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ABSTRACT 

Background and objectives:  Alzheimerôs disease, the most common form of dementia, is a 

significant cause of morbidity worldwide. There is no cure for Alzheimerôs disease and current 

management is only symptomatic. According to Alzheimerôs Disease International, 68% of all 

people living with dementia will be from lower middle income countries by the year 2050. 

Galantamine, an alkaloid obtained from Galanthus caucasicus (Amarylildaceae) is an approved 

treatment of Alzheimerôs disease. Crinum macowanii is a bulbous, alkaloid rich plant which 

belongs to the same family. Galantamine, Donepezil, Rivastigmine, Tacrine and Memantine are 

all FDA approved drugs for the management of Alzheimerôs disease, two of which are of herbal 

origin. Hence, it becomes imperative to research more effective and efficient natural medical 

treatment options for AD. The primary aim of this study was to investigate if a hydroethanolic 

extract of Crinum macowanii had any effect on learning and memory behaviour using the Morris 

Water Maze and the Novel Object Recognition task. 

Methodology: Two groups of BALB/c mice were used to assess the memory enhancing effects of 

Crinum macowanii using two different animal models. Namely, the aluminum chloride and 

scopolamine mouse model. Induction of amnesia was carried out using oral administration of 

scopolamine in the scopolamine model and oral administration of aluminium chloride in the 

aluminium chloride mouse model. Crinum macowanii (10, 20, 40 mg/kg) was tested against 

scopolamine and aluminum chloride induced cognitive decline. The Morris Water Maze and Novel 

Object Recognition tests 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 discrimination index was calculated for the Novel Objection Recognition 

test. Neuromotor function was assessed using the rotarod test. Biochemical tests to assess the 

acetylcholinesterase enzyme, antioxidant assays and basic phytochemical analysis were also 

performed. One-way analysis of variance followed by Tukeyôs post hoc test were performed and 

P<0.05 was considered significant. 

Results: In the Morris Water Maze test, the Crinum macowanii 40 mg/kg group was observed to 

have a significantly smaller escape latency than the aluminum (26.77s vs 56.43s) and scopolamine 

(24.1s vs 58.4s) treated groups (P<0.0001). Crinum macowanii 40 mg/kg treated mice were also 

observed to be comparable to the donepezil 3 mg/kg group. During the short-term memory task of 

the Novel Object Recognition test, it was observed that Crinum macowanii 40 mg/kg (59.86%) 

treated mice had a significantly higher discrimination index than aluminum chloride (49.11%) 

treated mice (P<0.0316). The same was not observed during the long-term memory phase as no 

significant difference was seen in the discrimination index between Crinum macowanii and 

aluminum chloride treated mice (P=0.0621).  Against scopolamine induced cognitive decline, the 

Crinum macowanii group at high doses (40 mg/kg) demonstrated a significantly higher 

discrimination index than the scopolamine treated mice. Results for the antioxidant assay suggest 

that the extract of Crinum macowanii possesses antioxidant activity. Results of the rotarod test 
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depict that the extract of the Crinum macowanii 40 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 of Crinum macowanii at a dose of 40 mg/kg improved learning and memory behaviour in 

the aluminum and scopolamine mouse model. Hence, Crinum macowanii may be useful in the 

treatment of Alzheimerôs disease and related dementia. However, further studies are recommended 

which should study the effect of individually isolated alkaloids from Crinum macowanii against 

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 short-term memory loss as the first clinical symptom followed by long-term memory 

loss, problems in calculations and difficulty in using common objects or tools (Brunton et al, 

2007). It is the 4th highest cause of death in high-income countries surpassing hypertension, 

diabetes, breast cancer and even HIV causing 49 deaths per 100 000 in the United States alone. 

Close to 83000 deaths were caused by AD in 2010 (Alzheimer's Association, 2013), compared to 

15000 deaths due to HIV (HIV Surveillance Report, 2011).  

Data for AD in Africa is very limited. In sub-Saharan Africa (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 

(Guerchet, et. al, 2017). According to a study conducted by Kalaria et. al, (2008), the incidence of 

dementia is likely to increase in the developing world. AD accounts for 60% of dementia in these 

regions. The study also concluded that one form of prevention of dementia is through the use of 

traditional and medicinal plant extracts. 

Despite the morbidity and mortality of AD, the disease is very costly to treat and manage. Very 

few drugs are available for its treatment which are often lack effectiveness (Casey, Antimisiaris & 

OôBrien, 2010). Late stages of AD result in many physical disabilities, hence apart from the high 

cost of medical treatment, caregiving is also a considerable cost for managing AD. On average, 

USD 45,657 is the cost per person for health care and long-term care services for AD in the US 
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(Alzheimer's Association, 2013). Despite this 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, whereas free radical species have also been 

seen to promote neurotoxicity (Dipiro et al, 2008). Current FDA approved treatment options for 

AD are galantamine, donepezil, rivastigmine, tacrine and memantine most of which inhibit the 

Acetylcholinesterase Enzyme (AChE), while Vitamin E is often prescribed to reduce oxidative 

stress, and thus for AD prevention (Dipiro et al, 2008). Of interest is Galantamine, an alkaloid 

used for treating AD, obtained from the bulbs of Galanthus caucasicus (Amaryllidaceae) because 

it is a natural product. 

The Amaryllidaceae family of plants has been the center of attention for many years. Species from 

this family are known to contain alkaloids which have been understood to be a vital group of AChE 

Inhibitors. Lycorine, among many others, is another alkaloid obtained from the same family which 

has been shown to be more potent than galantamine as an AChE inhibitor (Loizzo et al, 2008). 

Lycorine, has also been shown to have antioxidant activity, a property which may be useful to 

prevent AD. 

A medically relevant plant species of the Amaryllidaceae family is Crinum. Crinum species have 

been used in traditional medicine in Africa for years as emetics, laxatives, antipyretics, anti-

malarial, anti-aging and antitumor therapy (Refaat et al, 2013).   

Crinum macowanii (CM) (Amaryllidaceae) also known as ibhucu, umNduze in sub-Saharan Africa 

is indigenous to Zimbabwe. Like other crinum species, CM has also been found to contain 

alkaloids, namely; krepowine, buphanidrine, crinamidine, crinamine, crinine, bowdensine, and 

macowine amongst others (Refaat et al. 2012). In Zimbabwe, CM is used in traditional medicine 
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for backache, emesis, to increase lactation in both humans and animals, and for venereal diseases 

(Gelfand et al. 1985). However, recent evidence suggests that extracts of this plant could have 

potential nootropic like activity (Mugwagwa et al, 2015) 

 

1.2. Problem Statement 

Alzheimerôs disease is a chronic illness characterized by memory loss and loss of motor function. 

Early stages of AD are difficult to diagnose. Currently, there is no diagnostic test which 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 to access in resource limited settings. The high cost of treatment, 

unavailability of medication and decreased efficacy of current approved treatment options are 

some of the problems which this study intends to address.  

In resource limited countries, drugs used for the management of AD 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 years, presents a serious challenge. This study aims to address these challenges by 

investigating the memory enhancing effect of a crude sample of CM.  

Currently there is no medication available for the cure and prevention of Alzheimer's disease 

(Winslow et al, 2011). FDA approved drugs for AD are not easily available and are very expensive 

with AD being described as the most expensive disease to manage in America. In 2018, the global 

cost of AD was US$ 1 trillion  and is expected to increase (World Alzheimer report, 2018). 

However, in the developing world where Medicaid is not as common, most of these costs will be 

borne by the patient. Hence it becomes crucial for more affordable and efficient medical therapies 

for AD to reduce the burden of AD in both high and low-income nations. Plant-derived options 
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for AD e.g. Galantamine, in some cases was shown to be superior to synthetic ones (donepezil) by 

demonstrating an improvement in language skills and cognition (Zhang Z. et al, 2012). Despite 

their success, current plant derived anticholinesterase agents may cause side effects which range 

from vomiting to cardiovascular effects (Dipiro et al, 2008) suggesting that the search should 

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

One such plant is Crinum macowanii which could possibly provide a treatment option for AD 

especially in resource-limited settings where conventional drugs are difficult to obtain. 

 

1.3. Justification 

It is known that AD involves the deficiency of acetylcholine (Francis et al, 1999), while the 

pathology of AD suggests that oxidants or free radicals could damage neurons which results in AD 

(Su et al, 2008).  

