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ABSTRACT

Cancer is the third largest cause of mortality in Kenya. Treatment options available for
cancer include chemotherapy, radiation and surgical procedures but none presents with
minimal side effects and high cure rates. Therefore there is a need to explore new
therapies for cancer. For a long time, plants have been used to manage tumor and
related ailments in Kenya. The aim of this study was to determine the antioxidant,
antiproliferative, acute toxicity and phytochemical composition of organic and
aqueous extracts of Azadirachta indica, Vernonia amygdalina and Galium
aparinoides. The in vitro antioxidant activity was determined using DPPH (1, 1-
diphenyl-2-picrylhydrazyl) radical scavenging assay. Antiproliferative activity was
determined against cervical (Hela), prostate (DU145) and Vero (L6) cancer cells lines
using MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenyltetrazolium Bromide) assay
method and the ICso (Inhibitory concentration) values reported. Cytotoxicity was
determined using L6 and CCso (Cytotoxicity concentration) values calculated. Further,
the active extracts were combined and assayed in vitro using the checkerboard method.
Acute oral toxicity was evaluated using (OECD) Organisation of economic
cooperation and development guidelines and the lethal dose (LDso) determined. The
acute toxicity was carried out on bioactive plant extracts with the highest selectivity
index (SI). A. indica exhibited the greatest antioxidant activity with the methanol
extracts of the stem bark having an ICso value of 69.31 pg/ml, comparable to the
positive control of ascorbic acid which had an ICso value of 42.74 pg/ml. V.
amygdalina highest antioxidant activity was observed in methanol stem parts with an
ICso value of 430.8 pg/ml and all G. aparinoides extracts had ICso value >500 pg/ml.
In the antiproliferative assay, methanol root bark and stem bark extracts of A. indica
reported ICsg values of 1.85 + 0.01 pug/ml and 2.59 + 0.29 pg/ml respectively, against
Hela cancer cell line and 1Cso values of 1.53+ 0.07pg/ml and 3.26+0.28ug/mi
respectively, against DU145 cancer cell line. The results were comparable with the
untreated cells (negative control) and 5-Fluorouracil (5-FU), (positive control) with
ICso values of 2.04 + 0.87pg/ml and 5.06+ 0.28 pg/ml against Hela and DU145 cell
lines, respectively. Methanol extract of V. amygdalina aerial parts had ICsp values of
430.67 = 1.17pg/ml and 301.8+ 0.93ug/ml 7 pg/ml in Hela and DU145 cell lines,
respectively. Notably, the methanol stem bark extract of A. indica had a high SI index
of 436.52, an indication that the cytotoxic effect of this extract was selective to
cancerous cells. In combination assay, all combinations showed synergistic activity
except for ethylacetate stem and root bark extracts of A. indica against DU 145 cell
line. Oral administration of methanol root bark extracts of A. indica in mice at the
highest dose of 2000 mg/kg body weight demonstrated no mortalities and no adverse
effects suggesting that these extracts were non-toxic. Methanol stem bark extracts of
A. indica on the other hand revealed acute toxicity. All the three plants contained
alkaloids, phenolics, flavonoids tannins and terpenoids. The findings of the study
demonstrate the potential of A. indica in management of cancer and particularly the
methanol extracts from the root bark of A. indica have great potential as a valuable
alternative source for anticancer agent.
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CHAPTER ONE

INTRODUCTION

1.1. Background of the study

Cancer is a class of diseases in which a group of cells display uncontrolled growth,
with intrusion and destruction of adjacent tissues. Cancer sometimes spreads to other
locations in the body via lymph or blood. Cancer cell growth is different from normal
cell growth. Instead of dying, cancer cells continue to grow and form new abnormal
cells (Jemal et al., 2011).

Cancer is one of the leading causes of death in the world today. In 2012, there were
14.1 million new cancer cases and 8.2 million deaths reported by GLOBOCAN (Erlay
et al., 2012). In Africa cancer is the leading cause of death as a result of population
growth, aging and adoption of cancer-associated lifestyle including smoking and
physical inactivity (Soerjomataram et al., 2012). It is third largest cause of mortality
in Kenya, behind infectious and cardiovascular diseases which is ranked first and

second respectively (Soerjomataram et al., 2012).

Globally, cervical cancer is the fourth most common cancer in women with an
estimated 528,000 new cases and 266,000 deaths (Bray et al., 2012). About 86% of
new cases occur in developing countries, where 80-90% of deaths occur within the
same year (WHO, 2000). According to the Nairobi Cancer Registry, cervical cancer is
the leading cause of death among women of reproductive age with an estimated
number of 3,000 cases annually and a death toll of about 1,600. There will be a

substantive increase to 4,200 new cases by 2025 (Korir et al., 2015).

Invasive cervical cancer (ICC) is a criterion for a diagnosis of acquired
immunodeficiency syndrome (AIDS) as it is mostly associated with human papilloma
virus (HPV), though rarely occurs in human immunodeficiency virus (HIV) negative
people (Odida et al., 2011). The incidence of cervical cancer precursors is high among
women infected by HIV and recurrences are common despite therapy (Massad et al.,

2009). About 9.1% of women in the general population are estimated to harbor cervical



HPV-16/18 infection at a given time, and 62.6% of invasive cervical cancers are
attributed to HPVs 16 or 18 (Alsbeih, 2014). With HIV/AIDS being a menace in sub-
Saharan Africa, invasive cervical cancer has established itself as a major complication
in those with HIV/AIDS. Treatment options are pegged on the stage of invasive cancer
and comprise of surgery, radiotherapy, and chemotherapy, singly or in combination.
The most commonly used medicines include 5 flourouracil (5-FU), Cisplatin,
paclitaxel, navelbine, topotecan, carboplatin, docetaxel, gemcitabine, ifosfamide,

hydroxyurea, Cyclophosphamide and mitomycin C (O“Dwyer et al., 1999).

In case of limited monetary resources, 5-Floro uracil (5-FU) without or with cisplatin
is the recommended treatment. A platinum compound and a taxane can be used in
cases where money is not an issue. HIV positive women with T lymphocyte cells
(CD4) counts < 200/mm? are at risk of complications irrespective of treatment methods
(Ntekim & Folasire, 2010).

Prostate cancer is the second most common cancer among elderly male population all
over the world, and sixth leading cause of cancer deaths among men globally with over
1.1 million diagnosed cases and 307,000 deaths worldwide. According to
GLOBOCAN 2012, new cases of prostate cancer and mortality in Africa were reported
to be 23,300 and 17,000 respectively. Kenyatta national hospital has reported
approximately 76,500 incidences and 5,800 mortalities of prostate cancer patients per
year (Erlay et al., 2012).

Treatment of prostate cancer is also determined to a great extent by the cancer stage.
The management options can be low risk, intermediate risk and high risk. Low risk
management options include active surveillance, radical prostatectomy and radical
radiotherapy. The intermediate risk therapy options can either be radical surgery or
radical radiotherapy (Carter, 2011). For high risk management options, an array of
therapeutic options may be considered including combined radiation and androgen
deprivation therapy, radical prostatectomy, radiotherapy alone, or androgen
deprivation therapy alone. This however is dependent upon the patient™s age, general

health, and disease-related parameters (Molassiotis et al., 2005).



Prostate cancer is a disease of the aging male, the majority presenting after 65 years
(O'Brien et al., 2013). Prostate cancer cells are dependent on the hormone testosterone
for their growth. This hormone, majorly produced by the testicles and the adrenal
glands in small amounts, is usually a target for therapeutics as its reduction translates
to diminished growth of cancer cells. Metastatic castration-resistant prostate cancer
(mCRPC) is prostate cancer that is resistant to medical (e.g. hormonal) or surgical
treatments that lower testosterone, and has spread to other parts of the body (Chabner
& Longo, 2011). Androgen deprivation therapy (ADT) is generally the initial
treatment for men with metastatic prostate cancer. Standard approaches include
bilateral orchiectomy or medical orchiectomy using a gonadotropin releasing hormone
(GnRH) agonist either alone or in combination with an antiandrogen (Nelson &
Montgomery, 2003). The common treatment used for treatment in Kenya include
goserelin, luprolide, buserelin, bicalutamide, flutamide, docetaxel, estramustine,
abiraterone acetate, and diethylstilboestrol. In resource limited settings,

diethlystilboestrol is the first line treatment.

Where resources are available, any of the leutenizing hormone (LHRH) agonists like
goserelin, with or without an antiandrogen like bicalutamide and flutamide are used
(Saidi et al., 2008).These treatment options have certain drawbacks that cannot be
overlooked. The most outstanding drawback for chemotherapy and radiotherapy is
that they cause undesirable effects to the patients. The post-operative survival rates for
surgery on the other hand are low hence patients always tend to have poor prognosis
due to late diagnosis when on these treatment options. On top of this, the economic
expenditure required so as to get these treatments is so huge that not many that are
affected are able to afford (Gomella, 2005)

1.2. Cancer burden

Cancer causes 7% of total national deaths every year (Brown et al., 2006).Although
population based data does not exist in the country, it is estimated that the annual
incidence of cancer is about 37,000 cases and the annual mortality to be over 22,000
(Brown et al., 2006). Over 60% of those affected are below the age of 70 years. In

many developing countries the rapid rise in cancers and other non-communicable



diseases has resulted from increased exposure to risk factors which include tobacco
use, harmful use of alcohol and exposure to environmental carcinogens (GOK, 2016).
Other risk factors for some cancers include infectious diseases such as HIV/IDS
(Kaposi“s sarcoma and lymphomas), Human Papilloma Virus (HPV), Hepatitis B and
C (Liver cancer), bacterial infections such as Helicobacter Pylori (cancer of stomach)
and parasitic infestations such as schistosomiasis (cancer of bladder). The leading
cancers in women are breast, oesophagus and cervical cancers. In men, oesophagus

and prostate cancer and Kaposi sarcoma are the most common cancers.

Based on 2002 data from the Nairobi Cancer Registry, of all the cancers registered
breast cancer accounted for 23.3%, cervical cancer for 20% and prostate cancer for
9.4% (GOK, 2016). In 2006, around 2,354 women were diagnosed with cervical
cancer and 65% of these died of the disease. Despite the fact that non communicable
diseases such as cardiovascular diseases, cancers, diabetes and chronic respiratory
diseases are on the increase, the health systems in the country have traditionally
concentrated on the prevention and control of communicable diseases. As a result,
health and development plans have not adequately invested in the prevention and
control of these diseases. The silent epidemic of non-communicable diseases now
imposes a ,,double burden of disease™ to the country which unless it is addressed will
overwhelm us in the near future. This bias in the system has resulted in weakness in
programs that should be addressing non communicable diseases and their risk factors
in the country (GOK, 2016).

The country has few cancer specialists who are concentrated on a few health facilities
in Nairobi. This makes it difficult for a great majority of the population to access
cancer treatment services resulting in long waiting times causing some previously
curable tumours to progress to incurable stages. The reason for this sad situation is
that cancer treatment infrastructure in Kenya is inadequate and some cancer
management options are not readily available necessitating some Kenyans to seek
cancer treatment abroad. Within the health care systems, cancer is treated through
medical, surgical or radiation therapy. Effective treatments require that all these
modalities of treatment be available in the same setting to avoid distant referral and

delays in treatment administration.



Furthermore, essential drugs list in Kenya does not include chemotherapy for cancer.
Some of the very essential drugs for pain management are rare to find in most public
hospitals. There is therefore need for clear policies concerning terminal pain
management, supportive and palliative care for cancer patients in Kenya. Some of the
main impediments to palliative care in Kenya include shortage of financial and human
resources, lack of awareness and legal restrictions on the use and availability of opioid
analgesics. Cancer research in Kenya is not commensurate with the magnitude of the
problem. This is due to inadequate funding and training facilities in cancer research.
There is also no comprehensive cancer surveillance system and no population based
cancer registry (GOK, 2016).

1.3. Origin of cancer

It has been widely accepted that cancer results from genetic changes that affect cell
cycle control. It is driven by somatically acquired point mutations and chromosomal
rearrangements thought to accumulate gradually over time. The conventional theory
of carcinogenesis is called the Somatic Mutation Theory (SMT). SMT says that cancer
starts with a mutation that gives cells a growth advantage, which leads to clonal
expansion and successive mutations followed by clonal expansions. The principles of
SMT are stated as follows; first, cancer is derived from a single somatic cell that has
accumulated multiple Deoxyribonucleic acid (DNA) mutations. Secondly, the default
state of cell proliferation is quiescence; and lastly, cancer is a disease of cell
proliferation caused by mutations in genes that control proliferation and the cell cycle
(Sonnenschein et al., 2014). Under SMT, the adjacent tissue plays a supporting role,
affecting the fitness of the clonal expansion or recruiting the surrounding stromal cells
to begin an interplay that enhances the neoplastic phenotype (Hanahan & Weinberg,
2011).

1.3.1. Genetic factors of cancer

Somatic Mutation Theory (SMT) began in 1914 with Boveri’s theory linking
chromosomal changes to cancer (Weinberg, 2008). In the 1950s researchers
hypothesized that cancer involved successive mutations interspersed with clonal

expansions (Fraga et al., 2004). Based on the age-specific incidence of cancer, some
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researchers postulated that six or seven mutations are required for cancer development
(Rozhok & DeGregori, 2016). Another theory was that two mutations interspersed by

exponential cell growth were needed for cancer development (Dewanji et al., 1991).

Key observational support for SMT came in 1960 with the strong association between
the Philadelphia chromosome, a chromosome abnormality, and chronic myeloid
leukemia (Baker, 2014). The oncogene theory that viral genes inserted into animal
cells cause cancer received a boost in 1976 with the discovery of a close similarity
between genes in chickens and genes in the avian sarcoma virus (Morgan & Boyerinas,
2016). Additional support for SMT came in 1982 with experiments showing that
introduction of DNA into normal cells could convert the normal cells to cancer cells.
A standard classification of mutations thought to cause cancer was either as oncogenes,
which cause a gain of function that leads to cancer or tumor suppressor genes, which
cause a loss in function that leads to cancer. Perhaps the high point of SMT occurred
in 1990 with a genetic multistage model of colorectal tumorgenesis (Cofre &
Abdelhay, 2017).

1.3.2. Other causes of cancer

The Somatic Mutation Theory however has loop holes that might suggest cancer could
be caused by other factors. The reported number of mutations associated with tumors
has increased dramatically. In various studies, investigators have reported cancers with
77 mutations per million base pairs of DNA (Greenman et al., 2007), cancers with
over 30 mutations, solid tumors averaging up to 66 mutations (VVogelstein et al., 2013),
and tumors with over 10,000 mutations (Lawrence et al., 2013). In another study
(Imielinski et al., 2012), only 6% of tumor mutations corresponded to six hallmarks
of cancer, and 15% corresponded to no hallmarks of cancer. A further complexity is
the recent discovery that some tumors are characterized by sudden catastrophic genetic
changes (Stephens et al., 2011), not the slow accumulation of mutations under the

“classic” formulation of SMT.

