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ABSTRACT

Non communicable diseases like diabetes mellitus, hypertension, cancer and infertility are
cUJTently on the increase across the globe. This therefore necessitates the increase in the search
for appropriate therapies which are more effective, less expensive and of minimal or no side
effects. Herbal medicines are being regarded as suitable alternative to orthodox medicines
considering their wide acceptability and availability. Many plants have shown hypoglycemic,
hypolipidemic and insulinogenic properties but there is dearth of information on the
transcriptomic alterations following exposure of normal rats to Tapinanthus bangwensi,
Momordica fóetida, Peperomia pel/ucida and Mangifera indica.

ln this study, male albino rats of wistar strain were placed on four different herbs-supplemented
diets containing 30% and 70% respectively on each plant for three days after which they were
sacrificed by cervical dislocation. Blood samples were collected into anti-coagulated containers
and their haematological parameters were measured using auto-haematological analyzer. Tissues
were also collected and various gene expression assays were carried out.

The results showed that the genes expressed in the pancreas include Glut4, Insulin, CACNAla
and KCJNS. Mangifera indica, Peperomia pe/lucida and Momordica foe/ida groups expressed
insulin and KCJNS genes in significant measures, (upregulated). In the small intestine, GLP-1
and GLlIT-2 were expressed in all groups at higher concentration, except for P. pe/lucida which
was expressed at low concentration (30%). ln the testis, FSH-R and LH-R genes were

significantly expressed (upregulated) by P. pe/lucida (30%) and M. indica (70%). In the kidney,
TNF-alpha gene was downregulated by all the extracts while ILI-alpha was upregulated. In the
liver, PFK I, Pyr-Kinase and G6pD genes were expressed by all the extracts.

ll was observed that there is modulation of gene expression and transcriptomic alterations after
the exposure of nornrnl rats to these herbs, with M. indica, P. pe/lucida and M. foe/ida showing
to be less toxic and more promising in expression of genes that are important in diabetic

management. Also, M. indica and P. pe/lucida with the upregulation of FSH-R and LH-R genes
show pro-fertility ability. Haematological alteration of interest seen in the results include
increase in Red blood cells (RBC), packed cell volume (PCV), and Haemoglobin (Hb) by the
extracts of M. mdica, M. foetida and Tapinanthus bangwensi. In addition, Platelets count was
increased by the extracts of M. foetida and Thangwensi. This study offers a key to unlock new

therapeutic targets for the treatment of diabetes, inflammation, anaemia, haemorrhage and

infertility.
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CHAPTERONE
1.0 INTRODUCTION

During the last century, the practice of herbalism has become main stream throughout the
world. In spite of great advances observed in modem medicine, plants stíll make an important
contribution to health care. This is due to the recognition of the' value of traditional medical
systems and the identification of plants from indigenous pharmacopoeias, which have
significant healing power. Medicinal plants are distributed worldwide, but they are most
abundant in tropical countries (Calixto, 2000; Lewis, 2001 }. The search for natural products
to cure diseases has received considerable attentions in which plants have been the most

important source (Okwu, 2005; 2007). In Brazil alone, about 80,000 species of higher plants
were described which offer enormous prospects for discovering new compounds with
therapeutic property (Nakamura et al., 1999).

Herbal preparations fonn the basis for many therapeutic drugs and are the first line
treatment for many of the world's population, being readily available, traditional and

relatively inexpensive (Okpara et al., 2007). Herbal medicinal products are assuming greater
roles in the lives of the people across the world in the face of global upsurge of drug

resistance, toxicity, adverse effects, and increasing costs of synthetic products (Okpara, et al.,

2007). In Nigeria, several thousands of plant species have been claimed to possess medicinal

properties and employed in the treatment of many ailments (Iweala and Oludare, 2011).

Many of these indigenous medicinal plants are used as spices, food and for medicinal

purposes. Medicinal plants are believed to be an essential source of new chemical substances

with potential therapeutic effects. Currently, medicinal plants continue to play an important
role in the management of diabetes mellitus, especially in developing countries, where many

people do not have access to conventional anti-diabetic therapies (Grover, et al., 2002).

Metabolomics, pharmacogenomics, and toxicogenomics can be utilized to examine the

chemical processes involving metabolites of medicinal herbs, to investigate the variations

within the host genome and herbs, and to analyze the toxic effects of herbs (Youns et al.,

2010; Kuete and Efferth, 2011; Barlow et al., 2012; Serte! et al., 2012). Omics, such as

functional genomics, transcriptomics and proteomics, can be applied to study the

gene/protein functions of medicinal herbs and to evaluate the herb/host interactions.

Plants are known to be pharmacologically active, inactive or toxic by examining

alterations caused by the plant extracts on the hematological and transcriptomics markers.

One of the important methods of assessment of health in ? animal is to assess the
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hematological parameters. Several studies have reported the effect of plant extracts on
hematological parameters of rats following administration of the plant spices or extracts
(Ajeigbe et al., 2013). Also, transcriptomics analysis is important in understanding how
animals exposed to plant extract can undergo altered expression of genetic variants, which
contributes to complex diseases such as diabetes (Ajeigbe et al., 2013). Analysis of RNA
expression provides insight into biological pathways and molecnlar mechanism that regulate
cell fate, development, and disease progression. Although different studies have

independently reported the effect of plants on the alteration of hematological parameters and

transcriptomics library, this study aims to investigate the hematological and transcriptomic
alterations occurring in experimental albino rats if exposed to the following herbs: Bitter
gourd (Monwrdica Joetida), Mango (Mangifera indica), Mistletoe(Tapinanthusbangwensi
and Silver bush (Pepperomiape/lucida).

Bitter gourd (Momordica foe tida) is a popular vegetable in some Asian countries. Fresh
bitter gourd is used as a nourishing food. It contains: 93 .8% water, 0.9% protein, O. 1 % lipid,
3.3% dietary fiber, 20 kJ energy per 100 g, and a small quantity, 0.05%, of vitamin C (Islam
et al., 2011 ). It is a good source of phenolic compounds (Islam et al., 201 l).The immature

fruits of bitter gourd can be prepared in many ways such as frying or cooking as curries. In

addition. fruits can be dehydrated, pickled or canned (Krawinkel and Keding 2006). They are

usually blanched or soaked in salt water before cooking to reduce the bitter taste.

Incorporating bitter foods in commonly consumed food dishes'can mask the bitter taste of

bitter gourd (Snee et al., 2014 ). Bitter gourd treatments of cell cultures or feeding trials with

laboratory animals such as mice or rats showed that it has blood glucose lowering properties.

Most animal studies have shown a blood glucose lowering effect of the fruit of bitter gourd

when fed orally as a single dose (Krawinkel and Keding 2006). The juice formulations of

bitter gourd have proven to be more effective in lowering blood sugar level and HbAlc levels

than its dried fruit products (Krawinkel and Keding 2006). Bitter gourd has been shown to be

effective in treating Type I diabetes in rats or mice by increasing pancreatic insulin secretion

(Fernandes et al., 2007). Some preliminary evidence suggests that the consumption of bitter

melon as whole fruit, extract, or dried powder may reduce blood sugar levels (Basch et al.,

2003). In human studies with diabetes patients, fresh bitter gourd juice was shown to

significantly reduce plasma glucose concentrations and improve response to an oral glucose

load (Islam et al., 2011 ). Bitter gourd may have synergistic effects with oral hypoglycemics

and it may aggravate hypoglycemia in type 2 diabetes patients (Basch et al., 2003). One of

the studies by Fuangchan et al., (201 I) effectively demonstrateà the hypoglycemic effect of
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bitter melon among type 2 diabetic individuals receiving 2,000 mg/day of dried bitter melon
powder. However, the hypoglycemic effect of bitter melon was less than metformin 1,000
mg/day (Fuangchan et al., 2011 ).

Leaves of Mangi(era indica commonly known as mango (family Anacardiaceae), is a

large evergreen tree of tropical and subtropical region that has been used in traditional
medicine by a number of people for centuries. The leaves of M indica plant are used as an
antidiabelic agent in Nigerian folk medicine. Although aqueous extract given orally, it did not
alter blood glucose level in either normoglycaemic or streptozocin induced diabetic rats;
antidiabetic activity was seen when the extract and glucose were administered simultaneously
and also when the extract was given to the rats 60 minutes before the glucose. The results
indicate that aqueous extract of M. indica possess hypoglycaemia activity. This may be due to
an intestinal reduction of the glucose absorption. (Aderibigbe, 200 l ).

Several studies in animal models with diabetes have shown both short and long term

hypoglycemic effect of mango leaves. Its mechanism for lowering glucose level is unknown,
and however, some studies suggest facilitation of glucose uptake peripherally (Campillo,
2001).

Peperomia pe/lucida is an annual shallow rooted herb that belongs to the family

Piperaceae. It is found in various shaded damp habitats all over Asia and the America

growing in clumps, thriving in loose, humid soils of tropical and subtropical climate. It

usually grows lo a height of about 15 lo 45cm and is characterized by succulent stems, shiny,

heart shaped, fleshly leaves and tiny dot like seeds attached to several fruiting spikes (Aziba
et al,, 2001).

