CHAPTER ONE
1.0INTRODUCTION
1.1 Neurodegenerative diseasand its prevalence

Neurodegenerative disease is a word applied to a diversity of conditions ascending from a
prolonged collapse and deterioration of the nervous system, especially the nervetkells in
brain which are electrically excitable cells responsible for the transmission of signals via
connections known as synapses (Houghton and Howes, 2005). In the year 1906 a Bavarian
neuropsychiatrist known as Alois Alzheimer described Alzheides  dfor hesfissstime
(Hostettmanret al, 2006). A z h e i me ri®$asneudonsdetexicraging condition which is
described by progressive loss of structure and function of neurons uljinedding to
cognitive declineand deterioration of virtually all intellectual functions (Ferreataal,

2006). It is due to the cholinergic neurons distributed in the specific region of brain such as

hippocampal and cortical areas.

Al z h ei me rhéppengito khe mastecommoform of dementia that affectsillions

of peopleglobally (Singhalet al, 2012). Onen every three (3) secondsdown with anew

case of demerdiaround the globe. As said World Alzheimer report 2018, it is projected

that Fifty (50) million people wddwide are living with dementia. These numbers will
almost double every 20 years, reaching Eighty two (82) million in 2030 anch@mkred
andfifty two (152) million in 2050(Figure 1.1) |t 6s esti mated that 5
dementia live incountries currently classified by the World Bank as low or middle income
countries. The percentage of people with dementia living in these same countries is
estimated to increase to 63% in 2030 and 68% in 2050. The projected numbers of people
living with dementia in each world region in 2015 are as follows; The Americas (9.4
million), Africa (4.0 million), Asia (22.9 million) and Eape (10.5 million) (ADI, 2015).

Al zhei meridthe 4l¢adirg xause of death especially in the elderly population
ove the age of 65 yeafg\bou-Doniaet al, 2014).
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1.2Al zhei mer 6s di sease pathology and tactics

The neuropathological hall mark identified
tangles, b-amyloid plagues inflammatory processes and disruption of important
neurotransmitter which are responsible for communication and integration in the nervous
system (BossyWetzel et al, 2004). The chief clinical feature of this disease is the
impairment of memory, short term memory and cognitive disability. The common
symptoms associatedi t h Al zhei mer 6s di sease ar e, me mo
to make daily plans, challenges in solvglgches troublein implementatiorof accustomed

tasks deepenednisperceptiorwith time and placelposing items strugglein understanding

visual images, newifficulties with words in writingor speakingradical changes in attitude

and personality. As the condition progresses additional cognitive abilities are impaired such

as ability to calculate visuospatial skills adébmotor apraxia. In the advance stage, a motor
weakness increase that leads to muscular contractions which produces immobility such as
pneumonia, pulmonary embolism and death (Hostettnedrat, 2006). No treatments are
avail abl e t o disease buttédrmhanadge andeerveditsand stop progression. Two
classes of mediators approved are inhibitwrsholinesteraseand NmethytD aspartase
receptor antagoni st. New entiti es -sécretory Al z he
st i mu lsaetroert,a s -sécrethse btimalator, jinmuhotherapy and TAU inhibitors
(Rachelet al,, 2011).

The pat hophysiol ogy of Al zhei mer 6s di seas
biochemical pathwaysAcetylcholine which plays a imperative role in leaning and
memorypr ocesses was the first neurotransmitt e
condition. In the central nervous system, acetylcholine stimulation of the nicotinic receptors
appears to be linked with intellectual functidssually, acetycholine is stowed in the nerve
terminals, in structures called vesicles and is released from the nerve endings when the nerve
terminal is depolarized, thereby entering the synapse and binding to the receptor (Houghton
et al , 2006) . H o w esvdeseaseatiernts thAré B h eadicaledeciease in the
production of acetylcholine which has a very short-lidfdue to theavailability of the
enzymesacetylcholinesterasand butyrylcholinesterasehich catalyzes the breakdown of
acetylcholine and of some other choline esters that function as neurotrangmitterbrain

by hydrolysing the ester bond in the ACh molecule (Ostaal, 2004).
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There are considerable financial, social and emotional argk leconomic burdens
associated with caring for patients living with dementia worldwide (Akhondzadeh and
Noroozi an, 2002) . Tactics to i mprove choli
included stimulation of cholinergic receptors or increasing tHélifea of acetylcholine

released into the neuronal synaptic cleft by use of agents which restore the level of
acetylcholine through inhibition of both acetylcholinesterase and butyrylcholinesterase
(Loizzo et al, 2009). Lately, Hodges (2006) proved th#éhe inhibition of
acetylcholinesterase holds a key role not only to boost cholinergic transmission in the brain
but al so to decr eaamnyloidtplagues aamdgtneefgraatian chtheo f f
neurofibrillary tangles i n acétylchdiinestenager ang di
butyrylcholinesterase inhibitors are been considered as effective or have become noteworthy
alternatives in treatment of Al zheimeros d
availability in the brain (Orhagt al, 2004).Surprisingly, anticholinesterase drugat exist

such as galanthamine, donepezil, tacrine, physostigmioer t he tr eat ment C
diseasare reported to haveumerous dangerowsfects such as low bioavailability, narrow
therapeutic window, hepatotoxicity, short duration of biological action (Sanehel,

2009).

Also, an enzyme known gxolyl endopeptidase (PEP, also callpeblyl oligopeptidase

(POP) has also been conried in the pathology oAl z hei mer 6s di sease
important neuropeptide (Shinodaal 1997). Walteet al (1971) first identified the activity

of Prolyl endopeptidas@ the human uterus, where it was found to cleave oxytocin. Prolyl
oligopepidase is an 8BDa serine protease belonging to the family S9 of the serine
carboxypeptidase clan (Rawlings and Barrett 1994). The closest phylogenetic relatives to
prolyl oligopeptidase are dipeptidyl peptidase IV (DPPIV; EC 3.4.14.5), acylaminoacyl
peptdase (EC 3.4.19.1), and oligopeptidase B (EC 3.4.21.83) (Venakiirsdn2004). The

Prolyl oligopeptidase family has antique origins, and it is broadly distributed in organisms
ranging from bacterial and archaeal species to humans; only fungi dcenote@ossess a

prolyl oligopeptidase enzyme (Venalainehal, 2004). Nevertheless, homologs of the S9A
peptidase family are present in some fungi species (MEROPS peptidase database; Rawlings
et al, 2008). In humans and ragsplyl oligopeptidase enzyenactivities have been found in

most tissues, with the uppermost enzyme activity generally discovered in braingt(ldgto



1980b, Irazusteet al, 2002).Prolyl endopeptidase (PEP) is a serine protease which is
known to play a role in degradation of [ie containingn e € € r o pherfert thanl thigy

(30) amino acidsnvolved in the processes of learningd memory(Wallen et al, 2002,
Irazustaet al, 2001). Formation of betamyloid and neurofibrillary tangles in the brain due

to genetic or other factors and marked reduction of certain brain neuropeptide levels are
constant findings in patients with Alzheimer's disease, together with the decline of
cholinergic neurons (Toidet al, 1998, Yoshid&t al, 1996).PEP inhibitors are expected to
exert their beneficial effects by increasing the brain levels of those neuropeytidasnay
improve and restore cognitive functions and protect vulnerablesiegainst damage and

cell death.Therefore, potent, selective and permanent inhibitors of PEP could serve as
probes to evaluate the genuine involvement of this enzyme m élz épatkotogy<{Barelli

et al, 1999,0rhan, 2002, Maest al, 1998).

1.3Molecular docking is an important tool in drug design and discovery

Molecular docking is an important tool in drug design and discovery process and is rapidly
gaining attention Kitchen et al, 2004) Docking is a method that helps to predict or
anticipae the favored orientation of drug candidates (ligands) against macromolecular
targets (protein) to make a stable completxe process of a new drug discovery is a very
difficult task. The field of computer aided drug design and discovery is an area shat ha
gained popularity and has seen several successes in the last few years especially towards
discovery of new drug leads (Lengauer and Rarey, 1996). The docking and molecular
dynamics, the binding mechanism of three F&gproved Alzheimer drugs: donepezil,
galantamine and rivastigmireve been reported. Freenergy scores show strong affinity of
the inhibitors for the enzyme binding pocket. Three independwiécular dynamics
simulation runs indicated general stability of donepezil, galantamine and giasti in
their respective enzyme binding pocket as well as the tendency to form hydrogen bonds with
the water molecules. The binding of rivastigmine in Tloepedo californiaAChE binding
pocket is interesting as it eventually undergoes carbamylationraalisbapart according to
the X-ray structure of the complex (Adit al, 2018).The estimated free energy of binding
( &eG) for the target mol ecul e, AChE with
galantamine (Reminyl) and tacrine (Cognex) were foundet 3.58:5.61,-7.86 and-6.95
kcal/mol respectively in a study conducted by (Jagmoeéiaal.,, 2011). Authors concluded
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that galantamine have the better binding affinity with AChE than the other drug molecules

due to higher number of intermoleculararaction.

1.4Reactive oxygenspeciesnd Al zhei mer 6s di sease

Reactive oxygen species are continuously produced in all living cells and is a part of normal
cellular functions. Nevertheless, surplus of free radicals originating from endogenous or
exogenous sources are accountable for aging and caligsergedisease®f human. Free
radicals cause oxidative damage to diverse macromolethé¢sareimperative such as
lipids, proteins and nucleic acids and therefare involved in the initiation phase of some
degenerative diseases. Also, strong experimental proofs dewnthat reactive oxygen
specieROS)arelinkedwi t h t he pathogenesi setalf20). zhei n
Largely, the physiological role omoleculeswith antioxidantpotentialsis to mitigate the
oxidation chain reactions bgradicatingfreeradical intermediates which is critical for
maintaining optimal health (Litet al, 2010). Therefore, the use ofompoundswith
antioxidantpotentialshas been explored in an effortreducethe development and neuronal

coll apse of Al zhetam2003).s di sease (Howes

1.5Medicinal plants as agood sourceof clinical drugs

Medicinal plants havebeen good sources of clinical drugs in general for many years
(Silverman and Holladay, 2014). Many drugs in clinical practice today are either directly
from medicinal plants or have their basic template from compounds ddromdplants
such as digitoxirfcardiotonic drug) isolated fromigitalis purpurea(foxglove), vinblastine
(antikcancer drug) isolated froMinca rosea(Madagascar periwinkle), aspirin (pain killer
drug) isolated fromSalix spp (willow bark), quinine (antinalaria drug) isolated from
Cinchona officinalis (Briskin, 2000Q. Huge quantities of medicinal plants habeen
expolredin medicine for prophylactior therapeutigurposes. The therapeutic potentials of
medicinal plants are ascribed to the existence of secondary metabolites orvdioact
components such as glycosidesumarins, flavonoids aralkaloids in them (Daniel, 2006).
In traditional practices, numerous medicinal plants in ndtake contributed significantly
in providing drugs for the treatment of CNS conditions as well aspoove memory and
intellectual functions Elufioye et al, 2013. These include Rivastigminarhich was

6



synthesized from the lead compound physostignder@ved fromPhysostigma venenosum
approved in 2000 by USDA (Lopezet al, 2003, galanthaminean alkaloid isolated from
Galanthus nivaliswas permitted in 2001 by the US-FDA for use in the treatment of

Al zhei mer 6 s die$a,2608). Alsdhapgrkiree Aiam akaloid isolated from
Huperziaserratais sold as a food supplement used for memory enhancement and to treat
symptoms of AD in ChinaMarstonet al, 2002)

Phyllanthus muellerianugKuntze) Excell is widely used in the treatment of jaundice,
constipation, intestinal troubles, urethral discharge,esevdysentery, stomach ache
(Katsayal and Lamal, 2009oulticesof the leave®f Phyllanthus muellerianuare applied

as wound dressingA@yare et al, 2011)and various extracts of the leaf are used to treat
veneral diseases and toothachebpnnier,2004) Ethanolic extract oP. muellerianustem
bark demonstreed strong antibacterial activiggainst some selected bactetepending on
the concentratior(Katsayal and Lamal, 2009Also, the essential oil fronPhyllanthus
muellerianus displayed potent antibacterial activity againStreptococcus mutans,

Clostridium sporogeneandS. pyogenefBrusottiet al, 2012).

Tinospora cordifoliahas been found also useful in managemempahtlessdiseases such

as diabetes (Nagaraja, 2007), Immunomodulatory activity through animal and human studies
(Nair, 2004) amelioration of cyclophosphamide induced toxicity (Mathew, 1997).
Tinospora cordifoliawasfoundto createmodulation ofchemotaxis, intéakin-1 and tumor
necrosis factorn mouse macrophagéBhuley, 1997) andhasalsobeen reported to have
valuable effects irtreatmentof cerebralischemia (Gupta, 2010Evidenceindicates that
Tinospora cordifolia has antistress action. The important implications involve an
antidepressant effect, improvement in cognition, concentration and memory, and
improvement in cerebral ischemi@inospora cordifolishas been consideredasayanaor a
substance useful as gueenator or restorative, ansl hence classed as an adaptogen. This
action has beercorrelated with its antioxidant properties that protagainst stress
(Kennedy, 2009alpu,2008)

A leaf decoction ofCola hispidais used toamelioratestomach trouble and cough. The sap
from fresh leaves is dripped into the ear for treatment of inflammation of the outer ear tract.
Theroot grind topowdermixed with palm oil isubbedfor treatment of skin infections and
also to kill lice (Burkill, 2000)1t is alsoused to treat cutaneous asubcutaneous parasitic
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infection. Ethnomedicinallythe root is used to treajenital stimulants/depressants wtihe

leaf is used to treat pmonary troubles.

Since Al zhei merds di sease has bteeceoameno a ma
effective drugs folits managemenso the use of radianal plants or phytochemicals from

natural sources could lmew treatment strategi@s the management of this diseaselalso
aseffective inhibitorsof acetylcholinesterassndprolyl endopeptidasén the present study,

the enzymatic inhibitory activities and antioxidant properties of mlardeextracts, various

fractions and compounds isolated frdP muellerianus,Tinospora cordifoliaand Cola

hispida were scientiftally evaluated to ascertain theisefulness in traditional memuine

practices in the treatmeat neurodegenerative diseases.

1.6 Justification of research

Currently, there are no effective drugs for the managemema bfz h ei me rwhish di s e &
necessitated the search for new potent neurotherapeutic .aiyemtstreatment strategies

based orthe use ofmedicinal plantor its metabolitehiave been thpanacean developing

new drugslin traditional medicapractices, many medicinal plants have beesdus treat
intellectual maladies which include neurodegenerative diseases and diverse
neuropharmacological disarrays (Mwgjeeet al, 2007a)Also, existing anticholinesterase

drugs such as galanthamine, donepezil, tacphgsostigmine and heptylphysg@mminein

t he treat ment hawefbeerkdparthde to rhaveliditations such as low
bioavailability, narrow theragutic window, hepatotoxicity, short duration of biological

action (Sanchegt al, 2009).

1.7 Research hypothesis

Acetylcholine (ACh) is an important neurotransmitter used by cholinergic neurons, which
has been involved in critical physiological processes, such as attention, learning, memory,
stress response, wakefulness aftebpand sensory informatiorSarterand Brung 1997,

Haam andYakel, 2017). Cholinergic neurons damage was considered to be a critical
pathological change that correlated with cognitive impairment in AD. Thus, cholinergic
hypothesis was firstly tested with cholinesterase inhibitors in tAdatment. Inhibiting

cholinesterase is a symptomatic reliefatment with marginal benefit#. is currently the
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most available clinical treatment which gives desperate AD patients a glimmer of hope.
Also, prolyl oligopeptidase (PE) is a ubiquitous pogiroline cleaving enzyme that is highly
expressed in brain. Current knowledge dbthe biochemical features of PEand the
pharmacological action of its specific inhibitors has indicated that POP participates in
several aspects of the central nervousesggiCNS), including learning, memory and mood.
Furthermorea role has been suggested folPHE pathological processes such as eating and
mood disorders, hypertension and -@sitle disturbances, in addition to its proposed
connection with the neurodegeaBve processes which occur in Alzheise diseases.
Today, several PE inhibitors have already been evaluated in preclinical trials as potential
drugs for the treatment of natural memory deficits that occur with aging or the pathological
memory loss chacteristic of Alzheimer's disease. Thus, modulating the activity of proline
specific proteases may be a relevant therapepgicoach Lawandiet al, 2010).

Oxidative stress is considered to play an important role irp#tieogenesis of ADThe
human brain utilizes more oxygen than other tissues and undergoes mitochondrial
respiration, which increases the potential for ROS exposure. In fact, AD is highly associated
with cellular oxidative stress, including augmentation of protein oxidation, protedtiaort,
glycoloxidation and lipid peroxidation as well as accumulatioa ofiy | A Bdwhibh can
induce oxidative stress (Butterfield and Lauderback , 2002, Buttesdftedd, 2002). Thus,

the treatment with antixidant compounds would provide protectiagainst oxidative stress

and Ab toxicity.

1.8 Aims and objectives

1.81 Aim of study
The present study is therefore aimed at isolating and identifying bioactive molecules from
selectedNigerian medicinal plants/ith memory enhancing potential thatay be usefulin

themanagenent ofA | z h e idisease 6 s



1.8.2 Researchobjectives

To carryoutgualitativephytochemical screening on plant materials
To carry out ati-oxidant activities ofcrude extracts and partitioned fractioims
vitro.

1 To evaluate thecetylcholinesteras@hibitory activities ofplant crude extracts and
partitionedfractionsin vitro.

1 To isolate structurdly elucidate and identifybioactive molecules in AD
managenent.

1 To evaluate thacetylcholinesterasand prolyl endopeptidase inhibition potentél
isolated compounds vitro.

1 To carry out molecular dockingstudy of active compoundsrothe active site of
enzyme(AChE and PEP)
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CHAPTER TWO
2.0LITERATURE REVIEW

2.1Alzheimer's disease

Dementia is an acquired impairment of intellectual and memory functiccanged by
disease of the braiffrigure 2.). The term is not used in reference to individuals with mental
retardation who have not acquired an adult level of intellectual developBiaghosis of
dementia initiates with the clinical recognition of a progressive degeneration in masory
well as déects in other mental abilities such as abstract thinkudgement personality,
language, praxis, and visuospatial skills. The deficits musbfbample magnitude to
interfere significantly with work or social activities (American Psycfdakssociatia, 1994
(DSM-1V)). Dementia may have onset which is known asgemile dementia (before the

age of 65 years) or senile dementia (after the age of 65 ykassinappropriate to use the
terms dementia, senile dementia, or presenile dementia as aidigrbsis in the individual
patient, as they are simply symptomatic classifications similar to the terms headache or
seizure disorders. It is now recognised that the disease can affect people of any adult age,
although it is more common in the older ageups The most common fornof dementias
Alzheimer's diseas@riedland and Wilcock, 2000

Alois Alzheimer (1907) reportedn incident of presenile dementia in a fifty one year old
woman known as Auguste D. The author demonstratesl neurofibrillary tangles and

neuritic plagues in the brain which today are the diagnostic markers of the disease that now
carries his name. Neuritic plaques are microscopic foci of extra cellular amyloid aggregation

and associated axonal and dendritic pjuiound in large numbers in the limbic and
associated cortice®ickson, 1997)Such plaguesontain extracelluladeposits ofamyloid
b-proteinthat occurassts haped masses of amyloid fibrils
in the neuritic plaquesshe species ending at amino acid
that is particular pmee to aggregationThe neurofibrillary tangles are intracellular

aggregation of abnormal fibres comprising of redi filaments composed of
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Figure 2.1: Healthy human brain (A) vs demented human brains (B)

SourceCleveland Clinic Lot Ruvo Center for Brain Health
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hyperphosphorylatett au pr ot eins and contain no Ab der
2001).

2.2 Symptoms

The most common initial symptom is a gradually worsening ability to remember new
information. This memory decline occurs because the first neurons to malfuactodie
are usually neurons in brain regiomsolved in forming new memorie$he rateat which
symptomsof AD advance from mild to severe differs from person to per§bha.common

symptoms associated with Al zhei merds are as

i) Memory loss

i) Misplacing items

iii) Unfoundedemotions

iv) Confusionwith time and location
V) Withdrawalfrom social activities
Vi) Difficulty completing familiar tasks
vii)  Difficulty solving problems

viii)  Poor judgement

iX) Difficulty with words

X) Trouble with images and spaces

2.3 Risk factorsfor Al z hei mer 6s di sease

2.3.1 Age

As age progresseqidividuals have higher risk of developidd>. Most patients develop
Alzheimerdiseaseafter the age of 65 years oliihe risk of developing Alzheimatisease
reaches 50% for individuals beyond age 8tce more and more people live longer, this

disease has become a serious concern worldividethaet al, 2007)

2.3.2Genetics of AD
Mut ations in the APP and presenilinbgenes
amyloid 142) that amasses mamyloid plaques and cause death of neurones by enhancing
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t he product i onSelade, 1999).0he eheritanckd of the €4 allele of the
alipoprotein (APOE) have been identified as a genetic risk fagtanleyet al, 2006).Risk
genes 1 ncr eas eof havng the dispasbatdo motascerthiryt will occur.
Individual carrying a mutation in the APOE e4 allele have a three to fifteen times increase

risk of developing Alzheimer diseasg&lfheimer Europe, 2004).

2.3.3Family History

The tendency for individualwho have firstd e gr ee r el at i vtedewloptthe Al z h
disease is highghan those who do not have (Leyal, 2014). Those who have more than

one firstdegree relative wi timgheAtisk (Lauiemehlagimsal,ar e a
1996).

2.3.4Cardiovascular Disease Risk Factors

The health of the brain is closely linked to the overall health of the heart and blood vessels.
The brain is supplied with the oxygen and nutrecihh blood it needs to function normally.
Many factors such as smoking, obesitgnd diabetes thaklevate the menace of

cardiovascular disease are also linketh a higher risk of dementi&udalaet al., 2013).

2.3.5Traumatic Brain Injury

Traumaticbrain injury (TBI) is the interference of normal brain function caused by a blow
or jolt to the head or penetration of the human skull by a foreign object. Individuals who
have experienced recurrent head injuries are at higher risk of cognitive impairment and
neurodegenerae disease than individuals who have not experienced head injury (&mith
al., 2013).
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2.4 Cholinergic systemsof normal brain

Neuroanatomical identification of cholinergic neurons occurs through the
immunohistochemical demonstration of ChAT, the enzyme which synthesises the
neurotransmitteacetylcholine (ACh)A neuron is said to be cholinergic when it synthesizes
ACh for the pupose of neurotransmission. Noholinergic or cholinoceptive neurons in the
brain, which are ChATegative, include the glutamatergic, gabaergic, dopaminergic,
histaminergic, serotonergic, and noradrenergic neurons (Mesulam, 2000), as well as many
neuropgtides.Based on anatomic location, four groups of cholinergic neuronsGA)

have been described in the human basal forebrain. These neurons are located around the
medial septum, the vertical and horizontal limbs of the diagonal band of Broca, and the
nucleus basalis of Meynert (Nagsti al, 1983. Among these four groups Ch4 is the most
extensive (Geul&t al, 1993). The human Ch4 can be subdivided further into another six
sectors (Mesulam and Geula, 1988). The Chl and Ch2 neurongmoage the majr
cholinergic innervation of the hippocampus. The33hof the olfactory bulb and the Ch4 of

the entire cortical mantle and ggdale.

Cholinergic cell groups are found in the upper brainstem, the pedunculopontine nucleus
(Chb), the laterodorsal tegmehtaicleus (Ch6), the medial nucleus of the habenula (Ch7),
the parabigeminal nucleus (Ch8) (Mesulatral, 1989). The neurons Ch5 and Ch6 provide

the major cholinergic innervation of the thalamus (Hallargexl, 1987). The Ch&h6 can

also provide an dditional, but minor source of cholinergic innervation of the
interpenduncular nucleus and the Ch8 neurons project mostly to the superior colliculus but
also to the thalamus (Hadt al, 1989). The Ch neurons of the striatum have almost entirely
local comections with a lesser cholinergic input from @4 (Geula and Mesulam, 1999).
Geula and Mesulam (1996) reported that the highest density of cholinergic fibers (axons) is
found within core limbic areas such as the hippocampus and amygdala. Paralirtibat cor
areas show the next highest density of cholinergic fibers, whereas the primary visual cortex
contains the lowest. The cortical structures within the temporal lobe show a high density of
cholinergic fibers, while within the occipital lobe les§éigure 2.2)
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Figure 2.2 Human brain cholinergic systems
Source: ScienceDirect.com
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2.4.1Cholinesterases

Acetylcholine is found throughout the nervous system being indispensable for cerebral
blood flow control, cerebral cortical development and chiefly for learning and memory
processes (Schliebs and Arendt, 200Zholinesteraseenzymeshydrolyse acetylcholire
thereby reducing its halife. So,cholinesterasénhibition encourages increase héfée of
acetylcholine and subsequently extenitis activity. Presently, there are two main
cholinesteraseAcetylcholinesterase arultyrylcholinesterase) known (Fukami and Yokoi,
2012)

2.4.2Acetylcholinesterase

All cholinergic neurons of the human basal forebrain and brainstem contain the cholinergic
enzymes ChAT and acetylcholinesterase (Meswamal, 1989).Acetylcholinesterase may

also occur in northolinergic neurons. The latter is synthesized in the perikaryon and then
transported to dendrites, axons and furthey the cell membrane#\ChE is encoded by a

gene on chromosome 3 and belongs to the TyperlBoxglesterase gene family (Ballard,

2001). Analysis of the thredimensional structure of AChE and homologous lipase (Cygler

etal , 1993) indicates that these enzymes hav
(Ollis et al,, 1992), in which &entral Bsheet is surrounded by loops and helices. Solution of

the 3D structure provided that the cholinesterase (ChEs) contain a catalytic triad, albeit with

a glutamate in place of the aspartate found in the serine proteases. The active site is situated
in a deep cleft, being | ocated al most 20 U
bottom of a long and narrow cavity. This cavity was named theessite gorge or, since

over 6@% of its surface is lined by the rings of conserved aromatiduesj the aromatic

gorge (Sussmaet al, 1991).

Acetylcholinesteraseomprises 90% of the total cholinesterases in the temporal cortex of
normal brain (Pernet al, 1978 a). In adult human brain AChE is mainly present as the
membranebound globular teamer G4 form, and the more soluble monomer Gl form, with
minor contributions of dimeric G2 and other asymmetric fordms the cortex and
hippocampus however, the G1 form represents approximately from 30% to 40% of total
AChE (Attacket al, 1986). Studie§Oganeet al, 19923 on brain fractions suggest that-60
90% of the G4 form is intracellular and membrane located while 90% of the GI form is
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intracellular and cytoplasmic. The major role of the AChE is to terminate the action of ACh
through catalytic hyeblysis (Volkovaet al, 1976. Rapid hydrolysis of atglcholine by

AChE s vital for cholinergic neurotransmission, the main feature involved in cognition.

This importance is underlined by the'ls arge
! (Nolte et al, 1980), which ranks as one of the highest catalytic efficiencies known (Fersht,
1985) despite the fact that the substrate has to reach the active site at the bottom of a narrow,
20 U deep g etrag £991] I§ wiffusionaZhoet al (1998) showed that such
enzyme specificity is achieved by dynamic configuration of the five aromatic rings of
tyrosine (Tyr) amino acids Tyt andsss and phenylalanine (Phe) amino acids @efeo

andssg), serving as the gate, where it can rapidiftch between the @gm and closed states
(Figure 2.3. Oneof these open states megrrespondvith the ACh entering state allowing

the entrance of the substrate with high efficiency.

Moreover, binding betweethe acetyl moiety of acetylcholinend catalytic binding site
involves an interaction with three key amino acid residues. These amino acids are involved
in a charge relay system within the gorge, whichdoetylcholinesterasis centredon a

serine (Sewg) residueand involves histidin€Hiss47) and glutamingGl1usss). In this region

of the gorge two large amino acids Rgand Phgy; may restrict a passage to the active site

for larger substrates (Gregg al, 2001).

The neurotransmitter ACh is synthesised in presynaptic cholinemgicons by choline
acetyltransferase (CAT). The process entails transfer of an acetyl group from acetyl
coenzyme A to choline. Until needed, the ACh molecules are stored in discrete vesicles at
the ends of the presynaptic neurons. Arrival of a nerve iragritggers the release of €a

ions, which activate actin microfilaments that in turn pull the storage vesicles into position
for ACh release. In a single event the vesicles empty their contents into the synaptic cleft.
Most of these molecules bind to cim@rgic receptors on adjacent postsynaptic neurons. Any
that remain unbound are rapidly hydrolysed by AChE. The choline released in the process is
reused in synthesising new AChThe nhibition of acetylcholinesteraseand
butyrylcholinesterasencrease theamount of ACh available foneurotransmissioKFigure

2.4).
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Active Site Gorge in
Acetylcholinesterase

Figure 2.3 Openand close state of acetylcholinesterase Withand Phe residues
Source: McCammon GrodgCSD, 2003
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Synthesis and release of acetylcholine from the cholinergic neuron

(according to Lippincott's Choline

Pharmacology, 2006) Na* Synthesis of acetylcholine

* Transport of choline is
inhibited by hemicholinium.