Tissue Organization Field Theory (TOFT) (Soto & Sonnenschein, 2011) postulates
that cancer arises from the disruption of interactions with adjacent tissue, which can

be mediated by intercellular chemical signals, mechanical forces, and bioelectric
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changes. Because these adjacent-tissue interactions are thought to play a role in
embryonic development, an appropriate summary of TOFT is “development gone
awry” ( Sonnenschein et al., 2014). The premises of TOFT are that carcinogenesis
represents a problem of tissue organization, comparable to organogenesis, and that
proliferation is the default state of all cells (Soto & Sonnenschein, 2004). Three
corollaries of TOFT are: 1) mutations are not needed for carcinogenesis; 2) cancer can
arise in tissue where carcinogen has not been applied; and 3) genetic instability is a

byproduct of carcinogenesis.

Plants have been used for medicinal purposes long before recorded history. Ancient
Chinese and Egyptian papyrus writings describe medicinal uses for plants as early as
3,000 BC. Indigenous cultures (such as African and Native American) have used herbs
in their healing rituals, while others have developed traditional medical systems (such
as Ayurveda and Traditional Chinese Medicine) in which herbal therapies are being
used. Medicinal herbs and their derivative phytocompounds are being increasingly
recognized as useful complementary treatments for cancer (Nelson & Montgomery,
2003). In Kenya, various medicinal plants have been identified and used in treatment

and management of cancer (Ochwang’i et al., 2014).

A large volume of clinical studies have reported the beneficial effects of herbal
medicines on the survival, immune modulation, and quality of life (QOL) of cancer
patients, when these herbal medicines are used in combination with conventional
therapeutics. Prostate cancer, specifically, is characterized by a long latency period, a
strong dietary influence, and limited treatment strategies for the advanced disease;
therefore, many patients turn to complementary and alternative medicine (CAM) with
the belief that these represent a viable therapeutic option that may be free of adverse
side effects (Nelson & Montgomery, 2003). This folkloric belief, strongly upheld by
many, needs to be substantiated with systematic, evidence based research. The study
aimed at investigating the anticancer and anti-oxidant properties of three plants species
namely, A. indica, V. amygdalina and G. aparinoides which are traditionally used in
the management of cancer in Kenya (Sharma et al., 2014 and Wong et al., 2013). The
antioxidant properties were evaluated using the DPPH free radical scavenging assay.

In vitro anticancer properties were investigated against cervical cancer and prostate



cancer cell lines, singly and then in combinations (blends) using the MTT assay. In
vivo and acute toxicity was carried out to determine undesirable toxicities of the

extracts in mice.

1.4. Statement of the problem

While cancer ranks third in Kenya as the cause of mortality, falling behind infectious
diseases and cardiovascular conditions, existing treatment options are not diverse and
the high cost of attaining such treatment hinders a majority of the affected population

from receiving treatment.

While communicable diseases still remain the leading causes of death in many
developing countries, the incidence and mortality from non-communicable diseases is
rising rapidly. This has resulted in a “double burden of disease” further straining the
existing health systems. In Kenya, it is estimated that the annual incidence of cancer
is about 28,000 new cases with an annual mortality of 22,000 cases. Over 60% of those
affected are below 70 years while the risk of getting cancer before 75 years of age is
14% and the risk of dying of it is estimated at 12%. The leading cancers in women are
breast, cervical and oesophagus. In men, oesophagus, prostate cancer and Kaposi‘s
sarcoma are the most common. Data from human papillomavirus and related cancers
indicate that Kenya has a population of 13.5 million women aged 15 years and older
who are at risk of developing cervical cancer. Current estimates indicate that every
year 4802 women are diagnosed with cervical cancer and 2451 die from the disease.
The Nairobi cancer registry places prostate cancer as the commonest cancer in males
at 17.3%. This compares well with 15% reported in developed countries. Despite this
significant contribution of cancer to the morbidity and mortality of the Kenyan
population, treatment is still not accessible to many, majorly due to the expensive

costs.

1.5. Justification of the study

Lack of diversity in the modes of treatment for cancer coupled with the robust
economic input required for the treatment of cancer has prompted the shift in focus

from conventional medicine to traditional medicine. Surgery, chemotherapy, and



radiotherapy are still the major conventional cancer therapies. Serious drawbacks
however can be pegged to these strategies despite the obvious milestones gained in
the fight against cancer. Therefore there is an urgent need for the development of novel

combination therapies and treatment regimens with higher efficacies.

Medicinal plants have great potential to be used as sources for anti-cancer therapeutics.
Recently, there has been a shift in the world of research and drug development to
concentrate more on the potential of medicinal plants as sources of anticancer agents.
This shift has been driven by the successful potency of plant derived molecules such
as the vinca alkaloids, vinblastine, vincristine and cytotoxic podophyllotoxins as
anticancer agents. The recent success of clinical trials with less toxic plant derived
anticancer agents; flavopiridol, isolated from the Indian tree Dysoxylum
binectariferum and meisoindigo, isolated from the Chinese plant Indigofera tinctoria,

has propelled research into medicinal plants as sources of anticancer agents.

There is a need to bridge the gaps in such knowledge with regards to the use of
Azadirachta indica, Vernonia amygdalina and Galium aparinoides in cancer
management in Kenya. With the investigation of in vitro properties of the plant extracts
against cell lines for both cervical cancer and prostate cancer, a deeper understanding

can be attained of their bioactivity leading to their validation and more informed usage.

1.7. Objectives

1.7.1. Overall objective

To determine the antioxidant properties, antiproliferative activity, acute oral toxicity
and phytochemical screening of A. indica, V. amygdalina, and G. aparinoides plant

extracts against cervical and prostate cancer cell lines.

1.7.2. Specific objectives

e To determine the antioxidant activity of the extracts of A.

indica, V. amygdalina and G. aparinoides.



To determine the antiproliferative activity of single plant
extracts of A. indica, V. amygdalina and G. aparinoides
against cervical cancer and prostate cancer cell lines in vitro.
To evaluate in vitro cytotoxicity effects of combined plant
extracts against cervical cancer and prostate cancer cell lines
in vitro.

To determine the acute oral toxicity of the most potent
extracts in mice model in vivo.

To determine the qualitative phytochemical composition of

A.indica, V. amygdalina and G. aparinoides

10



CHAPTER TWO

LITERATURE REVIEW

2.1. Cancer

The search for cancer therapeutics has come a long way. Since cancer is characterized
by the abnormal growth and proliferation of cells, it is important that cancer research
concentrates on finding ways to regulate growth of cancer cells and consequently their
proliferation. The basic approach towards achieving this has been pegged on either the
inhibition of cell division or clearance of cancer cells (Igbal & Bamezai, 2012). The
problem that has been realized with the developed therapeutics so far is that they not
only kill cancer cells but they also kill the normal functioning human cells that were

not meant to be targets (Igbal & Bamezai, 2012).

In order to deliver effective therapeutics which cause minimal damage to normal
human cells, research has focused on the therapeutic value of medicinal plants of late
(Boohaker et al., 2012). Though widely accepted that plants have the potential of
synthesizing complex molecules of therapeutic value, the identification, isolation and
purification of such molecules requires extensive screening. Phytochemical
examination of plants has occurred in the recent past, and many of the plants used in
folklore for the treatment of cancer have been found to exhibit antitumor activity
(Altemimi et al., 2017).

The plant derived molecules with anticancer activity that have been used clinically
include the Vinca alkaloids which function by arresting metaphase through
interference with microtubule assembly. The Vinca alkaloids are derived from Vinca
rosea and include vinblastine, vincristine and vincamine (Moudi et al., 2013).

They also have synthetic derivatives in the form of vindesine and vinorelbine. Another
alkaloid, campothecin, is a topoisomerase inhibitor that has also been found to have
anticancer activity (Sisodiya, 2013). The above named are just but a few examples of
the existing proven plant derived molecules that exhibit anticancer activity. Due to the

potential that is evidently existent in plants when it comes to the sourcing of novel
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therapeutic agents, cancer research has seen a major shift towards medicinal plants. In
the many cases that the anticancer activity of plants has been established, it has been
done so in vitro. These compounds, together with those that are yet to be established
as having in vitro anticancer activity, need to be evaluated in vivo. As such, research
needs to be carried out using animal models or human models so as to determine the

in vivo activity of the plant derived molecules.

2.2. Diagnosis and treatment

The key objective to cancer diagnosis and treatment programme is to cure or
significantly lengthen the life of patients. Management of cancer is based on the type
and its stage, which denotes how far it has grown and weather it has spread from its
point of origin (Jiang et al., 2007). Cancer diagnosis begins with a thorough physical
examinations and a complete medical history through various laboratory tests. When
a tumour is suspected, imaging tests such as X-rays, computed tomography (CT),
magnetic resonance imaging (MRI), ultrasound and fiber-optic endoscopy
examinations are done to help doctors determine the cancer's location and size
(Nabende & Namukhosi, 2015). To confirm the diagnosis of most cancers, a biopsy
needs to be performed in which a tissue sample is removed from the suspected tumour

and studied under a microscope to check for cancer cells (Karcioglu et al., 1985).

A positive diagnosis implies that cancer is present hence other tests are performed to
provide specific information about the cancer in a process called staging. If the biopsy
is positive for cancer, the patient is advised to seek a confirming opinion by a doctor
who specializes in cancer treatment before any treatment begins. If the initial diagnosis

is negative for cancer and symptoms persist, further tests may be needed (WHO, 2014).

2.3. Alternative medicine

Complementary and Alternative Medicine (CAM) is defined by the Cochrane
collaboration as" a broad domain of healing resources that encompasses all health
system, modalities, and practices and their accompanying theories and beliefs, other
than intrinsic to the politically dominant health systems of a particular society or

culture in a given historical period" (The Cochrane Library Cochrane Database of
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Systematic Reviews). However, the National Centre for Complementary and
Alternative Medicine (NCCAM 2006) in America defines CAM as "a group of diverse
medical and health care systems, practices and products that are not presently

considered to be part of conventional medicine” (Pearson et al ., 2006).

There has been a steady increase in the use of complementary and alternative medicine
among cancer patients for the past decades (Boon et al., 2000). Among the early
studies to ascertain the level of CAM use among cancer patients, it was reported that
16% of cancer patients surveyed in two hospitals in London admitted to using CAM
(Downer et al., 1994). This figure is similar to an earlier report in which CAM use was
reported at 13% in the United State of America (USA) (Cassileth & Vickers, 2004).
However, a recent survey of 127 cancer patients in the United Kingdom (UK) reported
that 29% of their sampled population were using some form of CAM (Scott et al.,
2005).

In a systematic review of surveys on the use of CAM among cancer patients in 13
countries, Ernst and Cassileth reported a range of 7% to 64% of CAM use among the
adult cancer population and the average of 31.4% across all the studies (Ernst, 1998).
Some of the commonly used CAM included visualization, herbs, dietary treatment,

meditation, relaxation, homeopathy and hypnotherapy.

Despite the fact that more and more cancer patients are turning to CAM modalities for
a number of reasons, few patients disclose this to their health care professionals
(Truant & Bottorff, 1999). Studies so far conducted indicated that just about half of
the cancer patients who use CAM inform their doctors of such use (Bott, 2007).
Patients perceive a lack of interest on the part of health care professionals or their total
disapproval of the therapies (Richardson et al., 2007). The lack of communication
about CAM between patients and health professionals limits the opportunity to discuss
the potential benefits and risk of the therapies.

2.4. Plant derived anti-cancer compounds

Despite plants being used as food and spices, they have also been employed as

medicines for over 5000 years. Plants have had a vital role in the folklore of ancient
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beliefs. Traditional medicine has become a preferred method with an estimate of 70—
95% population in developing countries (DeSantis et al., 2014). In the 1950%s a new
trend, that was involved in isolation of plant active compounds begun and led to the
discovery of different active compounds that are derived from plants. In the last
decades, more and more new materials derived from plants have been authorized and
subscribed as medicines, including those with anti-cancer activity (Cragg & Newman,
2005). Anticancer drugs derived from plants that are currently in clinical use can be
categorized into four main classes of compounds: vinca (or Catharanthus) alkaloids,
epipodophyllotoxins, taxanes and camptothecins (Balunas & Kinghorn, 2005). The
search for anticancer agents derived from plants started in the 1950s with the discovery
and development of the vinca alkaloids and the isolation of the cytotoxic
podophyllotoxins. The vinca alkaloids vinblastine (Figure 2.1) and vincristine (Figure
2.2) were isolated from the Madagascar periwinkle (Catharanthus roseus or Vinca
rosea). These alkaloids and their semisynthetic derivatives block mitosis at the
metaphase stage causing cell apoptosis and they have been used in the treatment of
leukemias, lymphomas, Kaposi‘s sarcoma (KS) and testicular, breast and lung cancers

for more than 40 years (Jacobs et al., 2004)

14



Figure 2. 2: Vincristine; a chemotherapy drug used to treat cancer

The podophyllotoxins were isolated from the resin of Podophylum peltatum and they
also block mitosis during the metaphase by inhibiting tubulin polymerization-causing
apoptosis. However, their use in clinic failed because of their severe side effects.
Further studies lead to the development of semisynthetic derivatives of
podophyllotoxins (Figure 2.3) such as etoposide and teniposide that inhibit the
catalytic activity of DNA topoisomerase Il inducing irreversible breaks in the DNA
and apoptosis. Etoposide and teniposide are used in the treatment of lymphomas, as
well as acute leukemia and small-cell lung, testicular, ovarian and bladder cancers
(Gordaliza et al., 2000).

In 1960, the United States National Cancer Institute (NCI) initiated an extensive plant
collection program leading to the discovery of many novel chemotypes including
taxanes and camptothecins. The taxanes were isolated from Taxus brevifolia and other
conifers from the genus Taxus. They stabilize the microtubules suppressing their
depolymerization to tubulin leading to cell death. Taxanes have been used for the

treatment of ovarian cancer, metastatic breast and lung cancers and KS (Oberlies &
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Kroll, 2004). The camptothecins (Figure 2.4) are alkaloids isolated from
Campthotheca acuminata, Ophiorrhiza pumila or Mapia foethida. Camptothecin
inhibits DNA topoisomerase I. The semisynthetic analogs of camptothecin, topotecan
and irinotecan, are in clinical use. Topotecan is used for the treatment of ovarian and
small-cell lung cancers, whereas irinotecan is used for the treatment of colorectal

cancer (Balunas & Kinghorn, 2005).
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Figure 2. 3: Podophyllotoxins; antimitotic agent isolated the plant Podophyllum

peltatum
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Figure 2. 4: Camptothecins; used in screening anticancer drugs

Currently, the Natural Products Branch, part of the Developmental Therapeutic
Program at the NCI, collaborates with agencies throughout the world to collect
thousands of plants and marine organisms for the extraction and screening of
antitumor properties of extracts. The NCI is also committed to the conservation of
biological diversity. To date, only 1% of the ~500 000 plant species worldwide has
been phytochemically investigated (Palombo, 2006). Therefore, it is likely that many
new bioactive compounds are waiting to be discovered and developed into treatment

for pathologies such as bone metastasis.
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2.5. Antioxidant activity

Antioxidants are chemicals that interact with and neutralize free radicals, thus
preventing them from causing damage. Antioxidants are also known as “free radical

scavengers. The main characteristic of an antioxidant is its ability to trap free radicals.