Extract of P. pe/lucida has anti-diabetic activities which might be due to systemic action in

the sense that it stimulates the pancreatic B cells and improves the insulin secretor capacity.

P. pe/lucida is safe and effective as an antiglycaemic with no undesirable effect (Hua et al.,

1999).

Plants have long played a significant role in maintaining human health and have also

served as food for humans. WHO estimates that over 80% of people rely on traditional

medical for their primary health care needs and most of this therapy involves the use of plant

extracts or their active components (Campillo el al., 2001).
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Tapinanthus hangwensi which belongs to the family Loranthaceae is commonly known as

mistletoe, common mistletoe or mistletoe. This plant is originally native to Nigeria, Europe,
North Africa, Western and Southern Asia (Jurin et al., I 993). As a semi-parasitic evergreen
growing on host tree, it depends on the host for minerals and water, and synthesizes its

carbohydrate using green leathery, oblong leaves (Osadebe aµd Uzochukwu, 2006). The
chemical make-up of mistletoe may differ according to host tree species, the time of harvest
and the process employed in processing. Such chemical constituents include caffeic acid,
alkaloids, amines, phenols, ílavonoids, terpenoids and viscotoxins, ílavonoids, ftavonols

agylcones, lecitins, triterpenes, saponins, acetylcholíne derivatives, vitamin C, histamine,
resins, thionins, and cardenolides (Jolanta and Przemyslaw, 2015).

Tapinanthus hangwensi (mistletoe) has been in use medicinally for ages to cure ailments
such as symptoms of menopause, infertility, cancer, nervous tension, asthma, hypertension,
headache, diabetes and dermatitis (Obatomi et al., J 994; Grossarth-Maticek and Ziegler,
2007). Immune system modulating ability of extracts of mistletoe is also well documented

(Jurin et al., 1993; Ladokun el al., 2015).
Mistletoes grow on many trees and tree crops indigenous to West Africa and which are of

economic importance; among them are shca butter, neem, citrus (Bright et al., 1998) and

cocoa (Overfield et al., 1998).

1.11 STATEM ENT OF RESEARCH PROBLEM

Herbal preparations form the basis for many therapeutic drugs and are the first line treatment

for many of the world's population, being readily available, traditional and relatively

inexpensive . ln Nigeria, several thousands of plant species have been claimed to possess

medicinal properties and employed in the treatment of many ailments.

Reports arc available on the therapeutic use of M. indica, P. pe/lucida, M. foetida and T

bangwensi but there is little or no information on the transcriptomic alterations of these

selected herbs hence the need to do this work. Also there is need to determine the

haematological alterations they may cause when ingested orally. This study employed the

quantitative real-time polymerase chain reaction (qPCR) technique to assess the

transcriptomic alteration in rats exposed to these selected plants.
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1.12 AIMS AND OBJECTIVES
The general aim of this research work was lo determil}e the haematological andtranscriplomic alterations occurring in acute culinary exposure of normal rats to M indica, P.pe!/ucida, M. fóetida and T bangwensi.

1.13 SPECIFICOBJECTIVES
? To determine the effects of the extracts on the haematological parameters of rats fedwith the M. indica, P. pellucida, M. Joetida and T. bangwensi extracts.? To dete1mine the transcriptomic alterations occurring in the rats exposed to M indica,P. pe/lucida, M. fóetida and T hangwensi extracts.
? To assess the toxic effects of M indica, P. pe/lucida, M foetida and T bangwensiextracts on the rats
? To determine the mechanism of action of M. indica, P. pe/lucida, M. foetida and T.

bangivensi.



CHAPTERTWO

LITERATUREREVIEW
In general, herbs are any plant used for food, flavoring,' medicine, or fragrances fortheir savory or aromatic properties (Tapsell et al., 2006). Culinary use typically distinguishesherbs from spices. Herbs refer to the leafy green or flowering parts of a plant (either fresh ordried), while spices are produced from other parts of the plant (usually dried), includingseeds, berries, bark, roots and fruits( Tapsell et al.,2006). In botanical English, the word"herb" is also used as a synonym of "herbaceous plant". Herbs have a variety of usesincluding culinary, medicinal, and in some cases, spiritual. General usage of the term "herb"differs between culinary herbs and medicinal herbs. In medicinal or spiritual use any of theparts of the plant might be considered "herbs", including leaves, roots, flowers, seeds, rootbark, inner bark (and cambium), resin and pericarp (TapseJl et al.,2006). As far back as 5000BCE, Sumerians used herbs in medicine. Ancient Egyptians used fennel, coriander and thymearound 1555 BCE. ln ancient Greece, in I 62 CE, a physician by the name of Galen wasknown for concocting complicated herbal remedies that contained up to JOO ingredients(Tapsell et al.. 2006).

Culinary herbs are distinguished from vegetables in that, like spices, they are used insmall amounts and provide flavor rather than substance to food. Herbs can be perennials such
as thyme or lavender, biennials such as parsley, or annuals like basil. Perennial herbs can beshrubs such as rosemary, Rosmarin us officina/is, or trees such as bay laurel, Laurus nobilis -

this contrasts with botanical herbs, which by definition cannot be woody plants (Dilhey et al
.,2006). Some plants are used as both herbs and spices, such as dill weed and dill seed orcoriander leaves and seeds. Also, there are some herbs such as those in the mint family thatare used for both culinary and medicinal purposes (Dilhey et al., 2010). Some plants contain

phytochemicals that has effects on the body. There may be some effects when consumed in
the small levels that typify culinary "spicing", and some herbs are toxic in larger quantities
(Chinese Herbal Medicine, 2014). For instance, some types of herbal extract, such as the
extract of St. John's-wort (Hypericum perforatum) or of kava (Piper methysticum) can be
used for medical purposes to relieve depression and stress. Herbs have long been used as the
basis of traditional Chinese medicine, with usage dating as far back as the first century CE
(Chinese Herbal Medicine, 2014). In India, the Ayurveda medicinal system is based on herbs.
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Medicinal use of herbs in Western cultures has its roots in the Hippocratic (Greek) elementalhealing system, based on a quaternary elemental healing metaphor.

2.1
CLASSIFICATIONAND DESCRIPTIONOF PLANTS2.U MISTLETOE (Tapinanthus bangwensi)Mistletoe is a common name used generally for woody shoot parasites in variousplant families, mostly in the Loranthaceae and Viscaceae families (Parker and Richesl993).Mistletoe was prominent in the folklore and religions of ancient Europe before Christianitystarted. It was used as a remedy for evil as it was reputedly endowed with magical powers; itis used for decorations during the Christmas and New Year celebrations, and it is still acommon practice to kiss under a branch of mistletoe (Redmond and Redmond 2007).Mistletoe is commonly found growing on tree crops like cocoa, kolanut, coffee, bush mangoetc. in the South western, Nigeria. Mistletoe can also grow on citrus trees like orange (Citrussp.) and guava (Psidium guajava L.).

Mistletoes grow on many trees and tree crops indigenous to West Africa and whichare of economic importance; among them are sheabutter, neem, citrus (Bright and Okunsanyal 998), and cocoa (Guyot and Ntawanga, 1997; Overfield, et al., l 998).
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Plate I Photograph of Tapinont/111.1· hangi1·c11.\·i harvested from cocoa tree.
( Blue arrow 1s pointing lo tl1e "Haustoria", while Red arrow is to the Leaf)
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· e was connccte to t e pnnc,p e accepte m t ose days thatIlle could arise suddenly 11·0111 dung. ln ancient times it was noticed that mistletoe oftenwould appear on a branch or twig where birds' droppings were found (Hoagy, 2008).ln Europe. mistletoe is used mainly as an anti-cancer agent. In contrast to Americanmistletoe which is toxic, European mistletoe is believed to have medicinal properties (Hoagy,100S). European mistletoe has been reponed to treat a wide variety of physical and mentalconditions (Williams, 1990). It is best known cunently as a therapy in addition with otherdrugs and or radiation for cancer treatment. It was also reported by some HIV/AIDSOrganizations

( NGO"s) to help restore immune systems (Hoagy. 2008).ln Gennany, 111,stletoe extracts serve as 1he most unorthodox oncology therapy(1-lnagy, 2005). M1stlctne was documented as a treatment for skin diseases and prostatecan,·er in Palestine as discovered through ethnn botanical surveys canied out (Khammash,2005)

In Nigeria, Inranth11x hengwc11si.1· L {Lonmthaceae), African mistletoe, has found
pnpularily in ils being widely used lo treat diahetcs mellih1s in folk medicine (Obatomi et al.,
J lJ94). :\11(1ther spccit?s nf ;\frican mistleloe Tapinm11lms dodonci/ólius exhibited a wide
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Wliund Infections by this m1s!letoe extract serves as c1 clue r,1 its being used ethno-medicínally

( Deeni and Sad,g 2002). Osadebe and Ukv.1,eze (2004) had presented the wide range of data
regarding the antimiL·robial activities of Lorant/tus micranthus. an eastern Nigeria species of
the African rnistktoe.



2.12 Peperomiape/lucida
Peperomia pe/lucida (also known by common names pepper elder, shining bush plant,

and man to man) is an annual, shallow-rootedherb, usually growing to a height of about IS to45 cm. It is characterized by succulent stems, it flowers all year-round, and the plant is foundin various shaded, damp habitats all over Asia and the America?. P. pe/lucida has been usedas a food item as well as a medicinal herb. Although mostly grown for its ornamental foliage,
the entire plant is edible, both cooked and raw. It is also said that it can be a good refrigerant(Aziba et al., 200 I).

