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The present study aimed to investigate the effects of the crude extract from the
fruit hull of mangosteen (GME) on learning and memory using Morris water maze test
and acetylcholinesterase (AChE) activity in cerebral cortex, hippocampus, and basal
forebrain of male Wistar rats (normal saline treated rats, scopolamine (SCOP)-
induced amnesic rats, healthy adult rats, and aged rats). Results showed that oral
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CHAPTER I

INTRODUCTION

1.1 Background/Problem

Dementia is characterized by loss of memory and cognitive abilities. Dementia
is not a disease, but rather a group of symptoms caused by disorders that affect the
brain (Alzheimer’s Association, 2011; 2012). Dementia is a symptom complex of
continuous global weak of intellectual function. It becomes a major medical,
economic, and social problem that is deterioration as the number of elderly people in
the general population increases (Maxine and Papadakis, 2009). Different types of
dementia, such as Alzheimer’s disease (AD), vascular disorders, dementia with Lewy
bodies and Parkinson’s disease have been associated with distinct patterns of
symptom and brain abnormalities manner (Alzheimer’s Association, 2010).

AD is the most common type of dementia. It is also characterized by loss of
cognitive function, behavior and activities of daily living. It is also characterized by an
age-dependent loss of memory and an impairment of multiple cognitive functions that
primarily affects the elderly population (Howes and Houghton, 2003; Francis et al.,
1997; Ingkaninan et al., 2003; Jalbert et al., 2008; Pakaski and Kalman, 2008;

Thimmappa et al., 2005; Uabundit et al., 2010).



Dysfunction of cholinergic neurotransmission in the brain that causes cognitive
decline has been reported in AD. The gradual death of cholinergic cells in AD is
accompanied by loss of the acetylcholine (Vinutha et al., 2007). A cholinergic deficit
has been shown to be associated with memory loss and the severity of AD. Loss of the
cholinergic markers, acetylcholinesterase (AChE) is neurological changes consistently
found in the brains of AD patients (Court and Perry, 1991). Hence, it has been
suggested that elevation of acetylcholine level might be helpful in attempt to improve
the symptoms of cognitive deficit in AD. One of the most promising approaches for
treatment of this disease is to enhance the acetylcholine level in the brain using
acetylcholinesterase inhibitors (Chattipakorn et al., 2007; Ingkaninan et al., 2003;
Vinutha et al., 2007).

The use of herbal remedies is an alternative treatment for AD. Many medicinal
plants such as pomegranate, grape seed, curcumin, soy, Ginkgo biloba, and Paeonia
suffruticosa have been reported as potential treatments for AD (Jung and Park, 2007;
Lenta et al.,, 2007). These plants are good sources of polyphenols and other
antioxidant components. Polyphenols found in plants and fruits (Allanblackia
monticola, Symphonia globulifera, Agrimonia pilosa, Salvia albimaculata, Salvia
cyanescens, Pistacia atlantica, Pistacia lentiscus, strawberry, walnut, rosemary, and
soybean) could inhibit the activity of AChE (Benamar et al., 2010; Jung and Park,
2007; Lee et al., 2004; Lenta et al., 2007; Orhan et al., 2008; Orhan et al., 2007).
Extracts from plants and fruits containing polyphenols (Thunbergia laurifolia L,
Centella asiatica, and Mangifera indica) showed significant improvement in learning

and memory impairment (Kumar et al., 2009; Veerendra et al., 2002). Moreover,



polyphenol extracts from green tea and wild blueberry could attenuate memory
impairment and AChE activity (Kim et al., 2004; Papandreou et al., 2009).

The fruit hull of mangosteen was reported to contain polyphenols (xanthone,
tannin, flavonoid, and anthocyanins) (Asai et al., 1995; Chairungsrilerd et al., 1996;
Pedraza-Chaverri et al., 2009; Chen et al., 2008; Chomnawang et al., 2007; Cui et al.,
2010; Ji et al., 2007; Jung et al., 2006; Maisuthisakul et al., 2007; Yu, et al., 2007,
Zadernowski et al., 2009). These polyphenolic compounds have been found to be
efficient scavenger of reactive oxygen species (ROS), and to possess neuroprotective
properties (Pedraza-Chaverri et al., 2009; Weinreb et al., 2004). These findings
suggest the potential role of polyphenols found in the fruit hull of mangosteen in the
treatment of neurodegenerative disease.

It is hope that natural antioxidant found in the fruit hull of mangosteen could
improve memory and prevent the onset of dementia. Therefore, the effects of the
crude extract from the fruit hull of mangosteen on memory and the central cholinergic

system were investigated.

1.2 Research objectives

The experiments were designed to clarify the followings:

1. To study the effects of the crude extract from the fruit hull of mangosteen on
cognitive impairment and acetylcholinesterase activity in the hippocampus, basal
forebrain and cerebral cortex of amnesic rats induced by repeated doses of

scopolamine.



2. To study the subchronic effects of the crude extract from the fruit hull of
mangosteen on memory and acetylcholinesterase activity in the hippocampus, basal
forebrain, and cerebral cortex of adult rats.

3. To study the subchronic effects of the crude extract from the fruit hull of
mangosteen on memory and acetylcholinesterase activity in the hippocampus, basal

forebrain, and cerebral cortex of aged rats.

1.3 Research hypothesis

The crude extract from the fruit hull of mangosteen has beneficial role in

prevention and treatment of dementia.

1.4 Expected results

The expected results from this study were:

1. The crude extract from the fruit hull of mangosteen could enhance memory
performance and attenuate acetylcholinerase activity in amnesic rats induced by
scopolamine.

2. The crude extract from the fruit hull of mangosteen could enhance memory

performance and attenuate acetylcholinerase activity in both adult and aged rats.



CHAPTER II

LITERATURE REVIEW

2.1 Mangosteen

Mangosteen (Garcinia mangostana L.) is a tropical evergreen tree with
leathery and glabrous leaves. The tree can attain 6-25 m in height and is mainly found
in Thailand, India, Sri Lanka, Vietnam, Singapore, Philipines and Myanmar. It can be
found in Indonesia, Southern India and Brazil. It is known as “the queen of fruits”. It
has dark purple to red purple fruits. The edible fruit aril is white, soft with slightly
sour taste (Ji et al., 2007). The fruit hull (pericarp) of mangosteen has been used in
Southeast Asia traditional medicine for the treatment of skin infections wound, and
diarrhea (Jung et al., 2006; Suksamrarn et al., 2003). The fruit hull of mangosteen is
the rich source of polyphenols (xanthone, tannin, flavonoid and anthocyanins) (Asai et
al., 1995; Chen et al., 2008; Chomnawang et al., 2007; Cui et al., 2010; Ji et al., 2007;
Maisuthisakul et al., 2007; Yu et al., 2007; Zadernowski et al., 2009). These
polyphenols are of plant secondary metabolites. The most common roles of secondary
compounds in plants are ecological roles that govern interactions between plants and
other organisms. Many secondary compounds are brightly colored pigments like
anthocyanin that color flowers. Plant secondary metabolites have also been reported to
possess a wide range of pharmacological activities, including antimicrobial, anti
inflammatory, anti-diabetic and acetylcholinesterase inhibitory activities (Eldeen et

al., 2005). The fruit hull of mangosteen contained four types of the xanthones:



a-mangostin, gartanin, Yy-mangostin and [p-mangostin (Mahabusarkam and
Wiriyachitra, 1986). These compounds are the major secondary metabolites of
mangosteen which are classified into prenylated xanthone derivatives (Pedraza-
Chaverri et al., 2009).

Xanthone is a class of plant polyphenols that can be found in the whole
mangosteen fruit (the fruit hull, edible arils and seed) (Moongkarndi et al., 2004).
Xanthones of the fruit hull of mangosteen exhibits a variety of biological activities,
including antibacterial, anti-inflammatory and anticancer effects (Akao et al., 2008).
The a-mangostin of mangosteen could prevent lipid peroxidation in rats treated with
isoproterenol by reducing the activity of lactate dehydrogenase (LDH), creatine
phosphokinase (CPK), glutamate oxaloacetate transaminase (GOT) and glutamate
pyruvate transaminase (GPT) and increased antioxidant enzymes, superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx). Isoproterenol
causes severe oxidative stress in the myocardium (Devi Sampath and Vijayaraghavan,
2007). Furthermore, Chomnawang et al. (2007) found that the ethanol extract of
Garcinia mangostana showed antioxidant activity with the 1Csy of 6.13 pg/ml as
measured by inhibition of the formation of DPPH radicals. The extract of G.
mangostana reduced the ROS production of polymorphonuclear leucocytes (PML)
with 77.8% of superoxide anion inhibition ratio. Besides, the oa-mangostins could
decrease the human low density lipoproteins (LDL) oxidation induced by copper or
peroxyl radical. a-Mangostins prolonged lag time of conjugated dienes at 234 nm in a
dose-dependent manner, decreased thiobarbituric reactive substances (TBARS)
production, and decreased the a-tocopherol consumption induced by LDL oxidation

(Williams et al., 1994). o-Mangostins and their synthetic derivatives prevent the



decrease of the a-tocopherol consumption induced by LDL oxidation
(Mahabusarakam et al., 2000). The G. mangostana extract significantly diminished
intracellular ROS production on SKBR3 cell in the dose dependent manner as well as
exposure time dependent manner, as measured by 2, 7-dichlorofluorescein diacetate
(DCFH-DA) (Moongkarndi et al., 2004). The four extracts (water, 50% ethanol, 95%
ethanol and ethyl acetate) of mangosteen fruit hull showed antioxidant by the
diphenylpicrylhydrazyl (DPPH) method and neuroprotective activities. Water and
ethanolic (50%) extracts showed high antioxidant capacity (34.98 and 30.76 pg/ml,
respectively). The antioxidant capacity of these extracts was tested on a
neuroblastoma cell line (NG108-15) exposed to hydrogen peroxide (H.Oy); both
extracts at concentration of 50 pg/ml exhibited neuroprotective activity. These results
suggested that the water and 50% ethanol extracts from the fruit hull of G.
mangostana may be potent neuroprotectants (Weecharangsan et al., 2006).

Structural modifications of a-mangostin could modify the antioxidant activity.
For example, substitution of C-3 and C-6 with aminoethyl derivatives enhanced the
antioxidant activity. The xanthone induced apoptosis in HL60 cells. a-Mangostin
induced caspases 9 and 3 activation, loss of mitochondrial membrane potential, and
release of ROS and cytochrome C. These results indicated that mitochondria play a
pivotal role in induction of apoptosis by a-mangostin (Matsumoto et al., 2004). The
prenylated xanthones from the fruit hull of mangosteen exhibited strong inhibitory
effect against Mycobacterium tuberculosis with the minimum inhibitory concentration
value of 6.25 pg/ml (Suksamrarn et al., 2003). Xanthones isolated from the fruit
powder of G. mangostana showed HO--scavenging activity (ICs50=0.2 pg/ml). All

xanthones, except a-mangostin, were found to induce activity of quinone reductase