Uptake into storage vesicles
* Acetylcholine is protected from
degradation in the vesicle.

i

Recycling of choline
* Choline is taken up
by the neuron.

¢/ Ca

Release of neurotransmitter

* Release is blocker by
botulinum toxin.

*Spider venom causes release of
acetylcholine.

Degradation of Acetylcholin
acetylcholine Choline ___ @

* Acetylcholine is rapidly
hydrolyzed by /xcetate./ ‘

acetylcholinesterase in the
synaptic cleft

v

“%Binding to the receptor

* Postsynaptic receptor is
activated by binding of the
neurotransmitter.

Intracellular response

Figure 2.4 Cholinergic neurotransmission.

Source: Lippincottds Pharmacol ogy, 2006
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2.4.3Butyrylcholinesterase

Butyrylcholinesterasés encoded by a gene on chromosome 3 and as AChE belongs to the
Type B carboxylesterase gene family (Gretttal, 1991). AChE and BuChE share 65%
amino acid homology despite being encoded by different genes (Soreq and Zaku, 1993). The
human cerebral neurortex also contains BuChfich neurons (Darvesét al, 1998). The
number of these neurons is approximately two orders of magnitude less than the number of
AChE-rich neurons (Mesulam, 2000). In the normal brain BUuChE, primary located in glial
cells, acconts for 20% of ChE activity, while AChE accounts for the remaining 80% (Greig

et al, 2001). Most cortical BUuChErich neurons are 4pgramidal, lie predominantly in
deeper cortical layers, including layer 6 and in the immediately adjacent juxtacortioal reg
(Mesulamet al, 1995). Limbic structures such as amygdala, hippocampus, and entorhinal
cortex contain a slightly higher density of BuCh&h neurons In the hippocampal
complex, BuChEich neurons are located mostly within a whitatter layer. Therare no

BuChErich axons in thearebral cortex.

Ekholm and Konschin (1999) summarised structural differences between BuChE and AChE.
In BUChE a similar channel, an aromatic gorge, as in AChE leading to the active site was
found, although it was not asmaw as in AChE and it did not contain as many aromatic
amino acids. Moreover, Phgand Phgy; in comparison with AChE are replaced with two
smaller amino acidsaline and leucinereating additional space for entering large
substrates. The space of #aive centre in BUChE is greater than in AChE. An Hatiamic
distance analysis of the active site indicates that two hydrogen bonds easily form in AChE
but only one in BUChE. The active site in BUChE is therefore less rigid than in AChE,
allowing the sbstrate move more freely. BUChE, like AChE, also occurs in asymmetric and
globular forms where they exist as amphiphilic and hydrophilic species in different brain
regions. Six major molecular forms are recognised, three globulat5¢@nd G) and three
asymmetric (A, As and A), the latter being associated with a tripteand collagen like tall
(Mesulam, 2000). gform is the most abundant form of ChEs in the healthy human brain
and is central to breakdown of ACh. In contrast.f@m present in smat amounts in the
healthy human brain and plays a relatively minor role in ACh degradation (Aeeradt
1992).

21



2.5Prolyl oligopeptidase

Prolyl oligopeptidase was discovered in the human uterus as an oxgeapeding enzyme
(Walteret al, 1971). A similar enzyme was found @hryseobacterium meningosepticum
(Yoshimotoet al, 1980). Since the enzyme showed a high specificity for proline residues,
and hydrolyzed the peptide bond on their carboxyl side, it was originally nameplrplise
cleavingenzyme. During the period 192883, several enzymes hydrolyzing the -Rea

bonds of biologically active peptides (thyrotropgleasing hormone, bradykinin, substance

P, neurotensin, angiotensindhd luteinizing hormone releasing hormondJmelanocyte
stimulating hormone and dynorphivere described. They were referred to as-posiine
endopeptidase, TRH deamidase and brain kinase B or endooligopeptidase B. However, all of
them were finally found to be identical to the ppstline cleavig enzyme. The name pest
proline endopeptidase was recommended by IUBMB in 1978, and then changed to prolyl
endopeptidase in the supplement to Enzyme Nomenclature in 1981.

Although prolyl oligopeptidase was recognized as a serine peptidase as early as 1977
(Yoshimotoet al, 1977), it is commonly found to be activated by thiol compounds, and for

a time the thiocldependent activity was recognized by a separate EC numbe&.4EX2.18.

On the basis of the oligopeptidase nature of the reaction catalyzed, and the amino acid
sequence homology with other oligopeptidases, the name prolyl oligopeptidase (POP) was
proposed (Barrett and Rawlings, 199Zhe wide distribution of POP agell as its high
activity and specificity towards biologically active peptides suggest that the enzyme
participates in the regulation of these substances. Accordingly, there has been significant
research interest in the enzyme, and there are indicatiordles in memory and other
neurological processes (&t al, 1996, Toideet al, 1997)

2.6.Molecular Docking

Molecular docking is one of the most frequently used methodsructural based drug
design EBDD) because of its ability to predict, with a substantial degree of accuracy, the
conformation of smalnolecule ligands within thappropriate target binding si(®eng et

al., 2011) Following the development of the first algorithms in the 1980s, molecular
docking became an essential tool in drug discovedpézVallejo and Caulfield, 2011)

For example, investigations involving crucial molecular events, including ligand binding
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modes and the corresponding intermolecular interactions that stabilize the rigaptor
complex, can be conveniently performed. Furthermore, molecular docking algorithms
execute quantitative predictions of binding energetics, providing rankings of docked
compounds based on the binding affinity of ligardeptor complexesHyang ad Zou,
2010. Molecular docking programs perform these tasks through a cyclical process, in which
the ligand conformation is evaluated by specific scoring functions. This process is carried

out recursively until converging to a solution of minimum endéhgyriev et al, 2011)

2.7 Licensedanticholinesterasedrugs

2.7.1 Tacrine (Cognes ®)

The first marketed acetylcholinesterase inhibitor approved by FDA in 1993 acaine(l)
(Figure 2.3 (Thal, 1999). Harel et al (1993) demonstrated that tti@eering structure of
tacrine is stacked against the indole tryptophangg) gi the aromatic gorge and that the N
methylacridinium forms a chargeansfer complex with a tryptophan in the active site of
AChE. They &0 reported that in tacrine/AEGhconplex, the only residue undergoing
significant conformational change is phenylalanine ¢gheTacrine thus binds between the

rings of Phespand TrRa.

Acetylcholinesterase is inhibited preferentially by tacrine especially in the hippocampus and
cortexareasof the brain(Enzet al, 1993). Mreover, Zhao and Tang (2002) reported that
tacrine also preferentially inhibits the GI human form of AChE of hippocampal, striatum and
cortical origins, exhibiting significant differences in Ki values between G#4Gh forms.

The Gl form is predominanin the brain of people living with ADTacrine is a non
competitive type of inhibitor not only with the enzyme but also the G1 and G4 forms. In
addition, Pachecet al (1995) showed that tacrine readily inhibits b&BhE and BuChE

in a mixed, noncompetitive way. Giacobini (2000) also summarised evidence confirming

that tacrine is a negelective inhibitor of cholinesterases.

Increased binding of-fC]-nicotine has been observed in the temporal cortex of AD patients
treated with tacrine, 80 mg/day for 3 mon{hordberg, 2000)He also suggested that the
restoration of cortical nicotinic receptors, following tacrine treatment, may be due to a
stimulabry effect of the inhibitor on these receptors via an allosteric site which is separately

located from ACh binding site. Nevertheless, Prietal (2002) reported on am vitro
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study of tacrine on nAChRs expressed in human adult cells. They founch¢hateian
channel open time decreased with increasing tacrine concentration in a -depsgeient

manner, suggesting thiaicrine acts as an open channel blocker.

2.7.2 Donepezil (Aricept®)

In 1996 donepezil (Figure 3. received FDA approval for marketing (Nightingale, 1997).
Donepezil(ll) (E2020) is a drug with both high affinity and a high degree of selectivity for
acetylcholinesterase, as opposed to butyrylcholinesterase (&hage 1999), with the
BuChE/AChE rab of inhibition is around 1000 (Giacobini, 2000). The high affinity and
selectivity results from a fact that Rbe and Trp;e residues are pserved in
acetylcholinesteradaut absent in butyrylcholinesterase.

Zhao and Tang (2002) reported that E202iase selective for G1 human form of AChE in
striatum and hippocampus than f8rm. In contrast, in cortex both forms were inhibited to
similar degree, namely Ki values for @nd G forms were 3.5+1.2xIOM and 4.0+1.5 x
10° M, respectively. In addition, E2020, as tacrine, shows-gwnpetitive type of

i nhi bition not only with the enzyme but
inhibitor to determine the nature of inhibition, not the molecular form of the enzyite or

tissue source.

Donepezil readily penetrates the blood brain barrier (BBB) in rats (Kesada 2000) and

has norcompetitive, reversible type dhhibition of AChE. Donepezil, like tacrines
antagonist to M1 receptarith binding activity at niotinic sites in both the prefrontal cortex

and hippocampus of aged rats (Baraeal, 2000). Moreover, Takads al (2003) showed
that the drug safeguards cortical -aed-rdns

NAChRs and also protects apoptateuronal death.

2.7.3 Rivastigmine (Exelon ®)

Rivastigmine (lll) (Figure 2.3 belongs to the carbamate class of acetylcholinesterase
inhibitors and was approved by the FDA in 2000 and was shown to have kinetic and
structural studies on interaction of ChEs with rivastigmine-®aet al, 2002). They found

that the carbamvl moietyf the inhibitor is covalently linked to the active site serineger

with the leaving group.-)-S-3-[1-(dimethylamino) ethyl] phenol (NAP), being retained in

the "anionic" site without causing any conformational changes.
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Reaction with rivastigmine seillted in disruption of the catalytic triad not only within
Torpedo califoi"nica AChE (TCAChE) but also recombinant human ACNE-(Beet al

(2002) suggested thadhis is due to NAP (a competitive inhibitor of AChE) causing a
disturbance of His440 awdrom its catalytic triad. Alternatively, the disturbance of His440
may occur by NAP orienting the transition state such that te¢hyimethyl group crowds

the histidine. Rivastigmine preferentially inhibits the; Gorm of human brain
acetylcholinesterasm cortex, hippocampus and striatum (Zhao and Tang, 2002). The G
form was also inhibited in these brain areas but to a lesser degree. The leyébiwh

AD does not decline in the cerebral cortex and it found to be present in plaques and tangles
(Greg et al, 2001).

2.7.4 Galanthamine (Reminyl ®)

Galanthamine(lV) (Figure 2.3 is a naturally occurring alkaloid in plant species of
GalanthusandNarcissugHanks, 2002)The drug was approved in February, 2001FDA

for the tr eat miBsaassdAizheimérIReskaech FoeumY &reenblettal
(1999) reported that the inhibitor binds at the base of the active site gorge of TcAChE,
interacting with both the cholireinding site (Trps) and the acybinding pocket (Phgs,
Phegy. The tertiay amine group of galanthamine does not interact closely witlgsTrp
rather, the double bond of its cyclohexene ring stacks against the indole ring. The tertiary
amine appears to make a nroonventional hydrogen bond, via its-iethyl group, to
Asp72, nearthe top of the gorge. The hydroxyl group of the inhibitor makes a strong
hydrogen bond if Zhebinditig of galarithamin® toulcAChE is tight due
the rigid chemical structure of the inhibitor.

2.7.5 Unlicensed plant derived drugs

The inhibitor ofacetylcholinesterasbuperzine A(V) (Figure 2.3 is naturally occurring
sesquiterpene alkaloith species oHuperzia serratalLiu et al, 1986).Huperzine A is a
non-competitive, slow reversible inhibitor ddcetylcholinesteraséLiu et al., 1986). It
inhibits mammalian AChE more than BuChE with a BUChE/AChE ratio of 908 (Giacobini,
2000). It also inhibits the G4 form of human AChE more than the GI form in cortex with Ki
values of 7.0+3.5 x IDM and 3.5+1.5 xIOM respectively, whereais hippocampus and

striatum this selectivity is less apparent (Zhao and Tang, 2002).
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2.8 Natural compounds with cholinesterasenhibitory activity

2.81 Alkaloids

Alkaloids are perhaps theajorgroup of bioactive principles with cholinesterase inhibitory
activity at lowerdose Two synthetic analoggeneostigmine and pyridostigmineere
developed from physostigming/l) (Physostigma venenosimNeostigmine(VIl) and
pyridostigming(VIIl) are hydrophilic compoundssed in peripheral cholinergic deficiencies
such as in myas#éimia gravis. Cymserin@X) is another physostigmine analogue an active
reversible and selective human BuChE inhibitor (#Zhwal, 200Q (Figure 2.9. Berberine
(X), an ioquinoline dkaloid isolated from the dried rhizome of Chind’kizoma coptidis
haspromising cholinesterase inhibitory potentialish mostly hydrophobic interactions with
the enzymdJi et al, 2012).

The possible interactions among geissospernifi¢ (indole-indoline alkaloid) isolated
from Geissospermunzellosii Allem. and AChE ofthe Pacific electric ray were studied by
molecular docking; hydrogen bonds, hydrophobic interactions 4mstacking are involved
(Figure 2.6 (Araujo et al., 2011). Infractopicrin (XII) an indole alkaloid (Figure 2)6
isolated fromCortinarius infractusbinds preferentially to the oxyanion hole of the AChE
enzyme by g interactions with the aromatic residues (Geissteal, 2010).Juliflorine
(XII) (Figure 2.9 a piperidine alkaloidisolated from the leaves d?rosopis juliflorg
noncompetitively inhibits bothacetylcholinesterasand butyrylcholinesterasewvith 1Cs
value of 0.42 uM an@.12 puM, respectively (Choudhamt al., 2005).

Houghtonet al (2009 reported the cholinesterase inhibitory properties of alkaloids from
Two Nigerian Crinum speciesCrinum jagus, Crinum glaucutdaemanthamin€XIV) and
Hamayne(XV).Two other Crinum alkaloids areCrinamine (XVI) and Lycorine (XVII)
isolated from the same speci@sigure 2.7. The most active alkaloids isolated were
hamayne (Igy 250 microM) and lycorine (I6g 450 microM) whilst other alkaloids were
comparatively inactive with haemanthamane giving 3% inhibition and crinamine giving
4.4% inhibition at 50 mg mi{) (174 microM).
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2.8.2 Coumarins

Methoxsalen(XVIIl) (xanthotoxir) (Figure 2.8, a furanocoumarin isolated frofPoncirus
trifoliate demonstrated potentinhibition of acetylcholinesteraséhe anttAChE activityof
methoxsalen was confirmed by the inhibition of mouse brain enzyme and amelioration of
druginduced behavioural impairment in an AiRe mouse modelKim etal., 2011).Also,
decursinol(XIX) (Figure 2.8, apyranocoumarimsolated fromAngelica gigashowedgood
activity againsticetylcholinesteragg&anget al, 2001)

2.8.3Flavonoids

Isoflavones oiflavonespossessiigh AChE activity compared to other class of flavonoids.
Pomiferin (Figure 2.pa prenylated isoflavone isolated fraviaclura pominiferawas found
to possess high acetylcholinesterase inhibitory activity witlg V@lue of 96 uM(Uriarte-
Pueyo and Calvo, 2011AIso, scopolamingnduced amnesia in miogas ameliorated by

naringenin (Figure 2)% flavanone isolated froQitrus junos(Heoet al., 2004).

2.8.4Quinones

Thespesia populne@d..) Sol. ex Correa is a plant reported to enhance memory and reduce
brain ChE activity in mice (Vasudevaat al, 2006). It was hypothesized that mansonones
(naphthoquinones) were responsible for this activityjansonone E (XXII)(Figure 2.10

was the tested naphthoquinone with highest activity towards AChE and BuGhEBf(R3.5

pm and 62.4 pmrespectivelyChangwonget al., 2012).

2.8.5Stilbenes

Gnetol (XXIII) , a stilbene isolatettom Ficus foveolatéhas proven to haveotentBuChE
inhibitory activity via a reversible and competitive mechanism (Sermboonpaisarn and
Sawasdee, 2012Kobophenol A (XIV) (Figure 2.1}, a tetramer of resveratreghowed
lower acetylcholinesterase inhibitory potentreth ICso value of 115.8 mM probably due to
steric hindrance (Surgt al, 2002).
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2.8.6 Terpenic compounds

Perry et al (2000) reported that L@neole (XXV) (Figure 2.12 a volatile oll
(monoterpenefrom Salvia lavandulaefolias the main constituents provea be potent
against mammaliaacetylcholinesterasthan against AChE from the electric €Bicollo et
al., 2008).

Also, two diterpenoids, idydrotanshinongXXVI) and cryptotanshinon€XXVIl) (Figure
2.12 isolated fromSalvia miltiorrhizaBungeroot which are proven toinhibit AChE in a
noncompetitie mannerin addition, attending to their lipophilicity, dihydrotanshinone and
cryptotanshinone have the potential to penetrate the idboaith barrie(Renet al., 2004)

Further more, dareol (XXVII), (Figure 2.12 a diterpenoid isolated fronBalvia
chrysophyllais testified to show potent acetylcholinesterase and butyrylcholinesterase
i nhi bitory actetial, i201y). Léibdand/pe aitergendiddeoheteronin A
(XX1X) and leopersin G(XXX) are hopeful acetylcholinesterasmhibitors (Hung et al,
2011).

Taraxerol(XXXI) , leucisterol(XXXII) , ursolic acid(XXXIIl) (Figure 2.12 areamongsthe
steroidsand triterpenesthat possessholinesterasénhibitory action Ursolic and oleanolic

acidsare reportd to be selective against AChE as describetlibyaz et al (2012).

2.8.7 Xanthones

Xanthones are in general, weak ChE inhibitorshowever, penylated xanthone
(AllanxanthoneA (XXXIV)) showed good acetylcholinesteraa@ad butyrylcholinesterase
inhibitory activity (Lentaet al, 2007).Triptexanthoside C (XXXV) (Figure 2.)2solated
from Gentianella amarellgL.) Bornerwas proven to inhibit AChkue to the presence of
methoxygroup at C3Urbainet al, 2008) andoellidifolin (XXXVI) (Figure 2.13 isolated
from Gentiana campestri€Gentianaceaeyere reportedo exhibit significant inhibition of
AChE (Urbainet al, 2004).
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2.88Lignans

The secondary metabolifeom the fruit of Schizandra chinensi€Schisandracead)aving
both aromatic methylenedioxy and hydroxyl greugn their cyclooctadiene ringuchas
gomisin C(XXXVII) , gomisin D(XXXVIII) , gomisin G(XXXIX) , schisandrol EXL) and
gomisin A (XLI) (Figure 2.14 completely inhibited AChE in @oncentratiordependent
way (Ingkaninaret al, 2006).

2.8.9Sesquiterpene meroterpenoids, ceramides

A sesquiterpenknown as Zerumbone (XLIIjFigure 2.1% isolated fromZingiber zerumbet
(Zingiberaceae) wazportedto have inhibitioreffectagainstacetylcholinesterasgsing thin
layer bioautographyassay method.Zerumbone has anneymolytic effect towards
acetylcholinesteras®(stamanet al, 2008) Similarly, Territrem B (XLIII) (Figure 2.1%a
bioactive compoundsolated from the fungu#spergillus terreus (Zhao et al, 2000)
Arisugacins(XLIV) a meroterpenoiffom Penicillium specieqOtoguroet al, 1997)along
with tanacetamides(XLV) a ceramide isolated from whole plants offanacetum
artemisioides (Asteraceae) (Ahmadet al, 2004) were reported to have good

acetyldolinesterasahibitory activities.

2.9Research plant
2.9.1Description of Phyllanthus muellerianugKuntze) Exell (Euphorbiaceae)

Phyllanthus muellerianuéuntze) Exell(EuphorbiaceaefFigure 2.16)is a climbing shrub

or small tree up to 12 m tall, branches spreading or pendulous, main branches stout, angular,
reddish tinged, branchlets 12 cm long with several short axillary shoots; branch basis
transformed into a pair of spines.has fleshy fruithat are copious panicles of small red,
shining berries that eventually turn bladk can be foundn riverine forest and wooded
grasslandAgyareet al, 2011) Common namea Nigeria includesEDO igbehen = thorns

of a fish,IGBO (Idumuje)Anyann, 8. = birdG eye, YORUBA (arunjeran).
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Figure 214: Structure ofiive lignanswith cholinesterase inhibitory activities.
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Figure 2.16 Phyllantus muellerianu@untz) Excell (Euphorbiaceae)
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2.9.2 Medicinal Uses ofPhyllanthus muellerianus

Phyllanthus muellerianuis widely used in the treatment of intestinal problefiitge young

shoots irepared in form of a tea (infusion) atadken to treat severe dysentebDecoction

of the leafis taken to treat constipation Sierra LeonePowdered roasted roots with palm

oil are taken to treat stomach problems and as areamdiicin Congo while h Tanzania

roots of Phyllanthus muellerianugre pounded in water and the liquis drunk to treat
diarrhoea.

Leaf sap or sap from the thick hollow stem is applied as eye drops to treat pain in the eyes or
eye infectionsin the West African region Decoctionof the bark is known to treat sore
throat, cough, pneumonia and enlarged gla@dgshedeafy twigs are rubbed on the body

to treat paralysisDecoctionof the root bark is taken as an alterative and to treat faver
Nigeria (Fowler, 2006) A twig and decoctionof the rootis taken to treat jaundice and
urethral dischargesS(ramet al, 2004) In Central African Republic the fresh root bark is
crushed and macerated in water or palm wine and the liquid drunk as an aphrodisiac. In
Gabon roasted qwdered twigs are eaten with plant ash to treat dysmenorrhoea. In DR
Congo dried bark powder is sniffed to treat colds and singaiisnflammation of the tissue

lining the sinuses)A root bark decoction is applied to swellings and is drunk to treat
gonorrhoea. Stem ash is applied to scarifications to treat rheumatism and intercostal pain. In
Tanzania, a root decoction is taken to treat hard abscesses. PodriEgadots stem bak

and pounded leaves are sprinkled on wounds as a dref3mgghari and Sunday 2008,
Agyareet al, 2009) Maceration of the leaves and roatsCameroon is used to wash the
body to treat rash with fever in childrei.leaf decoction is taken to treat @naa and also

used as a mouthwash to treat toothdchBR Congo A leaf extract is used as a bath and a

vapour bath to treat venereal diseafaiel, 1937)

2.9.3Compoundspreviously isolated from Phyllanthus muellerianus

Compounds isolated frorRhyllanthus muellerianugncludes 3-Friedelanone(XLVI), T -
Sitosterol(XLVII) , Bis(2-ethyloctyl)phthalatgXLVIIl) , caffeic acid(XLIX), corilagin (L),
astragalin (LI), isoquercitrin (LII), quercitrin (LIII), 3,5dicaffeoylquinic acid (LIV),
caffeoylmalc acid(LV), chlorogenic acidLVI), gallic acid(LVIl) , methyl gallatgLVIII)
and geraniin(LIX) (Figure 2.17)Saleemet al, 2009, Agyareet al, 2011, Ndjonkeet al.,

2012).
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2.10Description of Tinospora cordifolia(Willd.) Miers ex Hook. F. and Thoms

Tinospora cordifoliaheart leaved moonsee@Figure 218) is a large deciduous, extensively
spreading climbing shrub with a number of coiling branches. Stem of this plant is rather
succulent with long, filiform, fleshy and climbing in nature. Aerial roots arise from the
branches. The bark is creamy white to gmeyolour and deeply left spirally (Khosa and
Prasad, 1971). Leaves of this plant are simple, alternate, pulvinate, heart shaped, twisted
partially and half way round. Lamina is ovate;2® cm long, 7 nerved and deeply cordate

at the base and membranot#owers are unisexual, recemes, greenish yellow in colour,
appears when plant is leaf less. Male flowers are clustered and female flowers exist in
solitary inflorescence (Kirtikar and Basu, 1975). Their fruit are oraiaden colour, fleshy,
aggregate ol-3 and ovoid, smooth, drupelets on thick stalk with a sub terminal style scars
(Nadkarni and Nadkarni, 1976).

2.10.1Constituents of Tinospora cordifolia

Compounds isolated fronfPhyllanthus muellerianusncludes berberine (LX) a major
alkaloid in the stem, choline (LXI), furanolactone (LXII), magnoflorine (LXIII),
tinocordifolin  (LXIV), isocolumbin (LXV), cordioside (LXVI), ecdysterone (LXVII),
palmatosides (LXVIII), Tetrahydropalmetine (LXIX), SyringirkXX), Tetrahydrofuran
(LXXI), Jatrorrhizine (LXXIl) and Tembetarine (LXXI) (Figure 2.19)Upadhayaet al,
2010, DeOliveriaet al., 2012).

2.10.2Pharmacological importance ofTinospora cordifolia

2.10.2.1Anti -inflammatory potential

The aqueous extract dinospora cordifoliaproved significant ardinflammatory effect on
cotton pellet granuloma and foalin induced arthritis mode(danaet al,, 1999).

2.102.2 Cardio-protective

The cardioprotective activity of &erbal formulatior'Caps HT2" which contains methanol
extract of Tinospora cordifoliahas been proven to show hypolipidaemic actiwityivo
(Mary et al, 2003.
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2.10.2.3Stress and depression

Antidepressanlike effect of Gulvel was significantly reversed on tailppression test by
pretreatment of swiss young albino mice with prazosin (an dldrenoceptor antagonist),
sulpiride (a selective dopamine B@ceptor antagonist),-ghlorophenylalanine (PCPA a
serotonin synthesis inhibitoand baclofen (GABAB agmist). The extract also reduced the
mouse whole brain monoamine oxidase (MAOand MAO-B) activities resulting in

increased levels of brain monoamin@&hingra, 2008).

2.10.2.4Cognition

Tinospora cordifolia has found a place in traditional herbal medicims a
neuropsychopharmacological agent for enhancing memory and improving ledtffad.
of a polyherbal formulation containinginospora cordifolia on aluminium induced
cognitive deficits and cognition in aged wistar rats was studied in driahastgthrough
passive avoidance tasklinospora cordifolia containing formulation was found to
significantly prolong the shortened latency of stemugh induced by aluminium

administration. It also significantly improved retention of learning in agedDaies, 2009).

2.11Description of Cola hispidaBrenan & Keay (Malvaceae)

A shrub or tree up to 40 ft. high can be found in a forest. Their leaves are up to 30 cm long
and 24 cm broad. Flowers greenigilow inside with brown pubescence outsidejdas

varyingto reddishpink. It has a fruit that looks like a billy goat testicles clustered together.

It is orange in colour when riped containg seeds in white coat typical of the Cola genus
(Figure 2.20. The common names in Nigeria aEDO Grb- hUGgtan, IGBO (Asaba)oji-

ogodo (KO&S),YORUBA (Kabba)i k pa olbiukl y =goat 6s Buskisticl e:
1985).

2.11.1Medicinal Usesof Cola hispida

A leaf decoction ofCola hispidais used to ease cough and stomach trouble and the sap from
fresh leaves islripped into the ear for inflammation of the outer ear tract. The powdered
root mixed with palm oil is applied to the skin for skin infection and to kill body Iecalso

used to treat cutaneous, subcutaneous parasitic infection, the root is used gertitah

stimulants/depressants atie leaf isalsoused to treat pulmonary troubl@urkill, 2000).
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Figure2.18: Tinosporacordifolia (Willd.) Miers ex Hook. F. & Thoms
(Menispermacege
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Figure 2.19 The chemical structures of chemical compounds reportedinospora
cordifolia
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Figure 2.20 Cola hispidaBrenan & KeayMalvaceag
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CHAPTER THREE

MATERIALS AND METHODS
3.1 Materials

3.1.1 Solvents

The solvents used are as follows:hexane, dichloromethane, ethgcetate,acetone,

chloroform and methanol where of analytical grade purchased from Sigma Co. UK.
3.1.2 Reagents

The reagent used ar®,5Dithio-bis(2nitrobenzoic) acid, acetylthiocholine iodide,
acetyl chol i ne snapbthybasetate, fastdleer B sakee, obtddned from Sigma
Aldrich, sodium phosphate buffer salBuffer components were of highest purity, Prolyl
endopeptidase (EC 3.4.21.26}&Ay-PropNA, bacitracin purified water from a TKA ROS
300 system was used to prepare buffers and standdwdioss, 1,1-diphenyt2-
picrylhydrazyl (DPPH)2, 4, 6tri-(2-pyridyl)-1, 3, 5triazine, 300 mmol/L acetate buffer of
pH 3.6, 20 mmol/L FeGI6H,O, 2 mM Fe()-4H,O, 5 mM ferrozine,acetic anhydride
glacial acetic acid, 2.0% Fefll0% ferric chloride, 10%ammonia solution, benzene
vitamin C, ascorbic acidsodium carbonate, potassium acetate, sodium phosphate,
ammonium molybdate, potassium ferricyanide, trichloroacetic acid (TCA), sodium
hydroxide, concemated sulphuric acid, drageorfs reagent, hydrchloric acid, column

silica gel where purchased from Bristol scientific (Sigma Aldrich).