The analgesic properties of the plant seem to be related to its effect on prostaglandinsynthesis (Aziba et al., 2001 ). It may have potential as a broad-spectrum antibiotic, asdemonstrated in tests against Staphylococcus aureus, Bacillus subtilis, Pseudomonasaeruginosa, and Escherichia coli (Bojo et al., 1994). Chloroform extracts from dried leavesof P. pellucida have been shown to exhibit antifunga! activity against Trichophytonmentagrophytes in vitro (Ragasa et al., 1998).
Anti-inflammatory activity (in paw edema) and analgesic activity has been demonstratedin rats and mice. Although the plant can cause asthma-like symptoms in patients with known

hypersensitivity reactions to the species, no clinical data have yet been reported on humantoxicity (Arigoni-Blank et al., 2002).
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against roundwonn (Burki I, 1985). The leaf sap is used to treat severe headache and ear-ache.
[n Malawi headache is treated by binding the head with the plant stem. In the [vory Coast a
preparation of the leaves is used as an aphrodisiac and is taken by women as anemmenagogue and as child-birth helper. In Uganda tea from leaves or roots are used as anabortifacient and an embolic (Burki], 1985). In the Ivory Coas,! a Ieaf-decoction is used to

treat smallpox (Burki], 1985).
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Plate 4: Photograph or,l!angi/era indica leaves (Mango leaves)
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Y ª to wash small children and mothers' breasts. In South Africa a

root d ecoe hon with other pia t
.

.
.

n s is taken for bolls (Burki/, 1985). The inflammation caused by
the venom of the spitting cobr (N.

.
.

. . a, a¡a mgrocol!is) can be prevented by promptly rubbing the
skm with crushed leaves and h

.

c ewmg them. The leaf sap is drunk to treat snakebite (Burki],
1985). The leaf sap is used to stop nose bleeding. In Tanganyika, the young leaves are used to
treat dropsy and malaria (Burkil, 1985)_

2.14 Ma11gifera Ílldica (Mango)
Mangifera indica comm

I kn .
.

.
.

·

, on Y own as mango, is a species of flowenng plant m thesumac and poison ivv family A d. .
.

.
.

.

,
, nacar taceae. It ts found 1n the wtld m Bangladesh, India andPakiStan where it is indigenous and cuhivated varieties have been introduced to other warmregions of the World. It is a large fruit-tree, capable of a growing to a height and crown widthof about IOO feet and trunk circumference of more than twelve.feet. The species appears tohave been domesticated in India at around 2000 B.C. (Sauer and Jonathan, 1993). The specieswas brought to East Asia around 400-500 BCE from India; next, in the I 5th century to thePhilippines; and then, in the 16th century to Africa and Brazil by the Portuguese. The specieswas described for Science by Linnaeus in 1753. Mangiferin (a pharmacologically activehydroxylated xanthone C-glycosidc) is extracted from mango at high concentrations from theyoung leaves ( I 72 g/kg), bark ( I 07 g/kg), and from old leaves (94 g/kg) (Barneto et al..2008).

In Ayurveda, it is used in a Ramayana fom1ula sometimes with other mild sours andshatavari (Asparagus race mo.ms) and guduchi ( lino,pora cordijo/ia). In this oriental systemof traditional medicine, varied properties are attributed to different parts of the mango tree,both as food and medicine (Shah et al.. 2010). Extracts of the bark, leaves, stems, and unripefruits have demonstrated antibiotic properties in vitro. (Shah et al., 2010). The different
chemical constituents of the plant arc the polyphenols, íl¡wonoids and triterpenoids.
M ·r ·

ti one glycoside is the major bio-active constituent; other constituents are
ang11enn. a xan 1

,
•

·

·e · ·

a id garlic acid derivatives (Shah et al., 2010). The bark is reported to1somang11erm, tannins ,

.

I

·

·ct •atechin mangiferin. alanine, glycine, y-amino butyric acid, kinic
contain protocatec 11c act ,

e:
·

•

. . . . ·

d h I tracyclic triterpenoids cycloart-24-en-3f3,26diol, 3-ketodammar-acid, sh1k1m1c acid an t e e

·

I e 24 epimers of cycloart-25 en 3f3,24,27-triol and cycloartan-
24 (E)-en-20S,26-dto ,

-

· ·

d Speroni 2000). Indicoside A and B, manghopanal,
3 p,24,27-triol (Scartezztnt an

'

. ..

¡· loartan-JP-30-diol and denvallves, mangsterol, manglupenone,mangoleanone, fnede m, eye
.

. .n-heneicosane, n-triacontane and mangtferoltc actd methylmangocoumarin, n-tetacosane,
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ester and others isolated from stem bark of the plant (Khan et al., 1993). Mangostin, 29-
hydroxy mangiferonic acid and mangiferin also have been isolated from the stem bark
together with common flavonoids the flower yielded alkyl gal!ates such as gallic acid, ethyl
gallate, methyl gallate, n-propyl gallate, n-pentyl gallate, n-octyl gallate, 4-phenyl gallate, 6-phenyl-n-hexyl gallate, and dihydrogallic acid (Khan et al., J 989). Root of mango contains
the chromones,

3-hydroxy-2-(4
'-methylbenzoyl)-chromone, and 3-methoxy-2-(4 '-methylbenzoyl)-chromone. The leaf and flower yield an essential oil containing humulene, elemene,

ocimene, linaloo], nero! and many others (Nunez et al., 2002). The fruit pulp containsvitamins A and C, P-carotene and
xanthophyl!s (Ross, J 999). An unusual fatty acid, cis-9,cis-15-octadecadienoic acid was isolated from the pulp lipids of mango (Shibahara et al.,1993). Quantitative analysis of the compounds has been performed by HPLC, and mangiferinwas found to be the predominant component in the plant (Nunez et al., 2002).
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Plate 3: Photograph of Momordicafoeüda witl1 the fruits (Bitter gourd)
(Blue arrow is pointing to the fruit, while Red arrow is to the Leal)
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The bark of M. indica and n
.

nuts are known t t
.

.
.steroids, fatty acid a d

O con am vitamms, polyphenols, terpenoids,
n trace elements "t

.

lt" ·r h . ' 1 IS a so reported to possess various biological
ac 1v1 1es sue as

anti-tumour, anti- .
.

.

1 ¡ 2001. N neoplaStic, anti-oxidant, and
anti-inflammatory (Garrido,

e a .,
' unez, et al., 2002) .

.

2002) M th d ' analgesic and
1mmunomodulatory properties (Garcia,

. e o s such as haematolo .
.

'd. d
. gy and transcnptom1cs analysis has been used in different

stu 1es to ectpher the ph .

armacolog1cal and toxic effect of medicinal herbs (extract) on
animals, and to evaluate the herb/h t

.
.os Interactions both at the tissue and molecule level

(Garcia, 2002).

2.15
Haematology

Haematology refers t th0 e study of the numbers and morphology of the cellularcomponents of the blood whi h
·

1 d h
• e me u et e red cells (erythrocytes), white cells (leucocytes),

and the platelets (thrombo t
) d hcy es

, an t e use of these results in the diagnosis and monitoring
of disease (Merck Manual 2012) H .

.

,
. aematolog1eal parameters are good mdicators of thephysiological status of animals (Khan and Zafar, 2005) as the infonnation from this test areuseful in the diagnosis of many diseases as well as investigation of the extent of damage toblood (Togun et al., 2007).

The examination of blood provides the opportunity to cliniçally investigate the presenceof several metabolites and other constituents in the body and also plays a vital role in thephysiological, nutritional and pathological starus of animals (Doyle, 2006). It also helps todistinguish nonnal state from state of stress which can be induced by external factors such asfeed, drug or plant extract (Aderemi, 2004). They are also excellent medium for themeasurement of potential biomarkers, because its collection is relatively non-invasive and it
encompasses an enonnous range of physiological process in lhe body at any given time
(Aderemi, 2004). Haematological constiruenls reflect the physiological responsiveness of the
animal to its internal and external environments which include feed, drug or plant
administration. According to Daramola et ai. (2005), haematological values could serve as
baseline infonnation for comparisons of nutrient deficiency, physiology and health status of
animals.

·

h
·

·tal special circulatory tissue is composed of celJs suspended in
Blood wh1c 1s a vi

.
.

b t (plasma) with the major function of maintaining homeostasisrntercellular flmd su s anee

) H tological components, which consist of red blood celJs
(Isaac et al., 20 l 3 . aema

.

¡¡ (WBC) or Jeucocytes, mean corpuscular volume (MCV), mean(RBC),wlute blood ce s
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corpuscular
haemoglobin (Mc

(MCHC) I

H), and mean corpuscular haemoglobin concentration
are va uable in monitori ..ng herb toxicity especially with plant constituents that affect

the blood as Well as the health .S!atus of animals (Oyawoye and Ogunkunle, 2004). Red blood
cells

(erythrocytes) serve as a .

earner of
haemoglobin, which reacts with oxygen carried in the

blood to form oxy-haemo ¡ b' .g O m dunng respiration (Chineke et al. 2006). The red blood cell
is involved in the transport of '

oxygen and carbon dioxide in the body. Thus, a reduced red
blood cell count implies a red •

.uction m the level of oxygen that would be carried to the tissues
as well as the leve] of carba d' .dn toxi e returned to the lungs (Saetan et al., 2013; Isaac et al.,
2013).

