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ABSTRACT

Indigenous knowledge about natural products forms a basis for medicinal plants research.
Natural products are useful in traditional applications; hence, a need to conduct robust scientific
research to determine their effects and possible toxicity on different biological cells, tissues,
organs, and systems. Importantly, it is evident that useful information on the dosage, efficacy
and possible beneficial or harmful effects of some medicinal plants on biological models are
lacking. In this thesis, we reported on a single-dosage in vitro antioxidant, antidiabetic, skin
depigmentation, cytotoxicity and phytoestrogenic potentials of Phyllanthus amarus (PA) extract.
Also, we provided a detailed account of the effects of Phyllanthus amarus aqueous extract on
the liver, kidney, heart, and testes in diabetes-induced male Wistar rats. Likewise, we carried out
in-vitro antioxidant and the anti-tyrosinase evaluation of the extracts using enzyme-linked
immunosorbent assay methods. We evaluated the inhibitory action of alpha-glucosidase and
alpha-amylase in the aqueous and the methanol extracts. We also performed cytotoxicity and
phytoestrogenicity tests on TM4 (Sertol) and MCF-7 (breast cancer) cell lines using
colourimetric MTT assay, cell counts and E-screen assay, respectively. At the same time, the in-
vivo assessment of Phyllanthus amarus agueous extract was done in male rats using fructose:
streptozotocin diabetes model, whereby we administered PA (200mg/kgbwt, 400 mg/kgbwt) as
well as GLIBEN (glibenclamide) 0.2mgkgbwt per day to the animals for four weeks (28 days).

In this study, we noted increased phytochemicals in the methanolic extract. Also, we observed
more radical cation scavenging (TEAC) action in the aqueous fraction. Methanolic ORAC results
produced a significant (p < 0.0001) result compared to the aqueous extracts. Besides, PA
extract produced a significant inhibition in the a-glucosidase activity. The hexane, as well as the
aqueous extracts, gave considerable tyrosinase inhibition (p < 0.05) exhibiting half-maximal
inhibitory concentrations of 116.08 and 129.25 pg/mL, correspondingly. PA aqueous extract at
concentrations between 0.01 and 10 pg/mL produced the highest activity of mitochondrial
dehydrogenase. In this instance, the TM4 cell numbers significantly increased versus the
untreated control. More so, exposure of Sertoli cells to higher extract concentrations ranging
between 100 and 1000 pg/mL resulted in compromised viability. Furthermore, the aqueous
extract produced a significant proliferative effect on MCF-7 cells; hence, we confirmed its

estrogenic activity.

In our in vivo study, we noted that the animals showed persistent bodyweight loss except in the
healthy control up until the 21st day of the experiment. The absolute and relative liver weights of

untreated diabetic animals versus the healthy controls showed a significant finding (p < 0.0001).



Similarly, the absolute and relative testicular weight of untreated diabetic rats and diabetic rats +
PA 200mg/kgbwt produced a significant result (p < 0.05). The PA 400mg/kgbwt similarly
increased serum insulin compared to the group that received glibenclamide versus untreated
diabetic control and healthy control (p > 0.05). PA 200mg/kgbwt significantly lowered serum
nitric oxide versus the diabetic controls (p < 0.0001) while GLIBEN 0.2mg/kgbwt significantly
reduced serum nitric oxide versus the normal and diabetic controls, PA 200mg/kgbwt as well as
PA 400mg/kgbwt (p < 0.0001). PA 200mg/kgbwt, PA 400mg/kgbwt with GLIBEN 0.2mg/kgbwt
significantly brought down serum myeloperoxidase (MPO) activity versus the diabetic controls (p
< 0.0001). Both PA 200mg/kgbwt, as well as PA 400 mg/kgbwt, reduced H,O, levels versus
diabetic control (p > 0.05). They significantly reduced malondialdehyde (MDA) levels versus
diabetic control (p < 0.0001). PA 400mg/kgbwt significantly raised glutathione peroxidase (GPx)
activity similarly to the diabetic control (p < 0.0001). PA 200mg/kgbwt significantly brought down
serum triglyceride levels correspondingly to the diabetic non-treated animals (p < 0.0001). PA
200mg/kgbwt and PA 400mgkgbwt caused increased liver GPx activity. They reduced the rats’
heart, kidney, and liver lipid peroxidation similarly to glibenclamide versus the untreated diabetic
rats, normalised alkaline phosphatase (ALP) with aspartate aminotransferase (AST) activities,
respectively versus untreated diabetic rats. In contrast, the PA 200mg/kgbwt normalised the
gamma-glutamyl aminotransferase (GGT) activity versus the diabetic untreated diabetic rats.
The diabetic groups produced significant hypoproteinemia (p < 0.0001) versus the untreated
healthy rats. Moreover, the PA 200mg/kgbwt improved serum testosterone similarly to
glibenclamide versus their diabetic control counterparts and similarly raised serum estradiol
compared to diabetic control. Nevertheless, these increases were not significant (p > 0.05). It
also significantly improved sperm count correspondingly to glibenclamide (p = 0.0033) versus
diabetic control and the PA 400mg/kgbwt group. Histological findings suggest that PA
200mg/kgbwt and PA 400mg/kgbwt put a halt to the progressive destruction (necrosis) of the
islets of Langerhans, hence its probable ability to stimulate endogenous (-cell proliferation. PA
400mg/kgbwt ameliorated the renal lesions that showed in the diabetic group. This dose of the
extract did not have any noticeable protective effect on the hepatocytes. Besides, PA did not
ameliorate the lesions observed in the diabetic heart. Moreover, PA 200mg/kgbwt reduced
seminiferous tubular diameter and an expanded interstitium, suggestive of its potential to

improve reproductive functions through enhanced spermatogenesis.

We thus conclude that PA exhibited high antioxidant potentials by being able to inhibit ABTS
radical, reduce ferric ion and scavenge oxygen radicals. Both Phyllanthus amarus Hexane and

agueous extracts have a favourable tyrosinase inhibition versus reference kojic acid. Besides,

iv



PA extracts possess a significant inhibitory effect on a-glucosidase. PA extract at lower
concentrations elicited Sertoli cell proliferation, probably because of the phytoestrogenicity of
Phyllanthus amarus extract, brought about via its active principles, namely, phyllanthin and
hypophyllanthin, thus, served as an excellent anticancer agent against breast cancer. One could
also suggest that aqueous PA extract may improve reproductive functions through increasing
spermatogenesis and decreasing testicular free radicals in diabetic rats. Finally, Phyllanthus
amarus possesses an ameliorative effect on complications precipitated by diabetes.
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PREFACE

This report is written according to the author guidelines of the journal each manuscript was
submitted or meant for submission, based on the article format of CPUT. There are seven
divisions in the report.

Chapter one gives the introduction and what motivated the study, as well as the aim and

objectives we set to achieve.

Chapter two reviewed relevant literature on the work previously done in the subject area and to
find out how and where the current work could contribute to the body of knowledge in the field.
This chapter forms part of a published book by Apple Academic Press, Incorporated, the
USA.

Chapter three reported on how Phyllanthus amarus extracts exhibited antioxidant, tyrosinase

inhibition and cytotoxicity. The manuscript was published in “The Natural Products Journal”.

Chapter four reported on the inhibitory activity of aqueous plant extract on a-glucosidase and
how it modulates glycaemic indices and oxidative stress inside the diabetic rats’ pancreas, by
explaining a mechanism of antidiabetic action. The manuscript was prepared for submission to
Life Sciences (ELSEVIER, INC) for publication.

In chapter five, we answered the question that bothers on whether the plant extract reduces the
severity of derangement in lipids, oxidative stress, hepatic, renal and cardiac complications in
streptozotocin-diabetic rats. The manuscript was prepared for submission to BIOMEDICINES

journal for publication.

Chapter six focuses on how our aqueous extract ameliorates sperm abnormality and oxidative
stressed diabetic rats’ testes via phytoestrogenic as well as radical-scavenging actions. The

manuscript was also prepared for submission to ANDROLOGIA journal for consideration.

Lastly, chapter seven generally discusses the key findings from this study, and we thus

recommend the conclusion of the entire research and the highlighted areas for future studies.
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CHAPTER ONE: INTRODUCTION

1.1. Diabetes Mellitus

Diabetes mellitus (DM) is metabolic disarray of many aetiologies, typified by hyperglycaemia and
derangements in carbohydrate, lipid, and protein metabolism, either because of the abnormality
in insulin synthesis or insulin action (WHO, 1999; Adefegha & Oboh, 2012). This disorder
presents symptoms like thirst, urine frequency, impaired vision, and weight loss. Besides, in
complicated cases of diabetes mellitus, ketoacidosis or non-ketotic hyperosmolar state could
come up, resulting in a reduced state of consciousness, complete unconsciousness and even
death when an effective treatment is lacking. This disorder is fast becoming a global epidemic.
Findings from the current ninth edition of the IDF Diabetes Atlas confirmed that diabetes is

leading as a global health emergency of this century (International Diabetes Federation, 2019b).

Consequently, diabetes is accorded a top ten cause of mortality, and the number of patients with
T2D is rising both in developed and developing countries. As such, low- and middle-income
countries contributed eighty per cent (International Diabetes Federation, 2019b), with an
estimated global prevalence of 9.3%. Also, the IDF reported around 463 million diabetics
worldwide, and this figure may go up to 700 million by the year 2045 (International Diabetic
Federation, 2019%). The report indicates that about USD 760 billion was spent on diabetes
representing around 10% of health expenditure, worldwide. The disease burden will give rise to
a substantial socio-economic impact, as annual diabetes and associated complications-related
expenses exceed USD 100 billion (Jarald et al., 2008; CDC, 2020; Bide & Padalkar, 2020).
There are four broad categories of diabetes, namely: a. prediabetes, b. insulin-dependent

diabetes mellitus, c. Non-insulin-dependent diabetes and d. diabetes due to pregnancy.

In the current study, the attention was on T2D male Wistar rats that drank 10% fructose for 14

days and were subsequently administered streptozotocin, thereby creating a model of T2D.

T2D arises when the pancreas is unable to synthesise enough insulin, or the body ineffectively
utilises the insulin because of the occurrence of insulin resistance (Ferrannini, 1998;
Khodabandehloo et al., 2016). Therefore, hyperglycaemia that characterises T2D because of
low insulin production or impaired insulin action on the body cells serves as an indicator of
diabetes in the animal model under investigation (Maritim et al., 2003; Karalliedde & Gnudi,
2016).



There exist a relationship linking hyperglycaemia, oxidative stress with diabetic complications.
Study shows that hyperglycaemia elicits oxidative stress by releasing free radicals. During
normal physiological conditions, networks of endogenous antioxidant defences, comprising of
both enzymatic and non-enzymatic antioxidants, guards the body by protection from harmful
effects of these free radicals. However, these defences become weakened during diabetes,
exacerbates by chronic hyperglycaemia, and produce reactive oxygen species (Omotayo, 2012;
Bonini, Dull, & Minshall, 2014; Thakur et al., 2018). The higher free radicals generated together
with a decline in these antioxidant defences (Bonini, Dull, & Minshall, 2014) could cause damage
to cellular organelles and enzymes. It has also been found to result in elevated malondialdehyde
levels with resultant insulin resistance (Maritim et al., 2003; Khodabandehloo et al., 2016). More
S0, oxidative stress can potentially promote macrovascular and microvascular complications that
affect the kidney due to diabetes and end-stage renal diseases, cardiovascular diseases,
dyslipidaemia, and other conditions seen in diabetes. Another complication experienced among
people with diabetes includes erectile dysfunction (ED) which affects male reproductive ability in
T2D patients (Agbaje et al., 2007; Furukawa et al., 2017) This may be because, the severe
hyperglycaemia, with resultant free radicals, causes damage to the blood vessels that supply the
cavernous tissue of the penis. Thus, it prevents its enlargement and stiffening that constitutes an
erection (Jarald et al., 2008; Castela & Costa, 2016; Al-Oanzi, 2019).

1.2. Antidiabetic Drugs

Current conventional drugs used to treat diabetes fall into the following classes: (a). Glucose-
lowering effectors that reduce hepatic glucose release, e.g. metformin (b). Insulin and Insulin
secretagogues that increase pancreatic B-cells’ insulin secretion, e.g. sulphonylureas; (c).
peroxisome proliferator-activated receptor-Y (PPAR-Y) activators which enhance insulin activity,
e.g. the thiazolidinediones; (d). a-glucosidase inhibitors that interfere with gut glucose release,
thus, prolonging carbohydrate digestion as well as reducing the glucose absorption rate from the
gut (Kuo et al., 2010), ultimately reducing the after-meal increase in blood glucose
concentrations (Zhu et al., 2013). However, there are deficiencies associated with current
therapies. These include hypoglycaemic episodes, a gradual loss in responsiveness to
treatment, gastrointestinal problems, oedema, and weight gain (Collins, 2002; Mazzola, 2012,
Tahrani et al., 2016). Other limitations of these drugs include high cost, lack of availability and
accessibility for rural dwellers. Given the high rate of diabetes and the limitations of current

therapies, there is a need to intensify research efforts for alternative therapeutic interventions.
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These therapies must have fewer side effects and should be made available and accessible at

low cost to everyone, irrespective of one’s socio-economic status.

1.3. Medicinal Plants

The use of plant-derived products could be an alternative to improve health care (Malviya et al.,
2010; Vanga & Raghavan, 2018). They are locally available; hence, anyone can easily access
them regardless of social-economic status (Maghrani et al., 2005; Choy et al., 2014; Mbogori &
Mucherah, 2019). In diabetes, some plants-based alternative medications could provide
symptomatic relief and help in preventing secondary complications. Some of these plants also
assist in B-cells regeneration and in overcoming insulin resistance. Besides, because they could
maintain a typical blood glucose concentration, certain herbs have been reported to have
antioxidant activity and hypolipidaemic action (Jarald et al., 2008; Joshi & Jain, 2014; Srivastava,
2018). Several plants scientifically validated for their antidiabetic activities while some have
undergone clinical trials in many countries. Phytoconstituents in plants that have antidiabetic
activity include; polysaccharides, peptides, alkaloids, glycopeptides, triterpenoids, amino acids,
steroids, xanthone, flavonoids, lipids, phenolics, coumarins, iridoids, alkyl disulphides, inorganic
ions and guanidines (Grover et al., 2002; Mukherjee et al., 2006; Angothu et al., 2010). Our
preliminary studies reported on various medicinal plants with antidiabetic properties; few
examples of such validated African traditional medicinal plants with antidiabetic activities include
Moringa oleifera Lam., Catharanthus roseus (L.), Carica papaya L., Phyllanthus amarus Schum
& Thonn and Garcinia kola Heckel.

1.4. Phyllanthus amarus

Phyllanthus amarus (PA) is a tropical and subtropical herb of the Asian and some West African
countries (Mazumder et al., 2006; Tahseen & Mishra, 2013; Okaiyeto et al., 2018). The plant is
known as seed-under-leaf, leaf flower or stone breakers. The Yoruba people of South-Western
Nigeria popularly called it lyin olobe. Research indicates that people use the leaf and seed of PA
when boiled in managing diabetes, obesity, and hyperlipidaemia (Adeneye, 2012). Also, in
Nigeria, Phyllanthus amarus is commonly called dobisowo, ehin olobe or ehin olubisowo among
the Yoruba tribe (Samson, 2016). Phytochemical examination showed that Phyllanthus amarus
has many phyto-compounds such as polyphenols and tetra-cyclic triterpenoids (Maciel et al.,
2007; Patel et al., 2011), flavonoids (Patel et al., 2011; Verma et al., 2014), tannins (Foo, 1993;
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Chopade & Sayyad, 2015) lignans (Kassuya et al., 2006; Leite et al., 2006; Maciel et al., 2007,
Pereira et al., 2016; Conrado et al., 2020) alkaloids (Houghton et al., 1996; Kurhekar, 2017) and
several other phyto-constituents. With high-performance liquid chromatography (HPLC),
preliminary investigations on Phyllanthus amarus aqueous, and methanolic extract also showed
the presence of lignans such as phyllanthin, hypophyllanthin as well as rutin and quercetin. The
plant extract has high antioxidant contents, as shown by Trolox Equivalent Antioxidant Capacity
(TEAC), Oxygen Reducing Antioxidant Capacity (ORAC) and Ferric Reducing Antioxidant Power
(FRAP) assays. Previous studies have shown that Phyllanthus amarus reduced serum levels of
glucose and glycosylated proteins, improve impaired glucose metabolism, and has favourable
effects in various disease states (Adedapo et al.,, 2014; Verma et al.,, 2014). This plant
traditionally exhibited hypolipidaemic, anti-inflammatory, antioxidant, antimicrobial, antifungal,
anti-tuberculosis, analgesic and antidiabetic effects (Patel et al., 2011; Verma et al., 2014).
Regardless of the various traditional uses of this vital herb, there are inconclusive and
inconsistent empirical reports of its effect on male reproductive and cardiovascular systems
among people with diabetes. Besides, the mechanisms of its antidiabetic or antihyperglycaemic

action remain unclear; hence, the need for the present study.

1.5. Diabetic complications and reproductive functions

Scientific research indicates a significant correlation between inflammation and oxidative stress
in diabetic pathologies (Lee et al, 2007; Rivero et al., 2009; Biswas, 2016). Also,
hyperglycaemia selectively causes apoptosis in tubules and endothelial cells (Allen et al., 2003),
and that Bcl2 group of proteins regulate occurring apoptotic cell death. Also, increase in
inflammatory cytokines such as interleukin 6 (IL-6), interleukin 18 (IL-18), interleukin 1 (IL-1),
and tumour necrotic factor-alpha (TNF-a) have been reported in diabetic blood (Esposito et al.,
2002; Alexandraki et al., 2008; Liu et al., 2016). Importantly, long-standing hyperglycaemia and
high oxidative stress levels play significant roles during secondary diabetic complications
especially in nephrotoxicity (Huang et al., 2002; Bonini, Dull, & Minshall, 2014; Kachhawa et al.,
2017) as well as hepatic injury (Harrison, 2006; Kim et al., 2009). DM can damage the body’s
nerves, particularly when blood glucose together with blood pressure become concurrently high,
resulting in problems with digestion, erectile dysfunction (ED), among others (International
Diabetes Federation, 2019a). ED and loss of libido could be a cause of infertility in some males
(Lotti & Maggi, 2018). Besides, oxidative stress reported in about 50% of all infertile men, could

explain a common pathology observed in them (Tremellen, 2008; Agarwal et al., 2014; Nowicka-
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Bauer et al., 2018). Researchers postulated that ROS raised by sperm and seminal leucocytes
in seminal fluid produce infertility by two primary mechanisms. Firstly, they destroy the sperm
membrane, thereby lowering sperm motility and its ability to fuse with an oocyte. Secondly, ROS
alters the sperm deoxyribonucleic acid (DNA), resulting in the passage of abnormal paternal
DNA onto the foetus (Bonini, Dull, & Minshall, 2014). More so, men with T2D have an increased
rate of low testosterone levels versus age-matched controls (Aboua et al., 2013). In many cross-
sectional studies, male testosterone levels inversely correlate several recognised risk factors for
T2D aetiology. Besides, obesity, central adiposity, and high fasting plasma insulin
(hyperinsulinaemia) are predominant findings. The hyperinsulinaemia often inhibits normal
spermatogenesis, thus, leading to a decreased male fertility (Aboua et al., 2013; Davison, 2016;
La Nasa, 2018). Most patients with T2D weigh more or obese, resulting in low testosterone
levels and increased pro-inflammatory cytokines, inducing dysfunction in blood vessel wall via
the nitric oxide pathway. The above process goes on to explain the relationship between T2D,
obesity with erectile dysfunction (Brown et al., 2005; Bhasin et al., 2007; Mukherjee et al., 2020).
Similarly, low plasma testosterone level relates with cardiovascular disease and hypertension in
aetiology (Jones, 2007; Jones, 2010; Traish, 2014; Nikolaidou et al., 2015; Fernandez-Miré et
al., 2016; Rovira-Llopis et al., 2017). Also, impaired spermatogenesis correlates with DM (Brown
et al., 2005; Bhasin et al., 2007; Jangir & Jain, 2014; Miao et al., 2018). Another complication of
DM is skin disorders with diabetic extracutaneous complications, including neuropathy,
nephropathy, and retinopathy, that is common among a sizeable number of diabetic patients
(Demirseren et al., 2013; Schons, 2018).

1.6. Animal model of type 2 diabetes (Subramoniam, 2016)

In T2D studies, some workers developed different animal models to monitor disease progression
and treatment (Kumar et al., 2014). In this study, we created T2D together with insulin resistance
(IR) in a rat model fed with 10% fructose. In this model, we created T2D/IR in male Wistar rats,
whereby we allowed the animals to drink 10% fructose water for 2 weeks freely. After which we
administered a once-off intraperitoneal injection of streptozotocin (55mg/kgbwt in freshly
prepared 0.1M cold citrate buffer (pH 4.5) following overnight fasting. The animal model in this
study exhibited T2D symptoms that mimic human diabetes due to the occurrence of insulin
resistance that partially killed the pancreatic B-cells and reducing their population (Islam and
Wilson, 2012). Studies also revealed that diets high in fructose results in the development of

T2D symptoms which includes hyperlipidaemia, hypertension, hepatic insulin resistance, B-cell
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dysfunction, and elevated serum liver enzymes activities (Wilson & Islam, 2012; Mohammed et
al., 2016).

This thesis, therefore, reported on the effects of Phyllanthus amarus extract in T2D animal

model.

1.7. Justification

Previously, Phyllanthus amarus extract exhibits antidiabetic action in a graded dose of 200
mg/kgbwt and 400 mg/kgbwt per day in alloxan-diabetic rats. The 400mg/kgbwt dose was
considered a sufficient concentration (Adedapo et al., 2014). However, there is dire need to
elucidate its potential to modulate the complex responses associated with oxidative stress,
inflammation, apoptosis, and male reproduction. More so, there is insufficient empirical data on
its possible beneficial effects on the above biological processes. Besides, we found no study till
present that have extensively documented such effect; hence, this is the first study to examine
the activities of Phyllanthus amarus extract on various organs in one study as an entity. The
present study, therefore, investigated 200mg and 400mg extract/kgbwt/day in fructose-fed and
medium-dose streptozotocin-diabetic male Wistar rats.

1.8. Significance of the study

The results of the current study are going to tremendously benefit further research initiatives,
traditional medicine, and the pharmaceutical industry. Phyllanthus amarus extract potentially
provides an improvement in the antioxidant and oxidative stress status in the diabetic rats' liver
and kidney (Saad et al., 2017). It also possesses the potential to ameliorate cardiovascular risks
in severe hyperglycaemia. Besides, the study provided a piece of empirical information on the
beneficial or toxicity of the extract on male reproductive function. We have published outputs
from the research and presented some at both local and international conferences. Manuscripts

were also submitted in peer review, high impact factor journals for publication.



1.9. Aim and specific objectives

Aim: The research investigated possible mechanisms of the antihyperglycaemic effect of
Phyllanthus amarus and evaluated its potential to attenuate renal, hepatic, cardiac and
reproductive complications caused by diabetes mellitus.

Objectives of the present study include:

e To screen Phyllanthus amarus leaf extract for its phytochemical composition.

e To assess the antioxidant and antidiabetic activities of the extract.

e To determine the impact of the extract on glycaemic indices, oxidative stress, hepatic
with renal functions of diabetic and non-diabetic male Wistar rats.

e To examine the effects of PA extract on the cardiac function of diabetic and non-diabetic
male Wistar rats.

e To evaluate the phytoestrogenic activity of the extract and assess its effects on the
reproductive functions of diabetic and healthy control, male Wistar rats.

e To examine a possible positive or negative effects of the extract on the histology of

specific organs.

To achieve the above aim, we divided this study into two parts, as follows:

Part A: In-vitro study that investigated the concentrations of the total polyphenol and other
phytochemicals present in the plant extract and their antioxidant capacity. Also, we examined
the inhibitory activity of the extract on tyrosinase, a-amylase and a-glucosidase enzymes to
determine the mechanism of its depigmentation and antidiabetic actions. More so, we studied
the influence of the extract on male reproductive functions using mouse Sertoli (TM4) cell line.
Finally, the phytoestrogenic activity of the extract on breast cancer (MCF-7) cell line, was

investigated using the E-Screen assay.

Part B: In-vivo study that investigated the effects of a graded dosage of 200mg/kgbwt and 400
mg/kgbwt per day of agueous plant extract on the hepatic, renal, heart and testicular functions of

male Wistar rats.



1.10.

1.11.

Research Questions

What are the bioactive compounds in Phyllanthus amarus aqueous extracts?

What are the concentrations of the total polyphenol and individual phytochemicals
present in the plant extract?

What effects does the extract have on male reproductive functions using mouse Sertoli
(TM4) cell line? Does the extract exhibit phytoestrogenic activity, using breast cancer
(MCF-7) cell line?

What potential impact does this extract have on the antioxidant capacity of diabetic and
non-diabetic male Wistar rats?

What potential effects does the extract have on biochemical tests such as glycaemic,
cardiac, renal, hepatic, and reproductive parameters of diabetic and non-diabetic male
Wistar rats?

What potential effects does the extract have on oxidative stress, inflammatory
biomarkers in the heart, kidney, liver, and testes of diabetic and non-diabetic male Wistar

rats?

Hypothesis

Ho: Phyllanthus amarus does not possess antidiabetic properties and will not ameliorate

hyperglycaemia induced-tissue damage and oxidative stress created by diabetes on the hepatic,

renal, cardiac, and reproductive functions of male Wistar rats.

H;: Phyllanthus amarus possesses antidiabetic properties and will ameliorate hyperglycaemia

induced-tissue damage and oxidative stress created by diabetes on the hepatic, renal, cardiac,

and reproductive functions of male Wistar rats.

1.12.

Ethical Considerations

The Health and Wellness Sciences Faculty Research Ethics Committee (REC), CPUT, Bellville

campus, South Africa approved the ethical application for this study (approval no: CPUT/HW-

REC 2016/A1) as well as the Animal Ethics Committee, the University of Ibadan, Nigeria where
we carried out the animal study (approval no: UI-ACUREC/19/0017).
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2.1. Introduction

From creation, there has been a wide array of plants that are for various purposes; some are for
food, medication, and some gave oxygen that sustains life. Bigger plants or trees serve as
windbreakers. In some instances, they might serve as erosion control, especially the legumes.
The ornamental plants with flowers provide aesthetic structures to beautify an environment. The
benefits of plants in health promotion and maintenance are gaining more attention, such that
there is a thin line of demarcation between food and medicine. For example, Allium sativum
(garlic) is a popular medicinal plant, often used to make food tastier. Besides, it is among the
best natural antibiotics known in traditional medicine(Simonetti, 1990; Houshmand et al., 2013;
Shakurfow et al., 2015; Hussein et al., 2017; Sharma et al., 2018). It is imperative to note that
plants are essential and unique for their role in public health. Scientists have shown that edible
plants with antioxidant properties, especially the Brassicaceae such as cabbage (Brassica
oleracea L) or some Liliaceae, like garlic and onion, have the potential to prevent the
appearance of some degenerative diseases like cancer or other diseases of the cardiovascular
system (Rupp, 2011; Luo et al., 2019). Also, lycopene, a flavonoid that is abundant in tomatoes
as well as watermelon, can prevent or retard the advancement of cancers (Khan et al., 2008;
Kim et al., 2014, llahy et al., 2019). Likewise, apples (Malus domestica Borkh) and watermelon
(Cucumis melo), because of their anti-inflammatory and antioxidant content guards the digestive
system against colorectal cancer (Guaadaoui et al., 2015). More so, oranges (Citrus sinensis),

lemon (Citrus limonum) together with other citrus fruits are abundant in ascorbic acid (or vitamin
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C) and pectin. They can protect the digestive system against diseases such as cancer (Mazed et
al., 2011; Sharma et al., 2018).

People use herbal preparations to treat numerous diseases. For instance, in developed
countries like the United States (U.S), about 37% of her population uses medicinal plants to
manage specific disease condition (Farnsworth & Soejarto, 1991; Craft et al., 2015) and in the
past, physicians prescribe medication that contains approximately 25% of plant-derived active
ingredients. Besides, the number of appointments with providers of traditional medicine in the
U.S is more than the number of meetings with all primary care physicians (WHO, 1999% Kong et
al., 2003; Brown, 2017). Similarly, in Pakistan, approximately 52% of respondents, attested to
their using complementary and alternative medicine to treat their ailments (Shaikh et al., 2009).
Also, in Japan, between 60% and 70% of allopathic doctors recommend indigenous medications
to their clients. Moreover, in China, traditional and alternative medicine represents about 40% of
all health care (WHO, 1999; WHO, 2002; Chen et al., 2018).

In recent time, there is a reawakening of attention in the field of herbal medicine or
phytomedicine. The reason for this development might be due to better knowledge of plants or
probably because of scientific and technological advancements. Modern technigues such as
high-performance liquid chromatography (HPLC), gas chromatography (GC), thin-layer
chromatography (TLC), atomic absorption spectrophotometry (AAS), X-ray crystallography and
nuclear magnetic resonance spectroscopy (NMR) abounds to characterise biological extracts
fully. Another probable reason is the increasingly adverse effects of orthodox medication,
treatment failure rates and the exorbitant cost of the medicines that compel individuals to find
alternative or complementary medicine. In this study, therefore, we aimed at examining some
work previously done on selected medicinal plants, to clarify the importance of further evidence-
based research on Phyllanthus amarus as our plant of interest to provide a piece of detailed

scientific knowledge, mainly, on its antidiabetic, antihyperglycaemic and antioxidant potentials.

2.2. Diabetes Mellitus

Diabetes mellitus (DM) is a derangement in carbohydrate, protein as well as lipids metabolism
resulting in excess blood glucose. The resultant glucose is underutilised, thereby leading to a
condition called hyperglycaemia (Burtis et al., 2008; Kumar et al., 2016). Research indicates that
if one fails to treat DM, affected individuals may suffer acute life-threatening hyperglycaemic

states, such as ketone acidosis or unconsciousness due to the high osmolality. Failure to quickly
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treat the disease predisposes the patient to specific complications, e.g. vision impairment that
could lead to blindness, renal failure, nerve damage and atherosclerosis resulting in a stroke,
gangrene, or coronary artery disease (Burtis et al., 2008). Notable evidence of diabetes mellitus
includes bodyweight loss, polyphagia or (excess hunger), polydipsia (or excess) thirst and
polyuria (or frequency of urination). Karuna et al. (2011) suggested that chronic hyperglycaemia
results from diabetes mellitus due to defects in insulin secretion or action. On examining the
seriousness of this disorder and its complications, cardiovascular disease (CVD) is the leading
cause of the illness and death among people with diabetes with 65% of deaths traceable to
heart disease or stroke (Lopez Hernandez, 2013). Myocardial infarction (MI) is a high-risk
condition of the cardiovascular system due to diabetes mellitus. Possible mechanisms of action
include insulin resistance, changes in endothelial functions, dyslipidaemia, chronic inflammation
and release of mediators of inflammation, procoagulability and impaired fibrinolysis (Patel et al.,
2016).