Plant-derived alkaloids have been shown to be well tolerable in terms of side effects, while Crinum 

alkaloids not only provide anticholinesterase activity but have also exhibited antioxidant activity 

(Oloyede et al, 2010) ï this may provide a symptomatic as well as a preventive option for AD.  

CM is known to contain similar alkaloids as other members of the Amaryllidaceae family, 

furthermore, the plant is very easily available in Zimbabwe and has been used as a traditional 

medicine for many years (Gelfand et al 1985). This provides a potentially cost-effective, safe, 

effective therapy for AD.   

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

resulting from either neuronal damage or the increased breakdown of ACh. A common mode of 



5 
 

action of most approved drugs for AD is that they work by decreasing the breakdown of ACh 

through inhibiting the enzyme acetylcholinesterase.  

Ideally, a drug for the management of AD must have a neuroprotective property as well as the 

ability to prevent the breakdown of ACh. Hence, if the extract of Crinum macowanii offers 

antioxidant and anticholinesterase activity, it could provide a basis for the formulation of a drug 

for the prevention and treatment of AD.  

It is known that metabolites of plants belonging to similar families may have similar functions 

(Labarrere et al, 2019). The Amaryllidaceae family of plants possess alkaloids (namely 

isoquinoline type alkaloids) which are mainly restricted to the Amaryllidaceae family (Kilgore, & 

Kutchan, 2016; Ding et al, 2017). Galantamine, an alkaloid obtained from plant sources of the 

same family, has been a successful drug for the treatment of AD. CM belongs to the 

Amaryllidaceae family, hence it can be speculated that CM may contain alkaloids which possess 

similar activity.  

Any study which assesses the efficacy of a drug requires a relevant animal model. The present 

study employed two different animal models: the scopolamine (SCO) and aluminum chloride 

(AlCL3) animal models. SCO is an alkaloid which is a known anticholinergic substance. SCO 

possesses a similar structure to ACh but antagonizes its action. The SCO animal model is a very 

common animal model used to assess cognitive function. Administration of scopolamine to mice 

was shown to impair memory and learning (Saraf et 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 pathologies often seen in AD have been seen in the 

aluminum mouse model, (Rodella et al., 2008) which is one of the mouse models that was be used 

in this study. It is believed that these pathologies namely Tau proteins and neurofibrillary tangles 
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are the cause of AD-like symptoms and the very same pathologies have been seen in human AD 

brains (Dipiro et al, 2008).  

Through the antioxidant activity of the alkaloidal extract of CM, it may be possible to prevent or 

treat these AD-like pathologies in the brain. Therefore, two animal models will be used in this 

study: The Aluminum and Scopolamine mouse model. 

A study conducted by Mugwagwa et al, (2005) found that the extract of CM may be useful for 

dementia, However, the study did not utilize the Morris Water Maze as a behavioral test and the 

aluminum mouse model as the animal model. The MWM is one of the most common behavioral 

test used to study learning and memory in rodents, hence the utilization of the MWM in this study 

has allowed us to investigate the effects CM on learning and memory in mice in more detail. 

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

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

 

1.4. Research questions 

¶ What is the alkaloid profile of the extract obtained from CM bulbs in Zimbabwe? 

¶ Does Crinum macowanii bulb extract obtained in Zimbabwe possess AChE inhibiting 

activity in vitro? 

¶ Does Crinum macowanii bulb extract obtained in Zimbabwe possess Antioxidant free 

radical scavenging activity in vitro? 

¶ Does a repeated dose of a hydroethanolic extract of Crinum macowanii bulbs have any 

effect on memory and learning in BALB/c mice models of AD. 
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¶ Does a repeated dose of a hydroethanolic extract of Crinum macowanii bulbs have any 

effect on neuromotor behaviour in BALB/c mice models of AD. 

 

1.5. Hypothesis: 

The null hypotheses: 

¶ The hydroethanolic extract of the bulb of CM obtained in Zimbabwe does not exhibit 

anticholinesterase activity and antioxidant free radical scavenging activity in vitro. 

¶ Repeated dosing of a hydroethanolic extract of Crinum macowanii bulbs has no effect on 

memory, learning and neuromotor behaviour in BALB/c mice models of AD. 

 

1.6. Objectives  

1.6.1. Main objective: 

Investigation of the potential effects of repeated doses of hydroethanolic extracts of Crinum 

macowanii on memory, learning and neuromotor behaviour in two different mouse models of 

Alzheimer's disease. 

 

1.6.2. The Specific Objectives: 

¶ To describe the phytochemical profile of a hydroethanolic CM extract obtained in Zimbabwe 

using standard chemical identification tests. 

¶ To determine the potential in vitro anticholinesterase enzyme inhibitory activity of a 

hydroethanolic extract of CM using the anticholinesterase assay kit using the Ellmanôs 

method. 
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¶ To determine the potential in vitro antioxidant activity of the extract of CM using the  2,2-

diphenyl-1-picrylhydrazyl (DPPH) assay method. 

¶ To determine the effects of repeated doses of hydroethanolic extracts of CM on memory and 

learning behaviour in scopolamine-induced mouse model of AD using the Morris Water 

Maze by assessing time taken to reach the escape platform (escape latency), and the Novel 

Object Recognition test by assessing time taken in exploring a novel object (discrimination 

indices). 

¶ To determine the effects of repeated doses of hydroethanolic extracts of CM on memory and 

learning behaviour in the Aluminum-induced mouse model of AD using the Morris Water 

Maze by assessing time taken to reach the escape platform (escape latency), and the Novel 

Object Recognition test by assessing time taken in exploring a novel object (discrimination 

indices). 

¶ To determine the effects of repeated doses of hydroethanolic extracts of CM on neuromotor 

behaviour in the scopolamine-induced mouse model of AD using the rotarod test by 

assessing the retention time (s) of the mouse on the rotating rod. 
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CHAPTER 2 

2. Literature Review 

2.1. Alzheimerôs Disease 

The primary effects of AD are loss of long and short-term memory, inability to make simple 

calculations, finding it difficult to make sense of anything and the inability to plan and carry out 

things in a sequential order or to follow instructions.  

Visuo- spatial dysgnosia-  a loss of the sense of "whereness" is another salient feature of AD. 

Symptoms of Visuo- spatial dysgnosia include the inability to draw, difficulty in navigation or an 

inability to distinguish right from left (Cogan,1979) 

AD is characterized by pathological hallmarks: neurofibrillary tangles and tau proteins. These two 

hallmarks have been consistent in brains of people with AD. Knowing the pathology of AD makes 

it vital to test any drug on appropriate animal models. Rodella et al. (2008) have demonstrated that 

exposing mice to aluminum causes AD-like pathologies, suggesting that this is a suitable model 

for AD, while Sharaf et al. (2011) have shown that scopolamine can impair memory.  

2.1.1. Signs and symptoms of Alzheimerôs disease 

The signs and symptoms of AD are vast and vary depending on the phase of AD. Cognitive defects 

are one of the salient symptoms of AD which involve memory loss. However, neuropsychiatric 

symptoms are also commonly observed symptoms in patients with AD (Lyketsos et al., 2011). 

Short-term memory loss is the first phase of AD. People 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 stages of AD. Amyloid beta is one such biomarker often observed in older 

patients. Similarly, patients who are genetically at risk of AD, have been shown to accumulate 

amyloid beta several years before the actual manifestation of AD (Sperling et al. 2011).  

One of the most common symptoms of AD during the early stages is apathy (Landes et al., 2001). 

During the early stages of AD, executive functions such as language and movement are more 

prominently affected than memory. Language problems affect both written and oral language 

(Förstl et al., 1999). Short-term memory is affected more than long-term memory during the early 

stages of AD. As the disease progresses, other abilities are affected such as speech, writing and 

reading skills and the inability to recall vocabulary. Although not so noticeable, fine motor skills 

such as writing are also adversely affected. Moderate symptoms also include behavioural 

symptoms such as irritability and aggression. Reduced motor coordination becomes evident and 

patients often are at an increased risk of falling (Förstl et al., 1999). People affected with moderate 

AD often fail to recognize close relatives and it is during this stage where loss of long-term 

memory is observed. During the late stages of AD, language is reduced to such an extent that may 

lead to the complete loss of speech. Inability to perform simple tests and a visible reduction in 

muscle mass render most bedridden (Förstl et 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 adversely affect quality of life (Lyketsos et al., 2011). 