3.1.3Instruments

Infrared (Bruker Vector 22 USA), Melting point (BUCHI M-560, England, Thermo
Scientific UV-Visible Spectrophotometer (Evolution 30&ngland, EI-MS (JEOL MS
route, JEOL 600H1USA), FAB +vetve (JEOL-600H2, USA), HR-ESFMS (BRUKER
MAXIS I, USA), LR-ESFMS (BRUKER AMAZON SPEED USA), MALDI-TORMS
(ULTRAFLEX TOF/TOF MASS SPECTROMETERIapai, Bruker D8 venture fitted with
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Cu KU radicati(en =sdu 54178 ) and CCD detect

USA), GG-MS Triple Quad (Agilent Technologies 7890lSA), *H-NMR and™*C-NMR
(Broad band (BB) andistortionlessenhancement by polarization transfleEPT) 906,
135’) experiment¢Bruker Avance Neo 300, 400, 500 and 600, 800 Cryoprobe MIBA).

3.2 Selection, collection and authentication of research plants

3.2.1. Preliminary study to determine choice of research plast

The present study began with a preliminary investigationthe acetylcholinesterase
inhibitory potentialsof ten (10) selected Nigerian medicinal plants namd@lyiospora
cordifolia, Stephania dinklageiPhyllanthus amarusCleome rutidosperma Spilanthes
filicaulis, Strophanthus hispidusGongronema latifolium Cola hispida Phyllanthus
muellerianusand Hedranthera barterireportedas memory enhancen literature from

ethnobotanical survey conductedsome parts of Southwest Nigeria

3.2.2 Researchplant collection and authentication

The plant Phyllanthus muellerianugKuntze) Exell (Euphorbiaceae) leafinospora
cordifolia (Willd.) Miers ex Hook. F. & Thoms (Menispermaceae) stem were obtained from
Nsukka Local Government Area and Obediimr of Enugu Stataespectivelyin the month

of Novembe/December 2016nd Cola hispidaBrenan & Keay(Malvaceae) seed was
obtained from Okur&fante, Dekina Local Government Area of Kogi Statéhe month of
March/April 2017.Plant was authenticated at Forestry Herbarium lbadan (BidlMr.
Adeyemo, A. andChukwuma C. Emmanuekhere voucher specimen waeposited as
Phyllanthus muellerianugFHI 111339), Tinospora cordifolia(FHI 112287 and Cola
hispida(FHI 111321).

3.3 Preparation of plant extracts

The plants were air dried for three weeks and pulverized. Powdered samples (7 Kg of
Phyllanthus muellerianuleaf, 9 Kg ofTinospora cordifoliastem and 11 Kg ofola hispida

seed were macerated with 100% thanol for 72 hours. The filteratgas concentrateth

vacuo at 50C. The dried concentrateeixtract wa stored in a refrigerator at@ until

required. The methanolicrude extract was suspended in wated partitioned successively
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with n-hexane, dichloromethane, ethylacetate and aqueous methsingl a separating

funnel.

The perentage yield was calculated &seld (%) = [(We W] * 100
Where: W= weight of extract, W= weight of plant material

3.4. Qualitative phytochemical screening
The crude extracts were screened for the presence or absence of secondary metabolites using
standard proceduréSofowora, 1993Trease, 1996

|. Test for alkaloids: Extract was dissolved individually in dilute hydrochloric aamtl the
solution was clarified by filtration.

a. Dragendorffs test: Filtrate was treated with Dragondroffs reagent (solution of Potassium
Bismuth lodide).

Il. Test for phenols
a. Ferric chloride test: The filtered solution of extract was treated with three drops of

freshly prepared 1% ferric chloride and potassium ferrocyanide.

[ll. Test for flavonoids
a. Alkaline reagenttest: The etract was treated with few drops of sodium hydroxide

solution.

IV. Test for anthroquinones
a. Free anthroquinones test: (Borntrager's test).The extract of the plant material
(equivalent to 100 mg) was shakégorously with 10 mL of benzene, filtered, and 5 mL of

10% ammonia solution added to the filtrate.

V. Test for phytosterols
a. Salkowski's test: The extract was dissolved in 2 mL chloroform in a test tube.
Concentrated sulphuric acid was carefully added on the wall of the test tube to form a lower

layer.
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VI. Test for tannins
a. Ferric chloride test The extract was dissolved in distilled water. The solution was
clarified by filtration. 10% ferric chloride solution was added to the clear filtrate.

VII. Test for saponins
a. Froth test: Extract was diluted with distilled water to 20 mL and this was shaken in a
graduated cylinder for 15 minutes.

VIII. Test for carbohydrate

a . Mol i sea@ws dteps: of mol i schds reagent we |
dissolved in distilled water; th was then followed by addition of 1 ml of con3®, by

the side of the test tube. The mixture was then allowed to stand for two minutes and then

diluted with 5 ml of distilled water.

IX. Test for glycoside
Keller-kiliani test: A solution of glacialacetic acid (4.0 mLwith 1 drop of 2.0% FeGl

mixture was mixed with the 10 mL aqueous plant extract and 1 s8OHtoncentrated.

X. Test for terpenoids: A little of each portion was dissolved in ethanol. To it 1 mL of
acetic anhydride was addtadlowed by the addition of concentratedSO,.

3.5Determination of anticholinesterase activity

Acetylcholinesterase inhibitions were determined spectrophotometrically  using
acetylthiocholne iodide (ATChl) as substratey the modified method of Ellmaat al,
1961. In a96-well plates was added 240 (df buffer (50mM Tris-HCI, pH 8.0, 20 pL of
varying concentrations of the test samples {50.15625 mg/mL), 20 pL of
acetylcholinesterasenzyme(rat brain)preparation (28 U/mL) the reaction mixture was
then incubated for 30 min at %7, after which 20 plof 10 mM DTNB was added. The
reaction was then itiated by the addition of 20 pbf 25 mM ATChI. The rate of hydrolysis

of ATChl was determined spectrophotometrically measuring the change in the

54



absorbance per mi mmudver a pessod /ofndi imin) at 20ts interia A
solution of buffer was used as negative control. All assays were carried out in triplicate.

Eserine ({) physostigmine) was used as positbeatrol.

The percentage inhibition (%l) of test sample was obtained using the formula:
1 (%) =[(Vo- Vi)l V] * 100

Where: | (%) = Percentage inhibition

Vi = enzyme activity in the presence of test sample

V= enzyme activity in the absence of teainple

3.6 Evaluation of AChE inhibitory activity using a new micro-well plate AChE

inhibition assay (NAFB)

The experiment was organized as a common spectrophotometric test usmgr@eell

plates. In each wellof a 96well plate, 10 pL plant extract, 50 pl(0.25mg/ mL )- o f b
naphthy acetate di ssol ve df AChE salugon (383 W/mL) wened 2 0 C
added.The mixture was incubated atCGtfor 40 min. Lagr, 10 pL (2.5 mg/mL) fast blue B
dissolved in water were added to théture and the absorbance was measured at 600 nm.

To overcome the error in absorbance reading as a result of the plant extract color, the
absorbance readings before incubation were subtracted from the absorbance after the
addition of the dye. The percegeof inhibition for each test solution was calculated as

Inhibition (%) = + (AJAc) X 100

WhereAsis the absorbance of the sample extractsfarid the absorbance of the blank.

The concentrations of test samples that inhibligdrdysis of the substratby 50% (IC)
were determined by monitoring the inhibitory effect of extracts with increasing

concentrations in the assays.
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3.7 Prolyl endopeptidase inhibition assay

Prolyl endopeptidase (EC 3.4.21.26) inhibitory assay was mexhdwy the method of
Yoshimotoet. al (1978) with slight modificationsUsing 96w e | | pl at es, 200
reaction volume containing 20 €L of PEP &en
(50 M at pH 7. 0) and 20 ¢eL test atooofpound
methanol was 10% v/wyere incubated at 30. Z-Gly-Prop NA 20 &M i(m®.40% 1,
dioxane) as a substrate was added after 10 minutes of incubation. Reaction mixtures were
allowed for 30 min catalysis and the changahisorbancedD) at 410 nm was measured by

using Multiskan GO (Thermo Fisher SciemtifOy Ratastie 2, P.O. Box 100-61621
FINLAND). The concentrations of tested compound that inhibited the hydrolysis of
substrate (Zly-Pro-pNA) by 50% (IGg) were determined by monitoring the effect of
increasing concentrations of these compounds iagkay on the inhibition values. ThedC

values were then calculated using the-lHZenzyme kinetics program (Perella Scientific

Inc., Amherst, USA). Batracin was used as a standatd mM

3.8 Molecular docking studies
3.&cetylcholinesterase

I n order t o prediand tmec hminndimmgdf mpdetae i &
acetylcholinegéCmvViac e 20 haniodietcaurl sar docking s
carried out PRrohet hePBpBaD:BlaDhikée(t yl chol i nest
3. 1.0olt.h7e) ehzgmeéronarcePaxailfiifor@lomat rixe dr avy X
i nhi phyeosti gmié8iec-2 gddi anheotghuyel mor phol i no) oct vyl
MF2pBBartet.ualkciPWeO )bui |l der modul etiondMakw 20
compaeundl | the compounds wedr ebhye naddyt mbni mi
charges as per Merck Mol ecular Force Field
MOE 20 1a85f.t0elr0 i ni ti al protein mme parodtoicond. i
Suite was utilized for docking. The resul

inspected to comprehend protein |igand inte
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https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeEntityQuery&t=1&n=7787

hel p of PLIP web serudares(Etetedp/)p. !/ ippl d ] d dtes vk
were mdewscli chg MOE 2015 Suite.

3.8.2 Prolyl endopeptidase

Il n order to pmoeddei caf tphuet abtiinvdeimdgopeptt dase of
mol ecul ar docking studies werod daéhrer ieendz yanet.
reported assay sdoefmotnhse rtahreele tdhhemploCunds OXx o0
Stigmast eFloav owd aphtodayilu me n d dHpedepttsi @las @ Du)e t o
unavailability of the crystal structure of
(with highest similarity) Swiss model PDB.
31 (Met . 2a010ayhe PDBVM Dwas compl exedN- with
benzyl ox--paolbprhoylli Talus, this PDB was chosen

redocking experiments. The builder modul e i
Al the compounds were energy minimized, f¢
Mer ck Mol ecul(ayMFF®r4dge Hihel d hree compounds
2015. 010 after initial protein preparation.
was wutilized for docking. The resulting po:
comprehendapdoteiter hcti ons. The interactio
Protein Li gand | RLkRvaedt i eer vRrro f ( heetep stGu/ / g
dr es de awedbe jpplliidpp I the visuals weRet teeercseetnd e d
2004)

3.9Metal (Fe*") chelation assay

The ferroudon-chelating (FIC) assay was carried out according to the method of Singh and
Rajini, (2004) with some modifications. Solutions of 2 mM Fe@,0 and 5 mM ferrozine
were diluted 20 timesin distilled water Briefly, an aliquot (1 mL) of diferent
concentrations of extract{h15625 mg/mL) was mixed with 1mL Fe@IH,O. After 5 min
incubationat 25C, the reaction was initiated by the addition of ferrozine (1 mL). The
mixture was shaken vigorously and afteruattfer 10 min incubation periodf 25°C, the

absorbance of the solution was measured at 56a@simg UV spectrophotometevitamin C
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was used as positive controlhe percentage inhibition of ferroziffee™ complex

formationswas calculated by using the formula:

Chelating effect % = [(Avntrd-Asampid/Acontro] X 100

Where Aonrol = absorbance of control sample (the control contains JF&@l ferrozine,
complex formation molecules) andf\pe= absorbance of a tested samples.

The extract concentration providing 50% inhibition fCwas calculated was obtained by

interpolation from linear regression analysis.

3.10Radical scavenging activityusing DPPH

The radi@al scavenging ability of the extraciss determined using the stable radical DPPH
(2,2-diphenyt1-picrylhydrazyl hydrate) as deribed by BrandWilliams et al.,(1995).To 1

mL of different concentrations (5 0.15625mg/mL) of the plant extracts or standard
(vitamin C) in a test tube was addednl of 0.3mM DPPH in methanol. The mixture was
mixed and incubated in the dark for 80ns after which the absorbance was read a7
against &PPH control containing only hL methanol in place of the extract.

The percent of inhibition was calculated in following way:

1% = [(Ablank-Asampld/Apland X 100

Where Ajankis the absorbanaaf the control reaction (containing all reagents except the test
samples), and Ampeis the absorbance of the test samples. Sample concentration providing
50% inhibition (IGo) was calculated from the graph plotting inhibition percentage against

extractconcentration.

3.11Determination of total antioxidant capacity

To 0.1 mLof the plant extracts or standard solutions of ascorbic acid T (0.01mg/mL)

was added 1lin of the reagent solution which consisted of M6sulphuric acid, 28nM
sodium phosphate and 4nM ammonium molybdate. The tubes containing the reacting
mixture were incubated in a water bath at®%or 90 mins. The mixture was then allowed
to stand and cool to room temperature and the absorbance measurechat 8§ainst a
blank whch consisted of the reacting mixture containing distilled water in place of the
extractusing a spectrophotometer (Camspec M107-\US spectrophotometerAscorbic
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acid equivalents were calculated using standard graph of ascorbic acid. The experiment was
conducted in triplicates and values are expressed as ascorbic @g@eq in mg per g of
extract(Prietoet al.,1999).

3.12Ferric reducing antioxidant power assay (FRAP)

A 300 mmol/L acetate buffer of pH 3.6, 10 mmol/L 2, 4trig2-pyridyl)-1, 3, 5triazine

and 20 mmol/L FeGl6H,O were mixed together in the ratio of 10:;1lréspectivelyto give

the wor ki ng FRAPaliquet af the plahextra&ts ab00Olmg/mh nd 500D ¢ L
standard solutions of ascorbic acid €0.01 mg/mL) was added to 1mL of FRAP reagent.
Absorbance measurement was taken at ®®3exactly 10 minutes after mixing agdins
reagent blank containing 50 |df distilled water.

All measurements weréaken at room temperature with samples protected from direct
sunlight. The reducing power was expressed as equivalent concentration (EC) which is
defined as the concentration of antioxidant that gave a ferric reducing ability equivalent to
that of the asatic acid standardincrease in absorbance is commented as indecatf
increased reducing powéBenzie and Strain, 1999).

3.13 Gas Chromatography Mass Spectroscopy (G®IS)

Analysis of the hexane fractions was carried out by injecting 2 pL orCBesmatography
Mass Spectroscopy Triple Quad (@45 TQQQ) (Agilent Technologies 7890A) fitted with
ZEBRON-ZB-5 capillary column 360 AC:30 m x
temperature was 50, pressure9.05 psj flow: 1.129 mL/min average velocity38.724
cm/se¢ hold up time:1.2912 minrun time: 77.714.Automatic injection in split mode was
adopted using PAL Sampler injection source (10ul syringele MACRO GC_Lig4V2),
ovenequilibration ime: 0.5 min,max emperature: 360 degrees &en pogram: 50°C for

2 min, then 7 °C/min to 180 °C for 20 min, then 7 °C/min to 300 °C for 20 min. Thermal
Aux 2 (MSD Transfer Line)heater. 260 °C. Helium was used as carrier gése
chromatogranobtained from the GC was then analysed in the mass spectrqdéSpyo

get the mass of all therdctions. The identification o€omponents was accomplished

searching plant compound library (NIST Mass Spectrometry Data Center)
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3.14Purification of extract

3.141 Column chromatography (CC)

Glass columnsf different lengths and widths, held in vertical position with the aid of retort
stand were used for column chromatograpfsactions in grams of plant extractgere
chromatographed using cohn chromatography (CC) on a oain silica gel $igma
Aldrich, 60-200 mesh sizeas adsorbent materidloncentration gradients of solvents were
used in order of increasing polarityhe eluates were collected into separate clean vials,
concentratedh vacuoat 50C and were allowed to dry under a stream of cold air.

3.142 Preparative Thin Layer Chromatography (PTLC)

The preparative TLC plates, 20 cm X 20 cm coated with Silica gel G of 0.50 mm thickness
was activated in an oven at £@0for 1 hour. Fractions were dissolved in methanol and
applied in band on the plates. The plates wenmedin solvent systenand the bands were
visualized under ultraviolet light (254 nm and 365 nm, Allen 425 UV lamp) and scraped off
carefully. The compeents were collected into separate beakers and the adsorbent powder
eluted with 20 mL acetone. Methanol was used for a final rinse to recover any polar
components. Each component was collected into a separate vial and concentrated under a

stream of cold aito dryness.

3.14.3 TLC analysis and pooling of fractions

The various fractions were collected and were monitored ughegoatedthin layer
chromatography (TLCplates (silica gel on aluminiumy4z) using diverse solvent systems

as eluentThechromatograms were visualized under visible and ultraviolet light at 254 nm
and 366 nm using Allen 425 UV lamp. Plates were also sprayed with 20% sulphuric acid
reagent and heated with a heat gun within 1 to 2 min to allow visualization for compounds
thatare not UV active. Eluates having similar TLC profiles were pooled together and were

allowed to air dry and the yields calculated.

3.14.4 Visualisation of compound

Majority of colourless compounds were viewed under illumination with UV light in a UV
viewing cabinet with a long wavelength (366 nm) and short wavelength (254 nm) light
sources. Also, spraying reagents like 20% sulphuric acid in water and ceric sulphate was

used to detect spots on TLC plates
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3.145TLC analysis of isolated compound
Thin layer chromatograph{f LC) of the isolated compounds was done in several different
solvents. Rvalues of each spot was calculated using the formula:

Retardatiorfactor R;) = Distance traveled by the solute / Distance traveled by the solvent.

3.15Spectroscopic analysi®f compound

Structural elucidation of compounds was achieved via the use of spectroscopy anhé/sis
mass of the isolated compounds were determined using Electron Impact Mass spectrometry
(EI-MS) performed o JEOL MS route andJEQL 600H1, Fast atom bombardment
performed on JEOIG00H-2 on the positive and negative mode (FARBelve mode) and
Electrospray ionization mass spectrometry on the low and high resolutioM@&ER/HR)
performed on BRUKER MAXIS Il and.R-ESFMS performed onBRUKER AMAZON
SPEED respectively Proton Nuclear Magnetic Resonar(¢Bl-NMR), 1D and 2D NMR
and**C-NMR were recordedn Bruker Avance Neo 300, 400, 500 and 600, 800 Cryoprobe
MHz. Chemical shifts were calculated tinpp{m) and coupling constantd)(in Hertz (Hz).
Polarization transfer experiments (DEPT) were carried out with the last polarization pulse
angl € 185 todetermine the multiplicity of each carbotH-*H COSY (Correlated
spectroscopy) was used to determine which signals arise from neighnoring protons (usually
up to four bonds)The heteronuclear single quantum coherence (HSQC) experiment was
used tgprovide correlations between a carbon and its attaptedns tH-°C). The HMBC
(Heteronuclear Multiple Bond Correlation) experiment gives correlations between carbons
and protons that are separated by two, three, and, sometimes in conjugated systems, four
bonds.Fourier transform infrared spectroscop¥T{IR) was used to determine the
functional group of compounds andhas recorded omruker Vector 22and Ultra violet
spectroscopy YV) was used to determine the wavelength of compounddt@rmo
Scientific UV-Visible Spectrophotometer (Evolution 30Mlelting point range was also
determined to ascertain puritgingBUCHI (M-560).
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3.161solation of compounds fromPhyllanthus muellerianudeaf

3.161 Purification of dichloromethane and ethyl acetate fraction using @lumn

chromatography

Air dried and powdered leaves Bhyllanthus muellerianu§/ Kg) was maerated in 100%
methanol for a period of 72 hours, concentratedacuoat 50C to yield 500.9 g The dried
concentrate@xtract wa stored in a refrigerator at@ until required. The methanolazude
extract (250 g)was suspended in water (3:4hd partitioned successivelyith n-hexane
(18.3 g) dichloromethan€23.9 g) ethyl acetate(102.5 g)and aqueous methan(d3.7 Q)
using a separating funne\ slurry of the dichloromethane fraction (10 g) Bhylanthus
muellerianus (DPM) was chromatographed using wein chromatography on 150 g
coloumn silica gel (6@00 mesh sizeds adsorbennaterial using gradient elution from n
hexang100% each 2000 m), n-hexaneethyl acetat€95:5 to 25:75each 2000 m), ethyl
acetate (100%each 2000 mLandethyl acetatemethanol(450:50 to 2550, each B0OO
mL). The obtained fractions were pooled based on their TLC profile to givéractions.
The TLC plates were visuakesl using UV lamp (254 nm and 366 nm) and spray with 20%

sulphuric acid, then heated with a spray gun to visualize.spots

20 g of ethyl acetate fractiolfEPM) was chromatographed using aston chromatography

on 150 g calmn silica gel (66200 mesh siza)sing gradient elution from-hexane (100%),
n-hexane:ethlyacetate (95:5 to 25:75, eac® mL), ethyl acetate (100%, eacB0D mL),

ethyl acetatemethanol(95:5 to 1:3, each@0 mL) and methanol (100%, eacB(® mL)

The obtained fractions were podl®ased on their TLC profile to give siractions. The

TLC plates were visualised using UV lamp (254 nm and 366 nm) and spray with 20%
sulphuric acid, then heated with a spray gun to visualize sgatb. fractions were

evaporated to dryness and storethim refrigerator prior to use.

3.17Isolation of compounds fromTinospora cordifoliastem

3.17.1 Purification of dichloromethane fraction (DTC) using colmn chromatography

A slurry of 24 g of dchloromethane fraction (DT€) of Tinospora cordifoliawas
chromatographed using column chromatography on 150umeokilica gel (66200 mesh

size) on a 3 cm diameter and 80 twng column using gradient elution sblvent system
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starting with rhexane (100%, each 2000 mL}haxane:ethyl acetate (95:5 t00280, each

2000 mL), ethyl acetate (100%, each 2000 mL) atyleacetate:methanol(490:10 to
50:450, each 2000 mL) and methanol (100%, each 2000 Thk) obtained fractions were
pooled based on their TLC profile to give sulictions. The TLC plates wengsualised

using UV lamp (254 nm and 366 nm) and spray with 20% sulphuric acid, then heated with a
spray gun to visualize spotall sub fractions were evaporated to dryness and stored in the

refrigerator prior to use.

3.17.2 Purification of ethyl acetate fractionusing colmn chromatography

A slurry of the ethyl acetate fraction (30 g) offinospora cordifolia (ETC) was
chromatographed using column chromatography on 600wneokilica gel (6200 mesh
size) on abcm diameter and 75 cm long columgeing gradient elution of mobile phase
starting with nrhexane (100%, each 2000 mL}haxane: dichloromethane (9:1 to 1:9, each
2000 mL), dichloromethane (100%, each 2000 mL) and dichlorometivatleanol98:2 to

1:3, each 2000 mL)The obtained fraction&ere pooled based on their TLC profile to give
subfractions. The TLC plates were visualised using UV lamp (254 nm and 366Smuim).
fraction EA11 was subjected to PTLC to further purify using the solvent systagh e
acetate: acetone (3.5:1.&)d visuaked using UV lamp (254 nm and 366 nniihe yellow

band wereneatly scrapped, dissolved in acetone and filtered with Whatman filter paper

which was allowed to drio yield compound.

3.17.3 Purification of sub fraction 25 (EA-25) of éhyl acetate fraction using coumn
chromatography

A slurry of nne (@) grams of sub fraction 25 (EA-25) of Tinospora cordifoliawas
chromatographed ugircoloumn chromatography on 1§@oloumn silica gel (6200 mesh

size) on a m diameter and 80 cm long column using the solvent systdragame:ethyl
acetatg95:5 to 5:95, each 2000 mL) antth@ acetatg100%, each 2000 mL).he obtained
fractions were pooled based on their TLC profile to givefsattions. The TLC plates we
visualised using UV lamp (254 nm and 366 nm) and spray with 20% sulphuric acid, then
heated with a spray gun to visualize spots. $abtion ETGSF9 was subjected to
preparative thin layer chromatography (PTLC) on a 20 cm X 20 cm precoated plae of O

mm thicknessni a solvent system (ethyl acetate: methanol (8.5:1d5)rther purify the
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compounds. Thdeep bluebandvisualized under 254 nnvas neatly scraped and dissolved
in methanol for 20 minute andtired with Whatman filter papeBubfraction ETGSF19
was further purified using Recycling Preparative HPLC (RG8W-C60), columnODS
H80, flow rate 4 mL, IR=50, UV = 254 nm, sensitivity = 0.1, melphase methanol: water
(95:5).

3.17.4 Purification of sub fraction 26 (EA-26) of ¢hyl acetate fraction using coumn
chromatography

A slurry of wo (2) gramsof sub fraction26 (EA-26) was chromatographed ngicoloumn
chromatography on 60 g aohn silica gel (6€200 mesh size) on a 3 afimmeter and 80 cm

long coloumn using the solvent $ys1s nhexane (100%, each 2000 mL),-lnexane
dichloromethane (1:1 to 1:3, each 2000 mL) atiyleacetate(100%, each 2000 mL) and

ethyl acetate: rathanol(97:3 to 3:1, each 2000 mLJhe obtained fractions were pooled
based on their TLC profile to give sfifactions. The TLC plates were visualised using UV
lamp (254 nm and 366 nm) and spray with 20% sulphuric acid, then heated with a spray gun
to visualize spotsAll sub fractions weg evaporated to dryness and stored in the refrigerator

prior to use.

3.175 Purification of aqueous methanol fraction (MTC-F) using coumn
chromatography

A slurry of nineteen {9) grams of aqueousmethanol fraction (MTE&F) of Tinospora
cordifolia was chromatographed ugincolumn chromatography on 150 gwwin silica gel
(60-200 mesh size) on a 3 admmeter and 80 cm long coloumn using the solvent systems
n-hexane(100%, each 2000 mL),-lmexane ethyl acetate (450:50 to 150:350, each 2000
mL) and ¢hyl acetate(100%, each 2000 mL) andhgl acetate: rathanol (490:10 to
150:350, each 2000 mL) and methanol (100%, 2000 mhg obtained fractions were
pooled based on their TLC profile to give dulctions. The TLC plates were visualised
using UV lamp (254m and 366 nm) and spray with 20% sulphuric acid, then heated with a
spray gun to visualize spotall sub fractions were evaporated to dryness and stored in the

refrigerator prior to use.
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3.18lsolation of compounds fromCola hispidaseed

Purification of dichloromethane fraction (DCH-F) using Coumn chromatography

A slurry of the dichloromethane fraction (30 g) ofola hispida (DCH) was
chromatographed using column chromatography on 150uwmnoosilica gel (66200 mesh

size) as adsorbent materiading gradient elution of mobile phase starting withemane
(100%, each 2000 mL)-mexane:ethyl acetate (95:5 to 15:85, each 2000 mL), ethyl acetate
(100%, each 2000 mL) andhgl acetatemethanol(98:20 to 350:150, each 2000 mLJhe
obtained fractions were pooled based on their TLC profile to givdraatons. The TLC
plates were visualised using UV lamp (254 nm and 366 nm) and spray with 20% sulphuric
acid, then heated with a spray gun to visualize spAtssub fractions wes evaporated to

dryness and stored in the refrigerator prior to use.

3.181 Purification of ethyl acetate fractionusing colmn chromatography

A slurry of the ethylacetate fraction (70 g) a@ola hispida(ECH) was chromatographed
using columnchromatography on 600 g ewhn silica gel (6200 mesh sizeys adsorbent
material using gradient elution of mobile phase starting witiexane (100%, each 2000
mL), n-hexane: dichloromethane (9:1 to 1:9, each 2000 mL), dichloromethane (100%, each
2000 mbD and dichloromethanemethanol (99:1 to 1:3, each 2000 mL)he obtained
fractions were pooled based on their TLC profile to givefsattions. The TLC plates were
visualised using UV lamp (254 nm and 366 nm) and spray with 20% sulphuric acid, then
heatel with a spray gun to visualize spotll sub fractions were evaporated to dryness and

stored in the refrigerator prior to use.
3.19Statistical analyse

The statistical analysis wasirried out usingsraphpad prism.7All data was expressed as

mean +S.D. and of triplicate parallel @surementsStatistical analyse wereperformed

using Oneway ANOVA followed by Dunnd 06 s Mul t i plsdest Cogpgldar i s o
Differences between means at 5% levelqf 0. 05) wer e coS8tandadder e d
curveswere generated and calculation of the 50% inhibitory concentratigs) (&lues was

done using Microsoft Excel.
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CHAPTER FOUR
4.0 RESULT

4.1 Preliminary acetylcholinesterasenhibitory activities of the ten selectedmedicinal

plant extracts

Threeof the ten plants nameRhyllanthus muellerianukeaves(Euphorbiaceae)inospora
cordifolia stem(Menispermaceae) andola hispidaseed(Malvaceae)demonstrated good
acetylcholinesterase (hAChE) inhibitory activity vitro. The smallerthe 1G value, the
higher the enzyme inhibitory activity?hyllanthus muellerianukeaves showed the highest
acetylcholinesterase (hAChE) inhibitory activity withsgvalue of3.70 ° 0.70 ng/mL as
compared to standard drug Galanthan{i@z, of 0.758° 0.057ng/mL) followed by Cola
hispida(ICso value 0f26.9° 7.8 ng/mL) andTinospora cordifolia(lCsp value 0f52.5 ° 0.6
ng/mL) at 200ng/mL (Table 4.1).