The derangements emanating from chronic, elongated hyperglycaemia, as shown by
uncontrollable diabetes mellitus, can result in blood vessels and peripheral nerves damage; this
may positively raise the possibility of a heart attack. Moreover, hyperlipidaemia, especially,
cholesteroal, triglycerides and high atherogenic index are important risk factors for cardiovascular
diseases particularly among people with diabetes (Martin-Timoén et al., 2014; Quispe et al.,
2016; Reiner, 2017). A study shows that people with diabetes have an increased rate of
atherosclerotic vascular disease (Paneni et al., 2013; Fetterman et al., 2016). Research
suggests that endothelial injury may mark the aetiology of atherosclerosis with platelet adhesion
and aggregation at the site of injury. Moreover, a report shows that among people with diabetes,
evidence of endothelial dysfunction abounds. The authors concluded that smooth muscle cell
proliferation plays a crucial role in the pathological discovery in atherosclerosis. Besides, the
accumulation of lipids in the atherosclerotic lesion present as intracellular and extracellular
esterified cholesterol (Kruth, 2001; Grebe & Latz, 2013; Aluganti Narasimhulu et al., 2016).
Failure to control diabetes results in lipids deposition in large vessels because of elevated
plasma low-density lipoprotein cholesterol (LDL) levels and decreased plasma high-density
lipoprotein cholesterol (HDL) levels (Colwell et al., 1981; Linton et al., 2019). The condition
described usually occur in some people with diabetes with thrombosis. The anomaly of
endothelial, platelet, smooth muscle, lipoprotein, and coagulation characteristics may contribute
to the problem of increased atherosclerosis among people with diabetes. Therefore, a vivid
insight into what is responsible for this process to aid in designing appropriate preventive,

therapeutic approach is highly imperative.
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Furthermore, available records show that one of the complications called diabetic nephropathy
(DN) is responsible for the disease and premature death seen in patients with insulin-dependent
DM (Karnib & Ziyadeh, 2010; Ahmad, 2015; Keri et al., 2018). Rao et al. (2015) established DN
as the leading cause of chronic kidney disease and end-stage renal failure globally. They
reported that DN patients experienced more oxidative stress than T2D without DN, thus,
concluding that elevated malondialdehyde levels and decreased glutathione peroxidase activity
seen in DN are due to oxidative stress while high glycated haemoglobin (HbAlc) and
microalbuminuria levels observed in DN are as a result of prolonged hyperglycaemia. Elevated
total protein levels often seen in DN might be because of more protein catabolism, but their high

urea and creatinine levels resulted from kidney dysfunctions.

2.3. Prevalence of Diabetes Mellitus

Globally, about 463 million people aged 20-79 years are currently diabetic. This figure
represents 9.3% of the world’s population with the disease. The number will predictably increase
to 578 million (10.2%) by 2030 and to 700 million (10.9%) by 2045 (International Diabetes
Federation, 2019). There is an astronomical progression when comparing these values to the
global report published by the WHO on estimating the worldwide prevalence of diabetes to
increase from 2.8% in 2000 to 4.4% by the year 2030 (Roglic et al., 2005). By implication, the
global population of people with diabetes was forecasted to rise from 171 million in 2000 to 366
million in 2030 (Roglic et al., 2005; Whiting et al., 2011; Al-Shahrani et al., 2012; Bhat et al.,
2016). An approximate prevalence of diabetes in adults has risen from 151 million in 2000 (4.6%
of the global population at that time) to 463 million (9.3%) (IDF, 2019). Also, Shaw et al. (2010)
projected that the number of adults affected (285 (6.4%) million adults in 2010) would rise to
about 439 million (7.7%) by the year 2030. In contrast, some investigators estimated that the
prevalence of diabetes in Africa is 1% in rural areas and this value ranges from 5% to 7% in
urban sub-Saharan Africa (Dalal et al., 2011). Moreover, Nigeria, the most populous country in
Africa (World Facts, 2018), accounting for 15.98% or one-sixth of the continent’'s population
(World population prospects, 2012) have a population of about 195 million people. In Nigeria,
approximately 82,869,000 adults (20-79 years) have diabetes, with a prevalence of 1.9%
(International Diabetes Federation, 2015%). This prevalence represented more than 1.56 million
adult cases of diabetes in Nigeria in 2015, but it is now 2,743,800 in 2020 with a prevalence of
3% (International Diabetes Federation, 2020%). The surge in the prevalence of diabetes mellitus

among adults in Nigeria is suggestive of the gradual adoption of western lifestyles, urbanisation,
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increasing ageing populations, more sedentary lifestyles, and unhealthy diets, including high
sugar intakes, as this often leads to insulin resistance. On the other hand, South Africa, with an
average population of 53 million and total adult (20-79 years) people of about 32,756,000 has
diabetes prevalence of 7% (International Diabetes Federation, 2015°). The total number of
cases of adults (20-79 years) that have diabetes in South Africa stood at 2,286,000 in 2015
which have now moved to 4,581,200 with a prevalence of 12.8% in 2020 (International Diabetes
Federation, 2020°). DM is most prevalent among the Indian population in South Africa, ranging
between 11% to 13%. The Indians are presumably having strong genetic tendencies for
diabetes, followed by 8-10% among the coloured community, then between 5-8% among the

blacks and about 4% among the white community (Distiller, 2014).

2.4. Pathological process of Diabetes

Damage to B-cells of the pancreas arising through cell-mediated immune destruction cause T1D
(Kawasaki et al., 2004; Boldison & Wong, 2016; Zheng et al., 2017) the resultant effect of which
is absolute insulin deficiency (Erejuwa, 2012). In most patients, the T-cells mediate the
destruction with TD1 account for about 5-10% of all newly diagnosed diabetes mellitus
(American Diabetes Association, 2011; Tremblay & Hamet, 2019). In contrast, insulin resistance
(IR) and B-cell dysfunction are pathological defects in patients with T2D. IR is the inability of
insulin or its reduced ability to act on the peripheral tissue, thereby preventing their glucose
uptake. This process may be the primary underlying pathological process in diabetes. Again, 3-
cell dysfunction occurs when the pancreas is unable to secrete enough insulin to account for the
insulin resistance. T2D is the most prevalent form of diabetes mellitus, constituting between 90%
and 95% of all diabetic cases (American Diabetes Association, 2011; Murea et al., 2012; Sosale
et al., 2014; Gheibi et al., 2017). Available evidence shows that insulin resistance is the primary
defect that precedes the derangement in insulin secretion and clinical diabetes (Brown et al.,
2016). Although the debate is still on, however, T2D is an extremely heterogeneous disorder
with no available cause to explain the progression from typical glucose tolerance to diabetes
(Brown et al., 2005; Karalliedde & Gnudi, 2016).

2.5. Diabetes mellitus and Oxidative Stress

Research showing complications connected to diabetes, also link oxidative stress, that is

precipitated by the generation of free radicals (Matough et al., 2012; Khan et al., 2015; Yaribeygi

22



et al., 2019). These free radicals are reactive compounds, naturally generated by the body cells.
They elicit positive effects on the immune system or adverse effects on lipids, proteins, or DNA
oxidation (Sung et al., 2013). To minimise these deleterious effects, an organism requires
complex protection known as the antioxidant system. This system consists of antioxidant
enzymes such as catalase, glutathione peroxidase, superoxide dismutase and non-enzymatic
antioxidants like vitamin E [tocopherol], vitamin A [retinol], vitamin C [ascorbic acid], glutathione
and uric acid (Finaud et al., 2006; Ighodaro & Akinloye, 2018). When free radical production
counterbalances antioxidant defences, it leads to a condition called oxidative stress (Sies et al.,
2017). Oxidative stress could denote a disturbance in the pro-oxidant/antioxidant balance in
favour of the former. Furthermore, oxidative stress ensues when the generation of reactive
oxygen species (ROS) overwhelms the antioxidant defence mechanisms, thus, leading to
cellular damage (Tremellen, 2008; Silva et al., 2010; Kandola et al., 2015; Fatima, 2018). The
imbalance between these oxidants and antioxidants in favour of the oxidants that potentially lead
to damage forms the basis of oxidative stress (Sies, 2000; Sies, 2015; Ighodaro & Akinloye,
2018). More so, ROS and reactive nitrogen species (RONS) are generated by several
biochemical and cellular processes, with antioxidant defences there to neutralise their adverse
effects, and oxidative stress is occurring from the imbalance between RONS production and
antioxidant protection (Liguori et al., 2018). To better understand the pathological process,
critical roles played by oxidative stress in diabetic complication was reported (Niedowicz &
Daleke, 2005; Sagoo & Gnudi, 2018). Oxidative stress is thus, viewed as a recognized
pathogenetic mechanism in diabetic complications. Research shows that hyperglycaemia is a
widespread cause of enhanced free radical levels, whereas oxidative stress involvement in
glycaemic regulation needs resolution (Ceriello, 2000). Furthermore, a scientific report indicates
that hyperglycaemia induces oxidative stress among diabetic subjects (De Carvalho Vidigal et
al., 2012; Rochette et al., 2014; Arif et al., 2018). It is important to note that during oxidative
stress, oxidative phosphorylation produced ROS. In another study involving oxidative stress and
myocardial injury in diabetic heart, the investigators pointed out that diabetes mellitus increases
the risk of developing cardiovascular disease five-fold (Brown et al., 2006; Ansley & Wang,
2013).

2.6. Diabetes and Skin infections

Elevated blood glucose and derangements of carbohydrate and lipid metabolism with resultant

long-term systemic complications characterise diabetes mellitus (Al-Mutairi, 2006;
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Chattopadhyay et al., 2020). Scientific evidence indicates that the incidence of cutaneous
disorders in diabetes varies between 30% and 71% according to different authors (Quatrano &
Loechner, 2012). Research suggests that cutaneous manifestations of DM generally appear
after the development of the disease but maybe the first presenting signs or may even precede
the primary disease manifestations by some years in some people with diabetes. Research also
suggests that DM tops the list of endocrine disorders, affecting about 8.3% of the US population
(Centres for Disease Control, 2011). Besides, skin disorders among diabetic patients are quite
common and diverse, and the condition was reportedly present in about 79.2% among people
with diabetes in the U.S (Demirseren et al., 2014). Poor glycaemic control may account for the
various skin diseases and extracutaneous complications observed in diabetes mellitus.
Currently, the global burden of DM has increased to an epidemic proportion, and the most

significant future increase is going to occur in Africa (Kibirige et al., 2019).

Moreover, a report shows that vitamin D deficiency, caused by malnutrition, chronic infections
(e.g. TB, HIV) and dark skin pigmentation may explain the increased chances of developing DM
unigue to sub-Saharan Africa (Prentice et al., 2009; Kibirige et al., 2019). However, the
pathogenesis of skin disorder observed in diabetes is still not clear. Some of the diseases
include conditions associated with insulin resistance, e.g. acanthosis Nigricans, which is likely
the most readily recognised skin manifestation of diabetes (Kalus et al.,, 2012). It is a
hyperpigmented velvety thickening of skin folds, presenting predominantly in the neck, axilla,
and groin areas. Eruptive xanthoma (EX) is another skin lesion presented among people with
diabetes. EX is not common and occurs more often in patients with poorly controlled T2D. It
occurs on the buttocks, elbows, and knees as sudden onset crops of yellow papules with an
erythematous base (Paron & Lambert, 2000; Banerjee, 2017). Some cutaneous infections
associated with diabetes include candidiasis, dermatophytosis, and bacterial infections (Duff et
al., 2015).

2.7. Diabetes and Phytoestrogens

Phytoestrogens are polyphenols with similar structures to the endogenous oestrogen. As shown
in Table 2.1 below, two main types of phytoestrogens are widely recognised; namely isoflavones
and lignans (Kurzer & Xu, 1997; Dixon, 2004; Prakash & Gupta, 2011; Rishi, 2019). Animal
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experimentation and pre-clinical models have strongly suggested that phytoestrogens may have
antidiabetic properties via oestrogen-dependent and oestrogen-independent pathways (Talaei &
An, 2015).

Proper nutrition is beneficial in the control of T2D (Avignon et al., 2012). Dated back to the
prehistoric era, the incidence of T2D is relatively low in a traditional Asian community. Some
workers hypothesised that a regular Asian diet, with high consumption of whole grains, various
vegetables and fruits and small portions of meat products, contains lots of protective
components against the development of T2D. Among others, soybean and soy products as the
unique element of traditional Asian diet have generated much interest due to considerable
difference in its consumption compared to a Western diet (Kwon et al., 2010). Although there are
several potential beneficial compounds such as soy protein, dietary fibre, monounsaturated and
polyunsaturated fat, vitamins and minerals in soybean and soy products, one group of
polyphenols abundant in soy products, isoflavones, is suggestive for diabetes prevention and

management (Bhathena & Velasquez, 2002; Kwon et al., 2010).

Table 2.1: Chemical classification of the most widely investigated phytoestrogens and their major
dietary sources (Rice & Whitehead, 2006)

Flavones Flavanones Isoflavones Coumestans Lignans® Stilbenes
Apigenin flavanone Geinstein Coumestrol Enterolactone  Resveratrol
Quercetin Naringenin Biochanin A Enterodiol

Chrysin 8-Prenyl-naringenin  Diadzein 7-Hydroxyflavone Formononetin
Mostly red/yellow Citrus fruits, hops Legumes, Bean shoot, Most cereal, Grape skins,
fruits and soybean alfalfa fruits and red wine
vegetables and clover clover sunflower vegetables seed ---

®Enterolactone and entero diol are metabolized in the gut from the plant lignans secoldolariciresinol and
matairesinol
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Phytochemicals

Organosulfur
Others Alkaloids Polyphenols Terpenes <
compounds
Glucosinolates (DIM) Vinblastine Thymoquinone Isothiocyanates
Saponins (Ginsenosides) Vineristine Parthenolide Sulforaphane
Others Lignans Flavonoids Phenolic Acids Stilbenes
Flavonolignans Secoisolariciresinol Resveratrol
(Silibinin) Pierostilbene
™
Chalcones Flavones Flavanols Flavonols Isoflavonoids Flavanones
L) T T 7 T T
Isoliquiritigenin Apigenin Epigallocatechin Quercetin Genistein MNaringenin
Luteolin gallate (EGCG) Kaempferol Curcumin

Figure 2.1: Classification of Phytochemicals

Adapted from Classification of Phytochemicals involved in breast cancer chemoprevention

(Younas et al., 2018) Available via licence: Creative Commons by Non-Commercial 3.0

2.8. Some Common African Medicinal Plants with Antidiabetic activities

The tables (2.2 — 2.6) below summarise some selected African medicinal plants scientifically
proven for their ability to demonstrate antidiabetic activity using an animal model as well as
humans based on their origin from various parts of the continent (Mohammed et al., 2014).

However, for the present study, our focus is on Phyllanthus amarus.

Table 2.2: Selected Medicinal plants of West African origin with Antidiabetic activities

No Scientific name Common name Parts References
studied
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1 Allium cepa Onion Bulb (Eyo et al, 2011;
Ozougwu, 2011)
Allium sativum Bulb (Eyo et al., 2011; Ojo et
al., 2012)
2. Anacardium Cashew Leaf (Fagbohun & Odufunwa,
occidental 2010; Ukwenya et al.,
2012)
3. Azadirachta indica Neem Leaf (Koffuor et al, 2011
Akpan et al., 2012)
4 Carum carvi Caraway Fruit (Ene et al., 2006; Ene et
al., 2007)
5. Gongronema Amaranth globe, | Root/stem (Nwanjo et al., 2006; Orok
latifolium Utazi et al., 2012; Adebajo et al.,
2013)
6. Hibiscus sabdariffa L. | Red sorrel Calyces (Sini et al, 2011,
Ademiluyi & Oboh, 2013)
7. Indigofera pulchra L. Indigofera Leaf (Tanko et al., 2009)
Moringa oleifera Horseradish Leaf (Edoga et al., 2013)
Nauclea latifolia Bishop’s head Root/stem/ (Effiong et al, 2013;
Leaf Yessoufou et al., 2013)
10. Ocimum gratissimum | African/clove Leaf (Egesie et al, 2006;
basil Morakinyo et al., 2011,
Onaolapo et al., 2011)
11 Parkia biglobosa jacq | African locust | Seed (Odetola et al., 2006)
bean
12 Phyllanthus amarus Stonebreaker/gulf | Root/stem/ (Lawson-Evi et al., 2011;
leaf flower Leaf Mbagwu et al., 2011,
Owolabi et al., 2011;
Adeneye, 2012)
13 Picralima nitida Picralima Pulp/seed (Aguwa et al, 2001;
Igboasoiyi et al., 2007)
14. Vernonia amygdalina | Bitter leaf Leaf (Akpaso et al, 2011,
Atangwho et al.,, 2012;
Modu et al., 2013)
16. Zingiber officinale Ginger Rhizome (Morakinyo et al., 2011;
Arikawe et al., 2013)
17. Telfairia  occidentalis | Fluted pumpkin Seed (Eseyin et al., 2007)

Hook f.
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Table 2.3: Selected Medicinal plants of North African origin with Antidiabetic activities

No Scientific name Common name Parts studied References

1. Ajuga iva L. Herb ivy Whole plant (El-Hilaly et al., 2006;
Hamden et al., 2008)

2. Allium cepa Onion Bulb (ElI-Soud & Khalil,
2010; Eldin et al.,
2010)

3. Balanites aegyptiaca Desert date Fruits (Zaahkouk et al.,

/Hegleg 2003)

4. Carum carvi Caraway Fruit/oil (Eddouks et al., 2004;
Lemhadri et al., 2006;
Dawidar et al., 2010)

5. Chamaemelum nobile | Chamomile Aerial parts (Lemhadri et al.,
2007)

6. Curcumin longa L. Curcuma Root (Mohamed et al,
2009)

7. Morus alba White mulberry Leaf/Root/bark (El-Beshbishy et al.,
2006; El-Sayyad et
al., 2011)

8. Nigella sativa Black seed Seed (Mohamed et al.,
2009; Benhaddou-
Andaloussi et al.,
2011)

9. Lepidium sativum L. Peppergrass Stem (Eddouks et al., 2005)

10. Ziziphus spira Christi | Christ’s Thorn | Leaf (M.Hussein et al.,

Jujube 2006; Michel et al.,

2011)

Table 2.4: Selected Medicinal plants of Southern African origin with Antidiabetic activities

No

Scientific name

Common name

Parts studied

References
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Aloe ferox Mill. Bitter aloe Leaf (Loots et al., 2011)
2. Artemisia afra jacq African Leaf (Afolayan &
wormwood Sunmonu, 2011;
Afolayan &
Sunmonu, 2013)
3. Momordica charantia | Bitter melon Whole plant (Dzeufient et al.,
L. 2007)
4, Bryophyllum pinnatum | Good luck/ life | Leaf (Ojewole, 2005)
Lam. plant
5. Camellia sinensis L. White tea (Islam, 2011)
6. Catharanthus roseus | Madagascar Leaf (Ojewole &
L.G Don periwinkle Adewunmi, 2000)
7. Hypoxis African potato Corm (Mahomed &
hemerocallidea Ojewole, 2003;
Ojewole, 2006)
8. Raphia gentiliana De Fruit (Mpiana et al., 2013)
wild
9. Sclerocarya birrea A. | Jelly plum Stem/bark (Musabayane et al.,
Rich Hochst 2006; Gondwe et
al., 2008)
10. Sutherlandia Cancer brush Leaf (Chadwick et al.,

frutescens R.

2007; MacKenzie et
al., 2009)

Table 2.5: Selected Medicinal plants of Central African origin with Antidiabetic activities

No Scientific name Common name Parts studied References
1. Anacardium Cashew Leaf (Sokeng et al.,
occidentale L. 2007)
2. Bersama agleriana | Winged bersama | Leaf (Nyah Nijike et al.,
2005; Pierre et al.,
2012)
3. Citrullus lanatus | Watermelon Seed (Teugwa et al.,
Thunb. 2013)
4. Cucurbita Butternut squash | Pods (Teugwa et al,
moschata 2013)
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Duchesne ex Poir.

5. Dichrostechys Chinese lantern Seed (Kuate et al., 2011)
glomerata chiov

6. Dracena arborea | Dragon tree Root (Wankeu-Nya et
Wwild al., 2013)

7. Kalanchoe crenata | Never ride Whole plant (Kamgang et al.,
Andr Haw 2008)

8. Lagenaria siceraria | Bottle gourd Seed (Teugwa et al.,
L. 2013)

0. Sclerocarya birrea | Jelly plum Stem bark (Dimo et al., 2007;
A. Rich. Hochst. Makom et al.,

2010)
10. Telfairia Fluted pumpkin Seed (Loots et al., 2011)

occidentalis Hook.
f.

Table 2.6: Selected Medicinal plants of East African origin with Antidiabetic activities

No Scientific name | Common name | Parts studied References

1. Aspilla pluriseta | Dwarf aspilia Root (Piero et al., 2011)
schweinf
Bidens pilosa L. | Spanish needle Leaf (Piero et al., 2011)

3. Catha edulis | Bushman'’s tea Root (Piero et al., 2011)
vahl

4, Erythrina Red-hot poker Stem bark (Piero et al., 2011)
abyssinica Lam.

5. Ficus sycomorus | Fig-mulberry Stem bark (Njagi et al., 2012)
L.

6. Moringa Cabbage tree Leaf (Nardos et al,
stenopetala 2011)
Baker F.

7. Pappea Jacket plum Leaf/ Stem bark (Karau et al,
capensis Eckl. & 2012)
Zeyh.

8. Strychnos Red bitter berry Leaf (Piero et al., 2011)
henningsii Gilg.
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2.8.1. Origin of Phyllanthus amarus plant

Phyllanthus amarus (PA) is a medicinal plant of traditional Hindu alternative medicine in
southern India; it is also available in the Philippines, Cuba (Verma et al., 2014) and some parts
of West African countries such as Nigeria (Adeneye, 2012) and Togo (Lawson-Evi et al., 2011).

In Nigeria, Phyllanthus amarus is called, "dobisowo”, “ehin olobe” or “ehin olubisowo” among
the Yoruba tribe, and “ngwu” by the Igbo tribe and "Buchi oro” by the Asaba people (Samson,
2016). The plant is one of the Euphorbiaceae popularly used traditionally to manage several

diseases. It is known as carry-me seed or stone breaker.
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Figure 2.2: Phyllanthus amarus plant




2.8.1.1. Ethnobotanical and Traditional Uses of Phyllanthus amarus

“Phyllanthus amarus is traditionally useful to treat medical conditions such as diarrhoea,
dysentery, dropsy, jaundice, intermittent fevers, urinogenital disorders and skin disorders such
as wounds, scabies, sores, ulcers, itching, oedema, ringworms, and tubercular ulcers, scabby
and crusty lesions” (Verma et al., 2014). Its efficacy on the urinogenital system is assumed to be
because of its antiurolithic property meant to treat “renal stone, gallstone, other kidney-related
problems, appendicitis and prostate problems” (Khatoon et al., 2006; Sen & Batra, 2013; Ushie
et al., 2013). Due to its positive effect to treat gastrointestinal disorders, it is employed to treat
dysfunctions such as dyspepsia, colic, diarrhoea, constipation, and dysentery. Furthermore,
people use this herb for lots of gynaecological problems like leucorrhoea, menorrhagia and
mammary abscess (Verma et al., 2014). In south-western Nigeria, local people prepare the leaf
and seed extract of PA as water decoction for the local management of DM, obesity as well as

hyperlipidaemia (Adeneye, 2012).

2.8.1.2. Biological and Pharmacological Properties of Phyllanthus amarus

The activities listed below establish the therapeutic values of Phyllanthus amarus herb.

2.8.1.2.1. Anticancer activity

In vitro and in vivo anticancer potentials (EL-Garawani et al., 2020) of hypophyllanthin and
phyllanthin isolated from Phyllanthus amarus against breast cancer was investigated. The
researchers tested the in vitro anticancer action of the plant against two cell lines (MCF-7 and
MDA-MB-231) using colourimetric MTT assay technique. On the other hand, the study used
Sprague-Dawley rats with N-methyl-N-nitrosourea to induce mammary cancer to evaluate the In
vivo anticancer activity. The study revealed a dose-dependent inhibition on the cell lines, as
evident in the calculated half-maxima (ICsg) values. The weight of the tumours in the
hypophyllanthin and phyllanthin-treated groups was significantly lower (p < 0.001) compared to
the untreated N-methyl-N-nitrosourea-induced cancer group. Findings from this investigation
indicated that the isolated lignan compounds, hypophyllanthin and phyllanthin demonstrated
significant anticancer activities against breast cancer, both in vitro and in vivo (Parvathaneni et

al., 2014). Another study investigated the physicochemical properties, antioxidant and cytotoxic
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activities of crude extracts and fractions from Phyllanthus amarus using spectrophotometric
method. The outcome from the survey indicate that Phyllanthus amarus methanolic (MEOH)
extract had lower residual moisture (7.40%) and water (0.24%) contents. There was a higher
amount of saponins, phenolics, flavonoids, and proanthocyanidins than those of the Phyllanthus
amarus aqueous (PAQ) extract. The antioxidant activity of MEOH extract was significantly higher
(p < 0.05) than those of the PAQ extract, MEOH fractions and phyllanthin. The investigators also
observed higher cytotoxic activity of MEOH extract using MTT colourimetric assay on selected
cell lines in comparison to the PAQ extract and MEOH fractions. There was a significantly lower
(p < 0.05) cytotoxic potential of the PAQ extract than those of 50 nM gemcitabine and a saponin-
enriched extract from quillajia bark but was markedly higher than that of phyllanthin at 2ug/mL.
Findings from this study suggest that the Phyllanthus amarus extract is a potential source for the
development of natural antioxidant products and could serve as a novel anticancer drug

(Nguyen et al., 2017).

2.8.1.2.2. Antioxidative potential

The antioxidant property of 70% aqueous: ethanol extract of Phyllanthus amarus roots and its
ether-soluble, ethyl acetate-soluble, and aqueous fractions were investigated by various in vitro
assays. The root extracts showed higher 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydroxyl,
superoxide, and nitric oxide radical scavenging and reducing power activity. Among all the
samples examined, the ethyl acetate-soluble fraction demonstrated the highest radical
scavenging activity and total phenolics content. LCMS/MS analysis of the ethyl acetate-soluble
fraction identified twenty- eight different phenolic compounds. Most of the compounds exist as
their glycosides, and many of these compounds were gallic acid derivatives. The analytical
method also identified free epicatechin and gallic acid in the ethyl acetate-soluble fraction. The
study suggested that Phyllanthus amarus root is a potent antioxidant and could serve for the

prevention of diseases related to oxidative stress (Maity et al., 2013).

Another study evaluated the effects of Phyllanthus amarus (PA) on oxidative stress damage,
inflammation, together with soreness in muscle after a moderate-intensity exercise (Roengrit et
al., 2015). In this study, twelve men randomly took part in two of a three-day cycle with a one-

week washout period. At the commencement day, participants consumed two capsules of PA or

34



placebo control (CONTL) before 20 minutes of cycling. Followed, they consumed four tablets on
the same day after exercise and six capsules per day for the next two days. Blood samples were
collected before, immediately after exercise, 24 hours, and 48 hours post-exercise. The
researchers measured pain tolerance at both legs. Findings show that plasma ascorbic acid
levels (Vit. C) in the PA group were higher than those in the CONTL group post-exercise. At 48
hours after exercise, Vit. C levels increased in the PA group, but the CONTL group were lower
than the pre-exercise levels. However, plasma levels of creatine kinase (CK) were increased in
both groups post-exercise compared to that before the exercise. The neutrophil count increased
immediately after exercise than the pre-exercise levels in the CONTL group. They concluded
that acute supplementation with PA improves antioxidant status after a single session of

moderate-intensity training (Roengrit et al., 2015).

2.8.1.2.3. Actions on Kidney Stones & Uric Acid

A study to investigate the antilithic effect of orthosiphon grandiflorus, Hibiscus sabdariffa and
Phyllanthus amarus extracts on known risk factors of calcium oxalate stones in rats was
conducted. In this study, thirty (30) male Wistar rats were divided into five (5) groups. Controls
were fed with standard diet while the remaining groups received a 3% glycolate diet for four (4)
weeks to induce hyperoxaluria. One glycolate group served as the untreated group while they
administered others with oral extract of Orthosiphon grandiflorus, Hibiscus sabdariffa and
Phyllanthus amarus (Woottisin et al., 2011) at a dose of 3.5 mg daily. 24-hrs' urine and blood
samples were collected. They harvested the Kidneys for histology. They also measured calcium
and oxalate renal tissue content. The group fed with Hibiscus sabdariffa showed significantly
decreased serum oxalate and glycolate, and higher oxalate urinary excretion. However, the
Phyllanthus amarus group showed increased considerably urinary citrate compared to the
untreated group. Histology revealed less calcium oxalate crystal deposition in the kidneys of
Hibiscus sabdariffa and Phyllanthus amarus treated rats than in the untreated rats. Renal tissue
calcium content in the rats also was significantly lower than untreated rats. The parameters in
the Orthosiphon grandiflorus treated group were comparable to those in the untreated group.

Hibiscus sabdariffa and Phyllanthus amarus decreased kidney calcium crystal deposition. The

35



authors concluded that the antilithic effect of Hibiscus sabdariffa might, therefore, be associated
with lower oxalate retention in the kidney and higher excretion into urine while that of
Phyllanthus amarus may depend on increased urinary citrate. On the contrary, administering

Orthosiphon grandiflorus had no antilithic (Woottisin et al., 2011).

2.8.1.2.4. Antinociceptive Activity

A randomised crossover (double-blind) experiment to investigate the antioxidant and
antinociceptive effects of Phyllanthus amarus on improving exercise recovery in sedentary men
was done. Twelve (12) men participated in a two -3-day phases separated by a 1l-week
washout. On the first day of the experiment, randomly divided participants ingested two capsules
of either PA (PA group) or placebo (PL group) 20 minutes before a single bout of cycling at high
intensity for 20 minutes followed by four capsules (two capsules after lunch and dinner), and six
capsules/day for the next two days. They collected blood samples before, immediately after, 24
and 48 hours after the exercise. They also measured pain threshold at the mid-thigh on both
legs. Results indicate that malondialdehyde concentration in the PA group was lower than that in
the PL group (p<0.05) 48 hours after high-intensity exercise. Ascorbic acid (Vit. C)
concentration was higher in the PA than in the PL group (p <0.05) immediately after high-
intensity exercise. Threshold pain in both legs in the PA group was higher than in the PL group
24 and 48 hours after a high-intensity workout. The study found no significant differences in
creatine kinase, leukocyte counts or inflammation between groups. The authors concluded that
acute PA supplementation reduced oxidative stress and muscle soreness induced by high-

intensity exercise (Roengrit et al., 2014).

