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ABSTRACT

Background and objectives: Alzhee me r 6 s the imese aoraneon form of dementia a
significant cause of morbidity worldwide Ther e is no cure for Al zhe
management i's only symptomati c. According to
people living with dementia will bérom lower middle income countries by the year 2050
Galantamine, an alkaloid obtained fr@galanthus caucasicug\marylildaceag is an approved
treat ment of A Crnime macosvaniissa bdlbowsseadkalad rich plant which
belongs to the same familgalantaming Donepezi] Rivastigmine,Tacrine andMemantineare

al | FDA approved drugs for the management of
origin. Hence, it becomes imperative to research more effective and efficient natural medical
treatment options for AD. The primary aim of this study was westigate if a hydroethanolic

extract ofCrinum macowanihad any effect on learning and memory behaviour using the Morris
Water Maze and the Novel Object Recognition task.

Methodology. Two groupsof BALB/c mice were used to assess the memory enhanciect&f

Crinum macowaniiusing two different animal models. Namely, the aluminum chloride and
scopolamine mouse modéhduction of amnesiawas carriedout using oral administration of
scopolamine in the scopolamine model and oral administration of aluminium chloride in the
aluminium chloride mouse modeCrinum macowanii(10, 20, 40 mg/kg) was tested against
scopolamine and aluminuahlorideinduced cogitive decline. The Morris Water Maze and Novel
Object Recognitiontess were the behavioural models used to assess learning and memory
behaviour. Escape latencies and time spent in the target quadrant were measured for the Morris
Water Maze while the disonination index was calculated for the Novel Objection Recognition

test Neuwomotor function was assessed using the rotarod Besthemical tests to assess the
acetylcholinesterase enzyme, antioxidant assays and basic phytochemical analysis were also
peformed.Oneway analysis of wvariance foll owed by T
P<0.05 was considered significant.

Results: In the Morris Water Maze tegtie Crinum macowani#t0 mg/kg group wasbservedo
have a significantly smaller escape latency than the alumiGm7s vs 56.43gnd scopolamine
(24.1s vs 58.4dyeated group(P<0.0001).Crinum macowani#0 mg/kg treated mice were also
observed to be comparable to the donepezil 3 mg/kg group. During théeshorhemory task of
the Novel Object Recognitiotest it was observed th&rinum macowanid0 mg/kg(59.86%)
treated mice had a significantly higshdiscrimination index than aluminum chlori{#9.11%)
treated miceR®<0.0316). The same was not observed during the-tlermy memory phase as no
significant difference was seen in the discrimination index betwe@mm macowaniiand
aluminum chloride #ated mic€P=0.0621) Against scopolamine induced cognitive decline, the
Crinum macowaniigroup at high doses (40 mg/kg) demonstrated a significantly highe
discrimination index than th&copolamindreated miceResults for the antioxidant assay suggest
that the extract o€Crinum macowanipossesses antioxidant activity. Results of the rotarod test

\



depict that the extract ¢fie Crinum macowani#0 mg/kg group spent significantly more time on
the rotating rod than the scopolamine treated group.

Conclusion: The findings of this study suggest that the hydroethanolic extract obtained from the

bulbs ofCrinum macowaniat a dose of 40 mg/kg improvésarning and memory behaviour in

the aluminum and scopolamine mouse model. HeGdeum macowanimay be useful in the
treatment of Al zheimerds disease and related ¢
which should study the effect of individlly isolated alkaloids fron€rinum macowaniagainst

cognitive decline.
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CHAPTER 1

1. Introduction

1.1. Background

Alzheimer's disease (AD) is the most common form of dementia. AD is an impairment of cognitive
abilities with shorterm memoryossas the first clinical symptom followed by lotgrm memory

loss, problems in calculations and difficulty in using common objects or tools (Brehtain
2007). It is the 4" highest cause of death in higitome countries surpassing hypertension,
diabetes, breast cancer and even HIV causing 49 deaths per 100 00U mit¢keSatesalone

Close to 83000 deaths were caused by AD in Z&ltheimer'sAssociation, 2013;ompared to

15000 deathdue toHIV (HIV SurveillanceReport, 2011).

Data for AD in Africa isverylimited. In sub-Saharamifrica (SSA), close to 2 million people were
affected by dementia in 2015 which is projected to increase to 7.6 million by the year 2050
(Guerchetgt.al, 2017).According to a study conducted by Kalagiaal, (2008), theéncidenceof
dementias likely to increase in the developing warD accounts for 60% of dementia in these
regions.The study also concluded that one form of prevention of demierttimough thause of

traditional and medicinal plant extracts.

Despite the morbidity and ntatity of AD, the diseasés very costly to treat and manage. Very
few drugs are availablef its treatment which are oftéarck effectivenessGasey, Antimisiaris &

O06 Br i e nLate &dgels 0f)AD result in many physical disabilities)deapart from the high

cost ofmedical treatmentaregiving is also a considerable cost for managing AD. On average,

USD 45,657 is theost per persofor health care antbng-term care services for Aln the US

1



(Alzheimer'sAssociation, 2013)Despitethis staggering amount spent on therapy and the high

mortality, there is still no cure for AD.

A hallmark of AD is the decreased concentration of acetylcholine (ACh) neurotransmitter in the
brain which is responsible for memory and cognition, whefreasadical species have also been
seen to promotaeurotoxicity(Dipiro et al 2008).CurrentFDA approved treatment options for

AD are galantamine dongoezil, rivastigmine,tacrine andnemantine most of whicmhibit the
Acetylcholinesterase Enzym({@&ChE), while Vitamin E is often prescribet reduce oxidative
stress, and thus for AD preventi¢Ripiro et al 2008).0f interestis Galantamine, an alkaloid
used for treating AD, obtained from the bulbsGaflanthus caucasicy®&maryllidaceaepecause

it is a natural product

The Amaryllidaceae family of plants has been the center of attention for many $parses from

this famly are known to contain alkaloids whibhve beemninderstood to be a vital group of AChE
Inhibitors. Lycorine, among many others, is another alkaloid obtained from the same family which
hasbeenshown to be more potent than galantamasean AChE inhibito(Loizzo et al 2008).
Lycorine, has alstveenshown to have antioxidant activjtg property whiclmay beusefulto

preventAD.

A medically relevant plargpeciesof the Amaryllidaceae family i€rinum. Crinumspecies have
been used in traditional medicine in Africa for years as emetics, laxatives, antipyaatics,

malarial antraging and antitumaherapy(Refaatet al, 2013).

Crinum macowani{CM) (Amaryllidace®&) also known atbhucy umNduzeén subSaharamfrica
is indigenous to Zimbabwelike othercrinum species CM has also been found to contain
alkaloids, namely; krepowingbuphanidrine, crinamidine, crinamine, crinine, bowdensine, and

macowine amongst othefRefaatet al. 2012) In Zimbabwe, CM is used in traditional medicine

2



for backache, emesis, to increase lactation in both humans and animals, \@rmkfendiseases
(Gelfandet al 1985).However, recent evidence suggests that extracts of this plant could have

potential notropic like activity Mugwagwaet al, 2015)

1.2. Problem Statement

Al zhei mer 6s disease is a chronic illness char
Early stages of AD are difficult to diagnose. Currently, there is no diagnostetiest can detect

the presence of AD. Being a neurodegenerative disorder, most of the damage caused by AD is
irreversible.Furthermore, treatment for AD is only symptomatic and current treatments options

are very costly and difficult taccesdn resourcelimited settings.The high cost ofreatment
unavailability of medication and decreased efficacy of current approved treatment options are

some of the problems which this study intendaddress

In resource limited countries, drugs used for the managieaieAD are very difficult to obtain
and are also costly. This coupled by the fact that AD may affect the low income countries the most
in the coming yeargresents a serious challenge. This study aims to address these challenges by

investigating thenenory enhancing effect of a crude sample of CM.

Currently there is no medication available for the cure and prevention of Alzheimer's disease
(Winslowet al 2011). FDAapproved drugs for AD are not easily available andangexpensive

with AD being described dhe most expensive disease to manage in Amén@Q18 the global
costof AD was US$ 1 trillion and is expected to increag@/orld Alzheimer report, 2018)
However, in the developing world wheedicaidis not as commonnost ofthese costs will be
borne by thepatient.Hence it becomes crucial for more affordable and efficient meitieedpies

for AD to reduce the burden of A both high and lowncome nationsPlantderived options

3



for AD e.g. Galantaminan some casesasshown to be superido synthetic onesdonepezil by
demonstratingan improvement inlanguage skills and cognition (Zha#dget al, 2012). Despite
their success, current plant derived anticholinestergeats mayauseside effects which range
from vomiting to cardiovascular effects (Dipiet al, 2008) suggesting that the search should

continue to discover more efficient plant derived anticholinesterase agents .for AD

One such plant i€rinum macowaniwhich could possiblyrovide a treatment option for AD

especially in resouremited settings where conventional drugs are difficult to obtain.

1.3. Justification
It is known that AD involves the deficiency of acetylcholine (Framti®l 1999), while the
pathology of AD suggests that oxidants or free radwaldddamage neurons which results in AD

(Suet al, 2008).

Plantderived alkaloids havieeenshown to be well tolerable in terms of side effects, w@riaum
alkaloids not only provide anticholinesterase activity but haveeadsibitedantioxidant activity

(Oloyedeet al 2010)i thismay providea symptomatic as well as a preventive option for AD.

CM is known to contain similaalkaloids as other members of themaryllidaceaefamily,
furthermore,the plant is very easily available Zimbabwe and has been used dasaditional
medicine for many gars(Gelfand et al 1985) This provides a potentially cesffective, safe,

effectivetherapy for AD.

The most common chemical change in the brain of an AD patient is decreased cholinergic activity

resultingfrom either neuronal damage or the increased breakdown of ACbmmon mode of



action of most approved drugs for AB that theywork by decreasing the breakdown of ACh

throughinhibiting the enzyme acetylcholinesterase.

Idedly, a drug for the management of AD must have a neuroprotective pragenell as the
ability to prevent the breakdown of ACHence,if the extract ofCrinum macowaniioffers
antioxidantand anticholinesterasetivity, it could provide a basis for the formulation of a drug

for the prevention and treatment of AD.

It is known that metabolites gflants belonging t@imilar families may have similar functions
(Labarrere et al, 2019) The Amaryllidaceae family of plantpossess alkaloidgnamely
isoquinoline type alkaloidsyhich are mainly restricted to the Amaryllidacéamily (Kilgore, &
Kutchan,2016; Ding et al, 2017).Galantaminean alkaloid obtained from plant sources of the
same family, has been successful drug fothe treatment ofAD. CM belongs to the
Amaryllidaceadamily, henceit can be speculated th@M may contain alkaloids which possess

similar activity.

Any studywhich assessesbe efficacy of a drugequiresa relevant animal model. The present
study employed two different animal modelghe scopolamindSCO) and aluminumchloride
(AICL3) animal modelsSCO is an alkaloid which is a known anticholinergic substance. SCO
possesses a similar structure tohAlilit antagonize#ts action The SCO animal model is a very
common animal model used to assess cognitive functiomiristration of scopolaming® mice

wasshownto impair memory and learnir(@arafet al, 2011).

On the other hand, aluminum is an abundant metal which if orally ingested may result in AD
(Martyn et al, 1989) Two of the hallmark pathologiesften seen in AChave been seen in the
aluminum mouse modgRodellaet al, 2008)which is one of the mouse models thaisbe used

in this study. It is believed that these pathologies namely Tau proteimearafibrillarytangles
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are the cause of Allke symptoms and the very same pathologies have been seen in human AD

brains (Dipiroet al, 2008).

Through the antioxidant activity of the alkaloidal extract of CM, it may be possible to prevent or
treat these ABike pathologies in the braifherefore,two animal models wilbe used in this

study: TheAluminumand Scopolamine mouse model.

A study conducted by Mugwagwet al, (2005) found that the extract 6M may be useful for
dementiaHowever, the study did not utilize the Morris Water Maze bslevioral test and the
aluminum mouse model as the animal modiee MWM is one of the most common behavioral
testused to study learning and memory in rodents, hence the utilization of the MWM in this study
has allowed us tmvestigatethe effects CM orlearning and memory imice in more detail.

In a nutshell, this study will provide more insight into flessible memory enhancing activity of

a hydroethanolic extract of CM along with its antioxidant and AChE inhibitory activity.

1.4. Research questions
1 Whatis the alkaloid profile of the extract obtained from CM bulbs in Zimbabwe?
1 DoesCrinum macowanibulb extract obtained in Zimbabwe possess AChE inhibiting
activity in vitro?
1 DoesCrinum macowanibulb extract obtained in Zimbabwe possess Antioxidiaet
radical scavenging activiiy vitro?
1 Does a repeated dose of a hydroethanolic extra€tinfim macowanibulbs have any

effect on memory and learning in BALB/c mice models of AD.



1 Does a repeatedbse of a hydroethanolic extract@finum macowanibulbs have any

effecton neuromotobehaviourin BALB/c mice models of AD.