Highly reactive free radicals and oxygen species are present in biological systems from
a wide variety of sources. These free radicals may oxidize nucleic acids, proteins,
lipids and can initiate degenerative disease. Antioxidant compounds like phenolic
acids, polyphenols and flavonoids scavenge free radicals such as peroxide,
hydroperoxide or lipidperoxyl and thus inhibit the oxidative mechanisms that lead to

degenerative diseases (Mishra et al., 2010).

Free radicals are highly reactive chemicals that have the potential to harm cells. They
are created when an atom or a molecule either gains or losses an electron. Free radicals
are formed naturally in the body and play an important role in many normal cellular
processes (Diplock et al., 1998). At high concentrations, however, free radicals can be
hazardous to the body and damage all major components of cells, including DNA,
proteins, and cell membranes. The damage to cells caused by free radicals, especially
the damage to DNA, may play a role in the development of cancer and other health
conditions (Valko et al., 2007).

The principle behind the DPPH (1,1-diphenyl-2-picrylhydarzil) scavenging activity is
based on its reduction in presence of a hydrogen donating antioxidant. Due to the
influence of hydrogen donating ability of the extracts, DPPH is reduced from its violet
color to a colorless color as shown in Figure 2.5 (Molyneux, 2004). DPPH decreases
considerably when in contact with a proton radical scavenger due to its proton free
radical (Singh & Rajini, 2004).
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Figure 2. 5: DPPH Reduction; to diphenyl hydrazine stable solution.

Tumor growth can cause antioxidant disturbances in certain tissues of the tumor host.
One of the characteristics of tumor growth and invasion is the increased flux of oxy-
radicals and loss of cellular redox homeostasis. Cancer cells can generate large
amounts of hydrogen peroxide, which may cause mutation and damage of normal
tissues in the body. Antioxidants block carcinogenesis by multiple mechanisms which
include prevention of procarcinogenic activation, inhibition of cell proliferation,
invasion and angiogenesis and stimulation of apoptosis. Some classes of compounds
have been associated with antioxidant and anti-proliferation activity for instance the
alkaloids, cardiac glycosides, terpenes, phenolics and flavanoids among others
(Aiyelaagbe & Osamudiamen, 2009). This knowledge has resulted in the shift towards
medicinal plants due to the fact that they are rich in antioxidant phytochemicals
(Hussain et al., 2003).

2.6. Azadirachta indica Juss.
2.6.1. Description

Azadirachta indica is a fast-growing tree that can reach a height of 15-20 m, though it
occasionally reaches 35-40 m. This plant belongs to the Meliaceae family and genus
Azaddirachta. It is evergreen, but in severe drought it may shed most or nearly all of

its leaves. It grows on dry, stony, clayey, and shallow soils having a pH range of 5.0
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to 8.5. In Kenya it is referred to as Mwarubaini loosely translated to a “tree of 40
cures” in reference to the numerous claims of its potential to treat over 40 ailments.
Azadirachta indica (Neem) is known historically for its miraculous healing properties
and has been described an ancient cure for a modern world. Neem is the Chinaberry’s
miraculous cousin and known as a tree for solving global problems, an epithet which
has been recognized by the US National Academy of Sciences (Oaks et al ., 1992). It
is native to the dry forests of India, Pakistan and Sri Lanka and is cultivated in tropical

and subtropical regions worldwide (Othman et al., 2011).
2.6.2. Chemical Compounds

At least 140 different chemical compounds have been found within the different parts
of the plant (Atakan, 2012). Studies reveal that Azadirachta indica has 16 different
groups of organic compounds. Major chemical constituents isolated from the leaves
include Tannin, sitosterol and its glucoside, 24-methylene-cycloartenol, 4,14,-
dimethyl -5-ergosta- 8, 24(28)-dien-3 -0l (Figure 2.6), 4 -methyl-5 -ergosta-8, 24(28)-
dien-3-01, Nimatone, Nimbinene, 6-desacetyl Nimbinene, Nimbolins, Vanilic acid,
Catechol, Campesterol, Stigmasterol, Sitosterol, -amyrin, Lupeol, Nimbin, Nimbidin,
Nimbinin, Sugiol, Kulinone, Kulactone, Kulolactone Methyl Kulonate, 6-hydroxy-4-

stigmasten-3-one and 6 -hydroxy-4- campesten-3-one (Paritala et al., 2015).

Gedunin, 7- deacetoxy-7-oxogedunin, fraxinellone, nimbolin cycloeucalenone, and
melianin have been found in its stem bark. Besides aesculetin, Campesterol, 6-

hydroxy-7-methoxy-coumarin (Figure 2.7), 4 -6 - Dihydroxy-A-homoazadirone,

Isomeldenin, Meldenindiol, 17-AcetoxyMeliacin,6-0-acetylnimbandiol,
Desacetylnimbin, Nimocinol, Isonimolicinolide and Nimolinolic have also been found
in its root bark (Hossain et al., 2013). Figure 2.6 and Figure 2.7 shows some of the

chemical structures found in A. indica.
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Figure 2. 6: 4, 14,-dimethyl -5-ergosta- 8, 24(28)-dien-3 -01; meiosis activating sterol.
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Figure 2. 7: 6-hydroxy-7-methoxy-coumarin; metabolite generated by

BioTransformer
2.6.3. Medicinal uses

Therapeutic properties of Azadirachta indica have been recognized since ancient times
and have been extensively used in ayurveda, unani, and homoeopathic medicine
(Biswas et al., 2002). Many compounds such as limonoids, azadirone, azadirachtin
and flavonoids, having therapeutic potential, have been isolated from various parts of
neem tree and have been evaluated for their pharmacological actions and plausible
medicinal applications along with their safety evaluation. Every part of the tree has
been used as traditional medicine for household remedy against various human

ailments, from time immemorial (Sofowora et al., 2013).

However, it has previously been reported that V. amygdalina aqueous leaf extracts
suppressed breast cancer cells growth at 100 pg/ml (Clement et al., 2014).
Interestingly, when wused in conjunction with chemotherapeutic drugs like

cyclophosphamide, isplatin, 5-fluorouracil, or with radiotherapy, it potentiates their
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antitumor effects by activating pro-apoptotic signaling and negating survival signaling
along with attenuating their side effects (Kpela et al., 2012; Sharma et al., 2014).

Notably, cisplatin, the first member of a class of platinum-containing anticancer drugs,
is widely used for treatment of solid malignancies. Cisplatin has a number of side-
effects that can limit its use: nephrotoxicity, nausea and vomiting, ototoxicity (hearing
loss), electrolyte disturbance, and hemolytic anemia. Also, the majority of cancer
patients eventually develop cisplatin-resistant disease necessitating combination
therapy approach using multiple chemotherapeutic agents or combining with

chemopreventive agents (Sharma et al., 2014). A. india can be one such agent.

2.6.4. Biological activity

Recent studies have shown that neem possesses anti-inflammatory, anti-arthritic,
antipyretic, hypoglycemic, antigastric ulcer, antifungal, antibacterial, antitumor
activities, antidiabetic activity (Dholi et al., 2011). The antineoplastic properties of A.
india are gaining attention due to its cancer preventive, tumor-suppressive,
antiproliferative, apoptosis-inducing, antiangiogenic, and immunomodulatory effects
via several molecular mechanisms (Sharma et al., 2014). The alcoholic extract of A.
india flowers has been reported to possess ideal antifertility agent. (Gbotolorun et al.,
2008; Maragathavalli et al., 2012) reported on the antimicrobial activity of the

methanolic and ethanolic leaf extracts against human pathogenic bacteria.

2.6.5. Mode of action

Azadirachta indica plants parts shows antimicrobial role through inhibitory effect on
microbial growth of cell wall breakdown. Azadirachtin, a complex tetranortriterpenoid
limonoid present in seeds, is the key constituent responsible for both antifeedant and
toxic effects in insects (Nisbet, 2000).

Results suggest that the ethanol extract of Azadirachta indica leaves showed in vitro
antibacterial activity against Staphylococcus aureus with greatest zones of inhibition
noted at 100% concentration (Sarmiento et al., 2011). It also plays role as free radical

scavenging properties due to rich source of antioxidant. Azadirachtin and nimbolide
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showed concentration-dependent antiradical scavenging activity and reductive
potential in the following order: nimbolide > azadirachtin > ascorbate (Hossain et al.,
2013).

Azadirachta indica ingredient shows effective role in the management of cancer
through the regulation of cell signalling pathways. Neem modulates the activity of
various tumour suppressor genes, angiogenesis, transcription factors and apoptosis. It
also plays role as anti-inflammatory via regulation of proinflammatory enzyme

activities including cyclooxygenase and lipoxygenase enzyme.

2.7. Vernonia amygdalina Del.

2.7.1. Description

Vernonia amygdalina is a woody shrub that can grow up to 5m tall, belonging to the
family of Asteraceae. Native to Nigeria (West Africa) and widely grown in Africa, it
is also found in Asia and is especially common in Singapore and Malaysia. The leaves
exhibit a characteristic odor and bitter taste, explaining its common English name of
,bitter leaf™. Different local names have been used in various communities such as
Omororia (Kisii), Omulusya/musuritsa (Luhya), Olusia (Luo), Cheburiandet (Nandi),
Omuburiri (Nyankore) and Labwori (Acholi).

2.7.2. Chemical compounds

Several investigators have led to the isolation of a number of chemical compounds
with potent biological activities from the leaves of V. amygdalina. An investigation of
V. amygdalina showed that the biological-active compounds of V. amygadlina include
saponins and alkaloids, terpenes, steroids, coumrains, flavonoids like luteolin, luteolin
7-O-glucuronide (Figure 2.8) phenolic acids, lignans, xanthones and anthraguinone,

edotides and sesquiterpenes (Erasto et al., 2007).

It has also been reported that V. amygdalina contains Thiamine, Pyridoxine, and
Ascorbic acid (Figure 2.9), Glycine, Cysteine and Casein. V. amygdalina was also

reported to possess compounds toxic to common bean aphids (Dunsworth et al., 1982).
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Sesquiterpene has been isolated from this herbal plant and shown to possess some
active ingredients; vernodalin, vernodalol and 11, 13-dihydrovernodalin. This
compounds have been reported have insecticidal properties which act as an insect
feeding deterrent (lleke, 2015). Hydro distillation of the leaves of V. amygdalina
yielded essential oil containing eucalyptol (1, 8 cineole, 25%), beta pinene (14.5%)
and myrtenal (Yeap et al., 2010). Figure 2.8 and figure 2.9 shows some of the chemical

structures found in V. amygdalina.
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Figure 2. 8: Luteolin 7-O-glucuronide; o-glycosidically linked to the flavonoid

backbones

Figure 2. 9: Ascorbic acid; vitamin C, functions as a reducing agent
2.7.3. Medicinal uses

The medicinal properties of V. amygdalina have been widely recognized and it is a
major part of pharmacopeia for Nigeria“s naturalists (Yeap et al., 2010). The plant has

been shown to possess diverse therapeutic effects such as anti-malarial, anti-microbial
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(anti-bacterial, anti-fungal and anti-plasmodial), anti-diabetic and anti-cancer effects
(Wong et al., 2013). The anti-cancer effect of the plant was first shown in human
carcinoma ofnasopharynx and later in leukemia cells P-388 and L-1210 using its
chloroform extract (Wong et al., 2013). Different extracts have thus been used in
scientific research to reveal the therapeutic properties of this plant. Current research
conducted on the anti-cancer effect of V. amygdalina has focused exclusively on MCF-
7 cells (ljeh & Ejike, 2011). V. amygdalina has been used traditionally to treat cancer
(Olatunde & Farombi, 2003) and sexually transmitted diseases such as gonorrhea and
malaria (Erasto et al., 2007). The plant has antihelminthic, antitumorigenic,
hypoglycaemic and hypolipidaemic activity (Yeap et al., 2010). Both the leaves and
the roots are used traditionally in phytomedicine to treat fever, kidney heart disease
and stomach discomfort (Farombi & owoeye 2011). This project will further give

insight into the bioactivity of the plant and its use in cancer treatment.
2.7.4. Biological activity

Erasto et al. (2007) also reported on the usefulness and prevention of the roots of V.
amygdalina in treatment of tooth ache and gum decay due to its bactericidal and
antimicrobial activities. Many studies have shown that V. amygdalina provides anti-
oxidant benefit (Khalafalla et al., 2009). V. amygdalina aqueous extract has been
investigated and identified to possess cell growth inhibitory effects in prostate cancer
cell line (Adebayo et al., 2014; Sweeney et al., 2006).

2.7.5. Mode of action

V. amygdalina leaves extracts had been reported to possess protective effect against
carbon tetrachloride-induced hepatotoxicity by the antioxidant mechanism of action
(Adesanoye & Farombi, 2010). Vernodalin and vernolide had been reported to exhibit
potent activity for Leukimia cell lines (ICso P-388 and L-1210 cells). Vernolide
showed a significant inhibition against gram-positive bacteria and the gram-negative
bacterium Salmonella pooni showing its antibacterial activity (Clement et al., 2014).
Vernodalin and vernomygdin had been reported to possess antitumor activity against
human nasopharynx carcinoma (Luo et al., 2017).
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The antifeedant activity was noticed from the isolated 11,13-dihydrovernorodeline,
this can resist insects from feeding on the plant but does not result in lethality (Yeap
et al., 2010). Vernolepin had also been reported to show antiplatelet property against
arachidonic acid and collagen-induced platelet aggregation in rabbits ((Yeap et al.,
2010).

2.8. Galium aparinoides Forssk.

2.8.1. Description

It is a scrambling perennial herb up to 1.8-2.1 m. long; stems usually densely covered
with small prickles but otherwise mostly glabrous. Its roots are said to contain a red
dye. Leaves and stipules appear in spirals and the blades are narrowly elliptic to 0.4—
3 cm long. It has an apical penetration of 0.5-1.5 mm long sparsely hairy on both

surfaces. It is known as olengeriantus in Maasai and belongs to family Rubiaceae.

It consists of about 300 herbaceous plant species and have been used in food
manufacturing and traditional medicine all over the world (Vlase et al., 2014). Galium
aparine L. is the most widely spread species of Galium and is mostly found growing

on moderate climate.

