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ABSTRACT 

Alzheimer’s disease (AD) is a progressive, neurodegenerative disorder, a form of 

dementia that affects mostly elderly people. Symptoms of AD include deterioration 

of intellectual functions such as memory and learning. An enormous social and 

economic burden is placed on the society due to its debilitating nature of the disease. 

It is appalling that there is no cure for the disorder and the available treatments only 

delay the progression of the disease or provides relief for short period of time. 

Inhibition of the enzyme, acetylcholinesterase (AChE) is still considered to be the 

main therapeutic strategy against AD. Many plant derived phytochemicals display 

AChE inhibitory activity in addition to the currently approved drugs for AD, yet 

further research is required to discover more effective and cheaper drugs free from 

side effects.  

 
In the present study, Ellman’s assay was used to screen for acetylcholinesterase 

inhibitors (AChEI) from decoction and ethanol extracts of Fijian medicinal plants. 

These plants were selected based on the interview about the Fijian medicinal 

knowledge; that is, the traditional uses that might be associated with 

acetylcholinesterase inhibition. Thirteen plant species belonging to Melastomataceae, 

Asteraceae, Apiaceae, Rutaceae, Goodeniaceae, Loganiaceae, Araliaceae, 

Solanaceae, Polygonaceae, Zingiberaceae and Anacardiaceae families were tested at 

0.2 mg/mL, 0.4 mg/mL, 0.6 mg/mL, 0.8 mg/mL, 1.0 mg/mL, 1.5 mg/mL and 2.0 

mg/mL concentrations. The most active plants were: Micromelum minutum (IC50 = 

4.57 mg/mL), Ageratum conyzoides (IC50 = 5.57 mg/mL), Neuburgia collina (IC50 = 

5.74 mg/mL), and Polygonum perfoliata (IC50 = 9.24 mg/mL) for their potent AChE 

inhibitory activity.  

 
Antioxidant activities of these plants were also assessed using the 2,2-diphenyl-1-

picryl-hydrazyl (DPPH) scavenging assay. Among the extracts used, antioxidant 

activity was most significant for Clidemia hirta with an IC50 value of 0.64 mg/mL 

where even more active compounds than ascorbic acid (IC50 = 1.33 mg/mL) should 

be present. These plant extracts could prove leads to safer and better candidates for 

the future selection of drugs against this devastating disease.  
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ABBREVIATIONS 

Abs Absorbance 

Aβ Amyloid beta protein 

AChE   Acetylcholinesterase  

AChEI Acetylcholinesterase inhibitor 

AChT Acetylcholintransferase 
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Aβ 
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ºC 

CNS 

Degree Celsius 

Central nervous system 

ChEIs 

CT 
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Computed tomography 

DPPH 2, 2- diphenyl-1-picryl-hydrazyl  

DTNB 5,5-dithiobis-2-nitrobenzoic acid 

FAD 

Glu 

Familial Alzheimer’s Disease 

Glutamate 

g Gram 

HCl   Hydrochloric acid 

HPLC High performance liquid chromatography 

IC50 Half maximal inhibitory concentration 

IQ Intelligence quotient 

M Molar 
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EtOH 

mAChR 

Ethanol 

Muscarinic receptor 

mg   Milligram 

mg/mL           Milligram per milliliter 

mL Milliliter 

min(s)              Minute(s) 

mM Millimolar 
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nAChR Nicotinic receptor 

NMDA N-methyl D-aspartate 

% Percentage 

pH Potential of hydrogen 

PSEN-1 presenilin 1 

PSEN-2 presenilin 2   

ROS 

sAPP 

Reactive oxygen species 

Soluble amyloid precursor protein 

SE Mean ± standard error 

SD Standard deviation 

SAD Sporadic Alzheimer’s Disease   

T Time 

UV Ultra violet 

U Unit 

UmL-1                    Unit  per milliliter 

μg Microgram 

μL 

USP 

Microliter 

The University of the South Pacific 

Δt Change in temperature 
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CHAPTER 1 

ALZHEIMER’S DISEASE 

1.0 INTRODUCTION 

Alzheimer’s disease (AD) has received the utmost attention in the past decade as it is 

one of the fastest growing and the most debilitating disease. It is one of the most 

common forms of dementia a brain disorder that severely affects an individual’s 

ability to carry out daily activities (Prince and Jackson, 2009). It involves the part of 

the brain that controls language, thought and memory. AD affects an estimated 15 

million people worldwide and is a leading cause of dementia in elderly people 

(Francis et al., 1999). According to the world statistics (Wimo and Prince, 2010), AD 

is very alarming in developed countries such as Britain, Australia, Finland and 

America. As many as 4.5 million Americans suffer from AD which is also the major 

causes of death in these countries. The challenge of coping with the high rate of AD 

will be encountered by both the developed as well as the developing countries as the 

size and the proportion of the people aged 65 and older continue to increase. It is a 

major public health concern in developed countries due to the increasing number of 

sufferers, placing strains on caregivers as well as on financial resources (Houghton 

and Howes, 2005).  

 

AD affects a person regardless of race, gender, ethnic group, or socio - economic 

circumstances (Ratnaike, 2015). AD is a growing medical and social concern as it 

not only affects an individual but family as well as the community. People often 

discover that either a grandparent, parent, elderly relative, friend or village member 

can no longer remember names or faces, recognize common objects, greets 

repeatedly or talks in coherent sentences. These are the symptoms that indicated that 

this person may be suffering from AD. According to Khachaturian and Radebaugh, 

(1996) AD is a "degenerative disorder that affects the cognitive centres of the brain, 

causing memory loss and the inability to understand situations or even questions or 

statements”. The cognitive ability is so severely affected that a person’s daily routine 

work needs great attention from the family. AD is recognised as the progressive and 

irreversible disease that causes a decline in memory, intellectual skills, 

comprehension and reasoning (Francis et al., 1999). Social interactions diminish, and 
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the afflicted person loses the ability to care for him or herself as the disease 

progresses. 

 

More commonly, the duration of AD ranges from two to twenty years from its onset 

till death. The symptoms of AD will often become noticeable between the ages of 65 

and 85, becoming more prevalent as the person grows older and the disease 

progresses. However, AD can also be found in age as early as 45, and is referred to 

as "early onset" AD as it occurs before 65 (Reger, 2002). In younger people this 

disease is less commonly found. Early symptoms are short-term memory loss, 

difficulty in processing new information, difficulty in finding words, forgetting 

names, and misplacing items. In extreme case, such people become totally dependent 

upon others and require fulltime nursing care. It accounts for a large percentage of 

admissions to nursing homes, and other long-term care facilities (ADEAR, 2008). 

Such condition can place burden on family members as well as other people.  

  

1.1 Forms of Alzheimer’s Disease 

It is believed that genes may have some effect towards development of AD.   

According to Alzheimer’s Association, (2015) it has been discovered that genetic 

links such as risk genes and deterministic genes may be involved in developing AD. 

The risk genes include apolipoprotein while the deterministic genes include amyloid 

precursor protein (APP), presenilin-1 (PSEN-1) and presenilin-2 (PSEN-2) and 

anyone inheriting such gene develops the disorder.  

There are two forms of AD; Early-Onset Alzheimer’s is known as Familial 

Alzheimer’s Disease (FAD) and Late-Onset Alzheimer is called Sporadic 

Alzheimer’s Disease  (SAD) (Singh et al., 2010). 

 

1.1.1 Familial Alzheimer’s Disease 

FAD is an autosomal dominant genetic disease. This means that if a parent has the 

disease there is a high chance that their children may also have AD later in life. This 



3 
  

form of AD is caused by a mutation in a single gene, and that a single copy of the 

mutant gene, inherited from one parent, will cause the disease in the offspring. The 

mutated gene is passed down from one generation to the next with symptoms 

beginning to show sometimes as early as 35 years old, but more predictably in the 

40s or 50s. Bird (1998), stated that this form of AD constitutes only a small 

percentage (25%) of all AD patients and has an early onset age of 65 years. 

Mutations in the genes of the three proteins: amyloid precursor protein (APP), 

presenilin 1 (PSEN-1), and presenilin 2 (PSEN-2) are the main known causes of 

FAD (Anekonda et al., 2005; Holmes, 2002). These three proteins are discussed in 

detail below.  

 

1.1.1.1 Amyloid Precursor Protein (APP) and Amyloid β-Protein (Aβ) 

APP is an integral membrane protein expressed in many tissues and concentrated in 

the synapses of neurons. It functions in neuronal development and synaptic 

formation and repair by binding to other proteins on the surface of the cells or helps 

cells attach to one another. APP acts as a precursor molecule which generates 

amyloid beta (Aβ) upon proteolysis. Aβ is a 37 to 49 amino acid peptide whose 

amyloid fibrillary form is the primary component of amyloid plaques found in the 

brains of AD patients (Marina et al., 2000). The most common APP mutation 

changes one of the amino acids in the APP where by valine is replaced with 

isoleucine at protein position 717 (written as Val717Ile or V717I) (Selkoe and 

Lansbury, 1999). APP mutation gene is located on the long arm of chromosome 21 at 

position 21.3. (21q21.3) as shown in figure 1.1 (Ertekin, 2007).  
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Figure 1.1 The molecular location of amyloid precursor protein (APP) on 

chromosome 21: base pairs 25,880,549 to 26,171,127 

Source: http://ghr.nlm.nih.gov/dynamicImages/chromomap/APP.jpeg 
 

Aβ protein is a naturally occurring neuronal substance. Aβ only becomes a problem 

when the body ceases to metabolize and remove the excess of it.  Mutations in the 

APP gene can lead to an increased amount of the Aβ peptide. The build-up of excess 

Aβ outside the cell membrane leads to the accumulation of amyloid plaques between 

the nerve cells (neurons) in the brain. This extracellular deposits forms hard, 

insoluble plaques which aggregate around the neurons and prevents transmission of 

electrical signals from one neuron to the next in AD brain (ADEAR, 2008). 

Sherrington et al., (1995) states that the presence of Aβ plaques in the brain causes 

the body to recruit and activate microglial cells and astrocytes to release oxygen free 

radicals. The oxygen free radicals not only destroy Aβ plaques but destroy the 

surrounding healthy tissue. As more tissues die, the microglial cells release 

chemokines and cytokines (pro-inflammatory compounds). These compounds recruit 

more microglial cells, which leads to the production of more free radicals. This 

uncontrolled microglial response and inflammatory action directly contributes to the 

neurodegenerative progression of AD. 
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1.1.1.2 Presenilin 1   (PSEN-1) 

Presenilin 1 is a membrane protein that forms part of a complex molecule called 

gamma- (γ-) secretase which is used to cleave other proteins into smaller pieces 

called peptides. The γ-secretase complex is located in the membrane that surrounds 

cells, where it cleaves many different transmembrane proteins through chemical 

signaling pathways that transmit signals from outside the cell into the nucleus 

(Ikeuchi and Sisodia, 2002). The γ-secretase complex may be best known for its role 

in cleaving the APP which is made in the brain and other tissues into smaller 

peptides, including soluble amyloid precursor protein (sAPP) and several of Aβ 

peptide receptor proteins (Lee et al., 2002). 

 

The PSEN1 gene is located on the long (q) arm of chromosome 14 at position 24.3 

(Sherrington et al., 1995) as shown in figure 1.2. 

 
Figure 1.2 The molecular location of presenilin 1 (PSEN-1) on chromosome 14: base 

pairs 73,136,434 to 73,223,690 

Source:   http://ghr.nlm.nih.gov/dynamicImages/chromomap/PSEN1.jpeg 

 

The function of PSEN1 gene is to provide instructions for making PSEN1 protein. 

Mutation in this gene results in type 3 FAD which is commonly found in people 

below 50 years old. Some of the mutations in the gene include: His163Arg, 

Ala246Glu, Leu286Val and Cys410Tyr. A common mutation is Glu318Gly and this 

predisposes individuals to FAD with an incidence of 8.7% (Taddei et al., 2002). 

Mutated PSEN1 interferes with the function of the γ-secretase complex. This leads to 

the overproduction of a longer, toxic version of Aβ peptide which sticks together and 

builds up in the brain, forming clumps called amyloid plaques that are a 
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characteristic feature of Alzheimer disease. The toxic Aβ peptide and the formation 

of amyloid plaques most likely lead to the death of neurons and display the 

progressive signs and symptoms of this disorder (Barber, 2012). 

 

1.1.1.3 Presenilin 2 (PSEN-2) 

According to Kovacs et al. (1996) PSEN1 and PSEN2 proteins are expressed in 

similar amounts in the same organelles in mammalian neuronal cell. The PSEN2 

gene provides instruction for making PSEN2 protein which helps process proteins 

that transmit chemical signals from the cell membrane into the nucleus. These signals 

turn on genes that are important for cell growth and maturation in the nucleus 

(Ikeuchi and Sisodia, 2002). PSEN2 protein processes APP found in the brain and 

other tissues. It forms part of the enzymatic complex that cleaves APP into smaller 

segments called sAPP, and Aβ peptide.    

 

The PSEN2 protein is very similar in structure and function to PSEN1 protein and 

the gene is located on the long (q) arm of chromosome 1 at position 42.13 

(Sherrington et al., 1995) as shown in figure 1.3.   

  

Figure 1.3 The molecular location of presenilin 2 (PSEN-2) on chromosome 1: base 

pairs 226,870,571 to 226,896,102 

Source:   http://ghr.nlm.nih.gov/dynamicImages/chromomap/PSEN2.jpeg 
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Mutations in this gene causes type 4 FAD. The mutations show distinct allelic 

variants which include Asn141 Ile (Levy-Lahad et al., 1995). Tomita et al. (1997) 

suggests that the Asn141Ile mutation alters APP metabolism causing an increased 

rate of protein deposition into plaques. Other allelic variants include Met239Val and 

Asp439Ala mutation which is thought to change the endoproteolytic processing of 

the PSEN 2 (Lleo et al., 2001). 

 

1.1.2 Sporadic Alzheimer’s Disease (SAD) 

SAD and FAD are essentially the same disease with differences in the genetic cause 

and age of onset. It progresses with the similar overall sequence of symptoms and 

increasing impairments of the brain as FAD (Selkoe and Lansbury, 1999). 

 

SAD is the most common form of AD and is associated with people above 65 years 

of age (a late age of onset). Approximately 95%, of all AD patients are sporadic 

(Ashford, 2004).  It may or may not run in families through hereditary inheritance. 

The specific causes of SAD are still unknown however there are many other factors 

that seem to be involved, including aging (Anekonda et al., 2005), mitochondrial 

defects (Manczak et al., 2004), insulin-dependent diabetes (Reddy and Beal, 2005), 

environmental conditions, and diet (De La Monte and Wands, 2005; Qui and 

Folstein, 2006). FAD develops much faster due to genetic mutations (Selkoe, 2001), 

whereas in SAD cellular changes that control AD progression take more time to 

develop due to absence of genetic mutation (Reddy and McWeeney, 2005).   

 

Although there are no known genetic changes to specific genes, having one or two 

copies of a gene for apolipoprotein E (ApoE) can increase the risk of AD (Barber, 

2012). ApoE gene is located on the long (q) arm of chromosome 19 at position 13.2 

(Sherrington et al., 1995) as shown in figure 1.4. The ApoE gene is used to make 

ApoE protein which combines with the lipids in the body to form lipoproteins and 

facilitates the normal catabolism. Another function of the ApoE protein is to catalyze 

the breakup of a Aβ molecule in the brain (Alexander et al., 2007). ApoE gene is 

polymorphic with three major alleles known as ApoE2, ApoE3 and ApoE4 
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(Ghebranious et al., 2005). The ApoE4 is associated with the risk of developing AD 

by forming increased number of Aβ protein clumps called amyloid plaques which 

leads to the death of the neurons in the brain.  

 
Figure 1.4 The molecular location of apolipoprotein E (ApoE) on chromosome 19: 

base pairs 44,905,748 to 44,909,394. 

Source:   http://ghr.nlm.nih.gov/dynamicImages/chromomap/APOE.jpeg 

 

1.2 Burden of the disease 

FAD places great burden on the spouse and children, who are often still young. 

These patients who show symptoms so early while they are still active, earning in the 

midst of building a home for their families. The patient faces a relentless and 

progressive loss of brain function so prematurely, while he or she is still physically 

active. Care for such people becomes a great concern as the patient also suffers 

complications such as agitation and depression. Upon diagnosis a person has a 

greater risk of committing suicide due to anxiety and depression (Seyfried et al., 

2011). Therefore, it is important for depression to be recognized and treated before a 

person is allowed to do testing for AD.   

 

The death rate due to AD seems twice as that of people without AD (Fung et al., 

2002).  People living with AD are opting for euthanasia as an end-of-life ‘solution’ to 

lift the burden from their family and society (Johnstone, 2013).  A first reported case 

in 2004 where the death of a 65-year-old man through euthanasia deemed lawful by 

Netherlands Assessment Committee based on the grounds that the patient was 

suffering hopelessly and unbearably through AD (Sheldon, 2005). The Netherlands 

is not the only country to permit euthanasia for people with AD since the debate on 
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euthanasia is also taking place in other countries like UK (Johnstone, 2013). 

However, ending one’s life is not always the solution, more research needs to be 

conducted in search for better drugs as those currently available to treat the disease 

have limited effectiveness and are too expensive. Hence, AD needs to be brought to 

attention of everyone and there is a need to search for more drugs as to give relief to 

those families with AD as well as society as a whole.  

 

1.3 History of Alzheimer’s Disease 

According to Boyd, (2011) a German neurologist, Dr. Alois Alzheimer first 

identified AD in 1906. Dr. Alzheimer had a 51 year old patient named Auguste D, 

who had a five- year record of suffering from severe cognitive disorders pertaining to 

memory, language, hallucinations, delusions and social interaction (Boyd, 2011; 

Johnstone, 2013). He conducted a brain autopsy on his patient after her death using a 

silver staining technique that allowed him to visualize the presence of neurons 

(Khachaturian and Radebaugh, 1996). He found that she had cerebral atrophy 

(deterioration of the brain) and observed dense deposits surrounded the nerve cells 

(neuritic/ amyloid plaques) and twisted bands of fibers (neurofibrillary tangles) 

inside the nerve cells.  

 

Dr. Alzheimer specifically identified these collections of brain cell abnormalities as a 

disease. He hypothesized that these lesions might be the cause or effect of the as yet 

to be named AD. The disorder was later named after Alzheimer when more people 

were found to have the symptoms associated with his findings (Whaley, 2002). 

Hence, the diagnosis of such symptoms and these plaques and tangles are referred to 

as AD today. With continued research in this field, scientists describe further 

diagnosis associated with this disease to include nerve cell degeneration in the brain's 

nucleus and reduced levels of the neurotransmitter acetylcholine (ACh) in the brains 

of AD patients. 

 

Before its discovery, AD was generally seen as a "natural" progression of age, and 

"senility was accepted as a part of aging," (Whaley, 2002). AD was not differentiated 
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from other types of age-induced dementia or senility which were still considered part 

of the aging process. AD became a large concern until 1970s when research on 

neurological science progressed and it has been accepted as a disorder and less as a 

natural function of aging, although age is still considered to be a risk factor for AD.  

 

In 1970s onwards a systematic biochemical investigation of the brains of patients 

with AD began hoping that a clearly defined neurochemical abnormality would be 

identified, providing the basis for the development of rational therapeutic 

interventions (Francis et al., 1999). In the mid-1970s support for this perspective 

came through the discovery of substantial neocortical deficits in the choline 

acetyltransferase enzyme responsible for the synthesis of acetylcholine (ACh), 

(ChAT) (Bowen et al., 1976), reduced choline uptake (Rylett et al., 1983), ACh 

release and loss of cholinergic perikarya from the nucleus basalis of Meynert 

(Whitehouse et al., 1982). These studies confirmed a substantial presynaptic 

cholinergic deficit leading to the “cholinergic hypothesis of AD”. 

 

1.4 The “Cholinergic hypothesis of Alzheimers disease” 

The “Cholinergic hypothesis of Alzheimers disease” proposes that the degeneration 

of cholinergic neurons in the basal forebrain and the loss of cholinergic 

neurotransmission in the cerebral cortex and other areas of the brain led to the 

deterioration in cognitive function in patients with AD (Bartus et al., 1982). 

According to Pepeu and Giovannini (2010), this hypothesis was based on three 

groups of observations mentioned as follows. Firstly, due to dysfunction of the 

forebrain cholinergic neurons in patients suffering from AD (Davies and Maloney, 

1976) and the decrease in the acetylcholintransferase (AChT) (enzyme responsible 

for the synthesis of the neurotransmitter acetylcholine) as part of normal aging (Perry 

et al., 1992). Secondly, the amnesic effects shown in mice when induced by 

antimuscarinic drugs like scopolamine which delayed the age-associated memory 

deterioration (Drachman and Leavitt, 1974). Thirdly, using physostigmine (the only 

recommended acetylcholinesterase inhibitor (AChEI) (drug that inhibits the 

acetylcholinesterase enzyme from breaking down acetylcholine) at the time of the 



11 
  

hypothesis formulation) led to the improvement the cognitive deficits in humans 

(Davis et al., 1976). It was hypothesized that if the loss of memory occurring in AD 

patients or even the aged healthy people depend on a cholinergic deficit, it should be 

possible to restore the memory impairment by compensating the cholinergic deficit 

(Balota et al., 2000). Upon biopsy of the brain of the patient with AD, the 

biochemical investigations reveal that the presynaptic markers of the cholinergic 

system such as AChT activity and ACh synthesis get uniformly reduced (Francis et 

al., 1993).  

