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ABSTRACT
Arsenic, a class 1 carcinogen, is a major contaminant in drinking water globally. When
ingested by humans and animals, it contributes to tissue damage through the mechanisms
of oxidative stress and inflammation. Search is ongoing for plants with antioxidative and
anti-inflammatory properties that might ameliorate toxic effects of arsenic. Vitellaria
paradoxa (Vp) was reported to possess anti-oxidative and anti-inflammatory properties.
Therefore, cytoremediative potentials of Vp against Sodium arsenite (SA)-induced toxicity
in Wistar rats and fruit fly (Drosophila melanogaster), as well as its anti-proliferative action

on breast cancer cell line (MCF-7) were evaluated.

Leaves of Vp were obtained from Saki, Oyo State, authenticated at University of Ibadan
Herbarium (UIH-22624), air-dried and pulverised. Hydroethanol leaf extract of Vp was
obtained by maceration in 70% ethanol (ELVp), and fractionated by vacuum liquid
chromatography to obtain four fractions including Ethyl acetate Fraction (EACF). Forty
male Wistar rats, divided into 8 groups (n=5), were administered distilled water 2mL/kg
(Control), Vitamin E (100 mg/kg), ELVp (100, 200 mg/kg), SA (2.5 mg/kg), SA + Vitamin
E, SA + ELVp (100, 200 mg/kg) orally for 14 days. Serum Alanine Aminotransferase
(ALT), Alkaline Phosphatase (ALP), creatinine, urea and malondialdehyde were
determined spectrophotometrically. Micronucleated Polychromatic Erythrocytes (mPCE),
liver and kidney histology and immunohistochemistry of proteins [(Nuclear Factor kappa B
(NF-xB), P53, B-Cell Lymphoma 2 (BCL-2)] were evaluated. Ameliorative role of EACF
in SA-induced toxicity in D. melanogaster was evaluated by measuring longevity rate,
Nitric Oxide (NO), Hydrogen Peroxide (H20), Total Thiol (T-SH), reduced glutathione
(GSH) levels, catalase and glutathione S-transferase (GST) activities. Anti-proliferative
effects of EAcF on MCF-7 cells were determined by measuring viability, colony formation
and Reactive Oxygen Species (ROS) generation. Also, cell cycle was determined using flow

cytometer. Data were analysed using ANOVA at ao.05.

Co-treatment of SA with ELVp (100 mg/kg) significantly reduced serum ALT (68.73+0.50
vs 89.67+8.78U/L), ALP (174.80+1.84 vs 450.20+69.47U/L), creatinine (1.32+0.00 vs
1.93+0.15mg/dL), urea (33.72+9.07 vs 75.14+1.13mg/dL), malondialdehyde (0.049+0.005
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vs 0.067+0.012pumol/gprotein) and mPCEs (10.00£2.83 vs 16.00+2.00mPES/1000PCEs)
relative to SA. The ELVp (200 mg/kg) ameliorated SA-induced severe periportal and mild
peritubular inflammation of the liver and kidney of rats, respectively. The ELVp
ameliorated SA-induced increase in BCL-2 protein expression without significant effects
on NF-kB and P53 expression in both organs. The EAcF increased longevity of D.
melanogaster by 20.0% compared with control and ameliorated SA-induced elevation of
NO and H20: levels by 24.0% and 19.0%, respectively. Also, it ameliorated SA-induced
reduction of contents of T-SH by 88.0%, GSH by 253.0% and inhibition of catalase and
GST activities by 57.8% and 156.0% respectively. The EAcf showed anti-proliferative
activity, reduced ROS generation, induced Sub GO cell death and arrest at GO/G1 phase in
MCEF-7 cells.

Hydroethanol leaf extract and ethyl acetate fraction of Vitellaria paradoxa demonstrated
antihepatotoxic, antinephrotoxic and antioxidative properties against sodium arsenite-
induced toxicity in rat and Drosophila melanogaster. The anti-proliferative activity in MCF-
7 cells was via inhibition of reactive oxygen species accumulation and GO/G1 cell cycle
arrest.

Keywords:  Sodium arsenite, Vitellaria paradoxa, Antioxidant status, Oxidative stress.

Word Count: 481
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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Cancer also called neoplasm and malignant tumour, is described by a non-stop growth and
spread of strange cells (ACS, Cancer Facts and Figure, 2019). Second to heart diseases, it
primarily causes death with an estimate of 19.3 million new cancer presentations and 10
million cancer deaths globally (Sung, 2021). Worldwide, about 27.5 million new cases of
cancer is projected by 2040 (ACS, Global Cancer Fact and Figure, 2018). Furthermore, third
world nations recorded above two- thirds of cancer death i.e. approximately 70 % of death
resulting from cancer (WHO, 2018). In 2008, an estimate of 681,000 new cases of cancer
was recorded in Africa, with 15 % of these cases from Nigeria (Sylla and Wild, 2012). High
cases of mortality have been reported in Nigeria, due to increase in number of cancer
incidence with over 100,000 fresh cases of cancer being presented yearly (Ferlay et al.,
2010). In addition, lbadan and Abuja cancer Registries reported that the incidence of
invasive cancer is based on age with higher occurrence in women and breast cancer being
the most prevalent (Jedy-Agba et al., 2012). The increased number of cancer cases in most
African countries may be attributed mainly to lack of awareness and superstitious causes
resulting in delayed presentation and diagnosis. Also, lack of access to health care, shortage
of oncology specialist and indulgence in junk foods (Ogunbiyi et al.,, 2016). The
predisposing factors leading to incidences of cancer can either be internal (genetic, age,
hormonal status) or external (diet, alcohol, tobacco, lack of exercise, viruses, radiation,
industrial and environmental chemicals) (Gutierrez and Salsamendi, 2001; Wu, et al.,
2018). One of such environmental toxicant known to induce cancer is arsenic (Ganapathy
et al., 2019; Oyibo et al., 2021).



Arsenic is a key environmental toxicant associated with carcinogenesis (Ganapathy et al.,
2019; IARC, 2018). It is of paramount importance in public health globally because of its
ubiquitous nature and deleterious effects to both man and livestock’s (Chiochetti et al.,
2019). Ultimately, sources of arsenic include water, air, food, drug, industrial and
agricultural chemicals (Biswas et al., 2019). Natural phenomena and anthropogenic effects,
contribute to arsenic release into waterbodies (Azam et al., 2016). This in turn affects
seafoods and agricultural products which are used as food. Egbinola and Amanambu, (2014)
examined ground water in both dry and wet season at Ibadan, Nigeria using 16 locations
and discovered that the amount of arsenic in water below the earth surface exceeded WHO
estimated range.

The chief route of absorption of arsenic is through inhalation (nostrils), oral and skin (Chen
et al., 2013). When absorbed, it is evenly distributed among different organs of the body.
Furthermore, it is transformed by the liver to monomethylarsonic and dimethylarsinic acid,
a highly reactive product via methyl addition reaction twice (Hughes, 2002). A major
mechanism by which this heavy metal (arsenic) acts is by inducing Reactive Oxygen
Species (ROS). This effect, will result to increased hydrogen peroxide production, lipid
peroxidation induction and enzymatic antioxidant inhibition. This consequently leads to
oxidative stress-antioxidant imbalance (Shahid et al., 2014). Excessive stress from
oxidation results in negative changes of deoxy-ribonucleic acid (DNA) and this is a key step
in the induction of cancer. In a normal cell, such DNA damage initiates positive cell cycle
regulation or apoptosis leading to repair or removal of such damaged DNA. However, in
cancerous cells, these two key processes are escaped by down regulation of p53. Therefore,
agents causing arrest or programed death of cancerous cells are strategic for anticancer
therapy (Kamalabadi- Farahani et al., 2019).

The conventional cancer care includes; surgery, radiotherapy, chemotherapy and hormone
therapy but the main opposing effect with some of these therapies is their inability to

selectively target cancer cells, hence subjecting normal cells to danger (Mathew et al.,

2019). Thus, the need for the discovery of medicinal plant which possess natural
phytochemicals with protective antioxidant properties that would inhibit cancer

development yet protect normal cells (Kooti et al., 2017).
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Even in recent times, traditional herbal medicine is still prominent in some countries’
primary health care system because they are cheaper and easily accessible (Mahomoodally,
2013). One of such commonly used medicinal plants in Africa is Vitellaria paradoxa (V.

paradoxa).

Vitellaria paradoxa usually called shea butter tree, has many uses in folkloric medicine.
The mesocarp of the fruit is of high nutritional value (Ugese et al., 2008). Traditionally, the
leaf is used for treating Burili ulcer (Yemoa et al., 2008), while the bark is used for treating
malaria, dental pain and neuralgia (Serene et al., 2008), and to treat diabetes (Coulibaly et
al., 2014). Studies have documented anti-inflammatory, anti-arthritis, antibacterial, and
antiproliferative ability in extracts of V. paradoxa (Foyet et al., 2015; Fodouop et al., 2017;
Tagne et al., 2014).

Despite several reported pharmacological activities of V. paradoxa, there is dearth of
information on the cytoremediative potentials of V. paradoxa leaf against arsenic-induced
toxicity and its mechanism for antiproliferative activity. Hence, it was hypothesised that V.
paradoxa could offer cytoremediative effects against carcinogen sodium arsenite-induced

toxicity as well as therapeutic potentials on different human cancer cell lines.

1.1.1 Statement of problem

In 2020, 10 million deaths arose around the globe due to cancer (Sung, 2021). Also, cancer
burden in Sub-Saharan Africa is growing significantly with about two-third of death arising
from an estimated 626,400 new cases presented in 2012 (National Cancer Control Plan,
2018). In Nigeria out of 102,000 new cases of cancer presented yearly, 72,000 cancer
patients die per year (NCCP, 2018). The increase in cases and deaths resulting is associated
with lack of awareness, late diagnosis, increase in adoption of risk behaviour such as
unhealthy diets, lack of physical exercise, harmful use of alcohols and tobacco, infections
and exposures to environmental/ industrial toxicants such as arsenite from contaminated

water and food, cosmetics, pesticides and mining activity etc. (Torre et al., 2016).

Amongst the various factors responsible for carcinogenesis, arsenic is one of the prevalent
and extensively studied carcinogen. It is further categorised as a class 1 human carcinogen

linked with skin, lungs, bladder, kidney, liver and prostate cancer (IARC, 2018; Steinmaus



et al., 2014). Its’ ubiquitously spread in the natural environment enhances exposure via the
intake of contaminated water or diet to human and animals (Chiocchetti et al., 2019).
Aside carcinogenic effects, toxicological health implications of arsenite, have been
documented in hepatic toxicity (Odunola et al., 2008, Adegoke et al., 2015), clastogenicity
(Gbadegesin et al., 2009, 2014), hemato- biochemical and histology indices (Ola- Davis and
Akinrinde, 2016). Furthermore, one key mechanism linked with the toxicity of arsenite is
oxidative stress (Tokar et al.,, 2010). Arsenic exposure induces the generation of
intracellular reactive oxygen species (ROS), which mediate multiple changes to cell
behaviour by altering signalling pathways and epigenetic modifictions or cause direct
oxidative damage to molecules (Yuxin et al., 2020)

1.2 Justification of study

Arsenic is an environmental carcinogen known to induce cancer via accumulation of ROS
that triggers cell injury (Roy et al., 2018). Although, several treatments namely surgery,
radiotherapy, immunotherapy, are used in cancer treatment, the use of conventional therapy
in management of cancer induces death of normal cells along with cancerous cells, resulting
in undesirable side effects (Phi et al.,2018).

As part of global research efforts in finding effective treatments for this deadly disease,
phytochemicals are being considered for the treatment of cancer. Newman and Cragg latest
study (2016) reported that a large number of new drugs approved by the FDA between early
1980’s and 2014 came directly from natural products or their derivatives. Interestingly, it
has been shown that a diverse range of bioactive molecules produced by plants have
activities that work against excessive proliferation of cells (Neena et al., 2019). Cragg and
Pezzuto. (2016), noted that 6 out of every 10 drugs used in cancer treatment comes from

natural sources.

Vitellaria paradoxa (Von Gaertner, 1807) is one of such promising plants indigenous to
Africa. Phytochemicals such as tannin, cardiac glycoside, phlobatanin, anthraquinone (Ojo
et al., 2006) have been isolated in this plant. Apart from its nutritional properties, the leaf,
root, seed, fruit and stem bark also possess many medicinal properties such as treatment of
diverse skin and gastro intestinal tract infections (Soladoye et al., 1989; Ferry et al., 1974).

Its protective activity against acetaminophen-induced hepato-toxicity (Ojo et al., 2006), and
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anti-diabetic properties (Coulibaly et al., 2014) have been reported. Its stem bark have been
shown to have antiproliferative (Tagne et al., 2014) properties. Despite these
qualities/attributes, information about the cytoremediative potentials of V. paradoxa leaf
against toxicity generated by sodium arsenite in Wistar rats and D. melanogaster and its
antiproliferative action on MCF-7 cells have not further been documented. It can therefore
be hypothesized that;

1. Vitellaria padoxa have cytoremediative potentials against arsenic induced toxicity
in Wistar rats and D. melanogaster.

2. Vitellaria paradoxa will mitigate the proliferative activity of MCF-7 cells.

1.3 Aim and objectives

Considering the diverse effect of arsenic on human and animals, this study was aimed at
evaluating the cytoremediative potentials of Vitellaria paradoxa against Sodium Arsenite
(SA)-induced toxicity in Wistar rats and Drosophila melanogaster along with its anti-

proliferative action on MCF-7 cells. The specific objectives of the study were to;

%+ carry out extraction of V. paradoxa leaf and seed samples and profile for the in vitro
antioxidant and genotoxic potentials of the hydroethanol extracts of Vitellaria
paradoxa.

% determine the median lethal dose of hydroethanol leaf extract of V. paradoxa
(ELVp) using Wistar rats

% determine the effect of ELVp on the hepatotoxicity, renal toxicity and
haematological indices of sodium arsenite — treated male Wistar rats.

% evaluate the effect of ELVp on clastogenicity, expression of inflammatory (NF-xB)
and apoptotic (p53 and BCL-2) proteins in sodium arsenite-treated male Wistar rats.

¢ determine the effect of ethyl fraction of ELVp on life span elongation and oxidative

status of sodium arsenite —treated Drosophila melanogaster.

% determine the anti-proliferative mechanism of ethyl acetate fraction of Vitellaria
paradoxa leaf in MCF-7 cell line using colony formation ability, ROS generation,
cell cycle distribution and expression of apoptotic proteins (pro-caspase 3 and

cleaved caspase 3).



CHAPTER TWO

LITERATURE REVIEW

2.1 Cancer

In 2020, cancer accounted for 10 million deaths around the globe. Lungs, breast, colorectal
and prostate cancer were the most prevalent presentations while lungs, colorectal, stomach,
liver and breast cancer were the predominate cause of death (WHO, 2018). It is a malignant
disease identify by gene mutation, unrestrained growth, generation of new blood vessel and
lymph node (angiogenesis). Additionally, it is characterised by insensitivity to antigrowth
factors, invasion, metastasis, resistance to apoptosis, inflammation and genome instability
(de Sa Junior et al., 2017). While cancer mortality rate in high income countries is declining
because of timely screening, detection and better care, the incidence and morbidity rates are

raising in economically developing countries (Torre et al., 2016).

2.1.1 Cancer Incidences in Nigeria

About 70% of cancer mortality occurred in middle and less developed nations (WHO,
2018). According to Sylla and Wild (2012), of the 681,000 new cancer cases presented in
Africa in 2008, 15% were from Nigeria. In addition, an estimate of 4,521 cases were
recorded in the Cancer Registry of Ibadan and Abuja in 2009-2010 with an estimate of 2,985
(66%) female and 1,536 (34%) male cases respectively. Furthermore, cancer of the breast
was the most presented with an incidence of 54.3 per 100,000, while the second was
cervical cancer among females and prostate cancer among males (Jedy-Agba et al., 2012).
With respect to age groupings, there was 10 years difference between both registries with
Ibadan having the highest grouping (45-54) and Abuja the least (35-44) for women. While
for men it was 65 years and above in both registries (Jedy-Agba et al., 2012).



2.1.2 Carcinogenesis

Carcinogenesis, also known as tumorigenesis is a multifaceted process that leads to the
production of cancer. It has three unique stages which are initiation, promotion and
progression (Basu, 2018).

Initiation: Carcinogenesis begins with an initiator which is classified either as virus,
chemical toxicant or irradiation (Basu, 2018). The covalent binding of the initiator with the
DNA of a normal cell result in an irreversible change genetically which is called DNA
adduct (Oliveira et al., 2007). This process may involve more than one stable spontaneous
attack (exposure) by a carcinogen on the normal cell. In return, it results in cellular mutation
of genes acting as vital controller of the cells. Subsequently, loss of functions of these genes
aggravates proliferation of abnormal cell if there is no repair of DNA or death by apoptosis
(Trosko, 2001).

Promotion: This stage stimulates the initiated cell into further proliferation. The
transformed cell can remain harmless unless when awakened by a promoter. A promoter
can be a chemical that do not alter directly DNA structure but contribute to further mutation
of an initiated cell. Also via a series of epigenetic processes, the promoter induces key
growth stimulating signals, enhance free radical production and inhibit innate immunity of
cells. This generally is categorised as hyperplasia (Basu, 2018). In addition, because tumour
cells still require oxygen yet have low supply, they make use of the process of angiogenesis
by the production of growth factors which prompt the development of new blood vessels
that supplies the abnormal cell with oxygen and nutrients (Ahluwalia et al., 2014). This
process encourages cell proliferation leading to an excessive cellular multiplication and
progressive genome damage (Ahluwalia et al., 2014).

Progression: It is a series of process through which neoplasm is acquired from pre-
neoplastic cells. At this stage, the distinct feature include irreversible genetic instability,
continuous growth leading to increase in size of tumour, biochemical, metabolic and
morphological changes in cell, inversion and metastasis (Oliveira et al., 2007).

Invasion and Metastasis: These occurs only in malignant neoplasm. This stage includes
the spread of neoplastic cell from one part of the body to another. It involves the primary
tumour cell invading locally surrounding extracellular matrix and stromal cell layer. Also,

intravasation into the luminal of blood vessel which requires survival through the rigor of



transportation through the vasculation and arrest at distant organ site. Lastly, extravasation
into the parenchyma of the distant organ/ tumour and the survival in this foreign micro
environment. This leads to re-initiation of proliferation and generation of detectable
neoplastic growth (Cominetti et al., 2019). This cascade of invasion and metastasis involve
the breakage of the basement membrane by the carcinoma secreted proteases (Moirangthem
et al., 2016).
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2.1.3 Models for cancer research
Diverse model such as cancer cell lines, Drosophila melanogaster and animals have been

used in the study of cancer.

2.1.3.1 Cancer cell lines

This are cells obtained from multiple sub - culture of primary cells obtained from the cancer
patient tissue. In cancer studies, human derived cancer cell lines are one vital preliminary
model used for cancer biology study and testing the effectiveness of cancer treatment (Gillet
et al., 2013). These cell lines are use either as in vitro monolayer culture or as xenograft in
mice, rats studies (Biau et al., 2016). In case of in vitro culture the advantages includes: not
been costly, easy maintenance over a long time duration. However, some major
disadvantages include the risk of contaminations of cell lines and alteration of cell
morphology due to prolonged culture (Goodspeed et al., 2016). In addition, various
mechanisms used by cancer cells can be understood better within a short period of time.
Mechanism such as cell proliferation, colony formation, apoptosis, cell cycle evasion and
invasion are been studied by scientists using this model (He et al., 2019). Using this model
development of medications for cancer diagnosis and management have been encouraged
(Katt et al., 2016). Furthermore, many plant extracts and their bioactive compounds have

been made known to have anti-carcinogenic properties via this model (Tagne et al, 2014).

2.1.3.2 Drosophila melanogaster

Drosophila melanogaster (Fruit fly) is a member of the Drosophilidae family. The merit of
this model is ascribed to its short life cycle of about 12 days, production of large numbers
of offspring, easy handling, simple food requirement, availability of large number of
genetically defined mutant fly’s (Tolwinski, 2017).

Although it has an impressive history as the genetic model for developmental studies (Ugur
et al., 2016), it has been demonstrated to be an outstanding model for studying human
diseases, because more than 70% genes associated with human ailments have orthologists
within fruitfly genome (Chien et al., 2002). Hence, it is being used as a prized model for
gaining insight into non-communicable diseases for example cancer (Herranz and Cohen,

2017). Also, over the years, Drosophilists have built a strong database of mutants and
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transgenic lines involving molecular techniques and tools which enhance detailed study of
fruit fly (Vasudevan and Ryoo, 2016).

2.1.3.2.1 Life cycle
Drosophila melanogaster undergoes complete metamorphosis beginning from egg — larva
— pupa — adult. However depending on the degree of temperature the length of complete

cycle may varies from 10 to 15 days (Deepa et al., 2009).
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Figure 2.2: Life Stages of Drosophila
(Abolaji et al., 2013)
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Egg stage

The female Drosophila melanogaster has the capacity to store the spermatozoa after mating
with the male. Therefore, fertilization of eggs occurs when one spermatozoon passes
through the opening (micropyle) at the anterior of the conical protrusion. Thereafter eggs
are laid on the diet and within 12-15 hours it is hatched. Structurally, D. melanogaster egg
is about 0.5 millimetre (mm) long, consisting of an opaque outer investing membrane
(charion) with patterns of hexagonal mark (Demerec and Kaufman, 1996).

Larva stage

This is the active stage because the larva are voracious feeders. During this stage the larva
undergoes two molting process consist of three instars in which the entire cuticle of the
insect including the mouth armature and spiracle are shredded off and remodelled.
Anatomically, it has a soft flexible body wall consisting of both outer noncellular cuticula
and inner cellular epidermis. Also, well spread in the body are sense organs which includes
fat bodies, the yellow malpighian tubules, the coiled intestine as well as the gonads. At the
final instar stage they attain a length of about 4.5 mm (Demerec and Kaufman, 1996; Deepa
et al., 2009).

Pupa stage

Shortly after the larva stage, it crawls into the side of the culture bottle and reduces its
activity (Ong et al, 2015). Acquiring is pupa shape gradually the cuticle of the larva is
shortened by muscular action. During the pupation stage there is differentiation of the un-
differentiated cells like imaginal disc and histoblast. Pupation last for four to six days
depending on the temperation before an adult fly is formed (Deepa et al., 2009).

Adult stage

This is the last stage of metamorphosis of the fly. A fragile, light coloured adult fly emerges
from the pupa with not fully expanded wings. However, within few hours, the fly becomes
dark with expanded wings. This dark colouration is used in differentiating a newly emerged
fly and old ones present in same culture bottle. In addition, the female fly does not mate
10-12 hours after emergence, hence they are commonly called virgin flies. However, after
this duration it can mate with a male, storing the sperm in the receptacles (Deepa et al.,
2009).
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Distinguishing features of an adult female fly from male are:
I.  Ingeneral, the female Drosophila is bigger than the male
Il.  Female Drosophila has elongated abdomen while male has round abdomen
I1l.  The alternate dark band on the female thorax is separate, hence they have seven
segments while that of the male are fused at the last few segment hence the male has

five segments.

2.1.3.2.2 D. melanogaster: A model for cancer

D. melanogaster has immensely revealed diverse aspect of human malignant tumours
(Gonzalez, 2013). Drosophila embryo is an outstanding system for studying cell
proliferation during development (Foe et al., 1993).The specialised epithelial cell sac of D.
melanogaster known as imaginal disc is used to study the initial stage of cancer (Tamori,
2019). This disc has the capacity to proliferate during the larva stage of the flies producing
matured disc with characteristic morphologies which differentiates into adult structure
(Bryant and Schmidt, 1990). Also, it is fascinating that the cell cycle machinery/ regulators
is highly conserved from fly to humans hence these homologs of Drosophila has facilitated
the study of proliferation during malignancy (Potter et al., 2000). Furthermore, numerous
fly genes have been spotted as homology of human oncogene and tumour suppressor
(Miklos and Rubin, 1996). Using various advance techniques, tumours can be expressed in
Drosophila flies using specific promoters which can be either ubiquitous or tissue specific.
One of such advanced system used is the yeast UAS/GAL 4 system (Brand and Perrimon,
1993).

Notably, one mechanism that Kick start the transformation of cells to cancerous cells is
excessive production of free radical. Hence, it is worth noting D. melanogaster is used to
study free radicals and antioxidant in balance arising from occupational and environmental
toxicant exposure (Abolaji et al., 2014; Abolaji et al., 2015).