2.8.1.2.5. Antimicrobial activity
A bacterial infection is responsible for many anomalies in human health globally, leading to high

mortality in low-income countries. On the other hand, diabetes caused by excess glucose in the
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blood (hyperglycaemia) remains a problem in Africa, resulting in partial paralysis or stroke as
this often triggers blood pressure. A study evaluated the antibacterial and in vitro antidiabetic
activities of Phyllanthus amarus. Antibacterial activity on bacterial strains such as
Staphylococcus aureus, Pseudomonas aeruginosa, Campylobacter jejuni, Streptococcus
pyogenes, Bacillus subtilis, Salmonella typhi, Klebsiella pneumonia (clinical isolate) and
Vancomycin-resistant enterococci (VRE). They carried out the antibacterial activity by agar well
diffusion while susceptibility test was performed by Kirby Bauer's et al. method. The
investigators further subjected the leaf extract to the inhibitory effect of glucose utilisation.
Results indicate that most of the microbes showed significant diameter zones of inhibition
against the extract at various concentrations. The minimum inhibitory concentration (MIC) and
minimum bacterial concentration (MBC) further confirmed the potency of the aqueous extract on
selected bacteria. In vitro antidiabetic evaluation of leaf extract showed a concentration-
dependent activity. The authors concluded that the aqueous leaf extract of Phyllanthus amarus
possesses a significant antibacterial and inhibitory effect on glucose diffusion in vitro thus
confirming its traditional claim in treating bacterial infection and diabetes (Ukwubile & Odugu,

2018).

2.8.1.2.6. Antileptospiral Activity

A study attempted to use herbal medicine to cure leptospirosis either by direct killing or by
inhibiting the growth of leptospira. In this study, researchers used a methanolic and agueous
extract of whole plants of Eclipta alba and Phyllanthus amarus to assess the mechanism(s) of its
antileptospiral and antioxidant activity. The study evaluated the antioxidant activity and radical
scavenging activity of methanolic and aqueous extracts of selected plant materials against 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) free radical and 2,2'azinobis-(3-ethylbenzthiazoline- 6-sulfonic
acid) (ABTS) activity. The study also investigated the DNA damaging effect on leptospira.
Finally, extracts were tested at different concentration in their respective solvent systems by
Tube Dilution Technique (TDT) and Micro Dilution Technique (MDT) tests. Both tube dilution
again evaluated the antileptospiral activity of Eclipta alba and P. amarus, and microdilution

technique. The results showed a better inhibitory action against various serogroups of
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Leptospira. The study compared the DPPH free radical scavenging effect of the extract with
standard antioxidant ascorbic acid. 1Cs, values were 75 ug/ml for extract, and 45 pg/mi for
ascorbic acid and the methanol extracts of both plants had good activity, and ICs, values were
55 pg/ml and 30 pg/ml in ABTS assay. The plant extracts were found to be very effective

against leptospirosis, hence, their possible use to control Leptospirosis (Chandan et al., 2012)

2.8.1.2.7. Anticonvulsant Activity

A study investigated the Phyllanthus amarus anticonvulsant effect on maximal electroshock-
induced seizures (MES) and pentylenetetrazole (PTZ)-induced seizures. The study evaluated
the aqueous and ethanolic leaves and stems extracts of Phyllanthus amarus (70 mg/kg body
weight) for their anticonvulsant effect on MES and PTZ-induced seizures in Swiss albino rats.
The study reported the latency of tonic convulsions and the number of animals protected from
tonic convulsions. Findings also revealed that the aqueous and ethanolic extracts of the leaves
and stems of P. amarus (70 mg/kg body weight) significantly (p < 0.001) abolished the hind limb
extension induced by MES. The same dose also considerably (p < 0.001) protected the animals
from PTZ- induced tonic convulsions. The data suggest that the agueous and ethanolic extracts
of Phyllanthus amarus may produce its anticonvulsant effects via non-specific mechanisms
since it abolished the hind limb extension induced by MES as well as delayed the latency of

seizures made by PTZ. (Manikkoth et al., 2011).

2.8.1.2.8. Antidiabetic Activity

To test the antidiabetic action of Phyllanthus amarus (PA), a study investigated the aqueous and
hydroalcoholic extract of the plant. Fasted rats (12 hours) were made diabetic by a single
intraperitoneal injection of 120 mg per kg of alloxan monohydrate. Two doses (500 and 1000 mg
per kg body weight) extracts of Phyllanthus amarus were administered orally to the diabetic rats.
The untreated healthy control group receives distilled water only. After fifteen days' treatment,
the body weight gain, blood glucose level, serum insulin, total cholesterol, triglycerides and

malondialdehyde were evaluated. At the doses tested, the agqueous and hydroalcoholic extract

38



of Phyllanthus amarus significantly lowered blood glucose level after 15 days of administration.
The aqueous extract reduced body weight gain compared to the hydroalcoholic extract.
Contrarily, the hydroalcoholic extract reduced the serum malondialdehyde level. However, there
was an increased serum insulin level in a group treated with extracts compared to the diabetic
control group. In all the groups, the serum total cholesterol and triglycerides are similar. This
study demonstrated the potential antidiabetic property of aqueous and hydroalcoholic extract of
Phyllanthus amarus, thus justifying its traditional use (Lawson-Evi et al., 2011). A similar study
investigated an oral antihyperglycemic action of ethanolic extract of PA at 150-600 mg/kg/day in
untreated controls and 10% sucrose—induced insulin-resistant rats by estimating fasting blood
glucose, insulin and Insulin resistance indices(Adeneye, 2012). The study measured body
weight, serum lipids and atherogenic index. Results revealed that PA could effectively control
glucose level in diabetes mellitus via improvement in insulin resistance, thus confirming the
ethnomedicinal use of the herb in the local treatment of diabetes mellitus. A study also looked at
the antidiabetic activities of soft drink extract (SDExt) of the plant in rats. The study used
standard phytochemical assays to test for the phytoactive compounds. The investigators
conducted acute toxicity in mice to determine safe doses for this plant extract and to assess the
antidiabetic activities of the SDExt of the plant. They induced diabetes mellitus in rats using
alloxan, whereas glibenclamide at 0.2mg/kg served as a standard drug in this study. The results
show that the doses of extract used in the study caused a significant reduction in blood glucose
concentration, cholesterol, and triglyceride levels of diabetic rats. The histopathology of the liver
of the diabetic non-treated and glibenclamide-treated groups revealed a widespread vacuolar
change in the hepatocytes with no visible lesion seen in the kidney and pancreas of extract-
treated and glibenclamide-treated groups. There was no lesion in the liver of the SDExt-treated
group. The authors concluded that their findings might have established the traditional basis for
the use of PA as an antidiabetic agent with its pharmacological activities attributed to the
presence of flavonoids and other phenolics contained in the plant. At the doses investigated,
SDEXxt also seems safer than glibenclamide even though the latter is more potent (Adedapo &

Ofuegbe, 2014).
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Furthermore, a study investigated the benefits of aqueous extract of Phyllanthus amarus
(PAAEXt) on insulin resistance, and oxidative stress in high fructose (HF) fed male Wistar rats.
HF diet (66% of fructose) and PAAExt (200 mg/kg body weight/day) were administered
concurrently to the rats for 60 days. After sixty days, the fructose-fed rats showed weight gain,
increased blood glucose and insulin levels, impaired glucose tolerance, impaired insulin
sensitivity, dyslipidaemia, hyperleptinemia, and hypoadiponectinemia (p < 0.05). Co-
administration of PAAExt with HF diet significantly ameliorated all these alterations. Regarding
hepatic antioxidant status, higher lipid peroxidation and protein oxidation brought down reduced
glutathione (GSH) levels and the activities of enzymatic antioxidants. The PAAEXxt treatment
significantly attenuated the histopathological changes like mild to severe distortion of the typical
architecture with the prominence and widening of the liver sinusoids in the HF diet-fed rats.
These findings show that PAAEXxt is beneficial in improving insulin sensitivity and prevents

metabolic syndrome and hepatic oxidative stress in fructose-fed rats(Putakala et al., 20177).

2.8.1.2.9. Anti-Inflammatory Activity

A study evaluated the anti-inflammatory and analgesic potential of Phyllanthus amarus as these
phenomena have assumed a global dimension because of their implications in a variety of
diseases. The study investigated a methanol extract of the leaves of Phyllanthus amarus for its
anti-inflammatory and analgesic activities in Wistar rats and mice using carrageenan-induced
inflammation as well as histamine-induced oedema. The analgesic effect was determined using
an acetic acid writhing method and formalin-induced paw lick test. The standard phytochemical
analysis identified the actual contents responsible for its biological effects. The extract at 100
and 200mg/kg body weight reduced significantly (p < 0.05) the formation of oedema induced by
histamine and carrageenan. In the acetic acid-induced writhing test, the extract showed good
analgesic activity when compared to the control group. In the formalin-induced paw lick test, the
extract at 100mg and 200mg/kg weight doses exhibited good analgesic activity when compared
to the untreated control group. Ibuprofen at 10mg/kg weight doses served as the reference drug
in this experiment. Results suggest that methanol extract of the leaves of Phyllanthus

amarus has excellent anti-inflammatory and analgesic potential. These biological effects
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exhibited by the extract of this plant may be attributed to the presence of flavonoids and other

phenols contained therein (Ofuegbe et al., 2014).

2.8.1.2.10.  Protective potential on the liver, kidney, and heart

A study investigated the hepatoprotective effect of methanolic extract of the leaf of Phyllanthus
amarus (PA) against ethanol-induced oxidative damage in adult male Wistar rats. PA (250 and
500mg/kg/day) and ethanol (5g/kg/day, 20% w/v) was administered orally to the animals for four
weeks and three weeks, respectively. The ethanol treatment markedly decreased the level of
reduced glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT) in the liver, which
was significantly enhanced by PA treatment. Glutathione-S transferase (GST), increased after
chronic ethanol administration, was reduced considerably by PA treatment in the liver. Also, PA
significantly increased the activities of hepatic aminotransferases as well as alkaline
phosphatase (ALP), with a concomitant markedly reduced plasma aminotransferases activity in
the ethanol-challenged rats. The amount of lipid peroxidation increased after chronic ethanol
administration, was significantly reduced in the liver by PA co-treatment. Results showed that PA
leaf extract could protect the liver from oxidative damage caused by ethanol possibly by
decreasing the rate of lipid peroxidation and increasing the antioxidant defence mechanism in
rats (Faremi et al., 2008).

Some other authors reviewed the hepatoprotective activity of PA plant and its probable
mechanisms of action. Besides, several studies have indicated that this plant possesses
remarkable hepatoprotective and antihepatotoxic potentials against liver toxicity models such as
acetaminophen, alcohol, and carbon tetrachloride. The suggested mechanism relates principally
to the phytochemical lignan - phyllanthin, which exhibit antioxidant effect against the oxidative
stress generated by the hepatotoxins(Hassan & Masud, 2018).

In yet another study, renal damage associated with a lifestyle of inactivity (sedentary) and
consumption of high-sugar diets was on the increase. The study investigated the
nephroprotective activity of agueous extract of Phyllanthus amarus (PAAEt) against high
fructose diet (HFD) induced renal damage (RD) in Wistar rats. High fructose diet (66% fructose)
alone and in combination with PAAEt (200mg/kgbwt/day) was given simultaneously to HFD
group(F) and HFD+Treatment(F+T) rats respectively for 60 days. The study quantified functional
markers of renal tissue such as urea, uric acid, and creatinine levels in plasma on the initial and

final days of the experiment. It also evaluated the activities of aminotransferases, glucose-6-
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phosphatase (G-6-P), and fructose-1, 6- bisphosphatase and aldose reductase and sorbitol
dehydrogenase in the kidney. It measured oxidative stress (OS) markers such as lipid
peroxidation and protein oxidation and antioxidants status in renal tissue. Examined also was
the renal histopathological changes. Co-treatment with PAAEt to group F+T prevented the rise in
the levels of functional markers and elevated activities of the aminotransferases, gluconeogenic
and polyol pathway enzymes of group-F (p < 0.05). The treatment also prevented OS developed
in group-F by elevated stress markers, and depletion of antioxidants in groupF+T. Treatment
group-F+T also protected the observed histological changes in group-F. Normal rats + treatment
(C+T) group showed no histological changes in the same way with normal rats without treatment
(group-C). Thus, PAAEt effectively alleviated fructose diet-induced renal damage which may be
due to its antioxidant activity. The authors concluded that this plant could be used as an adjuvant
therapy for the prevention and management of HFD induced renal damage (Mallaiah et al.,
2014).

Another study observed that the increased number of populations with stroke/heart attack is due
to a sedentary lifestyle and consumption of high-sugar diets. This study investigated the cardio-
protective activity of aqueous extract on Phyllanthus amarus (PAAE) against high-fructose (HF)
diet-induced cardiac damage in Wistar rats. The research clearly shows the cardioprotection

efficacy of PAAE against HF-diet induced oxidative stress in rats (Putakala et al., 2017").

2.8.1.2.11. Antiviral activity

A study to investigate the anti-hepatitis C virus (Anti-HCV) potential of Phyllanthus amarus was
conducted. In this study, the investigators tested the inhibitory effect of different plant extracts
against NS3 and NS5B enzymes of the hepatitis C virus. Methanolic extracts from various plant
materials and their inhibitory effects on the viral enzymes were evaluated by in vitro enzymatic
assay techniques. The study investigated the impact of the extract on viral RNA replication by
using TagMan Real-Time reverse transcriptase-polymerase chain reaction (RT — PCR). Findings
from this study showed that Phyllanthus amarus root (PAR) extract depicts a significant inhibition
of HCV-NS3 protease enzyme, whereas Phyllanthus amarus leaf (PAL) extract showed

considerable inhibition of NS5B in vitro.

Further, the PAR and PAL extract significantly inhibited replication of HCV

monaocistronic replicon ribonucleic acid (RNA) and HCV H77S viral RNA in HCV cell culture
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system. However, both PAR and PAL extracts did not show cytotoxicity in Huh7 cells in the MTT
assay. Furthermore, the addition of PAR and interferon-alpha (IFN-a) showed an additive effect
in the inhibition of HCV RNA replication. Results suggest the possible molecular basis of the
inhibitory activity of PA extract against HCV which would help in optimization and subsequent
development of specific antiviral agent using Phyllanthus amarus as a potent natural source
(Ravikumar et al., 2011).

2.8.1.2.12. Antityrosinase activities of Phyllanthus amarus

Ethnobotanical studies showed that Phyllanthus amarus is useful to treat various disorders such
as skin ulcers, sores, swelling and itchiness, wounds, bruises, scabies, oedematous swellings,
tubercular ulcers, ringworm and crusty lesions (Verma et al., 2014). However, there is no data
found on its antityrosinase activities, which is the therapeutic basis of most body creams used to
treat hyperpigmentation and other skin lesions. In our preliminary study, we evaluated the
antioxidant, tyrosinase inhibitory activities and cytotoxicity of Phyllanthus amarus. The study
revealed that the hexane and aqueous extracts of Phyllanthus amarus demonstrated a
significant tyrosinase inhibition (p < 0.05) with their half-maximal inhibitory concentration equals
116.08 and 129.25 pg/mL respectively, but its methanolic extract shows no significant effect
(Olabiyi et al., 2020).
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ABSTRACT

Background: In recent time, there has been much attention on the antioxidant and
antityrosinase potentials of medicinal plants and their various health benefits. Phyllanthus
amarus (PA) is widely used, but there is a scarcity of empirical data on its in-vitro skin
depigmentation activity and cytotoxicity, and its impact on mediators of reactive oxygen species
(ROS). In the present study, we evaluated its tyrosinase inhibitory efficacy, antioxidant potentials

and cytotoxic activities.

Methods: In this study, quantitative determination of phytochemicals, oxygen reducing
antioxidant capacity (ORAC), trolox equivalent antioxidant capacity (TEAC) were carried out on
Phyllanthus amarus extracts. Antityrosinase efficacy of the hexane, methanol and aqueous
extracts was evaluated with ELISA method. Cytotoxicity studies were done with TM4 (mouse

Sertoli) cells using colourimetric MTT assay and cell counts.

Results: Hexane and aqueous extracts demonstrated significant antityrosinase activity (p <
0.05) (ICso = 116.08 and 129.25 ug/mL respectively) while its methanolic extract did not give any
significant effect. Higher levels of the phytochemicals (total polyphenol, flavonoids and flavonol)
were observed in the methanolic fraction of the extract. Also, higher radical cation scavenging
(TEAC) activity was observed in the aqueous extract. These values were significant (p <
0.0001), whereas ORAC results of the methanol extract showed significantly (p < 0.0001) higher
oxygen reducing antioxidant potential than the aqueous extract. The aqueous extract displayed
the highest mitochondrial dehydrogenase activity at lower concentrations (0.01 to 10 pg/mL).
TM4 cell numbers were also significantly higher compared to the untreated control. Sertoli cell

viability was compromised after exposure to higher extract concentrations (100 to 1000 pg/mL).
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Conclusion: Hexane and aqueous extracts of Phyllanthus amarus possess better antityrosinase
action when compared to the standard drug (kojic acid). Its high antioxidant potentials by its
ability to scavenge oxygen radicals, reduce ferric ion and inhibit ABTS radical may be related to
its phytochemicals. Extracts at lower concentrations stimulated Sertoli cell proliferation, which
possibly may be due to its phytoestrogenic activities conferred by its active components such as
phyllanthin and hypophyllanthin.

Keywords: Phyllanthus amarus, tyrosinase inhibition, antioxidant, cytotoxicity, Sertoli cells,

oxidative stress

3.1. Introduction

Several plants have therapeutic potentials to ameliorate various pathological conditions: hence,
their medicinal uses [1]. Some of these medicinal plants possess abundant antioxidants.
Essential sources of antioxidants include fruits and vegetables, nuts, cocoa, whole grains, olive
oil, and beverages, such as coffee and tea. These abundant micronutrients in human diet
possess protective role against non-communicable, chronic diseases [1]. Due to their antioxidant
contents, some of them can scavenge high levels of reactive oxygen species (ROS) and free
radicals generated by the body system. An imbalance in the levels of ROS generated against
the antioxidants defence system in an organism result in oxidative stress [2], and this can lead to
severe cellular, tissue, organ, and system damage. Excess production of ROS can also lead to
inflammation, premature ageing disorders, including an uncontrolled formation of dark
macromolecular pigments in the outer surface of the skin [3], and several disease conditions,

such as cancer, diabetes, and atherosclerosis [4].

Synthetic and conventional drugs are usually prescribed to treat and manage various disease
conditions. These drugs have attendant side effects, which may make them intolerable to some
patients. On the other hand, phytochemicals, which are natural products, possess various health
benefits, they are thus considered safer and healthier [5]. Among others, their antioxidant and
tyrosinase inhibitory potentials are now being studied in both the food and cosmetic industries.
Tyrosinase is a key enzyme in the biosynthesis of melanin and browning of fruits [6]. Their
inhibitors are, therefore, important targets to slow down the process of browning and reduce
melanin formation. Also, cosmetic industries use tyrosinase inhibitors, especially, in skin-

whitening products and in treating various dermatological disorders due to the accumulation of
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an excessive level of epidermal pigmentation, including life-threatening melanoma [7; 8]. In the
same vein, antioxidants may help to scavenge the deleterious effects of free radicals which the

disease process may generate (9).

Phyllanthus amarus (P. amarus) is a herbaceous plant of the Euphorbiaceae family. It can be
found in the tropical regions of the world, including Southern India, China, and some Western
African countries [10; 11]. Other names of this plant include stone breakers, leaf flower, and
seed-under-leaf. It is often referred to as “lyin olobe” by the Yoruba tribe of the South-Western
Nigeria, where the water decoction of its leaf and seed, is reputably used for the local
management of diabetes, obesity and hyperlipidaemia [12]. Its ethnomedicinal uses include
topical application to treat skin ulcers, sores, swelling and itchiness, wounds, bruises, scabies,
oedematous swellings, tubercular ulcers, ringworm, and crusty lesions [13]. Phytochemical
studies revealed that P. amarus has numerous phyto-constituents such as polyphenols and
tetracyclic triterpenoids [14], flavonoids [13], tannins [15; 16], lighans [17; 18; 14] and alkaloids
[19]. Extracts and certain compounds isolated from P. amarus show a wide spectrum of
pharmacological activities including antiviral, anti-diabetic, anti-inflammatory, analgesic, anti-
tuberculosis, antibacterial, hypolipidaemic, antioxidant, hepatoprotective, nephroprotective and

diuretic properties [20;21].

A histopathological report of the Phyllanthus amarus aqueous extracts fed to healthy male rats
showed marked testicular degeneration with severe disorganization of seminiferous tubules [22].
However, the mechanism of this disorder remains unclear. It is thus, imperative to investigate
the effects of the extracts on Sertoli cells as representative of what goes on in the hypothalamic-
pituitary-testicular axis. Also, in vitro skin depigmentation activity of this plant as well as its
relationship with other mediators of ROS causing diseases has not been investigated. More so,
synthetic tyrosinase inhibitors such as kojic acid and hydroquinone have been effectively used
as depigmentation agents, but their side effect is gaining increasing attention in the cosmetic
industry. They have been found to cause severe skin inflammation; hence, the need to explore
the use of natural, plant-derived metabolites to treat skin diseases. The objective of the present
study, therefore, was to evaluate the tyrosinase inhibitory, as well as the anti-oxidative and

cytotoxic actions of Phyllanthus amarus extracts.
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3.2. Materials and Methods

3.2.1. Chemicals

4-dimethylaminocinnamaldehyde (DMACA), kojic acid, mushroom tyrosinase, 3,4-dihydroxy-L-
phenylalanine (L-DOPA) (MERCK, South Africa) dimethyl sulfoxide (DMSO), Folin-Ciocalteau’s
phenol reagent, Sodium carbonate (Na,CO3), Sodium hydroxide (NaOH), Trolox [6-Hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid], AAPH (2, 2’-azobis-2-methyl-propanimidamide,
dihydrochloride), ABTS (2,2 —azino-di-3-ethylbenzthialozine sulphonate) (MERCK, South Africa),
Fluorescein. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). DMEM-12(1:1
(1x) culture medium (GIBCO, UK), 10% Foetal Bovine Serum, 1% Penicillin (1000U/mL) and 1%
Streptomycin (1000U/mL) (LONZA, Germany) were used. All other chemicals used were of

analytical reagents grade.

3.2.1.1. Plant materials

Fresh whole plants of Phyllanthus amarus were collected from Afe Babalola University, Ado-
Ekiti, Nigeria. The plant was identified and authenticated by a botanist at the taxonomy section
of the forestry herbarium, Forestry Research Institute of Nigeria (FRIN), Ibadan; where a
voucher specimen was deposited (FHI NO: 110242).

3.2.1.2. Preparation of crude extracts

Shade-dried leaves of Phyllanthus amarus Schum and thonn were milled to powder with the aid
of a mechanical miller (Mincer 9FQ-28, China) at Afe Babalola University, Ado-Ekiti, Nigeria.
Each time, about 63 g of the powder was extracted using 125 mL of 70% methanol by Soxhlet
method for 8 hours. The solvent extracts were then filtered and evaporated using a rotary
evaporator (Buchi Rotavapor Il, Buchi Germany) at 40°C. The crude extracts were shaken with
absolute methanol and defatted with n-hexane (3 times), ethyl acetate (3 times) leaving the
aqueous fraction. Each fraction was dried under reduced pressure and kept at 4°C until ready for
use. The aqueous fraction was lyophilized in a freeze-drying system (VirTis Genesis 25EL, SP

Scientific, NY, USA) for 16 hours, and the product was kept at 4°C until ready for further use.
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3.2.2. Antioxidant Activities

3.2.2.1. Determination of total polyphenol

Phyllanthus amarus extracts were determined using Folin-Ciocalteau’s assay in which total
polyphenol content in the extract reacts with the phenol reagent, while gallic acid serves as the
standard according to the method described by Waterhouse [23]. 25uL sample/standards were
pipetted into a 96-wells plate, followed by 125 uL of 200 mM Folin-Ciocalteau reagent and
allowed to stand for 5mins at room temperature. 100 uL of 7.5%"/, Na,CO3; was added, and the

plates incubated at room temperature for 2 hours before reading.

3.2.2.2. Determination of Flavonoids

Total flavonoid content was determined by a modified aluminium chloride colourimetric method
[24]. In this method, appropriate dilutions of sample extracts were reacted with sodium nitrite,
which resulted in a flavonoid-aluminium complex formation using aluminium chloride. On a 96-
well assay plate, 50 pL diluted sample/standards were pipetted in triplicates. This was followed
by the addition of 42 uL of distilled water. 60 pL of sodium nitrite was then added to each well
and mixed. After 10 minutes of incubation at room temperature, 60 pL of Aluminium chloride was
added to each well, mixed and allowed to stand at room temperature for 5 minutes. 60 L of
Sodium hydroxide was added lastly to each well, and mixed. The absorbance was measured at

510 nm and compared to that of catechin standards

3.2.2.3. Determination of Flavonols

The analysis makes use of quercetin as the standard for measuring flavonol at 360 nm. On a 96-
well assay plate, 12.5 pL of diluted samples/standards were pipetted in triplicates. This was
followed by addition of 237.5 pL of 2% HCL to each well. Plates were left for 30 minutes at room

temperature before absorbance was measured.
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3.2.2.4. Determination of Flavanol

Flavanol content of Phyllanthus amarus extract was determined using p-
dimethylaminocinnamaldehyde procedure [25]. This analysis makes use of 4-
dimethylaminocinnamaldehyde (DMACA), which reacts with flavanols to form a characteristic
light blue colour that is measured at 640 nm. On a 96-well assay plate, 50 yL of diluted
sample/standards were pipetted in triplicates. This was followed by addition of 250 uL of
DMACA to all the wells. The plate was incubated at room temperature for 30 minutes before

absorbance readings were measured.

3.2.2.5. Determination of Ferric Reducing Antioxidant Power

The Ferric Reducing Antioxidant Power (FRAP) assay uses antioxidants as reductants in a
redox-linked colourimetric method [26], employing an easily reduced oxidant present in
stoichiometric excess. At low pH, reduction of a ferric tripyridyl triazine (Fe**-TPTZ) complex to
the ferrous form, which has an intense blue colour, can be monitored by measuring the change
in absorption at 593 nm. The change in absorbance, therefore, is directly related to the reducing
power of the electron-donating antioxidants present in the reaction mixture. On a 96-well assay
plate, 10uL of diluted sample/standards were pipetted in ftriplicates. This was followed by
addition of 300 uL of FRAP working reagent to each well. The plate was incubated for 30 mins in

a 37°C oven before being read in a microplate.

3.2.2.6. Determination of Oxygen Reducing Antioxidant Capacity

Oxygen reducing antioxidant capacity of Phyllanthus amarus extracts were determined by a
method of Prior et al., [27]. The assay measures the loss of fluorescence over time due to
peroxyl-radical formation by the breakdown of AAPH (2, 2’-azobis-2-methyl-propanimidamide,
dihydrochloride). Trolox [6-Hydroxy-2, 5,7,8-tetramethylchroman-2-carboxylic acid], a water-
soluble vitamin E analogue, serves as the reference standard. The Oxygen Reducing
Antioxidant Capacity (ORAC) assay is a kinetic assay measuring fluorescein decay and

antioxidant protection over time. A peroxyl radical (ROO.) is formed from the breakdown of
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AAPH (2,2’-azobis-2-methyl-propanimidamide, dihydrochloride) at 37°C. The peroxyl radical can
oxidize fluorescein (3’,6’-dihydroxy-spiro[isobenzofuran-1[3H],9'[9H]-xanthen]-3-one) to generate
a product without fluorescence. Antioxidants suppress this reaction by a hydrogen atom transfer
mechanism, inhibiting the oxidative degradation of the fluorescein signal. The fluorescence
signal is measured over 120 minutes by excitation at 485 nm, emission at 538 nm. The
concentration of antioxidant in the test sample is proportional to the fluorescence intensity
through the course of the assay and is assessed by comparing the net area under the curve to
that of a known antioxidant, Trolox. Briefly, in a 1.5 mL eppendorf tubes, a fifty-fold diluted
sample in 10% methanol was made, followed by suitable dilutions of Trolox standard to get
appropriate concentrations according to the standard operating procedure (SOP). On a 96-well
assay black plate, 12 uL of diluted sample/standards were pipetted in triplicates, followed by 138
uL of diluted fluorescein in phosphate buffer (p" 7.4). Plates were incubated at 37°C for 20
minutes inside the Fluorometer (FLUOROSKAN ASCENT by Thermo Electron Corporation, MA,
USA). This was followed by the addition of 50 yL AAPH to all the wells. The plates were read

inside the machine every minute for 120 minutes.

3.2.2.7. Determination of Trolox Equivalent Antioxidant Capacity

Trolox equivalent antioxidant capacity of the extracts was determined using an improved ABTS
radical cation assay of Re et al., [28]. The method was based on the ABTS (2,2-azino-di-3-
ethylbenzthialozine sulphonate) radical cation scavenging assay. Methyl myoglobin activated to
its ferryl state by hydrogen peroxide is incubated with ABTS to form a stable, long-lived radical
cation, ABTS™

HX-Fe®* +X- [Fe* =O] X- [Fe*" =O] + ABTS -> ABTS™" + HX-Fe**
Where, HX-Fe* = metmyoglobin
X- [Fe* =0] = ferrylmyoglobin

The radical cation can be monitored by measurement of one of its characteristic absorption
maxima at 640, 734 and 820 nm. Antioxidants added to this system can either scavenge the
ABTS™ formed or interfere in the radical generating process. In this assay, in a 1.5 mL eppendorf
tubes, a five-fold diluted sample in 10% methanol was made, followed by suitable dilutions of

Trolox standard. On a 96-well assay plate, 25 pL of diluted sample/standards were pipetted in
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triplicates. This was followed by addition of 300 uL of ABTS working reagent to each well. The

plate was incubated for 30 minutes at room temperature.

3.2.3. Determination of tyrosinase inhibitory activity

The tyrosinase inhibitory activities of the extract were determined by the method described by
Curto et al. [29]. Extracts were dissolved in DMSO (Dimethyl sulphoxide) to a final concentration
of 1 mg/mL. Graded doses of 1000 ug/mL, 500 pg/mL, 250 pg/mL, 100 pg/mL, and 50 pg/mL of
the extracts were prepared using 50 mmol/L, potassium phosphate buffer (pH 6.5). Kojic acid
was used as a control. Briefly, 70 yL of the sample in dimethyl sulfoxide (DMSO) was
introduced to each well of a 96-well plate before adding 30 uL of tyrosinase enzyme solution
(0.002 mg/mL). After 5 minutes, 2.0 mmol/L of L-tyrosine solution was pipetted into the wells
containing sample extracts. The absorbances were taken in a microplate ELISA reader
(Multiskan Spectrum by Thermo Electron Corporation, MA, USA) at 492 nm after 30 minutes of
incubation. Kojic acid serves as the positive control. The percentage inhibition was calculated

as follows:
A —A
% inhibition = {[ control “""”"*]}x 100
Acontrol
3.2.4. Cytotoxicity Studies
3.2.4.1. Evaluation of cytotoxicity using Colorimetric MTT assay

The cytotoxicity activities of the extracts were determined by a modified MTT method (Mosmann;
Lappalainen et al., [30; 31]. The assay is based on the reduction of yellow MTT [3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] by the mitochondrial dehydrogenase

enzyme of viable cells to blue formazan crystals.