Red blood cell distribution width (RDW or RDW-CV or RCDW and RDW-SD) is a
measure of the range of variation of red blood cell (RBC) volume that is reported as part of a
standard complete blood count. Usually red blood cells are a standard size of about 6-Sµm indiameter. Certain disorders, however, cause a significant variation in cell size. Higher RDWvalues indicate greater variation in size. Normal reference range of RDW-CV in human redblood cells is I 1.5-14.5¾. If anaemia is observed, RDW test results are often used togetherwith mean corpuscular volume (MCV) results to determine the possible causes of theanaemia. It is mainly used to differentiate anaemia of mixed causes from an anemia of asingle cause. An elevation in the RDW is not characteristic 'of all anaemia. Anaemia ofchronic disease, hereditary spherocytosis, acute blood loss, aplastic (anaemia resulting froman inability of the bone marrow to produce red blood cells), and certain hereditaryhaemoglobinopathies (including some cases ofthalassemia minor) may all present with anormal ROW (Evans and Jehle, 199!).

Platelet count and platelet indices such as mean platelet volume (MPV) and plateletdistribution width (PDW) are parameters used for the routine check of complete blood count
CBC. Being natural sources of growth factors like insulin-like growth factor 1 (IGF-1),

d
·

d th factor (PDGF) vascular endothelial growth factor (VEGF), or
platelet- enve grow ,

.

h e t A (TGf-A) caused the platelets to have important role in differenttransformmg growt ,ac or f' F

·

fl tion angiogenesis repair and regeneration of the tissues .

processes such as m amma
' '

h t
·

·nflammation via some cytokines, the platelets size and
Previous studies sugge5t t a m 1

.
.

·

l w grade inflammatory disorders, by the involvement of thevolume alter differently. m O

. .

. · MPV values may increase. On the other hand, m high gradelarge platelets m thrombi,
.

. .

. .

onsumption of the large platelets at the mflammat1on site causeinflammatory cond1t10ns, the c

1 (Gasparyan et al., 2011).a decrease in MPV leve s
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The major functions of the Whit
.

.defend the body b
e blood cell and its differentials are to fight infections,

Y ª Process called h .
.

.
.d I P agocytosis, agamst invasion by foreign organisms and

to pro uce, ransport, and distribute a
.

.
.

.hite blo d ll n!Jbodies in nrunune response. Thus, animals with low
w o ce s are exposed t h. h

.

.

l
O ig nsk of disease infection, while those with high counts

are capab e of
generating anfb d' .

.

.

1 0 ies ln the process of phagocyt9sis and have high degree of
resistance to diseases (Soet

. an et al., 2013), thereby enhancing adaptability to local
environmental and diseas

1

e preva ent conditions (Okunlola et al., 2012).Blood platelets are implicat d
.

b _e ln load clottmg. Low platelet concentration suggests that
the process of clot-fonnation (bl d

1

.
.00 e ottmg) w11l be extended, resulting in excessive loss of

blood in the case of even slight injury. Platelets play an essential role in cancer development,
progression ªnd metastasis through their direct interaction with tumor cell. Platelet actionstrigger autocrine and paracri ·

·

·
·

ne act1vat10n processes that cause phenotyp1c changes m stromalcells which contribute to the development of cancer. Increased platelets were associated withpoor prognosis in patients with a wide spectrum of malignancies, such as pancreatic cancer,gastric cancer, colorectal cancer, endometrial cancer, and ovarian cancer (Suzuki, 2004;Ekici, 2015; Long et al., 2016; Pietrzyk, 2016). However, platelet count is detennined by thebalance between the rate of production and consumption of platelets. A normal platelet countcould conceal the presence of highly hyper-coagulative and pro-inflammatory cancerphenotypes in the presence of efficient compensatory mechanisms (Serte! et al., 2012).
Mean platelet volume (MPV), the most commonly used measure of platelet size, is anindex of platelet activation and is available in clinical practice (Gasparyan, 201 I). Plateletdistribution width (POW), another platelet index, indicates variation in platelet size (Kaito,2005). Altered MPV levels were reported in gastric cancer, ovarian cancer, lung cancer,colon cancer, and breast cancer (Gasparyan, 20 l l ).Packed cell volume (PCV) which is also

known as haematocrit (HCT) or erythrocyte volume fraction (EVF)), is the percentage(%) of
red blood cells in blood (Purves et al., 2003). Packed cell volume is involved in the transport

b b d trients (Isaac et al., 2013). Increased packed cell volume shows a
of oxygen and a sor e nu

•

d th results in an increased primary and secondary polycythemia.
better transportation an us

(Purves et al., 2003).

. . •

_ ntaining oxygen-transport metalloprotein in the red bloodHaemoglobm is the rron co
.

.
.

•

h th exception of the fish family,Chanmchthy/,dae as well as
cells of all vertebrates wit e

,

d O' Brien, 2006) . Haemoglobin has the physiological
tissues of invertebrates (Sidell an
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function of
transporting oxygen to tissues of the animal for oxida.lion of ingested food so as to

release energy for the other body functions as well as transport carbon dioxide out of the
body of animals

(Ugwuene, 201 I; Soetan et al., 2013 and Isaac et al., 2013). Previous reports
stated that packed eel]

volume, haemoglobin and mean corpuscular haemoglobin are major
indices for

evaluating circulatory erythrocytes, and are significant in the diagnosis of anaemia
and also serve as useful índices of the bone marrow capacity to produce red blood cells as in
mammals (Awodí et al., 2005; Chíneke et al., 2006). Furthermore, it has been posited that
high packed cell volume (PCV) indicate either an increase in number of red blood cells(RBCs) or reduction in

circulating plasma volume (Chineke et al., 2006). Mean corpuscularhaemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) indicateblood leve] conditions. A low level of this parameter is an indication of anaemia (ASter,2004).
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TableI. I:
Haematological

parameters of
laboratory rats and the

ª,ccepted normal range.ffaematological
Male Range

Female Range

Parameters
ffCT[%)

41.70-57.00
33.10-47.70

ff GB [g/L)
147.0-208.0

108.0-175.0
WBC (xl09/L)

5.90-18.30
5.80-20.10

MCffC (g/L)
317.0-368.0

315.0-368.0Granulocyte (xl09/LJ 1.70-12.10
1.70-14.70Granulocyte % (%)

27.00-73.00
24.00-79.00L+M (xl09/L)

2.90-8.90
1.40-8.20L/M %(%)

27.00-73.00
21.00-76.00Pl T [xl09/L) 135.Q.1005.0
62.0-1188.0Source: Ôzkan et al .. 2003
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2.20
TRANSCRJPTOl\1Jcs

Transcriptomic is an u 6.n iased, sensitive a d .reveal new predictive b
• ' n personalized approach with the potential to. iomarkers of disease a d I

.
.

. .
.

process m the
assessment f .

.

n u hmately improve the dec1s10n-makmg0
b10Iog1caI a t'

· •

2006). When perfonned .

c ivi!Jes of medicinal herbs or drug (Sandvik et al.,m a dose response f,provide both quantitativ .
.

.

onnat, the observed transcriptional changes cane and qualztal!ve mf, •

h
·

h li ¡ ormation on the dose of the administered agent at
w ic ce u ar processes are affected T .

.

in h
·

·h h
• .

·

ranscnptorrnc approaches have transformed the way
w Jc p ys1c1ans approach di .

.
. agnosis, prognosis, and treatment, and in which regulators

approach nsk assessment (He·d k1 ec er et al., 2008).
The transcriptome includes th ,e Iota] complement of messenger RNA (mRNA) molecules(also called

transcripts) produc d
.

.e In a specific cell or the population of cells comprising a
tissue (Heidecker et a/ 2008) T

.

.
.

.·,
· ranscnptom,cs 1s regarded as a high throughput technologyconcerned with detennining h w th .0 e transcnptome changes with respect to various factors ata certain time point and at a g' b

·

¡

·

¡

·

·
· ·

1ven 10 ogrca state. Regulat10n of gene expression 1s highlycomplex and underlies many fundamental biological processes such as growth,differentiation, and disease pathogenesis with the ability to adapt rapidly with tremendousvariability in different tissues and in response to stimuli (Sandvik et al., 2006).Transcriptomics and global gene expression are powerful tools used in the field of toxicologyand, as in most cases; toxicity is not expected to occur without alterations at thetranscriptional level (Gibb et al., 2011 ). A common application of transcriptomics in
toxicology is to compare gene expression after a chemical exposure from a diseased and non-
diseased tissue to provide a list of genes that show altered expression in the diseased group.These findings not only advance researchers· understanding of

d_isease pathogenesis, but they
also reveal transcripts that can be qualitatively or quantitatively assessed as new biomarkers
(Gibbs et al., 2011 ).