2.1.3.2.3 Drosophila: model for oxidative stress studies
Oxidative damage to tissues can occur due to imbalance between free radicals, commonly
grouped as reactive oxygen or nitrogen species and antioxidants, which can either be

intracellularly generated or from external source (Donnez et al., 2016). Various scientists
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have employed the D. melanogaster model in elucidating biochemical and metabolic
pathways resulting from environmental or occupational toxicants exposure. Abolaji et al.,
(2014), stated that the link of 4-vinylcyclohexene (VCH) - induced toxicity with oxidative
damage, is via reduced survival and expression of key antioxidant enzymes. Further, using
both metabolites of VCH, Abolaji et al., (2015) envisaged the toxicity of VCH resulted from
is downstream metabolite. In line with toxicity studies various compounds derive from plant
have been shown to protect /attenuate the toxicity induced by toxicant exposure in D.
melanogaster (Farombi et al., 2018).

Contrastingly, excessive/ continuous exposure to most environmental and occupational
toxicants result in DNA damage leading to alteration of genes and proteins expressed if not
checked by the control mechanism put in place by the body (Poirier, 2012). Hence, studies
of the molecular interactions have proven that a prominent hallmark of cancer is escaping

arrest of processes involve in cell growth/doubling and controlled death (Plati et al., 2011).

2.1.4 Apoptosis

In multicellular organism between development and maturation new cell are formed while
some cell die creating a balance/ homeostasis (Goldar et al., 2015). Evasion of cell death is
a key mechanism used by cancer cells in survival (Plati et al., 2011). Diverse cell death
which includes apoptosis, necrosis, autophaphy, ferroptosis, necroptosis, pyroptosis have
been established; however apoptosis is fundamental in maintenance of genome stability.
The term apoptosis (literally connoting “falling off””) was proposed foremost by Kerr et al.,
(1972). This cell death is distinct from other forms because it is programmed.
Morphologically, its’ unique features shows shrinking of cells, condensation of chromatin,
nuclear fragmentation resulting in membrane blebbing and formation of distinct apoptotic
bodies (Xulu and Hosie, 2017). During these processes there is movement of
phosphatidylserine a phospholipid from inside the cell to the membrane outer surface. Also,
chromosome is cleaved into inter-nucleosomal fragments and caspases are turned on
(Ouyang et al., 2012).
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2.1.4.1 Mechanism of apoptosis

This unique programmed cell death is centred on two pathways: extrinsic and intrinsic
(Hassen et al., 2012). However, cytotoxic T-cell have been found to induce an alternate
mechanism involving the perforin. This third pathway is called perforin /granzyme (Jin and
El-Deiry, 2005).

Extrinsic pathway (Death receptor pathway)

This pathway involves transmembrane receptors (death receptors); examples are FAS and
TNF receptor. Upon specific ligand (Fas ligand for FAS receptor and TNF a for the TNF
receptor) binding signal is translated resulting to trimerization and cross linking via
disulphide formation leading to receptor stability and activity (Jin and El-Deiry, 2005;
Goldar et al., 2015). Therefore, the corresponding adaptor protein (FADD & TRADD) is
enlisted via the cytoplasmic death domain (DD) (Tomita, 2017). These adaptor proteins
contain death effector domain (DED) whose dimerization recruit pro-caspase 8 resulting in
death inducing signal complex (DISC) production. Moving further, formation of DISC
enhance inactive-caspase 8 auto-proteolysis to is activated form (initiator caspase) which
triggers the executional phase producing cell death (Pistritto et al., 2016).

Intrinsic pathway

This intracellular pathway occurs at the mitochondria. Diverse stress generated
intracellularly activates p53 a transcription protein which up-regulate the pro-apoptotic Bcl-
2 protein (Bax, Bak) ensuing permeabilization of the outer membrane of the mitochondria
(Hata et al., 2015). Hence, there is loss of control of the power house transmembrane
potential resulting in discharge of two basic group of pro-apoptotic proteins to the
cytoplasmic matrix. Firstly, Cytochrome C and dATP release causes the apoptosis protease-
activating factor 1 (Apaf-1) protein adopt a form in favour of the heptameric wheel structure
(apoptosome) (Yuan and Akey, 2013) on which inactive-caspase 9 binds leading to caspase
9 activation and downstream activation of effector proteins (Acehan et al., 2002). The
second group of proteins released are smac/Dablo and HtrA2/Omi, they act as apoptosis
promoters by inhibiting 1AP (inhibitor of apoptosis proteins) (Vande Walle et al., 2008).
Executional pathway

This is the last phase of apoptosis. It is at this point, the extrinsic and intrinsic pathway come
to a termination. During this phase the effectors (caspase 3, 6 and 7) are activated leading
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to mitochondria releasing Alf, endonuclease G and CAD proteins which induce DNA
fragmentation, nucleus chromatin condensation, cleavage and degradation of cytoskeletal
protein such as PARP and NUMA. These are the surface structure and biochemical events

observe in apoptosis (Elmore, 2007).
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2.1.4.2 Regulation of apoptosis

Maintenance of homeostasis is required since the point of no return is reached when
caspases become enzymatically active in cleaving target proteins hence it become necessary
for apoptosis regulation (Pristritto et al., 2016). Two class of proteins are involved in this
regulation (proapoptotic or an antiapoptotic proteins). Apart from the IAP (inhibitors of
apoptotic proteins) grouped as antiapoptotic protein, the BCL-2 protein family have both
positive and negative regulators of apoptosis (Pfeffer and Singh, 2018). The positive
regulators includes Bax, Bak, Bik, Bad, Bim and Bid while the negative regulators embraces
BCL-proteins (Borner, 2003).

Streamlining it down to the two protein of interest in my research, the binding of BCL-2 to
the BH3 domain of Bax inhibits is upregulation. Hence preventing is oligomerization and
protecting the mitochondrial from permeabilization consequently blocking cytochrome C
release which is key for intrinsic pathway (Opferman and Kothari, 2018). However, upon
cellular stress, BH3 only proteins binds to Bcl-2 hence preventing is inhibition on pro-
apoptotic protein like Bax. This triggers other downstream proteins which lead to apoptosis
(Ashkenazi et al., 2017)

Another key player of apoptosis regulation is p53 a transcription factor acting as the keeper
of the genome (Hientz et al., 2017). Cellular stress triggers up-regulation of p53 leading to
his release from MDMZ2 his potent inhibitor. This induced the transcription of pro-apoptotic
protein like DR-5, Bax, Bak, PUMA and NOXA and reduction in the expression of proteins
that inhibit apoptosis like BCL-2 and sulvivin (Goldar, et al., 2015). Thus, promoting
permeabilization of the mitochondria resulting to cytochrome c release and APAF1, which

trigger a downstream reaction that causes apoptosis (Pflaum et al., 2014).
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2.1.5 Cell cycle

Another key regulating mechanism that can circumvent cells from cancer is cell cycle. It
involves ordered sets of molecular events a cell undergoes in order to replicate its DNA and
segregate (divide) into two daughter cells (Mills et al., 2017). It is majorly divided into four
phase which are G1 (preparatory stage for DNA replication), S (DNA replication) G2
(mitosis preparatory stage) and M phase which is mitosis (Mills et al., 2017). These
processes are controlled by a cascade of protein phosphorylation (cyclin/ cyclin dependent
kinase) and the check points. Also, p53 play a vital role in enhancing cell cycle regulation
(Engeland, 2018).

2.1.5.1 P53 and cell cycle regulation

P53 is also very relevant in regulating cell cycle. It act in both G1/S and G2/M check point
(Agarwal et al., 1995). In G1/S check point, when a DNA damaged is observed the Ataxia
Telangiectasia Mutated (ATM) kinase is activated, this induced phosphate group addition
to p53, therefore decreasing is bond for Mdm2 is negative regulator leading to p53
stabilization (Visconti et al., 2016), and inducing is downstream protein which is p21. This
p21 bind and further inhibit the cyclin A/CDK2 and cyclin E/CDK2 complex until DNA is

repaired, on the other hand if not corrected apoptosis is induced (Chen et al., 2013).

2.1.6 Risk factors influencing cancer

From earlier research it is believed that environmental factors lead to approximately 80 %
of cancer while genetic factor explain for 5% of all cancer (Sankpal et al., 2012).

The factors that influence cancer can be classify into intrinsic (non-modifiable, endogenous,
biological) and extrinsic (modifiable, exogenous) (Gutierrez and Salsamendi, 2001).
Intrinsic (non-modifiable) Factor: These are factors that are inert; that is they are genetic
and cannot be changed. They are age, sex, hormonal status of individual, family history,
genetic predisposition (Wu, et al., 2018).

Extrinsic (Modifiable) Factor: These are factors that can be avoided or prevented by taken
personal caution. They include environmental factors and carcinogens such as diet, tobacco,

alcohol, viruses, irradiation and chemicals (Synthetic and natural) (Wu, et al., 2018).
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2.1.6.1 Chemical Compounds

These compounds can either be natural or synthetic. Also, they can either be genotoxic or
non-genotoxic. In addition exposure can be through occupational activities or
environmental (which include exposure through water or diet). Some examples of this
chemical carcinogens include poly aromatic hydrocarbon (benzo o pyrene, bisphenol A),
nitrosamine, pesticide and heavy metals (arsenic, nickel, chromium) (Lagoa et al., 2020).
One mechanism used by these chemicals is the generation of free radicals which have an
inducing effect on DNA resulting in DNA adduct formation or covalent bonding with other
biological molecules likes proteins, lipid and carbohydrate. This effect can lead to formation
of cancer if the DNA is not repaired hence a transfer of damaged DNA to the daughter cell
(Ohshima et al., 2005).

One environmental carcinogen that is grouped as a class 1 carcinogen is arsenic (Ganapathy
etal., 2019; IARC, 2018)

2.2 Arsenic

Arsenic (As) is a toxic heavy mental and a class one chemical carcinogen which is abundant
in nature. It has three allotropic form (a, B and y) and more than two oxidation state (+5, +3,
0, -3) which enhance the easy formation of its organic and inorganic forms (Medina-Pizzali
et al., 2018). This inorganic arsenite is found in the groundwater of a range of countries in
Asia, Europe, North America and South America (Naujokas et al., 2013). Furthermore,
Nigeria, South Africa and the Democratic Republic of Congo have been linked with adverse
health conditions resulting from arsenic toxicity (Genthe et al., 2018; Nemery and Nkulu
2018; Anetor, 2016).

2.2.1 Sources of Arsenic

The main sources of arsenite are air, food, water, drug and industrial chemicals such as
agricultural chemicals which include herbicides, insecticides, rodenticides, wood
preservative, food preservatives and cosmetics (Adil et al., 2015). The release of arsenic
into our environment can be either through unprecedented natural events such weathering
of rocks and volcanic eruption or through man made activities i.e. (occupational,

agricultural, pharmacological). These activities have enhanced the leaching of this
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poisonous chemical into the water bodies which is absorbed by plants and in turn eaten by
humans (Azam et al., 2016). Genthe et al., (2018) observed, that heavy metals including
arsenic in river catchment of South Africa have exceeded the WHO safe level. According
to the review of Nemery and Nkulu (2018) people living close to or working in the Katanga
mining zone in the Democratic Republic of Congo were seen with high amount of arsenic

when urine screening was carried out.

2.2.2 Absorption and metabolism of arsenic

The major route by which arsenite access the body is through the gastrointestinal tract
(GIT), through inhalation (nostril) to the lungs and by the skin (Chen et al., 2006). Ingestion
of arsenic contaminated water or diet is a wide road for access into the body. Depending on
it’s from it is absorbed through intestine via different transporters which include (sodium
dependent glucose transporters, aquaporin 3 or 10, and organic anion polypeptide
transporter for As (111) or phosphate transporter for As (V) (Mondal and Chattopadhyay,
2020). Furthermore, it is metabolised by the hepatocytes through a biomethylation process
forming monomethylarsonic acid and dimethylarsinic acid by two major reaction which are
reduction reaction involving arsenate reductase and oxidative methylation reaction
involving S-adenosyl methionine (SAM) and Reduced Glutathione (GSH) (Jomova et al.,
2011; Mondal and Chattopadhyay, 2020). In these forms it is excreted out by the kidney
(Wang et al., 2018). Hence, studies have shown liver and kidney as the prime targets of

arsenic toxicity.
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2.2.3 Arsenic and toxicities

The toxicity of arsenic (As) is resting on is physical and chemical form. Generally, toxicity
is attributed to the As form without carbon. In this form As (111) induces more toxicity than
As (V) (Susan et al., 2019). Categorizing arsenic toxicity into two, Muscular pain, nausea,
abdominal pain, vomiting and weakness are signs of acute arsenic toxicity while chronic
toxicity is characterised by multiple organ failure, cancer, hyperpigmentation of skin,
neurological disorders and behavioural abnormalities (Costa, 2019). Arsenic (As) have been
shown to induce toxicity through various mechanism such as ROS generation (Susan et al.,
2019) which in turn oxidize various biological molecules like lipid leading to lipid
peroxidation production (Jomova et al., 2011). It is further associated with epigenetic
alterations (Bjerklund et al., 2018) and DNA damage.

2.2.3.1 Arsenic, redox / antioxidant imbalance

Induction of ROS by arsenic involves oxidation reaction. It can either be through a direct
oxidation of As(l1l) to As (V) under natural conditions in an organism system leading to
production of hydrogen peroxide (H202) which can be catabolised by Fenton reaction
producing the highly reactive hydroxyl radical (Jomova et al., 2011). Secondly, the
secondary metabolite of As (dimethylarsine) through oxidation, forms dimethylarsenic
radical and superoxide anion. In addition, further oxidation of dimethyl arsenic radical
results in the formation of its peroxyl radical. The research of Mehrzadi et al. (2018)
reported that sodium arsenite-induced elevation of nitric oxide in hepatic and renal tissues.
Also, it has been reported that arsenic induces ROS lead to irregularities in mitochondrial
membrane potential which may be key in apoptosis. According to Choudhury et al., (2016),
ROS generation resulting from arsenic initiate nuclear factor erythroid 2 related factor
(NRF-2) and nuclear factor kB (NF-kB), alongside increases phosphorylated 1k-B). Hence,
arsenic damaged is involved in activating NF-kB signalling pathway and fundamental in
inflammatory response (Liu et al., 2017). This increase in ROS result in depletion of
reduced glutathione (GSH) / other biological catalyst involve in antioxidantive process.
Turk et al. (2019) reported the reduction of catalase activity in rats administered sodium
arsenite (10 mg/kg). While activation of nitric oxide synthase was observed by Costa,

(2019), hence, the resultant oxidative stress. Therefore, oxidative stress results from an
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altered Redox regulation which lead to an imbalance. The downstream effect of oxidative
stress is lipid peroxidation, DNA damage, protein depletion and damage activation of p53
and Bax leading to apoptosis (Choudhury et al., 2016).

2.2.3.2 Arsenite and liver toxicity

The liver is a key organ where arsenic harmful nature is implicated (Li et al., 2013). The
functions of the liver include: detoxification, synthesis of protein, regulation of glucose
levels and key in maintaining and producing energy even during fast using is specialized
hepatocytes (Kalra et al., 2021). In fruit fly, the homolog of liver is the fat bodies. It is in
charge of energy storage and utilization in D. melanogaster (Chatterjee et al., 2014).

Liver toxicity can be seen in different forms such as hepatitis, cirrhosis, liver cancer. Liver
toxicity is usually diagnosed through the determination of some liver enzymes in serum like
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline
phosphatase (ALP). During arsenic toxicity, it induces a resultant increase of these enzymes
due to leakage from hepatocyte to the serum (Gbadegesin et al., 2014; Gholamine et al.,
2019). In extreme cases, liver histology picto-micrograph is use to confirm the result gotten
from the serum assays. According to Gbadegesin et al. (2014), the histology of rat liver
treated with sodium arsenite alone indicated widespread thinning of hepatic cords which is
an indication of cell death by necrosis while Adegoke et al. (2017) showed cellular
infiltration by mononuclear cells at the periportal region of the hepatocyte which indicate

inflammation.

2.2.3.3 Arsenite and kidney toxicity

The kidneys are bean shape organ, weighing around 135-150g in humans, typically they are
10-12cm long, 5-7cm wide and 2-3 c¢cm thick (Wein et al., 2007). Functionally they are
involved in filtration, reabsorption of water, urea and ammonium excretion, electrolyte
regulation hence maintaining fluid and acid base balance in addition to stimulation of red
blood cell production. In order to monitor kidney toxicity key enzymes assayed for are
creatinine and urea. Research from Adil et al., (2015) and Sarker et al., (2013) revealed a
decrease in relative kidney weight upon treatment with sodium arsenite. At the same time,

result from Adil et al., (2015) showed rise in serum creatinine, urea and blood uric nitrogen
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from sodium arsenite which was further buttressed by the reduction observed from the
oxidative stress markers of the kidney which are superoxide dismutase (SOD), GSH and
increase lipid peroxidation. Das et al., (2016) observation was in agreement with Adil et al
research. Also, Turk et al., (2019) indicated elevated serum Urea and creatinine by SA

however a protective effect by hesperidin was noted.

2.2. 3.4 Arsenic role in genotoxicity

The genotoxic nature of arsenite have been linked up with ROS production (Roy et al.,
2018). ROS production by arsenic is linked with chromosomal aberration, micronuclei
formation and DNA damage. Studies of both outside and inside an organism have been
employed in demonstrating genotoxic nature of arsenic (Faita et al., 2013; Cohen et al.,
2007). Anwar and Qureshi (2019) reported a dose and time dependent trigger of oxidative
and genotoxic stress in testes and epididymis organs of mice (in vitro). Furthermore, the
genotoxic nature of arsenic could be attributed to is bio-transformed metabolite
monomethylarsonous acid (MMA). Xu et al. (2018) recently reported DNA damage of
mouse Killer cells by MMA a major arsenic metabolite. In addition, it was demonstrated
that As reduced DNA repair using comet assay both in an in vitro study involving cultured
human cell model and exposed individual using their cryopreserved lymphocyte. It reported
a decline in the expression of ERCCL1 (excision repair cross — complement 1) at the
transcription and translation levels (Anderw et al., 2006). Apart from the above, experiment
involving micronucleus assay for animal model have also show case the genotoxic nature
of arsenic - via the induction of micronuclei in the poly chromatic erythrocytes (PCEs) of
cells involve in blood production ( Odunola et al., 2007).

In line with this, the genotoxic effect of arsenic arising from ROS generation and depletion
of antioxidant enzymes has been linked with initiation of cancer due to DNA damage.
According to Steinmaus et al., (2014) cancer such as skin, lungs, bladder, liver and kidney
is connected with environmental arsenic toxicity.

The primary option for the treatment of cancer remains surgery, radiotherapy and
chemotherapy. However, the major draw backs limiting their use in the clinic include; drug
resistance, tumour relapse and post-treatment toxicity (Phi et al., 2018).This has sparked a

renewed interest and aggressive quest in natural sources for new agents that inhibits cancer
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that are cost effective and efficient with minimal side effects (Desai et al., 2008). Plants are
rich in natural compounds. They are used in ancient times in medicine, however, it was only
suggested two decade back for treating and managing arsenic toxicity (Bhattacharya, 2017).
In addition, Liskova et al., (2020) review on dietary phytochemicals further boosters the
protective effect of plant-based products against carcinogen exposure and in turn cancer

formation.

2.3 Medicinal plants

From ancient times plant have been of medicinal value to man. In the primary health care
system of most Africa and Asians countries orthodox use of plants (herbs) for treatment and
management of diseases is still in place (Famewo et al., 2016; Mahomoodally, 2013).
Furthermore, about 80 % of conventional drugs are derived from plant and his product. This
is because plant which are of medicinal values possess active biological compound
(Mahomoodally, 2013). These active compounds are call phytochemicals. They are
classified into various categories such as phenols, flavonoids, saponins, tanins,
anthraquinones, terpenoids, alkaloids etc. (Barbieri et al., 2017)

A few decade ago, scientist based on cancer research have also focussed most of their
research on the medicinal potentials of plants in treating cancer (Greenwell and Rahman,
2015; Abu-Darwish and Efferth, 2018). Specifically, plants such as Curcuma longa, Allium
sativum, Ageratina have been studied using cancer cell lines in other to determine their
mechanistic pathway against cancer (Kooti et al., 2017). Through this method, the most
effective extracts or fractions are being showcased in some cases. Hence, drugs such as
vincristine, vinblastine, paclitaxel, podophyllotoxin and camptothecin made from plants
with ability to inhibit/prevent cancer, are used in the treatment of cancer patients (Lichota
and Gwozdzinski, 2018).

One of Africa’s main tree species is the shea butter tree, due to its high potential to
contribute to reducing rural poverty, hunger, disease and enhance environmental

sustainability.
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2.3.1 Vitellaria paradoxa

Vitellaria paradoxa (formerly Butryspermum paradoxum) (Henry et al., 1983), belong to
the Sapotaceae family. Paradoxa is known as the only specie of Vitellaria however it has
two sub-species which are subsp. paradoxa commomly associated with West Africa
(Nyarko et al., 2012) and subsp. nilotica commonly associated with East Africa (Gwali et
al., 2011) which is consistent with his indigenous links to Africa (Okollu et al., 2004). Also,
in English it is called Shea-butter, Emi (Yoruba), Okwuma (Igbo, Nigeria), Kadanya
(Hausa, Nigeria) (Hall et al., 1996). Kareje (Fulfulde, Nigeria), Koita (Gbagi, Nigeria),
Mmameng (Cham, Nigeria).

2.3.1.1 Plant description

Vitellaria paradoxa is a medium size tree having height of around 10-20 meters when fully
matured (Von-Maydell, 1990). The trunk has a diameter of about 0.5-2.5 meters however
this is relative to tree height. It is in fused with rough thick dark gray bark. Attached to this
trunk are branches bearing the leaves. The leaves are borne in terminal whorls, they are long
and have wavy margins. Also both ends of V. paradoxa leaf is rounded (Iwu, 1993). Below
is the picture of V. paradoxa leaf as seen in Figure 6. According to (Jgker, 2000) V.
paradoxa tree begins to produce flower when it is about 15 years old. The flowers are
bisexual and are a greenish/yellow in colouration. Also, the fruit emerges after the flowering
period. The fruit is made up of a thin, nutritious pulp that cover up the oil-rich oval shaped
seed (Maranz and Wiseman, 2003).

2.3.1.2 Phytochemicals

Ndukwe et al., (2007) stated that extract of V. paradoxa stem bark has alkaloid, tannins,
saponins, steroid and carbohydrate as phytochemicals. In addition to phytochemicals listed
above El-Mahmood et al., (2008) also revealed cardiac glycosides. Researching on the
methanol leaf extract Olaleye et al., (2015) qualitatively determined the phytochemical

present to be tannins, flavonoids, phenolics, steroids, alkaloids and phlobatannins.
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2.3.1.3 Acute toxicity of Vitellaria paradoxa

Acute toxicity is measured by determining the lethal dose (LDso). This is a one-time dose
which causes 50 % of death of the experimental model. Hence, it is used to assess plant
extracts, drugs or chemicals toxic nature (OECD, 2008).

The LDso of Vitellaria paradoxa stem bark methanol extract have been shown to be more
than 5000 mg/kg after an oral administration to Wistar rats (Mainasara et al., 2016) because
no mortality was recorded even at this dose which was the highest administered. Also,
Fodouop et al., (2017) reported the acute dose of the aqueous leaf extracts as 12000 mg/kg
using mice, they noticed no change in behaviour at doses less than 8000 mg/kg.

2.3.1.4 Uses of Vitellaria paradoxa

Primarily the use of Vitellaria paradoxa, is associated with the seed which contain about
50 % fat. This fat is used by many people locally as a cooking fat or oil, as well as making
soap, ointment and cosmetic. Furthermore, the fat extract have been reported to possess
great medicinal properties which is associated with the triterpenes ester a high UV absorbent
(Brucken et al., 2008) hence is skin promoting and protecting properties. In addition, it has
been shown to contain high phenolic content of which eight are catechins and they function
as antioxidant (Akhter et al., 2008). Apart from the seed, the sweet pulp is nutritious with

high source of energy and medicinal applications is associated with its roots, bark and leaf.

2.3.1.4.1 Antimicrobial activity of Vitellaria paradoxa

The bark of vitellaria paradox is found to be antifungal against Aspergillus spp, E.
floccosun, M. audouinii and T. mentagrophytes of which the ethanolic extract was the most
effective (Ahmed et al., 2009), Ei-mahmood et al., (2008) and Ayankunle et al., (2012)
showed the antibacterial activity of the stem bark against Escherichin coli, Kiebsiclla

pneumoniac and the ethanol extract was also more effective.