2.1.2. Causes of AD 

The exact cause of AD is unknown although many hypotheses have been identified. These include 

the cholinergic hypothesis, amyloid hypothesis, and Tau hypothesis. Genetics also has a role to 

play, however its percentage is small (Reitz & Mayeux, 2014).  

javascript:void(0);
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2.1.2.1. The Amyloid hypothesis 

Amyloid beta are peptides which are responsible for the protection of the central nervous system 

(Brothers, Gosztyla, & Robinson, 2018). They consist of various amino acids which are derived 

from the amyloid precursor protein (APP). Enzymatic cleavage of the APP results in the formation 

of amyloid beta. Amyloid beta can aggregate to form oligomers. These oligomers are toxic to 

nerve cells. Normally, amyloid beta is released outside the cell and subsequently degraded, 

however in AD, amyloid beta is not degraded. Instead, it accumulates to form a plaque known as 

amyloid plaque which leads to neurotoxicity (Kametani et al., 2018). Although there is a strong 

link between beta-amyloid deposition and AD, there are still many other pathologies seen in AD 

such as neuronal loss, aggregation of phosphorylated tau and inflammatory causes (Turner R., 

2006) 

2.1.2.2. Tau hypothesis 

Tau is a protein responsible for microtubule stabilization. The hyperphosphorylation of tau protein 

results in its aggregation. These aggregates are known as neurofibrillary tangles (NFT) (Lee et al., 

2005). This theory suggests that the tau protein when hyperphosphorylated, joins with other tau 

proteins forming neurofibrillary tangles. This results in the destruction of the neuronal cell 

structure leading to miscommunication between neurons (Iqbal, 2005). Neuronal damage resulting 

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

symptoms of AD. 

2.1.2.3. The cholinergic hypothesis 

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

neurotransmitter. 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 alertness. Ridley et al. have demonstrated that scopolamine (a cholinergic 

antagonist) impairs learning and memory suggesting that ACh has a vital role in AD (Ridley et al., 

1984).  

The basic structure of ACh consists of a choline molecule, the oxygen atom of which has been 

acetylated. The structure is shown in figure 2.1. ACh is synthesized in the body within neurons. 

Choline acetyltransferase is the key enzyme responsible for the synthesis of ACh from choline and 

acetyl-coenzyme A.  

 

 

Figure 2.1: Structure of Acetylcholine 

 

The cholinergic system has an important role to play in the pathogenesis of AD. Damage to the 

cholinergic system has been shown to result in cognitive decline (Francis et al 1999). Analysis of 

AD brains at postmortem revealed neurofibrillary tangles (NFT) formation and neuronal loss 

(DeKosky et al., 1996, Mann et 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 cleft which 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. (Francis et al., 1999). 
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Figure 2.2: Normal cholinergic transmission vs abnormal cholinergic transmission. Formation and 

break down of acetylcholine. 
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2.1.3. Medical treatment of AD 

Currently, there is no cure for AD. There are 5 FDA approved medications for the treatment of 

AD which mostly revolve around the increase of the neurotransmitter ACh in the brain. These 

drugs may be divided into 2 categories: acetylcholinesterase inhibitors (AChEI) and NDMA 

receptor antagonists.  

2.1.3.1. (a) Acetylcholinesterase inhibitors 

There are 4 approved AChEIôs namely: Tacrine, Galantamine, Rivastigmine and Donepezil of 

which Galantamine is plant derived. Rivastigmine is a semi-synthetic alkaloid related to 

physostigmine. As previously stated in the cholinergic hypothesis, memory loss is a result of a 

decrease in ACh in the brain. Drugs such as Galantamine prevent the breakdown of ACh by 

inhibiting AChE. (Stahl et al., 2000). 

Galantamine is an alkaloid obtained from the genus Galanthus 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 

Memantine is an NDMA receptor antagonist used for the treatment of moderate-to-severe AD. It 

is an non-competitive 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 high incidence of adverse effects or low efficacy. 

During a 10-year period prior 2012, various trials were carried out on 244 different compounds of 

which only one drug (memantine) was approved (Cummings et al., 2014). Monoclonal antibodies 

have been a recent advancement in the AD. Promising results were seen for Solanezumab 

(McCartney et al., 2015) however, this drug failed to pass phase III clinical trials. BAN2401 is a 

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 underway to determine the 

efficacy of BAN2401 in treatment of mild cognitive impairment due to AD (NIH, U.S. National 

Library of Medicine, 2019). 

Significance of research 

The result of this study is aimed at alleviating problems associated with AD, such as the decreased 

efficacy, unavailability of medication used to treat AD and also prevention of AD. If the crude 

extract of CM is found to have anti-amnesic and antioxidant properties which can be demonstrated 

by the MWM and the NOR test, then the extract of CM may be a possible treatment and preventive 

option for AD. 

2.2. Amarylli daceae 

The Amaryllidaceae family consists of bulbous and perennial plants. It contains an estimated 1600 

species (Christenhusz et al., 2016). Crinum is a genus of 180 plants. It belongs to the same family. 

Crinum macowanii is one such plant of the crinum genus.  
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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 drugs- Galantamine, is an alkaloid isolated from Galanthus caucasicus 

which belongs to the Amaryllidaceae family of plants. This family is also the same family which 

our current plant of interest belongs to. 

Crinum is an important genus of the Amaryllidaceae family due to its content of alkaloids. 

Approximately 180 alkaloids have been isolated and identified from crinum species (Refaat et al., 

2012). The Genus is widespread containing about 90 genera and 1310 species. CM is a rather 

unexplored plant from the Amaryllidaceae family. CM goes by the name of dururu and umduze in 

the local Shona and Ndebele languages respectively (Gelfand et al., 1985).  

Few studies have been performed on CM to investigate its potential pharmacological effects, most 

focusing on investigating its phytochemistry. Mugwagwa et al 2015, investigated the antiamnesic 

effects of CM using the Y-Maze test and the Novel Object Recognition Test on the Scopolamine 

induced dementia animal model. Administration of CM was seen to improve memory in the Y-

Maze test and the long-term phase of the Novel Object Recognition Test. However, the study 

conducted by Mugwagwa and colleagues did not utilize the Morris Water Maze Test and the 

Aluminium Chloride mouse model both of which may have provided a more robust investigation. 

Furthermore, Mugwagwa et al. 2015 employed a single dose administration schedule. 

Thus, to date, no study has evaluated the memory enhancing effect of CM on the Morris water 

maze using the Aluminium 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 been identified from different crinum species (Refaat et al., 

2012), some of which may exhibit anticholinesterase activity. CM, like other crinum species, has 

also been found to contain alkaloids, namely-  krepowine, buphanidrine, crinamidine, crinamine, 

crinine, bowdensine, and macowine amongst others (Refaat et al., 2012). Anticholinesterase in 

vitro activity in CM has also been reported (Jäger et 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 non-human origin which are used to study a biological attribute seen 

in humans or non-humans. The expectation is that the 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 animal model should be easy to reproduce, cost-

effective and 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 aluminum mouse model have been employed in this 

study.  Non-transgenic mouse models are very commonly used particularly in resource limited, 

settings due to their low cost. (Puzzo D et al., 2014)  

2.3.1. Aluminum mouse model 

The Aluminium mouse model is a reliable mouse model for studying dementia in mice because 

Aluminium (AL) is known as a toxic metal known to cause memory loss. Furthermore, mice 

treated with AL result in AD-like pathologies. Aluminum is a common and abundant metal. 