1.5. Hypothesis

The null hypotheses

1 Thehydroethanoliextract of the bulb of CM obtained in Zimbabwe does not exhibit
anticholinesterase activity and antioxidant free radical scavenging aativiyo.
1 Repeated dosing of a hydrthanolic extract o€rinum macowanibulbs has no effect on

memory, learning rad neuromotobehaviourin BALB/c mice models of AD.

1.6. Objectives

1.6.1. Main objective:
Investigation othe potential effects of repeated dosékydroethanolic extracts @rinum
macowaniion memory, learning and neuromobshaviourin two different mouse nuels of

Alzheimer's disease.

1.6.2. The Specific Objectives

1 Todescribe the phytochemical profdéa hydroethanoli€M extract obtained in Zimbabwe
usingstandarcchemical identification tests.

1 Todeterminghe potentialn vitro anticholinesterase enzyme inhibitory activityaof
hydroethanoliextract of CM using the anticholinesterase assay kiti ng t he EI

method

ma n ¢
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To determinghe potentialn vitro antioxidant activity of the extract of CM using tfze2-
diphenyt1-picrylhydrazyl (DPPH assay methad

To determinghe effects of repeated doses of hydroethanolic extracts of CM on memory and
learningbehaviourn scopolamingnducedmouse modebf AD using the Morris Water

Mazeby assessing time taken to reach the escape platform (escape latency) NmaHthe
Object Recognition tesby assessing time taken in exploring a novel object (discrimination
indices).

To determinghe effects of repeated doses of hydroethanolic estcdd€M on memory and
learningbehaviourin the Aluminum-inducedmouse modebf AD using the Morris Water
Mazeby assessing time taken to reach the escape platform (escape latency) Naetthe
Object Recognition testy assessing time taken in exploring a novel object (discrimination
indices).

To determinghe effects of repeated doses of hydroethanolic extracts of CM on neuromotor
behaviourin the scopolaminanduced nousemodel of AD using theatarod tesby

assessing the retention time (s) of the mouse on the rotating rod.



CHAPTER 2

2. Literature Review

2.1. Al z h e iDiseasel s
The primary effects of AD arboss of long and sheterm memory,inability to make simple
calculationsfinding it difficult to make sense of anythirand the mability to plan and carry out

things in asequential order or to follow instructions

Visuo- spatial dysgnosta a loss of the sense of "wherenessanother salient feature of AD.
Symptoms oVisuo- spatial dysgnosianclude the inability to draw, difficulty in navigation or an

inability to didinguish rightfrom left (Cogan,1979)

AD is characterized by pathological hallmarkeurofibrillarytangles and tau proteins. These two
hallmarks have been consistent in braihgeople with AD. Knowing the pathology of AD make
it vital to test any drug on appropriate animal models. Rodela (2008 have demonstrated that
exposing mice t@uminum causes ABElike pathologes suggesting that this issaitablemodel

for AD, while Sharakt al (2011) have shown thatopolaminecanimpair memory.

2.1.1. Signs and symptomsoA|l zhei mer 6s di sease
The signs and symptoms of AD are vast and vary depending phakeof AD. Cognitive defects
are one of the salient symptoms of AD which involve memory loss. However, neuropsychiatric

symptoms are also commonly obserggthptomsn patients with AD(Lyketsoset al., 2011)

Shortterm memory loss is the first phase of ABeople affected have trouble in recalling recent
events(Backman 2004) Early stages of AD are often overlooked and difficult to diagnose.

However, several imaging studies have revealed that certain biomarkers are present in the human
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brain during the early stagesAD. Amyloid beta is one sudhiomarker often observed indgr
patients. Similarly patients who are genetically risk of AD, have been shown to accumulate

amyloid beta several years before the actual manifestation oSpérl{nget al 2011)

One of the most commaymptomsf AD during the early stages is apathy (Laneltesl, 2001).
During the early stages of A®xecutive functions such as language and movement are more
prominently affected than memory. Language problems affect both wattéroral language
(Forstlet al, 1999) Shortterm memory is affected more than letlegm memory during the early
stages of ADASs the disease progresses, other abilities are affected sspeeh, writing and
reading skillsand the mability to recall vocabularyAlthough not so noticeable, fine motor skills
such as writing are also adversely affectdétbderate symptoms also includeehavioual
symptoms suclas irritability and aggressioiReduced motor coordination becomes evident and
patients often are at an neased risk of fallingForstlet al, 1999). People affected with moderate
AD often fail to recognize close relatives and it is during this stage where loss etetang
memory is observedduring the late stages of Alanguage is reduced to such an eiteat may
lead to the complete loss of speech. Inability to perform sitgsie and a visible reduction in

muscle mass render most bedrid@édrstlet al,, 1999).

Commonly observed neuropsychiatric symptoms of AD include depression, apathy, delusions,
aggression and hallucinations of which depression and apathy are the most common. These

symptoms adversebyffect quality oflife (Lyketsoset al, 2011)

2.1.2. Causes of
The exact cause of AD is unknown although many hypotheses have been identified. These include
the cholinergic hypothesis, amyloid hypothesisd Tauhypothesis Geneticsalso has a role to

play, howeverits percentage is smdlReitz & Mayeux,2014).
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2.1.2.1. The Amyloid hypothesis

Amyloid betaare peptidesvhich are responsibl®r the protection of the central nervous system
(Brothers, Gosztyla, & Robinson, 2018hey consist ofvarious amino acids which are derived
from the amyloid precursor protein (APP). Enzymatic cleavadfeedfPP results in the formation

of amyloid beta Amyloid betacan aggregate to form oligomers. These oligomers are toxic to
nerve cells.Normally, amylad betais releasedoutside the cell and subsequently degraded
howeverin AD, amyloidbetais not degraded. Instead, it accumulates to form a plague known as
amyloid plague which leads to neurotoxicfigametaniet al, 2018) Although there is atrong

link between betamyloid deposition and AD, there are still many other pathologies seen in AD
such as neuronal loss, aggregatiorplbsphorylated taand inflammatory causg3urnerR.,

2006)

2.1.2.2. Tau hypothesis

Tau is a protein responsible for microtubule stabilization. Hpetphosphorylation of tau giein
results in its aggregatioihese aggregates are known as neurofibrillary tariyles) (Leeet al,

2005) This theory suggests that the tau protein when hyperphosphoryt@tesdwith other tau
proteins forming neurofibrillary tangles. This results in the destruction of the neuronal cell
structure leading to miscommunication between neuiigbsal, 2005) Neuronal damage resulting

in neuronal miscommunication eventually leads to memory dysfunction which is one of the

symptomsof AD.

2.1.2.3. The cholinergic hypothesis
The basis for the cholinergic hypothesis is the reduction in the synthesis of acetylcholine

neurotansmitter ACh is an important neurotransmitter which acts in the peripheral and central
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nervous system. In the CNS, ACh primarily has a role in cognitive function. ACh is responsible
for maintaining alertnessRidley et al have demonstrated thatopolamine (a cholinergic
antagonist) impairs learning and memsuggestinghat ACh has a vital role iAD (Ridleyet al,

1984)

The basic structure of ACh consistba choline molecule, the oxygen atom of which has been
acetylated. The stowure is shown in figure 2.1. ACis synthesizedn the body within neurons.
Choline acetyltransferase is the key enzyme responsible for the synthesis of ACh from choline and

acetylcoenzymeA.

Figure 2.1: Structure of Acetylcholine

The cholinergic system has anportantrole to play in thgpathogenesisf AD. Damage to the
cholinergic system haseenshown to result in cognitive decliiEranciset al1999. Analysis of
AD brains at postmortem revealeeurofibrillary tangles NFT) formation and neuronal loss

(DeKoskyet al, 1996, Manret al, 1996)

Acetylcholinesterase is the enzyme responsible for the breakdown of acetylcholine into choline

and acetate(figure 2.2) This results in reduced cholinergic transmission. Acetylcholinesterase
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inhibitors are the molecules which inhibit the acetylcholinesterase enzyme. This results in a higher
concentration of acetylcholine in the synaptic adftch results in increased cholinergic function.
Hence, most current drug therapies used to treat AD inhibit the AChE enzyme thereby increasing

the amount of ACh in the brain. (Franeisal, 1999).
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Acetyl coenzyme A

Choline

Acetylcholine

Acetylcholinesterase
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+ Acetate

Postsynaptic neuron

Figure 2.2: Normal cholinergic transmissiors abnormal cholinergic transmission. Formation and
break down of acetylcholine.
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2.1.3. Medical treatment of AD

Currently, there is no cureor AD. There are DA approved medications for theeatmentof

AD which mostly revolve around the increasetloé neurotransmitter @h in the brainThese
drugs may be divided into 2 categories: acetylcholinesterase inhibitors (AChEIl) and NDMA

receptor antagonists.

2.1.3.1. (a) Acetycholinesterase inhiliors

There are 4 approved AChEI 6s namel y: Tacrine,
which Galanamine is plant derivedRivastigmine is a sensynthetic alkaloid related to
physostigmineAs previouslystated in the cholinergic hypothesis, memory loss is a result of a
decrease in 8h in the brain. Drugs such &alantamineprevent the breakdown of Gh by

inhibiting AChE. (Stahlet al, 2000)

Galantamine is an alkaloid obtained from the gem@alanthus which belongs to the
Amaryllidaceae family. The alkaloid is now used for the treatment of cognitive decline in AD

(Birks et al, 2006).

2.1.3.2. (b) NDMA antagonist
Memantings an NDMA receptor antagonist used for the treatment of moekerat/ere ADIt
is an norcompetitive antagonist to the glutamatergic NDMA receptors. Under certain

conditions, Glutamate can result in neuronal damage thereby resulting in AD.
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2.1.3.3. Further research

Many therapies have been evaluated for their use in AD. However, majority of these drugs failed
to get approval from the FDA either due to a higbidence of adverse effects low efficacy.

During a 10year period prior 2012, variousats were carried out on 244 different compauioid

which only one drug (memantine) was approved (Cumnengs, 2014) Monoclonal antibodies

have been a recent advancement in tli2 Rromising results were sedar Solanezumab
(McCarneyet al, 2015)however, this drudgiled to pass phase Il clinical trials. BAN24{Xla
humanized antibody which is under clinical trials for its use in AD. After 18 months of treatment,
the drug demonstrated a reduction of plaques. A trial is currently undeonwdgtérmine the
efficacy of BAN2401 in treatment of mild cognitive impairment due to AH, U.S. National

Library of Medicine, 2019)

Significance of research

The result of this study is aimed at alleviating problems associated with AD, sucldasrtesd
efficacy, unavailability of medicatiomsed to treat Aland also prevention of ADf the crude
extract of CM is found to have argimnesic and antioxidant properties which can be demonstrated
by the MWM and the NORest then the extract of Civhay be a possible treatment and preventive

option for AD.

2.2. Amaryllidacea
TheAmaryllidaceadamily consistof bulbous and perennial plants. It contains an estimated 1600
speciegChristenhuszt al., 2016) Crinum is a genus of 180 plants. It belongs tostdraefamily.

Crinum macowaniis one such plant of theinumgenus.
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2.2.1. Crinum macowanii

As mentioned earlier, two drugs used in the management of AD are of plant origin. Of these two
the most recently approved dru@alantamine, is an alkaloid isolated fr@alanthus caucasicus
which belongto theAmaryllidaceadamily of plants. This family is also the same family which

our current plant of interest belongs to.

Crinum is an importat genusof the Amaryllidaceae family due to its content of alkaloids.
Approximately180 alkaloids have been isolated and identified fcomumspecies (Refaat al.,
2012). TheGenusis widespread containing about 90 genera and 1310 sp€dess a rather
unexplored plant from the Amaryllidaceae fam@M goesby the name oflururuandumduzen

thelocal Shona and Ndebelanguages respective(izelfandet al, 1985).

Fewstudies have been performed on @Mnvestigate its potential pharmacological effectest
focusingon investigatingits phytochemistry Mugwagwaet al 2015 investigated the antiamnesic
effects of CM using the ¥laze test ath the Novel Object Recognitioheston the Scopolamine
induced dementianimal model Administration ofCM was seen tamprove memory in the ¥
Mazetestand the longerm phase of the Nol®©bject RecognitionTest However, he study
conducted by Mugwagwand colleagues did not utilize the Morris Water M3ast and the
Aluminium Chloride nouse modeboth d which may have provided a more robust investigation

FurthermoreMugwagwaet al.2015employed a single dose administration schedule.

Thus, to date, m study has evaluated the memory enhancing effect of CM on the Morris water
mazeusing theAluminium mouse model. Neuromotor function is an important aspect in AD, and

no study has evaluated the neuromotor activity of CM in the aluminium mouse model.
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At least 81 crinine type alkaloids have bé&tamntifiedfrom differentcrinumspecies (Refaat al,
2012),someof which may exhibit anticholinesterase activity. CM, like otleemum specieshas
also been found to contain alkaloids, namétyepowine, buphanidrine, crinamidine, crinamine,
crinine, bowdensine, and macowine amongst others (Refadt 2012). Anticholinesterasie
vitro activity in CM has also beereported(Jageret al, 2004) suggesting that this plant has a

promising potential for the treatment of AD

2.3. Animal models for AD:
Animal models are species of rhoman origin which are used to study a biological attribute seen
in humans or nothumans. The expectation is thhe findings made in the animal model will

provide more detail related to the nature of a disease or drug.