2.3.1.4.2 Medicinal Uses of Vitellaria paradoxa
Orthodox doctors apply the plant fat in treating various dermatitis such as rash, chap,

inflammation, skin irritation, skin ulcer and rheumatism (Hong et al., 1996). Different parts
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of V. paradoxa is associated with medicinal benefits. For example, decoctions of the leaf is
used for stomach and head ache treatment while oral administration of the bark paste is used
for treating jaundice, diarrhea, and chronic sore (Mallogo, 1989). Also using the stem bark,
child birth and breast milk production is facilitated. In addition, it helps in treating leprosy
and neutralises of snake bites (Vining, 1992). Various parts are used for enteric and gastro
intestinal infections treatment (Soladoye et al., 1989). The plant have been found to be
antidiabetic by (Coulibaly et al., 2014) who assessed the antidiabetic property of Vitellaria
paradoxa bark extract using both crude aqueous extract and hydro- ethanolic extract in
oryctolaguscuniculus rabbit. The hydro- ethanolic extract induced hypoglycemic and
antihyperglycemic activity. The methanolic stem bark extract have ameliorated the
scopolamic- induced memory disfunction in rat by reducing hippocampus oxidative stress
(Harquin et al., 2015).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Collection of Vitellaria paradoxa plant parts and certification

Leaves and kernels of V. paradoxa were procured from ‘Alubarika’ area along ‘Ogboro’
Road Saki, Oyo State, Nigeria between March to June 2016 at intervals. They were
identified at the Department of Botany, University of Ibadan, Nigeria and given the

authentication number: UIH-22624.

3.1.1 V. paradoxa leaf extract preparetion
The leaves of V.paradoxa were weighed using a table top scale, washed to remove all sand
and air-dried at the drying room in the Department of Biochemistry, University of Ibadan.

Thereafter, it was milled to a powdery form which was used for the leaf extracti
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Plate 3.1: Leaves of V. paradoxa
Taken March 18, 2016 at 4.30pm by Oyibo, Aghogho
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3.1.2 Preparation of Seed for extraction

The kernels were washed, air-dried and broken to obtain the seeds which were cut into bits
and oven-dried at 60°C to reduce the moisture content. They were milled and the fat content
was extracted using petroleum ether as the solvent in a Soxhlet extractor. The resultant cake

was used for the extraction of seed extract.
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Plate 3.2: Fruit, kernels and seeds of V. paradoxa
(Taken June 18, 2016 at 10.am by Oyibo Aghogho).
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3.1.3 Cold hydroethanol extract

Cold extractions were carried out on the powdery leaf sample and the resultant cake of the
seed respectively. Then 500 g of the powdery leaf and seed respectively were soaked in
2500 mL in a ratio of 3:7 (water: ethanol) at room temperature for 72 hours. Thereafter,
filtration and concentration of each filtrate at 40°C by means of a rotary evaporator. The
concentrates of both extract were kept in the refrigerator at 4°C until when needed for
administration to the experimental animals. The yield for hydroethanol leaf extract of
Vitellaria paradoxa (ELVp) was 32.29 % while that of the hydroethanol seed extract of
Vitellaria paradoxa (ESVp) was 23.8 %.

3.2 Fractionation of leaf extract by Vacuum Layer Chromatography (VLC)
Vitellaria paradoxa leaf extract (109 g) was brought to solution in 300 mL of ethanol and
water (ratio of 2:1). Thereafter 109 g of silica gel was added and properly mixed and the

extract air dried for two days, meshed and filtered to give a powdery sample.

Fractionation was carried out with the aid of sintered glass, vacuum pump and round bottom
flask. The sintered glass was packed with silica gel first and thereafter, the powdery sample
with the aid of the vacuum pump. This was partitioned with solvents starting with the least
polar (n-hexane —» chloroform —» ethyl acetate 70 % ethanol). The various fractions
were concentrated using rotatory evaporator at 40°C. The percentage yield were n —hexane
0.11 %, chloroform 2.96 %, ethyl acetate 11.05 % and 70 % ethanol 3.1%.

3.3. Phytochemical screening method (qualitative)
According to Odebiyi and Sofowora (1978) fractions of V.paradoxa leaf extract were
screened for saponin, alkaloids, phenolic, tannin, steroids, flavonoids, glycosides and

anthraquinones in order to determine their phytochemical constituents.

3.4 Assessment of antioxidant activity (In-vitro)

3.4.1: Total antioxidant capacity
Total antioxidant capacity was determined according to Prieto et al., (1999) method. Aliquot

of V.paradoxa extracts/fractions 0.3 mL + 3 mL of reagent mixture (0.6 M sulphuric acid,

28 mM sodium phosphate and 4 mM ammonium molybdate) was mixed in a test
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tube. Thereafter, it was covered, subjected to heat for 90 mins in water bath at 95°C after
which it was left to drop down in temperature. At 696 nm optical density reading was read
against blank. The blank was distilled water while standard was ascorbic acid (Appendix
1).

3.4.2: Reducing power assay
Following Oyaizu (1986) method the ability of both extracts / fractions of V. paradoxa to

reduce iron (iii) to iron (ii) was determined. Briefly, 1ImL of varying concentrations (25, 50,
100, 200, 400, 800 pg/mL respectively) of extracts was prepared to which phosphate buffer
(pH 6.6) 2500 pL was added and 2500 pL of KsFe(CN)s. This mixture was pre-heated for
10 mins at 50°C. Thereafter, 2500 pL of 10 % TCA (w/v) was put into it and spinned for
600 secs at 3000 rpm. Thereafter, 2500 pL supernatant was put into 2500 L distilled water
+ 500 pL of Fe(Cl)3 (0.1 %w/v). At 700 nm absorbance reading was read against blank.

3.4.3: 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays
Both extracts scavenging power for DPPH was determined using Brand-williams et al.,

(1995). The extracts solution 1 mL of various concentrations was mixed with 1 mL DPPH
(0.5 mM). This was kept in a dark cupboard to prevent light rays, after 30 minutes readings

of absorbance was taken at 517 nm.

3.4.4: Total phenol content
Following Kim et al., (2003) method total phenol content was determined. Briefly, 500 uL

of dissolved extracts/ fractions was mixed with 1000 uL of Folin-Ciocalteu phenol reagent
and left standing for 5 mins. Thereafter, 7 % NaCOs solution (10 mL), distilled water (13
mL) was put into it. After proper mixing, it was kept in a dark cupboard at 25°C for 90 mins
and read at 750 nm using a UV/VIS spectrometer 725S.

3.4.5: Total flavonoid content (TFC)
The total flavonloid content was assessed using spectotometer following Zhishen et al.,

(1999) method. 500 pL of 2 % ethanol AICIs solution was infused with 500 pL of dissolved
extract/ fractions solution. Thereafter, it was kept for 45 mins at ambient temperature and

at 420 nm absorbance was read. Standard curve was determined using quercetin.
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3.5 Bacterial strain and culture

The SOS chromotest kit was purchased from Environmental Bio-detection Product Inc
(ebpi). The bacterial strain used is E. coli PQ37. The content of the growth media was
transferred into a vial containing the bacterial cell and was given a quick shake to ensure it
is well mixed. It was incubated overnight for 16 hrs at 37°C up to an absorbance of 0.3 at
600 nm.

3.6 In vitro assessment of genotoxicity of hydroethanol extracts of V.paradoxa

The genotoxic nature of both extracts of V.paradoxa was assessed using SOS chromotest
following the protocol of Quillardet et al., (1982). Briefly, the bacterial cell (E.coli PQ37
strain) obtained from the exponential phase culture was diluted 1:9 into fresh medium. 10
pl of diluent (10 % DMSO) was placed in the wells of the microplate with the exception of
column A. Thereafter, 20 pL of 4-Nitrogquinoline-1- oxide (4-NQO) and test extracts
respectively was placed in column A’s and made down the column into six series of two
fold dilutions. 100 pL of the prepared bacterial was added to each containing either 4-NQO
or extracts (ELVp, ESVp). It was incubated for two hrs at 37°C. Using the simultaneous
activity check of B-galacctosidase and alkaline phosphatase, 100 pL of a chromogenic
substrate (gotten from the mixture of the blue chromogen and dry alkaline phosphate
substrate) was inputted per well. It was there after heated for 90 mins at 37°C until a green
colour appeared. 50 L of a solution that terminate the reaction was added to the individual
well and with the aid of a microplate reader, it was read at 600 nm to determine [-
galacctosidase production (genotoxicity) and 420 nm to determine viability of bacterial

against negative control. The SOS inducing factor (SOSIF) was calculated.
SOSIF = {(OD600i)/(0D420i)}/{( OD600, negative)/( OD420, negative)}

Where OD600i and OD 420i, are the absorbance of sample (control and extracts) at a certain
concentration at each indicated wavelength, and OD600, negative and OD420, negative are

the absorbance of the negative control at each indicated wavelength.

38



3.7 Lethal dose (LDso) determination of leaf extract of Vitellaria paradoxa.
Acute toxicity study was accessed following the Organization for Economic Co-operation
and Development guidelines 420 (OECD, 2008).

Eighteen female Wistar rats were procurred from the animal house in Apata, Ibadan which
weighed between 69-89 g. They were housed at the Department of Biochemistry, University
of Ibadan animal house on plastic cages with a diameter of 45 cm length, 32 cm width and
26 cm height. They were kept at room temperature between 25°C at 12 hrs light and dark

phase. They were feed with Ladokun rat pellets and water liberally.

The first two weeks after purchased of the rats was used for acclimatization after which their
weight was between 100 -110 g. Randomly dividing the rat into 6 groups comprising of 3
animals each, a single oral dose was administered using oral cannula. The grouping are
control (distilled water), ELVp 5, 50, 300, 2000 and 5000 (mg/kg), respectively. Thereafter
for the first four hrs after administration toxicity symptom was watch out for and
subsequently for 24 hrs. Any mortality and weekly weight was also recorded.

3.8 Animal Experimental design and treatments

The proposal for the use of Wistar rats was endorsed by the Animal Care Use and Research
Ethic Committee (ACUREC) University of Ibadan. The assigned number is UI-ACUREC
16/0019.

Forty male rats, weight range 80-100 g were procured and kept in the experimental animal
facility as described in Section 3.7. Ladokun rat pellets was used as their feed and water
was given ad libitum. An initial two week acclimatization of albino rats was done prior to
the commencement of the study. Based on treatment doses, five rats per group were
randomized into eight group as shown in Table 3.1. In addition, a 12 hrs light/dark phase

was maintained at 29 + 2°C room temperature and treatments were administered for 14 days.
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Table 3.1: Experimental design

GROUPS

TREATMENTS/ DOSES (mg/kg)

1

Control (distilled water)

Vitamin E 100

ELVp 100

ELVp 200

Sodium arsenite 2.5

Sodium arsenite 2.5 + Vitamin E 100

Sodium arsenite 2.5 + ELVp 100

| N o o | WO N

Sodium arsenite 2.5 + ELVp 200
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Food was withheld from the rats overnight and they were sacrificed by cervical dislocation.

3.9 Serum collection

Each rat blood was taken from the orbital sinus into properly labelled plain centrifuged
bottle and left on bench at room temperature to enable clotting. Thereafter, centrifugation
at 3000 g for 10 mins. Furthermore, proper collection of the supernatant (the serum) was

done by the use of 100 pL micropipette and stored at -20°C.

3.10 Assays of liver function enzymes

Liver function markers: alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and alkaline phosphatase (ALP) activities were assessed on the serum samples using
Randox kits purchased from Randox Laboratory Ltd, United Kingdom (UK), according to
the manufacturer’s protocol. Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured at 546 nm according to Reitman and Frankel (1957)
while alkaline phosphatase (ALP) was measured at 405 nm according to (DGKC, 1972)
using a UV/VIS spectrometer 725S. For standard plot of ALT and AST (see Appendix 2 and
3) and only the absorbance of the sample was used in the calculation of the enzyme

activities.

3.11 Kidney function test

Serum sample collected from the blood of the rats were use in assessing the kindey function
markers; creatinine and urea concentration by using Randox Kkits, according to the
manufacturer’s protocol. Creatinine was measured at 492 nm after 30 secs and 2 mins while

urea was measured at 546 nm.

3.12 Organ preparation for histological analysis

Rat liver and kidney organs were harvested, rinsed with KCI, sections of both organs was
cut, fixed in 10 % buffered formalin and fixed in phosphate buffer pH 7.4 at 40°C for 12
hrs. The dehydrated tissue was inserted in paraffin wax, 5-um of tissue was sectioned,
placed on microscope slide, stained with Haematoxylin- Eosin dye and viewed with a

light microscope (Winsor, 1994).

41



3.13 Determination of hematological parameters

Whole blood examination; differential white blood cell counts, estimation of red blood cells,
haemoglobin / heamatocrit levels, lymphocyte and platelet was done using the blood
collected on lithium heparinized sample bottle. The blood was analyzed using a 3- part

differential haematology auto-analyzer, (Surgified, England).

3.14 Detection of micronuclei

This was achieved through micronucleus assay. Micronucleus assay is one of the set of tests
use for toxicological screening of potential genotoxic agents. It is particularly one of the
successful and reliable assay for genotoxic carcinogens. It is used to detect chromosome
aberration indirectly through nucleus loss of chromatin resulting to micronuclei in the cell
cytoplasm. Micronucleus assay is achieved through the method described by Heddle et al.,
(1981). It involves scoring the micronucleated polychromatic erythrocytes (mPCES)
frequency in 1000PCEs. The higher the frequency of mPCEs, the greater the clastogenic

effect of the test substance.
Bone marrow smears preparation

Bone marrow smear was performed according to Schmid (1975) with slight modification.
Both femurs of rat was harvested and cleaned by removing all muscle tissue. Using a pair
of scissors the iliac region of the femur was cut, a 2 mL syringe needle was pushed through
marrow carnal at the epiphyseal end and this help to exude the marrow on a fixed slide
through the opening at the iliac end. A drop of fetal bovine serum was added, mixed and

smear by using a clean slide. This was allowed to air dry.
Fixing and staining of smeared slides

The smeared slides were fixed in methanol for 5 mins and allowed to dry completely at
room temperature. This was stained with 0.4 % May-Gruwald stain 1 for 3-4 mins and
transferred immediately to May-Gruwaid stain 2 for another 3-4 mins. Slides were washed
in distilled water, air dry and stained with 5% Giemsa for at least 30 mins. Furthermore,
slides were rinsed with phosphate buffer for 30 secs, distilled water and air dry. The slides

were fixed in xylene for 20 mins, air dry and mount using DPX.
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Slide scoring

The mounted slides was viewed under a light microscope. Using a medium magnification
first, suitable region for scoring was gotten after which magnification was changed and with
the help of a tally counter polychromatic erythrocytes which contain micronuclear was

counted.

3.15 Immunohistochemistry of NF-kB, P53, BCL-2

Using Ramos-Vara and Miller (2014) method markers of inflammation and apoptosis was
determined using immunohistochemical techniques. Sections were cut from the tissue
inserted in paraffin wax into charged slides. Its’ deparaffinization was via 5 mins immersion
in xylene (twice). While immersion in ethanol of 100 % 3 mins (twice), 95 % 3 mins (twice)
and 70 % at 3 mins (once) resulted in rehydration. Thereafter using wash buffer it was rinsed
for briefly (twice). To expose the antigen epitope, antigen retrieval was done by about 20
mins incubation in 10 mM citrate buffer pH 6.0. Thereafter, a brief wash with wash buffer
was done (twice). Sections were blocked using 10 % FBS in PBS and subjected to15 mins
incubation at room temperature in a humidified chamber. The slides were buffer washed,
and 130 pL of primary antibody diluted appropriately was applied to the section. It was
subjected to incubation for 1 hr at room temperature and a brief buffer wash (twice). 0.13
mL of diluted biotinylated + streptavide HRP secondary antibody was applied to sections,
subjected to room temperature incubation for 30 mins in a humidified chamber and a 5 mins
wash with washed buffer was given (twice). Next, slides were preheated with Sev-HRP
conjugate for 15 mins and briefly given a wash with wash buffer (twice). 130 uL DAB
substrate solution was applied to the sessions on the slide for 3 mins to reveal the colour of
antibody staining. Slide were washed with running water 3 times (2 mins each) and were
counter stained in hematoxylin for 10-20 secs. This was rinsed in running tap for 10 mins.
After this, slide were dehydrated by transferring to alcohol (95 %, 95 %, 100 %, 100 %) 5
mins each. Lastly, pass slides through xylene for 5 mins (thrice), cover with a coverslip and

view under the optical light microscope at X400.
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3.16 Culturing of Drosophila melanogaster

D. melanogaster (Harwich strain & both gender) cultured over time at the Drosophila
laboratory, Department of Biochemistry, University of lbadan, Nigeria with fly diet
consisting of 60 g of corn flour, 5 g yeast, 7.6 g agar and 0.6 g nipagin at room temperature

and 60 % relative humidity, under a half day dark/ light cycle was used.

3.17 Experimental designs

The experimental design for involving D. melanogaster is divided into three as shown in
Table 3.2-3.4

44



Table 3.2: Experimental design for sodium arsenite treated Drosophila melanogaster

GROUPS | TREATMENT/DOSES (mM)
1 Control (distilled water)

2 Sodium arsenite 0.0312

3 Sodium arsenite 0.0625

4 Sodium arsenite 0.125

Each group had 50 flies in five replicate
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Table 3.3: Experimental design for fractions of ELVp

GROUPS | TREAMENTS (mg/10 g diet)

Control (2% ethanol)

Chloroform fraction (CHLF) 1

CHLF 2

CHLF 3

Ethyl acetate fraction (EACF) 1

EACF 2

EACF 3

Ethanol fraction (EOH) 1

©O©| O Nl o o Bl W N

EOH 2

10 EOH 3

Various biochemical assays and longevity assays was conducted during this experiment.
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Table 3.4: Experimental design for co-treatment of ethyl acetate fraction (EACF) and
sodium arsenite (SA)

GROUPS | TREAMENTS

1 Control (2% ethanol)
2 EACF (1 mg/10 g diet)
3 EACF (3 mg/10 g diet)
4 SA (0.0625 mM)
)

6

SA +EACF (1 mg/10 g diet)
SA +EACF (3 mg/10 g diet)
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In this experiment, 1500 flies were divided into 6 groups of five vials of 50 flies each

All treatment was for five days after which the flies was homogenized and supernatant used

for various biochemical assays.

3.18: Determination of survival rate of D. melanogaster orally exposed to sodium
arsenite
A pilot study was first conducted using arsenite concentration 0.125 mM to 1.0 mM

according to Polak et al., (2002). From this study the least dose was picked and scaled down.

Adult fruit flies (males and females, 24-72 hours old) were grouped into four of 30 flies per
treatment vial. Treatment per group are as follows (distilled water (control), 0.0312 mM,
0.0625 mM, 0.125 mM of sodium arsenite respectively). This was done in triplicate, each
day dead fruit flies was counted. Data were subjected to analysis and presented as

percentage of live flies.

3.19 Anesthetizing of flies

Anesthetizing of flies was done in order to incapacitate the flies. This process is usually
carried out when flies are being transferred from cultured vial so that they can be treated or
when being transferred from treatment vials to eppendorf tube so they can be homogenized.
Also flies are anesthetized before being viewed under the microscope. The process of

anesthetizing of flies was done with either CO; or on ice.

3.20 Preparation of D. melanogaster for biochemical assays after treatments a five days
The treated flies were collected after anesthetizing, measured with weighing balance,
blended in 100 mM phosphate buffer, pH 7.4 on iced and spinned in a Mikro 220R
centrifuge (Germany) at 4000 g for 10 mins at 4°C. Supernatant from homogenate was
gently pipetted into tubes labelled accordingly and storage was at -20°C. These samples was

used for the evaluation of redox and antioxidant markers.

3.21. Biochemical assays
To understand the effect of sodium arsenite and extract / fraction of Vitellaria paradoxa on

D. melanogaster, various biochemical parameters were assessed.
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3.21.1 Protein determination

The samples protein concentration was ascertained following Lowry (1951) method with
little modification. Briefly, 135 uL of distilled water was placed in an Eppendorf tube.
Thereafter, 25 pL of your diluted sample (1:9), 400 pL of solution C (a reagent mixture of
0.1 M NaOH+ 2% Na2C03 +1% CuS04.5H20 + 2% Na-K tartarate) and 40 pL of (1:4)
folin diluent was added. Absorbance was read at 650 nm against a blank. Extrapolation of

protein concentration was done with the held of a standard curve (see Appendix 4)

3.21.2 Assay for catalase activity

Using Claiborne (1985) method catalase activity was determined based on the loss of
splitting ability of hydrogen peroxide by catalase over time at 240 nm. Briefly, 590 uL of
19 mM solution of hydrogen peroxide was pipetted into quartz cuvette and 10 pL of sample
was put into it. The mixture was quickly upturned and read in the spectrophotometer at 240

nm over a period of 2 mins.

Catalase activity was stated as pmol/min/mg protein using the extinction coefficient of
hydrogen peroxide at 240 nm as 0.0436 Mm™cm™ (Noble and Gibson, 1970).

3.21.3 Estimation of glutathione-S-transferase activity

Using Habig and Jakoby (1981) method GST activity was determined. 170 uL of solution
A (made with 20 mL of 250 mM phosphate buffer pH 7.0 + 10.5 mL of distilled water +
500 pL of 0.1 M GSH) was added to 20 pL of sample and 10 pL of 25 mM CDNB was
then added. It was vortexed and readings taken every 10 second for 2 mins at 340 nm
absorbance in spectrophotometer.Calculations: The extinction coefficient of CDNB = 9.6

mM-tcm?

3.21.4 Total thiols level estimation
In line with Ellman (1959) method the level of total thiols was determined. Briefly, 510 pL
of 0.1 M phosphate buffer pH 7.4 was added to 25 pL of sample. Thereafter, 35uL of H.O

and 30 pL of 10 mM DNTB was added. It was mixed and incubated at room temperature
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for 30 mins. The absorbance was read at 412 nm using a spectrophotometer. Extrapolation
of thiol levels was done with the held of a standard curve generated using 1 mM GSH (see
Appendix 5)

3.21.5 Determination of reduced glutathione (GSH) level

Following Jollow et al., (1974) method GSH was determined. In a ratio of 1:1 the samples
were precipitated with sulphosalicyclic acid (4%). It was kept at 4°C for 1 hr and spin down
at 5000 rpm for 10 mins at 4°C . To 100 pL of the upper layer of the spinned sample, 550
pL of 0.1 M phosphate buffer pH 7.4 and 100 pL of 10 mM DTNB was added. The
wavelength was read at 412 nm. Extrapolation of GSH levels was done with the held of a
standard curve generated using 1 mM GSH (see Appendix 6)

3.21.6 Hydrogen peroxide generation

Following Wolff, (1994) method hydrogen peroxide generation was determined. 590 pL of
FOX1 (a reagent mixture of 10 mL of 100 mol/L Xylenol orange + 10 mL of 100 mmol/L
sorbitol + 50 mL of 250 mol/L ammonium ferrous sulphate + 30 mL of distilled water) was
added to 10 pL of sample. The assay mixture was thoroughly mixed by vortexing. After 30
mins of preheating at ambient temperature, a pale pink colour complex is formed. At 560

nm, the optical density was read against a blank

3.21.7 Determination of nitrite (nitric oxide) level
Using Green et al., (1982) method nitrite level was determined. The mixture of equal
volume (250 pL) of sample and Griess reagent 1:1 was incubated for 20 min at room

temperature and spectrophotometrically at 550 nm absorbance was read.

Using sodium nitrite concentration as a standard, the concentration of nitrite was calculated

(see Appendix 7).

3.21.8 Assessment of acetylcholinesterase activity
Acetylcholinesterase activity was assessed following Ellman et al., (1961) method.

Acetylcholinesterase (EC 3.1.1.7, AChE), hydrolysis acetylcholine to acetate and choline,
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resulting to the relaxation of cholinergic neuron. Simple direct and Ellman method, in which
acetylcholineesterase react with with DTNB to form a thiocholine a yellow colour whose

intensity is measured at 412 nm was used.

Briefly, 285 pL of distilled water was added to 180 pL of 0.1 M phosphate buffer (pH 7.4).
Thereafter, 60 pL of DTNB , 15 pL of sample and 60 uL of 8 mM acetylthiocholine was
added. It was mixed by inverting and read for 2 mins at 15 secs interval at 412 nm.

3.22 Negative geotaxis

Following Feany and Bender, (2000) method the climbing performance of the flies were
investigated. In this study, 10 flies from each group was anaesthetised separately with CO>
in a cylindercal tube (height 15 cm; diameter 1.5 cm). When the flies woke up, they were
gently tapped to the tube base, and the number of flies that walked up to the 6 cm mark of
the tube in 6 secs were written down. The procedure is repeated thrice at 1 min interval.
This was expressed as percentage locomotive activity

3.23 Determination of flies emergence

The emergence of D. melanogaster treated flies from egg to adult was determined according
to Farombi et al., (2018). 1-3 days old flies (10 males and 10 female) was placed in each
vial in a replicate of 5 vial per group. They were exposed to the treatment through their diet
for 24 hrs after which all the flies was removed from the vial. Thereafter, the complete life
cycle was monitored. And the numbers of flies which emerged from the egg into adult flies

was counted and expressed in relation to control group.