Various reports have shown that aluminium is a neurotoxin. In 1988, in Camelford, UK, drinking 
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water was accidentally contaminated with aluminum which resulted in short-term memory loss 

(Altmann et al., 1999). Another study reported that a high concentration of AL in drinking water 

correlated to a high incidence of AD (Martyn et al.,1989) 

One study found that oral intake of AL in mice resulted in the increase in the amyloid beta protein, 

a protein which results in the pathogenesis of AD (Praticò et al., 2002). While, another study 

demonstrated that oral exposure to AL resulted in impaired spatial learning memory in mice 

(Rodella et al., 2008). These findings suggest that the aluminum-induced mouse model may be an 

ideal animal model for the study of AD and related pathologies as it has been shown 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 

Scopolamine is a tropane alkaloid which acts as a muscarinic antagonist.  When administered to 

mice, SCO is known to cause reversible memory loss and cognitive impairment and is found to be 

an ideal model for studying cholinergic induced memory deficits. (Klinkenberg et al., 2010). The 

scopolamine mouse model is a commonly used model for the study of anti-amnesic drugs 

(Blokland et al., 2005). SCO has a history of being used for the purpose of induction of amnesia, 

e.g. in obstetrics, SCO was used to induce amnesia during child birth during the 20th century and 

is the most commonly used animal model for assessing amnesia (Gilles & Ertlé, 2000). Blocking 

the enzymatic breakdown of acetylcholine in the brain is a means of increasing cholinergic 

function which leads 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 Lee et 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 

precursor protein (APP). This leads to amyloid beta formation which eventually results in a 

pathology similar to that in the human brain affected by AD. The resultant amyloid beta plaques 

are also structurally similar to the ones produced in the 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 decline which is seen to manifest earlier than 

pathological findings suggesting the need to investigate biomarkers in the form of precursors 

(LaFerla et 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 in amyloid beta formation 

and cognitive decline. Amyloid beta transgenic mouse models for AD develop amyloid plaques 

within a few months whereas neuropathology can be seen within a year. (Lee et al., 2013). 

Although transgenic mouse models manifest the pathological findings seen in AD, they are still 

very costly as compared to non-transgenic mouse models for AD. Examples of transgenic mouse 

models include: APP (Swedish), APP (Arctic), Amyloid beta, Presilinin-1 and Tau. The suitability 

of an animal model depends on the neuropathology it develops. Some of the basic aspects that 

animal models are expected to develop for 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 3-12 months to develop.  
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2.3.4. Other animal models for Alzheimerôs disease 

Streptozocin (STZ) is a compound which is commonly used to induce diabetes in animals. 

However, when STZ is administered through the intracebroventricular route, marked cognitive 

dysfunction is seen.  Increased amyloid beta fragments and deposits are also seen after the 

administration of this drug in mice (Kamat et al., 2015). A drawback of this model is that STZ 

needs to be administered through the intracebroventricular route which maybe more challenging 

as compared to the orally administered AlCL or SCO animal model. In-line with the amyloid 

hypothesis for AD, intracerebral infusion of amyloid beta peptides in the brains of mice may induce 

memory deficits (Van Dam et al., 2011) 

2.4. Behavioural methods for assessing memory function 

Various behavioural models exist which can be used to assess learning and memory. Behavioural 

models are a key component of drug development. Animal models previously discussed can be 

used to assess memory and function using a wide variety of behavioral tests. Commonly used tests 

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

Radial arm maze. 

2.4.1. Morris Water Maze  

The Morris Water Maze (MWM) has become increasingly popular and reliable for assessing 

cognitive function for various reasons. It is simple to use while having the ability to differentiate 

between spatial and non-spatial memory. It is a widely used behavioural test used to assess memory 

and spatial learning.  The maze is easy to setup and requires very little training to conduct trials. 

The MWM has been extensively studied as a valid model for reference memory and spatial 

navigation (Vorhees et al., 2006) 
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Figure 2.3: Morris Water Maze Protocol (a) swim pathway of mouse (designed in-house) (b) 

Morris Water Maze setup (photo of actual experiment) 

 

The MWM consists of a circular pool with an escape platform which can be submerged in the 

water. The mice are trained to locate the platform while the platform is visible. The platform is 

then submerged in the water and then subsequently removed to assess if the mouse can find its 

way to the platform. The behavioural test is used to assess learning and memory (D'Hooge & De 

Deyn, 2001). 
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Keys aspects measured during the MWM include the time taken to reach the platform known as 

escape latency (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 quadrant indicates improved 

memory function. 

 

2.4.2. Novel Object Recognition Test 

The novel object recognition test (NOR) is used to assess recognition memory.  It is based on the 

tendency of mice to spend more time exploring a new or novel object. Mice are placed in an open 

arena to allow habituation.  A day later, known as the sample phase or training phase, the mice are 

placed in the same arena with two identical objects. The mice are given time to explore the arena. 

The next day, the mice are placed in the arena with a familiar object and a novel object. Mice 

which remember the familiar object will spend more time exploring the novel object. The time 

spent exploring each object is noted and is indicative of working memory (Moscardo et 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 time for completion. 

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 Object Recognition Test: (A) Sample Phase: 2 identical objects are placed 

in the arena and the interaction time of the mouse with the objects is recorded. (photo of actual 

experiment) 
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Figure 2.4 (B) Novel Object Recognition Test: Test Phase: In the 2nd phase, one identical object 

is replaced with a novel object (photo of actual experiment) 

 

2.4.3. Rotarod Test 

As a result of neurodegeneration, patients suffering from AD often experience neuromotor 

dysfunction. Symptoms such as paratonia (an increase in muscle tone frequently absent at rest) 

and compulsive grasping are often seen in AD patients. These neuromotor symptoms are common 

in the late stages of AD (Souren et al., 1997). Although memory deficits are the first noticeable 

abnormalities during AD, deterioration of fine motor skills is often seen during mild cognitive 

impairment (Kluger et al., 1997). One study demonstrated that neuromotor function is altered even 

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

negatively affected (Videoni et al., 2013). 
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Hence, the management of neuromotor related symptoms in AD is imperative. A commonly used 

test for 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 to balance and motor coordination 

(Jones & Roberts, 1968). 

Other Behavioral Models 

2.4.4. T-Maze test  

The T-Maze test (figure 2.5) is a behavioral test used to study memory and spatial learning. 

Rodents are given a simple choice of turning left or right to find a reward. Structurally the T-Maze 

is one of the simplest behavioral tests to conduct consisting of 2 arms- left or right. Apart from 

measuring rodent memory, the T-Maze may be also used to measure rodent behavior such as 

preferences in food and smell (Olton et al., 1979). 
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Figure 2.5: T-Maze test (designed in-house) 

 

Variants of the T-Maze include the Y-Maze and Radial Arm Maze (RAM). It consists of a central 

base with radiating arms or spokes. The basic concept is the same as the T-Maze test except that 

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

 

The Radial Arm Water Maze (RAWM) is a behavioral test used to assess spatial memory in 

rodents. It is a modification of the dry radial arm maze. The 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 of the test is for the rodent to locate the platform (Puzzo 

et al. 2014)  

 

Figure 2.6: Radial Arm Water Maze (designed in-house) 
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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 research methods, the following 

measures were carried out.  

Plant collection: The plant sample was authenticated 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 and recorded. All parameters and results were recorded 

and documented. Actual procedures were all documented and were strictly followed. Behavioral 

tests were video recorded.  

Data from the experiments was tabulated and then analyzed using Graphpad prism. 
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Figure 3.1: Summary of the experimentation Plan  

 

3.1. Plant Collection 

Bulbs of Crinum macowanii were obtained from the grounds of University of Zimbabwe (UZ), 

Harare (figure 3.2). Coordinates were as follows 17°4714.5S 31°0306.4E. Mr. C. Chapano from 
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the Botanical Gardens and National Herbarium authenticated the plant in Harare (Voucher 

specimen number: jilani001). A total of 24 bulbs were collected. 

 

3.2. Preparation of Crude Extract 

The hydroethanolic crude extract of Crinum macowanii was prepared as described by Mugwagwa 

et al., 2005 where in the previously collected bulbs were cleaned by washing with clean water. 

The bulbs were peeled and dried naturally under the shade for 21 days. To ensure efficient removal 

of moisture and to allow further drying, the peeled bulbs were dried in an oven at 55 oC. The scales 

were powdered using a mill (Thomas Scientific) using a 1 mm sieve.  

 

Plant extraction yields and descriptions 

The yield of 1100 g of C. macowanii obtained was macerated in 70% v/v aqueous ethanol for 3 

days with periodic shaking. Mutton cloth was used to filter out the larger material while fine 

material was vacuum filtered using Heidolph rotavapor instrument (Rotavapor 4000, Heidolph, 

Germany). A freeze-dried powder was obtained using a Heto Freeze Dryer (Heto-Holten A/S, 

Denmark). A total of 102 g of dark brown colored freeze-dried powdered extract was obtained 

which was subsequently stored in a desiccator (in a cool and dark place). 
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Figure 3.2: Fresh bulbs of Crinum macowanii (actual photo after plant collection) 

 

3.3. Drugs and Reagents 

AChE assay kit was purchased from Sigma Aldrich, South Africa. Aluminum chloride (AlCL3) 

was acquired from the School of Pharmacy (UZ). Donepezil hydrochloride (DONZ) from (Actavis 

Limited, India). The vehicle used was Normal Saline. Ascorbic acid and DPPH (2,2-Diphenyl-1-

(2,4,6-trinitrophenyl)hydrazyl) were acquired from the Department of Biochemistry 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 FT-IR and LC-MS analysis following 

which secondary metabolites were identified by phytochemical screening methods. 