2.8.2. Chemical compounds

Studies have clearly established that Galium species have a simple and highly
substituted flavone and flavonol compounds including flavonoid, aglycones,
glycosides and methylated compounds. Isolated flavone compounds identified were
apigenin and its 7-glycoside, luteolin 7-diglycoside, diosmetin and its 7-
monoglycoside, as well as its 7-diglycoside. In addition, flavonol compounds were
detected and they include kaempferol 3-glycoside (Figure 2.10) , 3-diglycoside and
3,7-diglycoside, quercetin, 3-glycoside (Figure 2.11), 3-rutinoside, 3,7-diglycoside
and 3-diglycoside-7-glycoside (Puff, 1975). But none of this compounds have been
identified in Galium aparinoides. Figure 2.10 and figure 2.11 shows some of the

chemical structures found in G.aparinoides.
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Figure 2. 10: Kaempferol 3-glucoside; astragalin is a chemical compound

Figure 2. 11: Quercetin, 3-glucoside; used in treatment of kidney Cancer
2.8.3. Medicinal uses

It is believed to cure throat cancer in cattle. The whole herb is pounded and soaked in
water, or boiled and the decoction given to the sick animal (Kokwaro, 2009). Its
species Galium aparine (cleavers), has a long history of use as an alternative medicine
and is still used widely by modern herbalists. It is an amazing diuretic that is often
taken to treat skin problems. It treats many problems such as seborrhoea, eczema,
psoriasis. It also acts as a great detoxifying agent in life-threatening ailments like
cancer. The fresh plant or juice of this herb is used as a medicinal wonder to treat

problems like wounds, skin problems and ulcers. An infusion of the herb has been used
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in the treatment of various problems. The infusion is also used to treat liver, bladder

and urinary problems (Vlase et al., 2014).
2.8.4. Biological activity

The bioactivity of this specific plant species has not been well documented, though
different members of the genus Galium have been found to have bioactivity. Studies
have shown the presence of hydroxycinnamic acids, coumarins, derivatives of
flavones and flavanols in aerial parts of the plant. Galium verum L., yellow “Lady"s
bedstraw”, with golden yellow flowers, contains polyphenols, flavonoids, phenyl-
propanoids compounds and iridoids (Vlase et al., 2014). They are used as diuretic,
depurative; light sedative, spasmolytic in kidney stones, and externally for injuries and
skin damages as wound healing, psoriasis treatment and rheumatism. Aerial parts of
G. aparine contain anthraquinones, iridoids, alkanes, flavonoids, tannins,
polyphenolic acids, and vitamin C (Vlase et al., 2014). With the potential that Galium
aparinoides Forssk. has with regards to bioactivity, this project will provide the much
needed scientific data to prove their bioactive importance or otherwise.

2.8.5. Mode of action

Although no mode of action has been documented about Galium aparinoides, little
knowledge is known about its species. . 3,7-diglycoside a flavone, isolated from
Galium verum has been found to treat kidney stones. Apigenin-7-O-glycoside has also
been isolated from gallium species its used as a non-steroidal anti- inflammatory drug
(Li et al., 2010). Luteolin 7-diglycoside isolated from Galium mullugo and its used
to treat diseases such as hypertention cancer and inflammatory disorders (Poppendieck
& Kubitzki, 1981). 3',4',5,7-tetrahydroxyflavone a Luteolin is able to interfere with
almost all of the characteristics of cancer cells thus used as an anticancer agent (Lin et
al., 2008).Emetine is a natural product alkaloid from ipecac species. It is one of the
main active ingredients in ipecac syrup used as emetic, and has been used extensively

in phytomedicine as an antiparasitic drug (Akinboye & Bakare, 2011).
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CHAPTER THREE
MATERIALS AND METHODS
3.1. Study site

The study was carried out at Centre for Traditional Medicine and Drug Research
(CTMDR) laboratories and the animal house facility at Kenya Medical Research
Institute (KEMRI) Nairobi, Kenya.

3.2. Study design

This was a Laboratory based experimental study.

3.3. Ethical considerations

The study was approved by the Kenya Medical Research Institute (KEMRI) Scientific
and Ethics Review Unit (SERU) and the animal care use committee an approval
certificate number KEMRI/SERU/CTMDR/016/3119 and (KEMRI/ACUC/02.02.15)
respectively (Appendix 1 and 2).

3.4. Medicinal plant collection, extraction and phytochemical screening.

3.4.1. Collection and preparation of plant materials

The plant materials of Azadirachta indica and Galium aparinoides were collected from
Ngong’ forest and Shimba Hills respectively while Vernonia amygdalina was
collected from Kakamega forest in its natural habitats. Different parts of the plants,
that is, leaves (L), stem barks (SB) and root barks (RB) were collected separately then
air-dried in mesh bags and the voucher specimens deposited at the University of
Nairobi Herbarium.

A taxonomist was consulted during plant identification and collection. The raw
materials were stored separately at the Centre for Traditional Medicine and Drug
Research (CTMDR), KEMRI. Plants collected were identified as indicated in Table
3.1
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Table 3. 1: Collection and identification of the plants

Botanical Family Voucher Location of GPS Information  Parts Used
name number collection
Azadirachta Asteraceae PGK/2014/008 Shimba Hills 0397034 26.57” E Leaves, root bark, stem
indica and 0470 19° bark
08.39”S
Vernonia Asteraceae PGK/2014/011 Kakamega 02070 20° 44” N and Leave, roots and aerial
amygdalina forest 34°049°57” E parts
Galium Rubiaceae PGK/2014/10 Ngong’ forest 170 18°0” Sand36°0 Aerial parts
aparinoides 43°60” E

Figure 4. 1: Azadirachta indica parts.

A; leaves; B; harvesting of the stem bark; C; stem barks
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Figure 4. 2: Vernonia amygdalina Parts

A; leaves. B; harvesting of the leaves. C; plant. D; harvesting of the roots

Figure 4. 3: Gallium aparinoides parts.

A; Plant shrub. B; harvesting of the plant. C; plant stems, D; harvesting of the stem.
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3.4.2. Extraction of the plant materials

3.4.2.1. Aqueous extraction

Accurately weighed 100g of the dried plant extracts were soaked in 1000ml distilled
water and put in a water bath at 70°C for 1 hour. It was then covered and left to cool
under room temperature. The extracts were decanted in clean 500ml conical flasks. A
two layer of sterile gauze filtration was achieved, centrifuged for 5minutes and freeze-
dried (Edwards freeze drier Modulyo). Powder-like extracts were collected after 72
hours. The extracts were then weighed, labeled and stored in an airtight container at
4°C till use.

3.4.2.2. Organic extraction

Successive organic extraction was done where one hundred grams of dried plant
materials were weighed and soaked in 1000ml of the different solvents of methanol,
ethyl acetate and petroleum ether separately in flat bottomed conical flasks and
covered tightly by cotton gauze at room temperature for 24 hours. The extracts were
filtered through Whatman filter paper no.1, soaked again for another 24 hours. (Sigma
Aldrich) and concentrated under reduced pressure using a rotary evaporator, a machine
used to remove organic solvents from plant extracts (Buchi Rotavapor R-114). The
water bath temperature was set to 60°C, the cooling water temperature was 20°C and
the boiling point for the solvent was adjusted to 40°C.The resultant extracts were then

weighed, labeled and stored in an airtight container at 4°C till use.

3.5. Preparation of stock solution

One hundred milligrams of the extracts were dissolved in 1ml DMSO (Dimethyl
Sulfoxide) to make a stock solution of 100,000 pg/ml in 100% DMSO sterilized by
filtration by using a 0.22

um Millex syringe driven filter. The working solution was made by diluting one of the
stock solution to 99 parts of Earl’s Minimum Essential Medium (MEM) containing

2% Fetal Bovine Serum (FBS) which was 10 ul of the extract in 990 pl of the media
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to give a start concentration of the 1000 pg/ml in 1% DMSO which was used in the
MTT [3-(4, 5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.

3.6. Determination of antioxidant activity of the plant extracts

The antioxidant activity of the extracts was measured on the basis of the scavenging
activity of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical with slight
modifications (Brand-Williams et al., 1995). Briefly, 1ml of 0.1mM of DPPH solution
in methanol was mixed with 1ml of the plant extract solution of varying concentrations
(100, 50, 25, 12.5, 6.25, 3.125 and 1.5625 pg/ml). A corresponding blank sample
(methanol) was prepared and L-Ascorbic acid was used as reference standard. The
decrease in absorbance was measured at 517nm after 30minutes in darkness using a
spectrophotometer (UV-VIS Shimadzu). The percentage inhibition effect was

calculated using the following equation:
Percentage Inhibition = [1 — OD (DPPH + sample)/OD (DPPH)] x 100

A dose response curve was plotted to determine the ICso values. ICsq is defined as the
concentration sufficient to obtain 50% of a maximum scavenging capacity. All tests

and analyses were done in triplicate.
3.7. Determination of antiproliferative activity of the plant extracts
3.7.1. Cell culturing

Monkey kidney Vero cells (L6), human prostate cancer cell lines (DU145) and Human
cervical cancer cell lines (HELA) were sourced from the American Type Culture
Collection (ATCC) (Rockville, USA). Vero cell lines are normal cells and they were
used to determine the selectivity of cytotoxic plant extracts to cancerous cells. Vero
cells and cervical cancer cell lines were maintained in Eagle®s Minimum Essential
Medium (MEM) supplemented with penicillin and streptomycin (1%), (Sigma), 10%
fetal bovine serum (FBS) and 2 mM L-glutamine at 37°C in a moistened atmosphere

of 5% CO, to achieve confluence.
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3.7.2. 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide assay

procedure

The assay was carried out as previously described by (Mosmann, 1983). Vero, prostate
and cervical cancer cell lines were cultured and maintained in DMEM supplemented
with 10% FBS at 37°C in 5% CO>. The cells were harvested by trypsinization, pooled
in a 50 ml vial and 100p1 cell suspension (2x10° cell/ml) put in the 96-well micro-titer
plate. The cells were incubated at 37°C in 5% CO> for 24 hours to attach, the medium
aspirated and 150l of the highest concentration of each of the test samples serial
dilutions in (MEM)) were added into the same row and a serial dilution was carried
out. The experimental plates were incubated further at 37°C with 5% CO; for 48 hours.
The controls used were untreated cells (no drugs and no cells) and 5-fluorouracil as a
positive control. This assay was used to determine cell viability. The MTT assay is a
laboratory test which measures changes in color for measuring the activity of the
enzyme that reduces MTT to insoluble formazan, giving a purple color. Yellow MTT
reduce to purple formazan in living cells (Lau et al., 2004). At the end of the incubation
time, 10ul of the MTT dye [(5mg of MTT, dissolved in 1ml serum free medium
(phosphate buffered saline (PBS) was added into each well and the cells incubated for
2-4 hours until a purple precipitate was clearly visible under a microscope. The
medium together with MTT was aspirated off from the wells and 100ul of 100%
(DMSO) added and the plates were shaken for 5 minutes to solubilize the formazan
crystals. The absorbance was measured for each well at 562 nm and 690 nm as

reference using a micro-titer plate reader (Wang et al., 2006).

Cell viability (%) was calculated using a previously described formula; (Njagi et al., ,
2016; Patel, G, 2009).

At — Ab
Proliferation rate =

Ac — Ab

— Ab

Percentage viability = X100
c—Ab
— Ab
Percentage inhibition = 100 — X100

Ac— Ab



Where,

At= Absorbance value of test compound

Ab= Absorbance value of blank

Ac=Absorbance value of negative control (cells plus media).

3.8. In vitro cytotoxicity assay for combined extracts

To determine the activity of blend extracts, the checkerboard method was applied in
this combination experiment and the degree of synergy was evaluated (Berenbaum,
1978). Briefly, the in vitro combination studies involved two components a and b. One
extract (component a) with a predetermined concentration that needed to inhibit cell
growth by 50% (ICsq) was kept constant while the other extract also with a
predetermined 1Cso (component b) was varied at different ratios of 50a/50b, 50a/25b
and 50a/5b to determine the anticancer effect of the two extracts in combination. The
same experiment was repeated with component b as a constant while component a was
varied at different ratios. Negative control used was untreated cells (no drugs and no
cells).

Fractional inhibition concentration (FIC) calculation: To evaluate the

antiproliferative effect of each combination, X FIC was calculated:

Y FIC =Ac/Aa + Bc/Ba

Where, Ac and Bc represents equally effective concentrations (ICso) when
used in combinations and Aa and Ba was the equally effective concentrations

(ICs0) when used alone.

The formula used to determine the sum of fractional inhibitory concentrations (FIC).

IC50 (ug/ml) of extract (A) in combination

FIC ofdrug A=
. IC50 (ug/ml) of extract (A) alone

IC50 (ug/ml) of extract (b) in combination

FIC ofdrug B =
- IC50 (png/ml) of extract (b) alone
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Data was interpreted as follows: X FIC < 1, synergism; X FIC = 1, additive
effect and XFIC > 1, antagonism (Hall et al., 1983).

3.9. Handling of laboratory animals

The animals were housed at the KEMRI animal house in standard solid bottom cages
bedded with wood shavings. Each cage had a maximum of 3 animals and sexes were
caged exclusive of each other. The animals were allowed at least a week for
acclimatization to housing conditions and handling. They were fed standard pellet diet
and aqueous ad libitum except where the experiment precluded it. The animals were
handled humanely at all times using established methods of restraint and handling.
This was performed according to the international accepted guideline conduct of
experiment (OECD guidelines, 2005).

3.10. Determination of acute toxicity

In Vivo acute oral toxicity study was performed according to Organization for
Economic Co-operation and development (OECD guidelines, 2005) for testing
laboratory animals. The proposed protocol was a stepwise method with three groups
of animals per step. The test extracts were suspended in Tween® 80. They were
administered by an oral gavage needle (Gauge 20, 1.5” curved shaft, 2.25mm ball
diameter). A volume of 1ml/100g body weight was used as a guide to the total volume

of administration. Negative control use was phosphate buffered saline (PBS).

The mice were fasted for 3 hours before dosing and 1 hour after dosing, but water was
provided ad libitum. A starting dose of 300 mg/kg body weight was given to 3 female
mice. If 2 or 3 died by the first 48 hours then a lower dose (50 mg/kg) was to be
administered to another group of 3 mice; if none or one die, the higher dose in the
series but lower than the initial dose of 2000 mg/kg was to be given to another 3-mice
group. The animals were closely observed after each dosing for signs of toxicity.
Periodically during the first 48 hours and thereafter daily up to the 14th day post-
dosing. The initial periodic observation was meant for one to be confident of the

survival of one group of animals before proceeding to dose another group.
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The 14™ day observation period was to provide more information on the onset of
toxicity, duration of sub-lethal toxicity and recovery, as well as possible delayed
toxicity. Time of onset or disappearance of any signs of toxicity was recorded. Of
interest was observation of the cutaneous system, mucus membranes, respiratory
function, central nervous system function and behavior. Euthanasia was indicated for

any animal showing severe distress or moribund state.