3.24 D. melanogaster fat bodies histology

1-3 days old flies (10 males and 10 female) was placed in each vial per group. They were
exposed to the treatment through their diet for 5 days after which all the flies was removed
from the vial into an Eppendorf tube. 150 pL of bouin solution was put in to each and it was
left to fix the flies for 24 hrs. Thereafter, the bouin solution was removed and each tube
containing the flies was rinsed properly with phosphate buffer until white. 10 % of
phosphate buffer formalin was added to each tube in other to fix the flies. The dehydrated
flies was sub-merged in a paraffinised wax, 5-um sections was cut, placed on microscope

slide, stained with haematoxylin- eosin dye and observed with a light microscope .
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3.25 Cell lines and culture

Three different cell lines namely A549 (lung carcinoma), MCF-7 (breast carcinoma) and
Hep G2 (hepatic carcinoma) were investigated at the screening stage of this study after
which the cell line with the best cytotoxic effect was assessed for mechanistic studies. All
cells were cultured with Dulbecco’s Modified Eagle’s Medium (DMEM) with 10 % foetal
bovine serum (FBS), 1 % antibiotic (100 U/mL penicillin, 100 U/mL streptomycin) and

maintained in the incubation chamber at 37°C in atmosphere with 5 % CO..

3.26 Trypan blue assay

This was applied to ascertain the number of active cells before seeding into well plates used
for culturing the cells. Cells plated in flask was used for this assay. Previous culture media
was taken away flask and cells was rinsed with PBS (x1) thereafter cells was trypsinized by
inputting 1 ml of trypsin-EDTA (0.25 %). This was kept in the incubator for 2 min to enable
detachment from flask. Thereafter, 4 mL of complete media (made up of DMEM + 10 %
FBS + 1 % antibiotic) was inputted to terminate the effect of trypsin. By pipetting cells was
completely detached and picked into centrifuge tube. It was spinned using a centrifugal
force at 1200 rpm for 5 min. The upperlayer was discard and 1 mL of complete media was
put to dissolve pellet by pipetting gently. In the ratio of 9:1, 90 uL of trypan blue (0.4 %)
was put into 10 pL of the cells which was mixed properly. From this 10 puL was placed on

the hemocytometer and cell was counted in all four square box.

3.27 MTT assay

The cytotoxic activity of fractions of ELVp was accessed by MTT assay on all cell lines
fore mentioned according to Mosmann et al., (1983) based on active cells converts MTT a
pale yellow salt into a purple coloured formazan product which is dissolved and measured
at 570 nm.

Briefly, a total of 5000 cells per well were seeded in triplicates for each group in a 96 well
plate and left to adhere on it for 24 hrs. Thereafter, varying concentration (50, 100, 250, 500
and 1000 pg/mL) of fractions of V. paradoxa were administered to cells for 24, 48 & 72 hrs
while 0.1 % DMSO was the vehicle control. Treatment media was pipetted out and every
well received 100 pL of 05 mg/mL MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) solution, it was kept at 37°C in the incubator chamber for 4
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hrs. This medium was taken out by the aid of a pipette and the formazan crystal was made
to solution by applying 100 uL DMSO. After 30 mins of standing on bench, using a
microplate reader (Bio Tek Instruments Inc, Highland Pack, USA, REF EPOCH2, SN
1603116) absorbance was read at 570 nm. The experiment was performed in duplicate for
each cell lines. Results were expressed as a percentage of cell viability relative to media
control using the equation below

% cell viability = Absorbance of sample @ 570 nm/ Absorbance of media control) x 100.
ICso was calculated using the AAT Bioquest I1Csq calculator.

In the further studies MCF-7 cell was used because it was the best of all three cell lines used
for cytotoxicity. In addition, ethyl acetate fraction was used for these studies and all

mechanism assays.

3.28 Cell colony formation assay
Colony formation assay is centered on the fact that single cells have the potential to grow
into cell colony. Using Franken et al., (2006) protocol with slight modification the ability

of cell treated with 1Cso dose ethyl acetate (EACF) was determined as described below.

500 cells of MCF-7 were seeded per well of six (6) well plate in triplicate for each treatment
group. Apart from the media control group, there was a DMSO 0.1 % group and EACF
group. Also each group was treated for 24 hrs respectively. After attachment of cell,
previous media was pipetted out and replaced with fresh media containing the treatment.
This was removed after the 24 hrs and replaced with complete DMEM media (i.e DMEM
containing 5 % FBS and 1 % antibiotic). This was replaced every four days and at the 13
day complete media was removed by pipetting, plates was washed with PBS x1, and using
absolute ethanol cell was fixed in the plate for 20 mins. Thereafter, 3 mL of crystal violet
was added for 40 mins. This was discarded and plate was washed with tap water filled in a

dish for 2-3 mins, plate were air dried and colonies was counted manually.

3.29 ROS generation assay

Using 2’ 7’-dichlorofluorescin diacetate (DCFDA) a flurogenic dye ROS generation after

treatment with EACF was determined in comparison to medial control according to Anatole

53



et al., (2013). It is based on DCF-DA to diffuse into cells, get deacetylated by cellular
esterase to a non-fluorescent compound which is rapidly oxidized into DFC (2’7-
dichlorofluorescein) by ROS which can be detected by fluorescent spectroscopy at

excitation/emission ray of 485/535 nm.

Briefly 5000 cells of MCF-7 was seeded into black 96 well plate per well. After the cells
attached to the plate, it was treated for 6 hrs with EACF (at ICso or double 1Cso) respectively.
Thereafter, media was pipetted out and cells washed with 200 pL of x1 PBS. Lastly 5 um
of DCFDA was put into each well and was incubated for 30 mins in the dark (CO:
incubator). Using a fluorescent spectrophotometer (Bio Tek Instruments Inc, USA, REF
8040579, SN 500593) at 485 nm excitation and 535 nm emission absorbance was measured.

Percentage of ROS generation was expressed as ratio over control.

3.30 Cell cycle analysis

The cellular DNA content and analysis of cell cycle was assessed by means of a flow
cytometer according to He et al., (2019). In this experiment, the cell were fluorescently
labelled with propidium iodide (PI). It is centered on the ability of the DNA binding dye
(propidium iodide) to enter cells whose membrane have been raptured.

Approximately 1 x 10 8 cells of MCF-7 were seeded into 6 well plates and left overnight to
attach. Thereafter, cells were administered 1Cso dose of EACF, 0.1 % DMSO and media
alone respectively. The duration for treatment was 24, 48 and 72 hrs respectively. After the
duration of treatment elapsed, media in the plate was collected into 15 mL centrifuge tubes,
cells was washed with x1 PBS and collected into same tube before harvesting of the
adherent cells in the plate by adding 500 pL of trypsin-EDTA for 2 mins which enhanced
the detachment of cells from plate. This was collected into same tube and centrifuged at
1000 rpm for 3 mins. The uppersurface liquid layer was thrown away, cells were washed
with PBS, centrifuged and supernatant discarded. Thereafter, ice cold 70 % ethanol was
used for fixation of the cells overnight. Using cold centrifuge (Thermo Fisher Scientific,
made in Germany, Serial No 41616173 and Cat- No 75004380) cells were spun at 2500 rpm
for 10 mins. The upper liquid layer was thrown off, cells were washed with PBS (x1),

centrifuged and supernatant removed. 1mL of propidium iodide (PI) solution (gotten from
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the stock made up of 50 mg of sodium citrate, 50 mL of PBS (x1), 2 mg of RNase, 50 pL
of triton X-100 and 2.5 mg of PI) was put into each tube in the dark and incubated at
37°C for more than 30 mins. This was centrifuged for 5 mins, 700 pL of the supernatant
was discarded while the remaining was used to lyse the cell before passing it through syringe
such that cell came out singling. This was subjected to analysis by flow cytometric using
Attune NXT acoustic focusing cytometer (Life Technologies) and the cell cycle distribution
including the apoptosis was analysed using Modfit LT for Mac v3.0 software.

3.31 Western blot analysis

Cells were seeded in 100 mm dimension plates and cultured to 60-70 % confluence. There
after cells were treated according to these grouping (Medial control, DMSO 0.1 %, and
EACEF at IC 50 dose) for 24 hrs. Preparation of lysis buffer is as shown in Table 3.5 below.
All media was discarded, cells washed with PBS (x1) and 1 mL of trypsin-EDTA 0.5 %
was used to detached cells after which complete media was added to stop the reaction. By
pipetting cells was completely detached and collected into a 15 mL centrifuge tube placed
in ice. This was spun at 1100 rpm for 3 mins, upper liquid layer thrown off and ice cold
PBS was used to wash cell again and centrifuged. All tubes were placed on ice, ImL of ice
cold lysing buffer was applied/tube and using a 1 mL micropipette this was gently pipetted
and picked into an Eppendorf tube all process in ice. Each tube was placed in an ice pack
tube and using a Branson digital sonicator model 102c (CE) S/N OBU14049778G cell were
sonicated at temperature 80 % and pulse 2 sec/mins 3 times. Thereafter, tubes were returned
to the ice pack and tapped every 5 mins for 30 secs this process was for 30 mins. Thereafter
cells were spun down at 13000 rpm for 20 mins using cold centrifuge (Themo Fisher
Scientific, made in Germany, Serial No 41616173 and Cat- No 75004380). Supernatant was

gently collected into an ice cold Eppendorf tube and sample was kept in — 20°C refrigerator.
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Table 3.5: Lysis buffer preparation

cortail

Reagent Final Stock Volume
concentration concentration

NaCl 125mM 1M 625 pL
Tris-buffer pH 8 S0mM 1M 250 pL
Triton-X 100 0.5% 100% 25uL
Sodium 500 pL

orthovendate

Protease inhibitor 50 pL

Distilled water was used to make up to 5 mL.
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3.31.1 Determination of Protein

The protein of the lysed smples was quantified using Braford method. The lysed cell sample
was diluted 1:10. 5 pL of the serially diluted four lysed cell sample was picked into a 96
well plate in triplicate and 250 pL of barford reagent was added in the dark. It was cover
with foil paper to prevent light penetration and kept standing for 30 mins after which it was
read at 590 nm using a microplate reader (Bio Tek Instruments Inc, Highland Pack, USA,
REF EPOCH2, SN 1603116). Extrapolation of protein concentration was done with the held

of a standard curve generated using 1 mg Bovin Serum Albumin (see Appendix 8)

3.31.2 SDS PAGE gel preparation

The glass plates and spacer for gel casting unit was cleaned properly with distilled water
and 70 % ethanol. Plates with the spacer was assembled on a stable even surface to prevent
leakage. Leakage was tested for by putting in distilled water on the assembled plate and
observed for 10 mins for leaking water. Thereafter, the water was moped out using tissue
paper. Thereafter 10 mL of 10 % resolving gel was prepared as shown in Table 3.6 below.
Using a 1 mL pipette the resolving gel solution was pipetted into the assembled plate with
spacers up to the green mark. It was overlaid with isopropanol or water to maintain an even
/ horizontal surface. This was allowed to solidify for about 20-30 mins at room temperature.
Thereafter, 6 % stacking gel solution for 5 mL was prepared as shown in the Table 3.7
below. The over laid isopropanol on the resolving gel was removed and replaced with
stacking gel solution. The comb was inserted immediately gently ensuring no air bubble are
trapped in the gel or near the wells. The gel was allowed to set for 20-30 mins at room

temperature.
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Table 3. 6: Resolving gel preparation

S/IN Reagent volume
1 Distilled water 4.05 mL
2 Tris-HCL p" 8.8 2.5mL
3 30 % acrylamide 3.3mL
4 10 % SDS 100 pL
5 APS 100 pL
6 TEMED 10 pL
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Table 3.7: Stacking gel preparetion

GEL % Water 30 % Tris-Hcl 10 % SDS | APS (uL) | TEMED
(mL) acrylamide | p" 6.8 | (uL) (uL)
(mL) (mL)
6% 2.7 1 1.25 50 50 5

59




3.31.3 Sample preparation

5 pL of distilled water was mixed with 5 pL of lyste sample and 5 pL of 3xloading dye.
This was heated for 10 mins at 100°C in a dry bath. This was centrifuge for 1 min in a

microcentrifuge.

3.31.4 Electropherosis

Assembled plated which have been packed with the resolving and stacking gel is placed
into the electrophoretic tank making sure red end is on red and black end is on black. The
samples prepared were loaded gently into every empty comb space. Thereafter, running
buffer was poured into the tank and covered with the tank cover making sure red is on red
and black is on black and voltage is set at 100 v thereafter, it is increased to 120 v and it is
run until bands move down below the green line. With this, tank was put off and the small
plate was gently removed. The stacking gel was cut off gently and gel also at the side. Gel
was put in the rinsing bowl! and coomassie blue was added to it covering it and placed on a
rocking shaker for 1 hr. Thereafter, the coomassia blue was removed and destaining solution
was added and it was placed on the rocking table, this was taken out every 15 mins and it
was replaced with destaining solution thrice. Thereafter, gel was kept in distilled water
overnight.

The bands on the gel was transferred into a cellulose paper at 100 V for 1 hr 30 mins using
a transfer buffer. The blot was briefly rainsed in water and stained with Ponceau S solution
to check the transfer quality. The Ponceau S stain was rinsed off with TBST (thrice),
thereafter, it was blocked using 5 % BSA in TBST at room temperature for 1 hour. It was
incubated overnight with primary antiboby pro-caspase 3, Caspase 3 cleaved and - tubulin
at 4°C . Blots was washed with fresh TBST (thrice) for 15 min each and once with TBS. 4-
5 mL secondary antibody was applied to each blot and incubated at room temperature for 1

hr. It was given a TBST wash (thrice) and TBS was once before the bands were developed.
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3.32 Determination of bioactive compound in ethyl acetate fraction (EACF) of V.
paradoxa using Gas Chromatography-Mass Spectrometry (GC-MS) method

The bioactive compounds of EACF of V. paradoxa was performed using GC-MS (7890 A-
5975C, Agilent Technologies Inc., Sata Rosa, CA, USA). Briefly, the sample extracted is
put in a vial bottle which is placed in the sample compartment of the auto injector which
injects the sample into the liner. The temperature of the injector port was 250°C while the
oven temperature was programmed to be 80°C for 1 min as the initial temperature and a
gradual increase of 10°C/min until it reaches 240°C for 6 min. The mobile phase (helium
gas) pushes the sample from the liner into the column, where separation at different
retention time takes place into different component based on their volatility. The
identification of the separated constituent were based on their mass spectra with those in

NIST and by comparing their retention indices.
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3.33 Research work flow

Extraction of plant extracts A
In vitro assay: phytochemical and antioxidant asssessment of plant extracts
Toxicity testing of leaf extract

* In vivo assay of biochemical parameters on two concentration of leaf
extract

« Clastogenicity assay (Micronucleus assay)
* Immunohistochemistry assay

. Fractionation of leaf extract )
* Qualitative phytochemical analysis
« |n vitro antioxidant

\

« Survival assay of sodium arsenite using Drosophila melanogaster )
« Longevity determination of the various fractions

 Redox /oxidative status determination of EACF against SA-induced
toxicity in D. melanogaster.

« Histology of fat bodies

\.

« Use of cancer cell lines N\
+ Cytotoxicity assay

+ Colony formation assay
* ROS generation assay

* Cell cycle analysis

» Western blot

+ GC-MS of the best fraction W,
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3.34 Statistical analysis

Differences in mean values of parameters across treatment groups were tested statistically
using One Way Analysis of Variance (ANOVA). Significant differences between groups
were detected using Post-hoc test Turkeys Sh. All differences were considered statistically

significance at p < 0.05.

All analysis were carried out using Graph Pad Prism Version 6.0 software for Windows.
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CHAPTER FOUR
RESULTS

4.1 Phytochemical screening of Vitellaria paradoxa extracts

The leaf and seed extracts of V. paradoxa were used in this study. Table 4.1 shows the
percentage yield of leaf (ELVp) and seed (ESVp) extracts of V. paradoxa. The mean
Percentage yield increased with 16 % from the seed extract to the leaf extract (23.99 +
2.034) to (28.53 £ 2.171) although there was no significant difference.

The total flavonoid and phenol contents of both extracts are presented in Figure 4.1-4.2. The
total flavonoid content (TFC) was 21.83 £ 0.7631 for ELVp and not detected for ESVp at
800 pg/ml. The higher TFC (p<0.05) was recorded in ELVp (21.83 + 0.7631) while TFC
was not detected in ESVp (Fig. 4.1).

Total phenol content (TPC): The TPC was 83.46 + 0.4167 in ELVp and 68.88 + 4.330 in
ESVp. The higher TPC was recorded for ELVp (83.46 £0.4167) although it was not
significant when compared to ESVp (Fig. 4.2).
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Table 4.1: Percentage yield of ethanol leaf and seed extracts of Vitellaria paradoxa

Extracts Percentage yield
ELVp 28.53+2.171
ESVp 23.99 + 2.034
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Figure 4.1: Total flavonoid capacity of Vitellaria paradoxa extracts using quecestin as
standard.

Where # represents significant when compared to ESVp treatment.

ELVp represent the ethanol leaf extract of Vitellaria paradoxa while ESVp represent the

ethanol seed extract of Vitellaria paradoxa
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Figure 4.2: Total phenol content of Vitellaria paradoxa extracts using gallic acid as
standard
ELVp represent the ethanol leaf extract of Vitellaria paradoxa while ESVp represent the

ethanol seed extract of Vitellaria paradoxa.
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4.2 Antioxidant contents of V. paradoxa extracts
The DPPH, reducing power and total antioxidant content of the extracts are presented in

Figure 4.3-4.5.

DPPH: The percentage inhibition for DPPH of both ELVp and ESVp was lesser than

ascorbic acid a known antioxidant (Fig. 4.3).

Reducing power: Both ELVP and ESVp showed a concentration dependent reducing ability
for iron (111). Further more when compared to ascorbic acid there was significant (p<0.05)
reduction from 50 pg/ml to 400 pg/ml of both ELVP and ESVp. However there was no
significant difference in value recorded at 800 pg/ml for ascorbic acid and ELVp (1.410
+0.06444 and 1.360 +£0.06444) respectively (Fig. 4.4).

Total antioxidant content (TAC): The TAC of Vitellaria paradoxa was 362.6 + 31.76
MgAAE/mML in ELVp and 237.8 £ 4.174 ugAAE/mL in ESVp (Figure 4.5). Significant
(p<0.05) increase in TAC activity was recorded in ELVp. This represent increase of 52.4 %
over ESVp (Fig. 4.5).
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Figure 4.3: Vitellaria paradoxa extracts DPPH scavenging activity.
ELVp represent the ethanol leaf extract of Vitellaria paradoxa while ESVp represent the

ethanol seed extract of Vitellaria paradoxa
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Figure 4.4: Reducing power scavenging activity of V. paradoxa extracts and positive

control (ascorbic acid).

Where “*’ represent significant when compared to ascorbic acid.

. ELVp represent the ethanol leaf extract of Vitellaria paradoxa while ESVp represent the

ethanol seed extract of Vitellaria paradoxa
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Figure 4.5: The total antioxidant capacity of V. paradoxa extracts

# represent significant when compared to ESVp treatment.

ELVp represent ethanol leaf extract of Vitellaria paradoxa while ESVp represent the

ethanol seed extract of Vitellaria paradoxa
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4.3 Genotoxic effect of V. paradoxa extracts
In vitro genotoxicity assessment of the extracts showed that both ELVp and ESVp extracts

was not genotoxic at dilution folds of 2 to 64 i.e 400 pug/mL to 5 pg/mL. However, the stock

(800 ng/mL) showed marginal genotoxicity but significantly lower than the positive control
(4-nitroquinoline-1-oxide).
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Figure 4.6: Genotoxic effect of Vitellaria paradoxa extracts and the positive control
(4- nitroquinoline-1-oxide).
Where * represents genotoxic since SOS inducing factor is > 2 and # represent marginal

genotoxic (inconclusive).

4-NQO represent 4-nitroguinoline-1-oxide, ELVp represent ethanol leaf extract of

Vitellaria paradoxa while ESVp represent the ethanol seed extract of Vitellaria paradoxa
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4.4: Median lethal dose (LD50), percentage change in body weight and histological
examination female Wistar rats treated with ELVp

The median lethal dose (LD50), percentage change in body weight, relative liver weight
and histological examination of the liver are presented in Table 4.2, Figure 4.7-4.8 and Plate

4.1 respectively.

4.4.1 Acute toxicity analysis
The administration of ELVp from the least dose 5 mg/kg to the highest dose 5000 mg/kg
did not induced mortality to the rats (Table 4.2).
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Table 4.2: LDso study of hydroethanol leaf extract of V. paradoxa (ELVp) in Wistar
rats.

Group Number of animals Number of death
Control 3
ELVp 5 mg/kg 3
ELVp 50 mg/kg 3
ELVp 300 mg/kg 3
3

3

ELVp 2000 mg/kg
ELVp 5000 mg/kg

o O O O o o
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4.4.2 Effects of ELVp on percentage change in body and relative liver weights
Percentage change in body weight (BW): The percentage change in body weight was 34.96
+1.37 in control, 22.52 £1.49 in 5 mg/kg, 16.28 £3.58 in 50 mg/kg, 20.34 £2.52 in 300
mg/kg, 16.19 +1.52 in 2000 mg/kg and 15.27 £2.70 in 5000 mg/kg (Fig. 4.7). The lowest
Percentage body weight (p<0.05) was recorded in 5000 mg/kg (15.27+2.70). Also,
significant (p<0.05) reductions in percentage change in body weights was observed in all
treatment groups (Fig. 4.7).

Relative liver weight (RLW): The relative liver weight (RLW) of female wistar rats treated
with ELVp was 3.48 £ 0.26 in control, 3.31 + 0.38 in 5 mg/kg, 3.62 + 0.16 in 50 mg/Kkg,
3.41 +0.43 in 300 mg/kg, 3.30 + 0.04 in 2000 mg/kg and 3.45 + 0.30 in 5000 mg/kg. There
were no significant differences in values recorded upon treatment with ELVp (Fig. 4.8).
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Figure 4.7: The effect of ELVp on percentage change in body weight of female wistar

rats.

Where ‘a ’ represent significant difference when compared to control.

ELVp represent the ethanol leaf extract of Vitellaria paradoxa
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Figure 4.8: Effect of ELVp on relative liver weight of female wistar rats.

ELVp represent the ethanol leaf extract of Vitellaria paradoxa
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4.4.3 Histological examination of rat liver treated with ELVp

The histological examination of the treated rat livers showed normal hepatocytes for control,
no observable lesion in ELVp 5 mg/kg, no observable lesion in ELVp 50 mg/kg, no
observable lesion in ELVp 300 mg/kg, mild periportal reaction and kupffer cell hyperplasia
in ELVp 2000 mg/kg 5 and no observable lesion in ELVp 5000 mg/kg (Plate 4.1)
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Plate 4.1: Photomicrograph of ELVp effect on the liver of Wistar rats

1: normal female rats administered distilled water with normal hepatocytes (Hp). 2: female
rats administered ELVp (5 mg/kg) with normal hepatocytes (Hp). 3 female rats administered
ELVp (50 mg/kg) with normal hepatocytes (Hp). 4 female rats administered ELVp (300
mg/kg) with normal hepatocytes (Hp). 5: female rats administered ELVp (2000 mg/kg) with
mild periportal reaction (PR) and kupffer cell hyperplasia (KH). 6: female rats administered
ELVp (5000 mg/kg) with normal hepatocytes (Hp) x 400.
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4.5: Effect of Vitellaria paradoxa hydroethanol leaf extract on sodium arsenite-induced

toxicity in male wistar rats

4.5.1: Effects of ELVp on sodium arsenite-induced change on % body weight and
relative organs weight.

The percentage change in body weight (% ABW), relative liver weight (RLW) and relative
kidney weight (RKW) of male wistar rats treated with vitamin E, ELVp, sodium arsenite

(SA) and their combination are presented in Table 4.3.

Percentage change in body weight (%ABW): The percentage change in body weight
(%ABW) of male Wistar rats was 47.93 £+ 2.25 in control, 66.01 + 8.62 in vitamin E (100
mag/kg), 54.97 £ 1.24 in ELVp (100 mg/kg), 55.62 + 2.50 in ELVp (200 mg/kg), 42.54 +
2.80 in SA (2.5 mg/kg), 46.53 + 8.65 in combination of SA and vitamin E, 44.48 £1.17 in
SA and ELVp (100 mg/kg) and 29.34 + 9.53 in SA and ELVp (200 mg/kg). The highest
%ABW (p<0.05) was recorded in vitamin E (100 mg/kg), while the lowest was recorded in
SA and ELVp (200 mg/kg). However, there was no significant difference in SA (2.5 mg/kg)
when compared with control (Table 4.3).