4.2 The Percentage yieldf crude extracts and fractions

Methanolic extractsobtained from the seed dfola hispida extract gave he highest
percentage yield (11.88), followed byPhyllanthus muellerianué7.15%) andTinospora
cordifolia with the lowest yield (3.25%(Table 4.2) Ethyl acetate fractions d?hyllanthus
muellerianug41%) andTinospora cordifolia(54%) gave the highest yield in the partitioned
fractionswhile aqueous methanol fraction©@bdla hispidagave (65.4%jTable 4.2.1).

4.3 Qualitative phytochemical Screening

Phyllanthus muellerianuand Tinosporacordifolia contains all the phytochemicals tested
showing various degree of abundance while tanins, phenol and steroid were not detected in
Cola hispidaextract (Table 4.3).
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Table 4.1Preliminary acetylcholinesterase inhibitory activitiesof methanol extractsof
selected Nigerian medicinal plantat 200 pgmL

Plants Parts of plant % inhibition hAAChE IC5o hAChE
(mg/mL)
Tinospora cordifolia stem 80.0° 0.7 52.5° 0.6
Stephania dinklagei stem 68.1° 1.5 76.8° 0.2
Phyllanthus amarus whole plant  73.6° 2.9 49.7° 7.8
Cleomerutidosperma whole plant  na nd
Spilanthes filicaulis whole plant  29.6° 0.6 nd
Strophanthus hispidus  root 56.0° 1.7 150° 19
Gongronema latifolium stem 12.9° 4.0 nd
Cola hispida seed 88.0° 4.4 26.9° 7.8
Phyllanthus muellerianus leaf 84.4° 1.7 3.70 ° 0.70
Hedranthera barteri root 47.5° 1.4 nd
Galanthamingstandard) - 0.758° 0.057

na: not active, nd: not determined
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Table 4.2 Percentage yield of methanolic extracts of Phyllanthus muellerianus

Tinospora cordifoliaand Cola hispida

Plant materials Weight of plant  Weight of Extract (g) Percentage
material used yield (%)
(9)

Phyllanthus 7000 500.9 7.15

muellerianudeaf

Tinospora cordifolia 9000 293.1 3.25

stem

Cola hispidaseed 11,000 1274.1 11.58
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Table 4.21. Percentage yield of partitioned fractions of methanolic extract of

Phyllanthus muellerianus Tinospora cordifoliaand Cola hispida

Plant materials Solvent(s) Weight of Weight of  Percentage
methanolic Extract (g) yield (%)
extract used
(@)

Phyllanthus n-hexane 18.3 7.32

muellerianusleaf

Dichloromethane 23.9 9.56
Ethyl acetate 250 102.5 410
Agueous 93.7 37.48
methanol

Tinospora n-hexane 4.6 2.70

cordifolia stem

Dichloromethane 5.4 3.17
Ethyl acetate 170 91.8 54.0
Agueous 61.8 36.35
methanol

Cola hispidaseed n-hexane 6.7 1.42

Dichloromethane 6.2 1.31
Ethyl acetate 470 132.7 28.2
Aqueous 307.6 65.4
methanol
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Table 4.3: Preliminary phytochemical screening of methanolic extracts d?hyllanthus

muellerianus Tinospora cordifoliaand Cola hispida

Chemical tests Phyllanthus Tinospora Cola hispida
muellerianusleaf  cordifolia stem seed

Alkaloids ++ +++ +
Tannins + ++ _
Flavonoids + ++ ++
Anthraquinones + + +
Saponins + + +
Phenols ++ ++ _
Carbohydrate + + +
Glycoside + ++ +
Steroid ++ ++ _
Terpenoids + ++ +

Key: (+) = present,-j = absent, (++) = moderately present, (+++) = highly present

70



4.4 Anti-cholinesterase inhibitory activities of plant crude extracts and fractions of

Phyllanthus muellerianudeaf, Tinospora cordifoliastem andCola hispidaseed

Ethyl acetate fraction oPhyllanthus muellerianu§lCso = 0.742+0.12 mg/m).and Cola
hispida (ICso = 0.656+0.24 mg/m).gave promising AChE inhibitory activity compared to
Tinospora cordifolia ICso = 1.4520.47 mg/mL) andeserine (IG = 0.0040.00 mg/mL)
using ATCI and DTNB Eigure 4.14.3) while ethyl acetate fraction ofPhyllanthus
muellerianusleaves showed the highest acetylcholinesterase inhibitory activity with 1C
value of 0.258:0.10 mg/mL as compared to standard dregerine(ICso of 0.014:0.00
mg/mL) followed by ethyl acetate fraction offinospora cordifoliastem (ICso value of
1.604:0.04 mg/mL) and Cola hispida(ICsp = 2.22@:0.02 mg/mL) using NA-FB (Figure
4.4-4.6).

4.5 Anti-oxidant activities of plant crude extracts and fractions of Phyllanthus

muellerianusleaf, Tinospora cordifoliastem andCola hispidaseed

4.5.1Metal chelating activity

The dichloromethane and ethatetate fraction oTinospora cordifoliastem at 80.15625
mg/mL concentration showed good metal chelating actiwtynhibition of ferroziné Fe™
complex formationsvith 1Csp of 0.199+0.08 mg/mL and 0.2¥8.12 mg/mL. respectively as
compared to the ethycetate fractions dPhyllanthus muellerianukeaf andCola hispida
seed with Gy values 0f1.538:0.13 mg/mL and0.624t0.05 mg/mL, respectivelywhen
compared to the standavdamin C(ICso = 0.01%0.00 mg/ml (Figure 4.74.9).
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4.5.2 DPPH radical scavenging activity

In DPPH (1,1diphenyt2-picrylhydrazyl) radical scavenging assay, ab.55625 mg/mL
concentration, ethyl acetate fraction Dhospora cordifoliastem has the highesadical
scavenging activity ICsp = 0.419+0.03 mg/m) followed by ethyl acetate fraction of
Phyllanthus muellerianugICso = 1.005:1.07mg/mL) andCola hispida(lCso = 1.427A0.64
mg/mL) when compared to vitamin @Jso = 0.008:0.00 mg/mL) (Figure 4.164.12).

4.5.3 Total antioxidant capacity

The total antioxidant capacity was higher in dichloromethane fractiorPhofllanthus
muellerianudeaf with value of 217.52+16.01 mgfgllowed by aqueous methanol fraction
of Cola hispidawith value of 108.70+21.thg/gand dichloromethane fraction ®fnospora
cordifolia which has a value of 69.71+10rg/g ascorbic acid equivalent/g of extract
(R?=0.9748)(Figure 4.B, Figure 4.13.4.15).

4.54Ferric reducing antioxidant power

The reducingactivity of ferrous ion was higher in ethgicetate fraction oPhyllanthus
muellerianusleaf with value of 36.183.33 mg/gfollowed by dichloromethane fraction of
Tinospora cordifoliawith value of 28.61+3.8 mg/g and ethyl acetate fractionf €ola
hispida with value of 14.81+2.7Ing/g ascorbic acid equivalent/g of extract at-0.01
mg/mL concentration (R0.9968)(Figure 4.16, Figure 4.16:4.18).
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Eserine

m|C50

7.162334

1.023098

0.742686

8.079612

1.28498

0.007632

Figure 4.1:n vitro acetylcholinesterase inhibitory activity of crueetracts and fractions of
Phyllanthus muellerianuat 50.15625 mg/mlusingATCI and DTNB (Cs0xSD (mg/mL)

Values are presented as mean + standard deviation. W&&re HPM (hexane fraction),
DPM (dichloromethane fraction), EPM (ethyl acetate fraction), MPM (agueous methanol
fraction), CPM (crude)

Comparisa of each extract with standard (Eseriveds done andevel of significant
difference represented with *, **** gnd **** Extracts with no asterisks are not
significantly (NS) different from the standard
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HTC
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MTC
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|l IC50

6.875111

1.815617

1.457416

2.560799

3.165038

0.007632

Figure 4.2 In vitro acetylcholinesterase inhibitory activity of crueetracts and fractions of

Tinospora cordifoliaat 50.15625 mg/mL using ATCIl and DTNBJ5+SD (mg/mL)

Values are presented as mean + standard deviation. WA®re HTC (hexane fraction),
DTC (dichloromethane fraction), ETC (ethyl acetate fraction), MTC (aqueous methanol
fraction), CTC (crude)

Comparisa of each extract with standard (Eserivegs done andevel of significant
difference represented with *, ** *** gnd ****,

significantly (NS) different from the standard
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IC 5o (Mmg/mL)
N

*kkk

3 i
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1 i
) H N
HCH DCH ECH MCH CCH Eserine
mIC50| 6.875111| 0.788467| 0.656423| 1.698277| 0.871004| 0.007632

Figure 4.3:In vitro acetylcholinesterase inhibitory activity of crueetract and fractions of

Cola hispidaat 50.15625 mg/mL usindTCIl and DTNB (Cs5cSD (mg/mL)

Values are presented as mean + standard deviation. WA®re HCH (hexane fraction),
DCH (dichloromethane fraction), ECH (ethyl acetate fraction), MCH (agqueous methanol
fraction), CCH (crude)

Comparisa of each extract wittstandard (Eserineyvas done andevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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HPM DPM EPM MPM CPM Eserine

®mIC50 11.62223| 3.868567| 0.258709| 4.030307| 7.485741, 0.014167

Figure 4.4: Evaluation of AChE Inhibitory Activityof crude extract andfractions of

Phyllanthus muellerianuat 50.15625 mg/mlusing NAFB (IC50xSD (mg/mL)

Values are presented as mean * standard deviation. WH@&re HPM (hexane fraction),
DPM (dichloromethane fraction), EPM (ethyl acetate fraction), MPM (agueous methanol
fraction), CPM (crude)

Comparisa of each extract with standard (Eserivegs done andevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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HTC DTC ETC MTC CTC Eserine

m|C50| 22.48292| 10.77394| 1.604858| 14.2959 | 3.836767| 0.014167

Figure 4.5: Evaluation of AChE Inhibitory Activityof crude extract and fractions of
Tinospora cordifoliaat 50.15625 mg/mlusing NAFB (ICs¢tSD (mg/mL)

Values are presented as mean + standard deviation. WA®re HTC (hexane fraction),
DTC (dichloromethane fraction), ETC (ethyl acetate fraction), MTC (aqueous methanol
fraction), CTC (crude)

Comparisa of each extract with standard (Eseringas done andevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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m|C50 18.78604| 6.555166| 2.220661| 4.062596| 5.768944| 0.014167

Figure 4.6: Evaluation of AChE Inhibitory Activityf crudeextract and fractions dfola
hispidaat 50.15625 mg/mLlusing NAFB (IC5¢tSD (mg/mL)

Values are presented as mean * standard deviation. WA@re HCH (hexane fraction),
DCH (dichloromethane fraction), ECH (ethyl acetate fraction), MCH (agqueous methanol
fraction), CCH (crude)

Comparisa of each extract with standard (Eserivegs done andevel of significant
difference represented with *, ** *** gnd ****,

significantly (NS) different from the standard
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0 HPM DPM EPM MPM CPM Vitamin C
|IIC50 4.070844| 2.31533 | 1.538062| 2.630793| 3.255 | 0.019761

Figure4.7: Metal chelating activity of crude and fractionsPtiyllanthus muellerianuat 5
0.15625 mg/mLICs0+SD (mg/mL)

Values are presented as mean * standard deviation. WH@&re HPM (hexane fraction),
DPM (dichloromethane fraction), EPM (ethyl acetate fraction), MPM (agueous methanol
fraction), CPM (crude)

Comparisa of each extract with standa(®fitamin C) was done andevel of significant
difference represented with *, ** *** gng ****

significantly (NS) different from the standard
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= 1C50| 1.261232 0.199797 0.273214 0.942771| 2.728827| 0.019761

Figure 4.8: Metal chelating activity of crude and fractionsTahospora cordifoliaat 5
0.15625 mg/mLICsc+SD (mg/mL)

Values are presented as mean * standard deviation. WAre HTC (hexane fraction),
DTC (dichloromethane fraction), ETC (ethyl acetate fraction), MTC (aqueous methanol
fraction), CTC (crude)

Comparisa of each extract with standard (Vitamin ®as done andevel of significant
difference represented with *, * *** gnd **** Extracts with no asterisks are not
significantly (NS) different from the standard
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Figure 4.9: Metal chelating activity of crude and fractions@dla hispidaat 50.15625

mg/mL (CsetSD (mg/mL)

Values are presented as mean * standard deviation. WA®e HCH (hexane fraction),
DCH (dichloromethane fraction), ECH (ethyl acetate fraction), MCH (agueous methanol
fraction), CCH (crude)

Comparison of each extriawith standard (Vitamin Cjvas done andevel of significant
difference represented with *, ** *** gng ****

significantly (NS) different from the standard
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5.14582
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1.005516

1.293548

0.687694
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Figure 4.10 DPPH radical scavenging activity (RSA) &hyllanthus muellerianuseaf

crude extract and fractions &0.15625 mg/mL(ICs=SD (mg/mL)

Values are presented as mean + standard deviation. W&&re HPM (hexane fraction),
DPM (dichloromethane fraction), EPM (ethyl acetate fraction), MPM (agueous methanol
fraction), CPM (crude)

Comparisa of each extract with standard (Vitamin ®@as done andevel of significant
difference represented with *** *** gnd ****

significantly (NS) different from the standard
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m|C50| 0.458553| 1.210263 0.41975 | 0.587777| 1.099996| 0.0080815

Figure4.11: DPPH radical scavenging activity (RSA) ®inospora cordifoliastemcrude
extract and fractions &0.15625 mg/mL(ICso+SD (mg/mL)

Values are presented as mean + standard deviation. WA®re HTC (hexane fraction),
DTC (dichloromethane fraction), ETC (ethyl acetate fraction), MTC (aqueous methanol
fraction), CTC (crude)

Comparisa of each extract with standard (Vitamin ®@as done andevel of significant
difference represented with *** *** gnd **** Extracts with no asterisks are not
significantly (NS) different from the standard
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Figure4.12:DPPH radical scavenging activity (RSA)©bla hispidaseedcrude extract and
fractions at-0.15625 mg/mLICsctSD (mg/mL)

Values are presented as mean * standard deviation. Wa®ye HCH (hexane fraction),
DCH (dichloromethane fraction), ECH (ethyl acetate fraction), MCH (agueous methanol
fraction), CCH (crude)

Comparisa of each extract wh standard (Vitamin Cyvas done andevel of significant
difference represented with *, ** *** gng ****

significantly (NS) different from the standard
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Figure 4.B: Calibration curve of ascorbic acid ftotal antioxidant capacity.
Each point represents the mean of three experiments.
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Figure4.13.1: Total antioxidant capacity Phyllanthus muellerianukeaf crude extract and

fractions at 0.40.01 mg/mL

Values are presented as mean + standard deviation. (el antioxidant capacity is
expressed as mg of AA equivalent per gm of ext\titere HPM (hexane fraction), DPM
(dichloromethane fraction), EPM (ethyl acetate fraction), MPM (aqueous methanol
fraction), CPM (crude)

Comparisa of each extract with standard (Ascorbic aeids done antevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not
significantly (NS) different from the standard
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Figure 4.14: Total antioxidant capacityf Tinospora cordifoliastemscrude extract and

fractions at 0.40.01 mg/mL

Values are presented as mean + standard deviation. (el antioxidant capacity is
expressed as mg of AA equivalent per gm of exthtttere HTC (hexane fraction), DTC
(dichloromethane fraction), ETC (ethyl acetate fraction), MTC (aqueous methanol fraction),

CTC (crude)

Comparisa of each extract witstandard (Ascorbic acidyas done antevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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Figure4.15: Total antioxidant capacitf Cola hispidaseedcrude extract and fractions at

0.1- 0.01 mg/mL

Values are presented as mean + standard deviation. (he@)| antioxidant capacity is
expressed as mg of AA equivalent per gm of extMtitere HCH(hexane fraction), DCH
(dichloromethane fraction), ECH (ethyl acetate fraction), MCH (aqueous methanol fraction),

CCH (crude)

Comparisa of each extract with standard (Ascorbic aeids done antkvel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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Figure 4.16 Calibration curve of ascorbic acid for ferric reducing antioxidant power.

Each point represents the mean of three experiments

89



40 - ok

35 -

30 -

*%*

25 -

20 -

15 -

Mean of FRC mg/g

10 -

5 -

0 HPM DPM EPM MPM CPM

mEmg/g 19.97221 | 26.06608 | 36.19044 | 20.92137 24.0027

Figure4.16.1: Ferric reducing antioxidant power assay (FRAMhyflanthus muellerianus

leaf crude extract and fractions at ©0L01 mg/mL

Values are presented as mean * standard deviation. (ReBjc reducing capacitys
expressed as mg of AA equivalent per gm of ext\titere HPM (hexane fraction), DPM
(dichloromethane fraction), EPM (ethyl acetate fraction), MPM (aqueous methanol
fraction), CPM (crude)

Comparisa of each extract with standard (Ascorbic aeids done antkevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) diffeent from the standard
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35

*%

30 -

25 -

20 | *%
*%*

15 -

Mean of FRC mg/g

10 -

5 -

0

HTC DTC ETC MTC CTC
|lmg/g 14.88252 | 28.61781 | 21.78799 | 12.29641 | 18.2596

Figure4.17: Ferric reducing antioxidant power assay (FRAPJinbspora cordifoliastem

crude extract and fractions at 0aL01 mg/mL

Values are presented as mean * standard deviation. (ReBjc reducing capacity is
expressed as mg of AA equivalent per gfrextract. Where HTC (hexane fraction), DTC
(dichloromethane fraction), ETC (ethyl acetate fraction), MTC (aqueous methanol fraction),
CTC (crude)

Comparisa of each extract with standard (Ascorbic aeids done antkvel of significant
difference repregnted with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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(IR
[0} o

2 -

0 HCH DCH ECH MCH CCH

mmg/g 4.207934 14.20161 14.81374 6.594586 8.699241

Figure 4.18: Ferric reducing antioxidant power assay (FRAPLofa hispidaseedcrude

extract and fractions at 6.0.01 mg/mL

Values are presented as mean * standard deviation. (Re8)jc reducing capacity is
expressed as mg of AA equivalent per gm of extittere HCH (hexane fraction), DCH
(dichloromethane fraction), ECH (elhgcetate fraction), MCH (aqueous methanol fraction),
CCH (crude)

Compariso of each extract with standard (Ascorbic aeids done antkvel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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4.6 Phytochemistry

4.6.1.GC-MS analysisof n-hexane fractionof Phyllanthus muellerianus

The GC-MS of Phyllanthus muellerianuteaf n-hexane fraction revealed eight (@)jor
compounds which are 3,7,11,39etranethyl2-hexadeceii-ol (RT 35.76 33.95%),
Hexadecanoic acid, trimethylsilyl ester (RT 47.39;52.62%), Octadecanoic acid (RT
50.07;22.51%), Heptacosane (RT 60.52; 33.69%), 6Odtadecatrienoic acid,
phenylmethyl ester, (Z,Z,Z)(RT 48.80;4.26%), 9,12,16ctadecatrienoic acid, (Z,Z,Z)

(RT 49.62;100%), Phenol, 2Riethylenebis[g1,1-dimethylethyl}4-methyt (RT
54.64;14.06%)0ctadecanal,-Bromc(RT 55.9615.67%)(Figure 4.19Table 4.4.

4.6.2.GC-MS analysisof n-hexane fraction of Tinosporacordifolia

The GC-MS of Tinospora cordifoliastem n-hexane fraction reavealed eight (8) major
compoundswhich are n-Hexadecanoic acid (RT 44.30;49.79%), Hexadecanoic acid,
trimethylsilyl ester (RT 47.42;16.58%), 9;0xtadecadienoic acid (Z,Z|RT 49.55;100%),
Octadecanoic acid (RT 50.11;5.89%), Octadecanalbroho(RT 54.63;3.14%),
Hexadecanoic acid,-§trimethylsilyl) oxy]propyl ester (RT 55.28;1.61%), Stigmas&b-

di ene ( RT 6-5itostedol (RT. 71.88%37%) (Hgure 4.20Table 4.5.

4.6.3.GC-MS analysis ofn-hexane fraction ofcola hispida

The GC-MS of Cola hispidaseedn-hexane fractiorshows the presence eix (6) major
compoundsvhich areHexadecanoic acid, methyl ester (RZ.49;35.54%), Hexadecanoic
acid, trimethylsilyl ester (RT 47.4927.32%), 9,12,1%ctadecatrienoic acid, methyl ester,
(Z,2,2)- (RT 48.81;30.94%), Methyl 8,9nethyeneheptadees-enoate (RT 48.53;28%),
Heptadecanoic acid, Ifdethyl, methyl ester (RT 49.38.74%), Methyl 9,10methylere-
octadee9-enoate (RT 50.73;21.82%Figure 4.21Table 4.9.
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Figure 4.19GC-MS Chromatogram afi-hexane fraction oPhyllanthus muellerianus
(HPM) leaf
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Table 4.4 Compoundsidentified by GC-MS analysisof Phyllanthusmuellerianus
(HPM) leaf

Retention Molecular M.W.  Compound name
time formula
(min)

30.63 C14H1403 230 7-Hydroxy-3-(1,1-dimethylprop2-enyl)coumarin
35.76 C20H400 296 3,7,11,15Tetramethyl2-hexadecei-ol
CooH38 278 9-Eicosyne
37.64 C16H30 222 1-Hexadecyne
39.03 C2o0oH400 296 3,7,11,15Tetramethyl2-hexadecei-ol
45.63 C15H2802 240 E-10-Dodecenl-ol propionate
47.39 C1oH4002Si 328 Hexadecanoic acid, trimethylsilyl ester
48.80 C18H300 262 9,12,150ctadecatrienal
CosH3602 368 6,9,120ctadecatrienoic acid, phenylmethyl estt
(Z,2,2)-
49.11 C15H320 228 1-Dodecanol, 3,7, trimethy}
C16H300 238 7-Hexadecenal, (2)
49.48 C18H3202 280 9,12-Octadecadienoic acid (Z,Z)
49.62 C18H3002 278 9,12,150ctadecatrienoic acid, (Z,Z,Z)
50.07 C18H3602 284 Octadecanoic acid
50.53 C18H3402 282 Oleic Acid
C21H3802 322 [1,1-Bicyclopropyl}-2-octanoic acid, Zhexyt,
methyl ester
C25H4006 436 9,12,150ctadecatrienoic acid;@cetyloxy}1-
[(acetyloxy)methyl]ethyl ester, (Z,Z,Z)
50.77 C17H31F302 324 3-Trifluoroacetoxypentadecane
C15H2802 240 Z-8-Methyl-9-tetradecenoic acid
50.87 Co5H4002 372 9-Octadecenoic acid (Z)phenylmethyl ester
51.06 C19H360 280 12-Methyl-E,E-2,13octadecadieii-ol

51.31 Co7H5204Si2 496 9,12,150ctadecatrienoic acid; 2
[(trimethylsilyl)oxy]-1-
[[(trimethylsilyl)oxy]methyl]ethyl ester, (Z,Z,Z)

51.73 Co2H4252Si 398 t-Butyl-{2-[3-(2,2-dimethyt6-methylene
cyclohexyl}propyl]-[1,3]dithian-2-yl} -dimethy}
silane
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Table 4.4:Compoundsidentified by GC-MS analysisof Phyllanthus muellerianus
(HPM) leaf (contd.)

Retention Molecular

time

(min)
52.63
52.82

52.97

53.11
53.32

54.05
54.64

55.28

55.50
55.96
57.21
57.91
59.03
59.12

59.68

60.52
71.11

formula

C19H360
C18H35BrO
C25H4002
C19H360
C19H360
C19H360
C19H360
C25H4002
C25H4002
C23H3202

C21H28N202

C27H5404Si2
C16H3407S

C27H5404Si2
C18H35Bro

C27H5404Si2
C27H5404Si2
C27H5404Si2
C27H5204Si2

C30H520

Cao7Hs6
C27H5404Si2

M.W.

280
346
372
280
280
280
280
372
372
340

340

498
370
498
346
498
498
498
496

428

380
498

Compound name

12-Methyl-E,E-2,13octadecadieii-ol
Octadecanal,-Bbromo

9-Octadecenoic acid (Z)phenylmethyl ester
12-Methyl-E,E-2,13octadecadieii-ol
2-Methyl-Z,Z-3,13-octadecadienol
12-Methyl-E,E-2,13octadecadieii-ol
12-Methyl-E,E-2,13 octadecadieti-ol
9-Octadecenoic acid (Z)phenylmethyl ester
9-Octadecenoic acid (Z)phenylmethyl ester
Phenol, 2,2methylenebis[§1,1-dimethylethyl}
4-methyt
2H-3,7-Methanoazacycloundecino[5b}indole-
9-carboxylic acid, &ethyt1,4,5,6,7,8,9,10
octahydre, methyl ester, [5$5R*,7R*,9S*)]-
1-Monolinoleoylglycerol trimethylsilyl ether
d-Mannitol, Zdecylsulfonyt
1-Monolinoleoylglycerol trimethylsilyl ether
Octadecanal,-Bbromo
1-Monolinoleoylglycerol trimethylsilyl ether
1-Monolinoleoylglycerol trimethylsilyl ether
1-Monolinoleoylglycerol trimethylsilyl ether
9,12,150ctadecatrienoic acid; 2
[(trimethylsilyl)oxy]-1-
[[(trimethylsilyl)oxy]methyl]ethyl ester, (Z,Z,Z)
2,2,4Trimethyl3-(3,8,12,16tetramethw
heptadecd,7,11,15tetraenyl}cyclohexanol
Heptacosane

1-Monolinoleoylglycerol trimethylsilyl ether
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Figure 4.20GC-MS Chromatogram afi-hexane fraction ofinospora cordifolia HTC)
stem

97



Table 4.5 Compounds identified byGC-MS analysis ofn-hexane fraction of Tinospora
cordifolia (HTC) stem

Retention Molecular M.W.  Compound name
time formula
(min)
42.00 C14H280 212 Tetradecanal
44.30 C16H3202 256 n-Hexadecanoic acid
C38H680s8 652 I-(+)-Ascorbic acid 2,8lihexadecanoate
47.42 C19H4002Si 328 Hexadecanoic acid, trimethylsilyl ester
49.55 C18H3202 280 9,12-Octadecadienoic acid (Z,Z)
50.11 C18H3602 284 Octadecanoic acid
Co22H4404 372 Octadecanoiacid, 2(2-hydroxyethoxy)ethyl ester
53.12 C20H4002 312 Ethanol, 2(9-octadecenyloxy) (2)-
CooH3802 310 cis-11-Eicosenoic acid
53.35 Co2H460 326 Behenic alcohol
54.63 C18H35BrO 346 Octadecanal,-Bromc
55.28 CooH4603Si 386 Hexadecanoic aci@-[(trimethylsilyl)oxy]propyl
ester
55.98 C18H35BrO 346 Octadecanal,-Bromc
65.19 CooH4s 396 StigmastarB,5-diene
C31H53CIO2 492 StigmastarB-ol, 5-chloro., acet at e,
71.16 CooH500 414 b-Sitosterol
CooH500 414 o-Sitosterol
71.99 Co7H5404Si2 498 1-Monolinoleoylglycerol trimethylsilyl ether
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Table 4.6. Compoundsidentified by GC-MS analysis ofn-hexane fraction ofCola
hispida(HCH) seed

Retention Molecular M.W.  Compound name
time formula
(min)

10.47 CoH220Si 174 1-Butyl(dimethyl)silyloxypropane
C19H360 280 12-Methyl-E,E-2,13 octadecadieii-ol
42.49 C17H3402 270 Hexadecanoic acid, methyl ester
47.2 C1oH4002Si 328 Hexadecanoic acidrimethylsilyl ester
48.83 C19H3202 292 9,12,150ctadecatrienoic acid, methyl ester, (Z,2,z
48.53 C19H3402 294 Methyl 8,9 methyleneheptadedd-enoate
48.81 C19H3202 292 9,12,150ctadecatrienoic acid, methyl ester, (Z,2,z
49.38 C19H3802 298 Heptadecanoic acid, iethyt, methyl ester
C19H3802 298 Heptadecanoic acid, ifdethyt, methyl ester
49.71 C18H3002 278 9,12,150ctadecatrienoic acid, (Z,Z,Z)
50.12 C18H3602 284 Octadecanoic acid
C22H4404 372 Octadecanoic aci@-(2-hydroxyethoxy)ethyl ester
50.73 C2o0oH3602 308 Methyl 9,18methyleneoctadee9d-enoate
51.13 C20H3802 310 Methyl 9,18methyleneoctadecanoate
Co0H3802 310 Cyclopropaneoctanoic acid;dttyl-, methyl ester
51.78 C19H3602 296 cis-10-Nonadecenoic acid
C18H3402 282 trans13-Octadecenoic acid
52.21 C20H3602 308 Methyl 9,18methyleneoctadee9d-enoate
53.69 C19H3603 312 Oxiraneundecanoic acid;@&ntyl, methyl ester, cis
65.18 CooH4s 396 StigmastarB,5-diene
66.24 C18H340 266 8-Octadecenal
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4.7 Characterisation of compounds isolated fromPhyllanthus muellerianudeaf

4.7.1 Compound DPM-2

The chromatography yielded 127 fractions which were pooled together to 13 sub fractions
(labeled as DPMF1-DPM-F13). CompoundDPM-2 was obtained as a white powderm

sub fraction DPMF2 (pooled fractiond 6-25) with gradient elutiorhexane: ethyl acetate
(95:5) yielded 30 mglt has retard@on factor(R;) value of0.5in solvent system hexane:
ethyl acetate (8:2) andhelting point(M.p): 150.6C-151.8C. Its low resolution electron
impact (El) mass spectrum showed molecular ion peak at m/z 4323/mol [M+], UV
(MeOH) a/nm (log U): 216. 00 (190W00(nA)IFD(5,%0 8) ,
Br cm-1): 3426.1, 2936.3, 2866.2359.5, 1642.9, 1461.6, 1375.7, 1058.2, 965.4 and 592.2
and NMR datgTable 4.7) Molecularformula C,9H4s0) and $ructure has been assigned to

the substance namstgmasterol (Figure 4.2based orthe physicallataand spectroscopic
analysis (UV, IR, MS!H-NMR and**C-NMR) and by comparison with reported literature
(Guoet al, 2013.