 

The neurotransmission in an AD patient in figure 1.5 shows that there is reduced 

liberation of acetylcholine at a synapse by the cortical neurons (1). Due to synapse 

loss there is reduced action of glutamate (2). Hence there is reduced interaction of 

muscarinic (M1) receptors to second messenger receptors (3). The tau protein gets 

abnormally phosphorylated forming tangles (4). The secretion of sAPP decreases 

leading to the increased production of β-amyloid protein (5) (forming amyloid 

plaques) and decrease in glutamate (Glu) production (6). These changes lead to the 

spread of AD (Francis et al., 1993; Nitsch, 1996; Palmer and Gershon, 1990). 

 

 
 

Figure 1.5 Cholinergic pathway in Alzheimer’s Disease. 

Source: http://jnnp.bmj.com/content/66/2/137/F1.large.jpg   
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The effect of the use of AChE inhibitor on improvement of the neurotransmission in 

figure 1.6 shows that when AChE inhibitors are introduced (1) it reduces the 

breakdown of ACh. This results in greater activation of postsynaptic ACh receptors; 

(2) reduced phosphorylation of tau; (3) the secretion of sAPP becomes normal; (4) 

which leads to reduced β-amyloid production; (5) glutamatergic neurotransmission 

returns towards normal, possibly due to activation of muscarinic (mAChR) and 

nicotinic (nAChR) receptors (Francis et al., 1999). 

 

Figure 1.6 Action of AChE inhibitors. 

Source: http://jnnp.bmj.com/content/66/2/137/F1.large.jpg  

 

1.5 Changes in the brain cells and Nerve cells 

There are about 100 billion neurons (nerve cells) in the human brain that 

communicate with network of other nerve cells to help perform various tasks each 

day such as recognizing friends, cooking, going to work etc (Alzheimers 

Association, 2007). Any single action can become impossible without the perfect 

interaction within the appropriate network of nerve cells. In a normal healthy brain, 

there are plenty of cells present however, in an AD victim there is a dramatic cell 

loss and reduced tissue present relative to an average brain.  
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A common feature with all patients suffering from AD is the accumulation of 

amyloid plaques and intracellular neurofibrillary tangles in brain tissue (figure 1.7).  

The amyloid plaques are the abnormal clusters of Aβ protein fragments between the 

nerve cells. Aβ is chemically "sticky" and gradually builds up into plaques 

(Alzheimers Association, 2007). These plagues result in the deterioration of the 

pyramidal neurons and the nerve synapses in the brain that may block cell-to-cell 

signalling at synapses. Research has shown that the presence of plaques and tangles 

lead to the onset and severity of AD (Reger, 2002). 

 

 
Figure 1.7 The formation of amyloid plaques and neurofibrillary tangles in the brain. 

Source: http://www.brightfocus.org/alzheimers/about/understanding/plaques-and-

tangles.html 

 

The insoluble twisted fibres found inside the brain's cells are called neurofibrillary 

tangles as shown in figure 1.7. It is formed by the abnormal phosphorylation of 

twisted strands of another protein called tau. When tau protein disintegrates the 

transport system of the brain organised in orderly parallel strands collapses depriving 

the cells of nutrients and other essential supplies hence the brains cell die 

(Alzheimers Association, 2007). The plaques and the tangles spread through the 

brain as the AD progresses. 
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The brain regions that are associated with higher mental functions, particularly the 

neocortex and hippocampus are most affected (Francis et al., 1999).  The cortex 

shrivels up, hippocampus shrinks and the ventricles (fluid-filled spaces within the 

brain) grow larger (figure 1.8). These areas get severely affected from mild to severe 

stages of AD. The cells in the hippocampus degenerates and the disease continue to 

spread through the cerebral cortex. As a result the short-term memory begins to 

decline in the early stages of AD. People fail to perform routine tasks, their ability to 

make judgment worsens, emotional outbursts may occur and language is impaired. 

As AD progresses to Mild AD, the death of more nerve cells results where the 

corticals and the hippocampus shrink while the ventricles get moderately enlarged 

(Figure 1.8). This leads to subsequent changes in behaviour such as wandering and 

agitation. It worsens in the final stages of AD (severe AD) where patient may lose 

the ability to feed themselves, speak, recognize people and control bodily functions. 

There is severe shrinkage of cortical and hippocampus area of the brain while the 

ventricles get severely enlarged (figure 1.8). At this stage, memory almost 

completely becomes lost so the patient requires utmost care and attention from the 

relatives or a nurse. On average, a person with AD can live for four to eight years 

after diagnosis, but depending on other factors can last for as long as 20 years 

(Alzheimers Association, 2015). 
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Figure 1.8 The deterioration of a healthy brain with mild to severe AD and the 

comparison of a healthy neuron with a diseased one.  

Source: 

http://www.brightfocus.org/alzheimers/about/understanding/brain-nerve-cells.html 

 

1.6 Causes of Alzheimer’s Disease 

AD is caused by Aβ, neurofibrillary tangles and synaptic loss in the brain; 

particularly, due to the deficiency of the neurotransmitters; acetylcholine (ACh), 

butyrylcholine (BCh) and the degeneration of cholinergic neurons in the cortex and 

hippocampus of the brain (Senol et al., 2010). ACh and BCh are liberated at the 
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nerve endings by the enzyme acetylcholinetransferase (AChT) and butyryl 

cholinetransferase (BChT) in the brain cells known as cholinergic neurons. The key 

enzymes acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) terminates 

the nerve impulse transmission at the cholinergic synapses by rapid hydrolysis of 

ACh and BCh. AD patients being deficient of ACh and BCh, require means to 

elevate ACh and BCh level. There are many strategies that can be used to enhance 

ACh and BCh level such as using ACh and BCh precursor, muscarinic and nicotinic 

agonists, ACh and BCh releasers and AChE and BChE inhibitors. The use of AChE 

and BChE inhibitors in AD patients has been the most effective strategy to date 

(Brenner, 2000). 

 

Moreover, oxidative processes are among the pathological features associated with 

the central nervous system (CNS) in AD. Oxidative stress causes cellular damage 

and subsequent cell death especially in organs such as the brain (Adewusi and 

Steenkamp, 2011). The brain in particular is highly vulnerable to oxidative damage 

as it consumes about 20% of the body’s total oxygen, has a high content of 

polyunsaturated fatty acids and lower levels of endogenous antioxidant activity 

relative to other tissues (Halliwell and Gutteridge, 1989; Floyd and Hensley, 2002; 

Shulman et al., 2004). The brain of patients suffering from AD is said to be under 

oxidative stress as a result of perturbed ionic calcium balances within their neurons 

and mitochondria (Emilien et al., 2000; Tabet, 2006).  

 

Mitochondria play an active role in the cellular calcium homeostasis. A rise in the 

Ca2+ in the cytosol is paralleled by a cycle of mitochondrial Ca2+ uptake, and its 

subsequent release (Mancuso et al., 2009). An alteration in intracellular Ca2+ 

homeostasis could contribute to the pathogenesis of AD. There is also significantly 

reduced number of mitochondria present in various cells obtained from AD patients. 

A deficiency in mitochondrial electron transport enzymes such as cytochrome C 

oxidase is also noted which leads to and increased production of reactive oxygen 

species (ROS), a reduction in energy stores and disturbances in the energy 

metabolism (Cardoso et al., 2004; Kish et al., 1992; Mutisya et al., 1994). 
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The causes of AD are yet not fully understood as there are several factors that affect 

each individual in a different ways. Research shows that AD is triggered by age, 

genetic background, cardiovascular risk factors, stroke related and probably lifestyle 

including education and employment (Access Economic, 2006). There is no trend for 

these factors to be common in all the individuals with AD. Some of the possible 

causes of dementia include side effects as a result of medication, high stress or 

depression, Vitamin B12 deficiency, chronic alcoholism, certain tumors or infections 

of the brain, blood clots in the brain and metabolic imbalances such as thyroid, 

kidney, or liver disorders. Age is considered as the most important known risk factor 

for AD as research shows that the number of individuals with the disease doubles 

every 5 years after age 65 (Ferri et al., 2005). It is estimated that 50% of all people 

older than 85 is affected by AD. Diets that are rich in fat, smoking, low levels of 

exercise, and other health issues as well as genetic factors are the suspected major 

causes of the disease. 

 

1.7 Symptoms of Alzheimer’s Disease 

The changes in the brain begin years before any significant symptoms of the disease 

are evident. The symptoms of AD worsen over time with each person experiencing 

the symptoms differently. The progression of AD is classified into three general 

categories: mild (early stage mostly forgetfulness), moderate (middle-stage mostly 

confusional), and severe (late-stage known as dementia) (ADEAR, 2015). 

 

The mild phase is the first stage and is characterized by a loss of short-term memory 

(Alzheimer's Association, 2015). The person may function independently, drive, 

work normal and be part of the social activities. However, the person will often have 

trouble remembering names of well-known people, forgetting familiar words and 

will misplace items on a regular basis (Alzheimer's Association, 2015). Such 

difficulties might be noticeable to the friends and family. Other common difficulties 

include: struggling to find the correct word during conversation, recalling names if 

introduced to new people, difficulties with planning and organizing of activities, 

problems in carrying out activities in the public or workplace. At this stage, it is 
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difficult to distinguish a person suffering from Alzheimer’s to that of a normal 

person. 

 

In the moderate stage, the cognitive deterioration is more noticeable and memory 

loss is much more pronounced hence the person with Alzheimer’s needs a greater 

level of care. This stage can last for many years.  Individuals in this stage will often 

have trouble remembering the date and day of the week, the places they are and 

wherever they had been to, make poor judgment or to express thoughts and to 

perform routine tasks due to the damage to the nerve cells in the brain (Alzheimer's 

Association, 2015).  Some other noticeable symptoms include: repetitive behavior, 

changes in sleep patterns, poor selection of clothes to wear during different occasions 

or weather, difficulty recalling one’s own phone number, address or qualifications, 

feeling of being mentally challenged and forgetting of events.  

 

In the late stage of AD, there is vast loss of memory and mental abilities. In this 

stage, individuals often fail to respond to the environment, carry out conversation or 

eventually controlling their movement. Individuals even fail to recognize their family 

members or be able to read with comprehension (Alzheimer's Association, 2015). As 

brain functions disintegrate, individuals get confined to bed and need extensive help 

with daily activities. Thus individuals require full-time care and assistance. They also 

become vulnerable to infections, especially pneumonia which often results in death 

(Alzheimer's Association, 2015).   

 

1.8 Diagnosis of Alzheimer’s Disease 

AD is very difficult to distinguish from other dementia like illnesses in the beginning 

of the disease. This is because the definitive diagnosis of AD is possible only after 

death upon autopsy of the brain, by examining the characteristic plaques and tangles 

in the brain. The advantage of diagnosis at an early stage helps improve the treatment 

of AD and also the similar symptoms could be treated for other diseases if not AD. It 

increases the chance of successful treatment for those with AD that are treatable at 

the early stage (ADEAR, 2008). Also the available drugs if used at an early stage of 
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diagnosis could help maintain the mental abilities of people with AD for months to 

years minimizing any further deterioration to the brain. Early diagnosis also helps the 

person to participate in many of the daily activities he or she has always enjoyed, and 

families are not burdened with the nursing responsibility. 

 

A single test cannot determine whether a person has Alzheimer's. There are several 

tools used in the diagnosis of AD in an individual that requires careful medical 

evaluation. Such include the examination of the following by a medical practitioner 

before prescribing any medications: the person’s history, assessing the person’s 

emotional state, signs and symptoms, medical condition and assessing change in the 

personality. Performing blood and medical tests such as tests of blood, urine, or 

spinal fluid to determine neurological functioning, carry out interviews to measure 

the memory, language skills, problem solving skills and perform brain scans such as 

computed tomography (CT) or magnetic resonance imaging (MRI) scans to detect 

strokes or tumors or detect changes in the brain structure (ADEAR, 2015). 

 

Using the above tests, diagnosis is possible to some extent. Other illnesses can also 

be easily ruled out which could have similar symptoms like dementia. For example, 

in elderly people severe depression is often accompanied by memory loss which is 

confused for AD. However, depression and AD often co-exist in many individuals. 

Hence the doctors can easily find the other possible causes of the person’s 

symptoms.  

 

1.8.1 Problems associated with Diagnosis of AD 

There are various difficulties encountered by researchers while their research on AD. 

Firstly, the diagnosis of AD is quite difficult as it is a progressive degeneration of 

brain which is a very slow process. The cognitive deficits may vary between patients, 

for example, testing their IQ or memory will depend on the amount of education and 

social interaction the patient has experienced in his or her lifetime and not 

Alzheimer's disease. To solve this, the patient needs a properly documented past 

experiences which is hardly available for patients (Reger, 2002). Secondly, it is 
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difficult to operate brain and diagnose the plagues and tangles at different phases of 

the disease for living patients. Multiple surgery of the brain would be needed which 

would be very expensive and risky. Therefore, researchers are working on other 

alternatives such as using transgenic animal models (mouse) to study the plague and 

tangle formation.  

 

1.9 Treatment of Alzheimer’s disease and other related disorders 

Although there is no cure currently available for the course of degeneration of the 

brain cells or the nerves of the brain, the disease could be delayed through the intake 

of certain drugs (ADEAR, 2009). The rate at which AD progresses from mild 

memory problems to severe brain damage occurs differently in different individuals 

therefore, the delay in AD progress could be controlled with proper diagnosis. It is 

predicted that people can live longer if diagnosed earlier and given the necessary 

treatment (PDR, 2015).  

 

For those people who feel they may be at risk of developing FAD, physicians across 

the world recommend putting into practice many of the strategies to prevent 

Alzheimers that they believe may delay the disease’s rapid progression such as the 

cholinergic therapy. There are several ways to treat AD. These are discussed as 

follows. 

 

1.9.1 AChE and BChE Inhibitors 

One of the important strategies for treating AD is to maintain the levels of ACh 

through the inhibition of the AChE (Lahiri et al., 2002). Therefore, the most popular 

and efficient treatment is the use of AChE inhibitors. The role of an 

acetylcholinesterase inhibitor (AChEI) and butryl cholinesterase inhibitor (BChEI) is 

to inhibit the AChE and BChE enzyme from breaking down ACh and BCh, 

respectively.  
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In the absence of an inhibitor, there is normal breakdown of the neurotransmitter 

ACh by the enzyme AChE into acetic acid and choline as shown in figure 1.9. 

 
Figure 1.9  Breakdown of acetylcholine 

Source: http://www.atsdr.cdc.gov/csem/csem.asp?csem=11&po=5  

 

When an inhibitor is present, the inhibitor attaches to and blocks the site where the 

neurotransmitter ACh is supposed to bind to the enzyme AChE. In figure 1.10 the 

AChE inhibitor attaches to the serine hydroxyl group on AChE which prevents ACh 

from binding to the AChE and being broken down. This will lead to increased levels 

of ACh.  

 

Figure 1.10  Cholinesterase inhibitor attached to acetylcholinesterase preventing the 

attachment of acetylcholine. 

Source: http://www.atsdr.cdc.gov/csem/csem.asp?csem=11&po=5 
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Currently, there are a limited number of AChE inhibitors accepted for the treatment 

of mild to moderate phases of AD. The selected drugs are given in figure 1.11 are 

donepezil (Aricept), rivastigmine (Exelon), galanthamine (Razadyne, formerly 

Reminyl) and tacrine (Cognex). Tacrine and donepezil are synthetic compounds 

whereas rivastigmine is a derivative of physostigmine (esrine), a compound purified 

from the seeds of Physostigma venenosum (Calabar bean). Other natural inhibitors 

isolated from plants are galanthamine and huperzine A (Szwajgier and Borowiec, 

2012)b. These drugs may help prevent some symptoms from becoming worse for 

some time at the initial diagnosis of AD. 

 

Figure 1.11 Structures of Selected AChE and BChE Inhibitors  

Source: http://www.mdpi.com/ijms/ijms-14-05608/article_deploy/html/images/ijms-

14-05608f1-1024.png 

 

These drugs work in the following ways. Firstly they inhibit AChE and to some 

extent also BChE, (exception of donepezil, which is AChE selective) (Weinstock, 

1999), secondly increase extracellular ACh levels in the brain of experimental 

animals (mice) (Pepeu and Giovannini, 2009) and thirdly restore the cognitive 

deficits observed in animal models of dementia (Pepeu, 2000). According to Scali et 

al. (1997) the increase in ACh extracellular levels, demonstrated by microdialysis 

studies in behaving rats after acute and chronic ChEI administration, is a direct 

evidence of enhanced cholinergic function.  



23 
  

Galanthamine is considered to be more effective with fewer limitations than any 

other drugs in the treatment of AD (Gordon et al., 2000). It is an alkaloid derived 

from plants of the Amaryllidaceae family, and is considered to be a selective 

reversible long-acting and competitive AChEI. Galanthamine is present in the bulbs 

of a spring flower called common snowdrop (Galanthus nivalis), used for the 

reversal of the neuromuscular blockage and treatment of myasthenia gravis. 

Similarly, Huperzine A is an alkaloid from the club moss Huperzia serrata, which 

was broadly used as the Chinese medicinal herb (Szwajgier and Borowiec, 2012)a. 

 

It has been noted that many plants are reported as interesting sources of AChEI 

(Mukherjee et al., 2007; Gupta and Gupta, 1997). Tacrine, a synthetic drug was the 

first one approved to be used for AChEI however it was later found to result in 

hepatotoxity (Watkins et al., 1994). According to Feitosa et al. (2011) those plants 

that have shown hapatoprotective properties would be of great advantage in the 

search for novel medicine as a treatment for AD.  

 

AChE inhibitors are also useful in the treatment of other severe disorders like 

Parkinson’s disease, vascular dementia, dementia with Lewy bodies, Down’s 

Syndrome, traumatic brain injury, Wernicke-Korsakoff disease, delirium, migraine, 

ataxia and an autoimmune disorder like myasthenia gravis (Selvendiran et al., 2003).  

 

1.9.2 Regulation of the Glutamate production 

The role of glutamate in the nervous systems of apparently all complex living 

organisms is that glutamate, at appropriate levels, plays an important role as the 

major mediator of excitatory signals in the mammalian central nervous system (CNS) 

and is involved in most aspects of normal brain function including cognition, 

memory and learning (Danbolt, 2001). Regulation of glutamate production is 

important because it is not only essential in optimum concentration but is highly 

toxic if found in excess. Cognitive problems develop with much lower glutamate 

levels whereas if levels are too high, glutamate over stimulates nerve cells, leading to 

cell death. 
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Currently, a drug called memantine also known as Namenda, which is N-methyl D-

aspartate (NMDA) antagonist is used for moderate to severe AD. Although, 

Namenda is a recommended drug, it is not very effective. NMDA antagonists works 

very differently in comparison to the other recommended drugs. All other drugs work 

by inhibiting the AChE and BChE whereas Namenda works by regulating the 

production of glutamate, an important brain chemical (ADEAR, 2015). Nerve cells 

have glutamate receptor proteins on their surfaces such as NMDA which is sensitive 

to glutamate. If excessive amounts of glutamate are produced, it may lead to death of 

the brain cells. Namenda helps block the activity of the neurotransmitter glutamate 

by binding to NMDA receptors on the surface of brain cells. Use of Namenda might 

help relieve caregivers by allowing AD patients to perform some routine tasks 

individually such as visiting the bathroom. The behavioural symptoms of AD like 

sleeplessness, agitation, wandering, anxiety, and depression could be treated with 

other drugs that had been used so far for that purpose. This will help provide comfort 

to the patients. 

 

1.9.3 Anti – inflammatory drugs 

Epidemiological research has demonstrated that the use of anti-inflammatory drugs 

such as those used in treating arthritis, non-steroidal anti-inflammatory drugs 

(NSAIDs) and statins, drugs used to lower the cholesterol, may also reduce risk for 

AD or delay the onset of the disease (Rees et al., 2006). The inflammatory reaction is 

considered to contribute to the accumulated amyloid beta (Aβ) proteins and tau. 

Immune-related antigens were found in addition to Aβ and tau protein aggregates, 

around amyloid plaques in the brains of patients with AD (Zotova et al., 2010). 

According to Etminan et al. (2003) the use of non-steroidal anti-inflammatory drugs 

seems to lower the risk of developing Alzheimer's in adults younger than age 55. 

Such drugs may offer some protection against AD by reducing the accumulation of 

protein fragments in the brain but have not confirmed the prevention of the progress 

of AD.  
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1.9.4 Antioxidant / Diet  

Imbalance between the intracellular production of free radicals/reactive oxygen 

species (ROS) and antioxidant defense mechanisms results in oxidative stress (Perry 

et al., 1998). Free radicals are molecules carrying an unpaired electron which makes 

them very reactive to gain an electron from another molecule. In this process the 

chemical structure of the other molecules is altered or damaged such as DNA, lipids, 

sugars, proteins, fatty acids and nucleic acids within the cells (Aliev et al., 2008). 