Relative liver weight (RLW): The relative liver weight of male Wistar rats was 4.02 + 0.19
in control, 4.99 + 0.19 in vitamin E (100 mg/kg), 4.71 = 0.24 in ELVp (100 mg/kg), 4.01 +
0.04 in ELVp (200 mg/kg), 3.75 £ 0.12 in SA (2.5 mg/kg), 4.31 £ 0.10 in combination of
SA and vitamin E, 4.09 £0.17 in SA and ELVp (100 mg/kg) and 3.59 + 0.13 in SA and
ELVp (200 mg/kg). The highest RLW (p<0.05) was recorded in vitamin E (100 mg/kg),
while the lowest was recorded in SA and ELVp (200 mg/kg) when compared to control.
Also, Vitamin E and ELVp at 100 mg/kg increased significantly RLW when compared with
SA (p<0.05) (Table 4.3).

Relative kidney weight (RKW): The relative kidney weight of male Wistar rats was 0.70 +
0.02 in control, 0.87 £ 0.02 in vitamin E (100 mg/kg), 0.74 £ 0.02 in ELVp (100 mg/Kkg),
0.72 £ 0.04 in ELVp (200 mg/kg), 0.64 + 0.00 in SA (2.5 mg/kg), 0.77 + 0.03 in
combination of SA and vitamin E, 0.67 £0.01 in SA and ELVp (100 mg/kg) and 0.64 + 0.00
in SA and ELVp (200 mg/kg). The highest RKW (p<0.05) was recorded in vitamin E (100
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mg/kg), while overlapped indices was recorded for the the lowest in SA, and combination
of SA and ELVp (200 mg/kg) when compared to control.

Significant (p<0.05) increased 35.9% in vitamin E, 15.6 % in ELVp (100 mg/kg), 12.5 %
in ELVp (200 mg/kg), 20.3 in combination of SA and vitamin E, and 4.6 % in SA and ELVp
(100 mg/kg) was observed when compared to SA (2.5 mg/kg) (Table 4.3).
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Table 4.3: Effect of ELVp on sodium arsenite-induced change on % body weight and
relative organs weight

Groups ABW (%0) RLW RKW
Control 47.93+£2.25 4.02+0.19 0.70+ 0.02
Vit E 100 mg/kg 66.01 £ 8.62 *# 499 +0.19 *# 0.87 £ 0.02* #
ELVp 100 mg/kg  54.97 £ 1.24 * # 471+£0.24*# 0.74 £ 0.02 #
ELVp 200 mg/kg  55.62 £ 2.50 * # 4.01 +0.04 0.72+0.04 #
SA 2.5 mg/kg 42,54 +2.80 3.75+£0.12 0.64 £+ 0.00*
SA +VitE 46.53 + 8.65 431+0.10# 0.77 £ 0.03* #
SA + ELVp 100 44.48+1.17 4.09 £0.17 0.67£0.01 #
mg/kg

SA + ELVp 200 29.34+953* 359+0.13* 0.64 £ 0.00 *

mg/kg

Values are mean of five animals + Standard Deviation (S.D)

*significant at p< 0.05 when compared with control while #’ significant at p< 0.05 when

compared with sodium arsenite.
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4.5.2: The hepato-remedative potential of ELVp on sodium arsenite-induced toxicity
The aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline

phosphatase enzymes activities are presented in Figure 4.9.

Aspartate aminotransferase (AST): Mean AST activities in serum decreased from control
value to vitamin E, ELVp (100 mg/kg) and ELVp (200 mg/kg). Also, mean AST activities
decreased from 368.00 + 5.29 IU in SA (2.5 mg/kg) value to 179.33 £ 2.66 IU in
combination of SA + vitamin E, 274.00 + 28.58 IU in SA+ ELVp (100 mg/kg), and 326.00
+9.45 1U in SA + ELVp (200 mg/kg) (Fig. 4.9).

Aspartate aminotransferase (AST) activity showed significant reduction (p<0.05) by 35.2
% from control (316.66 + 15.67 1U) to vitamin E (205.33 + 34.49 IU). While there was no
significant differences recorded from control (316.66 = 15.67 1U) to SA 25 mgikg (368.00 £
5.29 IU). However significant (p<0.05) reduction by 51.3% from SA 2.5mgkg (368.00 £ 5.29
IU) to combination of SA + Vitamin E (179.33 = 2.66 1U) (Fig. 4.9).

Alanine aminotransferase (ALT): Mean ALT activities in serum decreased from control
value to Vitamin E. While, mean ALT activities in serum increased from control value to
SA (2.5 mg/kg).

Alanine aminotransferase (ALT) activity showed significant elevation (p<0.05) by 32.1 %
from control (63.06 = 3.01 IU) to SA 25 mgkg (83.33 + 1.27 1U). While there were no
significant differences in values recorded for vitamin E, ELVp 100 mg/kg and ELVp 200
mg/kg when compared with control. ALT activity showed significant reduction (p<0.05) by
46.8% from SA 25 mgikg (83.33 £ 1.27 1U) to SA+ Vitamin E (44.33 £ 1.53) and 17.5 %
between SA 25 mgikg (83.33 + 1.27 IU) to SA + ELVP 100 mgig (68.73 = 0.29) (Fig. 4.9).

Alkaline phosphatase (ALP): Mean ALP activities in serum decreased from control value
to vitamin E and ELVp 100 mg/kg. While, mean ALP activities in serum increased from
control values to SA (2.5 mg/kg).

Alkaline phosphatase (ALP) showed significant reduction (p<0.05) by 50.5 % from control
(148.73 £ 15.86 1U) to vitamin E (73.60 = 13.73 1U). While there were no significant
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differences in values recorded for ELVp 100mg/kg and ELVp 200 mg/kgwhen compared

with control.

Also ALP showed significant elevation (p<0.05) by 209.7 % from control (148.73 + 15.86
IU) to SA 25 mgikg (450.15 + 40.10 1U). While, significant reduction (p<0.05) by 69.2 %
from SA2.5mgikg (450.15 + 40.10 1U) to SA+ vitamin E (138.61 + 17.81 1U); by 61.2 % from
SA 25 mgikg (450.15 + 40.10 1U) to SA +ELVP 100 mgikg (174.80 = 1.06 1U) and by 56.1 %
from SA 25 mgikg (450.15 = 40.10 1U) to SA + ELVP 200 mgikg (197.49 + 29.77 1U) (Fig. 4.9).
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Figure 4.9: The results of the liver function markers in the treated and control
animals

Values are stated as mean of five animals + Standard Deviation (S.D)

*significant when compared with control at 5% level while #’ significant when compared

with sodium arsenite at 5% level.

Where SA represent sodium arsenite, ELVp represent the ethanol leaf extract of Vitellaria
paradoxa
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4.5.3 Liver histological examination

The histological examination of the treated rat livers showed normal hepatocytes for control,
normal hepatocytes for vitamin E, Mild vascular congestion (arrow) and centrilobular
cloudy swelling of hepatocytes for ELVp 100 (mg/kg), no observable lesion in ELVp (200
mg/kg), severe periportal inflammation with increase in connective tissue and fibroblast in
the portal areas in SA (2.5 mg/kg), Mild periportal inflammation in SA +Vitamin E :, Mild
periportal inflammation and mild vascular congestion in SA+ELVp (100 mg/kg) and mild
periportal inflammation in SA+ELVp (200 mg/kg) (Plate 4.2).
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Plate 4. 2: Liver photomicrographs of rats administered ELVp and sodium arsenite
(2.5 mg/kg.bw). Scale bar = 50um. 1: Control with normal hepatocytes (Hp). 2:
Vitamin E treated male Wistar rat with normal hepatocytes (Hp). 3: ELVp 100 mg/kg
with mild vascular and centrilobular congestion of hepatocytes (MVCCH). 4: ELVp
200 mg/kg with normal hepatocytes (Hp). 5: SA with severe periportal inflammation
(SPI) and increase in connective tissue with fibroblast in the portal areas (FP) 6: SA
+Vit E with mild periportal inflammation (MPI). 7: SA+ELVp100 mg/kg with mild
periportal inflammation (MPI) and mild vascular congestion (MVC). 8: SA+ELVp
200 mg/kg treated male Wistar rat displaying mild periportal inflammation (MP1) (x
400).
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4.5.4: The nephro-remediative potential of ELVp on sodium arsenite induced toxicity

The urea and creatinine concentrations are presented in Figure 4.10 and 4.11 respectively.

Urea: Mean urea concentrations in serum decreased from control value to vitamin E, ELVp
100 mg/kg and ELVp 200 mg/kg. While, mean urea concentration in serum increased from

control values to SA (2.5 mg/kg).

Urea concentration showed significant reduction (p<0.05) by 50.4 % from control (52.88 +
3.25 mg/dL) to vitamin E (26.19 £ 3.67 mg/dL) and by 32.5 % from control (52.88 + 3.25
mg/dL) to ELVP 100 mgikg (35.72 = 1.70 mg/dL).

Urea concentration showed significant elevation (p<0.05) by 42.0 % from control (52.88
3.25 mg/dL) to SA 25mgkg (75.13 £ 0.64 mg/dL). While, significant reduction (p<0.05) by
61.9 % from SA25mgig (75.13 £ 0.64 mg/dL) to SA+ vitamin E (28.56 + 3.18 mg/dL); by
55.1 % from SA25mgkg (75.13 £ 0.64 mg/dL) to SA +ELVp 100 mgikg (33.71 £ 5.23 mg/dL)
and by 25.1 % from SA25mgig (75.13 £ 0.64 mg/dL) to SA + ELVP 200 mg/kg (56.21 + 6.36
mg/dL) (Fig. 4.10)

Creatinine: Mean creatinine concentrations in serum decreased from control value to ELVp
100 mg/kg. While, mean urea concentration in serum increased from control values to SA
(2.5 mg/kg).

Creatinine concentrations showed significant elevation (p<0.05) by 69.2 % from control
(1.14 + 0.08 mg/dL) to SA 25 mgkg (1.93 £ 0.08 mg/dL). While, significant reduction
(p<0.05) by 27.5 % from SA25 mgikg (1.93 £ 0.08 mg/dL) to SA+ vitamin E (1.40 £ 0.08
mg/dL); by 32.1 % from SA25mgikg (1.93 £ 0.08 mg/dL) to SA +ELVP 100 mgikg (1.31 £ 0.00
mg/dL) and by 40.9 % between SA25 mgikg (1.93 £ 0.08 mg/dL) and SA + ELVP 200 mgikg
(1.14 £ 0.17 mg/dL) (Fig. 4.11)
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Figure 4.10: Effect of ELVp on the urea concentration of sodium arsenite —induced
nephrotoxicity
Values are mean of five animals + Standard Deviation (S.D)

*significant at 5% level in comparison with control while ‘#’ significant at 5% level in

comparison with sodium arsenite (positive control group)
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Figure 4.11: Effect of ELVp on the creatinine concentration of sodium aresenite —
induced nephrotoxicity
Values are mean of five animals + Standard Deviation (S.D)

*significant at p< 0.05 in comparison with control while ‘# significant at p < 0.05 in

comparison with sodium arsenite.
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4.5.5 Kidney histological examination

The histological examination of the treated rat kidneys showed normal kidney cells for
control, normal kidney cells for vitamin E, normal kidney cells for ELVp 100 (mg/kg), no
observable lesion in ELVp (200 mg/kg), moderate glomerular capillary, interstitial
congestion and peritubular inflammation in SA (2.5 mg/kg), vascular congestion, mild
hemorrhagic lesion and slight peritubular inflammation in SA +Vitamin E :, moderate
peritubular inflammation in SA+ELVp (100 mg/kg) and normal kidney cells in SA+ELVp
(200 mg/kg) (Plate 4.3).
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Plate 3: Kidney photomicrographs of rats administered ELVp, vitamin and sodium
arsenite (2.5mg/kg.bw). Scale =0.050mm

1: Control rats displayed normal kidney glomerulus (NKG) and normal proximal tubular
(NPT). 2 i: Vitamin E displayed normal kidney glomerulus (NKG). 3: ELVp 100 mg/kg
displayed normal kidney glomerulus (NKG) and normal ductal convoluted tubules (NDCT).
4: ELVp 200 mg/kg displayed normal kidney glomerulus (NKG) and normal proximal
convoluted tubules (NPCT). 5: SA (0.0625 mM) displayed moderate glomerular capillary
(MGC), vascular congestion (VC) and peritubular inflammation (PI). 6: SA +Vit E
displayed slight peritubular inflammation (PI) and mild hemorrhagic lesion (HL). 7:
SA+ELVp100 mg/kg displayed moderate peritubular inflammation (MPI) and 8: SA+ELVp
200 mg/kg displayed normal kidney glomerulus (NKG) x 400.
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4.5.6: Assessment of the remediative potential of ELVp on sodium arsenite-induced
toxicity on haematological parameters

The red blood cells (RBC), haemoglobin (HGB), haematocrit ((HCT), platelet (PLT),
lymphocyte (LYMP) and white blood cell (WBC) are presented in Table 4.4.

Red blood cells (RBC): The red blood cells (RBC) was decreased from control value to
vitamin E, ELVp 100 mg/kg, ELVp 200 mg/kg, SA 2.5 mg/kg., combination of SA +
vitamin E, and SA + ELVp 100 mg/kg.

Red blood cells levels showed Significant decreased (p<0.05) by 8.8 % from control
(7.04+0.26) to vitamin E (6.42 £0.25) and by 9.0 % from control (7.04+0.26) t0 SA 2.5 mg/kg
(6.40 £0.39). While significant elevation (p<0.05) by 13.9 % from SA 25 mgig (6.40 £0.39)
to SA + ELVD 200 mgikg (7.29 £0.36).

Haemoglobin (HGB): The haemoglobin was decreased from control value to vitamin E,
ELVp 100 mg/kg, ELVp 200 mg/kg, SA 2.5 mg/kg., combination of SA + vitamin E, SA +
ELVp 100 mg/kg and SA + ELVp 200 mg/kg.

Haemoglobin (HGB) levels showed significant decreased (p<0.05) by 10.3 % from control
(152.0£6.00) to vitamin E (136.3 £2.89); by 11.3 % control was (152.0 + 6.00) to ELVp 100
mgikg (134.7£3.51) and by 12.3 % between control (152.0+6.00) and SA 25 mgkg (133.3
+2.52). While significant elevation (p<0.05) by 12.3 % from SA 25 mgkg (133.3 £2.52) to
SA + ELVP 200 mgikg (149.7 +1.53).

Haematocrit (HCT): the haematocrit was decreased from control value to vitamin E, ELVp
100 mg/kg, SA 2.5 mg/kg., combination of SA + vitamin E, SA + ELVp 100 mg/kg and SA
+ ELVp 200 mg/kg.

Haematocrit (HCT) levels showed significant decreased (p<0.05) by 23.0 % from control
(48.08+0.91) to vitamin E (37.00 £0.32); by 10.2% from control (48.08+ 0.91) to ELVPp 100
mg/kg (43.17+1.78); by 13.1 % from control (48.08£0.91) to SA 25 mgkg (41.77 £0.92); by
14.2 % from control (48.08 £0.91) to SA + vitamin E (41.24 +1.41); by 13.0 % from control
(48.08 £0.91) to SA + ELVDP 100 mgikg (41.79 £1.56) and by 8.2 % between control (48.08
+0.91) and SA + ELVp 200 mgig (44.16 £1.44).
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Platelet (PLT): The platelet count decreased from control value to vitamin E, ELVp 100
mg/kg, and increased for SA (2.5 mg/kg). However, platelet count decreased from SA (2.5
mg/kg) to combination of SA + vitamin E, SA + ELVp 100 mg/kg and SA + ELVp 200
mg/kg.

Platelet (PLT) levels showed significant elevation (p<0.05) by 17.2 % from control (629.3
+ 60.96) to SA 25 mgikg (738.0 £ 51.88). While, significant reduction (p<0.05) by 13.9 %
from SA25 mgikg (738.0 £ 51.88) to SA+ vitamin E (634.7 + 25.58); and by 11.2 % from
SA25mgikg (738.0 £ 55.88) to SA + ELVP 200 mgikg (655.0 £ 37.32) (Table 4.4).

Lymphocytes (LYMP): The lymphocytes count decreased from control value to vitamin E,
SA + vitamin E, SA + ELVp 200 mg/kg and increased for ELVp 100 mg/kg, ELVp 200
mg/kg, SA (2.5 mg/kg) and SA + ELVp 100 mg/kg. However, platelet count decreased from
SA (2.5 mg/kg) to combination of SA + vitamin E and SA + ELVp 200 mg/kg.

Lymphocytes (LY MP) shiwed significant elevation (p<0.05) by 9.2 % from control (81.50+
4.07) to ELVP 100 mgikg (89.05 £ 0.51); by 9.6 % from control (81.50 = 4.07) to ELVp 200
mg/kg (89.33% 1.82); by 10.5 % from control (81.50 + 4.07) to SA 25 mgikg (90.08 + 4.23).
While, significant reduction (p<0.05) by 16.1 % from SA2s5 mgikg (90.08 £ 4.23) to SA+
vitamin E (75.58 £ 2.97); and by 19.3 % from SA25 mgkg (90.08 £ 4.23) to SA + ELVp 200
mg/kg (72.74 £ 2.08) (Table 4.4).
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Table 4.4: Remediative potential of ELVp on sodium arsenite induced toxicity on
haematological parameters

GROUPS RBC HGB HCT PLT LYMP WBC
control 7.04 + 152.0 + 48.08 + 629.3+ 81.50 + 497 +
0.26 6.00 0.91 60.96 4.07 0.81
Vit E 6.42 + 136.3 + 37.00 + 560.7 + 79.67 6.93 =
0.25* 2.89* 0.32* 22.55 4.19 1.39
ELVp 6.57 + 134.7 + 43.17 683.0 + 89.05 + 6.60 =
100mg/kg 0.07 351* 1.78 * 30.45 0.51~* 0.96
ELVP 6.84 + 150.0 £ 48.24 + 566.7+ 89.33 + 5.60 +
200mg/kg 0.20 4.36 0.91 22.23 1.82* 0.52
SA 6.40+ 133.3 41.77 738.0 + 90.08 6.73+
25mg/kg 0.39* 2.52* 0.92 * 51.88 * 4.23* 0.78

SA+VitE 6.00 142.7 + 41.24+ 634.7 + 75.58 £ 440 +

0.05* 5.69 141* 25.58 # 2.97 * # 0.26
SA+ 6.84 + 136.7 = 41.79 £ 676.0 + 90.73% 7.23 %
ELVP 0.13 6.35* 1.56* 65.28 0.23* 1.96
100mg/kg
SA+ 729+ 149.7 = 44,16 £ 655.0 + 72.74 + 8.27+
ELVP 0.36 # 153 # 1.44>* 3732 # 2.08 *# 1.05
200mg/kg

Values are mean of five animal’s + Standard Deviation (S.D)

*significant at p< 0.05 in comparison with control while #’ significant at p< 0.05 in

comparison with sodium arsenite.
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4.5.7: Effect of ELVP in sodium arsenite induced lipid peroxidation
The malondiaaldehyde (MDA) concentrations of liver and kidney organs are presented in
Figure 4.12-4.13.

Liver: The mean malondiaaldehyde (MDA) concentration decreased from control value to
vitamin E, ELVp 100 mg/kg and ELVp 200 mg/kg. While, mean MDA concentration
increased from control values to SA (2.5 mg/kg). Furthermore, the mean MDA decreased
from SA (2.5 mg/kg) to combination of SA+ vitamin E, SA +ELVp (100 mg/kg) and SA +
ELVp (200 mg/kg).

Significant (p<0.05) reduction from control to vitamin E was 53.4 % (0.043 + 0.006
pmole/gprotein) to (0.020 + 0.003 pmole/gprotein) and control to ELVp 100 mg/kg was
39.5 % (0.043 + 0.006 umole/gprotein) to (0.026 + 0.001 umole/gprotein).

Significant (p<0.05) elevation from control to SA (2.5 mg/kg) was 55.8 % (0.043 £ 0.006
pmole/gprotein) to (0.067 + 0.012 pumole/gprotein). While, significant (p<0.05) reduction
from SA to SA+ vitamin E was 53.7 % (0.067 = 0.012 umole/gprotein ) to (0.031 + 0.008
pmole/gprotein), SA to SA +ELVp (100 mg/kg) was 26.8 % (0.067 = 0.012
pmole/gprotein) to (0.049 + 0.004 umole/gprotein) and SA to SA + ELVp (200 mg/kg) was
38.8 % (0.067 = 0.012 pmole/gprotein) to (0.041 + 0.007 pumole/gprotein) (Fig. 4.12).

Kidney: The mean malondiaaldehyde (MDA) concentration increased from control values
to SA (2.5 mg/kg). Furthermore, the mean MDA decreased from SA (2.5 mg/kg) to
combination of SA+ vitamin E, SA +ELVp (100 mg/kg) and SA + ELVp (200 mg/kg).

Significant (p<0.05) elevation from control to SA (2.5 mg/kg) was 250 % (0.014 + 0.005
pmole/gprotein) to (0.049 + 0.006 pumole/gprotein). While, significant (p<0.05) reduction
from SA to SA+ vitamin E was 71.4 % (0.049 £ 0.006 umole/gprotein ) to (0.014 + 0.012
pmole/gprotein), SA to SA +ELVp (100 mg/kg) was 46.9 % (0.049 + 0.006 umole/gprotein)
to (0.026 £ 0.008 pumole/gprotein) and SA to SA + ELVp (200 mg/kg) was 53.01 % (0.049
+ 0.006 pmole/gprotein) to (0.023 £ 0.002 umole/gprotein) (Fig. 4.13).
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Figure 4.12: The remediative potential of ELVp agains sodium arsenite-induced liver

lipid peroxidation.
Values are mean of five animal’s + Standard Deviation (S.D)

*significant at p< 0.05 in comparison with control while # significant at p< 0.05 in

comparison with sodium arsenite.

98



LPO KIDNEY
0.06 1 @

0.04 4 -

0.02 4

MDA Concentration
(@mol/g protein)

0.00 -

Treatments

Figure 4.13: The remediative potential of ELVp against sodium arsenite- induced

kidney lipid peroxidation.
Values are mean of five animal’s + Standard Deviation (S.D)

*significant at p< 0.05 when compared with control while # significant at p< 0.05 when

compared with sodium arsenite.
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4.5.8: Effect of ELVp on SA- induced clastogenicity

The frequency of polychromatic erythrocytes cells (MPCESs) are presented in Figure 4.14.

The mean frequency of polychromatic erythrocytes cells (mPCESs) increased from control
values to SA (2.5 mg/kg). Furthermore, the mean mPCEs decreased from SA (2.5 mg/kg)
to combination of SA+ vitamin E, SA +ELVp (100 mg/kg) and SA + ELVp (200 mg/kg).

Mean frequency of polychromatic erythrocytes cells (MPCESs) showed significant elevation
(p<0.05) by 300 % from control (4.00 = 0.81 nMPES/1000PCES) to SA 25 mgkg (16.00 +
1.15 nMPES/1000PCEs). While, significant reduction (p<0.05) was by 45.9 % from SA2s
mg/kg (16.00 = 1.15 nMPES/1000PCEs ) to SA+ vitamin E (8.66 = 1.76 nMPES/1000PCEs);
by 37.5 % from SA25 mgig (16.00 £ 1.15 nMPES/1000PCES) to SA +ELVP 100 mgikg (10.00
+ 1.41 nMPES/1000PCEs) and by 50 % from SA25 mgikg (16.00 + 1.15 nMPES/1000PCEs)
to SA + ELVP 200 mgikg (8.00 + 1.15 nMPES/1000PCES) (Fig. 4.14).
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Figure 4.14: Remediative potential of ELVp on clastogenicity induced by sodium
arsenite

Values are mean of five animal’s + Standard Deviation (S.D)

*significant at p< 0.05 when compared with control while # significant at p< 0.05 when

compared with sodium arsenite.
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4.5.9 Effect of ELVp on SA-induced inflammatory

The expression of NF-kB in liver and kidney organs are presented in Plate 4.4 - 4.5 and Figure
4.15-4.16.

Liver: The expression of NF-xB decreased from control values to vitamin E, ELVp (100
mg/kg) and ELVp (200 mg/kg).

Expression of NF-kB showed significant reduction (p<0.05) by 38.5 % from control (198.35
+ 6.00) to vitamin E (121.93+ 6.00); 31.6 % from control (198.35 % 6.00) to ELVp 100 mgikg
(135.58 + 14.00) and 31.5 % between control (198.35 + 6.00) and ELVp 200 mgikg (135.87
41.00) (Plate 4.4 and Fig. 4.15).