3.2.4.2. Cell culture

TM4 mouse Sertoli cells were purchased from ATCC (USA, no CRL-1715). TM4 cells were
seeded at a density of 4000 cells/ 200uL/well in a 96 well plate. They were allowed to attach and

grow for 24 hours in a complete culture medium which comprises of DMEM supplemented with
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2.5% foetal bovine serum, 5% horse serum and 1% Penicillin (1000 U/mL) and 1% Streptomycin
(2000U/mL antibiotics, to be treated the next day. Extracts were dissolved in 0.1% DMSO
(Dimethyl sulphoxide) to a final concentration of 1 mg/mL. Serial dilutions from 1000 pg/mL, to
100 pg/mL, 10 pg/mL, 0.1 pg/mL and 0.01 pg/mL of the extracts were prepared using complete
growth DMEM medium. Four wells were used for each concentration of the extracts. Another
four wells were used for untreated negative control (0.1% DMSO in DMEM) and four wells for
10% DMSO as a positive control. After incubation for 24 hours, the media were discarded from
the plates and cells were then washed with PBS (100 pL / well). 200 pL of fresh complete culture
media were added to each well, followed by 20 pL of MTT solution. After that, the plates were
kept in the incubator at 37°C, 5% CO, and 95% humidified air. After 4 hours’ incubation, the
supernatant was discarded, and the plate tapped upside down on paper towels to remove all
remaining fluids. 100 pL of non-sterile, undiluted DMSO was added to each well to dissolve the
blue formazan, and the absorbance was then measured with microplate (MTP) reader (POLAR
STAR OMEGA, BMG LABTECH) at a wavelength of 570 nm with a reference wavelength of 690
nm to negate the effect of cell debris and precipitated proteins which may be produced by the
dissolving process. The optical density was calculated by subtracting the absorbance of the
reference wavelength from the absorbance of the test wavelength. The mitochondrial
dehydrogenase activity of TM4 cells, which is a measure of the viability of the cells [32], was

calculated as a percentage according to the following equation:

9% Viabilit _{ Absorbance of treated cells }
o VIabIty = Absorbance of untreated cells

3.2.4.3. Study of the morphological changes

Cells that were seeded at a density of 2000 cells/200uL/well in a 96 well plate were used to
analyse morphological changes produced by the plant extracts. Cells were allowed to attach and
grow for 24 hours in complete culture medium to be treated with varying concentrations of the
extracts for another 24 hours. Cells were observed under an inverted system microscope (200x
and 400x magnifications) and microphotographs were taken. At least five random microscopic

visible fields for each concentration and compound were analysed for cell counts.

3.2.5. Statistical Analysis
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All experiments were carried out at least three times, having similar findings and the
representative results were reported. Calculations were performed on Excel. A comparison was
done using GraphPad Prism software, version 8.0 (GraphPad Software, San Diego, California,
USA). With mean £ SD, p < 0.001 and p < 0.05 were considered statistically significant.

3.3. Results

As graphically depicted in figure 3.1, showing the polyphenols present in the extracts, findings in
this study, revealed a significantly (p < 0.0001) higher total polyphenol (1540.98 + 127.25 vs
1117.17 = 74.37 mg gallic acid equivalent (GAE)/g sample), flavonoids (632.45 + 58.54 vs
414.59 + 35.74 mg catechin equivalent (CE)/g sample) flavonol (824.26 + 34.62 vs 270.33 *
138.48 mg quercetin acid equivalent (QAE)/g sample), but rather a significantly (p < 0.0001)
lower flavanol (63.80 + 20.56 vs 94.87 = 15.56 mg catechin equivalent (CE)/g sample) were
observed in the methanol fraction of the extract when compared to the aqueous fraction. Also,
as represented in figure 3.2, which shows the antioxidant capacity of the extracts, we observed a
significantly (p < 0.0001) higher ferric reducing antioxidant power (11703.05 + 570.34 vs
6512.14 + 385.58 umol Vit.C/g sample) and radical cation scavenging (TEAC) activity (1430.23
+ 113.56 vs 613.63 = 47.11 umol trolox equivalent (TE)/g sample in the aqueous extract as
against the methanolic extract. Conversely, the ORAC results of the methanolic extract
(10439.37 £ 971.19 umol trolox equivalent (TE)/g sample, is significantly (p < 0.0001) higher
than that of the aqueous extracts showing 3614.92 + 204.25 pmol trolox equivalent (TE)/g
sample. Figure 3.3 depicts the results of antityrosinase activities of Hexane, methanol, and
agueous extracts of Phyllanthus amarus when compared to reference kojic acid. Our results
revealed that hexane and aqueous extracts exhibit significant anti-tyrosinase activity (p < 0.05)

while its methanolic extract produces no statistically significant finding.

Figures 3.4 to 3.6 show the significant proliferative effect of the extracts as seen at the lower
concentrations of the extracts (0.01 pg/mL — 100 pug/mL) when compared with the negative
control. The standard ibuprofen drug also exhibits proliferative effects when compared with the
negative controls and 1000 ug/mL of all the extracts produced dead, inactive, or non-viable cells

in a similar manner to the positive controls.
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Figure 3.1: Polyphenols content of extracts
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with significant proliferation at 0.1 and 10 pg/mL of Phyllanthus amarus aqueous extract (***p < 0.001)
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Figure 3.5: TM4 cell numbers counted in microphotographs after 24hrs exposure (400x),

showing significant proliferation at lower concentrations (***p < 0.001)
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Figure 3.6: Microphotographs showing morphological changes in Phyllanthus amarus—treated
mouse Sertoli (TM4) cells after 24 hours of exposure (400x).

CON, Controls; AQ, Aqueous extract; HX, Hexane extract; ME, Methanol extract; IBF, Ibuprofen.

3.4. Discussion

Scientific research has found an association between herbal teas, their polyphenols and
cardiovascular disease (CVD), diabetes, cancer, and cognition, and it is opined that tea
consumption greatly contributes to human health [33]. Phyllanthus amarus, a medicinal plant,
used in this study is also consumed as a herbal tea, and the results from our study show that it
has high polyphenols, which are regarded as naturally occurring antioxidants. They possess the
potentials to scavenge free radicals due to their hydroxyl group [34]. They have been shown to
contribute to high antioxidant activity observed in some extracts through different mechanisms
exerted by different phenolic compounds or through synergistic effects with other non-phenolic
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compounds [35]. The results presented in this study revealed the antioxidant capacity of the
extracts with the use of different solvents for extraction. This is because not all extracts exhibited
the same pattern due to their different antioxidant mechanisms [6]. Besides, the reaction
mechanisms of the antioxidant assays differ [36]. These results show that higher antioxidant
activity was displayed by the aqueous fraction (figure 3.1), water, being a more polar solvent.
This is consistent with the findings, as reported by Mazlan et al. (2013) in a similar study. Also,
as shown, higher levels of FRAP and TEAC were observed in the aqueous extract, whereas the
methanol extract shows higher ORAC results than the aqueous extract (figure 3.2).

In the present study, the correlation between total antioxidant capacities and the contents of total
polyphenol and flavonoid components of P. amarus was evaluated. The results revealed that
there was no linear correlation between antioxidant properties and total polyphenol or flavonoids
contents of the examined extracts. The lack of a linear correlation between these assays of the
extracts might result from the existence of other compounds synergistically responsible for the

antioxidant properties present in P. amarus extracts.

Moreover, it has been reported that samples with high antioxidant activity can be associated with
significant antityrosinase activity, as both play essential roles in preventing free radical-related
skin damage [9]. In the present study, the aqueous extract was the most active with the least
inhibitory concentration at 50% inhibition (ICso = 129.256 ug/mL), followed by hexane fraction
(ICso = 116.089 pg/mL) (figure 3.3) and they both exhibited significant tyrosinase inhibitory
activity (p < 0.05) while its methanol extract produces no significant finding when compared with
the kojic acid standard. In the same vein, the antioxidant potential was exhibited by the aqueous
extract of this plant as evident in the FRAP and TEAC activities, suggesting this plant as a

candidate for a natural alternative agent in food processing, cosmetic and health industries.

Sertoli cells in the testes are known to play a critical role in spermatogenesis [32]. Giving
aqueous Phyllanthus amarus extract to male rats caused a severe disruption of sperm
production with a marked degeneration and disorganization of seminiferous tubules [22]. Our
study supports these findings as MTT assay (Figure 3.4) and morphology analysis (Figure 3.6)
showed that all Phyllanthus amarus extracts tested were cytotoxic to TM4 Sertoli cells at a
higher concentration of 100 or 1000 pug/mL. Mitochondrial dehydrogenase activities were lower
in the higher concentrations of the extracts when compared with the negative control, and the
cells were dead (1000 pg/mL) or showed some rounding and shrinkage at a concentration of
100 pg/mL. Cytotoxicity seems to vary within the three extracts, with MeOH extract being the

most cytotoxic. This could be due to differences in the contents of the extracts. The results here
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demonstrated decreased mitochondrial dehydrogenase activity as well as lower cell numbers
and cell death at a concentration above 100 pg/mL for all the three extracts. This suggests
compromised Sertoli cells viability, which eventually, may lead to impaired spermatogenesis.
Also, it is worthy of note that ibuprofen was not cytotoxic at 1000 pg/mL and did not show any
effect on cell morphology.

In contrast, in the lower concentration range of Phyllanthus amarus extracts, TM4 cells appeared
to be well spread and healthy, but the mitochondrial dehydrogenase activities showed a
significant concentration-dependent increase for all extracts tested. As the cell morphology
indicates vital cells, this increased mitochondrial dehydrogenase activity is indicative of a marked
increase in cell numbers rather than elevated cellular stress. This view is supported by cell
counts from the microphotographs (Figure 3.5). At concentration ranging from 0.01 to 10 pg/mL
extract, TM4 cell numbers were significantly higher compared to the untreated control. This
significant stimulation of Sertoli cell proliferation could be due to estrogenic properties of the
Phyllanthus amarus extracts. It is known that some of its components (e.g. Phyllanthin), are
active phytoestrogens [37; 38]. On the other hand, TM4 Sertoli cells are isolated from immature
rats; at this age, Sertoli cells express oestrogen receptors and cell proliferation can be activated

by oestrogen exposure [39].

A report shows that bioflavonoids, a group of natural antioxidants which are widely distributed in
fruits and vegetables, have a protective effect on the DNA damage induced by the hydroxyl
radicals [40]. The observations in the present study could be due also to antioxidant substances
present in the extracts that are known to display biphasic properties, being antioxidant at low
concentrations and pro-oxidant at high concentrations. These properties may confer protection
against oxidative stress and lipid peroxidation, in a way, that is promoting cell proliferation,
especially at the lower concentrations [41; 42]. Therefore, determining the activities of
superoxide dismutase and catalase in an in-vivo study with this plant extract would lend

credence to these reports and may confirm testicular oxidative stress.

3.5. Conclusion

Results from this study showed that the aqueous extract demonstrated antioxidant capacity as
evident in the FRAP and TEAC measurements. While the hexane and aqueous extracts
possess good antityrosinase action, suggesting this plant as a candidate for a natural,

alternative agent in food processing, cosmetic and health industries. Lower extract
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concentrations stimulate Sertoli cell proliferation which might be due to phytoestrogenic activities
of Phyllanthus amarus conferred by its active components such as phyllanthin and
hypophyllanthin. In contrast, higher concentrations are cytotoxic. Further studies might be
required to isolate and characterize the active principles in the extracts.
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DMSO Dimethyl sulfoxide

DMEM F-12 Dulbecco’s Modified Eagle medium (HAM) [+] L-Glutamine
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ORAC Oxygen reducing antioxidant capacity
ROS Reactive Oxygen Species
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TEAC Trolox equivalent antioxidant capacity
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ABSTRACT

Aims: The antidiabetic activity of Phyllanthus amarus (PA) extracts through the evaluation of a-
glucosidase as well as a-amylase activities, glycaemic indices, and pancreatic oxidative

stressed diabetic rats were investigated.

Method: In-vitro antidiabetic action of PA aqueous together with the methanol extracts was
examined using Enzyme-linked Immunosorbent assay techniques. In vivo evaluation was carried
out in six weeks old, male Wistar rats. The rats were randomly divided into 5 groups (n = 10 rats
per group); namely, i) Normal control, ii) Diabetic control, iii) Diabetes + PA 200mg/kgbwt., iv)
Diabetes + PA 400mg/kgbwt., v) Diabetes + glibenclamide 0.2mg/kgbwt. T2D was induced by
giving the animals 10% fructose to drink for 14 days, followed by an intraperitoneal injection of
55 mg/kg streptozotocin. Bodyweight and blood glucose measurements were performed. Serum
insulin, Nitric oxide (NO), myeloperoxidase (MPO), glutathione-S-transferase (GST), glutathione
peroxidase (GPx) and reduced glutathione (GSH) were evaluated in healthy as well as diabetic
rats. Besides, histopathology of the pancreas was examined.

Key Findings: The extracts of PA caused a significant inhibition in the activity of a-glucosidase
but produced no significant inhibition in the a-amylase activity. Diabetic rats treated with
400mg/kgbwt of PA aqueous extract reduced postprandial blood glucose, compared with
diabetic rats. Also, 400mg/kgbwt of PA raised serum insulin levels, just like glibenclamide when
compared with diabetic and healthy control rats. Both 200mg/kgbwt and 400mg/kgbwt of PA
increased both pancreas GST and GPx activities. However, only 400mg/kgbwt of PA extract

gave a significant increase in GPx activity.

Significance: PA extracts possess a significant a-glucosidase inhibition, improve serum insulin
levels and antioxidant enzymes activities, thereby modulating oxidative stress precipitated by

diabetes. Therefore, PA could be a natural alternative to antidiabetic drugs.

Keywords: Phyllanthus amarus, antidiabetic activity, a-glucosidase, streptozotocin, oxidative

stress, Wistar rats
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4.1. Introduction

Diabetes mellitus is an endocrine disease, typified by high blood glucose levels
(hyperglycaemia). It is due to defects in insulin production or insulin action [1], thus impaired
carbohydrate, lipid and protein metabolism, leading to protracted health implications [2,3]. In
diabetic patients, prolonged damage, dysfunction, and organs failure as in the eyes, kidneys,
nerves, heart, and blood vessels [4] all have to do with uncontrolled hyperglycaemia [5,6]. Also,
in people with diabetes, hyperglycemia induces free radicals, particularly the reactive oxygen
species (ROS), thus, impairing endogenous antioxidant defence system, besides antioxidant
enzymes and non-enzymatic antioxidants [7]. Overproduction of ROS leads to more oxidation of
lipids, proteins, and glucose auto-oxidation, which in turn weakens the capacities of the body’s
antioxidant defence system|8], leading to oxidative stress [9]. Thus, oxidative stress impairs the
activity of antioxidant enzymes [8,10]. Increased lipid peroxidation and reduced antioxidant
enzymes activity are found to be responsible for the progression of diabetes and its
complications [11]. Both endogenous, together with exogenous antioxidants, help to mitigate the
effect of ROS, leading to reduced oxidative stress [12]. Consequently, reduction of oxidative
stress levels in diabetes counterbalanced hyperglycaemia [13] and eventually attenuated
diabetic complications [14].

Oral antidiabetic drugs are useful in the clinical management of diabetes. These conventional
antidiabetic agents act by various mechanisms including the stimulation of the pancreatic B-cells
to produce more insulin, increasing the sensitivity of muscles and other tissues to insulin,
decreasing gluconeogenesis by the liver and delaying the absorption of carbohydrates from the
gastrointestinal tract [15]. These oral antidiabetic drugs with different mechanisms are quite
useful in their actions. However, due to their increasing undesirable side effects and high cost,

natural plant products are explored nowadays and considered as an alternative therapy.

Phyllanthus amarus (PA) is a herb in the Euphorbiaceae family widely found in the tropical and
sub-tropical areas around the world. Its ethnobotanical uses include local management of liver
disorders, diabetes, obesity, hyperlipidaemia, and topical application to treat skin lesions, among
others. The phytochemical evaluation revealed that the herb has lots of constituents like
phenolic acids with tetracyclic triterpenoids [16], flavonoids [17], tannins [18,19], lighans
[16,20,21] as well as alkaloids [22]. Other bioactive compounds isolated from PA demonstrate
an array of pharmacological functions. Examples of such features include its activities to treat
viral and bacterial infections, diabetes, inflammation, pain, diuresis, hyperlipidaemia. It also

possesses antioxidant, hepatoprotective and nephroprotective properties [23,6].
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A previous study reported that PA aqueous extract exhibited antidiabetic activity in graded doses
of 200mg/kgbwt and 400mg/kgbwt./day in alloxan-diabetic rats [24], however, the mechanism of
its antidiabetic action is unclear; besides, its potential to modulate the complex responses
associated with oxidative stress needs more scientific elucidation. Also, our previous report
revealed that the PA aqueous extract possesses the highest antioxidant capacity [25].
Therefore, the current study examined the effect of PA extracts on a-glucosidase and a-amylase
activities [26], the glycaemic indices and pancreatic oxidative stress in streptozotocin-diabetic
rats [12].

4.2. Methodology

4.2.1. Reagents and Chemicals

The following enzymes and chemicals; a-glucosidase (Saccharomyces cerevisiae), a-amylase
(procaine pancreas), 3,5, di-nitro salicylic acid (DNS), P-nitro-phenyl- a-D-glucopyranoside (p-
NPG) and streptozotocin (18883-66-4) were procured from Merck Group-Sigma-Aldrich
Chemical Company, South Africa. Rat insulin ELISA kit bought from Thermofisher Scientific Inc.
South Africa. D-Fructose was purchased from Loba Chemie PVT. LTD, Mumbai, India.

Glibenclamide was purchased from a local pharmacy.

4.2.2. Plant Materials

Phyllanthus amarus whole plant was harvested from the south-west, Nigeria. A botanist assisted
in identifying and authenticating the plant. A specimen token was deposited at the FRIN Ibadan,
Nigeria (herbarium FHI NO: 110242).

4.2.2.1. Extracts Preparation

Fresh Phyllanthus amarus leaves were shade-dried, then ground to powder using a mechanical
mill (Mincer 9FQ-28, China). 100-gram powder of aqueous extract was soaked in 1 litre of
distilled water, stirred, then left for 24h at room temperature. The homogenate was filtered using
Whatman no-1 filter paper; this was followed by evaporating the resultant filtrate to dryness at

reduced pressure with a rotary evaporator (Buchi Rotavapor I, Buchi Germany) at 40°C. The
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product was lyophilised in a freeze drier (VirTis Genesis 25EL, SP Scientific, NY, USA) for

sixteen hours; the dried extract was kept at 4°C till it is required for use [25].

4.2.2.2. Experimental Animals

Fifty (50) healthy, male Wistar rats of about six weeks old, weighing between 190+10gm were
purchased and kept at the animal facility, the Vet Physiology and Biochemistry Department,
University of Ibadan, Nigeria [27]. They were kept in rats’ cages at controlled, standard,
laboratory conditions; humidity between 45% to 55%, an ambient temperature between 22°C to
26°C and regular photoperiod (12h dark: 12h light). They were fed twice daily (09:00 am and
4:00 pm) with rats’ chow, a pelleted feed produced by Ladokun and Sons Livestock Feed,

Nigeria Limited. They were always allowed access to clean water in clean bowls.

4.2.2.3. Ethical Statement

Ethics clearance was obtained from the Health and Wellness Sciences Faculty Research Ethics
Committee of CPUT, South Africa (CPUT/HW-REC 2016/Al). Besides, the protocol and the
handling of the animals follow the guidelines set by the Animal Ethics Committee, the University
of Ibadan, Nigeria, where the animal experiment was done (approval no: UI-ACUREC/19/0017).

4.2.2.4. Type 2 Diabetes Mellitus induction in the Experimental Animals

Animals were allowed one week after purchase, to acclimatize to their new environment. The
animals were then administered 10% fructose ad libitum for 2 wks, after that, a single,
intraperitoneal injection (i.p) of streptozotocin (55mg/kgbwt) in 0.1M cold citrate buffer (pH 4.5)
was given. Non-diabetic models received citrate buffer which served as the vehicle.
Hyperglycaemia using Accu-chek® glucometer (Roche, Germany) was confirmed four days post-
STZ administration, after which animals with blood glucose =11.1mmol/L were considered
diabetic. Treatments with the extract and standard antidiabetic drug, glibenclamide commenced

immediately.

4.2.2.5. Experimental Design
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The rats were randomly grouped into five, with ten animals each (n=10). NC, the healthy, non-
diabetic control rats’ group, received standard rat chow and vehicles only (citrate buffer and
distilled water); group DC was the diabetic untreated control rats, are fed with rat chow and
water only. The PA 200mg group were rats fed with 200mg/kgbwt/day PA extract for four wks.
The PA 400mg group comprised of rats that were given 400mg/kgbwt/day PA extract, also for
four wks. GLIBEN 0.2mg-diabetic rats received 0.2mg of glibenclamide per kg body weight for
four wks. Before termination and sacrifice, rats were eight hours fasted; after that, an oral
glucose tolerance test (OGTT) was carried out on the rats. Fasting blood samples (0 min) were
taken first; then the rats received daily treatments. Thirty minutes later, a single dose of D-

glucose (50%, qu) solution (2g/kgbwt) was orally administered to each animal, followed by the

measurement of blood glucose levels at 30, 60, 90 and 180 minutes. At the termination of the
experiment, animals in all groups were euthanised; blood sample, pancreas, along with other
organs were collected for biochemical evaluations. Serum insulin, glycosylated haemoglobin and

histopathological studies of the pancreas were performed.

4.2.2.6. Preparation of Serum and Tissues for Biochemical Assays

The rats were anaesthetised and euthanised using i.p sodium pentobarbital, 60mg/kgbwt
followed by cervical dislocation, and blood samples collected as previously described [28] using
a clean heparinized capillary tube into labelled plain, lithium heparin and EDTA bottles. The
heparinized blood samples were then centrifuged at 3,500 revolutions per minute (rpm) for 20
minutes. The supernatant was removed, labelled appropriately, and stored in a deep freezer [29]

at -80°C for further analysis while the whole blood in EDTA bottles was used for HbAlc assays.

4.2.2.7. Homogenization

Pancreatic tissue was immediately excised and washed in ice-cold buffered saline (PBS)
solution and weighed. The tissue samples were homogenized in the buffer (1gm/2mL) in a
homogenizer (Yellow™D1 25 basic, IKA® -WERKE GMBH & CO, Germany); then briefly
centrifuged for 20mins. This supernatant was collected and used for the endogenous antioxidant

and biochemical evaluations [30].

4.2.2.8. Body Weights Change
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Body weights were monitored weekly with the aid of a portable, battery-operated weighing scale
(KERN TCB 200-1, Kern & Sohn, South Africa). The body weight change and the percentage of
body weight change during the study period was calculated, using the formulae, as shown

below:

Bodyweight change (g) = Final bodyweight (g) — Initial body weight (g)

% Bodyweight change = (Bodyweight change (g) + Initial bodyweight (g) X 100

4.2.3. In-vitro Anti-diabetic Evaluation
4.2.3.1. a-amylase inhibitory activity

Alpha-amylase inhibitory activity of PA methanol and aqueous extracts were performed following
a modified method [31], as described by (Telagari and Hullatti [32]. Briefly, inside 96—well plate,
reaction mixture containing 50uL phosphate buffer (100mM, pH = 6.80), 20uL a-amylase (2
U/mL), and 20uL of differing extracts concentrations (3.9625ug/mL, 7.8125ug/mL, 15.625ug/mL,
31.25ug/mL, 62.5ug/mL, 125ug/mL) was incubated at 37°C for 20 min. Then, 20uL of 1%
soluble starch (100mM phosphate buffer, p" = 6.80) was added as a substrate and incubated
further at 37°C for 30 min; 50uL of the DNS colour reagent was then added and boiled for 30
min. The absorbance of the reactants was measured at 540nm using microplate ELISA reader
(Multiskan Spectrum by Thermo Electron Corporation, MA, USA. Each experiment was

performed three times.

The percentage inhibition was calculated as follows:

A _A
o, inhibition = {—”":‘“‘ “‘“"""”}xmﬂ
conirol

Where, ﬂmmp;.! is the absorbance of test samples and A oneral is the absorbance of control.

4.2.3.2. a-glucosidase inhibitory activity

Alpha-glucosidase inhibitory activity of PA methanol and aqueous extracts was performed by
following a modified method [33] as described by (Telagari and Hullatti [32], using p-NPG as a
substrate. Briefly, inside 96—well plate, reaction mixture containing 50uL phosphate buffer

(200mM, pH =6.80), 10pL alpha-glucosidase (1U/mL), and 20pL of varying extracts
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concentrations (1.953pg/mL, 3.90625ug/mL, 7.8125ug/mL, 15.625ug/mL, 31.2500ug/mL and
62.500ug/mL) was added. Then, 20pL p-NPG (5mM) was added as a substrate and incubated
for 30 min at 37°C. The reaction was halted by adding 50uL Na,CO3 (0.1M) while absorbance of
the released p-nitrophenol was measured at 405nm using microplate ELISA reader (Multiskan
Spectrum by Thermo Electron Corporation, MA, USA).

Each experiment was performed three times, and the percentage inhibition calculated as follows:

Armisi'ﬂ!— Asmnpie

Y inhibition ={ x100

Amuh'ﬂ-!
Where, A;qmple is the absorbance of test samples and Aconeral is the absorbance of control.

Their ICso was determined using GraphPad software.

4.2.4. Glycaemic indices: Fasting blood glucose, OGTT, Glycosylated

Haemoglobin and Serum Insulin
4.2.4.1. Fasting Blood Glucose (FBG)

Fasting blood glucose was measured based on the glucose dehydrogenase method [34], using
a portable Accu-Chek® Active glucose meter (Roche, Germany). On a test strip that was slid in
the measurement window, one drop (10uL) from the rat’s tail prick was applied on the test field

of the test strip, the meter then displays the concentration of glucose in mmol/L.
4.2.4.2. Glycosylated Haemoglobin

Glycosylated haemoglobin (HbAlc) mmol/mol, was quantitatively evaluated in blood samples by
Tina-quant Haemoglobin Alc Gen.3-Hemolysate and whole blood on Roche/Hitachi Cobas c311
auto-analyser systems. The HbAlc determination depends on the turbidimetric inhibition of
immunoassay (TINIA) for haemolyzed whole blood. Thus, expressing results as mmol/mol

HbAlc, values were calculated from the HbAlc/Hb ratio:

Representing mmol/mol HbAlc acc. to IFCC,

— (mmu!)_(ﬂbﬂ'lc) .
“Vomot )/ " \Hp )*
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424.3. Serum Insulin

Serum insulin was measured using Thermoscientific™ Pierce™ Rat insulin, ELISA Kit [35],
following the manufacturer’s instruction. The concentration of insulin (uU/mL) in each sample
was determined by interpolating the Insulin concentration to the absorbance value from a
prepared standard curve. Expressing the results in Sl unit, TuU/mL = 6.945pmol/L.

4.2.5. Assessment of Antioxidant Enzymes activity, Reduced glutathione (GSH)
level and Tissue Lipid peroxidation

4.25.1. Superoxide Dismutase

The superoxide dismutase (SOD) activity in pancreatic tissue homogenate was evaluated by a
modified Misra and Fridovich method [36]. Briefly, 50mg of epinephrine was dissolved in 100mL
distilled water and acidified with 0.5mL of concentrated hydrochloric acid. 30pL homogenate was
added to 2.5 mL 0.05 M carbonate buffer (p" 10.2) followed by the addition of 300uL of 0.03mM
adrenaline. The increase in absorbance at 480nm was monitored every second for 150 seconds.

CALCULATION

: : A; -4
Increase in absorbance per minute = 75
Where, A, = absorbance at 0 seconds

A; = absorbance 150 seconds

s increase in absorbance for substrate
% inhibition = - - x 100
increase in absorbance of blank

lunit of SOD activity was given as the amount of SOD necessary to produce half-maximal

oxidation of adrenaline to adrenochrome for 1 minute [37].

4.2.5.2. Determination of Glutathione S-transferase activity in the Tissue

sample
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The glutathione-S-transferase activity was determined by following a modified method of
Prohaska and Ganther [38]. The assay measures total GST activity (cytosolic and microsomal)

at 340nm by measuring the conjugation of 1-chloro-2,4-dinitrobenzene (CDNB) with reduced

glutathione.
Calculation:
AA
GST activit {"mﬂl} = '-"-"”'3:"“ (U' sz)x le diluti
activity e i/ 0.00503uM1 | \0.024my /" SHPE CLIHTION
4.25.3. Glutathione Peroxidase

The glutathione peroxidase activity was estimated following a method of Beutler et al. [39].
Briefly, 0.5mL phosphate buffer, 0.1mL NaNO;, 0.2mL GSH, 0.1mL H,0O,, 0.5mL sample and
0.6mL of distilled water was placed into a test tube. This mixture was incubated at 37°C for 5
minutes; 0.5mL of TCA was added and centrifuged at 3, 000 rpm for 5 minutes. To 1mL of
supernatant, 2 mL of K;HPO, and 1mL of DTNB was added. The absorbance was read at
412nm against the blank.

One unit of glutathione peroxidase activity is defined as the amount of enzyme required to utilize
1nmol of NADPH/minute at 25°C.

4.25.4. Estimation of Reduced Glutathione (GSH) level

The method of Beutler et al. [39] was followed in estimating the level of reduced glutathione
(GSH). Briefly, 0.25mL of the sample was placed into the tubes and, 0.25mL of the precipitating
solution was mixed with the sample. The mixture was centrifuged at 1700 x g for 5 minutes.
20uL of the supernatant was put in another test tube, followed by 4.5mL of Ellman’s reagent.
The solution was read at 412nm against distilled water as blank. GSH was proportional to the

absorbance, and the concentration was extrapolated from a prepared GSH calibration curve.
4.25.5. Estimation of Malondialdehyde (MDA) content

Malondialdehyde (MDA) content was measured using the thiobarbiturate (TBA) test in the
pancreatic tissues according to a method as previously described by Varshney and Kale [40]. To
1.6mL of Tris-KCI, 0.5mL of 30% TCA, 0.4mL of sample and 0.5mL of 0.75% TBA prepared in
0.2M HCI were added. The reactants were boiled in a water bath [41] at 80°C for 45 minutes,

ice-cooled and centrifuged at 1700 x g for 20 minutes [42]. After that, the absorbance of the
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coloured solution was read at 532nm in an ELISA reader (Multiskan Spectrum by Thermo
Electron Corporation, MA, USA). MDA (nMol) as a function of lipid peroxidation was calculated

by multiplying the absorbances by a molar extinction coefficient of 1.56 x 10%/M/cm.