The choice of method for euthanasia was the use of inhalant halothane as per OECD
Guidelines 2005.The three plant extracts had good combined antiproliferative activity,
A.indica methanol and ethylacetate stem bark extracts and A.indica methanol root bark
extract were screened for acute toxicity. Sixteen groups of three animals were used in

the experiment of which four groups of three were used as negative controls.
3.11. Qualitative phytochemical screening

A detailed phytochemical screening was carried out following standard methods to
determine presence of different classes of compounds and correlate them to observed
bioactivity (Prashanth & Krishnaiah, 2014).

3.11.1. Test of alkaloids

Dilute hydrochloric acid was added to 100g of the plant extract shaken well and filtered
and a Mayer’s reagent test was performed. Few drops of the reagent was added to 3ml
of the filtrate along sides the tube. Formation of a creamy precipitate indicates the

presence of alkaloids (Ayoola et al., 2008).
3.11.2. Test for phenolic compounds

To 0.1g of the plant extract distilled water was added. To this solution 2ml of 5% ferric
chloride solution was added. Formation of a red, blue or violet colour indicates

presence of phenolic compounds (Siddhuraju et al., 2002).
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3.11.3. Salkowski’s test for terpenoids

Zero point one grams (0.1g) of the extract was treated with 1ml chloroform and
filtered. To the filtrate few drops of concentrated sulphuric acid were added shaken
and allowed to settle. Presence of a golden yellow layer at the bottom indicates the

presence of terpenoids (Edeoga et al., 2005).

3.11.4. Liebermann- Burchad’s test for steroids

Zero point one grams (0.1g) of the extract was treated with 1ml chloroform. To this
solution few drops of acetic anhydride were added boiled cooled. Concentrated
sulphuric acid was added along the walls of the tube. Formation of a brown ring at the
junction of two layers, if the upper layer turned green, it indicates the presence of
steroids (Edeoga et al., 2005).

3.11.5. Alkaline reagent test for flavonoids

Zero point one grams (0.1g) of the extract was treated with 2-3drops of sodium
hydroxide in a test tube. Formation of a deep yellow color, which becomes colorless
upon addition the addition of few drops of dilute acid indicates the presence of

flavonoids (Sannigrahi et al., 2010).

3.11.6. Test for glycosides

Two milliliters (2ml) of the test solution and 3ml of glacial acetic acid and 1ml drop
of 5% ferric chloride were mixed together in a test tube. 0.5ml of concentrated
sulphuric acid was carefully added to the solution. Formation of a blue color in the
acetic acid layer indicates the presence of cardiac glycosides (Koleva et al., 2002).

3.11.7. Test for tannins

Zero point one grams (0.1g) of the extract was mixed with 2ml distilled water and
filtered. Few drops of 5% distilled aqueous water was added to the filtrate. Presence

of a green colour indicated the presence of tannins (Ruch et al., 1989).
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3.11.8. Froth test for saponins

To 0.1g of the extract, warm aqueous was added shaken well in a graduated cylinder
for 15 minutes and allowed to cool. Presence of an obstinate foam formation indicates
the presence of saponins (Calabria et al., 2008).

3.12. Data management and statistical analysis

The data collected was both qualitative and quantitative. Data generated from
antioxidant activity, in vitro antiproliferative and in vivo acute toxicity assays of the
plant extracts was quantitative data. This data was saved in excel spreadsheets,
descriptive statistics done and values recorded as Mean + SEM. Means among
treatment were compared using One-way ANOVA. Tukey*s post-hoc test was carried
out for pairwise separation and comparison of means. Values were considered
significant where P < 0.05. Dose response curve was plotted and used to determined
ICs0, CCs0 and LDso. Analysis of the data was done using Minitab statistical software
version 17.0. The data was presented in graphs and tables. Data generated from

phytochemical screening of the plant extract was qualitative and was tabulated.
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CHAPTER FOUR

RESULTS

4.1. The effect of solvents on the yields of A. indica, V. amygdalina and G.

aparinoides

Different parts of the three plant species representing three families were
extracted with four different solvents yielding a total of 28 extracts. Organic
extracts gave yields in the range of 0-2% while aqueous extracts gave yields
in the range of 0.6-3.3% (Table 4.1).

Table 4. 1: Plant species and percentage yields of organic and aqueous species

Plant Part Extraction Solvent Weight after  %oyield
extraction
Azadirachta  Leaves Methanol 1 1
indica
Ethyl acetate 1 1
Petroleum Ether 2 2
Aqueous 2 2
Rootbark Methanol 2 2
Ethyl acetate 1 1
Petroleum ether 1 1
Aqueous 1.3 1.3
Stem bark Methanol 1 1
Ethyl acetate 1 1
Petroleum ether 0.5 0.5
Aqueous 0.6 0.6
Vernonia Leaves Methanol 2 2
amygdalina Ethyl acetate 1 1
Petroleum ether 1.1 11
Agueous 1.3 1.3
Roots Methanol 2 2
Ethyl acetate 0.5 0.5
Petroleum ether 0.0 0.0
Aqueous 3.3 3.3
Stem Methanol 1 1
Ethyl acetate 2 2
Petroleum ether 0.5 0.5
Aqueous 1.3 1.3
Galium Aerial parts  Methanol 1 1
aparanoides
Ethyl acetate 1 1
Petroleum ether 1 1
Agueous 1.3 1.3

The percentage yield was calculated as follows:

total weight of the extract obtained £

Percentage vyield = X
2= total weight of the dried plant material



4.2. Determination of the antioxidant activity of three plant extracts
4.2.1. Azadirachta indica

At the highest concentration of 500 pg/ml, stem bark (SB), root bark (RB) and leaf
extracts (L) had inhibition of 94.75 £ 0.16 % , 86.15 £ 1.59 % and 34.49+ 0.37%
respectively, while at the lowest concentration of 31.25 pg/ml, the extracts had
inhibition of 29.42 + 0.72 %, 15.84 + 0.22% and 8.52 *+ 0.38% respectively (Table
4.2; Appendix 1).

Table 4. 2: Percentage inhibition of DPPH in A. indica methanol extracts

Conc Stem Bark Root Bark Leaves
(ng/ml)

500 94.75+0.16 86.15+1.59 34.49+0.37
250 87.66+0.34 56.63+0.85 21.40+0.25
125 73.92+1.26 37.57+1.88 14.40+0.23
62.5 4551+1.28 23.97+0.59 9.53+0.30
31.25 29.42+0.72 15.84+0.22 8.52+0.38

All values are expressed as Mean£SD, Conc= concentration, Negative
control=methanol

Table 4. 3: Percentage inhibition of DPPH in A. indica ethyl acetate extracts

Conc (ug/ml) Stem bark Root bark Leaves

500 89.28+2.91 50.26+0.73 7.66+0.39
250 63.34+4.77 34.36+0.60 3.55+0.26
125 36.53+0.97 22.76+1.38 1.33+4.71
62.5 22.70+0.18 18.25+1.05 0.60+0.18
31.25 13.61+0.44 12.20+0.70 0.22+0.01

All values are expressed as MeantSD, Conc= -concentration, Negative

control=methanol.

At the highest concentration of 500 pg/ml, SB, RB and L extracts exhibited a radical
scavenging activity of 33.74+0.29%, 24.77+0.43% and 33.02+0.66% respectively as
compared to the lowest concentration of 31.25 pug/ml that showed a radical scavenging
activity where SB, RB and leaves inhibited 1.37+0.08% 1.44+0.01% and
10.33+0.73%, respectively (Table 4.4; Appendix 1).
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Table 4. 4: Percentage inhibition of DPPH in A. indica petroleum ether extracts

Conc (ug/ml) Stem Bark Root Bark Leaves

500 33.74+0.29 24.77+0.43 33.02+0.66
250 15.37+0.37 12.68+0.18 27.22+2.06
125 7.56+0.33 6.69+0.23 21.33+0.73
62.5 3.42+0.12 3.56+0.26 16.52+1.21
31.25 1.37+0.08 1.44+0.01 10.33+0.73

All values are expressed as MeanxSD, Conc= concentration, Negative

control=methanol

At the highest concentration of 500 pg/ml, SB, RB and L extracts exhibited a radical
scavenging activity of 59.36+0.57%, 81.61+0.56% and 30.52+0.22% respectively as
compared to the lowest concentration of 31.25 pg/ml, that showed a radical scavenging
activity where the extracts inhibited 9.70+0.39%, 16.27+0.91% and 10.45+0.76%
respectively (Table 4.5; Appendix 1).

Table 4. 5: Percentage inhibition of DPPH in A. indica aqueous extracts

Conc (ug/ml) Stem Bark Root Bark Leaves

500 59.36+0.57 81.61+0.56 30.52+0.22
250 35.39+0.99 65.98+1.78 25.43+0.12
125 22.98+1.48 48.92+0.49 20.34+0.43
62.5 11.64+0.12 29.89+1.47 19.46+0.23
31.25 9.70+0.39 16.27+0.91 10.45+0.76

All values are expressed as MeantSD, Conc= concentration, Negative

control=methanol
4.2.2. Vernonia amygdalina

At the highest concentration of 500 pg/ml, Stem, Root and Leaf extracts exhibited a
radical scavenging activity of 33.74+0.29%, 33.02+0.66% and 24.77+0.43%
respectively as compared to the lowest concentration of 31.25 pg/ml, that showed a
radical scavenging activity where Stem, Root and Leaf extracts inhibited
10.33+0.73%, 1.44+0.01% and 1.37£0.08% respectively (Table 4.6; Appendix 2).
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Table 4. 6: Percentage inhibition of DPPH in V. amygdalina methanol extracts

Conc(ug/ml) Stem Root Leaves

500 33.74+0.29 33.02+0.66 24.77+£0.43
250 24.54+0.13 26.12+1.64 26.20+1.59
125 13.95+1.59 17.61+0.38 21.53+0.79
62.5 1043+1.87 13.19+1.77 19.14+0.6
31.25 10.33+0.73 1.44+0.01 1.37+0.08

All values are expressed as MeantSD, Conc= concentration, Negative

control=methanol

At the highest concentration of 500 pug/ml, Stem, Root and Leaf extracts exhibited a
radical scavenging activity of 63.79£0.52%, 40.29£1.94% and 22.54+1.22%
respectively as compared to the lowest concentration of 31.25 pg/ml, that showed a
radical scavenging activity where Stem, Root and Leaf extracts inhibited
11.34+0.78%, 8.98+1.43%and 8.65+1.76%respectively (Table 4.7; Appendix 2).

Table 4. 7: Percentage inhibition of DPPH in V. amygdalina ethyl acetate extracts

Conc (ug/ml) Stem Roots Leaves
500 63.79+0.52 40.29+1.94 22.54+1.22
250 42.28+1.46 25.22+1.22 19.63+1.44
125 21.07+0.38 6.65+1.44 15.77+1..44
62.5 12.64+0.49 11.67£1.65 10.67+1.43
31.25 11.34+0.78 8.65+1.76 8.98+1.43

All values are expressed as MeantSD, Conc= concentration, Negative

control=methanol

At the highest concentration of 500 pg/ml Stem, Root and Leaf extracts exhibited a
radical scavenging activity of 30.99+1.34%, 17.98+1.54% and 20.42+1.87%
respectively as compared to the lowest concentration of 31.25 pg/ml, that showed a
radical scavenging activity where, Stem, Root and Leaf extracts inhibited 6.77+1.71%,
4.55+1.43% and7.45+1.54% respectively (Table 4.8; Appendix 2).
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Table 4. 8: Percentage inhibition of DPPH in V. amygdalina petroleum ether

extracts
Conc (ug/ml) Stem Roots Leaves
500 30.99+1.34 17.98+£1.54 20.42+1.87
250 23.31+£1.37 16.76x1.45 12.22+1.43
125 20.54+1.65 14.85+1.74 10.43+1.29
62.5 12.61+1.43 11.65+1.65 8.23+1.86
31.25 6.77+£1.71 4.55+1.43 7.45+1.54

All values are expressed as MeantSD, Conc= concentration, Negative

control=methanol

At the highest concentration of 500 pg/ml, Stem, Root and Leaf extracts exhibited a
radical scavenging activity of 61.58+1.84%, 43.83+0.36% and 33.22+0.21%
respectively as compared to the lowest concentration of 31.25 pg/ml, that showed a
radical scavenging activity where, Stem, Root and Leaf extracts inhibited 3.56+0.26%,
4.33+0.45% and 8.54+1.04% respectively (Table 4.9; Appendix 2).

Table 4. 9: Percentage inhibition of DPPH in V. amygdalina aqueous extracts

Conc (ug/ml) Stem Roots Leaves
500 61.58+1.84 43.83+0.36 33.22+0.21
250 34.64+1.59 23.49+0.78 29.54+0.99
125 15.68+0.41 13.94+1.05 21.00+0.85
62.5 7.62+0.19 8.47+0.57 11.99+0.53
31.25 3.56+0.26 4.33+0.45 8.54+1.04

All values are expressed as MeantSD, Conc= concentration, Negative

control=methanol

4.2.3. Galium aparinoides

At the highest concentration of 500 pg/ml, Aerial parts (AP) methanol, ethyl acetate,
petroleum ether and aqueous extracts exhibited a radical scavenging activity of
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11.41+0.67%, 7.73£0.19%, 6.01+£0.15% and 9.57+0.05% respectively. While at the
lowest concentration 0f31.25 pg/ml, AP methanol, ethyl acetate, petroleum ether and
aqueous extracts exhibited a radical scavenging activity of 0.64+0.04%, 0.23+£0.05%,
0.21+0.03% and 0.57+0.17% respectively (Table 4.10).