3.4.1. LC-MS Analysis 

An Agilent high-performance liquid chromatography 1260 system was used to perform LC-MS 

analysis while the detector used was the Agilent Q-TOF 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 subsequently filtered using a 0.22ɛm acrosdisc syringe filter. The gradient 

of elution was composed of: 0.1% formic acid with water (solvent A) and 0.1% formic acid with 

acetonitrile (solvent B). The injection volume was 5 ɛL. The temperature of the column was kept 

at 40°C. Data were analyzed by Agilent Technologies Mass Hunter Software Version B.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 Fourier-transform infrared 

spectrophotometer plate using a spatula.  A Perkin Elmer 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 Yadav et al. 2014. Tests were 

performed for tannins, alkaloids, steroids, glycosides, flavonoids and saponins. These 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 chloroform and concentrated Sulfuric acid was mixed with extract of CM. 

Red color in the chloroform layer (lower layer) confirmed the presence of steroids. 

(b) Alkaloids: 2 mL of 1% hydrochloric acid was mixed with the crude extract and gently heated. 

This was followed by the addition of Wagnerôs and Mayerôs reagents. Presence of alkaloids 

was confirmed by turbidity from the resultant precipitate. 

(c) Glycosides: known as the Liebermannôs test. 2 mL of acetic acid and chloroform was mixed 

with the extract of CM and then cooled in ice. A color change of violet-blue-green after the 

addition of concentrated sulfuric acid confirmed the presence of glycosides. 

(d) Saponins: The formation of a stable foam after vigorously shaking a mixture of the extract 

and 5 mL distilled water confirmed the presence of saponins. 

(e) Flavonoids: 2 mL of a 2% sodium hydroxide solution was mixed with the extract of CM. 

Formation of an intense yellow color which after the addition of a dilute acid turned 

colorless confirmed the presence of flavonoids. 

 

3.4.4. DPPH Radical Scavenging Assay 

Antioxidant activity of the hydroethanolic extract of Crinum macowanii was studied as described 

by Doreddula et al., 2004. 1 mL of methanolic DPPH (0.2 mM) solution was mixed with 1 mL of 

varying concentrations of CM. Concentrations ranged between 3.2 to 400 ɛg/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: 

 

Where:  
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As = absorbance of the sample 

Ab = absorbance of the blank 

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 allow the animals 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 freely accessible to the mice while water was provided ad libitum. Joint Research and 

Ethical Committee approval approved the use of laboratory animals for this research project (JREC 

approval number: JREC/121/15) 

Animal models 

This study utilized 2 different animal 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 damage resulting in memory 

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 extract of CM which allowed us to measure the 

neuroprotective effects of the crude plant sample.  

In contrast, Scopolamine is known to induce reversible memory loss and does not cause neuronal 

damage. This animal model was chosen to assess short-term memory loss.  
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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 disease induction 

chemical i.e. AL and SCO. The dosing schedule was the same as adopted by Mugwagwa et 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 Mugwagwa et al. 2015. Mice were divided into 6 groups as shown 

below. The test groups (groups 1-3) were administered with varied concentration of CM extract 

and with a fixed concentration of AlCL3. Aluminum chloride was given thirty minutes prior to the 

administration of the test and standard substances to prevent interactions. Group 4 was the control 

group wherein normal saline was administered. Mice in the negative control group (group 5) were 

administered with AlCL3 while the positive control group (group 6) was given AlCL3 followed by 

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

¶ Group 1: CM 10 mg/kg/day, p.o. +Aluminum chloride 50 mg/kg/day p.o. for 35 days 

¶ Group 2: CM 20 mg/kg/day, p.o. +Aluminum chloride 50 mg/kg/day p.o. for 35 days 

¶ Group 3: CM 40 mg/kg/day, p.o. + Aluminum chloride 50 mg/kg/day p.o. for 35 days 

¶ Group 4: normal control: normal saline p.o for 35 days 

¶ Group 5: Negative control: Aluminum chloride 50 mg/kg/day p.o. 35 days 

¶ Group 6: DONZ 3 mg/kg/day, p.o. +  Aluminum chloride 50 mg/kg/day p.o. for 35 days 

(positive control) 
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3.7. Scopolamine mouse model:  

Another 36 mice were randomly put into six different groups. Tails of each mouse were marked 

with a non-toxic marker. The experimental design was conducted as described by Mugwagwa et 

al., 2015. The experimental design was as follows: 

¶ Group 1: CM 10 mg/kg/day, p.o. +scopolamine 1 mg/kg, i.p.; 

¶ Group 2: CM 20 mg/kg/day, p.o. +scopolamine 1 mg/kg, i.p.; 

¶ Group 3: CM 40 mg/kg/day, p.o. +scopolamine 1 mg/kg, i.p.; 

¶ Group 4: DONZ 3 mg/kg/day, p.o. +scopolamine 1 mg/kg, i.p.; (positive control) 

¶ Group 5: water p.o. (normal control); 

¶ Group 6: scopolamine 1 mg/kg, i.p. (negative control) 

The behavioral experiments were conducted for each group after the respective drugs were 

administered. The experiment was carried out in sequential order starting with group 1. Normal 

saline (given orally), Donepezil and CM (and intraperitoneally at increasing concentrations) were 

administered 60 minutes before a trial while scopolamine was administered 30 minutes before a 

trial. The scopolamine was administered only once after which the MWM and NOR tests were 

performed.  

3.8. Behavioural Tests 

3.8.1. Morris Water Maze Test (MWM)  

A Large black metallic pool was utilized as the maze. The Pool measured 1.1 m diameter and 0.4 

m in height. Water was filled up to a height of 0.3 m. The pool was made up of 4 quadrants i.e. 

north-east, north-west, south-east, south-west. An escape platform measuring 25 cm in height, 10 

cm in diameter, was placed in the SW quadrant. The Morris Water Maze test was carried out as 
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described by Bromley-Brits et al., (2011). The test took 6 days to complete. Each animal was 

placed in the water in a gentle manner by gripping the mouse from the tail. The amount of time 

each mouse took to locate the platform was recorded. This is known as the escape latency or EL. 

Four trials were completed per day. 

 

The following schedule was adopted: 

Day 1: The platform used for the MWM was raised 1 cm above the water. This was accomplished 

by reducing the level of water. Each mouse was placed gently in target quadrant 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 with a towel, given a reward (food) and placed back in the cage. 

 

Days 2-5:  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 spatial cues were placed in the room 

which were meant to assist the mice to navigate to the platform. Each 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 with a towel, 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 maze. Each 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 cage. The 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 latency and time spent in the target 

quadrant in seconds. The EL is noted for each trial and tabulated. Data for the MWM test were 

analyzed using analysis of variance (ANOVA) followed by Tukeyôs post hoc test using Graphpad 

Prism. 

 

3.8.2. Novel Object Recognition (NOR) Test 

The procedure adopted by Mugwagwa et al., 2015 was followed. The apparatus was made up of a 

plastic rectangular box measuring 43 cm (length) Ĭ 31 cm (Width) Ĭ 16 cm (height). The NOR test 

involved two phases: A sample phase in which two similar objects were placed, and the test phase 

in which one of the similar objects was replaced by a novel object. 

An animal was gently placed within the rectangular arena for five minutes. The total time of 

interaction with each object was noted by 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 facing the object at a distance of 2 cm. 

After each trial, the arena and objects were cleaned with 70% v/v ethanol to prevent any olfactory 

clues. To avert bias for a direction, similar and novel objects were interchanged periodically. The 

procedure for the test and sample phases were similar except that during the test phase, one similar 

object was substituted with a novel object. The novel object used was a green toy bus while the 

similar object was a square container (white). The test phase was carried out 1 day after completing 

the sample phase. The 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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¶ time (s) exploring similar or identical object (Tf), 

¶ time (s) exploring the novel object  or new object (Tn),  

The preference for the novel object was determined by calculating the percentage discrimination 

index (DI): 

 

where DI = discrimination index, Tn = time (s) spent exploring the novel object, and  

Tf = time (s) exploring the similar or identical object. 