4.7.2Compound EPM-9A

The chromatography yielded 257 fractions which were pooled together to 18 sub fractions
(labeled as EPMF1-EPM-F18). The sub fraction EPM9 (pooled fractionsl49-167)
yielded compoundEPM-9A (75 mg)as a white powder with the solvent systerhaxane:

ethyl acetate (25:75)It hasretardaion factor (Rf) value of0.84 in solvent syste ethyl
acetate: methanol (1:1Melting point(M.p): 295.8C-303.7C, its low resolution electron
impact (El) mass spectrum showele existence of a sterol skeleton and a molecular ion
peak at m/z 414 [M+]The exact mass was detected on FAB on the positive nbalkes

(m/z): 57785 g/mol [M+]. IR (9max o' cm-1): 3386.2, 2959.3, 2931.1, 2873.0, 1647.5,
1463.7, 1374.7, 1070.3, 1024.668.2 and NMR data (Table 4.8Molecular formula
(CssHe0Ogs) and sructure has been assigned to the substance named Daucosterol (Figure
4.23) based othe physical data and spectroscopic analysis (UV, IR,'M$YMR and**C-

NMR) and by comparison witreported literaturéFlamini et al., 200)).
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Table 4.7: *H and **C-NMR chemical shift values forstigmasterol (DPM-2) recorded in

CDCL3 (AVANCE NEO 400 MHz)

Position "H-NMR “C-NMR
1 37.2
2 31.8
3 3.50 (m,1H) 71.79
4 42.2
5 140.7
6 5.33 (br d,1H, J=4.8H2) 121.7
7 31.6
8 31.6
9 50.1
10 36.1
11 21.2
12 39.76
13 42.2
14 56.85
15 24.3
16 28.90
17 56.03
18 0.68 (br s, 3H) 12.03
19 0.99 (br s, 3H) 19.38
20 36.1
21 18.7
22 5.14 (dd, 1H, J=8.4Hz, 8.4Hz) 138.3
23 4.99 (dd,1H, J=8.8Hz, 8.4Hz) 129.2
24 51.2
25 28.90
26 0.83 21.07
27 0.79 19.01
28 23.05
29 0.81 12.23
Chemical shift values are in U (ppm);
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Figure 4.22 Stigmasterol (DPM-2)
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Table 4.8: *H and **C-NMR chemical shift values fordaucosterol(EPM-9A) recorded
in C5D5N (AVANCE NEO 400 MHz)

Position "H-NMR “C-NMR
1 37.51
2 30.28
3 78.64
4 37.51
5 140.94
6 5.34(br d, 1H, J=4Hz) 121.93
7 32.08
8 32.19
9 50.38
10 36.95
11 21.30
12 39.98
13 46.08
14 56.85
15 24.53
16 29.50
17 56.28
18 0.66 (br d, 3H, J=6Hz) 12.18
19 0.98 (s, 3H) 19.44
20 36.41
21 19.44
22 32.19
23 24.53
24 46.08
25 29.50
26 19.99
27 21.30
28 23.42
29 12.18
16 5.06 (d, 1H, J=7.6Hz) 102.6
20 75.37
30 4.06 (t, 1H, J=8Hz, 8Hz) 78.64
40 4.58 (d, 1H, J=10.4Hz) 71.74
5606 3.98 (m, 2H) 78.64
6 6 4.28 (t, 2H, J=4.8Hz, 4.4H2) 62.88
Chemical shift values are in 0 (ppm); Coupl
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Figure 4.23Daucosterol (EPM-9A)
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4.8 Characterisation of compounds isolated fronTinospora cordifoliastem
4.81 CompoundDTC-3

The chromatography yielded 249 fractions which were pooled together to 21 sub fractions
(labeled as DTEG-1-DTC-F21). The sub fraction DT€3 (pooled fractiond5-32) yielded
compoundDTC-3 (70 mg)as a white amorphous powder with solvent systeraneethyl
acetate (90:10)t hasretardaion factor R;) value 0of0.44in solvent systenmexane: ethyl
acetate (4.5:0.5) anmuelting point M.p): 80.1°C-81.8C Mass (m/z): 410.3/mol [M+] as
confirmed by LRESFMS. Its low resolution electron impal) mass spectrum showed
molecdar ion peak at m/z 392.2 [M+JV ( Me OH) o/ nm (log U): 2
(190600 NM)IR (9max <®" cm-1): 3314.4, 2918.9, 2849.2360.0, 1467.5, 1063.2, 724.6

and NMR data (Table 4.9\ olecular formula(C,gHss0) andstructure has been assigned to

the substancenamed 31octacosanol (Figure 4.24based onthe physical data and
spectroscopic analysis (UV, IR, M$H-NMR and *C-NMR) and by comparison with
reported literaturéSadiqaet al, 2014).

4.8.2 Compound DTG4

Sub fraction DTG4 (pooled fraction83-48) yielded compoun®TC-4 (80 mg)as a white

powder eluted withsolvent systenhexane:ethyl acetate(85:15). It hasretardaion factor

(R¢) value of0.6in solvent system hexane: chlorofarethyl acetate (4:1:1)5andmelting

point (M.p): 134.4C-135.C, Mass (m/z): 414.3/mol [M+], UV ( Me OH) &/ nm (| c
219.00 nm (A 0.627), 270.00 nm (A 1.404)90-600 NM)IR (9max =" cm-1): 3446.3,

2936.5, 1642.3, 1462.4, 1376.6, 1058.6, 961.7, ®IdNMR data (Table 4.1QYlolecular

formula CyoHs00) andsr uct ur e has been assi g-Bi@slerolt o t h
(Figure 4.25) based die physical data and spectroscopic analysis (UV, IR, MS\MR
and™*C-NMR) and by comparison with reportéterature(Wright et al, 1978).
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Table 4.9 *H-NMR and **C-NMR chemical shift values for 1-octacosanol(DTC-3)
recorded in CDCL3 (AVANCE NEO 500 MHz Cryoprobe)

"H-NMR “C-NMR HMBC

3.63 (t, 2H, J = 7Hz, 6.5Hz) 63.11 25.72, 32.81, 50.89

1.54 (m, 2H) 32.81 25.72,29.35

1.26 (br s, 51H) 29.76 14.10, 22.68, 29.35, 32.81
0.86(t, 3H, J=7Hz) 14.10 22.68, 32.81
Chemical shift values are in 0 (ppm);
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Figure 4.24 1-Octacosanol(DTC-3)
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Table 410: *H and *C-NMR chemical shift values forb-Sitosterol (DTC-4) recorded in
CDCL 3 (AVANCE NEO 400 MHz)

Position "H-NMR “C-NMR
1 37.26
2 31.91
3 3.50 (m,1H) 71.81
4 42.31
5 138.3
6 5.32 (br d, 1H, J=5.2Hz) 121.7
7 31.88
8 31.91
9 50.14
10 36.14
11 21.21
12 39.78
13 42.31
14 56.87
15 24.30
16 28.91
17 56.07
18 0.66 (br s, 3H) 11.98
19 0.98 (br s, 3H) 19.39
20 36.14
21 0.89 18.78
22 33.96
23 26.10
24 45.85
25 29.17
26 0.80 21.07
27 19.81
28 23.07
29 0.84 12.23
Chemical shift valwues are in U0 (ppm); Coupl
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Figure 4.25b-Sitosterol (DTC-4)
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4.83 Compound ETC-11

The chromatography yielded 252 fractions which were pooled together to 34 sub fractions
(labeled as EAL-EA-34) based on their TLC profile usirgplvent sysm 4:3:2:1 (Hex:
DCM: EA: MeOH). Sub fraction EA-11 (pooled fractions 7#80) eluted with hexane:
dichloromethane (1:3)ieldedETC-11 as a yellow compoundt hasretardaion factor Ry)

value of 0.5n solvent system ethycetate: acetone (3.5:1.8)-MS m/z 275.2 g/mol [M]+;

UV MeOH)a/ nm (log U): 248.00 nm (A 1.132),
0.313), 416.00 nm (A 0.394230 nm 600 NM)IR (9max <" cm-1):3428.0, 2960.7, 2923.9,
2856.0, 1648.7, 1569.4, 1414.3, 1260.8, 1092.5, 1021.3, 868.RMR data (Table 4.11)
Molecular formula (C17H9NO3) and s$ructure has been assigned to the substance named
Liriodenine (Figure 4.26 based orthe physicaldataand spectroscopic analysis (UV, IR,
MS, *H-NMR and **C-NMR) and by comparison with reported literatui¢gamid et al,
2015)

4.8.4Compound ETC-14

CompoundeTC-14 was obtained aa white powder with Normylaporphine skeletons was
obtained from ethyl acetate fractigaub fraction EA14 (pooled fractions 9&02)) with
solvent systemm-hexane:dichloromethane (B) yielded 410 mglt hasretardaion factor
(Rf) value of 0.57 in solvent system hexanesthyl acetate (1:1) andnelting point
(M.p):252.9C-260.2C, Mass (m/z):293.2g/mol [M+],UV ( Me OH) &/ nm (1l og
nm (A 0.448), 229.00 nm (A 0.397), 273.00 nm (A 0.335), 315.00 nm (A 0@&ax
wavelength 20&top wavelength 600 MR (9max <> cm-1): 3045.8, 2877.1, 1658.0,
1423.8, 1221.4, 1041.2, 933.8, 775.3, 734.7, 64B®ONMR data (Table 4.12Molecular
formula (Ci1gH1sNO3) and sructure has been assigned to the substance ndgjdd
formylanonaine(Figure 4.27) based atie physical data and spectroscopic analysis (UV,
IR, MS, 'H-NMR and **C-NMR) and by comparisomith reported literaturéHui-Min et

al., 2010)
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Table 411: *H (AVANCE NEO 400 MHz) and **C-NMR (AV-IIl -HD 800 MHz Cryo-
Probe) chemical shift values forLiriodenine (ETC-11)recorded in CD30D

Position "H-NMR C-NMR

1 168.2

la 122.5

152.1

3 7.42 (1H, s, H3) 102.3

3a

4 8.02 (1H, d, J=5.2 Hz, #¥) 124.3
8.74 (1H, d, J=5.2 Hz, 13) 143.11

6a

7 181.67

7a 130.1
8.47 (1H, dd, J=8Hz, 1.2 Hz,-8) 127.2
7.64 (1H,t,J = 7.2 Hz, 6.8 Hz9) 127.7

10 7.87 (1H, ddd, 1.6 Hz, 118z, H-10) 133.5

11 8.79 (1H, d, J=7.6 Hz, H1) 126.7

1la

-OCH,O-  6.47 (2H, s) 102.8

Chemical shift wvalues are (ppm);
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Figure 4.26Liriodenine (ETC-11)
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Table 412 *H and **C-NMR chemical shift values for(-)-N-formylanonaine (ETC-14)
recorded in C5D5N (AVANCE NEO 400 MHz)

Position 'H-NMR “C-NMR

1 143.6

la 117.4

147.5

3 6.60 (s, 1H) 108.1

3a 127.4

4 260(dd, 1H, J=4.4, 12Hz; H4U 298
3.68 (dddd, 1H, J=4. 4Hz; H 4181

6a 5.19 (dd, 1H, J=4.4, 14Hz) 49.53

7 3.15 (ddd, 1H, J=12.4Hz; H 4181
14Hz; H7b)

7a 135.2
7.28 (d, 1H, J=0.8Hz) 128.2
7.32 (m, 1H) 127.7

10 7.43 (m, 1H) 127.6

11 8.23 (d, 1H, J=8Hz) 127.5

1lla 131.1

N-CHO 8.37(s, 1H) 162.3

-OCH,O- 6.11 and 6.02 (each d, 1H, J=1.2Hz) 101.5

Chemical shift valwues are in U0 (ppm); Coupl
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10 9

Figure 4.27 (-)-N-formylanonaine (ETC-14)
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4.85 Compound ETC-20

CompoundETC-20 was obtained as a crystal and also as a white amorphous powder from
sub fraction EAL16 - EA-24 (pooled fractions 11365) which yielded 8,161 mg. It has
retardaion factor R¢) value of0.41in solvent systenm-hexane:ethyl acetate (8:2)t has

melting point (M.p): 192.7C-196.7C, Mass (m/z):358.3 g/mol [M+],UV ( Me OH) &/ nm
(log 0): 214 .20®600mm)R @Anxd® @b 3503.5, 3127.6, 2970.4,

2936.6, 2875.6, 1746.9, 1703.3 1502.6, 1152.3, 1025.0, 913.4, 871.2ar8INMR data

(Table 4.13)Molecularformula(C,0H2206) and $ructure has been assigned to the substance
namedColumbin (Figure 4.28 based orthe physicadataand spectroscopic analysis (UV,

IR, MS, *H-NMR and**C-NMR) and by comparison with reported literat{Rathnasamst

al., 2016)

4.8.6Compound ETC-SF25-7B

The chromatography yielded 279 fractions which were pooled together to 22 sub fractions
(labeled as ETGSF25-1-ETC-SF25-22). CompoundETC-SF25-7B was obtained aa

white powder isolated froraub fraction ETESF25-7 (pooled fractiong3-89) with solvent
systemhexaneethyl acetate (60:4Go yield 430 mg.It hasretardaion factor (R¢) value of
0.73in solvent system hexanethyl acetate (4:6Melting point (M.p):199.3C-202.7C,

Mass (m/z):374.2 g/mol [M+],UV ( Me OH) &/ nm (1l og U)Y2006RQ 4. 00
nm) IR (9max =" cm-1): 3549.8, 3451.6, 3397.0, 2944.5, 2888.2, 1756.5, 1707.3, 11506.
1159.3, 1031.9, 922.3, 807.3 and NMR data (Table 4Nd)ecular formula CzoH2.07)

and structure has been assigned to the substance Banyedoxycolumbin(Figure 4.29)
based onthe physical data and spectroscopic analysis (UV, IR, MSNMR and *3c-

NMR) and by comparison with reported literaty@guakweet al., 1986§.
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Table 4.13: *H and**C-NMR chemical shift values for Columbin(ETC-20) recorded in
CD30D (AVANCE AV -400 MHz)

Positon  'H-NMR C-NMR
1 5.28 (br d, 1H, J=4.8Hz) 75.53
2 6.53 (dd, 1H, J=5.2, 8 Hz) 131.45
3 6.25 (dd, 1H, J=1.6, 8 Hz) 137.02
4 82.09
5 36.25
6a 1.73 (dd, 1H, J=8, 14.8 Hz) 27.08
6b 1.44 (m, 1H) 27.08
*7Ta 2.56 (m, 2H) 18.48
7b 2.06 (m, 1H) 18.48
*8 2.56 (m,1H) 45.35
9 38.56
10 1.83 (br s, 1H) 47.96
1lla 2.40/1.97 (dd, 1H, J=4.4, 14.8 Hz) 42.35
11b 1.97 (dd, 1H, J=12, 14.8 Hz) 42.35
12 5.57 (dd, 1H, J=4, 12 Hz) 72.78
13 126.72
14 7.59 (br s, 1H) 141.47
15 7.49 (brt, 1H, J=1.6, 3.2 Hz) 145.00
16 6.55 (br s, 1H) 109.68
17 176.77
18 177.26
19 0.99 (br s, 3H) 24.52
20 1.21 (br s, 3H) 28.14
*QOverlapped protonhemical shifv al ues are in 4 (ppm); Coupl
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Figure 428: Columbin (ETC-20)
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Table 4.14 *H-NMR (AVANCE -lll -AV-400 MHz CD30D) and **C-NMR (AVANCE
NEO-300 MHz CD30D) chemical shift values for8-hydroxycolumbin (ETC-SF25-7B)

Positon  'H-NMR “C-NMR
1 5.34 (d, 1H, J=4.8Hz) 75.29
2 6.56 (dd, 1H, J=5.2Hz) 131.50
3 6.26 (dd, 1H, J=1.6, 7.6Hz) 137.35
4 82.40
5 37.23
6 1.70 (m, 2H) 27.89
7a 1.59 (m, 1H) 27.89
7b 3.01 (m, 1H) 27.89
8 41.03
9 38.55
10 1.82 (br s, 1H) 48.42
11a 2.10 (dd, 1H, J=6.8, 15.6Hz) 37.24
11b 2.42 (dd, 1H, J=12, 14.8Hz) 37.24
12 5.56 (dd, 1H, J=5.6, 11.6Hz) 73.05
13 127.05
14 7.57 (brs, 1H) 141.41
15 7.49 (bt, 1HJ=1.6Hz) 145.00
16 6.53 (br s, 1H) 109.73
17 175.24
18 177.24
19 1.03 (br s, 3H) 20.68
20 1.16 (br s, 3H) 24.90
Chemical shift values are in 0 (ppm); Coupl
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Figure 4.298-hydroxycolumbin (ETC-SF25-7B)
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4.87 Compound ETC-SF25-8

CompoundETC-SF25-8 was isolated asa white crystalline solid1,160 mg from sub
fraction ETC-SF8 (pooled fraction®0-112) eluted withthe solvent systenihexane:ethyl
acetate (55:45 It hasretardaion factor R¢) value of0.73in solvent system hexanethyl
acetate (4:6)Melting point (M.p): 230.9C-254.6C, Mass (m/z):374.2 g/mol [M+],UV

( Me OH) a/ nm (|l og U)(200 800 4m)IRqomn M cni-1: 3510.2 0 8)
3144.2, 3083.1, 2972.4, 2937.4, 1762.2, 1705.9, 1503.5, 1458.8, 1387.3, 12638, 1
1063.1, 1025.3, 878.and NMR data (Table 4.15Molecular formula (CyoH2207) and
structure has been assigned to the substance namesporide(Figure4.30 based orthe
physical dataand spectroscopic analysis (UV, IR, M$-NMR and *C-NMR) and by
comparison with reported literatuf@athnasamet al, 2016)

4.8.8Compound ETC-SF25-8B

CompoundETC-SF25-8B was obtained aswhite powder isolated from sub fracti&TC-

SF8 (pooled fraction®0-112) yielded 60 mg. It hasetarddion factor R;) value of0.73in

solvent system hexanethyl acetate (4:6)Melting point M.p): 256.0C-261.2C, Mass

(m/z): 390.3 g/mol [M+],UV ( Me OH) &/ nm (log U): 215.00 nn
0.319)(200- 600 NnM)IR (9max <®" cm-1): 3486.1, 3150.6, 1754.1, 1716.6, 1507.4, 8806

NMR data (Table 4.16Molecularformula C;oH220g) and structure has been assigned to

the substance namedlinosporicide (Figure 4.31) based onhe physical data and
spectroscopic analysis (UV, IR, M3H-NMR and *C-NMR) and by comparison with

reported literatur¢Sultan 1992)
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Table 4.15 *H-NMR ( U ,

AV A NBDEMH& &D30D) and*C-NMR (i, AVANCE

AV-600 MHz CD30D) chemical shift values forTinosporide (ETC-SF25-8)

Position "H-NMR 3C-NMR
1 4.97 (d, 1H, J=2.5Hz;H1) 72.3

2 3.86 (dd, 1H, J=3Hz;H2) 50.5

3 3.63 (d, 1H, J=4.00Hz;H3) 52.1

4 82.2

5 35.7

6 27.8
7a 17.7
7b 17.7

8 2.56 (m,2H;H8) 44.8

9 41.9
10 2.06 (s, 2H;H10) 46.9
1l1a 2.34 (dd, 1H, J=4.0, 14.5Hz;H11a) 41.9
11b 1.94 (dd, 1H, J=12, 15Hz;H11b) 41.9
12 5.69 (dd, 1H, J=4, 12Hz;H12) 72.3
13 126.6
14 6.56 (d, 1H, J=1Hz;H14) 109.69
15 7.50 (t, 1H, J=1.5Hz;H15) 145.0
16 7.60 (s, 1H;H16) 141.0
17 176.7
18 174.0
19 1.21 (s, 3H;H19) 28.2
20 1.18 (s, 3H;H20) 23.3
Chemical shift values d (ppm); Coupl
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Figure4.3Q Tinosporide (ETC-SF25-8)

123



Table 416: 'H-NMR (AVANCE -Ill -AV-400 MHz CD30D) and **C-NMR (AVANCE
NEO-400 MHz CD30D) chemical shift values forTinosporicide (ETC-SF25-8B)

Position "H-NMR “C-NMR
1 5.36 (d, 1H, J=2Hz) 71.09

2 4.00 (dd2H, J =4.4Hz) 50.45

3 3.43 (d, 1H, J =4.8Hz) 27.50

4 81.83

5 41.82

8 2.81 (dd, 1H, J=11.6, 14.4 Hz) 36.55

9 40.18
1lla 2.30 (dd, 1H, J=5.6, 14.4 Hz) 36.55
11b 2.07-2.02 (m, 3H) 27.96

12 5.98 (dd, 1H, J=5.2, 11.2Hz) 71.48

13 126.68
14 6.68 (d,1H, J=1.2Hz) 109.54
15 7.59 (d, 1H, J = 2Hz) 144.30
16 7.7 (br s,1H) 140.45
17 1.53 (br s, 3H) 21.23

18 (C=0) 174.47
19 1.64 (br s, 3H) 23.99

20 (C=0) 172.75
Chemical shift valwues are in U0 (ppm); Coupl

124



Figure 4.31Tinosporicide (ETC-SF25-8B)
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4.89 Compound ETC-SF25-9

The compoundETC-SF25-9 was isolatedsa crystalfrom sub fraction ETESF9 (pooled
fractions113-125 eluted withhexane:ethyl acetate (50:50)f ethyl acetate fractiowhich
yielded 54 mg It hasretarddion factor R¢) value of0.25in solvent system ethyl acetate:
methanol (4:1)Melting point (M.p):183.3C-186.2C, LR EI-MS: m/z: 341.1 g/mol [M+]
The molecular ion peak for corydine is at m/z 341.1[M¥.( Me OH) &/ nm (1l og |
(2.42), 268 (2.72), 286 (2.69) nm (1800 nm). IR (Liquid technique) ¢t 3951.9, 3877.7,
3464.6, 3202.6, 2942.1, 2833.8, 1592.8, 1462.2, 1425.4, 1369.8, 1319.8, 12B8.5,
1135.8, 1102.5, 1075.0, 951.9, 808.3, 64thd NMR data (Table 4.17&Empirical formula
(Co0H23NO4) and $ructure has been assigned to the substance n@orgdine(Figure 4.32
based onthe physicaldataand spectroscopic analysis (UV, IR, M%-NMR and *3C-
NMR) and by comparison with reported literat¢&ngh and Chaudhuri, 2015).

4.8.10Compound ETC-SF25-19A

The compoundETC-SF2519A was isolated as amrange colour compound from the sub
fraction ETC-SF19 (pooled fraction228239 of ethyl acetate fractioeluted as a deep
yellow eluate with eluent ethyl acetate (100¢i@lded 25 mg It hasretarddion factor (Ry)

value of 0.3in solvent system hexanethyl acetatemethanol (1.5:8.5:1.5Melting point
(M.p):226.8C-230.7C, LR EI-MS: m/z: 351.0 [M+]JUV ( Me OH) &/ nm (1 og U)
(A 0.915), 244.00 nm (A 1.378), 273.00 nm (A 1.454) €180 nm).IR (9max KBr cm-1):

3926.7, 3840.4, 3434.7, 2932.9, 2833.6, 1645.9, 1594.1, 1509.5, 1459.6, 1358.5, 1238.6,
1142.6, 881./and NMR data (Table 4.18Molecular formulanC,,H17;NOs) and structure

has been assigned to the substance n@wedlaucing(Figure 4.33) based ahe physical

data and spectroscopic analysis (UV, IR, M&NMR and**C-NMR) and by comparison

with reported literatur€Ohiri et al,, 1982).
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Table 417 'H and C-NMR chemical shift values for corydine (ETC-SF25-9)

recorded in CD30OD (AVANCE NEO 400MH2z)

Position 'H-NMR “C-NMR
1 143.7
la 121
150.5
3 6.85 (1H, s) 112.61
3a 126.7
4 29.65
53.7
6a 62.37
7 36.35
7a 131.1
6.88 (d, 2H, J = 9.6 Hz) 112.61
6.93 (d, 1H, J =8 Hz) 112.89
10 153.1
11 144.7
1la 129.4
N-CHjs 2.52 (s, 3H) 43.89
2-OCH; 3.85 (s, 3H) 56.71
10-OCH; 3.88 (s, 3H) 56.71
11-OCH; 3.64 (s, 3H) 62.37
Chemical shift values are in O (ppm);
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Figure4.32 Corydine (ETC-SF25-9)
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Table 418: *H (AVANCE -Ill AV -400 MHz) and **C-NMR (AVANCE NEO 400 MHz)

chemical shift values foroxoglaucine(ETC-SF25-19A) recorded in CD30D

Position H-NMR ¥c-NMR
1 155.6
la 122.5
158.6
7.42(s, 1H) 107.8
7.93 (d, 1H, J=5.2Hz) 125.5
8.692 (d,1H, J=5.2 Hz) 144.9
6a 145.6
7 182.3
7a 137.3
8.705 (s, 1H) 111.6
150.9
10 155.6
11 7.82 (s,1H) 110.3
11a 127.3
1-OCH; 4.03 (s, 3H) 61.09
2-OCHs 4.09 (s, 3H) 56.85
9-OCHs 3.97(s, 3H) 56.31
100CH;  4.02 (s, 3H) 56.52

Chemical

shi ft

v al

ues
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Figure 4.330xoglaucine(ETC-SF25-19A)

130



4.8.11 Characterisation of compoundeTC-SF26-4

The chromatography yielded 78 fractions which were pooled together to 7 sub fractions
(labeled as EA6-1- EA-26-7). The eluent 100% ethyl acetate eluted light yellow eluates
EA-26-4 (pooled fractions32-43) which cmtain awhite armourphous soliknown as
compoundETC-SF26-4 (60 mg)soluble in pyridinelt hasretardaion factor R;) value of
0.8in solvent system methanol: ethyl acetate (3glting point (M.p): 144.PC-145.2C,
Mass (m/z): 653.8/mol [M+]. IR (9max =" cm-1): 3816.0,3424.0, 2920.0, 2850.0, 1618.7,
1551.9, 1468.0, 1072.5, 721ahd NMR data (Table 4.19olecularformula (C4oH7sNOs)

and sructure has been assigned to the substance n@hed2 S ,3 S, 4R, 1 6E)2-[(2

0 R - Bydroxy nonadecanoylamintleneicosadet6-enel,3,4triol (Figure 4.34 based

on the physicadataand spectroscopic analysis (UV, IR, M&-NMR and**C-NMR) and

by comparison with reported literatuiidaia et al, 2010.