Table 4. 10: Percentage inhibition of DPPH in G. aparinoides extracts

Conc (ug/ml) Methanol Ethyl acetate Petroleum Aqueous
500 11.41+0.67 7.73+£0.19 6.01+0.15 9.57+0.05
250 6.12+0.67 3.66+0.15 2.28+0.26 5.48+0.29
125 3.26+0.13 1.59+0.21 0.98+0.09 2.25+0.09
62.5 1.37+0.26 0.83+0.05 0.71+0.01 1.24+0.10
31.25 0.64+0.04 0.23+0.05 0.21+0.03 0.57+0.17

All values are expressed as MeantSD, Conc= concentration, Negative

control=methanol

4.3. I1Cso results for antioxidant activity of the plant extracts

In this assay, the following criteria was used to rank the activity, < 10 pg/ml is highly
active, 100 pg/ml active, 100-500 pg/ml moderately active and > 500 pg/ml inactive.
The ICz value represents the concentration of test extracts that reduced 50% of DPPH
solution. Ascorbic acid was used as a reference drug and it exhibited an 1Cso value of
42.74 pg/ml. Table 4.11 shows ICso values recorded for both organic and aqueous
crude extracts of A. indica and V. amygdalina that were quantitatively assessed using
DPPH free radical scavenging. Stem bark (SB) and root bark (RB) methanolic extracts,
SB ethyl acetate and aqueous RB extracts of A. indica, ranked as the top six most active
plant extracts, exhibiting strong antioxidant activity with ICso values of 69.31 1.22
pug/ml, 134.9 0.39 pg/ml, 295.11 1.34 pg/ml, 152.46 0.84 pg/ml, 313.53 1.12 pg/ml
and 102.87 0.45 pg/ml respectively. Methanol Stem extract of V. amygdalina recorded
DPPH scavenging activity that had an ICso value of 430.8 pg/ml while the other

remaining plant extracts recorded an activity > 500 pg/ml.
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Table 4. 11: 1Cso results for antioxidant activity of the plant extracts

Plant name Plant part Solvent used IC50
Ascorbic acid Standard Methanol 42.74
Azadirachta indica Leaves Methanol >500
Ethyl acetate >500
Petroleum Ether >500
Aqueous >500
Rootbark Methanol 152.46
Ethyl acetate 313.53
Petroleum ether >500
Agueous 102.87
Stem bark Methanol 69.31
Ethyl acetate 134.9
Petroleum ether >500
Aqgueous 295.11
Vernonia Leaves Methanol >500
amygdalina Ethyl acetate >500
Petroleum ether >500
Agueous >500
Roots Methanol >500
Ethyl acetate >500
Petroleum ether >500
Aqgueous >500
Stem Methanol 430.8
Ethyl acetate >500
Petroleum ether >500
Agueous >500
Galium aparanoides  Aerial parts Methanol >500
Ethyl acetate >500
Petroleum ether >500
Agueous >500
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4.4. Antiproliferative activity of plant extracts against three cancer cell lines

Eight plant extracts that had good antioxidant activity and were further screened for
antiproliferative activity. They included; A. indica root bark (aqueous, ethyl acetate
and methanol), A. indica stem bark (methanol, ethylacetate and aqueous), V.
amygdalina stem parts methanol and V. amygdalina leaves aqueous. Plant extracts of
Galium aparanoides were not tested in antiproliferaive activity and acute toxicity

because their antioxidant activity was inactive.

4.4.1. Azadirachta indica

4.4.1.1. Stem bark

At the highest concentration of 1000ug/ml, Stem bark (SB) methanol ethylacetate and
aqueous extracts of A. indica exhibited proliferation rates of 0.20 + 0.00, 0.23 = 0.08,
and 0.38 + 0.01 respectively on prostate cancer cell lines (DU 145). The lowest
concentration of 0.00 pug/ml, exhibited proliferation rates of 1.00 £ 0.00° 1.00 + 0.02
and 1.00 = 0.00 respectively (Table 4.12; Appendix 3).

Table 4. 12: Antiproliferative activity of A. indica SB extracts on DU 145 cell line

Conc. pg/ml Proliferation Rate 560nm

Methanolic

Extract Ethyl acetate Extract Aqueous Extract

Untreated cells 1.00+0.00? 1.00+0.02° 1.00+0.00?

1.37 0.47+0.02° 0.96+0.02° 0.93+0.01°
4.12 0.36+0.02° 0.80+0.01%¢ 0.91+0.00%
12.35 0.34+0.00% 0.75+0.02%¢ 0.86+0.04%
37.04 0.32+0.00¢ 0.37+0.01¢ 0.66+0.02b¢
111.11 0.31+0.00¢ 0.33+0.01¢ 0.55+0.03¢
333.33 0.26+0.01¢ 0.30+0.00% 0.43+0.02°
1000.00 0.20+0.00¢ 0.23+0.08? 0.38+0.01°

All values are expressed as Mean£SD, All values followed by the same superscript are
not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,

Untreated cells = negative control
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While in HeLa cell line, SB methanol, ethylacetate and aqueous extracts of A. indica
the extracts of exhibited proliferative rates of 0.12 £ 0.02, 0.08 + 0.11 and 0.22 + 0.04
respectively at the highest concentration of 1000ug/ml. The lowest concentration of
0.00 pg/ml SB methanol, ethylacetate and aqueous extracts of A. indica exhibited
proliferative rates of 1.00 £0.43, 1.00 £ 0.01 and 1.00 £ 0.01 respectively (Table 4.13;
Appendix 4).

Table 4. 13: Antiproliferative activity of A. indica SB extracts on Hela cell line

Conc_pg/ml Proliferation Rate 560nm
Methanolic Extract Ethyl acetate Extract Aqgueous Extract

Untreated cells  1.000.43 1.00£0.01° 1.00£0.01°
1.37 0.60+0.93% 0.88+0.01% 0.87+0.00?
4.12 0.18+0.04° 0.72+0.02® 0.68+0.01°
12.35 0.17%0.03° 0.55+0.01%¢ 0.67+0.01°
37.04 0.17+0.00° 0.29+0.02¢ 0.61+0.02°
111.11 0.13+0.01° 0.10+0.08 0.42+0.02°
333.33 0.15+0.00° 0.10+0.12¢ 0.30+.0.02¢
1000.00 0.12+0.02° 0.08+0.11¢ 0.22+0.04¢

All values are expressed as Mean£SD, All values followed by the same superscript are
not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,

Untreated cells = negative control

Lastly, methanol, Ethylacetate and agueous SB extracts of A. indica had an
inhibitory activity exhibiting the proliferation rates of 0.30 + 0.07, 0.33 = 0.07 and
0.43 + 0.09 respectively at the highest concentrations of 1000ug/ml as compared
to its lowest concentration of 0.00 pg/ml, that exhibited proliferation rates of 1.00
+ 0.05, 1.00 = 0.02 and 1.00 + 0.16 respectively on Vero cell line. (Table 4.14;
Appendix 5).

In comparison, was significant difference between the untreated cells and the cells
treated with the highest concentration (1000ug/ml) of all the plant extract among all

the cell lines (p<0.05). It was observed as the concentration of all the extracts of SB A.
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indica increased the percentage inhibition increased and percentage cell viability
decreased (Appendix 6). Similarly, percentage cell inhibition increased and percentage

cell viability decreased as the concentration of the extracts increased (Appendix 6).

Table 4. 14: Antiproliferative activity of A. indica SB extracts on Vero cell line

Conc. pg/ml Proliferation Rate 560nm
Methanolic Extract Ethyl acetate Extract Aqueous Extract

Untreated cells  1.00+0.05? 1.00+0.022 1.00+0.16%
1.37 0.73+0.03° 0.81+0.022 0.72+0.13%
12.35 0.62+0.00°¢ 0.57+0.01° 0.60+0.02%
37.04 0.60+0.01° 0.53+0.00° 0.59+0.02%
111.11 0.52+0.01°< 0.50+0.00° 0.58+0.02%
333.33 0.39+0.0.03% 0.45+0.05 0.54+0.01%
1000.00 0.30+0.07¢ 0.33+0.07¢ 0.43+0.09°

All values are expressed as Mean£SD, All values followed by the same superscript are
not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,

Untreated cells = negative control
4.4.1.2. Root bark

Ethylacetate, methanol and agqueous RB extracts of A. indica had the highest
antiproliferative activity against DU145 cell line exhibiting proliferation rates of 0.10
+ 0.03, 0.20 + 0.14 and0.09 + 0.01 respectively at the highest concentrations of
1000upg/ml as compared to the lowest concentration of 0.00 pg/ml that exhibited
proliferation rates of 1.00 + 0.07, 1.00 £ 0.14 and 1.00 + 0.00 respectively. (Table
4.15; Appendix 7).
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Table 4. 15: Antiproliferative activity of A. indica RB extract on DU145 cell line

Conc. pg/ml Proliferation Rate 560nm

Methanolic Extract

Ethyl acetate Extract

Aqueous Extract

Untreated cells 1.00+0.07

1.37 0.50+0.13°
412 0.41+0.05
12.35 0.35%0.02°
37.04 0.30+0.03
11111 0.28+0.05
333.33 0.19+0.01°
1000.00 0.10+0.03¢

1.00+0.14
0.81+0.04°

0.78+0.05P
0.75%0.15P
0.63+0.06"

0.48+0.26"
0.44+0.26"

0.20+0.14°

1.00+0.00
0.72+0.01°

0.61+0.00°
0.5610.03¢
0.49+0.00°

0.42+0.00"
0.26+0.009

0.09+0.01"

All values are expressed as Mean£SD, All values followed by the same superscript are

not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,

Untreated cells = negative control

While in HelLa cell lines, RB methanol, ethylacetate and aqueous extracts of A. indica
the extracts of exhibited proliferative rates of 0.12 £ 0.06, 0.41 + 0.12 and 0.09 + 0.09

respectively at the highest concentration of 1000ug/ml, as compared to the lowest

concentration of 0.00 pg/ml, that inhibited proliferative rates of 1.00 = 0.01, 1.00
0.22 and 1.00 £ 0.10respectively (Table 4.16; Appendix 8).
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Table 4. 16: Antiproliferative activity of A. indica RB extract on Hela cell line

Conc. pg/ml Proliferation Rate 560nm
Methanolic Extract Ethyl acetate Extract Agueous Extract
Untreated cells 1.00+0.012 1.00+0.222 1.00+0.10?
1.37 0.53+0.02° 0.68+0.18% 0.89+0.06
4.12 0.46+0.02" 0.67+0.17% 0.74%0.08%°
12.35 0.39+0.03« 0.54+0.03% 0.61+0.070d
37.04 0.36+0.02¢ 0.53+0.03% 0.50+0.07¢%
111.11 0.21+0.02¢ 0.52+0.02% 0.27+0.05%f
333.33 0.18+0.08°f 0.50+0.022% 0.22+0.07°f
1000.00 0.12+0.06 0.41+0.12° 0.09+0.09

All values are expressed as Mean+SD, All values followed by the same superscript
are not significantly different (p>0.05), a, b, ¢ and d are superscripts. Conc=

concentration, Untreated cells = negative control

Lastly, in Vero cell line, all the extracts inhibited proliferation rate. Methanol,
Ethylacetate and aqueous RB extracts of A. indica had the highest antiproliferative
activity exhibiting proliferation rates of 0.31 £+ 0.10, 0.42 + 0.03 and 0.25 + 0.16
respectively at the highest concentrations of 1000ug/ml while at the lowest
concentration of 0.00 pug/ml, the extracts inhibited proliferation rates of 1.00 £+ 0.10,
1.00 £ 0.01 and 1.00 + 0.04 respectively. (Table 4.17; Appendix 9).

In comparison, there was significant difference between the untreated cells and the
cells treated with the highest concentration (1000pg/ml) of all the plant extract among
all the cell lines (p<0.05). Experimentally, as the concentration of all the extracts of
RB A. indica increased the percentage inhibition increased and percentage cell
viability decreased (Appendix 10). On the contrary, percentage cell inhibition
increased and percentage cell viability decreased as the concentration of the extracts

increased (Appendix 10).
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Table 4. 17: Antiproliferative activity of A. indica RB extract on Vero cell line

Conc. pg/ml Proliferation Rate 560nm
Methanolic Extract Ethyl acetate Extract  Aqueous Extract
Untreated cells 1.00£0.10? 1.00£0.01° 1.00+0.04*
1.37 0.81+0.03° 0.96+0.03% 0.73+0.00%
412 0.78+0.04° 0.88+0.01% 0.64+0.00%
12.35 0.76+0.004° 0.87+0.01% 0.62+0.00%
37.04 0.66+0.10° 0.78+0.01% 0.63+0.01%
111.11 0.53+0.18° 0.69+0.01% 0.55+0.01%
333.33 0.45+0.18° 0.52+0.01¢ 0.43+0.01%
1000.00 0.31£0.10° 0.42+0.03¢ 0.25+0.16°

All values are expressed as Mean£SD, All values followed by the same superscript are
not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,

Untreated cells = negative control
4.4.2. Vernonia amygdalina

All the extracts inhibited proliferation rate of all the cell lines. Methanol and aqueous
leaf extracts of V. amygdalina exhibited antiploriferative activity against DU145 cell
line demonstrating proliferative rates of 0.15+0.10 and 0.09+0.05 respectively at the
highest concentrations of 1000ug/ml as compared to proliferative rates of 1.00 £ 0.03
and 1.00 = 0.00 at the lowest concentration of 0.00 pug/ml (Table 4.18; Appendix 11).
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Table 4. 18: Antiproliferative activity of V. amygdalina Leaf extract on DU 145

cell line
Concentration pg/ml Proliferation Rate 560nm
Methanolic Extract Aqueous Extract

Untreated cells 1.00+0.032 1.00+0.00?
1.37 0.57+0.022 0.70+0.012
412 0.28+0.01° 0.45+0.012
12.35 0.28+0.01° 0.41+0.012
37.04 0.28+0.00° 0.38+0.022
11.11 0.27+0.00° 0.30+0.022
333.33 0.230.07" 0.17+0.002
1000.00 0.15+0.10° 0.09+0.05P

All values are expressed as Mean£SD, All values followed by the same superscript are
not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,

Untreated cells = negative control

While Hela cell line, all the extracts inhibited proliferation rate. Methanol and aqueous
leafextracts of V. amygdalina showed antiploriferative activity exhibiting proliferative
rates 0f0.270.04 and 0.17+0.11 respectively at the highest concentrations of
1000pg/ml and at thelowest concentration of 0.00 pg/ml the extracts inhibited
proliferation rates of 1.00 + 0.0and 1.00 +0.02 respectively (Table 4.19; Appendix
11).

52



Table 4. 19: Antiproliferative activity of V. amygdalina Leaf extracts on Hela cell

line
Concentration Proliferation Rate 560nm
Methanolic Extract Aqueous Extract

Untreated cells 1.00+0.09? 1.00£0.022
1.37 0.95+0.102 0.70+0.20?
4.12 0.94+0.09% 0.57+0.27%
12.35 0.91+0.08% 0.39£0.21%
37.04 0.87+0.09% 0.27+0.16°
111.11 0.79£0.09% 0.28+0.15®
333.33 0.4240.12% 0.2320.15%
1000.00 0.27+0.04° 0.170.11°

All values are expressed as Mean£SD, All values followed by the same superscript are
not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,
Untreated cells = negative control

Lastly, in Vero cell line, all the extracts inhibited proliferation rate. Methanol and
aqueous leaf extracts of V. amygdalina had proliferative rates of 0.42+0.03 and
0.40£0.03 respectively at the highest concentrations of 1000pg/ml as compared to the
lowest concentration of 0.00 pug/ml the inhibited proliferative rates of 1.00+0.01 and
1.00+0.01 respectively (Table 4.20; Appendix 12).