 

3.9. Rotarod Test 

The Rotarod test was conducted on the Scopolamine mouse model. The method described by 

Almeida et al., (2013) was followed. The Grouping and drug administration Schedule was the 

same as mentioned in section 3.7. Only mice capable of remaining on the rotarod for more than 

180 seconds were selected for the test. The pre-screening took place 24 hours before the rotarod 

test. The actual procedure was conducted after the mice were dosed wherein each mouse was 

placed at the top of the rotating rod and the time (s) during which the mice remained on the rod 

was noted.  

3.10. Acetylcholinesterase Enzyme Activity Test 

Isolated brain samples were obtained by sacrificing 3 animals from each group. The 

acetylcholinesterase enzyme activity of the isolated brain sample was measured using an ACh 

enzyme assay kit. Thiocholine is a substance produced by the acetylcholinesterase enzyme which 

then forms a colorimetric product when it reacts with 5,5¢-dithiobis (2-nitrobenzoic acid). The 

intensity of the color is directly proportional to enzyme activity. The brain isolate was 
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homogenized with phosphate buffer (0.1M, pH- 7.5) which was then centrifuged at 14 000 

revolutions per minute to obtain a supernatant.  AChE activity was determined using the following 

equation: 

 

Where: A2min = absorbance of the calibrator at 2 minutes  

A10min = absorbance of the calibrator at 10 minutes,  

Ablank = absorbance of the blank at 10 minutes. 

200 = equivalent activity (units/L) of the calibrator when assayedðread at 2 minutes and 

10 minutes 

Acalibrator = absorbance of the calibrator at 10 minutes, 

n = dilution factor 

3.11. Data Analysis 

Data for the Morris Water Maze test were analyzed using analysis of variance (ANOVA) followed 

by Tukeyôs post hoc test. One-way analysis of variance (ANOVA) followed by Dunnettôs Multiple 

Comparison tests was used to analyze data for the Novel Object Recognition test. Two-way 

analysis of variance (ANOVA) followed by Bonferroni multiple comparison tests was used to 

analyze data for the biochemical tests. p< 0.05 was considered significant. Results were expressed 

as mean Ñ SEM. GraphPad Prism (version 7.03) was used for the analysis. 
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CHAPTER 4 

4. Results 

4.1. LC-MS fingerprinting  

13 prominent peaks were detected during the LC-MS analysis of the crude extract of CM which 

are shown in figure 4.1. As this was only a fingerprint analysis, the identification of compounds 

associated with mass to charge ratios was not attempted. 

 

Figure 4.1: The LC-MS fingerprint of a crude hydroethanolic extract of Crinum macowanii. 
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4.2. FT-IR fingerprinting  

Various functional groups were identified by the FT-IR analysis 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. 

 

Figure 4.2: FT-IR spectrum of a hydroethanolic extract of Crinum 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 of an extract of Crinum 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 shown in figure 4.3. CM was seen to have a dose-

dependent increase in DPPH radical scavenging activity, however at all concentrations, ascorbic 

acid exhibited a significantly higher DPPH free radical scavenging activity than CM (p<0.0001). 
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Figure 4.3: DPPH free radical scavenging activity of a HE extract of Crinum macowanii and ascorbic acid. 

The data were analyzed by two-way ANOVA followed by Bonferroni multiple comparisons test.; CM 

versus AA, ##p<0.0001; CM versus AA,*p <0.0001 . Data are expressed as mean Ñ SEM. 

 

 

4.5. Aluminum mouse model 

4.5.1. Morris Water Maze 

Results for the escape latencies are displayed in Figure 4.4. During the 5 days, significant 

differences were seen in the EL (p<0.0001, f = 37.43). The CM 40 mg/kg treated mice (EL of 

26.77 Ñ 1.67 s) demonstrated a significantly lower EL than the AlCL3 group (56.43 Ñ 2.84 s) 

(p<0.0001) while the positive control group, DONZ 3 mg/kg also showed a significantly lower EL 

than the AlCL3 group (p<0.0001).   
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The lowest escape latency was demonstrated by the DONZ 3 mg/kg group (23.54 Ñ 1.64 s) while 

the EL of the CM 40 mg/kg group was found to be 26.77 Ñ 1.67 s. No significant difference was 

seen between the DONZ 3 mg/kg and CM 40 mg/kg treated-mice (p=0.9070). The normal control 

group was seen to have a significantly lower EL than the AlCL3 group (mean of 40.53 Ñ 2.3 s, 

56.43 Ñ 2.84 s, respectively, p<0.0001). 

The probe trial was performed on day 6 in which the time spent by mice in the target quadrant was 

recorded. The CM 40 mg/kg group spent a significantly longer amount in the quadrant than the 

AlCL3 group (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 group (p=0.9358). Aluminum chloride 

treated mice spent the least amount of time in the target quadrant (4.5 Ñ 1.2 s) while the highest 

amount of time was observed to be that of the DONZ 3 mg/kg group (28.83 Ñ 2.13 s). 

 

Figure 4.4: Effect of Crinum macowanii HE extract on Escape latencies on MWM test Day 1 to 5. 

*  p<0.0001 vs AlCL 3, 
**  p<0.0001 vs ALCL. One-way ANOVA followed by Tukeyôs post hoc test 
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Figure 4.5: Effect of Crinum macowanii HE extract on Time spent in the target quadrant in MWM test.   

*p= 0.9538 vs donepezil, , ##p< 0.0001versus AlCL3. One-way ANOVA followed by Tukeyôs post hoc test 
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4.5.2. Novel Object Recognition Test: Aluminum mouse model 

The Novel Object Recognition test is a behavioural test used to assess short and long-term memory 

function.  The preference for the new or novel object was determined by calculating the 

Discrimination index (DI). 

The discrimination index for the short-term phase is shown in Figure 4.6. The highest DI was 

exhibited by the CM 40 mg/kg (59.86%) treated mice followed by the DONZ 3 mg/kg (53.62%) 

group. During the short-term memory phase, the only significant difference was between the CM 

40 mg/kg group and the AlCl 3 group (p=0.0358). There was no significant difference between the 

DI of the DONZ 3 mg/kg and AlCL3 groups (p=0.7625). AlCL3 was the only group with a DI less 

than 50% (49.1% Ñ 3.55). 

 

In contrast, the DONZ 3 mg/kg group exhibited the highest DI followed by the CM 40 mg/kg 

treated mice during the long-term memory phase (60.1 % and 56.95% respectively) (Figure 4.7). 

Unlike the short-term memory phase, no significant difference was observed in the DI between the 

AlCL3 and the CM 40 mg/kg group (p=0.0621). The DONZ 3 mg/kg group was observed to have 

a significantly higher DI than the negative control, AlCL3 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 macowanii HE extract on short-term memory DI in object 

recognition test.  #p= 0.0358 vs AlCL3. One-way ANOVA followed by Tukeyôs post hoc test 
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Figure 4.7: Effect of Crinum macowanii HE extract on Long-term memory DI in object recognition test.   

## 
p= 0.0071

 
 vs ALCL. One-way ANOVA followed by Dunnettôs Multiple Comparison tests. 

 

4.5.3. Rotarod test 

Data for the rotarod test are shown in Figure 4.8. The amount of time (s) the mice remained on the 

rotating rod was noted. A dose-dependent increase in the time spent on the rod was seen for the 

CM-treated groups.  

Amongst the CM-treated groups, the CM 40 mg/kg group exhibited the highest time spent on the 

rotating rod. The SCO group was seen to have spent the lowest amount of time on the rod (100s), 

this was significantly less than the CM 40 mg/kg group (p=0.0056). The DONZ 3 mg/kg group 
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spent the highest amount of time on the rod (179.5s) which was also significantly longer than the 

CM 40 mg/kg group (p=0.0203). 