4.8.12Compound MTC-8

The chromatography yielded 168 fractions which were pooled together to 17 sub fractions
(labeled as MTE&F1- MTC-F17). The eluent 100% ethyl acetate elwgettien yellow eluate

with white powderknown as compouniiTC -8 (25 mg)from sub fraction MTGF8 (pooled
fractions69-85). It hasretardaion factor (R¢) value 0f0.84in solvent system ethyl acetate:
methanol (1:1)Melting point(M.p): 295.5C-303.7C, its low resolution electron impact

(El) mass spectrum showelde existence of a sterol skeleton and a molecular ion peak at
m/z 414 [M+]. The exact mass was detected on FAB on the positive n\aes (m/z):
577.85 g/mol [M+], IR (9max <®" cm-1): 3386.2, 2959.3, 2931.1, 2873.0, 1647.5, 1463.7,
1374.7, 1070.3, 1024.%568.2and NMR data (Table 4.20Molecularformula (CzsHeoOs)

and structure has been assigned to the substance named Daucosterol (Figure 4.35) based on
the physical data and spectroscopic analysis (UV, IR, MSYMR and**C-NMR) and by

comparison witlreported literaturéFlaminiet al, 2009.
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Table 419: *H and **C-NMR chemical shift valuesfor re |- (2 S,3 S, 4R, 1 6B)2- [ (
2 O R)-bydroxynonadecanoylaminojheneicosaded 6-enel,3,4triol (ETC-SF
26-4) recorded in C5D5N (AVANCE -1l AV -400 MHz)

Position "H-NMR ¥C-NMR

1 4.53 (dd, 1H, J=6.4Hz), 4.44 (dd, 1H, 62.06
J=4.8Hz)

2 5.12 (m, 1H) 53.00

3 4.37 (dd,1H, J=6Hz) 76.81

4 4.29 (d,1H,J=6.4Hz) 73.03

5 2.26 (m,1H), 1.96 (m,1H) 34.17

6 1.75 (m, 3H) 26.66

7-14 1.24-1.42 30.01:30.34

15 2.03 (m, 1H) 32.13

16 5.64(td, J=15.4Hz; 5.4H2) 131.3°

17 5.52(td, J=15.4Hz; 5.8H2) 13111°

18 2.03 (m) 34.17

19 1.24-1.42 32.13

20 1.24-1.42 22.94

21 0.85 (dd, 5H, J=4.8Hz, 5.2Hz) 14.24

16 175.23

26 4.62 (m, 1H) 72.48

306 2.22 (m), 2.03 (M) 35.73

46 1.24-1.42 26.66

5160 1.24-1.42 30.0130.34

176 1.24-1.42(m) 32.13

186 1.24-1.42(m) 22.94

196 0.85 (dd, 5H, J=4.8Hz, 5.2Hz) 14.24

N-H 8.59 (d, 1H, J=9.2Hz) 150.24

HO-1 6.70 (d, 2H, J=6.4Hz) -

HO-3 6.70 (d,2H, J=6.4Hz) -

HO-4 6.22 (d, 1H, J=6.4Hz) -

HO-2 & 7.63 (d, 1H, J=5.2Hz) 135.80

Chemical shift values are in U (ppm);
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Figure 4.34rel-(2S,3S,4R,16E}2-[ ( -2 -6RJroxy
nonadecanoylaminojheneicosaded 6-ene1,3,4triol (ETC-SF26-4)
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Table 420: *H and *C-NMR chemical shift values fordaucosterol(MTC -8) recorded
in C5D5N (AVANCE NEO 400 MHz)

Position 'H-NMR “C-NMR
1 37.51
2 30.28
3 78.64
4 37.51
5 140.94
6 5.34(br d, 1H, J=4Hz) 121.93
7 32.08
8 32.19
9 50.38
10 36.95
11 21.30
12 39.98
13 46.08
14 56.85
15 24.53
16 29.50
17 56.28
18 0.66 (br d, 3H, J=6Hz) 12.18
19 0.98 (s,3H) 19.44
20 36.41
21 19.44
22 32.19
23 24.53
24 46.08
25 29.50
26 19.99
27 21.30
28 23.42
29 12.18
16 5.06 (d, 1H, J=7.6Hz) 102.6
20 75.37
36 4.06 (t, 1H, J=8Hz, 8Hz) 78.64
46 4.58 (d, 1H, J=10.4Hz) 71.74
56 3.98 (m, 2H) 78.64
6 0 4.28 (t, 2H, J=4.8Hz, 4.4Hz) 62.88
Chemical shift values are in U0 (ppm); Coupl
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Figure 4.35Daucosterol(MTC-8)
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4.813 Compound MTC -14A

Sub fraction MTCF13 (pooled fraction$16-127) and MTGF14 (pooled fraction$28-140)
elutedwith solvent systenethyl acetate: methanol (400:169350:150) yieldeadompound
MTC -14A as a yellow powdefrom agueousnethanol fractior{(280 mg) It hasretarddion
factor R¢) value of0.25solvent system ethyl acetate: methanol (48lting point (M.p):
228.5C-231.7C, EI-MS m/z 351.2 g/mol [M]+ (calcd for £H.oNO, * 352.1543);UV

( MeOH) a/nm (log U): 220.00 nm (A O(sta&t5) ,
wavelength 19@&top wavelength 600 NMIR (9max <" cm-1):3421.1, 2949.5, 2847.5,
1606.2, 1517.1, 1379.9, 1275.7, 1242.8, 1142.9, 1109.4, 1020.4, &id.BIMR data
(Table 4.21) Empirical formula C;1H22NO,) and s$ructure has been assigned to the
substancePalmatine(Figure 4.3% based orthe physicaldataand spectroscopic analysis
(UV, IR, MS, *H-NMR and *C-NMR) and by comparison with reported literatténg-
Ling et al, 2014)

4.9 Characterisation of compounds isolated fronCola hispidaseed
4.9.1Compound DCH-14

The chromatography yielded 151 fractions which were pooled together to 20 sub fractions
(labeled as DCH-1- DCH-F20). CompoundDCH-14 was obtained as a white powder from
dichloromethane fractio(sub fraction DCHF14 (pooled fraction87-103) with eluentethyl
acetatel00% which yielded 20 mg It hasretardaion factor (R;) value 0f0.84in solvent
systan ethyl acetate: methanol (1:1lelting point (M.p): 295.5C-303.7C, its low
resolution electron impag¢El) mass spectrum showdake existence of a sterol skeleton and

a molecular ion peak at m/z 414 [M{]he exact mass was detected on FAB on the positive
mode,Mass (m/z): 57B5g/mol [M+], IR (9max <> cm-1): 3386.2, 2959.3, 2931.1, 2873.0,
1647.5, 1463.7, 1374.7, 1070.3, 1024668.2 and NMR data (Table 4.22Molecular
formula (C3sHgoOs) and structure has been assigned to the substance named Daucosterol
(Figure 4.37) based dhe physical data and spectroscopic analysis (UV, IR, MS\MR
and™*C-NMR) and by comparison witteported literaturéFlaminiet al, 200).
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Table 421: *H and *C-NMR chemical shift values forpalmatine (MTC -14A) recorded
in CD30D (AVANCE NEO 400 MHz)

Position "H-NMR “C-NMR
1 7.66 (1H, s, HL) 109.9
2 153.8
3 150.9
4 7.04 (1H, s, H4) 112.2
4a 128.10
5 3.29 (2H,t, J = 6.0 Hz, ) 27.8

6 4.93 (2H, t, J = 8.0 Hz, 18) 56.6

8 9.75 (1H, s, HB) 146.4
8a 121.2
9 139.8
10 151.9
11 8.10 (1H, d, J = 9.2 Hz, 1) 128.1
12 7.99 (1H, d, J = 9.2 Hz, H2) 124.4
12a 130.1
13 8.79(1H, s, H13) 121.2
13a 135.3
13b 120.5
2-OCHs 3.93 (3H, s, DCH3) 56.9
3-OCH; 3.98 (3H, s, OCH3) 57.3
9-OCH; 4.10 (3H, s, 9OCH3) 57.6
10-OCHs 4.20 (3H, s, 18DCH3) 62.5
Chemical shift values are in U0 (ppm); Coupl
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Figure 4.36 Palmatine (MTC-14A)
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Table 422: *H and **C-NMR chemical shift values fordaucosterol(DCH-14) recorded
in C5D5N (AVANCE NEO 400 MHz)

Position 'H-NMR “C-NMR
1 37.51
2 30.28
3 78.64
4 37.51
5 140.94
6 5.34(br d, 1H, J=4Hz) 121.93
7 32.08
8 32.19
9 50.38
10 36.95
11 21.30
12 39.98
13 46.08
14 56.85
15 24.53
16 29.50
17 56.28
18 0.66 (br d, 3H, J=6Hz) 12.18
19 0.98 (s, 3H) 19.44
20 36.41
21 19.44
22 32.19
23 24.53
24 46.08
25 29.50
26 19.99
27 21.30
28 23.42
29 12.18
106 5.06 (d, 1H, J=7.6Hz) 102.6
20 75.37
36 4.06 (t, 1H, J=8Hz, 8Hz) 78.64
46 4.58 (d, 1H, J=10.4Hz) 71.74
56 3.98 (m, 2H) 78.64
6 0 4.28 (t, 2HJ=4.8Hz, 4.4Hz) 62.88
Chemical shift values are in U0 (ppm); Coupl
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Figure 4.37 Daucosterol(DCH-14)
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4.9.2 Compound ECH-6A

The chromatography yielded 389 fractions which were pooled together to 20 sub fractions
(labeled as ECHF1- ECH-F20). The compoundECH-6A was obtained as a white powder
from ethyl acetate fractiofsub fraction ECH-6 (pooled fractiongd8-62) in solvent system
hexane: dichloromethane (1:7) yielded 23 rtdnasretardadion factor R;) value of0.6in
solvent system hexane: chloroform: ethyl acetate (4:1:M8&lting point (M.p): 134.4C-
135.7C, Mass (m/z): 414.3/mol [M+]. UV ( Me OH) o/ nm (log U): 216
270.00 nm (A 1.404]190-600 nm)IR (9max ®" cm-1): 3446.3, 2936.5, 1642.3, 1462.4,
1376.6, 1058.6, 961.7, 591and NMR data (Table 4.23¥olecularformula(CzgHs00) and
structure has been assigned to $he b s t a n c-Sitostesolfiregare 4038 based orthe
physical dataand spectroscopic analysis (UV, IR, M$-NMR and *C-NMR) and by
comparison with reported literatuf@/right et al, 197§.

4.9.3Compound ECH-9I

CompoundECH-91 was was obtained aeil, isolated from ethyl acetate fractiqi®ub

fraction ECHF9 (pooled fraction®96-116) which yielded 125 mg with solvent syste

hexane: dichloromethane (1:%) hasretardaion factor R¢) valueof 0.65in solvent system

hexane: ethyl acetate (3:®jelting point(M.p): 112.8C-113.2C, Mass (m/z): 126.1 g/mol

[M+], UV ( Me OH) @&/ nm (log U): 229.00 nm (A 1.65
2.553) IR ( AT cmY): 3389.7, 2930.5, 2846.2, 1678.5, 1522.9, 1398.9, 1281.4, 1192.8,
1023.6, 812.6776.8, 616.7and NMR data (Table 4.24Molecularformula (CsHgO3) and

structure has been assigned to the substhgdroxymethylfurfural(Figure 4.39) based on

the physical data and spectroscopic analysis (UV, IR, MSYMR and**C-NMR) and by

comparisorwith reported literature (Prasenijit and Paresh, 2013).
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Table 423 'H and **C-NMR chemical shift values forb-Sitosterol (ECH-6A) recorded
in CDCL 3 (AVANCE NEO 400 MHz)

Position 'H-NMR “C-NMR
1 37.26
2 31.91
3 3.50 (m,1H) 71.81
4 42.31
5 138.3
6 5.32 (br d, 1H, J=5.2Hz) 121.7
7 31.88
8 31.91
9 50.14
10 36.14
11 21.21
12 39.78
13 42.31
14 56.87
15 24.30
16 28.91
17 56.07
18 0.66 (br s, 3H) 11.98
19 0.98 (br s, 3H) 19.39
20 36.14
21 0.89 18.78
22 33.96
23 26.10
24 45.85
25 29.17
26 0.80 21.07
27 19.81
28 23.07
29 0.84 12.23
Chemical shift values are in U0 (ppm); Coupl
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Figure 4.38b-Sitosterol (ECH-6A)
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Table 4.24 'H-NMR (AVANCE -1ll -AV-400 MHz) and **C-NMR (AVANCE NEO 300
MHz) chemical shift values for 5-Hydroxymethylfurfural (ECH-91) recorded in
CD30D

"H-NMR “C-NMR HMBC

9.51 (s, 1H, CHOH-2) 179.43 57.57, 124.89, 163.11

7.37 (d, 1H, J =3.6 HH-3) 124.89 110.88, 153.76, 163.11, 179.43

6.57 (d, 1H, J = 3.6 H4+-4) 110.88 57.57,124.89, 153.76, 163.11, 179.4
4.60 (s, 3HCH,OH, H-5) 57.57 110.88, 124.89, 153.76, 163.11
Chemical shift valwues are in O (ppm);
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Figure 4.395-Hydroxymethylfurfural (ECH-9I)
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4.9.4 Compound ECH-12

CompoundECH-12 was obtained as a white powder isolated from ethyl acetate fraction
(Sub fraction ECH-12 (pooled fractiond38-195)) yielded 31 mg with solvent system
dichloromethane: methanol (98:@)luble in pyridine It hasretardaion factor (R;) value of
0.93in solvent system methanol: water (3;)lass (m/z): 189.1 g/mol [M+]R (9max <&"
cm-1): 3415.4, 3108.8, 2965.1, 2842.2, 2757.9, 1680.0, 159(R85.7, 1346.0, 1311.4,
827.5and NMR data (Table 4.25)Molecularformula (C;0H;NO3) and $ructure has been
assigned to the substanzdnydroxyquinoline4-carboxylic acid(Figure 4.4 based orihe
physical dataand spectroscopic analysis (UV, IR, M$-NMR and *C-NMR) and by
comparison with reported literatufZhiwei et al, 2017)

4.10:Biological activities of isolated compounds

4.10.1:Acetylcholinesterase inhibitory activity of isolatedcompounds

Oxoglaucine(Oxoaporphinoid alkaloid) isolated from ethyl acetate fractiomiabspora
cordifolia stemexhibitedthe highest AChEnhibitory activity (IGo of 0.803:0.09 mg/mL)
compared to eserine (4= 0.5310.34mg/mL). Also, other alkaloids like palmatindCs
= 0.83%0.07mg/mL), liriodenine (Cso = 0.807+£0.07mg/mL), N-formylanonaine(ICso =
0.8120.06 mg/mL) showed good acetylcholinesterase inhibitory potentials (Figure 4.41).

4.10.1.1 Molecular docking study of compounds on acetylcholinesterase residue

Molecular docking reveat hydrophobic, hydrogen bonding and-stackinginteractions
amongtested compounds and the active sitdAGhE, which justified their high inhibitory
potentials(Figure 4.424.54).
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Table 425: 'H-NMR (AVANCE AV -400 MHz) and **C-NMR (AV-Ill -HD 800 MHz
Cryo-Probe) chemical shift values for2-Hydroxyquinoline -4-carboxylic acid (ECH-12)
recorded in C5D5N

"H-NMR “C-NMR HMBC
8.82 (1H,d, J=8.1HH- 127.73 130.85, 140.78, 150.09
5)
7.67 (1H, sH-2) 124.88 117.60, 169.05
7.557.48(2H, m H6-7) 115.95 117.60, 122.32127.73124.88, 140.78,
130.85 149.98
7.257.21 (1H, m H-8) 122.32 115.95, 117.60
13.27 (1H, br.s, COOHH- 169.05 -
11)
Chemical shift wvalwues are in U0 (ppm); Coupl
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Figure 4.402-Hydroxyquinoline -4-carboxylic acid (ECH-12)
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4.10.2:Prolyl endopeptidase inhibitory activity

The compoundstigmasterol isolated from dichloromethane fraction d?hyllanthus
muellerianusleaf demonstratedhe highest PEP inhibitory activity (&g = 0.773:2.9 mM,

68% inhibitio) compared to bacitracin (§¢= 0.125+1.5 Mm 99% inhibitior) followed by
oxoglaucine an oxoaporphine alkaloid frohmospora cordifolia(ICso = 0.78G:3.1IMm,

65%inhibition) and corydingICso = 0.7883.1Mm, @.3% inhibition) (Figure4.55.

4.10.2.1: Molecular docking studies of active compoundson prolyl endopeptidase

residue

In the molecular dockingjgure 4.56depicts the emparison of the crystal (cyan) and the
simulated pose (magenta)aignate ligand from PDB: 3IVMIhe top ranked conformation
of stigmasterohnd oxoglaucinsvith the PEP enzyme shows hydrophobic interactions with
Tyrd58, Tyrd83, Ala561, Val562, and lleB7as well ashydrogen bondsnteractions,
respectivelystabilizing the ligangin the binding pockebf enzymewhich justify its activity
(Figure 4.574.59.

4.10.3:Metal chelating activity of isolatedcompounds

Oxoglaucine also showed good metaklating potential with 165 of 0.216:0.00 mg/mL
alongside stigmasterol andhydroxymethylfurfural which had 1§ of 0.283+0.00 mg/mL
and 0.29%0.01 mg/mL at 1 mg respectively compared to standard EDTA with d€C
0.045:0.11 mg/mL Figure 4.60. The tested compounds demonstrated the abilitiesmer
brain metal ions and targetingpnetal ions interactionghich might offer a large potential

to chelation therapy.
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Figure 4.41: Acetylcholinesterase inhibitory activity of compounds isolated from
Phyllanthus muellerianukeaf, Tinospora cordifoliastem andCola hispidaseed at 1 mg/mL

(IC50xSD (mg/mL)
Values are presented as mean + standard deviation (n=3)

Comparison of eachompoundswith standard (Eserineyas done andkvel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not

significantly (NS) different from the standard
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Figure 4.55: Prolyl endopeptidase inhibitory activity of compounds isolated at 1mM
(IC5ctSEM (mM)

Values argresented as mean + standard error of mean (n=3)

Comparison of eacbompoundswith standard (Bacitracinjas done antevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks are not
significantly (NS) differenfrom the standards
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Figure 4.56 Comparison of the crystal (cyan) and the simulated pose (magenta) of cognate
ligand from PDB: 3IVMcomplexed with an inhibitdl-benzyloxycarbonyL -prolyl-L-

prolinal
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Figure Bhé&7si mulated poses of the compound
presented in red dashed I ines. Cyan sticks
as grey sticks. The images were rendered us
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Figure Bhé&8si mul ated poses of the compounc
presented in red dashed I ines. Cyan sticks
as grey sticks. The images were rendered us
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Figure Bhé&9si mul ated poses of the compound
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Figure 4.60: Metal chelating activity of compounds isolated fRltyllanthus muellerianus
leaf, Tinospora cordifoliastem andCola hispidaseed at 1 mg/mUCse+SD (mg/mL)

Values are presented as mean + standard deviation (n=3)

Comparison of eachompoundswith standard (EDTAwas done andevel of significant
difference represented with *, ** *** gnd **** Extracts with no asterisks aret
significantly (NS) different from the standard

169



CHAPTER FIVE

5.0 DISCUSSION CONCLUSION AND RECOMMENDATION

5.1 Preliminary study on acetylcholinesteraseanhibitory activities of the ten selected

medicinal plant extracts

The present study began with a preliminary investigation of ten (10) selected Nigerian
medicinal plants namelyTinospora cordifolia Stephania dinklageiPhyllanthus amarys
Cleomerutidosperma Spilanthes filicaulisStrophanthus hispidu§&ongronemdatifolium,

Cola hispida Phyllanthus muellerianuand Hedranthera barterirepresenting species in

plant families such as Apocynaceae, Menispermaceae, Malvaceae, Euphorbiaceae,
Asteraceae, Phyllantaceae, Cleomaceae that has been reported in literature from
ethnobotanical survey conductedsome parts of Southwest Nigesa memory enhancing

and antiaging agent&lufioye et al, 2012,Sonibareand Ayoola, 2015). However, there is
paucity of scientific evidence to justify their efficadihe chemical constituents of most of
these plants are unknown and may hatleerdangerous effectsr positive effecon human

health. On the other hand, some plants, which are not rdgorbe used in herbaledicine,

might also possess potential atttiv

A number of scientific researches have been carried out on the benefit of medicinal herbs in
the treatment of neurodegenerative disordeksongst these areSalvia officinalis
(Lamiaceae) reported toontain the antioxidants carnosicid and rosmarinic acid. These
compounds are thought to protect the brain from oxidative damage. Extract from the licorice
root i s reported to treat or even prevent
associated symptomsBi(ge and Ilkay 2005). One of the research plantTinospora
cordifolia belonging to the family Menispermaceae has bpesviously reported and
proving topossess memory improving effect in animals with memory deficits (Mgsled,

2014). Also, dministration of Tinospora cordifolia increases the cognitive function in

170



patients with AD (Lannert and Hoyer, 199&mblica officinalisbelongsto the family
Euphorbiaceaexhibited significant improveent in memory retention gfoung and aged
rats in a dosdependent manner. It reversélge diazepam and scopolamai induced
amnesia. As a memomlnhancer and reversal of memory defidimblica officinalisplays

an important role in the treatment of mamdeficits and AD (Mani an#lilind, 2007).

The result bowed that three of the ten plants namBlyyllanthus muellerianuseaves
(Euphorbiaceae),Tinospora cordifolia stem (Menispermaceae) ar@ola hispida seed
(Malvaceae) demonstrated good acetylcholinesterase (hAChE) inhibitory astiwitiro.
Phyllanthus muellerianus leaves showed the highest acetylcholinesterase (hAChE)
inhibitory activity with 1G value of3.70 ° 0.70 ng/mL as compared to standard drug
GalanthaminglICso of 0.758° 0.057 nmg/mL) followed byCola hispidawith 1Cso value of

26.9° 7.8 ng/mL at 200nmg/mL. Since most of the AChE inhibitors are known to contain
nitrogen, the higher activity of these extracts may be due to their rich alkaloidal content
(Orhanet al, 2004).The acetylcholinesterase inhibitoagtivities displayed by theested
plants validatehe folkloric useof species ofespective plant families in theprovement of

memory andthercognitive functions.

5.2The Percentage yieldf crude extracts and fractions

The percentage yields of extracts were calculated botthocrude methanolic extraciad
patitioned fractions.The highest percentage yield was obtained from the sedétblaf
hispida extract (11.580) followed by methanolic extract ¢thyllanthus muellerianukeaf
(7.15%). In the partitioned fractions, it was observed that ethyl acetate fraction of
Phyllanthus muellerianuleaf has the highest yield at 41f#6m 250 g of methanolic extract
Ethyl acetate fraction ofinospora cordifoliahas the highest yield at 54ftom 170 g of
methanolic extractAqueaus fraction ofCola hispidagave the highest yield of 63%&from
470 g of methanolic extraat-hexane and dichloromethane fractionsCaila hispidagave
low vyield of 1.42% and 1.31%, respectiveljne percentage yields of the extracts could be
attributed to so many factors such as mode of plant extraction, solventmesedty of
plant genetic and evolutiorthe growingconditions and regigrphysiological variations,
time of plant collectionseason of collection and generally environmental factoish as

rainfall, temperature, mineral elemeatsd humidity(Figueiredoet al, 2009.
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5.3 Qualitative phytochemical Screening

The result of the phytochemical screening showed Btatllanthus muellerianusand
Tinospora cordifolia contains alkaloids, tanins, flavonoidsanthraquinones saponin,
phenols, glycosides, terpenoids and stesioolwing various degree of abundangikaloids,
glycosides, flavonoids and terpenoids were detecte@oaila hispida crude extract while
tanins, phenol and steroid were not detecidtk result showed thafinospora cordifolia
has relatively lgh amount of alkaloiédnd terpenoids present in theGeason of collectign
time of plant collection genetic profileand generallyabiotic and bioticenvironmental
factors could also determine the presence or absence of the phytoche(ficals and
Radusiene, 2019)

5.4 Anti-cholinesterase inhibitory activities of plant crude extracts and fractions of

Phyllanthus muellerianudeaf, Tinospora cordifoliastem andCola hispidaseed

Plants have been used since ancient times in traditional medicinal systems for the treatment
of memory dysfunctionMedicinal plants have been proven to be rich in plethora of
bioactive compounds which could be used in managing various diseases that threaten human
health. Currently, new drugs that can improve memory and learning or delay the
neurodegenerative process are essenti al [
natural products are multarget and multfunctional in nature, they would provide
additional benefit such as synergistic and additive effects usually required in the
management of complex diseases such ash&Beby enhancing the facuties of learning a
memory.Boreset al (1996 reported that natural products are tihest resources for new
anticholiresterase drugsStudies carried out on some species have resulted in the
identification of compounds which are currently either in clinical use opleges for other

drug discoverye.g. Galanthamine, an alkaloid isolated frg&alanthus nivalisL.
(Amaryllidaceae). Galanthamine was approved by FDA in 2004 for use as an
acetylcholinesterase inhibitor in the treatment of AD (Jogteal, 2006), Rivastigmine

which was synthesized from the lead compound physostigmine derivedPfigsostigma

venenosunand approved in 2000 by UEDA (Lopezet al, 2002), Also, Huperzine A, an
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alkaloid isolated fromHuperziaserratais sold as a food supplement usied memory

enhancement and to treat symptoms of AD in Chif@r¢tonet al, 2002).

The acteylcholinesterase a biologically important enzyme thhydrolyzes acetylcholine

an importantneurotransmittelin the brainconsidered to play role in the pathology of
Al zhi emer 6s dtials 1955 ©ne pfthe mdskimperative tactics for treatment
of this disease involves the enhancement of acetylcholine lewbkibrain using AChE
inhibitors. Therefore, Inhibitin ofacetylcholinesteras¢he key enzyme in the breakdown of
acetylcholine, is considered one of the treatment strategies against seveoébgneal
disorders nc |l udi n g asNéporteccbiEmzaetal $993).

In this study, the methaneixtracs of Phyllanthus muellerianukeaf, Tinospora cordifolia
stem andCola hispidaseed its derived fractionsnthexane, dichloroethane, ethyhcetate
and aqueousnethanol) at various concentrations were tested for their anticholinesterase
inhibitory activities usinge | | mands c¢ ol or b-naphtyracetate angl fast blee a n d
B salt (NA-FB) methodsin vitro. The principle involves the measurement of the rate of
production of thiecholine as acetylthiocholine is hydrolysed. This is accomplished by the
continuous reaction of the thiol group with DTNB to produce the yellow aniortlub5-
nitro-benzoic acid (TB). In the NAFB method,he enzyme hydrol-yzes
naphthyl acetate to naphthol and acetate. Naphthol is allowed to react with fast Dhie B
reaction resulted in the development of a stable purple ¢diazonium dye). The colour
intensity is proportional to enzyme activityAll the test samples showed concentration
dependent cholinesterase inhibition in b&H | mands col or i Amaphtyli ¢ me
acetate and fast blue B salt (N/) assay methodStandard curves were generated and
calaulation of the 50% inhibitory concentration gL values was done using Microsoft
Excel. All data was expressed as mean = S.D. and of triplicate parallel measurerhents.
extract/compound that inhibits the hydrolysis of substrate by 50% was determhed.
smaller the 1G, value, the higher the enzyme inhibitory activity (Prietoal, 1999).The
AChE inhibition potential of ethyhcetate fraction o€ola hispidaseed andPhyllanthus
muellerianusat 5mg/mL were most prominent with igvalues of 0.656+0.24 mg/mL and
0.742+0.12 mg/mLrespectivelywhen compared to the standasgene at 0.0hg/mL (ICsq
value of 0.007+0.00 mg/mLi n t he El | mands acetatd fhactidn of T h e
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Phyllanthus muellerianueaf, Tinospora cordifolisstem andCola hispidaseed at Sng/mL

in the NA-FB assay methodhowed IG, values of 0.258+0.10 mg/mL, 1.604+0.04 mg/mL
and 2.220+0.02 mg/mlrespectively when copared to the standarderine at 0.0hg/mL
(ICsp value of 0.014+0.00 mg/mLThe implication of the findings ighat theethyl acetate
fraction of Cola hispidaandPhyllanthus muellerianusasthe potential to increase the half
life of acetylcholine in the brain therglmproving learning and memory because of their

potential to inhibitacetylcholinesterase which causes the degradation of acetylcholine.

5.5 Anti-oxidant activities of plant crude extracts and fractions of Phyllanthus
muellerianusleaf, Tinospora cordifoliastem andCola hispidaseed

5.5.1Metal chelating activity

Metal ions have beerevealedo aberrantlyaccruein the brain with aging as well as in the
course of several neurodegenerative disordensell asAD (Filiz et al, 2008). Particularly,
the interplay of metaprotein interactions with oxidative stresms recently highlighted by
several laboratoriesSayreet al, 20Ql). Therefore metal chelation therapy may now be
considered as a promising clinical approach to tedgatment(Valko et al, 2005. Studies
have implicated physiological transition metalgls as iron (Fe)sopper (Culand zinc (Zn)
and prooxidant nophysiologicalelements, such as aluminum (4A¥ key factors in the
pathophysiology of A z h e i me r (@ataetdai., 2092 kdaeed, very high levels of Cu
(400 eM) and Zn (1 mM) were found in amyloid plaques and AD neuropil regions in
comparison to healthy brain (201 Cu and 35GM Zn) (Lovell et al, 1998) Remarkably,
this latter studyexposedthat divalent cations increase in the early phase of AD, while
trivalent metal ions start increasing significantly in the later phase of AD, mainly in frontal

cortex and hippocampuRégoet al.,1999)

As the demand for new and more effective drugs for AD treatment continues to grow,
pharmacological strategies aimed @wéring brain metal ions and targetin@/fetal ions
interactions might offer a large potential to chelation therg@tudies on neuronal
degeneration in the brains of patients with AD show that hippocampus is one of the primary
regions affected during thearly stages of the disease (Seabrebkl, 1999). Neurotoxic
heavy metals like Pb (Monterat al, 1991) and Cd (Stohs and Bagchi, 1995) are known to

disrupt structural features of the cells also in this region of the [Bailiessuggest that
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curcumin significantly reduces Pkand Cdinduced neurotoxicity in rat hippocampal
neurons (Dairamet al, 2007) and increased hippocampal neurogenesis in chronically
stressed rats (Xat al, 2007). The use of phytochemical products as an alternativegstra
for the amelioration in neurotoxic mechanisms has been gaining a lodnsfderation
recenty (Joseptlet al, 2005).