 

High intakes of antioxidants in the diet, including vitamin C, vitamin E, β-carotene, 

vitamin B6, vitamin B12, folate, unsaturated fats, and fish may guard against AD by 

neutralizing ROS as reported by Fung et al. (2002). Diet rich in vegetables, 

especially green leafy vegetables and cruciferous vegetables like broccoli, are 

associated with a reduced rate of cognitive decline (ADEAR, 2009). 

 

1.9.5 Exercise 

Regular exercise lowers the risk of AD (Peterson, 1998) as it helps the brain with 

efficient blood flow and raises the level of nerve growth factor in an area of brain 

(ADEAR, 2009). Physical activity increases the heart rate and cause one to breathe 

more deeply and keeps a person healthy with better thinking, reasoning, memory and 

learning skills. It also reduces the risk of other diseases such as high blood pressure, 

heart disease and type 2 diabetes.  

 

1.9.6 Drugs used for the treatment of Alzheimer’s disease 

The available drugs prescribed as medication only delay the progressive decline in 

the memory for some individuals but do not completely stop the degeneration of the 

brain cells. Studies show that some drugs help improve the daily functioning of 

individuals by treating symptoms such as agitation, anxiety, and depression and 

improved participation in daily activities and increase their quality of life (ADEAR, 

2009). These drugs are mostly prescribed in low doses and then the dosage is 
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increased depending to how well the patient responds. The patient’s response to the 

above drugs differs with different drugs as well as among different patients. The 

disadvantage of the use of higher dosages is the possible side effects associated with 

the drugs as summarised in table 1.1 (ADEAR, 2015). Although, there are a few 

drugs available in the market for treatment of cognitive dysfunction and associated 

memory loss (Orhan et al., 2004), it has been reported that these compounds have 

adverse effects including gastrointestinal disturbances and problems associated with 

bioavailability (Schulz, 2003). 
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Table 1.1 Some common approved medications for the treatment of AD  

Table adapted from: ADEAR, 2015 
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1.10 Significance of Research 

AD mostly affects the elderly and thus has a great impact on not only the quality of 

life but also the social and economic status of the community. 

 

The diagnosis of this disease is difficult. The current medications available are few 

and have other side effects. Therefore, there is a need to search for better sources of 

compounds that will be better leads to an effective medication. In Fiji, traditional 

medicine has been used to prolong / treat AD and related diseases. Therefore, it is 

important to explore these avenues in search for safe and alternative compounds that 

can act as leads for drugs for AD.   

 

The current study is an attempt to identify and compare the potential candidates from 

among the selected plants for cholinesterase inhibition as well as antioxidant activity. 

Thirteen different plants were selected which are traditionally used for rejuvenation 

and for improving the memory and cognitive function. Fijian over the generations 

has further reached the point where they have distinguished the sickness and 

identified herbs for forgetfulness (“oioiya” in itaukei) and depression (“cabuka” in 

itaukei).  

 

This study presents the first comprehensive analysis of anticholinesterase and the 

antioxidant activities of the thirteen plants selected. The traditional extraction method 

(medium / preparation) is taken into consideration. Thus the extraction method uses 

polar solvents, decoction and ethanol extraction. The results were also compared 

with the corresponding plant extracts with same genus and family.  
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CHAPTER 2 

FIJIAN MEDICINAL PLANTS USED FOR HEADACHE AND RELATED 

ILLNESS 

2.0 INTRODUCTION 

Medicinal plants are those that possess therapeutic properties or exert 

pharmacological effects on animals and humans (Sandhya et al., 2006). Around 80% 

of the world population relies on medicinal plants for their primary health care needs 

(WHO, 2001). These plants contain potentially useful chemical components which 

could act as newer leads and clues for modern drug design (Vijyalakshmi and 

Ravindran, 2012). The most important of these bioactive constituents of plants are 

alkaloids, tannins, flavonoids, terpenoids and phenolic compounds (Pascaline et al., 

2011; Aja et al., 2015). The majority of the drugs used today have originated from 

the medicinal plants e.g. aspirin, atropine, codeine, cocaine, ephedrine, emetine, 

morphine, pilocarpine, vinblastine and vincristine (Bevill et al., 1999). According to 

Blumenthal, (1998) an estimate of approximately one fourth of the prescriptions 

dispensed from the community pharmacies in the United States contain ingredients 

derived from plant origin.  

 

A crucial factor for the success of the screening of the medicinal plants for 

biologically active chemicals is the selection of the plant species to be studied. 

According to Feitosa, (2011) plants that have shown favorable effects in relation to 

cognitive disorders, including anticholinesterase, anti-inflammatory and antioxidant 

activities or other relevant pharmacological activities are potentially of interest for 

clinical use for AD. Sandhya et al. (2006) stated that this selection of plants should 

be mainly based on the ethno-pharmacological process based on the therapeutic use 

of plant species by a specific ethnic group.  

 

Medicinal plants have bioactive compounds which are used for curing of various 

human diseases and also play an important role in healing (Wadood et al., 2013). 

Phytochemicals are naturally occurring in the medicinal plants, leaves, vegetables 

and roots that have defense mechanism and protect from various diseases. The 

medicinal properties of the plants are due to the presence of various phytochemicals 
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in different plant families. Phytochemicals have two categories i.e., primary and 

secondary constituents. Primary constituents have chlorophyll, proteins, sugar and 

amino acids while the secondary constituents contain terpenoids, alkaloids, 

anthraquinones, anthocyanins, flavonoids, glycosides, cyanogenic glycosides, 

phenolic acids, saponins and tannins etc. (Krishnaiah, 2007; Aja et al., 2015). 

 

The ayurvedic system of medicine had been previously used for various plant species 

since 4000 years for treating central nervous system disorders as well as to improve 

the memory and cognitive function (Warrior, 1996 and Rao, 2012). Countries such as 

India, Portugal as well parts of Fiji still value their traditional medicinal plants 

(Sandhya et al., 2006; Tupua et al., 1992 and Ferreira et al., 2010). Screening these 

plants in detail would be beneficial in the search for new leads for drugs that are well 

tolerated with fewer side effects and often possess an effect on the central nervous 

system (CNS).  

 

2.1 Fijian herbal medicine  

Until three decades ago Fiji had been heavily covered with bushes and forests. The 

population had limited access to primary health care and herbal medicines were very 

popular. The villagers had their selected healers who practice traditional medicine. 

There is a diverse variety of species of Fijian herbal medicine which are passed on by 

the village healer to their kith and kin for generations. The traditional medicinal 

information is passed on via oral communication. It is a very rich heritage, although 

the knowledge of traditional herbal medicine has depreciated over time and little is 

known to the current generation.  However, people continue to use herbal medicine 

because of its benefits such as easily available, with apparently little or no toxicity 

and efficacy.  

 

The Fijian herbal medicine is diverse in variety and ageless in practices. It is 

effective when administered in a correct way and popular in demand. The common 

example is the Morinda citrifolia (‘Kura’). ‘Kura’ or ‘Achi’ as locally called is found 

in jungles, near creeks and hill tops. The ripe fruits are eaten or the juice is drunk 
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after boiling it. The leaves are warmed and placed on the sprained body parts, to 

restore healing and relieve pain. Today, the fruits of the same plant are used to 

prepare a special tonic drink called ‘noni juice’ which is sold in the dispensaries 

approved by the health authorities.  

 

Likewise Micromelum minutum (‘Qiqilia kau’), Neuburgia collina (‘Qiqilia wawa’), 

Euodia hortensis (‘uci’), Polygonum perfoliata (‘Wabosudu’) and Ageratum 

conyzoides (‘Botebotekoro’) are everyday used herbs known to almost every native 

and Indo-fijians alike. The Polygonum perfoliata used to stop the flow of blood from 

a cut and protect it from infections. The juice of Ageratum conyzoides is very 

effective in treating ulcer and indigestion. According to the village healers, there is 

medicine for almost every sickness like weakness, diabetes, headache, cough, sore 

throat, boil, abortion, heart attack, depression, AD, cancer and many more. 

 

Inspite of the great potential of the Fijian medicinal plants in the treatment of 

dementia related disorders and other diseases, effects of these plants on 

acetylcholinesterase (AChE) enzyme has never been investigated. Knowing the fact 

that the inhibition of AChE, the metabolizing enzyme of acetylcholine is presently 

the most accepted and recognized therapeutic marker for development of cognitive 

enhancers (Enz et al., 1993; Siddiqui and Levey, 1999), it becomes more pertinent to 

study the anticholinesterase activities of these plants. In order to discover the novel 

potential sources for anti-Alzheimer, AChEI assay and DPPH assay was used to 

screen for AChE inhibitory activity and antioxidant activity. The extraction method 

using polar solvents has been selected based on the preparation of Fijian medicine.  

 

As part of this study on novel source exploitation from traditional Fijian medicines, 

this study will be the first comprehensive analysis of the antioxidant activities of 

decoction and ethanolic extracts from selected native plants of Fiji. Hence this study 

would be of enormous contribution in the scientific world. A strict scientific 

guideline and questionnaire was designed and adopted in order to select the eligible 

specimen for analysis. These procedures for selection will be discussed in Chapter 

2.2. The Fijian plants will be screened for their anti-Alzheimer’s properties using 

Ellman’s colorimetric method (Ellman et al., 1961; Ingkaninan et al., 2003) in 
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Chapter 3. Anti-oxidant properties of the same plants would be explored to examine 

the correlation between radical scavenging activity and acetylcholine activity in 

Chapter 4. 

  

2.2    METHODOLOGY 

2.2.1 Selection of Specimen 

Plant specimens used in traditional medicines were requested and selected through 

the practice of interviews and questionnaires. Mostly the native Itaukei were being 

approached as they were more familiar with Fijian local medicine. Some village 

healers were also interviewed who provided knowledge as well as samples from their 

localities. A total of 40 interviews were undertaken in February to April, 2014 in 

Labasa, Suva, Nausori and Tavua. Interviewees were, for the most part, not 

considered to be traditional healers but were primarily elderly people who were 

willing to discuss the plant used for headache / depression / memory loss and related 

illnesses. The information from the interviews were collated and the plants identified.  

 

2.2.2 Sampling in the field  

The village healers were approached separately with a traditional ritual of offering 

‘kava’ (‘sevusevu’) – a traditional drink to the village head. A list of herbs/ plants 

used to prepare traditional medicine related to healing the brain sickness i.e. 

headache, depression and forgetfulness was noted.  

 

2.2.3 Identification and Collection Site 

All the plant materials were either procured from Nabekavu (29th May, 2014) and 

Tabia forest (15th June, 2014) from Vanua Levu or collected from Suva (5th June, 

2014) or Tavua mountians (25th July, 2014) from Viti Levu. No permits were 

required for these procurements. 
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The plant samples were picked (branches with leaves, stem, roots), tied in separate 

bundles and labeled with its name, habitat.  The plants were safely placed in a sack 

and transported to USP. Later it was washed and dried by spreading in a room for air 

drying. After drying the plant samples were bundled again, labeled and placed in a 

dark room.  

                                                                                                                                                     

Plant species were identified by verifying the colour pictures followed by description 

and identification characters with the help of information compiled by Parham 

(1972) ; Keppel and Ghazanfar (2006) on Fijian native plants. It was authenticated 

by Mr. Dinesh Kumar, Chief Technician, Department of Biology, The University of 

the South Pacific (USP), Suva, Fiji. Individual specimen of each plant variety was 

preserved through plant press - dry method and kept in the chemistry laboratory, 

USP.  

 

2.3 RESULTS AND DISCUSSION 

2.3.1 Analysis of Interview / Questionnaire 

During the interview, it was discovered that Fijian herbal medicine has crossed its 

‘boundaries’ and is given prominence among the Indo-Fijians and to some extent in 

the Chinese community. Often one can hear people having conversations among 

themselves and passing information regarding medicine and names of village 

physicians around especially in hospital waiting rooms. Sadly on the other hand, 

knowledge about herbal medicine is diminishing in the cities due to westernization. 

Sometimes when solutions and remedies are not found for some sickness, people 

tend to start searching for a village healer. 

 

It was found that the same plants were used for healing sicknesses in different parts 

of the country but were known by different names. For example, Clidemia hirta was 

known as Kosters Curse, ‘Bona bulmakau’, and also ‘jangli tulsi’.  

 

As research continued sicknesses were discovered to exist in the native population 

directly linked with mental health. A medicine was identified as “kukranda” 
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(‘botebotekoro’) which was linked to a man who suffered from severe mental illness 

who recovered using this plant medicine as revealed by one of the interviewers. 

Other medicinal values of the other plants are discussed in Chapter 2.3.4. 

 
2.3.2 The village healers  

A total of twenty village elders and five village healers provided information on 

medicinal plants used for the treatment of illness related to the brain. The village 

healer does not have a professional name to be called by, but traditionally or in the 

village, they are famous by their art of healing. He / She is efficient in his / her work 

and is very prominent figure in the society. Upon consultation with his patients he 

goes to the bush to find the appropriate plants to prepare the medicines. A well-

known village healer often travels to other villages to cure the sick according to one 

of the interviewee. Many people approach these village healers when all modern 

medicine fails.  

 

The herbs are revered by the village healers because it has some cultural and 

traditional values attached with it. They claim that it is handed down by their 

forefathers and they would pass it on to their children only. The medicine is 

delivered only after a kava ritual (known as ‘sevusevu’).  

 

Local herbal medicine is viewed as vast resources for potential anti-Alzheimer and 

anti-oxidant compounds. According to the interview, there are hardly any native 

people suffering from the related diseases, a probable reason could be because these 

elements are present in the herbs that the native people use widespread and the 

medicine supplement them with the necessary requirements. Secondly, every herbal 

medicine has valuable healing properties due to its chemical content whose 

chemistry can only be revealed through analysis in the laboratory. i.e. for the 

presence of AChE inhibitors and anti-oxidants. Since, no research has been done on 

local plants, the treasure of resources may provide a likely avenue for the discovery 

and development of new AChE inhibitors.  
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2.3.3 Traditional method for preparation of medicine 

Generally, there are four methods used by village healers for preparing and 

administering the medicine. For example, the energy drink is prepared by placing 

various leaves in a pot and boiling it. The water extract (decoction) is kept for a week 

and drunk every morning before breakfast. Secondly, medicine that is made from the 

tree barks is either scrapped from the tree or the bark is chipped out and pounded in a 

‘tambilli’ with an iron rod, similar to grog pounding (mortar and pestle). The content 

is put in a cloth and squeezed with water. An example is the bark of the ‘kavika’ tree 

which is scrapped and used in a tonic by diabetes sufferers. Thirdly, some leaves 

used for medicine are directly chewed; the juice is swallowed while the residue is 

spat out. Fourthly, some herbal medicinal leaves are cut, dried and put in oil and 

preserved. This is usually applied to wounds, body, and head and even consumed in 

teaspoons. As the content of oil in the bottle decreases, more oil is added. 

 

2.3.4 Plants selected for study 

In the present work, thirteen plants used in the interior of Fiji for the treatment of 

different ailments and/or used as condiments, were collected in the country by the 

elderly. Most of the plants studied are used to treat “nerves” or related problems like 

anxiety, insomnia or headache. Some are also used to treat other ailments. The 

scientific names, family, local name and collection sites are summarized in Table 

2.1. 
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Table 2.1 Fijian Medicinal plants selected for the current study. 

No Scientific 

name 

Family Local Name Collection Site 

1. Clidemia 

hirta 

Melastomataceae Bona bulmakau Nakasi wetland 

2. Bidens pilosa Asteraceae Batimadramadra MGM school 

garden, Nabua 

3. Centella 

asiatica 

Apiaceae Totondro Naulu, Nakasi. 

4. Ageratum 

conyzoides 

Asteraceae Botebotekoro Tavua cane field 

5. Micromelum 

minutum 

Rutaceae Qiqilia kau Nabekavu forest, 

Labasa. 

6. Scaevola 

koenigii 

Goodeniaceae Vevedu Laucala Bay coastal 

Areas 

7. Neuburgia 

collina 

Loganiceae Qiqilia wawa Naduri, Seaqaqa. 

8. Polycias 

fruticosa 

Araliaceae Danidani MGM school 

garden, Nabua. 

9. Persicaria 

perfolliata 

Polygonaceae Wabosucu Nakasi, bushy 

roadside. 

10. Zingiber 

officinalis 

Zingiberaceae Layalaya Coquru forest, 

Labasa. 

11. Eudia 

hortensis 

Rutaceae Udi Tavua 

12. Physalis 

angulata 

Solanaceae Cevucevu MGM schools 

agriculture garden. 

13. Spondias 

pinnata 

Anacardiaceae Stone breaker Naduri, Seaqaqa. 
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Table 2.2 Yield of extracts of various plant parts used in the study. 

No. Scientific name Parts Used Ethanolic 

Extract mg/g 

Water extract 

(decoction) mg/g 

1. Clidemia hirta Leaves 0.27 0.05 

2. Bidens pilosa Leaves 0.47 0.09 

3. Centella asiatica Leaves 0.35 0.09 

4. Ageratum conyzoides Leaves 0.10 0.04 

5. Micromelum minutum Leaves 0.27 0.05 

6. Scaevola taccada Leaves 0.21 0.05 

7. Neuburgia collina Leaves 0.28 0.05 

8. Polycias fruticosa Leaves 0.22 0.06 

9. Polygonum  perfoliata Arial parts 0.12 0.07 

10. Zingiber officinalis Rhizome 0.08 0.05 

11. Eudia hortensis Leaves 0.22 0.06 

12. Physalis angulata Arial parts 0.08 0.05 

13. Spondias pinnata leaves 0.16 0.06 

 

Two different polar extracts (ethanolic and decoction) from the following plant 

species were screened for acetylcholinesterase inhibitory activity and also 

antioxidant capacity: Clidemia hirta (Melastomataceae), Bidens pilosa (Asteraceae), 

Centella asiatica (Apiaceae), Ageratum conyzoides (Asteraceae), Micromelon 

minutum (Rutaceae), Scaevola koenigii (Goodeniaceae), Neuburgia collina 

(Loganiaceae), Polyscias fruticosa (Araliaceae), Polygonum perfoliata 

(Polygonaceae), Zingiber officinalis (Zingiberaceae), Euodia hortensis (Rutaceae), 

Physalis angulata (Solanaceae), and Spondia spinnata (Anacardiaceae). It is known 

that many plants that have medicinal value are used as condiment or aromatic and the 

inclusion of this kind of plants in this study may determine their ability as functional 

drugs. 
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The plants used in this study had been selected through interviews with the native 

Fijians as these plants were used as traditional medicines in the villages. 

Traditionally, in various parts of Fiji, these plants have various uses. They are used 

for treatment of memory, head ache, cough, circulatory problems etc. Sometimes the 

medicinal preparation and administration inflict side effects although the plants may 

have the medicinal values (Noumi and Yomi, 2001). The habitat and the preparation 

of traditional medicine from the above selected plants together with its 

administration are summarised below.  

 

The following are the descriptions of the plants studied.  

 

Plant 1  

Family:               Melastomataceae 

Scientific name: Clidemia hirta  

Common name: Kosters curse 

Itaukei name:     Bona bulmakau 

Dried sample                                             Fresh sample 

 
Plate 1.1  Koster’s curse 
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 Description 

It is a shrub which grows about 0.5 to 2 m high with strong root system. Leaves are 

arranged opposite to each other, 5- 10 cm with distinctive net veins and appear hairy 

and oval shaped. It bears round fruits of the size of a pea, dark purple when ripe and 

sweet in taste. 

Habitat 

It is found in humid areas and mostly near creeks. It is dispersed by birds and 

animals which consume the fruits. 

Medicinal value 

The juice from the plant leaves are used to treat thrush and to stop bleeding (Weiner, 

1984), to treat headache and skin infection.  

Administration 

The juice is extracted by grinding or rubbing between the hands and consumed. The 

leaves are also chewed directly or tied on the wound to stop bleeding.   

 

Plant 2 

Family:               Asteraceae 

Scientific name: Bidens pilosa 

Common name: Cobbler’s peg weed 

Itaukei name:     Batimandramandra 
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Dried sample                                              Fresh sample 

 
Plate 1.2   Cobbler’s peg weed 

 

Description 

It is an annual herb that grows about a meter tall. The plant grows in undisturbed 

land and regarded as a weed. The leaves are arranged on opposite sides of the stem 

and branches at the nodes. It has bright green succulent leaves with prickly edges and 

1-5cm long, oval in nature with slightly winged petioles. It also bears small yellow 

flowers and black fruit. Flowering occurs throughout the year. 

Habitat 

The plant grows in moist areas mostly as garden weed in dry and infertile land.  

Medicinal value 

It is used to treat oozing, itchiness or red eyes. It also improves memory.  

Administration 

Usually administered by extracting the juice by grinding the whole plant and 

drinking it. Also the decoction of the whole plant is prepared and a cup of it is 

consumed.  
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Plant 3 

Family:               Apiaceae 

Scientific name: Centella asiatica 

Common name: Pennywort 

Itaukei name:     Totondro 

Indian name:      Panchpattia 

 

Dried sample                                             Fresh sample 

 
Plate 1.3 Pennywort 

 

Description 

It is herbaceous in nature with height varying three to nine centimeters depending on 

soil fertility. It has slender stems (stalks) with creeping branches that help the plant to 

spread over the ground. The stalks appear green to light green in colour. The leaves 

are conspicuous as it is palmately and has netted veins with curly edges. The leaves 

are soft, juicy and fleshy that can be easily rubbed between the palms of the hands to 

obtain the extract. The root stalks are developed in rhizomes which are vertical and 

go into the ground to form the root system and form the support for the plant. It does 

not bear any visible fruit as seen in the field but it bears flowers which are 
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surrounded by two green bracts. They are minute in size with five to six petal lobes 

per flower.  