A bi o marker is defined as a characteristic that is objectively measured and evaluated as an
indicator of nonnal biologic processes, pathologic processes, or pharmacologic responses to a

. . ·

(llyi·n el al. 2004). Although a single biomarker can be easilytherapeutic mtervent1on ·
,

. ·

tud·es have shown that aggregate measures composed of multipleunderstood, transcnptomic s 1

. · biomarkers of complex disease. Efforts in transcriptomicgenes are also mformatrve as

t estricted to medical diagnostics but include environmentalbiomarker development are no r
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chemical risk
assessment and d .

etennination of ex oplants (Riedmaier et al 2009 _ P sure to chemical residues in food or·,
a; Pmel et al., 2010),

2.21 TYPES OF
TRANSCRIPToM,cs BIOMAKERSThere are three

commonly u d
·

se types of transcriptomic biomarkers:•
messenger RNA

(mRNA),
• micro

RNA(miRNA), and
• Long noncoding RNA

(lncRNAs).
mRNA biomarkers are airead .

.
Y an established method in several scientific fields. Pathogenic

tissue can be distinguished fr .
,

· om
nonpathogenic ones by analyzing the expression of specificgenes. Using mRNA gene ex ·

. .press1on analysis 1s helpful in validating different types or stagesof diseases. Noncoding RNA b b
· ·

·

·

s can e su d1v1ded into small noncodmg RNAs shorter than200nt and long noncoding RN As with more than 200nt (Gibb et al., 20 l I).
miRNAs arc small noncoding RNA molecules with about 20-22nucleotides which areinvolved in post transcriptional processing of mRNA. In this way they are able to regulatephysiological pathways and metabolic processes and therefore impact the entire cellular

physiology, organ development, and tissue differentiation. The expression ofmiRNA can bemeasured in cell culture samples. These miRNAs are also present in body fluids, such as
urine, blood, and breast milk (Kroh er al., 20 I O).

Noncoding RN As with a length of more than 200nt belong to the group of long
noncoding RNAs (lncRNAs) and have been identified as biomarkcrs in several disease
conditions. Interestingly, the identification of single biomarkers on the mRNA or the miRNA
level is not possible in most pathological disorders. ln su?h cases, a set of multiple
biomarkers must be present to distinguish between specific disease types, disease states, or
applied treatments (Gibbs el al., 201 1 ).

2,22 TRANSCRIPTOMIC METHODS
l sed methods for assessing transcriptomes:There are tlu·ee common Y u

. .

1 t'me polymerase chain reaction (qPCR),• quant1tat1vc rea -
1

• microarrays, and

• RNA sequencing (RNAseq).
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Each of these target method s have advanta .subdivided into targeted ges and
disadvantages which can be furtheror

untargeted approa hshort DNA sequences called .

c es. The qPCR is a targeted method that usesPrimers to anneal a d
.

. .
. .

sample. Rapid quantitation
n amplify known transcripts m a b1olog1calof hundreds of tra ·

.but knowledge of se nscripts usmg qPCR is relatively inexpensive,quences of the c d .d .
.two main technolo •

,-
an I ate transcripts Is required (Morin et al., 2008). Theg1es ,or

untargeted
1 b

I

.diagnostic field
.

g O a transcriptome screening that dominate theare gene expression mieRNA is isol 1 d ti .
roarrays ªnd RNAseq. In microarray-based methods,

a e ram a specific sam 1 d.
. P e an converted to a chemically labeled form. Labeled

RNA 1s then incubated with II h.ª sma c 1p that measures transcript abundance by hybridization
of labeled RNA to each ofth be pro es on the microarray.

Microarrays offer genom _

•ct
.

e WI e coverage of the transcnptome, have high throughput, andhave become relatively inex ·

b .pensive ut complicated norinalizationmethods and, similarly toqPCR, are limited by the requir t I kn . .
.emen o ow ex1st1ng transcnpt sequences up front. Despitethese limitations microarra h h e

b ·
·

• ys ave t us ,ar een the most widely applied technology (Chu,20 I 2). RNAseq is the most recent transcriptomic approach where the total complement ofRNAs from a given sample is isolated and sequenced using high-throughput technologies( often called Next-Generation Sequencing). The abundance of each transcript is quantitatedby counting the number of copies. RNA sequencing has the advantage, as compared to
microarrays and qPCR, in that no previous knowledge on sequence is necessary. However,RNAseq methods are costly and complex and require enonnous computational capacity. ln
some situations, RNAseq has already begun lo replace microarrays in basic research, but
clinical studies will likely use both approaches depending on scientific goals, sample size,
and cost (Morin el al.. 2008; Wang el al., 2009; Krohn et al., 20 10; Chu and Corey 2012).

2.23 STEROL REGULATORYELEMENTBINDINGPROTEIN(SREBP)
The transcription factor SREBP (sterol regulatory element binding protein), is a key

regulator of cholesterol and lipid homeostasis (Yang et a/.,2006) which is encoded by the
BF] d SREBF? it belongs to the basic-helix-loop-helix leucine zipper class ofgenes SRE an -,

. .

1

? (Y g et al 2006). It is important to note that there are three relatedtranscript,ona ,actors an ··

• REBPI which regulates fatty acid and cholesterol biosynthesis;SREBP protems: S a,

.

¡ ºatty acid synthesis; and SREBP2, which primarily regulatesSREBP I c which regu ates "
'

.

I oi metabolism; of which SREBPlc and SREBP are highlygenes, involved m cho eSICr

.

ct· lis of the testis (Yang et al., 2006).expressed m the Ley ,g ce
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and spennatids, with th r?
. .

e e lects
being moremtrapen toneal route (Nase significant wheo administered through the

em et al., 1998).

2. 25 ANDROGENS
Androgens are critical steroid hormones thphenotype including th at determine the expression of the malee outward develoinitiation and ma·nt Pment of secondary sex characteristics as well as

i enance of spermato e
.

.
.t (W g nesis. Their actions are mediated by the androgen

recep or ang et al., 2009). Andro en r .

b b
·

d• .

h
g eceptor is a type of nuclear receptor that is activated

y m mg e1t er of the androgenic h
1

.
. ormones (e.g., testosterone) in the cytoplasm and then

trans ocatmg mto the nucleus· .1 fu .

•
1 nct1ons as a DNA-binding transcription factor thatregulates gene expression (Y dou an Sar 1998; Suárez-Quian e1 a{., 1999).

2. 26 INSULIN AND GLUCOSE
TRANSPORTER-4(GLUT-4)Glucose uptake and stora ·

·

h 1

.

.

ge m penp era tissues such as skeletal muscles and adiposetissue is ª major regulatory process in the homeostatic control of blood glucose levels (.Khanand Flier, 2000). lt is widely accepted that skeletal muscle, by virtue of its large contributionto body mass, represents the major site of insulin-mediated glucose disposal. However, bothtissues contribute toward the lowering of blood glucose (Turban et al., 2005). Glucose uptakeis mediated through the translocation of the Glut4 receptor from the interior to the cellsurface which is stimulated by the insulin signaling pathway initiated by activation of theinsulin receptor. Any defect in this pathway triggers the development of hyperglycemia in
type II diabetes. Thus, measurement of glucose uptake into peripheral tissues is an important
mechanism to assess insulin sensitivity (Turban et al., 2005).

Medicinal plants offer a rich, yet inadequately explored source of potentially useful
anti-diabetic drug. Phyllanthus emblica (amia), Tinospora cordi/olia (guduchi), and Curcuma
l

I ')
·

Jy used by ayurvedic practitioners for the treatment of diabetesonga (ha d1 are extensive
• ·

d' b 1,·c activity has been explored in various animal models of(Gogte, 2000). Thelf anti- ,a e

.
. · ·

(Babu el al., 2004; Rao, 2005; Suryanarayan et al., 2007;diabetes and lis compl!ca!Jons

l 2009· Qureshi et al., 2009). Most of these studies haveNwozo et al., 2009; Mehta et ª ·• '

. effects of these plants in experimental models.focused on the glucose lowering

1 1 carrier family 2, is a protein encoded, in humans, byGLUT4, also known as so u e

. .

.

1

·

ase insulm 1s released from the pancreas and miothe SLC2A 4 ene. As glucose leve s mere '

.

g
.

. levels cause the uptake of glucose mto the cells (Gogte,the blood stream. Increased msulm
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and spennatids, with the ff¡
. .

e ects
being more .mtrapentoneal route CNase significant when administered through theem et al., 1998).

2. 25 ANDROGENS
Androgens are critical steroid bo ha .Phenotype

·

¡ d· nnones I t detennme the expression of the male
me u mg the outward devei. .

t' t' d
. 0Pment of secondary sex characteristics as well as

m1 ia 10n an
maintenance of

spennatogenesis. Their actions are mediated by the androgen
receptor (Wang et al., 2009). Andro .

. .
. gen receptor 1s a type of nuclear receptor that is activated

by bmdmg either of the andro .

.
.

geme honnones (e.g., testosterone) in the cytoplasm and thentranslocatmg mto the nucleus· .

fu .