In this study, he dichloromethane and ethadetate fractionof Tinospora cordifoliastem at
5 mg/mL concentration showed good metal chelating actitinhibition of ferroziné Fe™
complex formationswith 1Csy values of 0.199+0.08 mg/mL and 0.20312 mg/mlL,
respectively as compared to the etlhgetate fractions oPhyllanthus muellerianuseaf
(ICs0= 1.538:0.13mg/mL) andCola hispidaseed(ICsc= 0.624t0.05mg/mL) as compared
to the stadard vitamin C at 0.1mg/mLIGso value of 0.0120.00 mg/mb. The
dichloromethane and ethydcetate fraction ofTinospora cordifolia stem through its
antioxidant property demonstrated the abilities ower brain metal ions and targeting

Ab/metal ions interactionshich might offer a large potential to chelation therapy.

5.5.2Radical scavenging activityusing DPPH

A number of studies show thfee radical damage arakidative stress is involved in age
related neurodegenerative diseases. Likewise, there are numerious studies which have
examined the beneficial role of antioxidants to either reduce or block neuronal death
occurring in the pathopkjology of these disorders (Ramassamy, 2006).

The plant kingdom offers a wide range of secondary metabdigi@aying antioxidant

potentials especially plant polyphenols that defendagainst a number of diseagbat is

related to oxidative stress afrée radicalinduced damage (VladimK n e ¢ etali 4012,

Teixeira et al, 2013). Compounds such as serotoninhfdroxytryptamine), flavonoids,
guercetin, and simple alkylphenols have been shown to prevent membrane lipid
peroxidation and protect neunal cells against oxidative cell deathvitro (Moosmannet

al., 1997).Vitamin E also reported toescue the neuronal cytotoxicity induced by aluminum

in AbPP transgenic mice and reduce Ab depc
levels(Praticoet al, 2002).
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The DPPH (,1-diphenyt2-picrylhydrazyl radicalstest is abroadlyused method to assess
the free radical scavenging activity of plant extratd compoundsThis method is based
on the reduction of methanolic DPRB 2 diphenyl1-hydrazine)solutionin the presence of
antioxidantresulting in the formation of neradical DPPHH by the reaction. The stable
DPPH were reduced hihe extracts anthus changing the color from purple to yellow to
varying degrees depending d¢ime presence of antioxidant compoumdsich can donate
electron or hydrogen atanthe degree of discoloratiatesignateshe scavengingower of
the extract.

DPPH radical scavenging basadtioxidant potential of the extracts wassessedsing the
ICso parameter. Here, Kg means the concentration of antioxidant required for 50%
scavenging ofl,1-diphenyt2-picrylhydrazylradicals in the specified time. The smaller the
ICs0 value, the higher antioxidant activity of the plant extracts (Paetd, 1999).In DPPH
(1,2-diphenyt2-picrylhydrazyl) radical scavengingssay at 5mg/mL concentration, ethyl
acetate fraction offinospora cordifoliastem has the highesadical scavenging activity
(ICso = 0.419+0.03 mg/m). as compared to the ethgcetatefractions of Phyllanthus
muellerianusleaf (ICsp = 1.005+1.07 mg/mL)nd Cola hispidaseed(ICsp = 1.427+0.64
mg/mL) when compared to the stard vitamin C at 0.01mg/ml{ICs, = 0.008+0.00
mg/mL). The high free radical scavenging activity @dinosporacordifolia is an indication

of its hydrogen donating ability, which might be due to the presence of rich source of

pol yphenol s, possesspdomprs Cdfdrtiegal,2@a0p).s t he pot e

5.5.3Total antioxidant capacity

The phosphomolybdate method was based on the reduction of Mo (VI) to Mo (V) by the
antioxidant compound and the formation of a green phosphate/Mo (V) complex at acidic pH
with a maximal absorption at 695 nm. The phosphomolybdate method is quantitatese sinc

the total antioxidant activity is expressed as ascorbic acid equivalent (Kumaran, 2007).

In this researchthe total antioxidant capacity was higher in dichloromethane fraction of
Phyllanthus muellerianukeaf with value of 217.52+16.01 mg/g ascorbic acid equivalent/g
of extract at 0.20.01 mg/mL concentration (R0.9748) than in dichloromethane fractions
of Tinospora cordifoliastem andCola hispidaseed with values of 69.71+10.05 mg/g and
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79.58+9.07 mg/grespectively. Also, the ethycetate fraction oPhyllanthus muellerianus
leaf showed a high value of 118.154+19.13 mg/g when compared toaettgke fractions
of Tinospora cordifoliastem andCola hispidaseed with values of 68.229+4.89 mg/g and
95.569+6.82 mg/grespectivelyThe high antioxidantapacity of dichloromethane fraction
of Phyllanthus muellerianukeaf could be attributed to the presence of polypie such as

tanins, flavonoids which could be relevant in the therapeutic action gfléms

5.5.4Ferric reducing antioxidant power

The antioxidants present in the methanol crude extracts and other fractiehgllahthus
muellerianudeaf, Tinospora cordifoliastem andCola hispidaseedcaused their reduction of

the colourless Fe3ferricyanide TPTZ Fe (Ill)) complex to its blue ferrous coloured
(TPTZ Fe (1)) owing to action of electron donating in the presence of antioxidant and thus
proved the reducing power. The ferric reducing poaetivity of methanol extracts and
other fractions seem to be due to presence of polyphenols. The reducing capacity of plant
extract may serve as a significant indicatort®fantioxidant powerl.ike the DPPH radical
scavenging activity, the reducing pewincreased with increasing concentration and also
higher absorbance of the reaction mixture specifies a higher reducing potential. Therefore,
the reducingactivity of ferrous ion was higher in ethglcetate fraction oPhyllanthus
muellerianusleaf with value of 36.190+3.33 mg/g ascorbic acid equivalent/g of extract at
0.1-0.01 mg/mL (R=0.9968) followed by dichloromethane fractionTofiospora cordifolia

stem with value of 28.617+3.63 mg/g and ethgétate fraction o€ola hispidaseedwith

value of 14813+2.71 mg/agscorbic acid equivalent/g of extrathe result indicates that the

high ferric reducing potential @thyl acetate fraction d?hyllanthus muellerianueaf may

be due to its ability to donate electron or
in the extrac{lrshadet al, 2012).

5.6 GC-MS analysis of hexane fraction of Phyllanthus muellerianus Tinospora
cordifolia and Cola hispida

Gas chromatographynass spectroscopy (G@S) is the most powerful and widely used
technique for the analysis of complex mixtu(elrschfeld, 1980) GC-MS analysis is best

used to make an effectivdentification of bioactive constituentsf volatile matter, long
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chain,branched chain hydrocarbons, alcohols acids, esterg,hescanalysis will provide a
representative spectral output of all the compounds that get separated from the Reahkple.
area(%), retention timgRT), molecular fomulaand nolecular weight (MW)were usedor

the confirmation of phytochemical compounds.

The GC-MS analysis ofn-hexane fraction oPhyllanthus muellerianueaf revealsmajor
compounds present which are 3,7,11THiranmethyl2-hexadeceri-ol (RT 35.76 33.95%),
Hexadecanoic acid, trimethylsilyl ester (RT 47.39;52.62%), Octadecanoic acid (RT
50.07;22.51%), Heptacosane (RT 60.52; 33.69%), 60Odtadecatrienoic acid,
phenylmethyl ester, (Z,Z,Z)(RT 48.80;4.26%), 9,12,16ctadecatrienoic acid, (Z,Z,Z)

(RT 49.62;100%), Phenol, 2Riethylenebis[g1,1-dimethylethyl}4-methyt (RT
54.64;14.06%)0ctadecanal,-Bromo(RT 55.9615.67%)

The GC-MS analysis ofn-hexane fraction offinospora cordifoliastem reaveals major
compounds present which ardHexadecanoic acid (RT 44.30;49.79%), Hexadecanoic acid,
trimethylsilyl ester (RT 47.42;16.58%), 9;0ttadecadienoic acid (Z,Z[RT 49.55;100%),
Octadecanoic acid (RT 50.11;5.89%)Qctadecanal, -Bromo(RT 54.63;3.14%),
Hexadecanoic acid,-@trimethyldlyl) oxy]propyl ester (RT 55.28;1.61%), Stigmas&b-

di ene ( RT 6-5itostedo| (RT. 71.88%3R06). b

GC-MS analysis ofn-hexane fraction ofCola hispidaseedshows the presence of the
following compounds Hexadecanoic acid, methyl ester 4RA935.54%), Hexadecanoic
acid, trimethylsilyl ester (RT 47.497.32%), 9,12,1%)ctadecatrienoic acidnethyl ester,
(Z,2,2)- (RT 48.8130.94%), Methyl 8,9methyleneheptadees-enoate (RT4853;7.28%),
Heptadecanoic acid, Iethyl, methyl ester (RH®9.384.749%9, 9,12,150ctadecatenoic
acid, (Z,Z,Zy (RT 49.69;100%), Octadecanoic acid (RT 501B204%), Methyl 9,10
methyleneoctadeed-enoate (RT 50.73;21.82%)

GC-MS analyses of plant extracts showed the presencevafia range of compounds
associated with antioxidant andcetylcholinesterase (AChE) inhibitory properties.
Knowledge of those phytochemicals could form drug leads for the synthesis of new
pharmacological agents in the treatmentmanagemendf neurodegenerativéiseases such
asAl z hei me r The GGMS segealsdethe ufuitousness of octadecanoic acid and
hexadecanoic acid the threeselecteglants.
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5.7 Characterisation of compounds isolated

Chromatographic analysis such as column chromatography of the plant extracts from
Phyllanthus muellerianukeaf, Tinosporacordifolia stem andCola hispidaseed led to the
isolation of nineteeif19) compounds. Thin layer chromatograpbrefile in several solvent
systems gave single spots to ascertain its purio (2) compounds namely Stigmasterol
and Daucosterol was isolated and identified ffnyllanthus muellerianualso reported for
the first time.Chromatographic analyses of thactionsof Tinospora cordifolia afforded
thiteen(13) c ompounds i eiosteroj DaucesterolaGoluntbin , Tinosporide,
Tinosporicide, &ydroxycolumbin, Oxoglaucine, Corydine, Liriodeninefd&imylanonaine,
Palmatine,  Joctacosanol, rel-(2s,3s,4r,16e2-[(2'r)-2-hydroxynonadecanoylamino]
heneicosadet6-enel,3,4triol.

Oxoglaucine andel-(2s,3s,4r,16eR-[(2'r)-2-hydroxynonadecanoylamindieneicosadec
16-enel,3,4triol are reported for the first time in the genus Tinosparile liriodenine
is rerted for the first time in the species.

Four (4) compounds namebySitosterol,5-hydroxymethylfurfura) 2-hydroxyquinoline4-

carboxylic acid daucosterol was isolated and reported for the first time oia hispida

Stigmasterolis aclass of organic compound stigmastaislow resolution electron impact

(El) mass spectrum showeanajor fragmentatiorat m/z (%): 412.3 (100.0), 396.3 (35.6),
381.3 (18.0), 369.3 (25.0), 351.2 (35.1), 337.3 (5.2), 329.3 (19.9), 314.2 (27.9), 300.2 (42.4),
283.2 (13.0), 271.2 (51.8), 255.2 (87.9), 241.1 (11.4), 231.1 (24.2), 213.1 (46.8), 199.1
(21.2), 185.1 (17.4), 173.(20.5), 159.0 (58.3), 145.0 (57.4), 133.0 (47.0), 119.0 (35.8),
107.0 (50.9), 95.0 (47.6), 81.0 (66.6), 69.0 (52.9), 55.0 (78.6), 43.0 (3RNMR spectra

showed the presence of two met hyl sinlgets

appea e d 0830.761'"H-NMR spectraa | s o0 s howed pddolHan8BHzat U
8.4Hz) U 5.14 (dd, 1H, J=8.4Hz, 8.4Hzand U 5.33 (br d, 1H, J=4.8Hz}Buggesting the
presence of three protons corresponding to that of a trisubstitudead disubstitutedlefinic

bond which suggested presence of at least two double bbimelgproton corresponding to

the H3 of a sterol moiety appearedrasiltipletsat Us Bg ¢oedst ed p-pretenenc e
typical of sterols hydroxylated at-& °C-NMR-(li, AV AN C4#0 MHzODCL3)

showedthe presence of twenty nine carbons. Polarization transfer experiments (DEPT) were
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carried out with last polarization angles at 438 to determine the multiplicity of each
carbon atomThe above spectral data supported pinesence of sterol skeleton having a
hydroxyl group at € (U 71.79 position with two double bonds at®C-6 (U 140.7121.7)
and G22/G23( U 1 3 8 .Thig indiza@ed the presence of two double boise carbon
resonance was ithe oxygenate@ | i p h at i €l.79. €hg physical #nd spectral data

are consistent to the reported literature va{@soet al, 2013.

Daucosterol a steroid saponiwas obtained as a white powd#s. low resolution electron

impact (El) mass spectrum showtie existence of a sterol skeleton and a molecular ion
peak at m/z 414 [M+]The *H-NMR spectrum ofdaucosterokeveals an olefinic proton
signalof H6 at (Wrd,3H,3=4Hzand met hyl si gnialGs. 98B (Us)O..
signalati 5 . 0#67.6Hzsuggested the presence of one anomeric proton. The chemical
shift and coupling constant of this proton suggested -axial coupling thus showing that

the sugar moiety waslinked to the aglycone. THREC-NMR (i, AVANCE NEO 400
C5D5N) showed the presence of thirty five carbons. Polarization transfer experiments
(DEPT) were carried out with last polarization angles at® 138 to determine the
multiplicity of each carbon atonit alsoreveals that the olefinic proton resonateiat 1 2 1 . 9
while the G3 ( {inkage) signal resonate at 78.64 suggesting that the sugar moiety was

linked to the oxygen at-@ of the aglycone. The presence of a sugar moiety was further
confirmed byl02.6whichsvasgasseed ta the aomeric carbba.signals

for the other sugar carbons were observed
chemical shifts confirmed that the sugar moiety was gludsmordingly, the structure was

el uci dat ed a-sitostdral3iGbeDsgtueside)l by ¢ofmpason of the spectral

data, as described in the literatuFéafmini et al, 200). Daucosterol is reported for the first

time from the speciebinospora cordifolia, Cola hispidandPhyllanthus muellerianus

1-octacosanol is a straighthain aliphatic 2&arbonprimary fatty alcohal Its low
resolution electron impact (EI) mass spectrum showed major fragmentation at m/z (%):
392.2 (6.3), 364.3 (3.5), 334.2 (1.8), 308.1 (2.1), 292.2 (2.2), 264.1 (2.9), 250.1 (2.6), 223.0
(3.3), 195.1 (4.2), 181.0 (5.7), 167.1 (7.7), 153.1 (11.2), 1@94(T), 125.0 (31.8), 111.0
(55.5), 97.0 (92.0), 83.0 (100.0), 69.0 (73.5), 57.0 (96.6), 43.0 (MhB)Methylene group
carrying the hydroxy (OH) ofnH-NMR resonated at 3.63 ppm with coupling constant of
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7Hz attached to a methylene carbon at 63.11 pgriewhe methyl {CHs) resonated at 0.86
ppm on*H-NMR which is found attachetb carbon around 14.10 ppm. Other methylene
group resonated around 1.54 ppm and 1.26 ppfHeNMR. *C-NMR-(li, AV AINCE
AV-400 MHz CDCL3) shows that ati (ppm) 14.10 {CHj3), 22.68 (CH,), 25.72 (CH,),
29.60 (CH, X21), 31.91 {CH,), 32.81 {CHy), 63.11 {CH,OH). The spectra and physical

data were in complete concurrence with the literature (Sadiglg 2014).

b-Sitosterolis a clasof organic compound stigmastatis. low resolution electron impact

(El) mass spectrum showed major fragmentation at m/z (%): 414.3 (100.0), 396.3 (65.1),
381.3 (34.7), 369.2 (21.1), 351.3 (29.1), 329.3 (38.4), 315.2 (16.0), 303.3 (41.1), 289.2
(14.7), 271.2 (40.0), 255.1 (84.6), 241.D.[@), 231.1 (28.7), 213.1 (56.3), 199.1 (21.3),

173.1 (26.3), 159.0 (46.7), 145.0 (50.3), 133.1 (39.8), 119.0 (31.3), 107.0 (11.8), 95.0 (43.8),
81.0 (45.9), 69.0 (33.7), 55.0 (51.9jhe '"H-NMR s p e c -sitosterol shbwedb the
presence of six methyl sigal s t hat appeared as t wo98met hyl
three met hyl doubl ets that Hp\NMRapeoralofasp U O
showed one ol efinic H{NMR speatra as6 shawed 5a. [Bofon Th
corresponding to the pton connected to the -8B hydroxy group which appeared as
multipletsa t U THe *GNMR reveals that the proton connected to th8 Bydroxy

group resonate ai 71.81 while thearomaticolefinic proton was attached to carbonuat
138.3121.72.This indicates the presence of a double bdrte **C-NMR together with

COSY, HMQC and HMBC showed twenty nine carbon signal including six methyls, eleven
methylenes, ten methane and three quaternary carbons. Thus, the comas@asdigned as

b-sitosterolthat was consistent to the reported literature vaMéagft et al,, 1979.

Liriodenine belongs to the classf oxoaporphine alkaloidé.REI-MS of Liriodenine run on
Instrument (JEOL JMS600H) revealed: m/z (%): 275.2 (100.0), 247.2 (18.3), 219.1 (11.4),

188.1 (12.4), 162.1 (6.0), 81.0 (3.Z)he proton NMR revealedhe presence of one
methylenedioxy group and seven aromatic protonshdrttH-NMR spectrum of liriodenine

showed a proton singlet sign of met hyl e n6edd ia pax ¢f daublegswahl at
coupling constant of 5.2 Hz in the aromati
H-4 and H5 of an oxoaporphine structa. In the aromatic region, the four aromatic regions

at U 8. 4 7and 879 were assighed8e@iH-9, H-10 and H11, respectively*C-

NMR (0, -IA-YAD 800 MHz CryeProbe CD30ODshowed the presice of seventeen (17)
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carbons, one carbonyl groups (C=0) attached to7Cat 181.67 ppm while the
methylenedioxy group-QO-CHx-O-)wasat t ached t o cRolarizationtramsfer t 1 0
experiments (DEPT) were carried oQyt38with t
determinethe multiplicity of each carboldEPT-HSQC reveals the aromatic proton at 7.42

ppm was attached ¢C02.39 ppm), 8.02 ppm (C24.38 ppm), 8.74 ppm (C43.11 ppm),

8.47 ppm (G127.27 ppm), 7.64 ppm (C27.72 ppm), 7.87 ppm (C33.59 ppm), 8.79 ppm
(C-126.79 ppm). The spectra and physical data were in complete concurrence with the
literature(Hamidet al, 2015).

(-)-N-formylanonaine belongs to class of aporphines was obtained a#ite powder but
when dissolved in solvents like pyridine or methanol and allow to dry turns into a crystal

“Br cm™) spectrum showed absorptions at 1658.0

like compound.The infrared (IR)(9max
cm* indicating the (NCHO). The El mass spectrum indicatettier major peaks include

m/z (%) 276.3 (2.5), 262.3 (6.0), 248.2 (18.6), 235.1 (100.0), 204.2 (9.3), 178.2 (21.6),
151.2 (9.0), 88.1 (9.7JH-NMR (i, AV ANCE N ECbDENDsBowddd singlet at

8.37 ppm (NCHO proton) and a doublet with coupling constant of 8Hz at 8.23 ppm on
proton (G11), an also three aromatic protons which appears downfield at 7.43 ppm (m, 1H),
7.32 ppm (m, 1H) and 7.28pm (d, 1H, J=0.8Hz) assigned to-XD, G9 and GCS8,
resgectively. Doublet doublet at 5.19 ppm corresponding #9adJ=4.4, 14Hz), while two
doublets for the methyenedioxy protons appeared at 6.11 ppm and 6.02hgiC-NMR
spectrum, AVANCE N E C5D3N)od N-fbriytanonaine showed the presence

of 18 carbons. Polarization transfer experiments (DEPT) were carried out with the last
pol arizati on °plad te deteraimeaythee muldplici®y ®f each carbon. The
presence of carbonyl group was confirmed by the signal at 162.3 ppm. The resonance at
101.5 ppm was assigned to th®CH,O- carbon. The aromatic methine carbons afforded
signals at 128.2 ppm, 127.7 ppm, 127.6 ppm and 127.5 pp8) (&9, G10 and G
11carbon atomrespectively), while the quaternary carbons appeared at 135.2 p@ga),(C
131.1ppm (G1l1la), 127.4 ppm (Ba) and 127 (€1b). The spectra and physical data were in
complete concurrence with the literat@Hui-Min et al, 2010).

Columbin is a diterpenoid of the clerodane series or a furanoid diterpenoid. Its low
resolution electron impact (EI) mass spectrum showtbdr major fragmentation at m/z
340.2(1.4), 314.2 (22.9), 296.2 (8.2), 268.2 (4.2), 246.2 (53.9), 231.1(79.2), 220.1(16.4),
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204.1(43.0), 190.1(20.5), 161.0(23.8), 152.0 (77.7), 121.0 (53.5), 107.0 (100.0), 94.0 (33.9),
81.0 (21.6), 54.9 (11.9), 40.96 (10.9)he IR spectra of columbin compound displayed
bands pertinent to lactone moiety aroutad@46.9cm’, 1703.3cm) and hydrayl moiety
around 8503.5cm?) . I n the pr ot om9 MNBRJG6E.550btgimecwese at
al | oc at esdbstituted furam enoidby. Also singlets accounting for three protons each
at 0.99a n di.2Twere duly assigned to the tertiary methg attached to-C@9 and G20,
respectivel y. 5Bbhwas asceilzdto therproton &1 bearing the furan
moiety. The'*C-NMR (i, AV A N-@@ MAACD30D) showed the presence of twenty
carbons.*C-NMR also reveals two carbonyl groups (C=0) attached td8Cand G17
aroundi 17 7. 26 arasgectively.Ihé protohated carbons of the furan ring gave
signals at 109.68 (@6), 141.47 (€14) and 145.00 (@5) ppm, while the signal of the
guaternary carbonC{13) of the furan ring appeared at 126.72 pprhe spectra and

physical data were in complete concurrence with the literéRathnasamt al, 2016).

8-hydroxycolumbin is a diterpenoid of the clerodane series or a furanoid diterpenoid. Its
low resolution electron impact (ElI) mass spectrum showie@r major fragmentation
appeared at m/z (%) 356.3 (1.0), 330.3 (3.8), 312.2 (1.5), 263.2 (32.7), 245.2 (12.8), 234.2
(64.4),204.1 (48.0), 192.1 (74.4), 169.1 (52.5), 124.0 (100.0), 109.0 (67.3), 81.0 (38.2), 43.9
(20.2). The IR spectra of Bydroxycolumbin compound displayed three strong bands
pertinent to lactone moiety around766.5cm'and 1707.3cm’) and hydroxyl moiety
around B549.8cm™). In the'H-NMR, s i g .87 %49 and 6.53iobtained were

al | oc at esdbstituted furam enoidby. Also singlets accounting for three protons each
at 1.08a n dl.1&were duly assigned to the tertiary methyl are attached1® &d C20,
respectivel y. 5béwas asceibedto therproton al2 bearing the furan
moiety. The®*C-NMR (i, A V A N-@@® MAACD30D) showed the presence of twenty
carbons.>C-NMR also reveals two carbonyl groups (C=0) attached td8Cand G17
aroundl 177.24a n d175324 respectively.The protonated carbons of the furan ring gave
signals atli 109.73 (G16), 145.00 (€15) and 141.41 (€@4) ppm respectively while the
signal of the quatrnary carbon (€13) of the furan ring appeared at 127.05 pphe spectra

and physical data were in complete concurrence with the literature (Ogetilklya 986).

Tinosporide belongs to class of furanoid deterpenoidts low resolution electron impact

(El) mass spectrum showeslher major fragmentation appeared at m/z (%) 328.3(4.1),
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316.2(3.3), 275.2(23.4), 259.2, 192.2, 181.1, 135.1, 124.1, 107.1, 94.1, 81.TTHE5R.

bands atl762.2, 1705.2m™ showed the presee of a dactone. Also bands for hydroxyl
(3510.3cm™) and epoxide3083.1cmY) were detectedThe *H-NMR displayed signals at

7.60 ppm (1H, br s), 7.50 ppm (1H, br s) and 6.56 ppm (1H, bisgnable to the protons

of  tshbstituted furan moiety. Two angular methyls were observed as singlets at 1.16
ppm and 1.21 ppm. The signals5a89 ppm (dd, 1H, J=4, 12Hmas assigned to the-T
proton, bearing the-bubstituted furan moiety. The signals at the aliphatic regigdppm

(dd, 1H, J=4.0, 14.5Hz;H11a).94 ppm (dd, 1H, J=12, 15Hz;H11WEre attributed to the

C-11 methylene protons. The signals4a®7 ppm (d, 1H, J=2.5Hz), 3.86 ppm (dd, 1H,
J=3Hz), 3.63 ppm (d, 1H, J=4.00H&Ere given to protons on-C G2 and C3 ofring A,
respectively. From th&®C-NMR and DEPT135 experiments ofinosporide six methyls,

three methylenes, six methines, four furanoid carbons, three quarternary carbons and two
lactone carbonyls were detectedihe spectra and physical data were in plate

concurrence with the literatu(Rathnasamet al, 2016).

Tinosporicide is a diterpenoid of the clerodane series or a furanoid diterpenoid.
Tinosporicide showed a UV spectrum edharact
(methanol) at 215 nnfA 0.313), 220.00 nm (A 0.319The IR spectrum (KBr) showed the
presence of a m3¢86.1,80608cHg r ol uapc t(apl¥54Q,4T16.6 3
cm’) and f udxa507.4; 88G6gci)( Its low resolution electron impact (El) mass
spectrum showedther major fragmentation at m/z 345.3 (loss @§Hz10s), 291.2 (loss of
C16H1905), 252.1 (loss of &H1605), 124.0 (loss of gH150), 95.0 (loss of ¢H;0), 81.0
(CsHs0). The presence of two ethyl group G5 (C-19 protons) and © (C-17 protonywas

evident from the presence of two sharp, three proton singlets appearing at 1.64 ppm and 1.53
ppm, respectivelyThe chemical shift of the methyl group at9ds observed at high field

due to the irience of the furan ring on the same side of tH&r@ethyl groupThe coupled

system of protons was confirmed by COSY experiments. Strong cross peak was observed
linking C-12 proton at 5.98 ppm with-Cla (2.30 ppm) and-C1b (2.06 ppm) in the COSY
experiment. The coupling constant betweehl@ and €11b was found to b&4.4Hz which

was due to the germinal coupling between them. Irradiation at 5.98 pgia (€oton)
resulted in each of the double doublets at 2.30 pprhl@proton) and 2.06 ppm {Tlb

proton) collapsing to simple doublefhree other protons resonated & doublet at 5.36

ppm with coupling constant of (J = 2Hz), a double doublet at 4.00 ppm (J = 4.4Hz) and a
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doublet at 3.43 ppm (J = 4.8Hz) which were assigned -th G2 and G3 protons,
respectively.The three downfield signals in the aromatic regiomenassigned to the furan

ring at 7.70 ppm (€16), 7.59 ppm (€15) and 6.68 ppm (€14).**C- NMR-(i, AVANCE
NEO-400 MHz C5D5N) spectrumshowed the presence of twenty carboms/o sharp
signals at 23.9and 21.23 ppm were identified as the methyl carborS (a=thyl and €9
methyl), respectively. The presence of two carbonyl group was confirmed by signals at
174.47 and 172.75 ppm vdi was assigned to-8 and G20, respectively. The protonated
carbons bthe furan ring gave signals at140.45 (G16), 14430 (G15) and 109.54 (&4),
respectively while the signal of the quaternary carboil3Cof the furan ring appeared at
126.68 ppm. The hydroxyl (OH) bearing quaternary carbons resonated at 71.4.&%hd 81
ppm which were assigned teXD and G4, respectively. The presence of an epoxide group
in tinosporicide was indicated liie presence of OH signals@b0.45 andu 27.50which

were assigned to-€ and G3, respectivelyThe spectra and physical data were in complete

concurrence with the literatu(8ultan 1992).