Habitat 

Commonly found in the fertile soil in the gardens and farms all throughout Fiji.  It is 

predominantly found in the cane and rice fields as a weed but after the introduction 

of weedicides it disappeared from the farms. It is localized to moist and shady areas.  

Medicinal value  

This plant has a variety of medicinal uses such as treatment of: common cold, 

dysentery, pneumonia, dengue, stomach ache, fever, scabies, and sore throat. It is 

also claimed by the locals that it helps in improving the memory, intelligence and 

longevity (Tupua et al., 1992).  

Administration 

Usually administered by chewing the leaves, extracting the juice using a grinder and 

consuming the juice. This is practiced for 4 days with some restrictions such as not 

drinking coconut and consuming pork. The leaves of totondro are often combined 

with leaves of others herbs for effective treatment. 

 

Plant 4 

Family:              Asteraceae 

Scientific name: Ageratum conyzoides 

Common name: Goat weed 

Itaukei name:     Botebotekoro 

Indian name:      Kukurenda 
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Dried sample                                              Fresh sample 

 
Plate 1.4 Goat weed 

 

Description 

 It is an herbaceous plant that grows from 50 cm to 1 m in height. The leaves are 

ovate shaped about 3 cm wide and 2 – 6 cm long, hairy, simple with distinct veins in 

the center and finer netted vein spread all over green blade. It has distinctive cup 

shaped flowers with feathery white hairy structures and a distinctive smell. On the 

stem and branches are spaced out nodes where branches and leaves form. The stem is 

rounded, woody, hairy and mature portion is hallowed.   

Habitat 

Grows in colonies in abundance in wet and warm areas throughout Fiji and is seen as 

an invasive weed in farms. Mostly grows in the rainy season. It can be easily 

controlled by the use of weedicides. In the dry zones of Fiji, it withers away with the 

dry season. With the onset of rainy season, the dispersed feathery flowers carry on 

with the cycle of growth. 

Medicinal value 

Possess innumerable medicinal properties such as treatment for injury, cuts, ear and 

eye infection, synonymous to giving antibacterial activity. It is also claimed to 
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control blood pressure and blood sugar level. Fever is treated by giving steam bath 

(place the leaves in bucket of hot water and allow the patient to inhale the essence 

(source; Leweni Tukinia, the medicine man from Wailevu village, Vanua Levu). 

Tupua et al. (1992) states the following uses of the above plant to treat: cold, dengue 

fever, stomach ache, fever, fish poisoning, red eye and pain in the eye ball, obesity, 

and ulcer.   

Administration 

A few leaves are taken in the palms and squeezed and the extract is taken in directly 

or applied to the affected area in the skin. This herb is mixed with extract from other 

leaves for effectiveness.   

 

Plant 5  

Family:               Rutaceae 

Scientific name: Micromelum minutum 

Common name: Guinguila 

Itaukei name:     Qiqilia Kau 

 

Dried sample                                              Fresh sample 

 
Plate 1.5 Guinguila 
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Description 

It is a woody plant that can grow 2-5 m tall, have simple dark green leaves with net 

veins and stems branched out. The plant bears small pale fruits.  

Habitat 

It grows in forest and bushes on a wide range of soils. 

Medicinal value:  

It is used to treat headache and breast cancer. 

Administration 

The leaves are boiled in water, strained and water extract is consumed while still 

warm. 

 

Plant 6 

Family:                Goodeniaceae 

Scientific Name:  Scaevola koenigii   

Common name:   Beach cabbage 

Itaukei name:       Vevedu 

Dried sample                                              Fresh sample 

 
Plate 1.6   Beach cabbage 
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Description 

It is a shrub that grows about 1 – 3 m tall. Stem covered with leaves and flowers. The 

distinctive cresent shaped leaves range from 20 to 30 cm long. Leaf blades are shiny, 

thick and fleshy, completely glabrous on both upper and lower surfaces. Fruits 

appear white and fleshy and 7-14 mm long. The flower petals are about fourteen to 

twenty eight millimeters in long. 

Habitat 

Found in the coastal areas of Vanua Levu and VitiLevu. Mostly confined to beaches 

above the sea level. 

Medicinal value 

It can be used for treating stomach ache, head ache, body pain (Roko) and is given to 

women after birth. 

Administration 

Decoction is prepared out of the leaves (tea) and consumed. The root is boiled in 

water, strained and then consumed. 

 

Plant 7 

Family:                Loganiaceae 

Scientific name:  Neuburgia collina 

Common name:  Vine 

Itaukei name:      Qiqilia wawa 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



47 
  

Dried sample                                              Fresh sample 

 
Plate 1.7  Vine 

 

Description 

It is a creeper, with woody stem and dark green oval shaped leaves of about 3-5 cm 

tapered at one end. It mostly winds around tall trees. 

Habitat 

It is found in the bushes and forests.  

Medicinal value 

It is used to treat head ache and cough.  

Administration  

The leaf is chewed and the extract swallowed.  

 

Plant 8 

Family:               Araliaceae    

Scientific name: Polyscias fruticosa 

Common name: Ming Aralia 

Itaukei name:     Danidani  
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Dried sample                                             Fresh sample 

 
Plate 1.8   Ming Aralia 

 

Description 

It is a small tree or shrub which grows about 2 m tall, branched out to form hedges. It 

has pinnate lobed pale green curly edged leaves. The root of the plant has a strong 

and pleasant aromatic smell. The plant bears yellowish green flowers.  

Habitat 

It is usually grown as hedges in compounds for beautification purposes and seen as 

ornamental foliage. It can grow well in the moist and well drained area.  

Medicinal value 

It is used to treat high tide and low tide headache (mental stability), woman’s mental 

condition after birth. It is also used to treat the ulcerated tongue or throat (Praham, 

1943). 

Administration 

The leaves are grounded with water using a blender and the juice is strained and 

consumed. 
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Plant 9 

Family:               Solanaceae 

Scientific Name: Physalis angulata 

Common name: Goose berry 

Itaukei name:     Cevucevu   

Indian name:      Mokaiya   

 

Fresh sample 

 
Plate 1.9  Goose berry 

 

Description   

A herb that grows from 0.5 to 1 m in height. The stems are mostly branched out. The 

leaves appear pale green to dark green, roughly oval shape often pointed towards the 

end. The plant bears flowers and yellow – orange edible sweet fruits which is 

enclosed in a leaf like calyx.  

Habitat 

It is naturally distributed throughout Fiji in gardens and bushes more preferably in 

the waste land and over the moist and fertile soil. 

 



50 
  

Medicinal value 

It is used to treat headache, joint pain, muscle ache, treating ladies mental condition 

after birth (Weiner, 1984), prevents ulcers (Perry, 1980), reduces fever, and kills 

germs, asthma, and diabetes. 

Administration 

Arial parts are boiled with water and 1 cup of leaf tea is consumed when still warm.  

 

Plant 10 

Family:               Polygonaceae 

Scientific name: Polygonum foliata 

Common name: Mile – a – minute     

Itaukei name:     Wabosucu 

Indian name:      Titaiabor 

 

Dried sample                                              Fresh sample 

 
Plate 1.10   Mile – a – minute     
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Description 

It is a creeper with thin and flexible branches found mostly on trees, crops and fence. 

The leaves appear heart shaped, 2-8 cm wide, dark green, soft and juicy. The 

branched stems are green to reddish-green in colour. The flowers borne on racemes 

are around 1-2 cm in length and appear white in colour. Thin roots appear from each 

node.  

Habitat 

Colonizes to open and warm areas, mostly on other plants for support. It is not 

consumed by animals due to bitterness. 

Medicinal value 

 It has multiple uses like, headache, treating cuts, stops bleeding wounds, injuries and 

sores (role as an antibiotic). It is taken in for gastritis, ulcer and indigestion and 

reducing sugar level. 

Administration 

Juice extracted by rubbing the leaves between the palms and applying the juice 

directly to cuts or wounds as well as tying the leaves on the wound. The juice is also 

consumed.  

 

Plant 11  

Family:               Zingiberaceae 

Scientific name: Zingiber officinalis 

Common name: Wild ginger 

Itaukei name:     Drove  

Indian name:      Jangli adrak  
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Dried sample                                              Fresh sample 

 
Plate 1.11  Wild ginger 

 

Description 

Is a perennial herb which grows up to 3 m. Leaves are dark green to yellowish, 4 – 

10 cm wide, while 30 – 45 cm long. Upon maturity plant bears red flower, the 

rhizome tastes and smells synonymous to ginger. The arial parts dry out during the 

dry season leaving the rhizome. 

Habitat 

Mostly found near creeks, wet and fertile lands. The plant is also found on the forest 

floor.  

Medicinal value 

It is used to treat headache, toothache, asthma and diabetes (Tupua et al., 1992). It 

also possesses antibacterial, antifungal, antiparasitic, antiviral, anti-diabetic, anti-

inflammatory, antioxidant and anti-hypercholesterolaemic properties (Saeed and 

Tariq, 2006). 
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Administration 

Rhizome chopped to small pieces, boiled with water and the juice obtained is 

consumed. Sometimes the juice is squeezed from the rhizome and directly dripped in 

the mouth.  

 

Plant 12 

Family:               Rutaceae 

Scientific name: Euodia hortensis 

Common mane: Evodia 

Itaukei name:     Udi 

 

Dried sample                                              Fresh sample 

 
Plate 1.12  Evodia 

 

Description 

It is a shrub that grows about 3.5 to 5 m high. Has thin glossy leaves light green in 

colour. The plant bears small white flowers with distinctive smell and has round 

green fruits.  

 



54 
  

Habitat 

It is grown in the compounds and gardens near homes of people with the belief that it 

chases the evil spirits.  

Medicinal value 

It is used medicinally for ailments such as headache, toothache, stomach ache, 

common cold and forgetfulness. 

Administration  

The stem is scraped and leaves chopped to small pieces, pounded and the juice 

extracted is consumed. The leaves placed in oil are applied to the body.  

  

Plant 13 

Family:              Anacardiaceae 

Scientific name: Spondias pinnata 

Common name: Stone breaker 

Itaukei name:     Dulu Navatu                                                                                                                  

 
Fresh sample 

 
Plate 1.13   Stone breaker 
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Description  

It grows 1 – 2 m tall. The plant has oval shaped leaves on woody branches and stems 

with swollen nodes. The leaves appear green (3-5 cm) and (2-3 cm wide). It bears 

small green fruits which becomes red when ripe. 

Habitat 

Found in the bushes mostly on stone. 

Medicinal value 

It is used for headache and physical mental wellbeing. 

Administration 

The leaves are eaten raw and chewed.  

 

2.3.5 Challenges faced 

The greatest challenge in collecting data for selection of plants was inaccessibility to 

information. Village healers when approached for herbal medicine samples were 

reluctant to give the information on their traditional medicine for research for a 

number of reasons. Firstly, giving their traditional knowledge on herbal medicine 

which is passed on to them from their ancestors was difficult as it had sentiments 

attached to it, thinking it would be misused. Secondly, they feared the medicine 

might lose its powers believing their ancestors might get annoyed. When the 

importance of the research was explained, it was easier for them to reveal the 

information as an important development in medicine. The village healers saw the 

high cost of treatment existing, the suffering of the sick and their families, and the 

revenue it would bring to the village healer in the after math success of the research. 

The third challenge faced was, the vegetation and bush that used to contain the herbs 

before are widely damaged by years of fire and clearing of the land to be used for 

agriculture as was experienced in fields.  
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2.4 Conclusions 

Most of the herbal medicines are administered through preparing a concoction of the 

plant material in water or by boiling the plant part with water. These medicines could 

have polar (water-soluble and non-volatile constituents) and needed to be extracted 

using a polar solvent. Therefore water and ethanol solvents (polar) which would be 

used as extraction solvent as it would be compatible to the traditional method of 

medicine preparation.  

 

The plant extracts were tested as AChE inhibitors and for their antioxidant properties 

as discussed in the following two chapters.  
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CHAPTER 3 

ANTI-ALZHEIMER PROPERTIES OF SELECTED FIJIAN MEDICINAL 

PLANTS 

3.0 INTRODUCTION 

Alzheimer’s disease (AD) is characterized by progressive cognitive decline such as 

memory deterioration to a more generalized cognitive dysfunction, behavioural 

deregulation, and neuropsychiatric symptoms. It is caused by the deficiency of 

acetylcholine (ACh), butyrylcholine (BCh) and the degeneration of cholinergic 

neurons in the cortex and hippocampus of the brain (Terry et al., 1991). The brain 

cells degenerate and die, causing a steady decline in memory and mental function 

such as disturbances in reasoning, planning, thought and language. Maintaining the 

levels of ACh plays a key role in normal cognition and memory. The key enzyme 

that regulates ACh levels is acetylcholinesterase (AChE).  

 

3.1 Role of Acetylcholinesterase Enzyme 

Acetylcholinesterase (AChE) is the main enzyme responsible for nerve response and 

functions by its action on the neurotransmitter acetylcholine (ACh), a polyatomic 

cation. It is mainly found at cholinergic synapses in the central nervous system 

(CNS) and neuromuscular junctions where it functions to terminate the synaptic 

transmission (AAT Bioquest, 2014) as shown in figure 3.1. AChE hydrolyses the 

ACh into choline and acetate. ACh is one of many neurotransmitters within the 

autonomic nervous system and the only neurotransmitter in the motor function of the 

somatic nervous system (AAT Bioquest, 2014).  
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Figure 3.1 The processing of acetylcholine in a synapse. 

Source:  

http://www.vrp.com/static/editorialImages/dec.galantamine.fig.1.jpg 

 

ACh is released into the synapse from the nerve during neurotransmission where it 

binds to the ACh receptors (nicotinic and muscarinic) to relay the message signal 

from the nerve. In order to receive another impulse for a cholinergic neuron, the ACh 

must be released from the ACh receptor. This is only possible if the ACh 

concentration is very low in the synapse. Therefore, AChE also present in the 

synapse, terminates the signal transmission through hydrolysis of ACh. The liberated 

choline product of hydrolysis is then taken up by the pre-synaptic nerve to synthesize 

more ACh by combining it with acetyl-CoA with the help of acetylcholintransferase 

(AChT) (Whittaker, 1990; Pohanka, 2012). Inhibition of AChE results in 

accumulation of ACh in the synapse resulting in over stimulation. 
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3.2 Regulation of Acetylcholinesterase (AChE) activity. 

The hydrolysis of ACh to choline and acetic acid by AChE takes place in the 

synapse. The reaction is illustrated in figure 3.2 below. 

 

 
Figure 3.2 Hydrolysis of ester bond in acetylcholine. 

Source: https://o.quizlet.com/i/oaGPBqotIWrQe1CBrxPSyQ_m.jpg 

 

The duration of the acetylcholine in the synaptic cleft is limited by the diffusion or 

uptake, to terminate ACh action by AChE (Katz and Miledi, 1973). The regulation of 

the hydrolysis of ACh determines the amplitude and the duration of postsynaptic 

potentials. The expression of AChE in nerves and muscles is regulated by cellular 

activity, such as the frequency of membrane depolarization, and by signals from pre-

synaptic cells. AChE has a remarkably high specific catalytic activity, for example 

each molecule of AChE degrades about 25000 molecules of ACh per second, which 

operates at a rate approaching the diffusion-controlled reaction (Quinn, 1987). The 

enzyme can be deactivated by the use of various inhibitors, leading to the 

accumulation of acetylcholine, hyperstimulation of nicotinic and muscarinic 

receptors, and enhanced neurotransmission.  

 

3.3 AChE in plants and Animals 

A variety of plants has been reported to exhibit AChE inhibitory activity. This is 

because plants have choline esterase, which is different based on the biological 

nature / genetic makeup / family / species. The plants would have substrates similar 

to choline to regulate the activity, which can act as inhibition for the other 

acetylcholine esterase enzymes in other species. New anticholinesterases are 

continuously being discovered in various plants and animal species. Plants and 

animals / insects have AChE which is slightly different structure. Their substrates 
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may be slightly different from human form. However, the substrates of plant and 

animal AChE may act as an inhibitor to human AChE due to structural similarity.  

 

3.3.1 AChE activity from Plant Sources 

Methanolic extracts of herbs including Acorus calamus, Acorus gramineus, 

Bupleurm facaltum, Dioscorea batatas, Epimedium koreanum, Poria cocos and 

Zizyphi jujuba, used in traditional Korean medicine for improvement of memory and 

cognition in old age had been tested for cholinesterase inhibitory properties with 

human erythrocytes AChE. A. calamus and E. Koreanum showed significant 

inhibition of the enzyme with 53.7% and 47.5% respectively at 200 µg/mL (Oh et 

al., 2004). Moreover, Ingkaninan et al. (2003) screened 32 plants used in Thai 

traditional rejuvenating and neurotonic remedies, for inhibitory activity with AChE 

from electric eel. It was found that at 0.1 mg/mL, the methanolic extracts from roots 

of Stephania suberosa and Tabernaemontana divaricata showed inhibitory activity 

of more than 90%, while stems of Piper interruption, seeds of Piper nigrum and 

roots of Cassia fistula showed 50 – 60% inhibitory activity on AChE and the rest of 

the plants showed below 50%.  

 

According to Maelicke et al. (2001) Galanthamine, an Amaryllidaceae alkaloid, is a 

long acting, selective, reversible and competitive inhibitor of AChE from electric eel 

which produces beneficial effects even after the drug treatment has been terminated. 

Alkaloids are mostly chemicals made by plants that have heterocyclic nitrogenous 

structures.  Narcissus plant extracts are also known for their AChE (electric eel) 

inhibitory activity because of the presence of galanthamine (Ingkaninan et al., 2000; 

Rhee et al., 2001). Nonetheless, another Amaryllidaceae alkaloid, sanguinine has 

also shown to be up to 10-fold more potent inhibitor than galanthamine. Twenty 

three Amaryllidaceae alkaloids belonging to the lycorine, homolycorine, 

haemanthamine, tazettine (figure 3.3) and miscellaneous skeleton types were tested 

for their in-vitro AChE inhibitory activity using galanthamine as a positive control 

(Bores et al., 1996). The results suggested that the AChE from rat brain showed 

inhibitory effect. It seems that there are some structural characteristics among the 
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different skeleton types between the alkaloids belonging to the galanthamine and 

lycorine groups that exhibited such activity. 

 
Figure 3.3 Structures of selected alkaloids which show anti AChE activity 

 

An in-vitro structure-activity relationship study involving sanguinine and other 

synthetic analogues of galanthamine indicated that properly placed hydrophilic 

groups on galanthamine contribute to its effective binding to the AChE from rat brain 

(Bores et al., 1996). The crystal structure of sanguinine bound at the active site of 

AChE showed relatively tight binding which appears to be due to a number of 

moderate to weak interactions with the protein, including hydrogen bonds (Bores et 

al., 1996). Therefore, the extra hydroxyl group of sanguinine available for potential 

interaction with AChE can explain the strong inhibitory activity of this alkaloid.  
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Moreover, Ferreira et al. (2010) analyzed three different extracts (ethanolic extract, 

essential oil and decoction) of 10 different plants from the interior of Portugal for 

inhibitory activity using electric eel AChE of Melissa officinalis (Lamiaceae), 

Paronychia argentea (Caryophyllaceae), Sanguisorba minor (Rosaceae), Hypericum 

undulatum (Hypericaceae), Malva silvestris (Malvaceae), Laurus nobilis 

(Lauraceae), Menthas uaveolens (Lamiaceae), Salvia officinalis (Lamiaceae), 

Lavandula angustifolia (Lamiaceae), and Lavandula pedunculata (Lamiaceae). The 

ethanolic extract of Sanguisorba minor and a decoction of Mentha suaveolens 

showed the best inhibition of AChE (77.5 ± 2.2 and 68.9 ± 2.5 mg mL-1). Poor 

results were obtained for essential oil extracts due to precipitation and appearance of 

turbidity in the test samples. Research on above plant species by Kennedy et al. 

(2003) showed good inhibitory activity using aqueous plant extracts. 

 

Apart from alkaloids, coumarins are also an important group of natural compounds. 

These compounds are commonly used as additives to food and cosmetics 

(O‟Kennedy and Thornes, 1997). These classes of compounds have been also shown 

to inhibit cholinesterase activity. According to Zangerl, (1990) the plants of the 

Apiaceae family are well-known to be rich in furanocoumarins. Eleven known 

coumarins (decursinol, decursin, marmesin, xanthotoxin, 7-demethylsuberosine, 

umbelliferone, isoimperatorin, xanthyletin, 7-methoxy-5- prenyloxycoumarin, 7-

hydroxy-6-(2-(R)-hydroxy-3-methylbut-3- enyl) coumarin, and nodakenin had been 

isolated from the plant extracts belonging to Apiaceae family (Kang et al., 2001). 