(QR, phase Il drug-metabolizing enzyme), using murine hepatoma cells (Hepa 1c1c7)
in vitro (Chin et al., 1996). Mangiferin, a xanthone found in Mangifara indica,
showed enhances recognition memory through a mechanism that might involve an
increase in neurotropin and cytokine levels and an increase of supernatant level of
nerve growth factor in vitro in human U138-MG glioblastoma cell (Pardo Andreu et
al., 2010). Young stage of G. mangostana fruit generally contained larger amounts of
a-mangostin, a xanthone isolated from mangosteen fruit, than that of the old stage
(Pothitirat et al., 2009). By high performance liquid chromatography (HPLC) method,
the mature fruit rind extract contained a-mangostin (13.63+£0.06% w/w) about 2 times
higher than that of the young fruit rind extract (8.07£0.11% w/w) (Pothitirat et al.,
2009). The yellowish excretion of the fruit hull of G. mangostana, a crystalline
mixture consisting mainly o- and y-mangostin showed an inhibitory effect on cAMP
phosphodiesterase (Chairungsrilerd et al., 1996). a-Mangostin, a xanthone isolated
from mangosteen fruit, could reduce oxidative damage in rat brain tissue exposed to
the toxic actions of a free radical generator (ferrous sulfate), an excitotoxic agent
(quinolinate), and mitochondrial toxin (3-nitropropionate) (Marquez-Valadez et al.,
2009). Tannins are polyphenolic secondary compounds of plants. They can be found
in Garcinia mangostana fruit hull (Pothitirat et al., 2009). Young stage of G.
mangostana fruit generally contained larger amounts of tannin than that of the old
stage. The contents of total tannins in young and mature fruit rind extracts of G.
mangostana were 51.25 and 36.66 TAE/100g, respectively (Pothitirat et al., 2009).
Tannins constitute a complex group of naturally occurring polymers, and a rigorous
chemical definition is difficult. The term “tannin” was originally used to describe

vegetable components that are responsible for converting animal hides into leather in



the process of tanning by forming stable complexes with skin collagen. Thus, tannins
are considered to be polyphenolic metabolites of plants with a molecular weight larger
than 500 and with the ability to precipitate gelatin and other proteins from solution
(Bennick, 2002). Various chemical structures of tannins occurring in medicinal and
food plants that are utilized world-wide showed several remarkable biological and
pharmacological activities that are often very specific to certain tannin structures, and
significant for human health. Tannin has been evaluated as antibacterial, antiviral,
radical scavenging and complement modulating agent (Okuda, 2005). Tannin-
containing plant extracts were used as astringents, against diarrhea, as diuretics,
against stomach and duodenal tumors (Khanbabaee and Ree, 2001). Curcumin, a
polyphenol extracted from the rhizome of Curcuma longa, is well known to have
antioxidative, anti-cancerous and anti-inflammatory activities, and anti-ageing and
neuroprotective potential effects. Curcumin could play a crucial role in preventing
against aluminium (Al) induced neurotoxicity in young and old rats, which is known
to be involved in the etiology of several neurodegenerative disorders like Alzheimer's
and Parkinson's diseases. Curcumin treatment could attenuate the Al-induced
alterations at biochemical, behavioral and ultra-structural levels which was well
reflected in the electrophysiological recordings, indicating the ability of curcumin to
bind redox active metals and cross the blood—brain barrier (Sethi et al., 2009).
Flavonoids are a subclass of the polyphenols, which are consisted of an
aromatic ring. There are six groups of flavonoids: anthocyanins, flavones, flavanones,
catechins, isoflavonoids, and flavonols. Flavonoids found in fruits and vegetables
contribute to the blue, orange or purple colors. Flavonoids found in certain beverages

have diverse beneficial biochemical and antioxidant effects (Beecher, 2003; Hooper et
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al., 2008). The importance of flavonoids in enhancing cell resistance to oxidative
stress goes beyond simple scavenging activity and be of most interest in pathologies in
which oxidative stress plays an important role (Weinreb et al., 2004). Flavonoids were
shown to activate key enzymes in mitochondrial respiration and to protect neuronal
cells by acting as antioxidants, thus breaking the vicious cycle of oxidative stress and
tissue damage. Furthermore, recent data showed favorable effect of flavonoids on
neuro-inflammatory events. Whereas, most of these effects have been shown in vitro,
limited data in vivo are available, suggesting a rather low penetration of flavonoids
into the brain (Schmitt-Schillig et al., 2005). The neuroprotective actions of dietary
flavonoids involve a number of effects within the brain, including a potential to
protect neurons against injury induced by neurotoxins, an ability to contain neuro-
inflammation, and the potential to promote memory, learning and cognitive function
(Spencer, 2009). The in vivo study of neuro-protective showed that green tea extract
and (-)-epigallocatechin-3-gallate (EGCG) possessed highly potent activities in
preventing striatal dopamine depletion as well as substantia nigra dopaminergic
neuron loss in mice induced by the parkinsonism-inducing neurotoxin, N-methyl-4-
pheny [-1,2,3,6-tetrahydropyridine (MPTP). One possible mechanism underlying the
effectiveness of green tea and EGCG against MPTP neurotoxicity may involve its
catechol-like structure, since it is known that catechol-containing compounds are
potent radical anti-oxidants and chelators of ferric ion (Weinreb et al., 2004).
Krikorian et al. (2010) showed that wild blueberry juice supplementation for 12 weeks
improved memory function in older adults with early memory decline. This is the first
human trial evaluate the potential benefit of blueberry supplementation on neuro-

cognitive function in older adults with increased risk for dementia. The FLDK-P70, a
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standardized flavonoid extract, significantly increased the survival of hippocampal
CA1 pyramidal neurons after transient global brain ischemia, reduced the lesion of the
insulted brain hemisphere and improved the neurological behavior using in vivo rat
model of focal ischemia/reperfusion (I/R) injury induced by middle cerebral artery
occlusion (MCAO) (Bei et al., 2009). Ginkgo biloba extracts such as EGb-761
containing flavonoids, proanthocyanidins and terpenoids have been suggested to have
a multitude of beneficial effects on CNS function, from enhancing cognitive function
in dementia to facilitating recovery from acute forms of neural damage such as
hypoxia/ischemia. Ginkgolide B, one of the major components of EGb-761 is also
regarded as having neuro-protective effects in the CNS (Maclennan et al., 2002).
Anthocyanins are naturally occurring compounds that impart color to fruits,
vegetables and plants. It is probably the most important group of visible plant
pigments besides chlorophyll a part from imparting color to plants, anthocyanins have
an array of health-promoting benefits, as it can protect against a variety of oxidants
through a various number of mechanisms (Kong et al., 2003). Many claims have been
made reference to the benefits to our health from eating a variety of fruits and
vegetables, especially those with strong colors, such as carrots, apricots,
blackcurrants, broccoli, purple grapes, and red wine (Anthocyanins.net, 2010).
Anthocyanins have been shown to inhibit the growth of cultured human malignant
cells and have demonstrated excellent anti-inflammatory and antioxidant properties
(Pasqua et al., 2009). Anthocyanins could inhibit carcinogenic activity against
multiple cancer cell types in vitro and tumor types in vivo (Wang and Stoner, 2008).
Anthocyanins have been shown to inhibit the development of tumors induced in mice

following the subcutaneous injection of lung tumor cells (Ding et al., 2006).
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Anthocyanins from purple sweet potato improved cognitive performance as measured
by passive avoidance tests in ethanol-treated mice, and also effectively inhibited lipid
per-oxidation as measured by DPPH radicals in rat brain tissues (Cho et al., 2003).
Incorporation of anthocyanin from elderberry extract by endothelial cells improved
resistance to the damaging effects of ROS and protected against hydrogen peroxide
induced loss in cell viability (Youdin et al., 2000). The dietary supplementation with a
blueberry (Vaccinium spp.) extract originally composed of anthocyanins retarded age-
related declines in aspects of neurological function, motor behavioral performance on
the rod walking and accelerated tasks, and Morris water maze performance (Joseph et

al., 1999).

2.2 Dementia

Dementia is characterized by loss of memory and cognitive abilities. Dementia
is not a disease, but rather a group of symptom caused by disorders that affect the
brain manner (Alzheimer’s Association, 2011; 2012; 2013). Dementia is caused by
various diseases and conditions that result in damaged brain cells or connections
between brain cells. People with dementia may not be able to think well enough to do
normal activities, such as getting dressed or eating. They may lose their ability to
solve problems or control their emotions. Their personalities may change. They may
become agitated or see things that are not there. Dementia is caused by a variety of
diseases and injuries that primarily or secondarily affect the brain, such as AD.
Common types of dementia and their typical characteristics are shown in Table 2.1.
Dementia is one of the major causes of disability and dependency among older people

worldwide. It is overwhelming not only for the people who have it, but also for their
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caregivers and families. There is often a lack of awareness and understanding of
dementia, resulting in stigmatization and barriers to diagnosis and care. The impact of
dementia on caregivers, family and societies can be physical and psychological
(WHO, 2012). Dementia is a symptom complex of continuous global weak of
intellectual function. It becomes a major medical, economic, and social problem that
is deterioration as the number of elderly people in the general population increases
(Maxine and Papadakis, 2009). Worldwide, 35.6 million people have dementia, with
just over half (58%) living in low- and middle-income countries. Every year, there are
7.7 million new cases. The estimated proportion of the general population aged 60 and
over with dementia at a given time is between 2 to 8 per 100 people. The total number
of people with dementia is projected to almost double every 20 years, to 65.7 million
in 2030 and 115.4 million in 2050. Much of this increase is attributable to the rising
numbers of people with dementia living in low- and middle-income countries (WHO,

2012).
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Table 2.1 Different types of dementia.

Type of dementia

Characteristics

Alzheimer’s disease

(AD)

Vascular dementia
(also known as multi-infarct or
post-stroke dementia or vascular

cognitive impairment)

Mixed dementia

Dementia with Lewy bodies
(DLB)

Most common type of dementia; accounts for an
estimated 60% to 80% of cases. Difficulty
remembering names and recent events is often an
early clinical symptom; apathy and depression are
also often early symptoms. Later symptoms
include impaired judgment, disorientation,
confusion, behavior changes, and difficulty
speaking, swallowing, and walking. Hallmark
abnormalities are deposits of the protein fragment
beta-amyloid (plaques) and twisted strands of the
protein tau (tangles).

Considered the second most common type of
dementia. Impairment is caused by decreased blood
flow to parts of the brain, often because of a series
of small strokes that block arteries. Symptoms
often overlap with those of AD, although memory
may not be as seriously affected.

Characterized by the hallmark abnormalities of
AD and another type of dementia, most commonly
vascular dementia, but also other types, such as
dementia with Lewy bodies.

Pattern of decline may be similar to AD, including
problems with memory and judgment as well as
behavior changes. Alertness and severity of
cognitive symptoms may fluctuate daily. Visual
hallucinations, muscle rigidity, and tremors are
common. Hallmarks include Lewy bodies
(abnormal deposits of the protein alpha-synuclein)

that form inside nerve cells in the brain.

(Alzheimer’s Association, 2011; 2012; 2013).
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Table 2.1 Different types of dementia. (Continued)

Type of dementia

Characteristics

Parkinson’s disease (PD) Many people who have Parkinson’s disease (a disorder

Frontotemporal

dementia

Creutzfeldt—Jakob

disease

Normal pressure

hydrocephalus

that usually involves movement problems) also develop
dementia in the later stages of the disease. The hallmark
abnormality is Lewy bodies (abnormal deposits of the
protein alpha-synuclein) that form inside nerve cells in
the brain.

Nerve cells in the front and side regions of the brain are
especially affected. Typical symptoms include changes
in personality and behavior and difficulty with language.
No distinguishing microscopic abnormality is linked to
all cases. Pick’s disease, characterized by Pick’s bodies
(nerve cells containing an abnormal accumulation of
fibers made of the protein tau), is one type of
frontotemporal dementia.

Rapidly fatal disorder that impairs memory and
coordination and causes behavior changes caused by the
misfolding of prion protein throughout the brain.
Variant Creutzfeldt—Jakob disease is believed to be
caused by consumption of products from cattle affected
by mad cow disease.

Caused by the buildup of fluid in the brain. Symptoms
include difficulty walking, memory loss, and inability to
control urination. Can sometimes be corrected with
surgical installation of a shunt in the brain to drain

excess fluid.

(Alzheimer’s Association, 2011; 2012; 2013).



16

AD is the most common type of dementia. It is also characterized by loss of
cognitive function, behavior and activities of daily living. It is also characterized by an
age-dependent loss of memory and an impairment of multiple cognitive functions that
primarily affects the elderly population (Howes and Houghton, 2003). Dysfunction of
cholinergic neurotransmission in the brain that cause cognitive decline has been
reported in AD. The gradual death of cholinergic cells in AD is accompanied by loss
of the acetylcholine (Vinutha et al., 2007). A cholinergic deficit has been shown to be
associated with memory loss and the severity of AD. Loss of the cholinergic markers,
choline acetyltransferase (ChAT) and acetylcholinesterase (AChE) are neurological
changes consistently found in the brains of AD patients (Court and Perry, 1991).
Hence, it has been suggested that elevation of acetylcholine level might be helpful in
attempt to improve the symptoms of cognitive deficit in AD. One of the most
promising approaches for treatment of this disease is to enhance the acetylcholine
level in the brain using acetylcholinesterase inhibitors (Chattipakorn et al., 2007;

Ingkaninan et al., 2003; Vinutha et al., 2007).