, II nct1ons as a DNA-binding transcription factor thatregulates gene expression (Y ou and Sar 1998; Suárez-Quian et a/ .. 1999).
2· 26 INSULIN AND GLUCOSE

TRANSPORTER-4(GLUT-4)Glucose uptake and storage in peripheral tissues such as skeletal muscles and adiposetissue is a major regulatory process in the homeostatic control of blood glucose levels (Khanand Flier, 2000). It is widely accepted that skeletal muscle, by virtue of its large contributionto body mass, represents the major site of insulin-mediated glucose disposal. However, bothtissues contribute toward the lowering of blood glucose (Turban et al., 2005). Glucose uptakeis mediated through the translocation of the Glut4 receptor from the interior to the cellsurface which is stimulated by the insulin signaling pathway initiated by activation of theinsulin receptor. Any defect in this pathway triggers the development of hyperglycemia in
type II diabetes. Thus, measurement of glucose uptake into peripheral tissues is an important
mechanism to assess insulin sensitivity (Turban et al., 2005).

Medicinal plants offer a rich, yet inadequately explored source of potentially useful
anti-diabetic drng. Phyllanthus emblica (amia), Tinospora cordi/o!ia (guduchi), and Curcuma
longa (haldi) are extensively used by ayurvedic practitioners for the treatment of diabetes

Th ·

t· ct'abetic activity has been explored in various animal models of(Gogte, 2000). e1r an 1- 1

.
.

¡· 1· (Babu et al. 2004; Rao, 2005; Suryanarayan et al., 2007;
drnbetes and its comp ica wns

'

h I l 2009· Qureshi et al., 2009). Most of these studies haveNwozo et al., 2009; Me ta e ª " '

· ffects of these plants in experimental models.focused on the glucose lowenng e

l te carrier family 2, is a protein encoded, in humans, byGLUT4, also known as so u

., l l increase, insulin is released from the pancreas and mtothe SLC2A4 gene. As glucose eves
.

. r levels cause the uptake of glucose mto the cells (Gogte,the blood stream. Increased msu m
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2000), GLUT4 is stored in th .e cell in transport .

I .
.

.plasma membrane of the II .

vesic es, and 1s qmckly mcorporated into thece When insulin bindinsulin receptor in its d' .

s to membrane receptors. Insulin binds to theimenc fonn and activate , .
.receptor then recruits ¡ 1.

s the receptors tyrosine-kinase domain. Thensu m Receptor s bkinase. PI-3 kinase e
u strate, or IRS-I, which binds the enzyme PI-3onverts the membrane Ii

.

.
.by PKB (protein k. B

pid PIP2 to PIP3. PIP3 1s specifically recognizedmase
) and by PDKJ hi hphosphorylated PKB .

.
.

'
w c can phosphorylates and activate PKB. Once' Is ln Its active f. d

GTPase-activati d
.

.

onn an phosphorylates TBCID4, which inhibits theng omam associated .

th TBfi ·¡ GDP
wi CID4, allowing for Rab protein to change

rom Is to GTP bound state Inh'b• .

..

.

·
1 11Ion of the

GTPase-act1vating domain leaves proteinsnext m the cascade m their act' f.Ive onn, and stimulates GLUT4 to be expressed on the plasmamembrane (Nwo20 et al., 2009) 1

. .

.

,

.

· nsuhn 1s a honnone made m the pancreas, an organ locatedbehind the stomach. The beta
11

. .
.ce s W1thm the islets of the pancreas make insulin and releaseit into the blood when glucos ¡

1

.e eves nse. Increased production of insulin seen in the pancreasresults most times from the b d
,

d .0 Y s emand for 11 when there is a case of insulin resistanceduring which muscle fat d ¡· ¡¡ d
,

, an 1ver ce s o not respond properly to insulin and thus cannoteasily absorb glucose from the bloodstream. Over time, insulin resistance can lead to type 2diabetes because the beta cells fail to keep up with the body's increased need for insulin(Turban et al., 2005; Nwozo, et al., 2009).

2.27 CALCIUM VOLTAGE-GATED CHANNEL SUBUNIT ALPHA] A (CACNAI-a)Calcium voltage-gated channel subunit alpha! A (CACNAl-a) mediates the entry of
calcium ions into excitable cells, and are also involved in a variety of calcium-dependent
processes, including muscle contraction, honnone or neurotransmitter release, and gene
expression(Mojiminiyi et al., 2008). It was reported that, ª!though not as high as the
expression by the brain, stomach or testis, the pancreas produced a significant level of
CACNAI-a. The contractile mechanism ín smooth muscle is activated by a rise in the
concentration of free intracellular Ca2• concentration. The source of (Ca2¡ is the extracellular
fluid or release from internal pools. Thus, vascular smooth muscle relaxant agents may
produce their effects by inhibiting either or both sources of Ca'• (Mojiminiyi et al., 2008).
A growing number of diseases are recognized as being caused by mutations in genes

encoding voltage gated ion channels of skeletal muscle (Hoffman el a/., 1995). Naturally
·

t t' 1·0 channel genes or antibodies directed against channel proteins haveoccumng mu a ions

also been found for other excitable tissues such as the heart and the brain as well as

unexcitable organs such as the kidney (Greenberg, 1997; Lelunann-Hom and Jurkat-Rott,
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1999). Mutations in calcium he anne!s or ch
I b

.susceptibility types ¡ and 5 .

anne su umts cause malignant hyperthennia. (Monnier et al 1997) .
.

.
.

vanous fonns of hemipl .

.

··
, hypokalem1c penod1c paralys1S, andegic migraine epi d• .1994; Ptacek et al., 1994. T .

' so ic ataxias, and epilepsies (Jurkat-Rott et al.,' erwmdt et al., l 998).

2.28 POTASSIUMClfANNEL (l(CJNS).Potassium channels are the most w. .
.

'rtu II ¡¡ ¡·
. idely distributed type of ion channel and are found in

v1 a y a 1vmg organ· (Lisms ittleton and Ganetzky 2000). They fonn potassium-selective pores that span cell
'

membranes. Furthennore potassium channels are found inmost cell types and control a •ct
.

.
.

wi e variety of cell functions .. Jhe protein encoded by thisgene 1s an integral membran .
.e protein and inward-rectifier type potassium channel. Theencoded protein which h' as a greater tendency to allow potassium to flow into a cell ratherthan out of a cell is contrail d b O .' e Y ·proteins. It may associate with two other G-protein-activated potassium channels t ?

h
·

·
·

o ,onn a etero-mu!t1menc pore-fonnmg complex (Jessel! etal., 2000; Hille and Berti, 2001).

Potassium channels function to conduct potassium ions down their electrochemicalgradient, doing so both rapidly (up to the diffusion rate of K' ions in bulk water) and
selectively (excluding, most notably, sodium despite the sub-angstrom difference in ionic
radius) (Lim et al., 2016). Biologically, these channels act to set or reset the restingpotential in many cells. ln excitable cells, such as neurons, the delayed counter flow of
potassium ions shapes the action potential. By contributing to the regulation of the action
potential duration in cardiac muscle, malfunction of potassium channels may cause life-
threatening arrhythmias. Potassium channels may also be involved in maintaining vascular
tone. They also regulate cellular processes stlch as the secretion
of hormones (e.g., insulin release from beta-cells in the pancreas) since their malfunction can
lead to diseases (such as diabetes) (Rang, 2003).

FOUR TYPES OF POTASSIUM CHANNEL

. •

d ta. ·um channel - open in response to the presence of calcium ionsCalcmm-activate po 851

or other signaling molecules.
. .

·

m channel - passes current (positive charge) more easily inInwardly rectifying potassm

the inward direction (into the cell).
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• Tandem pore domain .

.
. Potassium channel - .

.act1vat1on, such as th ,.
.

are
const1tut1vely open or possess high basal.

e
reSIJng potassium hnega!Ive membrane pot 1.

1

c annels" or "leak channels" that set theen ia of neurons.• Voltage-gated potassiu hm c annel - are volt .

age-gated ion channels that open or close inresponse to changes in the tran _s membrane voltage (Rang, 2003 ).2.29 GLUCAGON LIKE PEPTíDE. -l (GLP-1)Glucagon hke peptide (GLP)
.

3 .
.

.
.

IS ª O ammo acid long peptide honnone derived from thetissue-specific
posttranslational ro .

.
.

P cessmg of the proglucagon gene expressed in severalorgans mcludmg the gut (" t
.

1. _
. _

m estma enteroendocrine L-cells),, GLP-l is the only knownmcretm descnbmg its ability t d0 ecrease blood sugar levels in a glucose-dependent mannerby enhancing the secretion f ·

¡
·0 msu m. The most noteworthy effect of GLP-1 is its ability topromote insulin secretion in a

glucose-dependent manner (Kristine and Catherine, 2003).

2.30 TUMOUR NECROSISFACTOR-alpha(TNF-alpha)TNF-alpha is a cell signaling protein (cytokine) involved in systemic inflammation and is oneof the cytokines that make up the acute phase reaction. This cytokine has been implicated in avariety of diseases, including autoimmune diseases, insulin resistance, and cancer (Vassa!i,1992; Pfeffer, 2003). Reduced production ofTNF-alpha may limit the release of acute phasemediators and thereby facilitate autoimmunity (Paul and Carroll, 1999). Mangiferin mediatesthe down-regulation of necrosis factor kappa B (NF-KB), suppresses of NF-KB activation
induced by inflammatory agents, including tumor necrosis factor (TNF), increases the
intracellular glutathione (GSHJ levels and potentiates chemotl1erapeutic agent-mediated cell
death; this suggests a possible role in combination therapy for cancer. It is likely that these
effects are mediated through mangiferin ROS quenching and GSH rising; increased
intracellular (GSH) levels are indeed known to inhibit the TNF-induced activation of NF-KB
(Vassali, 1992; Paul and Caroll, 1999; Pfeffer, 2003).