Corydine a rare isoquinoline alkaloid, LEI-MS (JEOL 600H1) reveals m/z (%): 341.1
(89.0), 340.2 (54.0), 326.1 (100.0), 324.1 (66.6), 311.2 (29.1), 310.1,(8%=21 (35.0),
280.2 (11.8), 268.1 (9.4), 252.1 (5.2), 181.2 (2.4),185.7), 44.0 (2.1), 42.1 (2.7hhe'H-

NMR analysis suggested an aporphine alkaloid due to multiplet signals around the upfield
region of the spectra (2.83819 ppm) and to aromatic protons around the downfield regions
at U 6.938/6.918 andi 6.880/6.856which appear as doublet eadhl-NMR also reveals
presence of three methoxy grou@®CHs) which resonate at 3.88 ppm, 3.85 ppm and 3.64
ppm. A methyl attached to the nitrogen-Q¥ls) was observed around 2.52 ppHC-NMR
(AVANCE NEO 400 MHz, CD30D}¥howed the presence of twenty carbddEPT-HSQC
reveals the attachment of the three methoxy group at position 62.37@pte)( 56.71 ppm
(-OMe) and 56.42 ppm-@Me). Also reveals one Nitrogen tached to methyl (NMe) at
43.89ppm.On HMBC, the methoxyl groups were attached ta@ G2 and G11 at153.10,
150.56 and 144.7Yespectively. Corydine a rare isoquinoline alkaloid has been previously
reported for the first time fronTinospora cordifolia cultivar of Central Institute of
Medicinal and Aromatic Plants (CIMAP) Gene bank, Lucknow, Indingh and
Chaudhuri, 2015)
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Oxoglaucineis a new aporphinoiglkaloid LREI-MS of oxoglaucine run on Instrument
(JEOL 600H1) revealed: m/z (%): 351.0 (100.0), 336.1 (75.4), 320.2 (34.1), 308.1 (45.8),
292.2 (22.9), 277.1 (14.9), 264.1 (9.7), 250.1 (9.1),.234.5), 222.1 (11.7), 207.2 (5.9),

194.1 (5.6), 175.6 (11.7), 165.1 (3.0), 151.1 (10.6), 136.1 (16.6), 125.1 (4.0), 110.1 (4.4),
96.1 (2.9), 88.0 (3.4), 69.1 (3.5), 44.0 (6.G)he aromatic protons resonated at 8.70 ppm,
8.69 ppm, 7.93 ppm, 7.82 ppm aidd42 ppm.'H-NMR also reveals presence of four
methoxy group OCH;s) which resonate at 3.97 ppm, 4.02 ppm, 4.03 ppm and 4.09 ppm.
13C-NMR (AVANCE NEO 400 MHz, CD30D) Isowed the presence of twenty carbons.
DEPT-HSQC reveals the proton and carbon attachments. proton 8.70 ppii @D ppm),

8.69 ppm (G144.94 ppm), 7.93 ppm (€25.56 ppm), 7.82 ppm (C10.36 ppm), 7.42 ppm
(C-107.87 ppm), 4.09 ppm (66.85 ppm), 4.03 ppm (61.09 ppm), 4.02 pprb@52 ppm)

ad 3.97 ppm (& 6. 31 ppm). The four metOM,BOE r eso
ppm (OMe), 56.52 ppm-OMe), 56.31 ppm-OMe). *C-NMR alsoreveals the presence of

one carbonyl groups (C=0) attachedtdC at 182. 38 ppm. The four
to carbons around 150.9 ppm, 153.0 ppm, 155.6 ppm and 158.62Tpemsolation of
Oxoglaucine was once reported fror@hasmanthera dependensiochst family
Menispermaceae (Ohigt al, 1982). Oxoglaucine is therefore been reported for the first

time in Tinospora cordifoliaand from the genus Tinospora.

rel-(2S,3S,4R,16E)2-] ( 22 6dydroxy nonadecanoylamino}
heneicosaded6-enel,3,4triol a new compound belonging to a class of ceramides has
been reported for the first time Menispermaceasdts low resolution electron impact (El)
mass spectrum on JEOL MS Route instrument showed major fragmentation at m/z (%):
774.4 (1.8), 760.5 (4.0), 732.5 (8.4), 718.5 (6.0), 693.3 (12.4), 679.4 (23.9), 665.3 (43.7),
647.3 (26.1), 620.39(1), 592.3 (7.2), 524.3 (2.0), 467.1 (10.5), 453.2 (21.4), 439.2 (60.4),
422.2 (30.4), 408.2 (72.3), 394.2 (44.1), 384.1 (71.2), 370.1 (39.7), 357.0 (100.0), 339.1
(75.6), 308.1 (16.0), 298.1 (4.7), 280.0 (13.5), 265.1 (25.1), 226.1 (11.6), 125.0 97109),
(29.3), 83.0 (45.6), 69.044.9), 59.9 (81.0), 43.0 (67.4rs IR spectrum revealed several
broad peaks in the range 8816.03424.0cm' ! characteristic of bonded -N or O-H
stretching, the amide carbonyl at 1618.7 Lrfollowed by the NH bendingat 1551.9cm' .

The long aliphatic chain was characterized by a band at 72111 Ene’H-NMR spectrum
showed characteristic &89 @nlallJ=9f2dzresomanceafari d e |
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four hydroxyl 6g70 @uhsI=6adHz)and 6.22. (&, 3H, J=6.4Hz)all
appearing as broad si +)ygfdrea inethinaborsdédgmaanitrogant U
signal s at J=6.4HZA H-%a3 and d.44,dd, 1H, J=4.8Hz H-1b) for a
hydroxymet hyl ene, 4.629m,uélt21),4.37fdd,$H, IréHaH-33anc t U
4.29 (d,1H,J=6.4HzH-4) corresponding to three oxymethines. Additionally, signals for a
double bond aii 5.64(td, J=15.4 and 5.4 Hz, H6) and 5.54td, J=15.4 and 5.8 Hz, H17),

t wo ter minal0.8mdd BHy U=4.8t 5.2Hg 3H-19/3H21) and several

met hyl ene h y2d26102¢4 eorrespondig tolitwo aliphatic chains were also
observed. The COSY spectrum revealed coupling for the methine attached to the nitrogen
(H-2) with the oxymethylene (2d) and an oxymethie (H-3) protons, and th&tter with

the oxymethine Hi. As expected, thé’C-NMR spectraexhibited three downfield carbon
signal s atloéd , DE6)223 131A1C-17) corresponding to a carbonyl
amide and a double bond, respect idve (G, Si gt
an oxymet 6206 (€h and thitee odymethynes at d 76.813)C73.03 (C4) and

72.48 (G2 0) . I n addidn o%i, gseaelve r iadb.732204 rblatediiog e o f
methylene groups and a carbon signal at 14.28 corresponding to two terminal methyls were
also deduced front>C-NMR spectra, suggesting that compouwds a ceramide.The
unequivocal positions of the hydidxgroups were deduced based on the HMBC spectrum

in which the proton signal at 0 8.-B86) (AHY
the nitrogenated methine{€) , whi | e t he pr-2) exbibtedscorrglations at
with the carbon sigm| s at -fi), 76.21.(@B)6and(7&€03 (&}). Furthermore, HMBC
correlation between the proton signali&.62 (H2") and the carbonyl @ 6) conf i r mec
presence of a side chain oUdnydroxy fatty acidre |- (2S,3S, 4R, 16E)2-[(20 R)

2 - diydroxy nonadecanoylamindieneicosadet6-enel,3,4triol belonging to a class of
ceramides ieen reported for the first time Mfinospora cordifoliaand from the genus
Tinospora.The spectra and physical data were in complete concurwetitehe literature

(Maiaet al, 2010.

Palmatine is protoberberineisoquinoline alkaloids.LR-EI-MS of palmatine run on
Instrument (JEOL 600H2) revealed: m/z (%): 351.2 (94.2), 336.2 (100.0), 321.2 (30.2),
308.2 (14.4), 292.2 (22.4), 278.2 (11.7), 264.2 (3.2), 248.1 (5.7), 236.2 (2.8), 220.2 (4.7),
206.2 (2.9), 191.2 (2.2), 176.1 (4.1), 145.2 (21)2.2 (4.3), 95.6 (4.5), 89.1 (2.4), 46.1
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(5.1), 44.1 (8.1). The proton NMR reveals the presence of four methkGXGHE) groups

which resonated at 3.93 ppm, 3.98 ppm, 4.10 ppm and 4.20 ppm. The aromatic protons
resonated as a singlet at 7.04 ppm, asigledi at 7.66 ppm, as a doublet at 7.99 ppm with
coupling constant of 9.2 Hz, aglaublet ai8.10 ppm with coupling constant of 9.2 Hz, as a
singlet at 8.79 ppm and as a singletat9.75ppim.e si gnal s at 0 8. 10 (
11) andti 7.99 (1H,d, J = 9.2 Hz, HL2) indicated a pair ajrthoi coupled aromatic protons.
There were also two met hyl enéd)aadiya®&H,4,Jat U
= 6.0 Hz, H5) which were shown to be coupled on thé'H COSY spectrum. The
appearingof these methylene signals downfield indicated the presence of an electron
withdrawing centre such as nitrogen or oxygen. Electron withdrawing groups cause a shift
of methyl ene -6.8dpnwndidldThef’c-NMR spectrimiild AVANGE NEO
400 MHz CD30D) of palmatine showed the presence of 21 carbdime *C-NMR

spectrum confirmed presence of aromatic carbons. There were six signals attributable to
hydrogenatea r o mat i ¢ car bons at U 146. 4, 121. 2, 1
at 0 intlidated &l carbon was next to an electron withdrawingreefhe methylene
carbonsignal ownf i el d at O 56. 6 conf ierotes methglene s enc
carbon signah ppear ed at ua 27. 8. There wlkwhchal so
could be identified othe HSQC spectrum. These had no protons attached to them and they
appeared at,1#8.1,11812, 183.6, 1515901398, 130.1, 135.3 and 120e5.

methoxy (OCH3) groups are attached to carbon at 56.9 ppm, 57.3 ppm, 68.8Nap57.6

ppm on DEPTHSQC but are attached to carbon at 153.8 ppm, 150.9 ppm, 151.9 ppm and
146.4 ppmrespediely on HMBC. These enabled determination of the exact positions of

the methoxy groups on the aromatic rings sysieEPT-HSQC revealedhat the aromatic

protons are attached to the following carbons 7.04 ppm singlél2@ ppm), 7.66 ppm

singlet (G109.9 ppm), 8.10 ppm doublet{{28.1 ppm), 7.99 ppm doublet-24.4 ppm),

8.79 ppm singlet (€121.2 ppm) and 9.75 ppm singlet-{@6.4 ppm).The spectra and

physical data were in complete concurrence with the literéltimg-Ling et al, 2014).

5-hydroxymethylfurfural is a member of the class of furans thafurmnwhich is
substituted at positions 2 and 5 by formyl and hydroxymethyl substituents, respedttsvely
low resolution electron impact (EI) mass spectrum on JEOL 6D@kbtrument showed
major fragmentation at m/z (%): 126.1 (63.9), 109.0 (19.2), 97.0 (100.0), 81.0 (5.8), 69.1
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(45.2), 53.0 (22.7), 41.0 (97.0H- NMR reveals the presence of an aldehg@&O) which
resonate around 9.51 ppm as a singlet,ntle¢hylenehydroxygroup (OH) resonate around

4.60 ppm as a singlet, while the furan ring resonate as a doublet, 1H each with a coupling
constant of 3.6 Hz around 7.37 ppm and 6.piprespectively>C- NMR-( i, AVANCE
NEO 300 MHz CD3O0OD): showed the presence of six carbons. Polarization transfer
experiments (DEPT) were carried out with last polarization angles 3t4®30 determine

the multiplicity of each carbon atom. DEPT 3Bveals the presenas one methylene

(CH,) at 57.57 ppm and five methine groups (GiHh i ch r e s o nl&d9t4el63aly ound
153.6, 124.9and 110.8 DEPT-HSQC reveals that proton 9.51 ppm is attached to carbon at
179.43 ppm (CHO), 7.37 ppm doublet with coupling constant dfi3.8 attached to carbon

at 124.8 ppm, 6.57 ppm also a doublet with coupling constant of 3.6 Hz is attached to carbon
at 110.8 ppm which account for the furan ring and proton 4.60 ppm attached to carbon 57.57
ppm (OH). The molecule consists ofafuranring, containing bothaldehyde
andalcoholfunctional groups.This compound is repted for the first time in thepecies

Cola hispida

2-hydroxyquinoline-4-carboxylic acid is a quinolinemonocarboxylic acid. It is a conjugate

acid of a2-oxo-1,2-dihydroquinoline4-carboxylate Its low resolution electron impact (El)

mass spectrum on JEOL 60dHnstrument showed major fragmentation at réf): (189.1
(100.0), 172.1 (2.6), 161.1 (26.7), 144.1 (55.0), 132.1 (4.5), 117.1 (50.7), 104.0 (2.7), 89.0
(19.4), 75.0 (3.9), 63.0 (9.3), 50.9 (3.t} IR spectrum revealed several broad peaks in the
range 0f3415.43108.8cm' ! characteristic of bonded-N or O-H stretching*H- NMR

reveals the positionfahe acidwhich resonatea t U -CO®H)2the (aromatic protons
resonat e/.6@as lwoadsthglall 7.657.48as multipletsti  7-7. 2 fwultiplets and

at 0 8.82 asdoublet with coupling constant of 8Hhich is a characteristics of quinoline

ring. *C-NMR-(i AV-Ill1-HD 800 MHz CryeProbeCD5D5N) showed the presence of ten
carbons.>C-NMR also revealed thahte aci d i s attacheREPR o car
HSQC reveals that proton at 8.82 ppm is attached to carbon at 127.73 ppm, proton at 7.66
ppm is attached tocarbon at 124.88, proton at 7-3%8 ppm & attached to carbon &t

115.95 0 laBdOpro®rat 7.257.21 ppm is attached to carbon at 122.ppm.The

spectra and physical data were in complete concurrence with lite(Zhiveei et al, 2017).

This compound is reported for the first time in the speCma hispida
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5.8 Biological activities of isolated compounds

5.8.1Acetylcholinesterasanhibitory activity of isolated compounds

Many studies described alkaloids as the main compounds capable of inhibiting AChE
enzyme (Ortegat al, 2004).Studieshave pointed out several new classesefondary
metabolites as potent inhibitors of AChE wme, such as flavonoid@illhouse et al,
2004), flavones (Sawasdex al, 2009), a well as steroids, terpenoidsils, and other

phenolic compounds (Ji and Zhang, 2008).

In this study, lhe conpounds isolated were evaluated for their acetylcholinesterase (AChE)
inhibitory activities. Oxoglaucine (Oxoaporphinoid alkaloid) isolated from ethyl acetate
fraction of Tinospora cordifoliastemexhibitedthe highest AChE inhibitory activity (16 of
0.8(B+0.09 mg/mL) compared to eserine ¢ 0.532:0.34 mg/mL). Liriodenine andN-
formylanonaine also belonging to the class of aporphine alkaloids also demonstrated good
acetylcholinesterase inhibitory activity with gCof 0.80A0.07 mg/mL and 0.8190.06
mg/mL, respectivelyat 1 mg/mL. Also, a protoberberine isoquinoline alkaloid known as
palmatine isolated from aqueous methanol fraction siemwed considerable inhibition of
acetylcholinesterase with ¢ of 0.837#0.07 mg/mL. This indicates that alkaloid
compounds have the potential to increase thelifi@ldof acetylcholine in the brain thereby

improving learning and memogs compared to other classésompoundssolated

5.8.1.1 Molecular docking study orAnticholinesterase

New mol ecul ar model ing tactics, driven by
have all owed many success-asst$iosied f@dowug t tes
di scovery of-omrew trachanBdsrmbes.i ne, anl disdoqui
i solated from t Ré&i do ma dscheopwieizid inmer oonfi si ng c¢ch
i nhi bitory potentials with mostl gt.hghbd2®pa).b
The possibl e igdiessaacd(picarqismlcamo mg al kal oi d)
Gei ssosvpel lmmumi IAChE of the Pacific electric
docking; hydrogen bonds ,-p hsytdarcokpihnogo i vee rien tiemva
et 2011) . I nfractad kiait 0d lna taérd ritfnrduoahre s nd s f r a
preferentially to the oxyanp onntherlactafontsh

aromatic reetdaeél80( Gei ssl er
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Mol ecul ar modeling studies wer e dcearorfi epdu toautt
i nhi bitolred ragarcePaail fiifor eadietaytIrd lkco (rraG/RE) er a
| n t his connelchkOBn| D:al0OCEP)DBcompl exed wi t h
(physosti gmi nEc2 abiarheotghuyel m&r phol i no) owtays!l car |
chosen and the compounds were docked wusi
(Fukuto, 1990)

The top ranked docked pose digmasterol is extensively stabilized with numerous
hydrophobic interactions and also a hydrogen bond with GLU 199 (1.77). The top ranked
pose of 8hydroxycolumbinforms numerous hydrophobic interactions with ASP 72, TRP 84

, PHE 330 and a number of hydesgbonds with TYP70 (2.76), GLU73 (2.66), PHE 288
(2.04), ARG289 (2.47) and PHE 331(2.82he top ranked docked pose @flmatineforms

a hydrogen bond with the side chain of TYR 130 (2.86). A number of hydrophobic
interactions are also formed with PheD3@nd TYR 334The top ranked docked pose of
corydineshows aydrophobic bond with TRP 84 and a salt bridge with GLU 19 top
ranked simulated pose okaglaucineis characterisd with a hydrogen bond with TYR 121
(3.19). The ligand also mediates a hydrophobic interaction with TRP 84 which stabilizes the
interaction. The top ranked docked pose daiasporide forms a number of hydrophobic
interaction and hydrogen bonds with Glu919he top ranked docked pose afddenine
forms a hydrophobimteraction with TRP 84 and 4stacking interactions with TRP 84 and
PHE 330 The top ranked docked pose aflumbin show that lhere are four hydrophobic
interactions of columbin with ASP 7ZRP 84A, Phe 330A as well as another hydrogen
bond with GLU199 (1.77)The top ranked docked pose ebdtacosanol forms a number of
hydrophobic interactions with TRP 84, TRP279, LEU 282 and PHE 331 which stabilize it in
binding pocket. The top ranked doc p o s -sitosterolforins hydrophobic interactions
with TRP279, PHE 290, PHE 330, PHE 331 and TRY. 33¢ bp ranked docked pose Tof
(-N)-formylanonaine forms hydrophobic interactions with TRP 84 and PHE 330. There are
also two pistacking interactionsvith TRP 84 and one with PHE 330hd& top ranked
docked pose of-Bydroxymethylfurfural forms a Pi Stacking interaction with TRP 84. The
top ranked docked pose @& hydroxyquinoline4-carboxylic acidforms a number of
hydrophobic interactions and hydrogen bonds with GLU1980(3and TYR 130 (2.86) and
pi-stacking interactions with TRP84 and PHE3B®eeenergy scores show strong affinity

of the inhibitors for the enzyme binding pocket. The estimhtede e ener gy of Db
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for the target molecule, AChE witstigmasterol 8-hydroxycolumbin palmatine corydine
oxoglaucine tinosporide liriodenine columbin 1-octacosangl b-sitostero] i (-N)-
formylanonaing5-hydroxymethylfurfuraland 2-hydroxyquinoline4-carboxylicwere found

to be-7.32,-7.18,-7.25,-7.45,-7.55,-7.49,-6.18,-7.13,-7.65,-7.42,-6.33,-4.45 and-5.27
kcal/mol respectivelyThis is an indication that the tested compoucels improve memory

and learning or delayhé neurodegenerative process essential in conditions such as
Al zhei mer 6s di s e a slandt the catalgic/inhibi®ri site wghbmiodenate i e s
energy and thus proposedly mediate competitive inhibition of the enZinee binding
affinity of the compounds testedth AChE are comparable to that of the approved standard
drugsby USFDA like donepezil (Aricept), rivastigmine (Exelon), galantamine (Reminyl)
and tacrine (Cognexyhich have estimated free energy of bindingoe 3.58,-5.61,-7.86
and-6.95 kcal/maolrespectively in a study conducted by (Jagmodtaad., 2011).

5.8.2Prolyl endopeptidase inhibitory activity

Prolyl endopeptidase (PEP) is a serine protease which is known to play a role in degradation
of proline containingneuropeptidesnvolved in the processes of learning amgmory.

There are many proline containing biologically active peptides, often neiidee
Because proline is the only amino acid with a secondary amine group, it confers special
secondary structure to peptides, and its presence in the peptide chain confers resistance to
degradation by most proteases. Thuslyl endopeptidas@EP) has been considered to be

the specific hydrolyser of proline containing neuropeptides (Gatofamaret al., 2007). It

is found widely distributed among various organs, particularly in the brain of patients with
amnestic disordersirzustaet al, 2002). PEP inhibitors are expected to exert their
beneficial effects by increasing the brain levels of those neuropeptidels may improve

and restore cognitive functions and protect vulnerable nerves against damage and cell death
(Umemuraet al, 1999, VendeVle et al, 1999).Therefore, they are considered to have
therapeutic potential against Alzheimer's disebebition of prolyl endopeptidase (PEP) is
alsoconsidered a promising strategy for AD treatm&atrberine a natural alkaloid isolated

from Rhizoma coptidishas been reported to inhibit PEP in a ddspendent manner
(Tarragoet al., 2007).

In this study, the amount of mitroaniline (yellow) released is been measured

spectrophotometrically and the compounds that inhibits the hydrolysidstrate (ZGly-
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pNA) by 50% was determinedstigmasterolisolated from dicholoromethane fraction of
Phyllanthus muellerianugeaf showed googbrolyl endopeptidase inhibitory activity with
ICs0 value of 0.7732.9 mM higher than oxoglaucine and corydine isolated from ethyl
acetate fraction ofinospora cordifoliastemwhich showed 1G, value of 0.78&83.1 mM

and 0.8B8+3.17 mM at 1mMrespectively when compared with the standard Bacitracin with
ICs0 value of 0.125+1.5 . Thisindicates that the compounds tested have the potentials to
prevent cleavage of proline containing neuropeptides in the brain thereby improving

learning and memory.

5.8.2.1Molecular docking study on Prolyl endopeptidase

Mol ecul ar mowdeerlei ncga rsrtiveddi eosut i n oddeoftactek
compounds a gnadionpsetp(tp EdBa)sien & ha s connection, a
chosen and the compounds; Oxoglaucine, Cory

coordi nhae esogpnaPtei o n ghoddocking simulation,
cognate | igand were performed. The eval ua
bet wéaemt esioadi nates of the simulated and cr
the efficiency of a taraget. I n our case, th
than.1.5

The active site of the Proline Endopeptidase is part of a larger pockeis thimtually
bounded by Phe461 and Arg57Ri et al, 2010b) The top ranked docked pose of
Oxoglaucines characterisd by two hydrogen bonds, with Tyr48393) and Ser67(QL.9).

The ligand also mediates hydrophobic interactions Wy483 and with side chain of
Arg535 which stabilize the interaction. The compound also formscatn interaction

with the guanidium nucleus of Arg533.92). The topranked simulated pose of Corydiae
evident from theaporphine ring system exhibihydrophobic contacts with the surrounding
residues; Tyrd56, Val473, lle6&hd Tyr674. These hydrophobic interactions accelerate the
process of complexatiofYoung et al, 2007) The polar atoms of the ligand mediate
hydrogen bonding interaction with the side chain of Arg535. Moreover, a hydrogen bond is
also observed in between the hydroxyl group of Tyr674 and the N atom of aporphine. The
contact is further stabilized by a spéciaCation Interactions between the guanidium
nucleus of Arg535 and the ligand.:he top ranked conformation of stigmasterol with the

PEP enzyme shows hydrophobic interactions with Tyr458, Tyr483, Ala561, Val562, and
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lle673 stabilizing the ligand in therding pocket The estimated free energy of binding
(eeG) f or t h e PBPaith gfignastemotrdryeicewtogaucinewere found to be
-7.75,-6.56 and-6.60 kcal/mol respectively as compared to standard bacitradif.Z2
kcal/mol).Thisindicates that the docked compounds have the potentials to prevent cleavage
of proline containing neuropeptides in the brain therigbproving learning and memory

due to their ability to bind effectively to the active site of enzyme and cause an imhdditio
PEP.

5.8.3Metal chelating activity of isolatedcompounds

Metalchelating activity is one of the antioxidant mechanisms since it reduces the
concentration of the transition metal that catalyzes lipid peroxidation. Currently, several
lipophilic metalchelators, such as clioquinol and its derivative PBT2, have been subjected to
clinical trials, which have shown encourag results in some AD patient&dux et al,

2010). Ferrozine can quantitatively for complexes with ferrous iron yielding a red colour.
However, in the presence of chelating agents, there is disruption of the formation of the
complexes which leads to decrease in the red colour. Measurement of the coésur giv
estimation of the binding affinity of the @xisting chelatorsAmong the compound
evaluated for their metal chelating potentialsoglaucineisolated from ethyl acetate
fraction of Tinospora cordifoliastem gavegood metal chelatingctivity with ICsq oOf
0.216:0.00 mg/mL alongside stigmasterol andhyilroxymethylfurfural which had I5 of
0.283+0.00 mg/mL and 0.298.01 mg/mL at 1 mg respectively compared to standard
EDTA with ICso of 0.045:0.11 mg/mL Overall, the results of antioxidant assay iliats

that oxoglaucinethrough its antioxidant propertgan effectively attenuate the 0%
medi ated neuronal death in Al zheimerods dise

5.9 Conclusion and recommendations

5.9.1 Conclusion

Alzheimer disease is a neurodegenerative disease currently watmpetfective treatment.
Cholinesterase and prolyl endopeptidase inhibitors can alleviate symptoms, improving
cognitive function due to tlre ability to increase acetylcholine hdlfe and prevent
cleavage oiheuropeptidesrespectivelyin the brain Nature is a sage of new bioactive

compoundsnd a source of inspiration for the synthesis of new ones witlclanlinesterase
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and antiprolyendopeptidase activity with low side effedthe three plants selected
Phyllanthus muellerianysTinospora cordiblia and Cola hispidadisplayed potentnti
cholinesterase and afgroly endopeptidase activityrhe research validates the folkloric use
of plants in the family Euphorbiaceae, Menispermaceaae and Malvateldlegerian

ethnomedicinén the treatment afieurodegenerative disorder

This research haalsomade possible the isolation and identification of nineteen compounds
as possible cholinesterase and prolyl endopeptidase inhibitors from selected Nigerian
medicinal plantsTinospora cordifoliastem aférded thirteer(13) compounds identified as
b-sitostero] daucosterol, columbin, tinosporide,indsporicide, &ydroxycolumbin,
oxoglaucine, corydine, irlodenine N-formylanonaine, @lmatine, 2octacosangl rel-
(2s,3s,4r,16ep-[(2'r)-2-hydroxynonadecanoylamindlenecosadeel 6-ene 1,3, 4triol.
Oxoglaucine an oxoaporphine alkaloid and rel(2s,3s,4r,16ep-[(2'1)-2"
hydroxynonadecanoylamindieneicosadet6-enel,3,4triol a ceramideare reported for

the first time in the genus Tinospora whilieiodenine is reported for the first time in the
species. Four (4) compounds namelyb-Sitostero] 5-hydroxymethylfurfural 2-
hydroxyquinoline4-carboxylic acidand b-Sitosterolglucoside aucostergl were isolated

and reported for the first time fro@ola hispida Two (2) conpounds namelytgmasterol

and daucosterol was isolatethdreported for the first tim&om Phyllanthus muellerianus

Oxoglaucine, a new compound isolated fromospora cordifoliaand stigmasterakolated

from Phyllanthus muellerianushowed high acetylcholinesterase and prolyl endopeptidase
inhibitory activitiescompared to standards eserine and bacitracin, respectalglaucine
andstigmasterokan improve memory and learning or delay the neurodegenerative process
essential incdi ti ons such as Al zhei merlinsltodhesease
catalytic/inhibitor site with moderate energy and thus proposedly mediate competitive
inhibition of the enzyme. The two biomolecules could serve as potential leads for novel drug

development for thenanagemem f Al zhei mer 6s di sease.

5.9.2Contribution to Knowledge

1. The justification of the ethnomedicinal use of the research plants in the management
of neurodegenerative diseases such as AD has been established.
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Two compounds namebltigmasterol and daucosterol wéselated and reported for
the first time fromPhyllanthus muellerianus

Oxoglaucine an oxoaporphine alkalaglreported for the fst time in the genus
Tinospora whileliriodenine is reported for the first time in the sg@s Tinospora
cordifolia.

rel-(2S,3S,4R,16E)2-] ( -2 6bigdroxy nonadecanoylamino]
heneicosadet6-enel,3,4triol a new compound belonging to a class of ceramides
has been reported for the first tinmeMenispermaceae

Four compounds namely b-Sitosterol, 5-hydroxymethylfurfura] 2-
hydroxyquinoline4-carboxylic acidand b-Sitosterolglucoside Daucosterdl were
isolated and reported for the first time fr@ola hispida

The molecular docking studies of the isolated compounds on PDB ID: 10CE
(acetylcholinesterasegnd 3IVM (prolyl endopeptidaseare been reported for the

first time.

5.9.3 Recommendations

Following the outcome of the research, the following recommendations are presented:

)

ii)

The documentation of indigenous knowledge in Nigerian ethnomedicine should
be encouraged because this knowledge can be passed on from generation to
generaibn which may leado several drug discoveriesd Nigerian traditional
medical practitioners should be trained in modern methods that could enhance
their practice.

Further investigation showing the pharmacokinetics (PK)pdrasimacodynamics
(PD) of the isolated acetylcholinesterase and prolyl endopeptidase inhibitory
compounds needs to be conduct&hth together influencdosing benefit

andadverse effects

Further exploration oPhyllanthus muellerianus, Tinospora cordifobad Cola

hispidafor isolation of potentiabioactive compounds is recommended.
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Appendix 1. Spectroscopic analysisf Stigmasterol
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EI-MS spectra ofStigmasterol
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DEPT 135spectra of Stigmasterol
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