The free hydroxyl group located at C-3 of pyranocoumarins and the coumarin 

skeleton containing a pyrone moiety contributed towards the inhibitory activity 

against AChE. According to Senol et al. (2011) the furanocoumarin mixture (68.8 + 

0.76%), bergapten (62.4 + 0.74%), aloe-emodine (57.2 + 1.32%), scopoletin (53.1 + 

0.83%), and 4-methylumbelliferone (62.3 + 1.03%) (figure 3.4) showed notable 

inhibition towards electric eel AChE, while umbelliferone (54.3 + 0.23%), 4-

methylumbelliferone (80.9 + 1.17%), scopoletin (73.5 + 1.01%), 8-methoxypsoralen 

(67.1 + 0.98%), as well as the furanocoumarin mixture (76.7 + 0.95%) had a 

prominent anti-BChE effect (BChE obtained from horse serum). 
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Figure 3.4 Structures of selected coumarins which show anti AChE activity 
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In another study, four major coumarins; imperatorin, isoimperatorin, xanthotoxin, 

and bergapten (figure 3.5) were identified in the methanolic fruit extract of Angelica 

officinalis by high performance liquid chromatography (HPLC) (Senol et al., 2011). 

Three of the coumarins, imperatorin (83.98 + 0.99%), xanthotoxin (88.04 + 0.83%), 

and bergapten (86.69 + 2.56%) displayed strong inhibition towards horse serum 

butyrylcholinesterase (BChE). However, in a similar study performed by Bhadra et 

al. (2011) showed these constituents exhibited low inhibition (20% - 30%) against 

bovine erythrocytes AChE and high inhibition against equine serum BChE (> 80%). 

Similar to the role of AChE, BChE hydrolyses butrylcholine (BCh) at the nerve 

synapses.  The surplus of AChE and BChE enzymes in the brain cells is considered 

as one possible reason of AD hence the inhibitors are used to inhibit its function.   

 
Figure 3.5 Structures of imperatorin, isoimperatorin, xanthotoxin, and bergapten. 

 

Two major classes of compounds – Alkaloids and coumarins have shown to inhibit 

the AChE activity. This is important because it reduces the formation of choline 

which reduces the formation of Aβ. Since one of the most relevant neuropathological 

hallmarks of AD is the senile plaques that are formed by a core of Aβ fibrils. It is 

known that the AChE accelerated the assembly of Aβ into alzheimer’s fibrils and to 

be blocked in this induced action by peripheral anionic binding site inhibitors 
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(Andrisano et al., 2000). Commonly available AChE inhibitors for the treatment of 

mild to moderate AD include tacrine, donepezil, rivastigmine and galanthamine. 

Although these drugs have shown to be beneficial in the treatment of AD symptoms, 

they may also cause some adverse side effects and are often too expensive. The most 

common side effects of these drugs include: Nausea, vomiting, diarrhea, muscle 

cramps, fatigue, weight loss, decreased appetite, dizziness, constipation, headache 

and confusion (ADEAR, 2015). Therefore, cheaper and safer AChE inhibitors with 

higher efficacy, bioavailability and fewer side effects, particularly from natural 

sources, have been extensively investigated and research should be continued for 

best alternative. Finding the cheaper AChE inhibitor would also be an advantage to 

the pharmaceutical industry to a large scale since the available drugs are expensive 

and have side effects. 

 

This chapter investigates the potential of the Fijian medicinal plants selected in 

chapter 2 for its inhibitory activity against AChE. 

 

3.4 METHODOLOGY 

3.4.1 Chemicals 

The following chemicals were purchased from Merck Co. (Australia).  

Acetylcholinesterase (AChE) (EC.3.1.1.7) from electrical eel  (type VI-5 lyophilized 

powder, 200-1000 units/ mg protein, 518 units/ mg solid, 844 units/mg protein),  

Acetylthiocholine iodide (ATCI), 5,5-dithiobis-2-nitrobenzoic acid (DTNB), Trizma 

hydrochloride solution (pH 7.5, 1M), Galanthamine Hydrobromide Lycoris Sp. All 

other reagents used were of analytical grade and obtained locally. 

 

3.4.2 Extraction 

The plant parts were thoroughly washed with tap water to remove dusts and other 

unwanted materials accumulated from their natural environment. The old and dead 

portions were removed. Fresh samples of the various plant parts were dried 

according to the method described by Mohd Zin et al. (2002) in a convection oven at 
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40 oC for 48 h until there was no change in weight. The dried plant parts were ground 

separately into powder using an electric blender and stored in an air tight container. 

The samples were kept in dark until ready for extraction. 

 

3.4.2.1 Ethanolic Extraction 

For ethanol extraction, 12 g each of powdered plant was extracted with 100 mL of 

96% ethanol using soxhlet extraction unit at 60 oC for 18 – 20 h. The weighed 

sample was filled in a thimble and placed in the extraction chamber to which a 

condenser was connected from the top. The extracted solvent was collected in a 

round bottom flask.  

 

Filtered extract from the soxhlet extractor was concentrated to evaporate the ethanol 

completely under reduced pressure and controlled temperature by using roto 

evaporator to yield a dark semi-solid residue. The extract was stored in a refrigerator 

at 4 oC in air-tight bottles until further use. Each extract was then solubilised in 

ethanol and 100 mg/mL stock was prepared and used for the assays.  

 

3.4.2.2 Aqueous Extract (Decoction) 

10 g of ground plant material was added to 100 mL of deionised water in a beaker 

and boiled for 10 minutes. The decoction was cooled and filtered through Whatman 

No. 1 filter paper. The filtrate was further concentrated by freeze-drying. 5 mL of the 

filtrate was taken out in a 25 mL plastic beaker and covered tightly with parafilm 

with few pin holes on it. This was refrigerated at -80 oC for 30 minutes before being 

lyophilized in a freeze drier (ZIRBUS Type Vacuo 5-11-D SN3365) for 48 h. Dry 

weight was recorded. The freeze dried sample was stored at 4 oC in a sealed bottle 

prior to analysis.   
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3.4.3 Preparation of Plant Sample Concentration 

Stock solution of 2.0 mg/mL concentration was prepared by adding 20 mg of plant 

extract with enough solvent and made up to 10 mL in a volumetric flask. From the 

stock solution, serial dilutions were made in a 10 mL volumetric flask to obtain the 

desired concentrations (0.2, 0.4, 0.6, 0.8, 1.0 and 1.5 mg/mL) of plant extracts for 

analysis by diluting the stock solution with ethanol.   

 

The solvent used to prepare test concentrations for decoction as well as ethanolic 

plant extract was 50 mM Tris HCl buffer pH 7.5. 

 

3.4.4 Preparation of Reagents for assay 

3 mM solution of 5,5-dithiobis-2-nitrobenzoic acid (DTNB) 

Using a micro spatula 11.9 mg of DTNB was weighed in a clean beaker and 

dissolved in 4 mL Tris HCl buffer. The contents of the beaker were transferred to 10 

mL volumetric flask and filled to the mark with buffer to make 3 mM. Unused 

DTNB solution (stock) was divided into single use aliquots and stored at 4 oC. This 

solution is stable for 2 months if stored in dark at 4 oC. 

 

15 mM solution of Acetylthiocholine iodide (ATCl) 

Using a micro spatula 43.4 mg of ATCl was weighed in a clean beaker and dissolved 

with about 4 mL Tris HCl buffer. The contents of the beaker were transferred to 10 

mL volumetric flask and filled to the mark with buffer to make it 15 mM. Unused 

ATCl solution (stock) was divided into single use aliquots and stored at -20 oC. The 

reaction mixture was used within 30 minutes of preparation.  

 

0.311 UmL-1 Acetylcholinesterase (AChE) 

Using a micro spatula 1.2 mg of AChE was weighed in a clean beaker and dissolved 

with about 4 mL Tris HCl buffer. The contents of the beaker were transferred to 100 

mL volumetric flask and filled to the mark with buffer to make it to 6.22 UmL-1. The 

stock solution was divided into single use aliquots and stored at -20 oC. The stock 
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solution was diluted to 0.311 UmL-1 by pipetting out 50 µL of AChE into 950 µL of 

Tris HCl buffer in a 1 mL eppendorf. The diluted AChE solution was not stable and 

was used within 4 h of preparation.   

 

50 mM Tris HCl Buffer pH 7.5 

Throughout the experiment 50 mM Tris–HCl pH 7.5 was used as a buffer unless 

otherwise stated. Buffer contains detergent so the tip of the pipette was pre-wet by 

pipetting the first pipette full back into the solution before using it.  

 

Galanthamine 

Stock solution of 2.0 mg/mL concentration was prepared by adding 20 mg of 

powdered galanthamine with enough ethanol and made up to 10 mL in a volumetric 

flask. From the stock solution, serial dilutions were made in a 10 mL volumetric 

flask to obtain the desired concentrations (0.2, 0.4, 0.6, 0.8, 1.0 and 1.5 mg/ mL) of 

galanthamine for analysis by diluting the stock solution with ethanol.   

 

3.4.5 Inhibition of AChE activity using plant extraction 

Plant extract of the following concentrations were prepared in Tris HCl buffer; 0.2, 

0.4, 0.6, 0.8, 1.0, 1.5 and 2.0 mg/mL. For each assay, 1500 μL of buffer was added to 

the cuvette followed by the addition of 1000 μL of 3 mM DTNB reagent, 200 μL of 

plant extract solution, and finally 200 μL of 0.3 U/mL AChE enzyme. The solution 

mixture was mixed thoroughly and incubated at room temperature for 15 minutes 

with subsequent addition of 200 μL of 15 mM ATCl substrate solution. After 

incubation for another 10 minutes at room temperature the absorbance was measured 

at 405 nm every 13 seconds for 8 times using a double beam UV spectrophotometer 

(UV Winlab Version 2.85.04, Perkin Elmer). Aliquots of 200 μL of Tris HCl buffer 

was added instead of the plant extract as the negative control. Galanthamine 

dissolved in Tris HCl buffer was used as standard drug (positive control) and the 

aforementioned dilutions were prepared. Buffer solution was used as a blank. The 
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enzyme activity and enzyme inhibition by control and tested samples were calculated 

from the rate of absorption with change in time (V =  ΔAbs /Δt) as follows;  

 

To find enzyme activity, a graph of absorbance Vs. time (s) was computed on Excel. 

Using linear trend line the slope was determined which represents the enzyme 

activity.   

 

The percentage inhibition was calculated using the formula: 

% Enzyme Inhibition    =      Activity control -  Activity sample   x        100 

                                                               Activity control                           1 

Activity control: Enzyme activity in the absence of the sample.  

Activity sample: Enzyme activity with sample.  

 

The amount of sample necessary to decrease the absorbance by 50% (IC50) was 

calculated graphically for the ethanolic extract and decoction in seven different 

concentrations. 

 

3.4.6 Statistical Analysis 

The assays were conducted in triplicates. The data were expressed as means ± 

standard error (SE). IC50 corresponds to the concentration of the plant extracts which 

inhibited the substrate hydrolysis by 50%. IC50 values were calculated via linear 

regression analysis among the per cent inhibition against the extract concentrations 

via Excel program. A line graph was plotted with the concentration on the x-axis and 

% inhibition on the y-axis. The slope of the equation (y = mx + c or y = mx - c) was 

computed for the graph with the use of the linear trend line. For IC50 value 

calculation, y=50 was used, and m and c values were obtained from the equation. 

The value of "x" was solved from the equation [x= (50 – c) / m] which represented 

the IC50 value for the graph. 
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3.5 RESULTS AND DISCUSSION 

Thirteen plant species: leaves of Clidemia hirta (C. hirta) (Melastomataceae), Bidens 

pilosa (B. pilosa) (Asteraceae), Centella asiatica (C. asiatica) (Apiaceae), Ageratum 

conyzoides (A. conyzoides) (Asteraceae), Micromelon minutum (M. minutum) 

(Rutaceae), Scaevola koenigii (S. koenigii) (Goodeniaceae), Neuburgia collina (N. 

collina) (Loganiaceae), Polyscias fruticosa (P. fruticosa) (Araliaceae), Euodia 

hortensis (E. hortensis) (Rutaceae), Spondia spinnata (S. spinnata) (Anacardiaceae), 

arial parts of Physalis angulata (P. angulata) (Solanaceae), Polygonum perfoliata (P. 

perfoliata) (Polygonaceae), and rhizome of Zingiber officinalis (Z. officinalis) 

(Zingiberaceae) were investigated for AChE inhibition activity as these plants have 

been used by the Fijian Itaukei for the treatment of various neurological conditions. 

The plants were collected from their natural habitats from Vanua Levu and Viti 

Levu. The polar components were extracted using water and ethanol since most of 

the medicine consumed by villages was made with water as a solvent. The medicinal 

uses of these listed plants are given in Chapter 2 as discussed by numerous villagers 

including healers-interviewees.  

 

3.5.1 Inhibition studies of AChE using Ellman method 

Valuable information on cholinergic function is achieved through estimating AChEI 

activity. AChEI activity has been determined by Ellman method which is one of the 

best, simplest and common techniques for AChEI assay. The AChE enzyme 

hydrolyses the substrate ATCl to produce thiocholine and acetic acid (figure 3.6). 

Ellman’s reagent 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) is used to quantify the 

amount of thiocholine produced. In this assay, thiocholine reacts with DTNB to 

produce yellow 2-nitrobenzoate-5-mercaptothiocholine and 5-thio-2-nitrobenzoate 

(figure 3.6) which was detected at 405 nm (Ellman, 1958; Ellman et al., 1961). The 

absorption intensity of DTNB detected using a UV spectrophotometer indicates the 

amount of thiocholine formed, which is a measure of AChE activity.  
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in the process. Medicine preparation using nonpolar solvents would not be easily 

assimilated by our body upon ingestion. Bioactives need to pass through the cell 

membrane to be active and thus often the bioactives are not water soluble but have 

some hydrophobic character.    

Table 3.1 

Percentage inhibition of AChE by water extracts of different plant samples at various 

concentrations. 
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0.2 
4.17 ± 6.98 

6.67 ± 19.78 
3.36 ± 2.33 

6.14 ± 1.75 
-9.91 ± 4.47 

-1.55 ± 2.56 
-4.94 ± 7.29 

0.4 
-2.00 ± 5.27 

16.39 ± 10.56 
7.22 ± 3.05 

13.33 ± 2.55 
-9.35 ± 5.92 

-2.04 ± 2.40 
4.83 ± 1.83 

0.6 
6.00 ± 4.20 

16.67 ± 3.84 
16.81 ± 5.62 

12.14 ± 1.01 
-7.91 ± 12.43 

-6.12 ± 2.64 
7.23 ± 15.78 

0.8 
7.54 ± 3.40 

3.85 ± 0.84 
17.65 ± 5.83 

12.50 ± 1.28 
4.52 ± 1.22 

-8.16 ± 0.11 
1.20 ± 1.84 

1.0 
10.64 ± 7.77 

11.11 ± 2.92 
18.49 ± 5.46 

40.35 ± 1.55 
5.30 ± 1.56 

-10.20 ± 1.54 
7.22 ± 1.32 

1.5 
12.77 ± 3.88 

3.85 ± 2.22 
25.21 ± 5.45 

36.84 ± 2.65 
8.44 ± 2.23 

-8.51 ± 5.53 
6.02 ± 0.66 

2.0 
14.00 ± 6.56 

35.8 ± 19.92 
15.97 ± 1.98 

45.09 ± 1.23 
12.23 ± 6.01 

-8.51 ± 2.26 
6.02 ± 6.19 

 
C

onc. 

m
g/m

L 

P. fruticosa 

 

P. angulata 
S.  pinnata 

P. perfoliata 
Z. officinalis 

E. hortensis 
G

alantham
ine 

0.2 
16.95 ± 1.89 

7.36 ± 2.53 
8.03 ± 3.41 

10.17 ± 2.69 
11.25 ± 1.29 

3.25 ± 1.24 
94.39 ± 0.79

 

0.4 
14.54 ± 1.33 

10.56 ± 2.42 
10.45 ± 2.36 

15.87 ± 2.21 
19.38 ± 3.36 

5.33 ± 2.21 
96.26 ± 0.66 

0.6 
13.56 ± 0.13 

10.83 ± 3.01 
12.41 ± 2.15 

23.73 ± 1.51 
19.38 ± 3.50 

8.65 ± 1.98 
97.20 ± 0.45 

0.8 
13.32 ± 2.11 

13.25 ± 2.66 
15.87 ± 1.54 

25.43 ± 2.64 
25.00 ± 2.60 

10.22 ± 2.87 
98.13 ± 0.34 

1.0 
37.29 ± 3.77 

15.66 ± 3.63 
6.57 ± 0.85 

28.82 ± 4.25 
26.88 ± 2.15 

10.87 ± 3.23 
98.13 ± 0.44 

1.5 
10.17 ± 1.34 

15.98 ± 2.33 
77.61 ± 0.76 

28.76 ± 2.44 
22.50 ± 2.61 

15.88 ± 3.56 
98.13 ± 0.56 

2.0 
38.98 ± 1.90 

19.77 ± 3.98 
77.61 ± 1.71 

19.43 ± 1.54 
24.38 ± 1.47 

17.29 ± 3.88 
99.07 ± 0.65 

Each value represents the m
ean ± SE 

n = 3 
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3.5.3 Inhibition of AChE using ethanolic extracts of the plant samples 

All plants showed inhibition by their ethanolic extracts (table 3.2) which was similar 

to the inhibition for water extract. However, the percentage inhibition was higher 

with the ethanolic extract than with the water extracts. The percentage inhibition 

increased with the increase in the concentration with almost all the plants except for 

B. pilosa, P. fruticosa and S. koenigii. An inhibition of above 50% at concentration 

of 1.0 mg/mL was seen in B. pilosa (54.55%). Other plants showed high inhibition at 

a concentration of 1.5 and 2.0 mg/mL which includes A.conyzoides, N.collina and M. 

minutum. All plants showed positive inhibition of the ethanol extract except for S. 

koenigii at a higher concentration of 1.5 mg/mL and 2.0 mg/mL. 

 

The AChE inhibition is higher in the ethanolic extract when compared to water 

extract. This may be because more compounds that may inhibit AChE is extracted 

using ethanol. However, ethanol extraction is not used traditionally. This may be 

because of a number of reasons: (1) medicine preparation using ethanol would be 

very expensive to the villagers due to the high cost of ethanol, (2) consumption of 

medicine with ethanol as a solvent could cause drowsiness, (3) the village healers are 

not aware that the ethanol could be used as a better solvent for the extraction, and (4) 

ethanol is not readily available. On the other hand, ethanol extracts could extract 

compounds that may be poisonous to the body therefore water is highly used as the 

solvent for the preparation of medicine by the village healers.  
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Table 3.2 

Percentage inhibition of AChE by ethanolic extracts of different plant samples at 
various concentrations. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C
onc. 

m
g/m

L 

C
. hirta 

B. pilosa 
C

.   asiatica 
A.  

conyzoides 

M
.  m

inutum
 

S.  koenigii 
N

. collina 

0.2 
7.34 ± 4.24 

9.09 ± 4.21 
3.70 ± 1.89 

39.39 ± 3.46 
11.27 ± 3.06 

4.59 ± 3.43 
14.85 ± 0.77 

0.4 
10.21 ± 2.80 

13.75 ± 2.26 
4.33 ± 2.31 

40.88 ± 2.67 
19.44 ± 0.80 

6.76 ± 2.32 
13.51 ± 4.38 

0.6 
15.60 ± 3.14 

20.63 ± 3.45 
5.56 ± 1.41 

42.15 ± 3.30 
40.28 ± 5.39 

15.60 ± 4.54 
20.79 ± 4.20 

0.8 
17.67 ± 2.55 

44.78 ± 3.69 
8.87 ± 3.02 

45.78 ± 2.98 
59.72 ± 3.49 

16.88 ± 2.89 
32.67 ± 3.50 

1.0 
25.69 ± 2.62 

54.55 ± 1.95 
16.67 ± 2.23 

49.59 ± 1.72 
48.61 ± 5.09 

20.18 ± 4.83 
46.53 ± 4.90 

1.5 
31.19 ± 1.20 

6.82 ± 1.13 
18.86 ± 1.80 

51.43 ± 1.23 
64.79 ± 3.59 

-6.94 ± 6.67 
58.42 ± 2.8 

2.0 
31.19 ± 2.96 

11.25 ± 0.81 
22.64 ± 1.24 

53.03 ± 2.69 
67.61 ± 3.98 

-3.51 ± 3.65 
57.43 ± 1.46 

 C
onc. 

m
g/m

L 

P.  fruticosa 
P.  angulata 

 

S. pinnata 
P.  

perfoliata 

Z.  

officinalis 

E. hortensis 
G

alantham
in

e 

0.2 
9.17 ± 1.73 

22.56 ± 2.21 
6.54 ± 2.14 

1.49 ± 1.17 
9.09 ± 2.15 

7.41 ± 1.21 
94.39 ± 0.79

 

0.4 
11.54 ± 2.55 

3.59 ± 2.93 
9.35 ± 2.53 

3.22 ± 2.98 
11.43 ± 2.68 

9.65 ± 2.33 
96.26 ± 0.66 

0.6 
14.68 ± 4.55 

21.54 ± 2.90 
13.55 ± 3.44 

6.33 ± 2.52 
13.64 ± 2.16 

13.21 ± 1.13 
97.20 ± 0.45 

0.8 
16.53 ± 3.45 

16.41 ± 2.26 
15.33 ± 3.56 

8.78 ± 2.66 
17.64 ± 2.96 

15.43 ± 1.24 
98.13 ± 0.34 

1.0 
24.78 ± 2.67 

22.05 ± 0.88 
15.69 ± 2.93 

9.89 ± 1.85 
24.55 ± 0.36 

26.42 ± 0.35 
98.13 ± 0.44 

1.5 
0.917 ± 3.23 

36.41 ± 3.60 
17.63 ± 5.04 

29.67 ± 1.18 
25.45 ± 2.35 

26.42 ± 0.96 
98.13 ± 0.56 

2.0 
14.68 ± 4.02 

32.31 ± 2.43 
18.02 ± 4.28 

30.38 ± 3.27 
29.09 ± 2.89 

32.08 ± 0.88 
99.07 ± 0.65 

Each value represents the m
ean ± SE 

n = 3 
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3.5.4 Comparison of IC50 

Half maximal inhibitory concentration (IC50) refers to the concentration of the plant 

extract (inhibitor) where the response is reduced by half. It is used to measure the 

effectiveness of the plant extract in inhibiting the enzyme AChE. In other words, it 

determines how effective the inhibitor is. Those plant samples with higher 

percentage inhibition of the enzyme AChE had lower IC50 value. Therefore, lower 

the IC50 value, the more potent the drug (plant extract) would be.  