A common method for creating an animal model is to induce a disease or condition in an animal.
There are many animal models for AD. The ideal animadel should be easy to reproduce, cost

effectiveand must mimic as close as possible the disease in question.

Various animal models exist for studying AD and related dementia. Two popular animal models
i.e. the scopolamine animal model and the aluminunuseanodel have been employed in this
study. Non-transgenic mouse models are very commonly yseticularlyin resourcdimited,

settings due to their low cogPuzzo Det al, 2014)

2.3.1.  Aluminum mouse model

The Aluminium mouse model is a reliabi®use model for studying dementia in mice because
Aluminium (AL) is known as a toxic metal known to cause memory loss. Furthermore, mice
treated with ALresult in ADlike pathologies Aluminum is a common and abundant metal.

Various reports have shown tredtiminiumis a neurotoxin. In 1988, in Camelford, UK, drinking
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water was accidentally contaminated wetluminumwhich resulted in shoiterm memory loss
(Altmannet al, 1999).Another study reported that a higoncentration of A in drinking water

correlated to a high incidence of AMartyn et al,1989)

One study found that oral intak€AL in mice resulted in the increase in the amyloid beta protein,
a protein which results in the pathogenesis of @aticoet al, 2002) While, another study
demonstrated that oral exposure tb Pesultedin impaired spatial learning memory in mice
(Rodellaet al, 2008).These findings suggest thithe auminuminduced mouse model még an
ideal animal model for the study of AD and related pathologgeis hadbeenshown to increase

the incidence of AD and has also shown to increase the development of amyloid beta in the brain.

2.3.2. Scopolamine animal model

Scopolanme is a tropane alkaloid which acts as a muscarinic antagdffisen administered to
mice, SCO is known to cause reversible memory loss and cognifpaérment ands found to be

an ideal model for studying cholinergic induced memaeicits. (Klinkenberget al, 2010).The
scopolamine mouse model is a commonly used model for the study einamgsic drugs
(Bloklandet al, 2005).SCO has a history of being used for the purpose of induction of amnesia,
e.g. inobstetrics SCO was used to inde@mnesia during child birth during the™@entury and

is the most commonly used animal model for assessmesigGilles & Ertlé 200Q. Blocking

the enzymatic breakdown of acetylcholine in the brain is a means of increasing cholinergic
function whichleads to improvement of memory and cognition. As mentioned earlier, SCO is a
muscarinic antagonist whose action results in an increase in the levels of Acetylcholinesterase in

the brain(Gil-Yong Leeet al, 2017)
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2.3.3. Genetic models

Transgenic mice are commonly used in the study of AD. These mice over produce the amyloid
precursorprotein (APP). This leads to amyloid beta formation which eventually results in a
pathology similar to that in the human braiifiected by AD Theresultantamyloid betaplaques

are also structurally similar the ones produced irthe human brain. The use of transgenic mouse
models has led to scientists acquiring more insight into the pathology of AD. For example, many
transgenic models for AD result in cognitive declwiich is seen to manifestarlier than
pathological findingssuggesting the need to investigate biomarkers in the forpremursors

(LaFerlaet al, 2012)

There are now many different types of transgenic animal models and the most common of which
are the APP and amyloid beta models. APP transgenic mouse models are those that express the
human form of amyloid precursor protein. The APP formation results yhoahbeta formation

and cognitive decline. Amyloid beta transgenic mouse models for AD develop amyloid plaques
within a few months whereas neuropatholagn be seen within a year. (Leé al, 2013).
Although transgenic mouse models manifest the patie@b@indings seen in AD, they are still

very costly as compared to ntnansgenianousemodelsfor AD. Examples of transgenic mouse
models include: APP (Swedish), APP (Arctic), Amyloid beta, Presillramd Tau. The suitability

of an animal model depends on the neuropathology it develops. Some of the basic aspects that
animal models are expected to deyelor assessing AD are: plaques, neuronal loss and memory
deficits. While memory deficits are seen in all AD transgenic models, plaques are seen in only a

few which may take-32 months to develop.
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2.3.4. Other animal models forA |l z h e idivemseo s

Streptozein (STZ) is a compound whicls commonly used to induce diabetes in animals.
However, when STZ is administered throutpe intracebroventricular route, marked cognitive
dysfunction is seenlincreased amyloid beta fragments and deposits are also seen after the
administration of this drug in mice (Kamet al., 2015). A drawback of this model is that STZ
needs to be administered through the intracebroventricular route which maybe moreicitallen

as compared to therally administeredAICL or SCO animal modeln-line with the amyloid
hypothesis for AD, intracerebral infusion of amyloid beta peptides in the brains of mice may induce

memory deficits (Van Daret al.,2011)

2.4. Behavioural methods for assessing memory function

Various behavioural models exist which can be used to assess learning and rBemaviairal

models are a key component of drug development. Animal models previously discussed can be
used to assess memory and functtising a wide variety of behaviotaks. Commonly usetkess

include: Morris Water Maze (MWM), Novel Object Recognitibest (NOR), Y- maze and the

Radial arm maze.

2.4.1. Morris Water Maze

The Morris Water Maze JIWM) has become increasingly popular and reliable for assessing
cognitive function for various reasonsis simple to use while having the ability to differentiate
between spatial and neapatial memoryit is a widely usedehavioual testused to assess memory
and spatial learningThe maze is easy to setup and requires very little training to conduct trials.
The MWM has beerextensivelystudiedas a valid model for reference memory and spatial

navigation {orheeset al, 2006)
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Figure 2.3: Morris Water Maze Protocgh) swim pathway of mouse (designeehimuse) (b)
Morris Water Maze setup (photo of actual experiment)

The MWM consists of aircular poolwith an escape platform which can be submerged in the
water. The mice are trained limcate the platform while the platform is visible. The platform is
then submergedn the waterand thensubsequentlyemoved to assess if the mouse can fiad it
way to the platformThe behavioual testis used to assess learning and menbtilooge & De

Deyn,2001)
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Keys aspects measured during the MWM include the time taken to reach the platform known as
escape latenyc(EL). The shorter EL indicates improved memory function. A probe trial is also
conducted wherein the platform is removed from the maze and the amount of time spent by the
mice in the target quadrant is noted. A longer time spent in the target quadrestieis improved

memory function.

2.4.2. Novel Object RecognitionTest

The novel object recognitiaiest(NOR) is used to assess recognition memdtys based on the
tendency of mice to spend more time exploring a oenovelobject. Mice are placed in an open
arenato allow habituation. A dalater,known as the sample phase or training phisemice are
placedin the same arenaith two identical objectsThe mice argjiventime to explore the arena.
The next day, the mice are pladedthe arenawith a familiar obje¢ and a novel objecMice
which remember the familiar object will spend more time exploring the novel ofjeettime

spent exploring each object is noted anithdicative of working memorgMoscardeet al, 2012)

Rodents have a natural tendency to explore novelty, hence there is no need for prolonged training.
As compared to the MWM, this test is relatively easier to run and takes less ticoeniolietion.

The interaction time of the mouse with the identical and novel object is the main parameter
measured during the NOR test. A longer interaction time with the novel object is indicative of

improved memory function.
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Figure 2.4 (A)Novel Objet RecognitionTest (A) Sample Phase identical objects are placed
in the arena and the interaction time of the mouse with the objects is reqiuatd. of actual
experiment)
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Figure 2.4 (B) Novel Object Recognitiofiest Test Phasdn the 29 phase, one identical object
is replaced with a novel objehoto of actual experiment)

2.4.3. Rotarod Test

As a result ofneurodegeneratigormpatients suffering from AD often experience neuromotor
dysfunction.Symptomssuch as paratonia (an increase in muscle tone frequently absent at rest)
and compulsive grasping are often seen in AD patients. These neuromotor symptoonsaoe

in thelate stages oAD (Sourenet al, 1997) Although memory deficits are tHest noticeable
abnormalities during AD, deterioration of fine motor skills is often seemglumild cognitive
impairment(Klugeret al, 1997).0One studydemonstrated that neuromofonction is altered even

during the early stages of AD and some basic tasks such as even grocery shopping could be

negatively affecte@Videoniet al, 2013)
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Hence, the management of neuromotor related symptoms in AD is imperative. A commonly used
test fa assessing neuromotor function is the rotarod test. The apparatus consists of a rotating rod
on which mice are placed. Mice have a natural tendency to stay on the rod to avoid falling. An
increased amount of time on the rotating rod is proportional emtelnd motor coordination

(Jones & Roberts,968)

Other Behavioral Models

2.4.4. T-Maze test

The T-Maze test(figure 2.5)is a behavioral test used sbudy memory and spatial learning.
Rodents are given a simple choice of turning left or right to find a reward. StructuralhMbeer

is one of the simplest behaviottalss to conduct consisting of 2 arnisft or right. Apart from
measuring rodent memoryhd T-Maze may be also used to measure rodent behavior such as

preferences food and smel{Olton et al.,1979).
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Figure 2.5: T-Maze tes{designed irhouse)

Variants of thel-Maze include the YMazeand Radial Arm Maze (RAM). It consists of a central
base with radiating arms or spokes. The basic concept is the same dddhe Test except that

there are many more arms in the RAM.
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2.45. Radial Arm Water Maze

The Radial Arm Water Maze (RAWM) is lzehavioal testused to assesspatialmemory in
rodents. It is a modification of the dry radial arm maidee difference between the RAWM and

the MWM is that in the RAWM, the open pool consists of a radial arm maze. An escape platform
is placed in one of the arms and the aim ofté#stis for the rodent to locate the platform (Puzzo

etal. 2014)

ESCAPE PLATFORM
WATER FILLED

MAZE

MOUSE

Figure 2.6: Radial Arm Water Maze (designedfiouse)
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CHAPTER 3

3. Materials and Methods

The diagram below depicts the research methodology carried out. All methods used in this study
are established protocols. To improve the reliability of the reseaethods, the following

measures were carried out.

Plant collection: The plant sample wastenticated by the local National Herbarium. The location

GPS coordinated were recorded. All procedures were recorded.

Behaviorial assays: All mice were handled as per established animal handling protocols.
Appropriate temperatures were maintained androsg. All parameters and results were recorded
and documented. Actual procedures were all documented and were strictly followed. Behavioral

tess were video recorded.

Data from the experiments was tabulated and then analyzed using Graphpad prism.
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PLANT COLLECTION AND EXTRACTION

LCMS FINGERPRINTING
FTIR FINGERPRINTING
PHYTOCHEMICAL SCREENING

DPPH FREE RADICAL SCAVENGING ASSAY —_—

ALUMINIUM MOUSE MODEL — ]
I
MORRIS WATER MAZE: ALCL MOUSE MODEL _—

NOVEL OBJECT RECOGNITION TEST: ALCL MOUSE NS=aes -

ACETYLCHOLINESTERASE ENZYME ACTIVITY TEST g
SCOPOLAMINE MOUSE MODEL

MORRIS WATER MAZE: SCO MOUSE MODEL

NOVEL OBJECT RECOGNITION TEST: SCO MOUSE Ml
ROTAROD TEST 7]

Figure 3.1: Summay of the experimentatioRlan

3.1. Plant Collection

Bulbs of Crinum macowaniwere obtainedfrom the grounds obniversity of Zimbabwe (UZ)

Harare(figure 3.2) Coordinates were as follows 17°4714.5S 31°0306MiEC. Chapandrom
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the Botanical Gardens and National Herbariaothenticated the planh Harare (Voucher

specimen number: jilaniO01A total of 24 bulbswere collected

3.2. Preparation of Crude Extract

Thehydroethanolic crude extract 6finum macowaniwas prepared as described by Mugwagwa
et al., 2005 wheren the previously colleed bulbs were cleaned by washing with clean water.
The bulbs were peeled added naturally under the shafie 21 daysTo ensure efficient removal
of moisture and to allow further drying, the peeled bulbs were dried in an ovefCafl$te scales

were powdered using a m{lTfhomas Scientific) using a 1 mm sieve.