Kidney: The expression of NF-xB decreased from control values to vitamin E, ELVp (100
mg/kg) and ELVp (200 mg/kg). However, the expression of NF-kB increased from control
values to SA (2.5 mg/kg). Furthermore, the expression of NF-kB decreased from SA (2.5
mg/kg) to combination of SA+ vitamin E.

Expression of NF-kB showed significant reduction (p<0.05) by 29.5 % from control (198.28
+ 2.00) to vitamin E (139.91+ 6.00); 32 % from control (198.28 £ 2.00) to ELVP 100 mgikg
(135.00 + 9.00) and 33.0 % from control (198.28 + 2.00) to ELVp 200 mgikg (132.81 * 8.00)
(Plate 4.4 and Figure 4.14). Also, showed significant elevation (p<0.05) by 13.8 % from
control (198.28 + 2.00) to SA 2.5mgikg (225.76 £ 21.00). While, showed significant reduction
(p<0.05) by39.8 % from SA25 mgig (225.76 + 21.00) to SA+ vitamin E (135.84 + 5.00)
(Plate 4.5 and Fig. 4.16).
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Plate 4.4: Photomicrograph of liver showing the expression of NF-kB.
1: Control. 2: Vitamin E (100 mg/kg). 3: ELVp 100 mg/kg. 4: ELVp 200 mg/kg. 5: SA (2.5
mg/kg). 6: SA +Vit E. 7: SA+ELVp100 mg/kg. 8: SA+ELVp 200 mg/kg.
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Figure 4. 15: Effect of vitamin E, ELVp or SA on NF-kB expression in liver

Where * represent significant difference in comparison with control.
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Plate 4.5: Photomicrograph of kidney showing the expression of NF- kB
1: Control. 2: Vitamin E. 3: ELVp 100 mg/kg. 4: ELVp 200 mg/kg. 5: SA (2.5 mg/kg). 6:
SA +VitE. 7: SA+ELVp100 mg/kg. 8: SA+ELVp 200 mg/kg.
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Figure 4.16: Effect of vitamin E, ELVp or SA treatment on NF-kB expression in
kidney
Where * represent significant difference when compared to control and # when compared

with sodium arsenite (SA)
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4.5.10 Effect of ELVp on SA-induced apoptotic marker
P53 protein expression

The expression of p53 in liver and kidney organs are presented in Plate 4.6 - 4.7 and
Figure 4.17-4.18.

Liver: The expression of p53 increased from control values to vitamin E, ELVp (100 mg/kg)
and ELVp (200 mg/kg). Also, the expression of p53 increased from SA to cotreatment of
SA +vitamin E, SA + ELVp 100 mg/kg and SA + ELVp 200 mg/kg.

The highest significant (p<0.05) increase from control was recorded in ELVp 100 mg/kg
(212.67 + 18.00). Although, there were no significant differences in values recorded from
control to SA. However, showed significant increased (p<0.05) by 45.1 % from SA25 mgikg
(144.89 + 9.00) to SA + vitamin E (210.30 £ 20.00); 39.0 % from SA2 5 mgikg (144.89 + 9.00)
to SA + ELVp 100 mgikg (201.51 + 11.00) and 43.6 % from SAz 5 mgig (144.89+ 9.00) to SA
+ ELVP 200 mgikg (208.13 + 11.00) (Plate 4.6 and Fig. 4.17).

Kidney: The expression of p53 increased from control values to ELVp (100 mg/kg), ELVp
(200 mg/kg), SA (2.5 mg/kg), SA+ vitamin E, SA + ELVp 100 mg/kg and SA + ELVp 200
mg/Kkg.

The highest significant (p<0.05) increased from control was recorded in ELVp 200 mg/kg
(213.67 + 11.00). (Plate 4.7 and Fig. 4.18).
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Plate 4. 6: Photomicrograph of liver showing the expression of p53 protein.
1:Control. 2: Vitamin E (100 mg/kg). 3: ELVp 100 mg/kg. 4: ELVp 200 mg/kg. 5: SA (2.5
mg/kg). 6: SA +Vit E. 7: SA+ELVp100 mg/kg. 8: SA+ELVp 200 mg/kg.
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Figure 4.17: Effect of vitamin E, ELVp or SA treatment on p53 expression in liver
Where * represent significant difference in comparison to control and # when compared

with sodium arsenite (SA)
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Plate 4.7: Photomicrograph of kidney showing the expression of p53.
1: Control. 2: Vitamin E (100 mg/kg). 3: ELVp 100 mg/kg. 4: ELVp 200 mg/kg. 5: SA (2.5
mg/kg). 6: SA +Vit E. 7: SA+ELVp100 mg/kg. 8: SA+ELVp 200 mg/kg.
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Figure 4.18: Effect of vitamin E, ELVp or SA treatment on p53 expression in kidney

Where * represent significant difference when compared to control
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BCL-2 protein expression

The expression of BCL-2 in liver and kidney organs are presented in Plate 4.8 - 4.9 and
Figure 4.19-4.20.

Liver: The expression of BCL-2 decreased from control values to vitamin E and ELVp (100
mg/kg). While the expression of BCL-2 increased from control values to SA and SA+
vitamin E. On the other hand, the expression of BCL-2 decreased from SA to cotreatment
of SA + ELVp 100 mg/kg and SA + ELVp 200 mg/kg.

Expression of BCL-2 showed significant reduction (p<0.05) by 24.4 % from control (189.36
+ 3.00) to vitamin E (143.23+£ 6.00) and 28.2% from control (189.36 + 3.00) to ELVp 100
mgkg (135.98 £ 12.00) (Plate 4.8 and Figure 4.19). Also, showed significant elevation
(p<0.05) by 14.2 % from control (189.36 + 3.00) to SA 25 mgikg (216.32 + 8.00). While,
showed significant reduction (p<0.05) by 43.3 % from SA25 mgikg (216.32 + 8.00) to SA+
ELVP 100 mgkg (122.61 + 12.00) and 25.6 % from SAz5mgikg (216.32 £ 8.00) to SA+ ELVp
100 mg/kg (161.01 £ 8.00) (Plate 4.8 and Fig. 4.19).

Kidney: The expression of BCL-2 decreased from control values to vitamin E, ELVp (100
mg/kg) and ELVp 200 mg/kg. While the expression of BCL-2 increased from control values
to SA. On the other hand, the expression of BCL-2 decreased from SA to cotreatment of
SA+ vitamin E and SA + ELVp 100 mg/kg.

Expression of BCL-2 showed significant reduction (p<0.05) by 43.1 % from control (207.87
+ 32.00) to vitamin E (145.25+ 12.00). Also, showed significant elevation (p<0.05) by 51
% from control (207.87 = 32.00) to SA 25mgkg (218.61 = 28.00). While, showed significant
reduction (p<0.05) by 45.9 % from SA25 mgkg (218.61 + 28.00) to SA+ vitamin E (118.11
+ 18.00) (Plate 4.9 and Fig. 4.20).
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Plate 4.8: Photomicrograph of liver showing the expression of BCL-2 protein.

1: Control. 2:Vitamin E (100 mg/kg). 3: ELVp 100 mg/kg. 4: ELVp 200 mg/kg. 5: SA (2.5
mg/kg). 6: SA +Vit E. 7: SA+ELVp100 mg/kg. 8: SA+ELVp 200 mg/kg.
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Figure 4.19: Effect of vitamin E, ELVp or SA treatment on BCL-2 expression in liver
Where * represent significant difference in comparison to control and # when compared

with sodium arsenite (SA)
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Plate 4.9: Photomicrograph of Kidney showing the expression of BCL-2 protein.
1: Control. 2: Vitamin E (100 mg/kg). 3: ELVp 100 mg/kg. 4: ELVp 200 mg/kg. 5: SA (2.5
mg/kg). 6: SA +Vit E. 7: SA+ELVp100 mg/kg. 8: SA+ELVp 200 mg/kg.
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Figure 4.20: Effect of vitamin E, ELVp or SA treatment on BCL-2 expression in
kidney
Where * represent significant difference when compared to control and # when compared

with sodium arsenite (SA)
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4.6 Qualitative phytochemicals, total flavonoid and phenol content of fraction of ELVp
The n-hexane, chloroform, ethyl acetate and ethanol fraction of the hydroethanol extract of
V. paradoxa were used in this study. The ethyl acetate fraction had the highest number of
phytochemical. While the n-hexane fraction had the lowest number of phytochemical. The
phytochemical present in the ethyl acetate fraction include terpenoids, steroids, saponins,
tannins, flavonoids, cardiac glycoside, anthraquinones and phenols (Table 4.5)

The total flavonoid and phenol contents of n-hexane, chloroform, ethyl acetate and ethanol

fraction are presented in Figure 4.21-4.22.

The total flavonoid content (TFC): The total flavonoid content was not detected for n-
hexane fraction. However, it was 1.46 + 0.01 for chloroform fraction, 9.61 £0.004 for ethyl
acetate fraction and 3.41 + 0.08 for ethanol fraction. The highest TFC (p<0.05) was recorded
in ethyl acetate fraction (9.61 + 0.004) (Fig. 4.21).

Total phenol content (TPC): The TPC was 246.4 £ 7.53 in ethyl acetate fraction and 147.6
+ 4.39 in ethanol fraction. The highest TPC (p<0.05) was recorded for ethyl acetate fraction
(246.4 £7.53). While TPC was absent in n-hexane and chloroform fraction (Fig. 4.22).
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Table 4.5: The qualitative phytochemical of fractions of hydroethanol leaf extract of

Vitellaria paradoxa.

PYTOCHEMICALS  N- CHLOROFORM ETHYL ETHANOL
HEXANE ACETATE
TERPENOIDS + + + +
STERIODS + ++ ++ +
SAPONINS _ _ + ++
TANNINS _ _ ++ +
FLAVONOIDS _ + ++ ++
CARDIAC _ _ ++ B
GLYCOSIDES
ANTHRAQUINONE | _ + + +
ALKALOIDS _ + + ++
PHENOLS ++ +

Where: - represent not detected, + represent present, ++ represent strongly present
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Figure 4.21: Total flavonoid content of the fractions in relation to quercetin.

Where “#” represent EACF significant in comparison to all fractions.

ND represent not detected
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Figure 4.22: Total phenol content of the fractions in relation to gallic acid.

Where “#” represent EACF significant in comparison to all fractions

ND represent not detected
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4.6.2 In vitro antioxidant content of fractions of ELVp
The reducing power and total scavenging ability of the n-hexane, chloroform, ethyl acetate
and ethanol fractions of ELVp are presented in Figure 4.23 -4.24

Reducing power: All four fractions had lower (p<0.05) capacity to reduce iron (iii) to (ii)
when compared with ascorbic acid the standard at 100 to 800 (ug/ml) (Figure 4.24). Among
the fractions, ethyl acetate fraction had the greatest ability to reduce iron (I11) across the
concentration 200 to 800 pg/ml (Fig. 4.23).

Total antioxidant content (TAC): The TAC of ELVp fractions was 0.531 + 0.03 pgAAE/mL
in n-hexane fraction, 1.833 + 0.01 pgAAE/mL in chloroform fraction, 3.254 + 0.02
MgAAE/ML in ethyl acetate fraction and 2.357 + 0.02 HgAAE/mL in ethanol fraction
(Figure 4.25). Significant (p<0.05) increase in TAC activity was recorded in ethyl acetate
fraction when compared to all other fractions (Fig. 4.24).
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Figure 4. 23: Antioxidant potential of ELVp fractions to reduce iron (iii) to iron (ii).
Where “*” represent ascorbic acid significant in comparison to the fractions while “#”

represent EACF significant in comparison to all fractions.
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Figure 4. 24: Total antioxidant capacity of the fractions.

Where “*” represent ascorbic acid significant in comparison to the fractions while “#”

represent EACF significant in comparison to all fractions.
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4.7 Effect of sodium arsenite on survival rate and generation of reactive oxygen species
of Drosophila melanogaster

4.7.1 Effects of SA on adult survival and offspring emergence of D. melanogaster

The survival rate and offspring emergence rate of D. melanogaster treated with sodium

arsenite are presented in Figure 4.25-4.27.

Survival rate (SR): The survival rate of flies treated with SA (0, 0.0312, 0.0625 and 0.125
mM) at the end of 14 days was 77.67, 63.33, 34.33 and 0 respectively. Significant (p<0.05)
reduction in fly survival was 100 % for SA (0.125 mM) and 65.7 % for SA (0.0625 mM)
when compared to control 22.4 % (Fig. 4.25).

The surival rate of D. melanogaster decreased from control values to SA (0.0625 mM and
0.125 mM). Significant (p<0.05) reduction in life span upon exposure from control to SA
0.125 mM was 68.3 % (98.00 £ 1.00) to (31.00 + 13.32) for a five days survival rate (Fig.
4.26).

Offsprings emergence: The rate of offsprings emergence decreased from control value to
SA (0.0302 mM, 0.0625 mM and 0.125 mM). Also, offspring emergence showed
significant (p<0.05) concentration dependent reduction by 41.3 % from control was (25.00
+ 3.48) to SA 0.0625 mm (14.67 £ 1.33) and by 56 % from control (25.00 + 3.48) to SA ¢.125
mm (11.00 £ 1.00) (Fig. 4.27).
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Figure 4.25: Effect of sodium arsenite (SA) on survival of D. melanogaster after 14

days.
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Figure 4.26: Dose effect of sodium arsenite on survival rate of D. melanogaster
Where * stand for significant difference in comparison to control.

126



40 1

flies emergence
(% of control)

Treatments

Figure 4. 27: Effect of sodium arsenite on D. melanogaster emergence rate
Where * stand for significant difference in comparison to control.
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4.7.2 Elevation of NO and H20: levels by SA in D. melanogaster
The hydrogen peroxide (H202) and nitric oxide (NO) generated are presented in Figure 4.28-
4.29.

Hydrogen peroxide (H202): The hydrogen peroxide levels of flies treated with SA (0.0312,
0.0625 and 0.125 mM) for 5 days increased. H20. levels showed significant elevation
(p<0.05) by 11.9 % from control (0.617 + 0.009) to SA 0.0302mm (0.691 £ 0.015); 15 % from
control (0.617 £ 0.009) to SA o.0625 mm (0.710 = 0.014) and 19.2 % from control (0.617 +
0.009) to SA o0.125mm (0.736 = 0.018) (Fig. 4.28).

Nitric oxide (NO): The nitric oxides levels of D. melanogaster increased from control values
to SA (0.0302 mM and 0.125 mM). Nitric oxide levels showed significant elevation
(p<0.05) by 17 % from control (1.17 + 0.03) to SA 0.0302 mm (1.37 £ 0.01) and 9 % from
control (1.17 £ 0.03) to SA ¢.125 mm (1.28 + 0.03) for a five days treatment (Fig. 4.29).
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Figure 4.28: Effect of sodium arsenite (SA) on the levels of hydrogen peroxide
generation of D. melanogaster

Where * stand for significant difference in comparison to control.
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Figure 4.29: Effect of sodium arsenite on the level of nitric oxide generation using D.
melanogaster model

Where * stand for significant difference in comparison to control.

130



4.7.3 Inhibition of catalase, GST activities and reduction of total thio and GSH
contents by SA in D. melanogaster
The catalase, glutathione S-transferase activities, total thio and reduced glutathione levels

are presented in Figure 4.30-4.33.

Catalase: The catalase activities of flies treated with SA (0.0312, 0.0625 and 0.125 mM)
for 5 days decreased in a dose dependent manner. Catalase activitities showed significant
reduction (p<0.05) by 30.9 % from control (2871.0 £ 314.1) to SA 0.0302mm (1982.0 £ 240.6);
63.6 % from control (2871.0 = 314.1) to SA o.0625 mm (1044.0 = 175.0) and 71.5 % from
control (2871.0 + 314.1) to SA 0125 mm (818.1 + 98.5) (Fig. 4.30).

Glutathione S- transferase (GST): The GST activities of D. melanogaster decreased from
control values to SA (0.0302 mM, 0.0625 mM and 0.125 mM). GST activities showed
significant reduction (p<0.05) by 76.89 % from control (0.554 £ 0.143) to SA 0.0625 mm
(0.128 +0.031) and by 89.89 % from control (0.554 + 0.143) to SA 0.125 mm (0.056 + 0.018)
for a five days treatment (Fig. 4.31).

Total thio (T-SH): The total thio levels of D. melanogaster decreased from control values
to SA (0.0625 mM and 0.125 mM). T-SH levels showed significant reduction (p<0.05) by
15.65 % from control (152.70 £ 8.89) to SA o.0625 mm (128.80 £ 5.40) and by 36.3% from
control (152.70 £ 8.89) to SA 0.125 mm (97.22 £ 14.95) for a five days treatment (Fig. 4.32).

Glutathione (GSH): The GSh levels of D. melanogaster decreased from control values to
SA (0.0302 mM, 0.0625 mM and 0.125 mM). GSH levels showed significant reduction
(p<0.05) by 68.7 % from control (36.08 + 1.85) to SA o0.0625 mm (11.29 + 5.06) and by 71 %
from control (36.08 + 1.85) to SA o125 mm (10.46 + 3.35) for a five days treatment (Fig.
4.33).
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Figure 4.30: Sodium arsenite inhibits catalase activity of D. melanogaster.

Where * stand for significant difference in comparison to control.
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Figure 4.31: Sodium arsenite inhibites glutathione S- transferase (GST) activity in
Drosophila melanogaster treated for five days.
Where * stand for significant difference in comparison to control.
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Figure 4.32: Sodium arsenite inhibit the level of total thio level in D. melanogaster.

Where * stand for significant difference in comparison to control.
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Figure 4.33: Sodium arsenite deplete glutathione content in D. melanogaster after
treatment for five days

Where * stand for significant difference (p < 0.05) when compared to control.
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4.7.4 Effect of SA on locomotive performance of D. melanogaster
The locomotive performance of the flies are presented in Figure 4.34.

Negative geotaxis: The locomotive performance of flies treated with SA (0.0312 and 0.125
mM) for 5 days decreased. There were no significant differences in the locomotor

performance of all sodium arsenite (SA) treatments used when compared to control (Fig.
4.34).
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Figure 4. 34: Effect of sodium arsenite on locomotor performance of D. melanogaster

after five days treatment.
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4.8 Effects of fractions of Vitellaria paradoxa leaf extract on longevity and generation
of reactive oxygen species of Drosophila melanogaster

The longevity rate, hydrogen peroxide, nitric oxides generations and total thios levels of D.
melanogaster treated with various doses of chloroform (CHLF), ethyl acetate (EACF) and
ethanol (EOHF) fractions of ELVp are presented in Figure 4.35-4.38.

Longevity: The life span of flies treated with EOHF 1 mg/10 g diet, CHLF 3 mg/10g diet,
CHLF 1 mg/ 10 g diet, CHLF 2 mg/10g diet, EOHF 2 mg/10 g diet, EACF 2 mg/10 g diet
and EOHF 3 mg/10g diet decreased from control value. The ethyl acetate fraction (EACF)
at 3 mg/ 10 g diet prolonged the life span by 20% when compared with control. (Fig. 4.35).

Hydrogen peroxide (H20.): The generation of hydrogen peroxides increased from control
values to CHLF 1 mg/10 g/diet, CHLF 2 mg/10 g diet, CHLF 3 mg/10 diet, EACF 2 mg/10
g diet, EOHF 1 mg/10 g diet, EOHF 2 mg/10 g diet and EOHF 3 mg/10g diet. H20-
generation showed significant increased (p<0.05) by 8.4 % from control (0.628+ 0.015) to
CHLF 1 mg/10 g diet (0.681 = 0.024); 8.1 % from control (0.628 £ 0.015) to EOHF 2 mg/10 g diet
(0.679 £ 0.019) and 14.6 % from control (0.628 + 0.015) to EOHF 3mg/10gdiet (0.720 + 0.015)
for a five days treatment (Fig. 4.36).

Nitric oxide: The levels of nitric oxide generated decreased from control value to all

treatment doses of the fractions. (Fig. 4.37).

Total thiol (T-SH): The levels of total thio increased from control value to CHLF 2 mg/10
g diet, CHLF 3 mg/10 g diet, EACF 1 mg/10 g diet, EACF 2 mg/10 g diet, EACF 3 mg/10
g diet, EOHF 1 mg/10 g diet and EOHF 3 mg/10 g diet. Total thiol levels showed significant
increased (p<0.05) by 49.5 % from control (9.91 £ 1.37) to CHLF 2 mg/10 g diet (14.82 + 1.17)
and by 38.6 % from control (9.91 + 1.37) to EACF 1 mg/10 g diet (13.74 £ 1.32) (Fig. 4.38).
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Figure 4.35: Longevity of Drosophila melanogaster treated with three concentration

of Vitellaria paradoxa leaf fractions.
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Figure 4.36: Hydrogen peroxide level of D. melanogaster treated with Vitellaria

paradoxa fractions for five days.
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Figure 4.37: Nitric oxide level of D. melanogaster treated with Vitellaria paradoxa

fractions for five days.
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Figure 4.38: Effect of Vitellaria paradoxa fraction on D. melanogaster total thio

content after five days treatment.

Where * stand for significant difference when compared to control
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4.9 The cytoremediative potentials of ethyl acetate fraction of Vitellaria paradoxa leaf

extract on sodium arsenite —induced toxicity in Drosophila melanogaster.

4.9.1 EACF reduced the elevation of H202 and NO levels indued by SA in D.
melanogaster

The hydrogen peroxide (H202) and nitric oxide (NO) generated upon ethyl acetate (EACF)
treatment of sodium arsenite (SA) induced toxicity in D. melanogaster are presented in
Figure 4.39-4.40.

Hydrogen peroxide (H202): The mean hydrogen peroxide levels decreased from control
value to EACF (1 and 3 mg/10 g diet). Also, mean H202 levels increased from control
value to SA (0.0625 mM).

Hydrogen peroxide levels showed significant reduction (p<0.05) by from control (0.729+
0.023) to EACF 1 mg/10g diet (0.689 + 0.007). While significant elevation (p<0.5) by 15.7 %
from control (0.729 + 0.023) to SA o.0625 mm (0.844 £ 0.029). However, showed significant
reduction (p<0.5) by 18.6 % from SA o.0625 mm (0.844 + 0.029) to SA+EACF 1 mg/10 g diet
(0.687 £ 0.021) (Fig. 4.39).

Nitric oxide (NO): The mean nitric oxide (NO) levels decreased from control value to EACF
(1 and 3 mg/10 g diet). Also, mean nitric oxide levels increased from control value to SA
(0.0625 mM).

Nitric oxide (NO) levels showed significant reduction (p<0.05) by 51.4 % from control
(0.937 £ 0.017) to EACF 1 mg/10g diet (0.455 = 0.072) and by 53.57 % from control (0.937 +
0.017) to EACF 3 mg/10g diet (0.435 = 0.090). While showed significant elevation by 26.36 %
from control (0.937 + 0.017) to SA o.0625 mm (1.184 £ 0.022). However, showed significant
reduction (p<0.05) by 13.26 % from SA 0.0625 mm (1.184 + 0.022) to SA+EACF 1 mg/10 g diet
(1.027 £ 0.047) and by 23.7 % from SA 00625 mm (1.184 * 0.022) to SA+EACF 3 mg/10g diet
(0.903 + 0.017) (Fig. 4.40).
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Figure 4.39: Effect of ethyl acetate fraction on sodium arsenite induced hydrogen

peroxide elevation in D. melanogaster.

Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.
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Figure 4.40: Ethyl acetate fraction of ELVp protected against sodium arsenite —
induced elevation of nitric oxide in D. melanogaster.
Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.
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4.9.2 EACF elevated SA-induced reduction of total thiol and GSH levels in D.

melanogaster

The total thiol (T-SH) and glutathione (GSH) levels of ethyl acetate (EACF) treatment of

sodium arsenite (SA) induced toxicity in D. melanogaster are presented in Figure 4.41-4.42.

Total thio (T-SH): The mean total thio levels increased from control value to EACF (1 and
3 mg/10 g diet). Also, mean total thio levels decreased from control value to EACF (3 mg/10
g diet) and SA (0.0625 mM).

Total thiol levels showed significant elevation (p<0.05) by 16.2 % from control (116.6 +
6.61) to EACF 1 mgi10g diet (135.5 + 4.10). While showed significant reduction (p<0.05) by
21.86 % from control (116.6 £ 6.61) to EACF 3 mgi10 g diet (91.1 £ 3.98) and 39.3 % from
control (116.6 + 6.61) to SA o.0625 mm (70.7 £ 0.70). However, showed significant elevation
(p<0.05) by 47.2 % from SA o.0625 mm (70.7 £ 0.70) to SA+EACF 1 mg10 g diet (104.1 + 9.13)
and 87.5 % from SA o.0625 mm (70.7 £ 0.70) to SA+EACF 3 mg/10 g diet (132.6 £ 3.97) (Fig.
4.41).