 

The IC50 values of AChE inhibition for each plant extract are given in table 3.3. The 

plants extracts that were considered as most potent are those with the minimum IC50 

values, in this case it was considered lower than 20 mg/mL to select the effective 

sample. It was most significant with the ethanolic extract as 9 plants had IC50 values 

lower than 20 mg/mL while only 6 plants appeared potent with water extract.  

 

P. perfoliata, P. fruticosa, A. conyzoides, C. asiatica, Z. officinalis and M. minutum 

were potent displaying median inhibitory values (IC50) of 9.24, 14.14, 16.15, 17.00, 

19.15 and 19.69 mg/mL respectively with water extraction. For ethanol extraction, 

M. minutum (4.57 mg/mL), A. conyzoides (5.57 mg/mL), N.collina (5.74 mg/mL), C. 

hirta (10.87 mg/mL), E. hortensis (11.25 mg/mL), P. perfoliata (12.16 mg/mL), P. 

angulata (12.18 mg/mL), Z. officinalis (13.26 mg/mL) and C. asiatica (15.17 

mg/mL) appeared most potent with IC50 lower than 20 mg/mL. The IC50 value for 

positive control galanthamine was 0.65 mg/ml. It should be noted that the standard 

used had been in pure form while those of the tested material had been a blender of 

different chemical constituents being a direct crude extract from the plant. 
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Table 3.3 

The IC50 values of different plant extracts with AChE inhibition. 

 

AChEI Activity 

Scientific 

name 

Family 

name 

Water extract 

mg/mL 

Ethanolic extract 

mg/mL 

C. hirta Melastomataceae 22.65 10.87 

B. pilosa Asteraceae 22.02 32.50 

C. asiatica Apiaceae 17.00 15.17 

A. conyzoides Asteraceae 16.15 5.57 

M. minutum Rutaceae 19.69 4.57 

S. koenigii Goodeniaceae 33.00 33.99 

N. collina Loganiaceae 40.59 5.74 

P. fruticosa Araliaceae 14.14 315.32 

P. angulata Solanaceae 23.40 12.18 

P. perfoliata Polygonaceae 9.24 12.16 

Z. officinalis Zingiberaceae 19.15 13.26 

E. hortensis Rutaceae 21.05 11.25 

S. pinnata Anacardiaceae 55.00 23.11 

Galanthamine*    0.65  

* standard compound with 0.65 mg/mL IC50 in water and ethanol.  

The lower the IC50 value, the higher the AChE activity.    

 

3.5.5 Comparison of AChE activity in water and ethanol extract 

The plant materials analyzed showed inhibitory activity towards AChE (electric eel) 

in a concentration dependent manner while few plants had no relationship between 

the concentration and the activity and some inhibited reversibly. Among water and 

ethanol extracts, S. pinnata, A. conyzoides, P. fruitosa, and B. pilosa showed 

strongest activity causing 77.61%, 45.09%, 38.98% and 35.8% inhibition of AChE at 

a concentration of 2.0 mg/mL. The AChE inhibitory activity of the tested lyophilized 

fractions at 2.0 mg/mL in an ascending order are S. pinnata > A. conyzoides > P. 
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fruticosa > B. pilosa > Z. officinalis > P. angulata > P. perfoliata > E. hortensis > C. 

asiatica > C. hirta > M. minutum > S. koenigii > N. collina (table 3.1). 

 

Among the plants screened, the ethanolic extracts for B. pilosa and P.fruitosa were 

generally less potent than decoction as it showed higher activity with aqueous extract 

compared to ethanolic extract which depicts the high polarity of the chemical 

constituents present in them responsible for enzyme activity. The ethanolic extracts 

of B. pilosa and A. conyzoides belonging to the family Asteraceae showed an activity 

of 54.55% and 49.59% at 1.0 mgmL-1as shown in figure 3.7 which indicates that                        

B. pilosa and A. conyzoides are good AChE inhibitors.  

 

 
Figure 3.7 Graph showing cholinesterase inhibition by ethanolic extract of B. pilosa 

and A. conyzoides. 

 

This result is comparable to studies done earlier. The study with camomile flowers 

(Matricaria recutica L. — Asteraceae) have been used for centuries for their calming 

effect due to a compound called apigenin (Jager and Saaby, 2011). Vasanthi and 

Gopalakrishnan, (2013) analysed the essential oil extract of A. adenophora of the 

same family (Asteraceae)  which displayed an IC50 value of 96.25 µg/mL and also 

identified a total of 25 compounds in A. adenophora from which the major 

components were sesquiterpenoids (81.90%) represented by sesquiterpene 
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hydrocarbons (36.50%), oxygenated sesquiterpenoids (45.4%), with borneol acetate 

(5.9%), germacrene D (8.1%), copaen (19.72%), α-bisabolol (9.8%), 4,4-Dimethyl-

3-(3-methylbut-3-enylidine)-2-methylene-bicycle-heptane (8.9%) and Azulenone 

(9.5%). These compounds are thought to be responsible for the anti-

acetylcholinesterase properties in the plants belonging to the family asteraceae. 

 

Secondly, M. minutum of the Rutaceae family in the current study showed the 

inhibitory activity against electric eel AChE with 67.61% inhibition at 2.0 mg/mL of 

ethanolic extract (table 3.2). In a similar study, Abirami et al. (2014) found that the 

juice of Citrus maxima and Citrus hystrix (Rutaceae) possessed strong anti-

cholinesterase activity (Electric eel AChE) ranged between 75.71% and 79.74%. 

Citrus fruits belong to the family of Rutaceae which is one of the most important 

fruits crops of the world (Abirami et al., 2014). Phenolic acids and flavanones are the 

two main groups of phenolic compounds in citrus fruit juices (Kelebek, 2010). 

Similarly, Zanthixylum davyi belonging to the same family showed inhibition with 

electric eel AChE with an IC50 value of 0.01 mg/mL and 0.012 mg/mL for the 

methanol and ethyl acetate extracts, respectively (Adewusi and Steenkamp, 2011). In 

another similar study, Amabeoku and Kinyua, (2010) isolated seven 

benzo[c]phenanthridine alkaloids from the stem-bark of Z. davyi. Moreover, the 

essential oil from the leaf and peel of Citrus aurantifolia (Rutaceae) is also reported 

to possess anti-cholinesterase activity (recombinant human AChE) due to the 

presence of active compounds, such as limonene, camphor, citronellol, o-cymene and 

1,8-cineole (Lee et al., 2010).  The reported alkaloids may be responsible for the 

observed inhibition of acetylcholinesterase in plants belonging to Rutaceae family. 

 

Futhermore, the ethanolic extract of A. conyzoides and N. collina, also showed 

percentage inhibition above 50% at 1.5-2.0 mg/mL. The aqueous extract of A. 

conyzoides, P. fruitosa and S. pinnata displayed an inhibition of 45.09%, 38.98% and 

77.61% respectively, while the other plants included in this study displayed 

comparatively lower potent inhibitory activity compared to that of the standard 

(galanthamine) which exhibited 99.07% inhibition of electric eel AChE.  

Z. officinalis belonging to the ginger family zingiberaceae in the currents study 

displayed an IC50 value of 13.26 mg/mL for ethanolic extract and 19.15 mg/mL for 
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decoction. Similarly, Alipinia officinarum belonging to the same family showed 41.3 

± 4.62% inhibition for methanolic extract and 10.68 ± 5.50% for the decoction at 300 

µg/mL (Hajimehdipoor et al., 2013).  The results of the plants from this family on 

AChEI activity may partly explain the traditional use of the plant for improving 

dementia.  

 

In the current study, most of the tested plants exhibited some inhibitory activity 

except for S. koenigii where no positive inhibition could be detected with decoction 

while minimum activity was detected with ethanolic extract in a dose dependent 

manner. This may be due to the compound responsible for AChE activity is missing 

in the plant.  

 

3.5.6 Activity with the most diluted solution 

This study showed that in decoction extract, the more active diluted solutions (0.2 

mg/mL) were obtained from P. fruticosa, Z. officinalis and P. perfoliata that had  

inhibitory activities of 16.95%, 11.25% and 10.17%, respectively (while the rest of 

the plants showed inhibition below 10% at 0.2 mg/mL). For the ethanolic extract, at 

0.2 mg/mL the most potent inhibiton of AChE was shown by A. conyzoides  

(39.39%), P. angulata  (22.56%), N. collina  (14.85%) and M. minutum (11.27%). 

The remaining ethanolic extracts of 9 plants displayed an inhibition below 10%. It 

was noticeable that A. conyzoides and P. angulata were most potent in comparison to 

that of the decoction which also accounts for the partial polarity of the constituents 

responsible for inhibition as with decoction (highly polar extract) lower inhibition 

was achieved. The ethanolic extracts of B. pilosa, A. conyzoides, M. minutum and N. 

collina displayed an inhibition value of  > 50% when using the extract corresponding 

to 1- 1.5 mg/mL of each plant, respectively.  
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3.5.7 Reversible Inhibition 

In the current study, the ethanolic extract of B. pilosa and P. fruticosa inhibited 

reversibly with electric eel AChE. At the concentration of 1.0 mg/mL the ethanolic 

extract of B. pilosa and P. fructicosa inhibited AChE by 54.55% and 24.78%, 

respectively. While at the concentration of 2.0 mg/mL the percentage inhibition of 

both B. pilosa and P. fructicosa decreased to 11.25% and 14.68%, respectively. This 

could be due to two reasons; (1) the turbidity and high colour intensity of the plant 

extract with higher concentration which affects absorbance, (2) the ‘active’ 

compounds would have precipitated and compromised the assay. This inhibition is 

displayed in figure 3.8 which shows the inhibition at all concentrations studied for B. 

pilosa and  P. fructicosa.  

 

 

Figure 3.8 Graph showing cholinesterase inhibition by ethanolic extract of B. pilosa 

and P. fruticosa. 
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3.5.8 Activity of crude extract relative to the standard Galanthamine 

The standard of galanthamine was prepared to the concentration relative to the plant 

extracts. However, the plant samples prepared were in impure form as it contains 

numerous chemical constituents. Therefore, it is significant that there will be 

differences in the results obtained for galanthamine to that of the decoction and 

alcoholic plant extracts. The screened plant extracts showed moderate inhibition with 

the decoction and the alcoholic extract. It is predicted to be much higher with the 

pure constituents of the plant extract upon isolation from the crude extract. 

 

Our results are comparable to a study recently in which, Bhadra et al. (2011) 

observed that at 10 μg/mL dose, percentage activity of butanol fraction and volatile 

oil of anethole, and galantamine was significantly more in comparison with a 

hydroalcoholic extract. From the above research it was found that the activity of the 

pure anethole showed better activity than other fractions and the isolated oil from I. 

verum. It is inferred that if the activity of the screened plant extracts in this study 

showed moderate percentage inhibition with the decoction and the alcoholic extract, 

it may have a much higher inhibition with the pure constituents of the plants upon 

isolation from other constituents which contribute to the concentration. 

 

3.5.9 Anti-Alzheimer potential of plants with similar families 

The Fijian medicinal plants studied have been the first study on AChE inhibitory 

effect. These 13 plants belong to several families. Some of the plants from these 

families have been studied for AChE inhibitory properties. The study on such 

families had been compiled by Singh et al. (2010) as shown in Table 3.4 with their 

constituents that possess therapeutic effects of psychiatric illnesses which are related 

to the treatment of AD. The active components present in the plants of their 

respective families would be responsible for the AChE inhibitory properties in the 

plants from those families in this current research.  Further studies need to be 

performed to isolate the constituents and test the presence of those constituents for 

such activity. 
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Table 3.4  Medicinal plants having anti-Alzheimer’s potential 

Family Scientific Name Part extracted Active component 

Amaryllidaceae Lycoris radiata Whole plant Galanthamine 

Galanthus nivalis L. Crude extract Galanthamine 

Narcissus confusus Crude extract Galanthamine 

Apiaceae Centella asiatica Whole plant 

 

Hydrocotylin, 

Hersaponin 

Indigo naturalis Plant-based 

powder 

Indirubins 

Araliaceae Panax ginseng Crude, extract 

/gin-senosides 

Ginsenosides  

Polygonaceae Radix 

etrhizome rhei 

Whole herb 

(Water & ethanol 

extract) 

(no analysis) 

Radix polygoni 

multiflori 

Whole herb 

(Water & ethanol 

extract) 

(no analysis) 

Rutaceae Evodia rutaecarpa Fruit Dehydroevodiamine  

Solanaceae Lycium barbarum Fruit Lycium barbarum 

polysacharides  

Nicotiana tabaccum Leaf Nicotine 

Umbelliferae Angelica sinensis Root 

(Methanolic & 

Hexane extract) 

Z-ligustilide, 11-

angeloylsenkyunoli

de, Coniferyl 

ferulate, Ferulic 

acid. 

Zingiberaceae Curcuma longa Rhizome Curcumin 

 

Table adapted from: Singh et al., 2010. 
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3.6 Conclusions 

Plants showed higher percentage inhibition of the ethanol extraction compared to 

water extract. B. pilosa at 1.0 mg/mL and A. conyzoides, M. minutum and N.collina 

at 1.5 – 20 mg/mL appeared most potent with ethanol extract giving inhibition higher 

than 50%. Among water extract, P. fruticosa and A. conyzoides had inhibition closer 

to 50% while S. pinnata displayed higher than 50% at 2.0 mg/mL.   

 

The traditional method involves water as a solvent for preparation of medicine 

however, the results show that the ethanol extracts displayed a higher percentage of 

AChE inhibitory activities with all the plants tested at various concentrations. Water 

is readily available, non-toxic, cheaper and very polar hence is practiced for 

medicinal use by the villages. Ethanol could be very expensive and not readily 

available for the extraction of the plant constituents thus is not used by the villages.  
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CHAPTER 4 

ANTI-OXIDANT ANALYSIS OF SELECTED FIJIAN MEDICINAL PLANTS 

 

4.0 INTRODUCTION 
 
Oxygen is essential for respiration, however, under certain conditions it can have a 

negative effect on our health due to the formation of reactive oxygen species (ROS) 

also known as free radicals. A free radical is a chemical compound which contains an 

unpaired electron (Chandra and Dave, 2009). These are usually in the form of ions, 

atoms or molecules that have the ability to oxidize reduced molecules and cause 

damage to the other molecules by accepting electrons from them in order to become 

stable. The common free radicals include hydroxyl radicals, nitric oxide, superoxide 

anion radicals and lipid peroxyl radicals, whereas non-free radicals primarily include 

singlet oxygen and hydrogen peroxide (Yildirim et al., 2000). There are two possible 

sources that generate the free radicals in the body. These are endogenous sources e.g. 

nutrient metabolism, ageing process etc. and exogenous sources e.g. tobacco smoke, 

ionizing radiation, air pollution, organic solvents, pesticides, etc (Buyukokuroglu et 

al., 2001). 

 

Superoxide anion radicals increase under stress conditions such as heavy exercise, 

certain drugs, infection and various disease states. During normal metabolic 

processes, the human body generates more than 2 Kg of .O2- per year (Evans and 

Halliwell, 1999). ROS are formed under normal physiological conditions but become 

deleterious when not being eliminated by the endogenous antioxidant systems. The 

existence of ROS leads to oxidative stress (Chandra and Dave, 2009) and is often 

cytotoxic and gives rise to tissue injuries (Jainu and Devi, 2005). ROS can attack 

lipids and proteins, destroy membranes, damage DNA, and lead to chromosomal 

damage (Chandra and Dave, 2009). Thus, ROS can contribute to development of 

numerous potentially dangerous diseases, such as cardiovascular disease (Singh and 

Jialal, 2006), neural disorders (Sas et al., 2007), mild cognitive impairment (Guidi et 

al., 2006), Alzheimer’s disease (Smith et al., 2000), alcohol induced liver disease 

(Arteel, 2003), Parkinsons disease (Bolton et al., 2000), ulcerative colitis 

(Ramakrishna et al., 1997), ageing (Hyun et al., 2006), atherosclerosis (Upston et al., 
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2003), and cancer (Kinnula and Crapo, 2004). The brain of patients suffering from 

AD is said to be under oxidative stress as a result of perturbed ionic calcium balances 

within their neurons and mitochondria (Emilien, 2000). For these reasons, 

antioxidants are of interest for the treatment of many kinds of cellular degeneration 

including AD (Geber et al., 2002; Frank and Gupta, 2005).  

 

There is a defence system to protect all living things from attack by free radicals. 

This involves having a protective antioxidant system that lessens the rate of free 

radical generation along with another system which forms chain breaking 

antioxidants to scavenge and stabilize free radicals. Antioxidants are defined as 

compounds which if present in low concentration in relation to the oxidant will 

prevent or delay the oxidation of the substrate (Halliwell and Guteridge, 1989). To 

maintain the homeostasis in the body, cells are equipped with different kinds of 

mechanisms to fight against ROS. For example, antioxidant enzymes such as 

superoxide dismutase, catalase, glutathione and glutathione peroxidase play 

important roles in scavenging free radicals and preventing cell injury (Bouayed and 

Bohn, 2010). Molecules such as vitamin C and E also inhibit lipid peroxidation in 

cells. There is considerable damage to the tissues if the rate of free radical generation 

exceeds the capacity of the defence mechanisms (Hasan et al., 2009). When the 

mechanism of antioxidant protection becomes unbalanced in the human body, 

antioxidant supplement may be used to help reduce oxidative damage. As a result 

dietary antioxidants with the ability to scavenge free radicals could be used for the 

treatment of these diseases. Such antioxidants include vitamins E and C, alpha-lipoic 

acid, carotenoids, flavonoids, tannins and other dietary phenol derivatives (Musuyu 

et al., 2012). 
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4.1 Natural sources of antioxidants 

According to Rice-Evans, (2004) medicinal plants are an important source of 

antioxidants. Plants contain a wide variety of free radical scavenging molecules, such 

as flavonoids, anthocyanins, carotenoids, dietary glutathionine, alkaloids, tannins, 

saponins, steroids, terpenoids and rotenoids (Assob et al., 2012). The secondary 

metabolites like phenolics, flavonoids, flavonols and phenols from plants have been 

reported to be potent free radical scavengers (Mathew and Abraham, 2006; Zou et 

al., 2010). The synthetic antioxidants such as butylated hydroxyanisole and butylated 

hydroxyl toluene are widely used but they cause potential side effects such as risk of 

liver damage and carcinogenesis in laboratory animals (Williams et al., 1999). 

Hence, there is always the need for more cost effective antioxidants with low or 

fewer side effects.  

 

Moreover, phenols and polyphenols are strong antioxidants which prevent oxidative 

damage to biomolecules such as DNA, lipids and proteins that play a role in chronic 

diseases such as cancer and cardiovascular diseases (Hou and Kumamoto, 2010).  

Phenols can be used in reduction of risk for infection in minor skin irritations and it 

also kills microbes. Phenols and polyphenols can improve effectiveness at relieving 

itching and it can be added to lotion for the relief of insect bites and sunburn and 

other painful itching skin conditions (Walterova et al., 2003). Phenolic compounds 

also possess antioxidant activity together with other biological effects. Apart from 

phenols and polyphenols, flavonoids also have a wide range of pharmacological 

properties such as: anti-allergic, anti-inflammatory, and anti-microbial activities 

(Walterova et al., 2003). Flavonoids may help provide protection against diseases 

such as cancer, aging, atherosclerosis and inflammation by contributing along with 

vitamins and enzymes to the total antioxidant defense system of the human body 

(Fuglie, 1999). 

 

According to the antioxidant hypothesis, antioxidants intake in the diet can prevent 

oxidative damages hence reduce the risks of chronic diseases (Stanner et al., 2004). 