 

Figure 4.8: Effect of Crinum macowanii HE extract on Falling latency on Rotarod test (F=19.54, 

p<0.0001).  * p=0.0056 vs SCO group. One-way ANOVA followed by Tukeyôs Multiple 

Comparison tests 
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4.5.4. Acetylcholinesterase Enzyme Activity Test 

The results for the Acetylcholinesterase Enzyme Activity test are shown in Figure 4.9. The lowest 

AChE activity was demonstrated by the DONZ 3 mg/kg treated mice (1421 Ñ 23.75UL). The CM 

40 mg/kg group was found to have a significantly higher AChE activity than the DONZ 3 mg/kg 

group (p<0.0001) and a significantly lower AChE activity than the control and AlCL3 groups 

(p=0.0013, p<0.0001 respectively) 

 
Figure 4.9: Effect of Crinum macowanii  HE crude  extract on Acetylcholinesterase enzyme 

activity assay.  #p=0.0013 vs the Control; **p<0.001 vs the AlCL3; 
*p<0.0001 vs the Control. two-

way ANOVA followed by Bonferroni multiple comparisons test, Values are mean Ñ SEM. 
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4.6. Scopolamine mouse model 

4.6.1. Morris Water Maze 

Results for the escape latencies are shown in figure 4.10. During the 5 days, several significant 

differences were seen in the EL. (F=29.38, p<0.0001). A dose-dependent decrease in the escape 

latencies was seen for the CM-treated groups. A high EL was seen for the CM 10mg/kg group 

(57.08s) which was significantly higher than that of CM 20mg/kg (33.17 s), CM 40mg/kg (24.1 s) 

and DONZ 3 mg/kg (22.67 s) treated groups (p<0.0001). A significant difference was seen in the 

EL between CM 40mg/kg and the SCO treated groups (p<0.0001). The EL of the CM 40mg/kg 

group (24.1s) was higher than that of the DONZ group (22.66s), this difference was not significant 

(p=0.9994). 

 

The results for the probe trial are presented in figure 4.11. The DONZ 3 mg/kg treated group spent 

the most amount of time in the target quadrant (33s) followed by CM 40 mg/kg group (30.2s), the 

difference was not significant (p=0.9545). A significant difference was seen in the amount of time 

spent in the target quadrant between the CM 40 mg/kg and SCO treated group (p<0.0001). 
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Figure 4.10: Effect of Crinum macowanii  HE extract on Escape latencies on MWM test Day 1 to 5. 

*  p<0.0001 vs SCO, One-way ANOVA followed by Tukeyôs post hoc test. Values are mean Ñ SEM 
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Figure 4.11: Effect of Crinum macowanii HE extract on Time spent in target quadrant in MWM test.   

*p< 0.0001versus AlCL3. One-way ANOVA followed by Tukeyôs post hoc test 
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4.6.2. Novel Object Recognition Test: Scopolamine mouse model 

The results for the NOR test on the SCO mouse model are shown in figure 4.12. During the short-

term-memory phase, the DONZ 3 mg/kg treated group showed the highest discrimination index 

(69.2%) followed by the CM 40 mg/kg group (63.7%).  The SCO treated group exhibited the 

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 group (p=0.0001). The DI of the 

CM 10 mg/kg group although higher than the SCO group was not significant (p=0.1112). 

During the long-term memory phase of the NOR test in the SCO mouse model, the SCO group 

exhibited a DI below 50% (38.4%) which was significantly lower than that of DONZ 3 mg/kg and 

CM 40 mg/kg groups (p=0.0004, p=0.0007 respectively). The DONZ 3 mg/kg group demonstrated 

the highest DI of 54.4% followed by the CM 40 mg/kg group (53.8%). Compared to the SCO 

group, the CM 10, 20 mg/kg and normal control groups did not show a significant difference in 

the DI (p=0.1113, p= 0.0575, and p=0.1961 respectively) 
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Figure 4.12: Effect of Crinum macowanii HE extract on short-term memory DI in object recognition 

test.  #p< 0.0001 vs SCO. One-way ANOVA followed by Tukeyôs post hoc test 
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Figure 4.13: Effect of Crinum macowanii HE extract on Long-term memory DI in object recognition test.   

##p=0.0007, **p=0.0004 vs SCO, One-way ANOVA followed by Dunnettôs Multiple Comparison tests. 
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CHAPTER 5 

5. Discussion 

The MWM test is a popular test used to assess memory function and spatial/ non-spatial memory 

deficits (DôHooge, De Deyn, 2001), as well the ability to study learning (Terry Jr & Buccafusco, 

2009). A study done by Mugwagwa and colleagues suggested that the extract of CM may be used 

for the treatment of AD (Mugwagwa et al, 2015). The study demonstrated that at high doses, CM 

improved memory against SCO induced memory impairment in the Y-Maze test.   

 

Aluminium is a common metal part of everyday life. Various studies have investigated the 

potential neurotoxic effects of Aluminium in humans and mice. Mice exposed to AL orally were 

seen to have an elevated amount of AɓP (Praticò et al., 2002), while another study found that a 

high amount of AL in water correlated to an increased incidence of AD (Martyn et al., 1989).  The 

peptide: ɓ-amyloid protein (AɓP) is a result of cleavage of the amyloid precursor protein. This 

results in a series of processes which are the foundation of the amyloid cascade hypothesis. It is 

known that the accumulation of AɓP results in the pathologies which lead to AD. A critical step 

in the amyloid hypothesis is the polymerization of AɓP which is seen to be enhanced by aluminum 

(Hardy & Selkoe, 2002, Wirths et al., 2004; Kawahara & Kato-Negishi, 2011).  

 

The fact that AL is such an abundant metal which can be easily ingested by humans, and that 

various studies have reported AD-like 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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The validity of both the animal models utilized in this study was demonstrated by the fact that both 

the AlCL3 and SCO-treated mice took the longest time to locate the platform (depicted by a high 

EL) and spent least amount of time spent in the target quadrant during the MWM test. This implied 

that AlCL3 and SCO induced memory impairment in mice and justifies the use of these animal 

models in this study. The result of the MWM test on the AlCL3 exposed mice was consistent with 

the findings observed in a study conducted by Zhang et al. (2012) wherein wild type and transgenic 

mice exposed to AL completed the MWM test with a significantly higher escape latency as 

compared to the control mice.  

In the MWM test, a decreased EL for the 5 days and an increase in time spent in the target quadrant 

on the 6th day indicated improved memory function.  

CM at a dosage of 40 mg/kg showed a significant memory-enhancing effect as compared to the 

aluminium chloride treated mice. The CM 40 mg/kg group was also seen to possess similar 

memory-enhancing effects as the positive control groupðdonepezil, which is one of the currently 

approved medications for treating AD. This implies that CM at a high dose has a similar memory 

enhancing effect as DONZ. 

In both animal models, the DONZ 3 mg/kg group showed the lowest EL in the MWM, although 

not significantly different from the CM 40 mg/kg group. These results suggest that CM at 40 mg/kg 

was comparable to DONZ 3 mg/kg in improving memory function during the MWM. The 

significantly smaller EL of the CM 40 mg/kg treated group as compared to the control group 

suggests that the hydroethanolic extract of Crinum macowanii improved memory function in the 

MWM test against aluminum chloride and scopolamine-induced memory impairment. A dose-

dependent decrease in EL was seen in all groups of CM with an increase in the dose of the extract 
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for both animal models. This suggests that CM may improve memory function in a dose dependent 

manner.  

The probe trial on day 6 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 

quadrant indicated improved memory function.  

During the probe trial the DONZ 3 mg/kg group spent the longest time in the target quadrant, but 

no significant difference was seen in time spent in the target quadrant between the DONZ 3 mg/kg 

and the CM 40 mg/kg groups. CM 40 mg/kg treated mice spent significantly more time in the 

target quadrant than the AlCL3 and SCO groups. The results of the escape latencies and time spent 

in the target quadrant were both similar and indicate that the hydroethanolic extract of CM 

attenuated aluminum and scopolamine-induced spatial memory impairment.  

The results of the MWM using the scopolamine and aluminium animal models were expected and 

demonstrated that the crude hydroethanolic extract of CM enhanced memory. This may be 

attributed to the acetylcholinesterase inhibitory activity of the extract of CM. Previous studies have 

indicated the presence of alkaloids in CM. Elgorashi et al. (2002) isolated 9 alkaloids from CM, 

some of which include lycorine, crinamine, crinine and powelline while Nair et al. (2000), have 

also isolated several alkaloids from CM which includes macowine. Alkaloids present in CM are 

the most likely cause of the cognitive enhancing effects of CM. Although the exact mode of action 

is unclear, the acetylcholinesterase inhibitory effect of alkaloids such as lycorine (Elisha et al. 