2.31 [NTERLEUKIN l alpha (IL- l alpha)
.

1 h
·

cytokinc of the interleukin I family. Interleukin 1 is responsibleInterleukm I a p a is a

. . tion as well as the promotion of fever and sepsis (Nicklin etfor the production of mflamma '

. .

being developed to interrupt those processes and treata/ 1994) IL- I a inh1b1tors are., ·

.

h lis only upon stimulation can be induced to transcribediseases. A wide vanety of ot er ce
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Tandem pore domain .

.
. Potassium channel _ _

.activation, such as th ,, _

are
constitutively open or possess high basal.

e
reg1¡ng Potassium hnegallve membrane pot .

1

e annels" or "leak channels" that set theen11a of neurons., Voltage-gated potassium hc anneJ - are volta ·

ge-gated 10n channels that open or close inresponse to changes in the Iran -s membrane voltage (Rang, 2003 ).2.29 GLUCAGON LIKE PEPTIDE-I (GLP-1)Glucagon hke peptide (GLP)
•

3 .
.

_
.

IS ª O ammo acid long peptide hormone derived from thet1ssue-spec1fic
posttrans!ational .

.
_ Processing of the proglucagon gene expressed in severalorgans mclud1ng the gut (' t

.

_ _
_ _

m estmaJ enteroendocrine L-cells),, GLP-l is the only knownmcretm descnbmg its ability I d0 ecrease blood sugar levels in a glucose-dependent mannerby enhancing the secretion of ·

¡

·

Thmsu m. e most noteworthy effect of GLP-l is its ability topromote insulin secretion ·

1
m a g ucase-dependent manner (Kristine and Catherine, 2003 ).

2.30 TUMOUR NECROSISFACTOR -alpha (TNF-alpha)TNF-alpha is a cell signaling protein (cytokine) involved in systemic inflammation and is oneof the cytokines that make up the acute phase reaction. This cytokine has been implicated in avariety of diseases, including autoimmune diseases, insulin resistance, and cancer (Vassali,1992; Pfeffer, 2003). Reduced production ofTNF-alpha may limit the release of acute phasemediators and thereby facilitate autoimmunity (Paul and Carroll, 1999). Mangiferin mediatesthe down-regulation of necrosis factor kappa B (NF-KB), suppresses of NF-KB activation
induced by intlammatory agents, including tumor necrosis factor (TNF), increases the
intracellular glutathione (GSH) levels and potentiates chemotherapeutic agent-mediated cell
death; this suggests a possible role in combination therapy for cancer. It is likely that these
effects are mediated through mangiferin ROS quenching and GSH rising; increased
intracellular (GSH) levels are indeed known to inhibit the TNF-induced activation of NF-KB
(Vassali, 1992; Paul and Caroll, 1999; Pfeffer, 2003)-

2.31 INTERLEUKIN l alpha (IL- l alpha)

Interleukin I alpha is a cytokine of the interleukin I family. Interleukin I is responsible
.

·

as well as the promotion of fever and sepsis (Nicklin etfor the production of mtlammatwn,
b

·

ng developed to interrupt those processes and treatal., 1994). IL-I a inhibitors are e,

.
.

,li only upon stimulatmn can be mduced to transcribediseases. A wide variety of o!her ce s
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IL- I a genes and Prod uce the
precursor forAlthough there are rnany int .

m of IL-la, (Fieldmann and Saklatvala, 2001),erachon of IL-al h
.most clinically relevant is .t ,

P ª with other cytokines, the most consistent and
i s

synergism 'th TNwi F
(Dinarello, 200 ¡ ).

2.32
PHOSPHOFRUCTOl(JNASE- J (PFI<).Phosphofructokinase-

J (PFK-l .

) Is one of the most imp rta t
J t f

glycolysis as it e tal O n regu a ory enzymes o
, a yzes the conversi f fb. h h d

on ° IUctose 6-phosphate and ATP to fructose I 6-
1sp asp ate an ADP This e .

'
.

.

·

nzyme rs controlled by many activators and inhibitors. PFKJ is
al!ostencally inhibited by hi h ¡ Ig eve s of ATP, and enzyme activity increases when the
cellular ATP/ AMP ratio is low d .

. ere
· PFK 1 ts also inhibited by low pH levels, PEP, and

citrate. Amongst others the m .' OSt potent activator of PFK-1 is fructose 2, 6-bisphosphate. Ithas been reported that the L
·

r, •rso 0rm of PFK-1 rs expressed in the liver (Usenik, 2010). Theprecise regulation of PFKl
simultaneously (Usenik, 2010).

prevents glycolysis, gluconeogenesis from occurring

2.33 GLUCOSE-6-PHOSPHATEDEHYDROGENASE (G6PD).The G6PD gene provides instructions for making an enzyme called glucose-6-phosphatedehydrogenase. This enzyme is involved in the normal processing of carbohydrates. It alsoprotects red blood cells from the effects of potentially harmf?l molecules called reactiveoxygen species. Reactive oxygen species are bYProducts of normal cellular functions.Chemical reactions involving glucose-6-phosphate dehydrogenasc produce compounds that
prevent reactive oxygen species from building up to toxic levels within red blood cells
(Agbafor, 2015)

2.34 PYRUVATE KINASE
P k. ·

th e yme responsible for catalyzing the final step of glycolysis. One ofyruvate mase rs e nz
•

·

·s found in the liver (Gupta and Bamezai, 20 I O). Pyruvate kinase
the rsozymes of this enzyme 1

. i gluconeogenesis, a biochemical pathway in which the liverserves as a regulatory enzyme or

, te and other substrate (Berg et al., 2002).generates glucose from pyru, a

.
.

.
.

. ause the disease known as pyruvate kmase deficiency. In thrsGenetic defects of this enzyme e

. .
.k' .lows down the process of glycolys1s. This effect 1scondition a lack of pyruvate mase s

.

•

.

1 ck mitochondria, because these cells must use anaerobicespecially devastating 111 cells that ª
'

.
.f gy because the TCA cycle rs not available. For. . le source o energlycolys1s as theIT so

. .

1 te of pyruvate kinase deficiency, rapidly becomeII which m a s ª
example, red blood ce s,
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deficient in ATP and can
llndergo haemolysis.

Therefore, pyruvate kinase deficiency can

cause chronic
non-spherocytic

haemolytic anaemia (CNSHA) (Grace eta!., 2015).
Due to the allosteric

inhibitory effects of ATP on pyruvate kinase, a decrease in ATP results
in diminished inhibition and the

subsequent stimulation ofpyruvate kinase. Consequently, the
increase in PYruvate kinase

activity directs metabolic flux through glycolysis rather than
gluconeogenesis (Arguad et al., 1993).
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CIIAPTERTflREE
MATERIAL3.1 Collection and Ident'fi ,

SAND METHODS1 •cation of
1Fresh leaves of mango I

P ant materials:
p ants

(Mangifera i
.

Technology Akure, also fresh
nd,ca) were harvested from School of Health.

. leaves of mistlet (T.
•and giant bitter lemon cue b

oe apmanthus bangwensi) of cocoa plantum er
(Momordicafo .d )

in Emiloro near Oda t .
et, ª were harvested from cocoa plantationown in Akure, while fresh •were harvested from th ? leaves of Shver bush (Peperomia pe/lucida)e ,emale hostel f Ad ku .These plant speci .

0 e nle AJasin University Akungba-Akoko.mens Were identified hdeposited as v u h .

at t e Forestty Herbarium, Ibadan (FHI) and latero c er materials at Ad ku .
.

h b
e nle AJasm University (AAU) Herbarium withvouc er num ers, Mangifera indica no 13 I

.
.

, Momord,ca Joeflda no 138 Peperomia pe/lucidano 165 and Tapinanthus bangw .
'

ens, no 201.

3.2 Sample Preparation
The leaves of M indica T b ··

, · angwens, and M Joe/ida were thoroughly washed and air driedfor two months while that of p ·

¡¡ ·d ·
· ·

·

' eperom,a pe uc, a were freeze dned (L yophrhzed) usmg alyophilizer at the Biochemistry Laboratory of Adekunle Ajasin University Akungba. Thedried leaves were blended into fine powder using an electric' blending machine (Marlex
CM/L7371373).
The ground plant materials were weighed into 30%weight/weight (30g leaf extract and 70ggrowers mash) and 70%weight/weight (70g leaf extract and 30g growers mash). The control
group was 100% growers mash. 100ml of honey was measured using a graduated cylinder
into the weighed powdered extract and into 100% (1 00g) growers mash. The honey was
thoroughly mixed with the powdered leaf extracts. This is to facilitate the eating of the
extracts by the rats especially ú1ose extract that are bitter like the Bitter gourd (M. foetida).

