Animals’ of the National Academy of Science
(NAS), published by the National Institute of
Health. The study also followed National
Institutes of Health's recommendations for the
care and use of laboratory animals, and
adequate procedures were made to ensure that
the animals were not subjected to excessive pain
and discomfort during the study.

2.7.0 Experimental procedure

Animals were randomly allocated into eight
groups of five rats each and administered orally
in the following ways:

Group [: control rats received 1mL of 0.9%
normal saline. Group Il: rats received MOLE (800
mg/kg BW). Group llI: rats received FeNPs
(250 pg/lkg BW). Group 1V: rats received MOLE-
FeNPs (200 ug//kg BW). Group V: rats received
mercury (0.5 mg/kg BW). Group VI: rats received
Hg (0.5 mg/kg BW) + MOLE (800 mg/kg BW).
Group VII: rats received Hg (0.5 mg/kg BW) +
FeNPs (250 ug/kg BW).Group VIII: rats received
Hg (0.5 mg/kg BW) + MOLE-FeNP (200 pg/kg
BW).

Gavage was day after day for 28 days, using a
feeding needle. All animals were carefully
observed throughout the experiment for any
signs of intoxication or mortalities.

2.7.1 Blood and tissue sample collection
Twenty-four hours after the last treatment, the
over-night-fasted rats were weighed and
anesthetized with ketamin at the end of the
dosing period. Two mL blood samples were
collected from the rats via cardiac puncture.
Blood was collected using a BD Vacutainer PST
Il Tubes, left for coagulation, then centrifuged at
322 x g for 20 min for serum separation. Sera
were preserved at— 20 °C until biochemical
analysis.

Kidney, liver and testis tissues were collected
and divided into four portions.

Thirty mg was washed in cold saline and mix with
RNA shield for storage before RNA extraction.
For RT-PCR analysis of apoptosis and stress
related Bcl -2 Associated X-protien (Bax) gene
expression,,

the remaining portion stored for mercury
analysis.

2.7.2 Serum and tissue mercury analysis
One mL/mg of serum/tissues were digested with

dark cycle with room temperature 25 + 2°C 10 mL analytical grade H202 (hydrogen peroxide)
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and HNOs (nitric acid) (1:1) in a Teflon beaker.
The solution was then made up to 25 mL with
distilled water. Hg concentration in samples were
analysed with thermal decomposition couped
atomic absorption spectrophotometry (AAS)
(Santos et al., 2020). All analysis were
investigated in triplicate.

2.7.3 Oxidative stress biomarkers analyses
Serum sample was used to evaluate the activities
of superoxide dismutase (SOD), glutathione
peroxidase (GPx), Malondialdehyde (MDA),
catalase (CAT), Lactic acid dehydrogenase
(LDH), Total antioxidant capacity (TAC) and the
concentrations of glutathione (GSH) using the
analysis kits as described by the manufacturer
(Nanjing Jiancheng Bioengineering Institute,
Nanjing, China). All analysis was performed with
Mobi Microplate spectrophotometer (Sunnyvale,
CA).

3.0 RESULTS

All experimental groups showed no altered
clinical observations or behavioral alterations
except for Hg-exposed rats displayed a
decreased activity, food consumption, and body
weights with frequently increased urination when
compared with the other experimental groups.
Meanwhile, rats from the Hg-MOLE, Hg-FeNP
and Hg-MOLE-FeNP groups were clinically
normal and did not exhibit any signs of toxicity.

3.1 Characterization of green synthesized
FeO-NPs

3.1.1 UV-visible spectroscopic analysis of
FeO-NPs

501611 14

FeNPs were synthesized by reduction of Fe into
FeNPs after the addition of MOLE filtrate and
stirring for 1 h at 60°C. The stimulation of
the surface plasmon resonance of FeO-NPs
gave the reaction solution its distinctive brown-
red colour, which served as a useful
spectroscopic hallmark of their production (Fig.
1). In the identical experimental circumstances,
neither the positive control group (FeCls Solution)
nor the negative control group (MOLE) showed
any significant colour change. Using a UV-—
Visible spectrophotometer, the reduction of ferric
oxide was analysed spectroscopically. This
revealed a 270 nm absorbance peak (Figure 2),
which was unique to FeO-NPs