4.2.5.6. Estimation of Serum Myeloperoxidase

The activity of myeloperoxidase (MPO) was determined according to the method of Xia and
Zweier [43]. Briefly, 200pL of O-dianisidine and H,O, mixture was pipetted in the cuvette
followed by 10puL serum sample. The reactant mixture was read every 30 seconds at 460nm
wavelengths.

The amount of MPO generated was calculated from the formula below:

change in activity
MPO generated = - x10
myg protein

T,=30-0 and T, = 60 seconds.
4.25.7. Estimation of Serum Nitric Oxide

A combined modified method, as described by Maciel et al. [44] and Green et al. [45], was
followed to measure serum nitric oxide (NO) levels. In this method, serum NO levels were
determined by the measurement of NOy (nitrite and nitrate) after enzymatic nitrate to nitrite
conversion by nitrate reductase [46]. Briefly, 50uL of undiluted serum was incubated with the
same volume of reductase buffer (0.1M potassium phosphate, p" 7.5, containing 1mM
nicotinamide adenine dinucleotide phosphate, 10mM flavin adenine dinucleotide and 4units of

nitrate reductase/mL for 20 hours at 37°C.

4.2.6. Histopathology

The pancreas was collected into 10% formol-saline for proper fixation. This tissue was
processed and embedded in paraffin wax. Sections of 5um thick were made and stained with
haematoxylin and eosin (H&E) for histopathological examination [47]. Histopathology analysis
was carried out a qualified veterinary pathologist with no prior knowledge of the animal

groupings and their treatments.
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4.2.7. Statistical Analysis

GraphPad Prism software, version 5.0 (GraphPad Software, San Diego, California, USA), was
used for all graphical evaluations and representations. Data were expressed as mean + SEM.
A one-way ANOVA test with Bonferroni’s multiple comparison test was used. Data were taken
as significant if p<0.05.

4.3.
a***
BODY WEIGHTS
200+
NC
= DC
180+
@ PA 200 mg
@ -+ PA 400 mg
5, 1607 -~ GLIBENO.2 mg
©
=
140+
120 T T T T T T
DAY O DAY 4 DAY 7 DAY 14DAY 21DAY 28
4.4,
4.5. Results

Results show that at 0.78, 1.56, 3.13, 6.25 and 12.5ug/mL, aqueous extract caused 23%, 23%,
41%, 76% and 91% reduction in the activity of a-glucosidase, in that order. Conversely, the
methanol extract inhibited the activity of the enzyme by 27%, 27%, 44%, 32% and 79%
respectively (Table 4.1). Their ICsq were 3.9 and 5.5ug/mL, and log of half-maximal inhibition
(LogICsg) are 0.5922 and 0.7398, respectively (Figure 4.1). However, the aqueous extract did

not produce significant inhibition on a-amylase (Table 4.2).

Weight measurements were performed at days 0, 4, 7, 14, 21 and 28 after streptozotocin

administration. The results show there was persistent weight loss among the diabetic control rats
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as well as among all the diabetic treated groups up till day 21 (Figure 4.2). From the figure, there
was significant weight loss in diabetic controls versus healthy controls till day 28 (p<0.001), in
the PA 200mg/kgbwt versus healthy controls at days 14 and 28 (p<0.05). Nevertheless, there
was significant weight loss in the PA 400mg/kgbwt versus healthy control animals at day 21
(p<0.01) and at day 28 (p<0.05). There was also significant weight loss in diabetic controls vs
diabetic treated with PA 200mg/kgbwt at day 14 (p<0.05), and versus PA 400mg/kgbwt at day
21 (p<0.05). Moreover, significant weight loss among the diabetic treated rats with GLIBEN
0.2mg/kgbwt versus PA 200mg/kgbwt at day 14 (p<0.01) was noted.

Diabetic rats treated with PA aqueous extract at 400mg/kgbwt for the four weeks showed a
27.6% cut in postprandial blood glucose when compared to untreated diabetic animals (Figure
4.3A). There was a 36.6% increase in the postprandial blood glucose levels of rats treated with

glibenclamide when compared with untreated diabetic control rats which remains persistent.

Serum insulin in the animals treated with PA 400mg/kgbwt and glibenclamide versus the diabetic
non-treated control rats and healthy control rats produce no significant difference (p>0.05)
(Figure 4.3C). The HbAlc in diabetic animals and the experimental groups were significantly

increased (p<0.0001) when compared with the healthy controls (Figure 4.3B).

As shown in figure 4.4 below, serum myeloperoxidase (MPQO) activity, an inflammatory
biomarker, remain significantly raised in the diabetic group DC (p<0.0001) compared to the
healthy controls NC, while the extracts PA 200mg/kgbwt, as well as the PA 400mg/kgbwt,
brought serum MPO down to normal levels compared to the diabetic animals (p<0.0001) in a
similar manner to glibenclamide. Besides, Serum Nitric oxide (NO), another inflammatory
biomarker was significantly reduced by GLIBEN 0.2mg/kgbwt compared to healthy control
rats***NC (p<0.001); and by PA 200mg/kgbwt. compared to diabetic control **(p<0.001). As
depicted in table 4.5, PA 400mg/kgbwt increased glutathione (GSH) in the pancreatic tissue by
38.41% when compared with normal controls (p>0.05). The glutathione peroxidase (GPXx)
activity of PA 200mg/kgbwt. the group was increased by 23% when compared with the healthy
controls. More so, both 200mg/kgbwt. with 400 mg/kgbwt. caused a significant increase in GPx
activity (p<0.0001) like glibenclamide (p<0.001) when compared with diabetic untreated control
(Figure 4.5D). Both PA 200mg/kgbwt. and PA 400mg/kgbwt. raised glutathione-S-transferase
(GST) activity by 20.3% and 17.1%, respectively (Figure 4.5E and Table 4.5), but these
increases are not significant (p>0.05). Moreover, the PA 200mg/kgbwt together with PA

400mg/kgbwt extracts tend to bring the malondialdehyde (MDA) to normal levels in a similar
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manner to glibenclamide versus diabetic untreated rats (Figure 4.5C). There was no significant

difference in pancreatic H,O, content among all the experimental groups.

Histologically, all the treatment groups showed varying degrees of damage to the islets of
Langerhans. The PA 200mg group showed severely depleted islets of Langerhans, but there
was no necrosis. The islets of Langerhans were also similarly depleted and severely shrunken in
the PA 400mg group with no necrosis. The GLIBEN 0.2mg group showed total depletion of the
islets of Langerhans as well as atrophy of exocrine pancreatic tissue, severe interstitial fibrosis,

and infiltration by inflammatory cells (as shown in Figure 4.6).

a-glucosidase % inhibitory activity
100~
- MEOH

80 = AQUEOUS

604

40

% Inhibition

0.0 075 1:0 1.5
log Effec. Conc (ug/mL)

Figure 4.1: PA extracts’ inhibition on alpha-glucosidase

Table 4.1: PA extracts’ inhibition on alpha-glucosidase activity

Concentration (ug/mL) % Inhibition
Methanol Extract Aqueous Extract
12.5 79 91
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6.25 32 76
3.125 44 M
1.5625 27 23
0.78125 27 23

Table 4.2: a-amylase inhibitory
extracts

activity exhibited

by varying concentrations of aqueous PA

Effective Concentrations (ug/mL) % inhibition
600 33.20

300 29.70

150 24.16

75 0.91

37.5 -1.20
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Figure 4.2: Progressive weights of the animals during the study period

p < 0.001 (NC vs DC at day 28), *bp < 0.05 (NC vs PA 200 mg at days 14 and 28);

okkgy

fp < 0.01 (PA 200 mg vs GLIBEN 0.2 mg at day 14). Values are mean +SD (Two ways ANOVA followed

*dp < 0.05 (DC vs PA 200 mg at day 14); *ep < 0.05 (DC vs PA 400 mg at day 21;
by Bonferroni multiple comparison test).

*°p < 0.01 (NC vs PA 400 mg at 21), °p < 0.05 (NC vs PA 400 mg at 28);

ok
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Table 4.3: Meanz (SD) progressive body weights and % weight change

Groups __Initial body weights () Final body weights (q) % Bodyweight changes
NC 153+6.2 179+17.5 +17.0%

DC 171.6+10.0 144.6+14.3 -15.8% (p < 0.05)
PA 200mg 153.249.6 153.2+6.6 0%

PA 400mg 158.4+14.6 153.6+8.0 -2.5% (p < 0.05)
GLIBEN. 0.2 mg 175.2+6.0 165.6+25.8 -5.5% (p < 0.05)

As shown above, there was a significant loss of weight among the experimental animals
compared to the healthy controls. The PA 200mg/kgbwt group shows no mean weight change.

Table 4.4. Mean = (SEM) Fasting Blood Glucose levels of experimental and control rats

Groups Initial FBG (mmo/L) Final FBG (mmo/L) Change in FBG (mmol/L)
NC 3.8+05 4.7+0.9 +0.9 (23.6%)

DC 10.3+4.4 13.3+7.0 +3.0 (29.1%)

PA 200mg 151+1.1 209+2.2 +5.8 (38.4%)

PA 400mg 11.1+1.3 21.2+0.7 +10.1 (91.0%)
GLIBEN. 0.2mg 141+ 4.6 19.2+1.8 +5.1(36.2%)

The result shows persistently high FBG levels in the experimental groups.
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Figure 4.3: Effect of PA on OGTT, HbAlc and serum insulin levels of experimental and control rats

A. 3h OGTT; B. Glycosylated haemoglobin (HbAlc NC compared to DC; NC compared to PA 200mg; NC
compared to PA 400mg; NC compared to GLIBEN 0.2mg (~ p < 0.0001) and, C. Serum insulin levels of
experimental animals and controls over the study period *NC compared to PA 400mg; DC compared to
GLIBEN 0.2mg ('p<0.05).
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Figure 4.4: Effects of PA on inflammatory biomarkers of experimental and control rats

A. Serum Nitric oxide (NO) was brought down by GLIBEN 0.2mg compared to normal rats***NC
(p<0.001); and *PA 200mg compared to diabetic control ** (p<0.001). B. Showing serum myeloperoxidase
(MPO) activity being reduced by PA 200mg/kgbwt, PA 400mg/kgbwt and GLIBEN 0.2mg/kgbwt;

corresponding to diabetic control animals DC ( p<0.001).
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Table 4.5: Mean + (SEM) Serum Myeloperoxidase, Pancreatic tissue MDA, GPx, GSH, GST and H,0,
in the experimental and control rats

NC DC PA 200mg/kgbwt PA 400mg/kgbwt GLIBEN 0.2mg/kgbwt
MPO | 8.73+£1.59 27.04£5.53 | 4.43+0.83 2.07+0.42 6.54+2.52
MDA | 5.29+0.52 7.97+1.21 7.63+0.32 7.25%0.69 6.78+0.54
GPx | 271.8+17.07| 204+8.59 334+7.27 315.5+16.34 (23%) 276.8+16.46
GSH | 18.59+0.71 | 19.65+0.53 | 20.03+1.47 21.1340.37 (38.41%) | 20.29+0.69
GST | 29.56+1.54 | 23.14+1.72 | 35.57+1.32 (20.3%) | 34.61+3.12 (17.1%) 35.56+2.72
H,O, | 91.30+4.10 | 87.23+3.04 | 90.56+4.30 89.12+3.29 89.50+4.02
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Figure 4.5: Effect of pancreatic oxidative stress biomarkers of experimental and control rats

A. Glutathione (GSH) in pancreas tissue of experimental animals and controls; B. pancreas H,0O, of
experimental animals and controls; C. pancreas malondialdehyde (MDA) of experimental animals and
controls; D. Glutathione peroxidase activity in pancreas tissue of experimental animals and controls *NC
compared to DC (p<0.05); *NC compared to PA 200mg (+23%); ***DC compared to PA 200mg; ***DC
compared to PA 400mg; *DC compared to GLIBEN 0.2mg. (***p<0.0001); (**p<0.001); (*p<0.05); and E.
Glutathione-S-transferase activity in pancreas tissue of experimental animals and controls **DC compared
to PA 200mg; **DC compared to 400mg; **DC compared to GLIBEN 0.2mg (**p<0.001); NC compared to
PA 200mg (+20.3%); NC compared to PA 400mg (+17.1%).
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Figure 4.6: Histology of the pancreatic tissues

A. Healthy control: H&E, x600 showing No visible lesion; B. Diabetic Control: H&E, x600 with Severely
shrunken, depleted and necrotic Islet of Langerhans (arrow); C. PA 200mg: H&E, x600 depicting Severe
depletion of cells in the Islets of Langerhans (arrow) with no necrosis; D. PA 400mg: H&E, X600 Severely
shrunken and depleted islet of Langerhans (arrow) with no necrosis; E. GLIBEN 0.2mg: H&E, x600. Total
depletion of pancreatic acinar cells (stars), absence of Islets of Langerhans with severe interstitial fibrosis
and infiltration by inflammatory cells (arrow).
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4.6. Discussion

Hyperglycaemia which increases ROS is reported to be the underlining mechanism of oxidative
stress in diabetes, hence, its role in diabetic complications [10]. Consequently, uncontrolled
diabetes mellitus results in extensive damage, dysfunction, and failure of different organs.
Therefore, intensive glycaemic control is very vital to mitigate the risks of microvascular
complications in T1D and T2D. Our In-vitro analysis in this study revealed that PA aqueous and
methanol extracts caused a significant inhibition in the activity of a-glucosidase, dose-

dependently (figure 4.1).

Furthermore, it is known that Inhibitors of a-glucosidase breakdown starch and disaccharides to
glucose; therefore, they may reduce the postprandial glucose levels by delaying the
carbohydrate digestion and absorption [48]. In the present study, diabetic rats treated with PA
agueous extract at 400mg/kg body weight showed a reduction in postprandial blood glucose (as
in figure 4.3A) when compared with the untreated diabetic rats. Our findings clearly showed that
PA extract acted by inhibition of a-glucosidase, thereby delaying the absorption of glucose from
the intestinal tract, hence, its antihyperglycemic effect. This study corroborates the previous
investigators that showed that PA extracts at various doses tested, significantly reduced blood
glucose levels [49,50]. Besides, in the study, we demonstrated that the antidiabetic effect
exhibited by the PA extract is antihyperglycemic (as depicted in the OGTT results in figure 4.3A)
and not hypoglycaemic as earlier reported [51] thus corroborating the work of Moshi et al. [52].
We observed persistent weight loss in the diabetic control animals as well as in all the diabetic
treated groups up till day 21, after which there is a probable sign of weight gain after day 28
(figure 4.2). The reduction in weight supports one of the typical symptoms of diabetes mellitus,
which is unexplained weight loss due to excessive hunger and urination. Although an earlier
report showed that there was weight gain in diabetic animals after treatment with PA extract [53].
This claim could not be established in the present study. More so, scientific reports showed that
tannin is abundantly present in Phyllanthus amarus [18,19]. Research showed that tannins have
an antinutritional property that causes weight loss in rodents by forming complexes with proteins
in the intestinal lumen [54,55] or by causing loss of appetite in the animals [56]. As a result, the
abundant presence of tannin in this plant extract and the strain of the rats used in the present
study could be possible reasons for the failure of the animals to experience weight gain following

treatment with PA.

Furthermore, Adeneye [53] demonstrated that PA control glucose level in diabetes mellitus

mediated by improving insulin resistance, hence supporting its ethnomedicinal use in the
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traditional management of diabetes mellitus. Similarly, our study revealed that PA 400 mg/kg
body weight increased serum insulin levels similarly to glibenclamide (a standard antidiabetic
drug used in this study as depicted in Figure 4.3C) compared to the non-treated diabetic control
rats as well as the healthy control animals (p>0.05). The finding agrees with a previous report
that showed 400mg/kgbwt effectively controlled blood glucose in rats [24]).

Glycaemic control is very critical in the management of diabetes mellitus. However, glycaemic
control is just one aspect of an overall management plan that encompasses the effective
treatment of hypertension and dyslipidaemia [57,58], as both conditions are commonly
encountered in patients with T2D. Nevertheless, results from randomized controlled trials have
conclusively demonstrated that the risk of microvascular complications can be reduced by
intensive glycaemic control in patients with type 1 and type 2 diabetes mellitus [59,60]. These
trials led to the American Diabetes Association’s glycosylated haemoglobin (HbA1c) goal of 7%
after 60% and 25% reduction in diabetic retinopathy, nephropathy, and neuropathy. Besides,
HbALlc reflects average plasma glucose over the previous eight to 12 weeks [61] and thereby
giving a clear picture of glycaemic control [62]. Our study shows that HbAlc in diabetic untreated
animals and the diabetic treated rats were raised (p<0.0001) versus the healthy controls (Figure
4.3B). The failure of this study to achieve a reduction in the HbAlc could also be due to the
short study period, as assessing response to antidiabetic therapy involves periodic - generally 3

- to 6 — monthly- measurement of HbAlc [48].

Nitric oxide (NO) is increased in the course of vascular diseases such as diabetes and
hypertension [63]. Higher glucose levels in serum were suggested to be responsible for the
activation of endothelial cells to enhance NO levels. Besides, NO plays a vital role in the
vascular flow of blood to the skeletal tissue, thereby increasing delivery and uptake of glucose
by myocytes [64]. Tessari et al. [65] suggested that insulin resistance might be responsible for
the reduced urinary excretion of NO in type 2 diabetes since the stimulation of NOS activity is a
downstream effect of Akt activation by insulin. In the present study, PA 200mg/kgbwt
significantly reduced serum NO levels compared with the diabetes untreated rats (Figure 4.4A).
The observed low levels of NO are deemed to be beneficial for several physiological and cellular
functions, while high levels of NO could be detrimental to the cells. The negative impact of nitric
oxide is because its high levels may react with superoxide anion to generate peroxynitrite
radical, which binds to proteins and thus affects their function [66]. This finding agrees with
Adela et al. [67], who observed a significant increase in serum NO levels in hyperglycemic rats

compared to healthy controls. Besides, the activity of serum myeloperoxidase (MPO), a
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biomarker of oxidative stress and inflammation, remains high in the diabetic untreated rats
(p<0.0001)versus the healthy controls while the extracts PA 200mg/kgbwt and PA 400mg/kgbwt
brought down serum MPO compared with the diabetic rats (p<0.0001) in a similar manner to the
glibenclamide (Figure 4.4B). The ability of the extract to bring down the serum level of
myeloperoxidase activity in this report validates the plant extract’s use in the local management
of inflammation and diabetes [6,23,46,53].

There is a crosslink between hyperglycaemia, oxidative stress and diabetic complications
[68,69]. Study shows that hyperglycaemia elicits oxidative stress by releasing free radicals [70].
During normal physiological conditions, networks of antioxidant defences protect the body from
the harmful effects of free radicals [12]. However, these defences become weakened during
diabetes, exacerbated by chronic hyperglycaemia to produce reactive oxygen species [71]. The
abnormally high levels of free radicals and a concomitant decline in these antioxidant defences
[72] may result in damage to cellular organelles and enzymes, which further results in increased
lipid peroxidation and eventual insulin resistance [73]. In the present study, PA 400 mg/kgbwt
increased glutathione (GSH) in the pancreatic tissue by +38.41% compared with the normal
controls (p>0.05) (Figure 4.5A) while glutathione peroxidase (GPx) activity in PA 200mg group
increased by 23% compared with the normal control (Figure 4.5D). PA 200mg/kgbwt and PA
400mg/kgbwt caused an insignificant increase (p>0.05) in glutathione-S-transferase (GST)
activity by +20.3% and +17.1% respectively (Figure 4.5E). The two doses of the plant extract
tend to bring the malondialdehyde (MDA) to normal levels similarly to the glibenclamide
compared with the diabetic control rats (Figure 4.5C). These findings indicate that the plant
extract has the potential to mitigate oxidative stress precipitated by diabetes.

Histologically, the most dramatic changes were observed in the GLIBEN 0.2mg/kg group. Here,
the pancreatic islets were depleted. This depletion could indicate that glibenclamide treatment
did not improve the progression of diabetes in this instance. The PA 200mg and PA 400mg
groups showed depletion of the pancreatic islets. Besides, necrosis of the pancreatic islet cells
was not a feature of these treatment groups compared to the diabetic controls. The absence of
necrosis suggests that PA at 200mg/kgbwt and PA 400mg/kgbwt potentially put a halt to the
progressive destruction of the islets of Langerhans. It is highly probable that the small-sized
islets observed in PA 200mg and 400mg groups are signs of the ongoing regeneration of
pancreatic islets that were hitherto destroyed during diabetes. Based on these findings, the
possible ability of PA to stimulate endogenous B-cell proliferation needs further investigation. It

has been reported that the proliferative rate of 3-cells in one-month-old rats and seven-month-
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old rats were approximately 4% and 0.5% per day, respectively [74]. Since the rats investigated
in this study were six weeks old and well within the age range that pancreatic 3-cell regeneration
has been reported, it is highly probable that B-cell recovery occurred in the pancreatic islets in
the PA 200mg/kg and PA 400mg/kg groups.

4.7. Conclusion

Oxidative stress during diabetic condition disturbs glycaemic indices. The findings from our study
show that PA aqueous extract possesses a significant inhibition on a-glucosidase improves
serum insulin levels, together with the activities of antioxidant enzymes, thereby modulating
oxidative stress caused by diabetes. Therefore, this plant extract should be explored further as it

could aid the development of antidiabetic drugs.
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ABSTRACT

This research seeks to assess the inherent protective mechanisms of Phyllanthus amarus (PA)
out of hepatic, renal and cardiac complications in a T2D diabetic animal model. T2D was created
in male Wistar rats with fructose: streptozotocin model, followed by oral feeding with PA
(200mg/kgBWT. and 400mg/kgBWT) or glibenclamide (0.2 mg/kgBWT) daily for four weeks. The
effects of the treatments on the liver, kidney and cardiac functions of diabetic rats were
assessed in blood and tissue samples. There was persistent emaciation in the animals, except
among the healthy controls up to day 21 of the experiment and a significant difference in
absolute and relative liver weights of diabetic untreated rats compared with the healthy control
(p<0.0001). PA 200mg/kgBWT significantly reduced the triglycerides levels compared with
diabetic non-treated animals (p<0.0001). PA 200mg/kgBWT and PA 400mg/kgBWT caused a
rise in the activity of GPx together with reduced lipid peroxidation in the rats’ liver, kidney as well
as the heart when compared with glibenclamide and diabetic untreated rats. PA 200mg/kgBWT,
as well as the PA 400mg/kgBWT, normalised the activities of ALP and AST respectively

corresponding to the diabetic control rats.

In comparison, PA 200mg/kgBWT normalised the activity of GGT when corresponding with the
diabetic control animals. Besides, there was notable hypoproteinemia in all the diabetic groups
(p<0.0001) similarly to the healthy control rats. Conclusively, Phyllanthus amarus possesses an
ameliorative effect on the hepatic damage precipitated by diabetes.

Keywords: Phyllanthus amarus, triglycerides, oxidative stress, liver, kidney, heart, Wistar rats
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5.1. Introduction

Diabetes mellitus is a chronic, metabolic disorder of carbohydrate, protein, and lipid metabolism.
It is either due to complete or partial insulin deficiency or insulin action [1;2]. This abnormality is
typified by an excessive amount of free glucose in the bloodstream, a condition known as
hyperglycaemia. The chronic hyperglycaemia of diabetes leads to the release of reactive oxygen
species, resulting in oxidative stress. A recent study suggests that hyperglycaemia is the
pathophysiological basis for oxidative stress [3], occurring in cases of an imbalance between the
body’s natural defence system and the reactive oxygen species. It is the resultant stress
created on various cells and organs by hyperglycaemia that produces complications. As a result,
in diabetic patients, prolonged damage, dysfunction, and organs failure, especially the eyes,
kidneys, nerves, heart, testes and blood vessels are related to uncontrolled hyperglycaemia
[2;4;5;6].

In the clinical setting, drugs are often prescribed to treat diabetes. These conventional diabetic
treatments bring about side effects such as gastrointestinal disturbances, flatulence, abdominal
discomfort, hypoglycaemia, weight gain, dizziness, bloating and diarrhoea. Adverse effects of
the drugs, failure rates with their exorbitant cost make people hunt for alternative or
complementary medicine because they are natural in origin with fewer side effects [7]. Hence,
the current global awareness and consideration for natural products such as medicinal plants.

Phyllanthus amarus is a herb found in the tropics around the world. It possesses antidiabetic,
hypolipidemic, anti-inflammatory potentials [8]. Many phytochemicals in the Phyllanthus species
constituting their active principle and available in the plant are lignans, glycosides, flavonoids,
alkaloids, ellagitannins and phenylpropanoids that are present in their leaves, stems, as well as
the roots. Some lipids such as sterols and flavonols are also found in the plant [9]. Phyllanthus
amarus is known to have two lignans, viz phyllanthin and hypophyllanthin, from the leaves of the
plant [10;11]. Niranthin, nirtetralin, phyltetralin and lintetralin; the four-flavanone glycoside has
also been reported to be from the leaves of Phyllanthus amarus [12;13]. This study is uniquely
designed to investigate the mechanism of its antidiabetic, radical scavenging, and protective
effect against complications on the liver, kidney, and cardiovascular system in a rat model of

diabetes.

Therefore, this study evaluated potential protective mechanisms of Phyllanthus amarus against
hepato-renal and cardiac complications in streptozotocin-induced diabetes male Wistar rats.
Besides, we measured various biochemical markers in the liver, kidney, and heart tissues after

different treatment protocols in a streptozotocin-induced diabetic male Wistar rat.
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5.2. Materials and methods

5.2.1. Reagents

Streptozotocin (18883-66-4) was procured from Merck Group-Sigma-Aldrich Chemical
Company, South Africa. D-Fructose was bought from Loba Chemie PVT. LTD, Mumbai, India.
Cobas Elecsys® reagents, controls, and calibrators for use on Roche/Hitachi Cobas ¢ 311 and
Cobas e 411 analysers were purchased from Roche Diagnostics (Roche, Germany).

5.2.2. Bioactive Materials

Fresh whole Phyllanthus amarus plants were collected during the raining season between July —
September 2016 at Ado-Ekiti in south-west Nigeria. A botanist from the forestry herbarium,
(FRIN), Ibadan assisted with the identification and authentication of the plant sample (FHI NO:
110242) for future reference. Leaves from this plant were shade-dried and ground to a powder
with mechanical mill (Mincer 9FQ-28, China). 100gm of powdered aqueous extract soaked in 1 L
of distilled water and stirred, was left for 24h, at 24°C - 25°C. The resultant homogenate was
filtered with Whatman no one filter paper. Its fraction was then evaporated to dryness at reduced
pressure in a rotary evaporator (Buchi Rotavapor Il, Buchi Germany) at 40°C and lyophilized in a
freeze-dryer (VirTis Genesis 25EL, SP Scientific, NY, USA) for sixteen hours; the dried extract

was then preserved at 4°C until ready for use [14].

5.2.3. Animal and Ethics Protocols

Animal ethics clearance was sought and obtained from the Research Ethics Committee, Health
and Wellness Sciences Faculty, Cape Peninsula University of Technology (approval no:
CPUT/HW-REC 2016/A1). Also, guidelines for the care and use of laboratory animals from the
animal’'s ethics committee of the University of lbadan were strictly followed in all the
experimental protocols and the handling of the animals (approval No: UI-ACUREC/19/0017). Six
(6) weeks old male Wistar rats, weighing 190+£10gm were studied. They were procured and
reared at the animal house, Department of Vet. Physiology and Biochemistry, Ul., Nigeria where
they were housed in individual cages under controlled, standard, laboratory conditions; humidity
between 45% - 55%, and an ambient temperature between 22°C - 26°C and regular photoperiod

(12-hours dark:12-hour light). They were fed two times in a day (09:00 am and 4:00 pm) with
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rats’ cubes of pelleted feed produced by Ladokun and Sons Livestock Feed, Nigeria Limited.

The animals were afforded unrestricted access to clean water inside clean bowils.

5.2.3.1. Animal Grouping

Fifty (50) rats were arbitrarily distributed in five groups having ten rats each and marked: NC —
Normal untreated Control; DC — Diabetic untreated Control; PA 200mg/kgBWT — Diabetic
treated rats with Phyllanthus amarus (200mg per kg body weight); PA 400mg/kgBWT- Diabetic
treated rats with Phyllanthus amarus (400mg per kg body weight); GLIBEN 0.2mg/kgBWT —
Diabetic rats treated with glibenclamide, a conventional antidiabetic drug, (0.2mg per kg body

weight).
5.2.3.2. Type 2 diabetes mellitus (T2D) in the animals

Animals were allowed one week after purchase to acclimatize to their new environment. After
that, the animals had unrestricted access to 10% fructose water within another two weeks, and
their weights were measured. After termination of the fructose water, a once-off, medium-dose
streptozotocin injection (55mg/kgBWT) into cold citrate buffer pH 4.5 was administered
intraperitoneally to induce diabetes. The non-diabetic control group received the same cold
citrate buffer, intraperitoneally. Diabetes mellitus was established after 96h (4 days) of
streptozotocin administration. We fasted the rats for 4h after which blood glucose was
determined. Animals having glucose levels = 11.1mmol/L were regarded as diabetic to be used

in the experiment.

5.2.3.3. Treatment

Treatment to respective experimental groups with the extract and standard antidiabetic drug,
glibenclamide (0.2mg per kg body weight per day) was commenced after 96h of diabetes
confirmation. Again, body weights and blood glucose measurements were taken once weekly.

Oral administration of the extract/glibenclamide then continued daily for four calendar weeks.

5.2.4. Oral Glucose Tolerance Test (OGTT) and Samples for Biochemical assays

A day before sacrifice, rats were fasted for eight hours, after which an OGTT was done on all the

animals. Blood sample (0 min) was taken; then the rats received daily treatments. A dose of D-

124



glucose (50%) solution (2 g/kgBWT) was orally administered to each rat, and the successive
glucose levels were determined at 30, 60, 90 and 180-minutes post-glucose ingestion. Blood
(10pL) was withdrawn from the rats via tail prick method, then glucose level evaluated using
Accu-chek® glucometer (Roche, Germany) based on the glucose oxidase method [15].

5.24.1. Liver, Kidney, Heart Tissues, and blood Samples Collection

After the four weeks’ study period, the experiment was terminated, and the animals were
sacrificed the following day. On the day of sacrifice, five rats (n=5) in each group were
anaesthetised and euthanized using sodium pentobarbital, 60mg/kgBWT followed by cervical
dislocation. 6mL of blood specimen was drawn and dispensed into respective blood tubes (plain,
EDTA and lithium heparinized) for biochemical evaluations. The clotted, heparinized and EDTA
blood samples were centrifuged at 3,500 revolutions per minute (rpm) for 20 minutes. The
supernatant was separated labelled appropriately and stored in a -80°C freezer until the time of
analysis. Liver, kidney, and heart tissues were removed, washed with PBS then fixed by 10%

formol-saline fixative, for histopathological assessment.