Plant extraction yields and descriptions

The yield 0f1100 g of C. macowaniiobtained was macerated 1n0 % agueous ethandbr 3
days with periodic shakingMutton cloth was used to filter out the larger material while fine
material was vacuum filtered using Heidolph rotavapor instrument (Rotavapor 4000]aHei
Germany).A freezedried powder was obtained usingHato Freeze DryerHeto-Holten A/S,
DenmarR. A total of 102 g ofdark brown coloredreezedried powdered extract was obtained

which was subsequently storedamesiccato(in a cool and dark pte)
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Figure 3.2: Fresh bulbs o€rinum macowani{actual photo after plant collection)

3.3. Drugs and Reagents

AChE assay kitvas purchased from Sigma Aldrich, South Afrigduminum chloride AICL 3)
wasacquiredrom the School of Pharma¢UZ). Donepezil hydrochlorideDONZ) from (Actavis
Limited, Indig. The vehicle used was Normal Salidescorbic acid andPPH (2,2Dipheny}1-
(2,4,6trinitrophenyl)hydrazyl) weracquiredfrom theDepartment oBiochemistry Department,

University of Zimbabwe.
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3.4. Fingerprint of the extract of Crinum macowanii
Basic fingerprinting was performed on the extract using ®Rnd LC-MS analysis following

which secondary metabolites were identified by phytochemical screening methods.

3.4.1. LC-MS Analysis

An Agilent highperformance liquid chromatographg@0 system was used to perfol@-MS

analysis while the detector used was the Agi@itOF 6530 spectrometer. A dried sample of CM

(1 mg) dissolved in a mixture of methanol and water (50:50) was used. The mixture was placed in

a five mL syringe and sammsrasdise gmyelfijer. The gradient e d u
of elution wascomposed of: 0.1% formic acid with water (solvent A) and 0.1% formic acid with
acetonitrile (solvent B). The injection volume wasl5 The temperature of the column was kept

at 40°C. Data were analyzed by Agilent Technologies Mass H&atkware VersiorB.07.03

(509).

3.4.2. FT-IR Analysis

The functional groups present in the hydroethanolic extract of CM were studied using a Fourier
transform infrared spectrophotometer. The sample was placed on the fi@nséorm infrared
spectrophotometer plate usingatula. A Perkin ElImer Analyst software (version 10.5.2) was

used to read the spectrum after background subtraction.

3.4.3. Phytochemical Screening

Basic phytochemical screening was carried out as described by ¥ad&\2014. Tests were
performed for tanninsalkaloids, steroids, glycosides, flavonoids and sapohimsse are standard
battery of tests used identify important phytochemicals which may be responsible for various

pharmacological effects.
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(a) Steroids:2 mL chloroformandconcentratedulfuric acid was mixed with extractof CM.
Redcolor in thechloroformlayer (lower layer) confirmedthe presencef steroids.

(b) Alkaloids: 2 mL of 1%hydrochloricacidwasmixedwith thecrudeextractandgentlyheated.
Thiswasfollowed by theadditionof Wa g n endMay e medgentsPresencef alkaloids
wasconfirmedby turbidity from theresultantprecipitate.

(c) GlycosidesknownastheL i e b e r tesh2mi of siceticacidandchloroformwasmixed
with the extractof CM andthencooledin ice. A color changeof violet-blue-greenafterthe
additionof concentratedulfuric acid confirmedthe presencef glycosides.

(d) SaponinsTheformationof a stablefoam after vigorously shakinga mixture of the extract
and5 mL distilled waterconfirmedthe presencef saponins.

(e) Flavonoids:2 mL of a 2% sodiumhydroxidesolutionwasmixed with the extractof CM.
Formationof an intenseyellow color which after the addition of a dilute acid turned

colorlessconfirmedthe presencef flavonoids.

3.4.4. DPPH Radical Scavenging Asay

Antioxidant activity of the hydroethanolic extract@finum macowaniwas studied as described

by Doredduleetal , 200 4. 1 mL of methanolic DPPH (0.
varying concentrations of CM. Concentrations ranged betweeto 3l@0eg/mL. The standard
reference used in this experiment was ascorbic acid. The absorbance was determined at 517 nm
which correlated to antioxidant activity and was calculated using the equation:

DPPH radical scavenging activity (%) = % % 100,
b

Where:
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As

absorbance of the sampl e

Ap absorbance of the bl ank

3.5. Animals

A total of 72 mice used for this study (Male BALB/c) were obtained from the Animal House,
University of Zimbabwe. The animal holding room at the Department of Clinical Pharmacology
was used to house the mice. To allowdhé@nals to get accustomed to the new environment, the
mice were kept in the holding room for 7 days before any procedure. Room temperature was
maintained and monitored daily. A natural light cycle was maintained. The standard pellet diet
was made freelyaessible to the mice while water was providedibitum.Joint Research and
Ethical Committe@pprovalapproved these of laboratory amals for this research projeREC

approval number: JREC/121/)5
Animal models

This study utilized 2 different aniah models. The Aluminium and scopolamine animal mouse
models. As described in section 2.3, both animal models are widely used in behavioral studies to

assess memory function.

Aluminium is a toxic metal, hence it may cause irreversible neuronal damagagesumemory

loss. However, the process of neurotoxicity takes times which is why the mice for this model were
dosed for 35 days after which behaviorial studies were conducted. In the test groups, Aluminium
chloride was given together with the crude extr of CM which allowed us to measure the

neuroprotective effects of the crude plant sample.

In contrastScopolaminas known to induce reversible memory loss and does not cause neuronal

damage. This animal model was chosen to assessteharmemory lss.
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The grouping for each animal model was the same and was as follows:

36 mice were utilized for each animal model. 6 groups were made consisting of 6 mice. The first
3 groups were the test groups which were given the crude plant extract with the idbectsen
chemical i.e. AL and SCOhe dosing schedule was the same as adoptédulgyvagwaet al

2015

3.6. Aluminum mouse model:

Six BALB/c mice were randomly assigned to each group. The study followed a design adopted by
Linardaki et al, 2013 and Mugwagwat al 2015. Mice were divided into 6 groups as shown
below. The test groups (groups3) were administered with varied conaation of CM extract

and with a fixed concentration 8fCL 3. Aluminum chloride was given thirty minutes prior to the
administration of the test and standard substances to prevent interdgtmuns 4 was the control
group wherein normal saline was admstered. Mice in the negative control group (group Sewe
administered wittAICL 3 while the positive control group (group 6) was givd@L 3 followed by

donepezil. All drugs were administered orally using an oral gavage tube.

T Groupl:CM1 0 mg/ k g /Atuaigum chporide5.0 +mg/ k g/ 8agys p. o. f o
T Group 2: CM 20 Almngnurk chlordleébyYy, mg./ &g/ B5algys p. o. f o
T Group 3: CM 40 Ammihukn ghlodda5y0, npg./ok.g /+85agys p. o. f o
1 Group4: normalcontrot normal saling.ofor 35 days

1 Group5: Negative control: Aluminum chlorid@ 0 mg / k g3bdagsy p. o.

T Group 6: DONZ 3 mg/ kg/ day, p.o. + Al umi nu

(positive control)
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3.7. Scopolamine mouse model:

Another 36 mice wes randomly put into six different groups. Tails of each mouse were marked
with a nontoxic marker.The experimental design was conducted as described by Mugvesigwa

al., 2015 The experimental design was as follows:

T Group 1: CM 10smopbygadane Ao. g/ kg, 1 .p.;
T Group 2: CM 20smopbygadane Ao. g/ kg, 1 .p.;
T Group 3: CM 40smopbygadane Ao. g/ kg, 1 .p.;
T Group 4: DONZ 3saonagp klgd miary e (pdsitivecphtriel) , . p.;

1 Group 5: water p.onprmal controy;

1 Group6sscopol ami ne(negativmgontioly , i . p.

The behavioral experiments were conducted for each group after the respective drugs were
administered. The experiment was carried out in sequential order starting with gidboipnhl

saline (given orally) Donepezil and CMand intraperitoneallgt increasing concentrationsgre
administered 60 minutes before a trial while scopolamine was adeneds30 minutes before a

trial. The scopolaminevas administerednly once after whicthe MWM and NORtests were

performed

3.8. Behavioural Tests

3.8.1. Morris Water Maze Test (MWM)

A Large black metallic pool was utilized as the maizee Pool measured1l m diameter and 0.4
m in height. Waterwas filledup to a height of 0.3 nThe poolwas made upf 4 quadrants.e.
north-east, nortkwest, soutkeast, souttwest. An escape platform measurir&p cm in height,10

cm in diameterwas placedn the SW quadranfThe Morris Water Mazaestwascarried outas
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describedby Bromley-Brits et al, (2011). The testtook 6 days to complet&ach animalwas
placed in the watein a gentle manndsy gripping the mouse from the tallhe amount of time
each mouse took to locate the platform was recorded. Tki®wsnas the escape latency or EL.

Four trials wereompleted per day.

The following schedule was adopted:

Day 1: The platformused for the MWMwas raised 1 cm above the water. This was accomplished

by reducing the level of watdtach mouse was placed gentiytarget quadrardand the time taken

for the mouse to locate the platform was noted. The mouse was given a few seconds on the

platform, pdted dry with a towel, given a reward (food) and placed back in the cage.

Days2-5: Known as the hidden platform phase, the level of the water was increased in such a way
that the platform would be submerged in the water. Various spagaivere placedn the room

which were meant to assist the mice to navigate to the platiGaam mouse was placed gently on

the water and the time taken for the mouse to locate the platform was noted. The mouse was given
a few seconds on the platform, patted dry witbveel, given a reward (food) and placed back in

the cage.

Day 6: Also known as a probe trial, wherein the platform was taken out of the Eed®e mouse
was placed gently on the water and the time spent in the target quadrant was noted. The mouse
was given a few seconds on the platform, patted dry with a towel, given a reward (food) and placed

back in the cagélhe amount of time the mice spent in the SW quadrant was recorded.
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The most important parameter for the MWM is the escape la@mdytime spenin the target
guadrantn seconds. The EL is noted for each trial and tabulated. Data for the kéétiere
analyzed using analysis of wvariance (ANOVA)

Prism.

3.8.2. Novel Object Recognition (NOR)Test

The proceduradopted byMugwagwaet al, 2015was followed The apparatusas made upf a
plastic rectangular boxeasuringt 3 (ength) T 3(Widt)ml i (Beigbt) The NORtest
involved two phases: A sample phase in which two similar objgeteplaced, and the test phase

in which one of the similar objectgasreplaced by a novel object.

An animal was gently placedithin the rectangulararena for five minutes. Thetal time of
interaction with each object was noteg recording the amount of time that each mouse took to
explore each object. Exploration was basically defined as touching or sniffing the objects or if the

head was facinghe object at a distance of 2 cm.

After each trial, he arena and objects were cleaned With % v / v to grévdéniany olfhctory

clues. Toavertbias for adirection similar andnovel objects were interchanged periodicalie
procedure for the teshd sample phases were similar except that during the test phase, one similar
object wassubstitutedwith a novel object. The novel object used was a green toy bus while the
similar object was a square container (white). Theplessevas carried out dayafter completing

the sample phas@he preference to a particular objective was assessed by using the equation

below. A higher DI indicated a higher preference for the novel object.
Parameters measured were:
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1 time (s) exploringsimilar or identicabbject(Ts),
1 time (s) exploring the novel objecbr new objec{Tn),
The preference for the novel object was determined by calculatingetbentage discrimination

index (DI).

m(%;:( L )xmﬂ,

'I;L + Tf
where DI = di sTe r=i ns)ispeet ekptomng thenndvebject, and
T: = tsiexpring thesimilar oridenticalobject.

3.9. Rotarod Test

The Rotarod test was conducted on Beopolaminenouse model. The method described by
Almeidaet al.,(2013 was followed. Thé&rouping anddrugadministrationrSchedule wathe
sameasmentioned in section B. Only mice capable of remaining on the rotarod for more than
180 seconds were selected for the. f€se prescreening took place 24 hours before the rotarod
test The actual procedure was conducaétér the mice were dosedherein each mouse was
placed at the top of the rotating raddthetime (s)duringwhich the mice remained on the rod

was noted.

3.10. Acetylcholinesterase Enzyme Activity Test

Isolated brain sanm@s were obtained by sacrificing 3 animals from each grolipe
acetylcholinesterase enzyme activit the isolated brain sample was measured using an ACh
enzyme assay kifthiocholine is a substance produdsdthe acetylcholinesterase enzyme which
thenforms a colorimetric product when it reacts with 5¢hthiobis (2nitrobenzoic acid). The

intensity of the color is directly proportional to enzyme activitfhe brain isolate was
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homogenized with phosphate buffer (0.1M,-pH5) which was then centrifuged 44 000
revolutions per minute to obtain a supernat&&€hE activity was determined using the following

equation:

AChE activity (units/L) = Asmin = Aromir n % 200,
A b = Ablank

Where Aomn = absorbance of the calibrator at 2 min
Aiomn = absorbance oniinuteshe cali brator at 10
Abark = absorbance of the blank at 10 minutes
200 = equivalent activity 0twadiat2sninitgsandf t he
10 minutes
Acaibraor = absor bance of the calibrator at 10 m
n = dilution factor

3.11. Data Analysis

Data for theMorris Water Mazaestwere analyzedsinganalysis of variance (ANOVA) followed

by Tukeyds Opewaly hhoaltyssts. of variance (ANOVA) |
Comparison tests was used to analyze data for the Novel ObjectriRiEcogest Two-way

analysis of variance (ANOVA) followed by Bonferroni multiple comparison tests was used to
analyze data for the biochemical tegks 0.05 was considered significant. Results were expressed

as me a nGraphPadERVIsm (version 7.03xsvused for the analysis.
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CHAPTER 4

4, Results

4.1. LC-MS fingerprinting
13 prominent peaks were detecthding the LEGMS analysis of the crude extract ©M which
are shown in figure 4.1As this was only a fingerprint analysis, the identification of compsund

associated with mass to charge ratios was not attempted.
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Figure 4.1: The LGMS fingerprint of a crude hydroethanolic extracGsfnum macowanii
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4.2. FT-IR fingerprinting

Various functional groups were identified by the-lRranalysis of the crude extract of CM shown
in figure 4.2 The following functional groups were detected: alkyls, alkaloids, ketones, esters,

amides and, carboxylic acids.
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Figure 4.2: FT-IR spectrum of a hydroethanolic extract@fnum macowanii
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4.3. Phytochemical Screening

Rudimentary phytochemical screening of the crude hydroethanolic extract of CM showed the

presence of alkaloids, glycosides, saponins, steroids, flavonoids and saponins.