2.3 Morris Water Maze Test: procedures for assessing spatial

learning and memory

The Morris Water Maze (MWM) is one of the most widely used tests to
measure hippocampal-dependent spatial-based learning and memory. This test is
affected by aging, hormonal changes, and amnesia producing as well as cognition
enhancing drugs as well as genetic manipulations of genes associated with cognition.
Various protocols exist for these tests, which are used depending on a plethora of

variables. Some of the protocols may be too diffuse/easy and others too



17

intense/difficult for the animal to learn. Variables include age, strain, experimental
manipulation, or predisposition to stress, therefore a careful study of these variables is
necessary before carrying out the test. Test Specifics: The rodent is placed in a pool of
water where it must use and remember visual cues located in the room to find a
platform hidden underneath the surface of the water. The task is carried out across
days to determine learning. Distance swam, latency to reach the platform, and swim
speed are common measures of this test. The capacity of the animal to retrieve and
retain information learned or flexibility to purge and re-learn new strategies can be
determined using a probe trial & reversal trial. In the probe trial the platform is taken
out and the animals are allowed to swim in the pool. Time spent in the region that
previously contained the platform, crossings over the platform area, and time to reach
platform location is measured. The reversal trial is identical to the training trials but in
this case the platform is switch to the opposite region of the pool, thus the animal has
to have the cognitive flexibility necessary to re-learn the new location. A cued version
of this task can also be used to measure none spatial strategies as well as visual acuity

by rendering the platform visible (Morris, 1981).

2.4 Central cholinergic system

Acetylcholine (ACh) is the transmitter at the neuromuscular junction, in
autonomic ganglia, and in postganglionic parasympathetic nerve-target organ
junctions and some postganglionic sympathetic nerve-target junctions. It is also found
within the brain, including the basal forebrain complex. ACh is the acetyl ester of
choline, is largely enclosed in small, clear synaptic vesicles in high concentration in

the terminal boutons of neurons that release ACh (cholinergic neurons). Synthesis of
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ACh involves the reaction of choline with acetate. ACh is synthesized in the
presynaptic terminal by ChAT, and is broken down after release into the synaptic cleft
by AChE. These enzymes are synthesized in the neuronal cell body and are carried by
axonal transport to the presynaptic terminal. ChAT joins acetyl-CoA to choline to
from ACh. Neurons that synthesize and release ACh are termed cholinergic neuron.
When nerve impulse arrive nerve terminal, a voltage-gated calcium channel will open.
The influx of calcium ions (Ca®*) will stimulate the exocytosis of presynaptic vesicles
containing ACh, which is thereby released into the synaptic cleft. Once released, ACh
must be removed rapidly by AChE in order to allow repolarization to take place, this
step, hydrolysis, is carried out by the enzyme. AChE metabolizes ACh into acetate

and choline (Adamson, 1997, Figure 2.1).
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Figure 2.1 Schematic diagram showing the role of acetylcholinesterase (AChE) and
acetylcholine (ACh) in cholinergic transmission (CMU medicine pharmacology,
2010).

Central cholinergic pathways are ideally suited to regulate global functions of
global cerebral cortex; such functions include attention, arousal, motivation, memory
and consciousness (Woolf, 1991; Woolf, 1996). There are two groups of neurons,
forebrain base cholinergic: (1) a group in the middle wall (Nucleus, medial wall and
vertical diagonal band : ms and VDB) cholinergic axons that project hippocampus and
parahippocampal gyrus and (2) the nucleus basalis group group (nucleus basalis,
substantia innominata and horizontal diagonal band: bas, si, hdb) that project
cholinergic axons to all parts of the neocortex, some of the cortical limbic and
amygdala cholinergic. The cholinergic pontomesencephalon neurons (laterodorsal

tegmental and pedunculopontine tegmental nuclei: Idt and ppt) project onto hindbrain,



20

thalamus, hypothalamus and basal forebrain. the nucleus basalis group (nucleus
basalis, substantia innominata and horizontal diagonal band: bas, si, hdb) that project
cholinergic axons to all parts of the neo-cortex, parts of limbic cortex and to the

amygdale are shown in Figure 2.2.

Temporal

Parietal

Cingulate
Retrosplenial

Olfactory
bulb

Entorhinal

Figure 2.2 Schematic diagram showing the central cholinergic pathway and
acetylcholine and memory. (MS: medial septum, n Bas: nucleus Basalis, vDB:
vertical Diagonal Band, hDB: horizontal Diagonal Band, SI: sublenticular substantia
innominata, mHb: medial Habenula, LDT: Laterodorsal Tegmentum, PPT:

Pedunculopontine Tegmentum, IPn: Interpeduncular nucleus) (Placzek et al., 2009).

The major cholinergic afferent projections to the hippocampus are shown in
Figure 2.2. The hippocampus receives cholinergic innervations mainly from the
medial septum-diagonal band complex via the fimbria-fornix. A fine network of
cholinergic fibers projects to the hippocampus and dentate gyrus, and synaptic
contacts are made onto pyramidal cells, granule cells, inter-neurons, and neurons of

the hilus. In addition to direct synaptic connections, ACh may spill out of synaptic



21

contacts and also produce volume transmission within the hippocampus via non-
synaptic signaling (Placzek et al., 2009). In humans and other mammals, the
hippocampus is located inside the medial temporal lobe, beneath the cortical surface.
It belongs to the limbic system and plays important roles in long-term memory and
spatial navigation.

The basal forebrain is a collection of structures located ventrally to the
striatum: the nucleus basalis, diagonal band of Broca, and medial septal nuclei. It is
considered to be the major cholinergic output of the CNS. ACh produced from these
areas affects the ability of brain cells to transmit information to one another, and also
encourages plasticity, or learning. Thus, damage to the basal forebrain can reduce the
amount of acetylcholine in the brain and impair learning and memory.

The cerebral cortex is a sheet of neural tissue that is outer most to the
cerebrum of the mammalian brain. It plays a key role in memory, attention, perceptual
awareness, thought, language, and consciousness (Wikipedia, 2010). It is divided into
4 main lope: the frontal lope involved in conscious thought and plays an important
part in processing short-term memories and longer-term memories; the parietal lope
was involved in integrating sensory information from the various senses, and in the
manipulations of objects in determining spatial sense and navigation; the temporal
lobe was involved with the sense of smell and sound, the processing of semantics in
both speech and vision and plays a key role in the formation of long-term memory; the
occipital lope was mainly involved with the sense of sight.

AD is a successive age-related disorder that is characterized by the regression
of neurological function showed in the loss of cognitive ability, loss of reasoning

ability and other disturbances of effect. Progressive lost of ACh occurs during the
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progression of AD. According to the cholinergic hypothesis, the replacement of ACh
can delay the loss of cognitive ability. AChE inhibitors have been shown to function
by increasing ACh within the synaptic region, by which restoring deficient cholinergic
neurotransmission (Felder et al., 2000). In AD, the hippocampus is one of the first
regions of the brain to suffer damage; memory problems and disorientation appear
among the first symptoms. Damage to the hippocampus can also result from oxygen
starvation (hypoxia), encephalitis, or medial temporal lobe epilepsy. People with
extensive hippocampal damage may experience amnesia, the inability to form or
retain new memories (Wikipedia, 2010).

From in vitro studies, polyphenols from aqueous tea infusions of strawberry
and walnut showed 45% and 42.5% inhibition of AChE activity, respectively (Kulisic-
Bilusic et al., 2007). The aqueous tea infusions from walnut (Juglans regia L.),
strawberry (Fragaria’ananassa L.), peppermint (Mentha piperita L.), lemon balm
(Melissa officinalis L.), immortelle (Helichrysum arenarium L.) and sage (Salvia
officinalis L.) showed high rate of antioxidant activity determined by LDL oxidation
method, DPPH radical scavenging assay, [-carotene bleaching method and Rancimat
method. The highest inhibition of LDL oxidation was found in aqueous infusions of
strawberry and lemon balm. Screening of the AChE inhibitory activity by Ellman’s
method showed high inhibitory activity in walnut and strawberry aqueous infusions,
suggesting their possible role on the treatment of Alzheimer’s disease (Kuli-Bilu et al.,
2008). Polyphenols from petroleum ether extract of Salvia albimaculata and
chloroform extract of Salvia cyanescens were potently inhibited AChE activity at 0.2
mg/ml (Orhan et al., 2007). Phenolic acid found in rosemary (rosmarinic acid) showed

85.8% inhibition against AChE activity at 1.0 mg/ml (Orhan et al., 2008). Xanthones
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and benzophenones were isolated from the fruit extract of Allanblackia monticola and
the leaf extract of Symphonia globulifera. Isolated xanthones showed potent
anticholinesterase activity (Lenta et al., 2007). The aqueous extract of Pistacia
atlantica and Pistacia lentiscus containing flavonoid showed high AChE inhibitory
activity (% inhibition of 81.90%) (Benamar et al., 2010). Mukhergee et al. (2006) and
Yang et al. (2008) reported that N. nucifera rhizome extract inhibited AChE activity
and improved learning and memory by enhancing neurogenesis in the dentate gyrus of
hippocampus.

From in vivo studies, isoflavones from the extract of soybean improved
learning and memory performance, and reduced age-related neuronal loss and
cognition decline in elderly male rats that was tested by water maze test. In addition,
soybean extract also increased the ChAT activity in basal forebrain but decreased the
AChE activity in cerebral cortex and hippocampus of aged rats (Lee et al., 2004).
Procyanidins extracted from the lotus seed pod significantly reversed scopolamine
induced learning and memory impairment in mice. In addition, the extract was found
to inhibit acetylcholiesterase activity (Xu et al., 2009). Green tea extract could inhibit
AChE activity in scopolamine-induced amnesia mice (Kim et al., 2004). Polyphenol-
rich wild blueberry extracts attenuated brain oxidative stress, increased brain
ascorbate and glutathione (GSH) levels, and decreased AChE activity in mice whole
brain homogenates. This extract also exhibited a significant improvement in learning
and memory tested by the passive avoidance behavioral test (Papandreou et al., 2009).
Centella asiatica extract were found to contain triterpenes namely asiaticoside, asiatic
acid and madecassic acid. The extract also contained high phenolic contents, which

exhibit strong association with its anti-oxidative activities. The extract could alter the
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levels of markers of brain oxidative stress: a significant decrease in the rat brain levels
of malondialdehyde (MDA) with simultaneous significant increase in levels of
glutathione. In addition, aqueous extract of whole plants of Centella asiatica showed
an improvement in learning and memory of the rats in both shuttle box and step
through paradigms (Veerendra et al., 2002). Mangifera indica fruit extract which
contained polyphenol, flavonoids, tannins, saponins, and flavonols could prevent
cognitive deficits and amnesic effect in aging mice and scopolamine-treated young
mice in passive avoidance task and elevated plus maze task (Kumar et al., 2009).
Grape seed extract containing polyphenol such as proanthocyanidin (condensed
tannin) could promote memory in aging. Decreased latency time, decreased path
length but increased swimming speed as measured by Morris Water Maze test in male
aged rat were shown (Sarkaki et al., 2007). Nine weeks administration of grape seed
proanthocyanidin extract could increase ChAT activity and decrease AChE activity in
adult rat’s hippocampus (Devi et al., 2006). The co-effect of procyanidins extracted
from the lotus seed pod (LSPC) and bilobalide (BIL) on ameliorating scopolamine-
induced learning and memory impairment in young mice showed significantly shorter
escape latency and swimming distance in the Morris water maze test (Zhang et al.,

2009).

2.5 Vitamin E

Vitamin E is a fat-soluble compound that includes both tocopherols and
tocotrienols. Of the many different forms of vitamin E, y-Tocopherol can be found in
corn oil, soybean oil, margarine, and dressings. a-tocopherol, the most biologically

active form of vitamin E, is the second-most common form of vitamin E. This variant
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can be found most abundantly in wheat germ oil, sunflower, and safflower oils.
(Wikipedia, 2013) The various tocopherol forms rather than a- tocopherol alone may
be important in the vitamin E protective association with Alzheimer disease by the
administration of 4 cognitive tests and clinical evaluations for Alzheimer disease.
Dietary assessment was done by food frequency questionnaire. (Morris et al., 2005).
Vitamin E is function as natural antioxidant scavenging free radicals in cell
membranes and protecting unsaturated fatty acids from lipid peroxidation (Meydani,
1995). In addition, the combination of vitamine E (10, 25 and 50 pg/rat) with nicotine
(0.1 pg/rat) or pilocarpine (0.5 pg/rat) increased memory retention using a step-
through passive avoidance paradigm (Eidi et al., 2006). Aged 24-month-old male
Sprague-Dawley rats treated for 4-5 months with daily i.p. injections of a-tocopherol
(200 mg/kg) can improve cognitive function during aging (Socci et al., 1995). Vitamin
E supplementation affects learning behavior and protect against the deterioration in
passive avoidance response in aging rats (Ichitani et al., 1992). Vitamin E improves
cognitive performance in aged animals and prevents the oxidative damage induced by
R-amyloid in cell. And vitamin E (2000 IU 1342 o-tocopherol equivalents) vitamin E
can delay or prevent a clinical diagnosis of Alzheimer disease in elderly persons with

mild cognitive impairment (Grundman, 2000).