Much research is required to link diets rich in natural antioxidants with degenerative 

disease. Some of the well-known dietary antioxidants are ascorbates, tocopherols and 

carotenoids (Dimitrios, 2006). Justesen and Knuthsen, (2001) stated that a number of 
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aromatic plants are well known for their antioxidant and antimicrobial properties that 

prevent food degradation and alteration since they are rich in phenolic substances, 

usually referred to as polyphenols, which are ubiquitous components of plants and 

herbs. Polyphenols are antioxidants with redox properties, which allow them to act as 

reducing agents, hydrogen donators, and singlet oxygen quenchers (Rauha et al., 

2000).  

 

Antioxidants are widely needed to prevent deterioration of many oxidisable goods, 

such as food, cosmetics, pharmaceuticals and plastics. The growing interest in the 

replacement of synthetic antioxidants by natural ones has fostered research on 

identifying new antioxidants from plant sources (Moure et al., 2001). Special 

attention is focused on the extraction of antioxidant compounds from inexpensive 

sources such as from natural plant forests, harvesting, however must be sustainable. 

 

4.2 Antioxidants and Alzheimer’s’ Disease (AD) 

Phenolic compounds function as free radical terminators (Tepe et al., 2006; Socha et 

al., 2009). The free radicals scavenging efficiency of phenolic compounds are 

dependent on their molecular weight, presence of aromatic rings and nature of OH 

group’s substitution.  It was demonstrated that the absence of the natural antioxidant, 

vitamin E, enhanced AD in a mouse model (Nishida et al., 2006). According to Chan 

et al. (2011) phenolic compounds such as methyl rosemarinate, rosemarinic acid, 

methyl ester, vanillic acid showed strong 2,2-diphenyl-1-picrylhydrazyl (DPPH)  

radical – scavenging activity in the methanolic extract of the roots and the leaves of 

S. nipponica and S. formosana. The results were compared with α-tocopherol, which 

was commonly used in the food industry as antioxidative.  

 

Stuchbury and Munch, (2005) have pointed out that AD is associated with 

inflammatory processes. β-Amyloid peptides contained in the senile plaques found in 

AD brain can induce these inflammatory processes in which ROS are liberated, 

among other components (Vina et al., 2004; Stuchbury and Munch, 2005). ROS are 

able to damage cellular constituents and act as secondary messenger in inflammation. 
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Antioxidants can scavenge ROS and can also weaken inflammation pathways and 

can be useful in the treatment of AD.  

 

Evidence suggests that compounds especially from natural sources are capable of 

providing protection against free radicals (Chandra and Dave, 2009). This has 

attracted a great deal of research interest in natural antioxidants. It is necessary to 

screen out local medicinal plants for their antioxidant potential that are used by the 

local people as folk medicine in the treatment of various ailments associated with 

degenerative effects, but in most cases their antioxidant properties have not yet been 

established. This chapter investigates the antioxidant properties in the Fijian 

medicinal plants and its relationship with AChE activity. 

 

4.3 METHODOLOGY 
 

4.3.1 Chemicals 

The following chemicals were purchased from Merck Co. (Australia).  

2,2-Diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid standard, and 96% ethanol. All 

other reagents used were of analytical grade and obtained locally. 

4.3.2 Extraction 

The samples were extracted as described in Chapter 3, section 3.4.2. 

 

4.3.3 Dilution of Chemical  

2, 2- Diphenyl-1-picryl-hydrazyl radical scavenging assay (DPPH)  

DPPH (2 mg) in a 10 mL volumetric flask was dissolved in 96% ethanol in the dark. 

To dissolve homogenously, a magnetic stirrer was used to stir the solution. Using a 

funnel the contents were transferred into 100 mL volumetric flask and filled to the 

mark to give a 0.002% solution of DPPH. All solutions were prepared in amber glass 

bottles and flasks covered with aluminium foil to protect from the light since DPPH 
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is light sensitive. During each test, DPPH was freshly prepared and kept at 4 oC in 

the dark before use.  

Ascorbic acid 

Stock solution of 2.0 mg/mL concentration was prepared by adding 20 mg of 

powdered ascorbic acid with enough ethanol and made up to 10 mL in a volumetric 

flask. From the stock solution, serial dilutions were made in a 10 mL volumetric 

flask to obtain the desired concentrations (0.2, 0.4, 0.6, 0.8, 1.0 and 1.5 mg/ mL) of 

ascorbic acid for analysis by diluting the stock solution with ethanol.   

 

4.3.4 Anti-oxidative Analysis using DPPH radical scavenging activity 

Free radical scavenging ability of the samples, based on the scavenging activity of 

DPPH free radical, was evaluated using the procedure described previously by Blois’ 

(1958) with slight modification.  

 
Different dilutions (0.2, 0.4, 0.6, 0.8, 1.0, 1.5 and 2.0 mg/mL) of 50 μL plant extract 

(ethanolic / decoction) were added to 5 mL of 0.002 % ethanolic solution of DPPH in 

a vial covered with aluminium foil. The samples containing DPPH was incubated in 

the dark for 30 minutes. The absorbance was then measured at 517 nm using a 

double beam UV spectrophotometer (UV Winlab Version 2.85.04, Perkin Elmer). To 

account for colour correction the absorbance of plant extract dissolved in ethanol 

(without DPPH) was measured and subtracted from the absorbance of the DPPH. 

Negative control contained all components apart from the plant extracts, whereas 

positive control ascorbic acid was used in the assay as standard. Ethanol was used as 

a blank. The lower absorbance of the reaction mixture indicated the higher free 

radical scavenging activity. The assay was repeated in triplicate and percentage 

inhibition was calculated using the formula:  

 

% Scavenging effect    =      control absorbance  -  sample absorbance   x        100 

                                                                  control absorbance                            1 

Control absorbance – absorbance of the control reaction (containing all reagents   

                                    except the test sample) 
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Sample absorbance – absorbance of the plant extracts / standard.    

The antioxidant effect was expressed in terms of percent inhibition and as IC50.   

 

4.3.5 Statistical Analysis 

The statistical analysis of the results was done as discussed in Chapter 3.4.6. 
 
 

4.4  RESULTS AND DISCUSSION 

Thirteen plant species: leaves of C. hirta (Melastomataceae), B. pilosa (Asteraceae), 

C. asiatica (Apiaceae), A. conyzoides (Asteraceae), M. minutum (Rutaceae), S. 

koenigii (Goodeniaceae), N. collina (Loganiaceae), P. fruticosa (Araliaceae), E. 

hortensis (Rutaceae), S. spinnata (Anacardiaceae), arial parts of P. angulata 

(Solanaceae), P. perfoliata (Polygonaceae), and rhizome of Z. officinalis 

(Zingiberaceae) were investigated for antioxidant activity. 

 

4.4.1 DPPH Free radical scavenging potential (Antioxidative Activity) 

Various procedures had been designed to measure the efficiency of natural 

antioxidants. There are several mechanisms through which antioxidant compounds 

show their biochemical effects. Some of the methods include hindrance of chain 

initiation, chelation of metal ions, breakdown of peroxides, sustained hydrogen 

abstraction, reductive ability and radical scavenging (Ayaz et al., 2014).  

 

In this study a very common procedure will be used where DPPH is used to evaluate 

the free radical scavenging potential of drugs. DPPH assay is based on the principle 

that a hydrogen donor is an antioxidant. Antioxidants scavenge the DPPH radicals 

through the donation of hydrogen, thus forming reduced DPPHH, which change the 

colour from purple to yellow upon reduction (figure 4.1). This was quantified by 

analysing absorbance at a wavelength of 517 nm using a UV spectrophotometer 

(Soare et al., 1997). The absorbance at 517 nm decreases proportionately with the 

loss of the radical in exchange for a proton. The DPPH• is stable organic nitrogen 
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4.4.2 DPPH radical scavenging activity using plant samples using water 

(decoction) extraction 

The antioxidant activities of the water extracts of the plant species aforementioned 

are summarized in Table 4.1. All plants showed free radical scavenging activity. 

Scavenging activity increased with the increasing concentration of crude extract from 

0.2 mg/mL to 2.0 mg/mL. The most potent activity was shown by C. hirta which 

displayed an activity of 94.98% to 98.23% between concentrations of 0.6 to 2.0 

mg/mL. Second highest scavenging activity was shown by B. pilosa and C. asiatica 

with 22.84% and 20.48% respectively at 2.0 mg/mL. The remaining plants displayed 

the scavenging activity lower than 20% at 2.0 mg/mL. 
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Table 4.1 

Percentage free radical scavenging activity of water extracts (decoction) of different 

plants at various concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C
onc

m
g/m

L 
C

. hirta 
B. pilosa 

C
. asiatica 

A. 

conyzoides 

M
. m

inutum
 

S. koenigii 

 

N
. collina 

0.2 
43.11 ± 4.81 

5.55 ± 0.12 
2.05 ± 1.12 

2.44 ± 6.11 
3.13 ± 0.76 

0.39 ± 7.06 
1.95 ± 1.28 

0.4 
73.72 ± 1.04 

7.47 ± 0.07 
2.46 ± 1.10 

4.53 ± 4.07 
5.02 ± 0.51 

1.74 ± 6.07 
4.03 ± 0.91 

0.6 
94.98 ± 1.23 

10.36 ± 1.10 
5.90 ± 1.39 

7.17 ± 4.50 
5.42 ± 0.44 

3.71 ± 6.39 
4.24 ± 0.06 

0.8 
94.98 ± 0.53 

11.67 ± 0.41 
7.66 ± 1.46 

8.30 ± 4.21 
6.79 ± 0.34 

5.77 ± 6.18 
6.09 ± 0.99 

1.0 
97.05 ± 0.42 

11.91 ± 0.11 
8.89 ± 0.97 

9.30 ± 3.79 
8.62 ± 0.79 

6.89 ± 7.75 
5.58 ± 0.44 

1.5 
98.23 ± 0.13 

17.63 ± 0.57 
14.91 ± 1.25 

12.18 ± 4.26 
10.52 ± 0.78 

10.79 ± 3.98 
8.47 ± 0.83 

2.0 
97.93 ± 0.36 

22.84 ± 0.44 
20.48 ± 1.36 

16.68 ± 4.35 
12.21 ± 0.65 

10.07 ± 6.76 
9.89 ± 1.03 

 
C

onc
m

g/m
L 

P. fruticosa 

 

P. angulata 
S. pinnata 

P. perfoliata 
Z. officinalis 

E. hortensis 
A

scorbic 
A

cid 

0.2 
4.34 ± 2.43 

1.25 ± 1.03 
0.68 ± 1.21 

4.69 ± 1.92 
2.48 ± 2.39 

3.68 ± 2.54 
34.33 ± 0.54 

0.4 
4.46 ± 0.76 

2.74 ± 1.54 
0.89 ± 2.59 

8.24 ± 3.93 
2.77 ± 0.73 

5.77 ± 1.87 
52.70 ± 0.98 

0.6 
5.03 ± 1.97 

3.40 ± 1.22 
2.75 ± 1.59 

3.51 ± 1.45 
0.90 ± 2.52 

7.43 ± 2.64 
77.80 ± 0.83 

0.8 
6.24 ± 0.71 

5.04 ± 2.43 
3.43 ± 2.12 

2.41 ± 1.14 
1.02 ± 1.22 

8.33 ± 3.21 
83.78 ± 0.77 

1.0 
6.93 ± 1.85 

6.36 ± 2.66 
3.84 ± 2.97 

3.02 ± 1.22 
0.49 ± 1.95 

10.27 ± 2.43 
87.22 ± 0.22 

1.5 
7.09 ± 0.64 

8.01 ± 2.71 
5.20 ± 0.43 

1.81 ± 1.25 
-6.27 ± 1.36 

13.44 ± 4.68 
88.25 ± 0.31 

2.0 
7.22 ± 0.77 

11.41 ± 1.23 
7.48 ± 2.87 

4.83 ± 1.35 
-7.71 ± 2.03 

15.25 ± 3.25 
88.78 ± 0.63 

Each value represents the m
ean ± SE 

n = 3 
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4.4.3 DPPH radical scavenging activity using ethanolic extracts of the plant 

samples 

All plants demonstrated free radical scavenging activity of the ethanol extracts as 

summarized in table 4.2. The scavenging activity increases with the increase in the 

concentration from 0.2 to 2.0 mg/mL. Highest scavenging activity was displayed at 

2.0 mg/mL for the majority of plants. All plant species demonstrated free radical 

scavenging activity higher than that of the water extract except for C. hirta. C. hirta 

had a scavenging activity of 72.19% which was highest amongst the rest of the plant 

species for the ethanol extract but lower than that of the water extract (97.93%) at 2 

mg/mL. C. hirta had the most promising result for antioxidant properties with the 

water and ethanol extracts. 
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Table 4.2 

Percentage free radical scavenging activity by ethanolic extracts of different plant 

samples at various concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
C

onc. 
m

g/m
L 

C
. hirta 

B. pilosa 
C

. asiatica 
A.  

conyzoides 

M
. m

inutum
 

S. koenigii 
N

. collina 

0.2 
46.51 ± 14.70 

11.38 ± 4.53 
13.79 ± 0.82 

7.84 ± 0.76 
6.31 ± 1.25 

11.45 ± 2.39 
17.82 ± 2.47 

0.4 
54.69 ± 0.91 

19.02 ± 8.46 
17.72 ± 0.05 

11.30 ± 4.07 
9.12 ± 1.90 

14.33 ± 0.93 
20.93 ± 2.35 

0.6 
57.32 ± 0.93 

8.50 ± 13.51 
18.45 ± 0.23 

16.89 ± 0.68 
10.51 ± 1.68 

15.90 ± 3.95 
22.20 ± 2.92 

0.8 
58.63 ± 3.51 

17.03 ± 5.98 
22.43 ± 0.12 

15.78 ± 2.49 
14.77 ± 6.66 

18.15 ± 2.33 
25.25 ± 4.94 

1.0 
60.73 ± 1.35 

20.59 ± 3.23 
23.22 ± 0.36 

18.72 ± 6.83 
12.17 ± 2.11 

18.26 ± 1.61 
20.58 ± 3.52 

1.5 
67.23 ± 1.00 

16.34 ± 6.08 
25.30 ± 2.36 

24.15 ± 5.25 
20.15 ± 5.98 

21.76 ± 0.93 
20.58 ± 1.34 

2.0 
72.19 ± 0.34 

38.87 ± 3.96 
30.30 ± 1.91 

31.09 ± 1.14 
15.92 ± 6.07 

27.61 ± 0.40 
21.58 ± 2.68 

 C
onc. 

m
g/m

L 

P. fruticosa 

 

P. angulata 
S. pinnata 

P.  

perfoliata 

Z. officinalis 
E. hortensis 

A
scorbic 

acid 

0.2 
28.53 ± 0.66 

8.78 ± 2.41 
0.99 ± 2.14 

6.53 ± 6.06 
11.64 ± 0.81 

12.45 ± 2.56 
34.33 ± 0.54 

0.4 
28.11 ± 1.23 

9.49 ± 3.03 
3.35 ± 1.33 

14.78 ± 2.32 
12.92 ± 1.07 

15.23 ± 2.33 
52.70 ± 0.98 

0.6 
21.50 ± 4.69 

10.40 ± 1.62 
5.44 ± 3.09 

10.09 ± 3.15 
14.08 ± 3.22 

16.55 ± 1.35 
77.80 ± 0.83 

0.8 
18.87 ± 0.37 

11.53 ± 0.57 
6.06 ± 2.64 

8.58 ± 8.08 
13.56 ± 16.89 

18.03 ± 3.34 
83.78 ± 0.77 

1.0 
17.70 ± 3.08 

12.11 ± 0.81 
7.30 ± 4.90 

6.54 ± 2.04 
11.79 ± 0.52 

18.57 ± 0.20 
87.22 ± 0.22 

1.5 
9.37 ± 1.51 

14.56 ± 0.18 
10.11 ± 3.76 

7.36 ± 2.43 
14.38 ± 0.45 

17.79 ± 4.13 
88.25 ± 0.31 

2.0 
14.20 ± 12.08 

17.75 ± 2.04 
10.22 ±2.54 

6.50 ± 6.73 
13.10 ± 3.76 

18.70 ± 2.60 
88.78 ± 0.63 

Each value represents the m
ean ± SE 

n = 3 
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4.4.4 Inhibition of DPPH at 50% concentration 

The IC50 values were calculated as described in Chapter 3, section 3.5.5. For the 

water extract, the most potent antioxidant exhibiting plants were C. hirta, B. pilosa 

and C. asiatica with IC50 values of 0.64, 18.24 and 18.24 mg/mL respectively. For 

the ethanol extracts, five plant species appeared to be most potent; C. hirta (1.45 

mg/mL), A. conyzoides (13.22), B. pilosa (13.79 mg/mL) C. asiatica (15.45 mg/mL) 

and S. koenigii (17.55).  

The table below shows IC50 values of the thirteen Fijian plants used in this study. 
 

Table 4.3 

IC50 values of different plant extracts with free radical scavenging activity. 

Free radical Scavenging Activity 

Scientific 

name 

Family 

name 

water extract 

mg/mL 

Ethanolic extract 

mg/mL 

C. hirta Melastomataceae 0.64 1.45 

B. pilosa Asteraceae 18.24 13.79 

C. asiatica Apiaceae 18.24 15.45 

A. conyzoides Asteraceae 23.25 13.22 

M. minutum Rutaceae 32.79 23.87 

S. koenigii Goodeniaceae 26.95 17.55 

N. collina Loganiaceae 40.40 93.76 

P. fruticosa Araliaceae 82.15 -6.05 

P. angulata Solanaceae 32.36 31.63 

P. perfoliata Polygonaceae 95.45 -58.69 

Z. officinalis Zingiberaceae 98.27 210.45 

E. hortensis Rutaceae 25.62 39.95 

S. pinnata Anacardiaceae 45.72 32.47 

Ascorbic acid*                        1.33  

* standard molecule 

The lower the IC50 value, the higher the antioxidant activity.    
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The DPPH radical scavenging abilities of the extracts were significantly comparable 

to those of ascorbic acid (standard), showing that some extracts have the hydrogen 

donating ability and could serve as free radical inhibitors or scavengers, acting 

possibly as primary antioxidants. All plant extracts showed concentration dependent 

inhibition of the free radicals as shown in table 4.1 and table 4.2. Among different 

fractions of lyophilized samples of decoction and ethanolic extract, C. hirta 

belonging to melastomataceae family; showed highest activity which can be 

attributed to its high antioxidant potential. C. hirta had the IC50 value of 0.64 for 

decoction while 1.45 for extraction with ethanol as shown in figure 4.2. On the other 

hand, the IC50 value of ascorbic acid was 1.33.  This shows that there are more polar 

constituents in C. hirta which are responsible for the antioxidant activity.  

 

 
Figure 4.2  Graph of IC50 values of C. hirta and ascorbic acid (standard). 

 

4.4.5 Comparison of IC50 for decoction and ethanolic extract 

Comparing the IC50 for decoction and ethanolic extract for the thirteen Fijian plant 

samples, there was higher activity shown in ethanolic extract as given in figure 4.3. 

The DPPH free radical scavenging potential of the tested water extract fractions were 
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in a descending order of C. hirta > B. pilosa > C. asiatica > A. conyzoides > S. 

koenigii > M. minutum > E. hortensis > P. angulata > N. collina > S. pinnata > P. 

fruticosa > P.perfoliata > Z. officinalis. In comparison to positive control (ascorbic 

acid), C. hirta had similar IC50 while all the rest of the plant extracts had significantly 

different inhibition at highest concentration of extracts. The percentage inhibition 

had been much lower since the lower the IC50 value, the higher the antioxidant 

activity.  

 

 
Figure 4.3 Graph of IC50 values of free radical scavenging activity of decoction and 

ethanolic extracts of the plants compared with the standard. 

 

While comparing the activity of the standard (ascorbic acid), it can be noted that the 

standard compound was in pure form free from impurities which gives it a higher 

value for % inhibition while the extracts were in impure form with the concentration 

being tested containing many other chemical constituents. Therefore, a percentage 

inhibition value of close to 50% were considered to be a good antioxidant. Those 

plants extracted with water having IC50 < 50 are C. hirta 0.64 mg/mL, B. pilosa 18.24 
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mg/mL, C. asiatica 18.24 mg/mL, A. conyzoides 23.25 mg/mL, S. koenigii  26.95 

mg/mL, M. minutum 32.79 mg/mL, N. collina 40.40 mg/mL, and S. pinnata 45.72 

mg/mL were considered as good antioxidants. On the other hand P. perfoliata and Z. 

officinalis showed the minimum antioxidant potential as they had higher IC50 values 

of 95.45 mg/mL and 98.27 mg/mL respectively.  

 

The antioxidant potential for ethanolic extracts are almost 2 fold higher than that 

obtained for decoction. The IC50 values obtained in ascending order are C. hirta 1.45 

mg/mL, A. conyzoides 13.22 mg/mL, B. pilosa 13.79 mg/mL, C. asiatica 15.45 

mg/mL, S. koenigii 17.55 mg/mL, M. minutum 23.87 mg/mL, P. angulata 31.63 

mg/mL, E. hortensis 39.95 mg/mL, N. collina 93.76 mg/mL, P. perfoliata and Z. 

officinalis > 100 mg/mL. Similarly, P. perfoliata and Z. officinalis showed the lowest 

antioxidant activity while C. hirta had the highest potential in water extract.  