Reduced glutathione (GSH): The mean reduced glutathione (GSH) levels increased from
control value to EACF (1 and 3 mg/10 g diet). Also, mean GSH levels decreased from
control value to SA (0.0625 mM).

Reduced glutathione (GSH) levels showed significant reduction (p<0.05) by 83.8 % from
control (1394.00 £ 99.39) to SA o.0625 mm (225.40 = 33.52). However, showed significant
elevation (p<0.05) by 378 % from SA 0.0625 mm (225.40 + 33.52) to SA+EACF 1 mg/10 g diet
(1078.00 £ 164.80) and 253.8 % from SA 0.0625 mm (225.40 * 33.52) to SA+EACF 3 mg/10g diet
(797.60 £ 90.08) (Fig. 4.42).
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Figure 4.41: Effect of ethyl acetate fraction of V. paradoxa leaf on sodium arsenite
induced reduction in total thio content.
Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.
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Figure 4.42: Effect of ethyl acecate fraction of V. paradoxa on sodium arsenite-
induced reduction in reduced glutathione content.
Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.
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4.9.3 EACF elevated SA-induced reduction of catalase and GST activities in D.
melanogaster

The effects of EACF on SA-induced reduction of catalase and GST activities are presented
in figure 4.43-4.44.

Catalase: The mean catalase activities increased from control value to EACF (3 mg/10 g

diet). Also, mean catalase activities decreased from control value to SA (0.0625 mM).

Catalase activities showed significant reduction (p<0.05) by 44.14 % from control (4388.0
+ 395.2) to SA 00625 mm (2451.0 £ 518.4). However, showed significant elevation (p<0.05)
by 57.8 % from SA 0.0625 mm (2451.0 + 518.4) to SA+EACF 1 mg/10 g diet (3868.0 £ 351.7) (Fig.
4.43).

Glutathione-S-transferase (GST): The mean glutathione-S-transferase (GST) activities
increased from control value to EACF (3 mg/10 g diet). Also, mean GST activities

decreased from control value to SA (0.0625 mM).

Glutathione-S-transferase (GST) activities showed significant reduction (p<0.05) by 70.4
% from control (1.403 £ 0.210) to SA 0.0625mm (0.415 + 0.081). However, showed significant
elevation (p<0.05) by 156.3 % from SA o.0625 mm (0.415 + 0.081) to SA+EACF 1 mg/10 g diet
(1.064 + 0.035) and 242.6 % from SA o.0625 mm (0.415 + 0.081) to SA+EACF 3 mg/10g diet
(1.422 + 0.103) (Fig. 4.44).
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Figure 4.43: Effect of ethyl acetate fraction of Vitellaria paradoxa leaf on sodium

arsenite reduced catalase activity in D. melanogaster.
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Figure 4.44: Ethyl acetate fraction of ELVp improves sodium arsenite- induced
reduction in GST activity.
Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.

4.9.4 Effects of EACF and SA on offspring emergence, locomotive and
acetylcholinesterase activities in D. melanogaster
The effects of EACF and SA in offspring emergence, locomotive performance and

acetylcholinesterase activity are presented in Figure 4.45-4.47.

Offspring emergence: The mean offsprings emergence increased from control value to
EACF (1 mg/10 g diet). Also, mean offsprings emergence decreased from control value to
SA (0.0625 mM). However, co-administration of SA with EACF at (1 and 3 mg/10 g diet)
increased the offspring emergence relative to SA (0.0625 mM).

Offsprings emergence showed significant reduction (p<0.05) by 70.2 % from control (92.95
+ 33.35) t0 SA o.0625 mm (27.64 £ 12.47). However, showed significant elevation (p<0.05)
by 178.2 % from SA (27.64 + 12.47) to SA+EACF 3 mg10g diet (76.92 £ 12.10) (Fig. 4.45).
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Negative geotaxis: The mean locomotive performance increased from control value to
EACF (1 and 3 mg/10 g diet). Also, mean locomotive performance increased from SA
(0.0625mM) value to SA + EACF (3 mg/10 g diet).

Locomotive performance showed significant increased (p<0.05) by 25.7 % from control
(103.20 £ 1.47) to EACF 1 mgr10 g diet (129.80 £ 2.95) and 12.59% from control (103.20+ 1.47)
to EACF 3 mgr10 g diet (116.20 = 2.78). While there was no significant differences in values
recorded for control and SA (0.0625 mM). However, showed significant elevation (p<0.05)
by 20.5 % from SA 0.0625 mm (100.30 + 2.95) to SA+EACF 3 mg/10 g diet (120.90 £ 7.80) (Fig.
4.46).

Acetylcholinesterase activity: The mean acetylcholinesterase activities increased from
control value to EACF (1 mg/10 g diet). Also, mean acetylcholinesterase activities

decreased from control value to SA (0.0625 mM).

Acetylcholinesterase activities showed significant increased (p<0.05) in by 131.6 % from
control (9.94 = 0.59) to EACF 1 mg10 g diet (23.03 £ 0.89) and there was no significant
differences in values recorded from control to EACF (3 mg/10 g diet). Also, showed
significant reduction (p<0.05) by 60.3 % form control (9.94 + 0.59) to SA 0.0625 mm (3.94 £
1.73). However, showed significant elevation (p<0.05) by 377.6 % from SA ¢.0625 mm (3.94
+ 1.73) to SA+EACF 1 mgr10gdiet (18.82 + 1.21) (Fig. 4.47).
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Figure 4.45: Percentage of offsprings emergence from treated flies with sodium
arsenite and ethyl acetate fraction of V. paradoxa leaf extract.
Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.
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Figure 4.46: Negative geotaxis of D. melanogaster treated with sodium arsenite and
ethyl acetate fraction of V. paradoxa leaf extract
Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.
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Figure 4.47: Effect of ethyl acetate fraction of V. paradoxa leaf on the activity of
acetyl cholinesterase activity on D. melanogaster induced with sodium arsenite
Where * represent significant difference (p< 0.05) when compared to control and #

significant difference (p< 0.05) when compared to SA alone.
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4.9.5 Histological analysis of fat body cells of D. melanogaster

The histological examination of the treated D. melanogaster fat bodies showed normal fat
bodies for control, normal fat bodies for EACF (1 mg/10 g diet), normal fat bodies for EACF
(3 mg/10 g diet), atrophy of most region, degeneration and few layers of cells for SA (0.0625
mM), normal fat bodies for SA+EACF (1 mg/ 10g diet) and normal fat bodies for
SA+EACF (3 mg/ 10 g diet) (Plate 4.10).
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Plate 10: Pictomicrograph of D. melanogaster fat bodies following exposure to sodium

arsenite and ethyl acetate fraction of V. paradoxa leaf extract.

A: Normal flies treated with 2% ethanol displayed normal fat bodies (FB). B: Flies treated
with EACT (1/10 g diet) displayed norm EACT 1l f EACT 1t bodies (FB). C: Flies treated
with EACT (3 mg/10 g diet) displayed normal fat bodies (FB). D: flies treated with SA
(0.0625 mM) displayed atrophic fat bodies (AFB). E: Flies treated with SA+ EACT (1 mg/10
g diet) displayed normal fat bodies (FB). F: Flies treated with SA + EACT (3 mg /10 g diet)
displayed sparing atrophic fat bodies (AFB) and normal fat bodies (FB) x400.
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4.10 Evaluation of cytotoxicity of fractions of Vitellaria paradoxa on three cancer cell

line

4.10.1 Effect of fractions of ELVp on cytotoxicity of MCF-7 cells
The fractions were subjected to cytotoxity assessment and the results presented in Figure
4.48-4.50.

The MTT assay performed for 24hrs, 48 hrs and 72 hrs showed different cytotoxic effect of
chloroform and ethyl acetate fractions (Figure 4.48-4.50). For the MCF-7 cells, the polar
ethanol fraction at all doses and time duration, did not show effect on cell viability (Figure
4.48-4.50). While the chloroform or ethyl acetate fraction at 250, 500 and 1000 pg/mL
exhibited a significant (p<0.05) reduction in the number of viable cells. In addition, an
inverse relationship with MCF-7 cells viability decreasing with increase in concentration

and period of exposure to the ethyl actate fraction compared with control (Fig. 4.48-4.50).
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Figure 4. 48: Effect of fractions of V.paradoxa on MCF-7 cell viability after 24 hours
treatment.

Where * is significant difference when compared with control.

VC is Vehicle control (0.1% DMSO)
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Figure 4.49: Effect of V. paradoxa fraction on MCF-7 cell viability after 48 hours of

treatment.

Where * is significant difference when compared to control.

VC is Vehicle control (0.1% DMSO)
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Figure 4.50: Effect of V. paradoxa fractions on MCF-7 cell viability after 72 hours of
treatment.

Where * is significant difference when compared to control.

VC is Vehicle control (0.1% DMSO)
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4.10.2 Cytotoxic activity of EACF in MCF-7, Hep G2 and A549 cells

The ethyl acetate fraction was suggested to screening using three cell lines to determine the
cell line in which it is most cytotoxic. The cytotoxic activities of EACF in MCF-7, Hep G2
and A549 cells are presented in Figure 4.51 and 4.52.

MTT assay performed for 24 and 72 hrs showed different cytotoxic effects on MCF-7, Hep
G2 and A549 cells (Fig. 4.51-4.52). For all three cell lines, the ethyl acetate fraction at 50-
100 pg/ml did not show effect on cell viability. While ethyl acetate fraction exhibited a
decrease of cell viability reaching 64% for MCF-7, 52% for Hep G2 and 63% for A549 at
250 pg/ml for 24 hrs and 92% for MCF-7, 25% for HepG2 and 76% for A549 cells at 250
pg/ml for 72 hrs (Fig. 4.51-4.52). The ethyl acetate fraction has more cytotoxic activity
against MCF-7 cells when compared to Hep G2 and A549.
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Figure 4.51: Cell viability of Hep G2, MCF-7 and A549 cells exposed to ethyl acetate
fraction for 24 hours.

163



ETHYL ACETATE 72 HR

= 150+
S - Hep G2 CELLS
c - MCF-7 CELLS
o
-e-
E 100 A 549 CELL
>
o
©
- — 50-
>
o
o
o\o 0 T T T T T T T
N AN N\ N N\
O ¢ e & & AN
Q \ \ \ \ S
< S > S S 3
® o¥ o¥ o¥ o¥ S
%) Q %) Q O
N Vv %) r\,Q
Doses

Figure 4.52: Cell viability of Hep G2, MCF-7 and A549 cells exposed to ethyl acetate

fraction for 72 hours.

164



4.10.3 Anti-proliferative activities of EACF on MCF-7 cells
The ethyl acetate fraction was further suggested to antiproliferative activity and colony
formation using MCF-7 cells. The antiroliferative activities and colony formation ability of

ethyl acetate fraction treated MCF-7 cells are presented in Figure 4.53-4.56.

Antiproliferative activity: The ethyl acetate fraction (EACF) showed different cytotoxic
effects at various dose range of ICso and time duration. Cell viability showed significant
reduction (p<0.05) by 19.3 % from control (100.00 £ 1.95) to EACF 1,2 ics0 (80.63 + 1.32);
33.1 % from control (100.00 + 61.95) to EACFcso (66.83 £ 4.08) and 64.9 % from control
(100.00 + 1.95) to EACFpicso (35.07 = 3.88) at 24 hrs (Figure 4.53). While showed
significant reduction (p<0.05) of cell viability by 22.9 % from control (100.00 + 0.96) to
EACF 12 1cs0 (77.10 + 5.42); 77.7 % from control (100.00 + 0.96) to EACF ics0 (22.30 *
1.63) and 90.9 % from control (100.00 + 0.96) to EACF picso (9.07 + 1.09) at 48 hrs (Fig.
4.54).

Cell viability (trypan blue): Cell viability showed significant reduction (p<0.05) by 20.5 %
from control (99.97 £ 0.72) to EACF 12 1cs0 (79.45 = 0.00) and 78.2 % from control (99.97
+ 0.72) to EACF ic50 (21.76 £ 4.10) at 24 hrs (Fig. 4.55).

Colony formation: Colony formation ability showed significant reduction (p<0.05) of
MCF-7 cell by 22.6 % from control (100.00 + 2.46) to vehicle control (77.34 + 5.41) and
84.5 % from control (100.00 £ 2.46) to EACF icso (15.44+ 4.19) at 24 hrs (Fig. 4.56).
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Figure 4.53: Cell viability of MCF-7 cells after 24 hours treatment with various 1Cso
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Figure 4.55: Cytotoxic effect of ethyl acetate fraction of V. paradoxa on MCF-7 cells
at 48 hours
A: Control cells with normal cell membrane (NCM). B: Vehicle control cells with normal
cell membrane. C: EACF ¥z ICs treated cells (Some normal cell membrane. D: EACF (ICsp)
treated cells with damaged cell membrane.
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Figure 4.56: Effect of 24 hours treatment with fractions of V. paradoxa on MCF-7
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Where * is significant difference when compared to control.
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4.10.4 EACF reduced ROS production in MCF-7 cells
The effect of EACF in ROS production in MCF-7 cells is presented in Figure 4.57.

Reactive oxygen species (ROS) production: The ethyl acetate fraction (EACF) decreased
the percentage of ROS produced different at all dose range of ICso. ROS production showed
significant increased (p<0.05) by 11.9 % from control (100.00 + 7.21) to vehicle control (v.
con) (111.90 £ 3.19). While showed significant reduction (p<0.05) by 46.16 % from control
(100.00 + 7.21) to EACF ics0 (53.84 £ 0.92) and 57.81 % from control (100.00 £ 721) to
EACF picso (42.19 + 1.30) (Fig. 4.57).
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Figure 4.57. Effect of ethyl acetate fraction of V. paradoxa leaf on ROS generation after
six (6) hours treatment.

Where * represent significant difference when compared to control.
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4.10.5 Effects of EACF on cell cycle phases of MCF-7 cells
The effects on the cell cycle phases of MCF-7 cells after treatment with EACF for 24, 48,
and 72 hrs respectively are shown in Figure 4.58-4.60.

Sub GO: There were no significant differences in values recorded for control and vehicle
control at the various time duration. While treatment with EACF increased the values
recorded from control. Sub GO value showed significant elevation (p<0.05) by 191 % from
control (3.975 £ 0.425) to EACF ic50 (11.570 £ 0.410) at 24 hrs; 78.6 % from control (14.82
+ 1.46) to EACF ics0 (26.48 + 2.11) at 48 hrs and 231.2 % from control (19.83 + 1.33) to
EACF ics0 (65.69 £ 0.33) at 72 hrs (Fig. 4.58-60).

GO/G1: There were decrease in values recorded for control and vehicle control at the various
time duration. While treatment with EACF increased the values recorded from control.
GO0/G1 phase value showed significant elevation (p<0.05) by13 % from control (77.78 +
2.25) to EACF ic50 (81.24 £ 2.34) at 24 hrs; 16.1 % from V. control (71.87 + 0.87) to EACF
icso (83.49 + 0.07) at 48 hrs and 17.1 % from control (65.21 + 0.82) to EACF ics0 (76.39
1.91) at 72 hrs (Fig. 4.58-60).

S: There were increase in values recorded for control and vehicle control at the various time
duration. While treatment with EACF decreased the values recorded from control. S phase
value showed significant reduction (p<0.05) by 23.7 % from control (20.285 + 1.975) to
EACF ics0 (15.470 £ 1.150) at 24 hrs; 38.3 % from V. control (23.52 + 0.44) to EACF cso
(14.49 £ 0.13) at 48 hrs and 32.1 % from control (34.79 + 0.82) to EACF cs0 (23.61 = 1.91)
at 72 hrs (Fig. 4.58-60).

G2/M: There were no significant differences in values recorded for control, vehicle control,
and EACF (ICso) at 24 hrs. While treatment with EACF decreased the values recorded from
control at 48 hrs. G2/M phase value showed significant reduction (p<0.05) by 56 % from
V. control (4.610 + 0.430) to EACF icso (2.025 + 0.065) at 48 hrs. (Fig. 4.58-60).
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Fig 4.58A: Flow cytometry analysis of MCF-7 cells after 24 hr treatment with EACF

Where A is control, B is vehicle control and C is EACF at ICsp dose
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Fig 4.58B: Cell cycle phase after 24 hours treatment with EACF of V. paradoxa
Where * represent significant difference when compared to control and # when compared
with vehicle control (V. CON)
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Fig 4.59A: Flow cytometry analysis of MCF-7 cells after 48 hr treatment with EACF
Where A is control, B is vehicle control and C is EACF at ICsp dose
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Fig 4.59B: Cellcycle phases after 48 hours treatment with fractions of V. paradoxa.
Where * represent significant difference when compared to control and # when compared
with vehicle control (V. CON)
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Fig 4.61A: Flow cytometry analysis of MCF-7 cells after 72 hr treatment with EACF
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Fig 4.61B: Flow cytometry analysis of cell cycle phases after 72 hours treatment with
EACF of V. paradoxa.

Where * represent significant difference when compared to control and # when compared

with vehicle control (V. CON)
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4.10.6 Effects of EACF on protein expression of cleaved caspase 3 and pro-caspase 3
The effects of EACF on the expression of cleaved caspase 3 and pro-caspase 3 protein are
presented in figure 4.61-4.63.

Pro- caspase 3: There were no significant differences in values recorded for control and
vehicle control. While expression of pro-caspase 3 showed significant reduction (p<0.05)
by40.6 % from control (1.000 + 0.000) to EACF ics0 (0.594 + 0.011) (Fig. 4.62).

Cleaved caspase 3: The mean expression of cleaved caspase 3 decreased from control value

to vehicle control and increased from control to EACF (1Cso) (Fig. 4.63).
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Figure 4.62: Pro-caspase 3 protein activity in MCF-7 cells treated for 24 hrs
Where * represent significant difference when compared to control
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Figure 4.63: Cleaved caspase 3 protein activity in MCF-7 cells treated for 24 hrs
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4.10.7: Analysis of active compounds present in EACF using GC-MS

The active compounds present in EACF was analysed using GC-MS. It was observed to
have 12 peak representing 12 active compounds (Figure 4.64, Table 4.6). The compounds
present include hexadecanoic acid, methyl ester;; Hexadecanoic acid, ethyl ester; 9,12-
octadecadienoic acid (z,z); 11-octadecenoic acid, methy ester; phytol; Methyl stearate;
Linoelaidic acid; Ethyl oleate; Octadecanoic, ethyl ester; Bis (2-ethylhexyl) phythalate; 1,4-

benzenedicarboxylic acid, bis(2-ethylhexyl) ester; Squalene.
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Figure 4. 64: Analysis of ethyl acetate fraction of V. paradoxa ethanol leaves extract
using GC/MS
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Table 4.6: Chemical compound detected from GC/MS analysis of ethyl acetate fraction

of V. paradoxa

S/IN | Retension | Compound name Molecular Molecular | Peak
time formular weight area

1 13.673 Hexadecanoic acid, methyl | C17H3402 270.45 3.25
ester

2 14.349 Hexadecanoic acid, ethyl | C1sH3602 284.48 1.70
ester

3 15.316 9,12-octadecadienoic  acid | C1gH3202 280.45 1.33
(z.2)

4 15.368 11-octadecenoic acid, methy | C19H3602 296.5 3.87
ester

5 15.501 phytol C20H400 128.17 4.38

6 15.611 Methyl stearate C19H3602 298.51 3.00

7 15.930 Linoelaidic acid C18H3202 280.45 0.78

8 15.987 Ethyl oleate C20H3302 310.51 2.85

9 16.225 Octadecanoic, ethyl ester C20H3802 312.5 1.92

10 | 19.449 Bis (2-ethylhexyl) phythalate | C24H3604 390.6 2.93

11 | 22.130 1,4-benzenedicarboxylic C24H3804 390.6 9.76
acid, bis(2-ethylhexyl) ester

12 | 23.406 Squalene CsoHso 410.7 17.93
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CHAPTER FIVE
DISCUSSION

Cancer is a leading cause of death globally (Sung, 2021), and the increased incidence and
mortality rate in low and middle income countries has been linked to environmental
exposures to industrial and agricultural chemicals (Anetor, 2016: Ganapathy et al., 2019).
Exposures to anthropogenic sources of arsenic has been implicated in the induction of
organ/ tissue toxicity through the generation of reactive oxygen species, inhibition of thiol-
containing enzymes and the induction of DNA damage that leads to chromosomal
aberration (Del Razo et al., 2002). Major sources of exposures include contaminated
drinking water and industrial emissions (Biswas et al., 2019). The search for medicinal plant
which possess natural phytochemicals with protective antioxidant and anti-inflammatory
properties that might mitigate the toxic effect of arsenic and by extension the menace of
cancer is still ongoing.

Vitellaria paradoxa also called shea butter tree characteristic of the Savannah region and
belonging to the Sapotaceae family have been reported to possess antioxidant (Odunola et
al., 2019) and anti-inflammatory properties. Therefore, this study is an intergrated effort to
investigate the cytoremediative potentials of Vitellaria paradoxa against sodium arsenic-
induced toxicity in Wistar rats and fruit fly (Drosophila melanogaster) as well as its anti-

proliferative action on breast cancer cells.

Results herein indicated that hydroethanol leaf extract of Vitellaria padoxa (ELVp) possess
several phytochemicals and anti-oxidant potentials through the modulation of liver and
kidney biomarkers and reduction of reactive oxygen species generated by arsenic.
Interestingly, ethanol extract and ethyl acetate fraction of Vitellaria paradoxa leaf elevated
the expression of P53, cleaved caspase 3 and reduced BCL-2 and procaspase 3 apoptotic

proteins in models used for this study
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5.1 Phytochemical and antioxidant profile of Vitellaria paradoxa

Data presented herein, indicated that the ethyl acetate fraction of V. paradoxa leaf possess
the highest amount of bioactive compounds known as phytochemicals. Among the
identified compounds present in the ethyl acetate fraction using GC-MS are; squalene,
phytol and 9,12-octadecadienoic acid(z,z). Squalene have been reported to possess
antibacterial, antioxidant, antitumour, cancer preventive, immunostimulant and
lipoxygenase inhibitor properties (Kavitha et al., 2015). While, phytol classified as
diterpene has cancer preventive, anti- inflammatory and anti-microbial (Tyagi and Agarwal,
2017) properties. Also, 9,12-octadecadienoic acid(z,z) has anti-inflammatory, antihistamic,
hepatoprotective, hypocholesterolemic and antiarthritic properties (Kavitha et al., 2015;
Tyagi and Agarwal 2017).

Furthermore, in this study the ethyl acetate fraction (EACF) possessed the highest amount
of flavonoid and phenols. Flavonoid and phenols plays a major role as antioxidant and
serves as scavengers of reactive oxygen species (Oboh et al., 2016). Hence, they may act as
influencers and modulators of several cellular processes involving signalling and apoptosis.
The polyphenolic substance (flavonoids) present in V. paradoxa leaf extract (ELVp) and
ethyl acetate fraction (EACF) acts as hydrophilic antioxidant, photoreceptors as well as UV
light filters (Pawlowska et al., 2019). Thus the ability of ELVp and EACF to reduce
phosphomolybdenium (V1) to (V) and the presence of reductant in both extract of ELVp
and fraction of EACF caused the loss of an electron by Fe3*. Note worthy, reducing power
of both samples is concentration dependent. Hence, the higher the concentration the more
the reducing power. This is in line with Olugbami et al., (2015) and Lin et al., (2014). As
against our result, Sahreen et al., (2017) observed that ethyl acetate fraction of Carissa
opaca had the least reducing power capacicity while Jamkhande et al., (2013) showed the
butanol fraction which was followed by the ethyl acetate fraction had the greatest reducing
power. Therefore, the ability of ELVp and EACF to terminate chain reactions produced by
radical by converting them to stable product may show that the phenols and polyphenols
present in both samples are good electron donor. This might be because phenolic and

flavonoid are able to donate their hydrogen group.
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5.2 Safety assessment indices of Vitellaria paradoxa

The use of SOS chromotest have been used in testing genotoxicity because E. coli PQ37
bacterial system is sensitive and dependable. It makes use of an intricate regulatory system
activated by substances that result to damage of DNA inducing a repair pathway, also
known as SOS response, (Quillardet et al., 1982; Chaabane et al., 2012). From previous
work, a compound is graded as non-genotoxic if the SOSIF is less than and equal tol.5,
inconclusive if it is between 1.5- 2.0 and genotoxic if it exceed 2.0 (Fabiana et al., 2017).
Therefore, the low SOSIF value of both extracts may indicates the non- genotoxic nature of
V. paradoxa and this suggest that exposure to ELVp and ESVp may not cause DNA lesions
that would prevent DNA synthesis (Chaabane et al., 2012). However, at the first
concentration 800 pg/ml for both ELVP and ESVp extracts was inconclusive with SOSIF
value of 1.5 and 1.6 respectively relative to the positive control 4-Nitroquinoline-1-oxide

with value of 4.1.