3.3 Ethical approval:
Th • ducted in accordance with the Guidelines of the U.S. Nationale expenment was con

Institute of Health (NIH Publication No. 85-23, Revised) (NIH, 1985) and Animal Welfare

f I b ratory animais. All procedures were examined and approvedAct on the care and use O a 0

by the Faculty's ethics committee (l RB).
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3.4 Animal Treatment:
A total number of twenty lb.

.

a mo rats Were us .fifth group 1s the contr
1

ed, five groups with fou an· 1

.

, .

0
group. Prior to t .

r 1ma s ma group. The
stab1hzed for a period of seve d

he
expenment, the, animals were weighed and

G
. ,-

d N'
n ays by giving thumea ,ee ig. Ltd. This Was do

em water and growers mash prepared by
D·rr , ne to ascertain th ,

1 ,erent weights of the e animals were in good state of healthprepared extract w
.

after which the rats Wer f,
ere used to feed the rats for three consecutive dayse asted over night f.were used to feed the contr 1

or 12 hours. Clean water and 100% growers mash0 group. After the actm·
·

•

On the fourth day lhe r I
imstratwn of extract the rats were weighed.a s were sacrificed and vi I

.
.

.and pancreas were remov d

ta organs hke hver, kidney, small intestine
e and processed n ·

.

collected for he
1 1

.

or genetic expressmn. Blood samples werema o og1cal analysis ( k d
platelets haemogl b

•
.

.

pac e cell volume PCV, white blood count WBC,' 0 1n est1ma1Jon(HB) etc.

3.5 Haematology analysis:
The haematological anal sis w .

.Y as earned out m Inland Medical Centre, Ikare Akoko using anauto Haematology analyzer (URT!) 3300 • The haematology parameters include Packed CellVolume (PCV), White Blood Count (WBC), Platelets and others.

3.6 Gene expression:
The maps of the organs were made and were arranged into the PCR machine (Multigene
Optimax) made by Labnet international Inc, prior to polymerization reaction.

3.6.1 RNA isolation:

Tissues excised from each animal were homogenized in Eppcndorf tubes containing 50ul
Trizo! reagent. 100µ1 gradient separation medium (chloroform) was added to homogenates,
vortex and centrifuged for 30 minutes at l 500rpm and the supernatant was aspirated, which
contains the RNA, into new labeled tubes. I 00µ1 of precipitating medium (isoamyl alcohol)
was added to the supernatant and vortexes for 30mins at I 500rpm, RNA is recovered in pellet

fomi and the supernatant decanted. 50¡tl of 70 percent ethanol was added and centrifuged for

5mins at l 5000rpm, the supernatant was decanted and the cap left open to allow the ethanol

to escape. SOµI of nuclease-free water was added to the total RNA isolated from tissues. The

concentration of total RNA was determined by UV absorbance spectrophotometry (JENW Ay

(nlRNA) quantification and all samples were diluted to the same6305) for RNA

concentration.
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3.4 Animal Treatment:
A total number of twenty al .

b1no rats wfifith grou
·

h
ere used· tiP is t e contr ¡

' Ive groups with fi
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group, Prior to .

our amma s m a group. The
stab1hzed for a period of seven d

the
expenment, the, animals were weighed and

G
.

£ d N ays by giving thumea ee ig. Ltd. This was d
em water and growers mash prepared by

.f, . one to ascerta. h
.D1 ,erent weights of the prepared

m t e animals were in good state of health.
f h. extract were used t fi da ter w ich the rats were f:

o ee the rats for three consecutive daysasted over night for 12 hwere used to feed the contr I
ours. Clean water and 100% growers mash0 group. After the ad · ·

.

On the fourth day the rat .

mimstratwn of extract the rats were weighed.s Were sacnficed and vital .
.

.and pancreas were remov d
organs hke hver, kidney, small intestinee and processed for ·

.

collected for hemat 1

. genetic expression. Blood samples wereo og1ca[ analysis (pack d liplatelets haemog[ b' .
.

e ce volume PCV, white blood count WBC,' 0 m estimation (HB) etc.

3.5 Haematology analysis:
The haematological analysis was .

.earned out m Inland Medical Centre, Ikare Akoko using anauto Haematology analyzer (URTI) 3300 • The haematology parameters include Packed CellVolume (PCV), White Blood Count (WBC), Platelets and others,

3.6 Gene expression:
The maps of the organs were made and were arranged into the PCR machine (Multigene
Optimax) made by Labnet international lnc. prior to polymerization reaction.

3.6.1 RNA isolation:

Tissues excised from each animal were homogenized in Eppcndorf tubes containing 50ul
Trizo] reagent. IO0µl gradient separation medium (chloroform) was added to homogenates,
vortex and centrifuged for 30 minutes at I 500rpm and the supernatant was aspirated, which
contains the RNA, into new labeled tubes. I 00¡11 of precipitating medium (isoamyl alcohol)
was added to the supernatant and vortexes for 30mins at 1500rpm, RNA is recovered in pellet

fom1 and the supernatant decanted. 50µ1 of 70 percent ethanol was added and centrifuged for

5mins at l S000rpm, the supernatant was decanted and the cap left open to allow the ethanol

t 50 l f lease free water was added to the total RN A isolated from tissues. Theo escape. µ o nuc -

concentration of total RNA was determined by UV absorbance spectrophotometry (JENW Ay

(mRNA) quantification and all samples were diluted to the same6305) for RNA

concentration.
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3.6.2 Reverse
transcription:

Reverse transcription was fiper orrned by add' .which contain (I) the rand .
mg 2µL reverse transcriptase from the cocktailorn ohgo Prirner (2) threverse transcriptase buffer and 5

e dNTPs (3) the reverse transcriptase (4) the( ) nuclease-free water2µ1 reverse
transcriptase w I'

·

as a ,quoted into 20
I fconversion into corn 1.

µ 0 total RNA across the samples for theP 1mentary DNA
( Dtherrnocycler runnin f¡

c NA). The sample is then incubated in theg or 4 hours at 65 d .

the conversion.
- egree Celsius in a total reaction volume of 22µ1 for

3.6.3 Polymerase Chain Reaction (PCR):Synthesized cDNA was diluted .

•

ID nuclease-free water and 5µL was aliquoted into primer-specific PCR cocktail ln total -

0 L .

·

,
a ). µ PCR reactmn mix containing 5µL cDNA template,2rtL forward ª"d reverse primers (lnqaba Biotech, South Africa) and 2µL PCR Master Mix.As a rule, P-actin specific primer was used to track basal gene expression in eachrepresentative animal. The PCR was carried out using multigen oplimax PCR machine. PCRamplification was done under 30 cycles with each cycle consisti?g of denaturation, annealingand extension.

Amplification conditions were: 94ºC pre-denaturation for 5mins, 94ºC for 30sec, Annealing55ºC (Tm) for 30 secs and Extension 72ºC for 30 secs and then 5 min at 72ºC by 30 cycles.

3.6.4 Agarose Gel Electrophoresis:
PCR amplicons were submitted for densitometric run in agarose gel electrophoresis. Briefly,
O.SX agarose was prepared in 50ml TBE-buffer. Under buffered conditions, gel was allowed
to solidify at room temperature. 5µL PCR amplicon together with 5µL DNA loading buffer
was loaded into pre-fanned wells. Snapshots revealing the relative density of DNA bands

UV I documentation. The metrics of average band density after 15were taken under -ge

minutes of buffered run were analyzed wi(h ImageJ (NIH).

.

d bt ined for the haematological analyses were subjected to3. 7 Statistical Analysis: The ata O ª
'

.
.

.

b nd densities of the gene expresswn were quantified andgraphical analyses, while the a

0using ordinary one way ANOVA at 951/o level ofsubjected to analysis of variance,
.

. -

raplipad prism 7.s1gmficance usmg g
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CIIAPTERFOUR

RESULTS4.1 Haematological
alterations th at occurred on culinary exposure of normal albino rats

to leaf extract of mistletoe (Ta •

. 'Plllanthus
hangwens,), mango (Mangifera indica), silver

bush (Peperom,a
peflucida) and

I
.

arge bitter melon (Momordicafoetida).
M indica and Tb .

o

· ang,vens, caused a decrease in the production of MCHC at 30¾
concentrate but increased the p d

·

·
· d'

ro uctrnn at 70% compared to the control, while M m ,ca
also increase the production of RDW and MPV at both 30% and 70% concentrate.P. pellucida and

Tbang,vensi increased the platelets counts and PDW at both 30%
and 70% concentrate

respectively.
P. pe/lucida reduced the production of red blood cells (RBC), haemoglobin (HB),HCT (PCV), MCH and MCV at 30% concentrate while M indica at 70% increased theproduction of RBC, HCT, MCV and HB but decreased them at 30% concentrate.Tbangwensi, M. indica, P. pe/lucida and M Joetida caused a reduction in WBCand LYM except granulocytes which was slightly increased by M. indica and T bangwensi at30% and 70% concentrate compared to the control (Figures I, 2 and 3).
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4 z Transcriptornic alter ti
·

a ons thatf t , occurred o ,to lea ex ract of mistletoe (7: .

n
cuhnary exposure of normal albino ratsap111amhus ha .sliver bush (Peperomia pe/lucid

)
"CWens,), mango plant (Mangifera indica),ª and large b'tt1 er melon (Momordicafoetida).Sterol

regulatory el ement
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