Table 4.1: Phytochemical screening ah extract oCrinum macowanii

Component Result

Alkaloids Present
Glycosides Present
Saponins Present
Steroids Present
Flavonoids Present
Saponins Present

4.4, DPPH Radical Scavenging Assay
The free radical scavenging activity of CM is showrfiguire 4.3. CM was seen to have a dese
dependent increase DPPH radical scavenging activity, however at all concentrations, ascorbic

acid exhibited a significantly higher DPPH free radical scavenging activity tharp€d/0001).
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Figure 4.3: DPPH free radical scavenging activity dfi& extract ofCrinum macowaniand ascorbic acid.
The data were analyzed by tw@y ANOVA followed by Bonferroni multiple comparisons test.; CM
versusAA, ##p<0.0001; CM versus AA*p <0.000L Dat a are expr.essed as mean

4.5, Aluminum mouse model

4.5.1. Morris Water Maze

Results for theescape latencieare displayedin Figure 4.4 During the 5 days, significant
differences were seen in the Eh<0.0001 f = )3The GM340 mg/kgreated mice (EL of

26. 77 HNenbnsBaled a ¥ignificantlpwer EL than theAICLz group( 56 . 43 N 2. 8.
(p<0.0001) while he positive contrarougp DONZ 3 mg/kg alsehowed a significantljower EL

than theAICL 3 group(p<0.0001).
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The | owest escape | atency was demonstrated by
the ELofthe CM@®mg/ kg group was f o WNasignificant dfferen@éas7 7 N
seen between the DONZ 3 mg/kg and CM 40 mg/kg treated (=0.9070).Thenormal control

group was seen to have a significantly lower EL thanM@&@.sgr oup ( mean of 40.

56. 43 N 2. 84<00001)respectivel vy,

The probe trialvas performed on day 6 in white time spent by mice in the target quadrant was
recorded.The CM 40 mg/kg group spenta significantly longeramountin the quadrantthanthe

AICL 3group(p<0.0001) No significant difference was seen in the time spent in the target quadrant
between the CM 40 mg/kg group and the DONZ 3 mg/kg grpaf.9358).Aluminum chloride
treated mice spent the | east amount of ti me i

amount of ti me was observed to be that of t he
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Figure 4.4: Effect of Crinum macowaniHE extract on Escape latencims MWM testDay 1 to 5
* p<0.0001vs AICL3, ~ p<0.0001vs ALCL. OnewayANOVAf ol | owed by Tukeyo6s pos
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Figure 4.5: Effect of Crinum macowaniHE extract on Time spent in the target quadrant in MYt

*p= 0.9538vs donepezil, “p< 0.000VersusAlCk. Oneway ANOVA foll owed by Tuke:
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4.5.2. Novel Object Recognition TestAluminum mouse model

TheNovel Object Recognitiotestis a behavioural test usedassess short and lotgrm memory
function. The preference for the new or novel objechs determinedby calculating the

Discrimination index (Dl)

The discrimination indexXor the shorterm phase is shown in Figu#e6. The highest DI was
exhibited by the CM 40 mg/k(h9.86%)treated mice followed by the DONZ 3 mg/Ksf3.62%)
group. During the shotterm memory phase, the only significant difference was betwed&diMhe
40 mg/kg group and th&lCl s group £=0.0358).There was no significant difference between the
DI of the DONZ 3 mg/kg anélCL 3 groups p=0.7625).AICL 3 was the only group with a DI less

than 50% (49.1% N 3.55).

In contrast, the DONZ 3 mg/kg growgxhibited the highest DI followed by the CM 40 mg/kg
treated micealuring the longierm memory phas@0.1 % and 585% respectivelyjFigure 4.7.

Unlike the shorterm memory phase, no significant difference was observed in the DI between the
AICL 3z and tle CM 40 mg/kg grouppE0.0621).The DONZ 3 mg/kg group was observed to have

a significantly higher DI than thenegativecontrol, AICL3 group (p=0.0071).No significant
different was observed in the DI between the DONZ 3 mg/kg and CM 40 mg/kg groups

(p=0.9448).
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Figure 4.6. Effect of Crinum macowaniHE extract on shortterm memory DI in object
recognitiontest “p=0.0358 VAICL3. Oneway ANOVA foll owed by Tukey
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Figure 4.7: Effect of Crinum macowaniHE extracton Long-term memonDI in object recognitioriest

#n=0.0071vs ALCL. Oneway ANOVA followedbyDunnet t 6s Mul tipl e Compari s

4.5.3. Rotarod test

Data forthe rotarod tesdre shown in Figurd.8 The amount of time (s) the mice remained on the
rotating rod was noted. A dosiependent increase in the timgenton the rod was seen for the
CM-treated groups

Amongst the CMreated groups, the CM 40 mg/kg group exhibited the highest time spent on the
rotating rod. The&sCOgroup was seen to have spent the lowest amount of time on the rod (100s),

this was significantly less than the CM 40 mg/kg gropg0(0056).The DONZ 3 mg/g group
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spentthe highest amount of time on the rod 9E8) which was alssignificantly longerthan the

CM 40 mg/kg group=0.0203).
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Figure 4.8: Effect of Crinum macowaniHE extract on Falling latency dRotarod tes{F=19.54,
p<0.0001) * p=0.0056 vs SCO group. Omeay ANOVAf ol | owed by Tukeyds ML

Comparison tests
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4.5.4. Acetylcholinesterase Enzyme Activity Test

The results for thécetylcholinesterase Enzyme Activitgst areshownin Figure4.9. The lowest

AChE activity was demonstrated by the DONZ 3
40 mg/kg group was found to have a significantly higher AChE activity than the DONZk8 mg/
group <0.0001) and a significantly lower AChE activity than the control ARZL 3 groups

(p=0.0013,p<0.0001 respectively)

Acetylcholinesterase enzyme activity
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Figure 4.9; Effect of Crinum macowaniiHE crude extract onAcetylcholinesterase enzyme
activity assay #p=0.0013vs the Control**p<0.001 vs thélCL 3; ‘p<0.0001 vs the Control. two
way ANOVA foll owed by Bonferroni mul tiple com
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4.6. Scopolamine mouse model

4.6.1. Morris Water Maze

Results for the gcape latencies are shown in figdr&Q During the 5 days, several significant
differences were seen in the EL.H#9.33, p<0.0001) A dosedependent decrease in the escape
latencies was seen for the @kéated groupsA high EL was seen for the CM 10mg/kg group
(57.08s)whichwas significantly higher thatmat of CM 20mg/kg(33.17 s) CM 40mg/kg(24.1 s)
and DONZ3 mg/kg(22.67 s)treated groupgp0.0001) A significant difference was seen in the
EL between CM 40mg/kgnd the SCO treated grougs<0.0001).The EL of the CM 40mg/kg
group (241s) was higher thatinat ofthe DONZ group (22.66s), thisfferencewas not significant

(p=0.9994)

The results for the probe trial are presented urég.11 The DONZ3 mg/kgtreated group spent
the most amount of time in the target quadrant (33s) followed by @ig/kggroup(30.2s), the
difference was not significanp£0.9545). A significant difference was seen in the amount of time

spent in the target quadrantween the CM 40 mg/kg and SCO treated grgus®(0001).
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Figure 4.10: Effect ofCrinum macowaniiHE extract on Escape latencies on M\i#dtDay 1 to 5.
* p<0.0001vs SCO,Ongay ANOVA foll owed by Tukmeyhs Np 8EtM hoc
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Figure 4.11: Effect of Crinum macowaniHE extract on Time spent in target quadrant in Mgt

*p< 0.0001lversuslCk. Oneway ANOVA foll owed by Tukeyds post ho
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4.6.2. Novel Object RecognitionTest Scgpolamine mouse model

The results for the NORston the £0O mouse model ahown in figuret.12 During the short
termrmemory phasehe DONZ 3 mg/kgtreated groughowedthe highest discrimination index
(69.2%) followed by the CM 40 mg/kg group (63.7%)he SCO treated grougxhibitedthe
lowest DI and was the only group with a DI of less than 50% (41%). The DONZ 3 mg/kg and CM
40 mg/kg groups showed a significantly higher DI than the SCO gp=@000). The DI of the

CM 10 mg/kg group although higher than the SCO group wasigraficant(p=0.1112).

During the longterm memory phase of the NGB&stin the SCO mouse model, the SCO group
exhibiteda DI below 50% (38.4%hich was significantly lowethanthat ofDONZ 3 mg/kg and
CM 40 mg/kg group§p=0.0004 p=0.0007 respective)y The DONZ 3 mg/kg grougemonstrated
the highest DI of 54.4% followed by the CM 40 mg/kg group (53.8%6mpared to the SCO
group, the CM 10, 20 mg/kg amsbrmal controlgrous did not showa significant difference in

the DI (p=0.1113p= 0.0575, ang=0.1961 respectively)
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Figure 4.12: Effect of Crinum macowaniHE extracton shoriterm memory DI in object recognition
test #p< 0.0001vsSCQOneway ANOVA fol |l owedestby Tukeyo6s post
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Figure 4.13: Effect of Crinum macowaniHE extracton Longterm memory DI in object recognitidast

#©H=0.0007, *p=0.0004vs SCO,Onavay ANOVA f ol |l owed by Dunnettods ML
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CHAPTER 5

5. Discussion

The MWM testis a popular test used to assess memory functios@atchl/ norspatial memory
deficits(D 6 H o,dg [@eyn, 200}, as well the ability to study learnir@erry Jr& Buccafusco,
2009. A study done by Mugwagwa amalleagues suggested that the extract of CM beaysed
for the treatment of AMugwagwaet al, 2015). The study demonstrated that at high doses, CM

improved memory against SCO induced memory impairment in {Nexeé test.

Aluminium is a commommetal part of everyday life. Various studies have investigated the
patential neurotoxic effects of Aluminiumm humans and micé/ice exposed té\L orally were
seen to have an elevated amount bPAPraticoet al, 2002) while another studfound that a
high amount oAL in water corelated taan increased incidence of AMartynet al, 1989. The
peptide:b-amyloid protein(AbP) is a result of cleavage of the amyloid precursor profEims
results in a series of processes which arddbedation of the amyloid cascade hypothesis. It is
known that the accumulation ofbR resuls in the pathologiesvhich lead toAD. A critical step

in the amyloid hypothesisthe polymerization of AP which is seen to be enhanced by aluminum

(Hardy & Selkoe, 2002Wirths et al, 2004 Kawahara& Kato-Negishi, 2011
The fact that AL is such an abundant metal which caeasdly ingested by humans, and that

various studies have reported AiRe pathologies in both humans and mice after the exposure of

AL, makes the aluminum mouse model a relevant model for studying AD.
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Thevalidity of both the animal models utilized in this sfuglas demonstrated by the fact thath
the AICL3 and SCQtreated micgook the longestime to locate the platform (depicted by a high
EL) andspentieast amount dime spent inthetarget quadrarduring the MWMtest This implied
that AICL3 and SCQOinduced memory impairment in mi@ndjustifies the use of these animal
modelsin this study The result of the MWMeston theAICL 3 exposed mice was consistent with
the findings observed in a study conducted by Zleaal (2012) wherein wild type antiinsgenic
mice exposed to Alcompleted the MWMtest with a sgnificantly higher escape latency as

compared to the control mice

In the MWM test, a decreased [ir the5 days and an increase in time spent in the target quadrant

on the & day indicated improved memory function.

CM at a dosage of 40 mg/-enhancny effeceas compared tgthe f i c a
aluminium chloride treated mic&.he CM 40 mg/ kg group was al so
memoryenhancing effects as the goge control groud donepezil which is one of the currently

approved medications for treating ADhis implies that CM at a high dose has a similar memory

enhancing effect as DONZ.