5.24.2. Homogenization

Heart, kidneys, and liver were immediately cut out, trimmed of fats, and washed in ice-cold PBS
solution and weighed. The tissue samples were sliced into smaller pieces and homogenized in
the buffer (1gm/2mL) using a homogenizer (Yellow™D1 25 basic, IKA® -WERKE GMBH & CO,
Germany); then briefly centrifuged at -4°C for 20mins. The supernatant was separated and
dispensed into 2mL cryovials and frozen at -80° until ready for endogenous antioxidant and

biochemical evaluations. (Yellow™D1 25 basic, IKA® -WERKE GMBH & CO, Germany).

5.2.4.3. Bodyweight change, organ weights and relative organ weights

Throughout the experimental procedures, body weights were monitored weekly. Changes in
body weight of the animals were calculated as previously described [16], using the formula

below:

Body weight change (g) = Final body weight (g) — Initial body weight (g)
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Where, the initial body weight = mean weight at day 4 (96h) post-streptozotocin administration

and the final body weight = the mean weights at termination.

The cut and trimmed liver, kidneys and heart tissues of the rats were weighed on a tabletop
weighing balance (Precisa 2200C SCS, Precisa Instruments AG, Switzerland) to get their
absolute weights, while the organs' relative weights were calculated as follows:

Relati i ghts (%) = Absolute weight (g) 100
elative organ weights (%) = - body weight (g) x
. . . . Left + right absolute kidney weights (g)
%) =
Combined relative kidney weight (%) Final body weight (g) x100
5.2.4.4. Blood Glucose and Serum Insulin

5244.1. Blood Glucose

Fasting blood glucose (FBG) was measured based on the glucose dehydrogenase method [15],
using a portable glucometer (Accu-Chek® Active, Roche, Germany). Glucose dehydrogenase in
the strip converts the glucose in the blood sample to gluconolactone. This reaction liberates two
electrons that react with a coenzyme (PQQ) electron acceptor. The complete reaction creates a
harmless electrical current that the meter interprets as blood glucose. On a test strip that was
slid in the measurement window, one drop (10uL) from the rat’s tail prick was applied on the test

field of the test strip, the meter then displays the concentration of glucose in mmol/L.

5.2.4.4.2. Serum Insulin

The level of insulin in the rat's serum was determined using Thermoscientific™ Pierce™ Rat
insulin, ELISA Kit by carefully following its manufacturer's instruction as contained in the
products insert. A calibration curve was plotted having the average absorbance for each
standard concentration on the Y-axis against its corresponding insulin concentration on the X-
axis. The level of insulin (uIU/mL) in each sample was determined by tracing the insulin
concentration (X-axis) to the absorbance value on the Y-axis. Expressing the results in SI unit,
1ulU/mL = 6.945pmol/L.
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5.2.5. Assessment of serum markers of hepatic, renal and cardiac functions
5.2.5.1. Assessment of Hepatic Function

To assess the hepatic function in the rats’ sera, the activities of the liver enzymes and the
protein concentrations, as shown in figure 5.6 were determined colourimetrically on

Roche/Hitachi Cobas ¢ 311 analyser.

5.25.2. Assessment of Renal Function

5.2.5.2.1. Electrolytes

The rats’ plasma sodium, potassium and chloride ions were determined using ion-selective
electrode (ISE) on the Cobas ¢ 311 analyser for clinical chemistry. At the same time, serum
HCO3; was measured by titrimetric analysis.

5.2.5.2.2. Serum Urea

Urea in the rat’'s serum was determined kinetically using urease with glutamate dehydrogenase

on Roche/Hitachi Cobas ¢ 311 analysers.

5.2.5.2.3. Serum Creatinine

Creatinine in the rat’s serum was determined using the Creatinine Jaffe Gen.2 (CREJ2) in-vitro

test on Roche/Hitachi Cobas ¢ systems.

5.25.2.4. Serum Uric acid

Uric acid (UA) level in the rat's serum was determined using a modified indirect equilibrium

enzymatic (uricase) colourimetric test on Roche/Hitachi Cobas ¢ 311 analysers.
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5.25.3. Assessment of Cardiac Functions

5.2.5.3.1. Serum Lipid parameters

The rat’s serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL) and low-
density lipoprotein cholesterol (LDL) were estimated using colourimetric assay procedures on

Roche/Hitachi Cobas ¢ 311 analysers.

5.2.5.3.2. Serum Troponin

Cardiac troponin | (cTnl) was determined in the rat’'s serum using the electrochemiluminescence

immunoassay on Elecsys immunoassay analyser.

5.2.6. Endogenous Antioxidant Estimation

The activities of antioxidant enzymes in the liver, kidney and heart tissue homogenates were
measured spectrophotometrically in a transparent 96-well plate with microplate ELISA reader
(Multiskan Spectrum by Thermo Electron Corporation, MA, USA). The activity SOD in liver,
kidney and heart tissues homogenate was determined by a modified method of Mistral and
Fridovich [17]. Also, their glutathione-S-transferase activity was determined following a modified
method (Prohaska ad Ganther [18]. Whereas, glutathione peroxidase (GPx) activity together
with the level of reduced glutathione (GSH were measured according to a previously described
method, Beutler et al. [19].

5.2.6.1. Tissue Lipid Peroxidation

Malondialdehyde (MDA) content was measured using the thiobarbiturate (TBA) test in the
hepatic, renal and cardiac tissues according to a method described by Varshney and Kale [20].
MDA (nMol) as a function of lipid peroxidation was calculated by multiplying the absorbances by

a molar extinction coefficient of 1.56 x 10%/M/cm.
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5.2.7. Anti-inflammatory Biomarkers
5.2.7.1. Myeloperoxidase Activity

Serum myeloperoxidase (MPO) activity was determined according to the method of Xia and
Zweier [21]. In a cuvette was pipetted 200puL of O-dianisidine and H,O, mixture followed by
addition of 10uL of the serum sample. The mixture was measured at O seconds, 30 seconds,
and 60 seconds respectively at 460nm wavelengths.

Calculation:

change in activity
MPO generated = - x10
mg protein

T,=30-0 and T, = 60 seconds.

5.2.8. Estimation of Serum Nitric Oxide

A modified method, as described by Maciel et al. [22], was followed to measure serum nitric
oxide (NO) levels. In this method, serum NO levels were determined by the measurement of
NOy (nitrite and nitrate) after enzymatic reduction of nitrate to nitrite[23] by nitrate reductase, as
previously described by Green et al., [24]. Briefly, 50uL of undiluted serum was incubated with
the same volume of reductase buffer 0.1M potassium phosphate, p” 7.5, containing 1mM
nicotinamide adenine dinucleotide phosphate, 10mM flavin adenine dinucleotide and four units
of nitrate reductase/mL for 20h at 37°C [22]. The Nitrite concentration was then determined

using the Griess reaction as described by Maciel et al. [22].

5.2.9. Histopathological Assessment of liver, kidney and heart using
Haematoxylin and Eosin (H&E) stain

Liver, kidney, as well as heart tissues, were collected into 10% formol-saline; then, processed
and embedded in paraffin wax. Afterwards, sections of 5um in thickness were prepared and

stained using haematoxylin and eosin (H&E) for histopathological assessment [25].

Histopathology evaluation was carried out by a qualified veterinary pathologist (Department of
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Vet. Pathology, University of Ibadan, Nigeria) with no prior knowledge of the animal groupings

and their treatments.

5.2.10. Statistical analysis

All graphical evaluations and representations were done with GraphPad Prism software, version
5.0 (GraphPad Software, San Diego, California, USA). Data were displayed as mean values (+
SEM), n=5 [26]. A one-way ANOVA together with Bonferroni’s multiple comparison evaluation (if
p < 0.05) was used. Differences were significant if p is less than 0.05 [27].

5.3. Results

5.3.1. Body and organ weights of the animals

The results as depicted in figure 5.1, show a persistent body weight loss of the animals, except
the healthy controls up until day 21 of the experiment, after which there was a visible sign of
weight gain. Figure 5.2 revealed no significant difference in the absolute and relative weights of
experimental animals’ kidney and heart weights compared with the healthy untreated and
diabetic controls. However, absolute, and relative liver weights’ differences of the untreated

diabetic rats versus the healthy controls are significant (p < 0.0001).
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Figure 5.1: Graphical representation showing persistent body weight loss of the animals
¥ < 0.001 (NC vs DC at day 28), ™p < 0.05 (NC vs PA 200mg/kgBWT. at days 14 and 28)
S*p < 0.01 (NC vs PA 400mg/kgBWT. at 21), “p < 0.05 (NC vs PA 400mg/kgBWT at 28)

%p < 0.05 (DC vs PA 200mg/kgBWT at day 14); 'p < 0.05 (DC vs PA 400mg/kgBWT at day 21)

™p < 0.01 (PA 200mg/kgBWT vs GLIBEN 0.2mg/kgBWT at day 14). Values are mean+SD (Two ways
ANOVA followed by Bonferroni multiple comparison tests).
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Figure 5.2: Absolute and Relative Liver, Kidney and Heart weights of the animals

For the absolute and Relative Liver weights, there was a significant weight enlargement in the diabetic
liver compared to the normal controls, NC versus DC ~ p<0.001, DC versus PA 200mg/kgBWT.
"p<0.001, DC versus PA 400mg/kgBWT, ~p<0.001, DC versus GLIBEN 0.2mg/kgBWT ~ p<0.001
(Values are meanzSD, n=5 (Significant values were evaluated with one-way ANOVA afterwards,
Bonferroni multiple comparisons were made)
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Table 5.1: Meant (SD) Body weight, % weight changes, absolute and relative Liver, Kidney and
Heart weights in all the experimental groups

Groups Bodyweights Bodyweight
change (%) Liver wt Combined Kidney wt Heart wt

Initial Final ALW (g) RLW (%) AKW(g) RKW (%) AHW (g) RHW (%)
NC 153+6.2 179 #17.5 17.0 4.6+0.3 2.6+0.3 14+0.1 0.78+0.10 0.5+0.05 0.29+0.04
DC 171.6+10. 144.6 £ 14.3 -15.8 5.3+0.2 4.3+0.4 1.04+0.1  0.73+0.10 0.51+0.05 0.36+0.05
PA 200 153.3+9.6 153.2 +6.6 0 4.240.1 2.8+0.2 1.12#0.2  0.73+0.10 0.4040.08 0.26+0.05
mg/kg
PA 400 158.4+14.6 153.6 +8.0 -25 4.4+0.1 2.9+0.2 1.21+0.1  0.79+0.04 0.48+0.06 0.31+0.03
mg/kg
GLIBEN 175.2+6.0 165.6 +25.8 -55 4.5+0.1 2.8+0.5 1.09+0.33  0.68+0.26 0.55+0.16 0.34+0.12
0.2mg/kg

The result shows a significant loss in absolute and relative liver weights of the diabetic control rats
compared to the normal controls (p<0.0001). ALW: Absolute liver wt., RLW: Relative liver wt., AKW:
Absolute kidney wt., Combined kidney wt: Absolute Left kidney wt + Absolute Right kidney wt., RKW:
Relative kidney wt. NC: normal control, DC: Diabetic control, PA 200mg/kgBWT: Diabetes + 200mg
Phyllanthus amarus/kg body weight, PA 400mg/kgBWT: Diabetes + Phyllanthus amarus/kg body weight,
GLIBEN 0.2mg/kgBWT: Diabetes+glibenclamide 0.2mg/kg body weight. Values are meanzSD, n=5
(Significant values were evaluated with one-way ANOVA afterwards, Bonferroni multiple comparisons
were made)

Table 5.2: Mean + (SEM) Fasting Blood Glucose, Oral Glucose Tolerance Test (OGTT), HB Alc and
Serum Insulin

Parameters NC DC PA 200 mg PA 400 mg GLIBEN. 0.2
mg

Initial FBG 3.8+0.5 10.3+44 151+11 11.1+1.3 141+46

(mmol/L)

Final FBG 4.7+09 13.3+7.0 20.9+2.2 21.2+0.7 19.2+1.8

(mmolL)

Change +0.9 +3.0 +5.8 +10.1 +5.1
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In FBG

(mmol/L)

0’(mmol/L) 48+15 149+45 17.1+5.4 155+ 3.6 16.3+2.2
30’(mmo/L) 8.5+0.8 26.5+1.8 30.4+£32 30.0+34 25.3+4.3
60’(mmolL) 75+1.2 28.8+24 30.4+238 25.8+ 45 28.3+ 3.6
90’(mmolL) 58+1.1 27.0+4.0 31.8+12 252+51 25.8+2.1
180’(mmol/L 45+0.7 19.9+3.9 17.2+3.3 144 +5.2 20.8+0.9
HBAlc 14.1+1.8 325+3.1 29.4+54 31.6+3.3 31.3+27
(mmol/mol)

Serum Insulin | 8.6+0.9 9.0+ 0.6 80+13 12.8+6.6 31.0+75
(MU/mL)

This table indicates a. There is a varying degree of significant changes in the fasting blood glucose
concentration of the normal/healthy control, diabetic controls, and the diabetic-treated rats with
Phyllanthus amarus/glibenclamide four days after streptozotocin administration and at termination (day
28) of the experiment. b. The antihyperglycemic effect of PA extracts, demonstrated by the OGTT results.
The blood glucose levels in the PA 200mg and PA 400mg rats tend to return to normal after 180 mins of
oral glucose load when compared with the diabetic controls. c. The serum insulin levels of the PA 400mg
and GLIBEN 0.2mg rats were raised compared to the normal control animals. NC=normal/healthy control
rats; DC = Diabetic control rats without treatments; PA 200mg = Diabetic treated rats with Phyllanthus
amarus 200mg extract per kg body weight/day; PA 400mg = Diabetic treated rats with Phyllanthus amarus
400mg/kg extract per kg body weight/day; GLIBEN. 0.2mg = Diabetic treated rats with glibenclamide
0.2mg drug per kg body weight/day.

5.3.2. Hepatic tissue oxidative stress biomarkers

Figure 5.4 shows that the PA 200mg/kgBWT and PA 400mg/kgBWT caused an elevation in the
activity of GPx in the liver and reduced the level of lipid peroxidation compared to the rats

treated with glibenclamide.
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Figure 5.3: Hepatic oxidative stress biomarkers of the healthy untreated, diabetic controls and the
diabetic treated animals.

Both 200mg/kgBWT and 400mg/kgBWT reduced liver MDA (p<0.0001) and H,0, (p>0.05) but increased
liver GPx (p<0.0001). Values are mean+SD, n=5 (analysed by on-way ANOVA afterwards, Bonferroni
multiple comparisons were made); a = compared to NC, b = compared to DC, ¢ = compared to PA 200mg.
*p<0.05, **p<0.0001. NC = normal/healthy control rats; DC = Diabetic control rats without treatments; PA
200mg = Diabetic treated rats with Phyllanthus amarus 200mg extract per kg body weight./day; PA 400
mg = Diabetic treated rats with Phyllanthus amarus 400 mg extract per kg body weight/day; GLIBEN.
0.2mg = Diabetic treated rats with glibenclamide 0.2mg drug per kg body weight/day.

5.3.3. Renal tissue oxidative stress biomarkers
Figure 5.5 below shows that PA 200mg/kgBWT and PA 400mg/kgBWT significantly reduced
lipid peroxidation in the rats’ kidney in a similar way to glibenclamide compared to the diabetic

untreated animals (p<0.0001).
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Figure 5.4: Renal oxidative stress biomarkers of the healthy untreated, diabetic controls and the
diabetic treated animals

There is a significantly reduced lipid peroxidation in the diabetic-treated rats’ kidney, but higher lipid
peroxidation in diabetic-untreated animals, as demonstrated by the kidney malondialdehyde (MDA) levels.
Values are mean+SD, n=5 (Data were evaluated by one-way ANOVA afterwards, Bonferroni multiple
comparisons were made); a = compared to NC, b = compared to DC, ¢ = compared to PA 200mg. *p less
than 0.05, **p less than 0.01; **p less than 0.001.
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5.3.4. Cardiac tissue oxidative stress biomarkers

Figure 5.6 below shows that PA 200mg/kgBWT and PA 400mg/kgBWT reduced lipid

peroxidation

in the rats’ heart in a similar way to glibenclamide compared with the diabetic untreated rats.
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Figure 5.5: Cardiac oxidative stress biomarkers of healthy untreated, diabetic controls and the
diabetic treated animals.

Significant reduction glutathione transferase (GST) in the rats’ heart of the diabetic-treated rats with PA
200mg/kgBWT and PA 400mg/kgBWT. Values are meanzSD, n=5 (evaluated by one-way ANOVA
afterwards, Bonferroni multiple comparisons were made); a = compared to NC, b = compared to DC, ¢ =
compared to PA 200mg. * if p<0.05, ** if p<0.01; ** if p<0.001.

137



5.3.5. Hepatic (Liver) Function tests

Figure 5.7: showing PA 200 mg/kgBWT and PA 400mg/kgBWT normalised the activities of ALP
and AST, respectively compared to the diabetic untreated rats. PA 200mg/kgBWT normalised
the activity of GGT compared to the diabetic untreated rats. Significant hypoproteinemia was

observed in all the diabetic groups (p<0.0001).

138



ALP AST

800
600:

=

S 400

200

O O
& PP Oe® E F @O ©
S N S
o QX QY &
L Q
[ o
Treatments Treatments

TOTAL PROTEIN
GGT

B Ne

€3 oc

£ PA 200mg

@D PA 400mg
GLIBEN. 0.2mg

O

@] SIS IS
S Q
NPSIPSIPNY °°@u°°® 0{]’@
& & P >
S & o RAEE
Qv ©
QY R Q,Q/ O\>
>
9 Treatments
Treatments GLOBULIN

€3 NC

€3 oc

3 PA200mg

@ PA 400mg
GLIBEN. 0.2mg

Q

RIS
SAEN
® ® o
R

NS
o\/

Treatments

ALT

&8 NC

€3 bc

£ PA 200mg
@D PA 400mg
GLIBEN. 0.2mg

Treatments

ALBUMIN

Treatments

Figure 5.6: Hepatic (Liver) Function tests of the healthy untreated, diabetic controls and the

diabetic treated animals.

PA 200mg/kgBWT. and PA 400mg/kgBWT normalised the activities of ALP and AST, respectively
compared to the diabetic untreated rats. PA 200mg/kgBWT normalised the activity of GGT compared to
the diabetic untreated rats. There was significant hypoproteinemia in all the diabetic groups (p<0.0001).
PA 400mg = Diabetic treated rats with Phyllanthus amarus 400mg extract per kg body weight/day;
GLIBEN. 0.2mg = Diabetic treated rats with glibenclamide 0.2mg drug per kg body weight/day. Values are
meanzSD, n=5 (evaluated by one-way ANOVA afterwards, Bonferroni multiple comparisons were
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made); a = compared to NC, b = compared to DC, ¢ = compared to PA 200 mg. * if p<0.05, ** if p<0.01;
** if p<0.001.

5.3.6. Renal function tests

Figure 5.8 shows that there was no abnormality in the renal functions of the healthy untreated
and diabetic control rats as well as the diabetic treated rats.
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Figure 5.7: Renal function tests of the healthy untreated, diabetic controls and the diabetic treated
animals.

NC = normal control rats; DC = Diabetic control rats without treatments; PA 200mg = Diabetic treated rats
with Phyllanthus amarus 200mg extract per kg body weight/day; PA 400mg = Diabetic treated rats with
Phyllanthus amarus 400mg extract per kg body weight/day; GLIBEN. 0.2mg = Diabetic treated rats with
glibenclamide 0.2mg drug per kg body weight/day. Values are meantSD, n=5 (evaluated by one-way
ANOVA afterwards, Bonferroni multiple comparisons were made); a = compared to NC, b = compared to
DC, ¢ = compared to PA 200 mg. * if p<0.05, ** if p<0.01; ** if p<0.001.
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5.3.7. Cardiac functions

Figure 5.9 shows that PA 200 mg/kgBWT significantly reduced serum triglyceride and
cholesterol levels (p<0.0001) compared to the normal controls. PA 200mg/kgBWT, PA
400mg/kgBWT and GLIBEN 0.2mg/kgBWT significantly reduced serum MPO level when

compared with the diabetic controls.
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Figure 5.8: Cardiac function tests of the healthy untreated, diabetic controls and the diabetic
treated animals.
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PA 200mg/kgBWT significantly brought down the serum levels of triglyceride, while the PA
200mg/kgBWT, PA 400mg/kgBWT and GLIBEN 0.2mg/kgBWT significantly reduced serum MPO level.
Values are meantSD, n=5 (evaluated by one-way ANOVA afterwards, Bonferroni multiple comparisons
were made); a = compared to NC, b = compared to DC, ¢ = compared to PA 200 mg. * if p<0.05, **
if p<0.01; ** if p<0.001.

5.3.8. Histopathology Assessment
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a. Healthy Liver, H&E, x600. Aggregates of lymphocytes in the portal area (arrow).

b. Diabetic Liver, H&E, x600. No visible lesions c. PA 200mg/kgBWT Liver. H&E, x600. Moderate atrophy
of centrilobular hepatic cords (arrows) with prominent sinusoids. d. PA 400mg/kgBWT Liver. H&E, x600.
Moderate atrophy of centrilobular hepatic cords(arrows) with prominent sinusoids. e. Glibenclamide
0.2mg/kgBWT Liver. H&E, x600. Moderate atrophy of centrilobular hepatic cords(arrows) with prominent
sinusoids.

Figure 5.9: Liver Histopathology of the healthy untreated, diabetic controls and the diabetic treated
animals.
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a. Normal Kidney. H&E, x600. No visible lesion b. Diabetic Kidney. X600, H&E.

Vacuoles degenerated in the renal tubular epithelium (arrows). c. PA 200mg/kgBWT Kidney. X600, H&E.
Vacuoles degenerated in the renal tubular epithelium (arrows d. PA 400mg/kgBWT Kidney. X600, H&E.
Flattening (attenuation) of the tubular epithelium (arrows). e. Glibenclamide 0.2mg/kgBWT Kidney. X600,
H&E. Vacuoles degenerated in the renal tubular epithelium (arrows).

Figure 5.10: Kidney Histopathology of the healthy untreated, diabetic controls and the diabetic
treated animals.
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a. Normal Heart. H&E. x600. No visible lesion b. Diabetic Heart. H&E. x600. Focal

coagulative necrosis and fragmentation of cardiomyocytes (arrows) c. PA 200mg/kgBWT Heart. H&E.
x600. Thinning of the muscle fibres (arrows) d.PA 400mg/kgBWT Heart. H&E. x600. Extensive necrosis
and fragmentation of cardiomyofibres (arrows) with haemorrhage and thinning of the muscle fibres. e.
Glibenclamide 0.2mg/kgBWT Heart. H&E. x600. Vacuolation of the cardiomyocytes

Figure 5.11: Heart Histopathology of the normal, diabetic controls and the diabetic treated animals.

5.4. Discussion

Diabetes mellitus is a complex metabolic abnormality often seen with hyperglycaemia, excessive
urination, thirst and hunger [28]. Another cardinal symptom of diabetes is unexplained weight
loss [29]. In people with diabetes, lack of or no insulin secretion prevents glucose influx into the
body cells from the blood to be used as energy [30]. This condition is termed insulin resistance.
Insulin resistance causes the body to burn fat and muscle for energy, leading to reduced overall
body weight [31]. In the present study, there was a persistent body weight loss of the animals,
except the healthy controls up until day 21 of the experiment, after which there was a visible sign
of weight gain (figure 5.1). As depicted in figure 5.2, no significant difference was observed in
the experimental animals’ liver, kidney and heart weights compared with the healthy untreated
and diabetic controls.

In the present study, we observed that the final fasting blood glucose (FBG) values of the
experimental animals that received treatments remained persistently higher compared to the
normal/healthy and diabetic controls at the termination of the experiment (Table 5.2). It was this
discovery that prompted us to escalate further with a more precise technique, oral glucose
tolerance test (OGTT), thereby, evaluating insulin release and sensitivity [32]. OGTT is a
parameter recommended by the World Health Organisation to assess the body’s ability to
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handle glucose after a period of oral glucose load [33;34]. Karuna and colleagues [35] examined
the antihyperglycemic, hypolipidemic and antioxidant activities of PA aqueous extract in renal
oxidative stress-induced diabetic rats. The study demonstrated how Phyllanthus amarus
treatment rectified the significant decrease in body weight, hyperglycaemia and hyperlipidaemia
seen in diabetic rats. There was also a significantly reduced renal lipid peroxidation, protein
oxidation and a considerably increased glutathione content and glutathione reductase,
glutathione peroxidase and glutathione-S-transferase activities when compared to the diabetic
group. In another study by Putakala et al. [36], the usefulness of PA aqueous extract on insulin
resistance with oxidative stress using high fructose-fed male Wistar rats was investigated. In
their study, “66% fructose plus Phyllanthus amarus (200 mg/kg body weight/day) were
administered simultaneously to the animals for 60 days. The fructose-fed rats demonstrated
weight gain, hyperglycaemia, hyperinsulinemia, impaired glucose tolerance, impaired insulin
sensitivity, dyslipidaemia, hyperleptinemia, and hypoadiponectinemia after 60 days. Co-
administration Phyllanthus amarus, along with the high fructose diet, significantly improved all

the alterations” [36].

In comparison, the present study confirmed the antihyperglycemic effect of PA extracts
demonstrated by the OGTT results and, as reported by Ogar et al., [37]. In our study, the PA 400
mg/kgBWT tends to return blood glucose to normal level after 180 mins of oral glucose load
when compared with the diabetic controls, which suggest improved glucose tolerance. However,
both the glycosylated haemoglobin (HbA1c) and serum insulin remained persistently high. In our
opinion, the failure of the present study to improve these alterations may be because of the short
duration of this study (four weeks) compared to the works of Karuna and co-workers [35] and
that of Putakala et al. [36]. Their studies were prolonged to approximately eight weeks each.

Moreover, research indicates that chronic hyperglycaemia seen in people with diabetes mellitus
elevates the production of free radicals, resulting in oxidative stress and related dysfunctions like
cardiovascular diseases, compromised renal and hepatic functions [38]. The present study
revealed that PA 200mg/kgBWT and PA 400 mg/kgBWT caused an increase in the glutathione
peroxidase (GPx) activities in the liver and reduced the tissue lipid peroxidation level compared
with the animals administered with glibenclamide. This finding corroborates the beneficial use of
Phyllanthus amarus extract to attenuate metabolic syndrome and hepatic oxidative stress in

fructose-fed rats [36].

A complication of T2D is diabetic nephropathy (DN) [39]. It is a complication that arises from

uncontrolled diabetes. Besides, it is suggested that DN is a leading cause of illness and untimely
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death in T2D patients [36]. In the present study, PA 200mg/kgBWT and PA 400mg/kgBWT
significantly reduced lipid peroxidation in rats’ kidney similarly to glibenclamide when compared
with the diabetic untreated rats (p<0.0001). The results agree with that of Karuna and co-
workers [35] who investigated the antihyperglycaemic, lipid-lowering together with antioxidant
activities of Phyllanthus amarus aqueous extract in streptozotocin-induced diabetic rats for eight

weeks.

The present study shows that PA 200mg/kgBWT and PA 400mg/kgBWT reduced lipid
peroxidation in the rats’ heart in a similar way to glibenclamide compared to the diabetic
untreated rats. The finding corroborates the study that investigated the cardioprotective effect of
Phyllanthus amarus extract in a myocardial dysfunction-induced animal model [40]. In that study,
the plant extracts together with Momordica charantia (bitter gourd) was reported to possess a
modulatory effect on enzymes linked with cardiac function in heart tissue of doxorubicin-stressed
rats, thus, making the plant a potential therapeutic agent for the management of cardiovascular

complications arisen from drugs like doxorubicin [41].

Besides, PA 200mg/kgBWT as well as PA 400mg/kgBWT used in the present study tend to
normalise the activities of alkaline phosphatase (ALP) and aspartate aminotransferase (AST),
respectively compared with the diabetic untreated rats. The PA 200mg/kgBWT normalised the
activity of gamma-glutamyl transferase (GGT compared to the diabetic untreated rats. Findings
emanating from this study corroborate the useful hepatoprotective ability of Phyllanthus amarus
plant extract [42;43].

Hyperuricemia, high serum urea and hypoproteinaemia are observed risk factors in diabetes
[44]. In the present study, there is uraemia and hyperuricemia in all the diabetic experimental
rats compared with the healthy control animals. Also, there is significant hypoproteinaemia in all
the diabetic groups (p<0.0001) compared to normal/healthy rats. From this study, the
hepatoprotective role of Phyllanthus amarus against oxidative stress in experimental animals
was established. However, its ability to recover renal damage due to diabetes could not be

ascertained.

Research suggests that patients with T2D and animal models of T2D may display a deranged
lipid profile [45]. Additionally, diabetes presents the most remarkable risk for atherosclerosis
which arises from injury to the endothelial lining of the artery; this allows infiltration of cholesterol
particles into the lining of the artery wall, causing inflammation. In the present study, total
cholesterol, high-density lipoproteins (HDL), and triglyceride levels were measured in

experimental diabetic and control rats. PA 200mg/kgBWT significantly brought down the levels
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of total cholesterol and triglyceride (p<0.0001). This finding correlates with the work of Ogar and

colleagues [37].

From the current study, rats’ liver from the PA 200mg/kgBWT, the 400 mg/kgBWT, as well as
the GLIBEN 0.2mg/kgBWT groups, showed moderate atrophy of the centrilobular hepatic cords
and widening of the sinusoids. The kidneys of rats in the PA 200mg/kgBWT, GLIBEN
0.2mg/kgBWT as well as the diabetic group showed vacuolar degeneration of renal tubular
epithelium. However, the kidneys of rats in the PA 400mg/kgBWT group only showed mild
flattening of the renal tubular epithelium. The heart of rats in the diabetic group, as well as the
PA 200mg/kgBWT and 400mg/kgBWT, showed necrosis of cardiomyocytes. There was thinning
of the muscle fibres in the PA 200mg/kgBWT as well as in the 400mg/kgBWT groups. The
GLIBEN 0.2mg/kgBWT group showed vacuolation of the cardiomyocytes. Besides, PA
200mg/kgBWT, the 400mg/kgBWT, as well as GLIBEN 0.2mg/kgBWT, did not have any
outstanding protection on the hepatocytes. In the same vein, PA did not improve the lesions
observed in the heart of the diabetic group. However, in the GLIBEN 0.2mg/kgBWT group, only
mild lesions (vacuolation of cardiomyocytes) were observed. However, PA at 400mg/kgBWT

ameliorated the renal lesions that were seen in the diabetic group.