2.6 Scopolamine

Scopolamine, known by the name levo-duboisine and hyoscine (rINN), sold as
Scopoderm, is a tropane alkaloid drug that has anticholinergic properties and
muscarinic antagonist effects. It is among the secondary metabolites of plants from

Solanaceae (nightshade) family of plants, such as belladonna, brugmansia, henbane,


http://www.sciencedirect.com/science/article/pii/S0924977X05001070#bib20
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mandrake, and datura. Scopolamine exerts its effects by acting as a competitive
antagonist at muscarinic acetylcholine receptors, specifically M1 receptors; it is thus
classified as an anti-cholinergic, anti-muscarinic drug. (Wikipedia, 2013).
Scopolamine has legitimate medical applications in very minute doses. As an
example, in the treatment of motion sickness, the dose, gradually released from a
transdermal patch, is only 330 microgrammes (pg) per day (Neurosoup, 2013).
Scopolamine can be administered orally, subcutaneously, ophthalmically and
intravenously, as well as via a transdermal patch (White, 2007). The transdermal patch
(e.g., Transderm Scop) for prevention of nausea and motion sickness employs
scopolamine base, and is effective for up to three days (Transdermscop, 2013).
Scopolamine provides a suitable pharmacological model of the memory defects
associated with cortical or sub-cortical dementias. Scopolamine clearly produces
deficits on some measures of anterograde memory, the present findings question
whether anti-cholinergic drugs adequately mimic the full range of memory
impairments observed in cortical or sub-cortical dementia (Beatty et al., 1986). Oh et
al. (2009) showed that Nelumbo nucifera semen extract (1g/kg) can improve memory
on rats with scopolamine (1mg/kg)-induced amnesia by inhibiting AChE activity. The
relatively low doses of certain muscarinic acetylcholine-receptor antagonists were
found to induce transient cognitive deficits in young human volunteers that resembled
those observed in elderly subjects (Drachman et al., 1974). Ebert and Kirch (1988)
found that scopolamine could alter certain features of the human
electroencephalogram (e.g., delta, theta, alpha, and beta activities) in a fashion that
mimics some of the changes observed in patients with AD. Scopolamine (0.2 mg)

impaired new learning in the elderly as measured by Selective Reminding Test (SRT)
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(P<0.04) and SRT delayed recall (Zemishlany and Thorn, 1991). Interestingly,
scopolamine appears to negatively affect cognitive performance to a greater extent in
elderly subjects than in younger subjects (Flicker et al., 1992), and it impairs subjects
with AD more dramatically than nondemented elderly subjects (Sunderland et al.,
1974) Similarly, aged rodents display cognitive impairments in many learning and
memory tasks (Ingram et al., 1994) and are more sensitive to the disruptive effects of

scopolamine than young rats (Gallagher et al., 1974).



CHAPTER 111

MATERIALS AND METHODS

3.1 Plant material and preparation of extract

3.1.1 Plant material

Mangosteen (Garcinia mangostana L.) fruits were purchased from local
market in Nakhon Ratchasima province during May-October 2007.

3.1.2 Preparation of plant extract

The fruit hull of mangosteen was washed with copious amounts of water. The
fruit hull was then cut into small thin pieces and allowed to air dry at room
temperature. The dried hull was powdered using an electric mill with a 1.0 mm mesh.
The dried powder was extracted in 85% aqueous ethanol (1 g of dried powder : 5 ml
of 85% ethanol) using maceration method for 7 days in the dark at room temperature.
The extract was filtered through Whatman filter paper No. 1 (Whatman Internation
Ltd., Maidstone, England). After filtration, the extract was evaporated (Rotavapor®
model R-205, Buchi, Switzerland) under vacuum to absolute dryness. The aqueous
extract was lyophilized (Labconco Corporation Ltd., Missouri, USA) and kept at

-20 °C until further used.
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3.1.3 Determination of plant extract yield
The yield of evaporated dried extracts based on dry weight basis was

calculated from the following equation (Stanojevic et al., 2009).

% Yield (g/100 g of dry plant material) = (W x 100) / W,

where W1 is the weight of the extract after the solvent evaporation and W5 is
the weight of the dry plant material.

3.1.4 Determination of total phenolic contents in the crude extract from
the fruit hull of mangosteen

Chemicals:

Ethanol (C,HsOH, Analytical Grade > 99.8%, Carlo Erba Reagents, France ),

sodium carbonate (Na,COs;, BDH Ltd., UK), Folin-Ciocalteu reagent (Merck
Millipore, Germany), gallic acid C;HgOs, grade > 98.0 %, Carlo Erba, France)
Preparation:

2% sodium carbonate: dissolved 2 g of sodium carbonate in double deionized

distilled (DDD) water and then adjusted the final volume to 100 ml.
10% ethanol: added 10 ml of ethanol to 90 ml of DDD water.

Folin-Ciocalteu reagent: dissolved Folin-Ciocalteu reagent with 10%Ethanol

(1:2).

Gallic acid stock solution (1 mg/ml): dissolved 10 mg of gallic acid in 10%

ethanol and then adjusted the final volume to 10 ml.


http://www.carloerbareagents.com/ChemicalsGrade.aspx?id=067000AA
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Table 3.1 Working standard solutions of gallic acid.

Conc. (mg/ml) Stock (ul) 10% EtOH (ul)
0 0 100
0.05 5 95
0.10 10 90
0.20 20 80
0.30 30 70

The total phenolic compounds of the crude extract from the fruit hull of
mangosteen were measured according to the Folin-Ciocalteu reagent method that was
adapted from the method of Minussi et al. (2003). Briefly, the crude extract from the
fruit hull of mangosteen was dissolved in 10% ethanol as shown in Table 3.1. The
reaction mixtures consisted of the crude extract from the fruit hull of mangosteen
solution (100 pl) and 2 ml of 2% sodium carbonate and were mixed. Two minutes
later, 100 pl of Folin-Ciocalteu reagent (Merck Millipore, Germany) was added and
incubated at room temperature for 30 min. The absorbance of mixtures was measured
by using a spectrophotometer (CECIL 1011, England) at 750 nm. The total phenolic
compounds were expressed as gallic acid equivalents (GAE) in milligrams per gram
of dry extract. All determinations were performed in triplicate.

3.1.5 Determination of radical scavenging activity of the crude extract
from the fruit hull of mangosteen

Antioxidant activity of the crude extract from the fruit hull of mangosteen was
determined by the 1, 1-diphenyl-2-picrylhydrazyl radical (DPPH) method and

measured by spectrophotometer at 517 nm (Singleton and Rossi, 1965).
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All determinations were performed in triplicate. The ability to scavenge the DPPH
radical was calculated as percent DPPH scavenging using the following equation:
%DPPH scavenging = [(Ao— A1)/Ag] X100

where Ay is the absorbance of the control and A; is the absorbance of the
mixture containing extracts. The DPPH radical scavenging (%) was plotted against the
plant extract concentrations (mg/ml) to determine the concentration of extract
necessary to decrease DPPH radical scavenging by 50% (I1Csp). This part of work was
conducted by Science and Technology Service Center, Faculty of Science, Chiang
Mai University, Thailand.

3.1.6 Determination of total anthocyanin contents of the crude extract
from the fruit hull of mangosteen

The contents of total anthocyanin of the crude extract from the fruit hull of
mangosteen were determined by modified method of Lohachoompol et al. (2004). The
crude extract from the fruit hull of mangosteen was dissolved in 25 ml of
methanol:HCI (0.1 M) at a ratio of 85:15. The absorbance reaction mixture was
measured by spectrophotometer at 538 nm. The results were expressed as
anthocyanindin equivalents in micrograms per gram of dry extract. This part of work
was conducted by Science and Technology Service Center, Faculty of Science,

Chiang Mai University, Thailand.

3.2 Drug solutions

10% Tween 80 (200 ml):

Preparation: mixed 20 ml of Tween 80 (BDH Ltd., UK) with DDD water and

then adjusted the final volume to 200 ml.
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100 mg/ml vitamin E (2 ml):

Stock solution: 0.95 g/ml vitamin E (Sigma-Aldrich; St. Louis, USA)
Preparation for 100 mg/ml vitamin E: mixed 0.21 ml of 0.95 g/ml vitamin E
with 10% Tween 80 and then adjusted the final volume to 2 ml.

1 mg/ml scopolamine (8 ml):

Stock solution: 50 mg/ml scopolamine (1 g of scopolamine Sigma-Aldrich,
New Delhi) was dissolved in 20 ml DDD water.

Preparation for 1 mg/ml scopolamine: mixed 0.16 ml of 50 mg/ml scopolamine
with normal saline solution (0.9% NaCl, Otsuka, Ltd, Thailand) and then adjusted the

final volume to 8 ml.

2000 mg/ml Garcinia mangostana extract (GME2000) (40 ml):

Preparation: dissolved 80 g of Garcinia mangostana extract (GME) in 10%

Tween 80 and then adjusted the final volume to 40 ml.

1000 mg/ml Garcinia mangostana extract (GME1000) (30 ml):

Preparation: mixed 15 ml of GME2000 with 15 ml of 10% Tween 80.

500 mg/ml Garcinia mangostana extract (GME500) (20 ml):

Preparation: mixed 10 ml of GME1000 with 10 ml of 10% Tween 80.

250 mg/ml Garcinia mangostana extract (GME1000) (20 ml):

Preparation: mixed 10 ml of GMES500 with 10% Tween 80.

Ice cold normal saline solution (0.9% NaCl) (4000 ml):

Preparation: dissolved 32.4 g of sodium chloride in deionized distilled (DD)

water and then adjusted the final volume to 4000 ml.
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3.3 Animals

Male Wistar rats (8 weeks and 10 months old) were obtained from Institutional
Animal Care, Suranaree University of Technology (SUT). They were maintained
under standard laboratory conditions (12:12 h dark-light cycle, ambient temperature
20£1°C) with free access to food and water. This study was conducted under permit of

SUT Animal Care and Use Committee.

3.4 Morris Water Maze Test

The Morris water maze test developed by Richard Morris at the University of
St Andrews in Scotland (Morris, 1981) is widely used to study spatial memory and
learning in rodent. Briefly, animals are placed into open pool of water which contains
an escape platform hidden below the water that is colored opaque with milk powder or
non-toxic paint. Visual cues, such as colored shapes, are placed around the pool in
plain sight of the animal. The animal swims around the pool in search of an exit and
on subsequent trials the rat is able to locate the platform more rapidly.

Apparatus: The apparatus for Morris water maze test used in the present
study consisted of large circular pool (2.3 m in diameter and 63 cm in height) which
contains no internal cues, stimuli, markings on objects, but is surrounded by stable,
salient extra-maze cues. The pool was filled to a depth of 21.5 cm with water at
temperature of 25 °C and made opaque with white non-toxic water paint (TOA, Co.,
Ltd, Thailand). The pool was divided into four quadrants of equal areas (Q1, Q2, Q3
and Q4 (with platform)) and surrounded by 4 extra maze distal visual cues of different

shape on the wall of each quadrant. A white platform (19.5 cm in diameter and 28.5
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cm in height) was submerged 2 cm below the water surface and placed in the center of
Q4 and it was located in the same position on every trials. A video camera (Sony
Handycam, Japan) was placed above the centre of the pool to capture images of the
swimming animal.

Training Trial: On the day before training trials, the animal was placed in the
pool and allowed to swim for 60 s with the absent of the escape platform. During the
seven training days, the animal was given three trials sessions each day with an inter-
trial interval of 60 s. The trial began when the animal was randomly placed in the
water at one of the locations (Q1, Q2, and Q3) with its head facing the wall of the pool
and allowed 60 s to swim, search and climb up for the platform. Once the animal
found the platform, rat was allowed to remain on the platform for 60 s. The escape
latency to the platform (time to find platform) was recorded. If the animal did not
locate the platform within 60 s, the animal was guided to the platform by experimenter
and let the animal sit on platform for 15s. If animal jumped off, guided it back. The
repeated three trial training processes for all animals were performed consecutively.
Once the animal had completed all three trials, dried it off with a towel.