In both animal modeJsheDONZ 3 mg/ kg gr oup istie®dMWM,dlthbughe | owe
not significantly differenfromt he CM 4 0 igdaksglts suggesuti@tM at 40 mg/ kK
was comparable to DONZ 3 mg/ kuingithe MWNhpheovi ng
significantly smallerEL of t he CM 40 mg/ pagd td theecortrel drougr ou p
suggests that theydroethanolic extract arinum macowaniimproved memory function in the

MWM test against aluminum chloridend scopolaminéduced memory impairment. A dese

dependent decrease in EL was seen in all grou@s&/ofvith an increase ithedose of the extract
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for both animal modeld his suggests that CM may improve memory function in a dose dependent

manner.

The probe trial on day Was performed by removing the platform from the maze. The time spent
in the target quadrant by each mouse was noted and a longer amount of time spent in the target

guadrant indicated improved memory function.

During the probe trithe DONZ3 mg/kggroup spent the longest time in the target quadrant, but

no significant difference was seen in time sp:¢
and the CM 40 mg/ kg groups. CM 40 mgihkhg tr e at
target quadrant than t#dCL 3 and SCQyroups. The results of the escape lateneied time spent

in the target quadranwere both similar andndicate thatthe hydroethanoliextract of CM

attenuated aluminurand scopolaineinduced spatial memorynpairment.

The results of the MWM using the scopolamine and aluminium animal models were exmetted
demonstrated that the crude hydroethanolic extract of CM enhanced memorynayhibe
attributed to the acetylcholinesterase inhibitory activity of the extract ofRedious studies have
indicated the presence of alkaloids in CM. Elgorathal. (2002 isolated 9alkaloidsfrom CM,

some of which include lycorine, crinamine, cringned pwelline while Nair et al. (2000),have

also isolated several alkaloids from CM which inckidecowine. Alkaloids pesent in CM are

the most likelycause of the cognitive enhancing effects of CM. Although the exact mode of action
is unclear, the acetylchiesterase inhibitory effeatf alkaloids such as lycorindlishaet al.

2013)may have contributed to increased acetylcholine thereby improving memory function.

The Novel Object Recognition test was used to assess short andtéwmg memoryand was

performedfor the AICL3 and the SCO mouse modelBhe present study evaluated the use
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of Crinum macowaniextract for its memory enhancing effect against alummmchlorideand
scopolaminanduced memory impairment in micEhe percentage discrimation indices were
calculated for the test phase. A higheriidicateda higher preference for the novel object than
the familiar object which aoelated to improved memory functio@n the other hand, a lower DI

indicated no specific preference for thavel object.

CM 40 mg/ kg t rassignifieadtlylongectime exgloeng the novel object than the
familiar object for the shottierm memorytestof the AICL 3 mouse modelThis was also confirmed
by the DI which showed a significant difference asmpared to the negative controAICL 3.
During the shorterm memory phasér the AICL 3 treated miceCM 40 mg/kg treated mice
showed the highest Dbhile the standard druddONZ did not show any significant éigrence
than the negativeontrol AICL 3 group.The resul of the shorterm memory phase of the NOR
testsuggests that CM at a high dose may be superior than DONZ in improvingeshorhemory

function.

However, during the lonterm memory phase of the NQBstagainstAICL 3 induced memory
deficits the DONZ 3 mg/kg group exhibitede highest preferencerfthe novel object depicted
by a highDI and this was significantly higher than that of &i€L ;z group. However, the CM 40
mg/kg group, which was found to be effective agaii€lL 3 -induced amnesia in the shogrm

memorytest did not show any signidant difference than th&lCL 3 group.

In contrast, the DONZ 3 mg/kg group was seen to be supetioe CM 40 mg/kg in the short and

long-term memory phase of the NQ&stin the scopolamine animal models.both phases, the
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CM 40 mg/kg groupshoweda significantly higher DI than the negative control, indicating the

ability of CM at high doses to reverse scopolamiriced memory deficits.

Mugwagwaet al (2015)have demonstrated that CM failed to attenuate memory deficits caused
by scopolamine in the shetgrm memorytestof NOR. However, CM at high doses showed long

term memory enhancing actividuring the same studin contrast, this study has shown that CM
wasmore effective in improving shetérm rather than lortermAICL 3 inducedmemorydeficits

The reason for the difference is unclear but may be due to the different mouse models used in each

study.

The rotarodest was conducted to assassiranotor functionsinceduring the late stages of AD,
diminishing neuromotor function is a prominent symptdmdosedependent increase in time

spent on the rotating rod was noticed for @xenaumtreated mie. The SCOgroupwas shown to
possess the lowest neuromotor activity as depicted by the least amount of time spent on the rotating

rod.

The fact that thenormal contral DONZ 3 mg/kg and CM 40 mg/kg groups were significantly
superiorto the SCO groupin terms of neurontor activity, further justifies the use of tl8CO
mouse model for studying AThe ability of CM 40 mg/kg treated mice to improve neuromotor
activity was confirmed by the significantly higher retention time on the rod as compared to the
SCOgroup. Interengly, thenormal controlgroup demonstrated a significantly higher retention

time than the CM 40 mg/kg group.
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Various studies have reported the presence of alkaloids in CM, while acetylcholinesterase
inhibitory activity has also been reported in sqfalgorashiet al, 2004. We know that AD is a

result of neurodegeneration which results in a decrease in cholinergic transmission in the brain
(Schusteet al, 201Q. An effective treatment strategy to improve ACh function is to inhibit the
enzyme acetytholinesterase which is responsible for the breakdown of acetylcholine, thereby

increasing the amount of acetylcholinehe brain

In this studythe DONZ 3 mg/kg group exhibited the highest acetylcholinesterase enzyme (AChE)
inhibitory activity which was depictedby it having the lowest AChE activity in the brain

homogenate.

CM is an ideal candidate®r the management of ABince we have established that the extract
inhibits AChE. The AChE activity test was performed to assess the enzyme inhibitory activity of
CM. A higher enzyme activity indicates an inverse relation with the amount of acetylcholine

present in the brain.

The AChE assay exhibited a dedependent decreaseAChE activity in the CMreated groups.
Isolated samples obtained from the brains of thet&dted groups showed a significantly lower
AChE activity than theAlCL s -treated group and the control group. The outcome of this study
shows that CM has an irhiiory effect on the enzynde AChE. The AChE activity is likely due to
the presence of alkaloids such as lycorfRégorashiet al, 2009. This acetylcholinesterase
inhibitory activity is likely to contribute to the cognitivenhancing effects of CM observed in the

MWM and NORtess.
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Acetylcholineg often depleted inthe brains ofpatients affected with AD, is an important
neurotransmitter whicplaysa role in memoryunction (Francis P, 2005Hence, increasing the
amount of acetylcholine in the brain is one solution for improving memory function. This is the
same mode of action of the drug Donepezil which is a current FDA approved drug for managing
AD. The inhibitory effecion the enzymeAChE by CM further emphasizes the pharmacological
mode of action of the alkaloids presentCM which further explains the memory enhancing

effects observed in the behavioieds.

The DPPH free radical scavenging assay was performeddssasge antioxidant activity of the
crude extract of CM. Although a dedependent increase of free radical scavenging activity was
seen with an increased dose of CM, the activity was significantly less than that of ascorbic acid.
Nevertheless, it was ebleshed that the extract of CM demonstrated antioxidant activity which
increased in a dosgependent mannerthe results of the DPPH free radical scavenging assay
demonstrated that CM possesses antioxidant properties which may be due to fadentited

during the phytochemical screening tests. This property may have a role in preventing

neurodegeneration resulting in AD.

Phytochemical screening chemical tesighehydroethanolic extract of CM showed the presence
of glycosides, alkaloids, saponins, steroids, and flavonoids. The presence of flavonoids may play
a neuroprotective role in ADFlavonoids are known to have neuroprotective properties that lead

to improvedmemory and cognitiorMauzour &David, et al, 2008)

The results of this study can also be used to assess the validity of the animal models. As mentioned
in section 2, both animal models used in this study as very commonly used and anewelfd¢

their reliability. AL is known to be neurotoxic in both humans and rodents. Animal studies have
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shown that administration of aluminium chloritie rodents results in Allke pathologies and
memoay loss. SCO on the other handais extensively used mouse modal $tudying memory

loss. Administration of SCO in rodents results in reversible memoryRessilts from the animal
studies also validate the animal models. In both cases, the SCO and th¢aied mice were seen

to have the highest escape latency inMiéM. Similar results were seen in the N@#twherein

the SCO and ALCL treated mice were seen to have the lowest preference for the novel object

which depicts diminished memory function.

The pathogenesis of AD is a complex process resulting from marydaich as ingestion of

toxic metals, e.g., aluminum, the decrease in cholinergic transmission, the presence of amyloid
protein, and/or neurodegeneration caused by free radicals. Thedd&eApathologies may
potentially be treated by CMsince this studyas shown CM to possess AChE inhibitory and
antioxidant activity. Furthermore, CM has shown to attenAl@® s and SCGinduced memory

deficits in the MWM and NORess.
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CHAPTER 6

0. Conclusion

The objective of this study was to investigate the effect of a hydroethanolic ext@ohom
macowaniion learningmemoryand neuromotor behaviousing two different animal models of
Al z h ei me ri.é the atlimnisus ahdorde and scopolamine moosxlels. The effects were

assessed using the Morris Water Maze and the Novel Object Recoggston

It was observed that during a course of the MWM and N@©$s, repeated dosing
hydroethanolic extract &€rinum macowanihad a short and long ternmemoryimproving effect
against aluminum and scopolamimeluced cognitive decline. The effect was seen to be-dose

dependent.

Donepezi l is the standard drug used for the n
CM, i.e. 40mg/kg had similar memorgnhancing effects as donepeahilringthe Morris Water
Maze and Novel Object Recognitidess. A high dose ofCrinum macowaniwas also seen to

possess neuromotor enhancing activity.

Thereforethenull hypothesis that the extrtaaf the bulb of CM obtained in Zimbabwe does not
exhibit anticholinesterase and antioxidant free radical scavenging atiivityo and repeated
dosing of a hydroethanolic extract@finum macowanibulbs has no effect on memory,

learningand neuromotobehaviourin BALB/c mice models of AD is rejected.

It is concluded that the hydroethanolic crude exww&€rinum macowanipossessspotential
anticholinesterase and antioxidant activiyrthernore, | conclude thahe hydroethanolic
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extract ofCrinum macowaniimproved learning memoryand neuromotobehaviourin BALB/c

mice models of AD.

Limitations

Morris Water maze: During the probe trial, less time spent in the tqugetranindicates
decreased memory functiddowever at times, more time spent in the otgeadrantmay have
little to do with spatial memory as in some cases rodents prefeytby the walls of the pool.
Novel object Recognitiotest The NORtestis known to make use of several regions in the
brain, hence making results difficult to interpret. Duringtést there was only one training
session which does take into consadem that different animals may have different rates of
learning

Mouse models: although the AL@mouse model is known to cause Aike pathologies in the
brain, this study did not attempt to identify these pathologies using diagnostic procedures such as
histopathological staining.

BALB/C mice were used in this studylore robust results may have been achieved if genetic
mouse models were utilized. However, genetic models were not used befcdnesearemore

expensivehan BALB/c mice.
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APPENDICES

Appendix 1: Standard operating procedures

STANDARD OPERATING PROCEDURE FOR THE NOVEL OBJECT RECOGNITION
TEST

Materials:

Aluminium Chloride/ Scopolamine
Ethanol

Stopwatch

Paper towel

2 familiar objects

1 novel object

Novel Object arena (plastic rectangutauclosure)
Normal Saline

Donepezil HCL tablets

Crinum macowaniextract

Video Camera

Latex gloves

Oral gavage tube

Syringe and needle

Distilled water

Precautions

Room temperature must be noted before the commencement of all procedures

All equipment isto be cleaned with ethanol and distilled water prior to use.

Mice are to be held gently from the base of the tail using latex gloves

Dosing must be done cautiously so as not to hurt the mice

Mice must be kept in the animal holding room for 7 days before the expefimatiow the
animals to get accustomed to the new environment

Procedure:

Sample Phase: Mount a video camera directly above the arena. Ensure that the camera has
sufficient memoryand battery life. Place 2 familiar objects in the arena. Gently place a mouse in
the arena for 5 minutes and note the interaction time with the olfagti®ration is defined as
touching or sniffing the objects or if the head was facing the objectisttaack of 2 cm.

Remove the muse and place back in another cage so as not to mix the animals. Repeat with the
remaining mice.
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Test phase: 24 hours later, replace one familiar object with the novel &eate that the

camera has sufficient memory andtbgy life. Place 2 familiar objects in the arena. Gently place
a mouse in the arena for 5 minutes and note the interaction time with the dbgeatsie the

muse and place back in another cage so as not to mix the animals. Repeat with the remaining
mice.

STANDARD OPERATING PROCEDURE FOR THE MORRIS WATER MAZE TEST

Materials:

Aluminium Chloride/ Scopolamine
Ethanol

Stopwatch

Paper towel

Platform

Thermometer

Morris Water maze pool
Normal Saline
Donepezil HCL tablets
Crinum macowaniextract
Video Camera

Latex gloves

Oral gavage tube
Syringe and needle
Distilled water

Precautions:

Fresh water is to be used in the Morris Water Maze pool up to 0.3m and must be replaced if the
water become dirty.