3.1.2 FTIR analysis of FeO-NPs

The FTIR spectra of the green synthesized FeO-
NPs highlighted the functional groups present in
FeO-NP (Figure 3). The peak that appeared near
660 cm™" could be assigned to the stretching
vibration of the Fe—O-Fe bond in FeO-NPs
(Rahman et al., 2011). The peaks found in
between 3400 and 3300 cm™', 1630 cm™,
1400 cm™ and 1057 cm™ were assigned to
stretching vibration of O-H bond, stretching
vibration C—0 bond, bending vibration of C-H
and stretching vibration of C-N bond,
respectively (Karade et al., 2019). The
occurrence of these bonds can be attributed to
the presence of the phenolic hydroxyl group,
phenolic acids, terpenoids-phenols, and aliphatic
amines. These functional groups are also
responsible for the reduction of Fe3* ions and
behave as the capping agent of the nanopatrticles
(Karade et al., 2019).

)
200 400 600 800 1000

Wavelength (nm)

figure 2

Figure 1. Three conical flasks containing (a) only Moringa oliefera leave Extract (MOLE), (b) the
reaction mixture of MOLLE and FeCls solution, (c) only Fecls solution, respectively. Figure2. UV-

Spectroscopy
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Fig.3. The FTIR spectra of FeO-NP

3.1.3 XRD study of IONPs

The XRD measurement is frequently found to be
a valuable analytical tool for determining the
crystalline  nature of freshly generated
compounds and their phases. The XRD pattern
of the FeO-NPs, shown in Figure 4, clearly
identified the  fcc structure of a-

Fe203 nanoparticles (JCPDS file, No. 89-2810) .
During this measurement, a sequence of
diffraction peaks was detected that were
consistent with the theory. The prominent peaks
of the XRD pattern suggest that the green
synthesized FeO-NPs were well-crystallized a-
Fe20s.

2000

1000+

Intensity, cps

Fig. 4. XRD tern of green synthesized FeO-NPs.

3.1.4 EDX observation of FeO-NPs

The EDX spectrum from one of the densely
populated ferric oxide nanoparticles regions,
obtained in the spot-profile mode, showed two
distinct signals of iron (Fe) and oxygen (O) in
synthesized FeO-NPs. Peak related to any other

element did not appear in the EDX spectrum,
which confirmed that the synthesized FeO-NPs
were made of Fe and O.

A Scanning Electron Microscopy (SEM) study
was carried out to analyse the size and
morphology of the synthesized FeO-NPs. The
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average size of these FeO-NPs was 5 + 1 nm
(Range: 3—10 nm) (Figure 6). In nature, particles

Results

Z-Average (d.nm): 76.33 Peak 1:
Pdl: 0.276 Peak 2:
Intercept: 0.961 Peak 3:

Result quality Good

Intensity (Percent)

were found to be quasi-spherical and mono-
disperse.

Size (d.n... % Intensity: St Dev (d.n...
71.69 79.5 37.46
327.5 8.5 184.9
12.88 75 3.322

Size Distribution by Intensity

................................

10000

100 1000
Size (d.nm)

Bl Record 2673: Sample B1]

Fig. 6. Particle size of green synthesized
FeO-NPs.

3.2 Relative mRNA levels of apoptosis-
related genes (Bax) in renal tissues

The probability of Hg-induced renal cell apoptosis
was investigated via  measuring the
transcriptional levels of apoptosis-related genes
Bax, data are shown in (Figure 10). Hg induced
increase in the expression of apoptosis related
gene. However, administration of MOLE, FeNP
and MOLE-FeNP ameliorates the toxic effect.
The amelioration was pronounced in those that
received MOLE-FeNP.