 

N. collina belonging to Loganiaceae family displayed higher free radical activity 

with ethanol extract compared to the decoction as shown in figure 4.4 in the current 

study. Similarly, Strychnos colubrina also from Loganiaceae family showed more 

potent activity with the methanol extract than with the aqueous extract and displayed 

the antimicrobial properties against Gram-positive and Gram-negative bacteria 

(Sudhira et al., 2015). Phytochemical analysis by Sudira et al. (2015) showed the 

presence of alkaloids, phenols, glycosides, steroids, and flavonoids in S. colubrina. 

These phytochemicals is thought to be responsible for the antioxidative potential and 

antimicrobial uses of N. collina. 
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Figure 4.4 Graph showing percentage free radical scavenging activity of ethanolic 

extract and decoction of N. Collina. 

 

B. pilosa and A. conyzoides both belong to the family asteraceae and have shown 

similar anti-oxidant activity in this study. According to Rajkapoor et al. (2010) a 

group of plants belonging to the family asteraceae contained phenols, sterols and 

flavonoids as active constituents. These phytochemicals may be present in B. pilosa 

and A. conyzoides which is responsible for anti-oxidative potential. Moreover, 

flavonoids are present in almost all terrestrial plants, which is responsible for UV 

protection and colour (Jager and Saaby, 2011). Flavonoids have a fused ring system 

consisting of an aromatic ring and a benzopyran ring with a phenyl substituent. 

These are found in plants as glycosides and serves two functions; for UV- protection 

to the plant and aids in pollination by providing specific colours and patterns to the 

flowers (Jager and Saaby, 2011). 

 

Additionally, the methanolic extract of Memecylon edule and Memecylon 

umbellatum belonging to Melastomataceae family also showed remarkable 

scavenging capacity on free radicals in a concentration dependent manner 

(Srinivasan et al., 2015; Sridevi et al, 2014). Rutin, a compound isolated from leaf 

extract of M. edule had strong reductive capacity on DPPH radicals with an IC50 

value of 17.06 µg/mL and ferric ion chelation (IC50 value 17.29 µg/mL) potential. 
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The methanolic extract of M. umbellatum was found with high content of phenol. 

Rutin and phenol involved in the antioxidant activity might also be present in C. 

hirta (Melastomataceae) as it exhibits similar antioxidant properties and belongs to 

the same family. 

 

In another study, the phytochemical analysis of Dissotis rotundifolia 

(melastomataceae) revealed the presence of alkaloids, polyphenol, flavonoids, 

phenol, tannin, cyanogenic glycoside, anthraquinone, sapoginin, anthocyanin and 

saponin of which alkaloids had been of greatest concentration (Aja et al., 2015). 

According to Lawal et al. (2005) phytochemical component is responsible for both 

pharmacological and toxic activities in plants. Some of these metabolites could be 

useful to both plants and animals but could be toxic to man and animals if present in 

higher concentrations. High levels of alkaloids found in D. rotundifolia are of 

pharmacological significance as alkaloids can be used as a central nervous system 

stimulant as well as a powerful pain reliever (Anwar et al., 2007) and have 

antimicrobial activity (Akiyama et al., 2001). 

 

Other studies have shown that phenolic compounds are present in Dissotis 

longipetala (Melastomataceae) through phytochemical analysis such as glycosides, 

carbohydrates, phenols, tannins and coumarins. Its bark extract indicated high total 

phenol and low total flavonoids contents with very important antioxidant and 

reducing power (Assob et al., 2014). It can be postulated that these antioxidant and 

reducing power are due to its important phenolic content. The high levels of presence 

of these compounds in C. hirta might be the reason behind its traditional uses in the 

treatment of headache, thrush, stops bleeding and skin infections in Fiji. 
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4.4.6 Reversible Inhibition 

Most plants showed activity in a concentration dependent inhibition; that is the 

percentage activity increased with the increase in their concentration. However, there 

were a few plant extracts that showed the decreased percentage activity with the 

increase in the concentration. This could be due (1) the decreased solubility of the 

plant extract and (2) the turbidity or intense colour of the plant extract with higher 

concentration that affected absorbance. 

 

It was noted that P. perfoliata and Z. officinalis inhibited reversibly upon dilution 

with water extract. In addition to water extract, P. perfoliata and P. fruticosa also 

acted reversibly upon dilution with ethanolic extract (figure 4.5). Water extracts of P. 

perfoliata and Z. officinalis showed 4.69% and 2.48% free radical activity at 0.2 

mg/mL while at 1.0 mg/mL the % inhibition decreased to 3.02% and 0.49% 

respectively. The DPPH free radical scavenging activity for ethanolic extract of P. 

perfoliata and P. fruticosa at 0.2 mg/mL was found to be 6.53% and 28.53% while 

that at 2.0 mg/mL was found to be 6.50% and 14.20% respectively.  

 

 
Figure 4.5 Graph showing plants with reversible free radical scavenging activity at 

different concentration. 
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P. fruticosa belonging to the family Araliaceae showed an IC50 value of 82.15 

mg/mL free radical activity in the water extract.  This was very similar to that of 

Cussonia arborea (IC50 value of 91.93 mg/mL of the methanol extract) of the same 

family analysed by Assob et al. (2014). Higher IC50 value indicated that it had poor 

antioxidant properties. 

 

4.4.7 Activity with the most diluted solution 

In decoction extracts, the most diluted concentration (0.2 mg/mL) that showed the 

maximum free radical scavenging potential was exhibited by C. hirta (43.11%) 

which was even greater than the standard; ascorbic acid (34.33%). Decoction extracts 

of B. pilosa, P. perfoliata, P. fruticosa, M. minutum, Z. officinalis, A. conyzoides, C. 

asiatica and N. collina displayed an activity between 1% to 10% while S. pinnata 

and S. koenigii had activities below 1%. C. hirta may contain compounds that are 

better than ascorbic acid in scavenging ROS species. 

 

The ethanolic extracts produced more potent radical scavenging activity at 0.2 

mg/mL compared to that of decoction extract as several plant species displayed an 

activity above 10%. The most active plant species at the most dilute concentration 

(0.2 mg/mL) were those obtained from C. hirta (46.51%), P. fruticosa (28.53%), N. 

collina (17.82%), C. asiatica (13.79%), E. hortensis (12.45%), Z. officinalis 

(11.64%), S. koenigii (11.45%) and B. pilosa (11.38%). All other plant extracts had 

produced an activity lower than 10% but higher than 1% unlike with decoction where 

two of the plant extracts displayed an activity less than 1%.   
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4.5 Conclusions 

All plants demonstrated DPPH activity in both water and ethanol extracts. These 

extracts showed inhibition in a concentration dependent manner except for P. 

perfoliata, Z. officinalis and P. fruticosa. The majority of plants showed higher 

DPPH radical scavenging activity of their ethanol extracts compared to their water 

extracts with C. hirta as an exception. The most potent antioxidant extract was from 

C. hirta which had 97.93% free radical activity with water extract while 72.19% with 

ethanol extract at 2.0 mg/mL. Similar compounds to vitamins E and C, alpha-lipoic 

acid, carotenoids, flavonoids, tannins and other dietary phenol derivatives as reported 

by Musuyu et al. (2012) may be responsible for the high radical scavenging activity 

in C. hirta. The higher antioxidant potential of the ethanol extract may suggest that 

ethanol is able to extract more active compounds with possible DPPH radical 

scavenging activity than water.  
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CHAPTER 5 

OVERALL DISCUSSION / RECOMMENDATION AND CONCLUSION 

5.1 General Discussion 

AD is a form of dementia that affects the elderly irrespective of race, culture and 

gender. It is a social concern as it affects the family members, society and economic 

status of a country. The current treatment is the use of drugs such as donepezil 

(Aricept), rivastigmine (Exelon), and galanthamine (Razadyne), which slows the 

progression of the disease. Therefore, it is important to relook at the traditional ways 

of addressing this disease so that a better treatment can be derived.  

 

Most herbal medicines have multiple benefits which include maintaining general 

wellbeing, feeling energetic and protected from aliments as is claimed by all the 

village healers. Looking at village setting of the Fijians, they are mostly surrounded 

by bushes and forests which are the homes for the herbs. At some stage of life these 

individual Fijians have consumed these herbs which have made them strong and 

healthy. A very rare existence of AD is apparent as is noticed in Fiji as confirmed by 

Gaikwad, (2015). This makes Fijian herbs ideal choice for analysis to unfold its 

chemistry finding its hidden nutritional value. The following are the reasons for 

placing emphasis on traditional Fijian Plants: 

 

� The assumption whether Fijians are supplemented with anti-Alzheimer and anti-

oxidant from these herbs cannot be ruled out. 

� The present medicine for anti-Alzheimer related sickness is extremely expensive and 

people continue to be deprived of treatment and medication. 

� They have medicine for neurological complications like headache, stress and 

forgetfulness. 

� The herbal medicine is already consumed by Fijians thus have minimum or no side 

effects. 

 

In this study, thirteen traditional medicinal plants were selected based on a survey 

that involved questionnaires and interviews. Traditional plants that were used by 

Itaukei village healers to cure headache, depression and brain related sickness. Since 
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the traditional method for medicine preparation is extraction in water, the plant 

samples used in the study were extracted with water and ethanol (has similar polarity 

to water). The extracts were then analysed for AChE and antioxidant activity. 

 

All the water and ethanol extracts possessed some antioxidant and AChE inhibitory 

activity at various concentrations (0.2 - 2.0 mg/mL). The water extract of C. hirta 

showed the highest radical scavenging activity (98.23%) at a concentration of 1.5 

mg/mL. The highest inhibitory activity of AChE was demonstrated by the ethanolic 

extract of M. minutum (67.6%) at 2.0 mg/mL. Generally, the antioxidant activity and 

inhibition of AChE was both dose dependent with a few exceptions. 

 

The ethanolic extracts were more potent than the water extracts. It appears that the 

moderately polar solvent is able to extract more compounds that possessed 

antioxidant activity and AChE inhibition. Our results supports work by Eldeen et al. 

(2005), who reported that polar solvents extracted many compounds including 

alkaloids which show cholinesterase inhibitory activity with electric eel AChE. Since 

most of the acetylcholinesterase inhibitors are known to contain nitrogen, the higher 

activity of these extracts may be due to their rich alkaloidal content (Ali et al., 2013).  

 

Apart from regulation of AChE, antioxidants have a critical role in slowing 

progression of AD. It seems that these plants could act as anti-Alzheimer drugs with 

at least two mechanisms: (1) AChE inhibition and (2) antioxidant activity. Other 

species that exhibited no activity in this investigation, may act through different 

mechanisms related to their traditional use.  

 

The findings in this study support the traditional use of the plants for treating 

neurological disorders especially those where a cholinesterase mechanism and 

reactive oxygen species are involved. Safety and efficacy of the plant are well 

established through a long history of human use but it lacks scientific support. These 

plants may offer potential for the treatment of different diseases including AD, and 

their anti-acetylcholinesterase properties introduce them as promising candidates for 

more detailed in-vitro and in-vivo studies. Besides, these plants can be examined in 
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order to isolate and identify the active ingredients, and this may serve as a foundation 

to find safer and more effective agent (s) for therapeutic use. 

 

Generally, it was noticed that the values obtained for inhibition of AChE were much 

higher than that for DPPH radical scavenging activity. The anti-oxidant activity was 

not proportional to that of the anti-AChE activity of the plants. Some of the plant 

extracts such as C. hirta and C. asiatica showed lower inhibition against AChE, but 

exhibited much higher antioxidant potential. Figure 5.1 and 5.2 shows the difference 

in the two properties in C. hirta and C. asiatica. This result is consistent with the 

study done by Senol et al., (2011) that methanolic extract of the fruit of Angelica 

officinalis exhibited cholinesterase activity but did not possessed radical scavenging 

activity against DPPH. This could be because the compounds that exhibit antioxidant 

properties are not responsible for AChE activity. Since this study used crude extracts 

of plants, both antioxidant compounds and AChE inhibitors may have been present 

in the extract. 

 

 

Figure 5.1 Graph showing antioxidant activity and cholinesterase inhibition of C. 

hirta. 
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Figure 5.2 Graph showing antioxidant activity and cholinesterase inhibition of C. 

asiatica. 

The activity of C. hirta (melastomataceae) against AChE may be due to the presence 

of small amounts of natural anthraquinone derivatives. D. rotundifolia of the same 

family as C. hirta was found to contain anthraquinone which inhibit the formation of 

tau aggregates and dissolve paired helical filaments thought to be critical to AD 

progression (Aja et al., 2015; Pickhardt et al., 2005). However, there is a 

disadvantage of the use of anthraquinone rich substances for the treatment of AD as 

it causes mutagenicity and potential carcinogenicity (Ino et al., 1995) reported in 

human and animal models.  

 

In addition to well-reputed plant extracts for the treatment of AD such as Gingko 

biloba, Huperzia serrata and Panax ginseng (Ali et al., 2013), a number of plants 

from this study (listed in Tables 5.1 and 5.2) have been identified to be effective in 

inhibition of AChE and had high antioxidant potential which is considered to be 

related to the mechanism of memory dysfunction.  
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Table 5.1 The plants screened with effective anti-Alzheimer properties with  

IC50 < 10. 

Scientific Name Water Extract Ethanolic extract 

M. minutum 19.69 4.57      � 

A. conyzoides 16.15 5.57      � 

N. collina 40.59 5.74      � 

P. perfoliata 9.24         � 12.16 

Standard                                      0.65  

� - an effective plant extract with anti-Alzheimer properties 

                 

Table 5.2  The IC50 values of plants screened with effective antioxidant properties 

with IC50 < 20. 

Scientific Name Water Extract Ethanolic extract 

C. hirta 0.64          � 1.45 

B. pilosa 18.24 13.79      � 

C. asiatica 18.24 15.45      � 

A. conyzoides 23.25 13.22      �  

Standard                                      1.33  

 � - an effective plant extract with antioxidant properties 

 

To date, no study has been reported for anticholinesterase activity and antioxidant 

activity of the 13 plants used in this present study except for C. asiatica. The results 

of the present work showed that all crude plant extracts inhibit the AChE and display 

free radical scavenging activity. Some of the local plant extracts screened herein 

showed higher inhibitory activity against both of the enzymes in dose-dependent 

manner. The species belonging to Rutaceae, Loganiaceae and Asteraceae families 

had highest activity ranging between 53.03% and 67.61% at 2 mg/mL concentration 

against AChE while species belonging to Melastomataceae showed highest DPPH 

free radical scavenging activity of 98.23% at 1 mg/mL.  
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5.2 Conclusions 

Since there is no cure for AD, research into better and cheaper AChE inhibitors from 

our local plants sources would be of benefit since death and social problem arising 

from AD affects economic development of a country. Taking a step into controlling 

the disease with the help of the available natural resources is better than waiting for 

the AD to rise in numbers in the Pacific. The natural forest harbors various medicinal 

plants whose medicinal uses are inculcated in the cultures and the tradition of the 

pacific people. Through interviews, some of these plants had been identified from 

our local flora and fauna, thus thirteen local plants had been screened for inhibitory 

activity on AChE and also tested for anti-oxidant activity.  

 

Inhibition by the ethanolic extracts was generally higher than that of the water 

extracts (AChE and DPPH radical scavenging activity). The majority of the 

inhibition was shown in a concentration dependent manner, with the exception to B. 

pilosa and P. fruticosa which showed reversible inhibition that could have been due 

to solubility problems. The most active plants were : Micromelum minutum (IC50 = 

4.57  mg/mL),  Ageratum conyzoides (IC50 = 5.57  mg/mL),  Neuburgia collina (IC50 

= 5.74  mg/mL),  and Polygonum perfoliata (IC50 = 9.24  mg/mL)  for AChE 

inhibitory activity. The AChE inhibitors may delay the onset of symptoms of AD, 

however, to date, there is no evidence to suggest that AChE inhibitors can cure/ 

prevent AD.  

 

Clidemia hirta displayed the most promising results for DPPH radical scavenging 

activity with IC50 = 0.64 mg/mL which was lower than that of the standard used 

(ascorbic acid) which was in pure form. The plant extracts used in this study were 

crude extracts, as it is envisaged that if the phytochemicals were isolated and purified 

from these plants, more prominent results could be expected.  

 

The results show that these various plants are very interesting for further evaluation 

and identification of the active ingredients, assess their safety and bioavailability in 

in-vivo animal models since these plants are used in the treatment of neurological 

disorders and other ailments by the Fijians in the rural settlements.  
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5.3 Recommendation  

Considering that crude extracts were used in the present study, the extracts of M. 

minutum, A. conyzoides, N. collina and P. perfoliata (table 5.1) seem of interest for 

further work. Assuming the presence of compounds with a similar activity as 

galanthamine, they should contain about 1% of an active compound, or if present at 

lower levels, even compounds more active than galanthamine (standard) must be 

present.  Similarly, the extract of C. hirta (table 5.2) displayed promising result to 

that of a recommended antioxidant as its activity was greater than that of the ascorbic 

acid (standard).  

 

The plants samples have been screened based on their higher inhibitory activity of > 

40%. This would mean if such plants are studied further by isolating and identifying 

individual components through HPLC and GC, similar results would be expected to 

that of the standards upon purification. Hence these plants should be further 

investigated. 

 

The following recommendations are suggested to further this study. 

1) Various plant parts of each plant sample need to be collected separately and 

screened for AChE inhibitory activity and anti-oxidant properties. 

2) Each compound to be purified and tested for AChE activity to identify the 

compound responsible for AChE activity together with its potency. 

3) Each compound present to be tested for DPPH free radical scavenging 

activity to identify the most potent compound. 

4) The finding that an extract of C. hirta showed twice as much activity as 

ascorbic acid should be considered for further studies using NMR and LCMS 

to identify the compounds and isolate them. 

5) More Fijian plant samples can be analysed. 

6) To investigate the anti-Alzheimer’s properties of the isolated compounds 

from those plants of interest, in-vivo studies need to be carried out using a rat/ 

mouse model.  
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APPENDIX 
Questionnaire 

Topic: Screening of anti-alzheimer’s and anti-oxidant properties in Fijian Medicinal 

Plants.       

Name: ___________________________________Age: _______ 

Gender   :              Male                                    Female 

QUESTIONS 

1. What is your understanding about Alzheimer’s disease? 

____________________________________________________________________ 

 

 

 

 

 

 

 

 

2. How many people you know of are suffering from Alzheimer’s disease? 

____________________________________________________________________ 

3. What would be the age range of those patients? 

____________________________________________________________________ 

 

EXPLAIN ALZHEIMERS DISEASE . 
Alzheimer's disease is a slowly progressive disease of the brain that is characterized by 
impairment of memory and eventually by disturbances in reasoning, planning, language, 
and perception. 
The early symptoms of AD can include: 

� Difficulty performing tasks that take some thought, Getting lost on familiar 
routes, Language problems, such as trouble finding the name of familiar objects, 
Losing interest in things previously enjoyed, flat mood 

� Misplacing items, Personality changes and loss of social skills 
�  

As the AD becomes worse, symptoms are more obvious and interfere with your 
ability to take care of yourself. Symptoms can include: 

� Change in sleep patterns, often waking up at night, Delusions, depression, 
agitation, Difficulty doing basic tasks, such as preparing meals, choosing proper 
clothing, and driving, Difficulty reading or writing, 

� Forgetting details about current events, Forgetting events in your own life 
history, losing awareness of who you are 
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4. Are there medicine obtained from traditional plant sources given to people 

with such disease? 

____________________________________________________________________

____________________________________________________________________ 

5. If yes, then name the plants? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

6. Which part(s) of the plants are used? 

____________________________________________________________________

____________________________________________________________________ 

7. How is the medicine prepared? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

8. How is it administered?  

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

9. How effective is the above medicine? 

____________________________________________________________________

____________________________________________________________________ 
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10. What other native plants (name) you think might be useful to treat 

Alzheimer’s disease. ? 

____________________________________________________________________

____________________________________________________________________ 

 

11. Which area (location) would those plants be found? 

____________________________________________________________________

____________________________________________________________________ 

12. Any further comments? 

____________________________________________________________________

____________________________________________________________________ 

 

Thanking you in anticipation 
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SAMPLE RESULT DATA 

Given below is the graph for Clidemia hirta to represent the analysis of the results for the 

rest of the plant samples with ethanol extract and water extract (decoction).  

Absorbance Vs Time (Anticholinesterase assay) at different concentrations 

Graph of Absorbance Vs Time for Clidemia hirta (decoction) at the wave length of 405 nm 
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Graph of Absorbance Vs Time for Clidemia hirta (ethanol extract) at the wave length of 405 
nm 

 

 

Absorbance Vs Concentration (DPPH radical scavenging assay)  

Graph of Absorbance Vs Concentration for Clidemia hirta at the wave length of 517nm 
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Percentage Inhibition Vs Concentration (DPPH radical scavenging assay)  

Graph showing antioxidant potential and percentage inhibition of AChE for water extract 
(decoction) and ethanol extract of Clidemia hirta. (Line Graph) 

 

Graph showing antioxidant potential and percentage inhibition of AChE for water extract 
(decoction) and ethanol extract of Clidemia hirta. (Bar Graph) 
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Comparison of IC50 values for antioxidant potential and anti-AChE potential for Clidemia 
hirta. 
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