In comparison, significant difference between the untreated cells and the cells treated
with the highest concentration (1000ug/ml) of all the plant extract among all the cell
lines (p<0.005). As the concentration of all the extracts of root bark of V. amygdalina
increased the percentage inhibition increased and percentage cell viability decreased
(Appendix 13). On the contrary, percentage cell inhibition increased and percentage

cell viability decreased as the concentration of the extracts increased (Appendix 13).
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Table 4.20: Antiproliferative activity of V. amygdalina | eaf extracts on Vero cell

line

Concentration pg/ml Proliferation Rate 560nm
Methanolic Extract Aqueous Extract
Untreated cells 1.00+0.012 1.00+0.012
1.37 0.84+0.03* 0.96+0.03°
412 0.76+0.01% 0.88+0.01%
12.35 0.76+0.01% 0.78+0.01%
37.04 0.70+0.06% 0.78+0.06%
11111 0.64+0.01b° 0.69+0.01°
333.33 0.47%0.01¢ 0.52+0.01
1000.00 0.42+0.03¢ 0.40+0.03¢

All values are expressed as Mean£SD, All values followed by the same superscript are
not significantly different (p>0.05), a, b, c and d are superscripts. Conc= concentration,

Untreated cells = negative control
4.5. In vitro cytotoxicity studies of the plant extracts

Eight plant extracts that had a good antioxidant activity were screened for
antiproliferative activity. Cytotoxicity of the plant extracts was tested in Vero cell line.
Aqueous extract of A. indica RB exhibited the lowest Cytotoxic concentration (CCso
) value of 135.34 + 0.47 pg/ml while aqueous leaves extract of V. amygdalina
exhibited the highest CCso value of > 1000 pg/ml as shown in table 4.21. In Hela cell
lines A. indica methanol extract of SB had the highest selectivity index of 436.52. This
result is very promising in the search of safe anticancer drugs from plants. A. indica
ethylacetate RB showed the lowest selectivity index of 1.26 in Hela cell line. This
implies that the extract may also cause harm to normal cells. In DU 145 cell line, A.
indica ethyl acetate RB extract had the lowest selectivity index of 1.21 while A. indica

RB methanol extract had the highest selectivity index of 39.60.
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V. amygdalina methanolic stem extract had a selectivity index of 2.29 and V.

amygdalina aqueous leaves extract reported a selectivity index of 1.72 in

Hela cell line. In DU145,V.amygdalina methanolic stem extract recorded a

Sl of 2.25 whereas V. amygdalina aqueous leaves extract recorded a Sl value

of 1.23.Therefore, A. indica ethyl acetate RB extract had the lowest SI values

in both Hela and DU145 cell lines hence considered non-selective.

V. amygdalina methanolic stem extract and V. amygdalina aqueous leaves

reported low Sl value (< 3) in both Hela and DU145 cell lines hence

recognized as non-selective. A. indica methanol extract of SB and A. indica
RB methanol extract had high Sl value ( >3) in Hela and DU145 cell lines

hence defined as selective to cancerous cell lines.

Table 4. 21: Antiproliferative activity against Hela, DU 145 and Vero cells lines

DU
Plant extracts Hela 145 Vero
I Cso(pg/ml) Sl ICso(ug/ml)  SI CCso(ug/ml)
A. indica root bark aqueous  24.3£0.14 5.6 51.39+0.42 19.46 135.34 +0.47
A. indica root bark ethylacetate 328.87+1.32 1.26 483.65+ 0.58 1.21 480.11+0.28

A. indica root bark methanol  2.59+0.29
A. indica stem bark methanol 1.85+0.10
A. indica stem bark ethyl acetate39.00+0.52
A. indica stem bark aqueous  125.45+1.35
V. amygdalina stem parts

methanol 430.67+1.17

V. amygdalina leaves aqueous 583.09£2.39

5-Fluorouracil 2.04 +£0.87

135.14 3.26 £ 0.28

436.52 1.53 +0.07

12.72

4.8

2.29

1.72
7.35

24.75+0.61

287.7+0.47

301.87+ 0.93

812.72 +1.15

5.06+ 0.28

39.6 350.02 +0.13

35.94 807.56 £ 0.76

8.31 496.38+0.12

1.49 605.52+0.24

2.25 987.33+0.18

1.23 >1000

3 15+0.12

All values are expressed as Mean + SD, untreated cells= negative control, 5-

Floro uracil=Positive control
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4.6. Determination of the synergistic antiproliferative activity of combined

extracts

In this study, A. indica ethylacetate SB extract and A. indica methanol RB extract that
exhibited mono-antiproliferative activity were investigated for antiproliferative
activity when in combination or a standard drug, 5-fluorouracil. One component was
kept constant while the other was varied and vice versa (5-FU). The results of the

combination study were presented in Table 4.22.

Combined Inhibitory concentration of A. indica plant extracts with a standard drug 5-
Fluoro uracil were tested and this was confined to combinations of two extracts. Table
4.22 shows the 1Cso values (ug/ml) of two extracts in combination (a+b) when extract
a is kept constant while extract b is the variable component in prostate cancer cell line
(DU 145). For example, in the case of SB+ RB, SB= is the constant component (a)
while RB= is the variable component (b).At 50%/ 50%, SB+ SD exhibited a higher
inhibitory concentration of 2.22 pg/ml as compared to the combination of RB+SB that
displayed an inhibitory activity of 58.03 pg/ml. (A higher concentration of RB+SB
combinants was required to achieve the same antiproliferative activity as SB+SD
(2.22) at 50%/50%). At 50%/25%, SB+ SD exhibited a higher inhibitory concentration
of 2.33 pg/ml as compared to the combination of RB+SB that showed an inhibitory
activity of 58.22 pg/ml (A higher concentration of RB+SB combinants was required
to achieve the same antiproliferative activity as SB+SD (2.33) at 50%/25%). while at
50%+5%, SB+ SD exhibited a higher inhibitory concentration of 5.54 pg/ml as
compared to the combination of RB+SB that displayed an inhibitory activity of 58.83
pg/ml. (A higher concentration of RB+SB combinants was required to achieve the
same antiproliferative activity as SB+SD (5.54) at 50%/5%). Generally, SB+ SD had
a highest growth inhibition while RB+SB had a lowest growth inhibition at all

combinations.
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Table 4. 22: 1Cso values for A. indica and 5-Fluorouracil in combination
with DU 145

50% a + 25%

Combination of 50% a+50%Db b 50% a+5%b
extract a + extract b
SB + RB 5.23 5.88 7 .02.
SB + SD 2.22 2.33 5.54
RB + SB 58.03 58.22 58.83
RB+ SD 7.34 7.56 7.95
SD+ SB 3.23 3.22 5.81
SD+ RB 6.22 6.44 6.11

Key: SB= ethylacetate stem bark RB= Methanol root bark SD= Standard drug (5-

fluorouracil)

Table 4.23 shows the 1Cso values (pg/ml) of two extracts in combination
(a+b) when extract a is kept constant while extract b is varied and vice versa
in cervical cancer cell line (Hela). At 50%/ 50%, SB+ SD exhibited a higher
inhibitory concentration of 1.22 pg/ml as compared to the combination of
RB+SB that exhibited 45.22 pg/ml. At 50%/25%, SB+ SD exhibited a higher
inhibitory concentration of 1.31 pg/ml as compared to the combination of
RB+SB that displayed 45.75ug/ml and at 50%+5%, SB+ SD exhibited a
higher inhibitory concentration of 6.43 pg/ml as compared to the combination
of RB+SB that inhibited 45.98 pg/ml. In general, SB+ SD had a highest
growth inhibition while RB+SB had a lowest growth inhibition at all

combinations.

57



Table 4. 23: 1Csp values for A. indica and 5-Fluorouracil in combination
with Hela

Combination of 50% a + 50% b 50% a + 25% b 50% a+5%b
extract a + extract b

SB+ RB 2.34 2.65 5.25

SB+ SD 1.22 1.31 6.43
RB+SB 45.22 45.75 45,98

RB+ SD 5.44 5.65 5.88

SD+ SB 1.43 1.56 8.71

SD + RB 419 4,22 437

Key: SB= ethylacetate stem bark RB= Methanol root bark SD= Standard drug (5-

fluorouracil)

On HelLa cell lines, SB+SD had a highest inhibition value of 1.09£0.24 pg/ml in
comparison to SB+RB that had the lowest inhibition value of 2.50+£0.13 pg/ml while
on DU145 cell lines, SD+SB showed the highest inhibition value of 2.04+0.07 pg/ml
as compared to SB+RB that exhibited the lowest inhibition value of 4.55+0.41 pg/mi
(Table 4.24).

Table 4. 24: In vitro cytotoxic concentration on different cell lines

Extract Hela ICso DU145 ICso L6 CCso |

a+b Each at 50ug/ml (ug/ml) (ug/ml) (ug/ml) (CCso/1Cs0)
SB+RB 2.50£0.13 4.5510.41 245.09 160.13  94.63
SB+SD 1.81+0.33 2.83+0.44 212.15 138.66  103.99
SD+SB 1.09+0.24 2.04+0.07 190.24 37.59 102.83

Where SB= ethylacetate stem bark RB= Methanol root bark SD= Standard drug (5

fluorouracil)

Further the fractional inhibitory concentration (FIC) was calculated to ascertain their
relationships. On HeLa cell lines, SB+RB exhibited the highest with a FIC value of
0.89 as compared to SB+SD that had a lowest FIC value of 0.40, while on DU145,
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SB+RB exhibited the highest with a FIC value of 1.23 as compared to SD+SB that
showed the lowest FIC value of 0.53 (Table 4.25).

Table 4. 25: Fractional inhibitory combination of the selected plant extracts

Combination ICso of () in FIC (Ac/Aa) ICso of (b) in FIC (Bc/Ba)
a+b combination combination

SB+RB 4,55 0.89 2.50 1.23
SB+SD 2 .83 0.55 1.81 0.88
SD+SB 2.24 0.403 1.29 0.534

Where SB= ethylacetate stem bark RB= Methanol root bark SD= Standard drug (5-

fluorouracil).
4.7. Investigation of the acute toxicity of the bioactive extracts in a mouse model

Table 4.26 shows the body weights of mice before and after drug administration at 300
mg/kg/bw and 2000mg/kg/bw concentrations. It was noted that there was an increase
in the body weight of mice treated with the ethylacetate extract of A. indica SB at both
doses and a decrease in the body weight of mice treated with A. indica methanol

extracts of RB and SB at both doses.
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Table 4. 26: Acute toxicity of A. indica extracts in the swiss albino mice model

Treatment BODY WEGHT (gms)

300mg/kg/bw Before drug administration After drug administration Mortality
Negative controls 18.93+ 0.47 23.49+ 0.79 0/3
A.indica (stem bark) EoAt 20.00+ 0.34 24.77+0.43 0/3
A. indica (Root bark) MeoH 18.25+0.47 16.00+1.05 0/3
A. indica (stem bark) MeoH 19.00+0.44 17.35+ 1.36 0/3
2000mg/kg/bw
Negative controls 18.33+0.47 22.00+1.63 0/3
A. indica (stem bark) EoAt  20.00+0.82 25.3+1.25 0/3
A. indica (Root bark) MeoH 19.33+0.47 17.00+0.812 0/3
A. indica (stem bark) MeoH 18.66+0.47 17.33+0.94 3/3

All values are expressed as Meant SD, n=3 kg=Kilogram, gms=grams, bw=body
weight, MeoH = methanol, EoAt= ethylacetate, negative control=phosphate bovine
serum (PBS).

4.8. Qualitative phytochemical screening

In the current study all the plants revealed the presence of phyto-
components with all the plants showing flavonoids as the most prominent
as shown in table 4.27. A. indica and V. amygdalina exhibited almost the
same compounds but glycosides and saponins were absent in G.

aparinoides.
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Table 4. 27: Qualitative phytochemistry

of

Alkaloid Phenolic Terpenoid Steroid Flavanoid Gycoside Tannin Saponin
Classes s S S S S S S S
compound

S

A. indica + + + + + + +
V.

amygdalin

a + + + + + + +
G.

aparinoide

s + + + + +

+is Present - is absent
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CHAPTER FIVE
DISCUSSION, CONCLUSION AND RECOMMENDATION
5.1.1. ICso0 Values for antioxidant activity of the plant extracts

In this assay, the following criteria was used to rank the activity; 1Cso < 10 pg/ml is
highly active, ICso value of 10-150 pg/ml active, 1Cso value of 150-500 pg/ml
moderately active and ICsp > 500 pg/ml inactive. The ICso value represents the

concentration of test extracts that reduced 50% of DPPH solution.

In the current study, A.indica extracts exhibited the best antioxidant activity as
compared to V. amygdalina plant extracts that had moderate activity and G.
aparinoides plant extracts that showed inactive results. The standard drug, ascorbic
acid had an antioxidant activity that was higher than that of the test extracts. It was
dissolved in methanol as documented in other studies (Kaneria et al., 2012). Compared
to the other solvents used, the solubility of methanol was higher than that of ethyl

acetate and petroleum ether.

Previous studies have demonstrated antioxidant activity of various medicinal plants.
(Pandey et al., 2014) demonstrated antioxidant activity of ethanolic leaf extract of A.
indica reporting an I1Cso value of 110.36pg/ml. While the antioxidant activity of A.
indica flowers and seed oil ethanolic extracts has been carried out and observations
reported that they had a free radical scavenging activity with 64.17 + 0.02% and 66.34
+ 0.06% respectively (Nahak & Sahu, 2011). Studies have also revealed that the
aqueous leaf and ethanolic flower extracts from Siamese neem tree were screened for
antioxidant activity and they exhibited ICso values of 26.5 pg/ml and 27.9 pg/ml
respectively (Sithisarn et al., 2005).

Ocimum basillcum, Cassia acutifolia and Beta vulgaris ethanolic extracts have been
reported to exhibit antioxidant activity with ICsg values of 0.19 pg/ml, 0.59 pg/ml and
0.48 pg/ml respectively (Koksal et al., 2011; Nassr-Allah et al., 2009) reported that

Agueous and ethanolic leaf extracts of Melissa officinalis were evaluated for their
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radical scavenging activities and they gave ICso values of 31.4 pg/ml and 202.7 pg/ml

respectively.