Temperature of the water is to be noted every day and must be adjusted when required.

The room must have adequate lighting.

A video cameratwould be mounted directly above the pool. Ensure that the camera has sufficient
memory and battery life before each experiment

Visual ques placed in the room must be at a height which can be observed by the mice.

The animal must be placed gently in theevdty holding the tail.

At the end of each task, the animal is a given a reward.

Procedure:
Day 1:
Fill the maze with water and record the temperature. Mount the video camera above the pool.

Place a platform in a quadrant. The platform should be raige dbove the level of the water.
Place the mouse gently on the water and allow it to swim.
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Record the amount of time taken for the mouse to locate the platform.

Pat dry the animal with a towel and place back in the cage.

Days 25
Raise the level of the wer so that the platform is hidden.
Place the mouse gently on the water and allow it to swim.

Record the amount of time taken for the mouse to locate the platform.

Pat dry the animal with a towel and place back in the cage.

Day 6:

Remove the platform frorthe target quadrant.

Place the mouse gently on the water and allow it to swim.

Record the amount of time the mouse spends in the target quadrant.
Pat dry the animal with a towel and place back in the cage.
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Crinum macowanii is a bulbous plant indigenous to many parts of Southern Africa. Extracts of C. macowanii have gained interest
since the discovery of various alkaloids, few of which possess acetylcholinesterase inhibitory activity. The present study was
performed to evaluate the effect of a crude hydroethanolic extract of C. macowanii against aluminum chloride-induced memory
impairment in mice using the Morris water maze and the novel object recognition task. C. macowanii (10, 20, and 40 mg/kg
p.o) was administered daily for five weeks, while donepezil (3 mg/kg p.o) was used as the positive control. C. macowanii at a
dosage of 40 mg/kg showed a significantly lower escape latency than the negative control (P <0.0001) and was found to be
comparable to donepezil 3 mg/kg in the Morris water maze test. C. macowanii at 40 mg/kg exhibited a significantly higher
discrimination index than aluminum chloride-treated mice in the novel object recognition task. The results may support the

usefulness of C. macowanii in the management of dementia and related illnesses.

1. Introduction

Alzheimer’s disease (AD) is a chronic neurodegenerative dis-
ease characterized by cognitive dysfunction, psychiatric, and
behavioral disturbances [1]. Hallmark pathological charac-
teristics of AD include the deposition of amyloid-f3 (Af3) pla-
ques and neurofibrillary tangles in the brain accompanied by
synaptic dysfunction [2]. This is the amyloid hypothesis,
which postulates that amyloid deposits in the brain are the
main cause of AD [3], while the Tau hypothesis suggests that
abnormalities in the hyperphosphorylated tau protein are the
cause of AD [4]. Early-onset familial Alzheimer’s disease is
an uncommon form of AD caused by a mutation in one of
at least three genes: PSEN1, APP gene, and PSEN2 [5]. Oxi-
dative stress also appears to be a major cause of AD-related
pathologies caused by oxidative reactive species [5]. AD is
incurable, and presently, there is no treatment that can retard

the progression of the disease [6]. The cholinergic hypothesis
concludes that the loss of cholinergic function results in
memory loss and disruption of cognitive function 7, 8].

Current treatment of AD revolves around the increase in
cholinergic transmission between the synaptic cleft by the use
of acetylcholinesterase inhibitors (AChEi). These drugs
include galantamine, rivastigmine, and donepezil [9]. These
medications do not slow the progression of the disease; how-
ever, they do provide a modest but consistent improvement
in functional and cognitive ability [10]. Since rivastigmine
and galantamine are both related to natural products [11],
there may still be a benefit in investigating more naturally
occurring compounds in order to discover other and perhaps
more effective AChEi.

The Amaryllidaceae family contains 1310 species which
are widely distributed, and Crinum is an important genus of
this family [12]. Over the years, alkaloids have been identified

85



as the main active constituents of interest in Crinum species.
These include lycorine-, crinine-, belladine-, galanthamine-,
lycorinine-, and tazettine-type alkaloids [12-14].

Crinum macowanii (CM), a member of the Crinum
genus, is known as umduze or dururu in the southern African
languages of isiNdebele and Shona, respectively, and has a
variety of medicinal uses [15]. Various alkaloids which have
been isolated from CM include lycorine, 1-O-acetyllycorine,
crinine, powelline, crinamine, crinamidine, 3-O-acetylha-
mayne, 1-epideacetylbowdensine, and cherylline [16]. Some
of these alkaloids such as lycorine have been reported to pos-
sess acetylcholinesterase (AChE) inhibitory activity [17] and
hence could be of benefit in treating dementia. In fact, a
recent study reported that a crude hydroethanolic extract of
CM had nootropic-like activity in a scopolamine-induced
amnesia BALB/c mouse model [18]. However, while the sco-
polamine AD mouse model used in the aforementioned
study [18] is commonly used for assessing nootropic-like
activity in rodents, it only assesses cognitive enhancement
resulting from the increase in the neurotransmitter—acetyl-
choline. Yet evidence in the literature suggests that AD is pri-
marily caused by neurodegeneration. Thus, it is possible that
the results seen in the study could not be replicated in a
model which exhibits neurodegeneration. There is, therefore,
a need to validate the results seen by Mugwagwa and col-
leagues [18] in a model that may be closer to AD. Hence, in
this study, we have investigated the possible nootropic effects
of CM using the aluminum chloride-induced dementia
mouse model. This model not only causes learning memory
impairment and cognitive decline in mice but also results in
neurodegeneration [19-21].

In order to investigate these effects, the Morris water
maze (MWM) and novel object recognition (NOR) test
protocols were used. In addition to the behavioral tests,
we also investigated the AChE inhibitory and free radical
scavenging activity.

2. Materials and Methods

2.1. Plant Collection. Fresh bulbs of C. macowanii were col-
lected in November 2014 at the University of Zimbabwe
(UZ) grounds, Harare coordinates 17°47'14.5"S 31°03'06.4"
E. The plant sample was authenticated by a taxonomist from
the Botanical Gardens and National Herbarium in Harare. A
total number of 24 bulbs were collected for this study.

2.2. Preparation of Crude Extract. The crude extract was pre-
pared as described by Mugwagwa et al. [18]. Briefly, fresh
bulbs of C. macowanii were washed with water and peeled.
They were dried under a shade for a period of 3 weeks. To
ensure complete drying, the scales were further oven-dried
at 55 degrees Celsius. The dried scales were reduced to fine
powder using a Thomas Scientific Mill Model 4 (Thomas-
Wiley Laboratory, USA) with a sieve size of 1 mm. A total
of 1.1 kg of dried powder was obtained. The powder was then
macerated in aqueous ethanol (70% v/v, up to 8L) (1:10
w/v). To ensure the extraction of alkaloids, the maceration
was continued for 72 hours with occasional shaking at room
temperature. The mixture was then filtered to remove the
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bulky material using a mutton cloth. The finer material was
filtered out by the process of vacuum filtration using Merck
number 454 filter paper. This solution was concentrated
using a Heidolph instrument, which was the Rotavapor
4000 (Heidolph, Germany). The resultant paste was freeze-
dried using Heto Lab Equipment, Heto Freeze Dryer 3
(Heto-Holten A/S, Denmark), for 48 hours to obtain 102 g
of the powdered crude extract. This powder was stored in a
cool dark place in a desiccator.

2.3. Animals. Male BALB/c mice (22-37 g) were purchased
from the animal house at the University of Zimbabwe. The
mice were housed at the animal holding room in the Clinical
Pharmacology Department of the University of Zimbabwe
and were allowed to acclimatize for a period of one week. A
natural hour light/dark cycle at room temperature was main-
tained, while a standard pellet diet was made freely accessible.
Tap water was provided ad libitum. Authorization to use
laboratory animals for the research project was granted by
the Joint Research and Ethical Committee (JREC approval
number: JREC/121/15).

2.4. Drugs and Reagents. Donepezil hydrochloride (DONZ)
(Actavis Limited, India) and crude extract of C. macowanii
were used. Aluminum chloride (ALCL) was obtained from
the School of Pharmacy, University of Zimbabwe. Normal
saline was used as the vehicle for both the CM and the
DONZ. Acetylcholinesterase enzyme assay kit was purchased
from Sigma Aldrich, South Africa. DPPH (2,2-Diphenyl-1-
(2,4,6-trinitrophenyl)hydrazyl) and ascorbic acid were
obtained from the Biochemistry Department, University of
Zimbabwe. The study was partly funded by the researcher
and the School of Pharmacy, University of Zimbabwe.

2.5. Grouping and Treatment Schedule. Mice were randomly
put into six different groups. Tails of each mouse were
marked with a nontoxic marker.
The mice were divided into 6 groups with 6 mice in each
group. The experimental design was conducted as described
by Mugwagwa et al. [18] and Linardaki et al. [22]. The exper-
imental design was as follows:
Group 1: CM 10 mg/kg/day, p.o.+ALCL 50 mg/kg/day
p-o. for 5 weeks

Group 2: CM 20 mg/kg/day, p.o.+ALCL 50 mg/kg/day
p.o. for 5 weeks

Group 3: CM 40 mg/kg/day, p.o.+ALCL 50 mg/kg/day
p.o. for 5 weeks

Group 4: DONZ 3 mg/kg/day, p.o.+ ALCL 50 mg/kg/day
p.o. for 5 weeks (positive control)

Group 5: water p.o. (vehicle control); for 5 weeks

Group 6: ALCL 50 mg/kg/day p.o. (negative control) 5

weeks

ALCL was given 30 minutes before DONZ and CM
extract to avoid possible interactions between aluminum
and other substances.

After 5 weeks, the mice were subjected to the MWM and
the NOR test. Following the behavioral tests, the acetylcho-
linesterase enzyme test and the DPPH free radical scavenging
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test were performed. In addition, FT-IR and LC-MS finger-
printing analysis of the same extract were also conducted.

2.6. Behavioral Tests

2.6.1. Morris Water Maze Test (MWM). The water maze used
was a large metallic circular pool painted black on the inside
(110 cm diameter and 40 cm in height). Water (20 +1°C) was
filled to a depth of 30 cm. The water maze area was divided
into four equal quadrants, and a colorless escape circular
platform (10 cm in diameter and 25 cm in height) was located
in the south-west quadrant. The experiment was monitored
using a camera which was positioned directly above the pool.
The MWM task was performed as described by Bromley-
Brits et al. [23]. Briefly, the experiment was conducted over
a period of 6 days. Each mouse was gripped at the base of
the tail and gently placed in the water, and time was noted
for the mouse to find the platform (escape latency). Mice
were given 4 trials per day. On day 1, the platform was made
visible by the water being 1 cm below the platform. On days
2-5, the platform was submerged below the water. Day 6
was the probe trial in which the platform was completely
removed, and the amount of time spent by the mouse in
the target quadrant (south-west) was noted. Each animal
was allowed 90 seconds to locate the platform. If an animal
failed to locate the platform within this period, it was gently
guided to the platform. The animal was left on the platform
for 5s upon locating it. The mouse was then dried with a
towel and placed back in the cage.

2.6.2. Novel Object Recognition (NOR) Task. The NOR task
was conducted as described by Mugwagwa et al. [18] to
assess short-term and long-term memory. The apparatus
consisted of an open rectangular box made of plastic with
the following dimensions: 43 cm x 31 cm x 16 cm. The exper-
iment was monitored by a camera placed directly above the
arena. The test consisted broadly of 2 phases: a sample and
test phase. During the sample phase, 2 identical objects
(white, square container) were placed equidistant from each
other. The mouse was placed in the arena for 5 minutes
and then placed back in the cage. The process was repeated
for all the animals. The apparatus was cleaned with ethanol
between each trial interval so as to remove any olfactory clues
which could have been left behind during previous trials. The
position of the identical and novel objects was interchanged
from left to right in order to prevent bias for a particular
location. The same procedure was conducted for the test
phase; however, one object was replaced by a novel object
(green plastic toy bus). After 5 days, the same procedure
was repeated except that the test phase was conducted
24 hrs after the sample phase. The time taken to explore
an object was noted.

Object exploration was defined as the mouse licking,
sniffing, touching the objects with the paws, or if its head
was oriented towards the object within a distance of 2 cm.

The following parameters were measured: time (in sec-
onds) spent exploring familiar object (T}), time (in seconds)
spent exploring the novel object (T,), and total time (in sec-
onds) spent exploring both objects (T + T})). The percentage

of discrimination index (DI%) was determined using the fol-
lowing equation:

DI(%) = (T Z“Tf) x 100, (1)

n

where DI=discrimination index, T,=time (in seconds)
spent exploring the novel object, and T;=time (in seconds)
spent exploring the familiar object.