Figure 7, shows the Hg concentration in the
kidney tissue. Hg was not detected in serum and
tissue in control, MOLE, FeNP and MOLE-FeNP
groups. However Hg concentration increased
with the administration of Hg in the kidney,
serum, and liver. (figures 7, 8, and 9)
respectively. However, with the administration of
Hg-MOLE, Hg-FeNP and Hg-MOLE-FeNP the
effect of Hg reduced significantly, with Hg-

MOLE-FeNPs
reduction.

showing most  significant

3.3 Oxidative stress biomarkers

Hg-MOLE, Hg-FeNP and Hg-MOLE-FeNP
conjugate impact on Hg-induced changes in
oxidative stress biomarkers in male rat serum
and kidney homogenates are shown in Table 1.
below. There was significant increase in activities
of MDA and LDH. However, this was ameliorated
by Hg-MOLE-FeNP conjugate, MDA (6.86 + 0-49
-2.61 + 0.28) and LDH (189.32 + 10.86 -57.49 +
6.56) in rat’s kidney.. The activities of SOD CAT,
GSH, GPx. and TAC respectively in rats that
were exposed to Hg were drastically reduced.
Administration of Hg-MOLE, Hg-FeNP and Hg-
MOLE-FeNP conjugate, increased their activities
SOD(0.76 + 0.08 — 2.05+ 0.3), CAT(3.81 +,0.2 —
6.42 + 0.4), GSH(0.05 + 0.02 — 0.24 + 0.01),
GPx(64.10 + 2.96 — 78.82 + 5.60, and TAC(0.64+
0.02-0.77 + 0.05) significantly with MOLE-FeNP
having the greatest impact. as shown in table 1
below.

144 https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjsat

TERTIARY EDUCATION TRUST FUND



https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjees/libraryFiles/downloadPublic/1

.
THE FEDERAL

POLYTECHNIC,

ADO-EKITI,

FEDPOLAD JOURNAL OF SCIENCE AND AGRICULTURAL TECHNOLOGY ISSN:

EKITI STATE (FEDPOLADJSAT): Vol. 3. Issue 1. OCTOBER. 2023 2782-8484
9.5+
10 9.0
o- -|_ 8.5
8.0
81 J_ 7.51
7.0
7- 6.5
6.0-
6- s 5.57
E 2 504
3 51 K 45
x 1 ? 40- 1
47 1L 3.5 Il
34 3.0
2.5
2] 2.0
1.5-
14 1.0
0.5
c T T T T T T olc 1 ] 1 T 1 ]
(&) 1T} o o (=2} L [« o (&] w o o ) w o
P~ =z P I | 2 =z - 4 4 I - Z
o () T) o [ [T o o o o o
= w = LW = u s w
) - [} -1
T I o T o
= s
o) o)
I I
Group Group
Figure7: mercury deposit in kidney Figure 8. Mercury deposit in the serum

4.5
3.0 T T
4.0- £

2.5 3.5
l 3.0
2.0+
o % 2.5
%J 1.5 “ 2.0 =
I 1.5 _
1.0 1.0
0-5- o-s-li_l_'
0.0—74% w o a [ w o o
00—5—1 4 &£ & & a 4 s & 3 T g & 3
g £ 5 T 2 § 3 =T g
:E’ * % Group =
Group -
Figure 9. Mercury deposit in liver Figure 10: Bax gene expression
Table 1: Oxidative stress
Contr | MOL | FeNP | MOLE- Hg Hg- Hg- Hg-MOLE-
ol E FeNP MOLE | FeNP | FeNP
MDA (uM) 1.792 | 4.193 | 3.875 | 3.721+ 6.867+ | 3.306+ | 3.406+ | 2.612+
+ * *
0.219 | 0.420 | 0.420 | 0.283 0.491 |0.313 0.264 | 0.281
SOD (U/mL) 2.722 |11.0/76 | 1.117 |1.111+ 0.762+ | 1.461+ | 1.517+ | 2.051+
* * *
0.411 | 0.148 | 0.111 | 0.092 0.076 | 0.201 0.151 | 0.313
CATALASE(umol/ml | 7.904 | 4.795 | 5.022 | 4.893+ 3.805+ | 5.187+ |5.433+ | 6.418+
/mins) + + +
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0.560 | 0.551 | 0.316 | 0.300 0.239 |0.597 |0.341 |0.395
GSH (mM) 0.344 | 0.185 | 0.185 | 0.189+ 0.052+ | 0.181+ | 0.202+ | 0.241+
+ + +
0.038 | 0.019 | 0.016 |0.023 0.022 | 0.050 0.019 |0.013
GPX (U/L) 88.87 | 64.54 | 63.52 | 65.465+ |46.102 | 68.231 |67.154 | 78.817+
0+ 3t 4+ + +
12.06 | 4.147 |6.074 | 4.416 2.962 |4.384 6.421 | 5.605
4
TAC (mM/g tissue) 1.135 | 0.605 | 0.610 | 0.639+ 0.336+ | 0.643+ | 0.674+ | 0.771%
+ + +
0.022 | 0.042 | 0.020 | 0.040 0.024 |0.021 0.043 | 0.046
LDH (U/L) 45.54 | 7194 | 70.09 | 70.579+ |189.32 | 75.624 | 76.151 | 57.488+
6+ 3t 1+ 4+ + +
7.745 | 4.128 | 0.586 10.864 | 0.632 2.966 | 6.562