Probe trial: After the completion of training trial on day 7, the experimenter
conducted a probe trial in which the escape platform was removed from the pool. The
animals were released from the quadrant opposite to quadrant where the platform was
located and allowed to swim for 60 s, after which the rat was taken out of the pool.
Generally, a well-trained rat swam to the target quadrant of the pool and repeatedly
acrossed the former location of the platform until starting to search elsewhere. The
time spent in target quadrant and the numbers of entries into the target quadrant were

recorded (Morris et al., 1982; Morris, 1981; 1984; 2008).
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3.5 Determinaton of acetylcholinesterase (AChE) activity

3.5.1 Preparation of tissue homogenates

Three brain regions (cerebral cortex, hippocampus and basal forebrain)
obtained from all rats in experiment 1, 2, and 3 were used to determine AChE activity.
The tissue homogenates were prepared by modified methods of Chattipakorn et al.
(2007) and Papandreou et al. (2009) as described in appendix A. Briefly, the brain
tissues were homogenized (Ultrasonic, Sonic & Material, Inc, USA) with ice cold 10%
of 0.1 M phosphate buffer (pH 7.4) containing 1% Triton-X 100 at 15,000 rpm for 15
min at 4 °C. The rat brain homogenates were used to determine acetylcholinesterase
activity.

3.5.2 Determination of acetylcholinesterase activity

Determination of AChE activity was based on colorimetric method adapted
from the method of Ellman et al. (1961), Chattipakorn et al. (2007), and Nakdook et
al. (2010). The assay method is shown in appendix B. Briefly, the assay mixture
consisted of 50 pl of brain homogenates, 25 pl of 0.1 M phosphate buffer (pH 7.4),
125 ul of 0.1 mM 5,5'-dithiobis (2-nitrobenzoic acid) (DTNB, Sigma) and 25 pl of 1
mM acetylthiocholine iodide (ATCI, Sigma) was mixed well. The absorbance of the
assay mixture was measured by Benchmark Plus microplate Spectrophotometer
(Benchmark Plus, BIO-RAD, Japan) at wavelength of 405 nm and monitored over
period of 6 min. All determinations were performed in triplicate. AChE activity was

assessed by following formula:

R =[AA /(1.36 x10%)] x [1/ (Co x mg of protein)]

R = AA /[1.36 x 10*x (50/225) x mg of protein]
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R = rate of enzyme activity (expressed as mole of acetylcholine iodide
hydrolyzed/ minute/ mg of protein),

AA = the change in absorbance per minute,

Co = original concentration of tissue (mg/ml) 50/225 is volume correction

1.36 x 10* is the extinction coefficient of the yellow product.

3.5.3 Determination of protein content

The method for measurement of protein content in brain homogenates was
adapted from the method of Lowry et al. (1951). The total protein concentration is
exhibited by a color change of the sample solution in proportion to protein
concentration, which can then be measured using colorimetric techniques. The
protocol for method use in the present study is shown in appendix C. Bovin serum
albumin (BSA) was used as a standard protein. The blank samples contained the same
mixture solution without the sample. Protein was determined by comparison of the

values obtained from the standard curve.

3.6 Experimental design

3.6.1 Experiment 1: Effects of the crude extract from the fruit hull of
mangosteen on cognitive impairment and acetylcholinesterase activity in the
cerebral cortex, hippocampus, and basal forebrain of scopolamine-induced
amnesic rats

Eight weeks old male Wistar rats (n=60) were randomly assigned to ten groups
of six animals each as follows: group 1; vehicle + normal saline solution (NSS), group
2; vitamin E+ NSS, group 3; GME250 + NSS, group 4; GME500 + NSS, group 5;

GME1000 + NSS, group 6; vehicle + scopolamine (SCOP), group 7; vitamin E+
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SCOP, group 8; GME250 + SCOP, group 9; GME500 + SCOP, and group 10;
GME1000 + SCOP.
Note: - GME is the Garcinia mangostana extract.

- Vitamin E (100 mg/kg, p.o., Alzoubi et al., 2011).

- Scopolamine (1 mg/ml, i.p.) is a muscarinic receptor (M1) antagonist that can
induce amnesia (Oh et al., 2009).

All rats were tested for their spatial memory using the Morris Water Maze test.
The protocol consisted of 21 training trials (3 times per day for 7 days) and probe trial
on the day 7. Rats in group 1 and group 6 received daily oral dose of vehicle (10%
Tween 80, 1 ml/kg), rats in group 2 and group 7 received daily oral dose of vitamin E
(100 mg/ml/kg), rats in group 3 and group 8 received daily oral dose of GME250
(GME, 250 mg/ml/kg), rats in group 4 and group 9 received daily oral dose of
GME500 (GME, 500 mg/ml/kg), and rats in group 5 and group 10 received daily oral
dose of GME1000 (GME, 1000 mg/ml/kg), for 7 days. One hour after drug
administration on each day, rats in group 1, 2, 3, 4 and 5 were treated a single
intraperitoneal injection of normal saline solution (0.9% NaCl, 1ml/kg) and rats in
group 6, 7, 8, 9 and 10 were treated with a single intraperitoneal injection of
scopolamine (1 mg/ml/kg). Thirty minutes later, all rats were tested for 21 training
trials per day. One hour after last training trials one day 7, all rats were tested probe
trials (Figure 3.1). At the end of the behavioral observation, rats were anesthetized
with pentobarbital sodium (Nembutal, CEVA SANTE ANIMMALE, France, 60
mg/kg, i.p.) and perfused with ice-cold normal saline solution (0.9% NaCl). Rats were
decapitated and brains were rapidly removed and placed on petri dish filled with ice.

The cerebral cortex, hippocampus and basal forebrain were dissected out after
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localization according to the atlas of Paxinos and Watson (2009). The dissected brain
structures were weighed, immediately frozen on dry ice and stored at -80 °C until
assay for AChE activity. Determination of AChE activity was based on colorimetric

method adapted from the method of Ellman et al. (1961).

1 2 3 4 5 6 7

day

10% Tween 80, vitamin E, GME250, GME500 or GME1000

\L 1 hour after drug administration

NSS or SCOP

\l/ 30 min.

Training Trials

1 hour after last training trials

Probe trials

Figure 3.1 Schematic diagram showing protocol for experiment 1.

3.6.2 Experiment 2:  Subchronic effects of the crude extract from the
fruit hull of mangosteen on memory and acetylcholinesterase activity in the
cerebral cortex, hippocampus, and basal forebrain of healthy adult rats

Eight weeks old male Wistar rats (n=30) were randomly assigned to five
groups of six animals each as follows: group 1 (vehicle), group 2 (vitamin E), group 3
(GME500), group 4 (GME1000), and group 5 (GME2000).

All rats were tested for their spatial memories using the Morris Water Maze
test. The protocol consisted of 21 training trials (3 times per day for 7 days, on day 24-

day 30) and probe trial on the day 30. Rats in group 1 received daily oral dose of
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vehicle (10% Tween80, 1 ml/kg), rats in group 2 received daily oral dose of vitamin E
(40 mg/ml/kg), rats in group 3 received daily oral dose of GME500 (GME, 500
mg/ml/kg), rats in group 4 received daily oral dose of GME1000 (GME, 1000
mg/ml/kg), and rats in group 5 received daily oral dose of GME2000 (GME, 2000
mg/ml/kg), for 30 days. The dosing volume was 1 ml/kg/day for all groups. One hour
after administration on day 24 to day 30, all rats were tested for 21 training trials (3
times per day). On day 30, 1 hour after last training trials, all rats were tested for probe
trial (Figure 3.2). At the end of the behavioral observation, rats were anesthetized
with pentobarbital sodium (Nembutal, 60 mg/kg, i.p.). Blood samples (3-4 ml from
each rat) were collected via cardiac puncture into heparinized tubes. Heparinized
blood was centrifuged at 2000 rcf for 5 minutes, obtained plasma was stored at -20 °C
until further biochemical analysis. The plasma biochemical parameters [glucose,
triglyceride, cholesterol, blood wurea nitrogen (BUN), creatinine, aspartate
aminotransferase (AST), and alanine aminotransferase (ALT)] were determined by
A15 Automatic Clinical Chemistry (BioSysyems S.A., Spain). This part of work was
conducted by Suranaree Medical Center, Suranaree University of Technology,
Thailand. After blood collection, all rats were perfused with ice-cold normal saline
solution (0.9% NaCl). Rats were decapitated and brains were rapidly removed and
placed on petri dish filled with ice. The cerebral cortex, hippocampus and basal
forebrain were dissected out after localization according to the atlas of Paxinos and
Watson (2009). The dissected brain structures were weighed, immediately frozen on
dry ice and stored at -80 °C until assay for AChE activity. Determination of AChE
activity was based on colorimetric method adapted from the method of Ellman et al.

(1961).
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Figure 3.2 Schematic diagram showing protocol for experiment 2.

3.6.3 Experiment 3: Subchronic effects of the crude extract from the
fruit hull of mangosteen on memory and acetylcholinesterase activity in the
cerebral cortex, hippocampus, and basal forebrain of aged rats.

Ten months old male Wistar rats (n=24) were randomly assigned to four
groups of six animals each as follows: group 1 (vehicle), group 2 (vitamin E), group 3
(GMES500), and group 4 (GMEZ1000).

All rats were tested for their spatial memories using the Morris Water Maze
test. The protocol consisted of 21 training trials (3 times per day for 7 days, on day 24-
day 30) and probe trial on the day 30. Rats in group 1 received daily oral dose of
vehicle (10% Tween80, 1 ml/kg), rats in group 2 received daily oral dose of vitamin E
(40 mg/ml/kg), rats in group 3 received daily oral dose of GME500 (GME, 500
mg/ml/kg), and rats in group 4 received daily oral dose of GME1000 (GME, 1000

mg/ml/kg), for 30 days. The dosing volume was 1 ml/kg/day for all groups. One hour
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after day administration on day 24 to day 30, all rats were tested for 21 training trials
(3 times per day). On day 30, 1 hour after last training trials, all rats were tested for
probe trial (Figure 3.3). At the end of the behavioral observation, rats were
anesthetized with pentobarbital sodium (Nembutal, 60 mg/kg, i.p.). Blood samples (3-
4 ml from each rat) were collected via cardiac puncture into heparinized tubes.
Heparinized blood was centrifuged at 2000 rcf for 5 minutes, obtained plasma was
stored at -20 °C until further biochemical analysis. The plasma biochemical
parameters [glucose, triglyceride, cholesterol, blood urea nitrogen (BUN), creatinine,
aspartate aminotransferase (AST), and alanine aminotransferase (ALT)] were
determined by A15 Automatic Clinical Chemistry (BioSysyems S.A., Spain). This
part of work was conducted by Suranaree Medical Center, Suranaree University of
Technology, Thailand. After blood collection, all rats were perfused with ice-cold
normal saline solution (0.9% NaCl). Rats were decapitated and brains were rapidly
removed and placed on petri dish filled with ice. The cerebral cortex, hippocampus
and basal forebrain were dissected out after localization according to the atlas of
Paxinos and Watson (2009). The dissected brain structures were weighed,
immediately frozen on dry ice and stored at -80 °C until assay for AChE activity.
Determination of AChE activity was based on colorimetric method adapted from the

method of Ellman et al. (1961).
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Figure 3.3 Schematic diagram showing protocol for experiment 3.

3.7 Statistics

Results were expressed as mean £ S.M.E. Time to find platform in Morris
Water Maze test on training day 1 to day 7 was analyzed using two way repeated
measures ANOVA for differences between groups and days followed by Student-
Newman-Keuls test (Sigma Stat version 3.5, Systat Software, Inc., USA). The time
spent in target quadrant, the numbers of entries into the target quadrant and AChE
activity were analyzed using one way ANOVA followed by Student-Newman-Keuls

test. P-value less than 0.05 (P<0.05) was considered statistically significant.



CHAPTER IV

RESULTS

In the present study, the percentage yield, total phenolic content, antioxidant
activity measured by DPPH scavenging assay (50% inhibition concentration or 1C50),
total anthocyanin content of the fruit hull of mangosteen extract were determined. The
present findings indicated that the percentage yield of 85% ethanolic extract from the
fruit hull of mangosteen was 27.7%. Total phenolic content of the fruit hull of
mangosteen extract was 170.94 + 0.009 mg gallic acid/g dry extract, while total
anthocyanin content of the fruit hull of mangosteen was 168.2 ug/g of dry sample.
Antioxidant activity of the fruit hull of mangosteen extract was 3.55 mg/ml sample

extract.