2.7. Biochemical Tests

2.7.1. Acetylcholinesterase Enzyme Activity Test. Three mice
from each study group were sacrificed, and their brains were
isolated. The acetylcholinesterase enzyme (AChE) activity
test was performed using the AChE enzyme kit from Sigma
Aldrich, which measures the AChE activity of the brain
homogenate. The assay is based on the Ellman method in
which thiocholine, produced by AChE, reacts with 5,5¢-
dithiobis (2-nitrobenzoic acid) to form a colorimetric
(412 nm) product, which is proportional to the AChE activity
present. The isolated brain samples were homogenized with
0.1 M phosphate buffer, pH7.5, followed by centrifugation
at 14,000 rpm. The supernatant was used for the assay. The
following equation was used to calculate the ACHE activity:

J T
AChE activity(units/L) = —min___10min 5 » 200, (2)
calib — Ablank

where 200 =equivalent activity (units/L) of the calibrator
when assayed—read at 2 minutes and 10 minutes, n = dilu-
tion factor, A, . =absorbance of the calibrator at 2 minutes,
A omin =absorbance of the calibrator at 10 minutes, A_,;
brator = absorbance of the calibrator at 10 minutes, and
Apjani = absorbance of the blank at 10 minutes.

2.7.2. DPPH Radical Scavenging Assay. The free radical scav-
enging effect of CM was examined using the method employed
by Doreddula et al. [24]. Briefly, one mL of 0.2 mM DPPH
solution in methanol was mixed with the 1mL extracts
of 3.2, 6.3, 12.5, 25, 50, 100, 200, and 400 yg/mL concen-
trations, respectively. Absorbance was measured at 517 nm
after incubation of the mixture in the dark for 20 min. The
free radical scavenging activity of CM was determined by
comparing its absorbance with that of a blank solution.
Ascorbic acid was used as a reference standard.

The ability to scavenge the DPPH radical was calculated
using the following equation:

DPPH radical scavenging activity(%) = # x 100, (3)

b

where A, =absorbance of the blank and A =absorbance of
the sample.

2.8. Fingerprinting of the Extract of Crinum macowanii.
Phytochemical fingerprinting of the extract used in this study
was done using LC-MS and FT-IR analysis. In addition, rudi-
mentary qualitative phytochemical screening was conducted
to identify possible secondary metabolites in the extract.
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2.8.1. LC-MS Analysis. LC-MS analysis was carried out
using an Agilent HPLC 1260 System, and an Agilent Q-
TOF 6530 mass spectrometer was used as the detector
for fingerprinting the extract. 1mg of free dried sample
extract was dissolved in 1 mL of methanol:water (50:50)
by volume. The resulting mixture was transferred into a
5mL syringe and filtered through a 0.22um acrosdisc
syringe filter into an HPLC vial for LC-MS/MS analysis.
Gradient elution with composition as follows: solvent A:
(water with 0.1% formic acid), solvent B: acetonitrile with
0.1% formic acid, and injection volume: 5uL. Column
temperature was maintained at 40°C and with a total run
time of 27 minutes. The LC-Q-TOF-MS data was analyzed
using Agilent Technologies Mass Hunter Software Version
B.07.03 (509).

2.8.2. FT-IR Analysis. A Fourier-transform infrared (FT-IR)
spectrophotometer was used to identify the characteristic
functional groups in the extract as a further fingerprint. A
portion of the freeze-dried sample was placed on the FT-IR
plate with a spatula, and the spectrum was read after back-
ground subtraction using the Perkin Elmer Analyst software
version 10.5.2.

2.8.3. Phytochemical Screening. Rudimentary phytochemical
screening was performed as described by Yadav et al. 2014
[25]. Phytochemical tests were performed for tannins, flavo-
noids, alkaloids, steroids, glycosides, and saponins.

(a) Alkaloids: test for alkaloids. The crude extract
was mixed with 2mL of 1% HCI and heated gently.
Mayer’s and Wagner’s reagents were then added to
the mixture. The turbidity of the resulting precipitate
was taken as evidence for the presence of alkaloids

(b) Steroids: test for steroid. The crude extract was mixed
with 2mL of chloroform and concentrated sulfuric
acid was added sidewise. A red color produced in
the lower chloroform layer indicated the presence
of steroids

—~
O
~

Glycosides: test for glycosides Liebermann’s test. The
crude extract was mixed with each of 2mL of chlo-
roform and 2mL of acetic acid. The mixture was
cooled in ice. Carefully concentrated sulfuric acid
was added. A color change from violet to blue to
green indicated the presence of a steroidal nucleus,
i.e,, glycone portion of a glycoside

(d

=

Saponins: test for saponins. The crude extract was
mixed with 5mL of distilled water in a test tube,
and it was shaken vigorously. The formation of
stable foam was taken as an indication for the
presence of saponins

—~
o
~

Flavonoids: alkaline reagent test. The crude extract
was mixed with 2mL of 2% solution of NaOH. An
intense yellow color was formed which turned color-
less on the addition of a few drops of diluted acid
which indicated the presence of flavonoids

Behavioural Neurology

3. Data Analysis

All the results were expressed as mean+SEM. Data for the
MWM test were analyzed by analysis of variance (ANOVA)
followed by Tukey’s post hoc test in GraphPad Instat package
version 7.03. Data analysis for the NOR task was evaluated
using one-way analysis of variance (ANOVA) followed by
Dunnett’s Multiple Comparison tests in GraphPad Prism
(version 7.03).

Two-way repeated measures (mixed model) ANOVA
followed by Bonferroni posttests were used to compare
the two objects in the object recognition task in GraphPad
Prism (version 7.03). Data for the biochemical tests were
analyzed using two-way analysis of variance (ANOVA)
followed by post hoc multiple comparisons using Bonferroni
tests. P < 0.05 was considered significant.

4. Results

4.1. Morris Water Maze. The effect of Crinum macowanii at
three doses (10, 20, and 40 mg/kg) on aluminum chloride-
induced memory impairment was investigated. The MWM
behavioral test was utilized to assess the escape latencies
(EL) and time spent in the target quadrant (TSTQ) expressed
in seconds.

Results for the EL for all groups are shown in
Figure 1(a). There were significant differences in the EL
amongst the groups during the course of 5 days (f=37.43,
P <0.0001). There was also a significant difference in the
EL between mice in the CM 40 mg/kg group and Alumi-
num chloride (ALCL) group (P <0.0001) with a mean EL
of 26.77 +1.67 s and 56.43 + 2.84 s, respectively. A significant
difference was also noted between the DONZ 3 mg/kg group
and ALCL group (P < 0.0001). No significant difference in
EL was seen between CM group at 40 mg/kg and DONZ
3mg/kg group (P <0.9070). The EL for the ALCL group
(mean of 56.43 + 2.84 s) was significantly higher than the vehi-
cle control group (water, mean of 40.53 +2.3s). The DONZ
3mg/kg group demonstrated the lowest EL (23.54+1.64s)
followed by the CM at 40mg/kg group (26.77+1.67s).
Comparing the three dosage groups of CM, the CM at
40mg/kg group showed the lowest EL followed by the
CM at 20 and 10 mg/kg groups.

On day 6, the probe trial was performed wherein the time
each mouse spent in the target quadrant (TSTQ) was noted.
Results are shown in Figure 1(b). The ALCL group spent
the least amount of time in the target quadrant (4.5+1.25),
while the highest was seen with the DONZ 3 mg/kg group
(28.83 +2.13 5). No significant difference was seen in the time
spent in the target quadrant between DONZ 3 mg/kg and
CM 40 mg/kg (P =0.9358). The CM 40 mg/kg treated group
showed significantly more time spent in the target quadrant
than the ALCL-treated group (P < 0.0001).

4.2. Novel Object Recognition Test. The NOR test assessed
short-term and long-term memory function. It consisted of
a sample and test phase. The discrimination index (DI) was
calculated for each trial of the test phase to assess the prefer-
ence for the novel object.
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F1GURE 1: (a) Escape latencies (s) for all groups from day 1 to day 5. Effect of Crinum macowanii (10, 20, and 40 mg/kg) on Morris water maze
task. *versus ALCL, P < 0.0001, **versus ALCL, P < 0.0001. One-way analysis of variance followed by Tukey’s post hoc test. (b) Time (s) spent
in the target quadrant. * versus donepezil, P =0.9538, " versus ALCL-treated group, P < 0.0001.

The DI for the short-term phase is shown in Figure 2(c).
During the short-term phase, there was no significant differ-
ence in the DI amongst the groups except between the CM
40 mg/kg and ALCL groups (P <0.0316). The DI for the
CM 40mg/kg group (%DI=58.97+1.05) was higher than
the DONZ 3 mg/kg group (% DI=53.62+2.1) during the
short-term memory task, although this was not significant
(P=0.4509). During the short-term memory test, the DI
was above 50% for all groups except for the ALCL-treated
group (% DI=49.1+3.55). The same was observed for the
long-term memory test (% DI=46.58 +3.76).

During the long-term memory test shown in Figure 2(f)
the DONZ 3mg/kg treated group showed a significantly
higher DI than the ALCL group (P < 0.0071).

During the sample phase of the short-term memory test,
there was no significant difference in the time spent exploring
each identical object (P > 0.05). In the test phase of the short-
term memory test, CM 40 mg/kg treated mice spent signifi-
cantly more time exploring the novel object than the familiar
object (P =0.0180).

During the sample phase of the long-term memory
test, there was no significant difference in the time spent
exploring each identical object (P >0.05). The CM 10, 20,
and 40 mg/kg, DONZ 3mg/kg, and the control (water)
treated mice spent more time exploring the novel object;
however, this difference was not significant. In both test
phases for short and long-term memory, the ALCL-treated
mice showed more time exploring the familiar object than
the novel object. This again was not statistically significant.

4.3. Acetylcholinesterase Enzyme Activity Test. The results for
the AChE test are shown in Figure 3. The CM-treated
group at 40 mg/kg exhibited significantly decreased acetyl-
cholinesterase enzyme (AChE) activity as compared to the

ALCL-treated group (P <0.0001) and the control group
(P=0.0013). The donepezil-treated group showed the low-
est AChE activity (1421+23.75UL) followed by the CM
40 mg/kg treated group (2549 +28.65UL). The donepezil-
treated group was seen to have a significantly lower AChE
activity than the ALCL-treated group (P <0.0001).

4.4. DPPH Radical Scavenging Assay. DPPH radical scaveng-
ing activity is shown in Figure 4. A dose-dependent increase
in free radical scavenging activity was seen with an increased
dose of CM; however, the DPPH free radical scavenging activ-
ity of ascorbic acid was significantly higher (P < 0.0001) than
that of CM at all concentrations.

4.5. Results for Fingerprinting

4.5.1. LC-MS Analysis. The results for LC-MS chemical
fingerprint are presented in Figure 5. The extract used in this
study showed a number of prominent links. As this was
meant to only be a fingerprint, no attempt was made at trying
to identify the compounds associated with the respective
retention times and mass to charge ratios.

4.5.2. FT-IR Analysis. The FT-IR fingerprint of the com-
pound suggested the presence of various functional groups,
which included alkyl, ketone, aldehyde, carboxylic acids,
esters, and amide groups. This is presented in Figure 6.

4.5.3. Phytochemical Screening. Rudimentary phytochemical
screening of the crude hydroethanolic extract of CM
suggested the presence of alkaloids, steroids, glycosides,
saponins, and flavonoids.
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F1GURE 2: (a) Novel object recognition test, short-term memory, and sample phase. (b) Novel object recognition test, test phase, and short-
term memory. (c) Novel object recognition test, discrimination index for short-term memory. Effect of Crinum macowanii (CM) (10, 20, and
40 mg/kg) on the short-term memory object recognition task: (a) exploration times in the sample phase, (b) exploration times in the test
phase, and (c) discrimination index. *P=0.0180 novel object versus familiar object, #P =0.0358 versus ALCL. ((a) and (b)) Two-way
repeated measures (mixed model) ANOVA followed by Bonferroni posttests. (c) One-way analysis of variance followed by Dunnett’s
Multiple Comparison tests. (d) Novel object recognition test, sample phase, and long-term memory. (e) Novel object recognition test, test
phase, and long-term memory. (f) Novel object recognition test, discrimination index, and long-term memory. Effect of Crinum
macowanii (CM) (10, 20, and 40 mg/kg) on the long-term memory object recognition task: (d) exploration times in the sample phase, (e)
exploration times in the test phase, and (f) discrimination index. (**P=0.0071 versus ALCL). ((d) and (e)) Two-way repeated measures
(mixed model) ANOVA followed by Bonferroni posttests. (f) One-way analysis of variance followed by Dunnett’s Multiple Comparison tests.

5. Discussion recognition task and the Morris water maze test for assessing
memory function.
The current study investigated the effect of a hydroethanolic Memory function in animal models is generally assessed

extract of Crinum macowanii bulbs in the aluminum  using various behavioral tasks. We have employed the Morris
mouse model for Alzheimer’s disease using the novel object ~ water maze and novel object recognition task. The MWM
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