5.5. Conclusions

Results from this study demonstrated the antihyperglycemic, antioxidant and hypolipidaemic
activities of Phyllanthus amarus extract. These properties of the extract corroborate its
ethnobotanical use, thus making it a potential natural product for the development of antidiabetic
drugs. However, its ability to recover renal, hepatic, and cardiac lesions under diabetic
conditions may need further investigation with more sensitive renal, hepatic, and cardiac

biomarkers.
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CHAPTER SIX: Phyllanthus amarus ameliorates sperm abnormality and

testicular oxidative stressed diabetic rats via phytoestrogenic as well as radical-

scavenging actions
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ABSTRACT

This study evaluated the potential estrogenic and antiandrogenic actions of Phyllanthus amarus
(PA) in a model of type 2 diabetes-mediated male reproductive dysfunction. Rats were orally
administered daily with PA (200mg and 400mg/kg BWT) or glibenclamide (GLIBEN 0.2mg/kg
BWT) for four weeks. Diabetes confirmation was achieved with fasting blood glucose estimation;
besides, oral glucose tolerance test was done. Androgenicity was evaluated by estimating serum

testosterone and sperm parameters. Besides, serum oestradiol and insulin levels were
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measured. Oxidative stress was assessed by measuring serum nitric oxide (NO),
myeloperoxidase (MPO), testicular hydrogen peroxide (H,O,) generation, malondialdehyde
(MDA) contents and antioxidant enzymes. In-vitro phytoestrogenic property was assessed by
MTT, E-Screen assays and cell counts in breast cancer (MCF-7) cell lines. PA at 200mg/kg
BWT together with 400mg/kg BWT improved serum testosterone, insulin, and oestradiol
correspondingly to glibenclamide compared to the diabetic controls. PA 200mg/kg BWT
significantly improved sperm count compared to the diabetic control and PA 400mg/kg BWT
groups. PA 200mg/kg BWT reduced serum NO levels compared to the diabetic controls while
GLIBEN 0.2mg/kg BWT significantly reduced serum NO levels compared to the normal and
diabetic controls. PA 200mg/kg BWT, PA 400mg/kg BWT and GLIBEN 0.2mg/kg BWT
significantly reduced serum MPO. PA 200mg/kg BWT and PA 400mg/kg BWT reduced MDA as
well as H,O, compared to diabetic control. PA 400mg/kg BWT significantly increased glutathione
peroxidase (GPx) activity when compared with the diabetic controls. PA 200mg/kg BWT group
showed a reduction in seminiferous tubular diameter and an expanded interstitium. The PA
400mg/kg BWT group showed similar changes, but the PA 400mg/kg showed spermatogenic
arrest, depletion and vacuolation of the seminiferous tubular epithelium. The extract produced
significant proliferative effects on MCF-7 cells, thus, confirming its estrogenic activity. Thus, PA
at 200 mg/kg BWT extract may improve reproductive functions through increasing

spermatogenesis and decreasing testicular free radicals in diabetic rats.

Keywords: Phyllanthus amarus, phytoestrogens, male reproductive function, diabetes mellitus,

oxidative stress

6.1. Introduction

Globally, diabetes mellitus (DM) (Almalki, Alghamdi & Al-Attar, 2019) is a significant threat to
human wellness in recent time. The prevalence of DM is vastly increasing among children as
well as youngsters. This dysfunction is linked to a reproductive abnormality in both men as well
as women (Niwas & Chand, 2014). It may affect male reproductive functions due to its impacts

on the endocrine regulation of spermatogenesis, steroidogenesis, sperm maturation, impairment
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of penile erection with ejaculation (Shi et al., 2017). The abnormality emanates when the
pancreas fails to secrete adequate insulin or due to the body’s ineffective utilisation of the insulin
being secreted. The anomaly results in insulin resistance and dysfunction in glucose uptake by
liver cells, muscles as well as adipose tissues leading to a disruption in blood glucose
homeostasis, thereby leaving excess glucose in the bloodstream, a condition called
hyperglycaemia (Pugliese & Miceli, 2002; Rafacho, Ortsater, Nadal, & Quesada, 2014; Rains &
Jain, 2011). Hyperglycaemia or raised blood glucose in uncontrolled diabetes often leads to
astringent impairment to the body, particularly on the nerves and blood vessels (WHO, 2016).
Besides, hyperglycaemia has been reported to induce oxidative stress in people with diabetes
(Niedowicz & Daleke, 2005). Among the different types of diabetes, over 90% of the diabetic
cases are type 2 diabetes (T2D) which becomes a primary public health concern globally. Of all
these cases, research showed that testosterone levels are lower in an adult male with metabolic
syndrome; a dysfunction of biochemical and physiological processes that is evident with the
occurrence of cardiovascular disease and type 2 diabetes. The testosterone level is also
reduced in T2D patients due to impaired Leydig cell function (Zuo et al., 2014). More so, insulin
resistance (IR), a characteristic of T2D, is a primary pathogenic feature of this disorder which
serves as an autonomic causative for cardiovascular disease (CVD) (Laakso, 2015; Patel et al.,
2016). It has also been suggested that 17B-oestradiol (E2) levels above or below the
physiological range may promote IR and T2D. Diabetes can damage body nerves when blood
glucose and blood pressure are elevated; this leads to digestive and erectile dysfunction
(International Diabetes Federation, 2019) and loss of libido which could result in infertility in
some males (Lotti & Maggi, 2018)

Hyperglycaemia elicits oxidative stress which essentially may be responsible in the
pathophysiology of diabetes-related male reproductive dysfunction (Amaral, Oliveira, &
Ramalho-Santos, 2008; Karimi, Goodarzi, Tavilani, Khodadadi, & Amiri, 2011; Mallidis et al.,
2009). Oxidative stress comes in when reactive oxygen species (ROS) counterbalances
antioxidant defence mechanisms; leading to cellular damage (Tremellen, 2008). Research
suggests that hyperglycaemia induces oxidative stress in people with diabetes, during which
ROS are produced by oxidative phosphorylation (Ansley & Wang, 2013). Several endogenous
and exogenous antioxidants lessen the damaging effects of free radicals due to glucose auto-

oxidation in hyperglycaemia.

At the endogenous level, antioxidant properties of steroid hormones have been demonstrated in

different cells and tissues (Ahmed & Hassanein, 2012). Besides, researchers suggested that
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oestrogens, a female sex hormone, possesses a remarkable modulating impact on systemic
glucose homeostasis (Barros, Gabbi, Morani, Warner, & Gustafsson, 2009; Foryst-Ludwig &
Kintscher, 2010). Research also shows that antioxidant supplementation reduces glycaemic
index and diabetic complications, hence protection from cellular damage due to free radical-
induced oxidative stress (Mohasseb, Ebied, Yehia, & Hussein, 2011; Rahimi, Nikfar, Larijani, &
Abdollahi, 2005). Moreover, some of these antioxidants are nowadays available as supplements
or can be obtained naturally from dietary sources.

Phyllanthus amarus (PA) is a herb used by traditional Hindu people in southern India; it is also
readily available in the Philippines, Cuba (Verma, Sharma, & Garg, 2014) and some places in
West African countries like Nigeria (Adeneye, 2012) and Togo (Lawson-Evi et al., 2011). In
Nigeria, Phyllanthus amarus is referred to as “ehin olobe” or “ehin olubisowo” among the
Yoruba tribe (Samson, 2016). The herb is reputably useful in folk medicine for several diseases.

The plant is otherwise called stone breaker or windbreaker.

Phytochemical studies revealed that the herb has many constituents like polyphenols and
tetracyclic triterpenoids (Kassuya et al., 2006), flavonoids (Leite et al., 2006) tannins (Houghton,
Woldemariam, O’Shea, & Thyagarajan, 1996; Kiemer, Hartung, Huber, & Vollmar, 2003), lignans
(Adedapo, Adegbayibi, & Emikpe, 2005; Kassuya et al., 2006; J. R. Patel, Tripathi, Sharma,
Chauhan, & Dixit, 2011) and alkaloids (Houghton et al., 1996).

Phyllanthus amarus is composed of phyllanthin and hypophyllanthin, which are its two significant
phytoestrogens (Islam, Naskar, Mazumder, Gupta, & Ghosal, 2008). Phytoestrogens are a
naturally occurring group of compounds present in various plant foods. They are polyphenols
having structural similarity with the endogenous female sex hormone oestrogens, hence, their

estrogenic/anti-estrogenic property.

Both animal and pre-clinical models have provided strong evidence that phytoestrogens may
have antidiabetic function via both oestrogen-dependent and oestrogen-independent pathways.
Besides, scientists have linked the major phytoestrogens, isoflavones and lignans to T2D from
epidemiological and clinical trials (Talaei & An, 2015). However, lignans, widely distributed in
fruits as well as vegetables were less investigated.

The benefits of phytoestrogens cannot be overemphasized, as several studies have shown that
phytoestrogen supplements may provide health benefits. For instance, resveratrol and quercetin
supplementations may reduce blood pressure (Y. Liu, Ma, Zhang, He, & Huang, 2015; Serban et
al., 2016), resveratrol, flaxseed lignans, and soy isoflavones may improve glycaemic control (K.
Liu, Zhou, Wang, & Mi, 2014; Pan et al., 2007; Ricci, Cipriani, Chiaffarino, Malvezzi, & Parazzini,
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2010), isoflavone herbal extract may lower the chances of prostate cancer(Van Die, Bone,
Williams, & Pirotta, 2014), soy isoflavone supplementation reduces serum total and low-density
lipoprotein cholesterol levels (Taku et al., 2007), and soy isoflavones and lignans may reduce
the levels of C-reactive protein, an inflammatory biomarker, in postmenopausal women having
high levels of this protein (Dong, Wang, He, & Qin, 2011; Hallund, Tetens, Bigel, Tholstrup, &
Bruun, 2008). Despite the beneficial health-promoting potentials of phytoestrogens, their (anti)
oestrogenic properties have raised questions. They are seen as endocrine disruptors or
chemicals interfering with sex hormone action, suggesting that they might produce adverse
effects (Rietjens, Louisse, & Beekmann, 2017).

Over a period of a few decades now, there are reports of rising male reproductive disorders in
several countries. It was these reports that led to the hypothesis that estrogens during fetal life at
the time of sex differentiation may cause reduced sperm counts, cryptorchidism, hypospadias,
and testicular cancer (Monsees, Franz, Gebhardt et al., 2000; Storgaard, Bonde & Olsen, 2005).
However, Storgaard and colleagues believed the hypothesis was from animal experiments and
are reported from the wildlife. Hence, the need for epidemiological literature search for evidence
in male humans. They said that possibly apart from testicular cancer, there was no strong
epidemiological evidence to show that prenatal exposure to estrogen is related to disruptive
development of the male reproductive organs (Storgaard, Bonde & Olsen, 2005). Reports have
also indicated an adverse correlation between exposure to certain chemicals, environmental
toxicants, and male fertility. These so-called disruptors are environmental toxins that may mimic
the effect of estrogens (Giwercman, 2011; Mima, Greenwald, & Ohlander, 2018). Endocrine
disruptive chemicals or EDCs, Polychlorinated biphenyl or PCBs, phthalate, pesticides and
herbicides, Organophosphate, Dichlorodiphenyl-Dichloroethylene or DDT, Heavy metals such as
lead, cadmium & mercury, as well as Bisphenol A are common culprits (Mima, Greenwald, &
Ohlander, 2018; Cariati, F., D’Uonno, N., Borrillo, F. et al. 2019). Other forms of environmental
exposures that have a potential negative impact on male infertility are air pollution, hyperthermia,
the heat generated from cellphones and portable laptop computers when these devices are
placed close to the scrotal area could create testicular stress, thus, disrupt spermatogenesis
(Mima, Greenwald, & Ohlander, 2018). Some of these toxicants were reported mainly targeting
Sertoli cells that play a crucial role in spermatogenesis (Monsees, Franz, Gebhardt et al., 2000).
Also, testicular connexin 43 has been reported as a precocious molecular target from
environmental toxicants that adversely impact male fertility (Pointis, Gilleron, Carette, &

Segretain, 2011). Besides, it has been shown that lifestyle-related and ecological factors that act
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on fetal life cause dysfunction of Leydig cells and Sertoli cells thereby lead to testicular
dysgenesis, including poor semen quality, testicular germ cell cancer (TGCC), hypospadias and

or cryptorchidism (Giwercman, 2011).

Moreover, our previous report revealed that the Phyllanthus amarus aqueous extract has the
highest antioxidant capacity, and a lower extract concentration (<10 pg/mL) stimulated Sertoli
cell proliferation, which might be due to the phytoestrogenic activities of Phyllanthus amarus,
contributed by its active compositions such as phyllanthin and hypophyllanthin (Olabiyi, Aboua,
Popoola, Monsees, & Oguntibeju, 2020). Also, in a previous study, PA extract exhibited anti-
diabetic activity in graded doses of 200 and 400mg/kg body weight/day in alloxan-induced
diabetic rats, with the 400mg/kg dosage being the effective concentration (Adedapo, Ofuegbe, &
Adeyemi, 2013) but its potential to modulate the complex responses associated with oxidative

stress and male reproduction is not fully elucidated.

Therefore, this study investigated the effects of Phyllanthus amarus aqueous extracts on
reproductive functions in diabetic male Wistar rats and its potential in-vitro phytoestrogenic
activity.

6.2. Materials and Methods

6.2.1. Chemicals

Streptozotocin (18883-66-4), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT), dimethyl sulfoxide (DMSO), Oestradiol (E2758), Dextran and Activated charcoal were
purchased from Merck Group/Sigma-Aldrich Chemical Company, South Africa. Foetal bovine
serum was purchased from Celtic Molecular Diagnostics (South Africa), D-Fructose was
purchased from Loba Chemie PVT. LTD, Mumbai, India. Human breast cancer cell line (MCF-7)
was purchased from ATCC® (USA, no HTB-22). Rat Insulin ELISA kits were purchased from
Thermo Scientific (South Africa). Dulbecco’s Modified Eagles Medium/F — 12 with phenol red
(GIBCO, Cat No 2053123), Dulbecco’s Modified Eagles Medium/F — 12 without phenol red
(HYCLONE, Cat No SH30272.02), 10% Foetal Bovine Serum, 1% Penicillin (1000 U/mL) and
1% Streptomycin (1000 U/mL) (LONZA, Germany) and Tris-HCL (AppliChem, Germany) were

used.

6.2.2. Biological Compound
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Freshly Phyllanthus amarus (PA) whole plants were gotten from Afe Babalola University
(ABUAD) campus, Ado-Ekiti, Nigeria. PA was identified and authenticated at the taxonomy
section of the forestry herbarium, FRIN, Ibadan in Nigeria where a voucher specimen was kept
(FHI NO: 110242). Shade-dried leaves of PA were blended to powder with a blender (Mincer
9FQ-28, China). The PA aqueous extract was prepared by soaking 100 gm powder in 1 Litre
distilled water, stirred, and left at room temperature for 24 hrs. The homogenate was filtered
using Whatman no-1 filter paper. The fraction was evaporated to dryness (lvanova, Kolarova,
Aleksieva, et al., 2013) under reduced pressure in a rotary evaporator (Buchi Rotavapor II,
Buchi Germany) at 40°C and lyophilized in a freeze-dryer (VirTis Genesis 25EL, SP Scientific,
NY, USA) for 16 hours; the product was stored at 4°C for further use.

6.2.2.1. Animals

Six weeks old male Wistar rats, weighing between 180-200 gm were investigated. They were
bought and kept at the experimental animal house, Department of Veterinary Physiology and
Biochemistry, University of Ibadan, Nigeria where they were kept in specially designed animal
cages under controlled, standard, laboratory conditions; humidity between 45% to 55%, and
room temperature and 12-hrs dark: 12-hrs light cycle. They were fed twice daily (mornings and
evenings) for four weeks, with rats’ cubes, a pelleted feed purchased from Ladokun and Sons
Livestock Feed, Nigeria Limited. They were always allowed access to clean water in clean
bowls.

6.2.2.2. Ethical Considerations

Ethical clearance was obtained from the Health and Wellness Sciences Faculty’s Research
Ethics Committee, Cape Peninsula University of Technology (CPUT/HW-REC 2016/Al). The
University of Ibadan animal use and care research ethics committee approved the animal
handling protocol (UI-ACUREC/19/0017).

6.2.2.3. Type 2 Diabetes Mellitus Induction in the Animals

Animals were allowed one week after purchase to acclimatize to their environment. After that,

the animals had free access to 10% fructose water for another two weeks, and their weights

were measured. A single dose of streptozotocin injection (55mg/kg body weight) in cold citrate

buffer pH 4.5 was administered intraperitoneally (i.p) to induce diabetes. The non-diabetic

control group received cold citrate buffer pH 4.5, also via i.p route. Treatment to respective

experimental groups with the extract and standard antidiabetic drug, glibenclamide (0.2 mg/kg
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BWT commenced after 96 hrs (4 days) of DM confirmation with hyperglycaemia (blood glucose
= 11.11 mmol/L). Body weights and blood glucose measurements were again taken once

weekly. Treatments were continued for 4wks.

6.2.2.4. Animal grouping and Experimental Design

Rats were randomly grouped into five as follows; NC: Normal control; DC: Diabetic control; PA
200 mg: diabetic rats + Phyllanthus amarus 200mg/kg BWT; PA 400mg: diabetic rats + PA
400mg/kg BWT; and GLIBEN 0.2mg: diabetic rats + standard antidiabetic drug, glibenclamide
0.2mg/kg BWT, where each group was made up of 10 rats (n = 10). All animals were maintained
under standard laboratory conditions and fed ad libitum with standard rat chow (SRC) and water.
Group NC rats received SRC and vehicle only (distilled water), and on the day of DM induction,
they received a single intraperitoneal injection of cold citrate buffer pH 4.5; The remaining
experimental animals were allowed free access to 10% fructose for two weeks, followed by
intraperitoneal injection with a single dose of streptozotocin (STZ) 55mg/kg BWT dissolved in
0.1M cold citrate buffer pH 4.5. Group DC served as diabetic control rats. The PA 200mg group
comprised of rats that were fed with 200mg/kg BWT day of Phyllanthus amarus extract for 4 wks
(28 days), selected according to a previous study (Ogar, Egbung, Nna, Atangwho, & Itam,
2019). The PA 400mg group comprised of rats that were also fed with PA 400 mg/kg BWT/day
for 4wks. GLIBEN 0.2mg group was the diabetic rats treated with 0.2mg/kg BWT/day of

standard drug, glibenclamide.

6.2.2.4.1. Sample Collection, Preparation and Homogenization

On the day of sacrifice to terminate the experiment, five rats (n=5) in each group were
anaesthetised and euthanized using i.p injection of sodium pentobarbital, 60 mg/kg BWT. They

were then sacrificed by cervical dislocation. 6 mL blood samples were drawn and dispensed into
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respective blood tubes (plain, EDTA and lithium heparin) for biochemical evaluations. The
heparinized and EDTA blood samples were centrifuged at 2000 x g for 10 minutes. Supernatant
plasma/serum was separated and stored in a -80°C freezer until the time of analysis. Right
testicular tissues were collected and fixed by 10% formol-saline fixative, for histopathological
assessment, while the left testes were quickly excised and washed in ice-cold phosphate-
buffered saline solution after which they were blotted with filter paper and weighed. The tissue
samples were homogenized in the buffer (1lgm/2mL) in a homogenizer (Yellow™D1 25 basic,
IKA® -WERKE GMBH & CO, Germany); then briefly centrifuged for 20mins. The resultant
supernatant was collected and used for further biochemical evaluations.

6.2.2.5. Bodyweight change, Right Epididymal and Testicular Relative organ

weights

Body weight was monitored weekly with the aid of a portable, battery-operated weighing scale.

The body weight change during the study period was calculated using the formula:
Bodyweight change (g) = Final bodyweight (g) — Initial bodyweight (g)

The epididymis and right testes of the experimental animals were excised and weighed using a
precision weighing balance to obtain their absolute weights, while the relative weights of the right

epididymis and testes were calculated using the formula:

. . Absolute organ weight (g)
Relative organ weights (%) = Final body weight (g) x100

6.2.3. Measurement of Sex Hormones, Serum Insulin and Oxidative Stress

Biomarkers in Testes
6.2.3.1. Serum Testosterone

Serum testosterone was determined by electrochemiluminescence immunoassay technique
using Elecsys Testosterone |l assay for Cobas e 411 analysers. The test uses a competitive
method using a high-affinity monoclonal antibody (sheep) directed explicitly to target
testosterone. The testosterone released from the sample by 2-bromoestradiol competes with the
added testosterone derivative labelled with a ruthenium complex for the binding sites on the

biotinylated antibody.

6.2.3.2. Serum Oestradiol
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Serum Oestradiol was determined by electrochemiluminescence immunoassay technique using
Elecsys Oestradiol Il assay for Cobas e 411 analysers. The test uses a competitive method on a
polyclonal antibody directed explicitly against 17(3-oestradiol. Endogenous oestradiol from the
sample then competes with the added oestradiol derivative labelled with a ruthenium complex
for the binding sites on the biotinylated antibody.

6.2.3.3. Serum Insulin

Serum insulin was determined using Thermoscientific™ Pierce™ Rat insulin, ELISA Kit (Al-Hindi,
Yusoff, Atangwho, et al.,, 2016). All reagents and samples were allowed to attain room
temperature (18 — 25°C) before use., following the manufacturer’s instructions. The
concentration of insulin (uU/mL) in each sample was determined from a prepared standard
curve by interpolating the Insulin concentration to the absorbance value. Expressing the results
in Sl unit, one pU/mL = 6.945pmol/L.

6.2.3.4. Oxidative Stress Biomarkers in the Testes

The activity of superoxide dismutase (SOD) in testicular tissue homogenate was determined by
a modified method of Misra & Fridovich (1972). In contrast, the glutathione-S-transferase activity
was determined according to a modified method of Prohaska & Ganther (1977). Glutathione
peroxidase activity and Reduced Glutathione levels were measured according to the method of
Beutler et al. (1963). Malondialdehyde (MDA) content as an indicator of lipid peroxidation was
measured in the testicular tissues following a method described by Varshney & Kale (1990). A
modified procedure, as defined by Maciel et al. (2007), was observed to measure serum nitric
oxide (NO) levels. Whereas, serum myeloperoxidase (MPO) activity was determined according
to the method of Xia & Zweier (1997).

6.2.4. Sperm Parameters Evaluations

6.2.4.1. Collection of Semen Sample
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The caudal epididymal semen sample collection was performed according to the method
reported by Younglai et al. (2001). The seminal fluid was collected from the supernatant and

used for further analysis.
6.2.4.2. Sperm Count, Motility, and Abnormal Sperm

The seminal fluid evaluation was done using a haemocytometer and trypan blue solution. Briefly,
20pL of semen was added to 20uL of trypan blue solution, and the number of spermatozoa,
motility and abnormal sperm were enumerated using the haemocytometer and light microscope
(Yokoi, Uthus, & Nielsen, 2003).

6.2.5. Cell Culture Studies

6.2.5.1. MCF-7 Breast Cancer Cell Culture

According to a method, as described with slight modification from a previous study (Olabiyi,
Aboua, Popoola, Monsees & Oguntibeju, 2020), MCF-7 breast cancer cells were bought from
ATCC® (USA, control no HTB-22). They were seeded for 24 hours and 72h at 1,500 cells/
200uL/well and 800 cells/ 200uL/well, respectively in a 96 well plate. The cells were first allowed
to attach and grow for 24h in a complete culture medium comprising of Dulbecco’s Modified
Eagle medium (DMEM) without phenol red, supplemented with 10% charcoal-stripped foetal
bovine serum and 1% Penicillin (1000U/mL) and 1% Streptomycin (1000U/mL combination
antibiotics, for treatment the following day. Phyllanthus amarus extracts were dissolved in phenol
red-free DMEM to a final concentration of Img/mL. Serial dilutions from 1000ug/mL to 0.1ug/mL
of the extracts were prepared using the complete growth medium. Four wells were used for each
concentration (Chen, Chang, Kuo, Huang, Hu, et al., 2016) of the extracts. Another four wells
were used for untreated negative control (supplemented growth medium only) and four wells for
1 nM 17B-oestradiol in the growth medium as a positive control. They were incubated for 24h,
after which the media were discarded from the plates and cells were washed with phosphate
buffer (PBS) (100uL / well).

6.2.5.2. MTT Assay to Determine Cytotoxicity

165



MTT will measure the activity of mitochondrial dehydrogenases in vital cells via spectroscopy.
The amount of MTT conversion into blue formazan is dependent on (a) the number of living cells
(no toxic effect present, enzyme active unchanged), and (b) the enzyme activity (which can be
activated if the cell is stressed and the mitochondria have to work more to produce energy; when
the toxic effect of a substance get stronger, the cells starts dying and the enzyme activity goes
down). Thus, the MTT assay can be used to reflect the number of living cells (as in E-Screen) or
to measure cytotoxicity following the modified MTT method (Lappalainen, Jaaskelainen,
Syrjanen, Urtti, & Syrjanen, 1994; Mosmann, 1983).

On order to determine cytotoxicity using colourimetric MTT assay, 200uL of fresh complete
culture media was dispensed to each well, followed by 20uL of MTT (1mg/mL) which was
dissolved in PBS solution and incubate at 37°C, 5% CO, and 95% humidified air for 5h.
Afterwards, the supernatant was discarded, and the plates were drained of residual fluids by
briefly placing them upside down on paper towels. 100uL of non-sterile, undiluted DMSO was
dispensed to each well to dissolve the blue formazan, and the absorbance was measured with
microplate (MTP) reader (POLAR STAR OMEGA, BMG LABTECH) at a wavelength of 570nm
with a reference wavelength of 690nm to correct the effect of cell debris and precipitated
proteins which may be produced during the dissolving process. The optical density was
calculated by subtracting the absorbance of the reference wavelength from the absorbance of
the test wavelength. The percentage mitochondrial dehydrogenase activity of MCF-7cells, a
measure of the proliferation of the cells (Monsees et al., 2000, Olabiyi, Aboua, Popoola,
Monsees & Oguntibeju, 2020) was calculated following the equation below :

Absorbance of treated cells

% mDehydrogenase activity = { } x 100

Absorbance of untreated cells

6.2.5.3. Morphology Evaluation

Cells that were seeded at a density of 1500 cells/200uL/well in a 96 well plate were used to
analyse morphological changes produced by the plant extracts. We allowed the seeded cells to
attach and grow for 24hrs in complete culture medium to be treated with varying concentrations
of the extracts for another 24hrs. The cells were observed under an inverted microscope (200x

and 400x magnifications), and microphotographs were taken. Minimum of five random
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microscopic visible fields for each negative control, positive control and the concentrations of the
extract were analysed for cell counts as described previously (Olabiyi, Aboua, Popoola,
Monsees & Oguntibeju, 2020).

6.2.5.4. E-Screen Assay to Determine the Phytoestrogens activity in

Phyllanthus amarus

To determine the phytoestrogenic activities of the Phyllanthus amarus extracts by E-Screen
assay, the protocol of Dang & Lowik (2005) to remove the steroid hormones from the foetal
bovine serum (FBS) was followed. Breast cancer cells (MCF - 7 cells) that were seeded with
DMEM (phenol red-free) growth medium supplemented with 10% FBS and 1% penicillin-
streptomycin in 96 well plates at a density of 1500 cells/ 200uL/well and 800 cells/200uL/well for
24hrs and 72hrs experiments respectively. The plates were incubated in 5% CO,, 95% air (Lin &
Costa, 1994) and 37°C incubator for 24hrs and 72hrs, respectively. After that, the media was
discarded, and the cells were washed with PBS. Different concentrations (0.1pg/mL, 1pg/mL,
10pug/mL and 100ug/mL) of the Phyllanthus amarus extract were prepared using phenol red-free
DMEM, 10% Charcoal-Dextran-FBS (charcoal-stripped FBS) and 1% Penicillin-Streptomycin.
Furthermore, 1nM oestradiol was used as a positive control and phenol red-free DMEM with
charcoal-stripped FBS as a negative control. After 24 and 72hrs, the MCF-7 cells were assessed
using MTT assay as previously described.

6.2.6. Histopathology using Haematoxylin and Eosin Staining

Harvested testes from the rats were preserved in 10% formalin saline buffer fixative. The tissues
were processed and embedded in paraffin wax. Tissue sections of 5um in thickness were made
and stained with haematoxylin and eosin (H&E) for histopathological assessment (Drury &
Wellington, 1976). A qualified veterinary pathologist with no prior knowledge of the animal

groupings and their treatments carried out the histopathology evaluation.

6.2.6.1. The Diameter of Seminiferous Tubules and Height of Seminiferous

Tubular Epithelium
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The diameter of seminiferous tubules and height of seminiferous tubular epithelium of 20
randomly selected seminiferous tubules in each of the five groups (N=100) were measured
using the AmScope Toupview software (United Scope LLC, Irvine, California, USA). The
measurements were tabulated and subjected to descriptive statistical analysis using IBM SPSS
Statistics for Windows, version 23 software (IBM Corp., Armonk, N.Y., USA).