4.1 Effects of the crude extract from the fruit hull of mangosteen on
cognitive impairment and acetylcholinesterase activity in the cerebral
cortex, hippocampus, and basal forebrain of scopolamine-induced

amnesic rats
The effects of the crude extract from the fruit hull of mangosteen and vitamin
E on memory were examined in normal saline treated rats and scopolamine-induced

amnesic rats using Morris water maze test. Time to find platform in training trials,
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time spent in target quadrant and number of entries into the target quadrant in probe
trial were recorded. Rats received daily oral dose of vehicle (10% Tween 80, 1 ml/kg),
vitamin E (100 mg/kg), or the crude extract from the fruit hull of mangosteen (GME)
at doses of 250, 500 and 1000 mg/ml/kg followed by either normal saline solution
(NSS, 1 ml/kg) or scopolamine (SCOP, 1 mg/ml/kg) for 7 days. In both normal saline
treated rats and scopolamine-induced amnesic rats, all doses of GME and vitamin E
administration significantly decreased time to find platform on training day 4, 5, 6 and
7 when compared to day 1, (P<0.05, two way repeated measures ANOVA); however
no significant difference was found in time to find platform between groups on any
training days (Figure 4.1). There was no significant difference in time to find platform
between groups on the last day of training trials (day 7) (Figure 4.2). In probe trial on
day 7, GME250+NSS, GME500+NSS, GMEL1000+NSS, and vitamin E+NSS
significantly increased time spent in target quadrant in normal saline treated rats
compared to vehicle+NSS (P<0.05, one way ANOVA, Figure 4.3). In scopolamine-
induced amnesia rats, time spent in target quadrant of all treatment groups was not
different from vehicle+SCOP group (Figure 4.3). Moreover, when compared to their
corresponding control groups (normal saline treated rats), time spent in target quadrant
of scopolamine-induced amnesic rats which also received GME250, GMES500,
GME1000, and vitamin E was significantly decreased (Figure 4.3). In both normal
saline treated rats and scopolamine-induced amnesic rats, all doses of GME and
vitamin E did not cause any significant change in number of entries into the target
quadrant in probe trial on day 7 (Figure 4.4). Seven days administration of
GMES500+NSS tended to increase, but did not significantly different, number of

entries into the target quadrant. In scopolamine treated group, all doses of GME
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tended to increase, but not significantly different, number of entries into the target

quadrant when compared to normal saline treated group (Figure 4.4).
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Figure 4.1 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on time to find platform in Morris water maze test on training day 1 to
day 7 of normal saline treated rats and scopolamine-induced amnesic rats. Values are
expressed as means + S.E.M; n = 6 per group. * indicate significant differences of all

treatment groups compared with day 1 within group (P<0.05).
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Figure 4.2 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on time to find platform in Morris water maze test on training day 7 of
normal saline treated rats and scopolamine-induced amnesic rats. Values are
expressed as means + S.E.M; n = 6 per group. There was no significant difference

among groups.
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Figure 4.3 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on time spent in target quadrant in Morris water maze test on probe trial of
normal saline treated rats and scopolamine-induced amnesic rats. Values are
expressed as means + S.E.M; n = 6 per group.  indicates a significant difference

compared to vehicle+NSS group (P<0.05). °

indicates a significant difference
compared to their corresponding control groups (P<0.05). There was no significant

difference among SCOP groups.
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Number of entries into the target quadrant

Figure 4.4 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on number of entries into the target quadrant in Morris water maze test on
probe trial of normal saline treated rats and scopolamine-induced amnesic rats. Values
are expressed as means + S.E.M; n = 6 per group. There was no significant difference

among group.
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The effects of daily oral administration of the crude extract from the fruit hull
of mangosteen (250, 500 and 1000 mg/ml/kg) and vitamin E for 7 days on AChE
activity in the cerebral cortex, hippocampus, and basal forebrain of normal saline
treated rats and scopolamine-induced amnesic rats were determined. The results of
normal saline treated rats showed that administration of GMES00+NSS,
GMEZ1000+NSS, but not GME250+NSS, and vitamin E significantly decreased AChE
activity in cerebral cortex when compared to vehicle+NSS (P<0.05, one way
ANOVA, Figure 4.5). The results of scopolamine-induced amnesic rats showed that
administration of GME500+SCOP, but not GME250+SCOP, GME1000+SCOP, and
vitamin E, significantly decreased AChE activity in cerebral cortex when compared to
vehicle+SCOP (P<0.05, one way ANOVA, Figure 4.6). AChE activity in cerebral
cortex of GMES00+SCOP group was significantly higher than that of
GME250+SCOP group and GME100+SCOP group (P<0.05, one way ANOVA). In
normal saline treated rats, administration of GME250+NSS, GMES500+NSS, and
vitamin E+NSS, but not GME1000+NSS, significantly decreased AChE activity in
hippocampus when compared to vehicle+NSS (P<0.05, one way ANOVA, Figure
4.7). In scopolamine-induced amnesic rats, administration of GME250+SCOP,
GME500+SCOP and vitamin E, but not GME1000+SCOP, significantly increased
AChE activity in hipocampus when compared to vehicle+SCOP (P<0.05, one way
ANOVA, Figure 4.8). In normal saline treated rats, all doses of GME significantly
increased AChE activity in basal forbrain when compared to vehicle+NSS (P<0.05,
one way ANOVA, Figure 4.9). Vitamin E+NSS significantly decreased AChE activity
in basal forebrain in normal saline treated rats (P<0.05, one way ANOVA, Figure

4.9). The results of scopolamine-induced amnesic rats showed that administration of
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GME250+SCOP and GMES500+SCOP, but not GME1000+SCOP and vitamin E,
significantly decreased AChE activity in basal forebrain when compared to

vehicle+SCOP (P<0.05, one way ANOVA, Figure 4.10).

1.2 -

=
o
1

©
1

N
1

AChE activity in cerebral cortex
(umol/min/g protein)
[ep}

0.0

Figure 4.5 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on acetylcholinesterase activity in cerebral cortex of normal saline treated
rats. Values are expressed as means + S.E.M; n = 6 per group. * indicates a significant

difference compared to vehicle+NSS group (P<0.05).
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Figure 4.6 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on acetylcholinesterase activity in cerebral cortex of scopolamine-induced
amnesic rats. Values are expressed as means = S.E.M; n = 6 per group. * indicates

#

a significant difference compared to vehicle+SCOP group (P<0.05). " indicates

a significant difference compared to GME500+SCOP group (P<0.05).
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Figure 4.7 Effects of the crude extract from the fruit hull of mangosteen and  vitamin
E on acetylcholinesterase activity in hippocampus of normal saline treated rats. Values

are expressed as means + S.E.M; n = 6 per group. * indicates a significant difference

compared to vehicle+NSS group (P<0.05).
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Figure 4.8 Effects of the crude extract from the fruit hull of mangosteen and vitamin
E on acetylcholinesterase activity in hippocampus of scopolamine-induced amnesic
rats. Values are expressed as means + S.E.M; n = 6 per group. * indicates a significant

difference compared to vehicle+SCOP group (P<0.05).



54

AChE activity in basal forebrain
(umol/min/g protein)

Figure 4.9 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on acetylcholinesterase activity in basal forebrain of normal saline treated
rats. Values are expressed as means + S.E.M; n = 6 per group. * indicates a significant

difference compared to vehicle+NSS group (P<0.05).
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Figure 4.10 Effects of the crude extract from the fruit hull of mangosteen and
vitamin E on acetylcholinesterase activity in basal forebrain of scopolamine-induced
amnesic rats. Values are expressed as means = S.E.M; n = 6 per group. * indicates

a significant difference compared to vehicle+SCOP group (P<0.05).
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4.2 Subchronic effects of the crude extract from the fruit hull of
mangosteen on memory and acetylcholinesterase activity in the
cerebral cortex, hippocampus, and basal forebrain of healthy adult

rats

The effects of the crude extract from the fruit hull of mangosteen and
vitamin E on memory were examined in healthy adult rats using Morris Water Maze
test. Time to find platform in training trials, time spent in target quardrant and number
of entries into the target guardrant in probe trial were recorded. Rats received daily
oral dose of vehicle, vitamin E (40 mg/ml/kg), or the crude extract from the fruit hull
of mangosteen (GME) at various doses ranging from 500, 1000, and 2000 mg/ml/kg
for 30 days. In healthy adult rats, all doses of GME and vitamin E administration
significantly decreased time to find platform on training day 5, 6 and 7 when
compared to day 1 (P<0.05, two way repeated measures, ANOVA) however, no
significant difference was found in time to find platform between groups on any
training days (Figure 4.11). There was no significant difference in time to find
platform between groups on the last day of training trials (day 7) (Figure 4.12).
In probe trial on day 7, GME500 and vitamin E, but not GME1000 and GMEZ2000,
significantly increased time spent in target quadrant compared to control group
(P<0.05, two way repeated measures, ANOVA, Figure 4.13). Thirty days
administration of all doses of GME and vitamin E did not cause significant difference
in number of entries into the target quadrant when compared to control group

(Figure 4.14).
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Figure 4.11 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on time to find platform in Morris water maze test on training day 1 to
day 7 of adult rats. Values are expressed as means = S.E.M; n = 6 per group.
* indicates a significant difference of all treatment groups compared with day 1 within

group (P<0.05).
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Figure 4.12 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on time to find platform in Morris water maze test on training day 7 of
adult rats. Values are expressed as means + S.E.M; n = 6 per group. There was no

significant difference among groups.
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Figure 4.13 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on time spent in target quadrant in Morris water maze test on probe trial
of adult rats. Values are expressed as means £ S.E.M; n = 6 per group. * indicates

a significant difference compared to control group (P<0.05).
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Figure 4.14 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on number of entries into the target quadrant in Morris water maze test
on probe trial of adult rats. Values are expressed as means £ S.E.M; n = 6 per group.

There was no significant difference among groups.

The effects of daily oral administration of the crude extract from the fruit hull
of mangosteen (500, 1000 and 2000 mg/ml/kg) and vitamin E for 30 days on AChE
activity in the cerebral cortex, hippocampus, and basal forebrain of adult rats were
determined. The results of healthy adult rats showed that administration of GME1000
and GME2000 significantly decreased AChE activity in cerebral cortex when
compared to control group (P<0.05, one way ANOVA, Figure 4.15). The effects of

GME on AChE activity in cerebral cortex were in dose-dependent manner.
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AChE activity in cerebral cortex of GME500 and GME1000 was significantly higher
than that of GME2000 (P<0.05, one way ANOVA). All doses of GME and vitamin E
did not show significant difference of AChE activity in hippocampus when compared
to control (P<0.05, one way ANOVA, Figure 4.16). Administration of GME500,
GME1000, GME2000, and vitamin E significantly decreased AChE activity in basal
forebrain when compared to control (P<0.05, one way ANOVA, Figure 4.17).

Table 4.1 showed plasma biochemical parameters [glucose, triglyceride,
cholesterol, blood urea nitrogen (BUN), creatinine, aspartate aminotransferase (AST),
and alanine aminotransferase (ALT)] of healthy adult male Wistar rats orally
administration with the crude extract from the fruit hull of mangosteen and
vitamin E for 30 day. No significant difference was found in all plasma biochemical
parameter between all treatment groups. Subchronic administration of the crude
extract from the fruit hull of mangosteen and vitamin E did not affect behavior of

healthy adult rats.
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Figure 4.15 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on acetylcholinesterase activity in cerebral cortex of adult rats. Values
are expressed as means = S.E.M; n = 6 per group. ° indicates a significant difference
compared to control group (P<0.05). ° indicates a significant difference compared to

GME2000 group (P<0.05).



63

1.4 -

2] T

=
o
1

(o]
——

o
1

AChE activity in hippocampus
(umol/min/g protein)
~

0.0 T T
Control Vitamin E GME500 GME1000 GME2000

Group

Figure 4.16 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on acetylcholinesterase activity in hippocampus of adult rats. Values
are expressed as means + S.E.M; n = 6 per group. There was no significant difference

among groups.
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Figure 4.17 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on acetylcholinesterase activity in basal forebrain of adult rats. Values
are expressed as means + S.E.M; n = 6 per group. * indicates a significant difference

compared to control group (P<0.05).