In addition, acute toxicity test is a measure for determining the safety assessment of various
drugs and extracts. In this study, the LDsg evaluation showed that the ingestion of ELVp
even at the highest dose of 5000 mg/kg did not induced mortality on the rats. Therefore, the
lack of mortality recorded in this study may suggest that ELVp is safe at 5000 mg/kg. This
assumption is supported by Mainasara et al., (2016) and Fodouop et al., (2017) observations
that showed the lethal dose to be greater than 5000 mg/kg in rats and 12000 mg/kg in mice
respectively. However, the histological occurrence of inflammatory hepatocytes cells at
2000 mg/kg may indicate that exposure at high dose may induce toxicity that results in
inflammation without leading to mortality. Hence this lead to the choice of 100 and 200

mg/kg for the toxicity testing.

5.3 Body weight, organo somatic and haematological indices

Body weight and organo somatic indices such as relative liver weight (RLW) and relative
kidney weight (RKW) have been applied as screening biomarkers for impacts of

environmental toxicant (Tchounwou et al 2012). In this study there was significant increase
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in body and relative liver weights for vitamin E and ELVp group. The increase in body and
relative weight may imply that it is beneficial to well being of rats. While, no changes was
observed on both parameters for SA only treatment. Contrary to the result, Odunola et al.,
(2011) and Akin-ldowu et al., (2015) showed that when sodium arsenite alone is
administered, relative liver weight increased in rodents. The difference between the present
study and the report of Odunola et al (2011) and Akin-Idowu et al (2015) may be related to
the differences in exposure time. The kidney is a fundamental site for excretion (Wang et
al., 2018) hence making it one of the most favoured organ for arsenic toxicity (Rana et al.,
2018). Treatment with SA orally for two weeks significantly decreased the relative kidney
weight. The decrease in RKW recorded in SA group may be an indication of renal
hypertrophy resulting form the toxic effect of arsenic. Sarker et al., (2013) observed that
treatment with sodium arsenite decreased the relative kidney weight of rats. From the
present study, co-treatment of SA+ ELVp (100 mg/kg) increased the relative liver and
kidney weights of male Wistar rats. This findings may imply that it has a positive impact

on the rats’ well being.

Also, there was a siginificant reduction in RBC, HGB and HCT in SA treated rats. This
could be because arsenic inhibites aminolevulinic acid dehydratase (ALAD) activity an
enzyme key in heme synthesis pathway (Gupta and Flora, 2005). This results in a substantial
increase in uninary porphyrins, uniquely characterized by a greater increase in uroporphyrin
levels (Woods and Fowler., 1977). This assumption is supported by established knowledge
indicating that is ALAD is inhibited by arsenic during heme synthesis (Woods and Fowler.,
1977; Aguilar-Gonzalez et al., 1999; Mondal et al., 2016; Goudarzi et al., 2018 and Ola-
Davis and Akinrinde, 2016). However upon, co-treatment with ELVp mostly at 200 mg/kag,
there was significant increased in production of RBC and HGB, thus suggesting the

erythropoietin-like properties of V. paradoxa leaf.

The exposure of animals to foregin toxic substances may result in an inflammatory reaction.
Some indices for inflammation include: platelet, lymphocyte and white blood cell count.
Rats exposed to SA significantly increased the platelet, lymphocytes and WBC. Elsewhere,
Kim et al., 2020 reported that induction of arsenic resulted in morphological changes of

platelets leading to increased platelet reactivity and ultimately contributing to thrombosis.
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Thrombocytosis is described as a condition resulting from too many platelets in the blood.
According to Appleby et al., 2017, thrombocytosis may be an inflammatory indices and a
presenting sign for solid tumours and heamatological conditions. However, co-treatment
with ELVp (200 mg/kg) reduced the levels of platelet and lymphocyte by 11.2 % and 19.3
% respectively when compared with SA (2.5 mg/kg) and this may indicate that V. paradoxa
leaf has the potential to reduced inflammation resulting from arsenic ingestion in rats.

5.4 Modulation of liver and kidney biomarkers

The presence of several soluble enzymes like alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP) in serum are considered as pointers
for damaged liver (Dilruba et al., 2017). Specifically, ALT is an intracellular enzyme highly
concentrated in the liver, which aid in the metabolism of aminoacids by transferring the
amino group of alanine to a-oxoglutarate leading to the production of pyruvate. While AST
is the enzyme necessary for the transference of amino group from aspartate to o-

oxoglutarate leading to the production of oxaloacetate and glutamate.

The liver is a key organ involve in the methylation of arsenic (Choudhury et al., 2016). In
this study, it was observed that SA induces ALT and ALP enzymes activities significantly
(p<0.05) by a fold of 1 and 3 respectively compared to control. This findings corroborate
previous reports in which SA have been shown to induced the activities of liver enzymes in
serum (Gbadegesin et al., 2014; Gholamine, et al., 2019). Nevertheless, treatment of SA +
ELVp at 100 mg/kg reduced the AST, ALT and ALP enzymes activities on a fold of 1.3,
1.3, and 2.6 when compared with SA alone group. This suggest the protective property of
ELVp on the liver. Previously, Fodouop et al., (2017) revealed that leaf of V. paradoxa
aqueous extracted with water has liver protective properties against bacterial infection
caused by Salmonella typhinum. Similaly Ojo et al., (2006) revealed the protective nature
of the leaf against paracetamol hepato-toxicity. Worthy of note is vitamin E a lipophilic
antioxidant, it lower the ALP enzyme activity when compared to SA 6 folds however when
compared to control 2 fold. This support the fact that stress arising from redox and

antioxidant in-balance are primary indicators for liver damage however with the help of
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antioxidant enzymes and compound such damage are prevented (Adetutu et al., 2013). The
pathological alteration such as periportal inflammation, vascular congestion and fibroblast
observed in SA 2.5 mg/kg, SA + vitamin E, SA + ELVp 100 mg/kg and SA + ELVp 200
mg/kg compared with control (distilled water) may have profound effect on the integrity of
the liver. This may have enhanced the leakage of the liver function enzymes to the blood
resulting in the increased ALT and ALP enzymes observed with SA.

Urea and creatinine are indices use for determining the funtionallity of kidney. The 1.7 and
1.4 fold significant increased in creatinine and urea respectively observed for SA compared
with control suggest a damage in the kidney. This may also corroborates studies that have
implicated SA as nephrotoxic (Adil et al., 2015; Sankar et al., 2016). However, ELVp
extract at both concentrations ameliorated the nephron-toxic effect of SA. This indicates the
protective potential of ELVp against SA-induced nephrotoxicity. The pathological
examination of the kidney showed intestinal congestion and moderate peritubular
inflammation for SA when compared to control with normal glomerulus. However the
alterations observed for SA was reversed when it was co-treated with ELVp 200 mg/kg.
This may indicate the nephron-protective potentials of ELVp against sodium arsenite.

5.5 Effect on ROS and antioxidant pathways

One of the most important feature of arsenic as a class 1 human carcinogen is the generation
of reactive oxygen species (ROS). The oxidation of arsenic results in the production of
hydrogen peroxide (H202) which can be catabolised by Fenton reaction producing the
highly reactive hydroxyl radical (Jomova et al., 2011) and the oxidation of its secondary
metabolite dimethylarsine leading to the formation of dimethylarsenic radical and
superoxide anion. Del Razo et al (2002) reported that the ingestion of arsenic result in
organelle pertubtion which lead to the uncoupling of the electron transport chain and the
generation of reactive species such as OH- and H2O,. These events result in the
complexation of arsenic with glutathione (As-GSH complex), loss of thiol status, oxidation
of cellular constituents and cell injury (Del Razo et al., 2002). Bearing the aforementioned
in mind, this study showed that exposure to SA significantly increased hydrogen peroxide
levels as treatment doses increased. Hydrogen peroxide is among the main ROS causing

oxidation in the presence of metals. Specifically H2O> is produced via the dismutasion of

195



02" by superoxide dismutase leading to production of hydroxyl radical OH- (Lee et al.
2004; Farina et al., 2013). On the contrary, in this study SA co-administration with EAcF
at 1 mg/ 10 g diet reduced significantly the generation of H2O. by 18.6 %. This observation
is in line with antioxidant properties observed in Vitellaria paradoxa leafs earlier in the

study.

Catalase is the enzyme that deplete H20- to water and molecular oxygen hence preventing
the formation of hydroxyl radical from H202. While GST catalyses the conjugation of
glutathione to electrophile. In this study, the significant inhibition of catalase and GST
activities by sodium arsenite observed follows the outcome of Turk et al. (2019).
Glutathione S-transferase is a phase 2 enzyme that funtions in organismal survival in
response to oxidative stress (Abolaji et al. 2015). Thus, the observation that SA inhibited
GST activity implies increased ROS generation partly demonstrated here by the
accumulation of hydrogen peroxide due to the inhibition of catalase activity. Although, co-
admistration of SA with EAcF had no significance for catalase activity however the activity

of GST in co-administered treatment group was elevated significantly.

Data presented herein, indicated that the total thiol level and GSH content in flies exposed
to SA for 5 days was significantly reduced by 39.3% and 83.8 % respectively when
compared to control. This observation may be because arsenic compounds interact with
thiol-containing proteins and enzymes thereby altering their native structure as reported by
Sunderman (1984). A very important observation herein and worthy of note is that when
SA was co-treated with EAcF 1 and 3 (mg/10g diet) respectively the levels of T-SH and
GSH significantly increased. It has been reported that T-SH comprises of GSH and other
thiol-compounds in the tissue. And both T-SH and GSH are important antioxidant in
biological system which prevent damages caused by ROS (Farombi et al., 2018). Hence the
amelioration of EACF against SA induced depletion of T-SH and GSH confirms is anti-
oxidative potential. Elsewhere, Sharma et al. (2018), reported that treatment of arsenic
induced Swiss albino mice with vitamin E and coenzyme Q1o significantly increased the T-
SH levels.

Although ROS/RNS play an important part in a range of biological activities however

elevated intracellular ROS resulting from environmental toxicant like SA induced oxidative
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damage to cellular macromolecule in the biological system (Abolaji et al., 2014).
Furthermore, arsenic toxicity causes increased peroxidation of tissue lipid, a core aspect of
oxidative damage (Bhattacharya and Haldar, 2012). Hence, the increased levels of MDA
observed for SA treated group in both organs suggest increase in free radical generation in
the treated rats. Earlier work of researchers have revealed that treatment with SA induces
peroxidation of lipid in liver, testes, kidney and brain (Odunola et al., 2013; Adegoke et al.,
2015). Additionally, the protection of cellular macromolecules like proteins, lipids, nucleic
acids from insults of free radicals is promoted by antioxidant enzymes (Abolaji et al. 2017).
Thus, in this study, cotreatment of SA with vitamin E or ELVp significantly reduced MDA
level. This may corroborate the antioxidant property of V. paradoxa leaf extract as shown

in the in vitro study.

Importantly, nitric oxide is involved in several physiological processes in signalling,
inflammation and immune function. However, when it accumulates in tissues, it is regarded
as a pro-inflammatory biomarker associated with increased oxidative stress (Bashandy et
al. 2015). The observation that SA increased nitric oxide level is consistent with earlier
study of Mehrzadi et al. (2018). Also, in this study the increased levels of NO produced by
SA was significantly reduced by treatment with EAcF. This is in line with Bera et al., (2010)
research were L- ascorbate protect rats hepatocytes against sodium arsenite induced NO
elevation hence preventing disorders involving excessive cell damage. Research have
shown that arsenic damaged is involved in the activating the signalling pathway involving
NF-xB whose place in inflammatory reaction is essential (Liu et al., 2017). From our result,
in the liver, there was no difference in the expression of NF-«B for SA only. However, for
the kidney organ it was significantly increased expressed. This may be as a result of the
kidney involvement in excretion of arsenic metabolite which are said to be more toxic than
the parent compound. This is inline with previous study by Prabu and Muthumani, (2012)
were SA increased NF-kB expression. Treatment with vitamin E and ELVp reduced NF-
kB expression for both organs, when compared to control. However, the no changes
observed upon co-treatment with SA may be that these concentration of ELVp were not

high enough to provide anti-inflammatory.
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Some studies have highlighted that inflammation are revelevent biological factors that
interact with external stimuli and neurophysiological mechanism that triggers movement
disoders (Ignacio et al., 2019). Acetylcholinesterase is an enzyme that converts
acetylcholine to choline and acetate by hydrolysis. It partake in cholinergic neurotramission
and control of locomotion activities (Akinyemi et al. 2018). The observed decrease in AChE
activity in SA treated flies could lead to motor deficits. Earlier report by Abolaji et al.,
(2018) shows that the inhibition of AChE activity could have impeding effect on locomotive
activity. Thus suggesting that sodium arsenite caused locomotor deficit in the flies. On the
contrary, in this study SA co-administration with EAcF at 1 mg/ 10 g diet increased
significantly the activity of AChE. This may have resulted in the increased in locomotive

activity observed for the flies when SA was co-treated with EACF at 3 mg/ 10 g diet.

5.6 Survival and fat body histopathological indices

In this study, exposure of flies to SA (0.0625 and 0.125 mM) for 14 days caused significant
mortality, this observation could be attributed to accumulation of SA above threshold
concentrations with increased exposure time. Similar report was documented by Arnold et
al. (2014) who displayed increased cytotoxicity of the urothelium of rats and mice in
response to increased concentrations of SA. Similarly, Morakinyo et al, (2010) recorded the
promiscuity of SA in reproductive toxicity. In their study, SA caused diminution of sperm
parameters including sperm count and motility accompanied with increased abnormal
morphology. This justifies the observation of reduced emergence of offsprings following
exposure to SA. Also, Polak et al. (2002) observed significant death from embryo to adult

D. melanogaster following exposure to SA.

On the other hand, in this study, EACF fraction 1 and 3 mg/10 g diet prolong life span of D.
melanogaster. Previous studies have shown that phytochemicals such as resveratrol, and
curcumin improves life span of D. melanogaster (Abolaji et al., 2018; Abolaji et al., 2020).
Also, the present findings showed that co-treatment of SA with EAcF respectively increased
the emergence of D. melanogaster flies when compared to SA treatment alone. This is in

line with previuous study were co-exposure of MPTP and resveratrol improved the
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emergence of flies when compared to MPTP (Abolaji et al., 2018). It is therefore possible
that the antioxidant properties of V. paradoxa help in improving reproduction in D.
melanogaster. However this should be confirmed by researching on reduction in D.

melanogaster from the point of copulation to emergence.

In the present study, SA induced atrophy of most region and degeneration cells of fat bodies
of D. melanogaster. Earlier it was stated that the fat body of D. melanogaster functions as
the liver. Also several studies with rats have shown the toxicity of liver by arsenic
compounds (Odunola et al., 2011). However treatment with EAcF at both dose showed
normal fat bodies. This implies the protective effect of V.paradoxa on D. melanogaster fatty
bodies. Furthermore, co-treatment of SA with EAcF remarkably diminished the atrophy and
degeneration of cells induced by SA which collaborate is remediative potential against

sodium arsenite induced toxicity in drosophila.

5.7 Effect on clastogenic and proliferative mechanism

The micronucleus test is used in identifying double strands break in DNA and mitotic
interference which are indications of carcinogenesis (Samelo et al., 2020). Hence, the
cytoremediative potential of ELVp on sodium arsenite-induced clastogenicity in rat bone
marrow cells was investigated. Treatment with SA resulted in significant increase of
mPCEs when compared with control. This is consistent with earlier work from our
laboratory which showed induction of mPCEs by sodium arsenite (Odunola et al., 2007,
Gbadegesin et al., 2014). However, upon co-adminsitration with ELVp the frequency of
mPCEs was significantly reduced. This improvement may be as a result of the phenols and
polyphenols present in ELVp which have the ablity to donate is hydrogen ion hence

preventing sequential oxidation reactions.

The first step in the quest for new anticancer drugs is cytotoxicity evaluation. Here,
cytotoxicity activity of three fraction of V. paradoxa ethanol leaves extract were determined
using MTT. The chloroform (CHLF) and ethyl acetate fraction (EACF) significantly
reduced cell viability of MCF-7 cells in a concentration manner. However, the ethyl acetate
fraction was more cytotoxic as the duration of treatment increased. Hence, EACF fraction
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was used in screening A549, MCF-7 and HepG2. This cell lines was chosen for the present
study, because lungs, breast and liver cancer remains the leading cause of cancer death
(Sung et al., 2021). The present study showed that the ethyl acetate fraction (EACF)
significantly induced cytotoxicity to A549, MCF-7 and Hep G2 in a concentration and time
dependent manner. However, it was most active in MCF-7, thus MCF-7 cell lines were used
for further in vitro antiproliferative assays. The result observed for the MTT assay was
consistent with Al-Zharani et al., (2019) who found that the greatest cytotoxic effect against
MCF-7 and MDA-MB 231 cells was displayed by chloroform and ethyl acetate fraction of
Rhazya stricta fruit extract. In addition, the cytotoxicity of triterpenoid of stem bark of
Vitellaria paradoxa against breast cancer cell line have been reported by Eyong et al.,
(2018).

Apart from using MTT to determine cytotoxicity, colony formation assay has high
sensitivity in determining anti-proliferative activity. The inhibition observed for colony
formation confirms the anti-proliferative activity of EACF in MCF-7 cells because the
eradication of the capacity for unlimited proliferation is required for the prevention of
tumours (Franken et al., 2006).

Also, cancer cells exhibits elevated oxidative stress which aggregate cell proliferation as a
result of metabolic and signalling aberration. Therefore one approach in cancer therapy is
the use of antioxidant which scavenge reactive species, impairs oxidative stress and inhibit
cell growth. Hence, the determination of ROS generation of MCF-7 cell by DCFDA.
Interestingly, various dose of EACF reduced the amount of ROS generated significantly.
This confirms the antioxidantive potential of the ethyl acetate fraction. This is in line with
Teoh et al., (2013) research which showed the ethyl acetate fraction to exhibit good
antioxidant and antiproliferative effect out of all fractions of methanol extract of Gynura
procumbens. This may suggest that ethyl acetate fraction of ELVp induced is
antiproliferative activity independent of ROS. In contrast to our result, Anatole et al., (2013)
reported the ethyl acetate fraction of Garcina epunctata to induce apoptosis through the

generation of ROS in human promyleocytic cells (HL60).
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5.8 Cell cycle and apoptotic pathway

In the present study, most cells of MCF-7 was at sub GO peak after treatment with ethyl

acetate fraction of Vitellaria paradoxa leaf. This result suggest that ethyl acetate fraction
induced cell death in MCF-7 cells. Also, treatment of MCF-7 with ethyl acetate fraction at
72 hrs drastically reduced the G2/M population and increased GO/G1 population. This may
indicate that ethyl acetate fraction of V.paradoxa leaf arrest cells in the GO/G1 phase by
inducing cells to go from the G2/M phase to the sub GO phase.

During a cell cycle there are checkpoints that help in arresting damaged cells thereby
inducing an occasion for repair or activating programmed cell death in situations of
irreversibility of cellular damaged which is accompanying with increased sub GO peak
considered as apoptotic cells (Hussin et al., 2018; Otitoju et al., 2019). Simillarly Anatole
et al., (2013) have shown that the ethyl acetate fraction of G. epunctata treatment
significantly arrested HL-60 cells at the GO/G1 phase.

Furthermore, p53 a protein involve in regulatory process of apoptosis and cell cycle when
triggered by was assessed. The present study showed that p53 expression in kidney was
significantly increased for SA treated rats. Also, upon administration ELVp there was
increase in p53 expression in both organs. This may be because ROS is involve in initiating
the intrinsic process of apoptosis. The reduction in BCL-2 observed for co-treated group for
both organs support that ELVp may carry out is remediative property against arsenic by
inducing apoptosis. Apoptosis, is a vital physiological process necessary for homeostasis
and development of an organism. Apoptosis is mainly regulated by caspases which are
grouped into initiator and executor caspases (Elmore, 2007). In the present study the
executor caspase 3 was assessed in his un-activated from i.e pro-caspase 3 and cleaved form
i.e after activation. The result showed that treatment of MCF-7 with EACF drastically
reduced the activity of pro-caspase 3 and increased cleaved caspase 3 suggesting that

apoptosis might play a role in its antiproliferative activity.
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CHAPTER SIX

SUMMARY AND CONCLUSION

6.1 Summary

Exposure to arsenic is one of the predisposing factors of cancer. However, the search for
drugs which have the ability to target cancer cells without inducing damage to normal cells
is still ongoing. This study, investigated the cytoremediative potentials of Vitellaria
paradoxa against arseni- induced toxicity in Wistar rats and Drosophila melanogaster along
with its antiproliferative action on MCF-7 cells.

In this study, the profile for the in vitro antioxidant and genotoxic potentials of the
hydroethanol extracts of V. paradoxa leaves and seed were assessed. The effects of the
hydroethanol leaves extract of V. paradoxa (ELVp) on liver, kidney, haematological
indices, clastogenic marker, and expression of inflammatory and apoptotic proteins were
investigated in sodium arsenite-treated rats. Oxidative stress markers such as hydrogen
peroxide and nitric oxide levels, catase and glutathione-S-transferase activities, total thiol
and reduced glutathione (GSH) levels as well as life span elongation by ethyl acetate
fraction of ELVp was determined in sodium arsenite-treated Drosophila melanogaster.
Finally, the antiproliferative mechanism of the ethyl acetate fraction of ELVp was
determined in MCF-7 cells.

The hydroethanol leaves extract of Vitellaria paradoxa possessed important phytochemical
and antioxidant properties. The lethal dose of ELVp is greater than 5000 mg/kg however
higher doses may induce inflammatory response. In line with the antioxidant properties,
treatment of ELVp markedly ameliorated hepatotoxicity, nephrotoxicity, clastogenity
induced by sodium arsenite in rats. The ethyl acetate fraction (EACF) prolong life span of
D. melanogaster, it ameliorated SA- induced elevtion of NO and H20: levels, reduction of

contents of T-SH and GSH and inhibition of catalase and GST activities. The ethyl aetate
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fraction of ELVp was more cytotoxic against MCF-7 cells, it significantly reduced ROS
generation and induced antiproliferative activity.

6.2 Conclusion

Exposure to environmental toxicants such as arsenic has a high implication in
carncinogenesis. The epidemiology of cancer is associated with mechanism involving ROS
generation, uncontrolled proliferation of damaged cells, lack of cell cycle arrest and evasion
of apoptosis. This study provided evidence that hydro ethanol extract (ELVp) and ethyl
acetate fraction (EACF) of the leaves of Vitellaria paradoxa leaves possess high antioxidant
and antiproliferative porperties. The occurance of liver function enzymes and Kkidney
function biomarkers in the serum is an indication of liver and kidney toxicity by arsenic.
For the first time in this study, ELVp protected liver and kidney from arsenic damage by
induction of P53 and inhibiton of BCL-2 proteins. Also, the induction of ROS/RNS by
arsenic based on increased hydrogen peroxide and nitric oxide levels and reduction in
antioxidant biomarkers were remediated by EACF through the augmentation of the
antioxidant enzyme’s system leading to the protection and extension of life span of the
Drosophila melanogaster.

The antiproliferative activity recorded in MCF-7 cells is an indication of the antioxidant
activity of Vitellaria parvdoxa leaf which resulted in the reduction of ROS generation and
arrest of MCF-7 cells at the GO/G1 phase of the cell cycle. These activities might be because
phytol and squalene are present in the ethyl acetate fraction.

6.3 Recommendation

It is recommended that further scientific research be carried out on the use of Vitellaria
paradoxa leaves on the treatment of cancer focusing on other mechanistic pathways using
a higher model. Also the bioactive compounds present in V. paradoxa leafs can be

formulated into drugs for the treatment of cancer by pharmaceutical companies.
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6.4 Contributions to Knowledge

1. This study is probably the first empirical evidence of Vitellaria paradoxa leaf
eliciting it hepato-protective and nephron-protective activities against arsenic
induced toxicities via the upregulation of P53 and inhibition of BCL-2 proteins.

2. The study is probably the first report on the ability of ethyl acetate fraction of
Vitellaria paradoxa ethanol leaf extract to augment the antioxidant enzymes system
of D. melanogaster from sodium arsenite-induced oxidative stress due to the
presence of high antioxidant properties in Vitellaria paradoxa leaf.

3. The antiprolioferative activity of the ethyl acetate fraction is independent of ROS
and through the arrest of DNA damage at GO/G1 phase of cell cycle in MCF-7 cells.
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Appendix 1: Standard curve of total antioxidant capacity using ascorbic acid.
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