4.0 DISCUSSION

The results of the study show that heavy metals
including mercury induce toxicity in animal tissues
and serum by generating reactive free radicals that
can lead to cellular damage, damage to lipid bilayer
and DNA thereby degenerating to oxidative stress.
The result of this work was in accordance with the
work of Danaei et al.,, (2018) which asserts that
mercury poisoning causes damage to organs and
tissues. The activities of Malondialdehyde (MDA) and
Lactic acid dehydrogenase (LDH) catalysizes
increased by 282.9% and 315.5% respectively after
the administration of mercury, while the activities of
other natural occurring antioxidant enzymes
decreased its activities as follow CAT (51.9%), GPx
(88.87%), GSH (84.0%), TAC (70.3%) and SOD
(72.00%) respectively. However, after the
administration of green nanopatrticle, the activities of
antioxidant enzymes was reversed to almost what it
was in the positive control group with the
corresponding decrease in the activities of MDA and
LSH respectively as shown in table 1 above. The
results also affirm the assertion of Karade et al.,
(2019), which assert that exposure of biological
system to mercury leads to oxidative stress. The
study revealed that chronic exposure of adult male
rats to mercury leads to mercury deposit in the tissues
of kidney, liver, and serum respectively as indicated
in figures 7, 8, and 9 above. The figures7, 8 And 9
above went further to infer that there was no presence
of mercury in those tissues and serum prior to the
introduction of mercury. However the administration
of MOLE, FeO-NPs, and MOLE-FeO-NPs,
respectively on mercury induced rats decreases the
activities of mercury, indicating that the three
solutions have the capacity to ameliorate the effect of
mercury in the biological system with MOLE- FeO-
NPs having the greatest ameliorative effect. This was
supported by the reported of Zeng et al.,(2019), and
Mansour et al. (2014), which demonstrated renal
protecting effects of MOLE against heavy metal
toxicity via regulation of renal functions and
prevention of oxidative damage as well as

inflammatory reactions. There was an increase in the
transcriptional level of apoptosis related Bax gene in
Mercury poisoned rat as shown in figure 10 above. It
was observed that the transcriptional level of
apoptosis related Bax gene expression was at the
minimal level before the administration of mercury.
However, with the introduction of mercury,
skyrocketed the transcriptional level showing that
mercury can induce transcription of apoptosis related
gene Bax. Nevertheless, administrations of MOLE,
FeNPs and MOLE-FeNPs showed significant
amelioration in the toxic effect of Hg. With MOLE-
FeNP, showing the greatest effect indicating that
green iron nanoparticles has a greater potentials of
reducing mercury effect on biological system.

5.0 CONCLUSION

This study shows that exposure of the biological
system and organs such as livers, kidneys, and serum
to heavy metals such as mercury cause adverse
effect by reducing their functionality and may result to
oxidative stress and organ damage. However, the
administration of MOLE, FeNP and MOLE-FeNP,
have shown a significant reduction in mercury effect
in those organs with MOLE-FeNP proven to be most
effective in ameliorating Hg toxin. Therefore green
synthesized iron oxide nanoparticles ameliorate the
oxidative stress and Bax gene expression induced by
mercury.

5.2. RECOMMENDATION

Based on the result of the research carried out, it has
been proven that green synthesized iron
nanoparticles can effective ameliorate the effect of
mercury induced toxins however, further research is
recommended and in the areas of histopathology and
immunohistochemical studies to ascertain the level of
damage of mercury on the morphology of those
organs, tissues and immune system, and also further
establish the ameliorative potentials of the green
synthesized iron nanopatrticles.
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