Table 4.1 Subchronic effects of the crude extract from the fruit hull of mangosteen on plasma biochemical parameters of

healthy adult rats.

The crude extract from the fruit hull of mangosteen

(mg/ml/kg)
Parameters control Vitamin E 500 1000 2000
(40 mg/ml/kg)
(n=6) (n=6) (n=6) (n=6) (n=6)
Glucose (mg%) 225,50 £ 13.47 214,50 £ 22.16 218.17 £5.75 229.17 £ 12.61 227.33 £ 16.66
Triglyceride (mg%) 89.83 + 6.54 82.50 + 6.78 86.17 + 8.47 86.17+5.75 91.17+7.41
Cholesterol (mg%) 121.00 £ 9.84 137.50 £ 24.45 135.67 £ 13.08 141.17 £ 8.47 137.50 + 19.52
BUN (mg/dI) 22.18+2.79 22.55+4.93 23.47+2.03 21.45+2.28 21.45+1.94
Creatinine (mg%) 1.45+0.12 1.49+0.18 1.47 £0.09 1.39+£0.07 149 +0.26
AST (U/L) 137.50 £ 6.02 135.67 + 9.67 139 .33 £ 8.03 137 .50 + 10.66 133.83+9.55
ALT (U/L) 66.00 + 6.22 66.00 + 7.62 62.33+7.41 64.17 + 7.24 66.00 + 7.62

Values are expressed as means + S.E.M; n = 6 per group. There was no significant difference among groups.
BUN; Blood urea nitrogen, AST; Aspartate aminotransferase, ALT; Alanine aminotransferase.

99
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4.3 Subchronic effects of the crude extract from the fruit hull of mangosteen on
memory and acetylcholinesterase activity in the cerebral cortex, hippocampus,
and basal forebrain of aged rats

The effects of the crude extract from the fruit hull of mangosteen and vitamin
E on memory were examined in aged rats using Morris water maze test. Time to find
platform in training trials, time spent in target guardant and number of entries into the
target quadrant in probe trial were recorded. Rats received daily oral dose of vehicle
(10% Tween 80), vitamin E (40 mg/ml), or the crude extract from the fruit hull of
mangosteen (GME) at doses of 500 and 1000 mg/ml/kg for 30 days. The results of
aged rats showed that administration of GME1000 significantly decreased time to
find platform on training day 5, 6 and 7 when compared to day 1 (P<0.05, two way
repeated measures ANOVA, Figure 4.18). Administration of GME500 and vitamin E
significantly decreased time to find platform on training day 7 when compared to day
1 (P<0.05, two way repeated measures ANOVA, Figure 4.18). No significant
difference was found in time to find platform between groups on training day 1 to day
6 (Figure 4.18). On training day 7, administration of GME500, GME1000 and vitamin
E significantly decreased difference in time to find platform among groups on last
day of training trials (day 7) (P<0.05, one way repeated measures ANOVA, Figure
4.19). In probe trial on day 7, GMES500 and vitamin E, but not GMEZ1000,
significantly increased time spent in target quadrant in aged rats compared to control
group (P<0.05, one way repeated measures ANOVA, Figure 4.20). Thirty days

administration of all doses of GME and vitamin E tended to increase, but not
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significantly different, in number of entries into the target quadrant when compared to

control group (Figure 4.21).
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Figure 4.18 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on time to find platform in Morris water maze test on training day 1 to
day 7 of aged rats. Values are expressed as means £ S.E.M; n = 6 per group.
* indicates a significant difference of all treatment groups compared with day 1 within

group (P<0.05).
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Figure 4.19 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on time to find platform in Morris water maze test on training day 7 of
aged rats. Values are expressed as means £ S.E.M; n = 6 per group. * indicates

a significant difference compared to control group (P<0.05).
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Figure 4.20 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on time spent in target quadrant in Morris water maze test on probe trial
of aged rats. Values are expressed as means £ S.E.M; n = 6 per group. * indicates

a significant difference compared to control group (P<0.05).
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Figure 4.21 Subchornic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on number of entries into the target quadrant in Morris water maze test
on probe trial of aged rats. Values are expressed as means + S.E.M; n = 6 per group.

There was no significant difference among groups.
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The effects of daily oral administration the crude extract from the fruit hull of
mangosteen (500 and 1000 mg/mi/kg) and vitamin E for 30 days on AChE activity in
the cerebral cortex, hippocampus, and basal forebrain of aged rats were determined.
The results of aged rats showed that administration of GME500 and GME1000 tended
to decrease, but did not cause significant difference, in AChE activity in cerebral
cortex when compared to control group (Figure 4.22). Administration of GME1000,
but not GMES500 and vitamin E, significantly increased AChE activity in
hippocampus when compared to control group (P<0.05, one way ANOVA, Figure
4.23). All doses of GME and vitamin E did not show significant difference in AChE
activity in basal forebrain when compared to control group (P<0.05, one way
ANOVA) as shown in (Figure 4.24).

Table 4.2 showed plasma biochemical parameters [glucose, triglyceride,
cholesterol, blood urea nitrogen (BUN), creatinine, aspartate aminotransferase (AST),
and alanine aminotransferase (ALT)] of aged male Wistar rats orally administration
with the crude extract from the fruit hull of mangosteen and vitamin E for 30 day. No
significant difference was found in all plasma biochemical parameter between all
treatment groups. Subchronic administration of the crude extract from the fruit hull of

mangosteen and vitamin E did not affect behavior of aged rats.
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Figure 4.22 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on acetylcholinesterase activity in cerebral cortex of aged rats. Values
are expressed as means + S.E.M; n = 6 per group. There was no significant difference

among groups.
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Figure 4.23 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on acetylcholinesterase activity in hippocampus of aged rats. Values are
expressed as means + S.E.M; n = 6 per group. * indicates a significant difference

compared to control group (P<0.05).
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Figure 4.24 Subchronic effects of the crude extract from the fruit hull of mangosteen
and vitamin E on acetylcholinesterase activity in basal forebrain of aged rats. Values
are expressed as means + S.E.M; n = 6 per group. There was no significant difference

among group.



Table 4.2. Subchronic effects of the crude extract from the fruit hull of mangosteen on plasma biochemical parameters of aged rats.

The crude extract from the fruit hull of mangosteen

(mg/ml/kg)
Parameters Control Vitamin E (40 500 1000
mg/ml/kg)

(n=6) (n=6) (n=6) (n=6)
Glucose (mg%) 179.00 £ 7.08 165.00 + 6.73 155.00 + 13.83 169.00 + 9.20
Triglyceride (mg%) 51.00 £ 7.35 55.00 £5.73 56.00 £ 9.24 51.00 + 10.97
Cholesterol (mg%) 70.00 £ 2.19 74.00 £ 2.77 71.00 £ 3.95 70.00 £ 6.50
BUN (mg/dl) 34.10+£1.19 30.30 £ 0.86 30.10 +1.49 31.00 +1.58

Creatinine (mg%) 0.44 +0.04 0.47 £ 0.08 0.53 +0.09 0.56 £ 0.10

AST (U/L) 105.00 £ 10.29 107.00 + 8.21 115.00 + 8.56 118.00 + 4.38
ALT (U/L) 50.00 + 4.38 55.00 £5.21 51.00+ 7.73 58.00 + 6.04

Values are expressed as means + S.E.M; n = 6 per group.
There was no significant difference among groups. BUN; Blood urea nitrogen, AST; Aspartate aminotransferase, ALT; Alanine
aminotransferase.
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CHAPTER V

DISCUSSION AND CONCLUSION

Dementia is a symptom complex of continuous global weak of intellectual
function. It becomes a major medical, economic, and social problem that is
deterioration as the increasing number of elderly people. Recently, Youdin and Joseph
(2001), Perez-Perez and Rodriguez-Malaver (2005) and Mancuso et al. (2007)
reported that antioxidants are effective in the amelioration of dementia process, the
involvement of oxidative stress component in dementia or Alzheimer's disease. The
dementia associated with increased brain oxidative stress during brain aging could be
reversed by antioxidants (Socci et al., 1995). Moreover, degradation of the central
cholinergic system resulting in low levels of acetylcholine is correlated well with
severity of dementia. Currently, available drug therapies for Alzheimer’s disease and
other diseases that cause dementia consist primarily of acetylcholinesterase inhibitors
(donepezil, galantamine, rivastigmine, Huperzine A), an N-methyl-D-aspartate
receptor antagonist (memantine) and some neuroprotective agents (Olivares et al.,
2012). These drugs cause side effects, thus an alternative bioactive compounds from
plants and fruits with little or no side effects should be used to replace these drugs.
Polyphenolic compounds may be one of candidates because of their antioxidative and
anti-aging properties. Polyphenols from many fruits and plants are known to possess

cognitive enhancing effects and acetylcholinesterase inhibitory activity (Papandreou
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et al., 2009). High amount of polyphenolic compound can be found in the crude
extract from the fruit hull of mangosteen. Mangosteen is a source of bioactive
compounds with potential health-promoting activity. The crude extract from the fruit
hull of mangosteen has potent antioxidant profile (Chomnawang et al., 2007). Several
studies revealed that the fruit hull of mangosteen is the rich source of polyphenols
(xanthone, tannin, flavonoid and anthocyanins) (Asai et al., 1995; Chen et al., 2008;
Chomnawang et al., 2007; Cui et al., 2010; Ji et al., 2007; Maisuthisakul et al., 2007
Yu et al., 2007; Zadernowski et al., 2009). Thus, the crude extract from the fruit hull
of mangosteen may possess biological activities related to polyphenolic compounds.
The present study demonstrated for the first time that the crude extract from the fruit
hull of mangosteen could enhance memory probably by inhibiting brain
acetylcholinesterase activity in healthy adult and normal aging male Wistar rats.

The percentage yield of the crude extract from the fruit hull of mangosteen
from the present study was 27.7% that was higher than previously found (9.21+0.30
%) in the study of Arazo et al. (2011). The total phenolic content found in crude
extract from the fruit hull of mangosteen was 170.94 + 0.009 mg gallic acid/g dry
extract that was higher than previously found (158.0 mg gallic acid/g dry extract) in
the study of Chaovanalikit et al. (2012). Total anthocyanin content of the crude extract
from the fruit hull of mangosteen was 168.2 ug/g of dry sample which was similar to
that previously found in the study of Chaovanalikit et al. (2012). Antioxidant activity
(ICsp) of the crude extract from the fruit hull of mangosteen was 3.55 mg/ml sample
extract which was similar to that previously found in the study of Arazo et al. (2011).

The present study provided the first evidence that the crude extract from the

fruit hull of mangosteen and vitamin E possessed memory enhancing effects in normal



78

saline treated rats by increasing time spent in the target quadrant using Morris water
maze test (Figure 5.1). In scopolamine-induced amnesic rats, the crude extract from
the fruit hull of mangosteen and vitamin E did not cause any change in time spent in
the target quadrant and number of entries into target quadrant. These results were
consistent with the results of AChE activity in cerebral cortex and hippocampus, but
not basal forebrain. AChE activity in cerebral cortex and hippocampus was increased
by the crude extract from the fruit hull of mangosteen in scopolamine-induced
amnesic rats, but was decreased in normal saline treated rats. In contrast to those
findings, AChE activity in basal forebrain was decreased by the crude extract from the
fruit hull of mangosteen in scopolamine-induced amnesic rats (Figure 5.2). The crude
extract from the fruit hull of mangosteen increased AChE activity in basal forebrain in
normal saline treated rats (Figure 5.2). These findings suggested that the antiamnesic
effect of the crude extract from the fruit hull of mangosteen could be due to its anti-
acetylcholinesterase action in cerebral cortex and hippocampus of normal saline
treatment, but not is scopolamine-induced amnesia.