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

The Novel Object Recognition test was used to assess short and long-term memory and was 

performed for the AlCL3 and the SCO mouse models. The present study evaluated the use 
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of Crinum macowanii extract for its memory enhancing effect against aluminium chloride and 

scopolamine-induced memory impairment in mice. The percentage discrimination indices were 

calculated for the test phase. A higher DI indicated a higher preference for the novel object than 

the familiar object which correlated to improved memory function. On the other hand, a lower DI 

indicated no specific preference for the novel object. 

 

CM 40 mg/kg treated mice spent a significantly longer time exploring the novel object than the 

familiar object for the short-term memory test of the AlCL3 mouse model. This was also confirmed 

by the DI which showed a significant difference as compared to the negative control - AlCL3. 

During the short-term memory phase for the AlCL3 treated mice, CM 40 mg/kg treated mice 

showed the highest DI while the standard drug- DONZ did not show any significant difference 

than the negative control- AlCL3 group. The results of the short-term memory phase of the NOR 

test suggests that CM at a high dose may be superior than DONZ in improving short-term memory 

function. 

 

However, during the long-term memory phase of the NOR test against AlCL3 induced memory 

deficits, the DONZ 3 mg/kg group exhibited the highest preference for the novel object depicted 

by a high DI and this was significantly higher than that of the AlCL3 group. However, the CM 40 

mg/kg group, which was found to be effective against AlCL3 -induced amnesia in the short-term 

memory test, did not show any significant difference than the AlCL3 group.  

 

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

long-term memory phase of the NOR test in the scopolamine animal models. In both phases, the 
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CM 40 mg/kg group showed a significantly higher DI than the negative control, indicating the 

ability of CM at high doses to reverse scopolamine-induced memory deficits.  

 

Mugwagwa et al. (2015) have demonstrated that CM failed to attenuate memory deficits caused 

by scopolamine in the short-term memory test of NOR. However, CM at high doses showed long-

term memory enhancing activity during the same study. In contrast, this study has shown that CM 

was more effective in improving short-term rather than long-term AlCL3 induced memory deficits. 

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

study.  

 

The rotarod test was conducted to assess neuromotor function since during the late stages of AD, 

diminishing neuromotor function is a prominent symptom. A dose-dependent increase in time 

spent on the rotating rod was noticed for the Crinum treated mice. The SCO group was shown to 

possess the lowest neuromotor activity as depicted by the least amount of time spent on the rotating 

rod.  

 

The fact that the normal control, DONZ 3 mg/kg and CM 40 mg/kg groups were significantly 

superior to the SCO group in terms of neuromotor activity, further justifies the use of the SCO 

mouse model for studying AD. The 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 

SCO group. Interestingly, the normal control group 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 some (Elgorashi et al., 2004). We know that AD is a 

result of neurodegeneration which results in a decrease in cholinergic transmission in the brain 

(Schuster et al., 2010). An effective treatment strategy to improve ACh function is to inhibit the 

enzyme- acetylcholinesterase which is responsible for the breakdown of acetylcholine, thereby 

increasing the amount of acetylcholine in the brain.  

 

In this study, the DONZ 3 mg/kg group exhibited the highest acetylcholinesterase enzyme (AChE) 

inhibitory activity which was depicted by it having the lowest AChE activity in the brain 

homogenate.  

 

CM is an ideal candidate for the management of AD since 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 dose-dependent decrease in AChE activity in the CM-treated groups. 

Isolated samples obtained from the brains of the CM-treated groups showed a significantly lower 

AChE activity than the AlCL3 -treated group and the control group. The outcome of this study 

shows that CM has an inhibitory effect on the enzymeðAChE. The AChE activity is likely due to 

the presence of alkaloids such as lycorine (Elgorashi et al., 2004). This acetylcholinesterase 

inhibitory activity is likely to contribute to the cognitive-enhancing effects of CM observed in the 

MWM and NOR tests.  
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Acetylcholine, often depleted in the brains of patients affected with AD, is an important 

neurotransmitter which plays a role in memory function (Francis P, 2005). Hence, 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 effect on the enzyme- AChE by CM further emphasizes the pharmacological 

mode of action of the alkaloids present in CM which further explains the memory enhancing 

effects observed in the behavioral tests. 

The DPPH free radical scavenging assay was performed to assess the antioxidant activity of the 

crude extract of CM. Although a dose-dependent 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 established that the extract of CM demonstrated antioxidant activity which 

increased in a dose-dependent manner. The results of the DPPH free radical scavenging assay 

demonstrated that CM possesses antioxidant properties which may be due to flavonoids identified 

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

neurodegeneration resulting in AD. 

Phytochemical screening chemical tests on the hydroethanolic extract of CM showed the presence 

of glycosides, alkaloids, saponins, steroids, and flavonoids. The presence of flavonoids may play 

a neuroprotective role in AD. Flavonoids are known to have neuroprotective properties that lead 

to improved memory and cognition (Vauzour & 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 are well known for 

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 chloride to rodents results in AD-like pathologies and 

memory loss. SCO on the other hand is an extensively used mouse model for studying memory 

loss. Administration of SCO in rodents results in reversible memory loss. Results from the animal 

studies also validate the animal models. In both cases, the SCO and ALCL3 treated mice were seen 

to have the highest escape latency in the MWM. Similar results were seen in the NOR test wherein 

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 many factors such 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. These AD-like pathologies may 

potentially be treated by CM, since this study has shown CM to possess AChE inhibitory and 

antioxidant activity. Furthermore, CM has shown to attenuate AlCL3 and SCO-induced memory 

deficits in the MWM and NOR tests. 

  



68 
 

CHAPTER 6 

6. Conclusion 

The objective of this study was to investigate the effect of a hydroethanolic extract of Crinum 

macowanii on learning, memory and neuromotor behaviour using two different animal models of 

Alzheimerôs disease i.e. the aluminum chloride and scopolamine mouse models. The effects were 

assessed using the Morris Water Maze and the Novel Object Recognition tests.  

It was observed that during a course of the MWM and NOR tests, repeated dosing of a 

hydroethanolic extract of Crinum macowanii had a short and long term- memory improving effect 

against aluminum and scopolamine-induced cognitive decline. The effect was seen to be dose-

dependent.  

Donepezil is the standard drug used for the management of Alzheimerôs disease. A high dose of 

CM, i.e. 40 mg/kg had similar memory-enhancing effects as donepezil during the Morris Water 

Maze and Novel Object Recognition tests. A high dose of Crinum macowanii was also seen to 

possess neuromotor enhancing activity. 

Therefore, the null hypothesis that the extract of the bulb of CM obtained in Zimbabwe does not 

exhibit anticholinesterase and antioxidant free radical scavenging activity in vitro and repeated 

dosing of a hydroethanolic extract of Crinum macowanii bulbs has no effect on memory, 

learning and neuromotor behaviour in BALB/c mice models of AD is rejected.  

 

It is concluded that the hydroethanolic crude extract of Crinum macowanii possesses potential 

anticholinesterase and antioxidant activity. Furthermore, I conclude that the hydroethanolic 
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extract of Crinum macowanii improved learning, memory and neuromotor behaviour in BALB/c 

mice models of AD. 

 

Limitations  

Morris Water maze: During the probe trial, less time spent in the target quadrant indicates 

decreased memory function. However, at times, more time spent in the other quadrant may have 

li ttle to do with spatial memory as in some cases rodents prefer to stay by the walls of the pool. 

Novel object Recognition test: The NOR test is known to make use of several regions in the 

brain, hence making results difficult to interpret. During the test, there was only one training 

session which does take into consideration that different animals may have different rates of 

learning. 

Mouse models: although the ALCL3 mouse model is known to cause AD-like 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 study. More robust results may have been achieved if genetic 

mouse models were utilized. However, genetic models were not used because of they are more 

expensive than 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 rectangular enclosure) 

Normal Saline 

Donepezil HCL tablets 

Crinum macowanii extract 

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 is to 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 experiment To allow 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 memory and 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 objects. Exploration is defined as 

touching or sniffing the objects or if the head was facing the object at a distance 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 object. Ensure that the 

camera has sufficient memory and 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 objects. Remove 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 macowanii extract 

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 camera should 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 the water by 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 raise 1 cm above 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 2-5 

Raise the level of the water 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 from the 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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Appendix 2: Plant specimen voucher 
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Appendix 3: Joint ethics research committee approval 
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