6.2.7. Statistical Analysis

GraphPad Prism software, version 5.0 (GraphPad Software, San Diego, California, USA), was
used for all graphical evaluations and representations. Data were expressed as mean + SEM.
A one-way ANOVA test with Bonferroni’'s multiple comparison test if p<0.05 was used.
Differences were considered statistically significant if p<0.05 (Ekwueme, Zhao, Rim, et al., 2019)

6.3. Results

Table 6.1: Mean + (SEM) Fasting Blood Glucose (FBG) in diabetic and non-diabetic
animals

Test NC DC PA 200mg PA 400mg | GLIBEN.
0.2mg

Initial FBG 3.8+0.5 10.3+44 151+11 11.1+£1.3 141+ 4.6

(mmol/L)

Final FBG 47+09 13.3+7.0 209+2.2 21.2+0.7 19.2+18

(mmol/L)

Change +0.9 +3.0 +5.8 +10.1 +5.1

In FBG (mmol/L)

The table reveals the mean fasting blood glucose concentrations of the experimental animals
and normal controls at day 4 (initial FBG) and at day 28 (final FBG) after streptozotocin
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administration. As shown, there was persistent hyperglycaemia at the termination of the
experiments. NC = normal control rats; DC = Diabetic control rats without treatments; PA
200mg = Diabetic treated rats with Phyllanthus amarus 200mg extract per kg BWT./day; PA
400mg = Diabetic treated rats with Phyllanthus amarus 400mg extract per kg BWT/day;
GLIBEN. 0.2mg = Diabetic treated rats with glibenclamide 0.2mg drug per kg BWT/day.
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Figure 6.1: Effect of Phyllanthus amarus extracts on the body, testicular and epididymal
weights

A. There is a significant difference in the bodyweights of the DC vs NC at day 28 (*"p<0.001);
(NC vs PA 200mg at days 14 and 28 ("*p<0.05); NC vs PA 400mg at 21 (“**p<0.01); NC vs PA
400mg at 28 (“p<0.05); DC vs PA 200mg at day 14 (**p<0.05); DC vs PA 400mg/kg at day 21
(¢p<0.05) and PA 200mg vs GLIBEN 0.2mg/kg at day 14 ("'p<0.01). B. There is a significant
difference in the absolute right testicular weights, NC vs PA 200mg (*'p<0.01); PA 200mg vs
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GLIBEN 0.2mg (“"p<0.01). C. There is a significant difference in the right relative testicular
weights DC vs 200mg (°'p<0.05). and D. Showing a significant difference in the right epididymal
weight of NC vs PA 200mg (*p<0.01); NC vs PA 400mg (*p<0.05); DC vs PA 200mg
(°""p<0.0001); DC vs PA 400mg (°"p<0.01); PA 200mg vs GLIBEN 0.2mg (“p<0.05). Data are
presented as mean = SEM, n = 5 (analysed by on-way ANOVA followed by Bonferroni multiple
comparison test); a = compared to NC, b = compared to DC, ¢ = compared to PA 200mg.
*p<0.05, "p<0.01; **p<0.001. NC = normal control rats; DC = Diabetic control rats without
treatments; PA 200mg = Diabetic treated rats with Phyllanthus amarus 200mg extract per kg
BWT/day; PA 400mg = Diabetic treated rats with Phyllanthus amarus 400mg extract per kg
BWT/day; GLIBEN. 0.2mg = Diabetic treated rats with glibenclamide 0.2mg drug per kg
BWT/day.
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Figure 6.2: Effect of Phyllanthus amarus extracts on Serum insulin, oestradiol and
testosterone levels

As depicted in the figure above, PA 200mg/kg BWT improved serum testosterone by 45.66% in
a similar manner to glibenclamide (134.83%) compared to the diabetic controls. It also raised
serum oestradiol by 37.67% in a similar manner to glibenclamide (56.46%) compared to the
diabetic control. PA 400mg/kg BWT increased serum insulin by 113% similarly to glibenclamide
(188.6%) compared to the non-treated diabetic controls, and by 122.7% when compared to the
normal controls (p>0.05). *p<0.05 (NC vs GLIBEN 0.2mg); *p<0.05 (NC vs GLIBEN 0.2 mg);
“p<0.05 (NC vs GLIBEN 0.2 mg). Data are presented as mean + SEM, n = 5, a = compared to
NC, b = compared to DC; ¢ = compared to PA 200mg *p<0.05, **p<0.001. NC=normal control
rats; DC = Diabetic control rats without treatments; PA 200 mg = Diabetic treated rats with
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Phyllanthus amarus 200 mg extract per kg BWT./day; PA 400mg = Diabetic treated rats with
Phyllanthus amarus 400 mg extract per kg BWT/day; GLIBEN. 0.2mg = Diabetic treated rats
with glibenclamide 0.2mg drug per kg BWT/day.
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Figure 6.3: Effect of Phyllanthus amarus extracts on Sperm counts and motility

PA 200mg/kg BWT significantly normalised sperm count by 11.86% in a similar manner to
glibenclamide (10.07%) (p = 0.0033) when compared to the diabetic untreated control rats and
PA 400mg/kg BWT. Data are presented as mean + SEM, n =5, a = p > 0.05 compared to NC, b
= p > 0.05 compared to DC, ¢ = p < 0.05 compared to PA 400mg. *p < 0.05, NC = normal
control rats; DC = Diabetic control rats without treatments; PA 200mg = Diabetic treated rats with
Phyllanthus amarus 200mg extract per kg BWT/day; PA 400mg = Diabetic treated rats with
Phyllanthus amarus 400mg extract per kg BWT /day; GLIBEN. 0.2mg = Diabetic treated rats
with glibenclamide 0.2mg drug per kg BWT/day.
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Figure 6.4: Effect of Phyllanthus amarus extracts on Serum Nitric oxide and
myeloperoxidase

PA 200mg/kg BWT reduced serum nitric oxide by -22.61% (p < 0.0001) compared to the
diabetic control while the GLIBEN 0.2mg/kg BWT significantly reduced serum nitric oxide
compared to the normal and diabetic controls, PA 200mg/kg BWT and PA 400mg/kg BWT (p <
0.0001). PA 200mg/kg BWT, PA 400 mg/kg BWT and GLIBEN 0.2mg/kg BWT significantly
reduced serum MPO by 83.63%, 92.34% and 75.82% respectively (p < 0.0001). Data are
presented as mean £+ SEM, n =5, a = compared to NC, b = compared to DC, ¢ = compared to
PA 200 mg/kg BWT, d = compared to 400 mg/kg BWT *p < 0.05, **p < 0.001, ***p < 0.0001. NC
= normal control rats; DC = Diabetic control rats without treatments; PA 200 mg = Diabetic
treated rats with Phyllanthus amarus 200 mg extract per kg body weight/day; PA 400mg =
Diabetic treated rats with Phyllanthus amarus 400mg extract per kg body weight/day; GLIBEN.
0.2mg = Diabetic treated rats with glibenclamide 0.2 mg drug per kg body weight/day.
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Figure 6.5: Effect of Phyllanthus amarus extracts on Testicular biomarkers of oxidative
stress

Here, both PA 200mg/kg BWT together with PA 400mg/kg BWT reduced H,O, by -25.38% and -
20.15% respectively compared to the diabetic control but not significant (p > 0.05). But they
significantly reduced MDA levels when compared with the diabetic controls (p < 0.0001, p <
0.05). PA 400mg/kg BWT. significantly increased glutathione peroxidase activity by 61.42% (p <
0.0001) compared to the diabetic controls. Data are presented as mean + SEM, n = 5, a =
compared to NC, b = compared to DC, ¢ = compared to PA 200mg/kg BWT, d = compared to
400mg/kg BWT. *p < 0.05, **p < 0.001, ***p < 0.0001. NC = normal control rats; DC = Diabetic
control rats without treatments; PA 200mg = Diabetic treated rats with Phyllanthus amarus
200mg extract per kg body weight/day; PA 400mg = Diabetic treated rats with Phyllanthus
amarus 400mg extract per kg body weight/day; GLIBEN. 0.2mg = Diabetic treated rats with
glibenclamide 0.2mg drug per kg body weight/day.
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Cytotoxic effect of Phyllanthus amarus extract on MCF-7 cells using 24 hrs MTT
assay
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Figure 6.6: Effect of Phyllanthus amarus extracts on 24hrs MTT, cell counts and E-Screen
assay

The figure reveals the phytoestrogenic activity of Phyllanthus amarus plant extract on MCF-7
breast cancer cell line (a). 24 hrs MTT on MCF-7 cells: This indicates that PA extracts not
cytotoxic at the doses tested; NC — Negative control; PC — Positive control (10% DMSO) (b).
Significant proliferation of MCF-7 cells depicted by E-Screen cell counts at 1pg/mL (p < 0.0001),
(c). 24 hrs E-Screen assay on PA extract repeated for three different days(X3) showing no
significant difference (p > 0.05). (d). 24 hrs and 72 hrs E-Screen on PA extract at varying
concentrations vs 17 Oestradiol (E,) as the positive control (no significant difference for the 24
hrs vs 72hrs, p > 0.05).
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Figure 6.7: Effect of Phyllanthus amarus extracts on Testicular histology

The microphotographs show that there was: A. No visible lesion in Normal Control: H&E, x150.
B. Reduction in the diameter of seminiferous tubules with an expansion of the interstitial space
(arrow) in the Diabetic Control: H&E, x150. C. Observed reduction in the diameter of
seminiferous tubules (Saxena, Dhungel, Bhattacharya, Jha, & Srivastava, 2004) with an
expansion of the interstitial space (arrow) in the PA 200mg: H&E, x150. D. Reduction in
seminiferous tubular diameter, depletion of germinal epithelium and spermatogenic arrest. Inset
shows seminiferous tubule with spermatogenic arrest, depleted germinal epithelium, disruption
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and vacuolation of the epithelium (arrows) in the PA 400mg: H&E, x150, and E. There was No
visible lesion in the GLIBEN 0.2mg: H&E, x150.

Table 6.2: Mean (= SD) Diameters of the seminiferous tubules (mm) and height of the
seminiferous tubular epithelium (mm)

GROUPS Diameters (mm) P value Height (mm) P value
NC 0.30 £ 0.05 0.000 0.10 £ 0.03 0.000
DC 0.25+0.03 0.07 +£0.01

PA 200mg/kg | 0.25 = 0.02 0.08 £ 0.01

BWT

PA 400mg/kg | 0.18 £ 0.03 0.05+0.01

BWT

GLIBEN 0.33+0.04 0.12 + 0.02

0.2mg/kg BWT

From the results, there was a reduction in the mean diameters of the seminiferous tubules and
height of the seminiferous tubular epithelium in groups B (Diabetic Control), C (PA 200mg/kg
BWT) and D (PA 400mg/kg BWT) when compared with the mean observed in the
normal/healthy control group (Group A). A slight increase in the mean diameters of the
seminiferous tubules and height of the seminiferous tubular epithelium in group E (GLIBEN
0.2mg/kg BWT) was observed. Moreover, one-way ANOVA to compare the means between the
different groups at 95% confidence interval and significance level of p < 0.05 was done. From
the result, the changes observed in the means of the diameters of seminiferous tubules and
height of seminiferous tubular epithelium between the groups was significant as P value in both

cases was 0.000.
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6.4. Discussion

A report by the international diabetes federation shows that hyperglycaemia and
hypertension can cause damage to the nerves throughout the body, thus, leading to
digestive problems, the supply of blood and nutrients to several parts of the body thereby,
leading to erectile dysfunction (ED) via the nitric oxide pathway (International Diabetes
Federation, 2019). Besides, ED and loss of libido could be a cause of male infertility (Lotti &
Maggi, 2018). In the recent past, emerging evidence has shown that diabetes can cause
male reproductive dysfunctions (Sisman et al., 2014). In this study, T2D was induced in
male Wistar rats by giving 10% fructose water to rats to drink for two weeks, followed by
intraperitoneal injection of streptozotocin 55mg/kg BWT and diabetes was confirmed after 96
hrs. Findings from this study show persistent hyperglycaemia up to day 28 (end of
experiments) (Table 6.1). In the present study, we observed there was a loss in the body,
epididymal and testicular weight in the experimental groups due to diabetes (figure 6.1). We
also noted that this loss could not be restored by treatment with Phyllanthus amarus as
reported by previous investigators (Lawson-Evi et al., 2011). In our opinion, the strain of the
animals, abundant tannins in the extract and the short period of 28 days of this study could
be responsible for the failure of the extract to restore the body and organ weight loss in the
groups.

In contrast, the PA 400mg/kg BWT increased serum insulin by 113% in a similar manner to
glibenclamide (188.6%) compared to the non-treated diabetic controls, and by 122.7%
compared to the healthy controls. This finding supports the antihyperglycaemic activity of the
plant extract (Karuna, Bharathi, Reddy, Ramesh, & Saralakumari, 2011). Both PA 200mg/kg
BWT and 400 mg/kg BWT tend to normalise serum testosterone when compared with
diabetic controls (figure 6.2). As depicted in figure 6.3A, the PA 200mg/kg BWT dose extract
significantly normalised sperm count similarly to glibenclamide (p = 0.0033) compared with

the diabetic untreated control animals, thus, supporting its beneficial androgenic role.

In our previous report, it was indicated that antioxidant substances in Phyllanthus amarus
extracts showed biphasic characteristics, such that at low concentrations, it is an antioxidant
and at high levels, it is a pro-oxidant (Olabiyi, Aboua, Popoola, Monsees & Oguntibeju,
2020). The characteristic feature observed with this extract perhaps serves to protect against
oxidative stress and lipid peroxidation such that it could promote Sertoli cell proliferation,
particularly at lower concentrations, as earlier reported (Catala, 2007; Young et al., 2008). As
shown in figure 6.4, the PA 200mg/kg BWT significantly (p < 0.0001) reduced serum nitric
oxide compared with diabetic control while GLIBEN 0.2mg/kg BWT lowered serum nitric
oxide (p < 0.0001) when compared with the untreated healthy and diabetic controls, PA 200
mg and the PA 400mg groups. Besides, both PA 200mg/kg BWT and PA 400 mg/kg BWT
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extract doses brought down the elevated serum myeloperoxidase (MPO) levels in a similar
manner to glibenclamide compared to the diabetic untreated rats. As shown in figure 6.5, PA
200 mg/kg BWT significantly increased glutathione peroxidase activity (p < 0.0001) and
significantly reduced malondialdehyde (p < 0.0001) compared with the diabetic controls.
These findings suggest its beneficial defence against free radical cellular damage by
mitigating the inflammatory process and oxidative stress.

We have previously reported that Phyllanthus amarus stimulated significant proliferation of
Sertoli (TM4) cells, hence, its phytoestrogenic ability (Olabiyi, Aboua, Popoola, Monsees &
Oguntibeju, 2020). In the current study, we found that the aqueous extract of Phyllanthus
amarus produced proliferative effects on breast cancer, MCF - 7 cells in a similar manner to
the 17p-oestradiol control (p > 0.05), suggesting its estrogenic activity (figure 6.6).
Furthermore, a cytotoxicity assay using 24 hrs MTT revealed that the extract proliferates
MCF - 7 cells at lower concentrations (0.1-10ug/mL) but reduced the cell numbers at
concentrations above 10ug/mL as depicted by the E- Screen cell counts. The E-screen
result signifies its antitumour potential against breast cancer due to its component
hypophyllanthin and phyllanthin (Mohamed, Jantan, Nafiah, & Seyed, 2018; Parvathaneni,
Battu, Gray, & Gummalla, 2014).

Histologically, the most significant changes seen in the current study are in the PA 400mg/kg
BWT group, while the PA 200mg/kg BWT group showed mild changes. There was a total
arrest of spermatogenesis in the PA 400 mg/kg BWT group (figure 6.7D). This dosage could
produce a spermatogenic failure during spermatogenesis leading to disruptions,
azoospermia, severe oligozoospermia, asthenozoospermia or teratozoospermia (Jan et al.,
2012). Additionally, the germinal epithelium was depleted and vacuolated in this group. The
changes observed in the PA 200 mg group were milder, suggesting less disruption to
spermatogenesis. Here, there was a reduction in the diameter of seminiferous tubule and
expansion of the interstitial space. The two groups (PA 200 mg/kg BWT and 400 mg/kg
BWT) showed a reduction in the mean diameters of the seminiferous tubules as well as the
mean heights of the seminiferous tubular epithelium (Table 6.2). From the result, the
changes observed in the means of the diameters of seminiferous tubules and height of
seminiferous tubular epithelium between the groups was significant (p < 0.05). These
findings suggest a dose-dependent induction of testicular degeneration. Besides, these
findings mimic those of Adedapo et al. (2003) who reported a reduction in the mean
seminiferous tubular diameter as well as varying degrees of testicular degeneration in eight-
weeks-old sexually matured albino rats administered with aqueous crude extract of
Phyllanthus amarus. However, in the present study, glibenclamide did not have any

significant effect on testicular histology.
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Our findings corroborate the beneficial role of this potential Phyto estrogenic herb. However,
several reports linking phytoestrogens and infertility are controversial; thus, debates are still
on-going. Therefore, because of a lack of consensus, more studies are yet required to
substantiate for their negative impact on male reproductive health. Besides, at what level of
exposure is considered hazardous or harmful needs to be addressed, and a dose-response
established.

6.5. Conclusion

Phyllanthus amarus extract could modulate diabetes and exert its antidiabetic effect via

oestrogen-dependent pathways and oxidative stress.
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CHAPTER SEVEN: General Discussion

7.1. General Discussion

Diabetes mellitus is a complex and heterogenous dysfunction of multiple aetiology affecting
carbohydrate, protein and lipid metabolism due to impaired insulin secretion from pancreatic
B-cells (Gouri & Dekaken, 2013) or its action on the peripheral tissues (Kahn, 1985; Scheen,
2003; Robertson, 2006; Gezginci-Oktayoglu et al., 2009; American Diabetes Association,
2013; DeFronzo et al., 2015; Bene et al., 2018). Generally, diabetes is a top ten cause of
mortality, and the number of Type 2 diabetes mellitus (T2D) patients is increasing in both
developed and developing countries; 80% contribution is from low- and middle-income
countries, with an estimated global prevalence sitting at 9.3% (International Diabetes
Federation, 2019). Although many synthetic drugs have been formulated to treat and
manage diabetes mellitus, their high cost, some intolerable side effects and increasing failure
rates make them undesirable; hence, the use of alternative or complementary therapy
becomes a ready option. Also, the use of traditional medicinal plants to treat various ailments
is widely known, but there is still very scanty empirical information about the health benefits
of some of these plants. Besides, their mechanism of antidiabetic action, as well as their

toxicity and interference with male reproduction needs further investigation.

In the present study, effects of Phyllanthus amarus, a herb of the Euphorbiaceous family was
thoroughly investigated in both in vitro and in vivo (Ngo et al., 2017) studies. The study
whose findings were reported in this thesis is divided into two parts; Part A is an In-vitro
study that investigated the concentrations of the total polyphenol and individual
phytochemicals present in the plant extract, thereby given an insight into its antioxidant
capacity. The inhibitory activities of the extract on tyrosinase, a-amylase and a-glucosidase
enzymes were examined to determine the mechanism of its depigmentation and antidiabetic
actions, respectively. The effect of the extract on male reproductive functions using mouse
Sertoli (TM4), as well as the phytoestrogenic activity of the extract on breast cancer (MCF-7)
cell lines were investigated using MTT and the E-Screen assay, respectively. To the best of
our knowledge, this is the first in vitro study that examined the effect of Phyllanthus amarus
extracts on these two cell lines, and its inhibitory activities on tyrosinase and a-glucosidase

enzymes. Part B, an In-vivo study that investigated the effects of a graded dose of 200mg
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and 400mg/kgbwt/day of aqueous plant extract and glibenclamide 0.2mg/kgbwt on the
kidney, liver, heart and testes of diabetes-induced male Wistar rats.

Type 2 diabetes (T2D) was induced in the rats by letting them have free access to 10%
fructose water to consume for two weeks. A single medium dose of streptozotocin
(55mg/kgbwt) was then injected intraperitoneally. Rats with fasting blood glucose level 211.1
mmol/L were considered diabetic and were continued with respective treatments for four
weeks. At the end of the treatment or experimental period, the rats were anaesthetized using
I.p sodium pentobarbital, 60mg/kgbwt They were euthanized by cervical dislocation, after
which blood samples and organs were harvested, stored until they were used for analysis.

In the in vitro study, ELISA-based methods were used for the quantitative determination of
polyphenols, flavanol, flavonol, flavonoids, oxygen reducing antioxidant capacity (ORAC),
trolox equivalent antioxidant capacity (TEAC), a-amylase and a-glucosidase activities on the
agueous, methanol and hexane extracts of Phyllanthus amarus. Besides, tyrosinase
inhibitory efficacy of the hexane, methanol, and aqueous extracts of Phyllanthus amarus was
examined. Our findings revealed that Phyllanthus amarus has a higher concentration of
polyphenolic acids; these are naturally occurring antioxidants with potentials to scavenge
free radicals because of their hydroxyl group (Jalal-Hosseinimehr et al., 2007). Studies
showed that they contributed to increased antioxidant activity as demonstrated in some
extracts via several mechanisms which they exert by different phenolics or through
synergistic effects with other non-phenolic compounds (Abbasi et al., 2010; Kumar et al.,
2014; Putakala et al., 2017?). In the present study, the aqueous extract shows the highest
antioxidant capacity, which is in agreement with the reports by Mazlan et al. (2013). Higher
levels of ferric reducing antioxidant power and trolox equivalent antioxidant capacity were
observed in the aqueous extract, as opposed to the methanol extract that shows higher
oxygen reducing antioxidant capacity results. These results thus confirmed the high

antioxidant capacity of the aqueous extract.

Furthermore, scientific evidence demonstrated that samples with high antioxidant activity are
associated with significant antityrosinase activity, as they play essential roles in preventing
free radical-related skin damage (Ko et al., 2008; Mazlan et al., 2013; Chang & Teo, 2016).
In the present study, both aqueous and hexane extract fractions displayed significant
tyrosinase inhibitory activity, with the aqueous extract being the most active having the least
inhibitory concentration at 50%. This report correlates with the ethnobotanical use of the
plant to treat various skin lesions. In vitro antidiabetic effect of the aqueous extract using a-
glucosidase indicates that Phyllanthus amarus possesses a significant inhibitory effect on a-
glucosidase, which could modulate oxidative stress caused by diabetes. The mechanism of

action exhibited in this study, clearly shows that Phyllanthus amarus extract’s activity by
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inhibition of a-glucosidase could delay the absorption of glucose from the intestinal tract;
hence, its antihyperglycemic effect. Besides, the present study corroborates the previous
investigators who reported that Phyllanthus amarus extracts at various doses, significantly
reduced blood glucose levels (Lawson-Evi et al., 2011; Adedapo et al., 2013).

Cytotoxicity studies were done on mouse Sertoli (TM4) and Breast cancer (MCF-7) cell lines
with MTT, E-Screen assays and cell counts. Our findings revealed that the aqueous fraction
of Phyllanthus amarus extracts demonstrated the highest mitochondrial dehydrogenase
activity at lower concentrations. In this instance, too, TM4 cell numbers were significantly
higher when compared with the untreated controls. Besides, Sertoli cell viability was impaired
after exposure to higher extract concentrations which could lead to impaired
spermatogenesis. The significant stimulation of Sertoli cell proliferation could be because of
the estrogenic properties exhibited by the Phyllanthus amarus extracts. Earlier investigators
previously pointed out that some of the constituents, such as  Phyllanthin and
hypophyllanthin, are active phytoestrogens (Islam et al., 2008; Iranloye et al., 2010). It is
noteworthy that the TM4 (Sertoli) cells are isolated from immature rats; at this age, Sertoli
cells express oestrogen receptors and cell proliferation can be activated by oestrogen
exposure (Lucas et al., 2011). More so, a scientific report suggests bioflavonoids, which are
natural antioxidants widely distributed in fruits and vegetables as having a protective effect
on the deoxyribonucleic acid damage precipitated by the hydroxyl radicals (Russo et al.,
2000; Nimse & Pal, 2015). In our opinion, the observations in the present study could be as a
result of the antioxidant substances in the extracts that are known to display a dual-phasic
property; they are antioxidants at low concentrations, and at high levels, they are pro-
oxidants. This property may protect against oxidative stress and lipid peroxidation, such that
it promotes cell proliferation, at the lower concentrations, as previous investigators have
reported (Catala, 2007; Young et al., 2008). Besides, in the present study, the extract
produced a significant proliferative effect on breast cancer (MCF-7) cells, thus, confirming its

estrogenic activity.

A cardinal symptom of diabetes is unexplained weight loss (Okon et al., 2012). The in vivo
part of this study revealed a persistent body weight loss in the animals, except in the healthy
controls up to the day 21 of the experiment. There was a marked difference in the absolute
and relative liver weights of diabetic untreated animals versus the healthy controls
(p<0.0001). The absolute and relative testicular weight of the diabetic untreated rats and the
person with diabetes + PA 200mg/kgbwt was markedly significant (p<0.05). Although it was
earlier reported that there was weight gain in diabetic animals after treatment with
Phyllanthus amarus extract (Adeneye, 2012), findings from the present study did not,
however, indicate restoration in the weight loss by the animals when treated either with

Phyllanthus amarus or glibenclamide. The reason for this difference could be due to the short
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duration of the treatment or the strain of the animals or even the abundant tannin that is
present in the extract. It has been shown that organ hypertrophy and hyperplasia occur in
disease states to compensate for decreased functionality or due to inflammatory responses
(Mestry et al., 2017).

Adeneye (2012) demonstrated that Phyllanthus amarus could effectively control glucose
level in diabetes mellitus mediated via improvement in insulin resistance, thus supporting its
ethnomedicinal use in the local management of diabetes mellitus. In the same vein, our study
shows that PA at 400mg/kgbwt increased serum insulin similarly to the glibenclamide when
compared to the non-treated diabetic and healthy controls. This finding also agrees with a
previous report that Phyllanthus amarus at 400mg/kg body weight effectively controlled blood
glucose in rats (Adedapo et al., 2014). Scientific research revealed that Inflammation is
closely linked with insulin resistance and endothelial dysfunction, which are regarded as
important factors in the pathogenesis of T2D (Cersosimo & DeFronzo, 2006; Van Den Oever
et al., 2010; Janus et al., 2016; Chen et al., 2016). In the present study, Phyllanthus amarus
200mg/kgbwt significantly reduced serum nitric oxide compared to the diabetic control while
GLIBEN 0.2mg/kgbwt significantly reduced serum nitric oxide versus the healthy and diabetic
controls, PA 200 mg and PA 400mg. PA 200mg/kgbwt, PA 400 mg/kgbwt and GLIBEN
0.2mg/kgbwt significantly reduced serum myeloperoxidase (MPO) activity when versus the
diabetic controls. These findings agree with Ren et al. (2016) which shows that both
phytoestrogens, apigenin and naringenin can ameliorate glucose and lipid metabolism, as
well as endothelial dysfunction in T2D rats at least in part by down-regulating oxidative stress
and inflammation(Ren et al., 2016). PA 200mg/kgbwt, as well as PA 400mg/kgbwt, reduced
H,O, contents and malondialdehyde (MDA) levels compared to the diabetic controls. This
finding also corroborates the antioxidant property of the extract as previously reported
(Giribabu et al.,, 2014). More so, PA 400mg/kgbwt significantly increased glutathione
peroxidase (GPx) activity compared to diabetic control. PA 200mg/kgbwt and PA
400mg/kgbwt caused an increase in the activity of GPx in the liver and reduced lipid
peroxidation in the rats’ liver, kidney, and heart in a similar manner to glibenclamide
compared to the diabetic untreated rats. The action of this extract implies that the two doses
were able to improve GPX activities which is one of the antioxidant defence mechanisms in
the rat’s liver, kidney and the heart (Gundiz et al., 2004). They normalised the activities of
alkaline phosphatase (ALP) together with aspartate aminotransferase (AST), compared to
the diabetic untreated rats. The normalisation suggests the hepatoprotective potential of
Phyllanthus amarus plant extract (Putakala et al., 2017?), thus confirming its ethnobotanical
uses. More so, the PA 200mg/kgbwt normalised the activity of gamma-glutamyl
aminotransferase (GGT) versus the diabetic non-treated rats. These findings substantiate the

fact that Phyllanthus amarus extract can protect against oxidative stress in the rat’s liver,
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kidneys and the heart (Pramyothin et al., 2007; Bhawna & Kumar, 2009; Karuna et al., 2009;
Karuna et al., 2011; Putakala et al., 2017°). There was significant hypoproteinemia in the
experimental groups compared to the normal rats, perhaps due to the diabetes-induced renal
impairment in the rats. PA 200mg/kgbwt significantly reduced the triglyceride levels
compared to the diabetic non-treated rats. Here, the hypolipidaemic effect of the extract was
also demonstrated (Haidari et al., 2012) in agreement with the work of Adeneye (2012).

Phyllanthus amarus aqueous extract, 200 mg/kgbwt improved serum testosterone and serum
oestradiol similarly to glibenclamide compared to their diabetic untreated control equivalents.
Finally, this report revealed that Phyllanthus amarus at 200mg/kgbwt significantly improved
sperm count when compared to glibenclamide; thus corroborating a previous study
(Azubuike et al., 2018). In our histological studies, Phyllanthus amarus at 200mg/kgbwt
demonstrated a reduction in seminiferous tubule diameter as well as an expanded
interstitium. The dosage administered to this group could not cause the arrest of
spermatogenesis that could have otherwise led to spermatogenic failure, disruptions and
eventual azoospermia, severe oligozoospermia, asthenozoospermia or teratozoospermia as
described by Jan et al. (2012).

7.2. Conclusions

e Aqueous extract of Phyllanthus amarus exhibited capacity as an antioxidant, as
shown in the FRAP and TEAC results. Both hexane, together with agueous extract
fractions of PA possesses favourable antityrosinase activity, proposing the plant to be
a suitable natural, alternative agent in the beauty, healthcare, and food processing
industries.

e Aqueous extract of Phyllanthus amarus possesses a significant inhibition on a-
glucosidase, improves serum insulin levels, as well as the activities of antioxidant
enzymes, thereby modulating oxidative stress caused by diabetes.

e The findings in this study substantiated the antihyperglycaemic, antioxidant and lipid-
lowering activities of Phyllanthus amarus extract, hence, its ethnobotanical use, which
makes it a potential natural product for the development of antidiabetic drugs.

e Phyllanthus amarus extract could modulate diabetes and exert its antidiabetic effect

via oestrogen-dependent pathways and oxidative stress.

7.3. Recommendations

e Isolation and characterisation of the crude extract to get pure compounds.
o Need for less expensive, fast, and efficient in vitro toxicity tests that reduce social

pressure around ethical usage of laboratory animals. The exercise could involve
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designing studies to include co-treatment of both crude and pure compound from
Phyllanthus amarus to investigate its antidiabetic activities and ameliorative potentials
on oxidative stress, as well as recovery of some of the dysfunctional organs affected
due to diabetes.

e A study could be designed with fewer numbers of diabetic-induced animals. Further,
administered with Phyllanthus amarus extracts for chronic treatment evaluation to see
if this extract provides any potential effect on the expression and activity of caspase,
glucose transporter and apoptotic proteins in diabetic and normal rats.

¢ Another experiment could be designed for checking the effect of Phyllanthus amarus
alone on the parameters to be measured by administering the plant extracts, PA
200mg/kgbwt along with 400mg/kgbwt to normal rats.

e The information revealed in this study gives a unique and innovative insight into the
effect of the plant extract on male reproductive function. To better understand the
mechanism displayed here, a more extensive molecular mechanistic studies on
endocrine, apoptotic and biochemical pathways, including gene expression analysis,

is imperative.
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ADDENDUM
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SUPPLEMENTARY FILE

Mean and Standard Deviation of Diameter of
Seminiferous Tubules (mm)

Std.
Group Mean N Deviation
NC .3003 100 .05394
DC .2484 100 .03145
PA 200 mg .2549 100 .02167
PA 400 mg 1811 100 .03071
Glibenclamide .3253 100 .04184

Mean and Standard Deviation of Height of
seminiferous Tubular Epithelium (mm)

Std.
Group Mean N Deviation
NC 1029 100 .03095

200




NC .0682 100 .01452
PA 200Mg 0779 100 .00988
PA 400 Mg .0508 100 .01228
Glibenclamide 1156 100 .02380
ANOVA
Diameter of Seminiferous Tubules
Sum of Mean
Squares df Square F Sig.
zivl\j‘e)zn 1.225 4 .306| 216.879 @
Within Groups .699 495 .001
Total 1.925 499
ANOVA
Height of seminiferous Tubular Epithelium
Sum of Mean
Squares df Square F Sig.
(BB:’:Z” 274 4 069 172.600| Tanal
Within Groups .196 495 .000
Total 470 499
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One-way ANOVA to compare the means between the different groups at 95% confidence
interval and significance level of p < 0.05 was done. From the result, the changes observed
in the means of the diameters of seminiferous tubules and height of seminiferous tubular
epithelium between the groups was significant as P in both cases was 0.000 (encircled)
which is far less than 0.05.

DATASET:

(Cite this dataset)
Olabiyi, Folorunso (2021), “OLABIYI_FOLORUNSO ADEWALE_213065401_DATASET”,

https://data.mendeley.com/drafts/w6yw9cwdry
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