Neuroprotective effects of the crude extract from the fruit hull of mangosteen
and vitamin E were demonstrated in the present study. In both healthy adult and
normal aging rats, subchronic administration of the crude extract from the fruit hull of
mangosteen could enhance spatial memory by increasing time spent in the target
quadrant without changing in number of entries into the target quadrant using Morris
water maze test (Figure 5.1). The present findings were consistent with the results of
ACNhE activity in cerebral cortex and basal forebrain, but not hippocampus, of healthy
adult rats. AchE activity in cerebral cortex and basal forebrain were decreased by the

crude extract from the fruit hull of mangosteen and vitamin E in healthy adult rats
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(Figure 5.2). In aging rats, AChE activity in hippocampus was increased, while in
cerebral cortex and hippocampus was not changed after subchronic administration of
the crude extract from the fruit hull of mangosteen (Figure 5.2). Cognitive dysfunction
such as learning impairment and delayed amnesia are the most striking age-related
changes observed in human being and animals (Foster et al., 1994; Gray et al., 2008).
The cholinergic system is responsible for the storage and retrieval of item in
memory and it degradation correlates well with the severity of cognitive and memory
impairment. Therefore, it has been suggested that elevation of the acetylcholine level
might be helpful in to improve the symptoms of cognitive deficit (Gasparin et al.,
1998). Loss of cholinergic innervations, demonstrated by reduced choline
acetyltransferase (ChAT) and elevated acetylcholinesterase (AChE) activity, is
correlated with the degree of dementia (Zubenko et al., 1989). Many different theories
have been offered regarding the cause of AD; a well-established theory suggests that
acetylcholine levels are too low in the brain of AD patients (Davies and Maloney
1976). Therefore, one approach for treating AD is via the inhibition of AChE. Based
on the cholinergic hypothesis, a defect in the cholinergic system is involved in AD
(Francis et al., 1999). Polyphenols from plants and fruits can enhance memory by
inhibiting AChE activity. The polyphenol-rich extract from lotus seed pods was found
to inhibit AChE activity (Xu et al., 2009). Green tea extract containing polyphenols
could inhibit AChE activity in scopolamine-induced amnesia mice (Kim et al., 2004).
Polyphenol-rich wild blueberry extracts attenuating brain oxidative stress, increasing
brain ascorbate and glutathione (GSH) levels, and decreasing AChE activity in mice
whole brain homogenates, exhibited a significant improvement in learning and

memory tested by the passive avoidance behavioral test (Papandreou et al., 2009).
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Mukhergee et al. (2006) and Yang et al. (2008) reported that N. nucifera rhizome
extract inhibited AChE activity and improved learning and memory by enhancing
neurogenesis in the dentate gyrus of hippocampus.

The present study also demonstrated that the crude extract from the fruit hull
of mangosteen at any tested doses did not affect the animals’ behavior and health
status and did not produce any plasma biochemical parameters abnormality of healthy
adult and aged male Wistar rats during the period of treatment for 30 days, suggesting
that the crude extract from the fruit hull of mangosteen is medically safe for liver and
kidneys of rats.

In conclusion, we demonstrated remarkable memory enhancing and
acetylcholinesterase inhibitory effects of the crude extract from the fruit hull of
mangosteen in healthy adult and normal aging models, but not in scopolamine-
induced cognitive impairment model. Memory enhancing effects of the crude extract
from the fruit hull of mangosteen may be a result of its anti-acetylcholinesterase
activity (Figure 5.3). Thus, the crude extract from the fruit hull of mangosteen may
play a useful role in the protection and treatment of cognitive impairment caused by

normal aging.
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Figure 5.1 Summary for the effects of the crude extract from the fruit hull of
mangosteen (GME) on spatial memory in male Wistar rats using Morris Water Maze
test. Abbreviations: GME250; 250 mg/ml/kg GME, GME500; 500 mg/ml/kg GME,

GME1000; 1000 mg/ml/kg GME, GME2000; 2000 mg/ml/kg GME.
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Figure 5.2 Summary for the effects of the crude extract from the fruit hull of

mangosteen (GME) on acetylcholinesterase (AChE) activity in cerebral cortex,

hippocampus, and basal forebrain of male Wistar rats. Abbreviations: GME250; 250

mg/ml/kg GME, GME500; 500 mg/ml/kg GME, GME1000; 1000 mg/ml/kg GME,

GME2000; 2000 mg/ml/kg GME.
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Figure 5.3 The possible mechanisms underlying the memory enhancing effects of the
crude extract from the fruit hull of mangosteen (GME). Abbreviations: SCOP;
scopolamine, ACh; acetylcholine, AChE; acetylcholinesterase enzyme, ChAT; choline

acetyltransferase enzyme.
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APPENDIX A

PREPARATION OF TISSUE HOMOGENATE



PREPARATION OF TISSUE HOMOGENATE

Chemicals:

- Di-sodium hydrogen phosphate anhydrous (Na;HPO,, BDH Ltd., UK)

- Sodium dihydrogen orthophosphate 1-hydrate (NaH,PO4.H,O, BDH Ltd.,
UK),

- Triton-X (C34He2011, Acros, New Jersey, USA)

- Sodium hydroxide anhydrous pellets (NaOH, Carlo Erba Reagents,
France),

- Hydrochloric acid (HCI, Carlo Erba Reagents, France)

Solutions:

1MHCI

Stock solutions: 37% HCI

Preparation for 1 M HCI: mixed 9.85 ml of 37% HCI with DDD water.

1 M NaOH

Preparation: dissolved 3.997 g of NaOH in DDD water and then adjusted the

final volume to 100 ml

1 M phosphate buffer solution, pH 7.4

Dissolved 10.65 g of di-sodium hydrogen phosphate anhydrous (Na;HPO,;
BDH Ltd., UK) and 3.968 g of sodium dihydrogen orthophosphate 1-hydrate

(NaH,PO4.H,0; BDH) in 80 ml of double deionized distilled (DDD) water.
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This solution was stirred on a hot plate magnetic stirrer (VELP Scientifica, Europe) at
50 to 60 °C for 1 h, left to be cool down to room temperature and then adjusted
volume to 100 ml with DDD water in a volumetric flask. This solution was adjusted to
pH 7.4 with 1 M HCl or 1 M NaOH.

0.1 M phosphate buffer solution, pH 7.4 (500 ml)

Mixed 50 ml of 1 M phosphate buffer (pH 7.4) with DDD water and then
adjusted the final volume to 500 ml. This solution was then adjusted to pH 7.4 with 1
M HCl or 1 M NaOH

0.1 M phosphate buffer solution containing 1% Triton-X 100, pH 7.4 (1000

ml)

Mixed 10 ml of Triton-X 100 with 0.1 M phosphate buffer solution and then
adjusted the final volume to 1000 ml. This solution was then adjusted to pH 7.4 with 1
M HCl or 1 M NaOH.

The preparation of tissue homogenates was performed by modified method of
Chattipakorn et al. (2007)and Papandreou et al. (2009). The brain tissues were
weighed and then homogenized (Ultrasonic, Sonic & Material, Inc, USA) with ice
cold 10% of 0.1 M phosphate buffer (pH 7.4) containing 1% Triton-X 100 at 15,000

rpm for 15 min at 4 °C. The brain homogenates were stored at -80 °C.
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ASSAY FOR ACETYLCHOLINESTERASE ACTIVITY

Chemicals:

- Di-sodium hydrogen phosphate anhydrous (Na;HPO,, BDH Ltd., UK)
- Sodium dihydrogen orthophosphate 1-hydrate (NaH,PO4.H,O, BDH Ltd.,
UK),
- 5, 5'-dithiobis (2-nitrobenzoic acid) (DTNB: C14HgN20sgS;, Sigma-Aldrich;
St. Louis, USA)
- Acetylthiocholine iodide (ATCI, Sigma-Aldrich; St. Louis, USA)
Solutions:

0.1 M phosphate buffer solution, pH 7.4 (500 ml)

Stock solution: 1.0 M phosphate buffer solution, pH 7.4

Preparation of 0.1 M phosphate buffer solution (pH 7.4): mixed 50 ml of 1 M
phosphate buffer (pH 7.4) with DDD water and then adjusted the final volume to 500
ml. This solution was then adjusted to pH 7.4 with 1 M HCI or 1 M NaOH.

0.1 mM 5, 5'-dithiobis (2-nitrobenzoic acid) (DTNB), (300 ml)

Preparation of stock solution (1.0 mM DTNB, 50 ml): dissolved 1.98 g of
DTNB in 0.1 M phosphate buffer solution (pH 7.4) and then adjusted the final volume
to 50 ml.

Preparation of 0.1 mM DTNB: mixed 3 ml of stock with 0.1 M phosphate

buffer solution (pH 7.4) and then adjusted the final volume to 300 ml.
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1 mM acetylthiocholine iodide (ATCI), (30 ml)

Preparation of stock solution (1.0 mM DTNB, 30 ml): dissolved 0.86 g of
ATCI in 1.0 M phosphate buffer solution pH (pH 7.4) and then adjusted the final
volume to 30 ml.

Preparation of 0.1 mM ATCI: mixed 0.3 ml of stock with 0.1 M phosphate
buffer solution pH (pH 7.4) and then adjusted the final volume to 30 ml.
Procedures:

Determination of AChE activity was based on colorimetric method adapted
from the methods of Ellman et al. (1961), Chattipakorn et al. (2007) and Nakdook et

al. (2010). The assay was performed in 96-well plate. The mixture consisted of:

- 50 pl of brain homogenates,
- 25 ul of 0.1 M phosphate buffer (pH 7.4),
- 125 ul of 0.1 mM 5,5'-dithiobis (2-nitrobenzoic acid),

- 25 pl of 1 mM acetylthiocholine iodide,

The absorbance of the assay mixtures was measured by Benchmark Plus microplate
Spectrophotometer (Benchmark Plus, BIO-RAD, Japan) at wavelength of 405 nm and
monitored over period of 6 min. All determinations were performed in triplicate.

AChE activity was assessed by following formula:
R =[AA /(1.36 x10%)] x [1 / (Co x mg of protein)]
R = AA /[1.36 x 10" x (50/225) x mg of protein]

R = rate of enzyme activity (expressed as mole of acetylcholine iodide
hydrolyzed/ minute/ mg of protein),

AA = the change in absorbance per minute,
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Co = original concentration of tissue (mg/ml) 50/225 is volume correction

1.36 x 10" is the extinction coefficient of the yellow product.
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DETERMINATION OF PROTEIN

The measurement of protein was adapted from the method of Lowry et al. (1951).
Chemicals:

- Copper sulfate (CuSQO,4.5H,0, Sigma-Aldrich; St. Louis, USA)

- Sodium tartate (Na,C4H406.2H,0, Sigma-Aldrich; St. Louis, USA)

- Sodium azide (BD, Ltd., UK),

- Sodium hydroxide (NaOH, Sigma-Aldrich; St. Louis, USA ),

- Sodium carbonate (Na,COgz, Sigma-Aldrich; St. Louis, USA)

- Sodium dodecyl sulfate (SDS: C12H25Na0,S, BDH, Ltd., UK)

- Folin-Ciocatteau reagent (Merck Millipore, Germany)

- Bovine Serum Albumin (BSA, Sigma-Aldrich; St. Louis, USA)

Reagents:

1. Solution A:
- Copper sulfate 0.15¢g
- Sodium tartate 0.30g
- Sodium azide 0.05¢g

Dissolved these chemical in DDD water and made up a final volume to 250 ml

and stored in refrigerator.

2. Solution B:
- Sodium hydroxide 2.0¢g
- Sodium carbonate 8.0¢

- Sodium dodecyl sulfate 1049
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Dissolved these chemicals in DDD water, adjust the final volume to 250 ml, and
stored at room temperature.
3. Solution C:

Diluted the 2 N Folin-Ciocatteau reagent with DDD water (1:20). Stored in an
amber bottle at room temperature.
4. Standard protein solution:

Dissolved bovine serum albumin (BSA) with DDD water (0, 250, 500, 1000,
2000 and 4000 pg/ml).
Procedures:

1. Pipetted 30 pl aliquots of samples and standards into triplicate well of flat-
bottom 96 well plate (Biofil., Japan).

2. Freshly mixed solution A and solution B (1:3). Added 100 pl of this mixed
solution to each well and incubated at room temperature for 60 minutes.

3. Added 150 pl of solution C in into triplicate well plate

Pipetted the solution into each tube as followed:

Sample (ul) Standard (ul) Bank (ul)
Standard - 30 -
Sample 30 - -
A+B 100 100 100
C 150 150 150
0.1MPB - - 30

PB = phosphate buffer solution, pH 7.4
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4. Mixed and incubated at room temperature for 30 minutes.

5. Read optical density (O.D) at 650 nm by Benchmark Plus Microplate
Spectrophotometer (Benchmark Plus, BIO-RAD, Japan).
Calculation:

AAgso nm Standard = Agso nm Std - Agso Blank

Plotted the AAsso nm Standard againt protein concentration on the standard

graph.
AAgsonm Sample = Agsonm Sample - Agso Blank

Determined the mg protein from the standard curve.
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