Ethylacetate, acetone and aqueous leaf extract of Manikara zapota showed strong
activity on scavenging DPPH radical, exhibiting 1Cso values 22pug/ml, 7.6pug/ml and
42.2ng/ml respectively which involves a vital resistance against the free radicals
(Kaneria et al., 2012). (Ayoola et al., 2008) reported that ethanolic leave extracts of
Carica papaya, Psidium guajava, Vernonia amygdalina and stem bark extract of
Mangifera indica were screened for free radical

scavenging activity and their 1Cso values recorded as 0.58mg/ml, 0.040mg/ml,
0.313mg/ml, 2.30mg/ml and 0.58mg/ml respectively where P. guajava was found to
be the most potent.Even though very little antioxidant activity was found in G.
aparinoides, antioxidant activity has been reported on other Galium species namely;
G. aparine, G. verum, G.mullugo and G. odoratum (Vlase et al., 2014). Generally the
results conclude that medicinal plants have an impending source of antioxidants of

natural origin.
.1.2. Determination of antiproliferative activity

The extracts that displayed a high antioxidant activity were further tested for
antiproliferative activity against Hela, DU145 and Vero cell lines (A. indica root bark
(aqueous, ethyl acetate and methanol), A. indica stem bark (methanol, ethylacetate and
aqueous), V. amygdalina stem parts methanol and V. amygdalina leaves aqueous). An
extract is defined to be highly active if it has 1Csp < 10 pg/ml, active when ICsp is
between 10 pg/ml and 100 pg/ml, moderately active if the ICs is between 100ug/mi
and 500ug/ml and low activity if the 1Cso is > 500 pg/ml (Webb et al., 2007).

Generally, A. indica SB and RB methanolic extracts showed antiproliferative activity
in all the cell lines. It has been reported before that the anticarcinogenic activity of the
extracts from the leaves of A. indica is due to its major production of an antioxidant,
glutathione that is a carcinogen detoxifying enzyme and other valuable active
compounds such as azadirachtin (Rajkumar et al., 2011). In a recent study, methanol

and agqueous neem leaf extracts were determined to inhibit growth of Hela cell lines
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with ICso values of 7 pg/ml and 22 pg/ml respectively (Shukla et al., 2016). The
methanolic extracts from the SB and RB of the Kenyan species have demonstrated
more than 2-6 fold improved activity against prostate and cervical cancer cell lines
(Prashanth & Krishnaiah, 2014). This demonstrates that A. indica SB and RB can be
used for the development of locally affordable and effective alternative to synthetic
drugs. Generally, there was significant difference between the untreated cells (negative
controls) and the cells treated with the highest concentration (1000ug/ml) of all the
plant extract among all the cell lines (p<0.005). As the concentration of all the extracts
increased, the percentage inhibition increased and percentage cell viability decreased.
On the contrary, percentage cell inhibition increased and percentage cell viability

decreased as the concentration of the extracts increased.

Methanolic stem part of V. amygdalina and the aqueous leaves extracts had minimal
antiproliferative activity against all cell lines. However, it has previously been reported
that V. amygdalina aqueous leaf extracts suppressed breast cancer cells growth at 100
pg/ml (Kupchan et al., 1969). Most available reports of anticancer potential of V.
amygdalina are against breast cancer cell lines but little has been reported on cervical
and prostate cancer cell lines. V. amygdalina has also been reported to have two active
lactones, vernodalin and vernomygdin that have cytotoxic activities (Nabende &
Namukhosi, 2015).

5.1.3. In vitro cytotoxicity effects of the plant extracts

In vitro cytotoxicity of the plant extracts was tested in Vero cell line. Generally
aqueous extract of A. indica RB exhibited the lowest CCso value, while aqueous leaves
extract of V. amygdalina exhibited the highest CCso value. The CCso were useful in
determination of selectivity index (SI= CCso/ ICs0) a value that indicates how selective
the extract is to the test cell lines. An extract is defined as highly selective if the SI >
3 and less harmful to normal healthy cell lines while an extract with low selectivity
index of SI < 3 is defined as less selective between cancer and normal healthy cell

lines hence more toxic (Nabende & Namukhosi, 2015).

In Hela cell lines A. indica methanol extract of SB demonstrated selectivity with an

index value that is very promising in the search of a safe anticancer drugs from plants.
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A. indica ethyl acetate RB was not selective and this implies that the extract may also
cause harm to normal cells. Similarly, in DU 145 cell line, A. indica RB methanol

extract was selective while ethyl acetate RB extract was not selective.

In Hela cell lines V. amygdalina methanolic stem and aqueous leaves extracts were
not selective. Likewise, in DU145 cell lines V. amygdalina methanolic stem and

aqueous leaves extracts did not show any selectivity.

5.1.4. Combined antiproliferative activity of extracts and 5-fluorouracil

Chemotherapy has undergone a steady transition from a mono-remedy to multidrug
treatment. Interactions of chemical components within the drug combinants may
improve efficacy and combinations that have been well formulated tend to enrich
synergy (Vlase et al., 2014). Generally, synergy is defined as the interaction of two or
more agents to produce a combined effect greater than the sum of their individual
effects (Van Vuuren & Viljoen, 2011).

In medicinal research field , however pharmacodynamics synergy is where more
agents working on the same receptors or biological targets results in enhanced
therapeutic outcomes through there positive interactions (Spinella, 2002). Studies
have shown that a combination of botanical and chemical agents can reveal enriched
efficacies with fewer side effects (Mbatchi et al., 2006).

In this study, ethyl acetate SB extract and methanol RB extract that exhibited mono-
antiproliferative activity were investigated for antiproliferative activity when in
combination or with a standard drug, 5-FU a fluorinated analog of uracil, mostly used
in treatment of various tumors including gastrointestinal and head and neck

carcinomas.

Some combinations such as those in RB + SB, RB + SD and SD + RB did not show
any significant difference in their activity. However an enhanced activity was
observed between SB + RB, SB + SD and SD + SB. It has been shown that some of

these components may have acted synergistically (Meletiadis et al., 2010).
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In most cases, increased activity was noted whenever ethylacetate SB extract was one
of the component used in combination. The strongest activity was recorded in

combinations of the SD and SB ethylacetate extracts.

The three combinations of SB+RB, SB+ SD and SD+SB showed promising anticancer
activity were selected and tested against L6 cell line. There was no significant
difference and the combinations were not cytotoxic to L6 cell lines at the

concentrations tested.

In order to ascertain the relationships between the selected combinations, their FIC
were assessed as described by (Hall et al., 1983). When the FIC value is less than 1
this indicates synergism, when its equals to 1 it indicates additivity and when it’s
greater than 1 it indicates antagonism (Wagner, 2011). The combinations between the
SD and SB ethylacetate extracts, whose activity was enhanced in the experiment,
showed an FIC value less than 1 against both Hela and DU-145 cell lines. In this study,
all the combinations showed a synergistic effect except combination between SB
ethylacetate extract and RB ethylacetate extract on DU145 cell line that showed an
antagonist effect. Generally, the antiproliferative activity of the combinations recorded
against HelLa cell lines was higher than those of DU145 cell line in all the

combinations.

Previously, a study conducted on the combinational use of Taxus cuspidata extract
with 5-FU displayed a strong synergistic activity with combination index values
ranging from 0.93 pg/ml to 0.13 pg/ml at different effect levels from 1C4o to I1Cgo in
PC-3M-1E8 prostate cancer cells with a combination index values ranging from 0.26
pg/ml to 0.90 pg/ml for ICsp to ICe in MCF-7 breast cancer cells (Shang et al., 2011).

Sharma et al. (2014) reported that a combination of ethanolic leaf extracts of A. indica
with cisplatin demonstrated a synergistic interaction with a combination index <1 for
both MCF-7 and Hela cell line. Muddukrishnaiah & Singh, (2015) reported that A.

indica leaf extract and

W. somnifera Rhizome exhibited a very good synergistic activity against multidrug

resistant strain. Therefore, combinations of chemo preventive drugs and
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chemotherapeutic drugs may have immense prospects for the development of
therapeutic approaches to overcome resistance and side effects brought about by

chemotherapy in human cancers.

5.1.5. Determination of acute oral toxicity for the plant extracts in Swiss albino

mice

Acute toxicity is a safety parameter used in toxicological analysis of herbal medicine.
Toxicological evaluation is carried out in experimental animals to foretell its toxicity
and to provide guidelines for selecting a safe dose in humans (Raghavendra & Reddy,
2011). Even though medicinal plants are known and used in management of several
diseases in humans, very little is known about their toxicity. Safety should be an
overriding criterion in the selection of medicinal plants for use in the healthcare
systems (Latha et al., 2010).

In this study, the methanolic SB, methanolic RB and ethyl acetate SB extracts revealed
high antiproliferative activity and were therefore investigated for acute toxicity
studies. Body weights of mice before and after drug administration at 300 mg/kg/bw
and 2000mg/kg/bw concentrations were determined. It was noted that there was an
increase in the body weight of mice treated with SB ethylacetate extract at both doses
and a decrease in the body weight of mice treated with methanol extracts of RB and
SB at both doses.

No mortality was reported in experimental mice when the three extracts were
administered orally at a dose of 300mg/kg/bw but at higher doses of 2000 mg/kg/bw,
the methanol SB extract led to mortality. The study showed that at 2000mg/kg/bw of
methanol RB and ethylacetate SB extract were safe. Methanol RB and ethyl acetate
SB extracts had no significant changes observed in behavior neither did they show any
general appearance of distress during the 14-day study period. Body weight gain was
recorded, food intake and water consumption was found to be normal during that
period. Even though groups of mice treated with methanol RB and ethylacetate SB
extract showed decreased in body weight after oral administration of the drug, these
changes were found to be insignificant, indicating that the administration of the drug
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to the mice did not possess any toxic effects on the growth of the animal. This results
were found to have LDsp values >300 mg/kg/bw, but <2000 mg/kg/bw.

The design and observations from the acute oral toxicity assay were based on OECD
protocol, (2005). LDsovalue is the dose at which 50% of the test population is dead.
The LDsg value of the methanol extract of SB was more than 300 mg/kg but less than
2000mg/kg/bw. The routine and insignificant variations in wellness parameters in
body weight shows the safety of methanol extract of RB at a dose of 300mg/kg body
weight. Methanol RB and ethyl acetate SB extract recorded no mortality at the highest
concentration of 2000mg/kg/bw. Therefore, there LDsowas more than 2000mg/kg/bw.

Other studies shows that the LDso value ethanol extract of neem leaf in mice was
4.57g/kg/bw. (Kupradinun et al., 2010; Subapriya & Nagini, 2003) revealed that the
aqueous extracts of neem leaves was not toxic to mice upto the dose of 1g/kg/bw.
Okpanyi & Ezeukwu (1981) also reported that the LDso value of ethanol extract of

neem bark and leaf in mice was about 13g/kg/bw.

Mokkhasmit et al., (1971) also reported, by subcutaneous injection at a dose of 1000
mg/kg the neem leaf caused no toxicities to the mice. (Hosseinzadeh, et al., 2000)
reported no mortality of albino mice for the ethanolic extracts of A. indica at a dose of
2000 mg/kg.

Prasanna Krishna (2011) reported, ethanol extract of Ficus glomerata L. assessed by
OECD guidelines No.423, was found to be non-toxic in rats when administered orally
in doses up to 2000mg/kg/bw. Mir et al., (2013) reported that methanolic extracts from
Tridex procumbens evaluated by OECD guidelines 2005, was found to have
LDsgvalues > 300 mg/kg/bw, but <2000 mg/kg bw.

5.1.6. Phytochemicals

In the current study, phytochemical screening was performed to confirm the
antioxidant and anticancer properties of A. indica, the phyto-components revealed. The
results are almost in agreement with the results published in other research studies

(Koleva et al., 2002). Flavonoids which were components of A. indica extracts have
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been shown to possess antioxidant, anti-proliferative, anti-inflammatory, anti-allergic
and antimicrobial activities (Pietta, 2000 and Edeoga et al., 2005). Therefore the
antiproliferative and antioxidant activities of the plant extracts could be attributed to
the phytochemicals present in the extracts. Other studies shows that the presence of
flavonoid by phytochemical evaluation of A. indica may be accounted for its
antioxidant activity (Siddhuraju et al., 2002). Flavanoids isolated from medicinal
plants, such as Enhydra fluctuans exhibited anticancer activitity against Ehlrich*s

ascites carcinoma (EAC) (Sannigrahi et al., 2010).

Generally, phenolic and flavonoid content have been shown to contribute significantly
to antioxidant activity (Mahmood et al., 2011). Tannins have also been reported to be
useful in the treatment of inflamed tissues and they have a remarkable activity in
cancer prevention (Ruch et al., 1989).

Nine triterpene, a saponin isolated from the leaves and stem of Silphuim radula was
found to be cytotoxic against human breast cancer cell line MDA-MB-231 (Calabria
et al., 2008). Alkaloid being one of the present phytocomponent in the current study,
has also been one of the most active component in natural herbs and some of its
compounds have been developed into chemotherapeutic drugs such as camptothecin
(Huang et al., 2007). Generrally, high free radical scavenging activity of A. indica
barks is due to their possession of high phenolic content (Siddhuraju et al., 2002).

5.2. Conclusion

* The present study demonstrated antioxidant activity of A. indica, V.
amygdalina and G.aparinoides

» The study showed significant antiploriferative activity on A. indica and V.
amygdalina.

« Antiproliferative activity of combined extracts of A. indica was higher in
cervical cancer cell lines as compared to prostate cancer cell lines.

* Inacute toxicity studies A. indica plant extracts were safe at 300mg/kg/bw.

* The classes phytochemicals present in A. indica, V. amygdalina and
G.aparinoides have been known to possess antioxidant and antiproliferative

activity.
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5.3. Recommendations

Following the identification, extraction and testing of methanol, ethylacetate,
petroleum ether and aqueous extracts of A. indica, V. amygdalina and
G.aparinoides, it has demonstrated that methanol extracts of A. indica
exhibited numerable antioxidant, antiploriferative and safety in mice. It is

therefore recommended that:

e This experiment should be carried out using the murine models of prostate
and cervical cancer.
e A detailed bioassay guided fractionation and identification of

bioactive compounds should be carried out.
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APPENDICIES

Appendix 1: Percentage inhibition of A. indica RB and SB extracts
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Appendix 2: Percentage inhibition of V. amygdalina extracts

50.00
45.00
40.00
35.00

30.00 -

25.00
20.00
15.00
10.00
5.00
0.00

31.25

62.50

125.00

250.00

jl'li

500.00

W Ags AP

W Ags Leaves

90




Appendix 3: Effects of A. indica SB extract on DU145 cell line proliferation rate
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Appendix 4: Effects of A. indica SB extract on Hela cell line proliferation rate
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Appendix 5: Effects of A. indica SB extract on Vero cell line proliferation rate
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Appendix 6: A. indica effects on percentage inhibition and viability of the cell lines
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Appendix 7: Effects of A. indica RB extract on DU145 cell line proliferation rate
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Appendix 8: Effects of A. indica RB extract on Hela cell line proliferation rate
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Appendix 9: Effects of A. indica RB extract on Vero cell line proliferation rate
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Appendix 10: A. indica effects on % inhibition and viability of the cell lines
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Appendix 11: Effects of V. amygdalina on Hela and DU145 cells proliferation rate
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Appendix 12: Effects of V. amygdalina on Vero cell line proliferation rate
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Appendix 13: V. amygdalina effects on % inhibition and viability rate
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